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TWENTY-CECOND ORNL INTERCUMPARISON OF CRITICALILY ACCIDENT DOSIMETRY
SYSTEMS: AUGUST 12-16, 1985

R. E. Swmaja
e

R. Oyaa

C. 8. Sims

Highlights

The tweaty—second in a series of criticality accident dosimetry
intercomparison studies was comducted at the Oak Ridge National
Laboratory ‘s Dosimetry Applications Research Pacility during August 12-
16, 1985. The Health Physics Research Reactor operated in the pulse
mode over Storage Pit No. 1 was used to simulate three criticality
acoidents with different rudiation fields. Participants from aine
organizations measured nevtron doses between 0.36 and 3.78 Gy and gamma
doses between 0.22 and 0.80 Gy at area monitoring stations and on phan-
toms. Approximately 68% of all neutron dose estimates based on foil
activation, thermoluminescent, hair activation, and blood sodium activa-
tion methods were within + 25% of reference values. About 44% of all
gamma results measured using thermoluminescent dosimeters (TLD-700 or
CaSO, phosphors) were within 20% of reference doses. The generally poor
measurement accuracy exhibited in this study indicetes a need for conm-
tinning ORNL accident dcsimetry intercomparison and training programs.

* Work sponsored by the U.S, Denartment of Energy under comtract No.
DE-AC05-840R21400 wich Martin Marieita Energy Systems, Inc.

¢¢ OECD Halden Roactor Project, P.0., Box 173, N-1751 Halden, Norway



INTRODUCT ION

The twenty—second in a seriesi-~? of criticality asccident Josimetry
intercomparisons was conducted at the Osk Ridge National Laboratory’s
(ORNL) Dosimetry Applications Research (DOSAR) Facility durimg Acgust
12-16, 1985. Participants measured neutron doses between 0.36 and 3.78
Gy and gamms doses between 0.22 and 0.80 Gy at area monitoring locations
(air stationms) and on phantoms for three simulated oriticality
scoidents. The accidents were simulated by operating the Health Physics
Research Reactor (HPRR)®* at ORNL in the pulse mode with and without spec-
trum modifying shields, Results reported by individual organizations
were compared with those of other participants who made similar measure-
ments under identical conditions and to reference doses supplied by the
DOSAR staff. This week-long study also included lectures, discussions,
and demonstrations on subjects concerning neutrom activation, biological
dosimetry, accident dose conventions, medical aspects of radiation
accidents, and problems associated with criticality accident monitoring
at participating agencies. The program for this intercomparison is
included in Appendix A of this report.

This study differed from previous ORNL accident dosimetry intercom—
parisons in that the HPRR was operated over Storage Pit No. 1 instead of
over a concrete floor at the "experiment position”. The change in reac-
tor operating location resulted iu the need for new reference dosimetry
compared to that used in prior studies?. The new reference data was
developed based on multisphere neutron measurements, discrete-ordinates
transport calculations, snd nentron and gamma integral dose measure-
ments, Documentation of the revised HPRR reference dosimetry should be

completed in CY 1986,



PARTICIPATION

A total of 18 people from nine differeamt organizations participated
in this study. All nine agencies reported final dose estimates. Appem—
dix B lists individual participants, their affiliations, mailing
addresses, and abbreviations used in this report to identify participat-
ing organizations.

DESCRIPTION OF EXPERIMENTS

A summary of experimental conditions for the three palses com
sidered in this study is given in Table 1. The three pulses had fission
yields between 6.40 and 9.52 x 102¢ fissions for the HPRR with the fol-
lowing shield conditions: unshielded, shielded with 20-cm of concrete,
and shielded with 12-cm of Lucite., Details of the shield construction
have been reported in the literature?.

Figure 1 shows the experimental arrangement of the HPRR, a shield,
and dosimeters for the concrete—shielded pulse, A typical arrangement
of phantoms and dosimeters is shown in Figure 2. Accident dosimeters
were mounted on ring stands or tables for area monitoring station meas-
urements and on BOMAB2®* or Lucite block phantoms for personnel moniter—
ing. Dosimeters at air stations and phantom centerlines were located 3
n from the reactor vertical centerline. Horizontal centerlines of the
HPRR, area monitors, and personnel dosimeters were positioned about 1.4
» above the floor level, All phantoms were arranged with their fronts
facing the HPRR. One BOMAB phantom was filled with a saline solution
with a sodium content approximating that of human whole blood(1.9
mg/ml), The activated raline solution was made available to partici-
pants sfter each pulse for dose messurements based on simulated blood
sodium activation analysisi®, Another BOVAB phantom used for personnel

monitoring studies was filled with tap water,



DOSINETERS USED IN THE INTERCOMPARISON
A general description of the types of radiation dosimeters used in
this study and the abbreviations used to identify them are given below.

Neuntron doses wero measured using foil activation systems or thermo-

luminescent dosimeters (TLD’s) at sir stations and foil activation, TLD,

sodium activation, or hair activation on phantoms. All gamms measure-
ments were made using thermoluminescent dosimeters with TLD-700 (7LiF) or

CuSO4 phosphors. Detaile descriptions of the accident dosimetry sys-

tems and evaluation methods are available in the literature?3,b1s,

Neutzon Dosimeters

1. Foil Activation Systems (Act) - Some materials (e.g., gold, copper,
indium, sulfur) become radioactive when exposed to neutrons, By
measuring the activity of exposed foils, mnentron fluences over dif-
ferential energy ranges can be estimated for the incident spectrum,
Associsted neutron doses can be obtained by applying fluence~to-
dose conversion factors to the estimated fluences and summing over
the range of energies encompassed by the activation foils. Some
activation systems also use foils made of fissionable materials
(e.g.., plutonium, neptuniom, uranium) which have fission cross sec-
tions with thresholds at different neutron energies. These systems
are ocalled Threshold Detector Units (TDU’s) and are generally used
for area monitoring.

2, Thermoluminescent Dosimeters (TLD) - In some substances, motastable
states are produced when these materials are irradiated and, upon
heating, 1light is emitted in proportion to the absorbed dose. For
neutron monitoring, two types of TL materials-one sensitive to gam-
mas (7LiF) and the other sensitive to neutrons and gammas (*LiF)-are

simultaneously exposed to the simnlated nuolear accident radistion
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fields. The response due to neutrons cam be determined after both
chips are anmaslyzed. The thermolumimescenat mneutron systems com-
sidered in this study were of the direct imteraction type which
respond mostly to directly incident nmeutrons.

3. Sodium Activation (NaAct) - Samples from irradiated, saline-filled
phantoms are amalyzed for 24Na activity by anmy of a variety of
counting techniques. The dose received by a phantom is nropor—
tiomal to the activity per unit volume of solution,

4. Human Hair Activation (HAct) - Samples of human hair are analyzed
1or ?3P activity following irradiation. This method is wused to
determine the dose due to neutrons with energies greater than the
33S(n,p) threshold of about 2.5 MeV. The total neutron dose can be
determined if the fast neutron dose fraction is kmown,

Gamma Dosimeters
All gamma dosimeters unsed in this study were TLD's containing TLD-
700 or CnSO4 phosphors. These dosimeters are also used for rontinme
gamma personnel momitoring at participating agencies,
REFERENCE DOSIMETRY
Reference meutron and gamma doses in air and on phantoms are given
in Tables 2 and 3 respectively. Reference meutron doses in air (Table

2) were obtained using fission yields determined by measuring the ?3P

beta activity in a 22 gram sulfur pellet located at a fixed position

near the reactor core and applying new dose-per—-fission conmversion fac~
tors at 3 m from the reactor for the various HPRR spectra. Neutron

doses in air are given in terms of wet tissue kermal4 and element 57

absorbed dosel? with the capture gamma component excluded. Element 57

refers to .he central volume element of a tissune-equivalent oylindrical

phantom wused to calcunlate the average absorbed dose per unit incident



neutzon fluence. Neutron dose in volume element 57 is the highest for
all volume e¢lements in the phantom and represents the expected maximum
moasured value for each eiposure in this study. Reference neutron doses
at air stations varied from 0.36 to 3.78 Gy for this study. Reference
gamma doses in air were obtained by dividing neutron kerma in air by the
neutron—-to-gamma dose ratio at 3 m from the reactor. The neutron-to-
gamma dose ratio is based on measured results from the first twenty-one
ORNL intercomparison studies. For this intercomparison, reference gamma
doses at air stations varied from 0.22 to 0.54 Gy.

The reference neutron and gamma doses on phantoms given in Table 3
for tissue kerma were calculated by =multiplying doses im air by
appropriate air—to-phantom conversion factors developed from measured
results of the first twenty—one NAD intercomparison studies, These fac-
tors were not applied to element 57 dose since this comnvention already
gives the absorbed dose in a particular volume element of a tissue
equivalent phantom, Reference neutron and gamma doses on phantoms
ranged from 0.42 to 3.78 Gy and from 0.28 to 0.80 Gy, respectively, for
this study. For comparison with measured results, reference neutron
doses will are given 1n terms of wet tissue kerma at air stations and
element 57 absorbed dose on phantoms, These conventions are commonly
used to report doses in criticality accident dosimetry intercomparison

studies?,? and are recommended by international regulatory agencies?®,



MEASUREMENT RESULTS AND ANALYSIS

Tables 4-9 summarize final results of measuremeat: reported by par-
ticipants for this intercomparison. Air station results incilnding neu-~
tron and gamma dose esi.imates, and detection systems are given in Tahles
4-6 for each reporting agency. Tables 7-9 summarize results of messure~
ments made on phantoms for each orgamization., Data contained in these
tables include neutron doses, gamma doses, and the basis for the
reported dose estimates.

Table 10 summarizes results of neutron dose measurements at air
stations and on phantoms based on data shown in Tables 4-9. The table
gives average measured neutron doses and experimental standard devia-
tions about the mean for each basic dosimeter type (foil activation,
blood sodium, hair activation, and TL systems) and for the composite of
all measurements, Reference values are also included in terms of wet
tissue kerma for air station results and element 57 absorbed dose for
phantom measurements,

Aversge measured neutron doses normalized to the reference values
and associated percent standard deviations abont the mean (in
parenthesis) are given in Table 11 for each basic dosimeter type and for
the composite of all meisurements, Normalized doses indicate the accu-
racy of the mean of a set of measurements relative to the reference
value. Standard deviation about the mean is a measure of precision and
reflects agreement among individual measurements of the same dose,

Considering all dosimeter types (column labeled "All” in Table 11),
average measured recults were higher than reference values by an average
of about 35% for air stations and 15% for phantoms. For air st;tion and
phantom measurements, resvlts for the unshielded spectrum ;ere more

accurate (within 6% of reference) than results for the moderated spectra



which were 17 to 70% higher than referemces. Average messured phantom
doses were more accurate thanm corresponding results at air stations for
each spectrum, Standard deviations associated with these data were
lower for the unshielded pulse than for the shielded pulses for air sta-—
tion and phantom locations.

Neutron dose measurements at air stations were made using foil
activution detectors, the most popular type of area monitor msed in this
study, or TLD systems. Average activation-measvred neutron doses varied
from 1,06 to 1.79 times reference values with the nnshielded spectrum
providing the most accurate results, Associated standard deviations
averaged 6% of the mean for the unshielded pulse and 40% of the means
for the shielded pulses. Sincs only one agency reported air station
results based on TLD's, no detailed analysis 6f the data is possible.
However, TLD-measured nentrom doses varied from 1.C8 to 1,35 times
reference values for the three pulses

With regard to phantom data, persomnel accident dosimeters based on
foil activation provided average neutron doses which varied from 1.03 to
1,55 cimes references with results for the unshielded spectrum being the
most saccurate. Associated standard deviations were about 20% of the
means for the unshielded and concrete—shielded pulses. Normalized doses
for the one agency who used TLD's to measure neutron doses on phantoms
ranged from 0.96 to 1,10 times reference valnes (average = 1,03) for the
three opulses. Average results based on blood sodium activation were
also very accurate and were within 6% of references for each case.
These data were also very precise in that the average standard deviation
for the three pulses was only 9% of the means. These accurate results
for blood sodium activation are expected since empirioasl correlations

used in this analysis by participating agencies were obtained for the



HPRR spectra considered in this study. Hair activatios dats, which was
reported by one agency, provided accurate results for the unshielded
spectrum (1.01 times the reference dose) but poor zesults for the
moderated spectra (0.48 and 1.76 times references). This performance is
expected because of the reduced fractioa of neutron fluemce sbove sulfur
threshol?d and the low referemce doses (about 0.5 Gy) for the concrete-
and Lucite-shielded spectral®, Of the basic systems rsed to estimate
neutron doses to personnel, TLD’s and sodium activation were the most
accurate (within 10% of referencc values) for all spectra and dose lev—
els considered in this study.

Average gamma dose measurements at air stations u;d on phantoms,
associated experimental standard deviations about the mean, and refer-
ence doses for each pulse are summarized in Table 12. All gamms meas-—
urements were made using either TLD-700 or CaSO4 phosphors. Average
measured gamms doses normalized to reference values and associated per-
cent standard deviations from the mean (in parenthesis) for air station
and phantem locations are given in Tsble 13. Average measured results
varied from 1.14 to 1.53 and from 1,11 to 1.39 times references for air
stations and phantoms, respectively. No obvious correlations between
ganms measurement performance charscteristics (accuracy and precision)
and incident s,ectrum is obvious from these data,

Measured and referenmce paantom—to~air station dose ratios zre given
in Table 14 for neuirons ari gammas. Neutron doses measured on phantoms
are higher than sir station results due to neutrons reflected from the
phantom, Gamma doses on phantoms are higher than at air stations
because of the contribution of gamma rays from neutron capture reactioas
in hydrogenous phantoe materials. Measured phantomto—air dose ratios

are within one experimental standard deviation of reference values
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except for the Lucite-shielded pulse which produced a slightly low meas-
ured result,
DOSIMETER PERFORMANCE RELATIVE TO REGULATORY CRITERIA

Guidelines 17,38 for criticality accident dosimetry suggest accura-
cies of + 25% for neutron and #20% for gamma dose measurements. Table
15 summarizes the performance of neutron and gamma measurements made in
this study relative to these criteria for air atations, phantoms, and
the composite of all measurements. Data shown in the table include the
number of measurements reported, the number satisfying the appropriate
criterion, and the percent of results sctisfyig; the criterion (in
parenthesis) .

A total of 6% of all reported neutron results was within + 25% of
reference values, Participants exhibited about the same success satis-
fying the nentron guidelines at air stations and on phantoms in that 64%
and 70%, respectively, of the reported doses were within 25% of refer—
ences. All results for the unshielded spectra met the guideline while
only 50% of the results for the moderated pulses satisfied the standard.
This performance is consistent with that observed in the most recent
OBNL intercomparisons®-? which indicated about 75% of all neutron meas-
urements within the snggested limits.

Gamma data showed that 44% of all reported results was within + 20%
of reference doses. About 60% of the air station mearurements met the
criterion while only 36% of the phantom measurements satisfied the stan—
dard. All gsmma results for the concrete-shielded pulse were within +
20% of references while none of the Lucite—shielded dats were within
this 1limit, This overall gamma measurement performance is cunsistent

with that observed in recent ORNL intercomparisons3,?,
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CONCLUSIONS

Results of the Twenty-Second ORNI, Criticality Accident Dosimetry
Intercomparison Study indicated that about 68% of all seutron measure-
ments and 44% of all gamma mcasurements made under simulated accident
conditions satisfied suggested regulatory guidelines relative to refer—
ence doues, For neutron measuremenis at air stations or on phantoms,
the most accurate results were obtained for the unshielded HPRR spectrum
which alsc had the highest reference neutron dose (about 3.5 Gy).
Poorest accuracies were exhibited for moderated spectra with reference
neutron doses of approximately 0.5 Gy. On the average, neuntron doses
measured using TLD's or blood sodium activation methods were more accu-
rate than results obtained usimg foil activation systems. Average
reported gamma dose estimates based on TLD-700 or CnSO4 phosphors were
higher than reference values by 11 to 53% for all pulses and momitorimg
locations. Results obtaimed in this study were comsistent with accident
dosimeter performance characteristics observed in receat ORNL intercom—
parisons.

RECOMMENDATIONS

The generally poor measurement accuracy exhibited in this study
indicates a need for continuing ORNL accident dosimetry testing and
training programs. To fill this need, the DOSAR staff will continue to
conduct criticality accident dosimetry intercomparisons every two years
and accident dosimetry trainiag counrses during the years between inter-

comparisons,
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Figure 2.
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Table 1, Summary of experimenmtal conditions"

ML TV S S e hemm——— o

Pulse Bastern Pulse Reactor to
No. Date Daylight yield, b Shield shield distance,
____Time 1026 fissioms - n
1 8/13/88 103n 9.52 None -
2 8/14/85 1116 7.37 20—-cm concrete 1.5
3 8/15/85 1100 6.40 12-cm Lucite 2

*Dosimeters at srea monitoring stations and om Lucite phantoms were
located st 3 m from the center of the HPRR. Centerlines of BOMAB
phantoms on which personnel dosimeters were exposed wvers 3 m from
the HPRR centerline.

anud on sulfur pellet activations analysis.



Table 2. Reference neutron and gamma doses at air stations

Pulse Pulse yield, Neutron¢§6§e. 10—"gy' Neutron-to-gamma Gamma dose
no. . Shield 102¢ fisgions Kerma Element 57 dose ratio 10-‘Gz°
1 Nomne 9.52 333 378 6.2 54
2 20-cm concrete 7.317 48 54 2.2 22
3 12-cm Lucite 65.40 36 42 1.2 30

%Calculated dose at 3 m {rom the reactor centerline based on new HPRR
reference dosimetry, Units are 10-3 Gy (1 rad),

bDose ratio at 3 m from the reactor centerline based on measured results
of the first twenty—one nuclear accident dosimetry intercomparison studies,

°Neutron kerma divided by the neutron-tr-gamma dose ratio.

L1




18

Table 3. Reference neutron and gamms doses om phantoms

ol i - 3 .
Neutron Ganma
Pulse air-to-phantom Neutron dose, 10-3Gy asir-to~phantom Gamma dose,
0. conversiop” Kersa® Element 57 conversion® 10-3gy°
1 1.06 353 378 1.49 80
2 1.20 58 54 1,25 28
3 1.19 ;43 42 1.27 3s

add

"Ratio of phantom—to-air dose based on measured res~lts from the first
twenty-one accident dosimetry intercomparisons.

thoduot of conversion factor times the dose in sir given in Table 2.

- o
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Table 4. Measurements at air stations for pulse no. 1
Yield: 9.52 (103%) fissions

Shield: None

Groﬁp ' Neutron dose, Gamma dose, Detection system
o IO"Gy' 10-3Gy Neutron Ganma
Reference 333 54 - -
Reference 378? - - -
DOSAR 379 - DU -~
PNL 360 64 TLD TLD-700
RFP 330 - Act -
SRP 361 87 Act 'l'l.D-ClSO4
Y-12 340 - Act -

‘Neutron doses represent wet tissue kerma unless otherwise indicated and
are given in vnits of 10-3Gy (1 rad).

bEle-ent 57 dose with H(n,y) component excluded.
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Table S. Measurements at air statioms for pulse no. 2
Yiald: 7.37 (102¢) fissions

Shield: 20-cm concrete

Acldeganed, Y -

Group Neutron dose, Gamma dose, Detection system
e 10-365" 10-3Gy Neutron  Gemma
Reference 48 22 - -
Reference s4b - - -

DOSAR 53 - DU -

PNL 65 24 TLD TLD-700

RFP 63 - Act -

SRP 114 26 Act TLD-CaSO,
Ly12, L . 114 - Act -

*Neutron doses represent wet tissue kerms unless otherwise indicated and
are given in units of 10-2Gy (1 rad).

bElolent 57 dose with H(n,y) component excluded.
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Table 6. Measuremsnts at air stations for pulse no. 3
Yield: 6.40 (102¢) fissions

Shield: 12-cm Lucite

i

Group Neutron dose, Gamma dose, Detection system
. . 10-36y* 10-3Gy Neutron Ganma
Reference 36 30 - -
Reference 42° - - -
DOSAR 39 - DU -
PNL 41 46 TLD TLD-700
RFP 34 - Act -
SRP 114 26 Act TLD-CaSO 4
Y-12 . 114 - Act -

s

“Neutron doses represent wet tissue kerms unless otherwise indicated and
are given in units of 10-3Gy (1 rad).

bElenent 57 dose with B(n,y) component excluded.
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Table 7. Measurements on phantoms for pulse no. 1
Yield: 9.52 (102¢) fissions

Shield: None

Ll oSl

Group Neutron dose, Gamma dose, Basis for estimates
. 10-’Gy' 10-3Gy Neutron Gamma
Reference 378 80 - -

DOSAR 378 - NaAct?

DOSAR 380 - HAct® -
DPC 363 98 TLD ‘I'LD--C;SO4
INEL 459 105 Act TLD-700
NLO 411 127 Act TLD
SRP 302 112 Act TLD—C:SO4

_Y~12 . 335 - NsAct -

*Neutron doses given in element 57 convention unless otherwise indicated
and are given in units of 10-3Gy (1 rad).

bBlood sodiom activation.

cActivation of sulfur in hair.
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Table 8. MNeasurements on phantoms for pulse no. 2
Yield: 7.37 (102¢) fissions

Shield: 20-cm concrcte

Y U

Group Neutron dose, - Gamma dose, _B.sii for estimates
. . 10-3Gy" 10-3Gy Neutron Gamma
Reference 54 28 - -
DOSAR 52 - NaAct? -
DOSAR 26 - BAct® -
DPC 55 32 TLD TLD—-CaS0O 4
INEL 47 - NaAct TLD-700
INEL 72 32 Act TLD
NLO 72 32 Act TLD
SRP 71 28 Act 'ILD-C.SO4
Y12 63 = NaAct -

®Neutron doses given in element 57 convention unless otberwise indicated
and are given in uwnits of 10-3Gy (1 rad).

bBlood sodium activation,

cActivation of sulfur in hair,



Table 9. Measurements on phantoms for pulse no. 3
Yield: 6.40 (102¢) fissjons
12-cm Lucite
"G:Quﬁ" Nevtron dos;; Gamma dose, Basis for estimates
. o 10-36y" 10—3Gy Neutron  Gamma
Reference 42 38 - -
DOSAR 43 - NaAct® -
DOSAR 74 - HAct® -
DPC 46 53 TLD TI.D-CaS0O 4
INEL 46 53 TLD TLD-CaSO 4
INEL 40 - NaAct -
NLO - 49 - TLD

. e

i

B

*Neutron doses given in element 57 convention unless otherwise indicated
and are given in units of 10-3Gy (1 rad).

b

cActivation of sulfur in hair,

Blood sodimum activation,

e v e,



Table 10. Summary of results of neutron dose measuremoents at air stations and on phantoms
Dosimeter
Pulse location - Neutron|?ose, IOj;Sy' -—

no. (spectrum) Act TLD NaAct HAct All Reference

1 Air (bare) 352 +22(0)f  360(1) - - 354 + 19(5) 333

2 Air (concrete) 86 + 32(4) 65(1)) - - 82 + 30(8) 48

3 Air (Lucite) 48 + 21(3) 41(1) - - 46 + 17(4) 36

1 Phantom (bare) 391 + 80(3) 363(1) 556 +30(2) 380(1) 378 + 51(7) 378

2 Phantom (concrete) 78 + 11(3) 55(1) 53 + 8(3) 26(1) 63 + 14(8) 54 o
3 Phantom (Lucite) 65(1) 46(1) 42 + 2(2) 74(1) 54 + 15(5) 42

Values are average doses * one standard deviation based on data
4-6 (air stations) and Tables 7-9 (phantoms). Wet tissue kerma
used for air station results and element 57 convention used for
measurements.

bNentron activation foils and TDU's,

°Blood sodinm activation,

dActivation of sulfur in hair,

®Includes results for all dosimeter types.

aniher of measurements given in parenthesis.

shown in Tables
convention is
phantom




Table 11. Normalized average measured nevtron doses and percent standard deviations

Dosimeter b
Pulse location Normalized neutron dose (percent standard deviation)
no. (spectrum) Act® TLD NlActd‘_dkgﬂActe Allf
1 Air (bare) 1.06 (6) 1.088 - - 1.06(5)
2 Air (concret-) 1.79 (37)  1.3s8 - - 1.70(36)
3 Air (Lucite) 1.33(44) 1.148 - - 1.28(37)
1 Phantom (bare) 1.03(21) 0.968  0.94(8) 1.018  0.99014)
2 Phantom (concrete) 1.44(20) 1,025  1.00015) 0.48%  1.17(22)
3 Phantom (Lucite) 1.558 1,108 1,00(5) 1.768  1.29(28)

%Based on data shown in Table 10.

bAveta;e reported measured dose divided by
one standard deviation about the mean).

®Neutron activation foils and TDU'’s.
dBlood sodium activation.
®Activation of sulfur in hair.

fincludes results for all dosimeter types.

the reference value

sOnly one measurement reported for this pulse.

(percent of

9¢



Table 12, Summary of results of gamma dose measurements at air stations and on phantoms
Pulse Dosimeter Gamma dose, 10-3Gy"

no. location(spectrum) 'I'LDb Reference

1 Air (bare) 76 + 16(2) 54

2 Air (concrete) 25 + 1(2) 22

3 Air (Lucite) 46 (1) 30

1 Phantom (bare) 111 + 12(4) 80

2 Phantom (concrete) 31 + 2(4) 28

3 Phantom (Lucite) 51 + 2(3) 38

"Values are average doses based on data shown in Tables 4-6 (air) and
Tables 7-9 (phantoms) + one standard deviation about the mean (number
of reported results in parenthesis),

b

All reported gamma measurcwents were made with TLD-700 or CaSO4 phosphors,

[a%s
~J



Table 13. Normalized average mcasured gamma doses and associated percent standard deviations"

Pulse — Dosimeter Normalized gamma dose
nP. . . Shielad location (percent standard deviluon)b
1 None Air 1.41(30)
2 Concrete Air 1,14(8)
3 Lucite Air 1.53°
1 None Phantom 1.39(18)
2 Concrete Phantox 1.11(7)
3 Lucite Phantom 1.24(5)

‘Blsed on data shown in Table 12.

bAvetnge reported measured dose divided by the reference value (percent
of one standard deviationm about the mean),.

cOnly one measurement reported for this pulse.

8¢
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Table 14. Comparison of doses weasured on phantoms with those measured at air stations

Ratio of phantom dose to air station dose

Pulse Shield Neutron Ganma
a b c )
no, a Measured Reference Measured Reference
1 None 1.06 + 0.179 1.06 1.46 + 0.24 1.49
2 Concrete 1.41 + 0.24° 1.20 1.24 + 0,08 1.28
3 Lucite 1,17 + 0.49 1.19 1.11 + 0.04 1.27

%Based on data given in Table 10 for all reported dose measurements.

62

bBascd on measured results from the first 21 intercomparisons.
“Based on data given in Table 12 for all reported dose mecasurements,

dPhantou dose (element 57) divided by air dose (tissue kerma) + one
standard deviation about the mean,

‘One very low reported neutron dose on a phantom was not considered inm
this calculation.




Table 1S, Summary of final measured results relative to regulatory criteria®

Neutron results Gamma results

Pulse Dosimeter location Number of Number moeting Number of Number meeting

no . . (sghield) moasurements cr!terionb measuremonts or!tor!onb

1 Air (none) L 5(100) 2 1 (50)

2 Air (concrete) 5 1 (20) 2 2 (100)

3 Air {Lucite) 4 3 (75) 1 0 (0)

1 Phantom (n.ae) 7 7(100) 4 0 (0)

2 Phantom (concrete) 8 4 (50) 4 4 (100)

3 Phantom (Lucite) 5 3 (60) 3 o (0)
Total 34 23 (68) 16 7 (44)

.

2Criteria presented in ANSI N13.3 which suggests accuracies of + 25%
for neuntron doses and + 20% for gamma doses.

bNunber of measurements meeting the above mentioned criteria (percent

meeting criteria).

oF
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PROGRAM
TWENTY-SECOND NUCLEAR ACCIDENT DOSIMETRY INTERCOMPARISON STUDY

Aogust 12-16, 198S

Date Time Activity
Angust 12 9:30 AM Welcome and orientstion, C. S. Sims (ORNL)
(Monday)
10:00 Review of the stundy program, R, E. Swaja (ORNL)
10:30 Tour of DOSAR Facility and HPRR - Equipment setap
LUNCH

1:00 PN Lecture: Criticality Accident Dosimetry,
R. E. Swaja (ORNL)

2:00 Lecture: Reporting Accident Doses,
C. S. Sims (ORNL)

3:00 Preparation for Pulse No. 1

August 13 8:00 AN Final setup of dosixzeters for Pulse No. 1
(Tuesday)
9:00 Descriptions of dosimetry systems—
Study participants
10:00 Observation of HPRR pulse operation—-
Pulse No. 1--unshielded
11:00 Group photograph-—collect dosimeters
LUNCH
1:00 Dosimeter analysis and experimental analysis of
quick sort system responses for unshielded spectrum
August 14 8:00 AN Final setup of dosimeters for Pulse No. 2
(Wednesday)
9:00-11:30 Tour of ORNL for NAD Study participants
10:00 Pulse No. 2--concrete shield
11:30 Collect dosimeters

LUNCH
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1:00 PN Dosimeter analysis and experimental analysis of
quick sort system responses for concrete spectrum
August 15 8:00 AN Final setup of dosimeters for Pulse No, 3
(Thursday)
9:00 Progxess in the Anslysis of the Jepanese Bomb
Syryivor Dats, G. D. Kerr, ORNL
10:00 Medi A o jstio cidents,
S. A. Fry (ORAD)
10:30 Pulse No. 3—Lucite shield
11:30 Collect dosimeters
LUNCH
1:00 Dosimeter anslysis and experimental amalysis of
quick sort system responses for Lucite spectrum
Angust 16 9:30 AM Presentation of preliminary dose estimates,
(Friday) discussion of quick sort experiments, and review
of data reporting format
10:30 Critique and summary
11:00 End of study
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LIST OF PARTICIPANTS AND OBSERVERS

Name Affiliation and Address
E. G, Bailiff Oak Ridge National Laboratory
G. R. Patterson Building 7710
R. Oyan P.0. Box X
G. E. Ragan Oak Ridge, Tennessee 37831
C. 8. Sims .
R. E. Swaja DOSAR
Allen Bollinger Duke Power Company
Sammie Johnson Rte. 4, Box 531
Huntersville, North Carolina 28078
.
DPC
Alan H, Jeffries Goodyear Atomic Corporation
P.0. Box 628
Piketon, Ohio 45661
.
. GAT
R. Douglas Carlson Idaho National Engineering Laboratory
USDOE - Dosimetry Branch
550 Second Street
Idaho Falls, Idaho 83401
*
INEL
David J. Lindenschmidt National Lead of Ohio, Inc.
Gregory V. Macievic P.0O. Box 39158
Cincinnati, Ohio 45239
.
NLO
Lowell Nichols Battelle Pacific Northwest Laboratories
P.0. Box 999
Richland, Washington 99352
.
PNL

. .
Abbreviation used to identify this organization in this report
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Name Affiliation a re

Robert MNiles Rockwell International~Rocky Flats Plant
P, 0. Box 464
folden, Colorado 80401

RFP
Steven A. Thomas Dupont-Savannah River Plant
Charles N, Wright Building 735A :
Aiken, South Carolina 29808
*skp
J. B, Buddenbaum Martin-Marietta Energy Systems, Inc.
D. A, Jones Y-12 Plant

Building 9711-1, MS-3
Osk Ridge, Tenne.see 37831

.
Y-12

i, i

L
Abbreviation used to identify this organization in this report.
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36.

37.

38,

39.

40.

41,
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43,
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45.

46.
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INTERNAL DISTRIBUTION
Central Research Library 17. D. A. Jones
Document Reference Sectiom 18. S. V. Kaye
Laboratory Records Department 19. B. H. Lane
Laboratory Records, ORNL R. C. 20. C. V. Miller
ORNL Patent Office 21, D. C. Parzyck
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C. D. Berger 23, C. R. Richmond
B. A. Berven 24, P. S. Rohwer
J. S. Bogard 25-29. C. S. Sims
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R. 0. Chester
H. R. Dyer
K. F. Eckerman
L. B. Holland
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J. M. Aldrich, Rockwell International-Rocky Flats Plant, P.O. Box 464,
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R. P. Bradley, Radiation Protection Bureaun, Dosimetry Section, Brookfield
Road, Ottawa, Ontario KIA ICI CANADA

G. Burger, Gesellschaft fur Strahlen—-und Umweltforschung, Ingolstadter
Landstrasse 1, 8042 Neuherberg, FEDERAL REPUBLIC OF GERMANY

R. D. Carlson, USDOE-Dosimetry Branch, 550 Second Street, Idaho Falls,
ID. 83401

T. L, Chou, Taiwan Power Company, Radiation Laboratory, P,0, Box 7
Shinmen, Taiwan 253, REPUBLIC OF CHINA

P. Christensen, RISO National Laboratory, Health Physics Department,
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L. E. Coldren, Rockwell International-Rocky Flats Plant, P.O, Bor 464,
Golden, CO 80401

P, G, daCunha, Instituto de Radioprotecao ¢ Dosimetria, Av das Americas,
Km 11.5, Barras da Tijuca, Cx.P. 37025, Rio de Janeiro, BRAZIL

J. P. Cusimano, U.S. Dept. of Energy, Dosimetry Branch, 550 Second
Street, Idaho Falls, ID 83401

H, Delafield, AERE, Environmental and Nedical Sciences Division, Harwell,

Oxfordshire OX 11 ORA, UNITED KINGDOM

E. H. Dolecek, Argonna National Laboratory, 9700 S. Cass Avenue, Argonne,

Illinois 60439

K. Duftschmid, Austrian Research Center—Seibersdorf, Lenaugasse 10,
A-1082 Wien, AUSTRIA

I. Dvornik, Ruder Boskovic Institute, Bijenicka 54, P.0., Box 1016,
41001 Zagreb, Croatis, YUGOSLAVIA

J. J. Fix, Battelle Pacific Northwest Laboratories, P.0. Box 999,
Richland, WA 99352

F. N. Flakus, International Atomic Energy Agency, Wagramerstrasse 5,
P.0. Box 100, A-1400 Vienna, AUSTRIA

R. L. Gladhill, National Bureau of Standards, Admin-AS31, Gaithersburg,
MD 20899

R. T. Greene, Geusral Electric Company, P.0. Box 2908, Largo, FL 34294

D. E. Hankins, Lawrencc Livermore National Laboratory, P.0O. Box 5505,
Livermore, CA 94550

M. Hofert, CERN TIS/RP, CH 1211 Geneva 23, SWITZERLAND

P. Y. Hwang, Taiwan Power Company, Radiation Laboratory, P, 0. Box 7,
Shinmen, Taiwan 253, REPUBLIC OF CHINA

H. Ing, Chalk Rivar Nuclear Laboratories, Chalk River, Ontario, CANADA
KOH 1JO

A. H, Jeffries, Goodyear Atomic Corporation, P.O, Box 628, Piketon,
OH 45661

8. Johnson, Duke Power Company, Rt. 4, Box 531, Huntersville, NC 28078

J. S, Jun, Chungnam National University, Department of Physics,
Chungnam 300-31, KOREA
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NS CA45, Bethesda, Maryland 20814

J. M. Langsted, Rockwell International-Rocky Flats Plant, P.0. Box 464,
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H, Lesiecki, Physikalisch~-Technische Bundesanstalt, Bundesallee 100,
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E. Piesch, KFZ Karlsruhe, Postfach 3640, D-7500 Karlsruhe, FEDERAL
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G. Portal, CEA-Department of Protection, F-92260 Fontenay aux Roses,
FRANCE
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