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Research on the Maximum Amount of PV Integration in Island Distribution Systems

Considering Voltage Variation and Three-Phase Unbalance

S0 H B F K ik E A A
Wu, Yuan-Kang Deng, Yu-Hung Lee, Ching-Yin Wang, Yao-Tsun
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Abstract

Ideal electric distribution systems are generally designed to operate on a balanced
three-phase load. However, a number of factors can lead to the voltage or current unbalance on
distribution systems, and they include terrain conditions, load characteristics, load distribution,
the integration of single-phase and asymmetrical transformers. Unbalanced systems would
affect the normal operation of each component on the system, increasing line losses, and
causing the malfunction of protection equipment. Additionally, owing to the rapid increase in
the penetration of photovoltaic (PV) power, one of the important issues of modern distribution
systems is how to utilize the PV system to deal with the three-phase unbalance, and to increase
the PV power integration without causing system’s overvoltage. This study applies OpenDSS
software to simulate the operation of some feeders in Penghu and Green Island, and analyze
the effects of a large scale PV integration. Next, this study applies the Charged System Search
(CSS) algorithm to search for the maximum possible amount of PV integration. This study also
aims to help increase the penetration of PV power in the system and deal with the overvoltage
problems by using smart inverter systems.
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Abstract

This paper introduces the establishment of a circuit models for photovoltaic (PV) cells
and modules in the environment of the ATP (Alternative transients program). The latest edition
of the ATPDraw, the graphical preprocessor of the ATP, supports the nonlinear Shockley diode
model, which allows models for PV cells and modules to be easily and precisely simulated in
the ATP. Although the ATP has been one of by far the most widely used simulation tools for
power systems, it has been rarely mentioned in the studies related to PV generation system for
lack of an ATP model for PV cell and module. In this paper, authors employ the Shockley’s
diode model supported by the ATPDraw to build grounded and floating models for PV cells
and modules, which are used to simulate a partial shading problem in a PV array. The ATP
simulation results have been compared with those obtained by an analytical model to verify the
validity of the proposed ATP model for PV module.
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Fracture Risk Assessment for the Pressurized Water Reactor Pressure

Vessels under Pressurized Thermal Shock

wAEWH A A AECE o
Huang, Chin-Cheng Chou, Hsoung-Wei Liu, Ru-Feng
RS WAk F* TR i I R g
Chang, Ching-Hsin Shen, Yu-Yu Chang, Han-Jou Hsieh, Yang-Cheng
(101~104 4 /% 5% % 3 3% % %)
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AW FENE FH 55 BRG] 46 0 52 B B == (ORNL)BH 8% 2 FAVOR #2350 » DUBSRE I8 55 47
H R BA 7K T S JEE 253 R T A8 0 B R ) BNE SR SRR A » o3 I AR (I 55 B NRC Al
TERTIREE TIEAE B HAML 10 CFR 50.61a Z 3 ATAHE - S B OBEEL T ZIRE - BT
B IR (R BUERF - DUREEE AR E > R EBEEILPFER R ERE
(PNNL)Z HE it & E % =M e S5 BRI RE T @R (b2 8 IR T
BRIy AR AL > DSV % = i S 25 BRI A8 2 JBR ) BRI SR e = AR I B S B VA ARAE [
ZHIEELE > I EEREURTS H Az 8 EEA > BORMCTRE Z THITEE IR T > &
R RE S R R e R (R B e b - [F)BEHY > DL NUREG-1874 Jil b UM ZUEF A 7R
ARG B GRS =R eSS BRI RE R T AT A TE o Z BN BRI T B
B e - POEEIR A R R A AT 5 B R s R

Abstract

The failure risks of the Taiwan domestic pressurized water reactor pressure vessels
(RPVs) subject to pressurized thermal shock (PTS) events have been evaluated using the
ORNL’s probabilistic fracture mechanics (PFM) analysis code, FAVOR. The loading
conditions such as temperature histories, pressure histories, heat transfer coefficient histories,
and PTS event frequency distributions were in accordance with the technical basis of USNRC’s
new PTS rule, 10 CFR 50.61a. Meanwhile, the PNNL’s flaw distribution models were also
employed. Based on the specific embrittlement parameters of Maanshan plant’s RPVs, the
PFM models were established and analyzed. The PFM analysis results indicate that the
Maanshan RPVs will continue to present insignificant failure risks until the license expiration
dates or during the proposed extended operation periods, a finding that is consistent with the
results of NUREG-1874 fracture risk prediction calculation. Present results demonstrate that
the Maanshan plant’s RPVs have sufficient fracture toughness to withstand the hypothetical

PTS attacks, as well as provide excellent reliability and structural integrity during operation.
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PR 2R - T EEE S AU - R
g5 (Probabilistic Risk Assessment, PRA) ~ #ig 5}
HE LM ~ 25t (Thermal Hydraulic, TH) 735557
MricetFim A S B 5% - FERIREREET 182 0t
GRS 5 DL 110 year 2 P EER © &3]
WrikcE A AER] - 2010 A2 2 H#fH 10 CFR
50.61a> fF 35N PWR g HH 55 e 15 s 4K
SHEAER] - Hor PFM 37 ER Sy - (R DASEEIG A
ZE Y 5% & B = (Oak Ridge National Laboratory,
ORNL)F 25> FAVOR 2= (Fracture Analysis
of Vessels - Oak Ridge)iEfT/3HT - WG E LA
HZtatE - HEEREI SRR BRSO & 1F
5]#E FAVOR #23{ » 217 PFM 43544l - #E1 TR
W RE B RA 22 e AG o A S S AL = i T JEE %
%H RPV HETTER JJEBAE & s fhaPd - EH
FAVOR 2= > 7341 RPV EZE#E 1 PTS E/f 21
ZUJE\ s o feiESER] NRC #]E 10 CFR 50.61a 2
SR AR - TR IR



BT RIS o D A 4% = g BB S M (Plant
Specific) 2 BUE I THERI 2L S TER 34 » LIS
MNEEK N EE Mg 42 PTS Hf 2 RPV ARSI -

FEAN » ASZIRER ] NUREG-1874 #7225
NRC fRIBHERIZT TS RS RPV
B E GRS EK S RWE RPV 2
HYEUE - DIBRSEARZE . PFM T4t - 1
BERTAG 2 455 - TSR R KL RPV 2
GERETTSERS 6 I Ry BN R /K = EE e A g 3
i\l > SE(R4% - IV B BN I A R R S e 25
FRFTHE A S AR AN ST RE R T Z R L 7
ELOAT I FH B S R

A~ BOREER

EFEBET - RPV BERGIR N SRR 2 38
858 PERFE ARG I 2 7 B - 2RI & TS 5%
AR EEESMEREEAR  FFiER RPV ZE70A
FA K 0 DLEK FE 25 4 4l 7K (Reactor  Coolant
Water, RCW)fi & =38 T » &R RPV BERGIEE
BEMTEE - H I RPV TR S ESIREET » I
BGEER BB IEGEPTS)E: - iEHk RPV R
HEEBEMREZRNE > FEAESBY - (1)—
R Z W B& W 31 (Pipe Breaks in the Primary
System) > B[J¥& 5 /%2 Al 7K & 4 (Loss of Coolant
Accident, LOCA) ° (2)— R Z &t 4 2 R B
(Stuck-Open Primary Safety Relief Valves,
SO-1) » (3) =R AME N (Pipe Breaks in the
Secondary System) > 12 T 72 R E 4 ZL(Mean
Steam Line Break, MSLB)EA SO-2 » (4)HAl » 41z&
VRIEEE 2358 24 (Steam Generator Tube Rupture,
SGTR) » 58— ~ Z“XANESTIEINE - DI E
L [REBEIBEZEIN » fF— g fhk -

— » —RERFERBHZH(LOCA)

1 55 PWR EEfigZ — ~ K& EZELAM:
HEIERCEREY - & PWR — R A4 BB
HEER L AIKEH(LOCA) » KSR ER %

BROR KR IE 23 S1 1B /) SR BT Z A R R PR BT 1

AIZKEESR » DLELHBRFE (Pressurizer) KL R - #E
i #8 5 fZ FE 28 /4 A 7K £ %4t (Reactor  Coolant
System, RCS)EX JJ A - %5 RCS BGEEBRFE/KAL T
B AR - iRs 4 B Bl S FE 258 TR 5€ % 4% (Reactor
Protection System, RPS) - & A2 » tfikiZ 57
ZLEAR o [LAN - TR BB Tl O R Al K 24
(Emergency Core Cooling System, ECCS) » j¥ A /%
ANK > DIEE AR & .00 4 Al7K (Emergency Core
Cooling, ECC)ZE RCS ° & F /KA E By 4 F /K i
(Safety Injection Tank, SIT)PEHMEEAI7/K(EIRR
) o R — R E 48 RPV BERSH TR -

#: LOCA ZHyE RSFAR » AR - i
REE K& ECCS 4K » EE RPV NEFESRT
[&(Downcomer) 5 FE 7 N7 - &k RPV BEREK
ZEGEEY - BINZEREZORE TR IR
B RARORE - RERE EVERE Z B E M -
RCS BI76A S » #H RPV NERJJER 52
EOGARE > FEAFERERE = MRS
BES IR £ -

= —RERGE =R (SO-1)

Bb B AN 2 85 2B Fo {2 5% 47 4 7 JBE [ (Safety
Relief Valve, SRV)RFLELRZ B » %4 P HE
ZEORRARH < & SRV FRINRBHZRAE  HIRRIRH
EVNRSTHE . LOCA 4= - & HPI S 2 L
By - DAERF RCS /KM BEER T - 2RI R I
¥R > HPL T ol RERHEFK - BEHEE AN BT
R EEL HPT AR Z IRK KPS RCS
JBE 3BT > B EEE 2,500 psi BF > #ERY SRV
—RBARL

FE Al a] R RRIF A B i e B R B
= URAN HPL JZKE X %5 » K522 RPV N
B RO S T RRARFE - AR R % 2 B
R > AIE T BT RE 2 fe=m R 7 HUA It PTS =R
HERIT > PRI T PR {% SRR P AR
RCS Bz 2agtihn » B hEZEZwERT -

= ZREBFERBHRMSLB & SO-2)
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TREAFERWH - BEEIRRSEREN
o BB AR R R REAES - [FkE
o BFTRBAZ BN » IR R E R 3
A o Bl —R %42 LOCA #H[E] > FIFT-REEIF &
FHEHE RT RN R E B RE Z f22 B8 RT
AR BFh0ER PTS EREEEAE - MG R e 2 /2 AT
RE -

FEZIREWH(MSLB) - 5 E 2L £
(Main Steam Safety Valve, MSSV)-£Bd ~ KREHEK
fid(Atmospheric Dump Valve, ADV)-£(..... 58
A IF RIS B T R AR R 2R AE A5 (Steam
Generator) B2 J AR fEF5 75052 A2 a8 N 2 7KOm
& MR E— AR BZOREAR R 2 /KR ©
ERKEFEE —RAFEEAEIRE RPV [F5R

BEA - 38R PTS S84 - BEA —RUBVE ZEIh
HE 2 PTS HAFAREEN—RMEINZ PTS
- (212°F~250°F) » {H A FERF—K &R TRETI R
SRR - RPV 4R = BAIRAS « fetiE
B2 E4h RSB hEE BT -

FHLA ERGIATRD > E— R AR EEIMEEL
Z PTS Hff » RACRI —REAMEINZ PTS H
> NMEEERE ISR 2 ZUE JJ8CK - RPV BE
Res ARG - SRS RPV BEfSAECR
{ET%E - &8EE NRC 3 irafdishss - #8356 SO-1 34
Bz PTS FEHRTRERV R PTHBHEAEE 2
FINEE - ¥ FE 52 RPV 52 PTS H{- RG22
BETETR -

Containment

|
g

I PWR EM— » “JGRHft FEAA B Y

2 ~ FAVOR R\ ie

[Z FEE 25 JBE ) R M R i 2 T 2 oy M g
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FAVOR - F %7 B =B AT = > 75l B
FAVLoad - FAVPFM Ei FAVPOST - FAVLoad &
AR FIRETE T RE T RPV BERGIR
f& ~ FEST ~ FE 158 FE R F-(Stress Intensity Factor)



EREEEE 2 S fAfFER;  FAVPFM R FAVOR f2
HETHE RPV B3R FRUERL » S
2R A (Monte Carlo Simulations) » 7775k
BREmT ZHEE - TR N RPV B3R S
FAVPOST.exe Rl B R IHFE 2 B> FAVPEM 47
&R F RPV RE—ERET 2 PRI S
FUEE AR - AR IR SR T s
Z oA EE SRR A - EEHU AT R RE . S AR AR
RO > DSBS EIR RPV B8 B S g i 6l
Hrator i@ iEEdE - & 2 Fsfy FAVOR 27>
T RPV B MR A A2 e - Hrpipa B
FAVLoad {7858 HU# Af&E FAVLoad.in» A%
BE RPV Z KSR - BIAIATE ~ BEE SR G
72172 (Cladding) 2255 5 AHRHERME - &
V& B IS I AR R R B L S R AR
tb ~ B AR(AEL - LA BVEEAEE  RikH
i \NA BT < BT REMR(T: - PTS SFEIRE RIS
R BN A AR A BRI - &8 FY FAVLoad 3 HY
sTEI% - R HAE FAVLoad.out - NZSHRIEL
ESRYRET RPV BEE T mZORYE - BT > DIk
FE 758 & N 7 2 FENG 73 i o b HY AR R H

BROR KR IE 23 S1 1B /) SR BT Z A R R PR BT 1

FAVPFM ZEHUEST PFM 5 » DSt RS R
BUE R IR [ -

k% T FAVLoad.out ¥} » FAVPFM 2 PFM i#
I R 5 AU Sy i 1 BRI S e b FE R
PR AEZE(FAVPFML.in) » &85 AT T1& BT AT 115
RPV HEF7&EE XA PTS SERE R R(FA
#]) 46 1% 22 (Conditional Probability of Initiation,
CPI) - Eifg(4-1E15 4% (Conditional Probability of
Failure, CPF) - BI&UBARWIAGH A& FFER &
TR —E B E L 2 R (— KRy 80%) -
FAVPFM 43# 8152 CPI B4 CPF 4K iBigJ0E
e 2 SFEAE - H R o il RE R E S
INITIATE.dat f£E1 FAILURE.dat f& » 403552057
M2 SIHEE » DR Rt o (e -

& R FE FAVPOST R2 X PR L PFM 73 AfrzE 2E
7 INITIATE.dat f5E1 FAILURE.dat &4 JRJEES
A% pa B AfE(FAVPOST.in) - HAE K& AT
MrETRE Z 3 AR AR i LA FERE - DUEETT RPV
2 BRI ARG B TR R (B A
FEEF AR year) » METTHET AT > DUBGE
BELEEREE Y RPV B -

Start Here

A 4

FAVOR Input Data

* Material properties

+ RPV geomet RPV beltline Transient initiating
* T-H bsounda s embritt| it quency distributi
o data (from PRA)
condition

| Flaw data |
* Densities
* Sze
* Location |
'

P 1 Load generator

FAVLoad

" 2 PFM module
FAVPFM

¥ 3 Post Processor

FAVPost

RPV:

* Temperature (x, t)
+ Stress (x, t)

« Ki(x,t)

CPF for each
transient

Distributions of CPI,

FAVOR Output

Crack Initiation
Frequency per Reactor
Operating Year

Through-wall Crack
Frequency per Reactor
Operating Year

2 FAVOR A ifr.z ot
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B A SR

— « RPV R TREEDR 2

M= e g5 v A =] 3 g (Loop) A=
PWR - RPV FEFEFR{E APkl B ASME SAS533
Type B il » AVEE 2 A7 1 g AR Sy 309
g o SIATRTRR ST E » BEEVEE
58~ EEER - B R (AR B E AR (R B
By R B = NRC Reactor Vessel Integrity
Database, Revision 2 (RVID2)H 7 #f b4 & 7
15 o N ERHE 2 AR Ry Y e ] e O
PEZAE - S ATIRHERCRIE N 2 B IAEE - FAVOR

Ri=78.5"

Unit-1 RPV Beltline Region ad =06

o 45° 135° 225° 315°

Vessel thickness = 7.88"

A’ — 13757 —# [—1.375"
Axial weld Axial weld
RPV1-101-124A RPV1-101-1248
. i Plate 1 Plate
96.73 R4007-1 R-4007-2
Active (6) 7
i v
—— =171
1375 M.
Axial eld
£9.81" Plate RPV1-101-1424 Plate RPV1-101-1428
R-4008-1 ) R-4008-2 )
129" ©) @
(a)

RIS = B TR Ty AT R

Z= RPV §pa > 8lh » TG RER
SRFERREIA » DA IR 2 = B E Rk
—[EFRAETE - PR EERAERE MTHER LR T
> DUKSE A EERERL RPV T8 > B & NEE
TEAE— @R S RS - DU A - =
Ji RPV FAHRBE R By © A 78.5 st ~ REATIE
BEE 8.04 JLNf > A& 0.16 JLN 2 N RN I
JERE - =M 1~ 2 5% RPV 2 BEAS S0 & Bl
B > 48 3 AR o S RIRIESOE WACP-148401
B1 WCAP-14972 7 5kl FElC S - DURAR
Sk WACP-11433P181 WCAP-11636!""545 >
Hr R i B o  FTREERAEES -

Ri=78.5"
Clad = 0.16"

Unit-2 RPV Beltline Region Vassil tidciness <5 HaF

O"I 45° 135° 225° 315° 0

—| —1.375" 1'372-) -
Axidlweld Axial fveld
69.17" Plate RPV2-101-1424 Plate RPV2-101-1428
R-5808-1 4) R-5808-2 )
. i
12.26" {9: {8!
.

3 Z=R(a) 1 56 ~ (b) 2 5% RPV JRATIEAT IR (i c B B i

— -~ PTSEIREE A

ZEB NRC #[7E 10 CFR 50.61a 7 ¥zmRLmE
(NUREG-1806 B NUREG-1874)Ff 43472 PTS %
AE > HH3E[E S B A E2 (University of Maryland)
2 JE B B ] 5 FE ot o0 (Center for risk and
reliability) iff 7% B B Fr 8017 - 3% HE B FE H
RELAPS/MOD3 23" - 3785560 3 EAF L
AT RE S A2 2 PTS Sl ot L REIR1E  TE R
FAVOR 2 HiifEFH FAVLoad 7 &Sl A (&1 -
H 3 BAAERMEER TR Ry Beaver Valley ZER ~
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Palisades ZE % » DL Oconee ZEJiG o E. 1 Beaver
Valley &~ PWR RPV [EIfE BPHEAF] 3 g
ZIF PWR > H RTINS S50 o [ B B A
=g RPV M[E » #H PTS ERERIARA AR
M M ATE A EIY PWR EE RS 220 -
RIEL - AEHFEZ PTS 73HTEFRE » BFERA Beaver
Valley BBz FiEdEe  BIREIRIFE REE 2 A -
Beaver Valley BERACHEEILA 61 TEATAESE
47 PTS il » & 1 F 61 1 PTS AR A
RISy HA - HArdEEt 9 i LOCA JH4Y - 28 {iH SO-1
JAHU > 8 il MSLB %% - 8 {l& SO-2 JAY » DU H



fiirkE R 8 ([l o HEEANEI RS A AR R ~ SRS - JBE
17> DU BERR IR (SRS S B4t STt
U2l eq s S 5 B B ALY FAVLoad.in [N » #2{i

BROR KR IE 23 S1 1B /) SR BT Z A R R PR BT 1

FAVLoad :EH s FAVLoad.out £t FAVOR
P2t (T PEM M -

%1 Beaver Valley EE ik 61 FEMEE: PTS SHigEA
EiCER EIRARTE QaEct
N 2,3, 114, 115 4
LOCA 22
~ KRS 7,9,56, 116, 117 5
PP SRR 14, 34, 64, 94 4
SO-1 4 59, 60, 61, 62, 66, 67, 69, 70, 71, 92, 93, 97, 119, 120, 121, 122,
IR 123, 124, 125, 126, 127, 128. 129, 130 24
MSLB 74, 81, 102, 103, 104, 105, 106, 107 8
SO-2 78, 108, 109, 110, 111, 112, 113, 118 8
Feed and Bleed 31
A Overfeed 76 ]
— ~ “RHRAIEL (65, 68, 72,73, 82, 83

S ¢ SEURBRATTE B Beaver Valley 152 AE

= HYR o et

FAVOR F2=(FR3EH RPV 771~ KA
ZUay (Surface Breaking Flaw)5 it S.dat ~ {575 §%
H#HZL4y7(Weld Embedded Flaw) 4 {fifg W.dat » DL
M §% HH 2L 47 (Plate Embedded Flaw) 43 1ffi 18
P.dat » & TR ISR RS R5F ~ P
ANELE S S« ABHFE AT AT F 2 2480001
& > B1S=E] NRC [EEE(EA PNNL Frhd 4 2
VFLAW fzCAre s - S 35 24405 fhi B
W T ERERE T LRSI - JEER(Weld Bead)
KT~ MARHER L ~ RPV SIS AHRE - =
1 51 RPV 48 VFLAW &8 1000 RS2 ERE
it~ BERG TR LGB i W8l 4 s ©

1E+005

1E+004 —

3 Surface Break Flaw
¢ & ¢ WeldFlaw
4 & ePlate Flaw

Flaw Numbers in the Beltline Region
(Flaws/Vessel, Flaw Depth > a)
1l

vcood ol v vcovd vl ol el vl o

£ 3
= *o,
= 0‘
@,
*e

0.01 T T T T T T T
0 10 20 30
a = Flaw Depth, Percent Wall

IS
o

4 VFLAW RS =i 1 5t RPV IEAY & P 2
HEI i

M~ =R 2 8
(—) EE A LA R

/8 RPV BERGMRIBEEINE 2 INZR > B&

BREORE - MORHMEERAHR S R T ISR 85 - O
e - HAZEIM R E - 2R IR
SERRRE o RIEIA R L ERAH IAHRE - B
B LIS Rl M B S - TR B
{5 ] RTnor {F R Ba i AR M L 2 R
# - RTnor A7 (AERME AN - BRI
7= o HEIMR RTnpr BIR I Kic 2R

— iR ASME #EiHe (it > B (G AHIET 4
D

Kic=33.2+20.734exp[0.02(T-RTxp1)](Ksi/in) (1)

Z /A FAVOR 2 i B i R 7 &1
BHERE » AR E MU Master
Curve FTHEZ o 534F7 532 By oK HE— HUBEZI4L
Rz PTS BIRE T 2 JEJ )78 AT K, B34y
2 Ui 3PS o3 A6 R B > P DL B AR 43 i (Weibull
Distribution) 15 =5 5 [ BUSE L 42k s 2 i A%
Fcpi > W PR
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0 , K, <&,

2

Q

v (T - RT,; ) =19.35+ 8.335exp[0.02254 - (T - R, )]
. (T - RTypr ) = 15.61+ 50.132exp[0.008 - (T - RT,;; )]
=4

O O

Kic

FRIERSRHE L 2 TEOH - {c#% 10 CFR 50.61a
PRt B ET AR LTI A R T E - e
RPV HESfAE b2 (LB 4H S B B a0 ~ 38~ B
ﬁ% 72 2 BETAZ = W B RPV JE T & S A4 RO

E AR Z AL B2 AH B B 9) 46 RTnor 35
1B > 1E P iR A bat At~ S %dam A -
(=) BN E
i ST EE WCAP-11433P1E1 WCAP-11636 %
&1 AT BIESZ =g 1 - 2 951 RPV RS
#E E 7 A BB 7 1A 2 AR R RS R T
ffi > HEMARISAZ =R 1~ 2 555% RPV [T IE %
HE S TR GG i S 58 7 W08l S B 0

R2 =R RPV [E7

[ A % =g RPV BRI & S A &
WL ARG & DR A B PR AT 2 2 f KR
- HasEE L] - WIFR 3 FrAl

B =R MEEYRIE AT EZ RPV
THAE R P RN 36 BREIR
HE A (Effective Full Power Years, EFPY)Ed 54
EFPY Fr#ifE” RPV 7tEE R Kh T RREE » 77
R By 1 55 4.96x10" n/em® 1 7.32x10" n/em? ;
2 9B © 4.65%10" n/cm® B 6.80x10" n/em? o $FEL
BR 2 W B S KIBRE T & & S AL Fr R 32
Z R IR R RG] » FE G E &R 36
EFPY B 54 EFPY Z gz KR TIRGT & - [FI R
JAFE 3 e

BARGERLG L BERS F IR E2 7
RPV EEBAIHTE > T2 > R0 HER"

F=f i e-0.24><) (3)

foure RyPNBER ] 2 T HRUR B > X Ry BEPEER
2R > AL H Ry -

A4 R EER R B aa T E

Unit-1

Unit-2

Region| (%) | (%) | (%) |(%)| (°F)

R j i RT
Mﬂéﬁ% MaJOI' Cu Ni P Mn NDT(U)

N I Major Cu Ni P Mn RTNDT(U)
MRS Region) (96) | (%) | (%) | %) | CF)

101-124A| 1 0.03| 0.1 |0.008{1.25| -60

101-124A| 1 |0.08{0.065]0.008| 1.5 -50

B 101-124B| 2 | 0.06 | 0.11 [0.006{1.34| -60

B 101-124B| 2 {0.08]0.065]0.008| 1.5 -50

FELS FELS
R 101-142A| 3 0.02 | 0.11 [0.002|1.19| -60 R 101-142A| 3 0.08 [0.065|0.008| 1.5 -50
101-142B| 4 0.02 | 0.11 [0.002|1.25| -60 101-142B| 4 |0.08 |0.065(0.008| 1.5 -50
7J<:F 101-171 5 10.042]10.129]0.017({1.39| -30 7J<:F 101-171 5 0.08 [0.065]0.008| 1.5 -50
fRiE Rl
R4007-1| 6 [0.063|0.613]0.006(1.34| 10 R5807-1| 6 ]0.065/0.615]0.006| 1.33 0
R4007-2| 7 (0.064|0.597|0.005(1.45| 10 R5807-2| 7 ]0.065/0.607|0.007| 1.30 10
) Wbt

R4008-1| 8 |0.053|0.62|0.01 [1.54] 10

R5808-1| & [0.07]0.67 | 0.01 | 1.37 -30

R4008-2| 9 |0.07]0.67(0.007|1.36] 10

R5808-2| 9 [0.08]0.665|0.007| 1.37 -30

40




ok SR 2 A 1B ) SR T 2 A R B R EF TS

#3 RPV [EFESIALZ T IRA B HRAME

Unit-1 Unit-2
Maior FH¥} |36 EFPY Z |54 EFPY 2 Maior FH¥}|36 EFPY 2 |54 EFPY Zf%
PORMEEE o oton| T BUER | BUER | MRMEE |0 V)| mER | R
(%) | (10"°n/cm?) | (10"n/cm?) (%) | (10"n/cm?) | (10"n/cm?)
101-124A| 1 30 1.488 2.196 101-124A| 1 | 29 1.349 1.972
g |101-124B| 2 30 1.488 2196 | gg|101-124B| 2 | 29 1.349 1.972
RE 011400 3 | 30 1.488 2196 P 1010408 3 | 30 1.395 2.04
101-1428| 4 |30 1.488 2.196 101-142B| 4 | 30 1.395 2.04
7K KF
payg| 101171 | 5| 100 4.96 732 || 101171 1 5| 100 4.65 6.80
R4007-1| 6 | 99 491 7.25 R5807-1| 6 | 100 4.65 6.80
R4007-2| 7 | 99 491 7.25 R5807-2 | 7 | 100 4.65 6.80
Mt i)
R4008-1| 8 | 100 4.96 7.32 R5808-1| 8 | 100 4.65 6.80
R4008-2| 9 | 100 4.96 7.32 R5808-2| 9 | 100 4.65 6.80

1 %EH% 36 EFPY Ak 7 Ef5E 8 5 4.96x10" n/em® ; 54 EFPY Ak th T Efg @S 5 7.32x10" n/cm?
2 9B 36 EFPY ekt T B2 E 5 4.65x10" n/em?® ; 54 EFPY k|7 EfEiE 8 5 6.80x10" n/cm?

Distance above BAF (in)

Degree

0 45 20 135 180 225 270 315 360

L
as

(b)

5 BZ=J RPV 77 i bRrb 7 Me i i S A o e B D B 2 [ () 1 30 - (b)2 B

- BRI RIERE A

4% FAVOR 2 T2 FAVPFM.exe 437 1ES:
ZAFRAR R - TR REITE R  S A AR
LIGTE RPV 7 B R SRR (B fy/yr) » BT RE
AR N R > T EEHRERS - (HEYRE
AR Ry o MR BURERT - AT A FAVOR 1%

FRFRFEF FAVPOST.exe #1741 04T - ABHFE 7>
Mz PTS ERESEAFAFR I » fy35E Sandia
7% B Bia Whitehead 55525 L SAPHIRE (Systems
Analysis Hands-on

Programs for Integrated

Reliability Evaluations)f2=, » $1¥%} Beaver Valley

B> PTS BHUETRRAT I ATIEE! T W HEHU A
17> FAVPost.in [y - {{c§% FAVPEM %2 PFM ¥
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B SR FAVPOST IRk WiAE > 8544
5345 > S RPV BB IISEE SRR « &
SR RPY WZWERLLE] » DU SHas R
(S BRI % -

th ~ HreERaET
— ~ BRI SR

KWL T 2 AR R ER 53 HT - B E T
10 B S -REEiEEeR CATERS » DIERIEUY
BbE o 2= 4 PRSI RIZ =R 1 ~ 2 554% RPV JE7F &
SEAULAT R 36 EFPY Eid 54 EFPY 2 RTnpr FHM
B - HRFATEN - X =RTE RPV I
LAY RTnpr By {EFAA#T 10 CFR 50.61a Y&
HIZEK (R E 269°F » fiibt 352°F) » MUK HEEGTHE
{BIEFHEHRL -

2 5 B1F% 6 o HlBRA I R i% =g 12 5% 1% RPV
fJ FAVOR 73#4E5R » B8 &8 PTS B Ra R
B 3(CPL, CPF) » DL & PTS HREES RPV
FLp@~ 215 FCI (Frequency of Crack Initiation)[4
J 15 TWCEF (Through-Wall Cracking Frequency)
ZERIERE - RHEFTH FE (Dominant) ¥ 7&
(FCI ¢ TWCF BRI 1%)H 5345 - o
Mréb R - FEE AT A LGN - RPV B
B T TR E R R LR 0 © 437 61 ([ Beaver
Valley SEHTETRERRIF T 7ERE RPV JELER L E
Y PTS FAHHE - 1 555 RPV 2 36 EFPY f{ik(4
TMEEHEESE 70 ~ 71~ 124 ~ 129 %5 > 54 EFPY
BRI B 4mSE 7 ~ 56 ~ 70 ~ 71 ~ 123 ~ 124 ~ 129
% PTS gk » (HEELRYE 70 ~ 71 ~ 123 ~ 124~ 129
%5 BHUSHURSNEE TR - 2% 2 98
RPV Ji* 36 EFPY f{iff: T AR 2L fs » FH 4T 56 -
71~ 120 ~ 124 S8EE T2 > 54 EFPY BRI 5y
SR 7~ 56~ 71~97~120~ 124 ~ 129 ~ 130 &5 »
E4RTE 7 ~ 56 & 2 FHIHW ARG E RPV
HEEE g

PFM 73irés gt - X =i 2 RPV

42
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7K 7K
| 101-171 5 37.97 52.75 . 101-171 5 17.93 30.93
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Analysis of Ground Potential Rises in a High-Rise Building during a Direct Lightning Stroke

under Different Grounding Schemes
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Lee, Chien-Hsing Chang, Cheng-Nan

m '

KI5 # A CDEGS(Current Distribution Electromagnetic Grounding and Soil structure
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Abstract

This paper utilizes CDEGS software to calculate the transient ground potential rise (GPR)
that is caused by direct lighting strokes at a commercial building with a land base area of 39 m
X 13 m and a building height of 21 m. The influences of soil resistivity, location of the
lightning strike point, and the wave shape of the lightning current on the transient GPRs of
three scenarios for the building are analyzed. The scenarios selected for analysis include:
devices that are grounded independently; devices that are grounded via vertical ground
electrodes that are connected to each down conductor fixed on the outside of the building
(called Type A grounding); and devices that are grounded via a ring ground electrode to be
sited around the periphery of the building (called Type B grounding). The results show that the
ring ground electrode provides effective protection against lightning and therefore is
recommended since it provides a large surface area for grounding and passes lightning currents
into all the metal parts of the building, forming a Faraday’s Cage. In contrast, it will not
provide a low impedance path if independent grounding is used to transfer lightning energy,

which may result in a higher grounding potential rise and cause harm to surroundings.
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Abstract

The transmission lines of Taiwan Power Company (TPC) run across the entire island of
Taiwan. The inspection and maintenance of transmission facilitiesis always a big challenge for
the TPC’'s engineers. In order to improve the efficiency and effectiveness of transmission
facility maintenance and management, a well-functioning information management system is
in great demand. TPC completed the first stage development of Transmission Facility
Maintenance and Management System (TFMMS) in 2013. Every district office of TPC's Power
Supply Department started uploading database of transmission facilities within their
controlled district into TFMMS and the data of the original TEMS has also been re-formatted
and reloaded into TFMMS. In this project, a platform of hand-held mobile surveillance system
will be developed in TFMMS to further improve surveillance efficiency. The mobile platform
aims to achieve the goal of surveillance automation and greatly reduce human interference in
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the data transmission process.

Moreover, a buffer analysis system for transmission line geographic information system
(TLGIS) will be developed in this project. The TLGIS will be integrated with the environment
impact assessment criteria for transmission tower, hazardous geological map, as well as rainfall

and earthquake intensity in the entire Taiwan island to ensure the safety of TPC's transmission

system after every natural disaster.
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Abstract

The main objective of this project is to assist Taiwan Power Company (Taipower) with its
efforts in addressing carbon emission reduction by means of research and analysis on
demand-side electricity management and carbon credit/allowance management based on the
relevant regulations and measures adopted worldwide. For the former, this project focuses
mainly on the establishment of viable approaches to demand-side electricity conservation. As
for the latter, it develops an optimal operation module of carbon credit management for a
state-run enterprise, and sets up Taipower’'s Carbon Asset Accounting & Management
Information System. In addition, the project is also assisting in implementation of the Early
Action Project at certain power plants and preparing the application for carbon allowances.
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Case Study of Climate Change Risk Assessment for an Independent Power Producer
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Abstract

According to historical statistics, climate change has led to the increase in the intensity
and frequency of extreme climate events and the disasters so caused have already seriously
affected the stability and security of energy supply infrastructure. Countries around the world
are gradually paying more and more attention to the adaptive capacity of energy facilities in
response to climate change. In order to evaluate the climate change risk of domestic energy
industry, we adopted a bottom-up approach to establish the evaluation tool of climate change
risk in 2011, after referring to the climate change risk assessment method of the UK, the
climate risk assessment process of UNFCCC and ISO 31000. Thereafter, we have rendered
counselling support service to different energy companies in risk assessment and improvement
on adaptive capacity of climate change for years. This article presents a counselling case of
HPC Power Services Corp. By means of climate risk identification, hazard and vulnerability
assessment, and risk evaluation, we were capable of realizing the decisive climate risks as a
reference for planning the adaptation measures. In addition, we managed to enhance the eight
criteria for climate impact sensitivity and hazard assessment through the process of this

study, making the evaluation tool a more practical and adoptable reference for other industries.
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Parameter Measurements and Verifications of Dynamical Load Model in Taipower System (2) :

Development and Application of Load Model Parameters Identification
and Analysis Program LM_ID
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Abstract

Traditionally, the load is usually simulated as a static model in dynamic power system
stability assessment. However, these static load models are not inaccurate enough to reflect the
real mechanisms as observed by operators, especially in severe disturbances of the system. The
purpose of this paper is to develop a more realistic dynamic load modelling tool for stability
assessment. Currently, Load Model Data Processing and Parameter Derivation (LMDPPD) is
the most well-known commercial software for automating the derivation of load model

parameters using the measurement-based approach which was developed by Electric Power
Research Institute (EPRI). However, the LMDPPD is specially designed to identify the model
parameters of the loads composed of induction motors and conventional ZIP loads. Its
applications, however, are rather limited in the practice of the power industry. To this end, we
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have developed a novel load model parameter identification program LM _ID. The LM_ID

can be utilized to identify the parameters of 5 static load models and 12 dynamic load models.

This paper describes numerical algorithms, source code developments, and operational steps of

this program. LM _

ID is a novel load model parameter identification program, which

developed by the research team members of the Taipower’s research project “Load Model

Parameter Identification and Verification for Taipower System”. This paper introduces the

details of the algorithms and the operational procedures of this program and makes a
comparison between LMDPPD and LM_ID.
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The Configuration of Safety Detection and Monitoring System for a Coal Storage Silo
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Abstract

In recent years, the big coal storage silos have been gradually and widely adopted in the
new coal-fired units of foreign and domestic power plants instead of conventional open coal
yards due to their advantages of high storage per unit area, no dust pollution, high automation
in operation and better inventory management etc. Nevertheless, as the coal silo is a type of
closed storage space, spontaneous combustion of the coal stockpile long time stored may
probably occur inside the silo, producing toxic gas and even gas explosion problems. To detect
and properly eliminate the dangerous causes of the mentioned problems when they are
initiated, so as to prevent the more serious problems and damages incurred to the equipment
and harms to maintenance personnel, it is necessary to plan for the configuration and set-up of
an effective safety detection and monitoring system.

BRIsERE] (K ey Words) © fZz1& (Coal Storage Silo) ~ 274 %5l {#5(Safety Detection Equipment) ~ 4
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BE1H 245 (Closed Circuit Television Monitoring System) ~ J &rfeHir Bi 425 2447 (Coal Silo Level Monitoring
and Control System) -
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