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ABRSTRACT

Los Alamos National Laboratory uses LIiF TLDa (o
measure the quantity of radiation in the environment
during drilling, sampling and hole cementing operations
following underground nuclear teanting.

The procedures for preparing the TLDs, placing the

TLDs in the field and their

subsequent analyafian and

dose evasluation will be presented.

INTRODUCTION

After an underpground nuclear
test fs conducted at the Nevada
Test Site (NTS) a conventioanal
drill rig (Fig. 1) {8 used to
drill {nto the ruhble and 1tn
retrieve samples of teat debris.
Just prf{or to drilling, TLDs are
positioned around the perimeter
of the drillinpg site to provide
the “fence porl” dose rate {n
event of a leak of radioactivity,
TLDs are¢ also used durinp the
cenenting of the hole (cemont -
back) and for the interim period
which usually lants several weeckn
before the hole in nealed and
cemented. The use of TLDs for
environmental measurementa at the
NTS is exacerbated by hiph varia-
tions in background leveln
depending on site location. In
addition, the varfation in dura-
tion of the interim and cemont-
back periods may result in TLDa

being atored for a fow weekw or
an long am A year.

The procedurea outlined |n
this report, wvere also followed
{r our participation fn the Sixth
Internatfonal Fnvironmental Domi-
met er Intercomparinsaon Projoct
(STEDIP) 4m 19R3 (GeRI), The
prroject enahled participanta to
ascertain the accuracy of their
TLD meanurement reaultea in com-
parison to the other partici-
pantna., This comparisor allowed
un tn fdentify needed improve-
menta in our TLD handling proce-
dures at NTS which arc also dis-
cuased in this report.

MATERIALS AND METHODS

Banic Concept

Tt 1e generally accepted
that accuracy ian enhanced when
all of the TLDm are annealed an



Figurel Conventional Drill Rig

one group (Mc81l)., Error due to
varfations in oven temperaturse f{9¢
minimized. Mathematical correc~
tions for fading and for differ-
ent hackgrounds due to varyliug
lengths of times 19 also min{-
mized. In order to report drill=-
back results in a timely manner
and to etill retain group accura-
cy, duplicace nets of TLD»s are
used: one set for the drillhack
and one set for the finterim
period and cementback comhined.
If the interim/cementhack perfod
lasts less than one month then
both sets are treated as one
group. All of the TLDs will he
post annealed at the same time
and read on the same day. If {¢
fs anticipated that {t wi{ll bhe

l.nger than a month before the
drillhole 18 cemented then the
TLDes will be treated as two nepa-
rate grouns. In that case, all
of the drillback TLDs will bhe
pcst annesled, rrad and reported,
while the interim cementhack TLDs
are left in the field unti! the
hole is cemented.

Tvype of TLD

TLND-7008 which are +15% of
the mean TLD average were unaed
for theme proceduren, Fach TLULD
fe 0.312 x 0.32 c¢cm in area and
0.0R9 cm thick, The TLD=-700 {n
depleted in "Li and thus {innmensni-
tive {o neutronn.

Preannealing and Cleaning




Figure 2 Portable and Large Pig

The TLDs are grennnealed for
one hour at 400°C in a petri
dieh. The dish 418 transferred
immediately to the refrigerastor
for 15 minutes of ccoling at four
degrees centigrade.

The TLDs are then prennnea]-
ed for tvo hours at 1007 C,
fmmediately tranafervred to the
refrigerator for |5 minutes of
cooling and placed inaide of =&
large lead pig.

After preannealing, the TLDa
are bathed and agitated {n tri-
chloroethylene and then rinsed in
methanol. The TLDs are then sep-
arated Ifnto five categories: cal~
ibration, controla, field back-
ground, drillbhack and {nterim/-
cementhack.

Cnllhggt!on and Control TLDs

Twelve TLDs are placed
fneide of a polyethylene holder
which provides five mfllimetern
of polyethylene for electronic
equiliibrium, Six of the TLNa are
expoaed to 50 mR and eix are
exposed to 500 wmR from Co-60,
Thene twelve TLDs serve an the
calibration TLDs for the drill-
back and cementhack, After expo-
sure, the TLDs are tranaferred to
the large lead pig, where nix
control TLCs have already been
placed, Three of the contrclas
provide the lead pig hackgrounds
for the drillback while the other
set {8 for the interim/cement-
hack.

Ffeld Background TLDs

TLDe are placed {nside of
plastic discs, which are called
field holders, to protect the
TLDse from the environment. Two
field holders, each containing
three TLDs, ere placed inside of
A smaller portahble lead pig (Fig.
2) and taken to the drillbhack
efite At least five days prior to
the drillback. Theae field TLDa
fnerve as the field background for
the drillback and for the
fnterim/cementhack. On the day
the drillhack bhegins both holders
are put into the portabhle pig and
transferred to the large lead
pig.

Drillbhack and Cementhack TlDs

On the day the drillback
hegins twelve holders, each con-
taining three TLDA, ure placed
one mat~r high on the perimeter
fence surrounding the drill rip
At 10 fntervalas as @ahown |(n
Figurem 3 and 4. Whenu the drill-
hack in completed the twelve
drillback holdere are transferred
by the portable pig to the larpe
lead pig and are veplaced with
twvelve new holders. The now
holders which contain three TLDn
each, remain on the perimeter



Figure 3 Perimeter Fence

fence until! cthe drill hole 18
sealed and cemented.

Post Anrealing and Reading

All of the TLDs are
transferred to a porcelain
annealing tray and_annesled for
ten minutes at 1157°C, The tray
fa immediately tranaferred to the
refrigerator for 15 minutes of
cooling to enhance glow peaks
four and five (Mal76). The TLDs
are then read using a Harshaw
Model 2000D automated TL analyzer
system with output to a Texasn
Inatrument Mode] 720 teletype-
writer.

Done;Eynlﬁljinn

The TLD readinga are entered
into A computer program where the
doaen for the perfod of the
drillback and interim/cementhack
are {ndividually calculated.

The averapge field hbackground
reading per day 18 multiplied by
the numbher of days the drillback
Ti.Ds were Iin the firld tc result
in the total field hackground.

Figure 4 TLD Holder on Fence

The total field background (s
suhtracted from the drillbhack
readings to resuvlt in the net
drillback value. The lead pip
hackground reading per day s
multiplied by the numbher of days
the drillback TLDa were in the
lead pig and maubtracted from the
net drillback value. The 50 mrem
calihration TLDe are us ed to
convert light unite to mrem for
TLD readinge that asre less than
250 mrem. The 500 mrem TLDe are
uned for readinga that are larger
than 250 mrem.

SIFDIP PARTICIPATION

TLDn which were annealed and
cleaned according to our normal
procedure were placed Iin modif{ed
drillback and cementhack holdersa
and were matler to ldaho Falls
for particiration in the Siwxth
International Environmental Dosi1-
meter Intercomparfeon Profect.
Upon receipt at Idaho Falls the
clght TLD holders were divided
into four categoriea conristing
of two holders per category: 1)




controls, 2) environmental field
exposure for threec wmonths, 3)
environmental field exposure fol -
lJowinp exposure to Ca-137, and 4)
exposure to Cs-137 only. After
the TLDs were exposed they were
returned to the NTS where they
were handled accordinp to our
normal procedure. The actual TLD
exposures were determined by the
project coordinstors through the
use of a high pressure argon ifon
chambher.

A tahular summary of the
results ina piven ifin Table 1
(Ge8)).

DISCUSSION AND TONCLUSIONS

The Laboratory resultas for
the fleld expoaure were 2,22
higher than the average exposure
reported by all participants 1in
t he Project and 5.42 higher than
the actual exposure delivered.

The Lahoratory results for
the Cs-137 {irradiated TLDs were
202 hipher than the actual delfiv-
ered doses and 2572 higher than
the average exposure reported by
al! participants. The higher
reading (s attributed to the ari-
entation and type of TLD holder
as well amn the inaccuracy of the
TLUs. Charged particle equilih-
rfum wil] not bec attatned near
bnundaries between materials of
differing composftions (At 68),
Transition zone effects are known
to occur whenever a beam of radi-
ation pasrRea from air to timsue
(AL 69). It {8 conmequently poat-~-

ulated that electronic equilihrt-
um wvas not achteved during the
exposure to the Ce=137 anurce due
to the thickness, composition and
air space of the halder. The
Cs-137 plus field exposure wars S2Z
higher than the actual delivered
dosea and 11X higher than the
Average of the reported
exXpoaures. This is prohahly due
to the same reasmons mentioned
earlier.

The dincrepancien which were
realized have resulted ir the
changing of aur materials. New
TLDs which are +5X of the mean
TLD average vere purchased and
are nov heing used to monrftor
drillhackn and cementbacks at
NTS. In addition, A& new TLD
holder {8 being used which 1ia
multidirectional and should
reasult ifn {improving electronic
equilibrium for both Ca-137 and
Co-60, The new TLDa snd holders
were used to narticipate Iin the
Seventh International Environmen-
tal Doafmeter Intercompariann
Profect, the resultan of which are
not avaflahle yet.

In conclusion, the proce~
dures for preparing the TLDs and
the method for analyzing chem, an
used by the Los Alamos Laboratory
at NTS, will measure an exposure
within +20%, This performance fs
expected to Iimprove with the use
of the nevw TLDa and the improved
holder.

TABLE 1
SUMMARY OF RFESULTS OF SIEDIP
AVERAGF OF RESULTS LANL ACTUAL
RY REPORTED RESULTS EXPOSURF
TYPE OF EXPOSURE PARTICIPANTS (mR) (MR) (mR)
Field, (Environment) 4% 43.5
Ce=137 199 1SR

e=137 Plum Field

212 202
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