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TWENTY-SECOND ORNL INTE1COIIPARISON OF CUTICALITjr ACCIDENT DOSDBHT 
STSTENS: AUGUST 12-16. 1985 

R. B. Swaja 
S. Oyam 
C. S. Sims 

Highlight. 

Tbe twenty-second in a series of criticality accident dosimetry 
intercoatparisoai stndies was condncted at tbe Oak Ridge National 
Laboratory's Dosimetry Applications Research Facility daring Angust 12-
16, 1985. The Health Physics Research Reactor operated in the pnlse 
•ode over Storage Pit No. 1 was ssed to simulate three criticality 
accidents with different radiation fields. Participants frost nine 
organizations aeasnred nentron 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-
toas. Appxoxiaately 68% of all nentron dose estimates based on foil 
activation, theraolnainescent, hair activation, and blood sodion activa­
tion aethods were within + 25% of reference values. Abont 44% of all 
gamma results Measured nsing thermoluminescent dosiaeters (TLD-700 or 
CaSO. phosphors) were within 20% of reference doses. The generally poor 
•easnrement accuracy exhibited in this study indicates a need for con-
tinning 0RNL accident dosimetry intercomparisoa and training programs. 

* Work sponsored by the U.S. Department of Energy nnder contract No. 
DE-AC05-840B21400 with Martin Marietta Energy Systems, Inc. 

•• 0ECD Balden Reactor Project, P.O. Box 173, N-1751 Balden, Norway 
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INTRODUCTION 

The twenty-second in a series*-' of critical ity accident tosiaetry 

intercoaparisons was conducted at the 0«k Ridge National Laboratory's 

(OBNL) Dosimetry Applications Research (DOSAR) Facility dnring August 

12-16, 1985. Participants measured neutron doses between 0.36 and 3.78 

Gy and gemma doses between 0.22 and 0.80 Gy at area Monitoring locations 

(air stations) and on phantoas for three sisolated eriticality 

aeeidents. The accidents were siaulated by operating the Health Physics 

Research Reactor (HPRR)* at ORNL in the pulse node with and without spec­

trum modifying shields. Results reported by individual organizations 

were compared with those of other participants who Bade siailar aeasure-

aents under identical conditions and to reference doses supplied by the 

DOSAR staff. This week-long study also included lectures, discussions, 

and deaonstrations on subjects concerning neutron activation, biological 

dosiaetry, accident dose conventions, aedical aspects of radiation 

accidents, and problem associated witn criticslity accident monitoring 

at participating agencies. The prograa for this intercoaparison is 

included in Appendix A ot this report. 

This study differed froa previous ORNL accident dosiaetry intercom-

parisons in that the BPRR was operated over Storage Pit No. 1 instead of 

over a concrete floor at the "experiaent position". The change in reac­

tor operating location resulted ia the need for new reference dosiaetry 

coapared to that used in prior studies*. The new reference data was 

developed based on aultisphere neutron measurements, discrete-ordinates 

transport calculations, snd neutron and gaaaa integral dose measure­

ments. Doeuaentation of the revised HPRR reference dosiaetry should be 

completed in CT 1986. 
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PARTICIPATION 

A total of 18 people from nine different organizations participated 

in this stndy. All sine agencies reported final dose estiaates. Appen­

dix B lists individual participants, their affiliations. Bailing 

addresses, and abbrewiations need in this report to identify participat­

ing organisations. 

DESCRIPTION OF EXPERIMENTS 

A snasury of experimental conditions for the three pulses con­

sidered in this stndy is given in Table 1. The three pnlses had fission 

yields between 6.40 and 9.52 x 1 0 " fissions for the HPRR with the fol­

lowing shield conditions: unshielded, shielded with 20-cn of concrete, 

and shielded with 12-cn of Lacite. 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 monnted on ring stands or tables for area monitoring station meas­

urements and on BOMAB** or Lucite block phantoms for personnel monitor­

ing. Dosimeters at air stations and phantom centerlines were located 3 

m from the reactor vertical centerline. Horizontal centerlines of the 

HPRR, area monitors, and personnel dosimeters were positioned about 1.4 

m 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 solntion was made available to partici­

pants after each pulse for dose measurements based on simulated blood 

sodium activation analysis11. Another BOKAB phantom nsed for personnel 

monitoring studies was filled with tap water. 
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DOSIMETERS USED IN 1KB INTEKCOHPARISON 

A general description of the types of radiation dosiaeters used in 

this study and the abbreviations used to identify thea are given below. 

Neutron doses were aeasured using foil activation systeas or therao-

luainescent dosiaeters (TLO's) at air stations and foil activation, TLD, 

sodiua activation, or hair activation on phantoas. All gaaaa aeasure-

aents were Bade using theraoluainescent dosiaeters with TLD-700 (TLiF) or 

CaSO. phosphors. Detailc descriptions of the accident dosiaetry sys­

teas and evalaation methods are available in the literature1*,1*. 

Nentron Dosiaeters 

1. Foil Activation Systeas (Act) - Soae materials (e.g., gold, copper, 

indiua, sulfur) becoae radioactive when exposed to neutrons. By 

measuring the activity of exposed foils, neutron fluenees over dif­

ferential energy ranges can be estimated for the incident spectrum. 

Associated neutron doses can be obtained by applying fluence-to-

dose conversion factors to the estiaated fluences and snaaing over 

the range of energies encoapassed by the activation foils. Soae 

activation systems also nse foils made of fissionable materials 

(e.g., plutonium, neptuniua, uranium) which have fission cross sec­

tions with thresholds at different neutron energies. These systeas 

are called Threshold Detector Units (TDU's) and are generally used 

for area monitoring. 

2. Thermoluminescent Dosiaeters (TLD) - In soae substances, aetastable 

states are produced when these material* are irradiated and, upon 

heating, light is eaitted in proportion to the absorbed dose. For 

neutron aonitoring, two types of TL aaterials-one sensitive to gam­

mas CLiF) and the other sensitive to neutrons and gammas ('LiF)-are 

simultaneously exposed to the siaultted nuclear accident radiation 
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fields. The response doe to nentrons can be determined after both 

chips are analysed. The theraolaainescent neutron systems con­

sidered in this stndy were of the direct interaction type which 

respond mostly to directly incident nentrons. 

3. Sodina Activation (NaAct) - Samples from irradiated, saline-filled 

phantoms are analyzed for S 4Na activity by any of a variety of 

counting techniqnes. The dose received by a phantom is propor­

tional to the activity per unit volume of solntion. 

4. Human Hair Activation (HAct) - Samples of human hair are analyzed 

lor »*P activity following irradiation. This method is used to 

determine the dose due to neutrons with energies greater than the 

**S(n,p) threshold of about 2.5 MeV. The total neutron dose can be 

determined if the fast neutron dose fraction is known. 

Gamma Dosimeters 

All gamma dosimeters used in this study were TLD's containing TLD-

700 or CaSO. phosphors. These dosimeters are also used for ro«tine 

gamma personnel monitoring at participating agencies. 

REFERENCE DOSIMETRY 

Reference neutron and gamma doses in air and on phantoms are given 

in Tables 2 and 3 respectively. Reference neutron doses in air (Tabl« 

2) were obtained using fission yields determined by measuring the *'P 

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

near the reactor core and applying new dose-per-fission conversion fac­

tors at 3 • from the reactor for the various HPRR spectra. Neutron 

doses in air are given in terms of wet tistue kerma 1 4 and element 57 

absorbed dose 1' with the capture gamma component excluded. Element 57 

refers to .he central volume element of a tissue-equivalent cylindrical 

phantom used to calculate the average absorbed dose per unit incident 
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neutron flnence. Neutron dose in voluae element 57 is the highest for 

all volume elements ia the phantoa and represents the expected aaxiaaa 

aeasnred value for each exposure in this study. Reference neutroa doses 

at air stations varied froa 0.36 to 3.78 Oy for this study. Reference 

gamma doses in air were obtained by dividing neutron keraa in air by the 

neutron-to-gaaaa dose ratio at 3 a froa the reactor. The neutron-to-

gaama dose ratio is based on aeasured results froa the first twenty-one 

ORNL intercoaparison studies. For this intercontparison, reference gamma 

doses at air stations varied froa 0.22 to 0.54 Gy. 

The reference neutron and gaaaa doses on phantoas given in Table 3 

for tissue keraa were calculated by multiplying doses in air by 

appropriate air-to-phantoa conversion factors developed froa aeasured 

results of the first twenty-one NAD intercoaparison studies. These fac­

tors were not applied to eleaent 37 dose since this convention already 

gives the absorbed dose in a particular volnae eleaent of a tissue 

equivalent phantoa. Reference neutron and gaaaa doses on phantoms 

ranged froa 0.42 to 3.78 Oy and froa 0.28 to 0.80 Oy, respectively, for 

this study. For coaparison with aeasnred results, reference neutron 

doses will are given in terns of wet tissue keraa at air stations and 

eleaent 57 absorbed dose on phantoas. These conventions are coaaonly 

used to report doses in criticality accident dosiaetry intercoaparison 

studies1,1 and are reeoaaended by international regulatory agencies1*. 
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MEASU1EMENT RESULTS AND ANALYSIS 

Tables 4-9 suaaarize final results of measureaenti. reported by par­

ticipants for this intercoaparison. Air station results including neu­

tron and gaaaa dose estimates, and detection systeas are given in Tables 

4-6 for each reporting agency. Tables 7-9 soaaarixe results of aeasore-

Bent s aade on phantoas for each organization. Data contained in these 

tables include neutron doses, gaaaa doses, and the basis for the 

reported dose estimates. 

TaSle 10 suaaarizes results of neutron dose aeasnreaents at air 

stations and on phantoas based on data shown in Tables 4-9. The table 

gives average aeasured neutron doses and experiaental standard devia­

tions about the aean for each basic dosiaeter type (foil activation, 

blood sodiua, hair activation, and TL systeas) and for the composite of 

all aeasureaents. Reference values are also included in terns of wet 

tissue keraa for air station results and eleaent 57 absorbed dose for 

phantoa aeasureaents. 

Average aeasored neutron doses noraalized to the reference values 

and associated percent standard deviations abont the Bean (in 

parenthesis) are given in Table 11 for each basic dosiaeter type and for 

the coaposite of all aetsurements. Normalized doses indicate the accu­

racy of the seen of a set of measurements relative to the reference 

value. Standard deviation about the aean is a measure of precision and 

reflects agreement among individual aeasureaents of the saae dose. 

Considering all dosimeter types (column labeled "All" in Table 11), 

average aeasured results were higher than reference values by an average 

of about 35% for air stations and 15% for phantoas. For air station and 

phantoa measurements, results for the unshielded spectrum were more 

accurate (within 6% of reference) than results for the moderated spectra 
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which were 17 to 70% higher than references. Average measured phantom 

doses were more accurate than corresponding results at air stations for 

each spectrum. Standard deviations associated with these data were 

lower for the nnshielded palse than for the shielded pnlses for air sta­

tion and phantom locations. 

Neutron dose measurements at air stations were made using foil 

activation detectors, the most popular type of area monitor used in this 

itody, or TLD systems. Average activation-measured neutron doses varied 

from 1.06 to 1.79 times reference values with the unshielded spectrum 

providing the nost accurate results. Associated standard deviations 

averaged 6% of the re an for the unshielded pulse and 40% of the means 

for the shielded pulses. Sines only one agency reported air station 

results based on TLD's, no detailed analysis of the data is possible. 

However, TLD-measnred nentron doses varied from 1.C8 to 1.35 tines 

reference values for the three pulses 

With regard to phantom data, personnel accident dosimeters be*ed on 

foil activation provided average neutron doses which varied from 1.03 to 

1.55 times references with results for the unshielded spectrum being the 

moat accurate. 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 values (average - 1.03) for the 

three pulses. 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 thst the average standard deviation 

for the three pulses was only 9% of the means. These accurate results 

for blood sodium activation are expeoted since empirioal correlations 

used in this analysis by partioipating agencies were obtained for the 
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HPKR spectra considered in this stady. Hair activation data, which was 

reported by one agency, provided accarate resnlts for the anshielded 

spectma (1.01 tiaes the refereace dose) ant poor zesalts for the 

aoderated spectra (0.48 aad 1.76 tiaes references). This perforaaace is 

expected because of the reduced fractioa of aeatroa flaeace above salfar 

threshold aad the low reference doses (aboat 0.5 Gy) for the coacrete-

aad Lncite-shielded spectra1*. Of the basic systeas rsed to estimate 

aeatron doses to personnel, TLD's aad sodium activation were the aost 

accnrate (within 10% of reference valaes) for all spectra and dose lev­

els considered in this stady. 

Average gaaaa dose measurements at air stations and on phantoms, 

associated ezperiaental standard deviations aboat the mean, and refer­

ence doses for each pulse are snaaarized in Table 12. All gamma meas-

nreaents were aade using either TLD-700 or CaSO phosphors. Average 
4 

measured gamaa doses normalized to reference values and associated per­

cent standard deviations froa the aeaa (in parenthesis) for air station 

and phantca locations are givea in Table 13. Average aeasared results 

varied froa 1.14 to 1.53 and froa 1.11 to 1.39 tiaes references for air 

stations and phantons, respectively. No obvious correlations between 

gaaaa measurement perfornance characteristics (accuracy and precision) 

and incident spectrum is obvious froa these data. 

Measured and reference paantom-to-air station dose ratios are given 

in Table 14 tox neutrons as<* gaaaas. Neutron doses aeasured on phantoas 

are higher than air station results due to neutrons reflected froa the 

phantoa. Gaama dose* on phantom* are higher than at air stations 

because of the contribution of gaaaa rays froa neutron capture reactions 

in hydrogenous phaatoa material*. Measured phantoa-to-air dose ratios 

are within one experimental standard deviation of reference values 
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except for the Lncite-shielded pulse which produced a slightly low Mat­

ured resnlt. 

DOSIMETER PERFORMANCE RELATIVE TO REGULATORY CRITERIA 

Guidelines »»,*• for criticality accident dosimetry suggest accura­

cies of + 23% for neutron and +20% for gaaaa dose measurements. Table 

IS suaaarizes the performance of neutron and gamma aeasureaents Bade in 

this study relative to these criteria for air stations, phantoms, and 

the coaposite of all aeasureaents. Data shown in the table include the 

nuaber of aeasureaents reported, the nuaber satisfying the appropriate 

criterion, and the percent of results satisfying the criterion (in 

parenthesis). 

A total of 68% of all reported neutron results was within £ 25% of 

reference values. Participants exhibited about the saae success satis­

fying the neutron guidelines at air stations and on phantoas in that 64% 

and 70%, respectively, of the reported doses were within 25% of refer­

ences. All results tot the unshielded spectra net the guideline while 

only 50% of the results for the moderated pulses satisfied the standard. 

This perforaance is consistent with that observed in the aost recent 

ORNL intercoaparisons1-* which indicated about 75% of all neutron meas­

urements within the suggested liaits. 

Gaaaa data showed that 44% of all reported results was within ± 20% 

of reference doses. About 60% of the air station meaKurements met the 

criterion while only 36% of the phantom measurements satisfied the stan­

dard. All gamma results for the concrete-shielded pulse were within + 

20% of references while none of the Lucite-shielded data were within 

this limit. This overall gamma measurement performance is consistent 

with that observed in recent ORNL intercomparisons*,'. 
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CONCLUSIONS 

Results of the Twenty-Second ORNL Criticality Accident Dosimetry 

Intercoaparison Study indicated that abont 68* of all nentron aeasure-

aents and 44% of all gaaaa aeasnreaents aade under sianlated accident 

conditions satisfied snggested regulatory guidelines relative to refer­

ence dof.es. For nentron aeasureaents at air stations or on phantoas, 

the aost accurate results were obtained for the unshielded HPKR spectrua 

which also had the highest reference neutron dose (about 3.5 Gy). 

Poorest accuracies were exhibited for aoderated spectra with reference 

neutron doses of approziaately 0.5 Gy. On the average, neutron doses 

aeasnred using TLD's or blood sodiua activation nethods were aore accu­

rate than results obtained using foil activation systeas. Average 

reported guana dose estimates based on TLD-700 or CaSO. phosphors were 
4 

higher than reference values by 11 to 53% for all pulses and monitoring 

locations. Results obtained in this study were consistent with accident 

dosiaeter perforaance characteristics observed in recent ORNL intercoa-

parisons. 

RECOMMENDATIONS 

The generally poor aeasureaent accuracy exhibited in this study 

indicatea a need for continuing ORNL accident dosimetry testing and 

training prograas. To fill this need, the DOSAR staff will continue to 

conduct criticality accident dosinetry intercoaparisons "very two years 

and accident dosimetry training courses during the years between inter­

coaparisons. 

http://dof.es
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Table 1. Sn i—IIj of czperiaental conditions 

False 
No. Date 

Eastern 
Daylight 
Tin* 

False 
yield. 

1 0 " fissions0 

Shield 
Keactor to 

shield distance, 
a 

1 

2 

3 

8/13/85 

8/14/85 

8/15/85 

1030 

1116 

1100 

9.52 

7.37 

(.40 

Hone 

20—ca concrete 

12-ca Lneite 

1.5 

2 

*Dosiaeters at area aonitoring stations and on Lncite phantoas were 
loeated at 3 a froa the center of the HFKK. Centerlines of B0MAB 
phantoas on which personnel dosiaeters were exposed were 3 a froa 
the HPMt centerline. 

Based on salfar pellet activation analysis. 



Table 2. Reference neutron and gaaaa doses at air stations 

Pulse Pulse yield, Neutron dose, 10-* Qy* Neutron-to-gaaaa Oaaaa dose 
no. , Shield 10** fissions Keraa Eleaent 57 dose ratio 10-»0yc 

1 None 9.52 333 378 6.2 54 

2 20-ca concrete 7.37 48 54 2.2 22 

3 12-ca Lncite 6.40 36 42 1.2 30 

Calculated dose at 3 a froa the reactor cebterline based on new HPRS 
reference dosiaetry. Units are 10-* Gy (1 rad). 

Dose ratio at 3 a froa the reactor centerline based on aeasured results 
of the first twenty-one nuclear accident dosiaetry intercoaparisoQ studies. 

Neutron keraa divided by the neutron-f-gaaaa dose ratio. 
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Tsbls 3 . Reference neatron sad gaaaa doaas oa pfcaatoaa 
* 
Neutron Oa 

Palst lir-to-pfcaatoa Neatroa dose* 10-*Gy air-to-phantoa Oaaaa dose. 
no. . coayeraioa* *.»a f c Bieaeat 57 coaversioa* 10-»Gyb 

1 1.06 3S3 378 1.49 80 
2 1.20 58 54 1.25 28 
3 1.19 • « 42 1.27 38 

Htatio of phaatoat-to-air dots baaed oa BMaanred res-Its froa the first 
twenty-oae aecideat dosiaetry latercoaparisont. 

Product of convertion factor tiaet the dose ia air giyen ia Tabic 2. 
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Table 4. Measoreaeats at air stations for pnlse no. 1 

Tield: 9.52 (10**) fissions 

Shield: None 
• I - I " l I 1 ' - " " - - I • I I I - - • • - I 

Group Neutron dose, Gaaaa dose. Detection systea 
10-*Gy* 10-*Gy Neutron Gaaaa 

54 

TOD 

TLD 

Act 

Act 

Act 

Reference 333 
Reference 37 81 

DOSAR 379 
PNL 360 
RFP 330 
SRP 361 
1-12 340 

64 

87 

TLD-700 

TLD-CaSO, 

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

Eleaent 57 dose with H(n,y) coaponent excluded. 
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Table 5. Measurement! st sir ststions for pulse no. 2 

Yi*ld: 7.37 (10*«) fissions 

Shield: 20-ca concrete 
- ̂  -Group Neutron dose, Gaaaa dose, 

10-»Gya 10-»Gy 
Detection systea 

Neutron Gaaaa 
Reference 48 
Reference 541 

DOSAR S3 
PNL 65 
RFP 63 

SRP 114 
T-12 114 

22 

24 

26 

TDD 

TLD 

Act 

Act 

Act, 

TLD-700 

TLD-CaSO, 

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

Eleaent 37 dose with H(n,y) coaponent excluded. 
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Table 6. Measurements at air stations for poise no. 3 

Tield: 6.40 (10") f i ss ions 

Shield: 12-cm Lncite 

Group Neutron dose, 
10-*Gya 

Gamma dose, 
10-*Gy 

Detection system Neutron dose, 
10-*Gya 

Gamma dose, 
10-*Gy Neutron Gamma 

Reference 36 
Reference 421 

DOSAR 39 
PNL 41 
RFP 34 
SEP 114 
Y-12 114 

30 

46 

26 

TDU — 

TLD TLD-700 

Act -

Act TLD-CaSO 

Act _ 

Neutron doses represent wet tissue rema unless otherwise indicated and 
are given in units of 10-aGy (1 rad). 

Elenent 57 dose with H(n,y) component excluded. 
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Table 7. Measurements on phantoms for poise no. 1 

Yield: 9.52 (10**) fissions 

Shield: None 

Group Neutron dose. Gamma dose. Basis for estimates 
a 10-»Gy 10-*Gy Neutron Gamma 

Reference 378 80 — — 

DOSAK 378 - NaActb 

DOSAR 380 - HActc -

DPC 363 98 TLD TLD-CaSO. 
4 

INEL 459 105 Act TLD-700 

NLO 411 127 Act TLD 
SRP 302 112 Act TLD-CaS04 

1-12 335 - NaAct -

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

Blood sodium activation. 

Activation of sulfur in hair. 
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Table 8. Measurements on phantoas for pulse no. 2 

Yield: 7.37 (10«) fissions 

Shield: 20-ca concrete 

Group Neutron dose, Gaaaa dose, Basis for estimates 
a 10-*Gy" 

Reference 54 

DOSAR 52 

DOSAR 26 

DPC 55 

INEL 47 

INEL 72 

NLO 72 

SEP 71 

Y-12 63 

10-*Gy Neutron 

28 
NaAct' 

— HAct" — 

32 TLD TLD-CaSO 

- NaAct TLD-700 

32 Act TLD 

32 Act TLD 

28 Act TLD-CaSO, 4 
_ NaAct .. 

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

Activation of sulfur in hair. 
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Table 9. Measurements on phantoms for pulse no. 3 

Tield: 6.40 (10") fissions 

Shield: 12-cai Lucite 

Group Nentron dose, Gamma dose. Basis for estimates 
10-*Gya 10-*Gy Nentron Gamma 

iference 42 
DOSAR 43 
DOSAR 74 
DPC 46 
INEL 46 
INEL 40 
NLO _ 

38 

53 

53 

49 

NaAct 

HActc 

TLA 

TLD 

NaAct 

TLD-CaSO. 

TLD-CaSO, 

TLD 
~ * * 

Nentron doses given in element 57 convention nnless otherwise indicated 
and are given in nnits of 10-sGy (1 rad). 

Blood sodium activation. 

Activation of sulfur in hair. 



Table 10. Summary of results of neatron dose measurements at air stations and on phantoms 

Dosimeter 
Pulse location 

(spectrum) 
Neatron dose, 10-»Gy* 

no. 
location 
(spectrum) Actb TLD NaActv HAcf1 All" Reference 

1 Air (bare) 352 +22(4)f 360(1) - - 354 + 19(5) 333 

2 Air (concrete) 86 + 32(4) 65(1)) - - 82 + 30(5) 48 

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

1 Phantom (bare) 391 + 80(3) 363(1) 5,56 +30(2) 380(1) 375 + 51(7) 378 

2 Phantom (concrete) 78 + 11(3) 55(1) 53 + 8(3) 26(1) 63 + 14(8) 54 

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 shown in Tables 
4-6 (air stations) and Tables 7-9 (phantoms). Wet tissue kerma convention is 
used for air station resnlts and element 57 convention used for phantom 
measurements. 
Neatron activation foils and TDU's. 

cBlood sodium activation. 

Activation of sulfur in hair. 

rvi 

Includes resnlts for all dosimeter types. 
f Number of measurements given in parenthesis. 



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

Pulse 
no. 

Dosimeter 
location 
(spectram) 

Normalised nentron dose (percent standard deviation) 
Act' TLD NaAct HAct' All' 

1 Air (bare) 

2 Air (concrete) 

3 Air (Lncite) 

1 Phantom (bare) 

2 Phantom (concrete) 

3 Phantom (Lncite) 

1.06 (6) 1.08* 

1.79 (37) 1.35* 

1.33(44) 1.14* 

1.06(5) 

1.70(36) 

1.28(37) 

1.03(21) 

1.44(20) 

1.55* 

0.96* 0.94(8) 1.01* 0.99(14) 

1.02* 1.00(15) 0.48* 1.17(22) 

1.10* 1.00(5) 1.76* 1.29(28) 

*Based on data shown in Table 10. 

Average reported measured dose divided by the reference value (percent of 
one standard deviation about the mean). 

cNeutron activation foils and TDU's. 

Tllood sodium activation. 

Activation of sulfur in hair, 
f Includes results for all dosimeter types. 

*0nly one measurement reported for this pulse. 



Table 12. Summary of results of gaana dose measurements at air stations and on phantoms 

Pulse 
no. 

Dosimeter 
location(spectrum) 

Gamma dote, lO-'Gy* 
TLD1 Reference 

1 Air (bare) 

2 Air (concrete) 
3 Air (Lucite) 

76 + 16(2) 

25 + 1(2) 

46 (1) 

54 

22 

30 

1 Phantom (bare) 
2 Phantoa (concrete) 

3 Phantoa (Lucite) 

111 + 12(4) 
31 + 2(4) 
51 + 2(3) 

80 
28 
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 (nnmber 
of reported results in parenthesis). 

All reported gamma measurements were made with TLD-700 or CaSO. phosphors. 



Table 13. Noraalized average aeasared gaaaa doaea and associated peroent standard deviation! 

False 
no,^ , Shield 

Doaiaeter 
location 

Noraalized gaaaa dose 
(percent atandard deviation) 

1 None 

2 Concrete 

3 Lncite 

1 None 

2 Concrete 

3 Lncite 

Air 

Air 

Air 

Phantoa 

Phantom 

Pbantoa 

1.41(30) 

1.14(5) 

1.53° 

1.39(13) 

1.11(7) 

1.34(5) 

*Based on data sbown in Table 12. 

Average reported aeaanred dose divided by the reference value (percent 
of one standard deviation about the aean). 

'Only one aeaaureaent reported for tbis pulse. 



Table 14. Comparison of dotet measured on phantoas with those measured at air stations 

P u l 8 e Shield 
Ratio of phantom dose to air station dose 
Neutron GaBaa 

no. Measured » * b Reference Measured0 Reference 
1 None 1.06 + 0.17 d 1.06 1.46 + 0.24 1.49 

2 Concrete 1.41 + 0.24* 1.20 1.24 + 0.08 1.25 

3 Lucite 1.17 + 0.49 1.19 1.11 + 0.04 1.27 

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

Based on aeasnred results from the first 21 intercoaparisons'. 

Based on data given in Table 12 for all reported dose measurements. 

Phantoa dose (eleaent 57) divided by air dose (tissue keraa) + one 
standard deviation about the mean. 

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



Table IS. Snaaary of final aeasnred resnlts relative to regnlatory criteria1 

Dosiaeter location 
Neutron resnlts Oaaaa resnlts 

Pulse Dosiaeter location Nnaber of Nnaber aeeting Nnaber of Nnaber aeeting 
no. . (shield) aeasoreaents criterion aeasnreaents criterion 
1 Air (none) 5 5(100) 2 1 (50) 

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

3 Air (Lncite) 4 3 (75) 1 0 (0) 

1 Phantoa (n«ne) 7 7(100) 4 0 (0) 
2 Phantoa (concrete) 8 4 (50) 4 4 (100) 

3 Phantoa (Lncite) 5 3 (60) 3 0 (0) 
Total 34 23 (68) 16 7 (44) 

"Criteria presented in ANSI N13.3 which suggests accuracies of + 25% 
for neutron doses and +, 20% for gaaaa doses. 

Number of aeasureaents meeting the above Mentioned criteria (percent 
aeeting criteria). 
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Date 

August 12 
(Monday) 

TWENTY-SECOND NUCLEAR ACCIDEKT DOSIMEntY INTERCOMPARISON STDDT 

August 1 2 - 1 6 , 198S 

Tiae Activity 

9:30 AM Welcome and orientation, C. S. Sims (ORNL) 

10:00 Review of th» stndy program, K. E. Svaja (OKNL) 

10:30 Tonr of DOSAR Facility and EP1R - Equipment setup 

LUNCH 

1:00 PM Lecture: Criticality Accident Dosimetry, 
R. E. Svaja (ORNL) 

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

3:00 Preparation for Pulse No. 1 

Align st 13 
(Tuesday) 

8:00 AM 

9:00 

10:00 

11:00 

1:00 

Final setup of dosiceters for Pulse No. 1 

Descriptions of dosine try systems— 
Stndy participants 

Observation of HPRR pulse operation— 
Pulse No. 1—unshielded 

Group photograph—collect dosimeters 

LUNCH 

Dosimeter analysis and experimental analysis of 
quick sort system responses for unshielded spectral 

August 14 8:00 AM 
(Wednesday) 

9:00-11:30 

10:00 

11:30 

Final setup of dosimeters for Pulse No. 2 

Tour of ORNL for NAD Study participants 

Pulse No. 2—concrete shield 

Collect dosimeters 

LUNCH 
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1:00 PM Dosimeter analysis and experimental analysis of 

qnick sort system responses for concrete spectrum 

August IS 8:00 AM Final setup of dosimeters for Pulse No. 3 
(Thursday) 

9:00 Progress in.the Analysis of the Japanese Bomb 
Survivor Data. 6. D. Kerr, 0BNL 

10:00 Medical Aspects.of Radiation Accidents. 
S. A. Fry (0RAU) 

10:30 Pulse No. 3—Lucite shield 

11:30 Collect dosimeters 

LUNCH 

1:00 Dosimeter analysis and experimental analysis of 
quick sort system responses for Lucite spectrum 

August 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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Name 

E. G. Bailiff 
6. R. Patterson 
R. Oyan 
G. E. Ragan 
C. S. Sims 
R. E. Swaja 

Allen Bollinger 
Sarnie Johnson 

LIST OF PARTICIPANTS AND OBSERVERS 

Affiliation and Address 

Oak Ridge National Laboratory 
Building 7710 
P.O. Box X 
Oak Ridge, Tennessee 37831 

*DOSAR 

Dnke Power Company 
Rte. 4, Box 531 
Hnntersville, North Carolina 28078 

Alan H. Jeffries 

R. Douglas Carlson 

DPC 

Goodyear Atoaic Corporation 
P.O. Box 628 
Piketon, Ohio 45661 

*GAT 

Idaho National Engineering Laboratory 
USDOE - Dosimetry Branch 
550 Second Street 
Idaho Falls, Idaho 83401 

'iNEL 

David J. Lindenschnidt 
Gregory V. Nacievic 

National Lead of Ohio, Inc. 
P.O. Box 39158 
Cincinnati, Ohio 45239 

Lowell Nichols 

NLO 

Battelle Pacific Northwest Laboratories 
P.O. Box 999 
Richland, Washington 99352 

*PNL 

Abbreviation used to identify this organization in this report 
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Robert Miles 

Steven A. Thoaas 
Cbarles N. frigbt 

J. B. Bnddenbann 
D. A. Jones 

Affiliation and Address 

Rockwell International-Rocky Flats Plant 
P. 0. Box 464 

^olden, Colorado 80401 

*RFP 

Dupont-Savannah River Plant 
Building 735A 
Aiken, Sooth Carolina 29808 
*SRP 

Martin-Marietta Energy Systems, Inc. 
Y-12 Plant 
Building 9711-1, MS-3 
Oak Ridge, Tennessee 37831 

» 
Y-12 

Abbreviation nsed to identify tbis organization in this report. 
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