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DUKE POWER GoMPANY 
P.O. BOX 33189 

CHARLOTTE, N.C. 28242 
HAL B. TUCKER TELEPHONE 

VICE PRESIENT (704) 373-4531 
NUCLEAR PRODUCTION 

September 17, 1987 

U. S. Nuclear Regulatory Commission 
Attention: Document Control.Desk 
Washington, D. C. 20555 

Subject: Oconee Nuclear Station 
Docket Nos. 50-269, -270, -287 

Deqp Sir: 

Attached are completed questionnaires providing information regarding Duke Power 
Company's experience with erosion/corrosion in feedwater pipes, piping design and 
condensate chemistry at Oconee Nuclear Station. This information is provided in 
response to the NRC request dated July 17, 1987.  

Please note that by a letter dated September 14, 1987 Duke Power Company, in 
response to NRC Bulletin 87-01, provided information regarding programs for 
monitoring the thickness of pipe walls in high energy single-phase and two-phase 
carbon steel piping systems. The information in Duke's response to Bulletin 
87-01 was prepared in parallel to and complements the information provided in the 
attached questionnaires.  

Very truly yours, 

Hal B. Tucker 

MAH/75/sbn 

Attachment 

xc: Dr. J. Nelson Grace, Regional Administrator 
U. S. Nuclear Regulatory Commission 
Region II 
101 Marietta Street, NW, Suite 2900 
Atlanta, Georgia 30323 

Mr. J. C. Bryant 
NRC Resident Inspector 
Oconee Nuclear Station 

Ms. Helen Pastis 
Office of Nuclear Reactor Regulation 
U. S. Nuclear Regulatory Commission -0 

Washington, D. C. 20555 

8709280168 870917 
PDR ADOCK 05000269 
P PDR



Attachment 

Duke Power. Company 
Oconee Nuclear Station 

PWR EROSION/CORROSION QUESTIONNAIRE



ENCLOSURE 
PWR EROSION-CORROSION QUESTIONNAIRE 
(Check or Circle All Applicable) 

Utlity Company: ' Unit Name: .+-A MWe 8 

F I lIed by: //A Zd", D A Date: P / V7 Phone No. 3_7_-_

n er 19 4- Water Treatment: T wIth amnon a morphol I ne 

Condensate polishers: none, cation, cgd) mixed bed;...j.% of feedwater flow; 
Installed 19 Xy.; operated in: H-OH, &V-4-0Hnfoi *-' 9  - Ire 

Cooling water: (aiE> salt, brackish, cooling tower. , Yf 
Copper alloy condenser tubing: yes,(g ) Copper alloy FW heater tubes: LP, HP, no e 
Boric acid used since: 19 -...; during: operation, layup, low load soaks, other. 44.  

A. EROSION-CORROSION EXPERIENCE 

I. Erosion-Corrosion igentified In wet steam piping: 0 no.  
2. Erosion-Corrosion of MSR Chevron or mesh: ( ) no.  

Chevron material: stainless stee , carbon steel, other .......  
3. Erosion-Corrosion of feedwater piping: yesc Date found .... d4d..........  

Feedwater piping materigls: ..... ;:.. V. . .......  
4. Erosion-Corrosion of: .. lf elbows, ..... s, ..... diffusers, ...... : reducers, 

.... valves, .... orifices, .... other components (specify)..................  
5. Erosion-Corrosion of J-Tubes: yesrPA;- ey/2-9/ 
6. Erosion-Corrosion of feedwater distribution ring: yes,9) 
7. Erosion-Corrosion of turbine: 4 X identify components: a 
8. Erosion-Corrosion of other cycle components (identify) ....................... .  
9. Feedwater temperature range where erosion-c9rr sion found: from ../'to ..... F 
10. Inspection frequency for feedwater png ( r years. Steam lines Z" years.  
11. Inspection methods used: (ultrasonic thickness radiography,C 4V41) other......  

B. PIPING DESIGN 

I. Maximum feedwater flow velocity ... M *.... feet/second.  
2. No. of feed pumps operating at 100% load ... 2.., second pump On at $Q. load.  
3. Maximum flow velocity when only I pump is operating ... j 3t..... feet/second.  
4. No. of feedwater piping components: .7.A... elbows, .. dd. Ts, .. 9<.. diffusers, 

.. 41. reducers, .d.?. valves ....... orifices, 

...... other components (specify) ..................... * ...................  

S. Maximum flow velocity in wet steam piping ............ feet/second.  
6. Feedwater pressures and temperatures f or design): 

Full load (pressure, psta/temperature, %F1.  
P: IAFP: a 4^? P: .4(-- , P: / eP: .teffi/ 

Ts 0 T: .4"~ T: A 'T: s4 . T: 4t'r 

Com ensate Pump Cond. Polishers OF Pump Steam Generators 

Low load (typical A2 of full load): 

Conensate Pump 5ond. Polishers 8F Pump Steam Gee 

Please atta copies of the heat balance diagrams for your actual full loadand 
typical low load.  

-I-



C. FEEDWATER AND CONDENSATE CHEMISTRY 

1. Please complete the attached Table.  
2. Feedwater chemistry history (average or typical values, final feedwater): 

Year of oper.: 1st 1974 1976 1978 1980 1982 1983 1985 1986 1987 

pH of FW maximu-- ._9._ . .. . . - .7 .7 
. minimum . . f.1 . , t. . 9 I .S . - ?I /, - 9,4 F , 

average . 93 . 3 .  
pH of condensate 

maximum . .77 9,7 
minimum . . 9 . 9. . 9,8 .  average . . 7.3 . -.7.3 . .  DO, ppb maximum . . 6 to . Ma* 
minimum . . . .* * O. 2 . 7T. 0.3.  
average ., 5,2. 2* . .. 7 2,7 2.0 Cat. Cond. uS/cm , / &.-0.1.4 -0,1-

Spec. Cond. uS/cm . - . - * -.  

NH ppb -5 ~ . . o 3/ 5 * 0 N , ppb . . -. C.. *----* 

Air Inleakage, * '---
SCFM 72 ... .. 72.72 .72 . 6 ~ . I! .9 . .  

Please send any water chemistry summary reports and data.  

3. Chemical additions 

3.I Ammonia: typical concentration in feedwater*^q99 ppb; added at .. / 3.2 Hydrazine: typical concentration in feedwater-e?- ppb; added at C 
3.3 Boric acid: typical concentration in feedwater .,/1 ppb as B; 

added at ... A...........  
e* Q o o Fz z&~. - A - 1cMOXICA. ~tQ 

D. MATERIALS V$ A JQ varjvt. o 

1. Feedwater piping - list ASTM or other specification numbers d-ff .. w4 9 

2. Wet st eam p ip ing: 4 ik .. e 7 /~"j;4J~?~'e 

3. Attach results of chemical analysis by you or Pipe vendors.  

70/Doc4 -2-



ENCLOSURE,.  
PWR EROSION-CORROSION QUESTIONNAIRE 
(Check or Circle All Applicable) 

Utility Company:-/'z;*r 7 ( Unit Name: . r Ael MWe g 

Fi led by: / A. /f///J/// , , Date: _/f 7 Phone No./M/ -7* X/a 

In service: 19*r. Water Treatment: morpholine, 

Condensate polishers: none, cation, wdex ixed bed; .. A of feedwater flow; 
installed 19 .?7.; operated in: H-OMH4RFErnV- 

Cooling water: JresI salt, brackish, cooling tower.  
Copper alloy condenser tubing: yes,(() Copper alloy FW heater tubes: LP, HP, none 
Boric acid used since: 19 -...; during: operation, layup, low load soaks, other..4-<.  

A. EROSION-CORROSION EXPERIENCE 

1. Erosion-Corrosion Identified in wet steam piping: (jy) no.  
2. Erosion-Corrosion of MSR Chevrons or mesh: yes no 

Chevron material: stainless stee carbon steel, other ...  
3. Erosion-Corrosion of feedwater piping: yes,( D Date found .  

Feedwater piping materilIs: ....... lee e ........  
4. Erosion-Corrosion of: .4' elbows ..... Ts. ..... diffusers. ...... : reducers, 

valves, .... orifices, .... other components (specify)..................  
5. Erosion-Corrosion of J-Tubes: - ' 
6. Erosion-Corrosion of feedwater distribution ring: yes,(:§) 
7. Erosion-Corrosion of turbine: ((9 identify components: .441i...........  
8. Erosion-Corrosion of other cycle components (identify) ....................... 6 
9. Feedwater temperature range where erosion-V rsion found: from ..... F 
10. Inspection frequency for feedwater piping 00. years. Steam Ipaq .4W years.  
11. Inspection methods used: (ultrasonic thickness3 radiography, Isual other......  

B. PIPING DESIGN 

1. Maximum feedwater flow velocity ... 4 .... feet/second.  
2. No. of feed pumps operating at 100% load ...... second pump On at ?.1 load..  
3. Maximum flow velocity when only I pump is operating ...... feet/second. 6,$ 
4. No. of feedwater piping components: . elbows, ./: .. Ts, .. I... diffusers, 

.?X'.. reducers, . X7.. valves ....... orifices, 
other components (specify)...........................................  

5. Maximum flow velocity In wet steam pipin .... ....... feet/second.  
6. Feedwater pressures and temperatures ual (preferred or design): 

Full load oressure, psia/temperature. Eli 
P: 44 ?' P: .. W P:. P: /VAe'iV0 P:.ff 

Co ensate Pump Cond. Polishers BF Pump Steam Generators 

Low load (typical . of full load): 

Con nsate Pump Cond. Polishers Pump - Steam Geertors 
/~/ ~ *>~9/ 54~ 1Z7J ';

Please attach coples of the heat balance diagrams for your actual full load and 
typical low load.  

-I-



C. FEEDWATER AND CONDENSATE CHEMISTRY 

1. Please complete the attached Table.  
2. Feedwater chemistry history (average or typical values, final feedwater): 

Year of oper.: 1st 1974 1976 1978 1980 1982 1983 1985 1986 1987 

PH: of MW maxlmu-- 2 q,(, 6 9.( q -71, 

minimum . 3 9'. 
average . . S.5' 95.4 3 .F7 3 .7,3. .. 95.  

pH of condensate 
maximum . . to .. to .. to . o./ . .- It . /3. . .i 
minimum . &9 9 F F q3.3 

average . .,. .j .C, 1 .q o r,-Q 
Cat. Cond. uS/cm . . CL o. . 04- . .6i2. L.io . 0.09.  
Spec. Cond. uS/cm . . .. .  
NH ppb*............* - . - . . - .

"4'' */ . /O0 .' 25- . 121 .57 .//7 .137 .qF .  i - - - _ _o _ 

Air Inleakage.  
. SCFM . 72- . 72. 72 .6c .30.H f 

Please send any water chemistry summary reports and data.  

3. Chemical additions 

+3.1 Ammonia: typical concentration in feedwater^'..q ppb; added at .  3.2 Hydrazine: typical concentration in feedwater ^.ZA ppb; added at 
3.3 Boric acid: typical concentration in feedwater .-.. ppb as 8; 

added at ... /v.  

D. MATERIALS 

1. Feedwater piping - list ASTM or other specification numbers , 

2. Wet steam piping: . r 4ywax / q,- / , /r-,"day 

3. Attach results of chemical analysis by you or pipe vendors.  

70/Doc4 -2
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ENCLOSURE,.  
PWR EROSION-CORROSION QUESTIONNAIRE 
(Check or Circle All Applicable) 

Ut Ili ty Company: Xzrd Awa .. Unit Name: MWe St,5 

Fi lled by:", /4/Zr .G Date: 97 77 Phone 

In service: 19 .W .. ater Treatment: morpholine, 

Condensate polishers: none, cation, wdex ixed bed; ..5 of feedwater flow; 
installed 19 .7-1.; operated in: H-0H, Hd-'0 or 737 - FW 

Cooling water: IEED salt, brackish, cooling tower. f '" 

Copper alloy condenser tubing: yes,(Eg) Copper alloy FW heater tubes: LP, HP, 
Boric acid used since: 19 77; during: operation, layup, low load soaks, other.<I-',9 ..  

A. EROSION-CORROSION EXPERIENCE 

1. Erosion-Corrosion identified in wet steam piping: yes no.  
2. Erosion-Corrosion of MSR Chevrons or mesh: yes, * 

Chevron material: CStainess steeT) carbon steel, other .....................  
3., Erosion-Corrosion of feedwater piping: yes, a0o Date found . ............  

Feedwater piping materials: ....... ............  
4. Erosion-Corrosion of: ..100 elbows, ...... Ts, ...... diffusers, ...... : reducers, 

valves, .... orifices, .... other components (specify)..................  
5. Erosion-Corrosion of J-Tubes: year-so. ,vo 
6. Erosion-Corrosion of feedwater distribution ring: yes,(! 5 
7. Erosion-Corrosion of turbine: ( () identify components: .4187 .........  
8. Erosion-Corrosion of other cycle components (identify) .  
9. Feedwater temperature range where erosion-Fr.rpsion found: from t ..... F 

10. Inspection frequency for feedwater piping rav4et years. Steam I s . years.  
11. Inspection methods used: ulItrasonic thickness) radiography, visual other......  

B. PIPING DESIGN 

I. Maximum feedwater flow velocity .... ... feet/second.  
2. No. of feed pumps operating at 100% load .. .... second pump On at ?92.7 load.  
3. Maximum flow velocity when only I pump is operating .... 2 <'C,*..... feet/second.  
4. No. of feedwater piping components: . elbows, ./4. Ts, .. Y .. diffusers, 

.?.0. reducers, . valves. ...... orifices, 
other components (specify).......................................  

5. Maximum flow velocity in wet steam pipin ............ feet/second.  
6. Feedwater pressures and temperatures tual (preferr or design): 

Full load (pressure, psta/temperature, (1L 
P: :PP .h.* Pl:. tePV P: /A""z P:.f.' 

Condensate Pump Cond. Polishers BF Pump Steam Generators 

Low load (typical 4% of full load): 

Con nsate Pum Cond. Polishers BF-P /z;sa Steam Generators 

Please attach cooles of the heat balance diagrams for your actual full load and 
typical low load.  

-1--



C. FEEDWATER AND CONDENSATE CHEMISTRY 

1. Please complete the attached Table.  
2. Feedwater chemistry history (average or typical values, final feedwater): 

Year of oper.: 1st 1974 1976 1978 1980 1982 1983 1985 1986 1987 

pH of FW maximu7-- . . 9. .(, . .7 .<7 . ,7 f 
minimum . .-. q. / q / , 9 -8.7. 8.7 .  
average . .__. .. 3 . q.3 . c) . .9,5 . j g 

pH of condensate 
maximum . _ . . . 9.( . 7 9.8 . 9.7 
minimum . . . . . . .. I.0 .o.  
average . 3 .q3. 9.3 .9.3 .i. .9..2..5 , 'r 

DO, ppb maximum . . ._ _ 0 . . . /0 . 25 . /1.2 .20 .20 .& .  
minimum . ._ . 2 . . I . .3 0.4.  
average . . .55,(. , (.3 .3.1 .1 .  

Cat. Cond. uS/cm . . O3 . . 0 / 0. *____ 
Spec. Cond. uS/cm . ._ . -
NH, ppb ._. __ - . -

4ron, 4pb . . . - .-

Air lnleakage, 
SCFM. . . .. 72. ( . qs .3 . 7 .7,j.  

Please send any water chemistry summary reports and data.  

3. Chemical additions 

3.1 Ammonia: typical concentration in feedwater.9R2 ppb; added at .A ...  
3.2 Hydrazine: typical concentration in feedwater"1E . ppb; added at 
3.3. Boric acid: typical concentration in feedwater . ppb as B; C X", 

added at ... A)./...........  

0. MATERIALS 

1. Feedwater piping - list ASTM or other specification numbers 

2. Wet steam piping: -0-/6AAf3/Jo /,/,3o/ 

3. Attach results of chemical analysis by you or pipe vendors.  

70/Doc4 -2-
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.rALCULTED DATA - HOT GUARANTEED -
LIZ ND: H-h Enthapy * Ba .Rating flow (Guarsnle) Is 10. 3619350/Nr. at inlet steam conditions of **00 PSIA 121St To' 

i Flow - Lb/hr. &ssure that the turbine wil pass this flow. considering variations to flow coefficieni qran. , 

P -Pe.r.PSIA 
P - TPrssur . P g expected values., shop tolerances on drawing areas. etc. which may affect the flow. she turbine 

* Temprgue degres being designed for'a Design Flow of (Rating Flow 4 ), SQ, 856, 350%/. 1The evalent 

Deeig. w sat 900 PSIA and IZ29. la o 8 /N.ro " 

ti~&T,416 ..367,5360 172.6690 00 

4.IZIII.H ,5l4,3000180 

10,40 

GENERATOR OUTPUT 

L , - 57.7 PSIG H2 PRISS.  

%$ 1O -10 KW GENLOSSj 

ELP 950.9H ./ 

VALVE tt~T OINT 86. 66 1CW.0".0Hgg. Ab.s.%.  

NLT IIAT I!TF s i 21, 1t6'2Z95 44279.0C6T-7,8N108 100309 

Z1460 S.031.37 R. I600 STE. 7.64 0.. 
on Pr 

TEA 

CU90 TIKW9OKW45 RE1ETE RDerA 

112~~xo 1.I.S16).  

114 (1 
16 0, '90'( (900 

S 

II,268,~~~~~Z 3860 ZS F0T 1 F T 7 O5 T101 
491.6 1982P .hmb 6 St4,0P$5.) 14.P 48 

06.8F 1 37497Z8.4 364.1 

V A L V EA1T IO N P OR NGN TN T C 6 -HM I O N8 N L . 1 8 0 0 H P 
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(95 GH L6C TOR STUDY PRPOSD ONLY L ND: Calculationu based oA 5O 196Y7~ROCDOLYi ASMS Sieam Talesc 
NOT GUARANTrED H.h - Enthalpy - Stu/ILb.  

I. Flow - LblHr.  
So990221t37t, .0008J1 ^ P -Pressure. P a 

Z3 PSIA )125.09H 893. 7P F * Temperature. F degrees 
Zos. 569a p4P 

S,6t)..86E -78.IP - - 77,79 

MOISTUPE -SEMSTSAAM I1FW(yp 

4. 51,170s M~SPARATOR fA TEA- E .A 4, 304 154 32.6P 40 
1305 EFF l .*281. 4H 

1o9.99P S TO 25 r 105.7p K(0 

205,$69 370 (.90o 
Q,3 85. 7h $2 Z4. h77, 96 

7C37. ZTEX T RAC T. ON A R RANGCM EN T Is C I NYPW0. ,o 

GINZRATOR OUTP' 
S40.277 KIK 

60 PS30 Hz PRESS 

403 K FEDLSC. 90 PF 4019 KW FIXED LOSSES 

c 619I Kw G LOSSES 

( 2.1 3G AlS : 972. 9H 

8 .441.5281 
3 .68S R to ?001 ELEP= 98b. 911 

L!NE CkCSSES 1129.011 UZEP= 1002.0H 

SAT' 8. PS1A IC ABS 

0 373S. C71- 79.0o 

o p* *!? 47. )h 

A7 ah:0 

40L 4'I ~53429 

KH SL ER 

107 31 135. Zh 

5.9 V7.210 %TF TD ALVEST TD 5 r TD TD 
I5.7Pb SP 105.1P 3.9P 8.4* P LS *0 ph 

o:: '&n!. 28 

400,4 34. r ?10. 3331F 2t 9S3.SE .85.3T 2. .  

10 uF:: ~i~ N O I 4227 *0-2 1 70to F C7 .0 6I95 , 0*1. *)7 IV '(0 P~ C !orl 5 0.9047 

4 7, 6 . 5 
7.9 

1 . 14O.TE 

Ch4 .< Z09.l aZ 9. 6 .8b.31% 19 h88 hP M 
.S 4h C4 t 

404StJ t:. E F TON 5 4 4, 3377 5" 00 ZS3A 1206H/6 ' 18 STAGE RDIEA 2F 
10 F\ Cc1 1N -0c,971:A& 10 PFI DCy PRES L .0 PT (LIC 

OJ 567 *4.77


