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THE RADIOLOGICAL SURVEY

By

Arthur McB. Block
Richard G. Clements
Robert Munson
James Parrish
Tuis I. Rosa

and

7é1ix Santos




A. Introducticn

Thermoluminescent dosimetry (TID) has been described most
succinetly by Cameron, Suntharalingam and Kenney (1968). The idea
that ionizing radiation damage in doped crystal material could be
used as a basis for radiation dosimetry appears to have originated
with Daniels (1950). The basic physical phenomenon which is used
for TID can be adequately described by a crude crystal model as
follows:

Ionizing radiation impinging upon certain crystalline
material can create meta-stable states above the groupd state
(valence band) and below the conduction band and can liberate electrons
which can populate these states. Subsequent anmealment of the
material causes the electrons to return to the ground state (valence
band). This repatriation of electrons is accompanied by the emission
of visible light of a freguency determined by the energy difference
between the metastable state (trap) and the valence band.

Thus, the amount of radiation which has been received by the
material can be inferred by measuring the amount of light emitted (TL)
by the material upon subsequent annealment. This technique has evolved
through a series of studies using materials such as lithium fluoride
(LiF) {(Daniels, Boyd and Saunders, 1953), calcium fluoride containing
small amounts ( ~~ 1%) of manganese (CaF,:Mn) (Ginther and Kirk, 1957)
and more recently, calcium fluoride doped with small amounts of

dysprosium (CaFs:Dy) (Lindeken, Jones and McMillen, 19713 Lebrdn, 1974).
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Tn October, 1973, the Puerto Rico Water Resources Authority
sought the initiation of studies aimed at determining background radio-
logical characteristics of the northwestern quadrant of Puerto Rico.
Some of the studies were required for supporting data for the environ-
mental report submitted as part of the lincensing procedure in the
establishment of thermonuclear electric power generation facilities In
Barrio Islote, Arecibo, Puerto Rico. (Fig. I). Previous studies of
radiological characteristics of the area include the "Aeroradicactivity
Survey and Geology of Puerto Rico (ARMS-I)" (MacKallor, 1966) which
consisted in mapping the radiocactivity emanating from the surface of
Puerto Rico using sodium iodide sensing equipment in an airplane flying
at an altitude of 500 ft. The results are expressed in counts per second,
and provide useful comparative levels for radioactivity observed in
various sections of the Island.

The only thermoluminescent 7L studies yet undertaken in Puerto
Rico in conformance with Environmental Probection Agency requirements
that the dose measurement be made at a heighth of 3 ft. were those under-
taken for the environmental report of Aguirre, Puerto Rico (Westinghouse
Flectric Corp., 1972), and the PRNC preliminary data evaluation for the
environmental report of Islote (Puerto Rico Water Resources Authority,
1974). Estimates of human dose equivalents in Puerto Rico have also

been made and partially checked using TLD (Lebrén, 1974).
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B. BStation Descriptions

The stations selected for study were believed to be located
in directions in which natural (or accidental) plant emissions from
Islote would travel. Thus, the preliminary datae base could be useful
baseline data for comparison with measurements obtained during nuclear
plant construction at Islote, or after such & plant were put into operation.

The low-lying vegetation, tree bole directicn as well as the
directions assumed by wind-swept palm boles all indicated a low elevation
wind direction in the prevailing on-shore trade wind directions. Thus
wind currents were assumed directed predominantly toward the western
south western, and south-south western parts of the island. Subsequent
wind rose data taken within the proposed exclusion zone have supported
these observations in full, at all altitudes (Puerto Rico Water Resources
Authority, 1974).

The full station descriptions including the approximate distances
from the proposed plant site at which dosimeter pairs were placed 1s shown
in Table 1.1. All station locations except Barceloneta, Florida Adentro
and Islote were located in prevailing wind directions from Islote.
Barceloneta and Florida Adentro lie in directions off the principal
wind vector directions, but data from these areas can be useful for
comparison with unusual climatological conditions or aberrations in the
usual air mass flow. Thus virtually complete lend-side dosime try was
carried out. The relative locations of the stations can be inferred from

Fig. II.
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C. Experimental Design

The commercially available Harshaw-2000 TLD reader was the
basic instrument used with CaFo:Dy dogimeters. This instrument consists
of two parts. The detector part has & heating planchet on which the 1/4
x 1/b inch square dosimeter is heated for & given period of time between
carefully maintained temperature limits. In the experiments carried out
the heating cycle was for a 30 second period, with initial heating of
the platinum planchet from 40°C to 2M40°C in epproximately 10 seconds
followed by approximate 20 seconds at the 2L0°C temperature level. All
calibration and field dose TL's received precisely the same temperature
program described. The light emitted by the dosimeter upon heating is
sensed by a photomultiplier tube.

The second part of the instrument measures the current from the
photomultiplier tube and integrates i1t over the thirty second temperature
program. Thus the TL read by the "integrating picoammeter" is in photo-
multiplier charge or current-time units. These current time units can
only be related to the radiation dose received by the dosimeter if the
machine is calibrated using dosimeters exposed to precisely known ionizing
radiation doses before the field dose is accumulated.

The calibration of dosimeters was carried out using a Cs-137 source
a known distance (75 inches) from the dosimeter which was packed in a
black plestic bag. Details of the PRNC Us-137 standard source activity,
determination can be obtained from Mr. Santiago Gémez, Health and Safety

Division, Puerto Rico Nuclear Center. Inference of source dose was obtained




from the fact that on Nov. 25, 1974, the source dose at 75 inches was
7.8150 mR/hr.

Dosimeters were calibrated by exposing them to the Cs-137
source for three different periods of time estimted to give doses
which upon readout would show TL's in the range in which field exposed
dosimeter TL's lay. Conventional exposure times were between 11 and
72 mirmtes. All TL readouts, both on field exposed and calibration
exposed dosimeters were carried out with dry nitrogen gas purging of
the detector system. This refinement is absolutely necessary when
1low dose (background) dosimetry is undertaken.

Annealment of dosimeters was necessary both before field
placement and before regdout. A typical exposure cycle was as follows.
The dosimeter was anncaled for 1 hr. at 400°C and exposed to the first
calibration doge. It was then maintained in lead shielding ( 1 1/2 inches)
for 2L hours and then annealed at 80°C for 15 minutes. After cooling,
it was readout over the 40°C - 2L0°C temperature program. The same cycle
was repeated for calibration doses using two different Ceg-137 source
exposure times, each of which was different from the first exposure time.
Then the dosimeters were amnealed and placed in field mounts for a minimm
field exposure duration of 24 days.

The field packs for mounting the dosimeters consisted of uitra
low background polyethylene neutron activation vials. Two dosimeters
separated by a short styrofoam plug were placed in each vial with a small
piece of paper contalning jdentification or cross referencing data. The

vial was tightly sealed and enclosed in a layer of black plastic electrician




First, the CaFE:Dy chip is not equelly responsive to ionizing
radiation of all types and all energies, and is mainly responsive to
germa and x-rays. Second, the TL emission of a CaFo:Dy dosimeter tends
to fade with time.

One alternative to the ionizing radiation energy problem is to
enclose the CaFB:Dy dosimeter vial in a lead sheath of .002 inches
diameter and a tantalum sheath of .0l inches. This alternative could
not be undertaken within the time permitted for the measurements, though
s correction involving the ratio of TL for a typical TID run with and
without the sheath has been written into the computer program. Thus all
future data obitained using the sheathed configuration can be compared
with the data presented herein.

A somewhat more conventional procedure is to assume that the
energy distribution of gamma and x-rays in the environment is very nearly
the same at the 3 ft. level over all time and that a simple factor multi-
plied by the measured Cs-137 mR equivalent will correct for the change in
energy response and stopping power of CaPy,:Dy when exposed to natural
background radiation. Thus, multiplication of Cs-137 mR equivalents
deduced from the observed TL after field exposure by the factor 1.5
yields the effective dose absorbed in mr (Lindeken, Jones and McMillen,
1971).

Two different approaches may also be used for the fading cor-
rection. Lebrén (1974) applied a 22% increase to the measured dose based
on the signal loss observed when dosimeters were exposed for 1/2 of a

standard time interval and then shielded in lead for the remainder of
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of the time. The measured "1/2-dose" was compered with the dose measured
on dosimeters exposed for the full time interval,

Alternatively, one may use a fading correction which stays rel-
atively constant after the first 24 hours, deduced from the fading data
of Derham, Kathren and Corley (1972). Their data indicates that for ex-
posures in excess of 24 days a correction of 164, £ 24, is realistic for
CaFo:Dy. The field exposures were over perilods in excess of 24 days, and
many were in excess of the 33 day exposures by Lebron (197h). Thus the
correction referred to as the "Denham correction” in this report is an up-
ward adjustment of 16% of the indicated dose.

D. Results and Discussion

The results are summarized in Tables 1.2 - 1.5, The measured
dose rates which passed the rejection tests applied in computer program
TLDCALC are grouped according to the station in which the pairs were lo-

cated. These tables also give percent uncerteinty in dose rate as calcu-

lated using the analysis in Chapter II. The mean dose rate for all dosimeter

pairs associated with a particular station and the estimated uncertainty

in the mean of the two values of each pair plus the mean estimated uncertainty

for all the pairs is also given.

The values for Arecibo indicate a rather low dege rate., Data
collection in Arecibo was difficult because of the amount of pilferage,
vandalism, or other losses of dosimeter vials sustained when dosimeters
were set out for extended periods. The area from which the data were
collected was approximately two square miles. Highest and lowest doses
are reasonably close and the standard deviation of the pairs over the

ares surveyed is not large (Table 1.6).

Rz




The four stations: Islote, Arecibo, Arecibo Airport and Barce-
loneta gave substantially the same dose rate of 100-200 cps during the
ARMS-~1 survey (MacKallor, 1966), and within experimental error, the mean
TD readings at the 3 ft. level reflect gimilar dose rates for these four
stations. The mean TLD reading for Florida Adentro, Charco Hondo and Dos
Bocas also are consistent with the ARMS-1 survey as are the Lares, San

Sebastidn and Quebradillas stalions.

The Mayaguez station exhibits a doserate which is still reason-
able compared with ARMS-1 within the limits expressed by the mean standard
deviation (Table 1.6), though slightly on the high side. It is suggested
that this may be due to the fact that the area surveyed in Mayaguez was
rather limited and a more widespread survey of the Mayaguez area such as
the ARMS-1 survey might reveal a somewhat lower TID dose than is indicated
here,

Tt should be noted that the highest dose rate recorded during the
TID survey of Aguirre was at Sabana Llana (11.4-11.5 Micro-rad/Hr) and
the lowest was recorded at & dairy north of San Felipe in this region

(7.4-7.5 Micro-rad/Hr.). In no case did any of the data teken in the

present study exceed sbout 17 Micro-rad/hr, with average values substentially

below this value.

The TLD dose rate profile is, perhaps, better visualized by refer-
ring to Fig. II. The route numbers of highways and secondary roads along

which dosimeters were placed are given in parentheses. The large type
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numbers beneath the station names are the mean doses for the stations
sampled, the areas encompassed by & station can be approximated by sub-
tracting the values given for station sampling distances in Table 1.1.
Throughout this analysis, the fading correction preferred has
been that given by Denham, Kathren and Corley {1972) rather than Lebron
(1974) because the following experiments indicated that even heavy lead
shielding unless used under well-controlled conditions, mey not keep the

CaFp: Dy dosimeters from being exposed.

At each station, three lead blocks were stacked up. Each
lead block was circular, 6 inches in diameter and 3 inches thick.
The center block had & small hole drilled through the center just
wide enough to contain a vial in which were two dosimeters. These
setups are referred to as "STD" in Appendix II. At the beginning of
a particular time interval, a pair of dosimeters was placed inside this
shielding and retrieved when the other dosimeters in the station were
retrieved. Sometimes the indicated dose of these "shielded” pailrs was as
high as 4 Micro-rads/Hr.and was never less than 0.7 Micro-rads/hr. Thus,
corrections based upon maintenance of dosimeters with lead shields after
being exposed for 1/2 of the exposure period seem to be subject to some

uncertainty.

These results also indicate that the assumption in the error
analysis (Chapter II) that at zero dose, zerc TL will be cbserved may not

be at all correct. It is clear that uncertainties in the lower dose

1Y




measuvements (approximately the same order as the measurements themselves)
indicate that regression data used to test higher measured field doses is
suspect when attempts are made to extrapolate them for use at the lower
doses. TIn view of this cbservation, it is felt that future measurements
cught to make use of statistical sorting of dosimeter pairs or trios such
as that used by Lebrén (1974), or ultra low dose data for error and

rejection analyses should be taken.
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Fig. L. Map of Puerto Rico Showing the Location of Barrio Islote,
the Propose Nuclear Plant Site and Distance {in Km.) to
Major Coastal Towns and Cities.
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Fig. IT. Map of Northwest Puerto Rico Showing Approximate
Station Locations, Reads and Highways Along Which Dosimeters
were Placed (in Parentheses), and Mean TID-Measured Doserates
(Large Type Beneath Station Names).
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Table 1.1

Station Distance from Direction from
NORCO-1 Site (Miles) NORCO-1 Site

Arecibo 5-7 W - WSW

Arecibo Airport 2-3 WSW

Barceloneta 3-5 ESE - E

Charco Hondo 8-10 WSW - SW

Dos Bocas 10-12 SEwW

Florida Adentro 8-12 SSE - 8

Telote 0] Within Exclusion Zone

Lares 15-20 SW

Mayacuez Lo WSW

Quebradillas 18-22 W

ban Sebastlan 21-25 WeW




Table 1.2

Calculated Estimated Mean Mean Estimated
Dose Rates¥ Uncertainty Dose Rate Uncertainty
Station Micro-Rad/Hr. % Dose Rate Micro Rad/Hr. % Dose Rate
Arecibo L.11h + 30% 6.23 + 229
6.706 20%
5.496 23%
6.497 21%
8.316 18%
Arecibo
Airport 6.630 + 20% 8.09 + 18%
6.282 21%
8.009 18%
6.665 2%
Fol9 1%
13.634 15%
9.598 16%
8.711 17%
11.168 15%
9.132 16%
7.769 16%
8.708 16%
6.112 1%
6.057 19%
6.089 1%
7.694 17%
Barceloneta 5.758 + 23% 6.11 + 2%
7.279 1%
5,149 25%
6.269 21%

#* Using the Lindeken-Denhsm corrections to the measured dose.




Table 1.3

Caleculated Estimated Mean Mean Estimated
Dose Rate* Uncertainty Dose Rate Uncertainty
Station Micro-Rad/Hr. ¢, Dose Rate Micro Raed/Hr. 9, Dose Rate
Charco
Hondo 10.055 + 16% 9.98 + 17T%
7.621 1%
10.525 17%
11.195 17%
10.490 17%
Dos Bocas 9.075 + 17% 8.95 + 19%
6.307 ot
9.071 18%
10.518 17%
11.062 17%
7.676 21%
Florida 15.567 + 16% 11.6k + 17%
Adentro 14,055 15%
16.272 164
6.926 19
9.4h41 16%
6.076 214
9.538 164
13.453 16%
9.864 18%
15.403 15%
13.505 16%
9.635 18%

* Using the Lindeken - Denhem ¢orrections to the measured dose.




Table 1.4

Calculated Estimated Mean Mean Estimated
Dose Rates* Uncertainty Dose Rate Uncertainty
Station Micro-Rad/Hr. 9, Dose Rate _Micro Red/Hr. 4, Dose Rate
Islote 10.607 + 16% 8.72 + 1%
8.906 17%
9.69% 16%
8271 16%
7.825 16%
8.176 165
8.260 16%
8.460 17%
9,429 16%
9.227 16%
11.507 15%
L.221 25%
Lares 7.559 + 20% 10.74 + 17%
8.5 18%
7.960 1%
11.291 16%
7.833 19%
11,492 164
11553 15%
13.885 15%
10.490 17%
12,125 16%
9.061 1&%
16.992 15%
Mayaguez 8.642 tl% 9,32 e 18%
7.235 21%
7.624 20%
8.850 18%
11.322 16%
10.403 17%
11.463 16%

* Using the Lindeken - Denham corrections to the measured dose.




Table 1.5

Caleulated Estimated Mean Mean Estimated
Dose Rate¥ Uncertainty Dose Rate Uncertainty
Staticn Micro Rad/Hr., % Dose Rate Miero Rad/Hr, % Dose Rate
Quebradillas 11.499 + 15% 10.35 + 16%
12.662 15%
7.628 18%
9.62L4 16%
San
Sebastian 8.51k + 18% 10.67 + 16%
8.470 18%
9.477 17%
13.335 15%
9,20U 17%
9.493 17%
9.527 17%
12.132 15%
11.710 15%
12.362 16%
13.730 15%
10.030 17%

* Using the Lindeken - Denham corrections to the measured dose.
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CHAPTER II

STATISTICAL VARIATION OF CaF,:Dy: DOSIMETER (TLD-200)

RESPONSE UNDER LABORATORY CONDITIONS

By

Arthur McB. Block
Maric D.Banus

BEdgardo Herndndez Méndezl

Rolando Mosguera Morenol
Karl P. Pradot

and

Félix Santos Hernandez

lExperimental work carried out in partial fulfillment of the

Master in Public Health Degree offered in Radiological Health,
Medical Physics Program, Dr. E. T. Agard, Director.




A. Introduction and Experiment Description

In order to determine the uncertainty associated with CaF2:Dy
(TLD-200) dosimeter data for non-statistically-sorted groups, the following
experiments were carried out. A group of 10 dosimeters (5 pairs) were
exposed to known doses of gamma radiation using the PRNC Cs-137 source.

The first dose selected was approximetely 2.75 mR, the second
7.75 mR. and the third 13.25 mR. The 10 dosimeters were taken through
the following cycle 5 times at each dose. 1. Anneal at 400°C for 1 hour
prior to irradiation. 2. Irradiation. 3. Storage for 24 hours in lead
shielding. 4. Anneal at 80°C for 15 minutes prior to thermoluminescence
readout. 5. Readout over a 50°C to 240°C temperature range. Since the
dosimeters are light sensitive, care was exercised to exclude visible
light during handling and processing.

The variation within the group of 10 as a function of dose was

then evaluated. The variation of dosimeter pair values was also of interest

since field measurements were undertsken with pairs of dosimeters rather
than with single chips. The mean response per dose of single dosimecers
and for dosimeter pairs was of interest at the three doses because field
doses below the lowest dosimeter calibration dose value were inferred by
linear extrapolation from the low dose value to zero dose (zero TL).
Likewise the doses which were above the highest calibration dose were
also inferred from extrapolation using the intermediate and the highest

dose thermoluminescence (TL) response points to obtain a TL response vs

dose slope. This slope was presumed to hold at higher field doses provided

the doses were not excessively high (i.e. less than twice the highest

calibration dose).

= P




The raw TL responses for the 10 dosimeters in the five experi-

ments at each dose are presented in Tables 1, 2 and 3. Dosimeter palrs
are taken to be consecutively mmbered (i.e. 1 & 2, 3 & 4 etc.). The
arithmetic mean TL response of all 10 dosimeters, and the standard devi-
ation on a single TL-response from the entire group at each exposure is
also tabulated. Also, the reproducibility of TL-response for all 10 dosi-
meters exposed 5 times to the same dose is evsluated by caleculating the
mean TL for the 5 equal dose exposures and the standard deviation of a
single TL response at a given exposure in the 5 exposure series, This
latter quantity is probably most important in determining whether or not
pairs of TL values for field exposures ought to be rejected on the basis

of failure to lie within reasonable statistically variable limits.

B. Rejection Parsmeters for Field Dose Determination

Implicit in any criterion for rejection of pairs of TL-values
is an acceptance of scme absolute calibration value or s group of absolute
calibration values in the absence of a known scaling factor (linear or
non-linear). Our criterion for rejection of field dosimeter readings is
based on the TL~indicated Cs-137 equivalent dose in mR and our assumption
of absolute values involves an acceptance of the (s5-137 standard source
velues given.

A cursory inspection of the standard deviations of single chips
exposed to particular levels of radiation (Tables 1, 2 and 3) indicates
that, with the possible exception of the highest dose, a simple differen-
tiel propagation of uncertainties (Daniels et al, 1962; Pugh and Winslow,
1966} in the pair means is a slight over-simplication of the problem of

estimation of uncertainties were it not for the fact that no weighted

- § -




function is used to calculate the pair means., A simple arithmetic function
is used which does not imply differential multipliers other than unity.

The calculated propagated uncertainties in TL using pair-wise averaging

are given in Teble 4 as a function of dose, with the average uncertainty

for the pairs.

In practice the uncertainties calculated can be used by fitting
the dose to the TL values using a known functional dependence. In the
low dosage region, this functional dependence is very nearly linear. Thus
the TL per unit dose are .45k, 452 and 434 for the doses of 2.741, 7.676
and 13.158 mR respectively. Assuming zero TL with zero dose, a convenient
equation for dose as a function of TL is:

(1) D=a TES + b TEQ + ¢ TO
in which D is the dose, TL is the measured thermoluminescence and &, b,
and ¢ are constants. Using the dose and TL-values from Table 4, a, b, and
c are .007218, -.027871 and 2.225703 respectively.

Of greater importance is the variation of uncertainty in TL
readings with dose changes and variations in uncertainty of indicated
dose with changes in observed TL for the field-exposed dosimeter. In
this case, a convenient equation which takes into account nen-linesr
changes in uncertainties is & quadratic equation for [S'Tr, the deviation
in thermoluminescence associated with an observed TL level. Expressing
this uncertainty as a fraction of the measured TL is somewhat more useful
in the actual data analysis.

The percent uncertainty in peir average for the three Cs-137
doses: 2.74l, 7.676 and 13.158 mR are calculated to be: 22.09%, 1k.90%

and 4.819% respectively from the data in Tables 1, 2 and 3.




If the equation:

(2)V=dﬁ2+en’+f
in which ¥V is the percent uncertainty in measured TL (TT)and 4, e, and £
are constants, is used, no assumption need be made for the uncertainty at
zero exposure (zero TL). The calculated values of d, e and T from the
date in Table 4 are: -0,002783, -0.019297 and 0.249239 respectively.

The two regression equations - one for D and the other for V
provide a basis for estimation of the uncertainty in sample dose of an
exposed dosimeter - AD.

Thus if D = D (TL),

+ (2D

(3) AD-= -(J‘FL' ) A T,
recognizing that this is a first approximation to AD since the weighting
function for ATL: F ( ;%E) - in this case, is not unity,

From equation (1),

%) AD =

2
(3@ TL +2 bTL + c)s AATL.

b
Pair values can now be rejected on the basis of whether or not the values
of average dose of the pairs plus-or-minus some adjusted velue of AD
inferred fram (4) overlaps the individual doses inferred from the measured
TL values. The quantity AD with scaling factor of unity ought to be a
sufficient criterion provided that the coefficients 8, b, and c and 4, e
and f derived from experiments such as the one described are "double-
blind" in nature, or that the dosimeters used to measure field dose are
subjected to some sort of initital laboratory statistical selection before
field use, by a single field invesfigator.

Assuming that the parameters characterizing the readout of

dosimeter TL i.e. heating cycle, nitrogen flow and annealment times are




the same for both field and controlled exposure measurements the dats
in Tables 1, 2 and 3 is sufficiently genersl for field-correction
applications such as pair value rejections,

Thus
2
(5) A D=2 (,020654 T - 055742 TL + 2.225703). AT

in which'EE is the mean value for a dosimeter pair, V is calculated

from equation (2) and

(6)ATL = (V)-(TL)

As an illustration, consider what the estimated uncertainty
in D, A D, would be if a thermoluminescence of 1.245 resulted from the
mean of a field-pair measurement., From Table h:(}lfi = 0,275, a, 2
and ¢ are known, so A D of an inferred exposure is calculable. In
order to use this uncertainty data with other TL measurements on a
field-exposed dosimeter, the derivation of AD as a function of E@ is
the most useful equation of all and it may be readily inserted in a
computer routine for testing the pairs of dosages calculated,

Thus Table 5 gives AD as a function of TL near three known
doses. Using the same type of regression equaticn as before, a general
expression for the uncertainty in indicated dose as a function of indi-
cated dose may now be evaluated:

(T)ADi = BD3° + q Dy + T
in which the subscript i refers to dose indicated using the TL observed
for a field exposed dosimeter with calibration data of TL as a function
of known dose. Evaluating the three constants from the data in Table 4,

(8) ADy = .013835 Dig - .0271% D; + .57655.

This equation is the basis for estimated uncertainty in dose, when the

dose is derived by interpolation of calibration dose wvs TL points.

-6 -




C. [Extrapolation and Interpolation of Calibration Curves

The inference of doses from field measurements yielding TL values
which lie between two known calibration points presents no serious obstacle,
Lebrén (1974) has used the statistical sorting (selection) method with
dosimeter handling procedures currently in practice in the PRNC Terrestrial
Ecology laboratory facilities through it is unclear what stetistical re-
Jection procedure was used in his work, Assuming a linear function of the
log of TL response versus calibration dose, his method has same advantage
in the relative rapidity with which many samples can be processed, and
his field dose uncertainty estimates are approximately 30%, not considered
a large uncertalnty for the type of field work which was carried out.

The data in Tables 1, 2 and 3 do show that a linear interpola-
htion of calibration data can be used to derive unknown field doses from
measured TL's without introduction of excessive errors, provided doses
larger than approximately 15 mR of (s-137 eguivalent are nct encountered.
Using a standerd 30-50 day field exposure for the characterization of local
environmental radioactivity Cs-137 dose equivalents as high as 14 mR have
been infrequently encountered. In areas of high doserate, shorter field
exposure times cah be used to maintain the lower uncertainties introduced
by the linear interpolation approximation. Another alternative in this
case is to select chips which have lower sensitivity, since this charac-
teristic can vary widely from chip to chip. Our experience indicates that
overlong exposure times increase the risk of vandalism of dosimeters placed
in field stations. Furthermore, long exposures may be impractical if
TLD is used as an environmental monitor under future Nuclear Regulatory

Commission (NRC) policy commitments.

-7 =




Extrapolation of calibration dose versus TL curves to doses below

the lowest TL observed in the (0s-137 calibration is difficult. It is not
clear that the measurement techniques used in this study warrant the as-
sumption of zero TL for zero dosage. Thus linear or first order slope-
correction derived curves from zero dose up to the lowest calibration

dose may be subject to errors in TL approaching the values of the indicated
dose., Some of the experiments described in Chapter I suggest that an un-
certainty of 100% is not unreasonable if the linear extrapolation is employed.
The additional assumption that the lowest calibration dose point is fixed
and absolutely correct for the purposes of zero-to- lowest-dose slope
determination is not good. However, in the absence of reliable very low
dose data, this approach has been used and the values which result should
be regarded as trend indicators, unsuitable for all but the most qualitative

of interpretations.

D. Caveat Lector

The analysis presented above 1s a practical approach to a field
research problem, The confidence which can be placed in single field
measurements carried out at different times (end frequently at different
locations) is never very great. There simple is no substitute for the
classic f and t tests when data significance is at issue. Such tests
generally need considerable data taken over the same period of time, using
substantially the same techniques in order to be conscientiously applied,

In this, the initial survey of Northwest Puerto Rico, resources
of men power, instrumentation and (most important) time did not permit

more than a general description of radiation levels using TLD. Presumably,

@ 0 =




future measurements of background radicactivity will be able to build
upon the experience obtained herein. Analysis of variance using
accepted techniques should be high on the list of priorities in such

future studies,




Table 1

Dose: 2.741 mR.

TID-Response Wean of 5 oid. Deviation

_ Dosimeter # in Exposure 1 2 3 L 5 EXposures Single Exposure
1 1.183 2.549 1.600 1.407 1.285 1.605 + 0,550
2 0.953 1.0k2 1.128 1.261 1.269 1.131 + 0,138
3 1.117 1.640 1.179 1.314% 1.578 1.366 + 0.23k4
4 1.348 1.468 1.094 1.358 1.2L8 1.303 + 0.141
5 1.040 1.626 1.438 1.157 1.289 1.310 + 0,231
6 0.760 1.643 1.116 1.241 1.377 1.227 + 0.326
7 0.986 1.345 0.941 1,172 1.128 1,114 + 0.161
8 1.065 1.302 1.089 1.271 1.1l12 1.168 + 0.110
9 1.312 0.217 1.413 1,131 1.336 1.082 + 0,49k
10 1.147 1.001 1.073 1.151 1.359 1.146 + 0,134

Mean Response
{Intra-group
Non-sorted) 1.091 1.383 1.207 1.246 1.298

St. Deviation
of a single
Dogimeter

TL in the Group 4+0.176 +0.595 10.206 +0.09% +0.131




Table 2

Dose: T7.676 mR.

TL-Response Mean of 5 Std. Deviation
Dosimeter # for Exposure 1 2 3 L 5 Exposures  Single Exposure
P lL 4. o062 3.L6L 3,741 3.763 3.828 3 TR + 0.21k
2 3.979 2.577 h4.045 3.537 3.216 3.471 + 0.603
3.715 2.730 3.936 3.29% 3.103 3.356 + 0.481
L 3.924 2.654 3.977 3.658 3.608 3.56k4 + 0.53L
5 3.776 2.556 3.910 3.376 3.176 3.359 £+ 0.538
6 3.785 2.593 L.013 hL.,272 3.637 3.660 + 0.643
3.512 2.405 3.792 3.k65 2.805 3.19% + 0.571
8 3.661 2.753 hL.092 3.030 3.182 3.344 + 0.532
9 3.689 2.74 3.692 3.518 3.0L8 3.336 + 0.hos
10 3.754 2.747 3.845  L.o9k 3.L52 3.578 + 0,518
Mean Response
(Non-sorted
Intragroup) 3.786 2.722 3.904 3,601 3.306

5td. Deviation

of a Single

Dosimeter TL

in the Group +0.162 +0.425 +0.134 +0.368 +0.315




Table 3

Dose: 13.158 mR

TL-Response Mean of 5 otd. Deviation
Dosimeter # for Exposure 1 2 3 4 5 Exposures Single Exposure
S | 5.646 5.638 5.831 5.L05 5.79k 5,663 £ 0.168
2 5.899 5.551 5.631 5.337 5.797 5.643 + 0.219
5.725 5.734 5.802 5.388 5.746 5.679 1 0.169
4 6.142 5.682 5.914 5.633 6.1hk2 5.903 + 0.243
5 5.694 5.577 5.879 5.229 5.820 5.640 + 0.266
6 5.839 5.643 5.455 5.668 5.902 B 7eL + 0.176
7 5.521 5.386 5.620 5.797 5.534 5.572 + 0.152
8 5.852 5.737 5.717 5.015 5.890 5.6L2 + 0.358
9 5.578 5.304 5.423 5.301 5.919 5:5085 + 0.258
10 6.048 5.616 6.335 -  6.826 6.206 + 0.508
Mean Response
(Non-sorted
Intragroup) 5.79% 5.587 5.761 5.419 5.937

Std. Deviation

of a Single

Dosimelter TL

in the Group +0.200 +0.142 +0.263 +0.243 +0.353
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Table 5

Dose TT, ATL a b c AD

mR mR
2.741 1.245 +0.275 0.007218 -0.027872  2.225703 +0.606
7.676 3. Lok +0.516 +1.183
13.158 5.715 £0.275 0.719
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NOTICE

“This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the United States Atomic Energy Com-
mission, nor any of their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents that its use

would not infringe privately owned rights.”




