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Table 9-1

EPRI 8GOG Chemical Cleaning

Steam Generator Chemical Cleaning

Removed
UNIT SG.Type Year Vendor Application Process Lbs
MILLSTONE 2 ORIG é& PNSCE Tubesheet Mod, SGOG FetCa 567
MAINE YANKEE.  ORIG 87 PHSCE Tubesheet Mod: SGOG FetGu 2381
OCONEE 1 ORIG 87 DPBWNT Partial Haight' . h;od.,SGOG Fe 6648
OCONEE 2 ORIG 3 DPBWNT Partial Height Mod..8GOG Fe 8909
ANOI ORIG W PSKE Part;Height th TSP Mod. SGOG FetCu 10040
KORI1 ORIG %0 FNYABERCE. Tubesheet Mod. $GOG Fe+Cu 876
™I ORIG 91 BWNT Part. Height-9th TSP Mod. SGOG Fe 6540
DOEL 4 ORIG 73 PNS/ABBRICE Full Height Mod. SGOG Crevice Fe 6574
PICKERING, BS ORIG 92 BWNT Full Height Mod. SGOG Fe+Cu 9134
BRUCE A4 ORIG 9 PNSBWNT Full Height Mod. SGOG Fe+Cu 13759
PICKERING B6 ORIG 93 BWNT Full Height Mod. SGOG Fé+Ca 7539
BRUCE A3 ORIG 94 VECTRABWNT Full Height Mod SGOG FetCu 14784
PALO VERDEZ ORIG 94 BWNT Full Height Mod. SGOG Fe+CutCrv 10702
PALO VERDE 3 ORIG 9. BWAT Full Height Mod. scoo FetCutCrv 9729
PICKERING A} ORIG 94 BWNT Full Height Mod. SGOG FerQukCrv 14892
SURRY 2 REPL 94 WIVECTRA Full fherehy ‘Mod. SGOG Fe+Cu (PP) 14570
Vendors: Comment:

ABRR: 23ea Brown Boveri Reaktor
BW: Babcock-Wikox -now- B-W Nuciear Téchnologies.

BWNT: B-W Nuclear Technolog
CE: Combustion Enginering

DP: Duke Power

‘PNS:  Pacific Nuclear Services -now- Vecira:

W Westinghouse

Crv. Crevice Step

"Remos ¢d 1bs" does not include amount
remosved by siudge lancing.

% (= ):EPRI SGOG ¥ & 3478464 % 2 e) 31 units



Steam Generator Chemical Cleaming

Table 9-1 {continued)
EPR! SGOG Chemical Cleaning

Removed

UNIT SG Type Ye‘n{ Vendor Application Process Lbs
BYRON | ORIG 94 BWNT Full Height Mod. SGOG Fe (HT) 15382
SURRY | REPL 94 WIVECTRA Full Height Mod. SGOG Fe+Ca (PP) 15670
BRUCE Al ORIG 9. eNg Full Height Mod. SGOG Fe+Cu+Cry 18293

ORIG 9s: W Fall Height Mod. SGOG Fe+Cu (PPY 17620-
PICKERING A2 ORIG 65 HWNT Full Height Mbd. SGOG FE+CurrCrv 15946
SEQUOYAH | ORIG 95 w Full Height Mod. SGOG Fe+Cu (PP) 17932
PALO VERDE | ORIG 95 ' BWNT Full Height Mod. SGOG Fe(HT) 11575
BRUCE A3 ORIG 96. PNS Fuill Heighit Mod. SGOG CutCrv 5535
SEQUOYAH 2 ORIG ‘96 w Full Height Mod. SGOQ Fe+Cu (PP) 15283

‘ORIG 96 PNS Full Height Mod. SGOG Fe+Cu (HT) 8575
COMANCHE PEAK | ORIG 96 PNSW Full Height Mod. SGOG Fe (HTHCU 4362
SAN.ONOFRE 2 ORIG 9 Tt Full Height Mod. SGOG Fe+Cu 32535
SAN ONOFRE 3 ORIG 97 i Full Height Mod. SGOG FetCu 40027
SALEM2 ORIG % m Partial Height Mod SGOG Crevice Fe 15000
DAVIS BESSE ORIG 00 al Full Height Mod. SGOG 5995
Véx}dors: Comment:
ABBR: Asea Brown Boveri Reaktor "Removed Lbs” does -3t inciude ameunt
BW:  Buhoock-Wikox -now- B-W Nuclear Téchnologies removed by siudge lancing.

BWNTY: B.W Ngilzar Technologies
CE: Combustion Enginering

DP: Duke Power

PNS:  Pacific Nuclear Services-now- Vectra
w: Westinghouse )

Process:

Crv, Crevice Step

#(=):EPRI SGOG ¥ & #4786 % 7% % # 31 units> & P CALLAWAY-
WOLF CREEK £ & Model 48 F)



Steam Generator Chemical Cleaning
Table 9-2 3
KWU, EDF and KEPCO Chemical Cleanings

Removed
UNIT SGType Vear Vendor Application Process Lbs
BIBLIS B ORIG 85 KWU  Full Height KWU Cu 1.3
NECKARWESTHEIM1 ORIG. 85  KWU _Full Height KWU Cu 62
STADE ORI 85 KWU Full Height KWU Cu 242
ALMARAZ | ORIG 8  KWU Full Height - - KWU EqNTA} 920.
ALMARAZ 1 ORIG 8 Kwu Full Height KWU FeNTAp: G 7456
STADE 0RO B KWU Fll Heigh KWU Cu a3
ALMARAZ 2 ORIG 8 KWU Full Height RWU Fe(NTAYC 6682
ASCO | QRIG 87 RWU Full Height KWU Cu 3419
ASCO? ORIG 87 KWU Full Height KWU Cu 2048
GRAFENRHEINFELD ORIG 87  KWU. Full Height KWU Cu 1.5
STADE ORIG 8 KWU Full Height KWU Fe(NTA) 3586
ALMARAZ | ORIG 88  KWU Various Heights KWU Fe(NTA): 4437
ALMARAZ i ORIG 88 KWU Full Height KWU Cu 215
ALMARAZ 2 ORIG 88  KWU Full Height KWU Fe(NTAHCu 5028
ASCO | ORIG 8 KWU Full Height KWU Cu 856
RINGHALS 3 ORIG 88 KWwuy Tubeshect KWU Fe{NTA) 2495
RINGHALS 4 ORIG 88  KWU Tubesheet . KWU Fe(NTA) 210
TIHANGE | ORIG 8  EDF “Full Height EDF Fe + Cu 9910.
ALMARAZ 1 ORIG 89 KWU Full Height KWUFe(NTAYCo 4263
ALMARAZ 2 , ORIG & KWU Full Height KWU Fe(NTAYHCu 4165
ASCO | ORIG 8  KwWU Full Height KWU Cu 636
ASCO2 ORIG 8 KWU Full Height KWU Cu 695
RINGHALS 3 ORIG 89  KWU Full Height EWU Fe(NTA) 5315
RINGHALS 4 ORIG 89 KWU Full Height KWU Fe(NTA) 5861
Yendors: Comment:
EdF Electricite d¢ France "Removed Lbs'" does not inclade amount
KWU  Kraftwerk Union removed by slodge lancing.

MHI  Mitsublshi Heavy Industry’

# (vg):KWU ~ EDF ~ KEPCO & & #1.47 b £ o4 &4 40 units ~ 4 units -
2 units H ¥ ALMARAZ éﬁL iR % RACEES



; Steam Generator Chemicol Cleaning

Table 9-2 (contlnuod)
KWU, EDF and KEPCO Chemical Cleanings
Removed
UNIT SG Type Year Vendor Application Process Lbs
TIHANGE 2 ORIG 89 KWU Full Height KWUFeNTARCu 4079
NOGENT/SEINE | ORIGC 8  EDF Fil Height EDF Fe+ Cu 31204
ALMARAZ 1 ORIG 9%  KWU Full Height KWU Fe(NTA/Cu- 5486,
MIHAMA 1 ORIG. 90  KWwU Tubeshees KWU Fe(NTA}Cu 962 -
OHl 1 ‘ ORIG %0  Kwu Purt Height- 1t TSP KWU Fe(NTA}Cu, 1643,
SAINT-ALBAN 2 'ORIG 90  EDF Pastial Height EDFFe+ Cu 2628
PAKS | ORIO 91  KwuU Full Bundle (Horiz) ~ KWU F(EDTA) 19186
PAKS 2. ORIG 92 Kwu Full Bundle (Horlz)  KWU Fe(EDTA) 10572
FESSENHEIM 2 ORIG 92  EDF Full Height EDF Fe + Cu 47832
DOEL .4 ORIG 93  Kwu Full Height  'KWU F{(EDTApCutPb 542
PAKS 3 ORIG 94  KWU Full Bundle (Horiz) ~ KWU Fe(EDTAY 14793
BITERWESER ORIG 94  KwuU Variows Heights KWU FEEDTA) 12100
: : ORIG 95  Kwu Full Bundlc (Horiz)  KWU Fe(EDTA) 16243
AINT LEPREAU ORIG 95  Kwu Full Height KWU F({(EDTA) 7846
ORIG %  KWU Full Height KWU F(EDTARCu 6327
‘ ORIG 96  Xwu Full Height KWU FEDTAMCu: 11883
X YONGGWANG | ORIG 9  KEPCO Tubeshect ' HiBO3. TiO?2
YONGGWANG 2 ORIG 97 KEPCO “Tubeshect H3BO3, TiO2
GROHNDE ORIG 98  KWU Full Herght KWU F{EDTA) 7597
PAKS 2 ORIG 98  KWU Full Bundie tHonz)  KWU FY{EDTA) 9121
BROKDORF ORIG 99  KWU. Fol Hewshe KWU FEDTA) 11605
PAKS3 ORIG 99  Kwu £ult e XWU FEEDTA) 13976
Vendors: ' ’ Comment:
EdF  Electricite de France . “Removed Lbs" does.not include amount,
KWU  Kraftwerk Union . removed by sludge lancing.

MHI  Mitsubishi Heavy Industry

#&(2):KWU ~ EDF ~ KEPCO ¢ @& #4782 F k&) units > £ F
YONGGWANG(#2 B & /1 2 8] ) 1 & iz Model I X 48 FF) > R 4EE
& WA
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9.2. @22 & i (Process Monitoring) » # A H2/N2 il & 45

Process Monitoring
Baslis for Hy/N, Measurement Technique

Sludge dissolution:

2 Fe,0, + N,H, ==> 6 FeO + 2 H,0 + N,
FeO + EDTA ==> Fe-EDTA

N, generation decreases as sludge dissolution proceeds

(TR

5 o)

&) e Carbon steel corroslon:

Fe® + H,-EDTA ==> Fe-EDTA + H,

The more carbon steel surfaces will be cleaned, the more H,
will be generated.

L Gale A ST

/-E-BAMA“LQM.EA':LE N ‘

WA N2 & 4 K7 sludge 75 # - 2 & # #5% carbon steel &/

Process Monitoring
Field Data for H, and N, Generation

WA A EHFET H2 £ E 4 - carbon steel 5 » 25 4314k
BE R



2.3.Siemens {b & F ik k245

(D#F ke
—FH L RERALE R FHAER N 12hours AR MR (crevices)
WEAWQER  BAEHEL Z4F %A 18 hours

(2)F A — Rl #0k
R AR B 25 BAEE AT MBMM 0 Wi LA
EEmER o B8R (crevices) R M ¥ A F ki R

()b CS e
-—CS & @& 1514 & (passive layers)® &
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CS 4 Doel 4 - Point Lepreau 4 &34 &4 A4 4 1Tum -~ 20-25um

Material Compatibility

High Temperature lron fg

Solvent Corrosion
Field Data
s 508 258 SRBTH - 11449 t
SA 508 2/SA 533 B (M) ¥2 ok
Tasisne i
SA 515/5A 190-B7 {washer) 21
GTAW (3A 515-TO/304 s¢) 15
82 filer)
410S (SA 2404105) 0T
SA 307 2
st 018 R
s 10id L AR

Y/
ARAMATOME ANP




(4)shazeh b
--2 983 S/G blow down(4e B w)

Siemens SG Chemical Cleaning Process
Process Implementation; Equipment Set-up (cont’d)




(B AZ D

B UREARDERME B as kLS8 0 4 solvent
volume 84 & B K4 10 AR » A A% % » 4 final volume
BEBERH2EAR - BHAAE 2M50 s BT RA
(incineration)® ¥ o

Potential Waste Solvent Processing Methods

Processing Method Chelant Destruction Estlmn;!ed Vﬁ'r';ac‘tor
incineration Total 150 LT
Evaporation = Low to none ~ 3 - — '

s [Drying High to total iZ0 i
Membrane Tachnoiogy None a
Direct Solldification None increased volume
Oxldatlon/Evaporastion High | 75
Virtification Total 100

ﬁnam.«rom:,g\n{z

Waste Volume Reduction -

steam—off -0 - . - -

solwvent volume

wvo i ume
reduction
) fFinal volume
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a. Economic Aspects: -
Several recent cleanings resulted in significant improvement of SG thermal performance:

- U or Application:- The improvement of the SG thermal performance has
-corresponded to
« Gain of 1.7% of the tube.heat transfer surface or
« Coolant temperature decrease of 1°F (0.5°C) or

+ Main steam pressure increase-of 6:4. psia (0.45 bar)

« . Stade Application: The improvement of the SG thermal performance has
corresponded.to
« Gain of 4.6% of the tube heat transfer surface or
« Coolant temperature decrease of 2.5°F (1.4°C) or.

« Main steam pressure increase of 17.4 psla (1.22
bar)

- A a Application: The improvement of the SG thermal performance has
corraesponded to
* Gain of 4.3% of the tube heat transfer surface
(According to Utllity this value was actually 8%)or
« Coolant temperature decrease of 2°F (1.1°C)or ’

« Main steam pressure increase of
12.1 psia (0.85 bar)

« Before cleaning plant couldn’t operate.at:100% due
to SG water level oscillations. After cleaning 100%
power operation was regained (oscillations were
eliminated).

o The moderator cooler (was also chemically cleaned)
termperature could be decreased about 13°F.

« Decrease of moderator temperature results to
higher moderation and hence more efficient fuel

burn-up.
« Paks-1 Application: Almost compiete fouling improvement
- Pgint Lepreau The improvement of the SG therma! performanca was

Coolant temperature decreasea of 8.5°F (3.6°C); butin
addition to SG chemical cleaning also

« Primary side mechanical tube cleaning,

« Divider piate repair were. péerformed.

application:

Siemens Proprictary Information



(8) S/C AR % ey Fikk B

Siemens SG Chemical Cleaning process process
Efficiency on Various SG Zones

Tube & Crevice Cleaning

Tube sheet cleaning

f}f,BH:Tube& Crevice 5%7‘5%%?"‘5‘ rmE— R BT BB ITE

 EABT YRR B E %5 % T A - Tube Sheet

b :5%,34 Sludge *ﬁﬁ:vﬁ Tube 2P~ % @A —R 5% Fik
BEBETR -



3. 5 R

3. 1.

3. 2.

3. 3.

3. 4.

BATARRAEA B RBMH R EAMER EORBFR
# &3t 4 Sludge Lancing ~ B A Bk %5 7% 7% ~ UBHC ~ High Volume
Bundle Flush % 4 # » ML LA AR AT A M EAER 5 B
ATHRFRIEMLE  TEEH S ERARBFTRT A
(e R AR AK Hard Sludge) s Arsetk B & — 5
o R RE  FRERLEBITLEFAERAL > REAFR
PMAARREAS  FAAABELREREAILEFMG A
HHRR -

AR EAE A BB R ABEHATE KIR Sludge Lancing 3§ 7
EOC-4 #1478 A 8kt & - % EOC-12 B4 #47 High Volume
Bundle Flush » i R 8% % %854 2 Sludge Lancing 3 °
EOC-11 XA BERUBREMRE  THEBRBRII

AR RFARTOEAT HRAAE L BSHTLEFR
MBS ERECEEF(EAFRA) B ARKAAL
REL Y - MES A > UBIB Rl 2 HAITHE - KBS
BB HATILLFANT R TEHAERERRGERER
$AT °

AAAAS KRB ETRAKRAELZHENE] 0 M
BARELEBHENRABRZRNLEES  ATFRECE
B BB FARE T BRAEEAF AEREYKE £
o2k iy @ T ERERE RN E M £ FFRIRT
RAEZHEH R -
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BERS) ~ ABB SR AN BATE RiPk  LHHMAFALREER
(Tube Bundle) Z# ¥ (SCALE) -

1. Framatome 2 3) z Upper Bundle Flush 7i#2 :
Framatome(Bp FTI) X8 &k ¥ 54 =4 > £+ OPTION 1 - 2 KR
S/G ;3.4 iz sbi%it » 12 OPTION 3 SR AR K48 o

FRAMNTAMNE
Sm——————————ar

FTI Proprietary 17 ) FT1 Proposal PP980025

20
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L. 1. High Volume Bundle Flush/ kB HE K FAREHRMERIEA
LRERER

1.2 High Volume Bundle Flush ik % 5 # &7
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1. 3. High Volume Bundle Flush/% # Millstone 3 4 1999 #347
High Volume Bundle Flush 7 - & 4 ¢ sludge tb 1995 & %

A # 400 =%

Milistone 3

1999

1987 1989 1991 1993 1995

2. KRB S/C FHik= & RAAE
e.4 4 4% (2000GPM > 50PSIG) ~8 485 % » A kA d FiiE
TERA6IT) BRFZEOHEHE 250 E S0 RiEdE oy
AT & RMAFLATEFT) » & 16 FLAaEBE R S EAK » F
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2.1 X8 EOC-11 4 %147 High Volume Bundle Flush - EOC-12 & #hitT
High Volume Bundle Flush Sludge # EOC-11 —3%# % K # 287
N S R 2L e

X ¥ % i X

—~ i M4

S/G" A" S/G*8B S/6"¢C B g M TOTAL
EOC-4 38.5 48 35 118.5
EQC-5 15 19 290 54
EQOC-6 30.2 27.9 22.2 79.9
E0C-1 19.3 22.1 17.4 59.4
E0OC-8 20,3 21. ¢t 23. 6 65
EQOC-9 35.3 23 27.5 8§5. 8
EOC-10 33 9 24.4 27.4 85. 17
EQC-11 0.68 93.3 39.94 193.92
EQ0C-12 .5/ 11,112 68. 1/« 73.8/75.1s 138.3 482.61
= % #

$/6G”" S/G"B" s/6"C- B " M TOTAL
EQ0C-~-4 32.5 18 ‘71. 5
E0OC-5 21.5 22.5 68.2
EOC-6 .3 28.9 26.2 88. 4
EOC-17 .2 27.4 25. 1 79.3
E0C-8 .9 46.86 20.9 89,4
EOC-9 .3 38.8 26. 6 91.71
EQC-190 . b 52.68 38. 4 126. 6
EOC-11 733 6. 1
g, FoE o

. BHREHR

AR B AN A BATAAAEAL B UA % L3 High Volume Bundle

Flush » #0% £ Framatome 2 8] 2 Upper Bundle Flush #7284 > 24

%ﬁﬁiﬁé e X ERELE THE  ZH8A Compact Z 9 >
Rk AL BerA Bt BEDTEFHFAEZR -

23



(m9). % B Framatome 4%
1. Framatome #i%.:

2001 F4f 8% Siemens #5E 20944 - 4 3) 20 % #% & FRAMATOME ANP ;
AR PIR MV EEHRH  ®E - =% - Framatome =%

Revenues
approx. EUR 3 billion

Mechanical Equipment

Projects & 5%
; Engineering
: 30% S
N\
Nucl Nuclear Fuel
uclear 0
Services / 40%
25%
£ _ —
FRAMATOME ANP .

> @ Pramatome ANP - ST g

A Framatome FMA K% 3188 > £ ¥ Nuclear Fuel 16 K% -
La AN — ~ R o AB EOC-13 A& #4789 Split pin
¥ 3> B Nuclear Services -
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W Europe )

3% & Africa
8%

7~
/FRAMATOME AP AEE

23R 140 B R B4 A Framatome 84 » &4 K814 — ~ — k&

140 reactors worl@use Framatome ANP fuel
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Framatome &4 & f /1 H & 2 8 4-1oop & T fk

S F R R4S € AP SIS PIRIBWAII L TS T Tt

' qu'pment T A A e B ek At i
The reference nuclear equipment manufacturer

w kadne-et-Loire) plant :

4 reactor vessels & closure heads
® 33 replacement closure heads
® 258 steam generators

4 ® 66 pressurizers
B
b
i prd) plant :
; . @fnotor pump assemblies. -
o Capacity :
Ry two four-loop plants/year
Fonsarons ase
FRAMATQMEANE o e — -
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2. 2/ 0F

2L R EZatoRBRN - RAKE - ARALBEKERY
KEMEHBRS L 248 $MER & PR LB cladding
—RB AR B EL B 4B B ONABREEAN®
Cladding — /& # & 4% -

2.2. 0% R OCONEE # Eix =S8 = R B3 £ ¥ 4% & VC SUMMER #x
T AR e HOT LEG NOZZLE 7#:8 & & &% RCS 4M& > &% A%
RERMESEL  ARRBEZFAE RR AR HOT LEG NOZZLE
HEMMB I 5 A LARRERARBRE S BEERARA
BRMEH  UABFELERREL -

2.3 Lliz e E R Mt wHARRELRE  HEERIHEERAR 2
FRZUEERH  THMAEAHNER RAERABE AL &EF
o
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