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EVALUATION OF THE U.S. ARMY DT-236 BATTLEFIELD PERSONNEL DOSIMETRY SYSTEM* 

R. B. Swaja 
•a R. Cyan 

C. S. S*ma 
M. A. Dooley 

Highlight! 

Performance characteristics of the U.S. Army DT-236 battlefield 
personnel dosimetry system were evaluated using the Health Physics 
Research Reactor at Oat Ridge National Laboratory. The DT-236 dosimeter 
is designed to measure total (nentron pins gaaaa) radiation dose using a 
radiophotolaminescent (RPL) detector for gamma rays and a silicon diode 
for fast nentrons. Areas considered in this evaluation included pre-
irradiation dose indication; accuracy and precision of total, gamma, and 
nentron dose measurements; fading; angular response; temperature depen­
dence; and relative dosimeter response in air and on various body loca­
tions. Experimental results for a variety of radiation fields and dose 
levels indicate that the existing system overestimates total, neutron, 
and gamma radiation doses in air by about 20 to 60% relative to refer­
ence values. Associated measurement precisions were abont ± 5 % of the 
means for doses above approximately 0.5 Gy. Fading characteristics, 
angular dependence, and temperature dependence of the RPL and diode sys­
tems were consistent with results expected based on detector charac­
teristics and previous performance studies. Recommendations to improve 
existing reader performance and measurement accuracy are also presented. 

INTRODUCTION 

Performance characteristics of the U.S. Army DT-236 battlefield 

personnel dosimetry system1,* were evaluated at Oak Ridge National 

Laboratory (ORNL) during September and October of 198S. This system is 

being considered by the U.S. Army as a means of estimating total neutron 

and gamma radiation doses to combat forces in locations where tactical 

weapons could be used. Radiation fields and battlefield exposure condi­

tions for this study were produced by operating the Health Physics 

* fork sponsored by the Defense Nuclear Agency under Task Code 
U99QMXMJ and Work Unit Code 001S6. 

•• OECD Halden Reactor Project, P.O. Box 173, N-1751 Halden, Norway 

*•• Armed Forces Radiobiology Research Institute, Radiation Science 
Department, Bethesda, Maryland 20814-5145 
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Research Reactor (HPRR) at ORNL in the pulse mode with several 

spectrum—modifying shields*. Areas considered in this evaluation 

included pre-irradiation dose indication; reproducibility of results; 

accuracy and precision of gamma, neutron, and total dose aeasureaents; 

fading; angular response; temperature effects; and relative dosimeter 

response in air and on various body locations. The following text pro­

vides a summary and evaluation of the results obtained during this 

study. 

DESCRIPTION OF THE DT-236 DOSIMETRY SYSTEM 

The U.S. Army DT-236 personnel dosimeter is a wristwatch-stylt 

detector which is designed to measure total (gamma plus neutron) radia­

tion doses received by individual soldiers operating on a nuclear bat­

tlefield. Although specifically developed for military applications, 

this system could also be applied for area or personnel monitoring any­

where that high level (greater than about 0.25 Gy) gamma and/or neutron 

doses are possible; e.g., critirtlity accidents. 

The DT-236 dosimeter badge, which is shown in Figure 1, consists of 

two independent solid-state detecting elements4 used to measure gamma 

dose and fast neutron dose. A 12 z 15 z 3.5 mm rectangular paral­

lelepiped of silver-activated phosphate glass is used as the gamma-

sensitive element. Gamma do-»e estimation is based JO radiophotolumines-

cent (RPL) properties in which the phosphate glass fluoresces with an 

intensity proportional to the absorbed gamma dose when stimulated with 

ultraviolet (UV) light. The neutron detector is a wide-based silicon 

junction diode. When ezposed to fast neutrons, the crystal lattice 

structure of the diode is damaged and the resistivity of the material 

increases. Neutron dose estimation is based on measuring the increase 
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in voltage drop across the diode at constant current. 6aaaa and neutron 

readic*s using these methods are non-destructible and the dosimeter will 

maintain the cumulative dose received by the individual. Both elements 

are packaged in a wristvatch-sized container which can be worn on the 

wrist or on an identification tag chain. The DT-236 dosimeters used in 

this study had serial numbers between BOO560O and B006199. 

Total gamma plus neutron doses are evaluated using a CP-696 dosime­

ter reader which is shown in Figure 2 and consists of two separate 

evaluation circuits contained in one instrument. The gamma portion is a 

DV flashtube source, optical filters, and a photodiode sensitive to the 

KPL glass fluorescent light. The neutron portion consists of a peak-

reading voltmeter and a pulsed constant current generator. The neutron 

and gamma channels have check standards to indicate proper reader opera­

tion. For this study, the CP-696 reader was designated type 3146-1 and 

had serial number 19-B [HR C21 A5]. Power for the reader was supplied 

by a 24 volt DC power supply (OKNL Model X-93776) connected to the power 

input. 

Although the reader bas analog indication of total radiation dose, 

measurements in this study were based on digital indication from a 

voltmeter (ORNL Model I 009772) connected internally in parallel with 

the analog meter. Figure 3 shows the couplete instrument setup used to 

evaluate the dosimeters including the OBNL digital voltmeter, the CP-696 

reader, and the 24 volt DC power supply. The use of the digital voltme­

ter permitted more accurate readings and allowed estimation of readings 

which were off-scale on the analog meter. To convert from indicated 

voltage to total dose, a calibration curve was developed by comparing 

analog dose »nd digital readings. This correlation has two distinct 
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linear segments which are described by the following eqnations: 

4 + 1478 V (V < 0.168) 

Dose (cGy) = ( 

-504 + 4496 V (V 2 0.168) 

where the dose is the analog indication in rads (i.e., cGy) tissue keraa 

and V is the voltmeter reading in volts. These eqnations are very simi­

lar to previous analog-digital correlations determined for other CP-696 

readers1. Calibration and operating procedures for the reader were in 

accordance with those specified in the technical manual*. 

Since the reader is designed to give a single total dose reading 

when the operation aode switch is in the "read" position, separate neu-

trob and gamma dose indications required a second evaluation cycle. 

This second reading was performed with the aode switch set in the "gamma 

test" position which provided an indication of the gaaaa-only dose. The 

neutron dose component was obtained by subtracting the total and gaaaa-

only indications because no direct reading of neutron-only dose is 

available. 

PRE-IRRADIATION CHARACTERISTICS 

Prior to the HPRR exposures, 188 of the unirradiated DT-236 dosime­

ters were evaluated using the CP-696 rea<??r. Since there was some vari­

ation between different readings of the same badge, the indicated dose 

was taken to be the middle value of three successive readings. The 

variation in successive readings for the same badge was approximately 
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+3% abont the middle valne with nest dosimeters being better than £ 2% 

for total, gamma, or nentron doses. 

All unirradiated dosimeters gave non-zero dose readings. Table 1 

summarizes ranges, means, and standard deviations of the pre-irradiation 

total, nentron, and gamma dose indications for the 188 badges. Total 

doses ranged from 0.16 to 0.66 Gy with a mean of 0.40 Gy and one stan­

dard deviation of 0.09 Gy (22% of the mean). Nentron doses varied 

between 0.02 and 0.38 Gy with a mean of 0.17 Gy and one standard devia­

tion of 0.07 Gy (45% of the mean). Pre-irradiation gamma doses varied 

from 0.08 to 0.38 Gy with a mean of 0.23 Gy and one standard deviation 

of 0.08 Gy (34% of the mean). Based on the observed standard deviations 

and suggested calculational conventions*, the theoretical lower limits of 

detection for this system are 0.41, 0.34, and 0.36 Gy for total, nen­

tron, and gamma doses, respectively. The ranges, means, standard devia­

tions, and lower limits of detection obtained for the unirradiated 

badges in this stndy are within about 10% of corresponding valnes 

obtained in previous DT-236 dosimeter evaluations1. In the subsequent 

analyses, unexposed dosimeter responses for each individual badge were 

recorded and subtracted from the exposed dosimeter readings for the same 

badge to account for background levels. 

During evaluations of the pre-irradiated badges, occasional read­

ings much lower than the mean observed for several successive readouts 

were obtained for many of the individual dosimeters. These aberrant 

readings have also been observed in previous performance tests*. The 

cause of these occasional low readings was identified as being the UV 

flashtube which did not always function when tbe "read" switch was 

depressed. Without the flashtube, the gamma dose component which is 
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based on RPL glass detection would not be included in the total dose 

indication. During battlefield operations, the underestimation of the 

total dose caused by this potential sal function could be more than 50% 

depending on the relative neutron and ganusa dose components of the radi­

ation field. 

It was observed that when the "read" switch was depressed and .the 

UV tube functioned properly, a clearly audible "click" which originated 

inside the reader was obtained. However, when the switch was depressed 

and no "click" was heard, the UV source did not function and the total 

dose reading was low. During evaluation of the irradiated badges, read­

ings in which the ultraviolet source was not heard to function were 

neglected and a reproducibility of about £ 3% about the middle of three 

readings with the flashtube functioning properly was obtained. Since 

the "click" which characterizes proper UV operation nay not be audible 

under battlefield conditions, a design change such as an indicator light 

or UV lightneter nay be necessary to indicate flashtube operation. 

Without such an indication, evaluation personnel will need to consider 

the maximum three values out of about 10 readings to ensure that the 

gamma component has been included in the total dose estimate. 

IRRADIATION CONDITIONS 

The source of radiation for this evaluation was the Health Physics 

Research Reactor operated in the pulse mode. The HPRR is a fast pulsed 

reactor which can be used to simulate nuclear battlefield conditions and 

provide acute, high-level, neutron and gamma doses in times as short as 

60 microseconds. A variety of radiation fields with the neutron and 

gamma characteristics given in Table 2 cau be produced by using 

spectrum-modifying shields to simulate various weapon and material 
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attenuation spectra. The fields range from the unshielded reactor which 

has a hard (nearly U s >* fission) neutron energy spectrum with a Jow gamma 

component to a Lucite-shielded condition which has a sort (hydrogen-

moderated) nentron spectrum with a relatively high gamma component. 

A total of seven pulses was conducted for this study between Sep­

tember 13 and 24, 1985. Pates, HFSR pulse numbers, shield conditions, 

fission yield, and reference neutron, gamma, and total radiation doses 

(tissue kerma) at 3 m from the reactor are summarized in Table 3 for 

these operations. Fission yields ranged from 3.91 to 9.28 z 10 1* fis­

sions with corresponding pulse half-widths between about 120 and 65 

microseconds, respectively. Associated neutron doses at 3 meters from 

the HPRR vertical centerline varied from 0.40 to 3.10 Gy (tissue kerma), 

gamma doses varied from 0.12 to 0.50 Gy, and total doses varied from 

0.77 to 3.60 Gy. Radiation doses given to some dosimeters were more or 

less than those values since some badges were located closer or farther 

than 3 m from the HPRR. Reference neutron doses, gamma doses, and fis­

sion yields were determined using standard IIPRR reference dosimetry 

techniques7*• and neutron differential spectrum measurements. For these 

irradiations, the reactor was operated over Pit 1 at a height of 1.4 m 

above the floor. 

Dosimeters were exposed in air (attached to ring stands) at a 

height of 1.4 m above the floor for most tests. When simulation of the 

human torso was required, 40-cm-high polyethylene BOMAB phantoms with 

20-cm by 30-cm elliptical cross sections filled with tap water were 

used. A 10-cm-diameter, 40-cm-high cylindrical polyethylene BOMAB arm 

section filled with water was used to simulate the wrist. At least five 

badges mounted side-by-side were used for the air station and phantom 
measurements in each irradiation, 
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ACCURACY AND PRECISION 

Accuracy and precision associated with total, neutron, and gaaaa 

dose aeasureaents aade with the DT-236 systea were determined by coapar-

ing aeasured and reference doses for a wide range of dose levels (0.04 

to 13.98 Gy tissue keraa) and a variety of ttPRR pulsed radiation fields. 

Accuracy is reflected by the aean of the individual aeasureaents aade at 

a particular location and precision is given by one standard deviation 

of the individual results about the mean. Dose measurements presented 

in the following text were aade at air stations, and reference and aeas­

ured results were reported in teras of tissue keraa. 

Total Dose Measurements 

Table 4 summarizes accuracy and precision results for 21 aeasure­

aents of total dose which is what would be determined during battlefield 

application of this system. Data shown in this table include date of 

pulse, sh:eld condition, dosimeter distance from the reactor, reference 

total dose, measured total dose in air, measured result divided by the 

reference, one standard deviation about the mean, and the percent of the 

mean of one standard deviation. Most indicated results are for the 

unshielded HPRR with dosimeters placed at various distances from the 

reactor. Data for the steel-, concrete-, and Lucite-shielded pulses are 

for the badges located at 3 meters from the HPRR which is the distance 

at which the shielded reference doses are best known. Reference total 

doses given in the table are the sums of the reference gamma and neutron 

doses in air and vary between 0.20 and 13.98 Gy. 

Average measured divided by reference total doses as a function of 

reference dose are shown in Figun 4. Error bars indicate cne standard 

deviation about the mean. These data show that the DT-236 system 
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overestimates reference values by about 20 to 60% for doses between 

approxia* tely 0.2 to 14.0 Oy for all considered HPRR radiation fields. 

These results are consistent with DT-236 systea accuracy observed during 

previous dosiaeter tests at pulsed reactor facilities1. 

Performance specifications1,* for this systea require + 40% accu­

racy at doses between 0.S and 10.0 Gy and + 0.2 Gy accuracy at doses 

below 0.5 Gy. Table 4 and Figure 4 show that the DT-236 system does not 

meet these criteria relative to the HPBR reference values. However, by 

adjusting the reader output to indicate 40% lower total doses (i.e., 

decrease the calibration curves for digital readout or decrease the 

aeter indication for analog readout), aeasured results will be within + 

20% of reference results for a wide range of spectra and doses between 

0.2 and 14.0 Gy. Figure 4 shows an adjusted reference line at a 

aeasured-to-reference ratio of 1.4 and the + 20% liaits about this line. 

Although the figure indicates that the suggested 40% adjustaent will 

provide + 20% accuracy at dose levels below 0.5 Gy, the practical systea 

accuracy at low doses will still be liaited by the 0.40 Gy theoretical 

lowe.r liait of detection and the 0.09 Gy standard deviation observed for 

the pre-irradiated badges. A aeasureaent accuracy of + 20% would 

satisfy +. 25% accuracy criteria specified by the Aaerican National Stan­

dards Institute', the U.S. Departaent of Energy 1 0 , and the International 

Atomic Energy Agency 1 1 for criticality accident dosiaetry systeas. 

With regard to measurement precision. Table 4 shows that single 

standard deviations were within 4% of the aean values for total doses 

greater than about 1.0 Gy. For doses below this value, standard devia­

tions ranged from 4 to 12% of the means. These results are consistent 

with data obtained in previous DT-236 performance tests1 which indicated 



10 

one standard deviation values of about 5% of the Keans for doses above 

0.5 Gy. 

Gamma Dose Measurements 

Accuracy and precision results for gamma dose measurements are sum­

marized in Table 5 for the same exposures considered in the preceding 

analysis of total dose measurements. Indicated measured data are the 

background-corrected gamma doses in air based on the RPL detection sys­

tem. Reference gamma doses given in the table are the products of the 

reference neutron doses in air times the neutron-to-gamma dose ratios at 

the measurement locations. Reference values vary between 0.04 and 1.70 

Gy. 

Average measured divided by reference gamma doses as a function of 

reference dose are shown in Figure 5. Error bars indicate one standard 

deviation about the mean. The figure shows that, except for one meas­

urement, the RPL system overestimates gamma doses by about 20 to 60% for 

reference values above 0.35 Gy. This oversstimation is expected based 

on the observed overresponse of the gamma detection system to hard gamma 

rr.ys and the neutron sensitivity of the RPL glass1, " . Below approxi­

mately 0.35 Gy, measured gamma doses show significant variations rela­

tive to reference values (between 0.5 to 1.9 times references) with 

relatively large standard deviations about the measured means. Thus, at 

gamma doses below about 0.35 Gy, which is vary close to the theoretical 

lower limit of detection determined from unirradiated dosimeter results, 

the RPL system does not provide accurate gamma dose estimates in the 

fields considered in this study. Figure 5 shows that by adjusting the 

reader output to indicate 40% lower, gamma doses between about 0.35 and 

1.70 Gy can be measured to within ± 20% of reference valnes. 
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Table 5 shows that single standard deviations were within approxi­

mately 5% of the swans for gamma doses above 0.50 Gy. Below this level, 

standard deviations ranged from about 5 to 31% of the means with most 

values being in the 15 to 25% range. These results are slightly more 

precise tnan results obtained in previous DT-236 perfoimance tests* 

which indicated one standard deviation values of about 20% of the means 

for gamma doses above 0.50 Gy. 

Neutron Dose Measurements 

Table 6 presents accuracy and precision results for neutron dose. 

measurements in air. Measured data are the background-corrected neutron 

doses which were determined by subtracting the indicated total and gamma 

doses for each dosimeter. Reference neutron doses were based on sulphur 

pellet activation analysis and dose-per-fission correlations7-*. Refer­

ence doses given in the table vary between 0.16 and 12.28 Gy (tissue 

kerma). 

Figure 6 shows measured divided by reference nentron doses as a 

function of reference dose based on data given in Table 6. Error bars 

represent one standard deviation about the measured mean. Except for 

one point, average measured neutron doses overestimate reference values 

by 20 to 60% ovet the entire range of reference doses and all HFRR spec­

tra. Overestimation is expected based on the observed overresponse of 

the silicon diode detection system to fast neutrons in air1. Figure 6 

also shows that by adjusting the reader output to indicate 40% lower, 

neutron doses can be estimated to within + 20% of reference values 

between about 0.20 and 12.00 Oy. At dotes below about 0.20 Oy, neutron 

measurement accuracy is significantly affected by relatively large 

uncertainties in corresponding low gamma dose measurements which must be 

tub true led from total dose readings. 
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table 6 shows that single standard deviations for the estimated 

neutron doses vary from 0.3 to 15.7* of the means over the entire range 

of reference doses. Host standard deviations are between 1 and ©"% of 

the aeans which is significantly sore precise than the range of values 

obtained for the gtau measurements. These resnlts are consistent with 

measurement precisions obtained in previous battlefield dosimeter per­

formance studies*. 

FADING 

Figure 7 shows measured total, neutron, and gamma doses at various 

times after exposure relative to the doses measured at two hours after 

irradiation for times up to 15 days. Each point represents the average 

result of five dosimeters irradiated to total, neutron, and gamma doses 

of 3.30, 1.88, and 0.42 Gy, respectively, in the unshielded HPSR spec­

trum. Single standard deviations associated with the indicated pornts 

are about 4%, 4%, and 10% about the means of the five readings for Che 

total, neutron, and gamma measurements, respectively. 

Over the 15 day evaluation period, the average total dose decreased 

by only about 7% relative to the value obtained two hours after expo­

sure. Host of this fading occurred within the first seven days after 

irradiation. Very lit'.Ie fading was exhibited for total dose beyond the 

initial seven day period. • eutron dose results decreased by about 13% 

ovet the 15 day evaluation time with most fading (approximately 8%) 

occurring in the first two days after irradiation. The RPL-measured 

gamma dote* showed an increase ot about 11% over initially measured 

results in 15 days. Most of this increase (approximately 7%) occurred 

in the first day after irradiation. The increased gamma response after 

irradiation, which is characteristic of RPL materials11, partly 
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compensated for the decrease in neutron response due to fading to reduce 

the decrease in total dose indication that might be expected in a strong 

neutron field. The qualitative and quantitative performance observed in 

this study for fading of the total, neutron, and gamma components of the 

DT-236 system are consistent with results of pervious performance 

tests*. 

ANGULAR RESPONSE 

To determine the effect of angular orientation on dosimeter 

response, groups of five badges were placed on the centers of three 

BONAB torso sections and exposed to the unshielded HPRR - spectrum with 

the miner axis of the elliptical phantoms positioned at 0' (front-

facing), 45°, and 90° (side-facing) relative to the incident field. In 

all cases, badge cent?rlines were located 3 meters from the reactor. 

The three dosimeter components (total, neutron, end gamma responses) 

showed similar performance characteristics for the three orientations. 

Average total dose responses decreased by 4% and 35% at 45° and 90°, 

respectively, compared to the direct irradiation. Mean neutron doses 

decreased by 6% and 37% at 45° and 90°, respectively, relative to direct 

incidence. Gamma responses decreased by 1% at 45° and 33% at 90° com­

pared to the 0° orientation. Uncertainties associated with these 

results are about ± 4% for tK total and nentron measurements and ± 10% 

for the gamma measurements for one standard deviation about the mean. 

Thus, at angles of incidence between direct and 45° relative to the 

incident field, the dosimeter exhibits low sensitivity to angular orien­

tation. At 90° incidence, the dosimeter response decreases by about 35% 

relative to direct incidence. 
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TEMPERATURE EFFECTS 

Effects of teaperature changes on dosiaeter response were evaluated 

by storing separate sets of badges exposed at rooa teaperatnre (about 

20*C) in cold (0aC) and in hot (45*C) environaents for 24 honrs and then 

reading the dosiaeters while at the rednced or elevated teaperstares and 

after retnrn to rooa tt~:^~rature. These cycles were repeated for three 

days to deterrine if observed changes were peraanent. Teaperature lia-

its chosen for this test correspond with those specified in perforaance 

standards for routine personnel dosinetry systeas11. 

Table 7 suaaarizes results obtained for the cold ano hot tests. 

Data shown in the table are average indicated total neutron and gaaaa 

doses relative to the values aeasured at rooa teaperature two hours 

after exposure. Single standard deviations associated with these data 

are about £ 4% of the means for total and neutron values and about + 10% 

of the neans for gaaaa results. For total doses, the hot tests indicate 

that increasing froa room temperature to 45°C for about 24 hours causes 

a reduction of approziaately 23% if the badges are read hot. Allowing 

the badges to cool to room temperature before reading results in a 14-

19% reduction in measured total dose. These data were consistent for 

all three hot temperature cycles. The cold tests showed only a 3% max­

imum increase in dosiaeter response relative to the response after rooa 

teaperature exposure if the badges are cooled tc 0°C for 24 hours and 

read cold. Reading the dosiaeters after allowing them to return to rooa 

teaperature resulted in decreases in average response of from 1 to 4% 

coapared to the initial total dose. 
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Data for the neutron and gamma components of the dosimeter response 

showed that the KPL gamma system was much more sensitire to temperatare 

changes than the diod«> nentron detector. Considering the hot tests, 

neatron and gaaaa indications decreased by 24% and 16%, respectively, 

following heating to 45'C and reading at the derated temperatore. Bow-

ever, subsequent heatings and coolings to room temperature produced 

almost no variation in neutron dose estimation following the initial 

decrease while the gamma dose estimates increased by about 20 to 40% 

between the hot and room temperature readings. C^ld tests indicated 

that cooling the irradiated badges to 0*C and reading at cold or room 

temperature had almost no effect on neutron response. However, the 

gattma system was much more sensitive to temperature variations in that 

the gamma dose estimate after the initial cooling and reading at 0*C 

increased by 22% relative to the original room temperature reading. 

Subsequent cooling and heating cycles produced approximately 20 to 40% 

variations in gamma response between 0°C and room temperature with a 

higher response obtained at the cold temperature. 

Those data indicate that for strong neutron fields, heating the 

badge by 25*C after exposure at room temperature can cause a significant 

decrease (about 23%) in total dose response if the dosimeter is read 

hot. Even if the heated badge is allowed to cool to room temperature 

before reading, a permanent reduction in dosimeter response of about 

14-19% can be expected. While some of this reduction can be attributed 

to fading, much of it can be attributed to temperature sensitivity of 

the neutron portion of the dosimeter. Temperature variations below room 

temperature produce much smaller effects on total and neutron response; 

i.e., changes which are within experimental uncertainties of the dose 
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read at rocm temperature after exposure. After a response decrease fol­

lowing initial heating, the neutron detector indicates significantly 

lower sensitivity to temperature than the RPL gamma system. 

AIR-TO-PHANTOM RESPONSE 

Total doses ueasured with the badges mounted on the centers of 

BOMAB torso and arm sections relative to values obtained in-air (on 

ringstands) are given in Table (* for four HPRR spectra. For these irra­

diations, all badges were located with their vertical centerlinss at 3 

meters from the reactor and all were positioned with their tops perpen­

dicular to the incident field. Dosimeters mounted on the BOMAB torso 

center (i.e., worn on an identification chain around the neck) indicated 

total doses which were 7 to 18% higher than those Assured in-air for 

the same exposure conditions. The largest air-to-phantom increases were 

exhibited for the hardest neutron energy spectra with the lowest gamma 

components (unshielded and steel-shielded). Badges mounted on the arm 

section (i.e., worn on the wrist) indicated total doses 7 to 12% higher 

than those obtained with dosimeters on ringstands. No obvious correla­

tions between radiation field characteristics and observed results are 

evident for the air-to-arm-phantom results. Uncertainties associated 

with the ratios given in Table 8 are about +. 4% for one standard devia­

tion. 

Based on these data, total doses measured with the badge worn on 

the chest or the wrist can be at least 7% and as much as 18% higher than 

values measured in air for HPRR or similar spectra. The increase in 

total detector response on a polyethylene phantom relative to air is due 

primarily to contributions of incident neutrons scattered by the phantom 

and secondary gamma rays produced by neutron captures in the hydrogenous 
phantom (body)mate?i<il . 
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SUMMARY 

The following summary statements concerning performance of the U.S. 

Army DT-236 personnel dosimetry system are based on results presented in 

the preceding text: 

1. There was about +, 3% variation in different readings of the 

same badge. The indicated dose was taken to be the middle 

value of three successive readings. 

2. All unirradiated dosimeters gave non-zero dose readings. Pre­

exposure total dose readings ranged from 0.16 to 0.66 Gy with 

a mean of 0.40 Gy and one standard deviation of 0.09 Gy. 

Corresponding gamma readings varied between 0.08 and 0.38 Gy 

with a mean of 0.23 Gy and one standard deviation of 0.08 Gy. 

Preirradiation neutron doses ranged from 0.02 to 0.38 Gy with 

a mesa of 0.17 Gy and one standard deviation of 0.07 Gy. 

Based on these results, theoretical lower limits of detection 

for this system are 0.41, 0.34, and 0.36 Gy for total, neu­

tron, and gamma doses, respectively. 

3. Under pulse irradiation conditions using the HPRR, the DT-236 

system overestimates total doses in air by between 20 and 60% 

relative to reference doses between about 0.2 to 14.0 Gy and a 

wide range of incident radiation fields. Nentron doses are 

also overestimated by this amount for reference neutron values 

between 0.20 and 12.00 Gy. For reference gamma doses between 

approximately 0.35 and 1.70 Gy, the system also overestimates 

gamma doses by 20 to 60%. Below 0.3S Gy, measured gamma 

results show significant variations relative to reference data 
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with large standard deviations. The total dose performance 

does not satisfy suggested ± 40% accuracy requirements for 

this system between 0.5 and 10.0 Gy. 

4. Measurement precisions for the DT-236 system were about 4%, 4%, 

and 5% for one standard deviation about the mean for total, 

neutron, and gamma doses greater than about O.S Gy, respec­

tively. Below this value, standard deviations increased sig­

nificantly for all three dose measurements. Also, precision 

for neutron measurements was generally better than that 

obtained for corresponding gamma measurements. 

5. Observations of dosimeter response over a 15-day period indi­

cated that the measured total dose decreased by approximately 

7% relative to that obtained two hours after exposure. Neu­

tron results decreased by about 13% while gamma measurements 

increased by 11% over the 15 day evaluation period. 

6. Average dosimeter responses for total, gamma, and neutron mea­

surements decreased by about 4% and 35% at exposure angles of 

45* and 90°, respectively, compared to the response for a 

direct incidence irradiation. 

7. Heating the dosimeter following exposure can result in a sig­

nificant reduction in total and neutron response. Temperature 

variations below room temperature following irradiation pro­

duce relatively small effects on measured total and neutron 

doses. For the radiation fields considered in this study, the 

RPL gamma system exhibits much greater sensitivity to tempera­

ture changes than the neutron system. 

8. Sased ov results obtained with dosimeters mounted on polyethy­

lene phantoms, total doses measured with the badge worn on the 
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chest or wrist can be at least 7% and as much as 18ft higher 

than values measured in air depending on the incident spec­

trum. 

9. Pre-irradiation, precision, and fading characteristics ob­

served in this study are consistent with results obtained in 

previous DT-236 system performance evaluations. 

RECOMMENDATIONS 

Based on results of this study, the following recommendations are 

submitted: 

1. Some method to indicate proper DV flashtube operation during 

dosimeter readout should be consider"*, to prevent possible 

significant underestimation of the total dose. Without the 

flashtube, which does not always operate when the "read" 

switch is depressed, the gamma dose component based on RPL 

detection is not included in the indicated total dose. A 

design change such as an indicator light or DV lightmeter may 

be necessary to indicate flashtube operation under battlefield 

conditions. 

2. The CP-696 reader output should be adjusted to indicate about 

40% lower total doses to ensure compliance with performance 

standards. This can be accomplished by decreasing the meter 

indication for analog readout or decreasing the calibration 

curves or reader output for digital readout. Such a correc­

tion is recommended based on observed overresponses of the 

diode detection system to fast neutrons in *irx and ot the RPL 

system in mixed-field conditions11. This change will provide 
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measured total doses (tissue keraa) within ± 20% of reference 

results for a wide range of incident spectra and doses between 

about 0.2 and 14.0 Gy. 

3. The convention associated with the indicated doses should be 

reviewed and, if necessary, changed to correspond to reporting 

requirements. The present tissue keraa convention is recow-

wended if doses in air are desired. However, if doses to per­

sonnel are required, the convention should be changed so that 

indicated values represent •axiaroa absorbed dose to the body; 

e.g., eleaent 57 dose 1 1. These conventions are used in 

accident dosiaetry experimental studies* and are recoaaended by 

international scientific agencies11. 
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Figure 1. The U. S. Army DT-236 personnel dosimeter 
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Figure 2 . The U. S. Arny CP-696 ba t t l e f i e ld dosimeter reader. 



CP-696 READER 

DIGITAL VOLTMETER 

• 
DC POWER SUPPLY 

0 1 

Figure 3. Experimental setup used to evaluate the battlefield dosimeters. 
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Table 1. Indicated doses for 188 DT-236 dosimeters before irradiation 

Digi ta l dose indication, Gy 

Dose Range Mean a (%a) 

Total 0 .16-0 . (6 C.40 0.09 (22) 

Nentron 0.02-0.38 0.17 0.07 (45) 

G l u t 0.08-0.38 0.23 0.08 (34) 

One standard deviation about the mean in Gy (percent of the mean of one 
standard deviat ion) . 
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Table 2 . Characteristics of HPRR radiation f i e lds 

Shield Weatron data Neotron-to-gaaaa 
Mean energy, MeV Kedian energy, MeV dose ratio 

None 1.306 0.790 6.2 

13-ca s tee l 0.780 0.430 7.8 

20-ca concrete 0.885 0.167 2.2 

12-ca Lncite 0.951 0.183 1.1 

*Data at 3 meters fro* the HPRR with the reactor operated over Pit 1 at 
1.4 meters above the f loor. 

Ratio of nentron and gamma doses (tissne fcerma) in air at 3 meters froa 
the reactor. 
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Table 3. Pnlse data for the battlefield dosiaieter evaluation 

Date Pnlse 
number 

Shield Fission 
yield, x 1 0 " 

Reference doses. 
Neutron Gamma 

< * * 
Tota: 

9/13/85 1004 None 3.91 1.37 0.22 1.59 

9/16/85 1005 None 8.85 3.10 0.50 3.60 

9/18/85 1006 Concrete 8.67 0.56 0.25 0.81 

9/19/85 1007 Steel 9.28 1.41 0.18 1.59 

9/20/85 1C08 Lncite 7.11 0.40 0.37 0.77 

9/23/85 1009 None 6.69 2.34 0.33 2.72 

0/24/85 1010 Steel 6.10 0.93 0.12 1.05 

Reference values (tissue kerma) in air at 3 meters from the reactor. 
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Table 4. Measured and reference total dose data 

Date Sh ie ld Dosimeter 
d i s t a n c e , m 

Total do 

Reference 

s e . Gyc 

Measured 
• Measured/ 

Reference ol%o)d 

9/16/85 None 1.43 13 .98 17 .01 1.22 0 . 2 0 ( 1 . 2 ) 

9 /16/85 No tie 1.66 10 .61 1 6 . 4 9 1.55 0 . 1 1 ( 0 . 7 ) 

9 /23 /85 None 1.50 9.67 14 .16 1.46 0 . 4 3 ( 3 . 0 ) 

9 /16 /85 None 2 .06 7.13 11 .22 1 .54 0 . 2 0 ( 1 . 8 ) 

9 /23 /85 None 2 .00 5 .65 7 .41 1 .31 0 . 7 8 ( 1 . 1 ) 

9 /23 /85 None 2 .50 3 .77 4 .69 1 .24 0 . 1 0 ( 3 . 9 ) 

9 /16 /85 None 3 .00 3 .60 4 .96 1 .38 0 . 1 3 ( 2 . 6 ) 

9 /13 /85 None 2 .00 3 .30 4 .20 1 .28 0 . 0 3 ( 0 . 7 ) 

9 /23 /85 None 3 .00 2 .72 3 .45 1.27 0 . 0 7 ( 2 . 0 ) 

9 /23 /85 None 3 .50 2.06 2 .58 1.25 0 . 0 5 ( 2 . 0 ) 

9 /13 /85 None 3 .00 1.59 2 .13 1 .34 0 . 0 3 ( 1 . 6 ) 

9 /19/85 S t e e l 3 .00 1.59 2 .03 1 .28 0 . 0 1 ( 0 . 6 ) 

9 /23/85 None 4 .00 1.52 2 .01 1 .32 0 . 0 5 ( 2 . 5 ) 

9 /16/85 None 4 .97 1.45 2 .09 1 .44 0 . 0 5 ( 3 . 2 ) 

9 /23 /85 None 5 .00 1.09 1.57 1 .44 0 . 1 0 ( 6 . 4 ) 

9 /24 /85 S tee l 3 .00 1.05 1 .39 1 .32 0 . 0 1 ( 1 . 0 ) 

9 /18 /85 Concrete 3 .00 0 .81 1.15 1 .42 0 . 0 9 ( 7 . 1 . 

9 /23 /85 None 6 .00 0 .78 1.07 1.37 0 . 1 1 ( 1 0 . 0 ) 

9 /20/85 Luc i t e 3 .00 0.77 0 .99 1 .28 0 . 0 5 ( 4 . 0 ) 

9 /16/85 None 7 .35 0 .72 0 .98 1.36 0 . 0 7 ( 7 . 4 ) 

9 /16/85 None 15.00 0.20 0 .29 1.45 0 . 0 4 ( 1 2 . 0 ) 

Total neutron and gamma doses measured in air (on ringstands). 
b„. Distance from reactor vertical centerline to the dosimeter centerline. 

Doses given in terms of tissue kerma. 

One standard deviation about the mean in Gy (percent of the mean of one 
standard deviation). 
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Table 5. Measured and reference gamma dose data 

Date Sh ie ld Dosimeter 
d i s t a n c e , a 

Gamma dose , Gy 

Reference Measured 
. Measured/ 

Reference o (%c) d 

9/16 /8S None 1.43 1 .70 2 .15 1 .26 0 . 0 2 ( 0 . 7 ) 

9 /16 /85 None 1 .66 1 .32 1.87 1 .42 0 . 0 9 ( 4 . 8 ) 

9 /23 /85 None 1 .50 1 .19 1 .54 1 .29 0 . 0 6 ( 4 . 1 ) 

9 /16 /85 None 2 .06 0 .91 1 .41 1 .55 0 . 0 7 ( 4 . 8 ) 

9 /23 /85 None 2 . 0 0 0 . 7 2 0 .98 1 .36 0 . 0 5 ( 5 . 2 ) 

9 /23 /85 None 2 .50 0 .50 0 .65 1 .30 0 . 0 3 ( 4 . 0 ) 

9 /16 /85 None 3 . 0 0 0 . 5 0 0 .83 1 .66 0 . 1 2 ( 1 4 . 8 ) 

9 /13 /85 None 2 . 0 0 0 . 4 2 0 . 5 9 1 .40 0 . 0 6 ( 9 . 4 ) 

9 /23 /85 None 3 . 0 0 0 . 3 8 0 .47 1 .24 0 . 0 4 ( 9 . 6 ) 

9 /23 /85 None 3 . 5 0 0 . 2 9 0 .33 1 .14 0 . 0 4 ( 1 1 . 8 ) 

9 /13 /85 None 3 . 0 0 0 . 2 2 0 . 3 4 1 .54 0 . 0 5 ( 1 5 . 0 ) 

9 /19 /85 S t e e l 3 . 0 0 0 . 1 8 0 .11 0 . 6 1 0 . 0 3 ( 3 0 . 9 ) 

9 /23 /85 None 4 .00 0 . 2 4 0 .27 1 .12 0 . 0 4 ( 1 3 . 7 ) 

9 /16 /85 None 4 .97 0 .22 0 .42 1 .91 0 . 1 0 ( 2 3 . 1 ) 

9 /23 /85 None 5 .00 0 .17 0 . 1 4 0 . 8 2 0 . 0 1 ( 6 . 4 ) 

9 /24 /85 S t e e l 3 . 0 0 0 . 1 2 0 .06 0 . 5 0 0 . 0 2 ( 2 5 . 0 ) 

9 /18 /85 Concrete 3 . 0 0 0 .25 0 .41 1 .64 0 . 0 5 ( 1 2 . 0 ) 

9 /23 /85 None 6 .00 0 . 1 2 0 . 0 8 0 .67 0 . 0 4 ( 4 . 6 ) 

9 /20 /85 Luci te 3 . 0 0 0 .37 0 . 4 8 1 .30 0 . 0 6 ( 1 2 . 2 ) 

9 /16 /85 None 7 .35 0 . 1 2 0 .20 1 .67 0 . 0 5 ( 2 3 . 0 ) 

9 /16 /85 None 15 .00 0 . 0 4 0 .11 2 . 7 5 0 . 0 2 ( 2 0 . 0 ) 

Gamma doses measured in air (on ringstands). 

Distance from reactor vertical centerline to the dosimeter centerline. 

Doses given in terms of tissue kerma. 

One standard deviation about the mean in Gy (percent of the mean of one 
standard deviation). 
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Table 6. Measured and reference neutron dose data 

Date S h i e l d Dosimeter -
d i s t a n c e , • 

Neutron 

Reference 

d o s e , Gy 

Measured 
Measured/ 
Reference o(%o) d 

9/16/85 None 1.43 1 2 . 2 8 14 .86 1 .21 0 . 1 8 ( 1 . 2 ) 

9 /16/85 None 1.66 9.29 14 .62 1 .57 0 . 0 5 ( 0 . 3 ) 

9 /23/85 None 1.50 8 .48 12 .62 1 .49 0 . 4 2 ( 3 . 3 ) 

9 /16/85 None 2.06 6 .22 9.81 1 .58 0 . 2 3 ( 2 . 3 ) 

9 /23/85 None 2 .00 4 .93 6 .44 1 .31 0 . 1 3 ( 2 . 0 ) 

9 /23/85 None 2 .50 3 .27 4 .04 1 .24 0 . 0 8 ( 1 . 9 ) 

9 /16/85 None 3 .00 3 . 1 0 4 .13 1.33 0 . 1 2 ( 3 . 0 ) 

9 /13/85 None 2 .00 2 .88 3 . 6 1 1.25 0 . 0 7 ( 1 . 9 ) 

9 /23 /85 None 3 .00 2 . 3 4 2 .98 1.27 0 . 1 0 ( 3 . 4 ) 

9 /23/85 None 3 .50 1.77 2 .25 1.27 0 . 0 2 ( 1 . 0 ) 

9 /13/85 None 3 .00 1.37 1 .79 1 .31 0 . 0 7 ( 4 . 1 ) 

9 /19/85 S t e e l 3 .00 1.41 1.92 1 .36 0 . 0 3 ( 1 . 8 ) 

9 /23/85 None 4.00 1 .38 1 .74 1.26 0 . 0 3 ( 1 . 8 ) 

9 /16/85 None 4.97 1.23 1.67 1.36 0 . 0 9 ( 5 . 5 ) 

9 /23/85 None 5.00 0 .92 1.42 1 .54 0 . 1 1 ( 7 . 9 ) 

9 /24/85 S tee l 3 .00 0 .93 1.34 1 .44 0 . 1 1 ( 8 . 3 ) 

9 /18/85 Concrete 3 .00 0 .56 0 . 7 4 1 .32 0 . 0 8 ( 1 0 . 4 ) 

9 /23/85 None 6.00 0 .66 1.00 1.51 0 . 1 1 ( 1 1 . 2 ) 

9 /20/85 Luci te 3 .00 0 .40 0 .51 1 .28 0 . 0 8 ( 1 5 . 7 ) 

9 /16/85 None 7.35 0 .60 0 .78 1.30 0 . 0 5 ( 6 . 0 ) 

9 /16/85 None 15.00 0 .16 0 .18 1 .12 0 . 0 6 ( 3 . 2 ) 

Neutron doses measured in air (on ringstands). 

Distance from reactor vertical centerline to the dosimeter centerline. 

Doses given in terms of tissue kerma. 

One standard deviation about the mean in Gy (percent of the mean of one 
standard deviation). 
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Table 7. Temperature effects on dosimeter response 

Condition 
Time after 
exposure. 

Relative measured dose 
Total Neutron Gai 

hours Hotb Cold0 Hot Cold Hot Cold 

Read at room temperature 

Stored and read 
at new temperature 

Stored and read at 
room temperature 

Stored and read at 
new temperature 

Stored and read at 
room temperature 

Stored and read at 
new temperature 

Stored and read at 
room temperature 

24 

28 

48 

52 

72 

76 

1.00 1.00 1.00 1.00 1.00 1.00 

0.77 1.00 0.76 1.00 0.84 1.22 

0.86 0.99 0.79 0.99 1.25 0.93 

0.77 1.01 0.76 0.98 0.81 1.13 

0.81 C.99 0.76 1.00 1.08 0.92 

0.77 1.03 0.75 0.97 0.85 1.27 

0.81 0.96 0.76 0.97 1.12 0.87 

Measured dose divided by the value measured at room temperature two hours after 
exposure. 

Hot temperature = 45° C. 

Cold temperature = 0° C. 

Room temperature = 20° C. 
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Table 8. Total dose response on torso and arm phantoms 
. a 

relative to the response in air 

Ratio or phantom-to-air measnred total dosfs 
HPRR Spectrum JSSJ° p h » n t o m Arm phantom 

Unshielded 1.15 1.07 

Steel 1.18 1.10 

Concrete 1.07 1.08 

Lucite 1.07 1.12 

Measnrements made with dosimeter centerlines at 3 meters from the HPRR. 

Standard BOMAB torso section - elliptical 20 cm x 30 cm cross section 
and 40 cm high. Phantom is made of polyethylene and filled with tap 
water. 

BOMAB arm section - right circular cylinder 10 cm in diameter and 40 cm 
high. Phantom is mnde of polyethylene and filled with tap water. 
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