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Abstract

This paper presents the methodology to evaluate the BY depletion behavior in the pressurized
water reactor. And B" depletlon evaluation 1is performed based on the prediction program and
the measured data of B'. The result shows that B depletion during normal operation is not
negligible. Therefore, adjustments for this depletion effect should be made to calculate the
estimated critical postion(ECP) and determine the boron concentration required to maintain the

specified shutdown margin.
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B = B concentration v = boration rate per hour
B" = B" concentration vp = dilution rate per hour
g = disadvantage factor A = boron concentration in Boric Acid Tank
Vr = core coolant volume a =B" percentage in natural boron
Vr = total primary coolant volume ©0 = primary coolant density
ojo tigh = ks A F7F AaL o= oot Zrt
Ve VB Vp
BY(H = Ciexp| —{ (04 ¢+ go, + + }t]
©)) 1€Xp (Oné1+ 20,92) Vr Voo Ve o
VB
cA-
VT P ¢
VB Vp
091t g0, +
[( 191+ & 2¢2) Ty VT'P]
VB
A (1—a)
U/ n_ . vt Vp Vr-o
B(ﬁ%@m[(vrpﬂ+ e
Vreo
71 Aol Bed B4 FAE, Boric Acid Tank(BAT) ML BAFE 5& WAL &4
ARE AHgStel Adel WAT 5 oM, FAA &3 Baxd F4 wwdd S 3D ANCY
AN e AgeS TARZ Aol ALE3HA
2 ZAAR
U WHE @ o] disle] ‘9511 ~ dA7A % 4839 BY AzE a7 xFE 33

AFdo o F sl =AY Eﬁ] o]% RCS7} 383], RWST”} 73], Pressurizer 23] % BAT
130}, darrr E ue= 50%7F F71 = AU ole FHAH HHo] F2 Ux=E EA



AP ABFEA7] WZoltt wekAd, 54 3 Frlo AR B ARE FAGA= XA o] T
i 157] 157], 9% 157] 9571 9 g 4357 107719 A9+ 22 & F719 dA 3

point?] FAAREE 3539t

2.3 A2

a9 1e A wHEZzd gig F71x9 RCS 2 RWSTS =4% B Percent® 190z
velgslew 16719 ARE Hirsk AF 1966 a/os LUTE ol UAR B AHA HAAAE
29 AA EA¥ A sk 1980 a/oo 2 ALgE= A 9-d HlEke] °F 15 ppm FE9 oAE R
F9E gom Ax ¥ee ¥ & Atk 39 28 A Fo wAd FAEE a0t g

A9 e del aF zzade B A4 99 B AxsnE 39 damd we

oL
=

agoez Yehyd. £33 o] =4 BY Percent: ®A AA7} wAEo] w4 o] Be Hazl
F9 AuE wiAgh o) ARERE Aa%st e dd (F 4000 MWD/MTU 7440 A &=
o274 100% A& (BAFe FFYS nHEEA Fe AEY, AAE A& A 7]
AxE on) BuE o =ZA A2HAY 100%0] 7PAA AiEa 1 olFo o 509% ALt
AzxEE Aoz vERT o oy Az 99e F=3 2 5 qd, 7 zd w=4Aud
Has FQateor 3 A7 BAHYS u, AAEE B27 9" sbeAel duAy F7]
ZoE =AU B27 FUHE 497 A4S M54 2 ZAge B¥Aane 7ddE Aow
FZ=3 5 Quh old ulek A BAo] Wed Aoz AdHth 1y 39 ASE a1y 157
15%719] Aake wE B9 Fo e give Mgt dE&9 A4 4] HES
age] e #7159 A oF 65%9 AxE B, FrE R ME oF 50% AR
Axge Ueddt. 29 45 29 39 mkasbAR 3g 457] 105719 diake] el
FN% D F7de] =49 A ostd oF 50% AL ALES Hola ) o] HA Hx|9}
Ze wAUe ZAg B 59 gloE £d Fo LA £ dE B Fgloz s B
A = 9y = i

Percent 2] 3 |
B 2oA &d T FYE TA4aEFsS FAHs dF Zzafy A X7Ee] AolE vl sk
a3y A

Hoth HAAAOR oF X2

A% °F 9000 MWD/MTUS Adid, BA A2 F9lg B2 dgoz 23 B Percent’}
(1817 — 1863 a/0)¥ & &S B 5 i, 7 Air%E H$oA
=)
5

=7t
Az 5+ At E3], o] wol B Percente] Z7tz <1
Lead Bank D9 % WwrSE7le 50% (933 12 2 18 3437)E A FEZ EA AHXA
ANEL 98 dA dA 9HE S A4S BY Percente] WIE n#ex @=vhd 1
- & Ao woFErh mARYor 1Y 62 &3 257 8F 79 A
apolob 100%9] B A7t o]Fold wo] B4 vE AXE 72z mAE T 3
8F7]9] 79 3 pointe] B ZAo] 9= AAEZ 0, 1,288, 3,800 MWD/MTULS. 2 F7] o] A
o] Fo] i, 1288 MWD/MTUS o] &4l BY kel 137%, 3800 MWD/MTUS 94%9] A7}
A Aoz ZAHFAY wetA, F71x9 dakd e 4 B4 vE7 A B4 vE 2y 34
e e F7129 BY A A% 2943 3 S 4 5 B3 o] PR &
4 91%o] 7,800 MWD/MTU®] oA el EA A 3 1 oldy o]Fe FA A FL
zko) 7F 22 ppme R Atk ol& ¥ 59 A AA 9 §AG AHE JEYS o & At

folt ol b o ©
Bore = ol

)

Ay

S

B\

ot

Ay

)

lo,
) fo
N



£ ATl Fe] Aagsead Bkl v BUS deAEs wabshs Lo A
Al =4 el B Percent® %43l Wil AESATY. 1 AnzRE B A A% =4 e
Bh FE WEE WS At 42 9 5 A e, veat 2o 24 AMgel Bed Aow

e 011/\14 FHE714 13 A5)9 BY 4 AAste]l 0 WstE FAsd 24E i
TEE EAS] AAA HlJLOPUﬂ %’_f Al AA Fo ATES AT A dA AAE 2=
A& 3, Mode 3olatoll e A o f % AMA AbgEE A4 Bud A5t BY daz
A &4 Fxo T7FE wgsta A Fof HR A AaE 2 & JoermR ofF HA o
= AREAlC AAs g = e S drstelofr & Aol
REFERENCES
L7kt AszolAe BY dx A% H7L 97 =4 9483

2. “Evaluation of Boron-10 Depletion During Pressurized Water Reactor Operation,” N. Asai, et.
al.,, Amercian Nuclear Society, August, 1983

3. "Predicting B Depletion in Soluble Boron of LWR Coolant Systems,” R.W. Brock, R. D.
Kliewer(B&W), Amercian Nuclear Society, Volume 71, 1994

4, WCAP-10956-P-A, "ANC : A Westinghouse Advanced Nodal Computer Code,” Y.S. Liu et.
al., September, 1986



& A
(Y1C9)

T T T T 15 T T T T T T T T T
-
20.0 | g
F ' m Measured/Predicted B-10 Depletion Ratio l 4
_ ] =] ]
2 [ L LA B n " 1 ﬁ
< n .. = S 10 u 4
[y [ ] "
2 195 " 4 S "
[} ™ =
S = L n ]
) 1 n
o ]
= T 05| - "
o 190 Average Value of 16 Data : 19.66 a/o I b [N L]
[as] o
=
\ L ]
) [a1]
18.5 1 " 1 n 1 n 1 n 0.0 1 " 1 " 1 " 1 " 1 n 1 n 1 n 1 n 1 n
0 5 10 15 20 0 2000 4000 6000 8000 10000 12000 14000 16000 18000
Data Case Burnup for each Data Case [MWD/MTU]
= = p 10 = = =z = 10 o = 5 5]l = =] o
a9 1. F7]% B RWST B ¥% 54 2% I 2. F7] 5 34¥ B 'Y dZA gk ZAA 9] H|
T T T T T T T T T T T T T T T T T
20.0 B 20.0 | |
- Fo
195 | e 19.5 -
L L o
19.0 | B 19.0 -
o F o = L °
T 185 | E T 185 | -
- i o o = 3
c 18.0 | 4 S 18.0 O Measured B10 a/o a
8 r O Measured B10 a/o 8 r O Predicted B10 a/o o
=175 | ] E s o175 1 4
& i o Predicted B10 a/o ) i
170 L i B ;oL | Burmup predicted measured Mip ratio ]
S |l | Burnup Predicted Measured M/P ratio S : 0 - 19.71
o L
m 165 o 19.69 4 m 165 1 4000 18.84 19.33 0.44 o
F | s290 18.23 18.74 0.65 L 17230 15.99 17.71 0.54
16.0 - | 13200 1664 18.19 0.49 b 16.0 |- o -
15.5 L 1 1 1 L L L 15.5 I S W T S S S S S
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000 16000 18000
Burnup [MWD/MTU] Burnup [MWD/MTU]
10 =
A= o A = AU i = = plo 5
d 3. ddAEe WE B L W3l (K1C15) I8 4, Ax%e & BY % ¥l (K4C10)
T T T T T T T T T T T T T T T T T T T
20.0 - ] 100 L i
% —_ .
19.5 | 8 o g =
r 1 80 | -
19.0 | © 4 o g s
=) L @ o 4 — 1
T 185 ©o © @ ©og B ® eof b
= i %€ o o o 3] 1
c 18.0 | © - =
8 [ e o 1 T 4| i
2
o 175 - Burnup Predicted Measured M/P ratio o o 1
a L 4 ' 20 a
o 170f 0 19.70 i T ]
— F 6412 18.48 18.94 0.62 - - M-P
CID 16.5 - | 9740 18.49 18.80 0.74 O Measured B10 a/o 3 o T
F | 16456  17.41 18.12 0.69 o Predicted B10 alo | 1 © e P(Corr B10) - P(No Corr) 1
16.0 B [}
L ] s 20 a
15.5 Lt | | | | | | | | 1 1 1 1 1 1 1 1 1 1
0 2000 4000 6000 8000 10000 12000 14000 16000 2000 0 2000 4000 6000 8000 10000 12000 14000 16000 18000
Burnup [MWD/MTU] Burnup [MWD/MTU]
: = 10 = L =2 o 3= X ]z
g 5. Borationg @3 daxo we B xx w3 ¥ 6. dAhEd mE A B4 F&E #HA (U208)



	분과별 논제 및 발표자

