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UNITED STATES

)‘
ATOMIC ENERGY COMMISSION 7 Lt

WASHINGTON, D.C. 20545

December 6, 1974

DOCKET NOS. 50-282

50-306
LICENSEE: Northern States Power Company
FACILITY: " Prairie Island Nuclear Generating Plant

SUMMARY OF NOVEMBER 25, 1974 MEETING

The purpose of the meeting was to discuss current information concerning
steam generator tube corrosica. A list of attendees is attached as
Enclosure 1. A meeting agenda is attached as Enclosure 2. A copy

of slides presented is attached as Enclosure 3.

A summary was presented of the results of burst tests, collapse tests,
and hydraulic leakage tests performed on 7/8-inch 0D, Inconel-600
tubes having defects simulating those found in Westinghouse steam
generators., Tube sizes in Westinghouse steam generators are either
7/8-inch (0D) for Series 44 and Series 51 (as in Prairie Island)

or 3/4-inch 0D for Mcdel B.

Significant data and conclusions were presented on slides, copies of
which are in Enclosure 3. Additional information presented during
the meeting is summarized below.

1. The tube defects were of three types: flat surfaces machined from
the tube outer surface to reduce the wall thickness simulating
general corrosion over a large area; part-through-wall axial
cracks, 3/8-inch wide, formed by electrostatic discharge machining
(EDM), and; through-wall narrow cracks having dimensions shown
on slides 13 and 14.

2. The maximum size inservice defects observed by Westinghouse were
part-through-wall defects 1-1/2 inches long and throuah
wall cracks 0.3 inches long.

3. MWestinghouse calculated that a 7/8-inch 0D tube uniformly
thinned to 0.021 inches (~40% of the nominal Q.50 inches)
would not fail under the combined loading of LOCA and the safe
shutdown easrthquake (SSE). Using minimum mechanical properties of
inconel, a uniformly thinned wall of 0.028" (56% of nominal)
is required for this loading. The maximum stress for this loading
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would occur at the U-bend section of the tube. The stress at

the tube sheet would be sufficiently lower that a tube uniformly
thinned to 25% of its nominal thickness would not fail under

loads of combined LOCA and SSE. Westinghouse estimates that

the dish-shaped geometry of the defects would provide a 1.33
reinforcing faction at the U-bend so that the minimum wall thickness
at a defect near the U-bend section should be equal to or greater
than 30% of the original wall thickness.

For a steam line break, Westinghouse calculates that a tube
uniformly thinned to 25% of its nominal wall thickness would
not fail under the resulting differential pressure ‘oading for
this accident. A tube with a through wall crack 0.6 inches
long would not burst under the maximum potential pressure
differential following this accident (2500 psi) but leakage
would increase above that for the normal operating pressure
differential as indicated in Slide 13. For 1500 psid, the
measured leakage rate in a simulated crack was 1.5 ocallons mpr
minute (gpm).

Operating experience over the past several years indicates that

a typical Westinghouse reactor will have leakage between the primary
system and secondary system due to intergranular corrosion in the
range of 60 to 100 gallons per day (gpd): (u.1 gpm = 144 gpd).

The minimum detectable leakage is about 10 gpd.

Mr. Doug Fletcher (Westinghouse) said that eddy current readings
indicating wall penetrations greater than 5% of the original
thickness can be observed above background noise. However,
inspectors cannot reliably interpret indications less than 20%.

In the Prairie Island Unit_ 1 inspection, no indications above
background (~5%) were detected. Tight intergrannutar cracks

cannot usually be detected. Intergrannular corrosion penetrating
over a broad area, similar to the area found for general corrosion,
can be detected.

Westinghouse has run laboratory tests for corrosion rate in boric
acid, sodium hydroxide, and pure water and found a corrosion rate

of about 2 mils per 40 years. Under no-fault secondary system
conditions and using all volatile water treatment, Westinghouse
expects a general corrosion rate of 2-4 mils/40 years. Under

fault conditions (e.g., excessive inleakage from the main condenser),
cracking due to cau.tic conditions is expected, but insignificant
general corrosion. Beznau experience indicates that with caustic
secondary coolant, throuagh wall cracks can develop in 2-3 months.
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! For operation with all volatile treatment, Westinghouse recommends
y that main condenser tube leaks be repaired very soon after
i caustic is detected in the secondary coolant to prevent caustic

cracking. In addition, primary to secondary leak rate should be ‘
monitored to detect through wall cracks if they should develop.

Leaks greater than 1 gpm should be a criteria for reactor shutdown and

the inspection and plugging of steam generator tubes. Westinghouse

does not recommend full flow feedwater demineralizers because of

the potential contamination of the secondary coolant with caustic

when the resin becomes saturated.

Westinghouse said it may require several months of operation after
changing to all volatile water treatment to clean phosphate
out of system.

J 10. Westinghouse recommends that defective tubes found by eddy current
: inspections be plugged if less than 50% of the wall thickness
remains and that all leaking tubes found by leakage tests be

plugged. .

Lester L. Xintner, Senior Project Manager
Light Water Reactors Branch 2-2
Directorate of Licensing

Enclosures:
As stated
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ENCLOSURE 1
AEC NSP MEETING - NOVEMBER 25, 1974

L. L. Kintrer, AEC-L

R. M. Gustafsc:, AEC-L

Stephan Pawlicki, AEC-L

Karl Kniel, AEC-L

John Weeks, B\L

J. P. Knight, AEC-L-MEB

F. M. Almeter, AEC-L-MTEB
78' D. Liaw, AEC-L-MEB

J. M. Kovacks, aAEC-L-MEB
N. Bridges, AEC-L-OPR
S. Bosnak, A*C-L-MEB
Frank, AEC-R.
E. Bobe, AEZ- Reg-00E
R. Rutherfoi'd, AEC-MEB
. W. Reid, AEC-L
E. Chakoff, AEC-L-RP
. M. Fontecilla, AEC-L-AAB
H. L. Brammer, AEC-L-MEB
J. Rajon, AEC-L-MEB
NCChoules, AEC-RO III
J. A. Dyer, AEC-RO
“arl V. Seyfrit, AEC-RO
Sart Buckley, AEC-L
Bernard Turorlin, AEC-L
Gerald Charnoff, Shaw, Pittman
Jay Silberg, Shaw, Pittman
Roland J. Jensen, NSP
Dale *1. Vincent, NSP
Stanley N. Ehrenpreis, W, PWRSD
. J. vonHollen, W - PWRSD
. C. MarBurger, W-PWRSD
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J. L. Samios, W-PWRSD

G. L. Lidler, W-PWRSD

E. S. Katz, W-PWR

W. D. Fletcher, W, PWRSD
Martin M. Shrut, W

Ray Maccary, AEC-L

J. Gallo, AEC-0GC

0. G. Lewis, AEC-0GC
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[ AGENDA |
I.  Material Mq&hanical Properties and Code Acceptability
- A. !echaqical Strength of Tubes (HVH). . '.
: 1. Test Results of Intentionally-Defected Tubes

(Bursting and Collapse) , s < i 1
2. Cracking vs. Thinning e '

3. Thru Wall Defect vs. Leak Rate Testing

Minimum Acceptable Wall Concept (DCM)

1. WCAP 7832 (LOCA Analysis)

2. Faulted Condition (20% of Wall Remaining) Related
- to ASME Code Allowable

Eddy Current Inspection (WDF) .
1. Rutionale for Reporting of Defects

2. Precision of Result .

3. Accuracy of Result

Corrosion Rates (wWor)
1. Corrosion with AVT Chemistry
2. Why Phosphatz2 Corrosion Rates are not Anticipated with AVT

3. Maintenance of the AVT Specifications

Plugging Criteria - HVH
1. 50% EC Indication for Thinning and Intergranular Corrosion

2. Leak Rate Experience with Intergranular Cracking

and I - ——-. o TS




SUMMARY OF MECHANICAL TESTING PROGRAM

7/8" Dia, x 050" WaL InconeL 600 Tusing

' X A.‘ - r‘\ r.
1. Buwrst Tests - MACHINED FLATS ol ‘)7/* > //(3 /}S :
Lenati = 172" 10 9" Lone

Rer: H. B. RoBInson LETTER - JuLy 10, 1974

2. BursT Tests = ParT Thru HarL Stots 4 4 "zx‘//&‘ 4) + Z):*J% - &
Lenati 172" 10 2" LONG o AL
Rer: H. B. RoBinson LETTER - OctoBer 27, 1972

3. Couarse TesTs -
THrRU ¥ALL SLots - SINGLE & MULTIPLE
PART THRU WALL Stots
MACHINED FLATS
LenctH 8" TO 2" LONG

4, Buee Pressure Tests -
Thru WaLL Cracks
Lenai 5" 10 2" LONG
Rer: M, B. RoBinson LETTER - OctoBer 27, 1972

: )g‘ F¥AS0ION T

5. Leak Rate Tests - Thru WALL StoTs
LENGTH 6" 8.7" LONG
Per: H, B. RoBinson LETTER - OctoBer 27, 1972
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SUMMARY OF RESULTS

1. BursTt Tests - MacHineDd FLaTs

BursT PRESSURE
Ps1 @ Room Temp, LENGTH E

3700 : i, I
4200 | g
6000 | e //2_"
Min, ProrerTIES @ 600°F

2500 ¢

2. ParT: THRY WaLL Stots

ResuLts Same As MACHINED FLATS

Concrusions: For Maximum CorropeD LENGTH IN Puant (v 1-1/2" LEnGTH)

TUBES HAVE STRENGTH SUBSTANTIALLY IN EXCESS oF RCS Sarery VALVE ~
Pressures  ~ 2500 P51 \»/



SUMMARY OF RESULTS

1. Burst Tests - MacHineD FLATS

BURST PRESSURE

" psi @ Room Temp, LENGTH
al
3700 - o, -
1200 | 1"

6000 | - P //2_" -
Min, ProrerTiES @ 600°F
2500 v I o

2. ParT:THRY WaLL StoTs

ResuLts Same As MacHINED FLATS

Concrusions: For Maximum CorropDED LENGTH IN PLANT (v 1-1/2" LENGTH)

TUBES HAVE STRENGTH SUBSTANTIALLY IN EXCESS OF RCS SAFeTY VALVE
PReSSURES ~ 2500 sl




COLLAPSE TESTS

1. Tenu Warl & PART THRU WALL CrRACKS -

CouLarse PrRessURE IN Excess oF 6500 psi

2. MotipLe THRu VAL Cracks

TuBe Pressur1ZeD EXTERNALLY TO 5000 PSI = NO COLLAPSE

3. MacHINED FLaTs -

2" Long = 255 WALL REMAINING
CoLLarsE Pressure > 2200 psi

ConcLUSION: TUBES HAVE SUBSTANTIAL STRENGTH TO RESIST COLLAPSE IN EXCESS OF
' Steam Sipe SAFeTY VALVES - SET PreSSurRE ~ 1200 psi

S { T T ¥ LT " iy



MINIMUM ACCEPTABLE TUBE WALL THICKNESS

StEAM BrEAK - 25% REMAINING

LOCA + SSE . - 25-307% ReMAINING

THESE VALUES APPLY FOR BOTH GENERAL CORROSION (FLAT DATA) OR FOR CRACKING
(sLoT DpaTA)
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TUBE PLUGGING CRITERIA

7/8" Dia, x 050" WaLL InconeL TuBING

ALl Leaking TuBeS ARE PLUGGED

Minuum AccepTabLe YaLL THickness For BOTH GENERAL CORROSION & CRACKING
Basep on FauLTeD ConDITION ACCIDENTS

LOCA & Steam Break - 257% REMAINING

PLuscing CRiTERIA Basep on Eppy Current InpicaTION OF 507 OR GREATER.
(50% Minimu ViaLL REMAINING) '

AppiTionAL MARGIN PROVIDED

Corros1on RATES ESTIMATED For PHOSPHATE CHEMISTRY NoT APPLICABLE FOR
INTERGRANULAR CRACKING ‘

Leak RaTes For Cracks WHicH Can SupporT FAuLTED ConpiTion Accipents (.6
ARE IN Excess oF RaTES AT WHICH LEAKS wouLD BE REPAIRED,

<



MARY OF CONSERVATISMS INCLUDED IN ANALYSIS

Twing Has ConsiSTENTLY Been Propuced WitH NominaL RATHER THAN MINIMUM MECHANICAL

s ———
'ROPERT IES.

GeneraL Corrosion Maximum LENGTH 1S ArproXIMATELY 1-1/2" However, CORROSION IS

E-C InspecTION HAS GENERALLY OVERPREDICTED THE MaxiMuM PENETRATION,

ExperIENCE IN-PLANT P/S LEAKAGE. = INTERGRANULAR CORROSION

A. ReADILY DETECTED & CAN BE MEASURED TO AS LOW As 10 GPD
PROCESS 1S ORDERLY & REMAINED AT vALUES oF 60 - 100 ePD

WHEN LEAKAGE DID INCREASE - READILY DETECTED & NORMAL OPERATING PROCEDURES USED

TO COOL DOWN PLANMT.,

EXAMINATION OF TUBES INDICATED THAT CRACKS ARE THRU WALL WHEN LENGTH IS APPROX.

CH

0 LONG,

LEAK RATES FOR .0"” CRACK = WELL IN EXCESS OF RATES AT WHICH LEAKS WOULD BE REPAIRED.
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TABLE IV-1
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CONE

Tube Coilapse Tests

Defect Type

Unflawed
1.50 inch ps
through wvall
1.50 inch ti

through vall flaw
1.25 inch

through wall

1.50 inch through

1.23 laci. Llirough
flaw

C.80 inch through
flaw

0.8 inch
Preflatteoned tube

inch across

1.5 inch through w
flaw

len 1.5 incn throu

wall rlaws

2.0 inch long flat
25%Z reraining wall
2.0 inch lorg flat
257% ¢ ining wall
wo adjacent 2.0 f

wall
2.0 1

remaining wall

25% remaining

two adjacent

257

<)

wall

f
[
.

wal

Zn

lats

lat

1. £00
0.048 Inch wall

culldy\‘\.
Pressure

(psi) _
No collapse

6500
6200
8500
6900
7200
8650

7200

1750

2400

8)

e




Sgcclmen.

10-1.0-1
10-1.5-1
10-2.0-1
10-1.0-2
10-1.5-2
10-2.0-2
\' . 5-1.0-1
5-1.5-1 -
5-2.0-1
5-2.,0-2
NOK e 274
. XNOK b 274
NOK f 191-254
Virgin unflawed-1
Virgin unflawed-2
NOK unflawed g
NOK g 43-144

— - ————
.
.

.5-1

" L.5=2
.5-3
.75-1
.75-2
753

* 20-1,5-1
8-1.0-1A

IURST TESTS OF TUBES WITA THROUCH WALL SLITS

UL S T S N

S W W SR R

ine o TII=1

0.875" OU by 9.050" Wall

Pneumatic

b, 8

Oversize slot width 1230
k oy

/

-~

|
|

|

Burst Pressure Slit Length
(pni) (inches)
1910 1.90
1230 1.50

870 . 2.90
1800 1.90
1200 1.50

770 2.00
1930 1.00 ° °
1230 1.50

895 2.0V

800 2.00

1.50
1380 1.06
1350 1.50
19,500
19,500
12,600
Leaked at 4300 1/16 & 1/8
natural flavws
4109 0.50
3909 0.50
4059 " 0.50
2700 0.75
2759 0.75
2650 0.75
1060 1.50
2000 | Q0
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LAw CFFIiCES OF
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INTERWATIONAL TELEX 62854 - DomESTIC TE ex 96 8108
TWX: 7210-581-26863

FLOR DA CFriCE

28 WORTH AvENUE

PALM BEACKH, FLA 33480
TELEPHONE: 308 - 6587207
MIDTOWN NEw YORR OFFICE
1O EAST 83 STREEY

NEW YORR N Y 1O0C22
TELEPHONE 212 943-0700

CABLE wWiINSTIM, (ONDON ECo

AL NUMBER

July 13, 1982

EREEDOM OF INFORMATION

7534 ACT REQUEST

[OT A-F2 309
eeid 7-/5-P2

Director, Office of Administration
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Gentlemen:

This is a reguest under the Freedom of Infor-
mation Act, as amended, 5 U.S.C. § 552 and the Freedom
of Information Act Regulations of the United States
Nuclear Regulatory Commission. 10 CFR Part 9.

.« » The undersigned hereby requests:

A. All records (as that term is defined in
10 CFR § 9.3a) provided to NRC by Wastinghouse Electric
Corporation ("WEC") which refer or relate to the Indian
Point Power Plant, Unit Number 2, ("IP2").

B. . All records provided to NRC by WEC which
refer or relate to tube degradation, denting, corrosion,
cracking and/or related phenomena in any steam generator
sold or manufactured by WEC for any nuclear power plant
other than IP2 including, without limitation, WEC analyses
of the causes of tube degradation and suggested or proposed
remedial action.

C. All records provided to NRC by any person
other than WEC which refer or relate to tube degradation,
denting, corrosion, cracking and/or related phenomena in
any steam generator sold or manufactured by WEC for any
nuclear power plant.

D. All records authored, sponsored or commissioned
by NRC and/or its employees which refer or relate to tube
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degradation, denting, corrosion, cracking and/or related
phenomena in any steam generator sold or manufactured by
WEC for any nuclear power plant including, without limi-
tation, analyses of the causes of said tube degradation
and suggested or proposed remedial action.

E. All records authored, sponsored or commissioned
by NRC and/or its employees which refer or relate to tube
degradation, denting, corrosion, cracking and/or related
phenomena in any steam generator sold or manufactured for
any domestic nnclear power plant including, without limi-
tation, analyses of the causes of said tube degradation
and suggested or proposed remedial action.

F. All records provided to NRC by WEC which refer
or relate to cracks in rotating components known as discs of
steam turbines sold or manufactured by WEC for a nuclear power
plant other than IP2 including without limitation, WEC analyses
of the causes of such cracking and suggested or proposed
remedial action.

G. All records provided to NRC by any person
other than WEC which refer or relate to cracks in steam
turbine discs sold or manufactured by WEC for a nuclear
power plant.

H. All records authored, sponsored or commis-
sioned by NRC and/or its employees which refer or relate
to cracks in steam turbine discs sold or manufactured by
WEC for any nuclear power plant including, without limi-
tation, analyses of the causes of such cracking and suggested
or proposed remedial action.

I note that it is the policy of NRC to disclose
records which NRC might consider exempt from disclosure
if such disclosure is not contrary to the public ii terest
and will not adversely affect the rights of any person.
10 CFR § 9.9. Accordingly, for any record for which NRC
claims an exemption would you specify not only your basis
for claiming the exemption but also the reasons why this
policy is not applicable.

As provided in the amended Act and 10 CFR
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§§ 9.8 and 9.9, I will expect to receive a reply to this
request within ten working days of your receipt of this
letter. Costs not to exceed $500.00 are acceptable and
will be paid. Should estimated costs of production exceed
that sum, please advise me prior to commencing production.

/ A0 o
/—" A>Tt ' ;-f’n YN
David J. Long /
J

Yours tiuly, //
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L




