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SIXTH PERSONNEL DOSIMETRY INTERCOMPARISON STUDY

R. E. Swaja
R. T. Greene
H. W. Dickson

HIGHLIGHTS

The Sixth Personnel Dosimetry Intercomparison Study
was conducted March 25-27, 1980, at the Qak Ridge
National Laboratory. Dosimeters from 28 participating
agencies were mounted on anthropomorphic phantoms and
exposed to a range of low-level dose equivalents (1.8-11.5
mSv neutron, 0.1-1.1 mSv gamma) which could be encountered
during routine personnel monitoring in mixed radiation
fields. The Health Physics Research Reactor (HPRR)
operated in the steady-state mode served as the source
of radiation for six separate exposures. Lucite and
concrete shields along with the unshielded reactor were
used to provide three different neutron and gamma
spectra. Results reported by the participating agencies
showed that TLD-albedo and TLD-700 dosimeters generally
provided the most accurate measurements of neutron and
gamma dose equivalents, respectively. Film was found
to be unsatisfactery for measuring neutron doses produced
by HPRR spectra in that measured dose equivalents were
much lower than reference values. The TLD-100 dosimeters
yielded gamma doses which were much too high indicating
that this dosimeter type is generally unsuitable for
use in mixed radiation fields similar to those encountered
in this study without the use of large correction
factors. Although the overall reported results exhibited
improvement in performance relative to previous inter-
comparison studies, the composite measured data showed
variations of more than a factor of 2 between measurements
of the same exposure made by different agencies. These
results indicate that continued development and analysis
of mixed field personnel dosimetry by participating
agencies is required both individually by refining
measurement techniques and collectively by partic-
ipating in further intercomparison studies to evaluate
dosimetry performance.

INTRODUCTION

The Sixth Personnel Dosimetry Intercomparison Study (PDIS) was
conducted at the Oak Ridge National Laboratory's (ORNL) Dosimetry ' ;
Applications Research (DOSAR) Facility during the period March 25-27,
1980. This study is the sixth in a series!”® which started in 1974.
The PDIS is a three-day study in which personnel dosimeters bfevious1y



mailed to the DOSAR Facility, are exposed to a range of low-level (typically
0.1-1.0 mSv gamma and 1-15 mSv neutron)* mixed-field radiation dose
equivalents using the Health Phrsics Research Reactor (HPRR)6 as the
radiation source, and packaged for return to the participants for evaluation.
This report is a summary and analysis of results reported by the various
participants.

PARTICIPATION

A complete list of participating agencies, cognizant personnel, and
abbreviations by which the agencies are identified in this report is
given in Appendix A. A total of twenty-eight organizations, nineteen
domestic and nine foreign, participated in the overall study with
twenty-seven agencies reporting results. During March 25-27, dosimeters
from twenty-six organizations were irradiated. Dosimeters from two
agencies arrived subsequent to this period and were irradiated during a
second set of exposures which were conducted during May 13-15, 1980.

Participation in personnel dosimetry intercomparison studies has
been open to any organization legitimately interested in personnel
dosimetry and willing to cooperate with the DOSAR staff in sharing
results with other participants. The participant is responsible to pay
dosimeter shipping costs, to provide instructions concerning handling
and placement of dosimeters, and to expeditiously furnish measurement
results. The DOSAR personnel set up and conduct the specified exposures,
promptly return irradiated dosimeters to participants, collect and
evaluate resulting data, and prepare a report describing the experiment
and results.

EXPERIMENT DESCRIPTION

Six different experimental runs were performed to expose personnel
dosimeters to mixed neutron and gamma fields during the Sixth PDIS. The
HPRR with its horizontal centerline positioned 1.5 m above the fioor was
operated in the steady-state mode to serve as the radiation source.

*Radiation dose and dose equivalent are presented in this report in
the international system of units. Conversions to the more traditional
units in which the results were origina]1§ reported by participants
include 1 mrad = 10-5 Gy and 1 mrem = 10-9 Sv for dose and dose equiva-
lent, respectively. )



Dose equivalents and neutron-to-gamma ratios Tlikely to be encountered in
personnel monitoring were produced by contrulling reactor power level
and run duration and by utilizing three different shielding conditions:
unshielded, a 12-cm-thick Lucite shield, and a 20-cm-thick concrete
shield. Two separate runs were perfcrmed for each of the three shielding
conditions.

Dosimeters were mounted on the front (i.e., surface facing the
HPRR) aﬁd rear surfaces of trunk sections of six water-filled Bomab7
phantoms. The trunk sections used in this study have elliptical cross
sections with dimensions 20 c¢cm x 30 cm and are 40 cm high. These sections
were located with their front surfaces 3 m from the reactor centerline
and their horizontal centerlines 1.5 m above the floor. Figure 1
shows a front view of the experimental configuration of the six phantom
sections with dosimeters attached. Aiso shown in the figure are
reference dosimeters, which are described in the next section of this
report, and two spheres — a 23-cm-diameter (9 in.) polyethylene
sphere and a 7.6-cm-diameter (3 in.) cadmium-covered polyethylene
sphere — which are used to calibrate TLD-albedo dosimeters.8

Figures 2 and 3 show overhead views of the experimental arrange-
ments for the Lucite and concrete shielded exposures, respectively.

The Lucite shield, which is 2.7 m high and encompasses a 115° arc, was
located 2 m from the reactor centerline. The concrete shield, which
is 2.13 m high and encompasses an arc of 135°, was positioned 1 m from
the HPRR centerline. Neutron energy spectra calculated using a two-
dimensional discrete ordinates transport (DOT) codeg’10 are given in
Appendices B and C for the HPRR with the shields used in the Sixth
PDIS.

Table 1 is a summary of experimental conditions for each of the
six exposures conducted during March 25-27, 1980. Table 2 summarizes
‘experimental conditions for the second set of exposures performed on
May 13-15 to accommodate late arrivals. Reactor, shield, and phantom
configurations were the same for both sets of exposures. Run durations
and reactor power levels were also the same for both sets of exposures,
but the runs were not performed in the same sequence. The indicated
reactor power févels, run times, and shields produced dose equivalents
in the range 0.1-1.1 mSv (10-110 mrem) gamma and 1.8-11.5 mSv (180-
1150 mrem) neutron at 3 m from the reactor centerline.



Table 3 shows nieasured total, neutron, and gamma doses for equivalent
runs during the two sets of exposures. These data were measured by
DOSAR personnel using direct measurements of integrated doses as described
in the "Reference Dosimetry" section of this report. The table shows
that corresponding runs (same power levels, run times, and shields)
produced nearly equal total and neutron doses in every case (<11%
variation). Gamma doses showed somewhat larger percentage variations
(<58%) than total and neutron doses between equivalent runs which is
expected at these Tow doses due to residual fission product and activa-
tion gamma-rays.5 Based on these results, data from the sinjle organ-
jzation that reported results from the second set of exposures are
included with data obtained during the initial exposures in the following
analysis.

DOSIMETER TYPES

The types of dosimeters used in the Sixth PDIS are summarized in
Table 4. Descriptions given in the table were furnished by participants
with reported experimental data. Dosimeter types used for neutron
measurements included thermoluminescent dosimeters (TLD), TLD-albedo,
film, and track-etch. Gamma doses were measured using TLD and film
dosimeters. The most popular types of dosimeters used by the partic-
ipants were TLD-albedo for neutrons and TLD (primarily TLD-700) for
gammas.

In the remainder of this report, the dosimeters are referred to
as film, TLD (for TLD and TLD-albedo), and track (for track-etch).
Descriptions of these dosimeter types are available in the literature,
and dosimetry related comments received from participants are included
in Appgndix D of this report.

8,11

REFERENCE DOSIMETRY

Reference gamma and neutron doses were obtained for each of the
runs during the PDIS based on direct measurements of integrated doses
made by DOSAR personnel. Total, neutron, and gamma doses integrated
over the exposure time for each run were measured at air stations
using a tissue equivalent ionization chamber (TEIC), sulfur pellet
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activation analysis,”“ and a Geiger-Mueller (G-M) tube, > respectively.
The following describes each of these direct measurement techniques as

used in this study.
Tissue Equivalent Ionization Chamber (TEIC)

A TEIC was installed at the DOSAR facility to perform on-line
measurements of total (neutron and gamma) dose at a monitoring station
in air. The sensor (a Digital Data Dosimetry Model RD-1 probe) is a
7.3-cm-diameter spherical ionization chamber which has 0.16-cm-thick
" walls made of Shonka A-150 p'last1'c14 and is filled with tissue equiv-
alent gas. The TEIC was calibrated by the vendor usirg 137
checked by the DOSAR staff using POCO.

Cs and was

Sulfur Pellet Analysis

The basis of routine neutron dosimetry at the HPRR is a standard
sized (nominal 22 g) sulfur pe]]et12 located at a fixed position near
the reactor core. The induced 32P beta activity of the pellet is
measured after an operation and can be related to the unshielded
tissue kerma at an area monitoring station at any distance from the
HPRR via an accurately known neutron dose vs distance relationship
devaloped at the DOSAR Facility over 16 years of operaticnal experience.
To obtain the dose at an air station when shie1ds/are used, the
unshielded dose is modified by an experimentally determined shield
attenuation factor.15

Geiger-Mueller Tube (G-M)

The integrated gamma dose at an air station was measured using a
small Phillips G-M tube13 with a Tithium shield which was calibrated
using 60Co.

REFERENCE DOSE EQUIVALENT

Table 5 presents reference gamma dose equivalent on phantom front
and rear surfaces and associated measured data and conversion factors
for each run. The air station dose used as a basis for the reference -
values is an average of the integrated G-M gamma dose measuremént and~;
the difference of the doses obtained by TEIC and sulfur activation



methods. An air-to-phantom conversion5 developed from previous inter-
comparison study resu1t515 is applied to this average value to obtain
the reference dose equivalents shown in the table. A front-to-rear
conversion factor also developed from prior intercomparison study
resu]ts15 is applied to the front dose equivalent to obtain the
reference gamma dose equivalent at the rear of the phantom.

Neutron dose equivalents on phantom fronts and rears and assoc-
jated measured data and conversion factors are shown in Tables 6 and 7
for sulfur pellet activation analysis and the difference of TEIC and
G-M measurements, respectively. Doses measured at air stations are
converted to neutron dose equivalents on the front of the phantoms by
applying an air-to-phantom dose conversion factor15 and an effective
quality factor16’17 (QF) for each spectrum. Quality factors used for
the unshielded and Lucite shielded spectra3’16’17 represent the
effective QF associated with volume element 57 of the Auxier phantom.
The QF of 9.8 for the concrete shielded HPRR is the average of measuré-
ments17 and ca'lcu'lations19 based on a Monte Carlo determined spectrun.
This value is much less certain than the quality factors associated
with the unshielded and Lucite shielded HPRR spectra. It is standard
practice to use QF = 10 for cases where the neutron spectrum is com-
pletely unknown.20 The dose at the rear of the phantom is estimated
by applying a front-to-rear conversion factor developed from previous
intercomparison study resu'lts.15

18

Table 8 summarizes neutron dose
equivalents on the fronts and rears of phantoms which are the average
of values shown in Tables 6 and 7 for sulfur pellet activation analysis
and TEIC measurements.

Dose equivalents were also calculated for each run based on the
calculated HPRR spectra and energy expended (power level x time of
operation) as determined from reactor instrumentation. The number of
fissions during each run was determined based on an energy release
conversion of 3.1 x 1010 fissions = 1 W-s. The corresponding neutron
fluence at 3 m from the HPRR was computed from the number of fissions
and the fluence per 1017 fissions from DOT code calculated spectra
(Appendices B and C). Dose conversion factors (Gray per unit fluence)
have been determined1 by multiplying the fluence in each energy



interval of the spectra by the element 57 dose per unit fluence in
that interva118 and summing over all intervals. The calculated
fluences were multiplied by these conversion factors to give the dose
in air at 3 m from the reactor for each PDIS run. Conversion to dose
equivalent on the fronts and rears of the phantoms was performed using
the techniques described above for measured data. These calculated
results are presented in Table 9 for information only. They are not
included in the reference average because they are traditionally not
used5 and because there are unresolved anomah‘esa’21 between the DOT
code calculated spectra and measurements made using concrete shields at
the DOSAR facility.

RESULTS AND ANALYSIS

Tables 10-15 summarize reported gamma and neut:on dose equivaient
results for the Sixth PDIS. Appendix D is a compilation of dosimetry
related comments transmitted by participants with the reported data.

The DOSAR reference values are included in the tables but are not con-
sidered as part of the intercomparison results in the subsequent
analysis. Six phantoms equidistant from the HPRR were required to
accommodate the dosimeters exposed during each run. Dose results are
not reported by phantom since variation among dosimeters on various
phantoms has been shown to be insignificant.4 Also, dose equivalents
reported by KK, which were obtained during the second set of exposures,
are analyzed with results obtained during the initial Sixth PDIS irrad-
jations for reasons previously discussed.

To provide a calibration factor which accounts for energy dependence
of TLD-albedo dosimeters, neutron flux measurements were made in a 23-
cm-diameter (9 in.) polyethylene sphere and in a 7.6-cm-diameter (3 in.)
cadium-covered polyethylene sphere using a BF3 proportional counter
during the initial set of exposures. The ratio of the responses of
these spheres (9 in. to 3 in. sphere) can be used to determine an
effective TLD calibration factor‘8 for each run. Table 16 shows the
ratios of responses in the spheres for each of the runs. These data are
presented for information and are not directly related to the inter-
comparison study.



Neutron Dose-Phantom Front

An analysis of neutron dose equivalent results from measurements
made on the front of phantoms is presented in Table 17. When all
reported results are considered, the mean values of the dose equivalent
are lower than the reference values in every case by an averas = 13%
for the unshielded runs, 12% for Lucite shielded runs, and 16% for the
concrete shielded runs. Standard deviations from the mean for all
reported results range from 47 to 79% with the unshielded runs indicating
a lower average percent standard deviation (48%) than the shielded runs
(62%). Median values are also lower than the reference dose equivalent
in every case by an average of 8% for the unshielded cases, 26% for the
Lucite shielded runs, and 20% for the concrete shielded runs. Tables
10-15 show that the largest differences between measurements made by
different agencies for each run range from factors of approximately 11
for runs 4 and 6 to about 75 for run 2.

Table 17 also shows an analysis of a subset of all reported results
which is more representative of the ability of participants to measure
neutron dose. This subset omits results reported by HPL and NTHU for
reasons associated with dosimetry calibration. The HPL data was omitted
because at the time that the measured dose equivalents were reported, no
final calibration factors were availakle for the particular d:simeters
used in this study. Tables 10-15 show that neutron dose equivalent
results reported by this agency are significantly higher than reference
values and measurements reported by all other organizations in almost
every case. Results reported by NTHU were also omitted from this subset
because no correction was made or differences between spectra from the
Pu-Be calibration source and thase encountered in the PDIS.

Data from the subset of reported neutron dose equivalents have mean
values which are Tower than the reference values in every case by an
average of about 14% for the unshieided runs, 16% for the Lucite shielded
runs, and 17% for the concrete shielded runs. These results for the
shielded runs renresent a significant improvement over corresponding
Fifth PDIS results,5 which produced means that were an average of 38%
different from reference dose equivalents. Percent standard deviations
from the mean shown in Table 17 vary from an average of 32% for the



unshielded runs to an average of 46% for the shielded cases. These
results ave significantly lower than corresponding values obtained
during the Fifth PDIS,5 which showed a variation in standard deviations
of 46 to 100% of the means for all runs. Median values indicated the
same trends observed for all reported neutron dose equivalent measure-
ments. From Tables 10-15, maximum differences between individual
measurements in this subset of reported results varied from a factor of
approximately 2 for run 2 to a factor of about 16 for runs 3 and 5.

The composite of neutron dose equivalent measurements considered in
this subset using various dosimeter types in the range 1.8-11.5 mSv
(180-1150 mrem) indicates that:

(a) the overall accuracy of neutron dose equivalent measurements
relative tc the reference values and to agreement of results
among individual agencies improved compared to the previous
PDIS,

(b) the same neutron dose equivalents measured by different
agencies can differ by more than a factor of 2,

(c) doses resulting from the unshielded HPRR spectrum were more
accurately measured than doses from shielded spectra, and

(d) the majority of reported doses were lower than the reference
values.

An analysis of neutron dose equivalents measured by three different
types of dosimeters is presented in Table 18. Although the relatively
small number of participants who used film (3) and track-etch (4) dosimetry
precludes a detailed statistical analysis of these results, some trends
are clearly evident from the data shown in the table. A1l agencies
which used film to measure neutron dose equivalents reported results
which are much lower than the reference value. The means of the reported
values are less than 52% of the reference dose for all runs. These low
results, which have been observed for film in prior intercomparison
studies,5 can be partly attributed to the insensitivity of film to
neutrons having energies below about 0.7 MeV.8’20 In addition, film can
have a fading problem which results in low measured dose values if it is
not packaged carefully and read promptly after exposure‘8

Track-etch dosimeters yielded results closer to the reference
values than doses measured using film. However, mean neutron dose
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equivalents were Tower than the reference values in all cases by an
average of 43% (28% for unshielded runs and 50% for shielded runs).
Average percent standard deviations from the mean were 22 and 52% for
unshielded and shielded cases, respectively. Median values show the
same overall performance as the means relative to reference doses.

Neutron dose equivalent results reported by TLD (primarily TLD-
albedo) users are much closer to the reference values than results
obtained using film or track-etch dosimetry. The mean measured dose
equivalents are within 5% of the reference values for the unshielded
runs and within 11% of the reference doses for the shielded exposures.
Mean measured dose equivalents are also lower than the reference values
in every case except run 5. Percent standard deviations from the mean
ranged from an average of 23% for the unshielded runs to an average of
34% for the shielded cases which are lower than corresponding values for
film and track-etch dosimeters. Median values are within 21% of and
Tower than the reference dose equivalents in every case. These data
represent an overall improvement in TLD-albedo dosimeter performance
compared to results obtained during the Fifth PDIS,5 which showed mean
measured neutron dose equivalents within an average of 11% and 100% of
the reference values for unshielded and shielded runs, respectively.
Agreement between individual measurements as reflected by percent
standard deviations from the means also improved for TLD-albedo dosimeters
compared to results obtained during the previous PDIS, which indicated
average percent standard deviations of 32% for unshielded runs and 62%
for shielded runs. This improvement can be partly attributed to improved
correction factors used by participants to account for energy dependence
of TLD-albedo dosimeter response. '

Gamma Dose-Phantom Front

An analysis of gamma dose equivalent results from measurements made
on the front of phantoms is presented in Table 19. When all reported
results are considered, the mean values of the gamma dose equivalent for
the six runs are higher than the reference values by factors of 1.4 to
3.6 and exhibit percent standard deviations from the mean of 100 to
255%. The median values vary from 0.8-1.4 times the reference values.
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A subset of reported results is included in Table 19 to provide a
better indication of the overall ability of participants to measure
gamma dose. Results reported by RPB were omitted from this subset
because this group used TLD-100 dosimeters, which are extremely sen-
sitive to neutrons and yield very high measured gamma doses in mixed
radiation fie‘lds.5 Tables 10-15 show that the reported RPB gamma dose
equivalents are significantly higher than reference doses and results
from all other agencies in every case.

Mean values of the subset of reported results shown in Table 19
vary from about 1.0 to 1.6 times the reference gamma dose equivalents.
This variation represents an improvement over corresponding results
obtained during the Fifth PDIS,5 wnhich produced mean gamma doses that
differed from the reference values by factors of 1.2 to 2.6 for the six
runs. The percent standard deviations shown in Table 19 are between 40
and 85% of the mean with no significant differences between unshielded
and shielded measurements. Median values vary from 0.8 to 1.3 times the
reference doses with medians of half of the runs being less than the
reference values. These data also represent improvepents over Fifth
PDIS resu]ts,5 which showed variations of 35 to 172% of the mea:. for
standard deviations and 0.9 to 1.9 times the reference dose for median
measured values. Tables 10-15 show that the maximum differences between
individual gamma dose measurements in each run vary from a factor of
about 3 for run 2 to a factor of approximately 20 for run 5. For gamma
dose equivalents in the range 0.1-1 mSv (10-100 mrem) measured in the
presence of larger neutron dose equivalents, these composite reported
results indicate no significant measurement bias relative to reference
doses and possible differences of greater than a factor of 3 between
measurements of the same dose equivalent made by different agencies.

A summary of gamma dose equivalents measured by various dosimeter
types is presented in Table 20. In contrast to the film-measured
neutron dose equivalent, film-measured gamma dose equivalents were
generally higher than the reference values with mean values ranging from
1.2 to 1.9 times the reference dose and median values ranging from 0.8-
1.8 times the reference for the six runs. These high doses could be a
result of the sensitivity of most radiation monitoring films to
neutrons. Tests conducted on eight commercial film types made to
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measure gamma dose showed that they were an average of four times more
sensitive to thermal neutrons on a gray (or rad) basis than to 60Co
gamma-rays.22 Some individual film types were ten times more sensitive
to thermal neutrons than to 6000 gamma-vrays. The fast neutron response
per gray (or rad) averaged about 5% of the gamma response. Depending on
the type of film used in the PDIS and whether or not users corrected for
the neutron response, this sensitivity could be a significant contributor
to the high reported gamr 1 doses. B

Table 20 also presents gamma dose measurements made using various
types of TLD's. The majority of participants measured gamma doses using
TLD-700 material which contains 99.993% of the ’Li isotope and 0.007% of
the 6Li isotope. Mean doses measured using TLD-700's are generally
closer to the reference values than the film results and do not indicate
a significant measurement bias. Mean measured doses vary from 0.8-1.8
times the reference val.as while median values range from 0.8-1.5 times
the reference. In every case, the mean values are within one standard
deviation of the reference dose. These results are consistant with the
performance observed for the TLD-700 dosimeter during the Fifth PDIS.5

Since only three participants used CaSO4 thermoluminescent dosimeters
and only one participant used TLD-100 dosimeters to measure gamma dose,
a detailed statistical analysis of these reported results is not possible.
However, some trends are evident from the reported results. Mean and
median gamma doses for the CaSO4 TLD dosimeters are less than the
reference doses for every run and range from about 0.6 to 1.0 times the
reference value. Results obtained using TLD-100 dosimeters are signif-
icantly higher than all other measured data and are higher than the
reference values by factors of 6 to 42 for the six runs. The TLD-100
material consists of natural lithium fluoride and contains 7.5% of the
6L1’ isotope which responds to neutrons .as well as gamma-rays. Thus,
gamma dose can be grossly overestimated in mixed radiation fields unless
spectrum dependent corrections are made.5’23 The PDIS data also indicates
that the amount of overestimation increases as the mean energy of the
neutron spectrum decreases in that the measured doses are higher than
the reference values by average factors of 10, 17, and 32 for unshielded,
Lucite shielded, and concrete shielded runs, respectively. The poor
performance of TLD-100 dosimeters with regard to measuring gamma doses
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in mixed radiation fields has been demonstrated in previous intercompar-
ison studiess and has been attributed to the failure to correct for
neutron response.

Neutron Dose-Phantom Rear

An analysis of neutron dose equivalent results measured on the
rears of the phantoms is presented in Table 21. Results reported by
NTHU are excluded because of differences between the calibration source
(Pu-Be) and actual neutron spectra encountered in this study. Con-
sidering all dosimeter types the means and medians of the measured
neutron dose equivalents are lower than the reference values for every
run by factors of about 0.6-1.0 times the reference dose equivalent. As
was the case with measurements on the phantom fronts, film dosimeters
yielded significantly lower neutron dose estimates on the phintom rears
than did TLD dosimeters. The relatively few neutron dose eq fivalent
measurements made on the rears of the phantoms precludes any detailed
statistical analysis of these data.

Gamma Dose-Phantom Rear

Table 22 presents an analysis of gamma dose measurements made on
the rears of the phantoms. The subset of reported results for all
dosimeter types (RPB measurements excluded) indicates that the mean
gamma dose equivalents vary from 1.2 to 2.7 times the reference values.
Median values vary between 0.6 to 2.8 times the reference dose. As with
the phantom front measurements, film-measured gamma doses are signif-
icantly higher than the reference values (1.7 to 4.6 times the reference)
presumably due to the neutron sensitivity of the film. Mean gamma doses
measured using TLD dosimeters (primarily TLD-700) are much closer to the
reference dose (0.4-2.6 times the reference) than film-measured doses
and are higher than the reference in every case except for run 1. Dose
equivalents based on CaSO4 thermoluminescent dosimeters yield mean doses
which range from 0.6-3.0 times the reference dose. The TLD-100 results
were again much higher than all other reported doses (8 to 27 times the
reference) for every run presqmab]y due to failure to correct for the
neutron sensitivity of the thermoluminescent material. No further’
analysis of these data is presented because of the relatively few gamma
dose measurements made on the rears of the phantoms.
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COMPARISON TO PREVIOUS INTERCOMPARISON STUDIES

Results presented in the preceeding text for the Sixth PDIS are
consistent with the following statements which are based on results of

the . 'evious five studies:

1.

1-5

The most popular types of personnel dosimeters used by par-
ticipating agencies are TLD-albedo for neutron measurements
and TLD-700 for gamma measurements.

For measurements of neutron dose equivalents between 1-15 mSv
(100-1500 mrem) in mixed radiation fields, TLD and track-etch
dosimeters provide more accurate dose measurements than film
dosimeters.

Mean and median values of neutron dose equivalents measured
using film dosimeters are less than about 50% of the reference
values. This indicates that film is inadequate for neutron
personnel dosimetry applications when large numbers of low
energy (<0.7 MeV) neutrons are present.

It is not unusual for neutron dose equivalents measured under
the sane conditions by different agencies to differ by more
than a factor of 2.

Neutron dose equivalents are more accurately measured for
unshielded relative to shielded runs.

The TLD-measured gamma doses are more accurate than film-
measured doses in the 0.1-1 mSv (10-100 mrem) range when
relatively large numbers of neutrons are present.

It is not unusual for measurements of the same gamma dose by
different agencies to differ by more than a factor of 3.
Gamma dose equivalents measured using film are generally
higher than the reference values.

The TLD-100 dosimeters yield doses which are sigrnificantly
higher than reference values and are unsuitable for the
measurement of gamma dose eguivalents in mixed radiation
fields unless suitable correction factors can be applied.

CONCLUSIONS

Although the overall performance of results reported by the par-
ticipants indicates improvement relative to the previous PDIS, the
composite measured data show variations of more than a factor of 2
between measurements of the same exposure made by different agencies.
The accuracy of personnel dose measurements in mixed radiation fields
could be improved for some participating agencies by using dosimeters
more suited to the particular types of incident radiation, by applying
correction factors which account for dosimeter response characteristics
associated with the anticipated radiation fields, and by calibrating
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dosimetry with a source appropriate for the energy spectrum to be
measured. Improved dose estimates for personnel monitoring will require
continued efforts by individual organizations to evaluate and implement
the items discussed above and by the collection of agencies to par-
ticipate in future intercomparison studies of this type to test dosimetry
performance and refine measurement techniques.

Since most participants had information concerning experimental
geometries, neutron energy spectra, and source characteristics, results
presented in this report probably reflect the most accurate dose esti-
mates that can be made by the participating agencies. Personnel measuring
mixed field doses in actual practice may not have this information so
that resulting dose estimates may have greater uncertainties than those
observed during this intercomparison study.
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Fig. 1. Front view of typical experimen'ta1 arrangement of phantoms
and dosimetry.

ORNL-Photo 1983-80
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Fig. 3.

Top view of experimental

arrangement for concrete shielded exposures.
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Table 1. Summary of experimental conditions for the initial set of exposures®
Exposure Reactor 10'13 x Shield Shield Distance from
R Date of Start duration, power, number thickness distance from reactor to front
un exposure time s W of fissions  and type reactor, m of phantom,® m

1 3/25/80 1434 550 1.5 2.56 None 3

2 3/25/80 1603 500 0.4 0.62 None 3

3 3/26/80 1251 575 2.0 3.56 12-cm 2 3
Lucite

4 3/26/80 1602 500 6.0 9.30 12-cm 2 3
Lucite

5 3/27/80 1131 450 1.3 1.78 20-cm 1 3
concrete

6 3/27/80 1430 525 5.1 8.30 20-cm 1 3
concrete

226 participating agencies.
bEastern Standard Time.

®The horizontal centerlines of the reactor and of the phantom sections on which the dosimeters were
mounted were 1.5 m above the concrete floor for all exposures.

Ie



Table 2. Summary of experimental conditions for the second set of exposures?

Exposure Reactor 10713 « Shield Shield Distance from
Run Date of Start duration, power, number thickness distance from reactor to fgont
exposure timeb S W of fissions and type reactor, m of chantom,” m

1 5/13/80 836 550 1.5 2.56 None 3

2 5/13/80 1009 500 0.4 0.62 None 3

3 5/14/80 833 450 1.3 1.78 20-cm 1 3
concrete

4 5/14/80 1026 525 5.1 8.30 20-cm 1 3
concrete

5 5/15/80 844 575 2.0 3.56 12-cm 2 3
Lucite

6 5/15/80 1221 500 6.0 9.30 12-cm 2 3
Lucite

14

%Exposures performed subsequent to the initial Sixth PDIS to accommodate two late arrivals.
bEastern Standard Time.

°The horizontal centerlines of the reactor and phantom sections on which the dosimeters were mounted
were 1.5 m above the concrete floor for all exposures.



Table 3. Comparison of measured total, neutron, and gamma doses in air for initial and second exposures

Reactor Exposure

Iniﬁ;a] Sﬁﬁg"d power, duration, Shield® Total dose.b 10'5 Gy° Neutron dose,d 10-5 Gy Gamma_dose, ® 10'5 Gy
W s Initial Second Initial Second Initial Second
1 1 1.5 %50 None 138.0 133.9 116 118 19.5 22.6
2 2 0.4 500 None 38.1 37.8 28 29 6.2 9.8
3 5 2.0 575 12-cm 61.1 60.9 28 27 30.8 36.4
Lucite
4 6 6.0 500 12-cm 151.3 158.5 74 73 74.7 76.9
Lucite
5 3 1.3 450 20-cm 23.3 21.1 14 14 7.3 10.1
concrete
6 4 5.1 525 20-cm 97.2 87.4 65 63 31.2 29.4
concrete

%hield locations and reactor position were identical for the indicated run numbers.

bTota] neutron and gamma dose measured using a Digital Data Dosimetry RD-1 tissue equivalent ionization chamber at 3 m from the
reactor centerline.

©1075 gy = 1 mrad.
dNeutron dose inferred from sulfur pellet activation measurements and DOSAR shield attenuation factors.

€Gamma dose measured using a Phillips Geiger-Mueller tube with an energy compensating shield and a 1ithium shield to reduce
neutron sensitivity located 3 m from the reactor centerline.

€2
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Table 4. Dosimeters used by the participants
Groupa dggg;gg:r dog$$2:er
AECL/CR TLD-700
AECL/W TLD-700
ANL TLD-albedo TLO
BAPL TLD-albedo
DOSAR See reference dosimetry section
HPL Li,B40, TLD CaS0, TLD
INER Track-etch (Lexan)
INER TLD-albedo TLD-700
kP TLD-600, 12=in. sphere TLD-700
KKP TLD-albedo TLD-700
KKb Track-etch
KSU Film Film
LAND Neutrak-144, CR-39 Film
LLL TLD-albedo TLD
LLL DOSPEC (track-etch,
albedo)
NLC Film (Kodak Type 2)
NTHU CaSO4:Dy TLD Ca504:Dy TLD
NTHU Film
oPPD TLD~600 TLD-700
ORGDP Activation elements TLD
PPPL Landauer C1 badge Landauer H1 badge
(track-etch) (film)
REECO 6 i/7Li5 Cd-encased 7LiF; Cd-encased
RFP TLD-albedo TLD-700
RPB TLD-albedo TLD-100
RP1 TLD-600, TLD-700 TLD-700
SEb,c
SNL TLD-albedo TLD-700
SRP TLD-albedo TLD
TAEC Ca504:D TLD
TPC TLD (Harshaw G-7)
TVA TLD-albedo (Harshaw 2271)  ’Li TLD (Harshaw 2271)
uco Film Film
YALE Landauer Gardray Film Landauer Gardray Film

%1dentifying acronyms are defined in Appendix A.
bDosimetry was exposed subseguent to the initial Sixth PDIS due

to late arrival.

°No results reported.



Table 5.

Reference gamma dose equivalent

Phantom front

Phantom rear

Gamma dose equivalent in air, 107 Sv%

Air-to-phantom

Reference gamma

Front-to-rear

Reference gamma

Run o ETCosulfur Average dose conversion dosiogguivalent,c dose conversion  dose ggggvglent,c
1 19.5 22.0 20.8 1.66 34 0.48 16
2 6.2 10.1 8.2 1.66 14 0.48 7
3 30.8 33.1 32.0 1.38 44 0.29 13
4 74.7 77.3 76.0 1.38 105 0.29 30
5 7.3 9.3 8.3 1.28 11 0.29 2
6 31.0 32.2 31.6 1.28 40 0.29 12

1 mren = 1072 Sv.

bAccounts for (n,y) reactions in the phantom.

®Rounded to nearest whole number.,

Ge



Table 6. Neutron dose equivalent from sul¥u.r pellet analysis

Unshielded dose Shielded dose Area monitor to Dose equivalent Phantom front Dose equivalent
Run  at areagmonitor,  Shield, at area monitor, phantom dose Quality on phanggm front, to rear on phaggom rear,
107 Gya factor? 1075 gy conversion factor 1073 5v¢ conversion 107° Sv
1 116 1.04 9.4 1134 0.16 181
2 28 1.04 9.4 274 0.16 44
3 150 0.19 28 1.03 8.9 257 0.21 54
4 391 0.19 74 1.03 8.9 678 0.21 142
5 76 0.19 14 1.20 9.8 165 0.19 kil
6 341 0.19 65 1.20 9.8 764 0.19 145
a _ 15
1 mrad = 10 © Gy.

bInc'ludes correction for shield effects on reactor power indication.
°1 mrem = 10° Sv.

92



Table 7. Neutron dose equivalent from tissue equivalent fonization chamber measurements

Measured neutron and Measured gamma Inferred neutron Area monitor to Dose equivalent Phantom front Dose equivalent
o105ty nomizor: 1058y monitors 1056y vemversion  factor  fronts 100552 coveredon  rear, 105 v
s
1 138.0 19.5 118.5 1.04 9.4 1158 0.16 185
2 38.1 6.2 31.9 1.04 9.4 312 0.16 50
3 61.1 30.8 30.3 1.03 8.9 278 0.21 58
4 151.3 74.7 76.6 1.03 8.9 702 0.21 147
5 23.3 7.3 16.0 1.20 9.8 188 0.19 36
6 97.2 312 66.0 1.20 9.8 776 0.19 147

) mrad = 1077 6y.
b -
1 mrem = 10 ~ Sv.

L2
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Table 8. Refer ice neutron dose equivalent

Reference neutron dose equivalent,? 10"5 Sy?

Run

Phantom front Phantom rear
1 1146 183
2 293 47
3 268 56
4 690 145
176 34
6 770 146

aAverage of dose equivalents obtained by sulfur pellet
activation analysis and TEIC measurements.

bl mrem = 10'5 Sv.



Table 9.

Neutron dose equivalent from calculations

Energy expended

T ey ME e e gmen g OStemam QU o s
instrunﬁ:’ii:ztwn, front, n/cm 1072 Gy-cm“/n front, 10 7 Sv conversion rear, 102 Sv
1 13.75 2.56 x 1013 5.02 x 107 25.5 x 107 128.0 9.4 1203 0.16 192
2 .33 0.62 x 1013 1.22 x 107 25.5 1077 31.1 9.4 292 0.16 a7
3 19. 3.56 « 1013 1.90 x 107 14.6 x 1077 21.7 8.9 246 0.21 52
4 49.<. 9.30 x 1043 4.96 x 107 18.6 x 1077 72.4 8.9 644 0.21 135
5 9,56 1.78x 108 178« 10 13.5 x 107 2.0 9.8 235 0.19 45
6 44.62 8.30 x 1013 8.30 x 10 13.5 x 107 12.0 9.8 1098 0.19 209
41,86 « 1012 fissions = 1 W-min.

b1 mrad = 10°° Gy.
°1 mrem = 1072 Sv.

6¢
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Table 10. Tabulation of reported results POIS 6, run 1, unshielded, 13.75 W-min

3 - N -

Group? Neutron __RNeutron j_@g‘e_qp‘ivgj‘ep}_{_]qf’_ Sv. Gamma ~_Gamma dose equivalentl“ 1078 Sv.
dosimeter 1" 2 3 Average dosimeter 1 ? 3 Average
AECL/ oK o 32 44 43
ALCL/W o 128 66 97
ANL LD 706 821 766 764 o a5 61 59 55
BAPL TLo 1224 1540 1290 1351 N i
DOSAR Reference 1146/183° Reference 34716
HPL LD 1870 1870 ) wos 13
INEF Track/TLD 1050/1301°  TLD 26.17
(1% TL0, sphere 1072 1072 o 0.1 30.1
ke’ TLD/Track 11137986 11137986 Lo 37.8 37.8
Su Film 230 180 250 220 Film 45 50 50 48
LAND Track . 1095 990 125 917 Film 50 64 40 51
Ly TLD/DOSPEC 1140730567  TLD 387
NLC - Film 48 51 at a7
NTHY LD §3.324 , TLOS 2 23.98/,
14,435 r 11,9477

NTHY Film 2 10° 247104
oPPD TLD, 1031 1147 1073 1083 L0 40 a, a6 43
ORGDP ACT TLD 51 i3 51/13°
PPPL Track 800 ; 800 Film 80 90 90, 87
REECD TLD 1015 1040 171 1028/171 o 19 22 Y 20/1*
REP Two 1413 1261, 1540 1405 : LD, 18 27, 28 24 J
RPB LB 877 178 877/178' TLD” 480’ 128 480/128
RPY TLD 173 173 LD 21 21
SHL TLD 1270 1220 910 1133 TLD 30 30 30 30
SRP Lo 1250 1320 1285 TLO. 35 35
TAEC LD 24,537
TPC TLD 42.1 44.0 43.5 43.2
TVA TLD 1439 1554 1528 1507 TLD 62 58 56 59
uco Film 550 570 570 563 Film 60 651 50 58 ]
YALE Film 230 230 Film 90 60" 90/60°

%1dentifying acronyms are defined in Appendix A.

«f,
Dose equivalents are background corrected. Values were reported in millirems {1077 Sv). Measurements
were made on the fronts of phantoms {side facing HPRR) unless otherwise indicated.

“Each group was allowed to expose three dosimeters per run.
Dosimeter on rear of phantom (side opposite HPRR),

©L1,B,0, TLD.

fhaSOA:Dy TLD.

IReported average of measured results.

?Dosimeters exposed subsequent to the Sixth PDIS due to late arrival.
“Combination of track-etch and TLD-albedo.

Jactivation foils were used for this neutron dose measurement. fio measurable activities were obtained at
the dose levels encountered in this study.

krLp-100.
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Table 11. Tabulation of reprted results PDIS 6, run 2, unshielded, 3.33 W-min

Croup? Neutron _ Neutron dose equivalent,’ 107° sv Gamma __Ganma dose equivalent,’ 107 sy
dos imeter 1’ 2 3 Average dosimeter 1 2 3 ° Average
AECL’CR L0 12 n, 12 .
ATCL/W no 53 54° 53/54"
AnL LD 207 196 202 o 10 9 10
BAPL Lo 329 88 288 335, i
DOSAR Refcrence 293/47° Reference 1477
HPL o 660 660 _ L. 13 13,
INER Track/TLD 113/2937 o 8.¢
K TLD. sphere 272 272 o 1.2 11.2
KK TLD/Track 2737195 . 273/195 o 12.6 ; . 12,6
x5u Film 0. 0 0: 0’ Film 0 0’ 0° 0
LAND Track - 290 260 240 263 i Film 20 10 10 13,
Lt TLD/DOSAR 290/ 280 Lo 9
NLC . Film 9 2 12 8
NTHU T 8.70/, LD, 7.14/,
2.6840 3.50%.7
NTHY Film 8 10 10 9/10%
OPPD L. 265 273 2462 260 Lo 14 15, 1 13,
ORGDP ACT Lo 23 ¢ 23/7°
PPPL Track 160 . 160 Film 40 40 30, 3,
REECO Two 255 270 28° 262/28° Lo 5 5 13 5/1
RFP Lo 14 72" 104° 974 D, o’ 0’ 0 07
RPB o 215 | 32" 218/32° 7LD 85 g5,
RP1 TLD 18.2° . : 18.2° LD 0 0
SHL LD 307 ag’ a0’ 377 D -10° -10°
SRP o 315 15 318 LD . 10 o
TAEC TLD- 7.427
T°C TLD 12.0 137 12.6 12.8
VA TLO 354 356 , 48, 376, LD 15, 28, 43, 29,
uco Film 10° 20° 10 13¢ Film 25 20f 357 27

'ldenlifying acronyms are defined in Appendix A.

“Dose equivalents are backyround corrected. Values were reported in millirems (10'S Sv). Measurements
were made on the fronts of phantoms (side facing HPRR) unless otherwise indicated.

“Each group was allowed to expose three dosimeters per run.
Dosimeter on rear of phantom (side oppnsite HPRR).

‘;uzsao7 TLD.

-r.aso4:ny TLD.

IRaported average of measured results.

hDosimeters exposed subsequent to the Sixth PDIS due to late arrival.
"_Combination of track-etch and TLD-albedo.

Jactivation foils were used for this neutron dose measurement. No measurable,activities were obtained at
the dose levels encountered in this study.

*1Lp-100.
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Table 12. Tabulation of reported results — PDIS 6, run 3, Lucite shield, 19.17 W-min

Group? Neutron Neutron dose equivalent,? 1075 5¢ Gamma Gamma dose equivaIensuP 1075 sv

g dosimeter 1° 2 3 Average ~ dosimeter 1 2 3 Average
AECL/CR TLD 53 45, 49
AECL/M LD 82 66 82/66
ANL 7LD 162 205 224 197 TLD 26 39 29 3l
BAPL LD 374 547 494 a7z, p
DOSAR Reference 26B/56 Rel;?rence 44/13
HPL TLD® 930 930 (! 36 3
INER Track/TLD 17572029 TWLO 33.09
KKS TLD, sphere 138 138 LD 10.4 10.4
KKS TLD/Track 137/71 137/71 Lo 13.8 13.8
KSU Film 70 50 50 57 Film 50 60 60 57
LAND Track . 225 220 250 232 Film 60 50 50 53,
LLL TLD/DOSPEC® 25071809  TLD 427
NLC Fil 48 54 a9 50
NTHU ol 44.88) L 30.61/

5.170:9 12.90%4

NTHY Film 3 47 40
OPPD LD, 171 181 149 167 L0 36 37 40 38
ORGOP ACTY
PPPL Track 30 2 0, Film 80 90 90, 87
REECO LD 205 210 32 208/32 LD 20 20 2 20/2
RFP o 356 485, 273 - LD, 25 24, 30 %
RBP L0 214 62 214/62 o 750 100 7507100
RPI TLD 211 21l LD 24 24
SHL TLD 180 190 190 187 TLD 40 40 40 40
SKP o 320 250 285 o 35 35
TAEC ol 29.009
TPC TLOD 44.6 43.0 37.4 42
TVA o 248 268 273 263 7LD 65 72 67 58
ucp Film 140 110 110 120 Film 70 95 70, B
YALE Film 230 230 Film 50 70 60 80/60

%Identifying acronyms are defined in Appendix A.

Dose equivalents are background corrected. Values were reported in millirems (10~5 Sv). Measurements

were made on the fronts of phantoms (side facing HPRR} unless otherwise indicated.
“Each group was allowed to expose three dasimeters ger run.
Dosimeter on rear of phantom (side opposite HPRR).
;L123407 TLO.
Cas,:Dy TLD.
gkeported average of measured results.
Dosimeters exposed subsequent to the Sixth PDIS due to late arrival.
“Combination of track-etch and TLO-albeda.

IActivation foils were used for this neutron dose measurement. No measurable activities were obtained at

the dose levels encountered in this study.
LD-100.
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Table 13. Tabulation of reparted results PDIS 6, run 4, Lucite shield, 50.00 W-min

Group’® Neutron __Neutron dose equivalent, 1073 sy Garma Gamma dose equivalent,b 1075 sv

dosimeter 1’ 2 3 Average dos imeter 1 2 3 Average
AECL/CR LD 117 1171 117 4
AECL/W LD 180 101 180/101%
ANL TLD 438 413 481 444 TLD 79 98 n 83
BAPL TLD 1229 1425 1330 1328 g
DOSAR Reference 690/145° Reference 105/30
HPL LD 2040 2040 B TLD. 77 77
INER Track/TLD 280/749 LD 64,19
KKZ: TLD, sphere 598 £98 LD 27.5 27.5
" TLO/Track 678/333 ; , 678/333 LD 43.7 . B} 43.7
KU Film 354 30 35° 337 Film 557 50 60" 55
LAND Track - 410 500 325 411 i Film 70 100 100 90
LLL TLD/DOSPEC” 6807490~ TLD 1007
NLC - Film 134 143 147 38
NTHY Lo 187.84 TLDS 74.2)

15.6%% 27 b3

NTHU Film 80 92 80 1X]
opPPD TLD, 437 442 450 443 TLO 117 101 106 103
ORGDP ACT
PPPL Track 200 P 360 f Film 100 210 170, 160 1
REECO TLD 520 , 490 . 1124 505/112 L0 79} 771 25% 78/25°
RFP TLD 244" 1379 245¢ 2094 . TLD, 61' 314 374 43d |
RP8 LD 527, 138 527/138°  TLD* 1750, 360° 1750/360°
RPY TLD 767 s s 767 LD 304 ’ . 304
SNL TLOD 1107 80" 9u* 93" TLD 40° 30° ag- 37°
SRP TLD 765 840 802 TLD . 95 95
TAEC TLO- 76.637
TPC TLD 111.6 121.2 110.4 114.4
TVA LD 6301 6461 623H 633, TLO 135, 134, 140 136d
uco Film 60" 30 30° 407 Film 70¢ 657 607 65
YALE Film 250 250 Film 150 180 165

uIdentifying acronyms are defined in Appendix A.

Ppose equivalents are background corrected. Values were reported in millirems (1072 Sv). Measurements
were made on the fronts of phantoms (side facing HPRR) unless otherwise indica*sd.

“Each group was allowed to expose three dosimeters per run.
JDosimeter on rear of phantum (side opposite HPRR).

:}i28407 TLD.

JCaSO4:Dy TLD.

“Reported average of measured results.

hDosimeters exposed subsequent to the Sixth PDIS due to late arrival.
iCOmbination of track-etch and TLD-albedo.

“Activation foils were used for this neutron dose measurement. No measurable activities were obtained at

the dose levels encountered in this study.
k1Lp-100.
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Table 14. Tabulation of reported results PDIS 6, run 5, concrete shield, 9.56 4-min

Group? Neutron ___Neutron_dose equivalent,” 10 5 Sv . quma Gamma dase equivalent‘b 10'5 Sv
dosimeter 1 2 3 Average dosimeter 1 2 3 Average
AECL/CR o 21 16, ',
AECL/W LD 70 103 70/10
ANL TLD 164 129 146 LD 5 6 6
BAPI. LD 220 223 179 207 4
DOSAR Reference 176/34 Reference 11/3
HPL TLD® 320 320 TLD/ 10 10
INER Track/TLD 40/190°  iLD 10.3¢
KK; TLD. sphere 235 235 LD 23.5 23.5
KK TLD/Track 205/229 205/229 TLD 36.2 36.2
Ksu Film 15 40 10 22 Film 0 10 10 7
LAND Track . 125 95 120 113 Filim 0 0 10 3
LLL TLD/DOSPEC’ 120/1307  TLD 207
NLC . Film 13 12 9 11
NTHU LD 21.0/, TLoS 9.14
4,56 4.2%7
NTHU Fiim 11 10 10 10
OPPD TLD, 130 137 133 133 TLD 11 14 16 14
ORGDP ACT’
PPPL Track 60 60 s o, Film 30 50 a0, o
REECOD TLD 165 170 17° 165/17° TLD 2 3 0 2/0
RFP TLD 297 a3, 374 348 Lo, 0 7., 5 4
RPB LD 130 34 130/34° LD 250 254 250/25
RPI TLD 127 127 L0 24 24
SNL TLD 170 150 130 150 TLb 10 20 20 Y
SRP TLD 280 225 252 L. 15 15
TAEC TLD- 13.47%7
TPC LD 11.8 15.9 13.9 13.9
TVA 7LD 183 173 190 182 TLD 39 28 32 33
ucp Film 40 50 70 53 Film 20 25 35 27

“1dentifying acronyms are defined in Appendix A.

Dose equivalents are background corrected. Values were reported in millirems (10'5 Sv). Measurements
were made on the fronts of phantoms (side facing HPRR) unless otherwise indicated.

“tach group was allowed tc expose three dosimeters per run.
Dosimeter on rear of phantom (side opposite HPRR).
;Fi234°7 TLD.
CaSOa:Dy TLo.
gReported average of measuved results.
?Dosimeters exposed subsequent to the Sixth PDIS due to late arrival,
*Combination of track-etch and TLD-albedo.

JActivation foils were used for this neutron dose measurement.
the dose levels encountered in this study.

k110~ 100.

No measurable activities were obtained at
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Table 15. Tabulation of reported resuits — PDIS 6, run 6, concrete shield, 44.62 W-min

Group® Neutron Neutron dose gguiva‘lent,b 1075 sy Gamma Gamma_dose equivalent,b 1075 sv

dosimeter 1€ 2 3 Average dosimeter 1 2 3 Average
AECL/CR Lo 69 63, 66
AECL/W 1D 117 60 177602
ANL LD 670 614 592 625 o 29 34 3N 31
BAPL TLD 889 1081 973 %l
DOSAR Reference 770/146  Reference 201124
HPL TLD® 1060 1060 T 29 29
INER Track/TLD 367/825%  TLD 27.89
xx; TLD, sphere 562 . 568 }‘IL_DD ;;z ;’;f
KK TLO/Track 494/31 494/319 1 )
KSU Film 104 104 7d Film 25d 254 20d 23d
LAND Track . 465 500 380 448 Film 40 20 60 40
LLL TLD/DOSPEC* 5307/520° TLD 509
NLC Fil 7 104 9% 92
NTHU o’ 103.3/, T 39.8/

18.24,9 16.39,9

NTHY Film 50 55 55 53
OPPD LD, 614 657 633 635 Lo 50 58, 51 53 4
ORGODP AcT? TLD 63 26 63/26
pPPL Track 90 170 4 130, Film 130 110 130, 123
REECO 7LD 760 25, 99% 752/99 o %, 31, e 3253
RFP LD 2294 2399 264 244 T, g 11 17 1
RPB LD 642 122 sa2/122¢ 1o 1700 320¢ 17ogészod
RPI LD 794 4 4 77 0 ¥ p
SHL TLD 140 110 110 120 o 10 30d 20 204
SRP LD 1100 1075 1088 LD 70 no
TAEC T 35.84%8
TPC LD 65.6 66.1 62.9 s;.s
TvA Lo 733 748 774 752 Lo 9 85 12 9
uco Film 504 a0 304 a? Film sod 754 704 7sd
YALE Film od o¢ o Film 70 70 70

“Identifying acronyms are defined in Appendix A.

Dose equivalents are background corrected,

vere made on the fronts of phantoms (side
®Each group was allowed to expose three dosimeters per run.

e,

osimeter on rear of phantom (side oppusite HPRR).

‘Li28407 TLD.

Tcaso,: 0y L0,

9Rreported average of measured results.

Values were reported in millirems (10'5 Sv). Measurements
facing HPRR) unless otherwise indicated.

{’Dosimeters exposed subsequent to the Sixth PDIS due to late arrival,
’:Combination of track-etch and TLD-albedo.

YActivation foils were used for this neutron dose measurement.
the dose levels encountered in this study.

TLD-100.

No measurable activities were cbtained at
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Table 16. Ratios of responses of BF3 detector in polyethylene spheres?

Reactor Exposure

Ratio of 9-in.

I"iﬁlg] Sigg?d power, duratian, Shield to 3-in. sphere

W S response

1 1 1.5 550 None 0.86

2 2 0.4 500 None 0.79

3 5 2.0 575 Lucite 0.47

4 6 6.0 500 Lucite 0.45

3 1.3 450 Concrete 0.36

4 5.1 525 Concrete 0.34

2 xposures conducted on March 25-27, 1980.

bExposures conducted on May 13-15, 1980.
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Table 17. Analysis of neutron dose equivalent
results on fronts of phantoms

Neutron dose equivalent, 1072 sy

Run

Reference A1l reported results? Subset of reported resu1tsb’c
1 1146 1050, 958 + 446 (47) 1050, 958 + 374 (39)
2 293 267, 265 + 130 (49) 267, 256 + 66 (26)
3 268 202, 228 + 181 (79) 202, 204 + 100 (49)
4 690 505, 618 * 429 (69) 505, 559 + 255 (46)
5 176 146, 156 * 87 (56) 146, 154 + 78 (51)
6 770 596, 602 = 281 (47) 596, 605 + 243 (40)

2] mrem = 107° Sv.
bVa]ues are displayed as median, mean *g (%c).
®This subset omits results reported by HPL and NTHU.
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Table 18. Neutron dose equivalent on fronts of phantoms by type of dosimeter

Run — Neutron dose equiva'lent:,blfl'5 sve —
Reference Film Track TLD™

1 1146 230, 338 = 195 (58) 962, 943 * 106 (11) 1113, 1085 + 319 (29)
2 293 d 178, 183 = 63 (34) 272, 281 * 47 (17)

3 268 120, 136 + 88 (64) 156, 127 + 93 (73) 211, 238 + 90 (38)

4 ] 25n° 346, 346 + 54 (16) 616, 656 + 242 (37)

5 38, 38 + 22 (58) 86, 110 + 85 (77) 168, 182 + 62 (34)

[N ) d 343, 316 + 135 (43) 638, 701 + 185 (27)

1 mrem = 1072 Sv.
“Values are displayed as median, mean o (%ad).

“HPL and NTHU results are not included.
d

No neutron dose measurements made using film on fronts of phantoms for this run.
“One neutron dose measurement made using film on fronts of phantoms.
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Table 19. Analysis of gamma dose equivalent
results on fronts of phantoms

Gamma dose equivalent, 107> Sv%

Run B 5o
Reference A1l repec: ‘ad results Subset of reported results™?

1 34 43, 60 ¢ &5 (143) 40, 44 + 21 (48)

2 14 12, 19 + 19 (100) 11, 16 = 12 (75)

3 44 41, 71 * 140 (197) 40, 44 + 21 (48)

4 105 95, 179 + 362 (202) 92, 101 = 40 (40)

5 11 15, 28 + 50 (177) 14, 18 + 15 (85)

6 40 58, 144 + 367 (255) 53, 62 + 29 (46)

a1 mrem = 1072 Sv.
bVa]ues are displayed as median, mean to (%c).
®This subset omits results reported by RPB.



Table 20. Gamma dose equivalent on fronts of phantoms by type of dosimeter

Run — Gamma dose equiva;egt, 107° 52 . .
Reference Film TLD™? CaSO4 TLD TLD-100
1 34 51, 58 + 23 (40) 36, 40 £ 19 (48) 28, 27 = 5 (19) 480
2 14 11, 17 * 14 (80) 12, 16 + 13 (80) 8, 9 + 3 (33) 85
3 44 57, 64 + 18 (28) 35, 37 + 19 (51) 31, 32 £ 4 (12) 750
4 105 141, 128 + 38 (30) 89, 96 + 41 (43) 76, 76 = 2 (3) 1750
5 11 10, 16 + 14 (89) 17, 20 = 17 (85) 10, 11 + 2 (18) 250
6 40 72, 77 + 38 (49) 63, 62 + 26 (42) 36, 35+ 5 (14) 1700
5

21 mrem = 107° Sv.
bValues are displayed as median, mean *o (%g).
“Results do not include measurements made with CaSO4 TLD or TLD-100 dosimetry.

dUsed by only one participant.

ot



Table 21. Analysis of neutron dose equivalent results on rears of phantoms

RuN Neutron dose equivalent, 10 =2 Sv?
Reference Subset of reported resultsb’c Fi]mb TLDb’c
1 183 174, 174 + 5 (3) d 174, 174 + 5 (3)
2 47 28, 32 + 31 (97) 6, 6 £ 9 (153) 32, 42 + 31 (74)
3 56 47, 47 + 21 (45) d 47, 47 + 21 (45)
4 145 93, 100 + 61 (61) 36, 36 + 5 (4) 112, 125 + 52 (42)
5 34 26, 26 = 12 (46) d 26, 26 + 12 (46)
6 146 88, 89 + 79 (88) 7, 16 + 21 (134) 120, 132 = 65 (49)

% mrem = 107° Sy.
bValues are displayed as median, mean *o (%o).
“Results do not include measurements reported by NTHU.

dNo neutron dose measurements made using film on rears of phantoms for this run.

1P



Table 22. Analysis of gamma dose equivalent results on rears of phantoms

Gamma dose equivalent, 10> Sv&

Run . b,c .- b b,d -1009
eference Subset of reported results Film TLD CaS0, TLD TLD-100
1 16 12, 19 * 23 (123) 35, 35 + 35 (100) 7, 7 £ 8 (121) 12¢ 128
2 7 4, 11 + 18 (165) 10, 12 = 14 (114) 1, 12 + 23 (195) 4¢ f
3 13 36, 35 + 32 (95) 60° 34, 34 * 45 (133) 138 100
4 30 40, 48 + 25 (53) 60, 60 + 7 (12) 37, 47 * 31 (66) 282 360
5 3 7, 7 £ 6 (86) f 5, 5 £ 7 (141) 9,9+ 6 (67) 25
6 12 23, 32 = 25 (79) 70, 56 + 29 (51) 16, 22 = 20 (93) 26, 26 + 14 (54) 320

%) mrem = 1075 sv. ‘

bValues are displayed as median, mean zo (%c).

“Results do not include measurements reported by RPB.

dﬁesults do not include measurements made with CaSO4 TLD or TLD-100.
®One gamma dose measurement made on rears of phantoms.

fNo gamma dose measurement made on rears of phantoms for this run.
Jused by only one participant.

e
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SIXTH PERSONNEL DOSIMETRY INTERCOMPARISON

STUDY PARTICIPANTS

Affiliation

Atomic Energy of Canada, Limited
Chalk River Nuclear lLaboratories
Chalk River, Ontario, Canada KOJ IJ0

Atomic Energy of Canada, Limited

Whiteshell Nuclear Research Estab-
1ishment

Pinawa, Manitoba, Canada, ROE ILO

Argonne National Laboratory
9700 South Cass Avenue
Argonne, I11linois 60439

Bettis Atomic Power Laboratory
Box 79
West Mifflin, Pennsylvania 15122

Dosimetry Applications Research
Oak Ridge National Laboratory
P. 0. Bax, Building 7710

Oak Ridge, Tennessee 37830

Houston Lighting and Power Company
Electric Tower

P. 0. Box 1700

Houston, Texas 77001

Institute of Nuclear Research
Atomic Energy Council

P. 0. Box 3-10

Lung-Tan, Taiwan 325
Republic of China

Kernforschungstentrum Karlsruhe GmbH

Abteilung Strahlenschutt und Sic.
er. cit

Postfach 3640, 7500 Karlsruhe 1

Germany

Kansas State University
Office of Campus Safety
Ward Hall
Manhattan, Kansas 66506

R. S. Landauer, Jr. and Company
Division of Technical Operations
Glenwood Science Park

Glenwood, IT11inois 60425

Identifying
abbreviation

AECL/CR

AECL/W

ANL

BAPL

DOSAR

HPL

INER

KK

KSU

LAND
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4¢

Affiliation

Lawrence Livermore Laboratory
Hazards Control Department
University of California
Livermore, California 94550

National Lead Company of Ohio
P. 0. Box 39158
Cincinnati, Ohio 45239

National Tsing Hua University
Health Physics Division
Hsinchu, Taiwan 300

Republic of China

Omaha Public Power District
1623 Harney Street
Omaha, Nebraska 68102

Oak Ridge Gaseous Diffusion Plant

Building 1004-21
Oak Ridge, Tennessee 37830

Princeton Plasma Physics Laboratory

James Forrestal Campus
P. 0. Box 451
Princeton, New Jersey 08540

Reynolds Electrical and Engineering

Company, Inc.
P. 0. Box 14400
Las Vegas, Nevada 89114

Rockwell International
Rocky Flat Plant

P. 0. Box 464

Golden, Colorado 80401

Radiation Protection Bureau
Brookfield Road

Ottawa, Ontario, Canada KIA ICI

Rensselear Polytechnic Institute
Office of Radiation and Nuclear Safety

Troy, New York 12181

Studsvik Energiteknik
Fack 61101
Nykoping, 1, Sweden

Identifying
abbreviation

LLL

NLC

NTHU

OoPPD

ORGDP

PPPL

REECO

RFP

RPB

RPI

SE
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Affiliation

Sandia National Laboratories
Sandia Corporation
Albuquerque, New Mexico 87115

DuPont DeNemours and Company
Savannah River Plant

Atomic Energy Division
Aiken, South Carolina 29801

Taiwan Atomic Energy Council
Executive Yuan

150, Ta-Pei Road

Kaohsiung, Taiwan 833
Republic of China

Taiwan Power Company

Atomic Power Department

3rd Floor, 2, Shin-Sheng S. Road
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Taipei, Taiwan

Republic of China

Tennessee Valley Authority
Muscle Shoals, Alabama 35660

University of California at Davis

Office of Environmental Health and
Safety

8 30

Davis, California 95616

Yale University

Health Physics Division
University Health Services
New Haven, Connecticut 06520
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HPRR Spectra: Unshielded and Through 12-cm Lucite

Upper Mid- N(E)aE,% n/cm2
Group e?g6?y e?gg?y No shield Lucite shield
1 1.48E7 1.2287 9.53E7 3.31E7
2 1.00E7 8.19E6 1.18E9 3.63E8
3 6.70E6 5.77E6 3.43%y 4,29E8
4 4.97E6 3.87E6 1.44E10 2.58E9
5 3.01E6 2.12E6 3.76E10 5.56E9
6 1.50E6 1.16E6 3.16E10 3.19E9
7 9.07E5 6.08E5 4.61E10 3.69E9
8 4.08ES5 2.13E5 3.39E10 3.08E9
9 1.11E5 9.80FE4 2.60E9 4 18E8
10 8.65E4 7.64E4 2.00£9 3.81E8
11 6.74E4 5.95E4 1.50€E9 3.49E8
12 5.25E4 4.63E4 1.21E9 3.24E8
13 4.09E4 3.61E4 9.71E8 3.05E8
14 3.18E4 2.81E4 8.40E8 2.98E8
15 2.48E4 2.19E4 7.35E8 2.76E8
16 1.93E4 1.70E4 6.37E8 2.66E8
17 1.50E4 1.03E4 1.58E9 7.60E8
18 7.10E3 4.88E3 1.39E9 7.23E8
19 3.35E3 ?2.03E3 1.62E9 9.49E8
20 1.23E3 8.48E2 1.04E9 6.97E8
21 5.83E2 3.54k2 1.24E9 9.21E8
22 2.14E2 1.47E2 8.45E8 6.91E8
23 1.01E2 6.96E1 7.76E8 6.90E8
24 4.76E1 3.73E1 4,.72E8 4, 59E8
25 2.90E1 2.26E1 4,.54E8 4.60E8
26 1.76E1 1.37E1 4,34E8 4.61E8
27 1.07E7 7.34 6.09E8 6.93E8
28 5.0n4 3.93 3.82E8 4 58E8
29 3.06 2.18 4.84E8 6.11E8
30 1.£5 1.25 3.04€8 3.79E8
31 1.00 8.06E-1 2.81€8 3.41E8
32 0.65 5.41E-1 2.43E8 2.86E8
33 0.45 2.12E-1 1.78E9 2.67E9
34 0.10 2.24E-2 3.36E9 1.95E10
5.0E-3
Total fluence at 3 m from 19.61E10 5.33F10

HPRR for 1017 fissions, n/cm?

This number is the area of the histogram for each energy
interval.
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HPRR Soectra: Unshielded and Through 20-cm concrete

Group Mid-ererqgy AE N(E)AE,% n/cm?
: (eV) (eV) No shield Concrete shield
1 1.32E7 1.36E7 2.16E9 5.15E8
2 5.62E6 1.63E6 4.08E9 9.60E8
3 3.90E6 1.80E6 1.43E10 2.36E9
4 2.25E6 1.50E6 3.77E10 9.12E9
5 1.20E6 6.00E5 3.27E10 4.57E9
6 6.50E5 5.00E5 4.73E10 9.35E9
7 2.64E5 2.72E5 3.06E10 7.54E9
8 1.07E5 4.33E4 4.85E9 2.28E9
9 7.90E4 1.20E4 1.28E9 6.96E8
10 6.25E4 2.10E4 2.36E9 1.72E9
11 4.85E4 7.00E3 8.48E8 6.84E8
12 3.75E4 1.50E4 1.81E9 1.80E9
13 2.75E4 5.00E3 6.87E8 7.80E8
14 2.10E4 8.00E3 1.28E9 1.55E9
15 1.50E4 4.00E3 7.64E8 1.06E9
16 1.05E4 4.97E3 1.21E9 1.86E9
17 5.52E3 5.03E3 1.94E9 3.47E9
18 2.N8E3 1.85E3 1.76E9 3.60E9
19 8.50E2 6.00E2 1.10E9 2.46E9
20 3.80E2 3.40E2 -1.35E9 3.31E9
21 1.55E2 1.10E2 9.65E8 2.60E9
22 74,2 51.7 8.22ES 2.31E9
23 39.2 18.3 5.30E8 1.57E9
24 23.5 13.0 5.97E8 1.84E9
25 13.5 7.00 5.23E8 1.67E9
26 7.50 5.00 5.96E8 1.95E9
27 4.03 1.95 4.42E8 1.50E9
28 2.32 1.46 6.47E8 2.30E9
29 1.30 0.59 4.14E8 1.68E9
30 0.825 0.35 3.51E8 1.39E9
31 0.550 0.20 3.09ES8 1.24E9
32 0.275 0.35 1.02E9 4.14E9
33 0.050 0.10 4.50E9 1.63E10
Total fluence at 3 m from 20.18E70 10.01E10

HPRR for 1017 fissions, n/cm?

%This represents the area of the histogram for each energy
interval.
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PARTICIPANT COMMENTS CONCERNING DOSIMETRY AND MEASUREMENTS

Some of the Sixth PDIS participants reported comments concerning

their dosimetry and measurement methods along with dose results. These
comments, which are presented in this appendix, provide details con-
cerning measurement, evaluation, and calibration techniques for individual

participants.

given in Table
in Appendix A.
rems (1 mrem =

AECL/CR —

A 1ist of participants and associated dosimeter types is
4 of this report, and identifying acronyms are defined
Dose equivalents were reported by participants in milli-
1072 sv).

The DOSAR received 18 dosimeters plus three background
dosimeters as suggested by the study. Each dosimeter
consisted of our current personnel plaque plus a package
of four TLD-100's (0.089 cm-thick) wrapped in aluminum
foil. In 12 of the dosimeters were packages of two TLD-
600's and two TLD-700's (also wrapped in aluminum foil).
The separate TLD-100's, TLD-600's, and TLD-700's were
read on our Harshaw Automatic TLD Analyzer System (Model
2000 DTL detector and a Model B Picoammeter). The plaques
were read on our personnel plaque reader (AEP 5256).
Each chip was calibrated to 1 rad using a 137Cs source.
No attempt was made to estimate the neutron dose.

As expected, the neutron fields to which the dosimeters
were exposed affected the results. In particular, it is
difficult to believe the TLD-100 and TLD-600 readings.
Since the plaques contain two TLD-100's, their results
would also be affected by the neutron fields. It is not
expected that the neutron activation of the aluminum
wrapping had much effect on the TLD's. Therefore, the
TLD-700 results would most likely be closest to the true
gamma dose absorbed and are the results given in the data
report sheet (the results from the TLD-i00 and TLD-600
are taken only as an indication of a neutron field being
present).
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The green styrene holder contains a plaque with a 0.9-mm-
thick TLD-100 dosimeter for measuring the whole body dose
and a 0.38-mm-thick TLD (100 or 700) dosimeter for measuring
the skin dose. The thicker TLD is covered with 540

mg/cm2 of aluminum and the thinner one with 7 mg/cm of
mylar tape. These two dosimeters are read automatically

by a reader which also identifies the plaque. In addition,
there is an unmounted 0.38-mm TLD~700 adjacent to the
plaque-mounted thick chip and also covered by 540 mg/cm2

of aluminum.

For calibration, dosimeters are exposed at known levels

to 6000 gamma-rays when mounted in holders fitted with
build-up layers over the thin windows. Each plaque
mounted TLD is also individually calibrated. The unmounted
TLD's are calibrated afresh after each exposure.

The normal evaluation of dose is made from the two plaque
mounted TLD's and is assumed to be due to photons or
electrons. However, if the dose calculated from the TLD-
100 dosimeter exceeds that from the TLD-700 by a factor
of 2 or more, the presence of neutrons is indicated and
the whole body gamma-dose is calculated from the reading
of the unmounted TLD-700 dosimeter.

We have not developed a neutron calibration factor for
our L1'28407 dosimeter. Therefore, the dose from neutrons
is an estimate only. We are just now beginning our
program and are hoping that the results of this test will
help us establish our program.

Two sets of dosimeters were used ir. the Sixth PDIS. One
neutron dosimeter consisted of Lexan polycarbonate foil
(250 um) using electrochemical etching. The second
dosimeter was an albedo type (TLD-600, 700 in pair with
the design to correct the energy dependence).
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Two types of dosimeter systems were used — the Karlsruhe
albedo dosimeter consisting of a front and rear dosimeter
at the phantom and the Karlsruhe Track Etch System using
electrochemical etching. In our opinion, it is not correct
to average the results of one participant for completely
different systems.

Films and results were supplied by a commercial vender.

Calculations were based on front, incident exposures on
the phantom. No energy corrections were made for energy
distribution other than our standard spectrum of AmBe.

Three types of dosimeters (in a single packet) were sent
to ORNL. The dosimeters were: (1) the personnel badge
containing two TLD-700's and one TLD-100; (2) the Hankins'
type albedo neutron dosimeter containing four Li-6 and
four Li-7 TLD's per dosimeter; and (3) recoil track-etch
foils, polycarbonate and 39Cr, positioned inside the
albedo neutron dosimeter. The dosimeters were mounted in
the modified nuclear accident dosimeter (NAD) packet and
in the normal configuration of the neutron badge issued
at the LLNL.

The doses for the albedo neutron dosimeters were elevated
using the standard curve for the 9/3-in. sphere ratios.
The ratios we used were obtained during the 1977 inter-
comparison of criticality accident dosimeters at ORNL and
were 0.98, 0.57, and 0.41 for the bare, Lucite, and
concrete and steel exposures, respectively.

The albedo results follow the response of the 9-in.

sphere and for two or three exposures the 9-in. sphere
would overrespond. A correction for this overresponse of
the 9-in. sphere has been applied. These calculated
corrections were based again on the 1977 accident inter-
comparison study and are for the bare, Lucite, and concrete
and steel exposure 0, 1.25, and 1.82, respectively.
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The track-etch results were evaluated by Dick Griffith.

He uses a combination of number of tracks and TLD readings
from the albedos to evaluate the exposure. Mr. Griffith
calls this system DOSPEC. The gamma doses are the

results obtained from the personnel TLD badges.

Control badge readings were not subtracted from the
reported data. Neutron values were based on RPI neutron
source data by the equation: mrem neutrons = 0.192 (TLD-
600-TLD-700). The TLD readings in mrem gamma are based
on 137Cs gammas.

The neutron conversion factors used in the Sixth PDIS
were derived from our participating in the Fifth PDIS.
The control dosimeters that accompanied the test badges
read 40 mrem. Those that remained here read 20 mrem.

Neutron dosimeter is described in report DP-1277, “Per-
sonnel Albedo Neutron Dosimeter with Thermoluminescent
6L1'F and 7LiF." Gamma dosimeter is described in Report
DP-1288, "Beta-Gamma Monitoring of Personnel with Thermo-
luminescent Dosimeters.”

In this study only CaSO4:Dy is used, and we assume that
the response of CaSO4:Dy is all due to gamma radiation.

The gamma dosimeter was a Harshaw G-7 card which was
calibrated using 60Co. The TLD reader was a Harshaw
2271.

Landauer Gardray Film was used for all measurements.
Seven out of ten neutron measurements on phantoms including
all five measurements on the rears showed minimal dose.



