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Abstract - In order to calculate dose rates from steam generators to be replaced from Kori unit 1
in 1998, radionuclide inventories inside steam generator were evaluated from smear test results
and measured dose rates from S/G tubes withdrawn for the metallographical examination of
damaged tubes. Based on the inventories, contact dose rates and dose rates at 1 m from the
surface of a steam generator were calculated using the QAD-CG computer code. Contact dose
rates ranged from 11.5 mR/hr at the bottom of channel head to 37.7 mR/hr at the middle of
shell barrel, and showed no significant difference with dose rates at 1 m from the surface of
steam generator. Shielding effects of lead and carbon steel were compared to provide basic
shielding data. Lead shield showed excellent shielding effects. Dose rate at 1 m from the middle
of S/G shell barrel decreased from 38.6 mR/hr to 15.5 mR/hr with the lead shield of 2 mm
thickness. However, carbon steel showed a poor shielding effect even with the thickness of 2.0 cm.
This can be explained with the great differences in the attenuation effect and buildup factor
between lead and carbon steel for low energy photons.
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INTRODUCTION of contamination after isolating them from the
primary coolant system using a mechanical cutting
technique. Then they will be transported from the
containment building to the radwaste storage building
which is located in the same site. Therefore, it is not
necessary to meet the legal requirements for transpor-

Kori unit 1 has planned to replace old steam
generators with new ones. The steam generators to
be replaced will be conditioned to prevent the spread
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tation of radioactive materials which are applied when
transporting radioactive materials from a site to the
other site.

However, dose rates from the steam genera-
tors to be replaced are very important for
planning jobs related to the replacement of
steam generators and the transportation of the
replaced steam generators. In addition, the
shielding condition for the transport of the
steam generators to the other site may be
prepared for the worst case.

In this paper, radionuclide inventory inside
steam generators was evaluated based on the
smear test results, and measured and calculated
dose rates from S/G tubes withdrawn for the
metallographical examination of damaged tubes.
Then, dose rates from the steam generators to
be replaced were evaluated using the QAD-CG
computer code[l] to provide preliminary- data
for planning jobs related to the replacement of
them. Shielding effect was also analyzed for lead
and carbon steel.

RADIONUCLIDE INVENTORY
PREPARATION

In order to calculate dose rates from the
steam generators to be replaced, inventory and
distribution of radioactivity inside the steam
generator at the time of transportation should
be known. ‘

Two sets of measured data are available. One
relates smear test results for crud deposited in
the S/G chamber, which provides a valuable
information on the radionuclide composition of
contaminanis. The other relates measured dose
rates from the tubes withdrawn for the metallo-
raphical examination of damaged tubes. If the
composition of radionuclides inside S/G tubes is
known, the surface concentration inside the
tubes can be determined approximately from
the measured dose rates.

The surface concentration inside the chamber
was evaluated from the smear test results by
assuming that the detection efficiency of smear
test is 1%. The detection efficiency of 1% seems
to be quite conservative. The effect of uncertain-
ty involved in the detection efficiency will be
discussed later. Then total radionuclide inven-
tory in the chamber can be calculated from the
surface concentration and total surface area

Table 1. Surface Contamination inside S/G Chambers Measured with Smear Test Method.

(Unit: kBa/100 cm®)

Nuclide S/C A S/G B Av_erage
Hot Leg Cold Leg Hot Leg Cold Leg Portion %)
Cr-51 '
M54 7.52%6-01 8.16E-01 2.98E-00 - 442
Feoso 5.28E-01 351E-01 3.946-01 - 1.24
s 2.90E-01 1.10E-01 3.80E-01 - 0.76
Conng 5.95E-02 5.14E-02 - - 0.11
cg- 00 1.06E+01 1.10E+01 8.35E-00 6.95E-00 35.86
5.65E-00 6.38E-00 4.956-00 6.80E-00 23.11
Zn=65 3.33-01 3.76E-01 - - 0.69
Sr-85 8.28E-01 8.52E-01 7.526-01 2.43E-00 472
7r-95 2.326-01 - 1.84E-00 - 201
Nb-95 3.80E-01 3.43E-01 2.82E-00 - 3.44
Ru-103 5.76E-01 2.626-01 4.84E-00 - 551
Ru-106 - - 6.78E-00 - 6.59
Sn-113 - - 1.96E-01 - 0.19
Cs-1%6 1.27E-01 5.16E-01 9.51E-02 8.47E-00 8.94
Contd] 1.92E-01 8.23E-02 8.136-01 - 1.06
Coad 1.39F-00 » 135
Total 20.7 21.1 36.6 24.6 100.0
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Table 2. Radionuclide Composition of Crud Deposited onto the Surfaces of S/G

Tubes.
Nuclide Radionuclide Composition at Shutdown (%)
Cr-51 13.90
Mn-54 1.42
Fe-59 157
Co-57 0.13
Co-58 57.63
Co-60 24,54
Zn-65 0.81

inside the chamber. Table 1 shows the smear
test results carried out at 44 days after
shutdown in 1997. Average radionuclide compo-
sition and the maximum smear test results
found in the hot leg side of S/G B were used
to calculate the surface radionuclide concentra-
tion inside the chamber at the time of
shutdown.

Surface concentration of each nuclide at the
time of measurement was corrected for decay
during the elapsed time after shutdown to
obtain surface concentration at the time of
shutdown. Inventory of each nuclide inside the
chamber can be calculated from the surface
radionuclide concentration at the time of
shutdown and the surface area of 336,031 cm?®
evaluated from the S/G design specifications{3].
The resulted total radioactivity inside the
chamber was estimated as 2.82x 10* MBq at the
time of shutdown.

In order to decide radionuclide inventory in
the tube region, the radionuclide composition of
crud deposited in the primary side of S/G
tubing was determined from the radionuclide
composition found in the crud sampled from
the surface of the chamber. In general, it is
expected that the tube crud has similar
composition to the chamber crud. However,
there are several important factors to be
considered, which can affect the deposition
mechanism of crud into the surfaces of the
chamber and the tubes. One is the difference in
the materials. The tubes are made of
Inconel-600, whereas the chambers are made of
stainless steel. Deposition rate and release rate
of crud depend on the type of base material[8].
Roughness of the surface is also different for
the chamber and the tubes. Deposition rate

onto the smooth surface of tubes must be lower
than that onto the rough surface of chamber.
Vertical direction of tubes can cause small
deposition of particles onto their surface
compared to the chamber surface. Considering
these differences, we assumed that ionic
deposition is dominant in case of S/G tubes.
That is, only activated corrosion products, which
are generally re-deposited onto the surfaces of
out-core components through ionic deposition
process after being activated in the core, were
assumed to be deposited onto the tube surface.
Then the radionuclide composition of tube crud
can be evaluated from that of chamber crud by
assuming that the composition of corrosion
products is identical for both of them.

Table 2 shows the radionuclide composition of
tube crud evaluated from the data given at the
time of shutdown. Even though there must be
some other fission products in the tube crud,
most of them has short halflife, and emit low
energy photons. Therefore, the effect of those
nuclides on the dose rate from the surface of
steam generator is not so great compared to
that of Co-60. It is reported that Co-60 and
Co-58 are major radiation sources in the
nuclear power plant[2]. No significant error in
the dose rate will be resulted from the
assumption of radionuclide composition given in
Table 3.

Surface concentration inside the tubes can be
evaluated from the measured dose rate using
the QAD-CG computer code. Four pieces of
damaged tubes were sent to research organiza-
tions for the metallographical analysis of
damaged tubes in order to examine the cause
of tube failure. Prior to shipping of them, maxi-
mum contact dose rates were measured.
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Table 3. Calculated Radionuclide Inventory inside S/G Chamber.

Surface Contamination Surface Contamination Total Inventory
Nuclide at Shutdown at Transportation at Transportation
(KBa/cm’) (kBa/cm?) (MBq)
Cr-51 4.86E-00 2.30E-00 7.71E+02
Mn-54 4.99E-01 4.67E-01 1.57E+02
Fe-59 5.50E-01 3.45E-01 1.16E+02
Co-57 4.41E-02 4.09-02 1.37E+01
Co-58 2.026+01 1.50E+01 5.05E+03
Co-60 8.58E-00 8.49E-00 2.85E+03
Zn-65 2.86E-01 2.626-02 8.81E+01
Sr-85 2.77E-00 2.01E-00 6.75E+02
7r-95 1.186-00 8.55E-01 2.87E+02
Nb-95 3.01E-00 1.66E-00 5.58E+02
Ru-103 4.38E-00 2.58E-00 8.67E+02
Ru-106 2.61E-00 2.47E-00 8.31E+02
Sn-113 9.06E-02 7.56E-02 2.54E+01
Cs-136 3.32E+01 6.84E-00 2.30E+03
Ce-141 9.87E-01 5.21E-01 1.75E+02
Ce-144 551E-01 5.11E-01 1.72E+02
Total 83.6 445 1.49E+04
Radionuclide composition at the time of mented into two regions, S/G chamber and S/G

shipping was calculated from the estimated
inventory at the time of shutdown by adjusting
radioactive decay during the elapsed time after
shutdown. And maximum contact dose rate per
unit surface concentration at the shipping point
was evaluated using the QAD-CG computer
code. Then, surface concentration inside the
tubes, which gave the measured contact dose
rate, was obtained. Again surface concentration
of each radionudide at the time of shutdown
was calculated from the surface concentration at
the shipping point.

Table 3 and 4 show the surface concentration
of each radionuclide at the time of shutdown
and at the time of transport of the steam
generators to be replaced. The inventory of
each nuclide is also given in Table 3 and 4.

DOSE RATE ANALYSIS

Expected dose rates from the steam
generators to be replaced at the time of
transport to the radwaste storage building were
calculated using the QAD-CG computer code. In
order to prepare input data for the QAD-CG
computer code, a steam generator was seg-

tubes. Transition cone region was excluded in
the input geometry. In the region of chamber,
it was assumed that radionuclides were present
on the top of inner shell with the thickness of
1 mm. However, homogeneous mixture was
assumed in the tube region. From the design
specifications, the thickness of shell was assumed
to 13.6 cm in the chamber, and 8 cm in the
trunk[3]. Fig. 1 shows the S/G configuration
used to prepare a QAD-CG input file.

Gamma flux was determined from the
inventory of each nuclide given in Table 3 and
4, and gamma emission probability from each
nuclide given in Ref 4. Based on the gamma
energies and their flux, it was divided into 6
groups in the tube region, and 7 groups in the
chamber region. Then average energy was
calculated for each energy group by weighting
gamma flux.

Dose rate conversion factor for each energy

group was calculated from the following
equation[5].
y E
C, = M ________________ 1)

1.5x%10*

. 2
where C, : dose rate conversion factor (R c¢m
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Five positions, which are 1 m from the upper
part of shell barrel, the middle of shell barrel, 1
m from the lower part of shell barrel, the
upper part of channel head, and the bottom of
channel head, were selected for the analysis of
contact dose rates and dose rates at 1 m from
the surface of steam generator. Selected
positions are designated as A, B, C, D, and E
in Fig. 1, respectively. An input file for
QAD-CG prepared for the calculation of dose
rate from the contamination in tube region was
given in Table 5.

Table 6 shows dose rates calculated with the
QAD-CG computer code for the five selected
positions. The highest contact dose rate of 37.7
mR/hr was found in the middle of shell barrel,
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and the lowest contact dose rate of 11.5 mR/hr
was found in the center of channel head. As
shown in the Table, there is no significant
difference between contact dose rates and 1 m
dose rates. What is more, the 1 m dose rate is
higher than the contact dose rate at the middle
of shell barrel. This is because of large
geometry of steam generator. In particular,
difference in the penetrating thickness of
photons emitted from the upper and lower
parts of the tube region makes the 1 m dose
rate even higher than the contact dose rate at
the middle of shell barrel.

It is noteworthy that the dose rates due to
the surface contamination inside the chamber is
negligible compared to the dose rates due to
the contamination in the tube region. Surface
concentration was determined from the assumed
detection efficiency of smear test method.
Detection efficiency of smear test method is not
reported. An experienced technician informed
that it ranged from 5 to 50% in his experiment
depending on the type of contamination.
However, the experiment was carried out on
the smooth surface. Therefore, it is expected
that the detection efficiency of smear test
method used to determine surface contamination
on the rough inner surface of S/G chamber is
far below 5%. If the detection efficiency was less
than 1% which was assumed here, the surface
radionuclide concentrations inside the chamber
must have been underestimated. Thus the effect
of possible underestimation of surface contami-
nation should be addressed. From Table 6, the
highest contact dose rate from the chamber
contamination is only 0.12 mR/hr, which is less
than 1% of corresponding dose rate from the
tube contamination. It implies that uncertainty
involved in the assumed detection efficiency has
meaningless effect on the calculated dose rates
given in Table 6.

Heterogeneous distribution of radioactivity in
the tube region tan cause considerable error in
the calculated dose rates. In case of S/G A, for
example, measured contact dose rate at the
lower part of shell barrel was about two times
higher than that at the middle of shell barrel as
shown in Table 7[6]. This is probably because
of high contamination in the tubesheet region.
The possibility of high contamination in the
U-tube region should be also considered. Such a
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Table 5. An Example of QAD-CG Input File for the Calculation of Dose Rate from Tubesheet
Contamination.

S/G Dose Rate Analysis from Tubeside Contamination
10 20 20 11 3 1 6 0 0 501 0 1000 4000 1000 O

3.312E12 0. 0. 0. 0. . .
0.0 16.9 33.8 50.7 67.6 845 101.4 118.3
135.2 152.1 169.0
0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0
400.0 450.0 500.0 550.0 600.0 650.0 700.0 750.0
800.0 850.0 900.0 950.0 1000.0
0 0.3142 0.6283 0.9425 1.2566 15708 18850 2.1991
25133 28274 31416 34558 3.7699 40841 43982 47124
50266 53407 56549 59690 6.2832
0 0 QAD-CG S/G Dose Rate Analysis

RPP 1 -500.0 500.0 -500.0 500.0 -500.0 1000.0
SPH 2 0. 0. 0. 163.4

SPH 3 0 0. 0. 1770

RCC 4 0. 0. 0. 0. 0. 1000.0

169.0
RCC 5 0. 0 0 0. 0. 1000.0
177.0

END

AR1 2 2 -4

CSH 3 3 -2 -5

TSO 3 4

TSH 3 5 -4

AR3 2 1 -3 -5

END

3 6 7 8 14 15 16 24 25 26 28 42
. . 0. 0. 0.

0 9.56E—O4 2 94E64 0. 0.
0.0196 0. 0. 0.0236 0.0027 0.0031 0. 01021
76420 0.0432 0.0393

. 0. 0. 0. 0. 0. 845E-2 0.
3.70E-2 04067 0

0.1 0.32 51 0.82 117 1.33
1.936E~3 8.385E-3 1.669E-1 5.777E-1 3.226E-1 3.209E-1
2.481E-4 6.126E-4 1.005E-3 1.567E-3 2.103E-3 2.321E-3

011.(])4 1.0 1.0 1.0 1.0 1.0 1.0

0.1-0.2 0.2-0.4 0.4-0.6 0.6-1.0 1.0-1.2 1.2-14
mev/cm*2-sec mrem/hr w/g

0. -177.1 0. T 0 0 0

0. -277. 0. 1T 0 0 0

0. -377. 0. 1 0 0 0

0. -477. 0. 1T 0 0 O

0. 0. 177.1 1 0 0 0

0. 0. 277, 1 0 0 O

0. 0. 377. 1 0 0 O

0. 0. 477. 1 0 0 O

0. 100. 177.0 1 0 0 0

0. 100. 277. 10 0 0

0. 100. 377. 1 0 0 O

0. 100. 477. 1 0 0 0

0. 500. 177.1 1 0 0 0

0. 500. 277. 1 0 0 0

0. 500. 377. 1 0 0 O

0. 500. 477. 1 0 0 O

0. 900. 177.1 1 0 -0 0

0. 900. 277. 1 0 0 O

0. 900. 377. 1 0 0 0

0. 900. 477. T 0 0 0

0. -20. 0.0 1 0 0 O

0 0 0 -1 0 0 0
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Table 6. Analysis Result of Dose Rates from Steam Generator Using the QAD~CG Computer Code.

(Unit: mR/hr)
Chamber Tube
Contamination Contarination Total
Surface Contamination (kBg/cm®) 445 69.21
Total Inventory (MBq) 1.49E+04 3.31E+06 3.33E+06
Upper Part of Contact Dose Rate 0.0075 29.8 29.8
Shell Barrel (4) 1 m Dose Rate 0.0071 30.8 30.8
Middle of Contact Dose Rate 0.023 37.7 317
Shell Barrel (B) 1 m Dose Rate 0.019 38.6 386
Lower Part of Contact Dose Rate 012 25.8 25.9
Shell Barrel (O) 1 m Dose Rate 0.054 239 240
Upper Part of Contact Dose Rate 0.12 14.3 14.4
Channel Head (D) 1 m Dose Rate 0.087 1.1 11.2
Bottom of Contact Dose Rate 0.025 115 15
Channel Head () 1 m Dose Rate 0.11 5.1 52
Inside S/G Chamber 17 5,084 5,201

high contamination in the U-tube region can
cause high dose rates in the transition cone
area. Therefore, possible heterogeneous distribu-
tion of radioactivity in the tube region should
be considered for shielding purpose.

In the tube region, tubes are opened to S/G
chamber region. Such openings can serve as
direct. paths of gamma rays emitted from the
inner tube surfaces. These direct penetrations
increase the dose rate inside the chamber.
Therefore, such a homogeneous geometry in the
tube region may cause underestimation of dose
rate inside the chamber. The caiculated dose
rate inside the chamber was about 5.2 R/hr,
which was half as much as the measured dose
rate.” It should be noted that dose rates outside
channel head may be higher than the calculated
dose rates by a factor of ~2 because of the
opening effect and the local high contamination.

~SHIELDING CALCULATION

The calculated dose rates at 1 m from the
bare surface of steam generator exceeded 10
mR/hr. Therefore, in order to transport the
steam generators to be replaced to the other
site, they should be shielded in proper ways to
reduce 1 m dose rates from the surfaces less
than 10 mR/hr. For the comparison of shielding
effects of different materials, lead and carbon
steel are selected. Again, the QAD-CG computer
code was used to calculate dose rates when
shielding the replaced steam generators.

Table 8 summarizes the shielding effect of
lead. As shown in Table 8, even 2 mm lead
shield reduces the dose rates to about one-third
of bare dose rates. Considering that the half
value layer of lead is about 1 cm for I MeV
photon, the result seems to be quite exceptional.

Table 7. Comparison between Calculated Dose Rates and Measured Dose Rates.

(Unit © mR/hr)
- Calculated Contact Dose Measured Contact Dose Rate
Position
Rate S/G A S/GB
Upper Part of Shell Barrel (A) 29.8 35 20
Middle of Shell Barrel (B) 37.7 35-50 30
Lower Part of Shell Barrel (C) 25.9 30 15-40
Inside S/G Chamber 5,201 10,000-11,000 11,000-13,000
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Table 8. Shielding Effects of Lead on the S/G Dose Rates.

(Unit: mR/hr)

Thickness of Lead (mm) 0 2 4 10

) Contact 115 3.6 31 2.1

Bottom of Tm 5.2 15 14 0.9
Channel Head 2m 2.8 0.8 0.7 05
3m 1.8 05 0.5 0.3

Contact 25.8 73 6.6 4.3

Lower Part of T m 240 79 6.8 4.4
Shell Barrel 2m 15.2 50 43 2.8
3m 1.1 3.6 3.1 2.1

Contact 31T 15.7 13.6 8.7

Middie of Tm 386 15.5 133 8.5
Shell Barrel 2m 279 1a 9.5 5.9
3m 213 3.3 7.1 4.3

Contact 29.8 109 8.7 5.6

Upper Part of Shell Tm 30.8 11.2 9.7 6.3
Barrel 2 m 20.1 15 6.5 4.3
3m 147 5.6 4.8 3.1

Table 9. Shielding Effects of Carbon Steel on the S/G Dose Rates.

{Unit: mR/hr)

kThi'ckness of Carbon Steel ’
(mm) 0 5 10 20
Contact 115 9.4 6.3 5.1
Bottom of Tm 52 4.1 2.8 2.2
Channel Head 2 m 28 2.3 15 1.3
3m 1.8 14 1.0 0.8
Contact 25.8 23.2 194 18:2
Lower Part of Tm 240 22.6 209 20.1
Shell Barrel 2m 15.2 145 136 13.2
3m 11.1 10.7 10.1 99
Contact 377 36.9 35.3 34.6
Middle of Tm 38.6 374 355 346
Shell Barrel 2 m 279 270 254 24,7
3m 213 20.6 19.3 18.7
Contact 29.8 29.8 29.9 299
Upper Part of I'm 30.8 30.4 29.9 29.5
Shell Barrel 2m 20.1 19.8 19.3 19.0
3m 147 14.4 13.9 13.7

However, further increase in the thickness of
lead shield from 2 mm to 1 cm resulted in no
more than 45% decrease in the dose rates.

From these findings, it is possible to judge
that most gamma components contributing dose
rates from the steam generators are composed
of low energy photons. While penetrating the
large thickness of S/G shell, high energy
photons seem to lose their energy. For low
energy photons, lead is a very effective shield.

For example, the half value layer of lead shield
is only 0.86 mm for X-rays with average energy
of 250 keV[2]. Therefore, only 2 mm lead
shield can reduce the dose rate from the X-ray
source up to one-fifth of original dose rate.

‘No further dramatic decrease in the dose rate
with the increase of lead shield thickness from 2
mm to | cm suggests that about one-third of
gamma components are composed of high
energy photons, which are mostly emitted from
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Co-60 source in the vicinity of the shell.

Therefore, it is not a good way to increase
the thickness of lead shield more than 2 mm
when shielding steam generators with lead.
Instead, increase of package sizing seems to be
very effective.

As shown in Table 8, for example, the dose
rates at 3 m from the surfaces of 2 mm shield
were almost the same as the dose rates at 1 m
from the surfaces of 1 ¢cm shield.

Unlike the case of lead, carbon steel showed
poor performance as a shield. Table 9 shows
dose rates from steam generator when shielding
the steam generator with carbon steel. As shown
in Table 9, the shielding effect of carbon steel
shows strong dependence on the position. It
implies that energy spectrum of photons varies
greatly with the position. Poor shielding
performance of carbon steel can be explained
with great difference in the half value layers for
photons of energies from 200 keV to 500 keV
between carbon steel and lead. In addition,
carbon steel has large buildup factors compared
to lead. For 500 keV photons, the buildup
factor of iron is about three times higher than
that of lead when px (relaxation length) is 4[7].
Because of its small attenuation and high dose
buildup, carbon steel is not desirable as a
shielding material of the replaced
generators.

steam

CONCLUSION

Kori unit 1 will replace old steam generators
with new ones in 1998. The steam generators to
be replaced will be stored in the radwaste
storage building located in the same site.
Therefore, it is not necessary to meet the legal
requirements for transportation of radioactive
materials. However, dose rates from the steam
generators to be replaced should be provided
for the planning of jobs related to the
replacement of steam generators and the
transportation of the replaced steam generators.
In addition, the shielding condition for the
transport of the steam generators to be replaced
to the other site may be prepared for the worst
case.

In order to calculate dose rates from the
replaced steam generators, radionuclide inven-
tories inside steam generator were evaluated
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from smear test results and measured dose rates
from S/G tubes withdrawn for the metallogra-
phical examination of damaged tubes. Total
activity within a steam generator was about 3.3
x 10° MBq, and more than 99% of that was
appeared to be present in the primary side of
S/G tubing.

Contact dose rates and dose rates at 1 m
from the surface of a steam generator were
calculated using the QAD-CG computer code.
Contact dose rates ranged from 11.5 mR/hr at
the bottom of channel head to 37.7 mR/hr at
the middle of shell barrel, and showed no
significant difference with dose rates at 1 m,
which were 52 and 386 mR/Mhr at the
corresponding positions, respectively.

In order to provide optimum shielding
condition for the transport of the steam
generators, shielding effects for lead and carbon
steel were analyzed. Lead shield showed
excellent shielding effect. Dose rate at 1 m from
the middle of S/G shell barrel decreased from
38.6 mR/hr to 15.5 mR/hr with the lead shield
of 2 mm thickness. However, no further
dramatic decrease in the dose rate was found
even with the increase of lead shield thickness
from 2 mm to 1 cm. It suggested that photons
emitted from the surface of S/G might be
grouped in two components, i. e., low energy
component and high energy component. The
low energy gamma component with the energy
less than 500 keV can be attenuated very
effectively with the small thickness of lead. On
the contrast, carbon steel showed a poor
shielding effect even with the thickness of 2.0
cm. This can be explained with the great
differences in the attenuation effect and buildup
factor between lead and carbon steel for low
energy photons.

REFERENCES

1. V. R. Cain, "A User's Manual for QAD-CG,
the Combinatorial Geometry Version of the
QAD-P5A Point Kernel Shielding Code",
Bechtel Power Corporation(1977).

2. H. Ocken, "Radiation-Field Control Manual -
1997 Revision", TR-107991, Electric Power
Research Institute(1997).

3. "Final Safety Analysis Report of Kori NPP
#1", Korea Electric Power Company



184

-~

BB RE &

Bernard Shlein, "The Health Physics and
Radiological Health Handbook"(1992).

F BA, A S EHOY, A6, 353
34 444 9rd

“S/G Radiation Survey Sheet", Kori Unit #1
(1997).

James E. Turner, "Atoms, Radiation, and

SE23% B35 1998F

Radiation Protection”, Mcgraw-HILL, INC,
Health Profession Division(1985).

S. Shin, "Analysis of Cobalt Deposition
Mechanisms in the Primary Coolant System
of PWRs", TR-109006, Electric Power Re-
search Institute(1997).



