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Abstract

This paper reports on the status of exchange work for equipments suspected of containing PCBs (Poly chlorinated
biphenyls), especially capacitors suspected of containing low-concentration PCBs, at RF source of KEK electron/positron
injector linac. Also, since the insulating oils are sealed in the capacitors, once holes are made for investigation, they cannot
be reused, so new ones are necessary to be purchased. Applicable capacitors are PFN (pulse forming network) capacitors,
smoothing capacitors and RC capacitors in the klystron modulators, and capacitors in the pulse transformer tanks. In
particular, the PFN capacitors are large in quantity and require separate budgets for purchase, and the capacitors in tanks

require a lot of time for exchange work.

1. [EC®IZ

f;%f%%‘wf%ﬁfhtvi%w (PCB) -3 ALe i o
AR[1IZEDE, PCB, FRZIKIRED PCB 25 A 7 5%
JEgg T e iﬁ%&%‘i@%%% RO BEFEW) AL 5 ]
WX, BAE (2021 (5F03) £ 8 H) 7o 547 » 1
%D 2027 (5F9) £3 A EEiT EENTWA[2],

KEK & 1[5 7 AFasid, 1982(FF1 57) 412 KEK
G SEER iR (PF) @ 2.5GeV Electron Linac XL T
SR LU YERH SE8R 3B AAS A7 (3, 4] KEK CTHAE)
':P@%%)m\buiﬂg Sk T D, %@t&bﬂ;)\ﬁf P‘?

I EEERICIRSThH, KR PCB &AM %

%’i AR ZEAFAET D, if::x‘/?“/w:tﬁww
DOIRTHY  GHEREBEDT-DICEILTHLMEH XA
B BRI EZ 2 THEEL, FTnELsaHL
RTAUTTRBIR, — H AR AR EBUE, SuperKEKB,
KEK-PF, KEK-PF-AR |Z&E /B &G L T B[5]
7280, R OB N ERI N TEBY[4], FHHET

TRRERR DR « 2L R IRp R ERR O W LS R &7 - T
l/ \60

KETIL PCB &HDE u\@z%%ﬁ%% 5D AL
W, KEK OXFIaEIR -~ Z D%k, %Faﬂ?%ﬂﬁj‘
EEIRIRD | KRZay T P A DN TR R B,

2. PCBEHAH#IDUIEIZDONT

2.1 PCBIZ2W\WT

PIF. PCB IZOWCHliBIC kLD D, FRiRETE VA
Hl]v\maa%i ZKBHE,PCB X, ATHCESNZ, +=

(PR E THY | FHEEL T, KIZEETFIZW,
WA R, BT RLACD, AR, SRR
W, 2B LSO R ERMEEE A T52E0 0, &
SRR DM & TR HI TV [6], PCB (Dﬁm
DT BEMICEE T RO T WEWIHEE DD, &R 72
BIUTIVIERRNITIR 2 ITEREL ., fRx R E | E D

# masato.kawamura@kek.jp

TIERHESIN TS, PCB NREXLEOHITHNLHE
BL7p o= L LT, 1968 (BEFN 43) 4EIC A Mo il
ERFRIC W TEE AL LT S 72 PCB 23R AL,
TR E A R A ST T RIMIEF R DD, IR
JEIL, B 10 ALC, 15 HARZHLIC, JRIIZh7z-> T
AL, TAAF AN CRanil) ICXD R FiFf:
THY, FERIT, Y, aFRikE, BRI REDKRE
FERDIFN, iﬁr%ﬁrx LU, B IRIeE 2R
THDH[6],

PCB IZBATAES R EINETOREIZONT,
2019 (Iﬁk 31) 4£2 H 13 HIZ KEK CTEHgESh-ME
IR PCB & AMEROMEIZOWTOMB =] (BARE,
“KEK-PCB i7" LT 2) TRSILIZEEID . )
PL7eb DL IR T,

o 1954 (HEFN29)4 : PCB(RVHE{LE 7 ==/L) D[H
LGB I (BER LR T ¥, =210 MERk)

o 1968 (WAFN 43)4F : W pIMIEFE N5

o 1972 (WEFN 4N @ ATBHRE (WFES) I il
Wk, [BEUEOHR

e 2001 (CFREK 13)4F : PCB i & kA

o 2004 (CEEK 16)4F: Aby 7RV 26459 (POPs £559)
DSFEZN, 2025(5Fn THEETOfE O 42BE

o 2012 (CFRK 24)F B S SIESdu, LB X
2027 (50 94 3 A RETEEN

F£72. PCB #E (25T, KEK T, 0.5mg/kg LA T
EIIX AR ZIPCB A& A |, 0.5mgkg 85
5,000mg/kg LA & IR PCB &4 . 5,000mg/kg 8
ZERE PCB & 1 S HIET 5,
2.2 KEK OXIRZ2OUT

KEK-PCB itHI&Ierh, HEHDO— N (K 73,
—i T U OWTHEZIT T2, ()BT 27/
H—F4t (F. (%) UL Japan[7]) VTR I o BT A R
L7zEZ 4,26 B 1 AIC 0.52mg/kg @ PCB R
&7z (2016 (CERK 28)F 12 H), ZAuUZRizL Tl



¥R 3 S EA RS EEZA KIRE PCB
EHOFREMAY, OEIZEMN 1 H, AlRErEEEL , DEIZ
N2 #EThHo72 (2016 ((FRk 28)4: 8 H ~F4 3 H),

2019 (*FAk 31) A2 A D KEK-PCB il 12T, KEK
WO HFZEHT - HFZea R Iz %L RS L CVAE
SRR OWCIHAEL , AT Y FIXFE 6 ARICH
S, 9 H RICERKHREEZIEHTHIOEKER DT,
ZLUTHMMOBENE | ZHOEEERREI1TH Y 5
ECTHEBEREL LoFEEST,

IREE PCB & AMNENOHET, BIEFETITHFL
ot MO NER 2O K a7 i3 1991
CERK 3)FELUEIX PCB NG A ZNLHTIOMITE A/ O
AREMEDH Y . L9 D, HutRIM O AR 2 I REZ R AT BT
1994 (CERE 6)4ELIEIL PCB N & A . THURTOMITE
BORFEMEDHY , &T5, PIENHF AT WL DY —
NVZ&RED PCB & A O AREMDH 51T KEK NOFRE
SINT=T U AR T D HE LI o7,

DItk VEENEA TETN, BIEBRREOMKED K
TW%, KEK NGKI 12,000 > PCB &AH £7-1X&H
NEEONDESMER N DD, EORERERIZT-08, %
D% DIBIMNET, FIZH 2,000 {EHE 2 724+ ThH D,

72¥. EIEE PCB &AM OWTIE, 1972 (FF1 47)
EECICHESNT- W ERETOILERDHY, SFER
FTOUFINEREINTND,

3. KEK BFEEFAFRISRERIED PCB
SARARR

3.1 1IZLoI

% 3 T TCIL, KEK E1BE 1 AbasE @8 igiic >
VT, PCB & A #ER 0 BRI 72 AR BulR Il & i is 55,
WErEEEIRIL. 8 60 BDITIA A ar LT A4 AR
VeV al — TR S, T 8 4 FTDT ARAZ R
D,

Fig. 1 27T ARy BV a2l —4DHG R E
RO RIEY 2L —F O M AR T, Fig. 1 TR

MCH &, HORAEAFRE T Tzas 7 220 T,
B A 3.2~3.4 Ei Tk 5,

IIAANa VARG AR T Na T YDA
Bk 3.5 B ik 5,

2B LT CTIHMEEE PCB 54DV DHLHa T
VDI ONTIRAD, BEZRESCFEIRE PCB & A
DELNDBHHIL T HONTIE, Y3 BT
BRI L 72> CUVRUY,

32 PFN =7

YHITAA By «F YV 2 —H L, PFN (pulse
forming network) &z o7 AL ZAT D)L AEPRT
&Y. PFN =25 % (PFN Capacitors) 32428 D%
THb, 22.5kV, 4530A, #KL 50pps. 7SV ANE 5.6us
DIV AR N ERAEITDT2DIIZ, FEV 2L —% 1 A/
720, 0.015uF D37 4% 40 AL T5, Fig.
2(a)lZ PFN a7 U OBEEZRT,

FHA ORGSR, FEDR ML ERHEUL 710 B LbnoTz,
AAERE Q021(FN ESE) FTICT eV MEE T
140 BFfET 203, FE2HD 80%LL LIthi=5 570 &
DB THD,

2022(5 N AYEE LRI AR ST v 7 7L — iR &
FIHLU THEFRK 200 BETHETHTE THD,

33 RigmrT Y

WHITAA L BV 2l —Z (2L, HEFER D
iz A L R—=2FREHMNHLN, Figar T oV
(Smoothing Capacitors) |4 Fe FEAUT D 4 FH S 4
%, Fig. 20 Fi=ar 7 o O BEREER T,

2023(BF SFERET, T ry =/ MEE CTHFK
K16 BETHET D,

EVal—H 1 BEHTY, 6uF DT a2 B
LCW5, SAEEETHALIZa T 31T 1 H 80kg D
FEPHY, ZHNEEITHEBEMIEELR D, F-2 AT
B“DALT Y NRES - HEORRLGEVHY, BBE
DFEMLIREBVETHD,

PFN Capacitors

0.015pF
Ctotal=0.62nF

48kVA 7
22kV
200/130~270V 1.3A

COFHALY

© 1|
> > 7

ACZO‘iV 30

Ll Ll
0\ 120F ;

Smoothing Cap#citors

Figure 1: Schematic diagram of resonantly charged klystron modulator, and capacitors suspected of containing low-
concentration PCBs in modulator. The elements surrounded by the red circles are the capacitors itself, and the elements
surrounded by the orange circles are with the built-in capacitors.
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Figure 2: Capacitors that need to be exchanged in klystron
modulators. (a) One PFN capacitor. (b) Two smoothing
capacitors. (¢) One RC capacitor.
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Figure 3: Capacitors that need to be exchanged in pulse
transformer tanks. (a) Schematic diagram of pulse transformer
tank. Three applicable capacitors are surrounded by red circles.
(b) Photos of three capacitor.
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