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Estimate of Surface Dose Rat es
for Primary Cooling system

NORIO- NOMURA , SADAAKI FURUTA , AKIHISA TAKITA"
KIYOSHI ENNDO** , NAOYUKI SAKURAI

ABSTRACT

Dose rates on the surface of the primary cooling syétem (i.e. plpes;pumpsfand'
heat exchangers) in JOYO have been on the increase by long-term accumulation of
RADIOACTIVE CORROSION PRODUCT:CP. Therfore, dose rates in the primary loop cell
are also increasing. So it is necessary to pay attentlon to exposure doses of
workers in this area. ‘ :

We have been measuring dose rates In order to evaluate radiation build-up
around this area since 1978 | ‘

Consequently, we estimated of following. ' »

(1) Dose rates on the surface of primary cooling system (pipes) at full power
operation (100MWt) are estimated at 8.4 X 10° R/h from the decay curve
after the reactor shut down. _

(@0 It might be possible for workers to enter primary coolant cell six days
after the reactor shut down. , ‘ |

(3 Radiation levels on (he surface of the plpes during maintenance period
estimate to 48 mR/h at 4 EFPY from the initial reactor operalion,

RADIATION CONTROL SECTION , HEARTH AND SAFTY DiVISION
0ARAI ENGINEERING CENTER
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#% SYSTEM AND COMPONENT DIVISION .‘OARAI ENGINBERING CENTER
o . ‘ ' n.
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V8| B-17 0.9 | — 4.7 | —— 4.2 50 | — 4.0
Q N
' | BlB-19] 05| — | 52| 60| 47| so0 | — 7.5
7| k| 1HX-8 5.0 6.5 | 23.7 | 38 32 60 — | 30
il
M| B8 | IHX-1 2.0 | 20 70 60 88 140 — | 120
23
PP-§ 3.0 | — | 13.7 | 14 18 — | — ] 13
& | Fo- 8 1.5 2.0 | —— | —— 2.2 8.0 | — 6.7
w| S| -0 | 025 1.0 2.8 | — | 1.0
T :
pid Fi- 1 0.3 | 2.5 4.4 | — 2.0
| .
& = F,-19 - , 25 _— 18
F,-24 5.0 3.5 | — | — | 10 28 | — | 11
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Table 2~ 2 (2) RTRXBRMMBAEF — 4

(Wl : mR/h)

59 59 60 | 60 60 80 60 80
1/ 6 11/ 2| 6/ 8 8/14 6/21 8/28 | 7/ 5 7/12
U3 43 o2 1k &
A ™ 35 13 8 0 75 8 2 89 06103
(d) ‘
B|A-6 25 40 35, 55 35 30 34 30 30
[l
E|A-8]| 25 20 30, 45 30 30 30 30 20
A -18 12 25 25, 40 23 20 22 22 21
A ‘
A-17 17 25 35. 40 32 30 30 29 28
|8 : :
a|A-19 18 35 26, 36 30 25 26 25 25
= :
A -20 16 35 30, 40 30 30 30 30 30
.-7!
A —-26 52 50 50 49 48
i
A | THX-S 50 50 70 62 55 60 54 54
it
B onx-1 15 80 70 85 80 82 80 80
23
EMP-S 25 35 90 40 37 37 37 36
| B-8 30 25 25, 40 25 22 21 20 20
o |
B|E|B-8]| 25 35 |30, 35| 30 30 30 30 30
L8 B-17| 30 —— |35, 40| 35 | 32 34 32 30
=
' |8 B-19| 8 | —— |23 45| o5 24 24 24 22
7| K| 1HX-S 100 100 120 130 125 1217 125 120
A .
| B8 IHX-1 700 750 950 1000 940 1000 920 900
7%
PP-§ 100 130 135 120 110 116 107 - 110
& F,-8 | 17 50 — 45 45 45 45 42
| S rM-9 | 12 145 — | 17 15 16.5| 15 14,7
T b= ‘
b:3 Fi- 1 8.5 | — | — 25 24 92 20 20 |
o .
K= |F-19 | 30 — | — 40 40 42 45 45
Fi-24 | 45 50 | —— 50 50 49 48 49

FREASNAET -0 bERMPRERBAN., ERHNEEF DA R
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(3) RTREMBBAET — 7

Table 2 - 2
(Wit :mR/h)
60 80 60 |80 |60 80 |62 62
7/23 | 8/ 4 8/ 8| 8/12 | 8/19 | 10/10| 1/18 1/28
JR-F & 48 1k % ‘
H wl113|125|120|183 140|102 42 54
(@ ‘
2| A-6 33 | a0 28 30 28 26 | 40, 459 40, 65 |
S|l A-s8 25 20 20 20 19.5 18 | 38, 55| 38, 55
A - 16 25 | 25 25 25 25 20 |30, 53|28, 55
A o | A-1T 30 30 34 | 33 35 35 |37, 50|37, 50
V| 8
5| A-10 25 22 22 23 20 | 20 |35, 53|40, 55
o A -20 32 28 26 30 27 25 |42, 55|40, 55
7 A - 26 45 40 40 40 40 34 72 70
W A | THX-S 55 55 52 55 55 50 | 70 55
% THX-1 75 70 70 70 67 55 | 105 105
® EMP-§ 38 32 32 32 30 28 55 50
2| B-6 20 19.5 18 19 18 16 | 85, 50| 85, 55
B|E|B-8 33 25 22 23 20 20 |30, 55|25, 45|
V| 8| B-17 35 37 40 40 40 40 | 85, 50 | 35, 50
1B B -1 32 20 20 20 20 18.5 | 38, 80 | 30, 60
71K | 1HX-S 128 115 115 117 115 105 185 185
fiy ﬁé THX-1 900 850 850 850 850 780 | 1750 | ——
® PP-§ 103 95 05 93 95 85 | — | —
5| Fo- 8 45 35 34 34 33 29 53 50
I S | FMe- 13.5| 12.5| 12 12.7] 13 L7 12 13
;; Fi- 1 20 20 19 19 17.2| 17 30 | —
g S F,-19 | 42 38 40 | 40 37 33 52 55
Fi-24 | 46 42 43 42 42 38 87 | —

P EASRAF =505 BENNEERBAN, HHNEERBHA
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Table 2~ 2 (4) KTFXHRBEREF -2

(mm:mR/h)

62 62 |62 62 63 63 |63
2/25 3/26 | 4/21| 5/28| 10/18| 10/26| 11/1%2
W T 47 48 1k R
H M| 82111187172 42 5 0 67
(d)
£ | A-—6 |40, 60° 38, 60 | 37, 55|40, 50 | 40, 50 | 38, 60 | 40, 50
S| A-s8 ‘3‘7\ 55 | 35, 55 | 35, 53 { 80, 50 | 35, 45 | 35, 45 | 35, 50 |
A —16| 27, 53| 28, 50 | 26, 45| 80, 50 | 35, 55| 35, 55| 35, 50
A | A—17|35. 45|38, 45|35, 40| 38, 4540, 53 | 40, 53 | 45, 55|
" é A ~—19 |40, 50| 38, 50 | 35, 45 | 35, 45 | 40, 60 | 40, 60 | 50. 55.
e A 20|38, 55|88, 50|38, 48 [ 38, 50 | 43, 55| 43. 55| 40. 50
7 A-28| 65 65 | — | —— | 70 70 65 -
" A | IHX-S 60 60 60 60 | 100 100 100
% IHX-1-| 100 | 100 95 90 70 70 70
* EMP-$ 50 50 | —— | — | 50 50 50
& | B-6 |25 48|25, 45|25, 45| 25, 40 | 25, 50 | 26, 50 | 30, 50
B|E|B-83s 55 35 35 | 35 |35, 50|40, 50|40, 55
| 8| B-17|35, 48| 35, 48 | 35, 48 | 35, 54 | 40, 55 | 40, 55| 40, 55
| % B 19|28, 58| 30, 55| 28, 52 | 30, 50| 30, 55| 30, 60 | 40, 55
HERLE 180 175 175 165 160 155 150
il ;i IHX-1 | 1700 | 1800 | 1850 | 1700 | 1500 | 1500 | 1500
® PP-$ 155 160 150
S |F-8 | 50 50 48 45 | — | 60 | 70
S M0 | 14 | 15 | 15 | 15 | 15 | 15 | 19
; Fi- 1 28 | 30 | 80 30 30 32 85
g & | Fi-19 45 50 48 45 50 55 55
Fi-24 60 60 63 63 70. 65 65

FEASNET =505 BENNREBBAN, £0NEEHEAN
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Table 2 3 (1) WMTREMABUEIGEO TS5 v PRI —R &R

e MW Hh RTHT35 v hRNS
FHA+H| (MWH)
53+ 8+20|5.8 x10* 50MW - 1 (10/27- 12/11)
----- -2 (1/12 ~ 2/26)
54+ 3+10| 1.6 x10° ENImAE -1 (544 38 -544F 38)
54 0281 2.1 X10% | feo T5MW - 1 (1/16 - 3/ 9)
-2 (5/ 8 - 6/19)
5511+ 4 -3 (7/14 - 9/ 4)
55+ 11+26]4.3 %10° EWRE - 2 (55/8 - 56/3)
56« 1«21 | e T5MW - 4 (3/12 - 5/11)
-5 (8/19 - 8/ 9)
57 215 ] e -6 (11/2 - 12/27)
57+« 8+31|6.7 x10° im&ﬁ~3EMK—H$ﬁi :
, (574 1H -584 3AH)
57«11«12 | te 100MW - 1 (8/ 9 - 9/30)
: -2 (10/12- 12/27)
58« T7+26|7.4 x10° .
EMRIE —- 4 (584128 594 48)
50+« 1+ 6]9.5 x10° .
100MW - 3 (4/19 - 6/10)
50«11+ 211.28x10°" -4 (6/25 - 8/12)
-5 (9/3-10/12)
60 6+ 8 -6 (12/26- 1/13)
-7 (2/15 - 3/31)
60+ 6+ 14
60 621 SEMIRE -5 (60F 48 —608E128)
60+ 6+ 28
60+ T+ 5| 1.42x10°
60+ T+ 12
60« 723
60+ 8-+ 4
60+ 8+ 8
60+ 8-+ 12

_16._-

AN £ e

g 4t s, 3918 St i oo oot m i e Ao B e s S AV

[y
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Table 2 -3 (2) HTFEKBMMBMBHD T3 o b M~ 2

M E MW h BWFHET2 v IR
Fef 0| (MWH)
G0+ 8+10
1.42x10° g
60+ 10 + 10 e 10OMW - 8 (12/8 - 1/20)
; -9 (2/15 - 3/28)
62+ 1+16 -10 (4/28 - 6/10)
g 11 (7/ 7 - 8/19)
62+ 1-+28(2.03%x10° | : . -12 (9/16 - 10/26)
: -12" (11/18- 12/5)
62+ 225 '
62+ 326 | EMRA -6 (61412 624 98)
62+ 421 |
62+ 526 L. i L0OMW -13 (8/31 - 10/31)
-14 (11/28- 1/30)
63+ 10+ 18 -15 (2/29 - 5/12)
5 -16 (8/ 2 - 9/ 6)
63+ 10 + 26 ; |
2.55%10° | : EMRA- 7 (63F 98 -644 1H)
63+ 1112 -
100MW -17  (1/18 - 4/ 1)
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Table 5—1 (R DFLRh2ERRIT B O SELR B S 8
MK - I #17l% &Y 5 ElE R A
SEYERI | EAITRER | kR SR
X 4 BUTESBET [ T(,2(d) A @) [Ty, 2(d) A (d")
— A-~ 6| 1308/53x10"" 334 |2.1x10-?
HOT LEG
" A- 8 385 |1.8x10"? 365(|1Lox10"
% A-16 270(26x10"° 199 [35x]0-?
A _—
£ A-171 384 (1.8x10-? 66 |1L1x10°"?
W '
¥ |COLD LEG|A-1090 2252 |31x10-* 884 [7.8x10""
|
B A-20| 1120(62x10-" 372|1.9x10-
S ‘
% A-26 520|1.3%x10°"7 262|26x10"
1:0] ‘
1HXS 493 |1.4x10-® 242|20x10-9
EEME | THXT| 354 [20X107°| 546|13x10-0
EMPS 313(22x10°° 350 |20x%x10-°
— B- 6 462 |1.5%10"° 260 (27x10"°
# | HOT LEG
B | B— 8 270 |26%x1077| — —_—
N
A B—17 838 83x10" 174{40x10
B2 | COLD LEG
K B—190| 102668x10-* 150 |4.4%x10"
A IHXS 270 |26x10°7 430 (1.6x10"°
i) FEMRS ITHX1 12135 7%x10"* 315]22x10"°?
PP-S 1125 7x10-3 366 [1.9x10°7
% |B2F |F,- 8 548 |1.3x10° 299 |23x10°?
T |BM2F [FMy- 9 29248 1x10-° 317|22%x10-°
4 Fi- 1 237 (29x10"° 305 |28x10-?
W |BIF |F,-19 570 |1.2x10"3 229 |30x10-|
& F,-24 200(35%x10"? 275|2.65%x10"?

By

g— -
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Table 52 (1) BRI LIS KEMII AT SR

BFPY | INXA-S | IWXA-1 | DMP-S IHXB-S | IHNXB-I PPB-5
(MWH) | (V) (mR/h) (mR/h) (mR/h) (mR/h) (mR/h) (mR/h)
5.8 x10* [0.07]24 3.5 0.8 4.5 2.0 2.4
2.1 x10° |0.24 4.4 6.8 1.9 6.3 {108 —
4.3 X10° [0.49|8.0 £5.6 | 1L.7£10.7|52 +0.3 |354+0.5 |74.7£16.2 | 20.5+8.3
6.7 x10° |0.76|10.240.5 |10.2::10.6 [8.0 £0.1 |60.320.4 |140 +1 | 60.6
9.5 x10" |1.08 4.0 14.6 24.2 06. 2 604 o1.8
1.28X10° | 1.46 [47.5 "3 |3 |8 734 105
1.42X10° | 1.62 |62.2+4.8 |83.1%57 |44.2+15.8)125 43 | 026 +62 | 146 +7
2.03X10° |£32|65.345.7 |100 &5 |53.8+2.8 |20 +18 |1821+88 | ——
2.55%10° (2.02|100 £2 |70.4+1.8 |50.4%1.4 |158 +3 |1502+11 |158 +0
Table 5—2 (2) PRI LIS KFTRISZMGERER
BFPY| F, -8 | My -9 | Fo-1 | Fi-10 | Fo-24
oW | W | R/ (R/h) | (mR/b) | (@R/R)- | (mR/h)
5.8 10 (0.07|1.4 0.2 0.3 — 4.4
2.1 X10° |0.24|2.0 1.0 — — |33
4.3 x10° |0.49|2.5 — lad*01 | — |1a7
6.7 x10° |0.76 (8.8 £1.1 (2.3 £6.1 |8.1 25.040.1 |28.2+0,2
9.5 x10° | 1.08 | 16.7 1.5 8.2142.9 |20.5+5.4 [42.7
1.28X10° |1.46 [47.7 12.9 — — 439
1.42X10° |1.62 |42.625.3 | 17,01, 1 21.437.6 |43.4%2.8 [57.0+2.2
2.03x10° |2.32 [52.6%1.4 |16.6+3.9 [35.4%5.6 |52.2+2.9 |77.7+13.2
2.55X10° |2.92|65.8+8.2 |16.623.0 |32.743.8 |53.6+3.5 |67.4%2. 12
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Table 52 (3) BRFAFHMHIS LIPS HES BOWRITIRRBRE (AL —F) 58

(MWH)

EFPY
()

A-0
(mR/h)

A-8
(mR/h)

58 x10
2.1 x108
4,83 x10°
6.7 x10°
8.5 x10°
1.28x10°
1,42x10°
2.03x10"

2.55x1Q°

0.07
0.24

0.49

1.08

1. 46

1. 62

2.92

0.76

2,32

0.3
7.9
8.4 £2.8
8.6 £0.7
24,8
d39. 2
31, 72,5
40.2:+1.4

38.4+3.0

L7

6.5 £0.8
16.8410, 3
24.3

18.7
27.94:4.4
38.7+1.3

35,210, 8

A- 16
(mR/h)

1.8
3.9
4.9 £1.1

6.0 £0.7

22.7
25.3:+8.0
32.3+4.8

35.3%1.2

A-17
(mR/h)

L9
57 1.1
7.8 1.3
16;5
23.4
35.7+4.5
40.3%4.2

41.943.9

Table 5 -2 (4) FFFHRREHY EFHCHE S EERERBE (AL—7) #

(MWH)

EFPY
(Y)

A-19
(mR/h)

A -20
(mR/h)

A - 2
(mR/h)

58 x10*
2.1 x108
4.3 x10°
6.7 x10°
9.5 x10°
1.28x10°
1.42x10°
2.03x10°

2.55%10°

0.07

0.24

0.49

1.08

1.46

1.62

2.32

2,92

0.8
4.0
5.4 0,8
8.59+2.9
17.9
34.6
24.5%2.7
37.7i2. 2

40. 0:£0. 2

0.8
2.5
4.1
7.7
15.9
34.2
32,07, 1
40.2%1,1

41217

2.9

4.1 £0.6

12.9

48.1£4.5
69.9£1.5

68.6%1.9
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uMua-z(5)m%ﬁﬂlMﬂ&nnma&ﬁ&mmnm(Bw-v)&

(MWIT)

EFPY
(Y)

B-86
(mR/h)

B-8
(mR/h)

B-17
(mR/h)

B-10
(mR/h)

58 x10¢
2.1 x10¢
4,3 %x10°
8.7 x10*
9.5 x10°
1,28%10°
1.42x10°
2.03<10"

2,.55x 10"

0. 07
0. 24
0.49

0.76

1.9

3.9

7.6 0,7
0.5 +£3.5
20,3

23,1
22.2%+1.9
30.3+3.8

26.813.4

0.5

3.4

7.4 £2.2
12.1£4.3
24.0

31.8
31.4:£3,67
33.5+6.3

38.7+3.9

0.9

4.6 10,5

ot
o

20.6
37.8+4,6
36.5%1.5

40.1%0.4

0.5

5.6 £0,8
8. 06

34.6
23,813.5
32.613.8

33.4+46.1

Table 5-2 (6) FUFEHRELIA LIS BE « BERERRER

(MWH)

EFPY
(Y)

HOT LEG
(mR/h)

COLD LEG
(mR/h)

TOTAL
(mR/h)

5.8 x10¢
2.1 x10*
4,3 x10%
6.7 x10°
9,5 x10°
1.28%10°
1,42x10°
2.03x10°

2.55x10°

0.07
0.24
0.49
0.76
1.08
1.46
1.62
2.32

2.02

1.1 *0.8
4.4 2.4
7.5 £1,7
11,9+6.3
25,642,5
28.3+0,0
28,3+5.0
36. 7+5. 6

33.545.7

1.1 *0.6
3.4 *0.8
5.0 £0.9
7.4 £1.7
21.0%0.0
28.76.5
20.8:+6.4
36.4%4,5

38.7%4.1

1.1 0.8
4.0 1.9
6.1 1.8
0.3 4.3
22,9%7.3
28.5%17.3
20.245.9
36.5£5. 1

36.9:£5. 2




PNC-TN9410 89-025

Tablo 6- 3 MMRMA (KW OLBE (K#)

MK -1 M K-1 | .
ERE mim | #mem | mom | ¥ w |
P ) D I |
BT 45 b 1 77 MWt 50 7% 100 100 |
— IR 5 0 5 0 A i B t/h 2200 A& & B %
—~RIGHHRFFEADBE C 370 | M & A & B oz ;
| WOBKE C 435 168 500 o
Py T
W L B | - o
WK/ IR M Wit bt 36.2/40.1/20.9 36.7/37.3/22.8 S
FL SR ke | | ‘ iy
PuO; 154 156 194 | 210
Uo; 713 723 81 | 544
73y hUO, HHR ke o — — é
W% [ o 1150 1170 §
@7 7600 7640 —_— —
150 e T 3R n/cf « sec ' |
P 1.3X10'* | 1.9X10%% | 2,9%10'* | 2,6x10'*
R 2.2X10'%| 3.2X10'%| 5.4x10'*| 5,1x10'® |
7l . .
95 0 AL R
HA Y I | |
(R B0/ i) 51/37/28 | B & & | B &
FLEBE MR ke sec 440 450 480 ‘
Rtk bt i ke / sec 110 100 40 -~
FOMBER | ' o . .
- | ‘ 67 88 | 54 Bl ¥
IR TN Y ‘ | , | :
M@K E | ; 2 | 5
750y MRAHAK 101 10 | — — j -
WEEL D BERAY N | BT NN SRS
7 ar 11 [ | 5
ISy b 19 | @& — | —
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=Fyos 10

Fy-- 24

“Fyoe |

Fig 2 - 1(3) RTREIC B4 2REHF (B2 F)
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Flg 2~ 1(4) RTFRBICHS 3MEHF (1 RRAL—T)
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Fig 2-106) RFEBRICHG2MESBF (1 RKFEBL—T)
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MERMOARR (&) : 8. 4x10° R/h
/__l‘:m{arﬁmnmontiam
104 ks | C EEROBMERE :7.0x10° R/h

B MR 1. 5% 10° R/h

10°

102

THT Y TFTE=Y
HoRE T

10

mHHEEE (R/h)

“Na BFEdhH
0.1

6 7 8 9 10 1L 12 13 14 15 16 . (8)
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Fig 83 -1 FFFELERREBRFHMR (BL-7)
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