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BEAVER VALLEY UNIT 2
MEETING ON
WHIPJET PROGRESS

March 4, 1986

Part A

Opening Statements (P. Tam et al.)

Part B

Duquesne Ligrt Company Presentation:

I OVERVIEW (Cajcr /u‘\mf,,\)
y |

A. OBJECTIVE ~ ALTERSATE T0 PIPE RUPTURE
POSTULATION

B REDUCE NJMBER OF PIPE BREAKX POSTULATIUNS
2. REDUCE EARDWARE
R NO CHANGF IN NON~MECHANISTIC CONSIDERATICK
i, IMPROVE CONSTRUCTION AND MAINTENANCE FACTORS
B. REGULATORY BACKGROUND/RISTORY
c. AFTECTED SYSTEMS

1. SYSTDMY DESCRIPTION
2. PIPE SIZE RANGE AND MATERIALS

D.  WHIPJET SCEEDULE
1.  CONSTRUCTION/OPERATION SCHEDULE LINKAQE
2.  FINAL SUBRMITTAL TO NRC - DEC 86
3. REQUIRE SER RESPONSE - FEB 87
L.  RESOLUTION OF 10CFRS0.12(a)
S,  IMPORTANCE OF NRC AGREEDMENT AT THIS TIME
11, rroonan omscrrprion (V414 Milkescl| )
A.  FLOW CRART

1. ECREENING/PATIGUE ANALYBIS
2. FRACTURE ANALYSIS/TESTING

B. NRC REVIEW OF RESULTS ‘
1. MEETINCS SCHEDULED AT FREQUENT INTERVALS

IR s et



I1I.

Iv.

scREENING PROCESS (A A4 Go/‘ufe;n)
A.  THERMAL TRANSIENTS

1. PROCESS
2. PROGRESS TO DATE

B. INITIAL SCREENING

1.  METEODOLOGY

2.  PROGRESS TO DATE
s.  PASSED SYSTEMS (CUP -0.1)
b.  FAILED SYSTEMS (CUF +0.1)

c. WATER RAMMZR

METHODOLOGY
a. FURSC 0582
b. ARBITRARY INTERMEDIATE BREAK STUDY
e. SYSTEM REVIEW

2. PROGRESS TO DATE

CORROJICH

©

1. METHODCLOGY

a. A.I.B. STUDY

b. SITE SPECIFIC DATA
2. FROGRESE TO DATE

.. PRIMARY SYSTDMS

®. EECONDARY BYSTEMS

£.  EQUIPMENT SUFPORTS
1.  METHODOLOGY
e,  ASME IIT RECONCILIATION
®.  HAZARDS REVIEW
e.  CLASS & PIPE REVIEW
2.  PROGRESS TO DATE
FATIGUE ARALYSIS L W/ . Sever }
A.  METHODOLOGY

1. DEFINE GEOMETRY AT BREAX LOCATION
2. ASME III EQUATION II EVALUATION

B. PROGRESS TO DATE



FRACTURE ANALYSIS
A. METHODOLOGY

1. PIPE MATERIAL SELECTION (STAINLESS, CARBCN STEEL)
2. ANALYSIS TECKNIQUES

PROGRESS TO DATE

-

b TECHNICAL REPORT (LEAKAGE AND CRACK STABILITY)

FRACTURE TESTI
A, METHODOLOGY

W PIPE BELECTION (MATERIAL, SIZE)
2. TESTING TECENIQUES

PROGRESS TO DATE

1. TEST PLAN
2. MATERIAL ALLOCATION

LEAX DETECTION
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PRESENTATION FOR FEBRUARY 27,
1986 MEETING WITH ACRS
SUBCOMMITTEES ON STRUCTURAL
ENGINEERING, SEISMIC DESIGN OF
PIFPING, AND METAL COMPONENTS

——————.———_———_————‘———_————--——.-—_———

— INTRODUCTION
CMARTIN)D

- REVIEW OF WHIFPJET
CMIKESELL)

o SWEC PROGRESS
C(GOLDSTEIN)

- RLCA PROGRESS
(SERVER)

- TEPRI PROGRESS
, (CNORR IS)

- suMMARY
(MIKESELL)D




EVENTS TO DATE

MEETING WITH NRR=«x
WHIPJET SCOFPE

SUBMITTAL TO NRR:
WHIFPJET PROGRAM
DESCRIFPTION PrNE B85

MEETING WITH ACRS
SUBCOMMITTEE::
PROGRAM DESCRIFTION

SUBMITTAL TO NRR:=
ACCEFPTANCE CRITERIA
DOCUMENT 10/10/785




EVENTS TO DATE CCONTD

= PRESENTATION TO
ACRS SUBCOMMITTEE
OoON BYPS—2s
PROGRAM DESCRIFTION

o PRESENTATION TO
FULL ACRS COMMITTEE
OoN BVYVPS—2:

PROGRAM DESCRIFPTION

o CONVERSATIONS WITH
NRR =
TECHNICAL
CONSIDERATIONS 12/8%

o MEETING WITH NRR:»
PLAN FORMAL REVIEW

11/71/785

11/8/,85

- 1786

1/7/22/86




UTILITY CONSIDERATIONS

CONSTRUCTION AND LICENSING
TIME CONSTRAINTS

NRR REVIEW OF CRITERIA
DOCUMENT

BROAD SCOPE RULE RESOLUTION

FREQUENT NRR MEETINGS
DURING 19846

CWHIPJET FINAL REFPORT: DEC 86

REQUIRE SAFETY EVALUATION
REFPORT s FEB 87




REVIEW OF WHIFPJET

WHAT WHIFPJET WILL DO

WHIFPJET PROCEDURE

WHAT WHIFPJET IS NOT

INTENDED TO DO




WHAT WHIPJET WILL DO

1. SATISFY DEGEB FPOSTULATION
WITH ENGINEERING ANALYSIS
SHOWING A DETECTABLE LEAK
BEFORE BREAK IS ASSURED.

2. REDUCE HARDWARE IN THE

PLLANT

- MINIMIZE PLANT COST

- FACILITATE ACCESS FOR
INSERVICE INSPECTION

o REDUCE TIME IN
PERFORMING INSPECTIONS
AND MAINTENANCE THUS
ENHANC ING ALARA POSITION

- = INMOCREASE PLANT SAFETY
KNOWLEDGE OF PROFPERTIES AND
CAPABILITIES.




WHIFPJET PROCEDURES

DEMONSTRATE APPLICABILITY
- STRESS CORROSION
WATER HAMMER
FATIGUE CUMULATIVE uUuUsSaAGE
FACTOR
EQUIPMENT SUPFPORTS

MPLEMENT LBB FPROGRAM

MATERIALS TESTING
ACTUAL PLANT MATERIALS
o BASE MATERIALS
CTYPES S04, —-—16, AND
AL1OSE GR O B)D

WELDMENTS MANnsE Eemm
PLANT MATERIALS
TENSILE TESTS
FULL SECTION FRACTURE
TOUGHNESS TESTS




WHIPJET FPROCEDURES CCONTD

S LEAK

CUMULATIVE USAGE

FACTOR AND CRACK

PROPAGATION ANALYSIS

LEAK—BEFORE—BREAK

ANALYSIS

DETECTION PROGRAM

LEAK RATE CALCULATION

LEAK DETECTION METHODS




WHAT WHIFPJET IS NOT

INTENDED TO DO

(BASEDL ON Q & A AT 1/722/86 MTE?

AFFIRM OR AUGHMENT OTHER 'S
QA .

CHANGE THE USE OF DEGEB FOR
ESTABLISHING DESIGN
CRITERIA FOR ECCS AND
CONTAINMENT .

CHANGE REQUIREMENTS FOR
EQUIPMENT QUALIFICATION

ADDRESS THE FAILURE MODE
ENCOUNTERED AT MOHAVE AND
MONROE .




WHIPJET-An Alternative to Pipe Rupture Postulation

The following table is a suwzary of the scope of the WHIPJET program.
It will list the piping systems(all high energy) involved, their bui.ding
location, the total number of dreaks tc be considered, and the expected
number of protective devices(either restraints or jet shields) required
should WHIPJET not be implemented.

————— - ——

SYSTEM = BREAKS - BREAKS - PROTECTIVE DEVICES -
- - 1IC - 0C - EXISTIRG PLABSZD -~

-

= AUXTLIARY STEAM(ASS! - 0 - S¢ - 0 - 7 -
- STM GEN. BLOWDOWN(BDG) - 12 - “«E - 0 - 17 -
- BORON RECOVERY(BRS) - 0 - Sl - 0 - 0 -
- CHEM/VOL CONTIROL(CES) =~ 82 - 48 - 0 - 14 -
- HYDROGEFRATED DRAIN(DGS)- &2 - 0 - 0 - 0 -
= AUX. FEEDWATER(FVWE) - 6 - ¢ - C - 0 -
- GASEQUS RITROGCEN(CNS) ~ o - S - 0 - 0 -
- MAIN STEAMIMSS) - 6 - 3 - 13 - 0 -
=~ REACTOR COOLAET(RCS) - 272 - 0 - ié - 25 -
- FEEDGATERI(FRES) - 6 - 27 - 22 - S -
= RESIDUAL HEATI RMVL(RHS)- 7 - 0 - i - 1 -
- SAFEIY INJECTION(SIS) - 10& - 25 - 10 - 12 -

w
~
~
o
w
on
(=]
-
—

The above ta>le does rn = include the LOUCP breaks and restraints nor the
A.1.B. breaks and restraints.

IC=inside containment ODCe=outside containment

efoc | 3921 | 55 /3¢
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PIPE MATERIAL -

- SYSTEM - PIPE SIZE RARGE -

- - IRCHES - sS cs -
= AUXILIARY STEAM(ASS) - 1.5, 2, 3, 4, 8 AlCEB

- STM GEN. BLOWDORR(IDG) =~ 1.5, 2, 2.5, 3 IP316  AlO06B -
- BORON RECOVERY(BRS - 1.5, 3, 6, 8 IP306 -
- CHEM/VOL CONTROL(CAS) -~ 3.5, 2, 3, & IP316/304 -
- HYDROGENATED DRAINIDGS)- 2 TP216 -
~ AUX. FEEDWATER(FUWE) - & AlOEB -
-~ GASEOUS KITROGEN(CNS) - 1.5 Al0EB -
- MAIK STEAM(MSS) - 32 ALOBC/ALSS~
= REACTOR COOLANT(RCS) - 1.5, 2, 3, &, 6§, 8, IP316 -
- FEEDGATERI(FWS) - 6, 18 AlD6E -
= RESIDUAL HEAT RMVL(RHS)~- 10, 12 IP316 -
- SAFETY IKJECTION(SIS) ~ 2 5, & 8§, 12 IP316/304 -




60 EXISTING DEVICES 81 PLANNED DEVICES

:

‘ SCREENING ACTIVITY
CONSTRUCTION FATIGUE ASSESSMENT
DMPACT WATER HAMMER EVALUATION
CORROSION EVALUATION

EQUIPMENT SUPPORT EVALUATION

FAIL PASS (WHIPJET APPLICABLE)
FAIL
INSTALL DEVICES |eg FATIGUE EVALUATION(CUF)
NOW
PASS IMATERIAL AND MATERIAL
[— DATA COLLECTION
I FRACTURE ANALYSIS & TESTING
| (ALL PIPE CLASSES)
WHIPJET PROGRAM |
FINAL REPORT
FAIL  PASS
DEVICE REQUIRED; INSTALL l__. NO DEVICE REQUIRED
DURING OUTAGE

REMOVE EXISTING DEVICE
IF DESIRED
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|
THERMAL TRANSIENTS \
|

HIGH ENERCY LINE INPUT
CLASS 2, 3 AND XN§

IDENTIFY LINES ON APPLICABLE
FLOW DIAGRAMS

REVIEW STRESS INPUT DATA PACKAGES(SIRM's)
FOR OPERATING CONDITIONS(NORMAL
AND UPSET)

REVIEW OTHER DOCUMENTATION
WHERE APPLICABLE
(OPERATING MANUALS)
(NSSS DOCUMENTS)

o DEVELOP SYSTEM THERMAL TRANSIENTS
' (NUMBER OF CYCLES)
- (RATE OF TEMPERATURE CHANGE)




P

WHIPJET FATIGUE ASSESSMENT ASME CLASS 2, 3, AND NS

x c- NG / Crreme, \
TAANSIINTS [/ PoS¥idne )
BI SFLAL, \
THERMAL LCATICNS  /
ZONES /
CATEGORIZE ( CATESCRIZE |
ACCORDING TO ACCCAIING TO

SE\'mITY : L ER'AL ZCNE

SRIALS WITH
| SEVERE TRANSIZNT
Fall @HIF JET

LSC?.::.‘ZZ KRG

AEASCRASLE
m '\L .UX-...}
BAYI.C
PUSTULATZD
3ReARS




————— - -

BREAKS EVALUAIZD HARDUARE REQ'MIS
- - PASS FAIL EXISTIRG  PLANKRZD

= AUXILIARY STEAM(ASS) - 20 23 0/0 372 -
- SIM GEN BLOWDOWR(BDG) -~ S &S 0/0 12717

- BORON RECOVERY(BRS) - . . 0/0 0/0 -
- CHEM/VOL CORIROL(CES) =~ 103 3z 0/0 9712 -
- HYDROGENATED DRAIR(NCS)- &2 0 n/0 /0 -
= AUX. FEEDWAIERI(FWE) - . . 070 00 -
- GASEQOUS KRITROGENI(CRS) -~ . . 0/0 070 -
= MAIR STEAM(MSS) - s 0 0/13 0/0 -
= REACTOR COOLAKI(RCS) - 2?2 0 0714 0/25 -
- FEEDWATER(FWS) - 0 33 22722 $/S -
- RESIDUAL HEAT RMVL(RHS)~- 7 0 071 0/1 -
- SAFETY INJECTION(SIS) =~ 129 C 0710 012 -

-

TOTAL CLASS 2, 3, AND FES BREAK LOCATICONS TO BE EVALUATED - 325
TOTAL CLASS 1 BREAKS LOCATIOKS(ALL PASS 1.0 CUF CRITERIA) - 485

HARDUARE REQUIREMENTIS o ACTUAL REQUIRED/ESTIMATED REQUIRED.

CUF « CUMULATIVE USACE FACIOR AS DEFIKED IR ASME 3

S6 PROTECTIVE DEVICES REQUIRED BY WHIFJET

8S PROTECTIVE DEVICES ELIMINATED BY WHIPJEI

OF THE 85 DEVICES ELIMINATED, €1 ARE ASSOCIATED WITH CLASS 1 BREAKS

s icloc
ExisT WG

Fws 221 Y[
PLANNED ’

ASS 3 o/

o 171 S

cHS q a/0

WS = oS

(4 [20 .




FATIGUE CRACK GROWTH

(EXTRA SCREENING)

POSTULATE PTC GREATER THAN
SECTION XI ACCEFPTANCE

STANDARDS

EVALUATE FOR SIGNIFICANT

GROWTH

cLASS 2/ —— EVALUATE
TYPICAL LINE(S) WITH

CUF > O.1

cCLASS 1 —— EVALUATE CaAasSE~—

BY—-CASE




MATERIALS TESTING FPROGRaAM

STAINLESE STEEL DATA BASE
IS ADEQUATE

— TYPE 3S04

— TYPFPE 3S16

s sSMAaw

FERRITIC STEEL TESTS

PLANNED

— ONE HEAT OF A10&6C
(a4 PIPE) OR A106B
(=" PIPE)

— TWO HEATS OF A106B
(6" 8 8" PIPE)

- THREE HEATS OF SMAW
(X" OR 4", &, AND

e PIPE) .




FERRITIC STEEL TEST MATRIX

(= HEATS BASE 2 = HEATS WELD)

J—R CURVE 2 & 5SSO F

PIFPE BEND 1 @ 20000 F

18 TESTS TOTAL

TENSILE = é6 SSo F

STRESS—STRAIN 1 @ 20000 F

- 24 TESTS TOTAL




FPOSTULATE TYTHHROUGH —

wWalLL CRracCkx

BHOW LEAKAGE 1S

DETECTABRLE

CRITICAL SIIE CRACK LEAKAGE B IIE CRACK

— | —
(NORMAL - BSsE) CNORMAL )

BAFETY
mMAarROIN
> =

oy
|

crRACKx
STAaABRILITY
1 .41 cNORMAL ~BBE )

cRITERIA




LEAKAGE SIZE CRACKS

CNORMAL. OFPERATING LOADS)

USE EFPRI FPICEFP COMFPUTER

CODE

PRESSURIZER SFPRAY L INE
(TYPE 3I16SS, &' DIA)D

- CIRCUM TWwWCs 4.9 = T GFM

LEAK DETECTION CAPABILITY

IS AT LEAST 1 GPM




LEAK DETECTION SAFETY MARGIN

CINSTABILITY FOR NORMAL

-+ ESE LOADS)

REQUIRE RATIO OF

INSTABILITY CRACK SIZE

LEAKAGE CRACK SIZE > =

PRESSURIZER SFPRAY LAINE

- CIRCUM TwWC @& S GFM:




STABILITY CHECKS

LEAKAGE SIZE CRACKS ESTaAaPLE
AT NORMAL. + SSE LOADS
g MARGIN ON J X (FOR NO

<

CRACK GROWTH) IS > -

LEAKAGE SIZE CRACKS STABLE

AT EXCESSIVELY HIGH LOADS

fe—— 1 .41 x (NORMAL. - SSE)

— MARGIN ON INSTABILITY
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QUESTIONS TO BE ADDRESSED BY DLC ON WHIPJET

Tests on pipes to de*ermine J-P curves may turn out to have
significantly higher resuits than from compact specimens, dﬁpending
upon the computational techniques. Differences arise from.the crack
associated displacements, DLC should discuss the techniques they

intend to use.

The s*aff would like to have a presentation on a step by step example

of fatique crack growth analysis methods and results,

The staff would like to have a presentation on the methodology
followed by DLC to determine the susceptibility of each high energy
piping system to waterhammer. This presentation should reflect the
findings in NUREG-0927, Rev. 1, since NUREG-0582, which was referenced
by DLC, is outdated.

The staff would like to hear a presentation describing the procedures
DLC will use to detect leakage from a cracked pipe. These procedures
shoqu.be illustrated by discussion of 2 typical scenario. The
discussion should also include licensee action upon detection of

leakage.

The staff weuld like to review a verification package for the PICEP
code as pertains tn leakage calculations. This information should
show both analyticel and experimental verification to the extent

possible, ¢




10.

The staff would 1ike to have a presentation on the methodology
followed by DLC to determine the susceptibility of each high energy
line to stress corrosion cracking. This presentation should address

both ferritic and stainless steel piping.

The staff would like to have DLC present the justification for the
flaw size used for fatigue crack growth studies and for using their
material data for the tearing stability analyses for the non-nuclear
high energy piping. This question is asked in view of the differences
between nuclear and non-nuclear piping with respect to fabrication,

examination, and design.

DLC should confirm whether there are any cast fittings in the BOP

piping.

DLC should discuss whether the Section III Fatigue calculations
accounted for flow stratifications. Specifically did any of the
ca1cqlations resulting in CUF <0.1 involive piping with flow

stratification.

The testing program for J-R curves is for ferritic piping. DLC is
planning to rely on stainless steel data base rather than testing.
DLC should provide the NRC with austenitic weld data for our review
prior to beginning their testing program,
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11.

12.

13.

14,

The austenitic weld jata base and ferritic weld tests should represent
the weld metal with the limiting fracture properties. To Justify this
conclusion for each weld joint for which a break will no

longer be postulated indicate:

a) Type of weld: full penetration, socket, etc.
b) Weld process

¢) Electrode type and size

d) Weld procedure

e) Post weld heat treatment

f) Inspection required following fabrication

Based on these parameters, DLC should justify the conclusion that the
austenitic weld data base and ferritic weld tests represent the
Timiting fracture properties for each weld joint for which a break
will no longer be postulated.

H111‘J-R tests be performed under static or dynamic conditions? Why?

Which 1ines have positive displacement pumps? How do you account for
vibration fatigue from positive displacement pumps?

What is the fracture properties of ferritic heat affected »~ne (HAZ)
material that has not been post weld heat tr!lt::}i:yﬂT)? How does

your leak-before-break evaluation consider pdsngAZ cracks?

—

[ hege



1 3

NA nee vour ) far -
ow does your leak-before-break evaluation account for residual weld

. ¢ e 3 1Ae 4~ - - - -~ ~
stresses in welds, which have not been PWH (Resolved with our

cons T4an+
Cl U ¢ -

! + 4 +the Snim Yas & '
Wha is the minimum fluid temperature in each line when the )

rf ‘ny 1% ~ ) | -
performing its normal operation and its failure could result in a

cafetv conce ? : :
satety C cern What are the fracture properties for the ferritic

ra?pr‘:' at the minim flu4 -
L als the nimum luid temperature Will tests confirm this




