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Radiation Shielding Study for an Integral-Type Marine Reactors

A Study of Secondary Steam System Conditions for the
Reduction of Shield Weight around the Main Condenser

By
Kohtaro Ueki and Hisao Yamakoshi

This report concerns with activation strength of secondary steam generator for integral type
ship reactors. The activation strength is dependent both on the relative position of the steam
generator against the active core as well as the temperature of secondary water at the inlet of the
steam generator, once conditions are fixed for active core and circumstance around the steam
generator. As a consequence of analysis on the dependence of the activation strength, desirable
conditions for lessening the amount of activation are suggested both for the position of the steam
generator and the temperature of secondary water.

It is also pointed out that the shape of the hot well of the main condenser is responsible for
the shield weight and the area of controlled zone around the hot well even for the same strength
of the decayed gamma-ray source. From the view point of lessening the shield weight and the
controlled zone, discussion is also focused on the shape of the hot well ideal for minimizing the
shield weight and the controlled zone simultaneously.

For the calculation of reaction rate of 160(n, p)N occuring in the secondary steam in the
steam generator, ray analysis method is adopted for evaluating the neutron flux, where neutron

energy supposedly rages from 10MeV to 18 MeV.
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Table 1 Radial Dependence of Power Distribu-
tion Used in the Present Calculation.
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Table 2 Source Strength of Fission Neutrons for Each Energy Group.

Ea (MeV) 5, ( Fiss. Neutsrons > ‘ En (MeV) IS, <i35~“Neut3rons )
sec-cm | sec-cm

10 ~ 11 8.018 x 108 14 ~ 15 3.106 x 107

11 ~ 12 3.537 x 108 15 ~ 16 1.374 %107

12 ~ 13 1.559 x 108 16 ~ 17 6.075%x 108

13 ~ 14 6.990 % 107 17 ~ 18 1.200 x 108

Table 3 Macro-Scopic Activation Crossection for Each Energy Group in

Case of Water Density py of 0.86 (g/cm?)

(N[Ee,{/) 10~11 ‘ 11~12 t 12~13 ‘ 13~14 t 14~15 15~16 16~17 17~18
g 1 1.12x107 | 5.55% 1074 | 1.81x 107 | 3.38x 1078 | 3.07x 107 | 2.74x 1073 | 2.51x 1078 | 2.37 x 103
Table 4 Energy-Group Dependent Macro-Scopic Crossections for Elements
in Steam Generator and Active Core
z (Icm“l) for Elements in S.G. 1 Y (em1) for Elements in the Core
| %,
SNi Zer 1 2Fe ‘ 2‘1120 H 2se ‘ 10¢x 3y | 102x 2 ‘ 102 x 3y 102(>Ii“2> Zr ‘ 102 X Foore
1 0.01726 0.0339 | 0.00228 0.0632 | 0.1166 2.488 2.095 1.824 0.9528 7.360
2 0.01644 0.0321 | 0.00219 0.0627 || 0.1134 2.294 2.422 1.806 0.906 7.428
3 0.01561 | 0.0311 | 0.00208 | 0.0617 || 0.1105 2.129 2.639 1.800 0.859 7.427
4 0.01479 | 0.0293 | 0.00195 | 0.0603 | 0.1063 1.963 2.803 1.812 0.817 7.385
5 0.01437 | 0.0280 | 0.00183 | 0.0578 | 0.1020 1.824 2.803 1.812 0.791 7.230
6 0.01365 | 0.0272 1 0.00184 | 0.0499 || 0.09259 1.714 2.639 1.836 0.755 6.944
7 0.01313 | 0.0272 | 0.00177 | 0.0528 || 0.08308 1.603 2.694 1.866 0.724 6.887
8 0.01251 0.0260 | 0.00171 0.0517 | 0.08066 1.520 2.721 1.860 0.693 6.794
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Table 5 Average Number Density of Elements
in Active Core in Unit of 10%

AL

URE 4%
BRE 3%

UBE 5%
BREE 4.5%

H
BW
Bu

Zr
Vs

2.76435% 1072
7.81774% 1078
3.39883x 1078
2.72128 X 1072
5.20745% 1073
2.40786 % 10~*
5.77887 % 1073

2.76435% 107%
1.17631% 1078
5.11414%x 1075
2.71974%x 1073
5.20962 x 1073
3.01017 % 104
5.71933 x 1073
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Table 6 Changes of Speed and Inverse of Density of Secondary Coolant
in the Steam Generator in Case of Inlet Temperature being 200°C
without Increase of the Temperature.

z vm3/kg V m/sec z vmd¥/kg V m/sec

0 1.153—-3 1.224 1.354 2.323—2 2.466+1
0.387 1.292—-3 1.372 1.515 2.688—2 2.854+1
0.558 4.948-3 5.150 1.676 3.0564—2 3.242+1
0.709 8.604—3 9.140 1.837 3.419-2 3.630+1
0.871 1.226—2 1.302+1 1.869 3.493-2 3.709+1
1.032 1.592—2 1.690+1 2.013 3.785—2 4.018+1
1.193 1.957—2 2.078+1 2.265 4.534—2 4.814+1

(6)
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BRI T 5 LITEA LMK S, chiz An DR
ERESIC EoTWD L ERFDHATH B,
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HAZ — €L EEAE» D N OHIED 7 &
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TUTOZ L EFERERT .
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a. Fig. 13 iRl X5, KAFHEAR» LI
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Reaction Rate R(z) (Number/sec-cm?®)

1 1 1 1. ] L 1 1 A —L 1
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Distance z (cm) from the Bottom of the Steam Generator
Fig. 12 An Illustration of Change of Reaction
Rate in Case of Increase of Inlet Tempe-
rature being 70°C.

High Pressure
Steam Turbine
(Water 1.47kg)

High Pressure
Steam Turbine
(Water 147kg)

Low Pressure
Steam Turbine
(Water 1.36kg)

Low Pressure
Steam Turbine
(Water 136kg)

Main Condenser

Main Condenser
(Water 3,570kg) (Water 3,570kg)

Fig. 13 Schematic Illustration of Secondary
Steam System Used in the Calculation
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1.982x 108 {fl/g ‘T 5, N O piEE ik 4=0.0936
Dis/sec THBHDT, WIEARL—-EVARTO BN
DR EE(E % 0 B E v 1.982x106x0.0936 x ¢—0-0936
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W50 T Fig. 11 & Fig. 14 LOM&EETEEOA
DR & RSRABOME L Ol & oRE&ITH LT
LR O KD BB,

4.3.2b {REEKL -V

Case A TAOEEY ERXER» - HE, KIE
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13 Fig. I3 I0RLAAHEE L EREDERZ ~E VoK
BEOLTHE, cofir b iz, BARERDME,
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ZRd B S Fig. 11 & Fig. 14 2 2PH T 5,

4.3.2¢c FEKSE

2WHFRROME L 1 FZHico& 80.62kg/sec T
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Ratio (Non-Dimension)
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I 1 {
50 70

| 1 1
OD 10 30

ATemp (°C)
Fig. 14 Influence of Inlet Temperature on the
Average Density of 18N. Average Density
at Arbitrary Temperature is shown as a
Ratio to the Case=4 Temp=0°C
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Ez 605,
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THR/FEABAEE LRSS,
80.62 % 103 g/sec x 1.982 X 106/g x ¢=0.0986x1.5
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=1.388 % 1011 sec-t ~1.25x 101 Dis/sec=3.38 Ci
THD, FhiLk s N oK, ThB,
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1.30 % 101 Dis/sec x ( S% 0.0836m) i & ORI ERER L OlifRE, WA
' 21 WAROBE X% 7 A 2 L LTRL 2 @ # Fig. 15a~
~1.30x 10 x 9.624 Dis/sec 15¢ Thb, HAKFDIERC 102 2m OEFE
s
3 5r
ATemp=0C
2F —-— ATemp=36"C a3k
————— ATemp="T0C
Al
ATemp=07C
. —--— ATemp=36C
108~ ————— ATemp=170C

[cse Rate (Rem/hr)
(Rem, hr)

Dise Rate

Distance between the Dector and the Surface of the Hot Well (m) Distance between the Detecton and the Surface of the Hot Well (m)
Fig. 15a Temperature Dependent Dose Rate for Fig. 15b Temperature Dependent Dose Rate for
Case A around the Main Condenser v.s.

Case B around the Main Condenser v.s.
the Distance from the Center of the the Distance from the Center of the
Main Condenser Main Condenser
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ATemp=0C

3t —-— ATemp=36°C

————— ATemp="10C

Dose Rate (Rem/hr)

¢ j )

3 5 1 9 11

Distance between the Defector and the Surfale of the
Hot Well (m)

Fig. 15¢ Temperature Dependent Dose Rate for
Case C around the Main Condenser v.s.
the Distance from the Center of the
Main Condenser
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Case B Wtz Case C 41 Fig. 11 iTREXn %
HF 2Ttz T 5 LD TH 5,
ELARERADTO 2 KAFAKBE T 53
HOMERLEH L OGRD, PHOEIE T XL
L C&ERIFEEBOMERC, Fig. 15a~Fig. 15¢ i
RLTH B, 2055 T, Pl iEiER) 1 mRem/hr
DFEOMKIRED e LR E OB RiE Fig. 16
CRLThH D, Fig. 16 % LhiZbs 5 & 5 kg
Ex bR IE D2 EPRARABOREZ LI
MCT i~ 50 LRBREOMEOH VG
ENRbr b,
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B2 NE 5, Fig. 19 wxoflanid, Zhiii
BOORLH»E 2.1m FTHCRIZHEESL 10m
Rem/hr & U, {E/KiBDF L2 OEFEI 4.5m ©
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DTARBNKEELEREBRES> D55 LBEFOERIX
ED—As 2~2.5m OIHTR/NE 252 03 EH X
ha,

ZO%E, BEAIED LT EEKEOEHEINE -
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M bR 2 B < TSR/ NMEE D - L —~TORX
OErVEA~NTRS, MHESROHEROHEIN D
- DB, Lot s EoERixD
FEMBIIEKRTL 50T, @52nTEVEED
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BEbIh D, £O—flE UTH 2 EKEERAO L
EREM/NCE ED, EKBODORIZDOEEICLT
KR D DESFHERAR OV L S5 & B OERHA <0
Z2f & T B, RELEOKREROBEIMNIEF Sh 5 HiFH
NZH5dDET 5, flziE, Fig. 18 T L=2m,
4Temp.=70°C OLE ST 0.5 mRem/hr (k)
BERORTEZMHFT 5 LEHOREIX 24 mRem/hr 2
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ATemp (°C) ATemp (°C) ' ATemp (°C)

Fig. 16 Change of Distance of Detector Point where the Dose Rate is 1m Rem/hr, as
a Function of the Quantity 4Temp
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Correction Factor C (Non-Dimension)
3

Ll L L 1 1 L 1 1

T3 a5 7 9 1 1 1

L L

!
1

ey
Added Thickness of Iron A7p, (cm) 108—
Fig. 17 Correction Factor for Dose Rate as a 5t
Consequence of Addition of Iron Shield ok
much more than the Present Case il
Fig. 18 Temperature Dependent Dose Rate v.s./ N I
Size L, where L2 Yields Area of Bottom 12345 78 1t 234567178
of the Hot Well of the Main Condenser Lo (m) Lo(m)
—— for 4Temp.=0°C —.— for 4Temp.=36°C  -——-—- for 4Temp.=70°C
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p——— } Source Strength=3.38C;

—--— Source Strength=6.16C;

Volume (em3) of Lead

1 ! ! I ! ! ] 1
0 1 2 3 4 5 [ 8

L (m)

Fig. 19 Volum of Lead Shield for Case B
around the Hot Well v.s. the Size L.
Dose Rate for Solid Line is Chosen to be
1mRem/hr at 4.5m, in the Side Direc-
tion, from the Center of the Hot Well.
Dose Rate for Dotted Line is Chosen to be
0.5mRem/hr at 4.5m, in the Side Direc-
tion, from the Center of the Hot Well

729 ldmRem/hr 1M H 525, LrLdbrde

ZOERPZEINIET B, ThHDEBDH L T
WhER 2 RN T BEKBD OW R RET 5 LN
HOBRbhs L OER Im X AEL k5,
(Fig. 19 Ti3—ABRTRT.)

Fig. 20 1% Fig. 19 k> s A MOHERDOHEH
BIfEDD BRHh BT - B EETT, AR R
OHRPP BB EEROMNE L X b/h&ik
B b, WR/ME S BT 5,

Fig. 19 & 20 T2 Ao » — 7R EKED o
TR D58 X 93 2 fFiTin - 7o & DR/ IMA D ff B % 77

15

101r

b TT/== } Source Strength=388¢;
—=--— Source Strength=6.76(;

51

~

Vulume (cm®) of Lead

105_
8-
5k
sk
2k
— 1 1 1 | Il { L 1
0 1 2 3 4 5 6 i 8

L (m)

Fig. 20 Volume of Lead Shield for Case B
around the Hot Well v.s. the Size L.
Dose Rate for Solid Line is Chosen to be
10 mRem/hr at 4.5m in the Side Direc-
tion, from the Center of the Hot Well.
Dose Rate for Broken Line is Chosen to
be 10 mRem/hr at 2.1m, in the Down
Ward, from the Center of the Hot Well

T E#EO 4Temp.=70°C OPEH X D b 2 REKRD
4Temp.=0°C D H 2% 7 HADIE SIXFMHE LR E VS
Wz 525 L offilE, £ECEVTHEDER
DODRBNKhZ ENEHEINS,
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—EEDOMAFEZ 5 5 XS BRICT 5701,
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1) Reactor Shielding Design Manual, Theodre Rock-
well IIT, McGraw-Hill, 1956.

2) Radiological Health Hand Book, F.J. Weber
PB-121784 R, 1960.

3) Activation Analysis Hand Book, R.C. Koch,
Academic Press. 1960.

4) Am. J. Roentgenol Radium Therapy 59, 273,
(1948) N.G. Gusev
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EELUEBORETFIE TR, 2KRIEKFCEENS
FEHEWE & LT BN 032 Ti3R AR AEBROEME
BRT 2mEoMtLicbongaEhd, £D5b
TTFED CRTIRAENEIIREE DS BRI
B EVDT2RRLEREIhIEDMEOIDXD
HEHEIND,

ER (v ako) OBRRERERICERET S ON
58N7i, 56Fe, 5Fe 25 ¥t 0.002398 x 10% {#, 0.006186
x 102 1, 0.001205x 102 {i§, 0.00076 x 10%* {EHTH
y, 6Co* 5Co, 5Mn, Mn Tx¥ % kT ERE9¥T
Y imah s 1.2x10%cm™1, 1.98x 104 cm,
5.27x10~7cm™1, 1.75x1075cm™ T 3,

» BRI AN BB T ¢2=A
M3 o5& L g TIRERIh @I EEE 2
D o T RIS O 2 B AR OB L T

%";:A—AN, (Nt=0)=A #%{{&E
t B
N=<%yk¢ﬂ0+AWM@kﬂ

DEMEIRD, Lo TX ORI IT 5 HRERIEE
D % . ) —HTRDbEIX

Do=[S¢(1— 1) + Tpae-1]/3.7x 101 Ci
Eit5,

A v axzAEfFE LT 3.8098x108cmd & vy,
Case B %l LTA v = &AM B Ok Z 5
BT 570D pHTR & L € 5x100n/sec cm?
& v 8Co, #Co, 56Mn, Mn @ 1=1.65x 1011
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sec (5.254E) R\ BEM D HEHIT
Dy(80C0)=3.81 x 108 x 5x 1010x 1.2 x 10-5
X (1—e0.698)/3 7 x 1010
~1.39%2.5%101=3.5%x 10! Ci
Do($8Co0)=3.81 x 108 x 5 x 1010 x 1,98 x 10~
X (1—e~18-2)/3 .7 x 1010
=1.01x10%Ci
De(5¥Mn)=3.81 x 106 x 5 x 1010 x 5.27 x 107
X (1 e 1-15x10%)/3 7 x 1010
=2.71x100 Ci
De(*Mn)=3.81x 106 x5x 1010 % 1.75x 105
X (1—e™445)/3.7 x 1010
=9.01x 101 Ci
Th 5,
2WHPEREROIF E A LW 2 {ADEKBDOHD
KoBEBRETHEDBN LT &L, ERARSEMEDH
BHDS B, 1% B2 RAERAPTRE 5z EHF2IN
T, 1{EoKEDHho %Co o figElut 5Ci
80Co DA 1.7x10Ci % 7= #Mn DA 4% 1071
Ci 75, 5Co DiElx N oL T
80% MEDHITH B2 17 MBAEE~ DO F & FH i,
Table 7 T 5 Offids YN OBED 1/4 BETHHD
T, HRELTIEND 1/5BETH S, HLROFE
REEICAN, T2 KFROEEKZFIFTTNIED
TRE-TH B L EFBERThE, BCoFoFHE
bol/NEL DD LBDNS,
ZDOXIX2WEHDESRICEDF v Y —F —3~
ENBHE LI N EOEKIBD DO HERAD
IR UCEREER S DO TRV BN DR R
DAL R EIEIMGER LTV S,

Table 7 Mother Material, Half Life, Gramma-ray Energy and Flux to Dose Conversion
Factor for Activated Principal Materials in Secondary Steam System

|

r =%

i N 76 % 8 E FE; N 3 N3 _yaEsE
Wk B | Fi W WP | o (Disyes e D | R
60Co 60N 26.16 | (n,p) | 5+2 | 5.256F |4.2x107%| 1.25 100 7
58Co 58Ni 67.76 | (n, p) 32 71.38 [1.1x1077| 0.81 100 5
56Mn | 56Fe 91.68 | (n,p) | 0.44 | 2.58f |7.0x1075| 0.85 100 5
Mn | 3Fe 5.84 | (n, p) 23 303H |2.7x1078| 0.84 100 5
51Cr 54Fe 5.84 | (n,a) | 0.37 | 27.88 [2.9%1077| 0.32 9 1.5
*16N 1€Q 99.59 | (n, p) *k 7.4%0 [9.4x107%| 6.39 75 20

* IO EM D SHELZ DD TRAVEEEEITRELZHDTH 5,

O PIEIESARIRBINICR L TH 5,
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