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4.5.2. & B £ #

19814 7H¢] $3 =2 POT BOILERE 4% ¥
EERABKO T ¥ SGOGY He A EPRIS R
WEEL A SG EMETEY Aws AFE 4F
Aolth, zElv} o MR HEREWE 47td F
AL ANz mE $4 gle]etx CE® Model Boiler
B AgE A gy o FalEelor dohed ER 4
A2 nolz gtk THEY AL sss Hsted a7
HE At Foprt dA R RBAA FEI A
J2A9 shgo)] Model Boiler BT i) =45 5
Ak o] AFd HE2

1. BiEmE T Aoz BAMEE wol o2 @
itk #Ee BES A2 2% I3AA FAFeR
A $AS) BAREES BAER LS =itz v X
PELAEE BAMAAY 28 BRY oBE 59
3171 $18Fe] model boilere] IS WA AW E
53akel AU #Hgi

2. Bxo] sjujslold oz A uMa GHl SE2
A4 gle] FrAd HRE A 22 & AEF
7] 8 (BRELRLY A 5 CEY LB RN
o AwrAel AzHol o] g T2A L HFAII 3t
o} o] Fol Hut

3. JERl KRB A AAskEd Stainless steel
wj A 3o} SA 533 U bends} Mfrithol A A& @
T Eehe] 7& & RHMA SBR 9 stainless steelt
8} Galvanic couplinge 4 23 A 33 = 3Ad.

ol 8 e WAL A 19814 7R Pot Boiler
EHRBANA ALLE SGOGY EH" T2 19814
9l 1979 #Fo] 9l CE®2 model boiler& A3
A EERHe s9s9des AFH%t =E EPRI
SG #esEsH Bl BE Sl Az o 24 G
EPRI Steam Generator Project Office R#EBE=E #
ojste] o] & NDE Hifif & A438 EAAY L9
ZFAE w3 A FrrE wHEES o] o] model
boiler HHEBRBIAA T3 v 4L HdEF Aot

UNC: gifiiiss, TRE®R, o=t LR,
TREBES FHE

CE: R, #E 2 {LBgER AT, LB
i fE, BERES AF BMES model boilers
8

TOL: MEahismie) <A 25 de el A 2
e 7R

B&W: 449 WuARA €BH AE, BaER
o TR FHSFAA A

B85t 2.

rl

ot B

ANCO Engineers (ANCO): model boiler &—Z##
B OEA ARE A B EEME ALY EREE
o] ojg QA TR A LEEREs Bl

Colorado State Univ. (CSU): BB A& st o
T BAAA Bl

21 R %W & 1M

A B EDBRE) A AH£3 model boilery No. 7
o074 CEo 9sla &2} chattanooga,
o gli= Aol A < 123K HRIALEBIEL T A #
s o] o] BEEE ]33]z dentinge] WASEH ¥}
gk o] fEgol ¥y ol o] model boilers= CE9
Windsor, Connecticute] 9l& ks ¥ HMEERRE
9]3}e} o] 45 ¢ th. model boilerg stwl o
7] 696g2| sludge?} o] dgles ol BIAEE
7i%°ﬂ A4l A9 Aotk 350489 S ARl

Tennessee

B sludges}t S22 sbsl A A % sludged] A
o 24019 ¥EMERHE FidEel =l 17.5g/l7b HEE
75},3\‘:}. sludge®) F% F4A4 8L %103 Z

7] 38 19814 9H HkEFERE AF FAd
model boiler& zo]F3 glvh. Boiler® 7 (3ol
@2y9) Kol Inconel® ¥4 A HEES AR It
s} AA SGet ARA HEEEE stx goGE 1D

el sludge, dentB A z8lx RUMAKAH 4B
S SG {EEpniEiEe B REE s 9
sle] 48mpfdie]l 7 wet layupst 24mpRi9 K EFEHiol
2y Fo s 9l model boiler® BEiEstzl $13t
o AL E (LB MM RS stainless steel T ubEol 3o
oA REHHA AR ANAAA AEFH . model
Boiler #E#fol A 285 HAEafEM Bl ROE &
128 1301 22 488l

Sludge# =t #i No. 13 No. 2 Bt HA—BK—
fekz AgA7 o0 o so]ubed 158 model

Table 10. Elemental Sludge Composition

“Total

e o
Sludge Loading(g/D) 2.9 | 14.6 17.5
Copper(wt %) 15.0 ‘ 56.0 49.3
Iron(wt %) | 530 | 29.0 ’ 33.0

Table 11. Surface to Volume Ratio

Ratio EJCE Series 671M0de1 Boiler No. 7
Inconel S/V 520in%/gal 454in?/gal
Carbon steel S/V 71in?/gal 62in%/gal
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Table 12. Summary of test Conditions for Model Boiler Cleaning Demonstration

PROCESS STEP | TIME(h) | TEMFERA- FLOW CONDITION

Wet Lay-up 48 Ambient Stagnant

Air Exposure 24 Ambient Drained and open

Checkout/heatup 4 200°F 0. 5in. /S down flow

Sludge Fe 9 200°F Fill, Soak, & drain, 1.5hr cycles

Sludge Cu #1 6 100°F Fill, Soak, & drain, 1.5hr cycles

Sludge Cu #2 4.5 100°F Fill, Soak, & drain, 1.5hr cycles

Crevice #1 192 ’ 250°F 0. 25in/S down flow, periodic venting

Sludge Cu #3 4 100°F 0.25in/S down flow

Crevice #2 33 250°F 0. 25in/S down flow periodic venting

Sludge Cu #4 3 100°F 0.25in/S down flow

Passivation 8 200°F 0.25in/S down flow

Open/Inspect NA | 120°F } Drained and open

NOTE: 260hr at cleaning conditions

Table 13. Model Boiler Cleaning—Solvent Formulations

WET LAY-UP

SLUDGE Cu #1 and #2

pH 10 with NH,OH
200PPM N,H,

5% EDTA, pH 7 with NH,OH
pH 10 with EDA, 2% H:0, with additions
to maintain 2%

SLUDGE Fe CREVICE CLEANING #1 and #2
10% EDTA 20% EDTA, pH 6 with NH.OH
1% N.H, 195 CCI-801

pH 7 with NH,OH
0.5% CCI-801

PASSIVATION |

SLUDGE Cu #3 and #4

pH 10 with NH,OH
300PPM N.H,

5% EDTA, pH 7 with NH,OH
pH 10 with EDA, 3% H:0:

boilerg} #ile] A Zo] o] Fof A =% FHHY. TFL
ol Fof whel welslgl o BBHGEMA A A=
FoE s PeK e S Bt At g3 2ol Y

g4 | W M [ sed g w
6% | | 304 | F—Lk ‘ 0.5 in/S
7B R 305 E—TF 0. 25in/S
Sc B Kk | 308 | E—TF ) 0.5 in/S

th. 3040l AR SG TS BRAMEELS o] BEFRE
ol A Agd mE AMle BBl A Bl Sl
#9 No. 13} No. 2 B AL Bl FrHos
BAME wolvol A FHHiE Ao BELAEE 3
29 2%% =2 BQAAT. 22w ol 22 EilE

Kol ®= BTt M AR FhEol I A FrEA
okoky] o o 4 No. 33 No. 4 Bl A 19814
7A 2 Pot boiler FREgol A9 o] F& 3 E(0.25in/S
EoFez ASdHA cBAZG ez 2F
o] BEMLAFEY BES 3%E S7HA%

EAAAR gtA = ~17 psig?l MMBERETAA
F 59k Fr]Ael w77t model boiler ¥ TREM
B9 FFA 77 o) Fo] o FAAH ML
model boiler$} TREFHZ) A dent drop detectors}
s EE dentill s Az ERAJ{S. z2Em
ZF714 ¢ 2 model boiler i X Bo] On-linee &
A= WREEASA SR RER gEHE AEd
A A A= Qo

 56fES] dentingg WA A7 =+ EA7L sludge
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Quantity II Dent Spec1men Type
10 UNC 0. 75m normal dents
5 CE 1.0in. dents from pot boiler 2k
4 CE 1 Om reverse dents
Quantity Model B01ler 0. 75in. Support Plate
11 Intersections with measurable denting
26 Intersections impacted but no measurable dentmg

 *One support plate 1ntersect10n was open to hght and is not included in the total.

2 2 A9A Dentingifiol ZFAYH 259 W&
2 9 g ot

CE, UNC, 22z B& W S JaA 239 W
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PM)9 &%= 6 in® Inconel pipez A &= gk (z
4 8). PM A%E HMEES A98A g3 PMez
FE AdAon AdE Qe B4 EHIE e
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A 7tA Feie] FELL BHA Ho RMRAKNE
BT Aefol A PMol A9 Inconelst REMS HiE
B/AK HES A SG 24 REE #. o

TUBE BUNDLE
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ASSEMBLY — -—
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[0) corrosion proses
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O
=3

i
DRAIN

Fig. 8. Process Monitoring Assembly Typical
Test Configuration
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JUBE _~— FLOW

SUPPORT PLATE

INCONEL
TUBE

ANNULAR 70.75” 0.0
CREVICE
AREA

FLOW HOLE
ISECONDARY
COOLANT}
0.75"1

Fig. 9. Westinghouse Tube Support Plate.Drilled
hole design used in several Westinghouse
steam generator models.
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Taebl 14. Effectiveness of Sludge Copper Steps

Final
STEP ‘(‘:‘l’lal(lg}’ll)e poone: P'Xs:\r(i?al?fe
Cu (g/D v
Sludge Cu #1 7.6 4.8 63%
Sludge Cu #2 2.8 0.7 25%
Sludge Cu #3 2.1 1.6 76%
Sludge Cu #4 0.5 0.7 100%
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4 Steps
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Table 15. Model Boiler Crevice Cleaning Summary, From UNC Dent Drop Detectors

Dent size and Identification

Location of Dent Sample /

Crevice Cleaning Time (hr)
‘ ___ (Dent Drop)

0.75-in. UNC #2890 Model Boiler 9.5
#910 Model Boiler 13

1.0-in CE Pot 2K #3C Model Boiler 17.5
0.75-in UNC #82E Model Boiler 32
1.0-in CE Pot 2K #1H Model Boiler 47
0.75-in UNC #86E Model Boiler 48
81D Model Boiler 54
92D Process Monitor 103
87D Process Monitor 109
0E Process Monitor 143
83E Process Monitor 180
76E Process Monitor 182

Ppened Model Boiler for risual inspection after 225hr

1.0-in. CE Pot 2K #4H

2 : UNC# CE9] &
L85 E Azke] FA =Y

Model Boiler(a)
#2C Model Boiler(a)
F# DENTHHF 2 UNCe DENT DROP DETECTORd 2dlA EA Al4e] 9144

80% cleaned (open)
60% cleaned (not open)

(a) Model Boilerel A H#R vtz 9 EFHEBEEN 4 24 in.g <.
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Table 16. Summary of Moidel Boiler Crevice Cleaning Results

Size/Type of Dent j Location ‘ Number Tested | Number Cleaned
0.75-in. UNC normal dent } Model Boiler 6 6
0.75-in. UNC normal dent ! Process Monitor 4 4
1.0-in. CE Pot 2K dent(a) i Model Boiler 4 2
1.0-in. CE reverse dent Model Boiler 4 3
0.75-in. support plate intersection Model Boiler 37 37

j Total | 55 52

(@ w715 CEs] DENT #fio] PMo] £ %ch <2lth ol AL 160R Mol HMMAS Seted AAS Ak

EALE AASEE T4 60%7F AAH A

BT HA=A %ot
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B £ 5 s
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Table 17. Corrosion Results for Model Boiler Cleaning (Process Monitor)?

|Sludge Cu C Crevi TTI
Sludge Fe| Steps #ll revice evice oK .
Coupon Condition Alloy &p | Step #1 | Step #2°| Process
Corroslon (mlls)a
Uniform (Insulated) SA 105 Gr 2 016 | <o | o049 | o008 0.74
SA 106 Gr B 0.17 <201 0. 40 0.07 0.68
SA 516 Gr 70 0.16 <.0 0.36 0.08 0.71
SA 533 Gr A 0.34 <. 01 0.83¢ 0.06 1.18°
SA 533 Gr B 0.20 <. 01 0.26 0.05 0.49
SA 285C Gr C 0. 40 <0.1 4. 264 4.13
Uniform (Grounded to Inc) | SA 508 Cl 2 0.37 | <01 0.704 | 1.04
\ Antx Vlbratlon Bar NOT TESTED 0.003
SA 285C 0.17 < Ol 1.67¢ 0.48 2.38°
. “Tnc 600 <0. 001 < 001 0. 005 0.004 0.009
Galvanic Couples (Insulated) 'SA 508 0.27 | <ol | L7 | 0.27 | 2.46°
Inc 600 ;<0. 001 <. 001 0.005 . 0.003 0.010
SA 285C 4.86
o Inc 600 o 0.11
Stressed-Crevice Pairs(Insulated) SA 508 | NOT TESTED L3
Tnc 600 ! 0. 009
SA 105 Gr 2 L 0.75
SA 106 Gr 8 0.59
SA 285 Gr C NOT TESTED 0. 49
U-Bends (Insulated) SA 508 Cl 2 0.66
SA 516 Gr 70 0. 69
SA 533 Gr A 0. 49 1.10 1.71
SA 533 Gr B 0.65
Inc 600 0.003
2 RE MRE 209 FES @
b) FEEL =3 4 No. 39 No. 4 ¥ FREEE(LES A %4 )
) FEEL 28 TR =25 A% (260 HH)
d) FEEL =8 & M HAgtA No. 1] =Zs g

e) WRM#ENA 7t = B8o Bifo]l =h3= 9ok

B AF Fhe BFa g Ao

AN el UNCA 6458 1Bl T2 R
2 A AR i FESY F2oz sl
Model Boilersl &=l Ql9ith. vhu{=] A9 4z
FEL RHoE Fr] B A3 obF sulE B
e wedFz gt 94 Fdd POT BOILERW:#E
HERH O A '&uﬂ?{} s 8l%& SA 533A U-BEND F
Z%2 MODEL BOILER#Ho] 4 =
FEHHEEY AL NAR RS
of BEL utx g3 gl

UNCY g7 Ee A5 CES B&WI A
& 2 MRS FTow Ry dold AMe FL 9
A% wodFx 9o e} CE(SA533A TO SA
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RolmlAl RIEM

i M A
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533A) 2 B&W (SAB33A TO SA516)e] a4 7=
BETEY 9AE AF BESE SR E 2dFz A
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(1) Ferric Ion Corrosion

Ferric Ion Corrosion2 ferric ion (F¥)e] 213 #H'E
&B;o migeth. &

2Fe*  + Fe — 3Fe*

(FEHEH)
magnetite®] M7} ferric iono] #FjRe vk ferric ion
o] EaiMS EDTA-Ferric ion §{b#2] deEtke] 2
#9lvh, EDTA-Ferric ionffifb4pe] ZEHS MWKt
o wal ferric ion®] aRMES fi/MEE 5 A& Aol

(Ferric ion) (Ferrous ion)
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Table 18. Corrosion Results for Model Boiler Cleaning (Model Boiler)

Vapor phase \Bulk solvent phase th»&gﬁe" phase
Coupon Type Condition Alloy 1
Corrosion (mils)?
SA 105 Gr 2 0.06 0.99 1.03
SA 106 Gr B .9 .85 .91
Uniform (Insulated) SA 516 Gr 70 .6 .81 1.01
SA 533 Gr A .10 1.55 2.11
SA 533 Gr B .11 .69 .80
Uniform (grounded) SA 285 Gr C 0.12 4.07 4. 46
SA 508 Gr 2 not tested 1.07 1.32
Welded U-bend (insulated) %‘2—552_%\ not tested 1.57 3. 26¢
£k : Model Boiler®] » & FZ& 248 (BB TRQCNKME)A =25
a) REL 249 FZAA dolA T Eahol ot
b) ZE FZo| sludge piledt A& AL ohr}.
c) J’é%ﬂ‘ BREmbrol A AR 20y FEY F Eeh " FEL BET FEAY HFE Fstd R
of el gk & 39 4"l U-BENDSEL Ad Az A3 HEEas 2454 ¢z
ok o] gk KEHKE pHE 72 FATozA & T T+ de RHESAK) 288K A8 4§ $49
A Aok olo] vidte] B Waiko 2 F¥ AL YA Fad HEY Aol "k EREE
XEBLBE et Femhme 5§ dolot 8o %2 TR o B REMEME ZIHA

gt 2y o] 22 ferric ion Ao ZNEH HESL
Be nidled ZEMo £ =T EHEA sludge
ql ferric ion®] ¥ FHRY A A= ferric ion B
8% BMLsle = & W] & Folth. iz
%3} ferric jon®] BE JFE v = FE ER
L RFEM EEHEI T F Fo1A %4 magnetiteo]

o} gEphe] WL FE SHEHEE MOMSE FE
P ZEABLEBY BH-BMEES Bbss Hikol

Z 7o} o

(3) A533A9 A% Bl
ASTM 533A &4 sludged] A|A L EA4AY T

AEARE W &

A7

=& 2E W AT B

Wale] REM RHol HETE 28 Bae ot 4 33 F3 gk o] MEel W AT ATFE =2
Aot RFEW KEHE 2AHe] oerg ferric ion o] okFeA zFo| Bifke] dfsled s e AF
BEahe] Aol pHE HA A A gz =23 E4 of etz d&¢ AAstn Aok 53| BEEMAL
AR Bl =257 Ao sludgedEg AANZ= A st £19d A FT RBE BHEL o &2
A fA 4t A% WL = 533AMBLY HIKS 533A9 Inconel
(2) T8 % BAHSE 6008 EiREEoF 1:50¢] *oldlth o8 L HERE
vl el 25+ RERE W5 E At AdH e BHRMABH MK 2D Agde A& AHstz
B B Aolxrh AL K& HANA =24 Aok 2z BEBREHA T EEEHAERARA A
Table 19. SA-533A Weld Corrosion Data
SA- 533A WELD HAZ*
Inconel Couple -
1:1 | 1:50 101 1:50 |
Pitting No Visible No Severe Small Pitting
Pitting Pitting Pitting Pitting Pits
Depth 0.7~1 0.4~17 1mil 24mil 1~10 14~21
mil mils mils mils

*HAZ-Heat affected zone
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Table 20. Summary of Pit Depthl and Densities (5)**

‘ Sludge*** } Bulk Vapor
‘ . ol
5‘ Den51ty/Depth (Mxls) Density/Depth (Mils) Density/Depth (Mils)
Material Max. Ave.i | Max.‘ Ave. Max.| Ave.
SA 106 Gr B LR* 8/Coupon 9.6/ 9.6 28/Coupon 12. O‘ 7.7 No Sample I —
SM* 82/cm® 5.2 3.3 88/dm? 52 3.6 = Lo =
SA 533 Gr B Cl 1 | LR 8/Coupon | 10.8 5. 4} 16/Coupon 6. 7} 4.6|  4/Coupon 8.0 6.4
SM 230/cm? 3. 3 1. 7} 295/cm? 3. 0; 1.6 37/cm? 2.0 1.3
——— ( : ‘
SA 508 Cl 2 LR 14/Coupon | 26.8] 11.1' 0/Coupon L | NosSample | - —
SM 68/cm? 10.0] 4.8 7l/em? 4. s“ 2.1 — — -
405 SS LR 0/Coupon - i 0/Coupon *’ — No Sample - _
SM 10/cm? 0.8 0.6 4/cm? L6 L0 - - =
INC 600 (Sens.) - — = No Pits | - - 4 =
Inc. 600 (MA) — ——J V—‘; No Plts l »-i ~$ — —‘ —

*LR=Large pits greater thaxTZ() mils diameter.
SM=Small pits 2-20 mils diameter.
Pits less than 2 mils diameter not counted.

**CE Pot Boiler 5H included four sludge removal steps and a crevice cleaning step totaling 146 hours of solv-

ent exposure.
***Coupon located in the sludge pile region.
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Steam Generator Chemical Cleaning Demonstrat-
ion test No. 1 in a pot Boiler (PWR), Key, G.
L.; Helyer, M.H., Combustion Enginering, Inc,,
EPRI-NP-1789, APR 1981, 133p.

. Chemical Cleaning Demonstration test No. 1 in a

Mock-up Steam Generator. (PWR), Jevee, J.M.;
Leedy, W.S.; Potterton, S.]., Babcock and Wilc-
ox Co., EPRI-NP-1829, APR 1981, 93p.

. Steam Generator Chemical Cleaning: Demonstrati-

on test No. 2 in a pot Boiler, Key, G.L.; Fnk,
G.C.; Helyer, M.H., Combustion Engineering,
Inc., EPRI-NP-1976, Aug 1981, 9lp.

. Chemical Cleaning Demonstration test No. 2 in a

Mock-up Steam Generator. (PWR), Jevec, J.M.;
Leedy, W.S., Babcock and Wilcox co., EPRI-
NP-3008, APR 1983, 62p.

Chemical-Cleaning Solvent and Process Testing.
Final Report. (PWR), Jevec. J.M.; Leedy, W.S.,
Babcox and Wilcox co., EPRI-NP-2976, APR

1983, 284p.

. Steam-Generator Chemical-Cleaning Demonstrat-

ion test No. 3 in a Pot Boiler. (PWR), G.C.; He-
lyer, M.H.; Key, G.L., Combustion Engineering,
Inc. EPRI-NP-2983 APR 2983, 132p.

. Chemical-Cleaning Process Evaluation: Westingho-

use Steam Generators. Final Report. (PWR),
Cleary, W.F.; Gockley G.B., Westinghouse Ele-
ctric Corp., EPRI-NP-2987, APR 1983, 132p.

Steam-Generator Chemical-Cleaning Process Dev-
elopment, Final Report. (PWR), Schneidm: Ller,
D.; Stiteler, D., UNC Nuclear
EPRI-NP-3009, APR 1983, 258p.

Industries, Inc.,

. Nonproprietary Corrosion Inhibitors for Solvent to

Clean Steam Generators. Final Report, Annand,
R.R.; Hausler, R.H., Petrolite Corp., EPRI-NP-
3030, JUN 1983, 369p.

Steam Generator Sludge Pile Model Boiler Testing:
Sludge Characterization, Becker, L.F.; Esposito,
N.E., Westinghouse Electric Corp., EPRI-NP-
2041, SEPT 1481, 144p.

A Chemical Cleaning Process for Nuclear Steam
Generators, Balakrishnan, P.V.; Mc Sweeney,P.;
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12. Chemical-Cleaning Solvent and Process Testing, 284p.



