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AESTRACT

This secor.d a~cn&-ant to the Ger.cral Electric Ccr:pany Lice caing Tc"icale

Report NEDE-2405 7-P, "Accessmen: cf Reactor Internalc Vicration in Ek'R/4
and 3;'R/5 ??cnta", is to doc:c-en: a at ::ary of recults of the Tokai-2
~ istrumented Reactor Internale Vibratior. Testing Progra .

Tokai-2 is a 251-in. 3;*R/5 plant. All results are sha:x to bc 1,7ithin

acceptable li~ita.

I
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1. INTRODL'CTION

Vibration of reactor internals was monitored during pre-operational ar.d
startup testing at the Japan Atomic Power Company's Tokai-2 Flant. This

testing occurred from October 12, 1977 to July 12, 1978.

Tokai-2 is a General Electric Co=pany BIG /5 of 251-in. vessel diameter
containing 764 fuel asse blies.

6b,*ii '%.- e -
1-1/1-2
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2. SDNARY -

.

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

internals including dif ferences between SWR /4 and BWR/5 plants. Section 4

describes the vibration test program conducted at Tokai-2. This includes

a description of sensor types and locations and a definition of the various

test conditions. Scction 5 presents a su= mary of the vibration measurement

program results for Tokai-2. General vibration characteristics of the

various components and assemblies are discussed, and ceasured vibration

a=plitudes are compared with test acceptance criteria. Section 6 describes

the data 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.

The key conclusions in Section 8 are su=narized as follows:

1. The test results demonstrate the adequacy of BWR/S 251-in.
vessel size internals with respect to vibration.

2. All quantitative ceasurements were found to be within accept-
able limits.

3. The BWR/S jet pu=p design, which differs frcm the 3RR/4 jet
pu=p design, showed vibration amplitudes within acceptable

limits and exhibited vibration characteristics sinilar to

that observed in other B"R plants.

b
2-1/2-2 L g
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3. DESCRIPTION OF INTERNALS

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

cented components at Tokai-2. A comparison of BWR/4 and EWR/5 reaetor
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 EWR/S plants.

(2) The fuel assemblies - are supported vertically by the fuel support
castings and control rod guide tubes and laterally by the sbroud

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

design ir used in EWR/4 and EWR/5 plants.

(3) The jet nuco 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 BWR/3 jet pump design
differs from the BWR/4 design, including the use of a 5-hole
nozzle.

(4) The control rod cuide tubes - provide vertical support to the
fuel assetblies and are, in turn, supported by the control rod

housings, the stub tubes, and the botten head. These are of the

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

a pressure / liquid 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 apprvximately midspan by

stabilizer bars. This design is also concon to BWR/4 and BWR/3

plants,

wau. --

3-1



. _ _ _ - _ .

NEDO-24057-2

(6) The incore instrument tubes - extend up through the intere housings

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

Thes re the same for BkT/4 and EWR/5 plants.

(7) The feedwater sparrers - supported at the inlet thermal sleeve and

at each end of the header. Feedwater sparger attachment methods

include weld ed , interf erence fit and triple thermal sleeve designs

(see Table 4-1).

Lff3-2
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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 LWR /4 and EWR/5 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/5 Prototype (Tokai-2)e

Shroud Head Assembly

Jet Pump Assemblies

FeeO mr er Sysrgers (Welded)

AP and Liquid Control Line

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

4.2 SESSOR TYPES ASD LOCATIONS

Vibration ceasurement sensors used at Tokai-2 were strain gages and accelero-
=cters. In addition, photocell sensors were used as recirculation pump speed
indicators.

Table 4-2 su==arizes 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 SC 125), consist of

a nickel-chrome alloy filament in a Type-321 stainless steel tube of 0.040-in.

;O'I'b.4-1 *o-
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diameter, with an integral flange for spot welding. The effective gage

length is one inch. The strain gages were used to ceasure the dynamic
strain in the following components:

_

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

Figure 4-1.

(2) Jet Pumn Nozzle Vanes - the Tokai-2 installation is shown in
Figure 4-2.

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

locations for the Tokai-2 spargers.

(4) Differential Pressure and Licuid Control Line - Figure 4-4 shows
the sensor locations for Tokai-2.

Vibration of the shroud head and stean separator assembly was ceasured using
Validyne variable reluctance accelerometers located on the upper bolt gu.de
ring. Figure 4-5 gives the guide ring sensor locations. The sensitive axis

of the accelerometers 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 to p. ovide the dynanic displacement response from
2 to 50 Hz.

Recirculation pump speeds, which have been found to correlate with vibration

f requency in soce cases, were measured with two photocell and la=p assa=blies
which sense changes in light caused by black narks on the pump-motor coupling.
Electrical pulses are produced and recorded once per revolution. The frequency
of -the pulses is the pu=p rotational speed.

4.3 TEST CONDITIONS

At Tokai-2, vibration ceasure=ents were made during preoperational, precritical,
and power operational test conditions. Data were recorded during preoperational

,;y4- .-

,_2 a.+ 1 c., (
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testing from October 12 to October 15, 1977, Precrit ical testing , following

fuel loading, began January 27 and ended January 29, 1978. Vibration da ta
were taken at various flow rates during preoperational and precritical testing.
Operational testing included 75% load line testing en May 9,1978 and 100%
load line testing f rom June 6 to July 12, 1978.

During operational testing, vibration measurements were made at "cr ious flow.

rates while keeping the rod pattern at 75% and 100% power conf igurations.
Operating condition during each test period included st eady-state balanc ed
flow, unbalanced flow, single loop operation, and transient tests consisting
of one-pump and two-pump trips from rated flow conditions.

4.4 DATA ACQUISITI0S SYSTD4

The vibrat ion mea surement system is composed of the transducers, the signal
conditioning units, magnetic tape recorders, and chart recorders. rigures 4-6

and 4-7 are block diagrams of the strain gace and acceleremeter systems.

Strain gages are used eithet singly or in pairs, to f o rm a quarter or half of
a Wheatstene bridge circuit. Excitation is provided at 5V 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 3kH excitation voltage is provided to the accelerometet by the special
balanc e 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 frequency 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 4 0 'l
at full scale and 100 Hz at 10 divisions. Data tan also be recorded on a

high-speed 6-channel oscillograph recorder (Honeywell model 1858, O to 5 kHz),

e --,, - - ,

4-3 e"-;i *
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Syste:n calibration procedures provide an overall sensitivity of 0.0005 inch
(1/2 mil) per chart division for the double-integrated acceleremeter output,

and 5 ac per chart division for the strain gages. The tape recorder inpi.t

s e n s i t iv i t y is 0.010 inch per volt for the acceleremeters and 100'uc pcr
volt for strain gages.

g ] , . 5 - o/I ... ,
4-4 1, _ u - .
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Table 4-2

T0EAI-2 SENSOR LOCATION"
_

Location Senser

SHROUD iiEAD

Tangential totten at upper Al, A2, A3, A4
bolt guide ring

JET PUMPS

Jet Pump Pair 5-6 S25, S26, S27, S2S

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

Jet Pump Fair 11-12 S33, S34, 535, S36

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

N0ZZL VANES *

Jet Pump 5 S1, S2, S3

Jet Pump 6 54, SS, S6

Jet Pump 9 S7, S8, S9

Jet Pump 10 S10, S11, S12

Jet Pump 11 513, S14, S15

Jet Punp 12 S16, S17, S18

Jet Pump 15 S19, S20, S21

Jet Punp 16 S22, S23, S24

CORE PLATE DIFFERENTIAL
PRESSURE JJD LIQUID CONTROL
LINE

Top S59, S60, S61, S62

30ttom S63, S64, S65, S66

""~L''1t;;) f 4 ('
'4-6
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Table / -2 (Continued)

Location Sensor

FEEDb'ATER SPARCERS

30* Sparger S41, S42

90' Sparger S42, S44

150' Sparger 6S45, S46, S47, S43
IS49, S50, S51, S52

210' Sp.irger
S53, S54

270* Sparger
S55, S$6

320 Sparger
S57, S58

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

$OM o n'om.3v

4-7
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TYP) CAL SENSOR CONNECTIONS

S25 BENDING BRIDGE
S27 CONNECTION

S2G { SWITCHABLE BRIDGE
S78 I CONNECTION

__

g RISEF
/ P i p r,

b

\

d '

J J RISER
BRACE

/
| ' r rr

1.50 E

W- N' ' > /'s

' $ ' x N s' x ' ( x x x x : x x x ' x' s' N' x\ ' N x 'l s N x' x X x (x x

x s s x xj

S?S 329,533 S37
na

N '

S?8, 532, S27,S31, S2G, S30,
S36, S4 ) S35,S39 S34,538

NOTE. Six OENOTES STR AIN G AGE LOCATION

Figure 4-1. Strain Cage Locations on Jet Pur,p Riser 3 races

4-8
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NOTE: Sxx DE';OTES STMIS GAGE LOCATIONS.

Figure 4-2. Jet Pump Vane Sensor Locations
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Figure 4-6. Block Diagram of Strain Cage Instrumentation
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5. RESULTS OF VI3 RATION MEASUREMENTS

'

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 ade-

quacy of the internals and their proper installation, only the maximum flow
test condition is reported, although all the test conditions are analyzed.

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

5.1 SHROUD AND SHROUD HEAD MOTION

During preoperational 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 flow. The

allowable a:plitude is calculated assuming shroud and separator lateral motion

only. Thus, the comparison of shroud motion during preoperational and pre-
critical testing is not valid. The allowable disolacement for the torsional

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

motion the acre 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 motion measured by sensors on riser pipe braces indicated vibration

)in three modes at frequencies of The

strain levels reached a maximum of of criteria during |

pre-operational testing. During 75% load line testing, a maxieum of of |

|
criteria was reached of criteria.

was reasured during 100% load line power testing.
|

*Ceneral Electric Company proprietary information has been deleted.
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The Tokai-2 jet pump motion at low flow averaged higher than a similar sized

BWR/4 plant. However, at maximum flow the percents of allowable were com-

|parable. The sensors 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 amplituce of was observed at the recirculation pump vane passing

frequency.

5.3 JET PUMP RISER 3 RACE LEAF 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 iet pump riser brace leaf. The riser brace leaf frequencies range from

for the first mode to for the third mode. The riser brace leaf

also responds significantly to those recirculation pump vane 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 FEEDWATER SPARGER VIBRATION MOTION (S41-S58)

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

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

__ of the criteria. |

como
. -
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5.5 CORE LP/ LIQUID CONTROL LINE VIBRATION MOTION (S59-566)

The maximum vibration ceasurement observed on the LP/ liquid control line was

e,,,-..
uu 'La : _

5-3
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Table 5-1

RESUI.TS OF PPF0PERATIONAL TESTING

(General Electric Company Proprietary)
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Table 5-1 (Continued)
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Table 5-2

RESULTS OF PRECRITICAL TESTING

(General Electric Company Proprietary)
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Table 5-2 (Continued)
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Table 5-3

RESULTS OF 75% LOAD LINE TESTING

(General Electric Cor:pany Preprietary) -
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Table 3-4

RESULTS OF 100% LOAD LINE TESTING
_

(General Electric Company Proprietary)
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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 SEDE-24057-P.

6.2 DATA ANALYSIS >ETHODS

Vibration amplitudes are determined by direct measurement from chart records.

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

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

to find the maximum peak-to-peak amplitudes, which are then compared to

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

are based on the assumption of vibration at a constant sustained amplitude,

whereas actual vibration amplitudes are generally random and seldom reach

the maximum recorded values.

6-1/6-2 C ') 1 ? "'O)i .. rio o
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7. DISCUSSION

7.1 BWR/S VIBRATION MEASUREMENTS -

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

BWR/5), are planned for Zi==er (a 218-in. size BWR/5) and the first 201-in.

size BWR/5 to start up. These tests will consist primarily of jet pump

instrumentation with other sensors used to provide information for nodal

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 difference in j e t pucp 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 BWR/3 CONFIRMATORY 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 will 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.

" ' ' ~ ' ~Qv.: n ? s ~'',
7-1/7-2
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8. CONCLUSIONS

_

Test results show that vibration amplitudes of the jet pu=p 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 perforced 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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