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Characterization of Radiation Field in the Steam Generator

Water Chambers and Effective Doses to the Workers
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Abstract - Characteristics of radiation field in the steam generator(S/G) water chamber of a PWR
were investigated and the anticipated effective dose rates to the worker in the S/G chamber
were evaluated by Monte Carlo simulation. The results of crud analysis in the S/G of the Kori
nuclear power plant unit 1 were adopted for the source term. The MCNP4A code was used
with the MIRD type anthropomorphic sex-specific mathematical phantoms for the calculation of
effective doses. The radiation field intensity is dominated by downward rays, from the U-tube
region, having approximate cosine distribution with respect to the polar angle. The effective dose
rates to adults of nominal body size and of small body size(The phantom for a 15 year-old
person was applied for this purpose) appeared to be 36.22 and 37.06 mSvh? respectively, which
implies that the body size effect is negligible. Meanwhile, the equivalent dose rates at three
representative positions corresponding to head, chest and lower abdomen of the phantom
calculated usmg the estimated exposure rates, the energy spectrum and the conversion
coefficients given in ICRU47, were 118, 71 and 57 mSvh™, respectively. This implies that the
deep dose equivalent or the effective dose obtained from the personal dosimeter reading would
be the over-estimate the effective dose by about two times. This justifies, with possible under- or
over- response of the dosimeters to radiation of slant incidence, necessity of very careful
planning and interpretation for the dosimetry of workers exposed to a non-regular radiation
field of high intensity.

Key words - non-regular field, effective dose, steam generator, MIRD phantom, MCNP,
dosimetry
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Fig. 1. The geometry of S/G in Kori nuclear

power plant unit 1.



Table 1. The contamination and activity for the
composition of crud in water chamber and U-tube

region (7).

(a) Water chamber
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Nuclide Half fife C?’zacnl‘c'r”:?f” R(i/“)o A(C;'é'it)y
Cr-51  27.70d 1.595E-1 853 7.632E+6
Mn-54 312.2d 3.229E-2 173 1.545E+6
Fe-59 4451d 2.391E-2 128 1.144E+6
Co-57 271.8d 2.926E-3 0.16  1.400E+5
Co-58 70.88d 1.044E+0 5581 4.996E+7
Co-60 5271y 5.899E-1 3154 2.823k+7
Zn-65  243.3d 1.807E-2 0.97 B8.648E+5
Sr-85  64.84d 5.424E-2 451 1.823E+4
Zr-95  64.02d 2.311E-2 192 7.766E+3
Nb-95 34.97d 4.491E-2 374 1509E+4
Ru-103 39.37d 6.973k-2 580 2.343E+4
Ru-106  1.020y 6.683F-2 556 2.246E+4
Sn-113  115.1d 2.044E-3 0.17 6.868E+2
Cs-136 13.16d 1.848E-1 1538 6.210E+4
Ce-141 32.50d 1.407E-2 117 4.728E+3
Ce-144 284.6d 1.383E-2 115 4.6476+3
Total 1.2026+0 1000 4.038E+5
(b) U-tube region
. .. Contamination Ratio  Activity
Nuclide Half life ( £Ciam ™) %) (uCi)
Cr-51  27.70d 1.5956~1 853 7.632E+6
Mn-54  312.2d 3.220E-2 173 1.545E+6
Fe-59  4451d 2.391E-2 128 1.144E+6
Co-57 271.8d 2926E-3  0.16  1.400E+5
Co-58 70.88d 1.044E+0  55.81 4.996E+7
Co-60 5271y 5899%-1 3154 2.823k+7
In-65 2438d 1.807E-2 097 8.643E+5
Total 1.871E+0 1000 8.952E+7
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Table 2. The composition and density of water
chamber and U-tube region of S/G.

. Compositi  Density Compositi  Density
Region on (gem™) on (gem™®)
c® 1.960E-2  Mn(25) 1.021E-1
Water — giqg) 2360E-2  Fe(26) 7642640
chamber

(SA533) P(15)  2700E-3  Ni(28) 4.3206-2

S(16)  3700E-3 Mo(42)  3.930E-2

U-tube Cr(24)  8.4B1E-2 Ni(28) 4.067E-1
(Inconel-600)  Fe(26)  3.698E-2

Air N(7) 9563E-4  O®)  2.938E-4
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(a) Nominal phantom

D oA B4R 1999%F

(b) Small phantom (15 vears)

Fig. 2. The external appearance(left) and cross—section at y=0 plane(right) of nominal and small phantoms.

Table 3. The body size of nominal and small
phantoms.

Nominal phantom Small phantom

Weight (kg) ‘ 70 57
Height (cm) 170 160
Thickness [cm) 20 19.6
Width (cm) 40 345
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Fig. 3. Random directions of gamma tracks in water chamber of 500 histories rendered by MCNP4A
and Sabrinad.0S.
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Fig. 4. Directional current rate of gamma penetrating the ceiling of water chamber from
the contamination of chamber bottom and U-tube.
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Fig. 5. Gamma energy spectrum on the nozzle plane of the water chamber. High contribution of
0.1-0.3MeV photons scattering are shown in addition to the uncollided photons of 0.8MeV, 1.17MeV

and 1.33MeV from *Co and ®Co.
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Table 4. Equivalent dose rate and effective dose
rate for 20 organs calculated for nominal phantom
and 15 years in water chamber [mSvh-1).

Nominal Small

phantom phantom
Gonad 175 226
Marrow 475 471
Colon 25.2 283
LLung 56.3 51.7
Stomach 36.3 405
Bladder 23.1 23.7
Liver 35.1 36.6
Esophagus 60.4 55.2
Thyroid 77.0 60.4
Skin 50.1 46.8
Bone surface 514 525
Adrenal 575 40.3
Brain 94.2 943
uLl 26.3 276
Sl 25.9 275
Kidney 38.1 38.1
Muscle 447 446
Pancreas 38.1 36.2
Spleen 43.2 38.9
Thymus 50.5 356
Effective dose rate 6.2 371
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Table 5. Exposure rate and equivalent dose rate at
3 positionsthead, chest and abdomen) near the
nominal phantom in chamber.

Exposur_q rate Equivalent dgse rate

{mSvh ™)
Head 13 19
Chest 6.8 7
Abdomen 55 58
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Fig. 8. Three positions where the expcalculation
was performed.
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