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LICENSEE: Houston Lighting and Power Company (HL&P), et al.
FACILITY: South Texas Project, Units 1 and 2 (STP)

SUBJECT:  SUMMARY OF JANUARY 18, 1996, MEETING ON THE RESIDUAL HEAT REMOVAL
(RHR) PUMP IMPELLER CRACKING

On January 18, 1996, representatives of HL&P and NRC staff met tu discuss the
above subject. Meeting attendees are listed in Attachment 1. Handouts
provided by the licensee are in Attachment 2.

This issue arose in late September 1995 when maintenance technicians were
replacing gaskets on the 1C RHR pump and noticed several cracks on the
impeller. The licensee replaced the 1C impeller and sent the cracked in;.1ler
to a vendor for analysis. Preliminary results were that the martensitic
impeller was subjected to weld repair, the weld metal 4id not conform to
specification, the impeller was not post-weld heat treated as specified, and
that the shroud area near the lower ring area was machined to a thickness
below specification. However, the licensee performed an operability
evaluatiorn and concluded that the 1C pump was still operable.

At the suggestion of NRC, the licenseé inspected the 2B RHR impeller in
November 1995. The licensee’s preliminary conclusion of “ne 2B impeller was
that no visible cracks were observed and that it was an acceptable spare.

The licensee has determined that there were three types of cracking on the 1C
RHR impeller. They were wear ring axial cracking, shroud circumferential
cracking, and vane weld repair cracking.

The wear ring axial cracking was due to improper flame hardening which made
the wear ring susceptible to stress corrosion cracking. The proper flame
hardening depth was not achieved on the suction ring wear side. However, the
licensee verified that the proper flame hardening depth was achieved for the
1C backside wear ring and 4 additional wear rings.

The circumferential cracking in the shroud radius region was a result of
overmachining of the impeller shroud radius. The design nominal thickness is
0.325 inch and the minimum 1C shroud thickness was 0.015 inch. However, the
licensee verified proper thickness of the 2B impeller and two spare impellers.

The cracking in the heat affected zones of vane weld repairs was caused by
improper weld filler material. Austenitic weld filler mate: i.] was used to
make repairs in the martensitic material, producing residual tensile stresses.
However, the licensee observed that weld repairs with the proper (martensitic)
weld material did not crack because the use of martensitic weld material
produced residual compressive strecses.

The licensee concluded that the cracking identified in the 1C impeller was an
isolated condition and that no generic issues exist with the impellers. The
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licensee’s reasons for this conclusion are that there is no evidence of
similar problems with the other RHR impellers at STP (including impeller 2B),
that there is no evidence of similar problems with other emergency core
cooling system (ECCS) impellers at STP, and that there is no evidence of
similar problems at plants with pump impellers (and spares) of similar design
(i.e., Wolf Creek and Callaway).

The licensee indicated that they will take advantage of corrective and
preventative maintenance opportunities to perform visual inspections of ECCS
impellers. They also committed to formally submit their final engineering
report on the docket within the next few weeks.

The staff thanked the licensee for the meeting and indicated that it was
useful in understanding the RHR pump impeller cracking at STP. The staff
plans to review the licensee’s report and provide an evaluation.

Original signed by

Thomas W. Alexion, Project Manager
Project Directorate IV-1

Division of Reactor Projects III/IV
Office of Nuclear Reactor Regulation
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licensee’s reasons for this conclusion are that there is no evidence of
similar problems with the other RHR impellers at STP (including impeller 2B),
that there is no evidence of similar problems with other emergency core
cooling system (ECCS) impellers at STP, and that there is no evidence of
similar problems at plants with pump impellers (and spares) of similar design
(i.e., Wolf Creek and Callaway).

The licensee indicated that they will take advantage of corrective and
preventative maintenance opportunities to perform visual inspections of ECCS
impellers. They also committed to formally submit their final engineering
report on the docket within the next few weeks.

The staff thanked the licens.e for the meeting and indicated that it was
useful in understanding the RHR pump impeller cracking at STP. The staff
plans to review the licensee’s report and provide an evaluation.

%w/@f : 0/&/\” "

Thomas W. Alexion, Project Manager
Project Directorate IV-1

Division of Reactor Projects III/IV
Office of Nuclear Reactor Regulation

Docket Nos. 50-498 and 50-499

Attachments: 1. List of Meeting Attendees
2. HLA&P Meeting Handouts

cc w/atts: See next page



Houston Lighting & Power Company
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Mr. David P. Loveless

Senior Resident Inspector

U.S. Nuclear Regulatory Commission
P. 0. Box 910

Bay City, TX 77414

Mr. J. C. Lanier/M. B. Lee
City of Austin

Electric Utility Department
721 Barton Springs Road
Austin, TX 78704

Mr. K. J. Fiedler
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Central Public Service Board
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San Antonio, TX 78296
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P. 0. Box 289
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Records Center

700 Galleria Parkway
Atlanta, GA 30339-3064

Regicnal Administrator, Region IV
U.S. Nuclear Regulatory Commission
611 Ryan Plaza Drive, Suite 1000
Arlington, TX 76011

Mr. Joseph M. Hendrie
50 Bellport Lane
Bellport, NY 11713

Judge, Matagorda County
Matagorda County Courthouse
1700 Seventh Street

Bay City, TX 77414

Mr. Lawrence E. Martin

General Manager, Nuclear Assurance Lic.

Houston Lighting 2nd Power Company
P. 0. Box 289
Wadsworth, TX 77483

South Texas, Units 1 & 2

Jack R. Newman, Esq.
Morgan, Lewis & Bockius
1800 M Street, N.W.
Washington, DC 20036-5869

Licensing Representative

Houston Lighting and Power Company
Suite 610

Three Metro Center

Bethesda, MD 20814

Rufus S. Scott

Associate General Counsel

Houstoun Lighting and Power Company
P. 0. Box 61867

Houston, TX 77208

Joseph R. Egan, Esq.
Egan & Associates, P.C.
2300 N Street, N.W.
Washington, DC 20037

Office of the Governor

ATTN: Andy Barrett, Director
Environmental Policy

P. 0. Box 12428

Austin, TX 78711

Arthur C. Tate, Director

Division of Compliance & Inspection
Bureau of Radiation Control

Texas Department of Health

1100 West 49th Street

Austin, TX 78756

Mr. William 7. Cottle

Group Vice President Nuclear

Housten Lighting & Power Company

South Texas Project Electric
Generating Station

P. 0. Box 289

Wadsworth, TX 77483

J. M. Beck

Little Harbor Consultants, Inc.
44 Nichols Road

Cohasset, MA 02025-1166



MEETING BETWEEN HL&P AND NRC ON RHR PUMP IMPELLER CRACKING

January 18, 1995
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SOUTH TEXAS PROJECT
RESIDUAL HEAT REMOVAL PUMP IMPELLER CRACKING

AGENDA
L OPENING REMARKS STEVE THOMAS
1. TIMELINE KEN HOUSE
IIi. WEAR RING AXIAL CRACKING KEN HOUSE
IV. SHROUD CIRCUMFERENTIAL CRACKING. KEN HOUSE
V. VANE WELD REPAIR CRACKING..... KEN HOUSE
VI. CONCLUSIONS .KEN HOUSE
VII. SUMMATION STEVE THOMAS
HL&P REPRESENTATIVES

Steve Thomas, HL&P, Design Engineering Department Manager
Jeff Cottam, HL&P, Design Engineering NSSS Supervisor

Ken House, HL&P, Mechanical Engincer, Design Engineering
Quoc Huynh, HL&P, Mechanical Engineer, Design Engincering
Keith Moser, HL&P, Welding Engineer, Design Engineering
Mark McBurnett, HL&P, Nuclear Licensing Manager

Dave Schulker, HL&P, Nuclear Licensing

Dr. Lee Swanger, Failure Analysis Associates, Inc. (C)

Dr. Peter Riccardella, Structural Integrity Associates, Inc. (C)
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RHR IMPELLER EVALUATION TIMELINE

~ DISCOVERED CRACKED IMPELLER

— REMOVED & REPLACED 1C IMPELLER

— PREL IMINARY METALLURGICAL REPORT (SWRI)

— RECEIVED FINAL METALLURGICAL REPORT (SWRI)
— |SSUED OPERABILITY REVIEW

__ INSPECTION OF 2B IMPELLER
W/ NRC REGION IV INSPECTOR

— COMPLETED FINITE ELEMENT
ANALYSIS (S1A)

ANALYSES REVIEW
RESIDUAL STRESS

REPORT
¥ 10/7 10/15 10719 10/20  10/26 l w1 w2 w3 ¢ v VS
9/26 9/28 1@/5 A A es27 K e war 2rm o212 12718 T
STARTED 2REG4

UNIT 2 DEFUELED
UNIT 2 CORE RELOADED
MEETING W/ NCR REGION INSPECTORS —
ISSUED 2REQ4 QUTAGE BULLETIN—
TELECON W/ NRC REGION 1V & NRR —
STP REPORTED RHR IMPELLER ON NUCLEAR NETWORK —

-

LER SUBMITTED —



ROOT CAUSES OF RHR IMPELLER CRACKING

e The Wear Ring Axial Cracking was due to Improper Flame Hardening
which made the Wear Ring Susceptible to Stress Corrosion Cracking
(SCC)

e The Circumferential Cracking in the Shroud Radius Region was a result
of Improper Machining of the Impeller

e Cracking in the Heat Affected Zones of Vane Weld Repairs was caused
by Improper Weld Filler Material

e STP concludes that the cracking identified in the 1C RHR impeller is an
isolated condition and no generic issues exist with Ingersoll-Dresser
impellers




IMPROPER FLAME HARDENING
(WEAR RING AXIAL CRACKING)

e Axial Cracking Initiated and Propagated by SCC

e Proper Flame Hardened Depth not Achieved on Suction Wear Ring
e Shallow Flame Hardening Increases Susceptibility to SCC

e No Cracking on 1C Backside Wear Ring

e Verified Proper Flame Hardened Depth for 1C Backside Wear Ring (and
4 additional wear rings)

e Proper Flame Hardening Produces Residual Compressive Stresses
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IMPROPER MACHINING OF IMPELLER RADIUS
(CIRCUMFERENTIAL CRACKING)

e Circumferential Cracks Initiated and Propagated by SCC

e Minimum 1C Shroud Radir; Thickness was 0.015"
(Design Nominal Thickness = 0.3125")

e Overmachining of the Shroud Radius Coupled with Wear Ring Flame
Hardening Produced Residual Tensile Stresses

e Verified Proper Thicknesses of 2B and Two Spare RHR Impellers
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IMPROPER WELD FILLER MATERIAL
(WELD REPAIR HAZ CRACKING)

e Heat Affected Zone (HAZ) Cracking Initiated by SCC

e Chemical Comvosition Testing Confirmed that AUSTENITIC Weld
Filler Material was used on the Cracked Repairs

e Austenitic Weld Repairs in Martensitic Material Produce Residual
Tensile Stresses

e Martensitic Weld Repairs did not crack

e Martensitic Weld Repairs Produced Residual Compressive Stresses



WELD REPAIR HAZ CRACKING
ON 1C RHR IMPELLER
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CONCLUSIONS AND FOLLOW-UP ACTIONS

e STP concludes that the cracking identified in the 1C RHR impeller is an
isolated condition and no generic issues exist with Ingersoll-Dresser
impellers

e STP will take advantage of corrective/preventive maintenance
opportunities to perform visual inspections of ECCS impellers

e STP inten ' . to purchase spare RHR impellers and will establish
appropriate engineering hold points to ensure quality manufacturing
performance



