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ViIBRGINIA ELECTRIC AND POWER COMPANY 80u5099 262 i

RICEMOND, VIRGINIA 23261

April 29, 1980

Darrell G. Eisenhut, Acting Director Serial No. 378
Division of Operating Reactors NO/CEN:baw

Office of Nuclear Reactor Regulation Docket Nos: 50-280
U. S. Nuclear Regulatory Commission 50~281

Washington, D. C. 20555
Dear Mr. Eisenhut:

SURRY 1 AND 2 TURBINE DISC INTEGRITY

Your letter of February 25, 1980, requested information about disc integrity
in operating Westinghouse nuclear turbines. 1In particular, your letter in-
cluded a list of "Site Specific General Questioms" and another of "Generic
Questions."

This letter will respond to the Site Specific General Questions for Vepco's
Surry Power Station, Units 1 and 2. Responses to the Generic Questions, on
the other hand, have been coordinated through a task force whose represen-
tation includes all owners of Westinghouse nuclear low-pressure turbines
and which is chaired by Mr. Wayne Stiede of Commonwealth Edison. The
consensus responses to the Generic Questions are contained in a letter of
March 14, 1980, to you from Westinghouse's J. M. Schmerling, which is
provided as Attachment 5. :

Accompanying this letter are the following documents:

Attachment 1 - Westinghouse's "Application for Withholding
Proprietary Information for Public Disclosure”

Attachment 2

Affidavit of Robert Williamson in support of
Westinghouse's Application for Withholding

Attachment 3

Vepco's Responses to Site Specific General Questions
for Surry No. 1

~ ¢« Appendix A - Westinghouse Proprietary Information referenced in
Attachrent 3.

o0\
Twenty four (24) pages of Westinghouse supplied computerp
printouts. ‘%‘;\@

Two (2) tables of calculated crack sizes

Appendix B - Surry #1 nondestructive test reports
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7 Appendix C -~ Nonproprietary version of Appendix A with proprietary
information deleted

- Attachment 4 - Vepco's Responses to Site Specific Questions for Surry
No. 2

.+« Appendix A - Westinghouse proprietary information referénced in
Attachment 4

Twenty four (24) pages of Westinghouse supplied
computer printouts

Two (2) tables of calculated crack sizes

Appendix B - Nonproprietary version‘of Appendix A with proprietary
' information deleted

Attachment 5

Westinghouse Consensus Responses to Generic Questions

The site specific respomnses contain proprietary information of the Westinghouse
Electric Corporation. 1In conformance with the requirements of 10 CFR 2,790

of the Commission's regulations, we are enclosing Attachment 1, an applica-
tion for withholding for public disclosure, and Attachment 2, an affidavit.

The affidavit sets forth the basis on which the information may be withheld
from public disclosure by the Commission. Correspondence concerning the
affidavid or application for withholding should reference AW-80-11 and

be addressed to Mr. R. Williamson, Manager, Customer Order Engineering,
Westinghouse Electric Corporation, Steam Turbine Divisions, Lester Branch,

Box 9175, Philadelphia, PA 19113, with a copy to Vepco.

Please let us know if you require additional information. We shall do our
best to cooperate.

Very truly yours,

: 7
J. H. Ferguson

Executive Vice President
Power
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Attachments:
As indicated

COMMONWEALTH OF VIRGINIA)
) S.s.
CITY OF RICHMOND )

Before me, a Notary Public, in and for the City and Commonwealth
aforesaid, today personally appeared J. H. Ferguson, who being duly sworn,
made oath and said (1) that he is the Executive Vice President-Power of
the Virginia Electric and Power Company, (2) that he is duly authorized to
execute and file the accompanying information in behalf of that Company,
(3) that to the extent the information is within the knowledge of Vepco
employees and officers it is true and correct to the best of his knowledge
and belief, and (4) that the remainder of the information has been supplied
by the Westinghouse.Electric Corporationm.

Given under my hand and notarial seal thisz4 th day of/égkgq, 1980.

My commission expires: D ars 234?)7 /‘75{] .

Notary Public




NRC 2/25/80 site specific_ general questions re
disc integrity of Westinghouse nuclear turbines.
(nonproéprietary version)

Received wth ltr dtd 4/29/80

THE ATTACHED FILES ARE OFFICIAL RECORDS OF THE
DIVISION OF DOCUME‘I\'lT CONTROL. THEY HAVE BEEN
CHARGED TO YOU FOR A LIMITED TIME PERIOD AND
MUST BE RETURNED TO: THE RECORDS. FACILITY
‘BRANCH '016. PLEASE DO NOT SEND DOCUMENTS
CHARGED OUT THROUGH THE MAIL. REMOVAL OF ANY
PAGE(S) FROM DOCUMENT FOR REPRODUCTION MUST
BE REFERRED FILE PERSONNEL. -
. REDTO FiL ’W@c‘ke’c# S50~
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» UﬁITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

MEMORANDUM FOR: TERA Corp.
FROM: Us NRC/TIDC/DistriEution Services Branch

SUBJECT: Special Document Handling Requirements

1. Please use the following sPecial distribution list for the
- attached document.

2. The attached document requires the following special
considerations:

D Do not send oversize enclosure to the NRC PDR.

D Only one oversize enclosure was received - please
return for Regulatory File storage.

@ Proprietary information - sené ,f}.ldava.t only to -
the NRC PDR ,

[] other: (specify)

Dockel # 50-' 280

[ # Boos0902€8
- mn’tml 2 of Decuments

REGULETORY BOCKET FILE

. \
) cc: DSB Flles TIDC/DSB Authorlzed Slgnature -




. | DOCKET NO. O~ REO &/
DATE:;‘S’ ii—?d

NOTE TO NRC AND/OR LOCAL PUBLIC DOCUMENT ROOMS

"The fbllowing item submitted with letter dated *' aﬁ-za

from S! g EC_@ is being withheld from public

disclosure in accordance with Seétion 2.790.

. PRCPRIETARY INFORMATION

Wteari+y ofF
TAR Y Y & Ty bi/es

olé

‘ _ Distribution Service's Branch




Attachment 1
g AW-80-11
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March 14, 1380

parrell G. Eisenhut

Division of Operating Reactors
office of Nuclear Reactor Regulation
US Nuclear Regulatory Commission
Washington DC 20555

APPLICATION FOR WITHHOLDING PROPRIZTARY
INFORMATION FROM PUBLLC DISCLOSURE

Subject: North Anna #1 Docket #50-338
Information in Response to NRC Request for Ianformatioun of
February 25, 1980, Relative to Low Pressure Turbine Disc
Integrity.

Referance: Appendix A letrter from C. M. Stallings to Eisenhut, dated
3/19/80

Dear Mr. Eisenhut:

This application for withholding is submitted by Westinghouse Zlectric
Corporation ("Westinghouse') pursuant to the prov1=10ns of paragraph (b)(1)
of Section 2.790 of the Commission's regulaticns. Withholding from public
disclosure is requested with respect to the subject information which is
further identified in the affidavict accompanyiag this application.

The undersignad has

raviewed the information socught to be withhsald and
authorized to apovly for it

is
s withholding on behalf of Westinghousz, STG~ICD.

The affidavit accompanying this application sests forth the basis on which the
information may be withheld from public disclosure by the Commission and
addresses with specificity the considerations listed in paragraph (b)(4) of
Section 2.790 of the Commission's regulations.

Accordingly, it is respectfully requested that the subject information which
is proprietary to Westinghouse and which is further identified in the affi~
davit be withheld from public disclosure in accordance with 1CGCTR Section

2.790 of the Commission's regulations.

CorrespOndnn"Q with respect to this application for witihholding or the accoau—
panying affidavit should be addressed to the undersigned.

Very truly yours,

AN
R L
AR A . e ,.,/~./..-__:_,-,n./f"" -

R. Williamson, Manager -
Customer Order Engineering
Westinghouse Electric Corporatica



. Attachment 2
\ Ref: AW-80-11

AFFIDAVIT

COMMONWEALTH OF PENNSYLVANIA
COUNTY OF DELAWARE:

Before me, the undersigned authority, personally appeared Robert
Williamson, who, being bty me duly sworn accoﬁding to law, deposes and
says that he is authorized to execute this Affidavit on behalf of
Westinghouse Electric Corporation ("Westinghouse") and that the
averments of fact set forth in this Affidavit are true and corﬁect to

the best of his knowledge, information, and belief:

N
: ‘. .,
Yo o

L_r“(,f,..—’{ R R B )

Robert Williamson, Manager
Customer Order Engineering
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1)

(2)

(3)

(4)

I am Manager, Customer Order Engineering in the Steam Turbdine
Generator Technical Operations Division of Westinghouse Electric
Corporation and'as such, I have been specifically delegated the
function of reviewing the proprietary information sought to be
withheld from public disclesure in connection with nuclear power
plant licensing, and am authorized to apply for its withholding on

behalf of the Westinghouse Power Generation Divisions.

I am making this Affidavit in conformance with the provisions of
10 CFR Section 2.790 of the Commission's regulations and in
conjunction with the Westinghouse application for withholding

accompanying this Affidavit.

I have personal knowledge of the criteria and procedures utilized
by Westinghouse Power Generation Divisions in designating informa-
tion as a trade secret, privileged or as cenfidential commercizl or

financial information.

Pursuant to the provisions of paragraph (b)(4) of Section 2.7%0 of
the Commission's regulations, the following is furnisned for con-
sideration by the Commission in determining whether the informatiocn

sought to be withheld from public disclosure should be withheld.

(1) The information sought toc be withheld from public disclosure

is owned and has been held in confidence by Westinghbuse.

(ii) The information is of a type custcmarily held in confidence
by Westinghouse ahd not customarily disclosed to the pub-
lic. Westinghouse has a rational basis for determining the
types of information customarily held in confidence by it
and, in that connection, -:tilizes a system to determine whzan
and whether to hold certain types of information in cohfi-
dence. The application of that system and the substance of
that system constitutes Westinghouse policy and provides the

rational basis required.




\
Under that system, information is held in confidence if it |

falls in one or more of several types, the release of which
' might result in the loss of an existing or potential com-

petitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a
process (or component, structure, tool, method, etc.)
where prevention of its use by any of Westinghouse's
competitors without license from Westinghouse consti-
tutes a competitive economic advantage over other

companies.

(b) It consists of supporting data, including test data,

relative to a process (or compenent, structure, tocl,

ATLYOR IV ot o, et o ay  am emma

method, ete.), the application of which data secures a
competitive economic advantage, €.8., by optimization

or improved marketability.

. (c) Its use by a competitor would reduce his expenditure of

Bt EEIT R R P R

resources or improve his competitive position in the
design, manufacture, shipment, installation, assurance

of quality, or licensing a similar Product.

\
‘ ) .
(d) It reveals cost or price informaticn, production capac-~ .
ities, budget levels, or commercia] strategies of West- o

- inghouse, its Customers or suppliers.

(e) It reveals aspects of past, present, or future Westing- : !
house or customer funded development plans and programs A
of potential commercial value to Westinghouse.

(£f) It contains patentable ideas, for which patent protec- ’ %

tion may be desirable.

v (g) It is not the Property of Westinghouse, but must be
treated as proprietary by Westinghouse according to

agreements with the owner.

L o, - Y e {1 0 T 3ty vy b e e e « .
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(n) Public disclosure of this information would allow un-
fair and untruthful judgments on the performance and
reliability of Westinghouse equipment components and
improper comparison with similar components made by

competitors.

There are sound policy reasons behind the Westinghouse

system which include the following:

(a) The use of such information by Westinghouse gives West-
inghouse a ccmpetitive advantage over its competitors.
It is, therefore, withheld from disclosure to protect

the Westinghouse cbmpetitive position.

(b) It is information which is marketable in many ways.
The extent to which such information is availzble to
competitors diminishes the Westinghouse zbility to sell

products and services involving the use of the

information.

(¢) Use by our competitor would put Westinghouse at a2 com-
petitive disadvantage by reducing his expenditures of

resources at our expense.

(d) Each component of proprietary information pertinent to
a particular competitive advantage is potentially as
valuable as the total competitive advantage. If com-
petitors acquire components of proprietary information,

‘any one component may be the key to the entire puzzle,
thereby depriving Westinghouse of a competitive

advantage.

(e) Unrestricted disclosure would jeopardize the position
of prominence of Westinghouse in the world market, and

thereby give a market advantage to the competition in

those countries.
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(f) The Westinghouse capacity to' invest corporate assets in
research-and development depends upon the success in

obtaining and maintaining a competitive advantage.

(iii) The information is being transmitted to the Commission in
confidence and, under the provisions of 10 CFR Sec-
tion 2.750, it is to be received in confidence by the

Commission.

(iv) The information is not available in public sources to the

best of our knowledge énd belief.

(v) The-proprietary information sought to be withheld in this
submittal is that which is appropriately marked ip Appen-
dix A to letter from C. M. Stallings to
Eisenhut, dated March 19, 1980 concerﬁing infor-
mation in response to NRC request for information of
February 25, 1980, relative to low pressure turbine disc

integrity.
The information enables Westinghouse to:

(a) Develop test inputs and procedures to satlsfactorlly

verify the design of Westinghouse supplied equipment.
(b) Assist its customers to obtain licenses.

Further, the information has substantial commercial value as

follows.

(a) Westinghouse can sell the use of this information to

customers.

(v) Westinghouse uses the information to verify the design

of equipment which is sold to customers.



(¢} VWestinghouse can sell services based upon the exper-
ience gained and the test equipment and methods

developed.

Public disclosure of this information is likely to cause
substantial harm to the competitive position of Westinghouse
because it would enhance the ability of competitors to
design, manufacture, verify, and sell electrical equipment
for commercial turbine-generators without commensurate
expenses. Also, public disclosure of the information would
enable others having the same or similar equipment to use
the information to meet NRC requirements for licensing
documentation without purchasing the right to use the

information.

The development of the equipment described in part by the
information is the result of many years of development by
Westinghouse and the expenditure of a considerable sum of

money.

This could only be duplicated bty a competitor if he were to
invest similar sums of money and provided he had the appro-
priate talent available and could somehow obtain the requi-

site experience.

Further the deponent sayeth notl.



Attachment 3

SURRY 1

Vepco's Responses to
SITE SPECIFIC GENERAL QUESTIONS
on Turbine Disc Integrity
Surry Power Station, Unit 1

I. Provide the following information for each LP turbine:

I.A. Turbine type

The Virginia Electric and Power Company Surry No. 1
unit has one tandem compound four flow, three casing,
condensing, 1800 rpm turbine using 44-inch las;—row blades in
each low-pressure element. The low-pressure element is °
designated a Building Block 81.
I.B. Number of hours of operation for each LP turbine at

time of last turbine inspection or if not inspected,
postulated to inspection

The number of hours of operation from beginning of
operation until February 19, 1980, when the current outage

began, is 38,915.

I.C. Number of turbine trips and overspeeds

There have been eighty (80) turbine trips. There
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have been seven (7) overspeeds, all of them intentional for the

purpose of verifying the overspeed setpoint.

I.D. For each disc:

I.D.1. Type of material including material
specifications

The material is Ni-Cr-Mo-V steel similar to
ASTM-A-471., The minimum yield strength specified for each disc
is given in Section Bl of Appendix A to this Attachment 3.

I.D.2. Tensile properties data

Tensile properties data of tests taken from the
disc hub and rim material are given in Sections B and C,
respectively, of Appendix A to this Attachment 3.
I1.D.3. Toughness properties data including Fracture

Appearance Transition Temperature and upper
energy and temperature

Toughness properties for the disc hub and rim
are given in Sections B and C, respectively, of Appendix A to
this Attachment 3. The upper shelf energy is not presented in
this Attachment 3 when it is the same as the room temperature

energy.

1/Note that the first 24 pages of Appendix A consist of
Westinghouse computer print-outs, each with separate sections A
through G. (For example, Section A is "Unit Identification.")
It is to those sections we refer when we cite, for example,
Section B of Appendix A to Attachment 3.
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I.D.4. Keyway temperatures

The keyway temperatures are presented in Section
G of Appendix A to this Attachment 3. The temperatures given
are the calculated temperatures two inches from the exhaust
face of the disc at the bore during full-load operation with
all moisture separator reheaters in service.

I.D.5. Calculated keyway crack size for turbine
time specified in "B" above

The calculated maximum keyway crack size is
designated item G-3, in keeping with the notation suggested by
Westinghouse, and is found in Appendix A to this Attachment 3.
G-3 is calculated by multiplying the number of hours of
operation (see I.B above) by the crack growth rate da/dt. The
crack growth rate 1is calculated as described in the response to
I.D.8 below.

I.D.6 Critical crack size

The critical crack size at 1800 rpm and at
design (120%) overspeed is given in Section F of Appendix A to
this Attachment 3.

I.D.7. Ratio of calculated crack to critical crack
sizes

The ratio of calculated crack size to critical
crack size, a/acr(eff), is designated G-4 and given in Appendix
A to this Attachment 3. This number is calculated simply by

dividing item G-3 by item F-2.
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I.D.8. Crack growth rate

The crack growth rate is given as G-2' in
Appendix A to this Attachment 3. These crack growth rates are
the maximum expected rates based on known cracks to date.

Westinghouse has changed the basis for
determining these rates to use the NRC "gray book" operating
hours. The NRC value for the crack growth rate is given as
item G-2 on the computer print-outs (first 24 pages of Appendix
A to this Attachment 3). éecause Westinghouse's crack growth
rates over the relevant range are consistently larger than the
NRC values, however, the G-2 numbers from the print-outs have
been multiplied by a factor, provided in Appendix A, to yield
the more conservative G-2' figures, which are also given in
Appendix A.

Westinghouse's opinion is that the crack growth
rate of disc numbers 1 and 6 for Surry 1 should be assumed to
be zero because these discs operate dry under normal
conditions. However, to be conservative (and consistent with
the calculations for the other discs), Vepco has calculated a
crack size for disc numbers 1 and 6, using the same methods as
for the other discs.

I.D.9. Calculated bore and keyway stress at
operating speed and design overspeed

The bore tangential stresses at 1800 rpm and at

design overspeed are given in Section E of Appendix A to this
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Attachment 3. The values presented include the stresses due to
shrink fit and centrifugal force loads only. 2dditional
analysis to include thermal stresses and pressure stresses are
being made but are not yet available.

Westinghouse has not provided the keyway
stresses, because Westinghouse's analysis assumes that the
keyway is part of the crack, and so the only significant stress
is the bore stress.

I.D.10. Calculated K data

1c

The fracture toughness,

KIC’ of each disc is
calculated from the Charpy v-notch and tensile data. The
values, presented in Sections B and C of Appendix A to this
Attachment 3, are calculated at the upper shelf temperature or

room temperature, whichever gives the lower result.

I.D.11. Minimum yield strength specified for each
disc

The values for minimum yield strength are

presented in Section B of Appendix A to this Attachment 3.

IT. Provide details of the results of any completed inservice
inspection of LP turbine rotors, including areas examined
since issuance of an operating license. For each
indication detected, provided details of the location of
the crack, its orientation, and size.

Surry Unit 1 was put into service2 in 1972, and the LP

2/Initial criticality July 1, 1972; first commercisal
operation July 7, 1972; full thermal output December 22, 1972.
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turbines were recently inspected (February 27 - March 10,
1980). A Westinghouse field inspection team ultrasonically
inspected the LP rotors (#1 LP 1323291, #2 LP 13A3292) for disc
cracks. The inspection method used was ultrasonic inspection
of discs 1 through 6, both ends on each rotor, and an
ultrasonic 360° scan on the outlet and inlet side of each disc.
The inspection results for both rotors showed no indications of
disc cracks. 1In addition, pertinent non-destructive test
reports that were done in May 1978 and March 1980 are provided
as Appendix B to Attachment 3.

III. Provide the nominal water chemistry conditions for each
LP turbine and describe any condenser inleakages or other
significant changes in secondary water chemistry to this
point in its operating life. Discuss the occurrence of

cracks in any given turbine as related to history of
secondary water chemistry in the unit.

See the enclosed report on "Surry #1 Secondary System
Chemistry."
IV. 1If your plant has not been inspected, describe your

proposed schedule and approach to ensure that turbine
cracking does not exist in your turbine.

Both LP rotors were recently inspected by a Westinghouse
field inspection team, and the ultrasonic inspection report
stated that there was no indication of disc cracking. Vepco's
approach to ensure that unacceptable cracking does not occur in
the future is based on calculations of the ratio a/a (eff) for

the worst-case disc in order to be sure that this ratio remains
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less than unity. A calculation to determine the number of
hours that the worst-case disc (disc no. 1, generator end, LP
2) could operate before a/acr(eff) became unity, using the
values of acr(eff) and da/dt from Appendix A to this Attachment
3, yields a result of 19,836 hours.
V. If your plant has been inspected and plans to return or

has returned to power with cracks, provide your proposed

schedule for the next turbine inspection and the basis
for this inspection schedule.

The plant was recently inspected and all turbine discs

were found to be free of cracks.

VI. Indicate whether an analysis and evaluation regarding
,turbine missiles have been performed for your plant and
provided to the staff. If such an analysis and
evaluation has been performed and reported, please
provide appropriate references to the available
documentation. In the event that such studies have not
been made, consideration should be given to scheduling
such an action.

An analysis of the turbine missile risk for Surry 1 has
been done and provided to the Staff. The analysis can be found
in the Final Safety Analysis Report, Supplemental Volume 2,

S14.9 dated 10-15-70.




Westinghouse
Proprietary

Surry 1 Secondary System Chemistry

Secondary system chemistry data for Surry Power Station
from 1973 through 1979 was reviewed.

Operating specifications, as supplied by Westinghouse
Electric Corporation, are shown in Tables I through IV. Prior
to January 1975, this unit was operated with a coordinated
phosphate treatment for corrosion inhibition control of the
secondary side. The sodium/phosphate molar ratio, as per
Westinghouse's criteria, varied from 2.0 to 2.6, 2.2 to 2.6 and
2.4 to 2.6. All Volatile Treatment was thereafter initiated
using ammonium hydroxide, cyclohexylamine or morpholine for pH
control. This unit has experienced condenser inleakage.
Condenser cooling water is brackish.

A synopsis of the chemistry review follows.

Surry Unit No. 1

- Utilized coordinated phosphate treatment control.
- Table I denotes specifications.
- Main steam average pH was 9.00+ 0.2 with the

maximum being 10.02. Total average conductivity
was 3.8 + 0.5 mmhos.




Condenser sodium was not routinely analyzed.
Condenser inleakage was experienced approximately
50% of the operating time.

Utilized coordinated phosphate treatment control.
Table I denotes specifications.

Main Steam average pH was 9.00 + 0.2 with the

maximum being 10.20. Total average conductivity was 4.0 +

1.0 mmhos.

Condenser sodium was 0-10 ppb, 50%; 10-100 ppb,
45%; and greater than 100 ppb, 5% of the time.

Condenser inleakage occurred approximately 75% of
the operating time.

Utilized all volatile treatment control u51ng
ammonia and hydrazine.

Tables II and III denote specifications.
Main steam average pH was 8.80 + 0.2 with the
maximum being 9.60. Total average conductivity was

5.0 mmhos.

Condenser sodium was 0-10 ppb, 50%; 10-100 ppb,
45%; and greater than 100ppb, 5% of the time.

Blowdown chemistry specifications were maintained
approximately 25% of the time.

Condenser inleakage occurred approximately 80% of
the operating time.

Utilized all volatile treatment control using
cyclohexylamine and hydrazine.

Tables II and III denote specifications.




Main steam average pH was 9.5 + 0.2 with the
maximum being 10.20. Total average conductivity
was 10.0 mmhos.

Condenser sodium was 0-10 ppb, 50%; 10-100 ppb,
49%; and greater than 100 ppb, 1% of the time.

Blowdown chemistry specifications were maintained
approxiately 25% of the time.

Condenser inleakage occurred approximately 80%
of the operating time.

Utilized all volatile treatement control using
morpholine and hydrazine.

Tableés TII and III denote specifications.
Main steam average pH was 9.1 + 0.2 with the
maximum being 10.10. Total average conductivity

was 5.0 mmhos.

Condenser sodium was 0-10 ppb, 65%, 10-100 ppm:
34%; and greater than 100 ppb, 1% of the time.

Blowdown chemistry specifications were maintained
approximately 30% of the time.

Condenser inleakage occurred approximately 75% of
the operating time. .

Utilized all volatile treatment control using
morpholine and hydrazine.

Tables II, III and IV denote specifications.
Main steam average pH was 8.9 + 0.2 with the
maximum being 9.60. Total average conductivity was

4.0 mmhos.

Condenser sodium was 0-10 ppb, 75%; 10-100 ppb,
24%; and greater than 100 ppb, 1% of the time.




Blowdown chemistry specifications were maintained
approximately 40% of the time.

Condenser inleakage occurred approximately 60% of
the operating time.

Utilized all volatile treatment control using
morpholine and hydrazine.

Tables II, III and IV denote specifications.

January 2, 1979 - March 15, 1979

Main steam average pH was 9.0. Total average
conductivity was 3.0 mmhos.

Condensate sodium was 0-10 ppb, 98%; and 10-100
ppb, 2% of the time.

Blowdown chemistry specifications were maintained
80-85% of the time.

Condenser inleakage occurred approximately 10% of
the operating time.

October 24, 1979 - December 19, 1979

Main steam average pH was 9.0. Total average
conductivity was 3.0 mmhos.

Condensate sodium was 0-10 ppb, 85%; 10-10C ppb,
14%; and greater than 100 ppb, 1% of the time.

Blowdown chemistry specifications were maintained
approximately 75% of the time.

Condenser inleakage occurred approximately 15% of
the operating time.







COORDINATED PHOSPHATE CONTROL

PH at 25°C
Phosphate, ppm

Blowdown Rate, gpm

Free Hydroxide
Dissolved Oxygen, ppm

Hydrazine, ppm

Chloride, ppm

TDS, ppm

Susp. Solids, ppm
Iron &.Copper, prm

Silica, ppm

POWER OPERATION

FEEDWATER

8.9 - 9.2
NA

NA

NA
less than 0.005

greater than
0.01 residual

NA
NA
NA
less than 0.01

NA .

BLOWDOWN

8.5 - 10.6
25-80

greater than 5
{continuous)

Zero
less than 0.005

NA

less than 75

less than 125
less than 5.0
less than 5.0

less than 5.0



ALL VOLATILE TREATMENT

TABLE IT

POWER OPERATION

BLOWDOWN
pPH at 25°C 8.5 - 9.0
Free Hydroxide as ppm CaCO3 less than 0.15
Cation Cond., mmhos at 25°C less than 2.0
Sodium, ppm less than 0.10
Chloride, ppm less than 0.15
Ammonia, ppm less than 0.25
Diss. Oxygen, ppm less than 0.005
Silica, ppm less than 1.0

Suspended Solids, ppm less than 1.0




TABLE IIT

LIMITING AVT SPECIFICATIONS FOR
POWER OPERATIONS - BRACKISH WATER SITES

BLOWDOWN
Two Weeks 24 Hours Immediate
PH at 25°C xg.0 - 9.21 NA <8.0 or 9.4t
Cation Cond., >*2.0 but <120 N2 > 120
mmhos at 25°C -
Free Hydroxide, NA 2 >0.15 but >1.0
ppm as CaCO, <1.0

*Instrumented Measurement Recommended.
N/A Not Applicable.

Comment: Operation beyond the normal AVT specifications
is limited as indicated above. Corrective
action including shutdown, if necessary, is
recommended within the time periods as
applicable.

1/An increase of 0.4 pH units to the normal control pH

limit of 9.0 will result from a Free Hydroxide concentration of
1.0 ppm as CaCO,. However, pH is not intended to be the Free
Hydroxide determinant.

2/No relief for Free Hydroxide over and above the Normal
Operating Control Limit is provided for periods in excess of 24
hours.



TABLE IV

Steam Generator Blcowdown AVT Specification

Chemistry Parameter Control Expected
pH at 25°C 8.5 - 9.0% 8.5 - 9.0"
Free Hydroxide as ppm CaCO3 0.15 <0.15
Cation Cond., mmhos/cm at 25°C 2.0 <2.0
Chloride, ppm NA < 0.152
Sodium, ppm NA <0.1
NH3, ppm NA <0.25
Dissolved Oxygen, ppb NA <5

SiOZ, PPm NA <1.0
Suspended Solids, ppm NA <1.0
Blowdown Rate, gpm/Steam Generator As requred to maintain

control parameters.
Continued operation with known chloride ingress even through
blowdown permits observance of the normal specification is not
recommended. The cause of the contamination should be
corrected. Continuous monitoring of the blowdown is essential

if chloride exposure is to be minimized.

1/To be maintained with morpholine at sea and brackish water
sites.

2/Chloride ion concentration is limited by cation
conductivity. Confirmatory analysis for chloride is required.



Response to OFF Normal Conditions (Continued from Table IV)

- Sea or brackish Water Plants

As stated above, field and laboratory data reveal that even low
bulk water chloride concentrations can produce denting.

Further, plant operating histories suggest the chloride effect

may be cumulative.
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Attachment 4
SURRY 2

Vepco's Responses to
SITE SPECIFIC GENERAL QUESTIONS
on Turbine Disc Integrity '
Surry Power Station, Unit 2

I. Provide the following information for each 'LP. turbine:

I.A. Turbine type

The Virginia Electric and Power Company Surry‘No. 2
unit has one tandem compound four flow, three casing,
condensing, 1800 rpm turbine using 44-inch last-row blades in -
each low-pressure element. The low-pressure element is
des%gnated a Building Block 81.

I.B. Number of hours of operation for each LP turbine at

time of last turbine inspection or if not inspected,
postulated to inspection

The number of hours of operation from beginning of
operation until February 24, 1979, when the current outage

began, 1is 33,996.

I.C. Number of turbine trips and overspeeds
There have been fifty (50) turbine trips. There has
been one (1) overspeed, which was intentional for the purpose

of verifying the overspeed setpoint.



I.D. For each disc:

I.D.1. Type of material including material
specifications

The material is Ni-Cr-Mo-V steel similar to
ASTM~A-471. The minimum yield strength specified for each disc
is given in Section Bl of Appendix A to this Attachment 4.

I.D.2. Tensile properties data

Tensile properties data of tests taken from the
disc hub arnd rim material are given in Sections B and C,
respectively, of Appendix A to this Attachment 4.
I.D.3. Toughness properties data including Fracture

Appearance Transition Temperature and upper
energy and temperature

Toughness properties for the disc hub and rim
are given in Sections B and C, respectively, of Appendix A to
this Attachment 4. The upper shelf energy is not presented in
this Attachment 4 when it is the same as the room temperature
energy.

I.D.4. Keyway temperatures

The keyway temperatures are presented in Section
G of Appendix A to this Attachment 4. The temperatures given

are the calculated temperatures two inches from the exhaust

1/Note that the first 24 pages of Appendix A consist of
Westinghouse computer print-outs, each with separate sections A
through G. (For example, Section A is "Unit Identification.™)
It is to those sections we refer when we cite, for example,
Section B of Appendix A to Attachment 3.
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face of the disc at the bore during full-load operation with

all moisture separator reheaters in service.

I.D.5. Calculated keyway crack size for turbine
specified in "B" above

~

The calculated maximum keyway crack size is
designated item G-3, in keeping with the notation suggested by
Westinghouse, and is found in Appendix A to this Attachment 4.
G-3 is calculated by multiplying the number of hours of
operation (see I.B above) by the crack growth rate da/dt. The
crack growth rate is calculated as described in the response to.
I.D.8 below.

I.D.6 Critical crack size

The critical crack size at 1800 rpm and at
design (120%) overspeed is given in Section F of Appendix A to
this Attachment 4.

I.D.7. Ratio of calculated crack to critical crack
sizes

The ratio of calculated crack size to critical
crack size, a/acr(eff), is designated G-4 and given in Appendix
A to this Attachment 4. This number is calculated simply by
dividing item G-3 by item F-2.

I.D.8. Crack growth rate

The crack growth rate is given as G-2' in
Appendix A to this Attachment 4. These crack growth rates are

the maximum expected rates based on known cracks to date.
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Westinghouse has changed the basis for
determining these rates to use the NRC "gray book" opersting
hours. The NRC value for the crack growth rate is given as
item G-2 on the computer print-outs (first 24 pages of Appendix
A to this Attachment 4). Because Westinghouse's crack growth
rates over the relevant range are consistently larger than the
NRC values, however, the G-2 numbers from the print-outs have
been multiplied by a factor, provided in Appendix A, to yield
the more conservative G-2' figures, which are also given in
Appendix A.

Westinghouse's opinion is that the crack growth
rate of disc numbers 1 and 6 for Surry 2 should be assumed to
be zero because these discs operate dry under normal
conditions. However, to be conservative (and consistent with
the calculations for the other discs), Vepco has calculated a
crack size for disc numbers 1 and 6, using the same methods as
for the other discs.

I.D.9. Calcuiated bore and keyway stress at
operating speed and design overspeed

The bore tangential stresses at 1800 rpm and at
design overspeed are given in Section E of Appendix A to this
Attachment 4. The values presented include the stresses due to
shrink fit and centrifugal force loads only. Additional
analysis to include thermal stresses and pressure stresses are

being made but are not yet available,.
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Westinghouse has not provided the keyway
stresses, because Westinghouse's analysis assumes that the
keyway 1is part of the crack, and so the only significant stress
is the bore stress.

I.D.10. Calculated KIC data

Thé fracture toughness,

KIC’ of each disc is
calculated from the Charpy v-notch and tensile data. The
values, presented in Section B and C of Appendix A to this

" Attachment 4, are calculated at the upper shelf temperature or

room temperature, whichever gives the lower result.

I.D.11. Minimum yield strength specified for each
disc

The values for minimum yield strength are

presented in Section B of Appendix 2 to this Attachment 4.

II. Provide details of the results of any completed inservice
inspection of LP turbine rotors, including areas examined
since issuance of an operating license. For each
indication detected, provided details of the location of
the crack, its orientation, and size.

Surry Unit 2 was pﬁt into service2 in 1973, and a
Westinghouse inspection team ultrasonically inspected the Surry
2 LP rotors 13A3295. (LP1) and 1323296 (LP2) at the Westinghouse
Charlotte plant in September 1979, The inspection method used

at that time was to inspect ultrasonically all keyways on discs

2/Initial criticality March 7, 1973; first commercial
operation March 11, 1973; full thermal output May 1, 1973.
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’ 1 and 2, both ends of each rotor, and to perform an ultrasonic
360° scan on the outlet side of each disc. The inlet scan was
completed at the Surry Station in January 1980.

The inspection results for discs 1 and 2 are as follows:

# 1 LP - Disc #1 Gov. End No Indications
Disc #1 Gen. End No Indications
Disc #2 Gov. End No Indications
Disc %2 Gen. End .360" Deep
Indication (Keyway
42)3
# 2 LP - No Indications

Both rotors were unsﬁacked (discs 3, 4, 5, and 6) at
Charlotte in the summer and fall of 1979. During this time,
. new no. 3 discs were instailed and nos. 4, 5 and 6 were
restacked. Magnetic particle inspection of the unstacked
discs: including the original no. 3 disc, which was scrapped,

are as follows:

#1 LP - Disc #3, 4, 5 & 6 Gov. End No Indications
Disc #3, 4, 5 & 6 Gen. End No Indications
#2 LP - Disc #4, 5 & 6 Gov. End No Indications
Disc #3, 4, 5 & 6 Gen. End No Indications

3/The #1 LP, Disc #2, Generator End with .360" deep
indication (Keyway #2) was repaired.
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Disc #3 (scrapped) Gen. End .300" Deep
Indication
(Reyway 2)4

III. Provide the nominal water chemistry conditions for each
LP turbine and describe any condenser inleakages or other
significant changes in secondary water chemistry to this
point in its operating life. Discuss the occurrence of
cracks in any given turbine as related to history of
secondary water chemistry in the unit.

See the enclosed report on "Surry #2 Secondary System
Chemistry."
IV. TIf your plant has not been inspected, describe your

proposed schedule and approach to ensure that turbine
cracking does not exist in your turbine.

Both LP rotors were recently inspected as explained in
response to question II above. Vepco's approach to ensure that
unacceptable cracking does not occur in the future is based on
calculations of the ratio a/acr(eff) for the worst-case disc in
order to be sure that this ratio remains less than unity. A
calculation to determine the number of hours that the
worst—-case disc (disc no. 1, governor end, LP 1) could operate
before a/acr(eff) became unity, using the values of acr(eff)
and da/dt from Appendix A to this Attachment 4, yields a result

of 29,098 hours.

4/The #2 LP, Disc #3, Generator End with .300" deep indication
(Keyway #3) was replaced.
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V. If your plant has been inspected and plans to return or

has returned to power with cracks, provide your proposed
schedule for the next turbine inspection and the basis
for this inspection schedule.

The plant was recently inspected and all defects were

corrected.

VI. Indicate whether an analysis and evaluation regarding
turbine missiles have been performed for your plant and
provided to the staff. If such an analysis and
evaluation has been performed and reported, please
provide appropriate references to the available
documentation. 1In the event that such studies have not
been made, consideration should be given to scheduling
such an action.

An analysis of the turbine missile risk for Surry 2 has
been done and provided to the Staff. The analysis can be found
in the Final Safety Analysis Report, Supplemental Volume 2,

S14.9 dated 10-15-70.



Westinghouse
Proorietary

Surry 2 Secondary System Chemistry

Secondary system chemistry data for Surry Power Station
from 1974 through 1979 was reviewed.

Operating specifications, as supplied by Westinghouse
Electric Corporation, are shown in Tables I through IV. Prior
to January 1975, these units were operated with a coordinated
phosphate treatment for corrosion inhibition control of the
secondary side. The sodium/phosphate molar ratic, as per
Westinghouse's criteria, varied from 2.0 to 2.6, 2.2 to 2.6 and

. 2.4 to 2.6. All Volatile Treatment was thereafter initiated
using ammonium hydroxide, cyclohexylamine or morpholine for pH
control. This unit has experienced condenser inleakage.
Condenser cooling water is brackish.

A synopsis of the chemistry review follows.

Surry Unit No. 2

- Utilized coordinated phosphate treatment control.
- Table I denotes specifications.
- Main steam average pH was 9.00 + 0.2 with the

maximum being 9.65. Total averge conductivity was
4.5 mmhos.




"Condensate sodium was 0-10 ppb, 47%; 10-100 ppb,

49%; and greater than 10 ppb, 3% of the time.

Blowdown chemistry specifications were maintained
approximately 80% of the time.

Condenser inleakage occurred approximately 75% of
the operating time.

Utilized all volatile treatment control using
ammonium hydroxide and hydrazine.

Tables II and III denote specifications.

Main steam average pH was 8.90 + 0.2 with the
maximum being 9.80. Total average conductivity was
9.80 mmhos.

Condensate sodium was 0-10 ppb, 60%; 10-100 ppb,
38%; and greater than 100 ppb, 2% of the time.

Blowdown chemistry specifications were maintained
approximately 25% of the time.

Condenser inleakage occurred approximately 75%
of the operating time.

Utilized all volatile treatment control using
cyclohexylamine and hydrazine.

Tables II and III denote specifications.

Main steam average pH was 9.40 + 0.2 with the
maximum being 10.30. Total average conductivity
was 12,0 mmhos.

Condensate sodium was 0-10 ppb, 40%, 10-100 ppb,
35%; and greater than 100 ppb, 5% of the operating
time.

Steam generator chemistry specifications were
maintained approximately 25% of the operating time.



Condenser inleakage occurred approximately 75% of
the operating time.

Utilized all volatile treatment control using
morpholine and hydrazine.

Tables II and III denote specifications.

Main steam average pH was 9.0 + 0.2 with the
maximum being 10.3. Total average conductivity
was 5.0 mmhos.

Condensate sodium was 0-10 ppb, 62%; 10-100 ppb,
35%; and greater than 100 ppb 3% of the operating
time.

Steam generator chemistry specifications were
maintained approximately 25% of the operating time.

Condenser inleakage occurred approximately 75% of
the operating time. '

Utilized all volatile treatment control using
morpholine and hydrazine.

Tables II, III and IV denote specifications.

Main steam average pH was 8.9 + 0.2. Total average
conductivity was 3.5 mmhos.

Condensate sodium was 0-10 ppb, 80%; 10-100 ppb,
33%; and greater than 100 ppb, 2% of the operating
time. :

Steam generator chemistry specifications were
maintained approximately 40% of the operating time.

Condenser inleakage occurred approximately 60% of
the operating time.
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COORDINATED PHOSPHATE CONTROL

TABLE I
POWER OPERATION

FEEDWATER BLOWDOWN
PH at 25°C 8.2 - 9.2 8.5 - 10.6
Phosphate, ppm NA 25-80
Blowdown Rate, gpm NA greater than 5

(continuous)
Free Hydroxide NA Zero
Dissolved Oxygen, ppm less than.0.005 1less than 0.005
Hydrazine, ppm greater than NA
0.01 residual

Chloride, ppm NA less than 75
TDS, ppm NA less than 125
Susp. Solids, ppm NA less than 5.0
Iron & Copper, ppm less than 0.01 less than 5.0

Silica, ppm NA less than 5.0



ALL VOLATILE TREATMENT

TABLE TI

POWER OPERATION

BLOWDOWN
pH at 25°C 8.5 - 9.0
Free Hydroxidé‘as ppm CaCO3 less than 0.15
Cation Cond., mmhos at 25°C less than 2.0
Sodium, ppm less than 0.10
Chloride, ppm less than 0.15
Ammonia, ppm less than 0.25
Diss. Oxygen, ppm less than 0.005
Silica, ppm less than 1.0

Suspended Solids, ppm less than 1.0



TABLE TIIT

LIMITING AVT SPECIFICATIONS FOR
POWER OPERATIONS - BRACKISH WATER SITES

BLOWDOWN
Two Weeks 24 Hours Immediate
pH at 25°C *8.0 - 9.21 NA <8.0 or »9.47
Cation Cond., >*2.0 but <120 NA >120
mmhos at 25°C
Free Hydroxide, NA?2 >0.15 but >1.0
ppm as CacCoO <1.0

3

*Instrumented Measurement Recommended.

N/A Not Applicable.

Comment: Operation beyond the normal AVT specifications
is limited as indicated above. Corrective
action including shutdown, if necessary, is
recommended within the time periods as
applicable.

1/An increase of 0.4 pH units to the normal control pH

limit of 9.0 will result from a Free Hydroxide concentration of
1.0 ppm as CaCO,. However, pH is not intended to be the Free
Hydroxide determinant.

2/No relief for Free Hydroxide over and above the Normal
Operating Control Limit is provided for periods in excess of 24
hours.



TABLE IV

Steam Generator Blowdown AVT Specification

Chemistry Parameter Control Expected
pH at 25°C 8.5 - 9.0]' 8.5 - 9.0l
Free Hydroxide as ppm CaCO3 0.15 <0.15
Cation Cond., mmhos/cm at 25°C 2.0 <2.0
Chloride, ppm NA <0.152
Sodium, ppm NA <0.1
NH,, ppm NA <0.25
Dissolved Oxygen, ppb NA <5

5i0,, ppm NA <1.0
Suspended Solids, ppm NA <1.0
Blowdown Rate, gpm/Steam Generator As requred to maintain

control parameters.
Continued operation with known chloride ingress even through
blowdown permits observance of the normal specification is not
recommended. The cause of the contamination should be
corrected. Continuous monitoring of the blowdown is essential

if chloride exposure is to be minimized.

1 /To be maintained with morpholine at sea and brackish water
sites.

2 /Chloride ion concentration is limited by cation
conductivity. Confirmatory analysis for chloride is required.



Response to OFF Normal Conditions (Continued from Table IV)

- Sea or brackish Water Plants
As stated above, field and laboratogy data reveal that even
bulk water chloride concentrations can produce denting.

Further, plant operating histories suggest the chloride effect

may be cumulative.

low
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Attachment 5

v
_-’/
\"'=S'inahouse _ Power Generation
Elactric Corporation - Group

March 14, 1980

Darrell G. Eisenhut, Acting Director : .
- Division of Operatmg Reactors S

U.S. Nuclear Regulatory Commission '

Washington, D.C. 20555

Dear Mr. Exsenhut,

Your letters of February 25, 1980, to licensees with operating Westinghouse steam
turbines requested certain site specific and generic informeation relative to turbine
disc integrity. You urged in your letter that the licensees address the generie
questions and coordinate the responses through an owners' group.

Llcensees with nuclear power plants and W estmghouse steam turbines have formed

a Turbine Dise Integrity Task Force, with Mr. Wayne Stiede of Commonwealth
Edison Company selected as Chairman. Westinghouse has been workmcr with this .
Task Force to.generate responses to your generic questions.

At a Task Force meeting on March 12 and 13, 1980, the utilities present prepared
and approved consesus responses to each of your generic questions. The Task
Force further directed Westinghouse Eleetric Corporatlon to -transmit these re-
sponses direetly to you. The purpose of this letter is to transmit that information
to you. :

It is our understanding that Mr. Wayne Stiede, Cheairman of the Task Force, will
also confirm to you by separate letter, the Task Force’s decision to have Westing-
house transmit these responses direct to you. We also understand that each utilit-
¥, in their specific response to your letter to that utility, will discuss the extent to
whieh they agree with these consensus responses.

If you have any questions on these, please contact me.

Sincerely,

CtMng B )

Manager

. M. Schmerling,
Disc Integrity Progra

ce:  W. Jd. Ross, Operating Reactors Branch
USNRC, Washington DC 20555

*DU,OM{} oo 320426 eff‘
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GENERIC QUESTIONS - TO BE COMPLETED IN 20 DAYS

Descmbe what qualxty control and inspection procedures are used for the dise
bore and keywaysn . »

ANSWER:

I.

Chemical analyses are made from each heat of steel.  During manufacture -
mechanical tests are made from the dise bore region. ‘These-include tensile and

Charpy v-notch impact tests. Each dise bore region is subject to ultrasonie and

magnetic particle inspections. On later units, the disc keyways are inspected
after machining, using liquid penetrant techniques.

For in-service inspection two ultrasonic techniques, namely the  tangential aim.
and radial aim scans, have been developed to detect and determine the depth of

~dise keyway and bore cracks. The in-service ultrasonic inspection does not re~

quire unshrinking discs from the rotor.

The tangential aim scan is used to locate cracks. The technique requires sound
energy to be coupled and directed tangentiallv towards the keyway from a
precalculated position on the hub. This is accomplished by means of a compound
angled plexigalass wedge. The wedge is machined to provide a contoured face.
which makes complete contact with the disc hub, while aiming the sound energy

‘at the disc bore/Keyway. Crack indications occuring in the vicinity of the key-

way apex and at the bore will reflect the sound energy. The tangential aim sean
is performed both in the clockwise and counterclockwise directions to permit
locating crack indications with respect to the keyway apex.

A radial aim technique is used to confirm cracks located by the tange’ntial aim
scan. The techmque is also used to determine the crack depth by comparing the
time lapsed in obtaining & ultrasonic reflection from the crack with the time to

‘obtain a reflection from the keyway or bore.

Provide details of the Westmghouse repair/replacement procedures for faulty
discs. .

ANSWER:

len3l

When cracks are found by an inservice inspection their severity is evaluated by
means of an allowable life calculation. The allowable life is relatable to the
time required for the crack to grow to critical size for fracture._Based upon the
results of this calculation, the following actions may be taken:

A, If the affected disc has a calculated a}l.owable life greater than zero a.
reinspection of the disc is recommended at apprommately one-half of
the allowable life. . ‘




1.
o

3.

If the affected dise has an allowable life less than or close to zero, one
or more of the following may be employed:

The affected dise is removed by "machmmg", and is replaced with
& collar and pressure drop baffle. - -

Upstream keyways may be drilled oversize to remove cracks after
the downstream dise is removed.

The affected disc may -be replaced . This requires unstacking and
restacking several dises on the rotor. -

OILA. What immediate and long term actions are being taken by Westinghouse to mini-
mize future stress corrosion problems with turbine dises?

ANSWER:

The following short range actions are being takens:

1,

2.

Those dises which have been observed to be most susceptible to
stress corrosion cracking are being redesigned.  The new designs -
will achieve lower bore stresses and utilize lower yield strength
material. These changes will increase the meargin against stress
corrosion cracking. ‘

Designs that will eliminate spacers and bore keyways are being
explored. .

The following long range solutions are being examined:

e ' 1.

2.

len3l

Bore Hesting ~ Ways and means to keep the dise keyways dry are
being explored.

Sealing - Ways of sealing the hub and bore from the steam
environment are being studied.

Coatings - Another method of sealing is to apply a protective
coating. We are continuing to experiment with different coatings,
but extensive work is still required to develop processes for their
application and to demonstrate their benefits.

Partial Integral Rotors - Since one piece forgings cannot be pro-
cured at this time, we are exploring the possibilities of partial
integral rotors where the first two or three discs gre made a part
of the shaft. Only the last few dises will have to be shrunk on.

Intecral Rotors - A welded rotor design is bemg evaluated as a
means to produce an 1ntegral rotor.




L. ~TgLB. What actions are being recommended to util o ,
g‘ ‘ cracking? utilities to minimise syreqs O v 11
g . ANSWER:
§
§
! Westinghouse has developed recommended limits for :
! . ; . steam purity,
: limits are exceeded corrective actions should be taken. PUPIlY: Whtn truwm
IV.A. Identifv the impurities known to cause cracking in the low pressur i
. : Q@ Lz dis
their sources. L and
ANSWER:
The main c;hernical :spec_ies known tc?- cause or contribute to stress corronien f
steam turbine materials in steam environments are:
Sodium hydroxide -
Sodium chloride
Sodium sulfate
Oxygen
The sources of these impurities are under study.
IV.B. Discuss the relationship between steam generator chemistry‘and steam chemistry
relative to the introduction of corrosive impurities into the turbine, including
. phosphate, AVT, and BWR chemistry.
5 ANSWER:
Analyses of material within LP disc cracks from PWR units shows the presence
v of Na, K, Ca, Si, Cl, OH, and C together with Fe, Co, V, Al and Ni ions.
E O
' In PWR units with recirculating steam generators, the total carry-over of non-
volatile dissolved solids, such as NaOH and NaCl depends mainly on the mechani-
cal carry-over. However, where ammonia is used-for pH control such as with the
all volatile water treatment, carry-over of anions may increase due to a forma-
i tion of volatile ammonium salts.
; In the PWR units with once-through steam generators, the higr_a pressure turdine
steam purity is similar to the feedwater purity. Most impurities entering the
steam generator are carried directly into the turbine.
; The published information on BWR systems indicates the concentration of oxvEen
~a in the steam is in the range of 10 to 30 ppm. With respect to other cl'cme-"-d-
i however, it is likely that high steam purity standards will be rpam_tamcd for cor-
trol of radioactivity. To achieve this, BWR reactor water is generally coudi¢
' demineralized.
IV.C. Discuss the mechanism of deposition of these impurities that can lead to their
concentration in certain areas of keyways and bores.
lendl" 3
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- ANSWER:

The impqrities from steam ecan get into shrunk-on disc bores and keyways in sev-
eral possible ways:

1. After deposition in the steam path during operation, corrodents can
wash into disc keyways during layup due to moisture condensation.,

2. In the wet steam regions, the motsture can dry on hot metal surfaces.

3. As long as the disc retains its shrink fit we are not aware of any
mechanism which can concentrate impurities on the bore.

Q_ : V. What role does the refluxing action in the steam separation portion of the steam
generator have on scrubbing corrosive impurities from the steam?
ANSWER:

Two modes of transport of corrosive impurities from the steam generator to the
turbine are mechanical entrainment and volatility.

The non-volatile chemical species are transported by mechanical entrainment
which is normally expected to be small. . -

The steam generator scrubbing equipment has minimum effectiveness in preven-
ting the transport of volatile impurities, such as ammonium chloride, to the tur-
bine. The conceatration of volatile impurities in turbine steam is determined by
their concentration in the steam generator bulk water and their specific volati~
lity coefficient which differs with each species. '

VL - To what extent can the buildup of corrosive impurities in the LP turbine be alle-
viated? What would be the effects of the following action:

A. Pumping moisture separator condensate to condenser?
ANSWER:

Pumping moisture separator condensate to the condenser would be beneficial in
units with condensate polishing . In units without condensate polishing, there will
be no effect. ' - '

B.  Periodically moving (the) point of condensation to prevent locallized buildup of
corrosive impurities.

ANSWER: -
Conceptually, dilution of contaminants by increased levels of moisture and their
subsequent transport to the condensate svstem could substantially reduce the
buildup of impurities. However, the effectiveness of this technique and the
means for successful control of the local environment of particular turbine parts
must be developed and experimentally verified.

len3l ' ' 4
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Several of theless volatile active corrodants; such as s
sulphate precipitate as concentrated liquid solutions
the equilibrium saturated vapor line of pure water. This Tegion onsy,»

within a given stage during normal operation and migrates toward A
exhaust as load reduces.. Control of the zone can be affect
and moisture separator reheater (MSR) outlet temperature.

t_)dium Chioride end s,
N a region aj, Y5 Mooy
t Y arnag
ed by charges in it

Describe fabrication and heat treatment sequence for discs, inclucing thers,;
exposure during shrinking operation. et

ANSWER:

len3l

The typical sequence for producing a dise forging includes the following opera-
tions, not all of which are necessarily applicable to.any given dise..

A. Melting and casting of Ingot. Most dises manufactured since the early 19606
are made using basic electric furnace steel which is vacuum stream degassed or

_ vacuum-carbon-deoxidized.

B. Forging The ingot is heated to forging temperature, block forged and cut into
2 to 4 pieces from which the individual disc forgings are made.

C. Preliminary Heat Treatment This step consists of austenitizing and temper-
ing the forging to promote structure. uniformity, grain refinement, and good
machineability. :

D. Preliminary Machining The forging is machined to the disc contour.

E. Preliminary Ultrasonic Inspection Typically the supplier makes a partial
ultrasonic inspection of the forging to assure that the quality warrants continued
manufacturing effort.

F. Heat Treatment for Properties The forging is austenitized and tempered at
appropriate temperatures to achieve the desired mechanical properties. Cooling
from the austenitizing treatment is achieved by water quenching. After temper-
ing the forging is cooled in the furnace at a controlled rate. :

G. Mechanical Properties Tensile properties are tested to determine if the re-
quired strength level has been achieved. Since about 1960, Charpy v-notch im-
pact tests are made on each forging.

H. NDE Inspection The forgings are rough machined to the Westinghouse craw-
ing requirements and an ultrasenic inspection of the flat surfaces of the hud,
web, and rim of the disc is performed.

I Stress Relief This treatment is required when a significant amount of_ metal is
machined off of the forging after it has been heat treated for properties. The
stress relief treatment is 50-100° F below the tempering temperature. Cooling
is accomplished by a controlled furnace cool.

J. Mechanical Proverties When a stress relief is used, the mechanical properties
are tested after the stress relief treatment. (Reference Step G)
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