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Abstract 
Reprocessed spent nuclear fuel that has gone through various stages of chemical 
processing is currently stored at the INEEL. The material consists of three categories: 
“clean” U-235 with radiation readings in the mR/h range, U-235 and fission products up 
to 900 mRh, and U-235 with U-232 fiom 100-200 mR/h. The material is contained in 
plastic bottles and stored in steel structures consisting of seven vertically arranged 
individual compartments. A total of forty “stacks” reside in individual concrete wells. 

This material is considered hard to measure due to excessive radiation exposure to 
personnel involved with handling the material during mass and NaI U-235 confirmation 
measurements for Safeguards inventory purposes. 

A U-235 confirmation method was developed to assay the individual items in place with 
the ability to discriminate one item from the other items in the stack. Equipment used 
with this method includes a portable high-resolution gamma-ray detection system, an 
appropriate tungsten shield and collimator, and a laser-positioning device. A 
discrimination control test was incorporated to compare the gamma-ray signal of an item 
in place to the background signal when the item is removed. Total discrimination of the 
186-keV gamma ray signal was achieved. 

Introduction 
Material stored in the CPP 65 1 Annulus consists of reprocessed spent nuclear fuel that 
has gone through a full or partial cycle of the Fluorinel Dissolution Process (FDP). The 
material is packaged in Y’ tall metal cans which are inside plastic bottles that are 11 %” 
tall and 6” in diameter. Labels are S ixed  to the plastic bottles with an identification 
number displayed. The bottles are arranged vertically in a metal framework with 
individual compartments and doors for each bottle. Seven bottles comprise one stack 
with compartment designations from “A” to “G” beginning at the bottom of the stack. 
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There is approximately three inches between the bottom of each bottle to the top of bottle 
below. These stacks are stored in concrete wells with a metal plate screwed in place to 
cover the stack. With the plate removed, the stack can be lifted out of the well with the 
use of a crane. There are a total of forty wells that currently store FDP material within the 
annulus at CPP 65 1. 

Safeguards is responsible for performing an inventory on these items on a periodic basis 
with two criteria to satisfy. One is to verify that an individual item is located in a specific 
well by comparing the identification number on the label of the item with the information 
recorded in the database. The other criteria is to confirm the presence of 235U in the 
specific item. In the past, each item was weighed and a limited gamma scan was 
performed with a NaJ detector which at best gave a gross interpretation as to the presence 
of 235U in that item. More importantly, excessive radiation doses were incurred by the 
individuals handling the items in order to make the measurements. 

There are three categories of FDP material in the annulus with an associated range of 
radiation levels. One category consists of “clean” 235U with radiation readings in the 
mR/h range. Another category consists of 235U and fission products with readings up to 
900 &. The last category, which includes the majority of the items, consists of 235U 
and 232U with readings in the 100-200 mRih range. These radiation readings were taken 
in August of 1995 by Radiological Control Technicians. 

This report explains a measurement technique consisting of up-to-date equipment 
implemented to reliably identify the presence of 235U in an item in place; without its 
removal fiom the stack, thereby significantly reducing radiation dose received by 
personnel. 

Measurement Development 
The up-to-date equipment for the detection of gamma-rays, referred to in the 
Introduction, for these measurements consists of a high purity germanium (HpGe) 
detector, a portable multi-channel analyzer (MCA), and a lap-top computer with a 
software package to collect, analyze, and store the data. Equipment available and used 
for these measurements include an Ortec HpGe detector (= 7 % efficiency), an Ortec 
Nomad MCA, and a laptop computer with an Ortec Maestro software package. 

Modifications are necessary to the basic gamma-ray system described above to achieve 
discrimination between items in the stack and to operate in radiation fields up to 900 
mR/h. A 2 ‘/4 ‘‘ thick cylindrical tungsten shield that will accommodate a 318’’ or a %” 
diameter tungsten collimator 2 ?Cy long was available with the HpGe described above. 
Attenuation calculations reveal that two inches of tungsten will attenuate essentially all of 
the 186- keV (235U) gamma rays and ninety eight percent of the 2614- keV (228Th) gamma 
rays. A collimator geometry diagram indicates that the 3/8” collimator will view 11 ?4” 
(the height of a bottle) at a distance of 33 3/8” while the %” collimator will view 1 I %’’ at 
a distance of 16 118”. With the detector and collimator placed within these maximum 



stated distances for each collimator only the item in view should register substantial 
quantities of 235U gamma-rays while the items above and below should be effectively 
shielded from the item viewed. 

Now that the maximum distance for the detector and collimator from the item has been 
established for the purpose of discrimination, what is the closest distance that the detector 
with the collimator aperture can be from a 900 mR field and operate reliably? Detector 
response estimates reveal that with either collimator a 4” distance will produce less than 
75,000 c/s in the detector (a maximum rule-of-thumb), in a 2 R/h field. A theoretical 
distance range has now been established between the detector and the item. For the 3/8” 
collimator the detector and collimator can be from 4” away from the item to a maximum 
of 33 31’8” away and operate reliably while discriminating one item from the others. 
Next, the optimal distance and length of count time will be established experimentally. 

Experimental measurements were performed in the Annulus of CPP65 1 on three selected 
samples, which represent the three categories of materials stated in the Introduction. 
These measurements determined the optimal distance from the detector and collimator to 
the item, the amount of count time necessary, and the general operation of the equipment 
and geometry. Lessons learned during these measurements include: 

1. 

2. 

3. 
4. 

5. 

6. 

235U gamma rays can be detected well above background in 100 seconds in all three 
categories of material. 
The detector and collimator should be placed on the floor and oriented perpendicular 
to the item to be measured. 
The 3/8” collimator offers superior discrimination over the 3/4)’. 
The optimum distance from the item to the face of the detector is 12” with 
considerations for the geometry of the well with the plate removed. 
A laser pointer fitted with a plastic insert to fit into the collimator opening was used 
to aim the detector 3” from the bottom of the bottle (necessary when a bottle is not 
full) vertically and centered on the bottle horizontally. 
Discrimination between bottles is exceptional. A strong 235U signal is present with a 
bottle in place and when the bottle is removed the signal is absent indicating that the 
signal came only from the focused item and not from the bottle above or below . 

Measurement Control 
The proper operation of the gamma spectrometer is monitored by an experienced 
spectroscopist . A correct and consistent calibration as well as the shape and resolution of 
the gamma-ray peaks are key indicators to the proper operation of the spectrometer. Each 
spectra taken is visually monitored on a continual basis and analyzed after the 
measurements are complete to ensure data validity. 

A discrimination control test was incorporated on the first and last measurements of the 
day, to ensure that the 235U signature emanated fiorn the item of concern and not from an 
item above, below or from the background. The discrimination control test consists of 
the measurement of the item located in position D (the center of the stack) in place, and 



then remove the item and assay the empty position in the same geometry. A visual 
inspection was used to compare the two spectra for the presence of the 186 keV 235U 
gamma-ray from the item and the relative absence of the gamma-ray when the item is 
removed. Data were saved and evaluated statistically to confirm the visual interpretation. 
In all cases the discrimination was complete; there was no indication of the 235U gamma- 
ray with the item removed. 

Measurement Procedure 
1. 

2. 
3. 
4. 
5. 
6 .  
7. 

8. 

9. 

Equipment- HpGe detector (liquid nitrogen cooled) 
Tungsten shield and collimator 
Support stand for detector and collimator assembly 
Laser pointer aiming device 
Nomad MCA, Maestro analysis software, and lap-top computer 
Lantern mantle- Th calibration source 

Assemble equipment and allow for temperature stability. 
Calibrate system with Th mantle. 
Position collimator and detector assembly near identified well. 
Remove item stack from well with over-head crane. 
Position assembly 10” from stack. 
Use laser pointer and crane to position item to an aiming point of 3” from the bottom 
of the item and centered. 
Perform discrimination test on item D. Record discrimination pass or fail on data 
sheet and save spectra. Document item number in position letter and well number on 
data sheet for inventory purposes. Record 235U visual presence from item D on data 
sheet. 
Position remaining items in stack using laser pointer, document item number in 
position letter and well number on data sheet for inventory purposes, obtain spectra 
for each item and save data, record 235U visual presence on data sheet for each item. 

10. Move to next well and repeat measurements. 
1 1. Perform discrimination test on item D in the last well to be measured for the day as 

12. Archive data. 
13. Perform data analysis on spectra to verify visual interpretation. 

the last item measured. 
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