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Introduction 
On November 6, 1987, the lower core barrel of Salem Unit I 
was removed from the reactor vessel and placed in the 
refueling pool as part of the unit's ten year inspection 
program. This paper deals with the supporting actions of 
the dosimetry group of PSE&G. 
Prior to the move of the lower core barrel, Westinghouse 
predicted dose rates at one foot in water as a function of 
axial distance along the core barrel (Attachment 1). This 
prediction was used in planning the health physics 
requirements associated with the move. It was agreed that a 
measurement of the axial dose rates would either lend 
confidence to the predictions or identify weaknesses in 
them. 
Vinten dosimeters were chosen for making the measurements 
for the following reasons: 
1. They are watertight. Since they would be immersed in 

water for two hours, this was an important 
consideration. 

2. They are thin. Despite their being watertight, they 
were encased in laminae to eliminate contamination from 
contact with the water in the pool. Their thin flat 
geometry enabled laminae to be used rather than plastic 
bags. This eliminated the problem of buoyancy which 
would have occurred had fifty plastic bags been affixed 
to the pole. 

3. They are capable of measuring a large range of doses. 
The dose rates were expected to range from background to 
hundreds of rads per hour. 

Vinten Dosimetry System 
The Vinten system is an English system using LiF phosphor (6 
mg/cm2) attached to a thin polyamide strip (6 m g / c m 2 ) and 
covered by a thin (3 mg/cm2) aliiminized foil. The dosimeter 
resembles a Band Aid (TM) adhesive bandage with the pad 
(phosphor) being nearer one end rather than at the center. 
(See Attachment 2). 
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After irradiation, the dosimeters are manually mounted on 
stainless steel mounting plates. The mounting plates are 
then loaded into a magazine and placed on the automatic 
sample changer. (See Attachment 3) The appropriate button 
or buttons (for single or automatic teed) are pressed as 
desired and the dosimeter is moved over the bar code reader 
and deposited in the Vinten Toledo Reader drawer. If the 
auto mode was selected and the code is not successfully read 
in three attempts, the dosimeter is ejected without being 
processed. If the "single step with code read" mode was 
selected and the code is not successfully read in three 
attempts, the dosimeter is read but a space to manually 
enter the code number is left in the printout. 
The automatic sample changer inserts the drawer into the 
reader and the hot finger is raised to the bottom of the 
mounting plate. The dosimeter is preheated in an optional 
pre-heat cycle according to the parameters chosen 
(temperature, time, and ramp rate). For dosimeters the 
pre-heat cycle is normally used. The dosimeter is then 
heated as dictated by similar parameters for the read 
cycle. During this part of the process the output from the 
PMT is measured and displayed. Either of two optional 
anneal cycles may or may not follow the read cycle. When 
processing dosimeters, an anneal cycle is normally not 
chosen since the dosimeters are disposable. 
After the dosimeter has cooled to less than approximately 
130 °C, the reading is printed and the automatic sample 
changer withdraws the drawer and deposits the dosimeter into 
either of two containers located inside and outside the 
automatic sample changer. The inside container is used for 
those dosimeters whose barcodes were successfully read and 
the outside container for those whose barcodes were not 
successfully read. While the drawer is withdrawn, the 
Toledo Reader automatically integrates the counts from an 
internal light source and modifies internal parameters to 
ensure stability. After these self checks, the process is 
repeated if the auto mode was selected. 

Core Barrel Irradiation 
Laminated Vinten dosimeters were fastened onto a pole at 
intervals of 2, 6, or 12 inches depending on the expected 
dose rate gradients. The pole was then placed approximately 
one foot from the lower core barrel and parallel to it. The 
pole was removed after two hours. The dosimeters were 
removed from the pole and wiped of standing water. Due to 
time constraints, the dosimeters were not removed from the 
laminae until the following day. To accurately reflect any 
dose that might be delivered from possible contamination, 
the background dosimeter was kept in the same bag as the 
test dosimeters. The next day (November 7, 1987) the 
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dosimeters were removed from the laminae and tested for 
contamination. After confirming that there was none, they 
were forwarded to Dosimetry. 

Calculations 
On January 18, 1988, the dosimeters were read using the 
Vinten Toledo reader. In addition to the test dosimeters, 
dosimeters irradiated to known doses ranging from 500 mK to 
1,000 R were read to act as reference points. 
Upon analyzing the results of the reference point 
dosimeters, it was apparent that the dosimeters did not 
respond linearly over the dose range since the light output 
per delivered mrem increased at the higher doses. 
To apply the correct conversion factors to the entire range 
of doses, it was necessary to generate a curve of dose 
conversion factor versus net counts. Dosimeters were 
irradiated over a range from 50 mrem to 1750 Rem. Doses 
were chosen to result in 21 approximately log-equal 
intervals to ensure the capability of drawing a smooth 
curve. On February 8, 1988, the dosimeters were processed 
and the graph drawn. Error bars were drawn based on 1.96 
standard deviations (95% confidence) for each data point. 
Using the dose conversion curve (Attachment 4), the data 
from the lower core barrel read was converted to gross 
dose. The transit dose was subtracted to yield net dose. 
The net dose was then divided by the two hour irradiation 
time to arrive at dose rate. 
As a check of the dose conversion curve, the curve was used 
to determine the dose to the spiked dosimeters which were 
read with the core barrel dosimeters. The results were all 
within ten percent of the expected doses and most were 
within six percent (Attachment 5). This is judged to be a 
confirmation of the dose conversion curve. 
The dose rates were then plotted as a function of axial 
distance along the pole (Attachment 6). 

Conclusion 
Attachment 7 presents the first page of conclusions from the 
initial Westinghouse report (underlining added). Attachment 
8 shows the results of the Vinten measurements and the 
predictions from Westinghouse plotted on the same graph. As 
can be seen from Attachment 8, the results are consistent 
with the Westinghouse prediction and thus the conclusion is 
that the Westinghouse prediction is verified by the Vinten 
measurements. 
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ATTACHMENT 5 

SPIKED DOSIMETERS 

Expected Reported Average % Diff 

500 mR 488 -2 

100 R 109.5 10 

200 R 208 4 

300 R 327.5 9 

400 R 407.5 2 

500 R 529 6 

600 R 587 -2 

1000 R 1074.5 7 

These are the values obtained using the calibration 

curve which was generated using different dosimeters 

on a different date. 
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SECTION 4 
CONCLUSIONS 

Reliable prediction of dose rates from the lower internals is a difficult 
task, owing to relatively large geometric variations in the magnitude and 
distribution of the activation source strengths associated with a number of 
source regions and the ill-behaved nature of crud deposits. However, the 
potential for unacceptably high radiation fields, during the transfer of the 
lower internals, require that the anticipated dose rates be considered In the 
pre-planning of this activity. 

The analyses summarized 1n this report provide best estimate dose rate 
Information at various locations and with various water cover and supplemental 
shielding configurations for use 1n preparing for the Salem Unit 1 lower 
internals handling activities. Uncertainties 1n the dose rate contribution of 
the various sources are minimized by the use of state-of-the-art neutron 
transport and shield analysis computer codes as well as actual plant materials 
data (I.e., cobalt impjurlty measurements). These measures lead to a 
relatively high confidence level in the determination of the sources and dose 
rates resulting from the activated lower internal components. However, the 
dominant source throughout most of the Salem Unit 1 internals handling 
operations is expected to be the deposited crud for which significant 
variations from plant to plant have been observed. -Prior plant experience and 
measured radiation fields have thus been reviewed to aid in establishing the 
deposited corrosion product (crud) source and to verify the "reasonableness" 
of the results. Considering the various uncertainties associated with the 
development of the dose rate data in the Salem Unit 1 lower internals 
evaluation, it is estimated that the calculated radiation fields will be 
within a factor of 2 of the actual values, further, it is anticipated that 
the measured dose rates from deposited corrosion product sources will tend to 
be lower, rather than higher, than projected. 
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