GE Nuclear Energy

September 11, 1992

Mr. Shou-Nien Hou 7F21

U.S Nuclear Regulatory Commission
1155 Rockville Pike

Rockville, MD 20852

Dear Shou

Enclosed are the responses to Piping Design Audit open items A-10,
A-17 and A-28. |f you have any questions please call me (488-925-
4824) or Maryann Herzog (408-925-1921).

Sincerely,
M Dex

k N Fox
Advanced reactor Programs

cc: Chet Poslusny (NRC)
Giuliano DeGrassi (BNL)
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GE-NE

ABWR PROGRAM

MECHANICAL SYSTEM DESIGN

FILE MH-A17
DISTRIBUTION:
JBK, JNF

DATE: SEPTEMBER 11, 1992

T0 + M HERZOG
FROM: H L HWANG H W

SUBJECT: AUDIT ITEM A-17
THERMAL STRESSES DUE TO FEEDWATER NOZZLE STRATIFICATION
STRIPPING EFFECT

The temperature gradient stresses due to stripping has been included
in the current thermal duty cycle charts., The stripping occurs duiing
hot standby. Attached Figure 1 shows the hot standby event. This
figure shows the reguirement to calculate the temperature gradients
due to step change from 132 to 99 degree C and back from 99 to 132
degree C., Using 2% rated flow during hot standby the calculated
temperature gradients ranges from the cycle are as follows:

132-99= 313 deg. C Step

= 59.4 F

DT1 range = 35 deg F.

DT2 range = 12 deg F

DTAB range= 29 deg F

Although the temperature transients step change of 59.4 degrees is
not exact the same as the data measuremed from the plant, but the net
results are about the same. Based con Leibstadt plant measureed data
the maximum temperature change on top of the nozzle is from 375 to
135 degree F in 3.5 minutes. The temperature change at bottom of the
nozzle is less than 1/3 of the top of the nozzle.

The worst assumption is to assume 375 to 135 and back to 375 cyecling.
The temperature gradients time history due to the stripping effect
has been calculated. The results are plotted in Figure 2. The
temperature gradient ranges are 4s follows:

375=-135= 240 deg. F in 3.5 minutes.
DT1 range = 39 deg F.
DT2 range = 23 deg F
DTAB range= 7 deg F

This shows that the temperature gradients calculated from both cases
are about the same. The allowable fatigue cycles for the alternating
stress from either case are more than 1000,000 cycles.

This concluded that the current feedwater duty cycle reguirement is
adequate for the stripping effect.

e LI TR o DL T el e e e e e e i T L e e e e e B A g e e —.“1






ABWR FW NOZZLE THERMAL

TEMPERATURE GRADIENTS DUE TO STRIPPING







The results of the data analvses, vibration
amplitudes, natural frequencies, and mode shapes
are then compared 1o those obtained from the
theoretical analysis,

Such ¢comparisons provide the anaivsts with
added msight into the dvaamic behavior of 1he
reactor internals. The additional knowledge
gained from previous vibration tests has been
utilized in the gencraton of the dvnamic models

for seismic and loss of coolant accident (LOCA)Y

analvses for this plant. The models used for
this plant are similar to those used for the
vibration analysis of ecarlier prototype BWR
plants

193 ASME Code Class 1,2, and 3
Components, Component Supports, and
Core Support Structures

1931 Loading Combinations. Design
Transients, and Stress Limits

This section delincates the criteria for
selection and delinition of design iimits and
loading combination associated with normal
operation, postulsted accidents, and specified
seismic and other reactor building vibration
(RBY) events for the design of safetv.related
ASME Code components (except contarnme nt
components which are discussed in Section 3.8).

This section discusses the ASME Class 1, 2
and 3 cquipment and associated pressure relamning
parts and 1dentilies the applicable loadings.
calculation methods, calculated stresses, and
allowahle stresses. A discussion of major
equipment is mcluded on a component-by-componznt
hasis 1o provide examples. Design transients and
dynamic loading for ASME Class 1, 2, and 3
equipment are covered in Subsection 3.9.1.1.
Seismic-related loads and dynamic analyses are
discussed in Section 3.7. The suppression
pool-telated RBYV loads are descrit d in Appendix
3B. Table 3.9-2 presents the combinations of
dynamic events to be considered for the design
and analysis of all ABWR ASME Code Class 1, 2,
and 3 componcats, component supports, core
support structures and equipment. Specific
loading combinations considered for evaluation of
cach specific equipment are derived from Table
3.9-2 asd are contaiped in the desigy

specificati ons and,or design reports of 1ne
respeciive squipmesnt, (See S.zbs' tee 3.9.7.4
{ot COL license info rmazwn)
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Thermal uram\mm«lhmuam-ymhmd
the specific operating conditions that s included in the loads
and lond combinations that are contined in the piping design
specilications and design reports. 1t s known stratification can
occur in the feedvwater piping dusing plant startup snd when the
plant 1o in hot standby conditions following scram (See
Subsection L9.2.105 I, during design or startup, evidence of
thermal stratifization s detected in any other piping system,
then stontification will be evaluated. 11 it cannet be shown the
stresaes an the pipe are Jow ond that movement due 10 bowing
o oacceptable, then stratification will be treated s 8 design |
load.  In general, if temperature d!ﬂe(rtﬂ'ﬂ between the top
andd Bottom of the pipe aee less than 30 Fy i may be assumed
design specification acd stress repurts need not be revised to
i lude stratification,

Tte dasigo life for 1oe ABWR Standasd Plas
1s 60 vears. A 60 vear design lils s a
reduirement for all aajor plast componsnis wild
reasogabis expection of meglisg 1hts c22igs
iife. However, all plagt operaticeal com ;
and ssuipment except the reacior vau
desigaed to be repiaceabie, desigs life 22
withstanding. The design lifs tequiremses
allows for refurdbisbment and regair, 83
spprapriate, to assure t5e desigs Life 6! iae
overall plant 15 achieved. Ia &ffg:l.
ssseanally all piping svstemr comuopests and
tquipmesnt are desigaed for 3 60 vear deaigs
Wiz, Mamy of these components are ¢lassilies
3t ASME Class 2 or 3 or Quaiity Grouz T
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19311 Plant Conditions

All eveats that the plagt will or @mignt
credibly zxgerience duUring a reagior year are
evaluated to establish design basis for pilaat
eau:;m: These svents are diviced into (our
‘ .‘..noas The plaat gcogdtiiceas
i3 tbe followieg paragraphs afe Dasec
probabiluy {i.e, fv-q.;:: y of
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GE-NE

ABWR PROGRAMS

MECHANICAL SYSTEMS DESIGN

FILE: MH-A28 DISTRIBUTION:

JBK: INF;
DATE: SEPTEMBER 1, 1992
TO: MARYANN HERZOG
FROM: E.O. SWAIN

SUBJECT: AUDIT ITEM A28 - FEEDWATER STRATIFICATION MONITORING
PROGRAM

Below is my recommended addition to 3.9.2 to cover Audit Item A-28. This addition
consists of a new gara;graph beginning on Page 3.9-7, see below, and as shown on the SSAR
markup of pages 3.9-7 and 3.9-8. 1 will make recommendations for additions to Chapter 14
the subject of a separate letter. (S¢e leMer dotaed 9/4/92)

19.2.1.3 Thermal Stratification in Feedwater Piping

This is a special test w be performed as part of the startup program to monitor the
conditions and effects of temperature stratification that may exist during certain operating
conditions in: (1) the fecdwater piping header inside and the piping outside containment,
and (2) the short horizontal runs of the riser piping inside containment where teedwater
enters the vessel nozzles,

Stratification in the “redwater piping can occur during plant startup when hot RWCU is
added to the cold teedwater line. T%c hot RWCU flows on top of the colder water in the
feedwater line and does not mix with the colder water until mixing of the two stream occurs
at the outer swing check isolation valve. Stratification for this condition can thus effect only
the feedwater piping outside containment,

A second condition of plant operation which can cause stratification in the feedwaser
piping is when the plant is in hot stendby condition following scram. After scram, the
temperature of the entire feedwater line is hot. When ¢old water is introduced to make up
for decay heat boiloff in the RPV, the colder water flows along the bottom of the largc
diameter horizontal feedwater pipe at low flow rate, creating stratification. The
temperature difference between top and bottom of the pipe will decrease 2long the pipe in
the direction of flow, but stratification could still exist in the feedwater piping inside
containment since the swing check valves are not effective in mixing the cold water flowing
along the bottom of the pipe.

The test program will consist of measurement of él) temperature around the circumference
of the feedwater pipe at various locations inside and outside containment, (2) strains at
points of highest stress inside containment, and (3) measurement of pipe displacements
and movements inside and outside containment due to pipe bowing because of
stratilication,
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This test will be performed in accordance with the general requi ements of Regulatory
Guide 1.68 and the more specific requirements in ANSI/ASME OM7. Detailed test
procedures will be prepared in aczordance with these documents . The development and
specifications of the types of measurements required, the systems and locations to be
monitored, the test acceptance criteria, and the corrective actions that may be necessary
are s discussed in Paragraph 3.9.2.1.2 Thermal Expansion Testing,

The feedwater thermal stratification test is not required if the appiicant can show a test
performed at a previous plani meets the requirements of this paragraph and is applicable
to his plant,
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cilitate assessment of the test while it is in
progress. Limits of thermal expansion dispiace-
ments are established prior to start of piping
testing to which the wctual measured displace-
ments are «. apared to determine acceptability of
the actual motion. 1 the measured displacement
does not vary from the acceptance limits values
by more than the specified tolerance, the piping
system is respondiog in a manper consistent with
the pred ' ~tions and is therefore acceptable. The
piping response to test conditions shall be con-
sidered acceptable f the review of the test re-
sults indicates that the piping respond+ o 3 man-
per consistent with the predictions of the srress
report and/or that piping stresses are within
ASME Code Section 111 (NB-3600) limits. Accept-
able thermal expansion limits are determined
after the completion of piping svstems stress
apalysis and are provided in the piping test
specifications. Level 1 criteria are boundiog
criteria based on ASME. 11l Code stress limits.
Level 2 ¢riteria are stricter criteria based the
predicted movements using the calculated deflec-
tions plus a selected tolerance.

31.9.2.1.2.4 Reconciliation and Corrective Ac-
tions

During the course of the tests, the remote
measurements will be rezularly checked to vernify
compliance with acceptance criteria. If trends
indicate that criteria mav be violated, the mea-
surements should be monitored at more frequent in-
tervals. The test will be beld or terminated as
soon as criteria are violated. As soon as pos-
sible after the test bold or termination appropri-
ate investigative and corrective acticns will be
taken. If practicable, a walkdown of the af-
fected piping and suspension system should be
made in an attempt to dentify potential obstruc-
tioa to {ree piping movement. Haugers and saub-
bers should be positioned within thewr expected
coid and hot settings. All signs of damage to
piping or supports shall be investigated.

Inscrumesntation indicating criteria failure
shall be checke for proper operation and calibra-
tion including comparison with other instrumenta-
tion located in the proximity of the
out-of-bounds movemest. Assumptions, such as pip-
ing temperature, used in the calculations that
generated the applicable limits should be com-
pared with actual test conditions. Discrepancies
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noted sbhould be accounted for in the criteria
limits including possible reanalysis.

Stould the investigation of instrumentation
and ¢ilculations fail to reconcile the criteria
violations or should the visual inspection re-
veal av unintended restraint, then physical cor-
rective actions may be required. This might -
clude complete or partial removal of an interfer-
ing structure; replacing, readjustiog or reposi-
tionicg piping system supports; modifying the
pipe routing; or, modifying system operating pro-
cedures to avoid the temperature conditions that
resuited in the unacceptable thermal expansioan.

19213 Thermal Stratification in Feedwater Piping

This is a special test to be performed as part of the
startup program to monitor the conditions and effects
of temperature stratification that may exist during
certain operating condition in: (1) the feedwater piping
header inside and outside containment, and (2) the
short horizomal runs of the of the riser piping inside
containment where feedwater enters the vessel
nozzies.

Stratification in the feedwater piping can occur during
plant startup when hot RWCU is added to the cold
feedwoter line, the hot RWCU flows on top of the
colder water in the feedwater line and does not mix
with the colder water until mixing of the two stream
occurs at the outer swing check isolation valve,
Stratification for this conditioa can thus effect only the
feedwater piping outside containment.

A second condition of plant operation which can cause
stratification in the feedwater piping s when the plant
is ir ot standby condition following scram. After
scram, the temperature of the entire feedwater Line 15
hot when cold water is introduced to make up lor
decay heat boiloff in the RPY, The colder water flows
along the bottom of the large diameter horizontal
feedwater pipe at low flow rate, creating stratification.
The temperature difference between top and botiom
of the pipe will decrease along the pipe in the direction
of flow, but stratification couid still exist in the
feedwater piping inside containment since the swing
check valve are not effective in mixing the cold water
flowang along the bottom of the pipe.

The test program will consist of measurement of (1)
temperature around the circumfersace of the
feedwater pipe at various locations inside and ouiside
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GE-NE

ABWR PROGRAMS

MECHAN!CAL SYSTEMS DESIGN

FILE: MH-A2&r DISTRIBUTION:
JBK; INF;

DATE: SEPTEMBER 4, 1992
TO: MARYANN HERZZOG

/1
FROM: ¥ 7. SWAIN%

SUBJECT: AUDIT l- A-28 - FEEDWATER STRATIFICATION MONITORING
FROGRAM - CHAPTER 14, SSAR

Below are my revised recommendations for changes to Chapter 14 1o add the feedwater
stratification monitoring ‘program. This letter supplements my letter of September |, un
chunges to Section 3.9.3 of the SSAR on the same subject. SSAR markups are attached.

1. On page 14.2-59

Replace "14.2.12.2.10 Svstem Expansion" with:

14.2.12.2.10 System Thermal Expansion and Feedwater Stratification.

The movement of piping systems due to thermal expansion and fluid temperature
stratification is monitored during the start up test program. The thermal expansion test
;!r()gram applies to those piping systems identified in Paragraph 14.2.12.2.10.1 (3). The
Tuid temperature stratification test applies only to the feedwater piping.

14.2.12.2.10.1 System Thermal Expansion

2. Add new paragraph to cover the feedwater stratification test as follows:
14.2.12.2.10.2 Feedwater Stratification.
(1) Purpose

The purpose of the feedwater stratification test is to confirm the vertical
temperature gradients that can occur in the feedwater piping, eit' 't inside or
outside containment, during certain operational modes do not, when combined
with thermal expansion, ptoduce pipe stresses, pipe movements or RPV nozzle
loads in excess of decign allowables.

(2) Prerequisites

The preoperational tests have been completed and plant management has
reviewed the test procedures and has apgroved the initiation of testing. For each
scheduled testing iteration the plant shall be in the appropriate operational
configuration with the specified prerequisite testing complete, The applicable
instrumentation shall be checked or calibrated as is appropriate.



Satisfactory completion of the thermal expansion test is a prerequisite to the
stratification test. This insures the piping is free of obstruction that could constrain
free pipe movement.

(3) Description

The feedwater piping stratification test consists of measuring displacement,
temperatures and strains of the feedwater piping during these two operating
modes:

(a) During plant startup when hot RWCU is added to the cold feedwater
line. The hot RWCU flows on top of the coider water ii. the feedwater line
and does not mix with the colder water until mixing of the two stream
occurs at the outer swing check isolation valve. Stratification for this
condition can thus effect only the feedwater piping outside containment.

(b) The plant is in hot standby condition following scram. After scram, the
temperature of the entire feedwater line is hot. When cold water is
introduced to make up for decay heat boiloff in the RPV, the colder water
flows along the bottom of the large diameter horizontal feedwater pip. at
low flow rate, creating stratification. The temperature difference between
top and bottom of the pipe will decrease along the pipe in the direction of
flow, but stratification could still exist in the feedwater piping inside
containment since the swing check valves are not effective in mixing the
cold water flowing along the bottom of the pipe.

The test consist of measurement of (a) temperature around the circumference of
the feedwater pipe at various locations inside and outside containment, (b) strains
at points of highest stress inside containment, and (¢) measurement of pipe
displacements and movements inside and outside containment due to pipe bowing
because of stratification,

14) Criteria

Acceptance criteria are established for temperature measurements around the
circumference of the pipe and for the strain measuremerts at the high stress points
in the piping. Acceptance criteria is not provided for the displacement
measurements because of the uncertainities involved with interpreting the test data
which include displacements caused by both thermal expansion and stratification.
The acceptance criteria for temperature are based on the measured values not
exceeding actual values used for design and maximum values allowed without
overstressing the feedwater pipe. The acceptance criteria for strains are based on
the measured strains due to thermal expansion plus stratification not exceeding
strains predicted by a.alysis and the maximum strains 2llowed by Code. The
locations to be monitored aund the aacceptance criteria for temperaturss and
strains for the monitored locations in each plant will be provided by the applicable
design or testing specification.
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The test consist of measurement of (a)
temperature around the circumference of the
feedwater pipe at various locations inside and
outside containment, (b) strains at points of
highest stress inside containtaent, and (¢)
measurement of pipe displacements and
movements inside and outside containment due 1o
pipe bowing because of stratification.

Criteria

Acceptance criteria are established for
temperature measurements around the
circumfierence of the pipe and for the strain
measurements at the high stress points in the
piping. Acceptance critenia is not provided for the
displacement measurements because of the
uncertainities involved wath interpreting the test
data which include displacements caused by both
thermal expansion and stratification. The
acceptance criteria for temperature are based on
the measured values not exceeding actual values
used for design and maximum values allowed
without overstressing the feedwater pipe. The
acceptance criteria for strains are based ou the
measured strains due to thermal expansion plus
stratification not exceeding strains predicted by
analysis and the maximum strains allowed by
Cade. The locations to be monitored and the
aacceptance criterta for temperatures and strains
tor the monitored locations in each plant will be
provided by the applicable design or testing
specification,

142.122.11 System Vibration

(1) Purpose

To verity that the vibration of critical
plant sysiem compooents and piping is within
acceptabie limuts during normal steady state
power operation and during expected
operational transients.

Amesdmen: 21
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(3) Prerequisites

(3)

(4)

“he arplicable preoperational phase testing
is complete and plant management has reviewes
the test procedure(s) and has approved the
isitiaticn of testing. For each scheduled
test iteration the plaot sball be in the ap-
propriate operational configuration with all
specified prerequisite testing complete

The required remote monitoring instrumen-
taticn shall be calibratey and operational. j

Deseripuon

Vibration testiag dur g the power ascensios
phase will be limited to those systems tha:
cou.d not be adequately tested during the
preoperational phase. Systems within the
scope of this testing are therefore the same
as meantioned 1o Subsection 14.2.12.1.51
However, the systems that remais to be
tested will primz v be those exposed t¢o
and affected by steam flow and high rates of
core flow. Due to the potentially bigh le-
vels of radiation present during power
operation, the testiag will be performed
using remote mogitoring iostrumesntation.
Displacement, accele ‘tion, aad stra:a dats
will be collected at various critical steagy
state operating conditious and duriag sigai
ficant transients such as turbioe or gesera-
tor trip, maip steamline 1solation. SRV ¢t
vation and RIP trip (if not aiready per-
formed). Steady state and traasieat vibra-
tion affecting the RCIC steamiine will also
be moagitored.

Cntenia

Criteria will be calculated for those poists
monitored for vibration for both steady
state and tragsient cases. Two levels of
criteria will be generated, one level for
predicted vibration and one level based on
acceptable values of displacement and accel-
eration and the associated stress to assure
that there will be no failures from fatigue
over the life of the plaot. Failures to
remain withio the predicted levels of vibra-
tion sbould be investigated but do not aeces-
sarily preciude the cootinuation of further
testing. However, failure to meet the
criteria based on stress limits will reguire
immediate investigat.on and resolution while
tbe plant or affected system 1s placed in 2

safe condition.
u.ul,\,
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