NOTICE
PORTIONS OF THIS REPORT ARE iLLEGIBLE"

It has oeen reproduced from the b

zyaitable copy tn

BNL-NUREG-35893

ENVIRONMENTAL EFFECTS ON MATERIALS IN
OPERATING NUCLEAR PUWER REACTORS ™

est

JOHN R. WEEKsS
BNL~-NUREG--35893

sermit the broadest

Y.

TI85 006684
DeEpPARTMENT oF NUCLEAR ENERGY

BrookHAVEN NaTiONAL LABORATORY

UpTon, New York 11973

Punsihic availabifit

(OutLine oF Tatk GIVEN IN Brussers, Bevcium, 9/24/84)

NUCLEAR PLANTS HAVE BEEN GENERATING COMMERCIAL POWER IN THE

U. S. FOR APPROXIMATELY TWENTY YEARS. [DURING THIS TIME, CORRO-

SION PROBLEMS HAVE DEVELOPED, AND AS WITH ANY NEW TECHNOLOGY, NOT

ALL WERE ANTICIPATED- IN SOME INSTANCES, CORRECTIVE MEASURES

TAKEN FOR ONE PROBLEM HAVE PRECIPITATED ANOTHER- THUS we’'VE SEEN

TOO OFTEN A "FIRE TO THE FRYING PAN” SYNDROME. _[Eafz

WHAT 1'D LIKE TO DO IN THIS TALK IS REVIEW SEVERAL AREAS IN

WHICH CORROSION PROBLEMS HAVE OCCURRED, AND HOW WHAT WE HAVE

LEARNED CAN HELP IMPROVE FUTURE PERFORMANCE. METALLURGISTS TO0O

OFTEN TALK ONLY ABOUT THE BAD THINGS THAT HAPPEN, AND SO SHALL
[. MATERIALS IN THE VAST NUMBER OF INSTANCES BEHAVE JUST FINE-

BuT, As IN THE NEWSPAPERS, IT IS THE PROBLEMS THAT DRAW OUR AT-

TENTION-

SLIDE 1 - SUBJECTS TO BE DISCUSSED.
DISTRANTION OF TS OCCHMENT 15 WNLIVITED \

J

*Research sponsored by the U. S. Nuclear Regulatory Commission. Q)S
: . _ '/



NONE OF THESE TOPICS HAS ANYTHING TO DO WITH THE NUCLEAR
PORTION OF THE PLANTS. YET ALL OF THEM, AND OURS AND THE
PUBLIC'S INTEREST IN THEM, HAVE EVERYTHING TO DO WITH THE FACT
THAT THEY ARE OCCURRING IN NUCLEAR PLANTS- T[HE NEED FOR ZERO
LEAKAGE PUT DEMANDS ON CORROSION LIMITS THAT WERE PREVIOUSLY

UNKNOWN IN UTILITY INDUSTRY-.

ALL THESE SUBJECT AREAS HAVE RECEIVED MUCH PUBLIC ATTENTION.
THE BOILING WATER REACTOR (BWR) CRACKING PROBLEM HIT ALL THE
FRONT PAGES WHEN THE FLEDGLING NUCLEAR REGULATORY COMMISSION
(NRC) ORDERED ALL OPERATING UNITS SHUT DOWN FOR INSPECTION IN
1974-5. “STEAM GENERATOR TUBES MAY BE THE ACHILLES' HEEL OF THE
NUCLEAR INDUSTRY" sAID NEwSWEEX ON APRIL 19TH 1983. “THERE HAVE
BEEN A SIGNIFICANT NUMBER OF INCIDENTS OF FAILED OR SEVERELY
DEGRADED BOLTS AND sSTubs” saID THE MeEw York TIMES oN APRIL 18,
1983. WHILE THESE CORROSION PROBLEMS HAVE CAUSED CONSIDERABLE
ADVERSE PUBLICITY AND OPERATIONAL HEADACHES FOR THE INDUSTRY, THE
SAFETY OF THE NUCLEAR PLANTS HAS NOT BEEN JEOPARDIZED. RESEARCH
IS IMPROVING OUR UNDERSTANDIiNG THEM SO THAT | BELIEVE FUTURE

PERFORMANCE CAN BE SIGNIFICANTLY IMPROVED, AND SAFETY MAINTAINED-

BWR Pipe CRACKING

SLiDE 2 - BWR CircurT- NOTE: INTERPLAY OF COMPONENTS.

NQTE: CONDENSER 1S UNDER VACUUM. MUST CONTROL AND MONITOR

IMPURITY INLEAKAGE-



SLIDE 3 - BWR RECIRCULATION PIPING.

SLIDE 4 - 3 Rine clrcus cAUSES OF SCC: STRESS, ENVIRONMENT,
SUSCEPTIBLE MATERIAL.

Stips 5 - STRESS: PRIMARILY RESIDUAL-.

SLIDE 6 - RESIDUAL STRESS PATTERNS.

SLIDE 7 - ENVIRONMENT PRIMARILY OXYGEN

NOTE: LITTLE EFFECT AT HIGH OXYGEN LEVELS-

SLIDE 8 - MATERIAL: SENSITIZATION OF STAINLESS STEEL.
OCCURS IN WELD HEAT AFFECTED ZONES IN SAME AREA AS

PE~<X RESIDUAL STRESSES-

SLIDE 9 8 10 - HAZ & CRACKING IN WELDS - DRESDEN-2; NOTE:

WITH 4 “(sLIDE 9) anD 10” LARGER DIA- PIPE,

CRACK IS CLOSER TO WELD IN LARGER PiPE.

SLipe 11 - BWR H,0 CHEM. DESIGN LIMITS-

Scipe 12 - RG 1.56: LIMITS

IMPURITY EFFECTS: WHAT CAN ENTER COOLANT.

SLIDE 13 - MILLSTONE SEAWATER INTRUSION-.



St'pe 14 = DuANE ARNOLD DEMINERALIZER BREAKUP-

Stipe 15 - CRACK PROPAGATION RATES VERSUS STRAIN RATES -

SENSITIZED STAINLESS STEEL IN OXYGENATED WATER-

Stipe 16 - CPRuyax vs- 1/T. NOTE: MAXIMUM IN RATE AND
MAXIMUM I[N STRAIN-RATE RANGE OF SUSCEPTIBILITY AT
200°C Low ACTIVATION ENERGY ~- SUGGESTS LIQUID

PHASE RATE CONTROLLING STEP-
Stipe 17 - Fe soruB. (From FE30,)-

Stipe 18 - CPR vs- Fe soLuB. (FroM FE3U, IN ACID

ENVIRONMENT) .

SLipe 19 - MECHANISM SKETCH. SUGGEST MIGRATION of FE** In

CRACK IS RATE CONTROLLING STEP-

RoLe oF S. BoTH IN STEEL AND IN SOLUTION:
INCREASE ACIDITY, FE™" SOLUBILITY, CONDUCTIVITY
OF SOLUTION IN CRACK. Discuss INITIATION AND

PROPAGATION OF CRACKS.
SoLuTIONS: MATERIAL: USE LOw-C OR STABILIZED STAINLESS STEEL.

Stipe 20 - IHSI - JAPANESE - USED ON SUSQUEHANNA, SHOREHAM,

AND MosT JAPANESE BWR’s. (sTREsS)-



SLipe 21 -

H,0 CHEM. KEEP IMPURITIES LOw AND 0, LOW WITH

USE OF H,.

PWR STEAM GENERATORS - [HE ACHILLES HEEL?

SLIDE 22 - SCHEMATIC OF WESTINGHOUSE STEAM GENERATOR-

PriMary SIDE STRESs CorRrROSION CRACKING

SLIDE 235 STEAM GENERATOR MATERIALS

TurinNGg 1S INcoNeEL - NickeL CR, FE BASE ALLOY-

REVERSE SENSITIZATION

0,
Hz

SLIDE 24

SLIDE 25 -

IN BWR CAN CAUSE CRACKING WHEN SENSITIZED.

IN PWR CAN CAUSE CRACKING WHEN NOT SENSITIZED-

WHERE OCCURRING - TUBE-TUBE SHEET CREVICE

(OBRIGHEIM).

WHERE OCCURRING - U-BENDS, RADIOGRAPHS

BNl PROGRAM (SEE ENCLOSED REPRINT BY BANDY AND

vaN RooYeN

Discuss IN TERMS GF MECHANISMS = STRESS (RESIDUAL

FROM COLD WORK), MATERIAL, ENVIRONMENT.



- WHAT 710 DO? PLuG TUBES, STRESS RELIEF, H,0

CHEM. CHANGE, MATERIAL CHANGE-
THREE MiILE [sSLAND - THIOSULFATE CONTAMINATION -
SLIDE 26 - NewMAN AND BANDY - CRACK PROPAGATION RATES-
DESCRIBE CLASSIC RATHER THAN REVERSE
SENSITIZATION.
- SOLUTIONS = ALL ENVIRONMENTAL -
Ratse PH - COMPETING {ON EFFECT ~ ELIMINATE

SULFUR = THEN OXYGEN-

SECONDARY S1DE PROBLEMS

SLIDE 27 - NATURE OF TUBE-TUBE-SHEET INTERACTION-.

- DESCRIBE CONCENTRATING MECHANISMS. (HEATED

CREVICES)

SLIDE 28 - PHOSPHATE WASTAGE.
SLine 29 - Beznau - IGA & SCC

SLipe 30 - BAnDY AND VAN ROOYEN’'S WORK SHOWING POTENTIAL

RANGES ForR IGA anp SCC.

SLIDE 31 - DENTING SCHEMATIC



- Runaway FE30, PRODUCTION BY TUBE SUPPORT PLATE

CORROSI1ON. OXIDIZING POTENTIAL, CL™ TRIGGER IT IN

" CREVICES-.

SLIDE 32 - DentinG INDIAN PoinT. DisTORTION OF INCONEL 600

TUuBES LED To IGSCC FROM PRIMARY SIDE.
St 1DE 33 - PaLisaDEsS -~ PITTING- RoLe ofF Cu IONS-.

SLIDE 34 - PaLisapes - [GA.
SLIDE 35 - [GA vS. CAUSTIC STRESS CORROSION-
SAME AS SLIDE #30.

- THE SOLUTIONS ARE ALL ENVIRONMENTAL FOR AN
OPERATING PLANT, AND CONSIST PRIMARILY OF TIGHTER
CONTROLS ON CONDENSER LEAKAGE AND ON OXYGEN

LEVELS IN THE SECONDARY COOLANT-

MecHANICAL DAMAGE - THE GINNA SYNDROME (SEE ATTACHED PAPER BY

CzaJkowSKI) .
SLipe 36 - TUBES IN TUBE SHEET.
StLipe 37 - SKETCH OF TUBE SHEET -~ SHELL ~— WRAPPER.

- [MPORTANT TO KNOW ROLE OF FOREIGN OBJECTS AND THE

SUBSEQUENT CONDITION OF PREVIOUSLY PLUGGED TURES-




PIPING AND VESSE

SLIDE 38 -

SLIDE 39

SLIDE 40 -

SLIDE 41 -

SLIDE 42 -

TURBINE CRACKING

SLIDE 43 -

L CrRACKING

TYPES OF CRACKS IN FEEDWATER NOZZLES-.

SoLuTioN - ELIMINATE THERMAL STRESSES
ROLE OF CORROSION. NOTE: CRACKS ARE FILLED WITH

oxiDE. CL + 07 S IN STEEL?

STEAM GENERATOR VESSEL, SHOWING LOCATION OF

CLOSURE WELD-

INDIAN POINT-3 VESSEL CRACK (THROUGH-WALL)
STRESSES ~ RESIDUAL -~ INCREASE IN HARDNESS NEAR

WELDS. ENVIRONMENT - CL™ 0, Cu*?

INDIAN POINT-3 - PART THROUGH-WALL CRACK.
MATERTAL UNLIKELY TO CHANGE. WE'RE SETTING UuP

NOW TO INVESTIGATE SOME OF THESE PAST VARIABLES

IN OUR LABORATORIES-.

NINE MILE PoINT - STAINLESS STEEL PIPING - 2ND

SIDE CRACKING - CL CONTAMINATION-

Disc FRAGMENTS.



SLIDE 44 - Prece receivep AT BNL. HMHote: cracks, MoS,-
SLIDE 45 - MoS, EXPERIMENT- DESCRIBE CRACKING MODEL-

BoLTING

SLIDE 46 - CrRACKED MAINE-YANKEE BOLT-

MoS, - NOTE: BRANCHING CRACKS-

SL1DE 47 BoRIC ACID WASTAGE - OUR LAB- DATA REPRODUCED
RATE AT CALveRT CLIFFS- 0-.2-0.3 INCHES/YR.

CURRENTLY HELPING NRC DRAFT POSITION.

IN coNcLUSION, | woULD LIKE TO TACKLE THE THORNY ISSUZ OF
OPERATIONAL NUISANCE VERSUS PUBLIC HEALTH AND SAFETY PROBLEMS-.

REMEMBER, MOST MATERIALS ARE BEHAVING WELL, AS DESIGNED.
SLIDE 48 - SAFETY & QOPERATIONAL [SSuEes

[ THINK WE ARE LEARNING, PROCEEDING WITH CAUTiON, AND THAT

FUTURE PERFORMANCE AND EXPERIENCE WILL BE MUCH IMPROVED.

EXTENSIVE RESEARCH IN WHICH WE ARE ONLY ONE OF MANY
LABORATORIES INVOLYED, HAS SHOWN CAUSES AND SOLUTIONS TO
PROBLEMS. IMPLEMENTATION CAN BE DIFFICULT AND EXPENSIVE IN AN
OPERATING UNIT, HOWEVER, AND RESEARCH ON SOLUTIONS MUST BE

THOROUGH IF WE ARE TO AVOID REPEATING THE “FIRE TO THE FRYING



"
PAN" SYNDROME. FOR, ALTHOUGH WE THINK WE'RE SMART, THERE’S

ALWAYS THE POSSIBILITY THAT, LURKING IN THE CREVICES AND STRESS

-

CORROSION CRACKS IS THE UNKNOWN DEVIL-

THANK YOU FOR LISTENING

DISCLAIMEE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or uscfulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



CORROSION IN LWR NUCLEAR PLANTS

BWR PRIMARY PIPE CRACKING
SENSITIZED STAINLESS STEELS

CONDENSER CORROSION (BWR & PWR)

PWR STEAM GENERATORS
FEEDWATER NOZZLE CRACKING
TUBING/SUPPORT PLATE DEGRADATION

TURBINE CRACKING (BWR & PWR)

AUXILIARY PIPE CRACKING (PWR)

SLIDE 1
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Figure 2-1. Basic Configuration of BWR Recirculation System with Respect tb Reactor Pressure Vessel
SLIDE 3
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SOURCES OF HIGH STRESS LEVELS

APPLIED STRESSES (STATIC AND ALTERNATING)
THERMAL STRESSES, THERMAL TRANSIENTS
RESIDUAL STRESSES FROM

a) WELDING
b) FITUP
c) SURFACE PREPARATION




X-RAY AXIAL RESIDUAL STRESS
ID SURFACE
4:in (10cm) DIAMETER PIPE
TYPE 304 SS
CONVENTIONAL WELD

é 304 SS WELD 304 SS }
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|
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i
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MEDIAN FAILURE TIMF, 15, (h)
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Effect of oxygen concentration on the intergranular stress corrosion of sensitized Type 304
stainless steel (from only one heat) in 550°F water at two stress levels. (After Clarke and

Gordon, Ref. 104.)

SLIDE 7
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Tabie 4-3
BWR WATER CHEMISTRY

Concentrations — Parts Per Billion (ppb) Cdnductlvlty '

iron Copper  Chloride Oxygen {(umho/cm at 25°C) pH at 25°C

Condensate (1) .c.cooooeiveeieeieee. 15-30 35 =20 20-50 ~0.1 =7
Condensate Treatment Effluent (2) ....... 5-15 <1 ~0.2 20-50 <0.1 ~7
Feedwater (3) ... 5-15 <1 ~0.2 20-50 <0.1 ~7
Reactor Water (4)

(a) Nomal Operation. ... 10-50 <20 <20 100-300 0.2-05 -~7
(b) Shutdown ... — — <20 ' <1 ~7
{c) Hot Standby........................... — — <20 See Outline <1 ~7
(d) Depressurized ...............cccooceeen —_ — <20 8,000 <2 6-6.5
SURAM (5)...veoeoeeereeeeeeeeeeeeeeneeee . 0 0 0 10,000-30,000 ~0.1 -
Control Rod Drivet Cooling Water (6) .. 50-500 —_ <20 <8,000 ~1 ~6

“‘Numbers and fetters in parentheses are keyed to F:gure 4-1.

$This waler may be close to air saturated demineralized water in which the conJductivity and pH is prmarily due to absorbed carbon dioxide gas from the ai.



<1 adiis

ACCEPTABLE WATER CHEMISTRY LIMITS FOR POWER OPERATION
(Us S. NRC - REGULATORY GuUIDE 1.56)

Limrt! MAXTMUM2
SPeEcIF1C. CONDUCTANCE AT 25°C
(us) 1 | 10
CHLORIDE (PPM) 0.2 0.5
PH AT 25°C | 5.6-8.6 -

1cAN BE EXCEEDED UP TO 72 HOURS PER INCIDENT, BUT NOT MORE THAN 2
WEEKS PER YEAR.

2AN IMMEDIATE ORDERLY SHUTDOWN IS REQUIRED-
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MAXIMUM CRACK GROWTH RATE (m/sec)

TEMPERATURE (°C)

-7 250 150 100 50
10 T 1 1 | I !
+
+
10~ _
+
1
| 1
2.0 30
+ x10%, (°k™")
Figure 2 Effect of temperature on maximum crack propagation
taken from data in Figure 1 (from 15).

rates,
SLIDE 16



CONCENTRATION OF Fe IN SOLUTION (um)

TEMPERATURE (°F)

122 212 302 392 482 572 662

10

0.5

0.2

0.1

~
— 10 um KOH \
'/[—w RN
=~

i l 1 ! |

[}
o o S e 10 um HC L
5 um HCZ \\[ g

Y
[—~-§ \\

\\

[ NEUTRAL ~

[ 5um KOH
S

~

~

~

[ ~20umKOH N

—

“ -

e =l B |

50 100 150 200 250 300 350

TEMPERATURE (9C)

Figure 3 Solubility of Fez0, in solutions saturated with H,

at 1 atm at 25°C (from 16).
SLIDE 17




TEMPERATURE, °C

330 250 150

0—5

(o))

SOLUBILITY OF Fe AT 107 MOLAL HC|
C%

\300| 200 | 100 50 o7
[

T 1 T l

/_—~SOLUBILITY OF Fe ]

— MAXIMUM
CRACK GROWTH
RATE

S
0]

Figure 4

Comparison of curves from Figure 2 with solubility
of Fe in 10~°m HC1l, from Figure 3.

SLIDE 18

MAXIMUM CRACK GROWTH RATE, m/sec
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304SS POTENTIAL, mV (SHE)

CERTEXPERIMENTS ON SENSITIZED TYPE 304SS
IN SIMULATED BWR - QUALITY WATER AT 289°C

(DATA FROM ARGONNE NATIONAL LABORATORY)

300
200}
100
0
-100}
IGSCC SUSCEPTABILITY
-200}
- 300 =
. 400} nmjmmg BOUNDARY DETERMINED
Oporating el FOR MOST DELETERIOUS
- 500 | Reglon ' - IMPURITY (SULFATE)
HWC REGION
_s00l. NoOlGscc
| 5
L ! t I - \
- 7005 1 10 - 100

CONDUCTIVITY AT 25°C (uS/cm)
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STEAM QUTLET TO
TURBINE GENERATOR

MOISTURE SEPARATOR

UPPER SHELL

SWIRL VANE
MOISTURE SEPARATOR

TUBE BUNﬁLE i T LOWER SHELL

FEEOWATER
INLET NOZZLE

)

PARTITION

PREHEATER SECT.ON

PRIMARY R
COOLANT QUTLET___ = @’ PRIMARY .

- : .j'./‘couuwr INLET
: ~,:'.
Westinghouse | s thesio
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STEAM GENERATOR MATERIALS

SECONDARY SIDE

Vessel Carbon Steel
Tube Sheet Carbon Steel
- Tubes

Stainless Steel
Inconel-600

Incoloy-800

(Tube Support Plates) Carbon Steel

Ferritic Stainless Steel

PRIMARY SIDE Inconel-600

¢z AATIS

Stainless Steel
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6F  'ESEA °
- ' ‘ £2
66 L6E2

602
641
16E3
16ET \
E6H ' 16D E6C .
16C
ol = Extrados Transition
s 168! ' |
= E6l |
3 CRA LOcATION
N kel 168 E6B 4
m - . .
Intrados Transition _
E6J1 . ¥
: 16A £6A
161
(1]
Hot Legy Cold Leg
Figure 5

Print of double wall x-ray radiograph of R1-C6. Solid )lines show approximate locations of major®
cuts; sections are identified;

surfaces polished for metallography are designated by A . Underlined
sectig?s were flattened and thefr ID surfaces examined at 5X. Further cuts of E6C are given in
next figure. ) .

1]



LOG (MEAN CRACK VELOCITY, nm s-!)
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CRACK PROPAGATION IN
IN-600, FURNACE-SENSITIZED
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Tube-tubesheet £~ A\

Sludge

crevice \
,,,,,,, s Top of lower
i% \ tubesheet
g B
Wetted region
: \
3

[/

‘L Alternate wetting
and drying

; Steam

blanketed

'? v

Fig. 10. Tube-tubesheet crevice.



SLIDE 28

7




s
ﬁ'.ﬂk's?c'»,’ﬁi‘xm

el Ay et e i

Micrographs of Stress Corrosion Cracks. Beznau Nuc.lear
Power Plant

SLIDE 29



Q
O
)]

PRGOS e
K S €50 RO
.oooooooo 000“0 NN

90000 "
020268, 070 %% I
o $atel:
19007000% %00

500 %%, 0 0%

0001 %2000 20 %

5 S0%e

4

Q
958%s SR
o

< b
+3|

|
102

:3()()’-—

O

100 —

_
o
o
(aV}

(IN sA AW) YIIN3LOd

-100

CURRENT (nA)

reas for IGA and SCC on the
% Na,C0y solution at 300 C

O r—4
—+
©
— T
e =1
c ©
o=
4=
O 3R
ao
-4
0]
£ c
B~
- o
o >
I8
c 3
oo
—
P
rs
0 -
O
a @
E N
- -
[
Qo
a—
S5 0
v a

Figure 3-12

f 20 mV/min.

at a scan rate o

SLIDE 30



310y
u0ISO1I0D) —
WNWIXDP -

*s93e7d 3Jaoddns
9qny e 3UuTIUap JO MITA TBUOTIDISSO0I)

SuoISUaWI()
[DUIWON |G motww@

206
b0

.G.8'

‘T 2andyg

30Id

J40ddng aqn)
/ \\\11 /

ﬂ

«064"

SLIDE 31

NNNNN

aqnj |\
10j043U80 wWoAg

S NN N NN

(*0tad)
19npoL4
u0iS0.1107)




SLIDE 32



IS X 4

AN A
M..w... s:”\vJﬂ. .lfs.wnm”m..r.%( ¢
AKS. "AY) o. P BTN
X A
Y .*.

s

R

,. W ,...rar# |

J

%
»

.__v.: _

SLIDE 33






300 —

@)

100 —

_
o
o
4V}

(IN sA AW) VILNILOd

-100

CURRENT (xA)

as for IGA and SCC on the
Na,C03 solution at 300 C

W
L oae
T —t
— +
L]
—
=)
C o e
[V =
Q-
O ®R E
00O~
— >
1] E
£ c
PR =Y
Y
b
o >4
(M)
(=
ovw
— et
= Ccn
— 0ot
wn o
O e C
ammo
E NU
— e~
(A
v oo
ar~—
S Ow
v amc
™~
—
[}
o
.Y
[
=
o
—
TS

SLIDE 35



\O
32}
(=]
=]
L3
N




GINNA SIALLIUN
STEAM GENERATOR EVALUATION
WRC MEETING

-APRIL 30, 1982

ACCESS BOLE LOCATION

ANNULUYG
e

WEDGES
-/ /‘\ SUPPORT PLATE
‘ "

[ -
, [4

S

—— . I\ TUBES

L wesppce

STUD
®aeeeL -

TUSE SHEET

ACCEDS HOLE 1

r SLIDE 37




D.C. COOK
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. e ,  H.B. ROBINSON

. [ g
NOZZLE PIPE BEAVER VALLEY

(a) SINGLE LARGE CRACK AT ROOT OF THE NOTCH
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POINT BEACH

(b) SEVERAL SMALL CRACKS IN COUNTERBORE REGION
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(c) SHALLOW CRACKS IN WELD AND COUNTERBORE REGION
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Figure 1. Schematic
depicting the closure weld
of Steam Generator f 32
where the leak occured.

Dﬂ- FEEDWATER NOZZLE

PRIMARY NOZZLE » % PRIMARY MANWAY

SLIDE 39



SLIDE 40

o
I-
o 3

TO COURTESY

INC

LUCIUS PLIKIN







1% IAIIS




SLIDE 42






MR "SE 1

e

.,4?

£3




3.0

w SCH + 'A09

41V NI 'AO9

137.4

(W

RESULTS OF NOTCHED TENSILE TESTS

A mm LI WYILS 4+ CSOW 4+ *N39
w M~
|
m
<L
—
™~
@ =) wNI + 'N39
o
M
9 WY3Ls + 'N3D
9_
-
— M1V NI 'N39 m
N
5 i)
< MIV NI ‘N3

(18d OTX) HLONIULS 3TISNI| Q3IHOLO

SLIDE 45



-
MRS

tyrar g oue Hup, sae
thyyoe

1 “.;, Uay j roe

M1l

ey ao

S U

1

vt

e

”.,f.:fm

OV4UNS

HEBR EIREE

3UNLIVYA NIVN 40 INVd

s 1004

SLIDE 46



CORROSION RATE : inches /yr.
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SAFETY ISSUES
1. Any deterioration of reactor coolant pressure boundary
has a potential effect on reactor safety. _

2. Stress corrosion cracks have always leaked detectably or
been found by inservice inspection before pipes have
ruptured.

3. Pipe and tubing ruptures were anticipated in the design
of nuclear plants, and safety circuits provided to protect

the nuclear core from meltdown.

4. Solutions must be found for both operating nuclear units
and new units to prevent continued widespread deterioration.

8% 3dITS

OPERATIONAL [SSUES
Shutdowns to repair or replace corroded parts can cost
$500,000. or more per day to the utility

1.

2. Radiation exposure to workers



