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ABSTRACT | D WA

Z

Radijachromic dye dosimetry was used to measure kilogray doses absorbed by
various 1iquid samples during gamma-ray exposure in a spent nuclear fuel pool.
The source of nuclear fuel was the Advanced Test Reactor (ATR) at the Ildaho
National Engineering Laboratory (INEL). Calibrations were performed using a.
Co source and were run on bare dosemeters, as well as on dosemeters which
were mocked to simulate the samples. These dosemeters were prepared as a dye-
impregnated nylon film and are commercially available. When exposed to gamma-
i ray doses of 0.5 to 200 kGy, a color change occurs which has an optical
‘ density proportional to absorbed dose. The difference in the calibration
‘ curves demonstrates the importance of irradiation of dosemeters under
conditions as close to the actual samples as possible., Since these dosemelers
| could not be immersed directly in the organic solutions of interest, they were
, sandwiched between layers of lucite and stainless steel. This simulated the
d conditions inside an irradiated sample and provides a practical method of
' measuring absorbed doses. The reproducibility of measurements using the
radiachromic dye dosemeters is also shown.

| DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
i Government. Neither the United States Government nor sny agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility 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. Refer-
ence herein to any specific commercial product, process, i service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or seflect those of the
United States Government or any agency thereof,

*Work supported by the U.S. Department of Energy, Office of Technology
Development, under DOE Field Office, Idaho, Contract DE-ACO7-76ID01570.
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INTRODUCTION

This study investigates Lhe use of the Far West Technology (FWT-60)
radiachromic detector as a mweasure of absorbed duse for samples which are
gamma irradiated with spent reactor fuel. Experiments at the Idaho National
Engineering Laboratory (INEL) have shown that many organochlorine compounds
are susceptible to decomposilion by exposure to kilogray doses."” These
doses are easily achievable in a cost-effective fashion at the spent fuel
canal of the Advanced Test Reactor (ATR) at the INEL. Our research is aimed
at developing a hazardous waste ULreatment process for organochlorine wastes
such as polychlorinated biphenyls, peslicides and solvents, A reliable and
versalile dosimetry system was required to measure absorbed doses in Lheso
analytes,

The FUT-60 dosemeters are nylon films (50 pm x 1 cnﬁ) impregnated with

the colorless cyanide (CN7) derivative of an aminotriphenyl acelonitrile

dye, ¥

Upon exposure to ionizing radialion the CN group is lost leaving
behind the colored dye cation. The color change is measured with a simple
optical density reader.

A number of authors have investigated the oplical density response Lo
parameters other than dose in an effort to assess the retiability of
radiachromic dosimetry under various process conditions. Factors such as dose
rate, > radiation energy,” and storage time before readout®*® have been
shown to have little influence on the optical density measurement. The

dosimetry is sensitive to ultraviolet Tight and should be protected from



exposure to sun]ight.‘” irar West Technology reports that the affect of

“irradiation temperature on optical density is not significant over the range

of about 10 to 70°C.‘®> i{lowever some authors have disagreed, finding that
temperature during irradiation should not exceed 35 to 40°C**'" or 60°C.¥
McLaugh1in®® suggests a temperature correction of +0.3% (°C)"'. According to
Khan and Ahmad‘® humidity effects are negligible given an optical density
measurcment within 24 hours of irradiation.

This study presents the results obtained when the FWT-60 dosemeters were
adepted to organochlorine irradiations at the ATR spent fuel canal.
Calibrations were performed using a ®°Co source and were run on bare
doscmeters, as well as on dosimeters mocked to simulate samples. The
difference in the curves illustrates the importance of calibration of
dosimelry under conditions as close Lo thal of actual samples as possible.
The reproducibility of measurements using radiachromic dye dosemeloers fs also

shown under our process conditions.

EXPERIMENTAL
The FWT-60 radiachromic film was purchased [om Far West Technology
(Goieta, CA, USA) and is available commercially. The dosemeters were
irradiated for calibration at the ““Co source (10,000 Ci) at the Radioloyical
and Environmental Sciences Laboratory (RESL) of the INEL at a dose rate of
3.633 kGy/hr. The dosemeters were irradiated bare (in glassine envelopes) and
also sandwiched between layers of stainless steel and lucite. 1his

configuration, shown in Figure la mimics the actual samples shown
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schematically in Figure Ib. The stainless steel represents the sawple capsule
“and the Tucite represents the organte solution,

The optical .density of the developed film was vead using the FWT-100
reader system supplied by Far West Technology.

It should be noted that the doscemeters were protected from the humidity
of the spent fuel canal by the stainless steel sample containers and that
although temperatures are elevated in the vicinity of the spent fuel they are

not in excess of 40°C.

RESULTS AND DISCUSSION

The dose response of Lhe film oplical density versus dose for bare
dosemeters at the ®°Co source is shown in Figure 2 at 600 and 510 nm
wavelength for doses from 0 Lo 150 kGy. The response al 510 nm best suited
the doses required for our experiments and all further optical densities arc
measured at the wavelenglh,

Figure 3 compares this calibration curve for bare dosemelers Lo the curye
generated when dosemetors prepaved to simulate samples are irradiated.  The
dosemeters were prepared to simulate samples as shown in Figure 1b. It can be
seen that reliance on a calibration curve prepared by simply irradiating bare
dosemeters greatly underestimates the aclual dose received by Lhe samples; for
example by as much as about 25% at an optical density of 0.7. These plots
demonstrate the importance of calibrating dosimetry under conditions as close
as possible to those of the actual materials to be ivradiated. The error in

Lthe dose measurement becones greater as the dose increases.



For dosimetry to be included inside the actual sample containers shown in
"Figure 1b the optimum situation would be Lo insert the film inside the sample
vials containing the organic solutien to be irradiated. However this is
impractical due to the possibility that the solutions would leach the
radiachromic dye from the film. Therefore, the film was sandwiched between
Tayers of lucite and then placed adjacent to the sample vials in the stainless
steel cylinders for irradiation., The lucite simulates the organic sample
solution, In this way the dosemeter is exposed to a gamma field as similar to
that of the actual samples as possible. The exposure «f the calibration
dosemeters at the ®°Co source is similar, as previously described.

The reproducibility for replicate simultancous irradiations in the spent

fuel canal has been shown to vary with absorbed dose with the more precise

measurcments being made at high doses. AL doses <10 kGy a relalive standard
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deviation of 7% was measurad. The relative standard deviation showed gradual
improvement with <1% being measured for doses greater than 100 kGy.

While the dose absorbed by a dosemeter is easily measured by the optical
density of the dosemeter, the question remains as Lo whether this accurately
reflects the dose absorbed by malevrial other than the dosemeter. The dosoe
absorbed by a dosemeter may be used to estimate dose absorbed by a sample by
correcting the measured dose with the mass energy absorption coefficients
ratio of the materials, averaged over the estimaled photon spectium, 1%
Unfortunately the mass energy absorption coefficients for many materials are
unknown and must be estimated based upon their elementa) composition. Clearly
the problem is complex in a study utilizing numerous target compounds and the

constantly changing gamma-ray spectrum of decaying fuel. These problems are
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civcumvented by surrvounding the very thin dosemeter with a very thick sample

so Lhat an electron equilibrium associaled with Lhe sample is seen by the

dosemeter.” In our case, lucite (having similar carbon/hydrogen/oxygen

ratios and thus similar mass energy absorption coefficients) simulales organic

sotutions.

CONCLUSTONS
A simple and convenient method to measure doses absovrbed by
organochlorine analytes in alcoholic solulions has been demonstrated. The

itmportance of running dosimetry calibrations in a wmalvix which simulales

actual samples as closely as possible was illustrated graphically. Further,

the performance and precision of FWI-60 vadiachvomic desimetry under process

irradtation conditions was shown.
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Figure 1. Configuration of doscmeter

la:

ib:

s Lo mimic actual samples,

Calibration dosimetry, 1: 1/8" stainless stecl, 2: 178" lucite,

3: 50 pm dosemeter fiim.

Actual samples, a: 1/8" stainless sample capsule, b: 1 cm diameter
sample vial.
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Figure 2. Roadiachromic dye dosemeter calibration curves for bare dosemeters
exposed to “"Co.



Figure 3. Radiachromic dye dosemetey calibration curves for bare dosemeters
and dosemeters which simulate samples,



OPTICAL DENSITY VS ABSORBED DOSE
CALIBRATION CURVES FOR BARE DOSIMETRY AND SIMULATED SAMPLES
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OPTICAL DENSITY

RADIACHROMIC DY CALIBRATION CURVE

OPTICAL DENSITY VS, ABSORBED DOSE
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