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ABSTRACT

The primary objective of Project 2.4 participation
in the KIWI-TNT (Transient Nuclear Test) was to test the
performance of laboratory models of SEMIRAD=type mixed
radiation dosimeters IM-185(XE) and experimental models
of the individual dosimeters DT=-236(XE). The secondary
objective was to expose different types of dosimetry
to establish the neutron and gamma doses at the distances
at which the measurements took place, This part of the
experiment was supported by Project 2.2a,

Different types
of passive dosimeters and the experimental models were
enclosed in containers, and each group was placed along a
straight line on ground at 11 distances ranging from 23
to 400 meters.

Most of the old-
type laboratory models IM-185(XE) did not work properly
because the magnetic switch used in these instruments
was shorted by the shock. The bellows=-type switch in-
struments, which are a later laboratory model, did perform
properly. The data analysis shows that the results obtained

from the passive dosimeters agree much better for one ard

the same system than among different systems.
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CHAPTER |

I NTRODUCT I ON

1.1 OBJECTIVES

The primary objectives were to:

(1) Field check the performance of tactical dosimeter
IM-185(XE) by exposure to a mixed neutron-gamma environment
produced by KIWI-TNT (Transient Nuclear Test) radiation pulse.
The total dose of interest is between 50 and 500 tissue rads,

(2) Field check the performance of individual dosimeters
DT-236(XE) under similar conditions. The total dose of in-
terest lies between 50 and 900 tissue rads each for fast
neutrons and gammas. In this instrument the neutron-sensitive
and the gamma-sensitive elements are completely independent
of each other,

The secondary objectives were to:

(1) Expose other dosimetry systems, i.e,, neutron
threshold detectors, 1ithium=fluoride needles, Baush & Lomb
(BsL) needles, tissue~equivalent fon-chamber quartz fiber
dosimeters, and neutron-insensitive ione=chamber dosimeters
with wall constructed of either carbon or teflon.

{2) Upon evaluation, compare the readouts of the in-
dividual systems and correlate each system with every other
system to assess their reliability. Data from this project
was compared with data from Project 2,2a,

9
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1.2 BACKGROUND AND THEORY

A requirement exists for tactical dosimetry instruments
thet indicate both gamma and neutron doses through a direct
readout system (Reference 1). The dose recorded by such an
instrument must not depend on the dose rate at which the radi-
ation was delivered, In the environment of a tactical weapon,
the dose range of interest is 0 to 1000 tissue rads, The
present requirement is that the tactical dosim:ter should
have equal response to gammas and fast neutrons, if expressed
in terms of tissue rads, and should have littie sensitivity
to thermal neutrons. As explained in References 2~3=4, the
secondary-electron mixed-radiation dosimetry system on which
the IM=-185 instrument is based may satisfy this requirement,

The operation of this instrunent depends on the collection
of low-energy secondary electrons emitted from the inside wall
of an evacuated chamber by pair, by Compton or photo electrons
in the case of gamma rays, and by recoll protons in the case
of fast neutrons (SEMIRAD principle), No dose-rate saturation
by recombination can take place here, because only electrons
are collected. The linear dependence between the energy loss
per unit distance traveled of a primary particle and the secondary=
electron yield theoretically makcs the readout proportional to

delivered tissue rads and independent of the quantum energy of

10
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the radiation. Some problems may occur in this type
instrument that result from the persistent internal polari~
zation in the insulator of the system. One of the purposes
of Operation Rover was to observe and then remedy these
effects,

The instruments are presently being designed by Bendix
Corporation, Cincinnati Division (Reference 4), and the work
is sponsored by the U,S. Air Force and the U.S. Army, While
under development, the experimental models were tested in the
laboratory with steady-state radiation sources for their gamma
and fast-neutron response. A SPRF (Sandia Pulsed Reactor
Facility) test was also performed,

The IM-185(XE) is a quartz-fiber type dosimeter, a cylinder
approximately 11 cm in length and 2 cm in diameter., The instru-
ment is activated by insertion into a portable charger, After
the instrument is activated, the voltage on the quartz fiber

stays constant for a considerable length of time, and the

instrument is ready for exposure. During the charging operation,

the air pressure in the chamber can be checked and reduced
to the required value of lo'h mm Hg I f necessary. Test models
of this instrument were available for this project, These

models were calibrated in the laboratory by exposure to gamma

and neutron radiations, and no calibration or recalibration

11
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was planned on the test site.

The Army also requires an individual dosimeter (DT-236)
s & supplement to the IM~185 (References 5-6). The DT-236
indicates both gamma and fast-neutron dose by means of
separate elements, both of which are small solid-state devices,
The sensitivity range of each is | to 1000 R, The gamma
element is a 5-by S5-mm cylinder of silver-activated phosphate
glass; the neutron elemer: is a wide-based (1.25 mm) silicon-
junction diode, The ganma element is encased in a shield
made of lead, to compensate for energy dependence. The later
models will also have a lithium shield to capture thermal
neutrons that may cause an exaggerated gamma reading. The
units exposed on KIWI-TNT did not have such a lithium shield,
Both elements, plus the gamma shield, are to be encased in
a tube attached to the dog-tag chain. However, in this test
the container was not used,

Both elements are read indirectly, and therefore, a
readout instrument (CP-696) is required. Exposure to the
various types of radiation alters both types of material.

The gamma element, when exposed to ultraviolet light,
fluoresces, and the intensity of the fluorescence increases
with dosage. The increase in intensity is read by means of

& photomultiplier tube., In the neutron element, the fast

12
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neutrons damage the crystalline structure of the base material
in the diode, which causes an increase in its resisiivity,

The diode is read by measurement of the change in its forward
voltage drop at constant-current conditions, The gamma element
is insensitive to fast neutrons, and the neutron element is
insensitive to gammas, The reading process does not change
the dosage recorded on either element, Both elements lose a
portion of the recorded dosage (recover) with time, Therefore,
for testing purposes, it is desirable to read them as soon as
possible after exposure and at several subsequent time
intervals,

The gamma element is similar to the glass used in the
Navy's DT-60, except that the mass of the glass in the DT-236
is much smaller, and therefore the light emitted is reduced,
The principle used for the neutron element has been proved in
three previous research contracts with Battelle Memoriel
Institute,

Three contracts are under way (References 7-8-9) for
advanced-development models of the individual dosimeter, the
reader, and epitaxially grown diodes, respectiveiy (the
Electrospace Corporation diodes have diffused junctions).
DT-236(XE) neutron diodes of two types and gamma-sensitive

glass were available for the test, Only breadboard models

of the readout devices were available at that time,

13
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CHAPTER 2
PROCEDURE
2.1 OPERATIONS

2,1.1 Test Participation. The experiment was per-

formed on KIWI-TNT, Operation Rover, 12 January 1965.

2.1.2 Test-Site Activitie.. The Instruments were

calibrated, wherever applicable, at U, S, Army Electronics
Command Laboratories, Fort Monmouth, N,J. (USAECOM) before
shipment to the Nevada Test Site (NTS), At the test site,
they were inserted into containers, of which two types were
used: (1) Nuc's- "efense Laboratory (NDL) type, consisting
of aluminum cans and covers that could be bolted on, and

(2) USAECOM type, consisting of aluminum pipe sections

(20 cm Yong by 6 cm in diameter), the sides of which could

be closed with a cork. The containers were attached to a
cable at distances corresponding to the station layout at the
test site, After recovery by the personi.el of 2,2a the
containers were delivered to perscnnel of Project 2.4 at the
Camp Mercury compound, wheare readings of the dosimeters were
taken, For some systems (i.e., threshold detectors), no
readout facilities were available at NTS, and these samples

were shipped to USAECOM or Air Force Weapons Laboratory (AFWL)
and evaluated upon arrival,

14
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A readout instrument was available for evaluation of
the solid-state neutron diodes. These were read 3 hours
after exposure, and then at periodic intervals, to enable
project personnel to observe the possibility of annecaling
of the radiation damage with time. Project 2.4 personne!
relied strongly on the neutron and gamma data obtained by
Project 2,2a to evaiuate readings.

2.2 INSTRUMENTATION
Participation of Project 2.4 during

Operation ROVER included the exposure of 34l dosimeters and
radiation detectors of different types consisting of:

(1) Test models of the SEMIRAD tactical dosimeter IM-185,

(2) Administrative dosimeters of the phiosphate-giass type,
currently under development for use by the U.S$, Army.

(3) Solid-state diode-type neutron detectors, currently

under development. (4) Dosimetry packages to be used in the
Gemini capsule by the U.S, Air Force (encapsulated low-range
quartz-fiber dosimeter. (5) Experimental 600-R ionization-
chamber-type dosimeters similar vo the IM-93, of three different
types; neutron-insensitive teflon wall type, neutron-insensitive
carbon waill type, and neutron-sensitive tissue-equivalent wall
type. (6) 10-R chambers on the outer stations. (7) Sulfur
peliets. (8) Li6 and Li7 detectors. (9) Gold foils bare and

cadmium-shielded. (10) Glass needles for gamma dosimetry,

15
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Items 7 through 10 were used to obtain independent total-
dose data, which were used together with the NDL data in the
analysis of the results,

The lon-chamber type dosimeters and IM-185(XE) dosimeters
were calibrated at USAECOM with gamma rays only. The Csl37
source (UDM-1A) was used. Table 2.3 shows readings obtained
during Shot KIWI-TNT, together with the results of laboratory
calibration.

Two sets of four neutron diodes each from the DT~236(XE)
dosimeter were exposed to 2.53-MeV deuterons by the NRL 5=MeV
Van de Graaff accelerator. This provided the diode calibration
factor of AV = 0.207 V per 100 tissue neutron rads., V is
defined as follows: |If V] is the voltage necessary to produce
a current of 75 mA through the diode before exposure, and V2
is the voltage necessary to produce the same current after
exposure, then AV = V2 - V‘. This voitage is dependent on
the temperature at which the reading is performed and was
adjusted by means of the temperature correction shown in
Figure 2.1,

It is known from previous tests that the neutron diodes

are very insensitive to gamma rays, and therefore, no gamma

calibration was made.

16
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Eleven stations were used, emplaced at the same
locations as the corresponding NDL Project 2.2a, Stations
6 through 16, The station configuration provided a range
of distances from 23 to 400 meters (Table 2.1).

Table 2.2 summarizes the placement of dosimeters at
the various stations,

The instruments were placed on sandbags, to raise them
slightly above ground and thus to prevent shadow effects
caused by desert rocks and irregularities of the ground.
The chance of shadow effects was also reduced by the fact
that the GZ was on a concrete dam above the level of the
wash where the dosimeters were laid out,

After exposure, the samples were recovered by the NDL
recovery crew members who pulled the cable with the
attached cans into a safe area and returned them to
Project 2.4 for processing.

TABLE 2.1 STATION LOCATIONS

Station Distance from GZ
6 22
7 30
8 45
9 60

10 90
11 120
12 150
13 185
14 245
15 300
16 Loo
17
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TABLE 2.3 TEST SITE READINGS AND LABORATORY CALIBRATION OF ION-CHAMBER
DOSIMETERS AND IM-185(XE) DOSIMETERS CALIBRATED AT USAECOM WITH Cs!¥
SOURCE

Calibration Actual
Station Dosimeter Zero Reading Final Reading Feactor Reading
Divisions Divisions R/division R
10 TEQ &2 -1 56 200/33 345
600R
10 NIC 116 2,5 L2 200/33 239
600R
10 NITF 2 (] 50 200/ 34 294
600R
1 IM 185 004 6.5 60 Erratic
Calibration
1 NITF 110 - 27 200/3L 165
1 NIC & 0 32 200/38 165
12 NITF 107 0 17 200/39 87
12 NIC & 1 19 200/36 100
12 TEQ 37 -] 20 200/28 150
12 IM 185 0002 2.5 27 200/29 170
13 NIC -1 12 200/46 56.5
13 TEQ 33 0 n 200/25 88
13 IM 185 201 75 315 300/600 120
14 NIC 111 0 5 200/33 31
G00R
|1} TEQ 19 | 5 200/32 25
15 NITF .0 L 200/L45S 17.8
16 NITF 3 ] 3 200/37 10.8
600R
Bendix U529 0.2 6.6 1.05 6.72
T10R
Bendix 4437 0 6.6 1,22 8.05

19
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CHAPTER 3
RESULTS
The data obtained from the different models of

dosimeters is listed in Table 3.1, For correlation purposes,
the data obtained at the same stations by Project 2.2a are
listed in Table 3.2. The columns showing true or most reliable
estimate of total dose for neutrons, gammas, and mixed radia-
tinon were obtained by averaging overall measurements for eech
station (Table 3.3). This table also lists separately for
each station the standard deviation obtained from all gamma-
dosimetry systems used on Projects 2.2a and 2.4, These
standard deviations should provide a measure of reliability
of gamma-dose measurements.

All Project 2.4 gamma measurements are in roentgens and
are based on calibration exposure of the same dosimeter types
to gamma radiation from AFWL's 124=curie Cs‘37 source. The
accuracy of the BEL needle readings, based on this calibration
is estimated to be =12 (1 sigma) in the 0-2 100-R range,

4,5 (1 sigma) from 100 to 1000 R, and +5.5 (1 sigma) from
1000 to 6000 R. The accuracy of the Li’F dosimeters is esti-
mated to be +18 (1 sigma) in the 0-2 100-R range, and 39

(1 sigma) in the 100-2 6000-R range.

The sulfur pellet doses are given in terms of total

21
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neutron fluence of energy exceeding 2,5 MeV an effective
cross section for the 532 (n,p) p32 reaction is used, which
assumes that the KIWI-TNT's fast-neutron spectrum has the
same shape above 1,58 MeV as does Godiva I! (i.e., the

Watt spectrum). The absolute accuracy of the sulfur-pellet
dose is (if the Watt-spectrum assumption is correct)
spproximately +10,

The gold and the gold=cadmium doses are given in terms
of neutron fluence, The bare gold measurements include both
thermal and epicadmium neutrons, The gold=cadmium measurements
include only epicadmium neutrons, particularly neutrons at the
G-eV gold activation resonance, The thermal fluence at any
station is simply the difference between the gold and the gold-
cadmium fluences, The absolute accuracy of the gold=foil
measurements is probably about 10,

The self=indicating ionization=chamber readings reported
have been corrected for calibration on Csl137.

Unfortunately, no dose interpretations can be made from
the natural LiF dosimeters exposed at KIWI (i.e., the 6000 series
of LiF), because the readout system was not under control at
the time they were read out, and the readout procedure is
destructive,

The burst time used for all sulfur and gold computations

22
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was 12 January 1965, 11h 57m L6s, Experimental models of the
IM-185 were expnsed, Of these, five were overexposed. These
five units were located at Stations 10 and 11 (see Table 2.2)
where the total radistion dose was greater than the range of
the instruments, and therefore, no conclusion can be reached
concerning their performance,

The remaining units consisted of two types of experimental
models of IM=185(XE)., One type, which was an earlier experi-
mental model, had a magnetic switch consisting of a picce of
iron wire suspended on a hairspring. The other type had a
bellows-type switch similar to the standard ion~-chamber type

}J quartz-fiber dosimeter IM=93, Only three units of the
bellows-type switch were among the properly exposed instruments;
A1l models having the magnetic switch failed, The shock wave
and the subsequent dragging of the cans on the cable over
desert rocks resulted in a momentary short circuit of the switch;
thus, the quartz fiber went off-scale, and the results were lost,
Later, this switch=closing effect was investigated at USAECOM
by exposure of the dosimeters to sudden shock, The results
agreed with the effects experienced at NTS,

Only three SEMIRAD-type dosimeters (Stations 11, 12, and 13)
gave readings on-scale, but one of these units showed a most

erratic behavior during calibration, and therefore, this reading

¥ 23
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must be discarded, In total, only two SEMIRAD readings were
obtained. Both of them agree well with the expected total-
dose data (See Tables 3.1 and 3.3). On many ion-chamber
type quartz-fiber instruments, the reading was off=scale
also, This effect was attributed to an anticipated over=
expos..'e, &8 In the case of IM=185, or in some cases to
failure of the bellows=type switch, which discharged the
quartz fiber during accidental closing.

The shock wave following the explosion was much stronger
than anticipated and resulted in some damage to instrumentation.
Some of the lead enclosures surrounding the phosphate-glass
dosimeters becsme shattered at the stations ciose to GZ,

To understand the test resuvlits better and to display them
properly, each dosimetry system was considered individually,
Each system was evaluated by the mean of the least-squares
deviation as follows: Each cof the sets of experimental datas

was assumed to have a form

0 _&-ux
xﬂ
where D is the dose in rads, and X is the distance in meters,

A and u are constants to be determined. Multiplying by X2

and taking the natural logarithm, produces the following

24
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equation
loge(Dxa) = uX + log, A
which is the equation of a straight line with a slope of =u,

A graph has been drawn of Ioge(DX’) versus X for each
type of instrument, Each graph includes the followlng
information: (1) the experimental data represented by
points; (2) a sollid line that is the best fit of the experi-
mental data; the method of least squares with equal weights
for all data points is used according to the above expression;
(3) the root-mean-square deviation of the data from the
straight line (vertical line); (4) the equation of the least-
squares fit of the data, which ircludes the root-mean-square
deviation; and (5) a dotted line that has a slope corresponding
tc a folding distance of 350 m ! for gamma-sensitive instru=
ments, 220~' for neutron-sensitive instruments, and 285~! for
instruments that are both gamma-and neutron-sensitive, These
folding distances, which are typical for air, are only for
purposes of comparison, and should not be interpreted as the

~rue values for this experiment, This line agrees by definition
with the neutron, gamma, or mixed dose obtained by averaging
the results of different systems at Station 6 (see Table 3,3),

The following comments can be made as tha result of the

25
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mean least-squar: analysis, Lithium fiuoride agrees well
and has low scattering but gives a dose reading that is
slightly high (Figure 3.1). The same applies for B&L needles
and the tissue-equivalent ion chamber (Figures 3.2 and 3.3).
The gamma-sensitive carbon ion chamber and teflon ion chamber
show, surprisingl', a saturation effect that cannot be ex-
plained away by ion recombination but may result from poor
statistics of the measurement (Figures 3.4 and 3.5). The
low-dose Bendix ion chamber, which is sensitive to neutrons
and gammas, shows an effect opposite to saturation and a
very small amount of data scattering (Figures 3.6). The
gamma part of the DT-236(XE) gave doses which are too high
but show little data scattering. The obvious reason for this
behavior is the effect produced by thermal neutrons. The
neutron part behaved comparatively well (Figures 3.7 and 3.8).
A similar analysis was made for the data of Project 2.2a,
and the results were used in the preparation of Table 3.3.
Among the data presented above, many curves show a curva-
ture that results in an apparent maximum in the dose at about
100 m from GZ. 7The origin of this effect is uncertain, but

it may possibly be erplained by buildup effects,

The personal dosimeter DT-236XE performed comparatively weil

on fast neutrons but showed high results for gamma radiation.

26
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The IM-185 with magnetic switch was overly sensitive to
shock (confirming laboratory tests), but two instruments with
bellows-type switches gave satisfactory readings of the mixed
neutron-gamma dose.

A comparison of several field dosimetry systems showed
the probable errors to range grom 10 percent to 52 percent,
with a standard deviation of 22 percent, The deviation of
each system individually was less than 22 percent,

The data obtained from different dosimetry systems when
averaged out for each station are quite disturbing, As
evident from Table 3.3, the percentages of probable error
range between 10 and 52, with the average standard deviation
being 22, The best available systems were used, and the
systems which might be questionable were not processed in the
computation of standard deviation, Therefore, it may be
concluded that the field of dosimetry is by far less reliable
than hoped., The data agree better with each other if one and
the same system is considered, but comparison of two or more
different systems gives a much bigger deviation from each
other than expected. Adherence to one system improves the
results only apparently and may provide an unjustified sense

of security concerning the results,

Figures 3.9 and 3,10 show the average gamma dose and

average neutron dose.

27
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CHAPTER L
CONCLUSIONS

The required accuracy of both tactical and personal
dosimetry in field use by the Army is spelled out in
References 1 and 5. According to Reference 1, this

accuracy should be 10, As is evident from the above data,

this accuracy could not quite be obtained even when the

best scientific methods were used, and probably the problem
would be much more serious if the measurements had been i H

obtalned In the battlefield by a fighting army, Therefore,

satisfaction of this accuracy requirement should presently
be considered as a wide~open case,

The KiWI=-TNT test was not designed to reveal any data
concerning the saturation properties of the dosimetry system,
because the dose rates encountered there were relatively low, %
For this reason, the apparent saturation erfects observed on i

i

some of the quartz-fiber dosimeters are most disturbing.

They cannot be explained by means of Boag's theory on ion

recombination. Another explanation may be found for these
effects at a later time: for example, radiation effects on
the condenser that is used in the instrument to extend its

range.
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CHAPTER §
RECOMMENDAT IONS

After further laboratory research on both personal and
tactical dosimeters, and after thorough laboratory testing
and exposure, it is recommended that the newly developed
units, together with other more conventional dosimetry
systems, undergo further testing. Experiments of the KIWI-TNT
type should be repeated. Howesver, it would be preferable to
test the systems on experiments that produce a high-intensity
environment, similar to @ small tactical weapon burst above
ground, Such experiments could be used to check the saturation
characteristics of the different dosimetry systems,

To resolve the problem of precision (scattering of data
within one and the same dosimetry system) versus accuracy
(scattering of data between different systems), the use of an
absolute dosimeter such as a calorimeter Is recommended.

Such Instruments are presently available but they should be

modified for field application in future tests.
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