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ABSTRACT
The CGrand Junction Urznium Mill Tailings Remedizl Action-Radiological
Survey fActivities Group (UMTRA-RASL) program employs.a screening method in
vhich external exposure rates are used to determine I & preoperty contaminated
with uranium mill tailings is eligible for remedigl action. Portable Yal
detectors zre used by survevy technicians to loczte contaminated arees and
cdeterrmine exposure rates. The expcsure rete is calculzted using a regression

-equation derived from paired measurements rmade with z pressurized jonizztion

chamber (PIC) and z Xal detector. During July of 19685 extensive measuremen*s
were tazken using & PIC and a Nel scintillztor with both znalogue and digite
readout for a2 wide range of exposure rates and at a variety ¢l eievations. The
surface soil was sampled at mest ¢f these locations and anzlyzed for 2%°¢Rz.

‘The recponse of the Nal detectors was shown tc be highly correlztec to

r;a-;v-o“ level but not tc 22€Ra concentration or elevztion.

INTRODUCTION

The Uranium Mill Tallmge Remedial Actiorn Program (UMTRAP) is responsitle
for decontaminztion of inactive uranium miil sites and associzted "vicinity
properties”. Vieinity properties include residences, schools, parks, motels
anc other public and commercial structures (1). .uese properties were
contzminated with waste uranium mill tzilings prizmarily through the use cf
tailings as a substitute for sand in construction prejecis.

The Depariment of Energy (DOE)} was charged with the performance of the
UMTRA Program. It identified over 82C0 cazndidate properties (designated
oroperties) of which about 700C are iocztec in Grandé Junetion, £O (1).

One cf the steps in the remecial acticn process is & radiclogical survey
of each designatecd property tc deltermine eligitility for decontaminatizn by
UMTRL. These survevs are ccnducted by Ozk Ridge National Laboratory (OREL)
which is designated as the Inclusion Survey Contractor (ISC).

The Pressurized Ionization Chamber {(PIC) is considered to be the stancard
‘nstrunent for env;ronrert 1 exposure razte measurements. However, beczuse of
ite size, weight and cecs t is nct practical as a portzble survey meter,
Therefore, the gamma surve)s ere performec primarily with portable instruments
consisting ¢f & Nal scintillator with an analogue ratemeter {scintillometers).
The scintillometers are relatively inexpensive, portable, and have a high
sensitivity with & rapic response. However, they measure ionizing events in
the crystal, not exposure.
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Keadings made with the scintillometer, in kilo Counts Per Minute (kCPM),
are transformed to exposure rates (uyR/h) using an equation developed through a
regression analysis of paired pressurized ionization chamber and Nal
scintiiiometer measurements (2).

It is imperative to understand the response of t{he portable scintillators
&s & function of exposure rate. Since both detectors are subjected to the
cembinaticn of terrestrizl and stmospheric racdiztion, this study was designed
10 observe the response of each as & Tunction of elevation and concentration of
22¢pz in soil.

METHODS

Cxposure rztes were measured using 2 Reuter Stokes RSS~111 pressurized
icnizztion chamber modified with an integrated displavy in units of uk/h
(3, 2). The calibration cf the PIC was verified at the beginning of the
preiect using two sources ¢f **°Rz in & procedure recommended by the
manufaosurer, and field checked daily using a °°Co source.

A NelI scintilletor (3.2 em diz.; 3.& cm L&) with an anzlogue rate meter was
tested. This system was icentical to the configuration usec by the ISC survey
tezms. Estimates of count rate were made by averzging the meter reading over a
tiring intervel of approximately 10 s.

A second Nal scintillator (2.5 com diz; 2.5 om 2) with a digital scaler was

zlsc compared to the response of the PiC. The count rete was determined by
integrating over 2 60 s time intervel.

Ezch ¢f the Nel scintillometers was field checked daily using & depleted
uranium source. All measurements were taken at grounc level since the
screening criteriz for vicinity properties are written for ground level
measurements (2).

Date cocllection was performed in severzl steps. In order to determine the
response of the Nal crystals under background conditions, the c¢city and
surrounding areas of Grand Junciion were divided into a 2.56 km?® grid. One
hundred and twenty-five locations were measurec¢ on this grid. 1In order to
obtain the response at higher levels of radiztion, twenty-five measurements
were made in the vicinity of the uranium mill tzilings pile. A series of
measurements were taken frox 1500 m to 3300 m along Grand Mesa to determine the
response ¢l each detector as 2 function of elevation.

At each site the top 15 em of soil was removed using 2 post hole digger.
Approximately 250 g of each sample was dried and anzlvzed for 22%Ra
cencentration. This analysis was perfeormed using & Nal spectrometer and a
computer algorithm deveioped by ORNL (2). TResponse as a function of 22%xa
concentration was then determined.

RESULTS
Figure 1 shows the paired readings of the PIC (uR/h) and the Nal

scintilliometer (KCPM). The data was plotted on a log-log scale because of the
dynamic range of the readings. The solid curve illustrates the result of a

regression analysis. The data were separated into two sections in order to
simplify the equations.



from 0-50 kCPM the response of the Nel system was & linear function of

exposure rate. At higher readings & power function wes recuirec. The
eguations obtained from the regression analysis are:

Expesure Rate (upR/h) = (KCPM) + E.2 kCPV, 250 (1)

Exposure Rate (yA/h) = 0.53 (KCPM)!'.? KCPH >50 (2)

Tne P? for eguation (1) was 95 and that for equation {2) was 9%. This

combination provided a satvisfactory fit to the data but as can be seen from
Figure 1, there is a2 tendency fcr the ecquation to overestircate the true values
&t low count rates. Generzlly, this distribution of residuals :is
unacceptzble. However, for screening purpcses the ecuat101s seem to be
&cequete. The dashed lines in Figure 1 sghow an interval = 20% about the
res“ess;on lines. It is clear that over 95% of the true rez dlngs fz2l within
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Figure 1. Plot of paired Figure 2, Plor of paired
readings for the pressurizec readings for the pressurized
icnization chamber and the Nel ionizztior chamber and the Nal
scintillometer with anzlogue scintilloneter with analogue
display showing the two display with z quadratic
regression eguations that function over all exposure
‘intersect at 50 kCPM. rates measured.

Another regression analysis ¢f the datz was made using a quadratic
function on the log-log scale. This model yields the desirecd normzl
distribution of residusls. Tnis curve is shown in Figure 2. The equation
describing this curve is:

1n(y) = 2.27 - 0.0076(1nx} + 0.123{Inx)? : (3

Thus,

~0,007 .
Exposure Rate (yR/R) = 9.7 (KCPM) “orcpwy Tt T jEntker) (1)
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Figure 3. Plot of paired Figure 4, Plct of paired
rezdings for the pressurized readings for the pressurized
ionizztion chamber and Nel ionization chamber and the
scintillometer with analogue Nel scintillometer with
display a2t low expcsure rates digital display showing a
wnich shows a threshold at linear fit over all expcsure
§.2 vR/h. rates measured.

Figure 4% shows the respense of the Nal detecter with a ¢igitel scaler. - In

this situztion 2 single linear expression was sufficient to £it the data:
Exposure Rate (wR/h) = & + C.0045 (CPM) (5)
Exposure Rate (uR/h) = 5 + 0.45 (kCPM) (6)
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there 1s a threshold expcsure rate of 5 uyR/h for the scintillometer
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Figure 5. The response of the Figure €. The response of the
pressuriczed ionization chamder Nel scintillioneter vs.
ve. elevaticn between 1500 = eievzticn between 1500 m and
and 3400 m ezleng Grand Mesz, CO. 3400 m along Grand Mesz, CO.

Figure 5 shows the response cf the PIC zs a function of elevation. There
is a clear correlztion Detween expesure rate and elevaticn. Figure 6 shows the
response c¢f the Nal detector as & lunction of elevation. There does not appeaﬁ
to be any correlaticn between the count rate znd elevation. Figure 7 shows the
paired readings of the PIC and Nel detector for the datz previously shown in

Figures 5 and 6. Notice that for the data taken at higher elevations the Nai

scintillator underresponds when compared tc the regression equation obtained at

lower elevacions.

Figure 8 is a plot of the concentration of 2?€Ra in surfzte soil 25 a
funct;on of exposure rate measured by the PIC. TFigure ¢ is a plot of 22¢Ra
concentrztion as a function of the Nal reading. Neither of these show any
apparent correlation. Notice that 22°Rz concentrations at or below the minimum
detectabtle concentration are observed over the entire range of exposure rates

and Nal readings.
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CONCLUSIONRS

At elevaticns below 1500 m the count rate of portable NaI survey meters
was correlated to the external exposure rate measured with a pressurized
jonizaticn chamber (PIC). The response was linear for low coun* rates, but a
power function was requirecd at higher count rates when measured with an
anzlogue meter. Both digital and aznzlogue scintillometers displzyed tnresholds
1n the sense that they dic not respond to exposure rates measured with the PIC
below 5 pR/h an¢ & uR/hr, respectively. t is suggested that this corresponds
to missing pulses generatec by atmospheric radiztion which zre not registered
by the rate meters.

The response of the PIC increased with elevation. However, there was no
correlation betweern the Nal detectors and eievation. The response of the hal
scintillometers was probably due to razndom changes in the terrestrizi
component. The correlation between the PIC and elevation was preserved even
whern the output of the Nal was subtracted from the PIC. This is further
evidence that the Nal detectors did not respond t¢ zitmospherice radiation.
ts tc correlzte the response of the FIC znd NeI detectors with the
on ¢of 2283z in soil directly below the point of mezsurement were
y unsugeessiul.,

The insensitivity of the portable Nel scin
radiation might be explzinec by considering the stopping power of high energy
muons &nd the path length distribution through the crystal The steoping power
for minimum icnizing particles in Nzl is 4.8 MeV/cm (5). bsing Cauchy's
thecrem, the mean path length through the 2.5 em * 2.5 e ecylinder is 272 of
the diameter wnich is 1.7 em., This cerresponds te an energy deposition grezter
than 8§ MeV. 1Tt is ezr how the amplifier znd discririnztors process such
large s*gnals. For this cvlindrical geometry only about 2% of the events would
be less than 2 MeV h is in the range of those produced ty terrestrizl gamma
rays (6).

llometers t0 aumospheric
w

In sumrmary, Nel scintillometers can be used for rapid screening of
externzl exposure rates. Caution must be exercised when large varia:ions in
elevztion are anticipated. The measured exposure rates were nst ccrrelzted to
the concentration of 2%2®Rz in scil taken directiy below the point of

mezsuremens.
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