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i General Electric Company
J ATTN: Dr. G. G. Sherwood, Manager

'Safety and Licensing
175 Curtner Avenue!

San Jose, California 95114

) Dear Dr. Sherwood:

SUBJECT: ACCEPTANCE FOR REFERENCING TOPICAL REPORT NEDE-24057 P
ASSESSMENT OF REACTOR INTERNALS VIBRATION IN BWR/4 AND
BWR/5 PLANTS

b The Nuclear Regulatory Comission has completed its review of the General
|

Electric Company Licensing Topical Report NEDE-24057 " Assessment of
,

Reactor Internals Vibration in BWR/4 and BWR/5 Plants," including the
! Amendments Nos. 1 and 2. The topical report provides an introduction as

to the need for the test program; a sumary of the report; a description
of the reactor internals involved in the program; a description of the

f test including its scope, sensor types and locations, test conditions for
preoperational, precritical, and startup tests as well as flod modes;<

inspection program; and data acquisition system; the results of the<

vibration measurements; the analysis and discussion of the tests; and
~ the program conclusions. The sumary.of our evaluation is attached.
H

As a result of our review, we generally concluded: that the overall'

vibration assessment programs are adequate and the inspection results are
satisfactory; that the inspection of internals imediately following the

g; completion of preoperational tests is acceptable; that the steam dryer
", assemblies are adequate to sustain. flow induced vibration expected in

service; that the accessibility for inspection is acceptable; that for
h,I plants which are closely similar to the valid prototypes, confirmatory tests

consisting only of non-instrumented preoperational testing and subsequent
p inspection of internals are acceptable; that the confirmatory test
I program using instrumented vibration monitcring during hot startup test
! without inspection in lieu of confirmatory preoperational flow test with

inspection is acceptable. Specific conclusions as to prototype and
F1 non-prototype plant classifications and the specific limitations are

as stipulated in the Regulatory Position section of the attached Topical'

F Report Evaluation.

We find the topical report NEDE-24057(P) (proprietary version) and
NEDO-24057(NP) (non-proprietary version) and their two supplements -l

' and -2, are acceptable for referencing in the operating license
application of the BWR/4 and BWR/5 plants listed in table 1 to 5 of the

!
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attached Topical Report Evaluation, provided conditions established for
the specific plant as delineated therein are met in its implementation
of Regulatory Guide 1.20 " Comprehensive Vibration Assessment Program
for Reactor Internals During Preoperational and Initial Startup Testing."
In order to satisfy the conditions specified in the Topical Report
Evaluation, additional plant specific information shall be submitted
for NRC review on a case by case basis.

Pending the availability of test results, we are unable to conclude that
the internals of the Chinshan 1 can be referenced as the valid prototype
for licen:ing applications.

As for the internais in Bailly, a similarly constructed program as for l

Tokai 2 is acceptable only if the program and test results of the
Chinshan internals, BWR/4-201 " size prototype becomes available and is
accepted by NRC. In lieu of this, additional measurements comparable
to the BWR/4 prototype programs may be implemented for qualifying Bailly
internals as the prototype of the BWR/4-201" size internals.

We do not intend to repeat the review of the safety features described
in the topical report and found acceptable in the attachaent. Our
acceptance applies only to the features described in the topical report
and under the conditions discussed in the attachment.

In accordance with established procedure it is requested that General
Electric Company publish an approved version of these reports, proprietary
and non-proprietary, within three months of receipt of this letter. The
revisions are to incorporate this letter and the attached. topical report
evaluation following the title page and thus just in front of the abstract.
The report identifications of the approved reports are to have a -A suffix.

Should Nuclear Regulatory Commission criteria or regulations change such
that our conclusions as to the acceptability of the report are invalidated,
General Electric Company and/or the applicants referencing the topical
report will be expected to revise and resubmit their respective documen-
tation or submit justification for the continued effective applicability
of the topical report without revision of their respective documentation.

Sincerely,

A

Robert L. Tedesco, Assistant Director
for Licensing

Division of Licensing

|
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TOP 2 CAL REPORT EVALUATION

REPORT TITLE Assessment of Reactor Internals Vibration in BWR/4
ani BWR/5 Flants

ORIGINATING The General Electric Company

REPORT NO.: NEDE-24057, November, 1977
NEDE-24057-1 (Amendment No. 1), December, 1978
NELE-24057-2 (Amendment No. 2), June, 1979

REVIEWED BY: Mechanical Engineering Branch
Division of Engineering
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission

August, 1980

INTRODUCTION

The structural components inside a reactor are called reactor internals. Reactor
internals are important to safety and should be designed to cope with loads
resulting from potential seismic events, postulate 2 pipe break events, in
addition to loads resulting from normal plant operstions and anticipated opera-
tional occurrences. In addition to certain optional surveillance programs such
as loote parts monitoring and core barrel motion monitoring, reactor internals
are subjected to a comprehensive vibration assessment program which includes
preoperational and initial startup flow testing.

Based on the recommendations of Regulatory Guide 1.20, for the first-wf-a-kind
prototype reactor, the vibration assessment program includes pre-test analysis
for vibration predictions, vibration monitoring during the flov testing, and the
post-test inspection of reactor internals. The purpose is to verify structural
integrity prior to commercial operation far steady state and transient flow
induced vibratory loads. The non-prototype reactor which is similar to the
prototype, may have part of the program requirements reduced, dependent upta the
degree of design siailarity. Additional requirements may be needed if design
modifications in the non-prototype are intended to resolve some identified
operating problems. Furthermore, BWR test program requirements differ from
PWRs due to the difficulty of conducting a hot flow test prior to fuel loading
and in performing an inspection sfeer the completion of the startup hot testing
following fuel loading. An option which has evolved for BWR's is to conduct an
inspection after the equivalent cold flow testing and to perform additional
vibration monitoring during the subsequent precritical and startup phases of the
hot flow testing.

SUMMARY OF TOPICAL REPORT

NEDE-24057 provides an overview of current and future vibration assessaant
programs for BWR/4 and BWR/5 internals. Descriptions in the repcrt include

|
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the vibration prediction methodology used; the sensor types and locations in
the several plants having vibration tests conducted; the scope and objectives
of the internals inspection program; typical test results from vibration
measurement sensors and the internals inspection; the general vibration
characteristics of various components and assemblies; analytical basis for the
test acceptance criteria, and comparisons of some predicted and measured
vibration amplitudes.

Cccelusions of NEDE-24057 may be summarized briefly as the following:

Based on satisfactory test results and operating records of 11 BWR/4 plants,A.

vslid prototypes were established for reactor internals of vessel sizes
183, 218, and 251 inches. The plants are Duane Arnold, Fitzpatrick, and
3rowns Ferry 1 respectively.

B. Vibration measurements are planned in the lead BWR/5 plants to evaluate the
jet pumps, which differ from the BWR/4 jet pumps. Measurements are also
planned for the BWR/4 - 201" size prototype, the Chinshan 1 plant in
Taiwan, China.

C. The Tokai 2 plant in Japan has been established as the BWR/S - 251" size
prototype based on satisfactory test results.

D. BWR/4 or BWR/5 plants having irecruals similar to the above mentioned
prototype plants have been designated to conduct non-prototype test programs
as characterized by Regulatory Guide 1.20.

E. Vibration problems encountered in BWR/4 plants with feedvater spargers and
incore instrument tubes have been resolved by design modifications which
vere developed in flow test facilities and subsequentJy confirmed through
in plant testing.

In conclusica, the General Electric Company has proposed that the vibration
assess =ent programs presented in NEDE-24057 meet the requirements of Regulatory
Guide 1.20. They claim that the satisfactory test reaults, the record of L1

| operating plants, and the planned vibration assessment programs provide the'

needed assurance that the desiga of BWR/4 and BWR/5 internals is adequate to
withstand flow induced vibration resulting from normal plant operations and
anticipated operational occurrences.,

|

|
,

'

SUMMARY OF STAFF EVALUATION

A. Objectives of Staff Review:

NEDE-24057 was evaluated emphasizing-

(1) Whether the completed or plar..ned vibration assessment prograns presented
in NEDE-24057 meet the intent of Regulatory Guide 1.20.

a
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Whether any experienced operating problems have been resolved, or(2)
acceptable neasures for resolution have been proposed in NEDE-24057.

B. Staf f Evaluation and Conclusions:

The adequacy of the vibration assessment programs and test results(1) Thewere evaluated for the various size BWR/4 prototype Laternals.
prototypes include the 251" size Browns Ferry 1 the 218" sizeVibration was measuredFitzpatrick, and the 183" size Duane Arnold. Theduring the preoperational, precritical and startup flow tests.
intern-1s were visually inspected af ter the preoperational tests.
The staff evaluation has concluded that the overall vibration assess-
ment programs are adequate and the test and inspection results are
satisfactory.

The acceptability of inspection of internals conducted immediately(2) The concernfollowing the preoperational testing was investigated.
;

'

is that such a test is conducted during cold flow conditions without
NEDE-24057 indicated that vibration amplitudes are consistentlyfuel.

and substantially higher during cold flow preoperational test conditions
as compared to start up and nor=al operating conditions conducted hot,
following fuel loading. Based on additional detailed test data from
the Fitzpatrick test (topical report NEDE-23673) regarding vibration
at the shroud head assemblies, we have concluded that inspection of
internals immediately following the completion of preoperational test
is acceptable, provided the recirculation system was operated at flow
rates up to and exceeding the rated mass flow for normal operation,
which was the case in all of the three above prototype tests.

Inspection of the steam dryer assemblies conducted after the preoperations(3) cold flow testing was questioned, since the effects of an accusi vibration
Theenvironment with hot steam were not simulated during the test.

steam dryer assemblies were not instrumented, hence any vibration whichHowever, theoccurred during start up hot testing was not measured.
steam dryer vane assemblies were qualified via a combination of labo-
ratory vibration testing and analysis. Based on the foregoing investi-
gation and the satisfactory history of operation in operating BWR's, we
have concluded that the steam dryer assemblies are adequate to sustain
flow induced vibration expected in service.

We have investigated the accessibility of BWR internals for inspection(4) after the preoperational test, especially the clearance be: ween jet
pumps and the size of openinr, st the shroud base plate and supports.the accessibility for inspection is acceptable.We have concluded tha

(5) We have evalaated the acceptability of the vibration assessment programs
for non-prototype BWR/4 internale For those plants which are closely
similar to the prototypes identified in ites (1) above. Confirmatory
tests consisting only of non-instrumented preoperational testing and

This acceptancesubseqaent inspection of the internals are acceptable.
is based on the discussion in item (2) above, and the acceptable option

I
f
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permitted by Regulatory Guide 1.20 for BWR plants. BWR/4 plants in
this category include the 218" size in Hatch 2 and Shorehem, and the
251" size in Susquehanna 1 eul 2, Hope Creek i and 2, and Fermi 2 plants.

(6) In lieu of conducting confirmatory tests consisting of a non-instrumented
preoperational test with subsequent inspection, another option provided
in Regulatory Guide 1.20 for BWR non-prototype internals is to conduct
a confirmatory test without inspection but with instrumented vibration
monitoring during the hot start-up test to ensure that the measured
internals vibration is similar in nature and comparable in amplitude
to those in the designated prototype internals. We have evaluated the
program using this option presented for the internals of the 218" size
in Cooper, Hatch 1, Brunswick 1 and 2 plancs, and the 251" size in Browns
Ferry 2 and 3, and Peach Botton 2 and 3 plants. We have concluded that
the presented programs are acceptable.

(7) NEDE-24057 indicated that the Chinshan 1 plant in Taiwan, China was
designated as the plant for the BWR/4-201" size prototype internals.
Since the test results are not yet available for staff review, we are
unable to conclude that the internals of the Chinshan 1 may be referenced
at this time as the valid prototype for other plant licensing applications.

(S) for BWR/5 internals, NEDE-24057 indicated that the vibration assessment
program was completed in the Tokai-2 plant in Japan for the BWR/5-218"
size prototype. We have evaluated the vibration assessment program
and test and inspection results of Tokai 2. Since the Tokai 2 internals
are generally similar to the Browns Ferry 1, a BWR/4-251" prototype
except for the design of the jet pumps, vibrations measurements at Tokai-
2 were concentrated at the jet pumpa and at the shroud head' upper bolt
guide ring. These locations were selected since they would indicate
the effect of jet pump motion and overall shroud motion. We have concluded
that the program, the test results and the inspection results of the
Tokai 2 internals are acceptable. Programs are also presented for the
Zimmer plant for the BWR/5-218" size internals, and for the Bailly plant
for the BWR/5-201" size internala. Since the internals in Zimmer are
generally similar to the BWR/4-218" size prototype in Fitzpatrick,
similar to the case of Tokai 2 and its BWR/4-251" counterpart, a vibration
assessment program having all the major elements as the Tokai 2 program
is acceptable for qualifying the Zim=er internals as the 218" size
prototype. As for the internals in Bailly, a similarly constructed
program as for Tokai 2 is acceptable only if the program and test results *

of the Chinshan internals, BWR/4-201" size prototype, becomes available
and is accepted by the NRC. In lieu of this, additional measurements
comparable to the BWR/4 prototype programs may be implemented for
qualifying Esilly internals as the prototype of the BWR/5-201" size
internals.

(9) NEDE-24057 indicated that LaSalle 1 (a BWR/5-251") vill have an internal
vibration assessment program with vibration sessurements of the jet
pu=ps during preoperational, precritical and startup tests, and inspection
followieg the preoperational testing. Since the LaSalle 1 internals are

i
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similar to the internals of Tokai 2, the BWR/5-251" prototype, except
for differences in the jet pump adaptor design, we have concluded that
the proposed program is acceptable and will consider LaSalle 1 as an
non-prototype category II plant.

(10) NEDE-24057 indicated that the vibration assessment program for WPPSS-2
internals (a BWR/5-251") will have an instrumented confirmatory test
during startup and will not have preoperational flow test and inspection.
Areas of the jet pumps and the shroud head upper guide ring will be
instrumented. The report also indicated that the programs for non-
prototype LaSalle 2 and Nine Mile Point 2 internals will have non-
instrumented preoperational test and subsequent inspections. These
proposed programs are consistent with the treatment of non-prototype
BWR/4 internals and meet the intent and acceptable options available
in Regulatory Guide 1.20 as discussed in item (5) and (6) above. We
conclude that the proposed confirmatory test program are acceptable.

(11) We have evaluated the effects of problems experienced in the BWR internals
of operating plants, some of which include in-core channel box wear,
feedwater sparger failure and the failure of jet pump holddown beam bar
(HDBB). Generic review of the channel box and sparger problems have been
completed by the staff. The design modifications which have been
implemented in operating BWR plan.s and in planco under licensing appli-
cation have been acceptably covered in NEDE-24057. The jet pump HDBB
failure occurred in BWR/3 plants and was caused by progressive inter-
granular stress corrosion. This is a long duration process sLnilar to
the sparger and channel box ptablems which is beyond the scope of the
assessment programs of Regulatory Guide 1.20. The on-going short term
staff action for the jet pump HDBB includes degradation surveillance
and replacement of the failed EDBB during a planned plant fuel outage.
Permanent resolution of this problem is expected prior to the issuance
of an operating license for any plant included in NEDE-24057.

REGULATORY POSITIONS

The staff, based on evaluation of GE topical report NEDE-24057, has concluded
the following relative to the preoperational and startup vibration assessment
and testing program for GE BWR/4 and BWR/S internals:

A. Valid prototype internals are established for the plants listed in Table 1.
These plants have satisfactorily completed the vibration assessment program
in compliance with the Regulatory Guide 1.20:

.
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Table 1

Valid Prototypes - Operating

Plant Name Valid Prototype Internals
Type and Size

Browns Ferry 1 BWR/4-251"
Fitzpatrick BWR/4-218"
Duane Arnold BWR/4-183"
Tokai 2 BWR/5-251"

The Prototype internals in Table 1 are accepta'cle to be referenced in the plant
licensing applications.

B. The plants listed in Tables 2 and 3 below having reactor Jnternals substan-
tially similar to their individucily referenced valid prototype are acceptable
to be designated as Non-prototype Category I in accordance with Regulatory
Guide 1.20:

.

Table 2

Non-Prototype, Category I - Operating

Plant Name Reactor Type Plant with designated
& Size prototype internals

Browns Ferry 2 & 3 BWR/4-251" Browns Ferry 1
Peach Bottom 2 & 3 BWR/4-251'' , Brewns Ferry 1
Cooper BWR/4-218" Fitzpatrick
Hatch 1 & 2 BWR/4-218" Fitzpatrick

,
Brunswick 1 & 2 BWR/4-218" Fitzpatrick

| '

|

l
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Table 3

Non-Prototype, Category I - Under Construction

Plant Name Reactor Type Plant with designated
& Size Valid Prototype internals

Susquehann 1 & 2 BWR/4-251" Browns Ferry 1
Hope Creek 1 & 2 BWR/4-251" Browns Ferry 1
Limerick 1 & 2 ~BWR/4-251" Browns Ferry 1
Fermi 2 BWR/4-251" Browns Ferry 1
Shoreham BWR/4-218" Fitzpatrick

LaSalle 2 BWR/5-251" Tokai 2/LaSalle 1
WPPSS 2 BWR/5-251" Tokai 2
Nine Mile Point 2 BWR/5-251" Tokai 2

I

The vibration assessment Programs presented in NEDE-24057 for plants in Tables
2 and 3 are acceptable. Acceptability of the non-prototype program implementation
is contingent upon NRC review on a case by case basis of the test and inspection
results.

C. The BWR/5 internals in the Bailly and Zimmer plants should be designated as
the prototypes for sizes 201" and 218" respectively. The vibration assessment
program presented in the report for Zimmer is acceptable. The program for
Bailly should be revised to include additional measurements pending the
availability of test results of Chinshan internals in Taiwan, China, as
previously discussed. Acceptability of establishing the Bailly and Zimmer
internals as valid prototypes is contingent upon review by the staff of
the results of the programs for each plant.

Table 4

Prototype - Under Construction

Plant Name Internals Type & Size

Bailly BWR/5-201"
Zimmer BWR/5-218";

| Chinshan BWR/4-201"

|
|

.-.
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I
!E. The BWR/S internals in LaSalle 1 plant are acceptable to be designated '

as Non-prototype Category II in accordance with Regulatory Guide 1.20.
The vibration assessment program presented in Amendment No. 2 of NEDE-24057
for LaSalle 1 is acceptable. Acceptability of LaSalle 1 as a Non-Prototype
Category II plant is contingent upon NRC review of the test and inspection
results after the completion of the program.

Table 5

Non-Prototype Category II
Under Construction

Plant Name Reactor Type Plant with designated
& Size valid prototype internals

LaSalle 1 BWR/5-251" Tokai 2

F. The resolution of IE Bulletin 80-07 concerning the observed cracking of jet
pump holddown beams should be considered an open issue in the operatfag
license review of all BWR plants. Each plant should document its proposed
action to resolve the problem prior to the issuance of an operating license

.
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ABSTRACT
;

This report presents results of reactor internals vibraticn tests and moasure-
ments conducted in prototype 3WRl4 plants of 251 inch, 218 inch, and 183
inch vessel s!ies. Results are also presented for supplemental tests of certain
internal design features of later BWRl4 plants. All results are shown to be within
acceptable limits. Visualinspections of internals following flow testing showed no
evidence of vibration. Plans are outlined for additional vibration measurements
in BWHl4 and BWRIS plants containing new design features. Confirmatory test
plans for subsequent similar BWRl4 and BWRIS plants are discussed.
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1. INTRODUCTION

Vibration of reactor internals is monitored during preoperational and startup testing of BWRs which contain
new internal design configurations or features. Vibration measurements and inspections of internals following flow
testing are made in response to requirements of NRC Regulatory Guide 1.20. Vibration measurements for core
support structures and major internal components were made in three BWR/4 plants: the 251 size prototype, Browns
Ferry 1; the 218 size prototype, Fitzpatrick; and the 183 size prototype, Duane Arnold. Feedwater sparger vibration
measurements were made at the Cocper and Browns Ferry 2 plania for the interference-fit installation and at Bruns- -
wick 1 for the welded-in installation. Vibration of in-core instrument tubes was monitored in the Browns Ferry 3 plant.

Satisf actory completion of these tests establishes valid prototype BWR/4 design configurations for reference
by subsequent similar plants. The prototype test results also support some component designs in BWR/S plants. The
prototype is a composite,in that various design features were tssted in several different plants rather than in a single
plant.

Plants similar to the prototype are required to conduct a confirmatory test to verify satisfactory vibration
performance of internals through measurements or through inspection. General Electric is committed to confirm
satisfactory vibration performance of internals through preoperational flow testing followed by inspection for evi-
dence of excessive vibration.

11/1-2
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2. SUMMARY

'
This report contains in Section 3 a brief general description of BWR reactor internals, followed in Section 4

by a description of the vibration test programs which are conducted in several BWR/4 plants. Sensor types and loca-
tions are identified and test conditions (Preoperatior al Precritical, and Startup) ate defined. The scope and objec-
tives of the internals inspection program are discussed. In Section 5, results of the vibration measurement and
inspection programs are presented. General vibration characteristics of the various components and assemblies
are discussed, and measured vibration amplitudes are compared with test acceptance critena.

Section 6 presents the analytical basis for the test acceptance criteria and desenbos the data analysis method
used in the evaluation of test results. Section 6 also contains a discussion of the vibration predictions which were
made for BWR/4 prototype plants and presents a comparison of predicted and measured vibration amplitudes.
Application of the test rssults to subsequent BWR/4 and BWR/5 plants is discussed in Section 7.

Key conclusions presented in Section 8 are summarized as follows:

a. These test results demonstrate the adequacy of BWR/4 internals with respect to vibration and establish
valid prototype internals design contigurations for reference in the qualification of subsequent similar
plants of 218 and 251 inch vessel sizes. All quantitative measurements are found to be within accept-
able limits. Visual inspections for wear, cracking, or loose parts have shown no evidence of vibration
problems.

b. Design modifications to feedwater spargers and in-core bypass flow paths were developed in out-of-
reactor test f acilities and have been confirmed by in-plant tssts snd subsequent satisfactory in-service
operation as valid reference designs. Current and future plans for vibration testing of these and other
internal components place increased emphasis on the use of out-of-reactor flow test facilities.

c. Vibration measurements are pi ...ned i.i lead DWR/5 plants to evaluate the jet pumps,which differ from
the BWR/4 jet pumps. Measurements are also to be made in the 201 size BWR/4 prototype plant, Chin-
shan 1, completing requirements for in-plant vibration measurements in BWR,4 and BWR/S plants.

d. The preoperational flow test and inspection is a practical and adequate confirmatory vibration test for
non-prototype plants. The BWR/4 plants will be qualified by this test are Hatch 2, Shoreham, Fermi 2,
Limerick 1 and 2, Hope Creek 1 and 2, and Susquehanna 1 and 2. BWR/5 plants to receive the preopera-
tional test and inspection are LaSalle 1 and 2. Hanford 2, and Nine Mile Point 2.

Thus, extensive vibration measurements in prototype plants together with satisfactory operating experience
in 11 BWR/4 plants have established the adequacy of reactor internals designs.

2-1/2-2
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3. DEDCRIPTION OF INTERIMLS

Figure 3-1 showa the BWR internals assembly. For purposes of vibration test description, the internal com-
ponents are grouped as follows;

The shroud and shroud herd assembly. This includes the steam separator and standpipe assemblies,a.
which are attached to each other and to the shroud head. Steam separators are of the same design in all
BWR/4 and BWR/S plants. The shroud is fixed at the shroud support plate, which is reinforced by gus-
sets or by shroud support legs.

b. The fuel assemblies, which are supported vertically by the fuel support castings and control rod guide
tubes and laterally by the shroud through the core plate and the top guide.

The jet pump assemblies, each consisting of a riser pipe and two jet pumps. Support points are at thec.
inlet nozzle, the riser brace, and the shroud support plate.

d. The control rod guide tubes, which pros ide vertica! support to the fuel assemblies and are in turn sup-'

ported by the control rod housmgs, the stub tubes, and the bottom head. These are of the same design
in all BWR/4 and BWR/S piants.

I
The in-core housing, guide tube. und stabil:23r asseratly. The housings extend up thr.cagh the bottom~

e.
head and are welded to the guide tubes which extend up to the core plate.The incore guide tubes are
attached to each other at approximately midspan by stabilizer bars. This design ir. also common to
BWR/4 and BWR'S plants.

f. The in-core instrument tubes, which extend up through the incore housings and guide tubes and be-
tween the fuel channels in the core region.

g. The feedwater spargers, which are supported at the inlet thermal sleeve and a t each end of the header.
he thermal sleeve may be welded to thu nozzle or installed with an interference fit.

,

Other internal components, such as the steam dryer assembly, have not been vibration tested because they
,

j are not considered to be important to safety or susceptible to signuicant vibration.

<

3-1
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(GE Company Proprietary)

Figure 3-1. BWR Reactor Internals.
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4. TEST DESCRIPTION

4.1 TEST SCOPE

4.1 Test Scope.The vibration test program for BWR 4 and 5 reactor internals provides for extensive vibration
measurements and post-test inspection of major new internal design configurations or features, and for confirma-
tory tests of subsequent similar internals through either vibration measurements or post-test inspection. A vibtation
test program has been designed for each plant to meet these general requirements, taking into consideration simi-
larities and differences of designs among the various plants and the timing of initial plant startup schedules. These
test plans have been modified over a period of time in response to plar.t operating experience, testing experience
and results, and changes in Regulatory requirements.

Table 4-1 summarizes the vibration test programs and its basis. BWR/4 and BWR/S plants are listed together'

by plant size. Under Internals Designs Characteristics are listed the key dimensions, flow parameters, and design
features which were considered in specifying the test program. The core and shroud structures are substantially
similar inBWR/4 and BWR/S plants, while the jet pumps are substantially different. Other design features common to
BWR/4 and BWR/S are noted in Section 3 above.

The vibration test program is described for each plant inTable 4.1 in terms of the components which are h-
strumented and the tests and measurements which are r>erformed.

Results of vibration measurements in seven plants are presented in Section 5 of this report. Three of these
were prototype plants, for which the test scope was as follows:

* 251-BWR/4 Pro % type (Brt;wns Ferry-1)
Shroud and shroud head assembly.
Jet Pump assemblies.
Control rod housing and guide tube assemb!y.
Incore housing, guide tube and stabilizer assembly.

e 218-BWR/4 Prototype (Fitzpatrick)
Shroud and shroud head assembly.

,

Jet pump avemblies.
Fuel channels.

* 183 BWR/4 Prototype (Duane Arnold)
Shroud and shroud head assembly.
Jet pump assemblies.
Control rod housing and guide lebe assembly,
incore housing, guide tube, and stabilizer assembly.

The feedwater spargers with the interference fit installation were instrumented at Cooper (a 218 size BWR/4)
and at Browns Ferry 2 (a 251 size BWR/4). The welded-in sparger was instrumented at Brunswick 1 (a 218 size
BWR!4). In these plants, instrumentation was also provided on the shroud head and on the jet pumps to confirm
prototype test results for these components.

The vibration test program at Browns Ferry 3 covered the in-core instrument tube vibration fix,in addition to
confirmatory shroud head, jet pump and feedwater sparger vibration measurements.

Other aspects of the vibration test program of Table 4-1. Including future test plans, are discussed in Section 7.
i

4.2 SENSOR TYPES AND LOCATIONS

Vibration measurement sensors used in BWR/4 tests are strain gages, displacement transducers, and accel-
erometers. Other sensors installed to aid in determining causes of vibration include differential pressure trans-
ducers and photocells wh;ch were used as recirculation pump speed indicators..

4-1
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t Table 4-1
REACTOR INTERNALS VISRATION PROGRALI FOR BWR 4 AND 5 PLANTS

INTERNALS DESIGN CHARACTERISTICS VIBRATION TEST PROGRAM
Core and Shroud Structure Jet Purnps I.istrumented Components Tests and Measurements
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Duane Arnold 1A3 4 1593 49.0 368 145 108 yes 1 159 89 119 14.1 16.9 1.39 X X X X X X X X (1)
Chinshan 1 201 4 1775 53.0 408 165 130 yes 1 162 89 107 14.1 14.6 1.30 X X X X X X X .X (2) k
Bailly 201 5 1931 61.5 444 165 130 no 5 191 54 145 14.1 16.9 1.92 X X X X X X

~ 8b Fitzpatrick 218 1 2436 77.0 560 178 163 no 1 160 100 100 17.1 14.4 1.25 X X X X X X X X (1) kCooper 218 4 2381 73.5 548 178 151 no 1 160 100 100 17.1 13.7 1.15 X X X X (1) 8
Hatch 1 218 4 2436 78.5 560 178 163 no 1 160 100 100 17.1 14.7 1.30 X X X (1) y
Hatch 2 218 4 2436 77.0 560 178 163 no 1 160 100 100 17.1 14.4 1.25 X (1)
Brunswick 1 218 4 2436 77.0 560 178 163 yes 1 160 100 100 17.1 14.4 1.25 X X X 4 (1)
Brunswick 2 218 4 2436 77.0 560 178 163 yes 1 160 .00 100 17.1 14.4 1.25 X X X X X (1)
Shoreham 218 4 2436 77.0 560 178 163 no 1 160 100 100 17.1 14.4 1.25 X
Zimmer 213 5 2436 78.5 560 178 163 yes 5 208 57 142 17.1 14.7 2.19 X X X X X X

Browns Ferry i 251 4 3293102.5 764 207 211 yes 1 187 110 87 19.1 15.3 2.CJ X X X X X X X X (1)
Browns Ferry 2 251 4 3293102.5 764 207 211 yes 1 187 110 87 19.1 15.3 2.00 X X X X (1)
Browns Ferry 3 251 4 3293102.5 764 207 211 yes 1 187 110 87 19.1 15.3 2.00 X X X X X X (1)
Peach Bottom 2 and 3 251 4 3293102.5 764 207 211 yes 1 187 110 87 19.1 15.3 2.00 X X X (1)Susquehanna 1 and 2 251 4 3293100.0 764 207 225 yes 1 187 110 87 19.1 15.0 1.92 XHope Creek 1 and 2 251 4 3293100.0 764 207 225 yes 1 187 110 87 19.1 15.0 1.92 X
Limerick 1 and ? 251 4 3293 100.0 764 207 225 yes 1 187 110 87 19.1 15.0 1.92

X
E Fermi 2 251 4 3293100.0 764 207 225 no 1 187 110 87 19.1 15.0 1.92 X
Tokai 2 251 5 3293 106.5 764 207 225 yes 5 228 61 132 19.0 15.9 1.98 X X X X X X X (2)Lasatte 1 251 5 3293108.5 764 207 225 no 5 226 61 132 19.0 16.2 2.04 X
Lasalle 2 251 5 3293108.5 764 207 225 yes 5 228 61 132 19.0 16.2 2.04 X
Hanford 2 251 5 3323108.5 764 207 225 yes 5 228 61 132 19.0 16.2 2.04 X
Nine Mile Point 2 251 5 3323108.5 764 207 225 yes 5 228 61 132 19.0 16.2 2.04 X

Notes: (1) Test Complete
(2) Test in Progress

.
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The strain gages are manufactured by Ailtech (Model SG 125). They consist of a nickel-chrome alloy filament
in a Type 321 stainless steel tube of 0.040-inch diameter, with an integral flange for spot welding. The effective gage
length is one inch. They were used to measure the dynamic strain in several components

a. Jet pump riser braces: a typical installation is shown in Figure 4.1.

b. Feedwater spargers: Figure 4.2 shows the as-installed locations for the Brunswick 1 spargers. Other
installations are similar in that one sparger is provided with eipht strain gages, and the remainder
with two.

c. Incore instrument tubes. Figure 4-3 shows the strain gage installation at Browns Ferry 3.

d. Fuel chanriels. Figure 4-4 shows the Fitzpatrick installation.

e. Shroud support legs. Figure 4-5 shows the installaticn at Duane Arnold. Similar locatiom, were used
at Browns Ferry 1.

f. Control rod housing stub tube. Strain gages were located just above the stub tube to vessel weld as in
Figure 4-6,in the Browns Ferry 1 and Duane Arnold plants.

g. Incore housing. Gages were located as in Figure 4-7 in the Browns Ferry 1 and Duane Arnold plants.

Vibration of the shroud head and steam separator assembly was measured in all plants using Validyne variable
reluctance accelerometers located on the upper bolt guide ring. Figure 4-8 is a typical installation, except that in

; some earlier plants the accelerometers were 120* apart instead of the 60* shown. The 60' spacing is more convenient
j to install and equivalent in terms of mode identification. The sensitive axis of the accelerometers is in the tangential

direction. The specified frequency response of these sensors is 0 to 50 Hz. They are used in conjunction with a double
integrator (see Subsection 3.3) to provide the dynamic displacement response from 2 to 50 Hz.

! Accelerometers were also used at Duane Arnold to measure radial vibration of the shroud waN at the midplane
elevation. Three accelerometers were located at the 20,46, and 98* azimuths to resolve possible shell modes of the
shroud cylinder, Displacement transducers of the linear variable differential transformer (LVDT) type were used to
measure jet pump vibration relative to the reactor vessel. Figure 4-9 shows a typical installation on the jet pump in
which the LVDT housing is mounted on the vibrating structure and the probe senses motion relative to the stationary
pressure vessel. The LVDT's which were mounted on the shroud flange in prototype plants sensed radial and tangen-

| tial motion relative to the reactor vessel at the zero and 180 degree azimuths.
t

in the Browns Ferry 3 plant, eight piezoelectric accelerometers were mounted on the lower ends of in-core
instrumentation tubes, external to the reactor vessel, to serve as impact detectors. Figure 4-10 shows the sensor
locations. Accelerometers thus mountou can detect intermittent contact between incore tubes and fuel channels.
The accelerometers are Endevco Model 2272 (2 to 5500 Hz response), which are used in conjunction with Endevco
Model 2731 A charge converter systems.

Recirculation pump speeds, which have been founo to correlate with vibration frequency in some cases, were
measured with two photocell and lamp assemblies which ser.se changes in light caused by black marks on the
pump-motor coupling. Spikes are produced and recorded once per revolution. The frequency of the spikes is the
pump speed.'

Diff6rential pressure transducers of the variable reluctance type were installed in (I o prototype p!aats to aid
in the identification of sources or causes of vibration These were located on the core plate, the shroud wall, and the
shroud nead. In addition, absolute pressure transducers were installed in the Fitzpatrick recirculation lines, down-
stream of the recirculation pump discharge, to measure pump-induced pressure oscillations which could influence
the vibration of reactor internals.

4
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Figure 4-10. Accelerometer Locations on in-Core Instrument Tubes at Browns Ferry 3.
Parentheses denote reactor tsidware.
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A summary of the internal vioration instrumentation in prototype plants is given in Tables 4-2 through 4-6. In
these tables, sensor numbers are prefixed by A for accelerometer, D for displacement sensor (LVDT) and S for strain
gage.

4.3 TEST CONDITIONS

in prototype plants, vibration measurements were made during preoperational, precritical, and plant startup
testing. Vibration of in-core instrument tubes was monitored dering precritical and startup testing at Browns Ferry 3.
Feedwater sparger vibration data in Cooper, Browns Ferry 2, and Brunswick 1 were recorded only during startup
testi,1g.

4.3.1 Preoperational Tests

Preoperational testing of prototype plants was performed prior to fuelloading, with allinternal components
nistalled except the fuel assernblies and the incore instrumentation. The recirculation system was operated at flow
rates a to and excceding re%d mass flow, with water temperature in the range of 100 to 200*F. The reactor vessel
was flooded with water to a level above the top flange. Balanced, unbalanced, and transient flow conditions were
obtained. The recirculation system was operated a minimum of 48 hours at the maximum flow condition, followed
by inspection of internals (see Subsection 4.4).

4.3.2 Precritical Tests

Precritical testing was performed after fuel ioading, with the reactor assembly complete. Flow and temperature
.

conditions were similar to those for preoperational testing, but the test was of sheter duration.!

4.3.3 Startup Tests

Vibration measurements were made during startup testing on intermediate and full power load lines' to cover
the entire range of possible flow and power conditions of reactor operation. Figure 4-11 shows the specific flow and
power conditions for the Fitzpatrick startup vibration measurements. Similar test conditions were obtained at the
other plants, except that at Brunswick 1 the two intermediate load lines were combined into one at approximately
60% power. In addition to these balanced flow conditions, unbalanced flow and transient tests were also performed.

4.3.4 Flow Modes
.

Ealanced flow conditions (two-loop operation of the recirculation system) produce the highest core and steam
separator flow velocities. Single-loop operation produces the highest flow velocities in the jet pumps and in the
reactor lower plenum. Unbalanced flow conditions (dissimilar loop flows) cati produce high jet pump vibration
excitation under certain conditions. Transient tests consisting of single-pump and two-pump trips are performed
to provide flow sweeps from which possible critical flow conditions of pump speeds can be identified.

| -
!

4.4 INSPECTION PROGRAM

A direct close-up visual inspection of inktnals were conducted in each of the prototype plants following the
preoperational tests (Subsection 4.3.1). These los!s included 48 hours at high flow, which produced in excess of 10'
cycles of vibration of major internals at their lowest dominant response frequencies. Follo@1g this test, the vessel
head, the dryer, and the shroud head were removed and the vessel was drained. Access to the lower plenum was
provided by opening a manhole in the shroud support.

|

Figures 4-12 and 4-13 show the key dimensions affecting lower p'enum access to the 218 and 251 size BWR/4's.
There is sufficient clearance to permit direct observation of all the peripheral control U>d and in-core guide tubes

'A load hne is obtained at a fixed control rod pattern which produces a designated power levet at rated recirculation flow. See Figure 411.

4-14
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Table 4-2 ]
SHROUD, SHROUD SUPPORT, AND SHROUD HEAD )

VIBRATION INSTRUMENTATION i
1

l
Browns Ferry 1 Fitzpatrick Duane Arnold I

(251 BWR/4) (218-BWR/4) (183-BWR/4)

Shroud Head - Tangential A1,A2,A3 A1,A2,A3 A1,A2,A3

Motion at upper bolt
Guide ring

Shroud Head Flange
Radial D2,D4 D2,D4 D1,D3

Tangential D1,D3 D1,D3 D2,D4

Shroua Wall, Radial A4,AS,A6

Shroud Support Legs S29,S38,S45 (gusset shroud S35,S36,S37

(axial strain) support)

Table 4-3
JET PUMP VlBRATION INSTRUMENTATION

BROWNS FERRY 1 (251-BWR/4)

Jet Pump P&lr: 1-2 3-4 5-6 78 9-10 11-12 13-14 15-16 17 18 1h 10

Riser Brace,
Top Outside SS S3 S1 S17 S15 S13

Riser Brace,
j

Bottom inside S6 S4 S2 S18 S16 S14

Riser Brace,
j

j Outside Edge S10 S7 S22 S19
.

Riser Brace,
inside Edge S12 S9 S24 S20

|

| Riser Brace,
Bottom Center S11 S8 S23 S21

*

Top of Riser,
Tangential D7 D5

Top of Riser,
Vertical D6

180' Elbow,
Radial D8,D9

Top of Diffuser,
Tangential D10,D;2

.

Top of Diffuser,
Radial D11,D15

4-15
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Tabis 4-4
JET PUMP VIBRATION INSTRUMENTATION

FITZPATRICK (218-BWp4/4)

Jet Pui.ip Pair: 1-2 3-4 5-6 7-8 9-10 1' 12 13-14 15-16 17-18 19-20

Riser Brace,
Top Outside S10 S8 S6 S3 S1 S?9 S18 S15 S13 S11

Riser Brace,
Bottom inside S9 S7 SS S4 S2 S19 S17 S16 S14 S12

Top of Riser,
Tangential D8 D11

180* Elbow,
Radial D6,D12 D7,D9

Top of Diffuser,
Tangential D15 D14

Top of Diffuser,
Radial D16 D13

Top of Riser, DS D10
Vertical

i

Table 4-5
i JET PUMP Vf BRATION INSTRUMENTATION

DUANE ARNOLD (183-BWR/4)

Jet Pump Pair: 1-2 3-4 5-6 7-8 9-10 11-12 13-14 15-16
Riser Brace,
Top Outside S1 S3 SS S7 S9 S11 S13 S15

Riser Brace,

| Bottom inside S2 S4 S6 S8 S10 S12 S14 S16

180* Elbow,
Radial D5,D6 D7,08

; Top of Riser,
l Vertical D9 D11

Top of Riser,
Tangential D10 012

!

I Top of Diffuser,
Tangential D15 D13

|

Top of Diffuser,
Radial D16 D14

4-16
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Table 4-6
CONTROL ROD GUIDE TUBE AND

INCORE GUIDE TUBE VIBRATION INSTRUMENTATION

Browns Ferry 1 Duane Arnold
(251-BWR/4) (183-BWR/4)

Location Sensors Location Sensors
Control Rod Guide Tube 50-51 S27,S28 38-23 S17,S18

(Sensor on CRD Stub 54-31 S32,S33 42-23 S19,S20

Tube at Vessel Weld) 58-31 S34 S35 42-19 S21,S22
54-15 S39,S40 38-11 S23,S24
42-03 S43,S44 19-03 S25,S26

Incore Guide Tube 48-53 S25,S26 32-25 S27,S28
(Sensors on housing 56-33 S30,S31 40-25 S29,S30

at vessel weld) 56-17 S36,S37 08-13 S31,S32
40-17 S41,S42 08-09 S33,S34

1

!

i

4 17
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and of the welds joining the jet pumps and the shroud to the shroud support plate. In the shroud-to-vessel annulus,
there is sufficient clearance between the outermost jet pumps (JP 10 and 11 in the examples shown) to permit direct
observation of the full length of these jet pumps.

Inspection of internals by direct visual observation was conducted. No wear, cracking, loosening of bolts, det re at
loose parts or other evidence indicative of a vibration problem were observed. The scope of tho inspection was as folkn.

a. Peripheral control rod drive and in-core guide tubes. housings, and their lower joints.

b. In-core guide tube stabilizer connections and stabihzer bars. Plenum region for evidence of loose and/
or failed parts.

c. Inside surfaces of the jet pump adapter to shroud support welds and jet pump diffuser to jet pump
adapter welds.

d. Liquid control and delta pressure line and bracket welds.

e. The shroud-to-shroud support weld.

f. Jet pump instrument lines and brackets.

I

g. The jet pump annulus for evidence of loose parts.

h. Jet pump beams, beam bolts, wedges, and locator screws.

i. Jet pump riser braces and welds.

J. Shroud heed and shroud bolt h;g welds.

k. Shroud and shroud head flange locating pins for evidence of deleterious motion marks other than
those caused from normal installations.

l. Core support plate bolt keepers.

m. Steam separators and standpipes, shroud head bolt support ring brackets and supports.

n. Feedwater sparger and attachments.

I o. Core spray lines, brackets, and coro spray spargers.

4.5 DATA ACQUISITION SYSTEM

The vibration measurement system is composed of the transducers, the signal conditioning units, magnetic
_

tape recorders, and chart recorders. Figure 4-14 is a block diagram of the measurement systems. Appendix A con-
tains specifications of system components.

Strain gages are used either singly or in pairs to form a quarter or half of a Wheatstone bridge circuit. Excita-
tion is provided at SV and 3kHz. The modulated 3kHz signal is converted to 2 IV de for 100 microstrain ( e) by
the demodulator. The oscillator and demodulator are Validyne models MC1-20 and CD-19, respectively.

A 3kHz excitation voltage is provided to the accelerometer by the special balance unit. A linear amplifier and
; integrator is used to convert the accelerometer output to displacement units. These Validyne Model AM49 units

have a frequency response of 2 Hz to 5 kHz.

4-21
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The block diagram of the LVDT system is similar to that for the strain ga , excen* '.aat the shunt / calibrate units
is replaced by a specially built balance box which provides input to the demodulatu.. I he balance box can be switched
to apply a calibration signal to the demodulator.

The demodulated signals are recorded on tape and chart recorders. The 14-channel FM tape recorders, oper-
ated at 15 inches per second, have a center frequency of 27 kHz and an information frequency range of zero to SkHz.
The 6-channel Brush chart recorders have channel widths of 40 mm with 50 divisions per channel. The frequency
response of the pen is 40 Hz at full scale and 100 Hz at 10 divisions.

System calibration procedures provide an overall sensitivity of 0.0005 inch (1/2 mil) per chart diviuon for the
LVDT output and the double-integrated accelerometer output, and 5 e per chart division for the strair gages. The
tape recorder input sensitivity is 0.010 inch per volt for the accelerometers and LVDTs, and 100 e per volt for strain
gages. The spectrt.m analyzer used in conjunction with this data acquisition system is a Barry Research 20's2A Num-
ber 6 model, used with a Hewlett-Packard 70358 x-y recorder.

The output of the externally mounted Endevo accelerometer and charge converter system is fed to a signal
conditionmg amplifier with variable attenuator settings. Output is recorded on a high spt.ed,6-channel chart re-
corder (Honeywell Model 1858 0 to 5000 Hz) and also on an FM tape recorder operated at 30 inch 9s per second, with
a center frequency of 54 kHz and an information frequency range of zero to 10 kHz.

4 23/4-24
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5. RESULTS OF VIBRATION MEASUREMENTS

5.1 SUMMARY

In this section, results of the vibration measurements are presented on a component basis. Results from all
plant tests of a particular component type are presented concurrently. First, startup test results are presented and
comparad to acceptance criteria, establishing the adequacy of design margins in actual reactor operating condi-
tions. Then, vibration amplitudes in preoperational testing are compared to those in normal power operating modes
to establish the preoperational test as an adequate simulation of reactor operating conditions.

The complete data record for a prototype plant test is voluminous, involving typically 50 to 60 vibration sensors
and a like number of test points. The results presented in this report reflect maximum measured vibration ampli-
tudes, or are selected for purposes of example and illustration of the methods which were used in evaluation of
the results.

5.2 SHROUD AND SHROUD HEAD ASSEMBLY

5.2.1 Startup Test Results

e

1

(GE Company Proprietary)

l

i

,

|

|
!

|
! 5-1
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(GE Company Proprietary)

5.2.2 Shroud Support Design Variations

Some BWR/4's utilize shroud support legs to reinforce the shroud plate, while others utilize gusset plates for
this purpose. A comparison of analysis and test results for Fitzpatrick, which utilizes the gussets, and Brunswick 1
anc 2, which utilize shroud support legs, shows that there is no significant difference between these designs from
the standpoint of vibration characteristics. The Fitzpatrick and Brunswick plants are 218 size BWR/4's.

These comparisons are shown on the table below.

Calculated Natural Frequencies
Mode 1 Mode 2

Fitzpatrick (gusset) 4.74 Hz 6.20 Hz
Brunswick (support legs) 4.76 Hz 6.13 Hz

Measured Vibration Responses
Amplitude Frequency

| (mils) (Hz)
| Fitzpatrick (gusset)

normal operation 11 4.8
natural circulation 11 5.2

! Brunswick 1 (support legs)
normal opera %n 10 5.4
natural circulation 11 5.5

Brunswick 2 (support legs)
| normal operation 11.5 5.2

5.2.3 >'reoperational Test Results

{

(GE Company Proprietary)
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~

i
,

!
|

(GE Company Proprietary) I
.

in summary, shroud and shroud head vibration amplitudes are within acceptable limits in all test conditions
and are significantly higher in preoperational test conditions than in startup and normal operating conditions.

;

5.3 JET PUMPS

5.3.1 Startup Test Results

(GE Company Proprietary)

I

Table 5-1
VlBRATION TEST RESULTS

FITZPATRICK JET PUMPS 1 AND 2
MAXIMUM PEAK-TO-PEAK AMPLITUDES AND ASSOCIATED FREQUENCIES

(GE Company Proprietary)

i

i

j (GE Company Proprietary)

l

i

!
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(GE Company Proprietary)

Table 5-2
VlBRATION TEST ACCEPTANCE CRITERIA

FITZPATRICK JET PUMPS 1-2

Allowable Amplitudes

Mode D6

Mode Shape * Frequency S10 S9 D5 D8 D12 D16 D15

Hz ( e) ( e) (mils) (mils) (mils) (mils) (mils)

1 T,A 23.4 +97 -97 - 42 - - 21

2 R-V,S 23.9 +186 -7 32 - 78 64 -

3 R-V S 29.2 +129 -132 25 - 38 - -

4 R,A 32.5 -95 - 29 - 11 20 36 -

5 T,A 33.1 221 -204 - 8 - - 18

6 R-V,S 38.6 -104 +250 44 - 32 - -

7 R,A 40.9 +98 -239 - 7 14 152 12

8 RS 42.2 + 33 - 17 - 80 104 -

9 T,S 47.6 +26 -33 - - - - 66

10 T,A 48.7 - - - 30 - - 97

*R Radial=

T Tangential=

VerticalV =

S Symmetric Deformed Shape=

A Antisymmetric Deformed Shape=

(GE Company Proprietary)

5-4
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Table 5-3
EVALUATION OF TEST RESULTS

FITZPATRICK JET PUMPS 1 AND 2
(GE Company Proprietary)

(GE Company Proprietary)

Table 5-4
MAXIMUM AMPLITUDES OF JET PUMP VIBRATION
AT DUANE ARNOLD DURING STARTUP TESTING

(GE Company Proprietary)

(GE Company Proprietary)

5-5
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Table 5-5
MAXIMUM AMPLITUDES OF JET PUMP VIBRATION
AT BROWNS FERRY 1 DURING STARTUP TESTING

(GE Company Froprietary)

(GE Company Proprietary)

5.3.2 Preoperational Test Results

Table 5-6 is a companson of preoperational to startup test results for all of the strain gages on the Fitzpatrick
jet pumps. Vibration amplitudes in preoperational testing are comparable to those in power operating conditions,
although they are not uniformly higher. However, maximum amplitudes a e one-loop preoperational testing are sub-r

stantially higher than those at rated power.

A similar comparison of the Browns Ferry 1 jet pump test results for preoperational and startup conditions
showed that preoperational testing yielded generally higher responses. (GE Company Proprietary)

From these results it is concluded that preoperational testing adequately simulates the jet pump vibration
| responses in power operation. In current and future preoperational flow tests, extended operation in the one-loop

mode is specified, su as to produce a minimum of 10' cycles of jet pump vibration at amplitudes higher than those in
normal operation. The specified test duration in one-loop operation is 14 hours on each recirculation loop, which
produces 10' cycles at the lowest dominant response frequency of 20 Hz (See Subsection 7.2.2).

5.4 CONTROL ROD AND INCORE GUIDE TUBES

5.4.1 General

Sensor locations for these components were shown in Figures 4-6 and 4-7 and in Table 4-6. Vibration measure-
ments were made in both Browns Ferry 1 and Duane Arnold. Results from both plants were similar, although more

| data was obtained from Duane Arnold because of sensor failures in Browns Ferry 1.

| The Duane Arnold 183 size BWR/4 results are considered applicable to the entire BWR/4 and BWR/5 product
| line, because designs of these components are all similar and flow velocities are hignest in Duane Arnold. Model
| tests have been conducted which show that the peripheral guide tubes are subject to the highest crossflow velocities,

and that this velocity is essentially equivalent to the jet pump discharge velocity. These velocities are shown
in Table 4-1.

|

|

5-6
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Table 5-6
FITZPATRICK JET PUMP VlBRATION

RISER BRACE STRAIN (MICROSTRAIN) AT FREQUENCY (Hz)
MAXIMUM FLOW CONDITIONS

(GE Company Proprietary)

(GE Company Proprietary)

i

!

|

!

|
|

l 5.4.2 Test Results

Vibration of the control rod guide tube and houdng assembly, as measurt d by strain gages near the housing
stub tube to vessel weld (Figure 4-6), is very low and well within acceptable limits. Maximum amp;itudes at Duane

(GE Company Proprietary)

|

Vibration amplitudes for in-core housing and guide tube assemblies in Duane Arnold, as measured by strain
gages near the vessel penetration (Figure 4-7), are summarized in Table 5-7. Amplitudes are substantially Ngher in
one-loop operations as compared to balanced flow conditions, because jet pump discharge velocities are approxi-|

mately 50% higher in one-loop operation. However, amplitudes are well within acceptable limits in all test conditons.

5-7

|
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(GE Company Proprietary)

Results in Table 5-7 show no significant difference in vibration response characteristics in preoperational
as compared to startup test conditions, supporting the conclusion that preoperational test conditions adequately
simulate roactor operating cenditions.

Table 5-7
VIBRATION TEST RESULTS FOR INCORE GUIDE TUBES AT DUANE ARNOLD

(GE Company' Proprietary)' ',

(GE Company Progwietary)

:

5.5 FUEL CHANNELS

(GE Company Proprietary)

f |

I

l 5.6 FEEDWATER SPARGERS
|
;

(GE Company Proprietary)

i

f
.

I
i
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f

(GE Company Proprietary)

5.7 IN-CORE INSTRUMENT TUBE

Browns Ferry 3 is the first domestic BWR/4 to adopt the in-core vibration fix, which consists of a plugged core
plate and holes in the fuel lower tie plate to augment leakage flow. Results of in-core vibration and impact moni-
toring showed acceptable levels of vibration.The thimble-mounted acceierometers (Figure 4-10) showed activity at
some locations, which may be indicative of intermittent low-level impacting; however, amplitudes were no higher
than those previously detected in a reactor with no leakage augmentation holes. The intemal straingages showed
evidence of low-amplitude motion of the in core tubes at their natural frequencies.

i

(GE Company Proprietary)

!
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(GE Company Proprietary)

5.8 DYNAMIC PRESSURE MEASUREMENTS

(GE Company Proprietary)

5-10

_ _ _



NEDO 24057A

6. ANALYSIS

6.1 TEST ACCEPTANCE CRITERIA

The maximum allowable peak stress amplitude (Sa) for sustained vibration stress has been specified as 10,000
psi for BWR internals of Type-304 stainless steel. This is more conservative than the current ASME Section ill allow-
able alternating stress of 26,000 psi for cycles in excess of 10' and is considered applicable for projected in-service
vibration cycles of 10' or more.

To apply this criterion, a dynamic structural analysis is performed to relate peak stresses to the measured
strains or displacements at sensor locations. The steps in this analysis are as follows:

1. Mathematical models are developed using Snite element computer codes. Yne model for the composite
structure, including the fuel, shroud. steam separators, reactor pressure vessel, and control rod guide
tubes, is the seismic analysis model for these components. Separete models of the jot pump and feedwater
spargers are required.

2. Natural vibration modal displacements, stresses, and frequencies are calculated for each of the lower
modes.

3. The !ocation of highest peak stress is identified, and the modal strains and displacements at sensor loca-
tions are determined relative to the peak stress on a normalized basis, such that the highest peak stress in
each mode is 20,000 psi. This is the allowable stress range, twice the allowable amplitude.

4. The resulting tacle of strains and displacements for each natural vibration mode and frequency is the
criteria used for evaluation of test results. Table 5-2 is an example of such a table,

in applying the criteria, the natural mode shape which best approximates the observed mode is determined
by considering relative amplitudes at different sensor locations on the structure and also by comparison of observed
to calculate frequencies. The stress comparison is then made on the basis of *he sensors which are most sensitive
to vibration in this mode.

6.2 DATA ANALYSIS METHODS

Vibration amplitudes and frequencies are determined by direct measurement from the chart records. The
. magnetic tape data is availab!e as a backup il other data analysis methods are required. Taped data is evaluated

when the vibration response frequency exceeds the linear range of the chart recorders.
I
i

Frequencies are meawred from chart records by means of a variable scale. Amplitudes are characterized by
; maximum peak-to-peak values occurring over a period of time, generally 1 minute or more. This is conservative in '

| that the criteria are based on the assumption of vibration at a constant sustained amplitude, whereas actual vibra-
'

tion amplitudes are generally random and seldom reach the reported values.

Response spectrum plots were made for each sensor at several test conditions. These serve as an aid in iden-
tifying predominant response frequencies. Spectra are obtained off-line or from the magnetic tape records.

6.3 VIBRAilON PREDICTION

Expected vibration responses of r,1ajor components in prototype plants were predicted to the in-plant tests.
This prediction was based on a special analysis of the response signals measured from reactor internals or similar
design. This vibration prediction method is particularly appropriate where sta'idard hydrodynarnic theory cannot
be applied due to complexity of the structure and flow conditions. Elements of the vibration prediction method are
outlined as follows:

> <

61
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1. Dynamic analysis of major components and subassemblies is performed to identify natural vibration
modes and frequencies. (See Section 6.1 above).

2. Data from previous plant vibration measurements is assembled and examined to identify predominant
vibration response modes of major components. In general, response modes are similar but response
amplitudes vary among BWRs of differing size and design.

3. . Parameters are identified which are expected to influence vibration response amplitudes among the sev-
eral reference plants. These include hydraulic parameters such as velccity and steam flow rates and struc-

*

tural parameters such as natural frequency and significant dimensions..

4. Correlation functions of the variable parameters are developed which, multiplied by response amplitudes,
tend to minimize the statistical variability between plants. A correlation function is obtained for each major
component and response mode.

5. Predicted vibration amplitudes for components of the prototype plant are obtainad from these correlation -
functions, based on applicable values of the parameters for the prototype plant. The predicted amplitude
for each dominant response mode is stated in terms of a range, taking into account the degree of statistical
variability in each of the correlaons. The predicted mode and frequency are obtained from tiie dynamic
analyses of Paragraph 1 above.

Details of the vibration prediction methodology are given ir[ Appendix B, which is the 251 size BWR/4 proiotype
vibratiori prediction previously documented in the Browns Ferry 1 FSAR.

Table 6-1 presents the correlation functions which were deterrr.ined by step 4 above. The parameters from
which these correlation functions were derived are:

i.

I a) For the Shroud and shroud head structure:
Steam flow per separator, Oo

j Shroud diameter, Ds
| Reactor power, P
'

Calculated fundamental frequency, f,

; b) For the jet pumps:
. The ratio of driver, flow to drive flow, M
! Jet pump nozzle velocity, V.

fi
c) For the control rod guide tubes

f Jet pump diffuser exit velocity, Vo
'

Shroud diameter, Ds
Reactor power, P.

| Table 6.2 presents the predicted and measured vibration amplitudes for the 251 size BWR/4 prototype, Browns
,

; Ferry 1. The predicted amplitudes are expressed in terms of a range which includes the measured amplitude with
; 75% confidence, based on the Tchebycheff inequality in statistical analysis which states that 75% of the measure-

ments should fall within two standard deviations of the expected value. Four of five measured amplitudes fall within'

the predicted range, consistent with the full cmfidence level for the prediction. The fifth is slightly above the pre-
; dicted range. These predictions apply at ful| power, balanced flow conditions; hence, the tabulated amplitudes are
| . not necessarily the highest measured amplitudes.

Table 6.3 presents the predicted and measured vibration amplitudes for the 218 size BWR/4 prototype. Three
j of five measured amplitudes fall within the preoicted range and a fourth is slightly above the predicted range. The

fuel channel strain is substantially higher than Vedicted, but this data was obtained during preoperational cold flow
,

testing rather than in the hot condition for which the prediction applies. As was noted in Section 5.5, the measured -t

; ~ fuel channel strains are not significant from a structural viewpoint.
I

It is_ concluded from these comparisons that results of vibration measurements in BWR/4 plants are in rea-

| sonably good agreement with vibration predictions.
! .6-2-
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Table 6-1
CORRELATION FUNCTIONS OF VIBRATION PREDICTION

(GE Company Proprietary)

Table 6-2
COMPARISON OF VlBRATION MEASUREMENTS AND PREDICTIONS FOR BROWNS FERRY-1

(GE Company Proprietary)

(GE Company Proprietary)

6-3
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Table 6-3
COMPARISON OF VIBRATION MEASUREMENTS AND PREDICTIONS

FOR FITZPATRICK (218-BWR/4 PROTOTYPE)
(GE Company Proprietary)

(GE Company Proprietary)

6-4
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7. DISCUSSION

7.1 BWR/4 VIBRATION MEASUREMENTS

The in-plant test results presented in this report demonstrate the design adequacy of major BWR/4 core sup-
port and intemal structures with respect to vibration. This has been confirmed by satisfactory operating experience
for these components in several BWR/4 plants. Additional confirmation is provided by the results of instrumented
confirmatory tests which have been successfully completed in a number of operating plants.

In-service vibration problems with feedwater spargers and in-core instrument tubes resulted in modifications to
the original BWR/4 design. These components were not tested in the prototype plants. In both cases, solutions to
these problems were developed in flow test facilities (1,2,3) and confirmed through in-plant vibration measurements.

The feedwater sparger vibration problem was resolved by using either an interference fit or a welded attach-
ment of the thermal sleeve to the nozzle. Both solutions have been tested in a feedwater sparger test facility and in
several operating plants. Additional testing of the welded-in design is planned during 1978 at two foreign plants
(Tokai 2 and Chirehan 1) which utilize top-mounted discharge nozzles.

In view of the satisfactory test results in hand and the availability of flow test facilities of proven capability, no
additional feedwater sparger or in-core tube vibration measurements are planned in domestic BWR/4 or BWR/5
plants. Future design changes in these components which are not significant departures from previous designs will -

be tested in the flow test facilities. Specifically, an improved interference fit feodwater sparger, which has features
to improve end-of-life performance characteristics, will be tested in the flow facility only. This approach has signifi-
cant technical advantages, in that conditions of partial deterioration can be tested in the flow facility to establish
design margins whereas, the in-plant test can evaluate only the as-installed condition.

!

Vibration measurements will be conducted in a foreign BWR/4, Chinshan 1, which is the prototype 201-size

|
plant. The shroud head and shroud head flange will be instrumented in a manner similar to Fitzpatrick (see Table

l 4-1). These test results may be referenced by a domestic 201-size BWR/5, Bailly, which has a shroud structure of

|
similar design.

|
'

7.2 BWR/4 CONFIRMATORY TESTS

i
! 7.2 1 Instrumented Confirmatory Tests
|
'

Operating BWR/4 plants other than the prototype plants were provided with instrumentation to confirm that
vibration of internals is similar to that in the prototype plants. The minimum-scope confirmatory tests consisted of
four strain gages on cach of two jet pumps, and three accelerometers on the shroud head. Vibration measurements
made during startup testing have produced results similar to those forlike componentsin prototype plants,in some
cases, special tests of other components such as the feedwater spargi r were conducted concurrently.

7.2.2 Preoperational Flow Test and inspection

The extended preoperational flow test followed by inspection of internals will be performed in future BWR/4
and BWR/5 plants in accordance with Regulatory Guide 1.20 for Non-prototype, Category i plants. The flow test and
inspection confirms the proper installation and assembly of internals. Extensive vibration measurements in proto-
type plants, together with satisfactory operating experience, nave established the adequacy of these internal design
configurations.

The flow test and inspection is similar to that previously conducted in the BWR/4 prototype plants (Section
4.4) except that (1) the inspection is to be conducted before as well as after the test to provide better assurance that
anv changes due to flow testina are noted, and (2) the test duration is extended from 48 to a total of 63 hours, which
it sufficient to produce 10' cycles of vibration of major components at the flow conditions producing the highest
vibration amplitudes in the respective components. Thirty-five hours of testing at maximum f|ow produces 108 cycles
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of vibration of the shroud and shroud head assembly (see Subsection 5.7.3). Fourteen hours of single-loop opera-
tion of each recirculation loop produces 10' cycles of vibration of the jet pumps and in excess of 10' cycles of vibra-
tion of the incore housings and guide tubes, at conditions of highest vibration response.

The sequence of operations for the BWR/4 confirmatory flow test and inspection is as follows:

1. Conduct insr <t;on of internals (Section 4.4). Record condition of each component.

2. Install temporary cover on lower plenum access hole. Install shroud head and vessel head.

3. Flood vessel and pressurize to approximately 100 psi. The water level will be above the vessel closure
flange elevation.

4. Operate recirculation system at rated flow, 100-200*F, in the fellowing flow modes:

'

A-loop only,14 hours
Total test duration,B-loop only,14 hours >

63 hours2-loop operation,35 hours .

5. Drain vessei and remove vessel head, shroud head, and lower plenum access cover.

6. Conduct inspection of internals as in Paragraph 1. above.

7. Weld access cover t.: shroud support pk.e (prior to fuel loading).

Provisions for inspection access for these tests are as previously Jiscussed in Section 4.4 for the prototype
plants. All component types, including those in the reactor lower plenum, are accessible for direct visual observa-
tion. Visual aids, such as binoculars and periscopes, may also be used.

7.3 BWR/5 VlBRATION MEASUREMENTS

The BWR/5 reactor internals differ from previously tacted BWR/4 internhls in the use of the five-hole nozzle
jet pumps. Instrumentation will be installed in lead BWR/5 plants of each size to measure the jet pump vibration re-
sponses. These vibration measurements are planned in Tokai 2 (a 251 size BWR/5). Zimmer (a 218 size BWR/5) and
Bailly (a 201 size BWR/5). Four of the ten jet pump assemblies will be instrumented in each of the three plants. Instru-
mentation on each assembly will consist of four strain gages on the jet pump riser brace and four strain gages on the
jet pumps. The gages on the riser t; races are near the vessel attachmer't weld, which is a relatively high stress point
in most jet pump vibration modes. The other four gages are primarily to provide additionalinformation for modal
identification.

Accelerometers will also be provided on the shroud head upper belt guide ring in these plants to confirm that
vibration of the shroud structure is within acceptable limits and similar to Inat of the respective BWR/4 prototype
plants.

Vibration measurements will be made during preoperational, precritical, and startup testing as was done for
the BWR/4 prototype plants. A visualinspection of internals will be made before and af ter the preoperationas tests.

This measurement and inspection program is designed to meet requirements of NRC Regulatory Guide 1.20
for Non-prototype, Category 11 plants.

7.4 BWR/5 CONFlRMATORY TESTS

A preoperational flow test and inspection wilme performed in La Salle 1 and 2, Hanford 2, and Nine Mile Point
2 in accordance with provisions of Regulatnry Guide 1.20 for Non-prototype, Category I plants. Test conditions and
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inspection procedures are as described in Subsection 7.2.2 for BWR/4 confirmatory tests, except that the flow test-
ing is conducted at a higher temperature. This is necessary to reduce water denf*y and avoid overloading the con-
stant-speed recirculation pumps at high flow rates. Pump heat provides the necessary temperature increase. Cur.
rently, it is planned to conduct these preoperational tests at close to normal oprating temperature and pressure.

|

|
:
!

i
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C. CONCLUSIONS

8.1 VIBRATION MEASUREMENT RESULTS

Extensive vibration measurements of major internal components in prototype BWR/4 plants have shown
satisfactory results during all conditions of preoperatonal and initial startup testing. These results tugether with
extensive satisfactory in-service operating experience in 11 BWR/4 plants established valid prototype internals de-
sign configurations for reference in the qualification of subseque.v similar BWR/4 and BWR/S plants

The major components and assemblies which have been tested include:(a) the shroud, shroud support, ano
shroud head assemblies for the 183,218 and 251 size BWR/4 and BWR/5 plants;(b) the jet pumos for the 183,218 and
251 size BWR/4s; and (c) the control rod and in-core guide tube and housing assemblies for all BWR/4 and BWR/5
plants.

The major components remaining to be qualified by in-plant vibration measurements hcluds the BW9/5 jet
pumps (to be evaluated in Tokai 2, Zimmer, and Bailly) and the 201 size BWR/4 and BWR/S shroud and shmd head
assembly (to be evaluated in Chinshan 1).

8.2 PLANS

Current and future plans for E'WR internals vibration testing place increased emphasis on the use of out-of-
reactor flow test facilities. Vibration problems which were encountered in BWR/4 plants with feedwater spargers
and incore instrument tubes have been resolved by design modifications which were developed in flow test facilities
and subsequently confirmed through in plant tests.

The availability of flow test facilities of proven capability permits vibration testing of internal component designs
on a more timely basis and in greater depth than does in-reactot testing. Assembly and flow parameters can be
varied over a greater r inge in test facilities than is possible in the reactor, leading to e more comprehensive evalua-
tion of design margins.

Recognizing this, General Electric has under construction a large nigh-flow hydraulic facility (HF') capable of
full-scela vibration testing of je' pur%,:ower p%um components, and in-core components as well as sma|!er inter-

| nal components. The HF8 facility together with cther smaller flow facilities will be used in the future to assess the
vibration performance of BWR internals designs. In-plant vibration measurements wi'l be made as necessary to
confirm and supplement results from test facilities.

8.3 PROTOTYPE PLANT TEST RESULTS

| Results of prototype plant wsts establish the preoperational flow test and inspection as a practical and ade-
quate confirmatory test for picnts similar to the prototypes. Vibration response levels of major components are
shown te be as high or highe-in preoperational test conditions as compared to plant operating conditions, which is

j conservative for purposes of the test. Provisions have been mode for access to all areas of the reactor permitting
j direct visual inspection of all component types. Successfulimplementation of the required inspection in the three

prototype plants has demonstrated that these provisions are adequate.i

Satisfatory vibration performance of internals will be confirmed by preoperational flow testing and inspection
in Nun-prototype, Category I plants, in accordance with provisions of NRC Regulatory Guide 1.20. Plants in this cate-
gory ir.clude Hatch 2, Shoreham, Fermi 2, Limerick 1 and 2, Hope Creek 1 and 2 Susquehanna 1 and 2, La Salle 1
and 2, Hanford 2, and Nine Mile Point 2.

81/8-2
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APPENDIX A

SPECIFICATIONS OF COMPONENTS OF THE DATA ACQUISITION SYSTEMS

#1 STRAIN GAGE
Manufacturer: Ailtech
Model: SC 125
Specifications:

Resistance: 120 3.5 ohms
Gage Factor, Nominal: 1.80
Rated Strain Level: 6000 microinches per inch
Fatigue Life: Exceeds 10' cycles at 2 000 microinches per inch
Transverse Sensitivity: Negligible
Operable Temperature Range-Static: -452 to +650*F

-Dynamic: -452 to +1500*F
Gage Factor Ch::nge with Temperature: Varies inversely with temperature approximately
1% per 100'F.
Nuclear Radiation: Negligible
Material: Type-321 Stainless Steel

#2 Linear Variable Transformer
Manufacturer: Columbia Research Lab., Inc.
Model: Modified Catalog No. SL-200-S3R
Specifications:

Range :0.200 inch
Frequency (Optimum): 60 Hz
Null Voltage: 2.00 mV
Output Voltage: 1.08V
Sensitivity: 0.86 mV/0.001 inch per Volt input
Linearity: 0.25%

LVDT Case
Manufacturer: General Electric
Model: Crawir's 761E392
Gpecifications:

* Operates underwater at ~1200 psi and from 70-550*F in a radiation field of 10'' n/cm'-sec
fast neutrons (above 1.0 MeV) and 10'8 MeV/cm'-sec gamma.
Excitation: SV 3 kHz from Validyne module case
Linearity: within 22% over range of 10.20 inen about null position

#3 Accelerometer (Variable Reluctance)
Manufacturer: Validyne
Model: A14-532
Specifications:

Nom. Sensitivity: 3.5 Mv/v/g
Freq. Response: 0-350 Hz
Resonant Frequency: 335 Hz
Max. Acceleration: 500 g
Linearity: 21/2%

#4 Accelerometer (Piezoelectric) "

Manuf acturer: Endevco
Model: No. 2272 (w/ isolation stud Endevco Mod No. 2986B)
Specifications:

Acceleration: 0-1000 pk g
Frequency: 2-7000 Hz
Charge sens tivity: 13 PC/g 2 20%

A-1
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#5 Char 3s Converter / Liner Driver
Manufacturer: Endevco
Model Nc.: 2731 A
Capacitance: 5000 PF max.

#6 Strain Gage Shunt Calibrator
Manufacturer: Comp. Design Laboratory
Model: Drawing 117C460

(specially built for General Electric)
Specifications:

To provide electrical equivalent of mechanical strain by shunting a 1 megohm resistor
across the dummy resistor.

This change in bridge balance resistance provides a 1-to-1 microstrain equivalent signal
for calibrating the chart recorder.

,

#7 Excitation and Demodulator
Manufacturer: Validyne
Model: CD-19 plug-in carrier demodulator
Specifications:

Power Requirements: 5V rms,3 kHz, 215 Vdc from MC1
Input Sensor Sensitivity: 1 mVN,2.5 mVN,10 mVN,25 mVN

Selector switch with 0-100% vernier potentiometer.
Output: 10Vdc at 10 mA
Non-linearity: 20.05% full-scale maximum

,

Frequency Response: 0-10,0-50,0-200, and 0-1000 Hz, flat 210%

Module Case

Manufacturer: Validyne
Model: MC1-20
Oscillator: Output voltage - SV RMS, center t2:; ped adjustable
Frequency: 3 kHz 1%
Power Supply: Output - 7.5 or 15 volts,25 watts

#8 Balance Unit and Calibrator
Manuf acturer: Validyne
Model: CD - 19 - 529 (specially built for GE)

#9 Amplifier Calibr.stion Unit
Manufacturer: Validyne
Model: CB - 51
Specifications: Potantiometer adjustable calibration signal injected into amplifier unit.

#10 Linear Amplifier and Integrator
Manufacturer: Vaiidyne Engineering Corp.
Model: AM 49
Specifications:

Powcr requirements: 215 VDC from MC-1
OutptJ Voltage 210 bOC at 25 MA
Gain: 2.5 to 100 times in 6 steps
Attenuation: 0 to 100*4 adjustable

10 turn calibratad dial
Frequency Response: 0 to SkHz DC

2 to SkHz AC
Filter Switch: selectable low pass; O to 50, O to 200, O to 1000; O to 5000 Hz

A2
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#11 Amplifier, Converter Excitation (#5) and Calibrator
Manufacturer: Endevco
Rack Adapter: Model No. 4948
Amplifier: Model No. 2735 POG

Overall gain: 500X
Input impedance: 100K ohms
Output impedance: 25 ohms

Band Pass Filter: Part No. 3579-501-502
Range: 500 to 5000 Hz (-5% atten freq.) Pass band.
Unity gain, flat with;n 1dB in pass band.
Attenuation: 12dB per octave outside pass band.

.

#12 Chart Recorder
Manufacturer: Clevite Corporatim, Brush Instruments Division
Model: Mark 260 recorder
Specifications:

Number of Channels: 6 * ialog. 4 event
Channel Width: 40 mm,' 50 div/ channel
Writing Method: Pressurized fluid
Chart Speeds: Eight; 1,5,25,125 mm/sec

1,5,25,125 mm/ min
Chart Speed Accuracy: 0.25%
Electrical Measurement Range: 1 millivolt per chart division to 500 volts de full scafe
Maximum Signal input: 500 volts de or psak to peak
Frequency Response: 50 div. 1 div. to 40 Hz

10 div. 21 div. to 100 Hz
3 dB down at 125 Hz

Sensitivity: 1 mV/div. to 10 volts /div.

#13 Switching Circuit
Manufacturer: General Electric
Model: Special
Specifications:

,

Passive elements (toggle switches ar,11 multiposition switches and relays)

| #14 Tape Recorder
Manufacturer: Consolidated Electrodynamics Corp.
Model: VR3360
Specifications:

Tape Speed: 15 in/sec
Center Frequency: 27.0 kHz
information Frequency: 0-5 kHz 0.5 dB

'

Full-Scale Signal-to-Noise Ratio (rms Signal /rms Noise): 43 dB
Harmonic Distortion: 1.5%
input Level: 0.5 to 10 volts rms adjustable

#15 Spectrum Analyzer
Manufacturer: Barry Research
Frequency Ranges: 0-20 Hz,0-50 Hz,0-200 Hz and 0-1000 Hz j

Input: 0.1 V to 10V rms (-20 dB, -10 dB, O dB),

Dynamic Range: 45 dB below single tone overload
Number of Synthesized Filters: greater than 400,

3 dB Bandwidth of Synthesized Filter: 0.4% of analysis range cosine time weQ*iting

A-3
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j APPENDIX B

BROWNS FERRY I REACTOR INTERNALS VIBRATION PREDICTION<
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APPENDIX C

PRE TVA VIBRATION HOT TEST DATA

(General Electric Company Proprietary)
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APPENDIX D

NRC/GE REQUESTS AND RESPONSES

This appendix to the General Electric Company Licensing Topical Report
NEDE-24057-P-A, " Assessment of Reactor Internals Vibration in BWR/4 and BWR/5

Plants" (formerly NEDE-24057-P), is in response to the request for additional
information received with a letter dated March 21, 1978 from Mr. Olan D. Parr,
Division of Project Management, USNRC, to the attention of Dr. G. G. Sherwood,,

Manager of the Safety and Licensing Operation, General Electric Company.

.

l
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LICENSIliG TOPICAL REPORT<

ASSESSMENT OF REACTOR
INTERNALS VIBRATION

IN
BWR/4 AND BWR/5 PLANTS

Amendment No. 1

J. D. Gilman

i

[Approved: 1 Appro :
Jf B. Carr, Manager . Jacobs'on, Manager
Reactor Servicing Reactor Design
and Auxiliaries Design

NUCLE AR POWER SYSTEMS DIVISION e GENERAL ELECTRIC COMPANY
SAN JOSE, CAL!FORN1 A 05125

GENER AL $ ELECTRIC
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i

DISCLAIMER OF RESPONSIBILITY

This document was prepared by or for the Generaf Electric Company. Neither the
General Electric Company nor any of the contributors to this document:

A. Makes any warranty or representation, express or imphed, with respect to the
accuracy, completeness, or usefulness of the information contained on this docu-
ment, or that the use of any information disclosed in this document may not
intnnge privately owr:ed rights; or

B. Assumes any responsibilty for liabilMy or damage of any kind which may result
from the use of any informatson disclosed in this document.

!
l

1
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REQUEST NO. 1

As shown in Table 4-1, plants (e.g.. Hatch-2) similar to a prototype (e.g.,
Fitzpatrick) in internals design will not be instrumented during the preoperational,
precritical, and hot startup testing. Inspection of the internals will only be
conducted af ter the preoperational cold flow testing without real or dum=y futi
assemblies.

To meet the intent of Regulatory Guide 1.20 (provision for an inspection of the
reactor internals f ollowing a testing program using real or dummy fuel assemblies
for all operational transients including hot startup flow modes), we will require
that there be a commitment to perform either one of the* f<>11owing alternatives:

Option A

Commit to monitor internals response during precritical and startup testing for
comparison with prototype measurements. As a minimum, vibration of the shroud
head should be measured (i.e., install accelerometers on the upper bolt guide
ring).

Option B

Provide adequate evidence to show that the preoperational cold flow test will
induce a more severe vibration response of the internals than hot startup.
This is required in order to demonstrate that inspections conducted af ter preoper-
ational cold testing are adequate to verify the structural integrity under all
operational transients. It is suggested that measurements made of the prototype
and the prototype's response to cold and hot testing be used for this purpose.
In addition, indicate that all following plants use the same procedures for
startup as the prototype.

RESPONSE NO. 1

With reference to Option A (vibration measurements) and Option B (preoperational
flow test and inspection), General Electric is committed to perform the latter

to confirm satisfactory vibration performance of internals. The flow test

and inspection option is more comprehensive and conclusive than limited vibration

measurements. In practice, the inspection following flow testing has on occasion

revealed foreign objects and incorrectly installed components, whereas confirmatory
vibration measurements have tended to replicate previous test results. For

these reasons, Option B is the preferred generic approach to confirmatory
vibration testing.

D-5
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,

Justification of the adequacy of the preoperational test is presented in Section
5.2 of previously submitted CE Topical Report NEDE-24057-P which contains a summary
of shroud and shroud head vibration data obtained from the Fitzpatrick plant.
It is cor.cluded that vibration amplitudes are significantly higher in preoperational
test conditions as compared to startup and normal operating conditions. Tables 4-1b
and 4-2b, from the Fitzpatrick test report NEDE-23673, present all the vibration
measurements for the Fitzpatrick shroud and shroud head assembly. Examination
of these tables shows that vibration amplitudes are consistently and substantially
higher in preoperational test conditions (cold flow without fuel) as compared to
normal operating conditions (50, 75. and 100% load lines). For example, sensor

A-1 shows maximum displacement of 54 mils, cold flow without fuel, whereas the
maximum displacement at normal power operating conditions does not exceed 10 mils.

Other sections of the GE Topical Report show that vibration of other types of

,

internal componente is as high or higher in preoperational testing as compared to
~

normal operating conditions.

During startup testing of prototype plants, vibratic. is monitored during all
significant flow modes as discussed in Section 4.3. Startup test procedures for

other plants following the prototype do not specify flow modes not tested in
prototype plants.

|
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REQUEST NO. 2

Section 5.7 indicates that Browns Ferry 3 is the first BWR/4 plant to adopt the
in-core vibration fix. Intermittent low-level impacting was detected by the
thimble-mounted acceler , meters during the precritical and startup testing. We
also were told in a meeting (March 3,1978) and on a telephone discussion (March 6,
1978) with General Electric that the Browns Ferry 3 fuel channels have not yet
been inspected to verify that there are no wearing problems. However, we
understand that favorable measurements and inspection results are available from
Peach Bottom 1 and Browns Ferry 1 which adopted a partial in-core vibration fix.

Supplement Section 5.7 by responding to the following:

a. Document relevant information to reinforce the argument that the recurrence
of a channel box wear problem to the lead BWR/4 plants (e.g., Hatch-2)
is unlikely.

b. Provide the justification to proceed with the lead plant startup and operation
without in-core monitoring and without prior knowledge of the results of the
Browns Ferry 3 fuel channel inspection.

c. If, however unlikely, the Browns Ferry 3 inspection results are unsatisfactory,
what action would be taken on Hatch-2 and the other BWR 4/5 plants,

d. Clarify the design fix intended to be used for the forthcoming BWR/4 and
BWR/5 plants. Specify any differer.es from the Browns Ferry 3 design.

RESPONSE NO. 2

<

a. A letter of October 18, 1977, to R. L. Baer, on the subject of "Results of

Channe! Wear Inspections," summarized the inspection results then available.

! Since that date a channel wear inspection has been performed at Hatch I

during the March 1978 refueling outage (End of Cycle 2). The Tables from

| the letter along with a revision of Table 1 to include the Hatch 1 inspection

results are reproduced here. Note that both KKM and Hatch I have operated

for one cycle with the full incore vibration fix (Browns Ferry 3 is the

first new plant to adopt the incore vibration fix, but both KKM and Hatch I

were backfitted with the fix af ter their initial operation). No channel

wear was found at KKM; however, the bundle flow rate in KKM is approximately

i D-7
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10% less than in the typical BWR/4. Hatch I has bundle flow rates typical
of BWR/4's and BWR/5's. Minor arrested wear (not shiny) 4/64" in width
was seen on seven of the 92 channels inspected. This falls well within the
channel acceptance criteria for one cycle of operation for unconditional
use in any core location. The criteria are 3,6/64" for the bottom 60" of
the channel and 5,7/64" above 60" of the channel. The Hatch 1 inspection
demonstrates that the full incore vibration fix is successful in reducing
flow induced incore vibration wear to acceptable levels for BWR/4's. This

includes Hatch 2.

b. Based on the Hatch 1 inspection results documented in 2.a. above, there will
be no incore vibration induced wear falling outside the unconditionally
acccptable wear criteria. Therefore, incore vibration monitoring instrumenta-
tion is not necessary during the Hatch 2 startup.

Based on the Hatch 1 inspection results, there is no reason to expect unsatis-c.

factory Browns Ferry 3 inspection results,

d. There will be no incore vibration fix design differences for upcoming BWR/4

and 5 plants when c~apared to Browns Ferry 3. Core plate flow holes will

be plugged (or not initially drilled) and all fuel assembly lower tie plates
will have two bypass flow holes of the same dimension and physical location
and orientation as in Browns Ferry 3.

D-8
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Table 1

SUMMARY OF CHANNELS INSPECTED ADJACENT TO

IN-CORES ON PLANIS WITH COMPLETE FIX*

Months of Channels No Crud
Operation Inspected Marks Discoloration Wear

Plant 1 (EOC-4) 13 66 27 39 0

Total 66 27 39 0

a. All core plate hypass flow holes are plugged and alternate flow path holes
are drilled in all fuel assembly lower tie plates. Channels inspected by
borescope.

Table 2

SUMMARY OF CHANNELS INSPECTED ADJACENT TO

IN-CORES ON PLANTS WITH PARTIAL DRILL"

Months of Channels No Crud
Operation Inspected Marks Discoloration Wear

DPlant 2 (E0C-2) 10 129 56 60 13

Plant 3 (EOC-4) 12 136 57 65 14
b

Total 265 113 125 27

All core plates bypass flow holes are plugged and alternate flow path holesa.

are drilled in some but not all of the fuel assembly lower tie plates. Channels
inspected by borescope.

b. Includes 3 channels with handling scratches (no wear or crud marks).

D-9
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Table 3

SUMMARY OF CHANNELS INSPECTED * ADJACENT TO

IN-CORES ON PLANTS WITH BYPASS FLOW HOLE- tLUGGED

Months of Channels No Crud
Operation Inspected Marks Discoloration Wear

Plant 1 (EOC-2) 6.5 3 3 0 0

Plant 3 (EOC-2) 10 25 21 0 4

#
Plant 3 (EOC-3A) 9 88 38 50 0

Plant 4 (EOC-1) 6 47 14 33 0

Plant 5 (EOC-2) 18 30 17 13 0

Plant 6 (EOC-1) 10.5 4 1 3 0

Plant 7 (EOC-1A) 13 50 12 38 0

Plant 8" (EOC-1A) 10 38 20 8 1 C)

TOTAL 285 126 145 14

a. Channels inspected by borescope.

b. First inspection at this plant (core contained some temport.ry poison curtains)
c. Second inspection at this plant (no temporary poison curtains during this cycle).
d. Wear approximately 10 mils seen on one channel which had approximately 5 mils

wear at prior inspection. The wear marks were characterized by shiny metal.
Two channels had < 10 mils wear (shiny wear); one had < 5 mils wear which

,

was covered with a deposit of crud. All channels were adjacent to the same SRM.

This plant operated with 2 fuel assemblies drilled.e.

.

1

'
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Table 1 (Revised)

SUMMARY OF CHANNELS INSPECTED ADJACENT TO

IN-CORES ON PLANTS WITH COMPLETE FIX"

Months of Channels No Crud
Operation Inspected Marks Discoloration Wear

KKM (EOC-4) 13 66 27 39 0

Hatch 1 (EOC-2) 12 26 _7 12 7
D

TOTAL 92 34 51 7

a. All core plate bypass flow holes are plugged and alternate flow path holes
are drilled in s11 fuel assembly lower tie plates. Channels inspected by
borescope.

b. All are arrested wear (not shiny) 4/64" in vidth. All are acceptable for
unconditional use in any core location.

D-11
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REQUEST NO. 3

As indicated in sections 5.6 and 7.1 and in our previous review of feedwater
sparger problems that have occurred in operating plants (e.g., Millstone 1),
various design modifications have been accomplished. The new designs include
the types using interference fit, welded attachment of the thermal sleeve to the
nozzle, and the utilizatfor. of top-mounted discharge nozzles. The type with
top-mounted discharge nozzles will be plant tested by two foreign plants
(Tokai 2 and Chinshan 1) .

a. Supplement Table 4-1 by identifying the type of spargers to be used for
the listed plants.

b. Since tests of Tokai 2 and Chinshan 1 have not yet been conducted and,
as we were teld in the meeting, the same type of spargers will be used in
the lead domestic BWR/4 plants (e.g., Hatch-2), provide the justification to
assure proper design. Confirm that the foreign data will be provided when,

it becomes available. Indicate the physical monitoring for sparger vibration
that will take place in the various lead plants. What course of action will

be followed in the event the foreign test results prove unsatisfactory?

RESP 0NSE NO. 3

| The Hatch 2, Tokai 2 and Zimmer plants utilize welded-in feedwater spargersa.

with top-mounted discharge nozzles. The Chinshan 1 plant utilizes welded-
in spargers with front discharge holes.* All subsequent BWR/4 and BWR/5
plants (those not yet tested - see Table 4-1) will have spargers with a

; triple thermal sleeve and top-mounted discharge nozzles. .This latter design
is the " improved interference fit spurger" discussed in Section 7.1.

b. Feedwater spargers with top-mounted discharge nozzles have been vibration
tect in a full-scale flow facility. Both the velded-in sparger design

; and the triple thermal sleeve design have demonstrated satisfactory vibratice
performance. The test facility is considered qualified for this purpose

by virtue of the fact that results of vibration tests performed therein have

duplicated the results of past in-reactor tests. In view of the satisfactory

tect results in hand, obtained from a flow test facility of proven capability,

no additional in-plant feedwater sparger vibration measurements are planned.

* The last sentence of the third parcgraph of Subsection 7.1 should be changed
to read " Additional testing of the welded-in design is planned during 1978
at two foreign plants (Tokai 2 and Chinshan 1). Top-mounted discharge nozzles
are utilized at Tokai 2, while front discharge holes are utilized at Chinshan 1

D-12
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REQUEST NO. 4

Provide additional drawings with adequate detail to show the configuration, key
dimensions, supports, and connections for the following internal componentst

a. Shroud supports with and without support legs.

b. Shroud head assembly including the upper bolt guide ring.

c. Jet pump assembly and braces.
id. Feedwater sparger attachments to the nozzle and the detalls of the top

mounted discharge nozzle.

e. Dimensions and support conditions of fuel assemblies and in-core instrument
tubes. Indicate differences, if any, for the various BWR plants.

RESPONSE NO. 4

Attached are engineering drawings and sketches which show the requested detailed
information for typical BWR/4 and BWR/5 internal components. Following is i

listing and commentary on the drawings:i

Figure A shows shroud support arrangements with and without support legs.a.

Figure B and Figure C show full details of a typical shroud support leg
design.

b. Figure D shows a typical shroud head assembly including the upper bolt
guide ring.

i

Figure E shows the typical details and configuration of a BWR jetc. pump.

Figure F entitled " Jet Pump Nomenclature" identifies the components of
the jet pump assembly.

,

D-13
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,

Figure G shows the arrangement of jet pumps in a typical 218 size reactor
vessel and the riser braces which attach the jet pump risers to the vessel

wall. Similar information for a typical 251 size reactor is shown in

Figure H and Figure I (see Responses 12 and 13).

d. The sketch identified in Figure J shows the improved interference fit
feedwater sparger assembly. Figure K shows the top-mounted discharge

nozzle and the triple thermal sleeve arrangement. The mid sleeve and the
outer sleeve do not contact the sparger. Figure L shows the detail of
the thermal sleeve interf erence f it inside the feedwater nozzle. Figure M

shows typical dimensions of the f eedwater sparger assembly.

Figures N through Q show dimensions and support conditions of BWR fuele.
assemblies and in-core instrument tubes. Fuel assemblies are of approxi-

mately the same length in all BWR plants. The nominal clearance between the
incore instrument tube and the fuel assemblies varies slightly among the dif-

fercat plants; but these variations are small compared to the random variations
of clearance arising from dimensional tolerances in the core assembly.

D-14
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,

REQUEST No. 5
i

Section 3 indicates that dryer assemblies have not been vibration tested but
that they are not susceptible to significant vibration. Provide the justification
for that statement.

i

RESPONSE No. 5
i

While steam dryer assemblies have not been instrumented for vibration in the
reactor, areas of potential dryer vibrations have been studied by other means.

Steam dryer vane vibration has been the subject cf air tests. Outer bank hoods
(those portions of the dryer vane housing closest to the RPV steam outlet nozzles)
have been evaluated analytically. Based on these studies and on good experience

I with similar steam dryers in operating GE BWR's, no significant vibration is

expected.

i

1
1

i,
I

l

I

L
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REQUEST NO. 6

The second paragraph on page 4-3 indicates that vibra, tion of the shroud head
and steam separator assembly was measured in all plan'ts using accelerometers.
This statement does not appear to be consistent with Table 4-1 (e.g., no instru-

mentation for Hatch-2). Resolve this apparent conflict.

.

t

RESPONSE NO. 6

The first sentence of the second paragraph on page 4-3 should be changed
to read " Vibration of the shroud head and steam separator assembly was measured

in all of the seven plants identified in Subsection 4.1, using..."

!
!

i

D-33
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REQUEST NO. 7

In the second paragtsph on page 4-3, subsection 3.3 was referenced for details
of the accelerometer integrator. Provide corrections as necessary since
subsection 3.3 could not be located in the report.

3

:

;

&

i

RESPONSE NO. 7

,

The reference should be Subsection 4.5 instead of Subsection 3.3.

'A

T

4

J

3

)
i

:

I

>

>
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REQUEST NO. 8

i Supplement section 4;2 and Figure 4-2 by p. widing azimuth orientation of the
shroud barrel in order to clarify the strain gage locations in the Brunswick 1
spargers,

i RESPONSE NO. 8

| All azimuth coordinates are with reference to shroud head guide rods (Figure 4-8)

j and lower plenum access openings . (Figures 4-12 and 4-13) at zero and 180 ,

2

|

!

|

|

i
,

i

i
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.

i

| REQUEST No. 9

i Supplement Figure 4-3 by providing an additional drawing which identifies the
relative locations of the in-core instrument tubes and fuel channels in the

,

core plate.

4

RESPONSE NO. 9

Figure H and Figure I provide the requested information.

c

,
.,

I
!

i

<

!

:
.;
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REQUEST NO. 10

Supplement Figure 4-10 by providing the fellowing
,

a. Clarify how many LPRM's and IRM's were instrumented. Provide-their relative
locations.

b. Provide the basis for using limited measurements for overall verification of
in-core impact detections and the basis which defined instrument locations.

c. Describe the signal acceptance criteria.

d. Provide the basis fcr using the Browns Ferry 3 data for the verification of
forthcoming plants.

RESPONSE NO. 10

a. Seven LPRM tubes and one IRM tube was instrumented. The coordinates of these

eight tubes as shown on Figure 4-10 may be identified on Figure H and Figure I
show the relative locations.

b. The purpose of the instrumentation is to verify the basic design configuration
consisting of an in-core instrument tube subject to bypass leakage flow.

Eight tubes were instrumented to evaluate posrible local variations in flow or

in assembly tolerances, and to provide some redundancy to accommodate
possible sensor f ailures. Instrument locations were chosen to provide some

sensors near the periphery of the core and some sensors nearer to the center

of the core.
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c. The following criteria were' applied to the in-core impact detection

instrumentation:

Significant impacting between the incores and adjacent fuel channels shall
be identified, where present, by the following characteristics of the
accelerometer output:

1. Peak transient amplitudes of acceleration are high in comparison to

background vibration and noise.

2. Transient responses due to impacting have a fast-rise time and an
exponential decay envelope.

3. The intensity of sensor output increases with flow rate.

4. The rate of impacting is at least five events per minute.

Experience has shown that LPRM vibration sensor signal levels less
than 1g result in little or no channel wear.,

d. See response *.o Request 2.d.

|
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REQUEST NO. 11

Supplement section 4.3.2 by providing the duration of the precritical tasting
and the basis for determination of the duration.-

,

!

RESPONSE NO. 11

No test duration is specified for the pre-critical test, since it is solely

for the surpose of obtaining vibration resp measureiinents. In practice, the
pre-critical test requires approximately 10 to 12 hours to complete.

i
!
l-

1

|

|
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REQUEST NO.12 and 13

Supplement Table 4-3 b<? providing a plan drawing which shows the relative locations f
of the jet pump pairs and the dimensions of clearance between the jet pumps.

Supplement Table 4-6 by providing a drawing which clarifies the locations of the
instrumentation used to detect in-core guide tube vibration.

RESPON.iE NO.12 and 13

The information is provided on Figure H and Figure I, (see pages 19 and 20).

1

4
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APPENDIX E

PREOPERATIOFAL AND STARTUP TESTING

AT TOKAI-2 PLANT

!

I

I
I

>
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I
!
!
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NOTICE-

!

This document contains proprietary information of General Electnc Company and us
furnished in confidence solely for the purpose or puracses stated on the transmittal

}
letter, No other use, direct or sndirect. of the document or the information et contains ss'

authorized. The recipient shatt not pubhsh or otherwise disclose this document or the

.

Information therern to others without prior wntren consent of the General Electnc

| Company, and shall return th<r document at the request of the General Electnc
Company.

t

i Neither the General Electric Company nor any of the contnbutors to this document
makes any warranty or representation (express or emp!aed) with respect to the accu

,

racy. completeness. or usefulness of the snformation contained in ttis document. or
,

|
that the use of such unformatoon may not tninnge pnvately owned nghts; nor do they

1 assume any responsobullty for habshty or damage of any kind wh:ch may result from the
use of any of the unformation contamed on this document.

Prcpnetary mformation of the GeneralElectnc Companyis inoicated by " bars" drawn"

in the margon of the text of this report, and by the wcids " Company Propnetary"in
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ABSTRACT

This second =endment to the General Electric Company Licensing Topical
Report NEDE-240S?-P, " Assessment of Reactor Internals Vibration in BWR/4

and SWR /S Flants", ia to document c es:rmzry of results of thb Tokai-2
Instru.mer.ted Reactor Internals Vibration Testing Program.

Tokai-2 is a 251-in. BWR/S plant. All results are shoun to be w| thin
acceptable limits.

<
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1. INTRODUCTION

Vibration of reactor internals was monitored during pre-operational and
startup testing at the Japan Atomic Power Company's Torai-2 Plant. This
testing occurred from October 12, 1977 to July 12, 1978. '

Tokai-2 is a General Electric Company BER/5 of 251-in. vessel diameter
containing 764 fuel assemblies.

t

.

.

.
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2. SDD*.ARY

Section 3 of this report contains a brief description of the BWR reactor.

1 internals including differences between BWR/4 and BWR/5 plants.- Section 4
deceribes the vibration test program conducted at Tokai-2. -This includes

j
* a description of sensor types and locations and a definition of'the various

I test conditions. Section 5 presents a summary of the vibration measurement
program results for Tokai-2. General vibration characteristics of the

j various components and assemblies are discussed. and measured vibration-
.

amplitudes are compared with test acceptance criteria. Section 6 describes

the dats analysis method used in the evaluation of test results and the

analytical basis for the test acceptance criteria. Application of the
,

test results is discussed in Section 7. .

i The key conclusions in Section 8 are summarized as follows:

!
' 1. The tesc results demonstrate the adequacy of B?R/S 251-in.
,

vessel size internals with respect to vibration.,

;

s.

[
2. All quantitative measurements were. found to be within accept-

j able limits.

'
.

3. The BWR/S jet pump design, which differs from the BUR /4 jet
pump design, showed vibration amplitudes within acceptable

limits and exhibited vibration characteristics similar to

that observed in other BVR plants.
~

:
4

!
4 /

]
3

4

J
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3. DESCRIPTION OF INTERNALS

i

Figure 3-1 shows the 3RR reactor internals and the locations of instru- '

mented components at Tokai-2. A comparison of BVR/4 and BWR/S reactor

internals design is as follows:

(1) The shroud and shroud head assembly - includes the steam separator

and standpipe assemblies, which are attached to each other and to

the shroud head. Steam separators are of the same design in all

BWR/4 and BNF/5 ,'1 ants.

(2) The fuel assembliec. - are supported vertically by the fuel support
a

castings and control rod guide tubes and laterally by the shroud

through the core plate and the top guide, The same standard fuel

design is used in BWR/4 and BWR/S plants.

(3) The iet pump assemblies - each consists o f a riser pipe and two
jet pumps. Support points are at the inlet nozzle, the riser

brace, and the shroud support plate. The EVR/5 jet pump design
dif fers f rom the BUR /4 design, including the use of a 5-hole
nozzle.

(4) The control rod guide tubes - provide vertical support to the
fuel assemblies and are, in. turn, supported by the control rod
housings, the stub tubes, and the bottom head. These are of the.

same design in all BWR/4 and BWR/5 plants. The design of the
,

| a pressure / liqui > control line is different for BWR/5 plants.

(5) The incore housing, guide tube, and stabilizer assembly - the

housings extend up through the bottom head and are welded to the*

guide tubes which extend up to the core plate. The incore guide '

tubes are attached to each other at approximately midspan by
stabilizer bars. This design is also commen to BWR/4 and BWR/S

plants.

E-17
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(6) The incorc instrument tubes - extend up through the incore housings

and guide tubes and between the fuel channels in the core region.

These are the same for B'.R/4 and EWR/5 plants.

(7) The feedwater g argers - supported at the inlet thermal sleeve and
at each end of the header. Feedwater sparger attachment methods

include velded, interference fit and triple thermal sleeve des;gns

(see Table 4-1).
,
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4. TEST DESCRIPTION

4.1 TEST SCOPE

Table 4-1 is an updated summary of the internals vibration test program
for BWR/4 and EWR/S plants. This table describes the components which are
instrumented and the tests and measurements which are performed.

For Tokai-2, the test scope was as follows:

251-BWR/S Prototype (Tokai-2)e

4

Shroud Head Assembly

Jet Pump Assemblies

Feedwater Spargers (Welded)

AP and Liquid Control Line

:lection 7 discusses future vibration program test plans outlined in Table 4-1.
7

4.2 SENSOR TYPES AND LOCATIONS .

Vibration measurement sensors used at Tokai-2 were strain gages and accelero-

meters. In addition, photocell sensors were used as recirculation pump speed
indicators.

a

Table 4-2 summarizes the location of internal vibration instrumentation sensors
installed at Tokai-2. Sensor numbers are prefixed by A for accelerometer and

S for strain gages.

The strain gages, which were manufactured by Ailtech (Model SG 125). consist of
a nickel-chrome alloy filament in a Type-321 stainless steel tube of 0.040-in.

I

!

i

E-21
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<

diameter, with an integral flange for spot welding. Thz effective gage

j length is one inch. ~The strain sages were used to measure the dynamic
strain in the following components:

i

(1) Jet Pump Riser Braces - the Tokai-2 installatien is shown in

; . Figure 4-1.

!
4

(2)' Jet Pumo Nozzle Vanes - the Tokai-2 installation is shown in.

f Figure 4-2.

|
(3) -Feedsater Sparger - Figure 4-3 shows the as-installed sensor

locations for the.Tokai-2 spargers.

i
! (4) Dif ferential Pressure and Licuid Control Line - Figure 4-4 shows

: the sensor locations for Tokai-2.

i
! Vibration of the shroud head and steam separator assembly was censured using

Validyne variable reluctance accelerometers loctted on the upper bolt guide
,

>

ring. Figure 4-5 gives the guide ring sensor locations. The sensitive axis

j of the acce?erometers is in the tangential direction. The specified fre-

! quency response of these sensors is 0 to 50 Hz. They are used in conjunction -

with a double integrator te provide the dynamic displacement response f rom

: 2 to 50 Hz.

: Recirculation pump speeds, which have been found to correlate with vibration
f requancy in some cases, were measured with two photocell and lamp assemblies
which sense changes in light caused by black marks on the pump-motor coupling.i

Electrical pulses are produced and recorded once per revolution. The frequency
of the pulses is the pump rotational speed.

4.3 TEST CONDITIONS

At Tokai-2 vibration measurements uere made during preoperational, prceritical.
.

and power operational' test conditions. Data were recorded during preoperational i
'

'

:.

E-22
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!

testing from October 12 to October 15, 1977. Precritical testing, following

fuel loading, began January 27 and.cnded January 29, 1978. Vibration data
were taken at various flow rates during preoperational and precritical testing.

Operational testing included 75% load line testing on May 9,1978 and 100%
load line testing from June 6 to July 12, 1978.

During operational testing, vibration measurements were made at various flow

rates while keeping the rod pattern at 75% and 100% power configurations.
Operating condition during each test period included steady-state balanced

flow, unbalanced flow, single' loop operation, and transient tests consisting
of one-pump and two-pump trips from rated flow conditions.

4.4 DATA ACQUISITION SYSTEM

The vibration measurement system is composed of the transducers, the signal
conditioning units, magnetic tape recorders, and chart recorders. Figures 4-6

and 4-7 are block diagrams of the strain gage and accelerometer systems.

Strain gages are used either singly or in pairs, to form a quarter or half of

a Wneatstone bridge circuit. Excitation is provided at SV and 3kHz. The

modulated 3kHz signal is converted to ! 1 Vdc for 100 microstrain (uc) by

the demodulator. The oscillator and demodulator are Validyne models MC 1-20
and CD-19, respectively.

A 3kHz excitation voltage is provided to the accelerometer by the special
balance unit. A linear amplifier and double integrator is used to convert the

accelerometer output to displacement units. These Validyne Model AM49 units
have a frequency response of 2 Hz to 5 kHz.

The demodulated signals are recorded on tape and chart recorders. The
14-channel FM tape recorders, operated at 15 inches per second, have a

center frequency of 27 kHz and an information f requency range of zero to
5 kHz. The 6-channel brush chart recorders have channel widths of 40 mm
with 50 divisions per channel. The frequency response of the pen is 40 Hz
at full scale and 100 Hz at 10 divisions. Data can also be recorded on a
high-speed 6-channel oscillograph recorder (Honeywell model 1858, 0 to 5 kHz).

E-23.
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System calibration procedures provide an overall sensitivity of 0.0005 inch
(1/2 mil) per chart division for the double-integrated accelerometer output,

and 5 uc per chart division for the strain gages. The tape recorder input

sensitivity is 0.010 inch per volt for the accelerometers and 100 ac per
..

volt for strain gages.

E-24
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Table 4-2

TOKAI-2 SENSOR LOCATIONS
.

,

Location Sensor

SHROUD llEAD

Tangential motion at upper A1, A2, A3, A4
bolt guide ring

JET PUMPS

Jet Pump Pair 5-6 S25, S26, S27, S28

Jet Pump Pair 9-10 S29, S30, S31, S32

Jet Pump Pair 11-12 533,'S34, S35,'S36

Jet Pump Pair 15-16 S37, S38, S39, S40

NvZZLE VANES *

Jet Pump 5 S1,152, S3

Jet Pump 6 54, SS 56

Jet Pump 9 S7, S8, S9

Jet Pump 10 S10, S1l, 512

Jet Pump 11 S13, S14, S15

Jet Pump 12 S16, S17 S18 ;

Jet Pump 15 S19, S20 S21

Jet Pump 16 S22. S23, S24

CORE PLATE DIFFE'!ENTIAL -
PRESSURE AND LIQUID CONTROL ,

LINE

Top S59, S60. S61, S62
.

Botton. S63, S64. S65, S66

i
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Table 4-2 (Continued)

location Sensor

FEEDb'ATER SPARCERS
9

30' Sparger S41, S42

90* Sparger S43, S44

150' Sparge:- IS45, S46, S47, S48
IS49, S50, SS1, SS2

210* Sparger S53, S54
270* Sparger SSS, S56

320' Sparger S57, SSB

*0ne sensor on each jet pump nozzle vane
is used as a spare.

E-27'
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! TYPICAL SENSOR CONNECTIONS
1

S25) BENDING BRIDGE
S27[ CONN ECTION

.

S26 SWITCHABLE BRIDGE
S28 CONNECTION

i

,

I RISER

A
PIPE

, 1 |

4

%|

,

i

i

J J RISER
BRACE

l I ) [ REACTOR[ U

L j L J VESSEL<

, 3o /
_

-

\ N

I A N NJ 1 N N NJ

SjS,S29S33S37
IN N N I I; A N_I

S28,S32. S27.S31, 526.S30
S36,S40 S35.S39 S34,$38

-

NOTE: Sax DENOTES $TR AIN G AGE LOCATION

Figure 4-1. Strain Cage Locations on Jet Pump Riser Braces
!
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1

I

fh %*-
g i

\# I /'' % SI* $7:.4,S10 #+ g / N N, S13 AND $19/ e\516 AND $22 - s

\ [# \*

p\ \. /]~ [|| / e|N,>' *
i.

S2, S3# f gSS S11 f
$14 AND S20S17 AND J23 %/ \ q / - -

'"~

| 56,512 $3,59

$18 AND S24 S15 AND S21

TYPICAL S;NSOR LOCATIONS

(

--_

fg,k xxxxxxxxxxx

Vw i

IA } + 1

', \'

l /
'

j i

*I

_ _1__

NOTE: Sxx DENOTES STRAIN CAGE LOC *TIONS.

Figure 4-2. Jet Pump Vane Sensor Locations
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S58
(UNDERSIDE)

8U

3 (30' REF.I(320' REF.)

, .. - _.-.

\ . .' '

,~ s

557 S42,' -

,','

,/ 's .'

S$5 |
| | (UNDE R$1 dei g

S44,S42.S58.S56, ', g S43
'

SC4,$52.550,S4E.546
VESSEL '

's/
0

g

$
[ ! '(~9

_

270 ' ',
f#-

Ps

) ^h
.

\.
\ '\ *

'. \ !| |[,

$41.S43.555.SS3.
s

,/ )557,S45.S47,S49.$51
'

S46

S48 *
,

$54 S50s
'

S52 /' '

~ w s. ,.
. -

,
.

1210' R E F 3
| (150' R E F J

180'553 S51 S40
(UNDERSIDE

!!0TE: Sxx DE:?OTES STRA1:: C' AGE LOCATIO :S.

Figure 4-3. Strain Gage Locations on Feedwater Spargers
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IF AR SIDEI

$62
559

(F AR SIDE)

I
/

:d ,

.

~ ' ~ . 1 P

|. q so |if '.

x< y U' |
,

* - xx
-> + 0.30:0.06

.,
-> + 0.20:0 06 LtOUiO CONTROL'

' LINE)a mr

s - _e

| | TO (OF VESSELDIF F E R ENTI A|.,
$63'

PRESSURE._ %

. .__/ .''#'\. 'S
T SGI LINE ,

558:
' 5' ' ' ,

[ '. it|3

| -f, , )'-S65 + | Ss6'
. y-,

,Y)''I C;3 as' 11' - ..
*= = - = - - 562 , .. ,

,

C, 560

564

.

t;3 f SECTION XK.XK

E'.] !
.._ ._J

I
: CP ,.

J_:~'~~ '~

,

: :

C:]
C'3

)7 ..
,

.. .- .e

i Eb b. l
!

c3 il i

,2 !*

r

NOTE: Sxx DENOTES STRAIN GAGE LOCATIONS.

Fii;ure 4-4. Strain Gage Locations on Core *P Liquid Control Line.
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JUN C- JUNC-
TION TION
90X 80X

i

CHART
RECORDER

STRAirl OSCIL- SWIT CH-

- - GAGE LATOR RECORO/
- ~ ~

- - SHUNT DEMODU- REPRO-
CAlt89 AT E LATOR DUCE

STR AIN
GAG 8

TAPE
RECORDER

VESSE L ORYWELL
PENE- PENE-

TRATIGN TRATION

Figure 4-6. Block Diagram of' Strain Gage Instrumentation

JU N C- JU NC.
TION TION
BOX BOX

= - - -

AMPLIFIER
OSCIL- "

~ ~
SPECIAL CALIBR A- AND

" *
- SALANCE -

^
TION DOUBLE- -

0*
UNIT

~

UNIT IN T E-ULATOR DUCEACCELE ROMET E R RA OR

~ _ J _

VESSE L DRYWELL TAPE CHART
PENE- PENE. RECORDER RECORDER

TR ATION TR ATION

Figure 4-7. Block Diagram of Accelerometer Instrumentation
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3. _!tESULTS OF VIBRATION MEASUREMENT __q

The following subsections give the results of vibration test measurements

taken at Tokai-2 during preoperational and startup testing. Since preopera-

tional testing and precritical testing are for assessing the vibration ide-

quacy of the internals and their 7 toper installation, only the maximum flow

test condition is reported, al'nough all the test conditions are analyzed.

No transient amplitudes are reported, since none exceeded balanced or single

pump operation.
c

5.1 SHROUD AND SHROUD HEAD MOTION

During preoparational and precritical testing, rotational motion of the water

flowing through the steam separators excites the upper bolt guide ring to
which the accelerometers are attached. The excitation results in a lateral

and torsional motion to the separator assembly proportional to flom The

allowable amplitude is calculated assuming shroud and separator lateral motion

only. Thus, the comparison of shroud motion during preoperational and pre-

eritical tect !r.g is not valid. The allowable displacement for the torsional

mode of a similar separator was calculated to be * For the observed |.

motion the more conservative lateral motion criterion was used.

The significant results of the shroud-separator assembly motion are given in

|Tables 5-1 to 5-4. The shroud motion reached a maximum of of the allow-

able during preoperational testing, and during power operation. |

5.2 JET PUMP ASSEMBLY MOTION

Jet pump mot. on measured by sensors on riser pipe braces indicated vibration

|in three modes at frequencies of The.

strain levels reached a maximum of 75's of criteria ( ) during |

pre-operational testing. During 75% load line testing, a maximum of 33% of |
criteria was reached ( ). of criteria (25 to |

) was measured during 100% load line power testing.
|

* General Electric Company Proprietary Information has been deleted.

I
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The Tokai-2 jet pump motion at low flow averasco higher than a similar sized
BWR/4 plant. However, at maximum flow ti.e percents of allowable were ccm-

|parable. The scnsors on the riser brace show frequencies higher than ,

and are covered in Section 5.3.

Tables 5-1 through 5-4 give the most significant vibration strain measure-
ments for the jet pump sensors.

Strain gages were mounted on jet pump nozzle vanes to measure jet pump
motion. Very low amplitudes were measured. During overall testing, a maxi-
mum amplitude of was observed at the recirculation pump vane passing

frequency.

5.3 JET PUMP RISER BRACE 1.EAF MOTION

.

Strain gages are mounted on the jet pump riser braces primarily to measure
the motion of the jet pump assembly, but they also measure the motion of
the jet pump rieer brace leaf. The riser brace leaf frequencies range from

for the firs mode to for the third mode. The riser brace leaf
also respoads significantly to those recirculation puma van: passing fre-
quencies corresponding to 5, 10 and 15 times the pump speeds. The brace
responds readily to the first vane passing frequency (five times pump speed
or ) and reached of the allowable strain amplitude during 100% load |
line testing.

Tables 5-1 through 5-4 give the maximum observed amplitudes with frequency

and percent of the criteria for the jet pump leaves.

5.4 FEED'n'ATER SPARGER VIBRATION MOTION (541-S58)

The feedwater sparger showed very little motion. The maximum strain meas-

|ured was (first vane passing frequency). This is less than

__ of the criteria. |

E-36
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i

5.5 CORE a7/ LIQUID CON *ROL LINE VIBRATION MOTION (S59-S66)

The maximum vibration measurement observed on the AP/ liquid control line was
'

I

.

4

D

E-37
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Table 5-1

RESULTS OF PREOPERATIONAL TESTING

(General Electric Company Proprietary)

.
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Table 5-1 (Continued)

{
t

!

i
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Tab b 5-2

RESULTS OF PRECRITICAL TESTING

(General Electric Company Proprietary)

.
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I Table 5-2 (Continued)

1
1

l
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5 Table 5-3

i RESULTS OF 75% LOAD LINE TESTING
l(General Electric Company Proprietary)
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Table 5-4

RESULTS OF 100% LOAD LINE TESTING'

(General Electric Company Proprietary)

l

,

,

!
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6. ANALYSIS

6.1 TEST-ACCEPTANCE CRITERIA

The test acceptance criteria for Tokai-2 is the same as used for BWR/4
plants. This is as described in Section 6.1 of NEDE-24057-P.

6.2 DATA ANALYSIS METHODS ,

i

Vibration amplitudes are determined by direct measurement: from chart records.
,

,

Frequency spectra are used to determine the test condition at which'the .

naximut amplitude for each mode occurs. The chart record is then analyzed'

to find the maximum peak-to-peak amplitudes, which are then ecmpared toj ,

the criteria. This analysis method is conservative in that the criteria

1 are based en the assumption of vibration at a constant sustained-amplitude,

whereas actual vibration amplitudes are generally random and seldom reach'

the maximum recorded values.

E-45/E-46
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7. DISCUSSION

7.1 BWR/S VIBPATION MEASUREMENTS

BWR/5 vibration measurement tests, in addition to Tokai-2 (a 251-in. size

BWR/5), are planned for Zimmer (a 218-in. size BWR/5) and the first 201-in.
'

size Ek'R/S to start up. These tests will consist primarily of jet pump

instrumentation with other sensors used to provide information for modal

identification. The test conditions will be the same as performed at Tokai-2

and will include a preoperational flow test and inspection, preoperational

vibration measurements, precritical vibration measurements, and startup

vibration measurements.

Due to a dif ference in jet pump adaptor design, LaSalle-1 (a 251-in. size

BWR/5) will have an instrumented jet pump vibration program. The test con-
ditions are summarized in Table 4-1.

7.2 3k'R/5 CONFIR'!ATORY TESTS

Hanford-2 (a 251-in. size BWR/5) will have a minimum instrumented confirmatory
vibration test during startup and will not have a preoperational flow test

and inspection. Two jet pump riser braces and the shroud head upper guide

ring vill be instrumented.

A preoperational flow test and inspection will be performed in LaSalle-2 and

Nine Mile Point-2 in accordance with provisions of Regulatory Guide 1.20 for

nonprototype, Category 1 plants. Test conditions and inspection procedures

will be as described in Subsection 7.2.2 and 7.4 of NEDE-24057-P.

.

,

/
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8. CONCLUSIONS,

Test results show that vibration amplitudes of the jet pump and shroud head
assembly are within acceptable limits and showed vibration characteristics
similar to those observed in other boiling water reactor (BWR) plants.
The maximum amplitude of jet pump vibration reached of the allowable |

during power operation. The riser pipe brace leaf vibrated at of the
,

criteria during normal operation.

During power testing, the shroud and shroud head assembly vibration ampli-

tudes did not exceed of the criteria and performed as expected. |

The jet pump vane sensors, feedwater sparger and core AP/ liquid control line
vibration sensors did not show significant vibration amplitudes. This indi-
cates that the design of these structures is sufficient to withstand flow
induced vibrations.

The test results demonstrate the adequacy of the BWR/5 251-in. vessel size

internals with respect to vibration.

,

.
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