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AMBTEN" ENVIFONMENTAL RADIATION MONITORING AT THE LAWRENCE LIVERMORE LAEORATORY*

C. L. Lindeken, J. H. Mnite, A. J. Toy, and C. W. Sundbeck
Lawrence Livermore laiwratory, University of Czlifornia
P.0, Box 308, Livermore, Califormia, 94550

Abstract,

Thermoluminescence dosimetry is the principal means of measuring ambient ganma radiation at the
fawrence Livermore labaratary. These dosimeters are used at 12 perlmeter lccations and 41 lacations in
tie off-site viecinity of the Lahoratory, and are exchanged quarterly. Cc..trol dosimeters are stcred in a
75-mmethick iead shleld located out-of-goors to duplicate temperature eyeling nf fleld dosimeters. Effsct
of dosimeter response to radiation in the shield Is determmined each quarter. Calitration lrradlztions are
made midway through the exposure cycle to compensate Tor sigral fading. Terrestid.l exposure razes calou-
lated frem the activities of naturally occurring uranium, thorium, and potassium in Liverrore Valley
soils vary from 3 te 7 pR/hr. Local inferred exposure rates from cosmie radiatl.n are approxdmately
4 yR/hr, TLD measurements are in good agreement with these data. Off-site and site perimeter date are
campared, and differences related to Laboratory operations are discussed.

Introduction

Today*s emprasis on envirormental monitoring is primerily due to publiz concern for envirormental
quality, which gained national attention during the late 1950s. For nuclear installations, arbient garma
radiation measurements are normally an integral part off enviromentzl monitoring. Typleally, thermclumd-
nescence dosimetry 1s the prinelpal means of maldng these measurements. The lawrerce Livermore Latcratory
{LLL) loeally operates a number of nuclear facilitles having a potential for radiological impact. Our
ambient monitoring pr gram assesses any such lmpact.

At LLL, thermoluninescence daosimeters ave used at 12 perimeter locations and 41 Iczations in the off-
site vicinity of the Laboratory. This paper describes the TLD procedures which have been developed over
the last six years. In addition to local amblent gamma monitoring, the same baslc technique has been
appiled In a survey of geographical varlatlens in envirormental radiation background in the United
States, (1) variations in exwuwgental radiation between residerces, (2} and radiation swreys both 2t
Enewetak(3} and Bilkini atolls.

Dosimetry Procedures
Selectlon of Phosphors

The environrental TLD package contains two type. of phosphors: CaFp:Dy (TLD-200) and {14F (TLD-700).
The CaF,:Dy phosphor was chosen because of its greater sensitivity compared with LiF. The Lif Is included
in the package to provide a more refined analysis of the fleld exposuie (see Dlseussfon) and (LiF
{(TiD-706' was used because of lts low respuonse to newtrons compared with raturally abundant litnium.

Tre CaFz and LAF phosphors in the form of 3-mm square chips were purchased i lcts of 1CCC. hen
received, they were annealed at 425°C for 1-1/2 hr, cooled at ambient tempersture for 4 min, and then
post annealed at B0°C for a 2k hr peried. After cooling 2nd irradiating the phosphors with 9o, the
armealing steps are repeated, followed by rewfrradiavion, Af<er a UB hr delay to allow low temperature
traps to decay, the phospnors are then read using the LLL developed hot gas reader.(5) fThe phosphors
selected for envirpmmental monitoring have light output signals within + 5% of the respectlive sets.

Dosimeter Package

To take udvant. of a. d pr 1
capabllitles dzveloped for the, Laboratory's
persornel dosinetry program, we also use
3tandard ILL dosimeter holders for our envi~
rommental packaye. This Injection molded
plastic holder shovn in Figure 1 13 350 mm
In diameter and 3 mn thick. The two sets
of holes around the circunference are a
binary encoding system to identify the
phosphor and monitaring location. Freshly
annealed chips are placed in the three
central recerses and are held in place by
plastic covera. Altiough the recesses have
a slight negative draft and the covers are
siressed to make z tight f£it, westhering Flg. }. LIL enviromental TLD holder.

#iork pertormed under the ausplees of the 1,5, ERDA under contract No. W=T405-Eng~US.
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in the field fregquently caused the covers to pop put resulting in loss of the phosphor. To eliminate sueh
losses, we nnw use two facing holders held together with plastic ties as shown In Figure 1. Thls double
badge containing one holder with \:hre? ?aFg:Dy phosphars and one holder with three LIF phosphors was first
used in an Er.wetak radiation survey,(3

Slting of TiDs

Locations of perimeter and off-site TLU mondtoring stations are shown in Flgures 2 ard 3, respec-
tively. Dosimeters are exposed for a period of three months. Perimeter doslmeters are attached to the
wWoven wire Site boundary fence a% a helgnt of approxinately 1 meire above the giound, As the viednlty of
the Labaratory 1s essentially rural, the off-site dosimeters are usually secured to raadsige wire fencing.
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Fiz. z. Lasrence Livermore Laboratory on-site envirmmmerital samp (ng locitions.

Storage of Control busirevers

Control dosimeters are stored in a 75-mm~thick lead shield equipped with a Cd-Cu "graded" liner. A
lead shield of this tiuckness constitutes an acceptable storage area Since the radlation inside is prima-
vily due to the *ard camponent of cosmic radiatian rlus the comtribution of any contarinants In the shisle
material. 'The internal exposure rate 1s therefore relatively low and constant. The shield is shown in
Figure b,

Calibravion

A portion of the control dosimeters is removed midway through the 1'leld exposure cyele. LUsing a 6%0
source, the individual dosimeters are Irradiated at doses fywm 10 mrad to 100 mrad. Directly tollowing
tixs irradiation procedure the dosimeters are veturned to the shleld and are read along with the Tleld
dosimeters &t the end of the exposure cycle.
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Dosimeter Readout

After collection from the field, the exposed
dosimeters are placed in the lead shield for 48 hrs
to permit decay of the low temperature traps. The
envirommental package i8 then taken apart and the
CaFp and L4F holders are loaded into the automatic
hot gas reader in separate runs. Calibration
phosphors are interspersed within each group. The
operating voltage on the photomaltiplier tube is
increased over that used in perscrnnel dosimetry to
provide the increased sensitivity required in meas-
uring environmental background radiation. The
reader shown in Figure 5 1s then started, and in
sequential steps the dosimeter mmbers are decoded,
the plastic caps are removed, the chips are trans-
ferred to the counting chamber and heated, and the
light output is recorded. An IBM card 1s simulta-
neously prepared identifying each phosphor, its
rield location, and its light output. These cards
are then used in A computer program, which computes

mrem deses and confidence limlts for these doses. Fig. 4. Lead shleld for control Josimeters.

Results and Discussion

Figure 6 mpmse?tg distribution plots of annual LLL pe:'laeter and off-site dose rates
7) The plots show medlan doses of €9 and 66 mem for the p?ES_rretex‘ &
8

TLD data during 1974,

locations, respectively. These am comparable to the doses observed during 1973.

eter dose rate (137 mrem) was due to operation of a 14 MeY neutron generator.

Flg. 3. Location of thermoliminescent josimeters in the vicinity of the Lawrercs
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Mg. 5. Automated TLD rearder.

recoréed trne nignest dose (210215 mrem} is lowated near an off-sive industr
with 2 192Ir scurce is frequently performed

: Ly where radlograpny

Thermolumls nce dosimetry measurements do not distinculsn vetvicer sl 7 As we
are prisarily oor &4 with whe sect of san-made radiatio., it o A able Lo sub-
tra2t the contrl due to the natural radiatlon backgrowid. 7o
oreurring uranim, tnporium, and potassium ln the soll plus cosmic r_xdht ar.
natural radiation. The terres:irizl exposure rate can be appr'ndma’ ed e
nzturally occwrring germa emitters In the soll,{ ! and the
tdon ard etlc latitude o the area using the t
at 37 of the off-site jocan
sure rﬂ' 25 fron u:'a:\ir

v £.8 uA./*.r, with a median of
rrad 10/.51 SALOSUre rate

=0 On AN average
cLrates thon ndie
radiation ba

11y made at Labora-
X fors, and the agree—
:.-»—q bety surements 2r.d those using TLD
1s generally good, The ad-antage of the ion ehamber
Is that it provides real time data, which s useful
in investigatlag poasitle trancltory fluctuations In

Dose — mram

atigrourd radla fon,  Hov vy our reporting require-
3.y dat: peflecting annuil 2veray: [T T
quensly, Lutegratlog devices, sucn as TID, are jer-

nyj 5 better siited for routine envivunmental
wonitorlng.

Moat, users of CaFp Incorporate energy filters in
thelr dosimeter pacvage to flatter the phosphort's ene

hanecd regionse tolow 100 keV. At LLL, we have elect- 50: 4“ ;0 5; 7% :‘T 99
o4 to willze this characteristic of “aFs to av ect ! o

~ht presenice of low energy phetons. To do this our Cumulative frequency less than — %
dnzlmel 2rs also cortaln LIF whose redponge ls campar-

arively energy lndependent. An increase in the Fig. 6. Laboratnry perimeter and Livermore Valley
CaFp/LLF response then an indication of low energ, environmeritil radiatlon dose rates - 1974,
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radlation. In additlon, since LIF 1s approximately tissue equivalent, dlviding the CaF, mrad values by
the CaF»/LiF ratio converts those doses to mrem. This ratlo, which averages 1.3 1s ohtained by averaging
the da‘ . from the off-site dosimeters. Pecause this ratio 1s based on a large number of measurements each
ex*m\m= perlod, the dose values so derived are usuzlly more precise than individual [AF values. Similarly
thls manipulation permits us to obtaln mrem data with better statistics due to the greater sensitivity

of CaFy.

Appreclable signal fading of CaFp:Dy — approximately 30% over a period of three months — 1s a problem
that 1s not encountered with LIiF. Rather than apply fading corrections, we have conpensated for fading by
Irradiating the calibration dosimeters midway through the field exposure cycle. This method assumes a
lirear fading and a constant radiation fleld during the exposure period.

vnen the monltoring prugram began, the 75-mm-thick lead storage shield was located within a labora-
tory maintalned at zpproximately constant temperature (23°C). During the fourth quarter of 1972 an anom—
zlously high respons. was observed in all field CaFo:Dy dosimeters. This increasied response was attrl-
buted to reduced signal fading of the field dosimeters at the unseasonably low temperatures during that
quarter. In order that the control doslimeters might more closely duplicate the temperature cy:ling of the
fleld dosimeters, the shield was moved out—of-doors. The shield in its present locatian 1s shovn in
Pigure 4.

o dererndne the effect of seasonal variations on dosimeter response in the storage shield, z freshly
annealed dosimeter 1s placed in the shield =ach week of the field exposure cycle. These dosimeters are
read out along with the others at the end of the exposure cycle. An internal dose rate 1s then calculated
from whe callbration and the data from these weekly dosimeters.

In the siting of our thermoluminescent dosimeters, the height above ground is maintained at approx-—
imately 1 metre at the perlmeter locations. As the vieinity of the Laboratory 1s essentially rural,
dosimeters are secured to rcadside fencing, variations In which make it Aifficul® to maintain the same
nelght as at the perimeter locations. Concern over these differences in helght, which varied about
4 0.30 metres, prompted a test exposure consisting of dosimeters suspended at heights from 25 to 305 centi-
metres.  Results of this three month test, which are shown in Table 1, conflirm that dosimeter height is
not 2 eritical parameter,

In addition t¢ detecting non-environmental

Table 1. Effect of Dosimeter Helght
doses at a particular dosimeter site, groups of

CaFy dosimeter sites may be corpared to see If the means
Helghi, cm  mrad/90 days rmrem/9Q S of those grcups are statistieally different. Con-
sidering the dose to TIDs in a group to be log-
13.5 normally distributed and appl%!ir‘% a priori tests as
14.3 deseribed by Toy and Li..deken13) ang Sokzl and
14,8 Rohlf,{1%) we nave determined : hat our progran is
13.5 more than adequate to detect 2 Gifference of ©
4, per year between the mean ar our pe“_n'eter‘ and
l:a.u mean in the Livermore Valley.
181
13.7
1.7
14,1
15.3
14.8
15.1
15.9
v 1h.5
Surmary

Although supplemented by other techniquss, thermoluminescence 1s the principal means of measuring
ambient gammo radlation at the Lawrence Livermore Laboratory. The procedures employed {or envirormental
monitoring with TLD are designed to take advantage of the automated processing capabllities developed for
the 1] oratory's personnel dosimetry program. The envirommental doslmeter contalns both CaFz:Dy (TLD 200)

LIF (TLD 700)., The CaFp/IAF nrad response ratlo 1s used to detect low energy photons 1n the radla-

* 1on field, as well as convert the more sensitive Cals data tc equivalent mrems. Using dosime-ers at 12
locations on the site perimeter and 41 locations in tﬁe off-site vieinity, provides adequatc samrling 1o
derect a difference of 5 mrem between these two populations.
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