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SECONDhRY WATER AND STEAM CHEMISTRY

VERSUS

TURBINE CORROSION

.
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Dessolvmg

Chemical Transfer in PWR Systems, , ,,,,,,,,, ,, ge ::';',' , ,=m - - d

Secondary Side: R-SG OTSG py50't',:';' e,r '' ''"'" o|';;,' ,', ,te
,

MSR LP Tushine Condenser
-

Psecipitation and Separation of Gases
,, g

Deposesion From g MSR DrainN in Leakage of Coolmgs

Dry Stearn MT.R Drain \c'aado*a
'

Water and Aar
P- |IolWell,

\\ Separation of
i *

.9.'V "9 ""dSosubtes Fram
6 ) Steam to Water "'''"E0"

Reheater
"

,? Flush Evaporation
.

.

O'Y'"9- and Deymg During COndensale I{ Wastung. Load ChanersDissolving in Purnps
Dey Steam

Pumpmg Fo ward
Condensate

#of Separated
*

Sorubles Dernilletalizers
+

1 f Hemoval of
impurettes

|Deposition
of Suspemled |
soinds :

I

8 +O ,

Boiler Leakapt of

y Feed Puinps Booster N'- " S*4 U
I

Low P essuie . Pumps

( ) liigli P essuie lleateis
'

N g ,, ,,,,, |

lleaters r ed

U

-i & = - '

lLP lleater Drains
IIP llease Diains

1
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INFORMATION AVAILABLE ,
,

.

e- BLOWDOWN CHEMISTRY: MOST UNITS WITH RECIRCULATION

STEAM GENERATORS

-

.

e FEEDWATER CHEMISTRY: PARTIAL FOR UNITS WITH ONCE

THROUGH STEAM GENERATORS

e HP STEAM CHEMISTRY: RECALCULATED FROM BLOWDOWN OR

FEEDdATER

e DEPOSIT CHEMISTRY: 12 UNITS

e CHEMISTRY WITHIN CRACKS (SIMS): PART OF EACH FAILURE
. .

ANALYSIS '

'
.

-
. . _ -
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SIMS ANALYSES OF CHEMISTRY WITHIN CRACKS

UNIT NSSS CRACK LOCATION MAJOR MINOR TRACE

'
A Recirc. Disk OD Blade Na,K,Ca,C) P

Root Cr,Fe_,V,Al Cl,C, B
'

Na,K,Si,Ca

''

B Recirc. Disk Keyway Fe,Na,Cl,k Si,C OH

C Recire. Disk OD Fe,Cr

.

D Recirc. Disk Bore C,1 Fe Na Ca.K,0H

E Recirc. Disk OD Fe,Cr Na,Al,Ni Si,K,Ca
C1,C2

F Once Disk CD C1,Cr Na,C,K A1,Si,Ca
Through

I

4

>
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SUMMARY OF CHEMICAL INFORMATION FOR TWO SIMILAR UNITS WHICH

EXPCRIENCED DISK CRACKING.

o TYRICAL PROBLEMS: FREQUENT CONDENSER LEAKS (BRACKISH WATER),

HIGH AIR INLEAKAGE, PARTICULARLY AT LOW LOAD
,

STRESS CORROSION AND DENTING IN STEAM GENERATORS.-

AT LEAST ONE INCIDENT OF H 50 INGRESS2 4

I
'

UNIT 1 UNIT 2
e REVIEW 0F RECORDS HIGH Cl, Na, CONDUCTIVITY

LP STEAM ANALYSIS HIGH Cl, Na
1974

e WATER TREATMENT
-QUESTIONNAIRE X X

e TURBINE DEPOSITS MOSTLY OXIDES -

TRACES OF Cl, Na

e DIMA CHEMICAL . DISK: Na, K. Ca, C1 U-BEND: C1, OH*

ANALYSIS
'

s SODIUM ANALYSIS 10 ppb TYPICAL-

25 ppb MAX.

e 10N CHROMAT0 GRAPHY
7-14-78 Na, C1, SO4 -

,

FIELD CORROSION TESTe PITTING, SCC-

,

!

.

,
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PRELIMINARY CONCLUSIONS
.

'

SAME CORR 0 DENTS CAN BE IDENTIFIED IN WATER, STEAM,e

DEPOSITS AND WITHIN CRACKS
.

'

j s CRACK INITIATION BY PITTING INDICATES PRESENCE OF
i CORR 0 DENTS

~

!
.

i
j e IN MOST CASES, THERE IS C0'RR0SION IN SEVERAL COMPONENTS
i

0F THE SECONDARY SYSTEM

i
'

NaOH, NaC1, Na2e 50 , Na2 03,Na HCO3 AND POSSIBLY HIGH4 0

t

OXYGEN,.NH C1, (NH )2SO , (NH )2CO , UNIDENTIFIED SULPHUR4 4 4 4 3

AND ORGANIC COMPOUNDS, AND COMBINATIONS OF THE AB0VE ARE

THE CORR 0 DENTS

,
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ANALYTICAL AND EXPERIMENTAL EVALUATION

OF STRESS INTENSITY FACTORS FOR CRACKS

AT THE BORE OF ROTATING DISCS

- PRESENTATION OUTLINE -
_

, ,

1. INTRODUCTION: THE PROBLEM AND PRIMARY CONSIDERATIONS -

2. AN ANALYTICAL APPROACH: THE SUPERPOSITION METHOD OF DETERMINING

Ki (LANDES)-

3. EVALUATION OF STRESS GRADIENT + KEYWAY NOTCH EFFECTS:

4. A SIMPLIFIED APPROACH: COMBINED SHORT CRACK, LONG CRACK

SOLUTION (DOWLING)

5. EXPERIMENTAL VERIFICATION: SPIN BURST TESTING (SANKEY)

CRACKED NOTCH KIc (NOVAK & BARS 0M)
CRACKED NOTCH DA/DN (BROEK)

6. REQUIRED ACCURACY OF K-EXPRESSION: MATERIAL PROPERTIES

STRESS INFORMATION |

BRANCHED CRACKS (LO)

MULTIPLE CRACKS

7 SUMMARY: 1
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Curve 684210-A
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K Solution for an edge crack with a point force |
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Method

K = 1.12 o Vna

Cl) o = Keyway Maximum Stress
C1

C2) o = Crack Tip Stress ', e
C2

C3)og3 = Numedcal Merage Mress
-

C4) K = 1.12 abore ;n(a + r)
CS) Bowie Correction

K = 1.12 c i n F (a/r)
-

bore,

Stress

Keyway Maximum Stress

Bore
y Crack Tip Stress

|
r g

Keyway- -

1a

Five methods used to estimate K for a crack
coming from a keyway on BB81, Disc 1
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C1: Keyway Stress*

C2: Crack Tip Stress
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o C3: Numerical Average Stress

e C4: Bore Stressia + r)

o C5: Bowie Correction
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*
-
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,
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Crack Depth, a, in

Comparison of K solutions from estimation procedures with
the superposition solution -crack coming fmm a keyway on a BB81,
Disc 1
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Curve 5957'.3-A

a/c, Crack length From Centerline
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/ Numerical Solution
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f/c, Crack length Beyond Notch !

Short and long crack limiting cases and
'

numerical solution, for cracks growing from a
circular hole in an infinite plate (Newman)
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STRESS ANALYSIS TEC!ltlIQUES
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1. CLOSED FORM ANALYTICAL EXPRESSIONS

ELASTIC AND PLASTIC /=
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2. FINITE DIFFERENCE TECHNIQUE
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STRESS ANALYSIS TECHNIQUES

RESULTS FROM MORE COMPLEX FINLTE ELEMENT.

TECHNIQUES ARE. CONSISTENT WITA SIMPLIFIED SOLUTIONS
~

COMBINING THE USE OF ELASTIC - PERFECTLY PLASTIC

RULES AND USING STRESS CONCENTRATION EFFECTS.
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DISC LOADINGS
1

3

1. BLADING CENTRIFUGAL FORCE (RIM L0AD)..

,

.

,

2. DISC. CENTRIFUGAL FORCE.

3. SHRINKFIT.:
.

i
*

; 4. THERMAL LOADING.

i

'

5. TORQUE LOADING.
-

.

b

6. PRESSURE LOADINGS.

.
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DESIGN CONSTRAINTS - ROTATIONAL LOADS

(RIM LOAD, DISC CF, SHRINK FIT)

'\
,.

*)/ - RATIO OF FAILURE SPEED TO DESIGN SPEED.([) -

Wd

"j/g(p RATIO 0F SPEED FOR INCIPIENT SORE PLASTIC- -

RESPONSE TO DESIGN SPEED.
.

fh- lie -- RATIO OF SPEED AT WHICH LOSS OF FIT OCCURS
-

a,

d

TO DESIGN SPEED.

d) 9f'20 - RATIO OF FACTORY OVERSPEED TO DESIGN SPEED.--

d

(h -. - RATIO ,0F MAXIMUM SHAFT EFFECTIVE STRESS AT

STANDSTILL TO SHAFT YIELD STRESS.
.
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DESIGfl CONSTRAINTS

THERMAL STRESS

1. PREVENT LOSS OF FIT AT OPERATING SP,EED.

PREVENT FRETTING*

PREVENT CHANGE IN TORSIONAL NATURAL FREQUENCY.

AND RESPONSE
.

PREVENT CHANGE IN LATERAL NATURAL FREQUENCY*

AND RESPONSE

2. CONSTRAIN ROTATION OF DISC RIM.

PRESERVE BLADE PATH AXIAL CLEARANCES*

DETERMINE PROPE.1 COLD CLEARANCE SETTINGS*

.

TORouE LOADING

1. SHRINK FIT NOT RELIED UPON TO TRANSMIT TORQUE.

2. KEYS ARE DESIGNED TO TRANSMIT ENTIRE TORQUE LOAD.

t
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MATERIALS RELATED FACTORS IN STRESS

CORROSION INCLUDING BRITISH EXPERIENCE

B. B. Seth
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MATERIALS RELATED FACTORS

A. MAJOR

1. ENVIRONMENT ', .-

2. TEMPERATURE .

3. COMPOSITION

4. MATERIAL STRENGTH

.

! 3. POSSIBLE'0THERS

1. EMBRITTLEME!lT

2. PRIOR LOADING HISTORY
'

3. FATIGUE INTERACTION
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