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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 Oak Ridge 
National Laboratory. Dosimeters from 28 part ic ipat ing 
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 
f i e lds . The Health Physics Research Reactor (HPRR) 
operated in the steady-state mode served as the source 
of radiat ion for s ix separate exposures. Lucite and 
concrete shields along with the unshielded reactor were 
used to provide three d i f ferent neutron and gamma 
spectra. Results reported by the part ic ipat ing 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 unsatisfactory 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 indicat ing 
that th is dosimeter type is generally unsuitable for 
use in mixed radiation f ie lds s imi lar to those encountered 
in th is study without the use of large correction 
factors. Although the overall reported results exhibited 
improvement in performance re lat ive to previous in te r -
comparison studies, the composite measured data showed 
variations of more than a factor of 2 between measurements 
of the same exposure made by d i f fe rent agencies. These 
results indicate that continued development and analysis 
of mixed f i e l d personnel dosimetry by part ic ipat ing 
agencies is required both indiv idual ly by ref in ing 
measurement techniques and col lect ive ly by par t ic -
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) Fac i l i t y during the period March 25-27, 
1980. This study is the s ix th in a ser ies1"5 which started in 1974. 
The PDIS is a three-day study in which personnel dosimeters previously 
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mailed to the DOSAR Fac i l i t y , are exposed to a range of low-level ( typ ica l ly 
0.1-1.0 mSv gamma and 1-15 mSv neutron) mixed-f ield radiat ion dose 
equivalents using the Health Physics Research Reactor (HPRR)6 as the 
radiat ion source, and packaged for return to the part icipants for evaluation. 
This report is a summary and analysis of results reported by the various 
part ic ipants. 

PARTICIPATION 

A complete l i s t of par t ic ipat ing agencies, cognizant personnel, and 
abbreviations by which the agencies are ident i f ied in th is report is 
given in Appendix A. A to ta l of twenty-eight organizations, nineteen 
domestic and nine foreign, part icipated in the overal l study with 
twenty-seven agencies reporting resul ts. During March 25-27, dosimeters 
from twenty-six organizations were i r radiated. Dosimeters from two 
agencies arrived subsequent to th is period and were i r radiated during a 
second set of exposures which were conducted during May 13-15, 1980. 

Part ic ipat ion in personnel dosimetry intercomparison studies has 
been open to any organization legit imately interested in personnel 
dosimetry and w i l l i ng to cooperate with the DOSAR s ta f f in sharing 
results with other part ic ipants. The part ic ipant is responsible to pay 
dosimeter shipping costs, to provide instructions concerning handling 
and placement of dosimeters, and to expeditiously furnish measurement 
resul ts . The DOSAR personnel set up and conduct the specif ied exposures, 
promptly return i r radiated dosimeters to part ic ipants, co l lect and 
evaluate resul t ing data, and prepare a report describing the experiment 
and resul ts. 

EXPERIMENT DESCRIPTION 

Six d i f fe rent experimental runs were performed to expose personnel 
dosimeters to mixed neutron and gamma f ie lds during the Sixth PDIS. The 
HPRR with i t s horizontal centerl ine positioned 1.5 m above the f l oo r was 
operated in the steady-state mode to serve as the radiat ion source. 

* 

Radiation dose and dose equivalent are presented in th is report i n 
the international system of uni ts. Conversions to the more t rad i t iona l 
units in which the results were o r ig ina l l y reported by part icipants 
include 1 mrad = 10~5 Gy and 1 mrem = 10-5 sv fo r dose and dose equiva-
len t , respectively. 
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Dose equivalents and neutron-to-gamma ratios l i ke l y to be encountered in 
personnel monitoring were produced by control l ing reactor power level 
and run duration and by u t i l i z i n g three d i f ferent shielding conditions: 
unshielded, a 12-cm-thick Lucite shield, and a 20-cm-thick concrete 
shield. Two separate runs were performed for each of the three shielding 
conditions. 

Dosimeters were mounted on the f ront ( i . e . , surface facing the 
HPRR) and rear surfaces of trunk sections of s ix water - f i l led Bomab̂  
phantoms. The trunk sections used in this study have e l l i p t i c a l cross 
sections with dimensions 20 cm x 30 cm and are 40 cm high. These sections 
were located with the i r f ront surfaces 3 m from the reactor centerline 
and the i r horizontal centerlines 1.5 m above the f loor . Figure 1 
shows a f ront view of the experimental configuration of the six phantom 
sections with dosimeters attached. Also shown in the f igure 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 

o 
sphere — which are used to cal ibrate TLD-albedo dosimeters. 

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 centerl ine. The concrete shield, which 
is 2.13 m high and encompasses an arc of 135°, was positioned 1 m from 
the HPRR centerl ine. Neutron energy spectra calculated using a two-

9 10 
dimensional discrete ordinates transport (DOT) code * 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 ar r iva ls . 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 levels, 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 centerl ine. 
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Table 3 shows measured t o t a l , neutron, and gamma doses for equivalent 
runs during the two sets of exposures. These data were measured by 
DOSAR personnel using d i rect measurements of integrated doses as described 
in the "Reference Dosimetry" section of th is report. The table shows 
that corresponding runs (same power levels, run times, and shields) 
produced nearly equal to ta l and neutron doses in every case (<11% 
var iat ion) . Gamma doses showed somewhat larger percentage variations 
(<58%) than tota l and neutron doses between equivalent runs which is 
expected at these low doses due to residual f iss ion product and activa-

5 
t ion gamma-rays. Based on these results, data from the single organ-
izat ion that reported results from the second set of exposures are 
included with data obtained during the i n i t i a l exposures in the fol lowing 
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, 
f i l m , and track-etch. Gamma doses were measured using TLD and f i lm 
dosimeters. The most popular types of dosimeters used by the part ic-
ipants were TLD-albedo for neutrons and TLD (pr imari ly TLD-700) for 
gammas. 

In the remainder of th is report, the dosimeters are referred to 
as f i l m , TLD ( for TLD and TLD-albedo), and track ( fo r track-etch). 

Q 11 

Descriptions of these dosimeter types are available in the l i t e ra tu re , 
and dosimetry related comments received from part icipants are included 
in Appendix D of th is report. 

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 fo r each run were measured at a i r stations 
using a tissue equivalent ionizat ion chamber (TEIC), sul fur pe l le t 
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12 13 act ivat ion analysis, and a Geiger-Mueller (G-M) tube, respectively. 
The fol lowing describes each of these d i rect measurement techniques as 

used i n th is study. 

Tissue Equivalent Ionizat ion Chamber (TEIC) 

A TEIC was ins ta l led at the DOSAR f a c i l i t y to perform on-l ine 
measurements of t o ta l (neutron and gamma) dose at a monitoring stat ion 
i n a i r . The sensor (a Dig i ta l Data Dosimetry Model RD-1 probe) is a 
7.3-cm-diameter spherical ionizat ion chamber which has 0.16-cm-thick 
wal ls made of Shonka A-150 p las t i c 1 4 and is f i l l e d with t issue equiv-137 
alent gas. The TEIC was cal ibrated by the vendor using Cs and was 
checked by the DOSAR s t a f f using /*°Co. 

Sulfur Pel let Analysis 

The basis of rout ine neutron dosimetry at the HPRR is a standard 
12 sized (nominal 22 g) su l fu r pe l le t located at a f ixed posit ion near 

32 
the reactor core. The induced P beta a c t i v i t y of the pe l le t is 
measured a f te r an operation and can be related to the unshielded 
t issue kerma at an area monitoring stat ion at any distance from the 
HPRR via an accurately known neutron dose vs distance relat ionship 
developed at the DOSAR Fac i l i t y over 16 years of operational experience. 
To obtain the dose at an a i r s ta t ion when shields are used, the 
unshielded dose i s modified by an experimentally determined shield 15 attenuation factor . 

Geiger-Mueller Tube (G-M) 

The integrated gamma dose at an a i r s ta t ion was measured using a 
13 small Ph i l l i ps G-M tube with a l i th ium shield which was cal ibrated 

6 0P using Co. 

REFERENCE DOSE EQUIVALENT 

Table 5 presents reference gamma dose equivalent on phantom f ront 
and rear surfaces and associated measured data and conversion factors 
fo r each run. The a i r s tat ion dose used as a basis for the reference 
values is an average of the integrated G-M gamma dose measurement and 
the difference of the doses obtained by TEIC and su l fur act ivat ion 
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5 
methods. An air-to-phantom conversion developed from previous in te r -

15 comparison study results is applied to th is average value to obtain 
the reference dose equivalents shown in the table. A f ront- to- rear 
conversion factor also developed from pr ior intercomparison study 

15 
results is applied to the f ront 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-
iated measured data and conversion factors are shown in Tables 6 and 7 
for sul fur pel let act ivat ion analysis and the difference of TEIC and 
G-M measurements, respectively. Doses measured at a i r stations are 
converted to neutron dose equivalents on the f ront of the phantoms by 15 applying an air-to-phantom dose conversion factor and an ef fect ive 1 C 1 J 
qual i ty factor ' (QF) for each spectrum. Quality factors used for 
the unshielded and Lucite shielded spec t ra 3 , 1 6 , 1 7 represent the 18 effect ive QF associated with volume element 57 of the Auxier phantom. 
The QF of 9.8 for the concrete shielded HPRR is the average of measure-

17 19 ments and calculations based on a Monte Carlo determined spectrum. 
Thi's value is much less certain than the qual i ty factors associated 
with the unshielded and Lucite shielded HPRR spectra. I t is standard 
practice to use QF = 10 for cases where the neutron spectrum is com-

20 pletely unknown. The dose at the rear of the phantom is estimated 
by applying a f ront- to-rear conversion factor developed from previous 

15 
intercomparison study results. 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 sul fur pe l le t act ivat ion 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 
f issions during each run was determined based on an energy release 
conversion of 3.1 x 1010 f issions = 1 W-s. The corresponding neutron 
fluence at 3 m from the HPRR was computed from the number of f issions 
and the fluence per 1017 f issions from DOT code calculated spectra 
(Appendices B and C). Dose conversion factors (Gray per uni t fluence) 
have been determined1 by mult iplying the fluence in each energy 

i! 
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in terval of the spectra by the element 57 dose per unit fluence in 
18 

that interval and summing over a l l intervals. The calculated 
fluences were mult ip l ied by these conversion factors to give the dose 
i n a i r 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 t rad i t iona l l y not 
used^ and because there are unresolved anomalies^'^ between the DOT 
code calculated spectra and measurements made using concrete shields at 
the DOSAR f a c i l i t y . 

RESULTS AND ANALYSIS 

Tables 10-15 summarize reported gamma and neutron dose equivalent 
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 variat ion among dosimeters on various 
phantoms has been shown to be ins ign i f icant .^ Also, dose equivalents 
reported by KK, which were obtained during the second set of exposures, 
are analyzed with results obtained during the i n i t i a l Sixth PDIS i r rad-
iat ions for reasons previously discussed. 

To provide a cal ibrat ion factor which accounts for energy dependence 
of TLD-albedo dosimeters, neutron f lux measurements were made in a 23-
cm-diameter (9 in . ) polyethylene sphere and in a 7.6-cm-diameter (3 i n . ) 
cadi urn-covered polyethylene sphere using a BFg proportional counter 
during the i n i t i a l set of exposures. The rat io of the responses of 
these spheres (9 in. to 3 in. sphere) can be used to determine an 

o 
ef fect ive TLD cal ibrat ion factor for each run. Table 16 shows the 
rat ios of responses in the spheres for each of the runs. These data are 
presented for information and are not d i rect ly related to the in te r -
comparison study. 
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Neutron Dose-Phantom Front 

An analysis of neutron dose equivalent results from measurements 
made on the f ront of phantoms is presented in Table 17. When a l l 
reported results are considered, the mean values of the dose equivalent 
are lower than the reference values in every case by an aver a-;. " 13% 
for the unshielded runs, 12% for Lucite shielded runs, and 16% for the 
concrete shielded runs. Standard deviations from the mean for a l l 
reported results range from 47 to 79% with the unshielded runs indicat ing 
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 
d i f fe rent agencies for each run range from factors of approximately 11 
fo r runs 4 and 6 to about 75 for run 2. 

Table 17 also shows an analysis of a subset of a l l reported results 
which is more representative of the a b i l i t y of participants to measure 
neutron dose. This subset omits results reported by HPL and NTHU for 
reasons associated with dosimetry cal ibrat ion. The HPL data was omitted 
because at the time that the measured dose equivalents were reported, no 
f i na l cal ibrat ion factors were available for the part icular dosimeters 
used in th is study. Tables 10-15 show that neutron dose equivalent 
results reported by th is agency are s ign i f i can t ly higher than reference 
values and measurements reported by a l l 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 cal ibrat ion source and those encountered in the PDIS. 

Data from the subset of reported neutron dose equivalents have mean 
values which are lower than the reference values in every case by an 
average of about 14% for the unshielded runs, 16% for the Lucite shielded 
runs, and 17% for the concrete shielded runs. These results for the 
shielded runs represent a s ign i f icant improvement over corresponding 
F i f th PDIS resul ts , which produced means that were an average of 38% 
d i f fe ren t from reference dose equivalents. Percent standard deviations 
from the mean shown in Table 17 vary from an average of 32% for the 
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unshielded runs to an average of 46% for the shielded cases. These 
results a»-e s ign i f icant ly lower than corresponding values obtained 

5 
during the F i f t h PDIS, which showed a variat ion in standard deviations 
of 46 to 100% of the means for a l l runs. Median values indicated the 
same trends observed for a l l reported neutron dose equivalent measure-
ments. From Tables 10-15, maximum differences between individual 
measurements in th is 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 
th is 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 
re la t ive 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 d i f ferent 
agencies can d i f f e r by more than a factor of 2, 

(c) doses result ing 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 d i f ferent 
types of dosimeters is presented in Table 18. Although the re la t ive ly 
small number of participants who used f i lm (3) and track-etch (4) dosimetry 
precludes a detailed s ta t i s t i ca l analysis of these resul ts, some trends 
are clearly evident from the data shown in the table. Al l agencies 
which used f i lm 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 a l l runs. These low 
resul ts, which have been observed for f i lm in pr ior intercomparison 5 
studies, can be part ly at t r ibuted to the insens i t i v i ty of f i lm to o on 
neutrons having energies below about 0.7 MeV. 5 In addit ion, f i lm can 
have a fading problem which results in low measured dose values i f i t is o 
not packaged careful ly and read promptly af ter exposure. 

Track-etch dosimeters yielded results closer to the reference 
values than doses measured using f i lm. However, mean neutron dose 
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equivalents were lower than the reference values in a l l 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 re lat ive to reference doses. 

Neutron dose equivalent results reported by TLD (pr imari ly TLD-
albedo) users are much closer to the reference values than results 
obtained using f i lm or track-etch dosimetry. The mean measured dose 
equivalents are wi th in 5% of the reference values for the unshielded 
runs and with in 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 
f i lm and track-etch dosimeters. Median values are within 21% of and 
lower than the reference dose equivalents in every case. These data 
represent an overall improvement in TLD-albedo dosimeter performance 

5 
compared to results obtained during the F i f th PDIS, which showed mean 
measured neutron dose equivalents wi th in an average of 11% and 100% of 
the reference values for unshielded and shielded runs, respectively. 
Agreement between individual measurements as ref lected 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 part ly at t r ibuted to improved 
correction factors used by participants to account for energy dependence 8 of TLD-albedo dosimeter response. 

Gamma Dose-Phantom Front 

An analysis of gamma dose equivalent results from measurements made 
on the f ront of phantoms is presented in Table 19. When a l l reported 
results are considered, the mean values of the gamma dose equivalent for 
the s ix runs are higher than the reference values by factors of 1.4 to 
3.6 and exhibi t 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 indicat ion o f the overal l a b i l i t y of part ic ipants to measure 
gamma dose. Results reported by RPB were omitted from th is subset 
because th is group used TLD-100 dosimeters, which are extremely sen-
s i t i v e to neutrons and y ie ld very high measured gamma doses in mixed 

5 
radiat ion f i e l ds . Tables 10-15 show that the reported RPB gamma dose 
equivalents are s ign i f i can t l y higher than reference doses and results 
from a l l 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 var iat ion represents an improvement over corresponding results 5 
obtained during the F i f t h PDIS, which produced mean gamma doses that 
d i f fe red from the reference values by factors of 1.2 to 2.6 for the s ix 
runs. The percent standard deviations shown in Table 19 are between 40 
and 85% of the mean wi th no s ign i f i can t differences between unshielded 
and shielded measurements. Median values vary from 0.8 to 1.3 times the 
reference doses with medians of hal f of the runs being less than the 
reference values. These data also represent improvements over F i f t h 
PDIS resu l ts , 5 which showed variat ions of 35 to 172% of the meat, 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 
indiv idual gamma dose measurements in each run vary from a factor of 
about 3 for run 2 to a factor of approximately 20 fo r 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 
resul ts indicate no s ign i f i can t measurement bias re la t i ve to reference 
doses and possible differences of greater than a factor of 3 between 
measurements of the same dose equivalent made by d i f fe ren t 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 fo r the six runs. These high doses could be a 
resu l t of the sens i t i v i t y of most radiat ion monitoring f i lms to 
neutrons. Tests conducted on eight commercial f i l m types made to 
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measure gamma dose showed that they were an average of four times more 
sensit ive to thermal neutrons on a gray (or rad) basis than to 

22 
gamma-rays. Some individual f i lm types were ten times more sensit ive 
to thermal neutrons than to gamma-rays. The fast neutron response 
per gray (or rad) averaged about 5% of the gamma response. Depending on 
the type of f i lm used in the PDIS and whether or not users corrected for 
the neutron response, th is sens i t i v i ty could be a s ign i f icant contributor 
to the high reported gamri doses. 

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 7 L i isotope and 0.007% of 
the isotope. Mean doses measured using TLD-700's are generally 
closer to the reference values than the f i lm results and do not indicate 
a s igni f icant measurement bias. Mean measured doses vary from 0.8-1.8 
times the reference vakas while median values range from 0.8-1.5 times 
the reference. In every case, the mean values are wi th in one standard 
deviation of the reference dose. These results are consistant with the 5 
performance observed for the TLD-700 dosimeter during the F i f th PDIS. 

Since only three participants used CaSÔ  thermoluminescent dosimeters 
and only one part icipant used TLD-100 dosimeters to measure gamma dose, 
a detailed s ta t i s t i ca l analysis of these reported results is not possible. 
However, some trends are evident from the reported resul ts. Mean and 
median gamma doses for the CaSÔ  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 s ign i f -
icant ly higher than a l l other measured data and are higher than the 
reference values by factors of 6 to 42 for the s ix runs. The TLD-100 
material consists of natural l i th ium f luor ide and contains 7.5% of the 
®Li isotope which responds to neutrons as well as gamma-rays. Thus, 
gamma dose can be grossly overestimated in mixed radiation f ie lds unless c or> 
spectrum dependent corrections are made. ' 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 radiat ion f ie lds has been demonstrated in previous intercompar-5 
ison studies and has been attr ibuted to the fa i lu re 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 cal ibrat ion source 
(Pu-Be) and actual neutron spectra encountered in th is study. Con-
sidering a l l 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, f i lm dosimeters 
yielded s ign i f icant ly lower neutron dose estimates on the phantom rears 
than did TLD dosimeters. The re la t ive ly few neutron dose equivalent 
measurements made on the rears of the phantoms precludes any detailed 
s ta t i s t i ca l 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 a l l 
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 f ront measurements, film-measured gamma doses are s ign i f -
icant ly higher than the reference values (1.7 to 4.6 times the reference) 
presumably due to the neutron sens i t iv i ty of the f i lm. Mean gamma doses 
measured using TLD dosimeters (primari ly 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 CaSÔ  thermoluminescent dosimeters y ie ld mean doses 
which range from 0.6-3.0 times the reference dose. The TLD-100 results 
were again much higher than a l l other reported doses (8 to 27 times the 
reference) for every run presumably due to fa i lu re to correct for the 
neutron sens i t i v i t y of the thermoluminescent material. No further 
analysis of these data is presented because of the re la t i ve ly few gamma 
dose measurements made on the rears o f the phantoms. 
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COMPARISON TO PREVIOUS INTERCOMPARISON STUDIES 

Results presented in the preceeding text fo r the Sixth PDIS are 
consistent with the fol lowing statements which are based on results of 

1-5 th> , evious f i ve studies: 
1. The most popular types of personnel dosimeters used by par-

t i c ipa t ing agencies are TLD-albedo for neutron measurements 
and TLD-700 for gamma measurements. 

2. For measurements of neutron dose equivalents between 1-15 mSv 
(100-1500 mrem) in mixed radiation f i e l d s , TLD and track-etch 
dosimeters provide more accurate dose measurements than f i lm 
dosimeters. 

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

4. I t is not unusual for neutron dose equivalents measured under 
the same conditions by d i f ferent agencies to d i f f e r by more 
than a factor of 2. 

5. Neutron dose equivalents are more accurately measured for 
unshielded re lat ive to shielded runs. 

5. The TLD-measured gamma doses are more accurate than f i lm-
measured doses in the 0 .1-1 mSv (10-100 mrem) range when 
re la t ive ly large numbers of neutrons are present. 

7. I t is not unusual for measurements of the same gamma dose by 
d i f fe ren t agencies to d i f f e r by more than a factor of 3. 

8. Gamma dose equivalents measured using f i lm are generally 
higher than the reference values. 

9. The TLD-100 dosimeters y ie ld doses which are s ign i f i can t ly 
higher than reference values, and are unsuitable for the 
measurement of gamma dose equivalents in mixed radiat ion 
f ie lds unless suitable correction factors can be applied. 

CONCLUSIONS 

Although the overal l performance of results reported by the par-
t ic ipants indicates improvement re lat ive 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 d i f fe rent agencies. 
The accuracy of personnel dose measurements in mixed radiation f ie lds 
could be improved for some part ic ipat ing agencies by using dosimeters 
more suited to the part icu lar types of incident radiat ion, by applying 
correct ion factors which account for dosimeter response characterist ics 
associated with the anticipated radiat ion f i e l ds , and by cal ibrat ing 
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dosimetry with a source appropriate for the energy spectrum to be 
measured. Improved dose estimates for personnel monitoring w i l l require 
continued e f fo r ts by individual organizations to evaluate and implement 
the items discussed above and by the col lect ion of agencies to par-
t i c ipa te in future intercomparison studies of th is type to test dosimetry 
performance and ref ine measurement techniques. 

Since most participants had information concerning experimental 
geometries, neutron energy spectra, and source character ist ics, results 
presented in th is report probably re f lec t the most accurate dose es t i -
mates that can be made by the part ic ipat ing agencies. Personnel measuring 
mixed f i e l d doses in actual practice may not have th is information so 
that result ing dose estimates may have greater uncertainties than those 
observed during th is intercomparison study. 
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Fig. 1. Front view of typical experimental arrangement of phantoms 
and dosimetry. 



ORNL-Photo 1980-80 

Fig. 2. Top view of experimental arrangement for Lucite shielded exposures. 



ORNL-Photo 1984-80 

Fig. 3. Top view of experimental arrangement for concrete shielded exposures. 



Table 1. Summary of experimental conditions for the in i t ia l set of exposures0 

Run Date of 
exposure 

Start 
time^ 

Exposure 
duration, 

s 

Reactor 
power, 

W 

10"13 X 
number 

of fissions 

Shield 
thickness 
and type 

Shield 
distance from 
reactor, m 

Distance from 
reactor to front 
of phantom,c 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 
Lucite 

2 3 

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

2 3 

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

1 3 

6 3/Z7/80 1430 525 5.1 8.30 20-cm 
concrete 

1 3 

a26 participating agencies. 
^Eastern Standard Time. 
eThe horizontal center!ines of the reactor and of the phantom sections on which the dosimeters were 

mounted were 1.5 m above the concrete floor for al l exposures. 



Table 2. Summary of experimental conditions for the second set of exposures0 

Run Date of 
exposure 

Start 
time£ 

Exposure 
duration, 

s 

Reactor 
power, 

U 

in"13 
10 x 
number 

of fissions 

Shield 
thickness 
and type 

Shield 
distance from 
reactor, m 

Distance from 
reactor to front 
of phantom,0 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 
concrete 

1 3 

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

1 3 

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

2 3 

6 5/15/80 1221 500 6.0 9.30 12-cm 
Luci te 

2 3 

^Exposures performed subsequent to the initial Sixth PDIS to accommodate two late arrivals. 
•u 
Eastern Standard Time. 
T̂he 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. 



T a b l e 3 . Comparison o f measured t o t a l , n e u t r o n , and gamma doses i n a i r f o r i n i t i a l and second exposures 

i n i t i a l r . . „ . j R e a c t o r Exposure , - , . 
run run p o w e r « d u r a t i o n , S h i e l d * 3 T o t a l d o s e , I P " 3 Gy c N e u t r o n d o s e , 1 0 " 3 Gy Gamma d o s e , 6 1 0 " a Gy 

W s I n i t i a l Second I n i t i a l Second I n i t i a l Second 

1 1 1 . 5 550 None 1 3 8 . 0 1 3 3 . 9 116 118 1 9 . 5 2 2 . 6 

2 2 0 . 4 500 None 3 8 . 1 3 7 . 8 28 29 6 . 2 9 . 8 

3 5 2 . 0 575 12-cm 
L u c i t e 

6 1 . 1 6 0 . 9 28 27 3 0 . 3 3 6 . 4 

4 6 6 . 0 500 12-cm 
L u c i t e 

1 5 1 . 3 1 5 8 . 5 74 73 7 4 . 7 7 6 . 9 

5 3 1 . 3 450 20-cm 
c o n c r e t e 

2 3 . 3 2 1 . 1 14 14 7 . 3 1 0 . 1 

6 4 5 . 1 525 20-cm 
c o n c r e t e 

9 7 . 2 8 7 . 4 65 63 3 1 . 2 2 9 . 4 

" S h i e l d l o c a t i o n s and r e a c t o r p o s i t i o n were i d e n t i c a l f o r t h e i n d i c a t e d run numbers. 
^ T o t a l n e u t r o n and gamma dose measured u s i n g a D i g i t a l Data D o s i m e t r y RD-1 t i s s u e e q u i v a l e n t i o n i z a t i o n chamber a t 3 m f rom t h e 

r e a c t o r c e n t e r l i n e . 
° 1 0 " 5 Gy = 1 mrad. 
^ N e u t r o n dose i n f e r r e d f rom s u l f u r p e l l e t a c t i v a t i o n measurements and DOSAR s h i e l d a t t e n u a t i o n f a c t o r s . 
eGamma dose measured u s i n g a P h i l l i p s G e i g e r - M u e l l e r tube w i t h an energy compensat ing s h i e l d and a l i t h i u m s h i e l d t o reduce 

n e u t r o n s e n s i t i v i t y l o c a t e d 3 m f r o m t h e r e a c t o r c e n t e r l i n e . 
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T a b l e 4 . D o s i m e t e r s u i e d by t h e p a r t i c i p a n t s 

G r o u p a N e u t r o n 
d o s i m e t e r 

Gamma 
d o s i m e t e r 

AECL/CR T L D - 7 0 0 
AECL/W T L D - 7 0 0 

ANL T L D - a l b e d o T L D 

BAPL T L D - a l b e d o 
DOSAR S e e r e f e r e n c e d o s i m e t r y s e c t i o n 
HPL L i 2 B 4 ° 7 T L D C a S 0 A TLD 
I N E R T r a c k - e t c h ( L e x a n ) 

I N E R T L D - a l b e d o T L D - 7 0 0 
K K b T L D - 6 0 0 , 1 2 ~ i n . s p h e r e T L D - 7 0 0 
KK b T L D - a l b e d o T L D - 7 0 0 
KKb T r a c k - e t c h 
KSU F i l m F i l m 

LAND N e u t r a k - 1 4 4 , C R - 3 9 F i l m 
L L L T L D - a l b e d o TLD 
L L L DOSPEC ( t r a c k - e t c h , 

a l b e d o ) 

NLC F i l m ( K o d a k T y p e 2 ) 

NTHU C a S 0 4 : D y TLD C a S 0 4 : D y TLD 

NTHU F i l m 

OPPD T L D - 6 0 0 T L D - 7 0 0 
ORGDP A c t i v a t i o n e l e m e n t s T L D 
PPPL L a n d a u e r C l b a d g e 

( t r a c k - e t c h ) 
L a n d a u e r H I b a d g e 
( f i l m ) 

REECO 6 L i / 7 L i ; C d - e n c a s e d 7 L i F ; C d - e n c a s e d 
RFP T L D - a l b e d o T L D - 7 0 0 
RPB T L D - a l b e d o T L D - 1 0 0 
R P I T L D - 6 0 0 , T L D - 7 0 0 T L D - 7 0 0 
SE b,e 

SNL T L D - a l b e d o T L D - 7 0 0 
SRP T L D - a l b e d o T L D 
TAEC C a S 0 4 : D y TLD 
TPC TLD ( H a r s h a w G - 7 ) 
TVA T L D - a l b e d o ( H a r s h a w 2 2 7 1 ) 7 L i T L D ( H a r s h a w 2 2 7 1 ) 

UCD F i l m F i l m 

YALE L a n d a u e r G a r d r a y F i l m L a n d a u e r G a r d r a y F i l m 

i d e n t i f y i n g a c r o n y m s a r e d e f i n e d i n A p p e n d i x A . 
^ D o s i m e t r y w a s e x p o s e d s u b s e q u e n t t o t h e i n i t i a l S i x t h P D I S d u e 

t o l a t e a r r i v a l . 
c N o r e s u l t s r e p o r t e d . 



T a b l e 5 . R e f e r e n c e gamma dose e q u i v a l e n t 

Phantom f r o n t Phantom r e a r 
Run Gamma dose e q u i v a l e n t i n a i r , 

G-M T E I C - s u l f u r 
1 0 " 5 S v a 

A v e r a g e 
A i r - t o - p h a n t o m , 

dose c o n v e r s i o n 
R e f e r e n c e gamma 
dose e q u i v a l e n t , 0 

10"S Sv 

F r o n t - t o - r e a r 
dose c o n v e r s i o n 

R e f e r e n c e gamma 
dose e q u i v a l e n t , " 

1 0 " 5 Sv 

1 1 9 . 5 2 2 . 0 2 0 . 8 1 . 6 6 34 0 . 4 8 16 

2 6 . 2 1 0 . 1 8 . 2 1 . 6 6 14 0 . 4 8 7 

3 3 0 . 8 3 3 . 1 3 2 . 0 1 . 3 8 44 0 . 2 9 13 

4 7 4 . 7 7 7 . 3 7 6 . 0 1 . 3 8 105 0 . 2 9 30 

5 7 . 3 9 . 3 8 . 3 1 . 2 8 11 0 . 2 9 n 

6 3 1 . 0 3 2 . 2 3 1 . 6 1 . 2 8 4 0 0 . 2 9 12 

a l rarem = 1 0 " 5 S v . 
^Accounts f o r ( n . y ) r e a c t i o n s i n t h e phantom. 
"Rounded t o n e a r e s t w h o l e number. 



T a b l e 6 . Neut ron dose e q u i v a l e n t f rom s u l ^ r p e l l e t a n a l y s i s 

U n s h i e l d e d dose S h i e l d e d dose Area m o n i t o r t o Dose e q u i v a l e n t Phantom f r o n t Dose e q u i v a l e n t 
Run a t a r e a 5 m o n i t o r , S h i e l d , a t a r e a m o n i t o r , phantom dose Q u a l i t y on phantom f r o n t , t o r e a r on phantom r e a r , 

1 0 " Gy a f a c t o r 1 0 " 5 Gy c o n v e r s i o n f a c t o r 1 0 " 5 Sv" c o n v e r s i o n 1 0 " 5 Sv 

1 116 1 . 0 4 9 . 4 1134 0 . 1 6 181 

2 28 1 . 0 4 9 . 4 274 0 . 1 6 44 

3 150 0 . 1 9 28 1 . 0 3 8 . 9 257 0 . 2 1 54 

4 3 9 1 0 . 1 9 74 1 . 0 3 8 . 9 678 0 . 2 1 142 

5 7 6 0 . 1 9 14 1 . 2 0 9 . 8 165 0 . 1 9 31 

6 3 4 1 0 . 1 9 65 1 . 2 0 9 . 8 764 0 . 1 9 145 

G 1 mrad = 1 0 " 5 Gy. 
^ I n c l u d e s c o r r e c t i o n f o r s h i e l d e f f e c t s on r e a c t o r power i n d i c a t i o n . 
C 1 mrem = 1 0 " 5 Sv . 



T a b l e 7 . Neutron dose e q u i v a l e n t from t i s s u e e q u i v a l e n t i o n i z a t i o n chamber measurements 

Measured neut ron and Measured gamma I n f e r r e d neutron Area moni tor to Dose e q u i v a l e n t Phantom f r o n t Dose e q u i v a l e n t 
Run gamma dose a t 5 a r e a dose a t a rea dose a t area phantom dose Q u a l i t y on phantom . to r e a r on phantom 

m o n i t o r , 10 Gya m o n i t o r , 10" 5 Gy m o n i t o r , 1 0 " ' Gy convers ion f a c t o r f r o n t , 10" 5 Sv covers ion r e a r , 10" 5 Sv 

1 1 3 8 . 0 1 9 . 5 118.5 1 .04 9 . 4 1158 0 . 1 6 185 

2 3 8 . 1 6 . 2 3 1 . 9 1 . 0 4 9 . 4 J12 0 . 1 6 50 

3 6 1 . 1 3 0 . 8 3 0 . 3 1 . 0 3 8 . 9 278 0 . 2 1 58 

4 1 5 1 . 3 7 4 . 7 7 6 . 6 1 .03 8 . 9 702 0 . 2 1 147 

5 2 3 . 3 7 . 3 1 6 . 0 1 . 2 0 9 . 8 188 0 . 1 9 36 

6 9 7 . 2 3 1 . 2 6 6 . 0 1 . 2 0 9 . 8 776 0 . 1 9 147 

a l mrad = 10" 5 Gy. 
h \ mrem = 10" 5 Sv. 
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Table 8. Refer ice neutron dose equivalent 

n - *5 h 
Reference neutron dose equivalent, 10" Sv 
Phantom front Phantom rear 

1 1146 183 

2 293 47 

3 268 56 

4 690 145 

5 176 34 

6 770 146 

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

hl mrem = 10~5 Sv. 



Tab le 9. Neutron dose e q u i v a l e n t from c a l c u l a t i o n s 

Run 

Energy expended 
dur ing run as 

determined by HPRR 
i n s t r u m e n t a t i o n , 

W-min 

Number o f 
f i s s i o n s ' * 

Neutron f l u e n c e 
a t phantom 

f r o n t , n /cm 2 

Dose convers ion 
f a c t o r * 1 , 

10" 5 G y - c m / n 
D o j e , 

10" 5 Gy 
Q u a l i t y 
f a c t o r 

Dose e q u i v a l e n t 
on phantom 

f r o n t , 10~5 Svc 

Phantom 
f r o n t to 

r e a r 
convers ion 

Dose e q u i v a l e n t 
on phantom 

r e a r , 10"^ Sv 

1 13 .75 2 . 5 6 x 1 0 1 3 5 . 0 2 x 107 2 5 . 5 x 10" 7 128 .0 9 . 4 1203 0 . 1 6 192 

2 . i . 3 3 0 . 6 2 x 1 0 1 3 1 .22 x 10 7 2 5 . 5 x 10" 7 3 1 . 1 9 . 4 292 0 . 1 6 47 

3 19 3 . 5 6 * 1 0 1 3 1 .90 x 107 1 4 . 6 x 10" 7 2 7 . 7 8 . 9 246 0 . 2 1 52 

4 4 9 . ; „ 9 . 3 0 x 1 0 1 3 4 . 9 6 x 107 1 4 . 6 x i o " 7 7 2 . 4 8 . 9 644 0 . 2 1 135 

5 3 . 5 6 1 . 7 8 x 1 0 1 3 1 . 7 8 * 10 1 3 . 5 x 10" 7 2 4 . 0 9 . 8 235 0 . 1 9 45 

6 4 4 . 6 2 8 . 3 0 x 1 0 1 3 8 . 3 0 x 107 1 3 . 5 x 10" 7 112 .0 9 . 8 1098 0 . 1 9 209 

a 1 . 8 6 •< 1 0 1 2 f i s s i o n s » 1 W-min. 
h \ mrad = 1 0 " 5 Gy. 

mrem = 1 0 " 5 Sv. 
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T a b l e 10. T a b u l a t i o n o f r e p o r t e d r e s u l t s P01S 6 , r u n 1 , u n s h i e l d e d , 1 3 . 7 5 W-min 

G r o u p " N e u t r o n N e u t r o n d o s e e q u i v a l e n t , ' . 1 0 " 5 Sv Gamma Gamma d o s e e q u i v a l e n t / 1 0 " 5 Sv 
G r o u p " d o s i m e t e r 

r 2 3 A v e r a g e 
d o s i m e t e r 1 2 3 A v e r a g i 

AECL/,.* TLD 42 44 4 3 
AECL/W TLO 128 6 6 97 
AIIL TLD 706 821 766 764 TLD 45 61 5 9 55 
BAPL TLD 1224 1540 1290 1351 , 

3 4 / I 6 7 DOSAR R e f e r e n c e 1 1 4 6 / 1 8 3 " R e f e r e n c e 3 4 / I 6 7 

HPL TLO" 1870 1870 TLD/ 33 3 3 
INEF 
KKv 

T r a c k / T L D 1 0 5 0 / 1 3 0 1 ' ' TLD 2 6 . 1 - ' INEF 
KKv TLD, s p h e r e 1072 1072 TLO 3 0 . 1 3 0 . 1 
KK" T L D / T r a c k 1 1 1 3 / 9 8 6 1 1 1 3 / 9 8 6 TLD 3 7 . 8 3 7 . 8 
KSU F i l m 230 180 250 220 F i l m 45 50 5 0 4 8 
LAND T r a c k 1095 990 725 937 F i l m 50 64 4 0 5 1 
LLL TLD/DOSPEC' l H O / l O S t r ' TLD 34-' 
NLC F i l m 4 8 51 4 1 4 7 
NTHU TLO'" 5 3 . 3 2 / . . TLD./" 24 2 3 . 9 8 / . 

1 4 . 4 3 ' ' - ' 
1 0 ' 

1 1 . 9 4 ' ' - ' 
NTHU F i l m 24 1 0 ' 2 4 / 1 0 - ' 
OPPD TLO. 1031 1147 1073 1083 TLD 4 0 44 

13 
4 6 4 3 , 

ORGDP ACT1' TLD 51 
44 
13 5 1 / 1 3 ' 

PPPL T r a c k 800 800 , F i l m 8 0 9 0 9 0 . 87 
REECO TLD 1015 1040 1 7 1 ; 1 0 2 8 / 1 7 1 TLD 19 22 1 ' 2 0 / 1 
RFP TLD 1413 1261 , 

178 
1540 1405 , 

8 7 7 / 1 7 8 " ' 
TLD, 18 V ! 2 8 24 1 

RPB TLD 877 
1261 , 

178 
1405 , 

8 7 7 / 1 7 8 " ' TLD" 480- ' 128 4 8 0 / 1 2 8 
RP! TLD 173 173 TLD 21 2 1 
SNL TLD 1270 1220 910 1133 TLD 30 30 3 0 30 
5RP TLD 1250 1320 1285 TLD.. 35 3 5 
TAEC TLD- 2 4 . 5 3 : ' 
TPC TLD 4 2 . 1 4 4 . 0 4 3 . 5 4 3 . 2 
TVA TLD 1439 1554 1528 1507 TLO 62 58 5 6 59 
UCD F i l m 550 570 570 563 F i l m 6 0 65 . 5 0 5 8 ,! 9 0 / 6 0 ' YALE F i l m 230 230 F i l m 90 6 0 

5 8 ,! 9 0 / 6 0 ' 

" i d e n t i f y i n g a c r o n y m s a r e d e f i n e d in A p p e n d i x A. b -J 
D o s e e q u i v a l e n t s a r e b a c k g r o u n d c o r r e c t e d . V a l u e s w e r e r e p o r t e d i n m i l l l r e m s ( 1 0 S v ) . M e a s u r e m e n t s 

w e r e made on t h e f r o n t s o f p h a n t o m s ( s i d e f a c i n g HPRR) u n l e s s o t h e r w i s e i n d i c a t e d . 

" E a c h g r o u p was a l l o w e d t o e x p o s e t h r e e d o s i m e t e r s p e r r u n . 

^ D o s i m e t e r o n r e a r o f p h a n t o m ( s i d e o p p o s i t e HPRR). 
e L i z B 4 0 7 TLD. 

^CaSO f l :Dy TLD. 

^ R e p o r t e d a v e r a g e o f m e a s u r e d r e s u l t s . 

^ D o s i m e t e r s e x p o s e d s u b s e q u e n t t o t h e S i x t h PDIS d u e t o l a t e a r r i v a l . 

' ' C o m b i n a t i o n o f t r a c k - e t c h a n d T L D - a l b e d o . 
' ' A c t i v a t i o n f o i l s w e r e u s e d f o r t h i s n e u t r o n d o s e m e a s u r e m e n t . No m e a s u r a b l e a c t i v i t i e s w e r e o b t a i n e d a t 

t h e d o s e l e v e l s e n c o u n t e r e d 1n t h i s s t u d y . 
' 'TLD-100 . 
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T a b l e 11. T a b u l a t i o n o f r ep , r t e d r e s u l t s PDIS 6 , r u n 2 , u n s h i e l d e d . 3 . 3 3 W-min 

N e u t r o n N e u t r o n d o s e e q u i v a l e n t , ' 1 0 " ^ Sv Gamma Gaima d o s e e q u i v a l e n t / 1 0 " ^ Sv v rvup d o s i m e t e r 
1 ' 2 3 A v e r a q e d o s i m e t e r 

1 2 3 A v e r a g e 

AECL.'CR TLD 12 11 . 12 
ALCL/W TLD 5 3 5 4 ' 5 3 / 5 4 " 
AUL TLD 207 196 202 TLD 10 9 10 
BAPl TLO 329 388 2 8 8 3 3 5 

1 4 / 7 ' f DOSAR Ref r r e n c e 2 9 3 / 4 7 " R e f e r e n c e 1 4 / 7 ' f 

HPL TLD' 6 6 0 660 TLD.-' 13 13 
INER T r a c k / T L D 1 1 3 / 2 9 3 ' TLD 

TLD. s p h e r e 2 '2 272 TLD 1 1 . 2 1 1 . 2 KK'' TLD/Track 2 7 3 / 1 9 5 273/ , 195 TLD 1 2 , 6 1 2 . 6 K5U F i l m 0- 0 0 - o- F i l m 0 ' o' 0 " o-
LAND T r a c k 2 9 0 260 240 2 6 3 F i l m 2 0 10 10 13 
LLL TLD/DOSAR 2 9 0 / 2 8 0 1LD 9-7 

NLC F i l m 9 2 12 8 
NTHU TLD-' 8 . 7 0 / 

2 . 6 8 -
no:' 7 . 7 4 / 

3 . 5 0 - ? 
n;hu Fi l i r . 8 10 10 9 / 1 0 " 
OPPD TLD. 26S 2 7 3 242 260 TLD 14 1 5 , 11 13 , 
ORGDP ACT TLD 2 3 7 - 2 3 / 7 ' 
PPPL T r a c k 160 160 F i l m 4 0 40 30 . 37 d 
REECO TLD 2 5 5 270 2 8 ' 2 6 2 / 2 8 ' TLD 5 5 1 5/.1 
RFP TLD 114 7 2 ' 104" 97-' TLD,. 0"' 0' 0" 0< 
RPB TLD 2 1 5 3 2 ' 2 1 5 / 3 2 ' TLD' 8 5 8 5 , 
RP1 TLD 18.2'' 18.,2' TLD o ; o ' ; 
SNL TLD 3 0 4 0 ' 4 0 ' ' 3 7 : TLD •MO' ' 1 0 ' 
SRP TLD 3 1 5 315 315 TLD . 10 10 
TAEC TLD- 7 . 4 2 " 
TPC TLD 1?.0 1 3 . 7 1 2 . 6 1 2 . 8 
TVA TLO 354 356 . 4 1 8 . 

1 0 ' 
376 . TLO 1 5 , 2 8 . 

2 0 ' 

43; 
2 7 " ucd F i l m 1 0 ' 2 0 ' 

4 1 8 . 
1 0 ' 1 3 ' F i l m 2 5 ' 

2 8 . 
2 0 ' 3 5 " 2 7 " 

' i d e n t i f y i n g a c r o n y m s a r e d e f i n e d i n A p p e n d i x A. 

' D o s e e q u i v a l e n t s a r e b a c k g r o u n d c o r r e c t e d . V a l u e s w e r e r e p o r t e d i n m i l l i r e m s ( 1 0 " " ' S v ) . M e a s u r e m e n t s 
w e r e made o n t h e f r o n t s o f p h a n t o m s ( s i d e f a c i n g HPRR) u n l e s s o t h e r w i s e i n d i c a t e d . 

•~Cach g r o u p was a l l o w e d t o e x p o s e t h r e e d o s i m e t e r s p e r r u n . 

^ D o s i m e t e r on r e a r o f p h a n t o m ( s i d e o p p o s i t e HPRR). 

"lizb407 tld. 
- r C a S 0 4 : D y TLD. 

^ R e p o r t e d a v e r a g e o f m e a s u r e d r e s u l t s . 

' " D o s i m e t e r s e x p o s e d s u b s e q u e n t t o t h e S i x t h PDIS d u e t o l a t e a r r i v a l . 

' C o m b i n a t i o n o f t r a c k - e t c h a n d T L D - a l b e d o . 

" ' A c t i v a t i o n f o i l s w e r e u s e d f o r t h i s n e u t r o n d o s e m e a s u r e m e n t . No m e a s u r a b l e . a c t i v i t i e s w e r e o b t a i n e d a t 
t h e d o s e l e v e l s e n c o u n t e r e d i n t h i s s t u d y . 

*TLD-100 . 
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T a b l e 12 . T a b u l a t i o n o f r e p o r t e d r e s u l t s - PDIS 6 , run 3 , L u c i t e s h i e l d , 1 9 . 1 7 w -min 

Group N e u t r o n 
d o s i m e t e r 

N e u t r o n d o s e e q u i v a l e n t . ^ 1Q~5 Sv 

1 ° ? 3 A v e r a g e 
Gainna n-5 Sv 

d o s i m e t e r 1 2 3 A v e r a g e 

TLD 53 49 j 
TLD 82 66 8 2 / 6 6 
TLD 26 39 29 31 

R e f e r e n c e 
TLO/ 

4 4 / 1 3 d R e f e r e n c e 
TLO/ 36 36 
TLO 3 3 . 0 s 

TLD 1 0 . 4 1 0 . 4 
TLO 1 3 . 8 1 3 . 8 
F i l m 50 60 60 57 
F i l m 6 0 50 50 53 
TLD 42® 

4 8 54 49 50 

AECL/CR 
AECL/W 
ANL 
BAPL 
OOSAR 
HPL 
1NER 
KKf 
W 
KSU 
LAND 
LLL 
NLC 
NTHU 

NTHU 
OPPD 
ORGDP 
PPPL 
REECO 
RFP 
RBP 
RP1 
SNL 
5RP 
TAEC 
TPC 
TVA 
UCD 
YALE 

TLD 
TLD 
Reference TLDe 
Track /TLD 
TLD, s p h e r e 
TLD/Track 
F i l m 
T r a c k 
TLD/DOSPEC1 

TLD̂  

TLD. 
ACT"1 

T r a c k 
TLO 
TlO 
TLD 
TLD 
TLD 
TLD 

TLD 
F i l m 
F i l m 

162 
374 

930 

138 
137/71 

70 
225 

171 

30 
2 0 5 
356 
214 
211 
180 
320 

248 
140 
230 

205 
547 

50 
220 

181 

210 
4 8 5 . 62 
190 
2 5 0 

268 
110 

224 
494 

50 
250 

149 

32d 

2 7 3 

190 

273 
110 

197 
472 , 
2 6 8 / 5 6 
930 
175/302® 
138 
137/71 

57 
232 
250/180® 

4 4 . 8 8 / 
s.nd-a 

167 

30 , 
2 0 8 / 3 2 
371 J 
2 1 4 / 6 2 
211 
187 
285 

263 
120 
230 

TLDJ 

F i l m 34 47 
TLO 36 37 40 

F i l m 8 0 90 90 
TLD 2 0 20 2C 

TLD. 25 2 t > 30 
TLO 750 100 
TLD 2 4 
TLD 4 0 40 40 
TLO. 
TLQJ 

3 5 

TLD 4 4 . 6 4 3 . 0 37. 
TLD 6 5 72 67 
F i l m 70 95 70 
F i l m 9 0 70 . 60' 

" i d e n t i f y i n g ac ronyms a r e d e f i n e d i n Append ix A. 

3 0 . 6 1 / 12.90"'̂  
40 
38 
8 7 j 
20/2 
26 A 

7 5 0 / 1 0 0 
24 
40 
35 
29 .OO 9 

42 
68 
78 rf 80/60 

D o s e e q u i v a l e n t s a r e b a c k g r o u n d c o r r e c t e d . V a l u e s w e r e r e p o r t e d i n m i l l i r e m s ( 1 0 ~ 5 S v ) . Measu remen t s 
w e r e made on t h e f r o n t s o f phan toms ( s i d e f a c i n g HPRR/ u n l e s s o t h e r w i s e I n d i c a t e d . 

g r o u p w a s a l l o w e d t o e x p o s e t h r e e d o s i m e t e r s p e r r u n . 

D o s i m e t e r on r e a r o f phan tom ( s i d e o p p o s i t e HPRR). 

®L1 2 B 4 0 7 TLD. 

^CaSO^:Dy TLO. 

^Reported average of measured r e su l t s . 
.Dosimeters exposed subsequent to the S i x t h PDIS due to l a te a r r iva l . 
Combination of track-etch and T L D - a l b e d o . 

/Ac t iva t ion fo i l s were used f o r th i s neutron dose measurement. No measurable a c t i v i t i e s were obtained a t 
the dose levels encountered in th i s study. 

*TLD-100. 
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T a b l e 1 3 . T a b u l a t i o n o f r e p o r t e d r e s u l t s PDIS 6 , r u n 4 , L u c i t e s h i e l d , 5 0 . 0 0 w-ir 

G r o u p " N e u t r o n N e u t r o n d o s e e q u i v a l e n t , " * 1 0 " 5 Sv Gairma Gamma i d o s e e q u i v a l e n t / 1 0 " 5 Sv G r o u p " d o s i m e t e r 
A v e r a g e 

d o s i m e t e r 
A v e r a g e 1 2 3 A v e r a g e 1 2 3 A v e r a g e 

AECL/CR TLD 117 117 io r 
117 ^ i8o/ior AECL/W TLD 180 117 io r 
117 ^ i8o/ior 

ANL TLO 4 3 8 4 1 3 4 8 1 444 TLO 79 9 8 71 83 
BAPL TLO 1229 1 4 2 5 1330 1328 105/30̂  DOSAR R e f e r e n c e 690/145' R e f e r e n c e 105/30̂  
HPL TLD1 2 0 4 0 2040 TLD.-" 77 77 
1NER T r a c k / T L D 2 8 0 / 7 4 9 - ' TLD 64.1-
KK? TLD, s p h e r e 598 5 9 8 TLD 2 7 . 5 27.5 
KK T L O / T r a c k 6 7 8 / 3 3 3 ; 6 7 8 / 3 3 3 TLD 4 3 . 7 

55- ' 60" « - , 7 555 KSU F i l m 35 : ' 30 35* 3 3 ' F i l m 
4 3 . 7 
55- ' 5 0 " 60" « - , 7 555 

LAND T r a c k 410 500 325 4 1 1 F i l m 70 100 100 9 0 
LLL TLD/DOSPEC1 6 8 0 / 4 9 0 - ' TLD IQtf? 
NLC F i l m 134 143 147 . 1 1 
NTHU TLD-'' 1 8 7 . 8 / . 15.6 *•' TLD.-" 74 .2 , ' . 1 8 7 . 8 / . 15.6 *•' 21. ' 
NTHU F i l m 80 92 80 f 4 
OPPD TLD. 437 442 4 5 0 4 4 3 TLD 117 101 106 108 
ORGDP ACT'1 

106 

PPPL T r a c k ?o0 360 F i l m 100 210 1 7 0 , 160 , 78/25 REECO TLD 520 . 4 9 0 . ii2*; 5 0 5 / 1 1 2 " ' TLD 79! 61 
360* 

25'*. 
160 , 78/25 

RFP TLD 244 ' ' 137^ 
138 

2 4 5 * 209'^ TLD. 
79! 61 

360* 
37" 43̂  

RPB TLD 527 , 
137^ 
138 5 2 7 / 1 3 8 " TLD1 1 7 5 0 , 360* 1 7 5 0 / 3 6 0 J 

RPI TLD 76" 
9 3 " 

TLD 30'*. 
3 0 ' ' 

30' 
SNL TLO 1 1 0 ' 80 ' ' 9 u * 9 3 " TLD 4 0 " 3 0 ' ' 40" ' 37 
SRP TLD 765 8 4 0 802 TLD,. 9 5 9 5 
TAEC TLO- 7 6 . 6 3 * 
TPC TLD 1 1 1 . 6 1 2 1 . 2 1 1 0 . 4 1 1 4 . 4 
TVA TLD 6 3 0 , 646 

30 
6 2 3 , 

3 0 
633 , TLD 135 . 134 , 1 4 0 , 60 136 , 

UCD F i l m 60 646 
30 

6 2 3 , 
3 0 4 0 " F i l m 7 0 " 6 5 a 

1 4 0 , 60 6 5 
YALE F i l m 250 250 F i l m 150 180 

1 4 0 , 60 
1G5 

I d e n t i f y i n g a c r o n y m s a r e d e f i n e d i n A p p e n d i x A. 

' D o s e e q u i v a l e n t s a r e b a c k g r o u n d c o r r e c t e d . V a l u e s w e r e r e p o r t e d i n m i l l i r e m s ( 1 0 ~ 5 S v ) . M e a s u r e m e n t s 
w e r e made on t h e f r o n t s o f p h a n t o m s ( s i d e f a c i n g HPRR) u n l e s s o t h e r w i s e i n d i e a ' p d . 

' E a c h g r o u p was a l l o w e d t o e x p o s e t h r e e d o s i m e t e r s p e r r u n . 

' • ' D o s i m e t e r on r e a r o f p h a n t o m ( s i d e o p p o s i t e HPRR). 

' "Li" 2 B 4 0 7 TLD. 

- r C a S 0 4 : D y TLO. 

• ' ' R e p o r t e d a v e r a g e o f m e a s u r e d r e s u l t s . 

' ' D o s i m e t e r s e x p o s e d s u b s e q u e n t t o t h e S i x t h PDIS d u e t o l a t e a r r i v a l . 

' ' C o m b i n a t i o n o f t r a c k - e t c h and T L D - a l b e d o . 

• ' A c t i v a t i o n f o i l s w e r e u s e d f o r t h i s n e u t r o n d o s e m e a s u r e m e n t . No m e a s u r a b l e a c t i v i t i e s w e r e o b t a i n e d a t 
t h e d o s e l e v e l s e n c o u n t e r e d i n t h i s s t u d y . 

^TLD-IOO. 
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T a b l e 14. T a b u l a t i o n o f r e p o r t e d r e s u l t s PDIS 6 , r u n 5 , c o n c r e t e s h i e l d , 9 . 5 6 W-min 

Group"1 N e u t r o n N e u t r o n d o s e e q u i v a l e n t , ' ' 1 0 " 5 Sv Gamma Gamma d o s e e q u i v a l e n t , ' 1 1 0 " 5 Sv 
Group"1 

d o s i m e t e r 1-" 2 3 A v e r a q e d o s i m e t e r 1 2 3 A v e r a g e 

AECL/CR TLD 2 1 
1 0 3 ' 

18 rf 
AECL/W TLD 70 1 0 3 ' 7 0 / 1 0 
ANL TID 164 129 146 TLD 5 6 6 
BAPI. TLD 220 223 179 2 0 7 , 

1 7 6 / 3 4 ' 
J 

DOSAR R e f e r e n c e 
TLD1 

2 0 7 , 
1 7 6 / 3 4 ' R e f e r e n c e 1 1 / 3 d 

HPL 
R e f e r e n c e 
TLD1 320 320 TLD.r 10 10 „ 

INER T r a c k / T L D 4 0 / 1 9 0 ' ' I'LD 1 0 . 3 s 

KK'! TLD, s p h e r e 235 235 TLD 2 3 . 5 2 3 . 5 
KK TLD/Track 2 0 5 / 2 2 9 2 0 5 / 2 2 9 TLD 3 6 . 2 3 6 . 2 
KSU F i l m 15 40 10 22 F i l m 0 10 10 7 
LAND T r a c k 125 95 120 113 F i l m 0 0 10 3 
LLL TLD/DOSPEC' 120/130* 7 TLD 2 0 ? 
NLC F i l m 13 12 9 11 
NTHU TLD- 2 1 . 0 / j 

4 . 5 6 -
TLD/ 9 . 1 / , 

4 . 2 
NTHU F i l m 11 10 10 10 
OPPD TLD. 130 137 133 133 TLD 11 14 16 14 
ORGDP ACT-
PPPL T r a c k 60 60 i t > F i l m 30 50 4 0<i Qa 

40 A 
REECO TLD 165 170 1 7 ' 16K/17 - ' TLD 2 3 

4 0<i Qa 2 / 0 ' ' 
RFP TLD 297 373 , 

34 ' ' 
374 3 4 8 , TLD, 0 7 , 5 4 , 

RPB TLD 130 
373 , 

34 ' ' 1 3 0 / 3 4 • TLD 250 2 5 ' 2 5 0 / 2 5 " 
RPI TLD 127 127 TLO 24 24 
SNL TLD 170 150 130 150 TLD 10 2 0 20 17 
SRP TLD 280 225 252 TLD,. 15 15 A „ 
TAEC TLD- 1 3 . 4 7 
TPC TLD 1 1 . 8 1 5 . 9 1 3 . 9 1 3 . 9 
TVA TLD 183 173 190 182 TLD 39 28 32 33 
UCD F i l m 4 0 50 70 53 F i l m 20 25 35 27 

" i d e n t i f y i n g a c r o n y m s a r e d e f i n e d i n A p p e n d i x A. 

D o s e e q u i v a l e n t s a r e b a c k g r o u n d c o r r e c t e d . V a l u e s w e r e r e p o r t e d i n m i l l i r e m s ( 1 0 ~ 5 S v ) . M e a s u r e m e n t s 
w e r e made on t h e f r o n t s o f p h a n t o m s ( s i d e f a c i n g HPRR) u n l e s s o t h e r w i s e i n d i c a t e d . 

' ' E a c h g r o u p was a l l o w e d t o e x p o s e t h r e e d o s i m e t e r s p e r r u n . 

^ D o s i m e t e r on r e a r o f p h a n t o m ( s i d e o p p o s i t e HPRR). 
e l i 2 B 4 0 ? TLD. 

• f c a S 0 4 : D y TLD. 

^ R e p o r t e d a v e r a g e o f m e a s u r e d r e s u l t s . 

^ D o s i m e t e r s e x p o s e d s u b s e q u e n t t o t h e S i x t h PDIS d u e t o l a t e a r r i v a l . 

' ' C o m b i n a t i o n o f t r a c k - e t c h a n d T L D - a l b e d o . 

' ' A c t i v a t i o n f o i l s w e r e u s e d f o r t h i s n e u t r o n d o s e m e a s u r e m e n t . No m e a s u r a b l e a c t i v i t i e s w e r e o b t a i n e d a t 
t h e d o s e l e v e l s e n c o u n t e r e d i n t h i s s t u d y . 

*TLD-100 . 
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T a b l e 15. T a b u l a t i o n o f r e p o r t e d r e s u l t s - PDIS 6 , run 6 , c o n c r e t e s h i e l d , 4 4 . 6 2 W-m1n 

Group N e u t r o n 
d o s i m e t e r 

Neutron d o s e e q u i v a l e n t . ^ 10~ 5 Sv 

l e 2 3 A v e r a g e 

Gamma 
d o s i m e t e r 

Gamin d o s e e q u i v a l e n t . 6 1 0 * 5 Sv 

2 3 A v e r a g e 

AECL/CR 
AECL/W 
ANL 
BAPL 
DOSAR 
HPl 
INER KKj 
KSU 
LAND 
LLL 
NLC 
NTHU 

NTHU 
OPPD 
ORGDP 
PPPL 
REECO 
RFP 
RPB 
RPI 
SNL 
SRP 
TAEC 
TPC 
TVA 
UCO 
YALE 

TLD 
TLD 
R e f e r e n c e 
TLDe 

Track /TLD 
TLD, s p h e r e 
TLD/Track 
F i l m 
T r a c k 
TLD/DOSPEC 

6 7 0 
8 8 9 

1060 

568 
4 9 4 / 3 1 9 10" 
4 6 5 

614 
1081 

10d 
500 

T L [ / 

TLD. 
ACT1' 
T r a c k 
TLD 
TLD 
TLD 
TLD 
TLD 
TLD 

TLD 
F i l m 
F i l m 

6 1 4 

9 0 
7 6 0 , 
2Z9r 
6 4 2 , 

140 
1100 

733 , 
50 CP 

657 

170 
7 4 5 , 
239 j 
122 

no'1 

1075 

748 , 

rfi 

592 
9 7 3 

380 

6 3 3 

9 9 " 
264 

110 

m, 
30 

625 
981 , 
7 7 0 / 1 4 6 

1060 
3 6 7 / 8 2 S 3 

568 

4 9 4 / 3 1 9 

448 5 3 0 / 5 2 0 3 

1 0 3 . 3 / 
1 8 . 2 d-9 

635 

130 , 
7 5 2 / 9 9 
2 4 4 d . 
6 4 2 / 1 2 2 ° 

" 5 
120 

1088 

752 

TLO 
TLD 
TLD 

R e f e r e n c e 
TLOJ 
TLD 
TLD 
TLD 
F i l m 
F i l m 
TLO 
F i l m 
TLDJ 

F i l m 
TLD 
TLD 
F i l m 
TLD 
TLD 
TLO 
TLD 
TLD 

TLD^" 
TLD 
TLO 
F i l m 
F i l m 

69 
117 

29 

6 3 , 60 
34 3 1 

29 

5 1 . 2 
7 9 , 1 

Z5d 20<* 
40 20 60 

77 104 9 6 

50 
50 
63 

130 
34 . 

9 d 
1 7 0 0 , 

rf 10 
70 

6 5 . 6 
9 4 , 
80° 
70 

66 . 
1 1 7 / 6 i r 

3 1 

40/12"* 2 9
 a 

2 7 . 8 * 
5 1 . 2 
7 9 . 1 
23d 40 50̂  
9 2 
3 9 . 8 A 
I6.3d>8 

5 5 55 5 3 
5 8 d 51 53 ,? 
2 6 6 3 / 2 6 

110 
31 r f 

3 2 0 ^ 

1 3 0 , 

17 

123 . 

1700^320° 

2 0 d 

70 . 
3 5 . 8 4 

30^ 2 0 d 

123 . 

1700^320° 

2 0 d 

70 . 
3 5 . 8 4 

6 6 . 1 6 2 . 9 6 4 . 9 
8 5 , 
7 S 5 
70 

7 0 d 
9 7 , 
7 5rf 
70 

" i d e n t i f y i n g acronyms a r e d e f i n e d i n Append ix A. 

Dose e q u i v a l e n t s a r e b a c k g r o u n d c o r r e c t e d . V a l u e s were r e p o r t e d 1n m l l l i r e m s ( 1 0 " S S v ) . M e a s u r e m e n t s 
w e r e made on t h e f r o n t s o f p h a n t o m s ( s i d e f a c i n g HPRR) u n l e s s o t h e r w i s e i n d i c a t e d . 

c E a c h g r o u p was a l l o w e d t o e x p o s e t h r e e d o s i m e t e r s p e r r u n . 

d o s i m e t e r o n r e a r o f phan tom ( s i d e o p p o s i t e HPRR). 
e L i 2 B 4 0 ? TLD. 
J C a S 0 4 : 0 y TLD. 

^ R e p o r t e d a v e r a g e o f m e a s u r e d r e s u l t s . 

^ D o s i m e t e r s e x p o s e d s u b s e q u e n t t o t h e S i x t h PDIS d u e t o l a t e a r r i v a l . 

^ C o m b i n a t i o n o f t r a c k - e t c h and T L D - a l b e d o . 

^ A c t , 1 v a t } o n f o 1 l s w e r e " s e d f o r t h 1 s n e u t r o n d o s e m e a s u r e m e n t . No m e a s u r a b l e a c t i v i t i e s w e r e o b t a i n e d a t 
t h e d o s e l e v e l s e n c o u n t e r e d i n t h i s s t u d y . 

TLD-100. 
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T a b l e 1 6 . R a t i o s o f r e s p o n s e s o f BF_ d e t e c t o r i n p o l y e t h y l e n e s p h e r e s ' 2 

I n i t i a l 
r u n a 

S e c o n d 
r u n 

R e a c t o r 
p o w e r , 

W 

E x p o s u r e 
d u r a t i o n , 

s 

S h i e l d R a t i o o f 9 - i n . 
t o 3 - i n . s p h e r e 

r e s p o n s e 

1 1 1 . 5 5 5 0 N o n e 0 . 8 6 

2 2 0 . 4 5 0 0 N o n e 0 . 7 9 

3 5 2 . 0 5 7 5 L u c i t e 0 . 4 7 

4 6 6 . 0 5 0 0 L u c i t e 0 . 4 5 

5 3 1 . 3 4 5 0 C o n c r e t e 0 . 3 6 

6 4 5 . 1 5 2 5 C o n c r e t e 0 . 3 4 

E x p o s u r e s c o n d u c t e d o n M a r c h 2 5 - 2 7 , 1 9 8 0 . 
r 

E x p o s u r e s c o n d u c t e d o n M a y 1 3 - 1 5 , 1 9 8 0 . 
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Table 17. Analysis of neutron dose equivalent 
results on fronts of phantoms 

-5 Neutron dose equivalent, 10 Sv 
Reference All reported results^ Subset of reported results2'-''2 

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) 

al mrem = 10"5 Sv. 
Values are displayed as median, mean ±a (%a). 

cThis subset omits results reported by HPL and NTHU. 
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T a b l e 1 8 . N e u t r o n d o s e e q u i v a l e n t on f r o n t s o f p h a n t o m s by t y p e o f d o s i m e t e r 

- 5 a N e u t r o n d o s e e q u i v a l e n t , 10 Sv 
R e f e r e n c e F i l m b T r a c k b T L D b , c 

1 1 1 4 6 2 3 0 , 3 3 8 - 195 ( 5 8 ) 9 6 2 , 9 4 3 ± 1 0 6 ( 1 1 ) 1 1 1 3 , 1 0 8 5 ± 3 1 9 ( 2 9 ) 

2 2 9 3 d 1 7 8 , 183 + 6 3 ( 3 4 ) 2 7 2 , 2 8 1 ± 4 7 ( 1 7 ) 

3 2 6 8 1 2 0 , 136 ± 8 8 ( 6 4 ) 1 5 6 , 127 ± 9 3 ( 7 3 ) 2 1 1 , 2 3 8 ± 9 0 ( 3 8 ) 

< - ' 0 2 5 0 " 3 4 6 , 3 4 6 ± 54 ( 1 6 ) 6 1 6 , 6 5 6 ± 2 4 2 ( 3 7 ) 

5 3 8 , 3 8 * 2 2 ( 5 8 ) 8 6 , 1 1 0 ± 8 5 ( 7 7 ) 1 6 8 , 1 8 2 ± 6 2 ( 3 4 ) 

f> . - j d 3 4 3 , 3 1 6 ± 1 3 5 ( 4 3 ) 6 3 8 , 7 0 1 ± 1 8 5 ( 2 7 ) 

' 1 mrem = 1 0 " ^ S v . 
^ V a l u e s a r e d i s p l a y e d as m e d i a n , mean ±a ( % a ) . 
C*HPL a n d NTHU r e s u l t s a r e n o t i n c l u d e d . 
^No n e u t r o n d o s e m e a s u r e m e n t s made u s i n g f i l m on f r o n t s o f p h a n t o m s f o r t h i s r u n . 
c 0 n e n e u t r o n d o s e m e c s u r e r a e n t made u s i n g f i l m on f r o n t s o f p h a n t o m s . 
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Table 19. Analysis of gamma dose equivalent 
results on fronts of phantoms 

-5 a Gamma dose equivalent, 10 Sv 
7-> T_ _ 

Reference All repc- -?d results Subset of reported results J 

1 34 43, 60 ' SS (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) 

a l mrem = 10"5 Sv. 
Values are displayed as median, mean ±a (%a). 

cThis subset omits results reported by RPB. 



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

-5 n Gamma dose equivalent, 10 Sv" 
Reference Film6 T L D 6 j C CaSO, T L D 6 T L D - 1 0 0 D 

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 

al mrem = 10"5 Sv. 
^Values are displayed as median, mean ±a (%a). 
^Results do not include measurements made with CaSO- TLD or TLD-100 dosimetry. 
j " 

Used by only one participant. 



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

Run 
-5 a Neutron dose equivalent, 10 Sv Run 

Reference 
h n 

Subset of reported results ^ Film* 

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) 

al mrem = 10"5 Sv. 
Values are displayed as median, mean ±a (%a). 

cResults do not include measurements reported by NTHU. 
^No neutron dose measurements made using f i lm on rears of phantoms for this run. 



Table 22. Analysis of gamma dose equivalent r e su l t s on rears of phantoms 

-5 a Gamma dose equivalent , 10 Sv 
Reference Subset of reported results2 ' - '0 Film& TLD&,i CaSO. TLD TLD-100? 

1 16 12, 19 ± 23 (123) 35, 35 ± 35 (100) 7, 7 ± 8 (121) 12e 128 

2 7 4, 11 ± 18 (165) 10, 12 ± 14 (114) 1, 12 ± 23 (195) 4 e f 

3 13 36, 35 ± 32 (95) 60e 34, 34 ± 45 (133) 13e 100 

4 30 40, 48 + 25 (53) 60, 60 ± 7 (12) 37, 47 ± 31 (66) 28e 360 

5 3 7, 7 ± 6 (86) / 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 

a \ mrem = 10"5 Sv. 
^Values are displayed as median, mean ±o (%o). 
e Resul ts do not include measurements reported by RPB. 
^Results do not include measurements made with CaSO^ TLD or TLD-100. 
e0ne gamma dose measurement made on rears of phantoms. 
•fyo gamma dose measurement made on rears of phantoms fo r t h i s run. 
?Used by only one pa r t i c i pan t . 
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SIXTH PERSONNEL DOSIMETRY INTERCOMPARISON 
STUDY PARTICIPANTS 

Name 

A. R. Jones 

R. P. Lambert 

W. E. B le i le r 

W. R. Harris 

H. W. Dickson 
L. W. Gi11ey 
R. T. Greene 
G. R. Patterson 

J. D. Sherwood 
G. E. Williams 

Shian-Jang Su 
Shann-Horng Yeh 

B. Burgkhardt 
E. Piesch 

J. P. Lambert 

A f f i l i a t i o n 

Atomic Energy of Canada, Limited 
Chalk River Nuclear Laboratories 
Chalk River, Ontario, Canada KOJ IJO 

Atomic Energy of Canada, Limited 
Whiteshell Nuclear Research Estab-

lishment 
Pinawa, Manitoba, Canada, ROE ILO 

Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, I l l i n o i s 60439 

Bett is Atomic Power Laboratory 
Box 79 
West M i f f l i n , Pennsylvania 15122 

Dosimetry Applications Research 
Oak Ridge National Laboratory 
P. 0. Box, Building 7710 
Oak Ridge, Tennessee 37830 

Houston Lighting and Power Company 
Electr ic Tower 
P. 0. Box 1700 
Houston, Texas 77001 

Ins t i tu te 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. c i t 
Postfach 3640, 7500 Karlsruhe 1 
Germany 

Kansas State University 
Off ice of Campus Safety 
Ward Hall 
Manhattan, Kansas 66506 

Ident i fy ing 
abbreviation 

AECL/CR 

AECL/W 

ANL 

BAPL 

DOSAR 

HPL 

INER 

KK 

KSU 

R. V. Wheeler R. S. Landauer, Jr . and Company 
Division of Technical Operations 
Glenwood Science Park 
Glenwood, I l l i n o i s 60425 

LAND 
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Name 

R. V. G r i f f i t h 
D. E. Hankins 

T. A. Dugan 

Pin-Cheih Hsu 
Su-Ying Li 
Pao-Shan Weng 

D. K. Bruening 
J. K. Gasper 

T. L. Rucker 

J. R. Stencel 

A. E. Bicker 
M. W. Lantz 

R. B. Falk 
J. R. Pennock 

R. P. Bradley 

J. A. Leavey 
R. M. Ryan 

C. 0. Widell 

A f f i l i a t i o n 

Lawrence Livermore Laboratory 
Hazards Control Department 
University of Cal i fornia 
Livermore, Cal i fornia 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 D i s t r i c t 
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 Electr ical 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 Ins t i tu te 
Off ice of Radiation and Nuclear Safety 
Troy, New York 12181 

Studsvik Energiteknik 
Fack 61101 
Nykoping, 1, Sweden 

Ident i fy ing 
abbreviation 

LLL 

NLC 

NTHU 

OPPD 

ORGDP 

PPPL 

REECO 

RFP 

RPB 

RPI 

SE 
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Name 

D. J. Thompson 

C. N. Wright 

Yu-Ming Lin 

P. C. Liu 

R. D. Colvett 

J. Hickman 

G. S. Andrews 
G. R. Holeman 

Ident i fy ing 
A f f i l i a t i o n abbt Nat ion 

Sandia National Laboratories SNL 
Sandia Corporation 
Albuquerque, New Mexico 87115 

DuPont DeNemours and Company SRP 
Savannah River Plant 
Atomic Energy Division 
Aiken, South Carolina 29801 

Taiwan Atomic Energy Council TAEC 
Executive Yuan 
150, Ta-Pei Road 
Kaohsiung, Taiwan 833 
Republic of China 

Taiwan Power Company TPC 
Atomic Power Department 
3rd Floor, 2, Shin-Sheng S. Road 
3rd Section 
Taipei, Taiwan 
Republic of China 

Tennessee Valley Authority TVA 
Muscle Shoals, Alabama 35660 

University of Cal i fornia at Davis UCD 
Office of Environmental Health and 
Safety 

TB 30 
Davis, Cal i forn ia 95616 

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

Group 
Upper 
enerqy 

(eV)" 

Mid-
enerqy 

(eV) 

N(E)AE,q 

No shield 

2 
n/cm 
Lucite shield 

1 1.49E7 1.22E7 9.53E7 3.31E7 
2 1.00E7 8.19E6 1.18E9 3.63E8 
3 6.70E6 5.77E6 3.4319 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 4.61 El 0 3.69E9 
8 4.08E5 2.13E5 3.39E10 3.08E9 
9 1.11E5 9.80E4 2.60E9 4.18E8 

10 8.65E4 7.64E4 2.00E9 3.81E8 
11 6.74E4 5.95E4 1.50E9 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 3.54E2 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 1.07E1 7.34 6.09E8 6.93E8 
28 5.04 3.93 3.82E8 4.58E8 
29 3.06 2.18 4.84E8 6.11E8 
30 l.ES 1.25 3.04E8 3.79E8 
31 1.00 8.06E-1 2.81E8 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 5.33E10 
HPRR for 1037 f i ss ions, n/cm2 

aThis number is the area of the histogram for each energy 
in terva l . 
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HPRR Spectra: Unshielded and Through 20-cm concrete 

Mid-e.^erqy AE N (E )AE , A n/cm2 

(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 1.24E9 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 3.41E9 
18 2.08E3 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 8.22E8 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 3.09E8 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 20.18E10 10.01 E10 
HPRR for 1017 f iss ions, n/cm2 

aThis represents the area of the histogram for each energy 
in terva l . 
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PARTICIPANT COMMENTS CONCERNING DOSIMETRY AND MEASUREMENTS 

Some of the Sixth PDIS participants reported comments concerning 
the i r dosimetry and measurement methods along with dose results. These 
comments, which are presented in th is appendix, provide detai ls con-
cerning measurement, evaluation, and cal ibrat ion techniques for individual 
part ic ipants. A l i s t of participants and associated dosimeter types is 
given in Table 4 of th is report, and ident i fy ing acronyms are defined 
in Appendix A. Dose equivalents were reported by part icipants in mi 11i-
rems (1 mrem = 10"^ Sv). 

AECL/CR - 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 
f o i l . In 12 of the dosimeters were packages of two TLD-
600's and two TLD-700's (also wrapped in aluminum f o i l ) . 
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). 

137 
Each chip was calibrated to 1 rad using a Cs source. 
No attempt was made to estimate the neutron dose. 
As expected, the neutron f ie lds to which the dosimeters 
were exposed affected the results. In par t icu lar , i t is 
d i f f i c u l t to believe the TLD-100 and TLD-600 readings. 
Since the plaques contain two TLD-100's, the i r results 
would also be affected by the neutron f i e lds . I t is not 
expected that the neutron act ivat ion of the aluminum 
wrapping had much ef fect on the TLD's. Therefore, the 
TLD-700 results would most l i ke l y be closest to the true 
gamma dose absorbed and are the results given in the data 
report sheet (the results from the TLD-'iOO and TLD-600 
are taken only as an indication of a neutron f i e l d being 
present). 
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AECL/W - 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/cm of aluminum and the thinner one with 7 mg/cm of 
mylar tape. These two dosimeters are read automatically 
by a reader which also ident i f ies the plaque. In addit ion, 
there is an unmounted 0.38-mm TLD-700 adjacent to the 

2 
plaque-mounted thick chip and also covered by 540 mg/cm 
of aluminum. 
For ca l ibrat ion, dosimeters are exposed at known levels 

60 
to Co gamma-rays when mounted in holders f i t t e d with 
build-up layers over the thin windows. Each plaque 
mounted TLD is also indiv idual ly calibrated. The unmounted 
TLD's are calibrated afresh af ter 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, i f 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. 

HPL - We have not developed a neutron cal ibrat ion factor for 
our L i ^ O y dosimeter. Therefore, the dose from neutrons 
is an estimate only. We are jus t now beginning our 
program and are hoping that the results of th is test w i l l 
help us establish our program. 

INER — Two sets of dosimeters were used ir. the Sixth PDIS. One 
neutron dosimeter consisted of Lexan polycarbonate f o i l 
(250 ym) 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 f ront and rear dosimeter 
at the phantom and the Karlsruhe Track Etch System using 
electrochemical etching. In our opinion, i t is not correct 
to average the results of one part ic ipant for completely 
d i f fe ren t systems. 

Films and results were supplied by a commercial vender. 

Calculations were based on f ron t , incident exposures on 
the phantom. No energy corrections were made for energy 
d is t r ibu t ion 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) recoi l track-etch 

39 

f o i l s , polycarbonate and Cr, 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 ra t ios . 
The rat ios we used were obtained during the 1977 in te r -
comparison of c r i t i c a l i t y 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 fol low 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 i n te r -
comparison study and are fo r 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 G r i f f i t h . 
He uses a combination of number of tracks and TLD readings 
from the albedos to evaluate the exposure. Mr. G r i f f i t h 
cal ls th is system DOSPEC. The gamma doses are the 
results obtained from the personnel TLD badges. 

RPI - 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 

137 on Cs gammas. 

SNL - The neutron conversion factors used in the Sixth PDIS 
were derived from our part ic ipat ing in the F i f th PDIS. 
The control dosimeters that accompanied the test badges 
read 40 mrem. Those that remained here read 20 mrem. 

SRP - Neutron dosimeter is described in report DP-1277, "Per-
sonnel Albedo Neutron Dosimeter with Thermoluminescent 
\ i F and \ i F . " Gamma dosimeter is described in Report 
DP-1288, "Beta-Gamma Monitoring of Personnel with Thermo-
luminescent Dosimeters." 

TAEC — In th is study only CaS04:Dy is used, and we assume that 
the response of CaS0 :̂Dy is a l l due to gamma radiat ion. 

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

YALE - Landauer Gardray Film was used for a l l measurements. 
Seven out of ten neutron measurements on phantoms including 
a l l f i ve measurements on the rears showed minimal dose. 


