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STEAM CHEMISTRY CONSIDERATIONS

0. Jonas



SECONDARY WATZR AND STEAM CHEMISTRY
VERSUS

TURBINE CORROSION



Chemical Transfer in PWR Systems, wwee s s
Secondary Side: R-SG OTSG

Solutes From Dey Steam
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Steam to Water

m Mosture

MSRH LP Turhine Condenser
Precipitation and Separation of Gases
Deposition From MSR Dran In Leakage of Cooling
Dry Steam  MCR Drain \e'ON‘DW" Water and Aur
\\ —3 | Hotwell
Separation of -
Solubles From 9":"9 and
. Viastuig on
Steam 1o Water Raans
Dryw ‘ ,’ Flush Evaporation Tubes
' .
Woriers. :"‘:"?'C:""‘ During Condensate
Dissolving . —— Pulups
Dy Steam
Pumping Forward
| of Separated Condensate
Sotubles Demunerahizers
ﬂ Hemaval of
OISG Impusies
Deposition
of Suspended
Soluks
Bouler Leakage of
' Feed Pumps Booster N OM.Sa, 1
Low Pressure Pumps
High Pressie Heaters N Cheomeat
Heaters Feed

HP Heater Dians LP Heater Diaws



Precipitation and
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INFORMATION AVAILABLE

BLOWDOWN CHEMISTRY: MOST UNITS WITH RECIRCULATION
STEAM GENERATORS

FEEDWATER CHEMISTRY: PARTIAL FOR UNITS WITH ONCE
THROUGH STEAM GENERATORS

HP STEAM CHEMISTRY: RECALCULATED FROM BLOWDOWN OR
FEEDWATER

DEPOSIT CHEMISTRY: 12 UNITS

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 9
Root Cr,Fe,V,All C1,C, 8
Bl R 31,4
B Recirc, | Disk Keyway Fe,Na,C1,4 Si,C OH
C Recirc. Disk 0D Fe,Cr
D Recirc. | Disk Bore C1 [Fe Na,Ca,K,OH
E Recirc. Disk 0D Fe,Cr INa,Al,Ni Si,K,Ca
€1,C2
F Once Disk CD €1,Cr Na,C,K Al1,S1,Ca
Through
i




SUMMARY OF CHEMICAL INFORMATION FOR TWO SIMILAR UNITS WHICH

EXPTRIENCED DISK CRACKING.

0 TYPICAL 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 H2504 INGRESS

UNIT 1 UNIT 2
o REVIEW OF RECORDS HIGH C1, Na, CONDUCTIVITY

LP STEAM ANALYSIS HIGH C1, Na
1974

® WATER TREATMENT
QUESTIONNAIRE x X

e TURBINE DEPOSITS MOSTLY OXIDES -
TRACES OF C1, Na

e DIMA CHEMICAL DISK: Na, K, Ca, C1 U-BEND: C1, OH
ANALYSIS
o SODIUM ANALYSIS - 10ppb TYPICAL
25PPb MAX.

o iON CHROMATOGRAPHY
7-14-78 Na, C1, S0, -

¢ FIELD CORROSION TEST - PITTING, SCC




PRELIMINARY CONCLUSIONS

SAME CORRODENTS CAN BE IDENTIFIED IN NATER. STEAM,
DEPOSITS AND WITHIN CRACKS

CRACK INITIATION BY PITTING INDICATES PRESENCE OF
CORRODENTS

IN MOST CASES, THERE IS CORROSION IN SEVERAL COMPONENTS
OF THE SECONDARY SYSTEM

NaOH, NaCl, NapSO4, NapCQ3,Na HCO3 AND POSSIBLY HIGH
OXYGEN, NHqCl, (NHg)2504, (NHg)C0y, UNIDENTIFIED SULPHUR
AND ORGANIC COMPOUNDS, AND COMBINATIONS OF THE ABOVE ARE
THE CORRODENTS



FRACTURE MECHANICS ANALYSIS
AND EXPERIMENTAL VERIFICATION

W. @. Clark, Jr.



ANALYTICAL AND EXPERIMENTAL EVALUATION
OF STRESS INTENSITY FACTORS FOR CRACKS
AT THE BORE OF ROTATING DISCS

- PresentATION QUTLINE -

INTRODUCTION: THE PROBLEM AND PRIMARY CONSIDERATIONS

AN ANALYTICAL APPROACH: THE SUPERPOSITION METHOD OF DETERMINING
Ky (LANDES)-

EVALUATION OF STRESS GRADIENT + KEYWAY NOTCH EFFECTS:

A SIMPLIFIED APPROACH: COMBINED SHORT CRACK, LONG CRACK
SOLUTION (DCWLING)

EXPERIMENTAL VERIFICATION: SPIN BURST TESTING (SANKEY)
CRACKED NOTCH K. (NOVAK & BARSOM)
CRACKED NOTCH pa/pN (BROEK)

REQUIRED ACCURACY OF K-EXPRESSION: MATERIAL PROPERTIES
STRESS INFORMATION
BRANCHED CRACKS (LO)
MULTIPLE CRACKS

SUMMARY :
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Shalt

covrect Yor

e notch

o remote stress =2

gmdienf

® crack shape
K=112S {mra o hotch plasticity
Eaje-Crack?l Dizc Keyway

Semi-Tniinite Plate with Crack

Use of Edye-Cracked Plate K-Solution
for Turbine Disc Keyway Crack



Owg. 6375A09

Point load on an edge crack surface



F (b/a)

Curve 684210-2

b/a

K Solution for an edge crack with a point force
on the crack surface




Dwe. 6375406

Method
K=1120 yma
Cl 0cy = Keyway Maximum Stress.
C2) Ocy = Crack Tip Stress
C3) O3 = Numerical Average Stress

C4) K =1.12 obore m

C5) Bowie Correction
K=1.120boreJna Fa/r) -

Stress

'~ Keyway Maximum Stress

Bore
.~ Crack Tip Stress

Five methods used to estimate K for a crack
coming from a keyway on BB81, Disc 1
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2.6

1.8

1.0

Curve 684Z11-A

* Cl
& C2:
o C3:
¢ C4:
o C5:

!

Keyway Stress
Crack Tip Stress

Numerical Average Stress

Bore Stress(a +r)

Bowie Correction

|

.001

Disc 1

.01

Crack Depth, a, in

Comparison of K solutions from zstimation procedures with
the superposition solution —crack coming from a keyway on a BB8I,
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SUMMARY C©F APPLICARLE K=-EXPRESS/ONS

BORE
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v Stress Distribulion
« fer Solid Rotor

/ «~ R,=Notch Root Radius
- 10

Tes! Rotor Detcils



Yield Stress, ksi
ch -Fracture Toughness, ksi \/inche

S

Tempera ure, °C

Curve £57507-A
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CLosep ForMm AMALYTICAL EXPRESSIONS

s ELasTic AND PLASTIC

FINITE DiFFERENCE TECHNIQUE

e ELASTIC

FiniTE ELEMENT
¢ ELASTIC

e Erastic/PLasTiC
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SIRESS ANALYSIS TECHNIQUES

RESULTS FROM MORE COMPLEX FINITE ELEMENT
TECHNIQUES ARE CONSISTENT WITH SIMPLIFIED SOLUTIONS
COMBINING THE USE OF ELASTIC - PERFECTLY PLASTIC

RULES AND USING STRESS CONCENTRATION EFFECTS.



1,

RISC LOADINGS

BLADING CENTRIFUGAL FORCE (RIM LOAD).

Disc CENTRIFUGAL FORCE.

SHRINK FIT,

THERMAL LOADING.

TORQUE LOADING,

PRESSURE LOADINGS.



DESIGN CONSTRAINTS - ROTATIONAL LOADS

(Rim LoaD, pisc CF, SHRINK FIT)

- “,Qud = KATIO OF FAILURE SPEED TO DESIGN SPEED.

/&Q = RATIO OF SPEED FOR INCIPIENT BORE PLASTIC
RESPONSE TO DESIGN SPEED.

i 4&) = RATIO OF SPEED AT WHICH LOSS OF FIT OCCURS
TO DESIGN SPEED.,

= %@, = RATIO OF FACTORY OVERSPEED TO DESIGN SPEED.

-

- RATIO OF MAXIMUM SHAFT EFFECTIVE STRESS AT
STANDSTILL TO SHAFT YIELD STRESS.



THERMAL STRESS

1, PREVENT LOSS OF FIT AT OPERATING SPEED.
» PREVENT FRETTING

e PREVENT CHANGE IN TORSIONAL NATURAL FREQUENCY
AND RESPONSE

® PREVENT CHANGE IN LATERAL NATURAL FREQUENCY
AND RESPONSE

2. CONSTRAIN ROTATION OF DISC RIM,
¢ PRESERVE BLADF PATH AXIAL CLEARANCES

¢« DETERMINE PROPE. COLD CLEARANCE SETTINGS

TorQuE LOADING
1. SHRINK FIT NOT RELIED UPON TO TRANSMIT TORQUE.

2. Keys ARE DESIGNED TO TRANSMIT ENTIRE TORQUE LOAD,



.

MATERIALS RELATED FACTORS IN STRESS
CORROSION INCLUDING BRITISH EXPERIENCE

B. B. Seth
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MATERIALS RELATED FACTORS

A. MAJOR

ENVIRONMENT
TEMPERATURE
COMPOSITION
MATERIAL STRENGTH

R, PnsSsS HER
EMBRITTLEMENT
PRIOR LOADING HISTORY
FATIGUE INTERACTION
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CR-MO

3 A1

CR Mov

CRACK PROPAGATION RATES

RATE, MM/SEC X 108

90°¢ 130°¢
2.3-4.3 . 2.5-42
0.6-2.5 3,5-10
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AS RECEIVED CHARPY 'V’ NOTCH
DATA ADJACENT TO THE CRACKED KEYWAY

[~ t-.-—s-_,>< ] 100
0 ‘3(\9( F Lo S
Z \\X / |
3 80} ¢ 180
a. . -
b "-,
0O =
@) o
w. 60 - 160 T
g o IMPACT RATING -
(nD: FATT Y FRACTURE RATING <
| 5
% 40| {140 Z
- o
{0 S
:
o) 20 120 ¢
< ——— f—'-"/f o PN i

- L 1 X 1

-400 -300 -200 -100 0 100 200 300

TEMPERATURE DEGREES F




AT UPPER SHELF:
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Curve 55LL19-A
Rolfe-Novak Upper Shelf Charpy-KIC Correlation
NiCrMoV
FD 1196
2.0L
_ sl Kyelo, ) f=siCn/o -0
e ! W 4 NiCrMov
= MH980
= Lo} " |
g 18 Ni (180 ym  Kic T Plane strain
< 9-4-25 o~ Fracture
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5l Ow———12 NI AM 6 -.2%Yield
. e ——_ 3 1 Strength
18 Ni (250) AM Absorption
0 | ! J 1 L =
0 1 2 3 4 5 6
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/ yo /

Fig. 1 —Rolfe-Novak upper shelf charpy enerqy-KIC correlation



LOWER SHELF CORRELATION:

Kig ~ 4557

KIC FRACTUPE TOUGHNESS AT LOWEP SHELF

YIELD STRENGTH AT LOWER SHELF

YS



FATT CORRELATION:

(. UPPER SHELF Ko + LOWER SHELF K;
Sl T

Kic = FRACTURE TOUGHNESS AT FATT
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VALVES

THROTTLE/
' STOP
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<,- R , b - JL\S':NERATOR
INTERCEPTOR
VALVES A

REHEAT

SToP

VALVES

-$ REHEATER

— NORMAL GOVERNING ACTION
CONTROLS POSITION OF GOVERNOR
VALVES

FULL STROKING TAKES SEVERAL
SECONDS

—
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STOP
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56: - | INTERCEPTOR Lo
VALVES

REHEAT
STOR
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-2 REHEATER

- - GENERATOR

— NORMAL GOVERNING ACTION
“— AUXILIARY (PRE-EMERGENCY, OPC) GOVERNOR

OPERATES ON GOVERNOR AND
INTERCEPTOR VALVES

FUNCTIONS AT SMALL OVERSPEEDS
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CLOSES VALVES RAPIDLY -APPROX. 0.25 SEC.
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