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1. INTRODUCTION

A series of seismic tests was conducted on a type ELE 304-5000-1
,Detector/Holdef assembly and a type ELE 304-6000-1 PA-5Q1 Preamplifier
asgsembly during the week of September 22, 1975, at the Norco California
facilities of wyle Laboratories. The tests were conducted in accordance

with the requirements of General Atomic acceptance procedure ATP-256.

All operational iequirements of the deteccor/hblder and preamplifier
were satisfactorily complied with during these tests and the equipment is
considered to be fully qualified for the seismic conditions simulated.

The maximum measured signal variations caused by the seismic accelera-
tions of the fission detectors were 0.2 x 10-7'amps peak-to-peak. This
represents a worst-case error. in plant power measurement of approximately
0.012, which is considered negligible. . |



2. TEST DESCRIPTION

GENERAL INFORMATION

Following fabrication of the first type ELE 304-5000-1 Safety Detector/
Holder assembly; a series of preliminary tests was conducted to ensure its
readiness for seismic testing. The preamplifier had been fully tested

previously.

Because of thé uranium contained in the fission detectors, a special
amendment to the General Atomic Nuclear Material License covering Spécial
-Nuclear Material was required to pefmit testing of the detectors at the
" Norco facilities of Wyle Laboratories. In addition General Atomic was
required»to'provide a specially trained person to retain cﬁstody of the

detectors and provide the required health physics monitoring.

On arrival at the test site, the detector/holder assembly and the
associated PA-5Q1 preamplifier were inspected for shipping damage and
installed in the test fixture (see Wyle drawing 75-E~66). .

- The seismic test sequence consisted of the following items:

1. Calibration of the seismic test equipment and Visicorder traces
associated with signals to be monitored by General Atomic

personnel.

2. A low-level-resonance search was conducted in the x axis.

1

3. A low-level-resonance search was conducted in the z axis.




4. Five each biaxial random-motion tests were conducted in the x-z axis

to simulate an Operational Basis Event (OBE).

5. One biaxial random-motion test was conducted in the x-z axis to

simulate a Design Basis Event (DBE).

The detector and preamplifier were then rotated 90 deg in relation to
the horizontal component of seismic motion and the following additional tests

were conducted:
'6. A low level resonance search was conducted in the y axis.

7. Five each biaxial random-motion tests were conducted in the y-z

~axis to simulate'operational basis events.

8. One biaxial random-motion test was conducted in the y-é axis to

. simulate a design basis event.

Following successful completion of the seismic acceleratioms, post
tests were conducted and the deteccor/holder assembly and preamplifier were
removed from the test fixture for examination. The equipment was then

returned to. San Diego for further examination and testing.



3. TEST DATA

This section of the report contains the following test procedures and

results: .

ATP-256 C with:attachments
ATP-195 with attached filled-in data sheets.
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GENERAL ATOMIC COMPANY - ELECTRONIC SYSTEMS STANDARD

SEISMIC TESTS FOR NEUTRON DETECTOR ASSEMBLY, ELE 304-5000-1,

AND PA-5CG1 PREAMPLITTVR, ELE 304-6000Q-1 i

.1.

Reference Specification ATP-256 | Issue C Date 10-21-753 { Page 1 of 8

SCOPE

This document describes the procedure for seismic testing of the -1
neutron detector assembly and assoclated PA-5Q1 preamplifier.

OBJECTIVE

The objective of this document is to qualify this equipment from a seismic
standpoint as Class IE equipment per IEEE 344-1971 (modified), Combustion
Engineering specification 00000-ICE-3006-Rav 03, and Wyle test plan
ND750038-1 (see attached). :

DEFINITION

Class IE: The safety classification of the electric equipment and
systems that are essential to emergency reactor shutdown, containment
isolation, reactor core cooling, and containment and reactor heat
removal, or otherwise are essential in preventing significant release
of radioactive material to the environment '

TEST METIIOD

Record the following data as identified in the respective tables:

4.1, Test Facility Lozation

The following items identify facility and responsible test personnel:

1. Company nane: : ' .
2. Company address:
3. Responsible engineers and telephone numbers:

4., Date of test and comments:

s

4.2. Equipment Identification ‘ i

Table 1 presents the format and items to be noted for identifica-
- tion of equipment undergoing test. '

v TABLE 1
EQUIPMENT IDENTIFICATION
Iten Description ~ }Serial No.
"1 |Safety channel neutron detector ;{QSC3(<_/

assembly, ELE 304-5000-1
2 |PA-5Q1 preamplifier, ELY 304-€6000-1 |4 G wo - |

-4
3




Notations 1n this column 1ndicat¢ ‘where changes have been made

GA 12088 | | .
GENERAL ATOMIC COMPANY - ELECTRONIC SYSTEMS STANDARD

SEISMIC TESTS FOR NEUTRON DETECTOR ASSEMBLY, ELE 304-5000-1,

AND PA-501 PREAMPLIFIFR, ELE 304-6000-1

4.3,

4.4,

4.5.

4.6.

Test Facility - Test Equipment

Table 2 presents the format and items to be noted in checking off

i

test equipment to be used.

Test Fquipment - Instrumentation

Table 3 presents the format for identifying the various test

instruments available.

Initial Breakdown Pulse Noise (BPN) Test

Perform BPN test as described in Reuter-Stokes test procedure "A"
for Model RS-C3-2540-102 neutron fission counter, Steps 4.4.1
through 4.4.5, prior to seismic test, except change Step 4.4.3

to read "...discriminator at one" and Step 4.4.4 to read "...for

one second" (see attached).

Test Assembly

Perform the following'steps as defined:

1.‘§Attach five accelerometers as follows:

. Connect wiring and test instrumen;; per Fig. 2.

Accelerometer _ ~ Location ‘Comments
tAl, AS On base of actuator assembly Controls
A2* Centered at top of detector . Response

assembly outer extrusion

A3*x Centered at middle of detector Response
‘ - assembly outer extrusion

A4* Centered at bottom of detector Response
S assembly outer extrusion

Record installation with still camera.

Assemble neutron deteccor assembly, test fixture, and preamplifier
onto shaker table (sce Fig. 1).

Verify that linear current amplifier gain is set to the expected
value for normal plant operation. : A -1.3 x 1073 A input shall
provide 10 V dc¢ output. : :

*To be monitored during resonance search only

Reference Specification ATP-256 ‘1 1ssue C Date 10/21/75 Page 2 of 8
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{ ' Hotatfons in this column indicate where changes have been made 'ﬁ‘ - é
; - ‘ = -
Fo ' B
Lo . o
z. TABLE 3 ] o
o TEST EQUIPMENT - INSTRUMENTATION 8 m
& ‘ - - ~|® >
o ‘ Calibration Date n m
o Item Description Mfr, Model No. | Serial No. Last | Due - Comments b ¢ 3
> . 2] - >
H- t
2 1 20-channel recorder wius Pace Bism |0 =
. 18 O
_go 2 Camera - st11l : I 97 wres o - E
. » {ad 1
g : 3 | Digital voltmeter (bv™) FrLowe 88ocoA Ga 31319 H-2-15 | (o8 3 5 O
', . e
o 4 | Strobe light/counter ol ws=0 5 s..,., g
- | - —— Y |wo
! . S Fro c . S [
" ' 6 |Portable electrometer Keithley 6008~ (o1 GA® (5390 | §-20-T5 | 2-20-Ta * 28 O
i : . - =
ai 7 | Bridge General Radio | 1608A GATisquy| 1-23-15 [1-23-7¢C =& %
! : - : &=
' 1oy - - - 2.'75' >»
. 8 | Current source mac—us 225 ReosA GA TIe2 | 12 "5; ‘2" : —{=z= 32>
qfo 9 |linear amplifier chassis General Atomic | Test chassis L2100\ Tol prse La-34 caro o el <
R . e 2 =
é’ " 10 | Electrometer Keithley 610B or 616¢ | GA* 4501 | 5 24 -I5 | li-21-18 Nl .
bt . ° p) volre)
S 11 | Electrometer Kelthley €108 or 610C | A% (1082 | 4-15-75 |(o15 75 “FC
- =1in
e 12 | pigital voltmeter (pvM) Fluke 8100 G—A‘(‘I(.c.'l. H-U-T5 | {0~i0-15 : S A rr_n
. HEWUETT PAcKkaRD =l m
13 | Electronic counter Eldorado 1607 A% (1091 | 4-15-7¢ lo-:c—?o‘{'\{?ﬂ- gonleit [ o §E a
LAt ¥T ¢ -
14 | Pulse amplifier Hewlett- 5582A GA" 3u2q95 | 2776 |u—zr-rs| E IS 2 | N 3
Packard , B35 =
. = Sm)
15 | Pulse height dis- Hewlett— 5583A GA¥3021C [£S21-78 |1-21-74 st ©
criminator Packard ‘ gl ]
. <! 1l »
16 | Pulse preamplifier Hewlett- 5554A 28 Aco (4 {o-14 to-1§ a8
: Packard _ ' v S g
| . - ‘ i , Sl &
17 | Precision capacitor General Radio | 1403k CR s4st | 5915 u-g-z5 N e B
, o ) ©
1 P - ' i - [t} _{
8 ulse generator Tenuelec TEC-800 GA 1240 | q.q .5 3-9-76 - =
1 High- e 1 ¢ 154
9 gh~-voltage powerv stply lennelec 940A ) 3,?_,2/4045. Q-19-75 3-19-7¢ o ;
20 | Safety drawer | General Atomic | ELE 304- p Prion 7} e - - 5
‘ 3000-1 Gol—! ‘ %
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‘|Reference Specification ATP-256
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GA 12088

GENERAL ATOMIC COMPANY - ELECTRONIC SYSTEMS STANDARD

SEISMIC TESTS FUR NEUTRON DETECTOR ASSEMBLY, ELE 304-5000-1,
AND PA-5Q1 PREAMPLIFIER, ELE 304-6000-1

Reference Specification ATP-256 Issue C Date Page 7 of 8

6. Set the two Keithlcy 610 electrometers to measure the detector
alpha current (approximately 2.5 x 10 A).

7. Set safety drawer LOG CALIBRATE switch to position 3.
8. Perform instrumentation checkout as follows:

a. Measure all detector resistances, alpha currents, and capaci-
tances as outlined in ATP-195, Detector Acceptance Tests, Model
RS-C3-2560—102.

.b. Apply power to equipment.

c. Verify operation of detectors by monitoring the outputs of the
linear current amplifier and electrometers used in the test
setup with the DVM. The linear amplifier output voltage should

-measure near 0 V. Verify that the output at J13-E, F is
approximately 6 V.

9. Record sctup with still camera.
10. Perform the following:
a. Perform resonant scan per Table 4 froﬁ 1:0.to 33 Hz and at

0.2 g. Perform in the side-to-side (X) axis first. Use the
resonant scan data to identify resonances and calculate their

. Q's. :
' TABLE 4 _ : !
FREQUENCY SCAN BY OCTAVES
E' L 1.00 - 2.00 _— g
4.00- 8000

8.00 - 16.00 |

16.00 - 32.00 5

32.00 - 33.00 ;

NOTE

" Deviation from octave scan may be modified. by
_shaker capability (1.0 to 33 Hz - 1 min/octave).

° b. ' Identify those resonances with Q2 1.3.

c. Per required response spectra (RRS) supplicd by Combustion
Engineering (see attached), perform seismic excitations for
X-Z and Y-Z planes. Perform five operatirg basis event
(OBE) tests at 15 sec and one design basis event (DBE) test
at 30 sec, where OBE magnitudes = 1/2 DBE magnicudes.

\ ' 1
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d. Continuously monitor the electrical cutputs throughout the
scan. An electrical output signal from the LA-34 linear .
amplifier of less than 50 mV is acceptable. The output from
the Keithley 610 electrometers is monitored for information
only and shall not be used for determining the acceptability
of the detectors or the holder assembly during seismic accel-
erations. Verify that no signal breakup occurs at J13-E, F.

| 11. After each scan sequence, closely examine the equipment for signs

‘ of physical damage and the data for signs of electrical malfunc-
tion, including changes in the electronics alignment. Note any
changes and record in test notebook.

i
!
'12. At the completion of the scan sequences, de-energize the.
i‘ .electronics.
i

113. Check all detector resistances, alpha currents, and capacitances
P as specified in Step 8a. '

‘14, Remove test fixture and perform radiation health physics survey.
~15. Disassemble test'setup and check for mecﬁanical damage.

E16. : Record disassembly with still camera.

4.7. Final BPN Test
Perform BPN test referenced in Section 4.5 after completion of seismic

test to determine any effect that may have induced a change in electron
pPulse height as a result of testing.

5. DATA COLLECTION AND REPORTING

Collect data, including scan and resonances, strip charts, and available
photos. Arrange for test facility to transmit certified data with cover
letter to General Atomic. Cover letter is to (1) attest as to the valid-
ity and accuracy of the test data, (2) state the date(s) of the tests, and
.(3) identify any test anomalies. If there are no anomalies, this should
be stated. The detectors and the holder assembly will be considered
acceptable if the output from the LA-34 linear amplifier does not exceed
1% of reactor power (50 mV) and the mechanical integrity of the detectors
o and the holder assembly is maintained. '

12

| Classificatinon Accentance Tost T Annvaiad
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1.0

.1

.+ first fixture resonance frequency is above 5 Hz.

Vo S 5 ND750038-1

_TEST PLAN

FIXTURE AND FIXTURE EVALUATION

N

. v e e

Fixture

A 6 inch I. D. tube will be the main structural component
of the fixture. It will be supported with members whith
brace the top and bottom of the tube to assure that the

Fixt.ure_ Evaluation .

. The fixture and support members will be assembled on

the test machine and three dummy masses will be attached

- to simulate the neutron detector. Three fixture response

accelerometers will be mounted on the fixture in the exci-
tation axis and a sine sweep will be conducted in first the

: " horizontal and then the vertical axis. An axis change will

be made by rotating the fixture 90 degrees about its vertical

' _ce'nterline. An additional horizontal rescnance search will

be conducted. An evaluation of this data shall show no fixture

.. resonance below 5 Hz. The fixture will be removed from the

-test machine and shipped to GAC for specimen installation.

. e . .. ; t : .
; . i . . - :

TEST SPECIMEN ORIENTATION AND MOUNTING

Specimen Mounting

Thé neutron detector will be installed by GAC in a Wyle pro-

vided fixture using its normal mounting means which is a
support cable and-a cam locking mechanism. The preamplifier
will be mounted externally on the fixture and the conduit irom

. the neutron detector will be attached to the preamplifier and

' " supported from the fixture. The fixture will be bolted to the

test machine. T T

- .
- - . NN . v .

EXCITATION L e e

Resonance Search T

For the frequency range from ° Hz to 33 Hz a low level sine
sweep of approximately.2 g's - :l1 be used to determine resp-
nances. This resonance search will be conducted in each axis
individually at a sweep rate of one octave per minute.



3.2

3.3

ND750038-]
i o . Test Plan "’
F : Page 2

Simultancous Axcs Excitation

Qualification tests will be conducted biaxially. That
§s, cach horizontal axis will be excited separately, but

. each onc will be excited simultaneously with the vertical

axis (longitudinal simultaneous with vertical, then lateral
simultancous with vertical).

° -

Biaxial Input Waveform

"~ The specimen shall be subjected to a seismic random

motion which is amplitude controlled in one-third octave
increments from 1.1 Hz to 33 Hz. ‘

A selccted 15 or 30:_‘second recording of random signal will
be uscd as the input source. This input signal will be tuned

- with a bank of parallel one-third octave filters with individual
. output attenuators to meet the Figure 5 horizontal and Figure ¢

vertical safety channel detector holder assembly and preampli-

.- {fier required response spectra. Independent signal sources

will be used for the horizontal and the vertical axes so that

input motion phasing will be random. Analysis of the test table .

motion will be pecrformed at 1 percent of critical damping and’

- _the test responsc spectra will be plotted.

Test Scquence

With the specimen mounted so its longitudinal horizontal axis

. is parallel to the horizontal axis of excitation, a sine sweep
;- will be performed horizontally. A vertical axis sine sweep

will then be performed. A biaxial random test will then be
performed five times at the O.B. E. level. Following these
tests a biaxial random test at the D.B.E. level will be con-
ducted. The duration of the O. B.E. tests will be 15 seconds

g each while the duration of the D.B.E. test will be 30 seconds.

The biaxial random motion will have been calibrated prior to

" installing the specimen.

The specimen and fixture will be reoriented so that its lateral
axis is parallel to the horizontal axis of excitation and 2 hori-
zontal rcsonancc scarch will be conducted. The five biaxial
random O. B.E. tests will be performed followed by the D. B. E.
test. . :



\ T

~ .. IN-PROCESS INSPECTION

-j :The records will be checked for equality of performance
" after each test. The specimen will be examined for possible
) damage following each phase of testing and at other appro-

, ND750038-{
. : ' Test Plan
AR N : . Page 3

ii\lS"I‘RUMENTATION

Excitation Control

Control aé:ceierometers will be mounted on the test table

" at locations near the driving points for the horizontal and

vertical axes.

Specimen Response

Up to four specimen response accelerometers will be

. mounted on the specimen at locations at the top, middle .

and bottom of the specimen as well as one on the pre-
amplifier. Each accelerometer response will be recorded
on magnetic tape and/or oscillograph recorder.

Functional Monitoring Criteria (Electrical Monitoring)

GAC is to provide equipment and personnel to set up and

' o perform the functional tests. A functional will be performed
- :after mounting the specimen. Functional monitoring will be

accomplished during the resonance searches and the biaxial
‘random tests. An additional functional will be performed

. after the axis change and at the completion of testing. Upon
... removal of the fixture-specimen from the test machine, GAC

. will perform a disassembly and an inspection of the fixture

.~ and specimen. ' ‘

7l

’

priate times. All important vibration effects will be logged.

T - Photographs will be taken of any noticeable physical damage

that may occur.

Py
‘e

REPORT

A certification type report will be issued subsequent to the
completion of testing. This report will be signed by a Regis-

.tered Professional Engineer and will include: test levels,

details concerning deficiencies and recpairs, accelerometer
responses and photographs of test sctups and failures. This
report will also contain a list of pertinent test equipment,
calibrations and instrumentation log shects.
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TEST PROCEDURE "A" FOR MODEL NUMBER PS-C3-2540-102 REVISION F/4/1/75

NEUTPON FISSTON COUNTER

4.4 Breakdown Pulse Noisc (BPN) Test (4.2.3)

4,4,1

4,42
4.4.3

4,4.4
4.4.5
4,4,6

4.4,7

Set up detector and equipment according to Figure 3.

Equipment shall have been calibrated as in 4.3.1.

Place detector in neutron source box with source removed,

\

Apply 300V or less bias Voltage to the detector.

‘Set discriminator at zero,

Count the alpha plus noise pulses from the detéctor for

‘ten sceonds, PRecord this mumber on the data sheet,

Paise discriminator level in increments to obtain 10

data pcints and repeat step 4.4.4,

Apply 1000 vde bias voltage to the detector., Repeat

steps 4,4.3 through 4.4.5,

Plot the two integral bias curves on a graph with the

discriminator bias on the abscissa and counting rate

: . UL BN k- s =\ . alelia wlesm was =
on the ordinate, Establish the alpha plus noise cut-off

(approximately 1 cps) by extrapolation from a line drawvm
through the corresponding points of 10,000 cps and 10
cps. The cxtrapolated alpha plus noise cuteof{ count
rate at 1000 vdc, should show negligible increase to

that established at 300 vdc..




Notations in this column fndicate where changes have been made

un 1£LV0

GENERAL ATOMIC COMPANY - ELECTRONIC SYSTEMS STANDARD

DETECTOR ACCEPTANCE TESTS, MODEL RS~C3-2540-102
(RESTSTANCE AND ALPHA CURRENT, CAPACITANCE)
Reference Specification ATP-195 |Issue 4 Date 2-7-75 Page 1 of ¢
1. PURPOSE
This p}ocedure-provides a means for checking the chamber resistance,
capacitance, and alpha current as a means of determining the acceptability
of detectors and shall be used for both incoming inspection and testing
of the completed assembly with integral cables attached.
2. TEST EQUIPMENT REQUIRED (Record applicable‘information on Equipment Record -
sheet.) C ‘
1. Megohm resistance bridge, General Radio Type 1644A or equivalent
2. Digital voltmeter (DVM), Fluke Model 8800 or equivalent
3. Impedance bridge, General Radio Type 1608A or equivalent
4. High vo’tage power supply, Smith Florence Model 122 or equivalent
5. Current meter, Keithley Model 610C or equivalent '
-3; TEST PROCEDURE (Record applicable information on Test Data;sheet.)
_ NOTE _
'The Test Data sheet is to be used for record-
ing test results for both the incoming inspec-
tion and the completed assembly tests for each
detector. Table 1 is for incoming inspection,
and Table 2 is for testing of completed assemblies. '
3.1 Resistance and Alpha Current Test
1. Due to inherent alpha emission from U~234 Present in uranium-
coated electrodes, resistance bridge measurements between two
electrodes or one electrode and ground do not give meaningful
results. In any resistance measurement, a potential is placed
between the two electrodes or an electrode and ground. This
potential difference will cause ionization by the spontaneous
alpha emission. The method described below eliminates the alpha
contribution by subtracting it from the total current obtained
with maximum potential applied. The difference between this
maximum current and the alpha current measured at that point
where alpha current is constant is the leakage current. Resist-
- ance is then calculated by the voltage/current relationship.
2. Connect the detector according to Fig. 1.
22
Classification Nvmamm _ 1 1




GA 1208

GENERAL ATOMIC COMPANY -

ELECTRONIC SYSTEMS STANDARD

DETECIOR ACCEPTANCE TESTS, MODEL RS-C3-2540-102-
{RESISTANCE "AND ATPHA CURRFNT_ CAPACTTANCE)

i

;ﬁhere changes have been made

o F

}gg‘
2

Notations in this column indicate

Reference Specification ATP-195 Issue Date Page 2 of 6
S IGNAL CURRENT
DETECTOR — METER o

bg_to be infinite.

“into 1000 V dc equals the resistance in ohms.

" Connect the HV electrode to the signal electrode and attach to the

]

HIGH VOLTAGE
POWER SUPPLY

L

Fig. 1

Apply 100 V dc to the detector. Read and record the measured alpha

current.
Repeat Step 3 at 500 V dc and 1000 V dc.

The alpha current at 1000 V dc minus the current at 100 V dc divided
If the subtraction
of the two current readings is zero, the resistance will be assumed

The resistance should be >5 x 10!! ohms
ohms for the detector and

Record resistance.
for the detector alone or >10!!
integral cables.

megohm resistance bridge according to Fig. 2.

S 1GNAL
MRS
DETECTOR +
[ — MEGOHM
RES | STANCE
. BRIDGE

Fig. 2

23



Notations fn this column indicate where changes have been made

v -

GENERAL ATOMIC COMPANY - ELECTRONIC SYSTEMS "STANDARD

DETECTOR ACCEPTANCE TESTS MODEL RS=-(C3-2540-102
(RESTSTANCE AND ALPHA CfJRREN’I‘. CAPACITANCE)

Reference Specification ATP-195 |[ssue Date. Page 3 of 6

8I

9.

Apply 500 V to the detector, set range switch to appropriate
decade, and adjust resistance dial for a meter null,

Record resistance. The resistance should be >5 x 10!! ohms for
the detector alone or >108 ohms for the detector and integral
cables.,

- 3.2 Capacitance Test

1.

2.

P ——

Measure and record the detector interelectrode capacity as follows:

Verify that theAbridge excitation frequency is set to 1 kHz.

Record capacitance between sign~l electrode and HV electrode,
between signal electrode and ground with HV grounded, and
between HV electrode and ground with signal grounded. With HV
grounded, the capacitance between signal and ground should be
490-5340 pF for the defector alone. With signal grounded, the
capacitance between HV and ground should be 880-970 pF for the
detector alone. For the detector with integral cables attached,
‘the capacitance varies with cable length. f

24
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GA 1208

GENERAL ATOMIC COMPANY - ELECTRONIC SYSTEMS STANDARD

DETECTOR ACCEPTANCE TESTS, MODEL RS-C3-2540-102
(RESISTANCE AND ALPHA CUPRFNT, CAPACITANCE)

Notations in this column indicate where changes have been made

_Reference Specification ATP-195 |Issue. Date Page 4 of 6
TEST DATA
el
Serial No. it Agfb .
/bQL
Operator ED
RESZ
457
Date
TABLE 1

INCOMING INSPECTION CRITERIA

DR v Required Aéitzi////////
Section. | Step Description Values Valy

3.1 3~l_ Alpha current at 100 V dc ,//”//' A

4 Alpha.current at 500 V dc ”/’//,/””/‘ A

Alpha curr at 1000 V dec A

Resistance >5 x 1011 @ Q

Resistance ’ >5. x 10! @ Q

3.2 2 ’/Eig;eifggge

1 Between signal and HV No criteriomy pF

”///”’ Betweén signal and ground 490-540 pF ‘\\\\\\‘ pF
’/’,/””/”‘ Between HV and ground 880-970 pF ‘\\\\\QE;\\

25
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GA 1208

GENERAL ATOMIC COMPANY - ELECTRONIC SYSTEMS STANDARD

DETECTOR ACCEPTANCE TESTS

MODEL RS-C3-2540-102

(RESTSTANCE AND ALPHA CURRENT, CAPACITANCE)

Reference Specification ATP-195 | Issue Date Page 5 of ¢
TEST DATA (continued)
Serial No. n»If:—”””/f :
:Operator
Date
TABLE 2 . -
- COMPLETED ASSEMBLY TEST CRITERIA
B Required Actual
Sect Step Description Values Values
3.1 \\\‘3\\\ Alpha current at 100 V de - 4,/”1://,
4 ha current at 500 V dc //i,,/’fz/’ A
Alpha ¢ 1000 V de —;/’///,,, : A
Resistance - 51011 2
Resistance >108 @ Q
3.2 - 2 Capac ce
Between signal and HV Variable™~_ pF
,//””’ Between éignal and ground :1;§e ‘\\\\\‘ pF
”;/,,/””f/ Between HV and ground length \\\\\gg\\\

Notatfons 1n this column indicate where changes have been made

r

Length of integral cable attached

~

——

26
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GENERAL ATOMIC COMPANY =~ ELECTRONIC SYSTEMS STANDARD

Page gof 6
EQUIPMENT RECORD
For ATP- 195 Issue &
Calibration Date
Description Manufacturer Model Serial No. Last Due

A

Date of Test

QC Signature or Stamp

Test Operator Signature

Serial Numbers of Items Tested




GENERAL ATOMIC COMPANY -

ELECTRONIC SYSTEMS STANDARD

DETECTOR ACCEPTANCE TESTS, MODEL RS-C3-2540-102

(RESISTANCE AND ALPHA CURR‘HNT, CAPACITANCE)

Reference Specification ATP-195 |Issue Date Page 5 of ¢
: TEST DATA (continued) .
Serial No. —Z. /ES2 Jc/
Operator 7 rlu*lo:d
Date -2 7['75
' . TABLE 2
_COMPLETED ASSEMBLY TEST CRITERIA
Required Actual
Section - Step Description Values Values
3.1 3 Alpha current at 100 V de Q.S7l/b'9 A
4 Alpha current at 500 V de S b2 X0 _7A
Alpha current at 1000 V dc 2-b F.-K/O"i A
6 Resistangﬁe 1>1011 @ /0 X /o' n
9 Resistance 108 0 /s xs,0 o
3.2 2 Capacitance : _ .
* Between signal and HV Variable 6 3 pF
' Between signal and ground Zi.;l]?e )35 ¥ pF
Between HV and ground length )7 52 pF

IVRUVIVIIG 1 WD VI HHUILALE WHITTE CHANTYTY Ilave veen nmaue -

Length of integral cable attached }/5 ‘{"f' 2.,.-5

'#WA—. :‘_D,SZ ‘
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GENERAL ATOMIC CCMPANY - ELECTRONIC SYSTEMS STANDARD

DETECTOR ACCEPTANCE_ TESTS, MODEI: PS-C3-2540-102
(PESTSTANCE AMD ALPHA CURRENT, CAPACITANCE)

Length of integral cable attached 6/5 ¥7[ =LA

5 | | Reference Specification ATP-195 | Issue Date Page 5 of 6
) , S TEST DATA (continued). .
Serial No. 1 /€522 Lowee) vd.
/ . ' . . . .-'. Fvi. .
Operator / LOU-A) o o Sl
Date ; ;?;é : ? 5
S o TABLE 2
3 COMPLETED ASSEMBLY TEST CRITERIA
o f{ Y
5 . ‘ _— ~ |Required Actual
g - Section Step Description Values Values
o » _
bt 3.1 3 Alpha current at 100 V de ' 2@2&@'7’ A
2 4 Alpha current at 500 V de : A Q.EéX‘Q-? A
,"é, _ Alpha‘ current at 1000 V dc o 2. 7%X/o'? A
. E . ‘Resistance >1011 @ SX/o!ve
: 9 Resistance . - 5108 @ Lo X/A " g
s - _
) - B -:;-'-, 3.2 2 Capacitance
S | B Betwe_en-signal and HV ' |]Variable bbb O pF
‘ § " Between signal and ground :i;?e /3 %L  pF
E Between HV and ground length | /]33 oF
c . . . )
5
)
(8]
w
=
-
<
-
"
=
]
P
<
&
(2]
=z

\@ AL T ,//% ' i ” .
-fC..M}t 73_'L : :
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Notatfons 1n this column indicateé“where changes have been made

S 1LVO

GENERAL ATOMIC COMPANY =~ ELECTRONIC SYSTEMS STANDARD

DETECTOR ACCEPTANCE TLST
(RESISTANCE AND ALPHA

ST MODLL RS-G3-2540-102
CURRENT . CAPACITANCE)

Issue

Date

Page 5 of 6

Reference Specification ATP-195

TEST DATA (continued):

serial No. 2 Y7203 g
Operator Z
Date 9 -2 7 Z_S
' : . TABLE 2
.COMPLETED ASSEMBLY TEST CRITERIA
_ . Required Actual
Section Step . Description Values , Values
3.1 3 Alpha current at 100 V dc 2- L/L/X/b'?A
4 Alpha current at 500 V dc &5/6 ){/o'? A
, Alpha current at 1000 V dc D.S/Xxo"i A
6 Resistance -~ f>101! Z%ig/b'z" Q-
9 Resistance 5108 Q /. 725x.0" a
3.2 2 Capacitance _
° Between signal and HV Variable 7/( : pF
" Between signal and ground :igli'e 1487 ~ pF
Between HV and ground length / &7 2. DF

.

Length of integral

cable attached 4’?\47& 54,0

-
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GENERAL ATOMIC COMPANY - ELECTRONIC SYSTEMS STANDARD

DETECTOR ACCEPTANCE TESTS, MODELL RS-C3-2540-102
(RESTSTANCE AMD ALPHA CURREMT, CAPACITANCT)

g Reference Specification ATP-195 Issue {Date | Page 5 of 6

. © TEST DATA (continued)
Serial No. S S63 (\m[J_) 5 rd.
Operator _ _7'/11)\&\!7[0»-(

Date ¢ 26-725

.

Length of integral cable attached 1/ 7‘£f’ %;5 '

_ ) TABLE 2
% COMPLETED ASSEMBLY TEST CRITERIA
o
2 .
e : Required Actual
$ Section Step Description - Values Values
o , T
'% | 3.1 3 ~ Alpha current ;t 100 V de . 2.99 ij’? A
= 4 "Alpha current at 500 V dc 2.52 X/o"? A
@ A
.Y Alpha current at 1000 V dc 2.50x0°7 a
=
. s Resistance >1011 @ 1430
£ _ . . =
e 9 Resistance B >108 @ ) S X6 ' q
1]
-)‘% 3.2 2 Capacitance
=~ 8 Between' signal and HV  '|]Variable 7/ 2 . oF
o H _' . i _
"o Between signal and ground :i;lie - )82G yF
v .
£ Between HV and ground length / 8 C;’ 2  oF
c
§
‘c
o
[ ]
=
&
£
(4]
c
o
*
s
[ ]
&
(=]
=

L‘@ ) = f“{" TR ’7//% . . | : ‘

yald ~y . 7o
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r GENERAL ATOMIC COMPANY - ELECTRONIC SYSTEMS STANDARD

' DETEC’I‘CR ACCEPTANCE TESTS, MODEL RS-C3-2540-102
(RESISTANCE AND ALPHA_CURRENT, CAPACITANCE)

Length of integral cable attached S Eaa TS S5 A, /24515

é Reference Specification ATP-195 Issue Date Page 5 of 6 ¢
i | - ]
TEST DATA (continued) :
x Serial Yo. A E=Y N bl .
Operator ./ h oo “/o.g
Date ?’ =2 ’/" 75 |
' . TABLE 2 |
g COMPLETED ASSEMBLY TEST CRITERIA
© .
i Required Actual
o Section Step Description Values Values
o - .
g 3. 3 ‘Alpha curreat at 100 V dc 2. /)(/o'7 A
2 4 Alpha current at 500 V de » 2.0 %(/e'? A

9 Alpha current at 1000 V dc 2.26X70=7 A
E 6 Resistance _ >1011 g L-66 X o' 0
: 9 Resistance . - 15108 @ ¢ x/o‘v' 1]
5~ : : . 4

é 3.2 2 Capacitance _ :

Y ‘ ° Between signal and UV "1|Variable 723 Y pF
§ Between signal and ground :i;l;é 577 | pF
©° ' ‘
£ Between HV and ground length - /9S8 pF
[

§
e
o
[ ]
=

‘ L
e
"

«<
o
pay
<
L >

-}

=

-

#M. = 25%
‘r@m,ﬂ. =. b"ooéf- .

9
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Notatfons in this column indicate where chanéeshave been made

GENERAL ATOMIC COMPANY -

-ELECTRONIC SYSTEMS STANDARD

DETECTOR ACCEPTANCE TILSTS,

MODEI, RS-C3-2540-102

(RESISTANCE AMD ALPHA CURRL 1T, CAPACITANCE)

. I-qu\. 9’7%
e m’I7 72 ',/i

33

Reference Specification ATP-195 Issue Date Page 5 of 6
TEST DATA (continued)
—_— '
Serial No. /- /75 / (\u')lﬂa(‘ bla.
Operator ’/—z—o"'ﬁ)—(OJ
Date ? -2__(/ : 75
- TABLE 2
COMPLETED ASSEMBLY TEST CRITERIA
Required Actual
Section Step Description Values Values
3.1 3 - Alpha current at 100 V de 2.(,’/)(/0'? A
-4 Alpha current at 500 V de Z.LBrX/O‘? :
' Alpha curreat at 1000 V dc '2-82X/O'7 A
Resistance. |10l g 5.55¥/0/ 2
9 Resistance '>10_8 Q 8 x/a't Q
3.2 2 Capacitance
" Between signal and HV Varizble 732 pF
: with 7 :
Between signal and ground |} . /6! pF
Between HV and ground length /958 oF
| Lt
Length of integral cable attached 53 7L5'To5 51”. /;,675




4. CONCLUSIONS

An evaluation of the test results indicates that the detector/holder

assembly and PA~5Q1 preamplifier successfully passed all requirements of

the seismic testing and are considered to be fully qualified for the seismic

conditions simulated. Specific analysis of various sections of the test

data provides the following confirmation of the stated conclusions:

The interelectrode capacity from "signal" to "high voltage" was

1.
measured both before and after the seismic tests. The maximum
observed variation was 4 pF, indicating that no internal damage
or component deformation occurred during the seismic test series.

Pre~Seismic Post-Seismic » .

Detector Interelectrode Interelectrode Capacity

Number Capacity, pF Capacity, pF Change, pF

T 1852 663 660

S 4763 718 112

T 1851 734 732

2. Analysis of the Visicorder trace information required by ATP-256
indicates that plant power level indications from the linear cir-
cuits would be affected by less than 0.01% during the seismic event
simulated. '

3. A sequence of special detector performance tests was conducted at

General Atomic both before and after the seismic test series,

34



4.

These tests were intended to locate any leaks that might develop

in the detectors because of the seismic testing.

Because the 3ignal pulse amplitude i3 very sensitive to the
internal gas composition and impuritieg, any cﬁange due to leaks
would be detected as a reduction in the signal pulse amplitude.
The inherent alpha pulses always present within the detector

“were selected as the most obvious parameter that could be

used to measure changes in signal pulse amplitude. Integral
discriminator curves of alpha pulse signals taken before and after
the seismic tests show a negligible shift in signal amplitude,
indicating that no cracks or gas leaks occurred in the detector
shell. | | |

No seismically caused mechanical damage was found, and the "seismic

wedge' clamﬁ assembly successfully prevented motion of the detector/

_holder assembly within the 6-in. steel pipe used to simulate the

reactor instrument thimble. The equipment passed all aspects of

the seismic  tests and related performance verificatioms.



APPENDIX A

VISICORDER TRACE INFORMATION



A. ANALYSIS OF VISICORDER TRACE INFORMATION

A.te IMNyponucrion

Durkhg seismic testing of the ELE 304~5000-1 Detector/Holder assembly
and FLE 404-6000~1 PA-5Q1 Preamplifier assembly in accordance with ATP-256,

elec£r1C\l signals were optically recorded on photosensitive paper by a
VisiFordﬁf. ' :

A2, TENg prsyrrs
Tab.l ' L .
e A-1 shows the results of the required resonance searches and

Table A-:T shows the signal amplitude variations for all phases of the seismic
test Ser.. o ‘

A cQ*py of Page 13 of the Wyle test report'hés been included to identify
»the jnpu:ﬁ signal associated with each Visicorder trace.
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TABLE A-1
VISICORDER TRACE ANALYSIS

Resonance Search

Channel No;

Frequencies Causing

Maximum

Axis Trace Variations (Hz) Amplitude (A)
¢
1 18 and 22 to 33 0.63 x 1077
2 16 to 33 0.48 x 1077
X 3 Negligible
| 4 21 to 33 0.2 x 107/
5 Negligible
1. 14 to 33 0.8 x 107
2 Negligible
y 3 Negligible
| " 24 0.15 x 1077
5 Negligible -
1 Approximately 31 0.22 x_1057
2 Negligible o
R '3 Negligible
4 No specific resonance 0.09 x 10-7
5 13

Negligible




TABLE A-2

DETECTOR SEISMIC TEST - WORST CASE PEAK-TO-PEAK SIGNAL VARIATIONS

being th

NOTE:

To facilitate direct o
for a full-scale sensitivity o
reading but prohibited optical recording because of wi

The average alpha current indicated by
e maximum observed variation during the

bservations of the alpha current
£6 in. = 10 x 1079 A,

the channel 2 electrometer was
entire test sequence.

No resonances were observed at a frequency below 5 Hz.

2.65 x 10°

9

» the electrometer for channel 2 was set
This permitted visual observation of the electrometer
de variations that would obscure adjacent traces.

Channel 1 Channél 2 Channel 3 Channel & - Channel §
Run In. Current (A) In, Current (A) In. v In. Current (A) In, v
Calibration 6 10 x 1077 6 10 x 1077 0.06 0.05 4 3x1077 6.3 7
. x scan 0.38 0.63 x 107/ 0.29 |o0.48 x 1077 _ Negligtible 0.26 0.2 x 10”7 Negligible
z scan 0.13 0.22 x 10-7 Disconnected(a) Negligible 0.12 0.09 x 10-_7 Negligible
xz, OBE 1 0.18 0.3 x 1077 Disconnected ® Negligible 0.08 | 0.06 x 10~ Negligible
xz, OBE 2 0.12 0.2 :(.10‘-7 Dieconnected(a) Negligible 0.11 0.08 x 10-7 uegligiblé
xz, OBE 3 0.12 0.2 x 10”7 Disconnected (?) Negligible 0.10 | 0.08 x 1077 Negligible
xz, OBE 4 0.12 0.2 x 1077 Disconnected (3) Negligible 0.09 0.07 x 10~ Negligible
xz, OBE 5 0.13 0.22 x 10-7 Disconnected(a) Negligible 0.06 0.05 x 10.-7 Negligible
xz, DBE 0.18 0.3 x 10-7 Disconnected(a) Negligible 0.18 0.13 x 10.7 Negligible
y scan 0.48 0.8 x 1077 Disconnected () Negligible 0.2 0.15 x 10~ Negligible
yz, OBE 1 O.Q? 0.15 x IO-'7 Dinconnected(n) Negligible 0.11 v0.0B x 10'-7 Negligible
yz, OBE .2 0.11 0.18 x 10”7 Disconnected (® Negligible 0.06 | 0.05 x 10”7 Negligible
yz, OBE 3 0.08 0.13 x 10”7 nisconnec:ed(?) Negligible 0.07 | 0.05 x 1077 Negligible
" yz, OBE 4 0.11 0.18 x 10”7 Disconnected (2) Negligible 0.08 | 0.06 x 1077 | Negligible
Yz, OBE 5 0.07 0.12 x 10_7 Disconnected(a) Négliglble 0.06 0.05 x 10-7 Negligible -
yz, DBE 0.14 0.23 x 10”7 Disconnected () Negligible 0.10 | 0.08 x 10”7 Negligible
(a)

A, with $0.05 x 10~2 a
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. B. SPECIAL DETECTOR PERFORMANCE TEST
(ELE 304-5000-1, S/N 4691-1)

B.1. INTRODUCTION

B.1.1. Purpose

The purpose of this test is to determine that the seismic test series
has not degraded the detector performance by the loss of internal gas through

fractures or cracks caused by the seismic accelerations.

Loss of the fill gas or 1its dilutioh with atmosphefic impurities will
cause a.signifigant reduction in signal pulse amplitudé,‘ Because the iﬁter-
-nally generéted alpha pulse amplitude would be similarly affected, General
Atomic elected to repeat previously established tests concerning the measure- -
ment of breakdown pulse noise (BPN) because an alpha pulse amplitude spectfum '

- 18 obtained as a normal by-éroduct of the test.

By perfdrming a modified BPN test both before and after the seismic tests,

a comparison of the alpha signal pulse amplitude spectra would indicate any

change in detector performance.

B.1.2. Test Procedure

The test procedure used was a modified BPN test, as described in Para-
.graph 4.4 of the Reuter Stokes test procedure "A" for detector model RS-C3-
= 7 2540-102. The procedure was modified as follows:

. 1. Step 4.4.3. Set discriminator at 1.00.

2, S#ep 4.4.4, Count the alpha plus noise pulses from the detector

for one second.



3. Step 4.4.6., Deleted requirement for 1000 V dc. Repeat Steps 4.4.1
'through 4.4.5 after seismic testing.

4. Step 4.4.7. The extrapolated alpha plus noise cutoff count rate
from pre-seismic tests to post-seismic testing should show a negligible

-change, i.e., *5%.

A copy.of the unmodified Paragraph 4.4 of the Reuter Stokes procedure is
provided (see ATP-256, Section 3).

B.2, TESTS
The pre-seismic tests were conducted at General Atomic on Sunday,
_ September 21, 1975, using the configuration shown in Fig. 1 and the equipment

listed on the test equipment data sheet.

The post-gseismic tests were conducted at General Atomic on Tuesday,

September 30, 1975, using the same test configuration and equipment.
~ B.3. TEST RESULTS

The graphs show an. insignificant shift in the alpha signal pulse ampli-
tudes following seismic, Cesting of the detectors.



INTEGRAL DISCRIMINATOR VAL

TABLE B-* = o
UES OF ALPHA PULSES FROM FISSION DETECTORS

Serial Number

S-4763 v T-1851 T-1852
Discriminator Pre-Seismic Post-Seismic Pre-Seismic’ Post-Seismic | Pre-Seismic Post—Seishic
Setting Counts/Sec (k) | Counts/Sec (k) | Counts/Sec (k) | Counts/Sec (k) Counts/Sec (k) | Counts/Sec (k)

1.0 93.4 91.6 - 88.0 82.0 73.9 70.1

1.1 50.4 50.1 42.5 43.3 37.3 36.2

1.2 26.1 25.6 21.4 20.9 17.9 17.1

1.3 12.4 11.9 9.45 9.54 8.04 7.59

1.4 5.44 5.24 4,20 - 4.05 3.45 3.10

1.5 2.28 2.19 1.72 1.64 1.32 1.17

1.6 0.890 0.874 0. 685 0.627 0.460 0.425

1.7 0.360 0.332 0.235 0.225 0.158 0.143

1.8 0.127 0.110 - 0.067 0.063 0.061 0.049

1.9 0.041 0.037 0.025 0.023 0.018 0.012

2.0 0.013 0.010 0.009 0.006 0.005 0.002




DETECTOR BIAS SUPPLY

DETECTOR

ASSEMBLY

H.v.

S1GNAL

__jl | |

—

PREAMP

PULSE
AMPLIFIER

SINGLE
CHANNEL .
ANALYZER

1

|

LOW-VOLTAGE
POWER
SUPPLY

-Fig. B-1

B-4

TIMER SCALER




»

R
-
7
10Y
o .
8
"
6
5.
4
3
o
)
o
©
0
<
10
.

SEMI-LOGARITHMIC 3 CYCLES X 70 DIVISIONS

- K’E KEUFFEL & ESSER CO. MACEINUSA

| ‘-\

w o N

DETECTOR MODEL_Ao-C3-25¥0-/02
S/N S-4762 SECTION &APL/.

PREAMP MODEL /£33y 7 S/NHZ2sg00&é Y
CHARGE CONVERSION GAIN Logo MV/PC

MAIN AMP GAIN_2¥g.2 | RM TEMP Z5 £

01SC. SETTING / Y wé.awé si’3
Hi-V_3oo ¢ = o NV y =___o R/HR

ATP NO. _— ISSUE — _ PARA _-Z

S U T S

EE O R S i St St

ENGR & Zzazzle . DATE 2au/zs TIME ==

| Sl Pt voy=ay vl

| Sgp————

e e =

PR SRS §




46 6210

TR o W T WRERD AV WIVIDIUND
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SIN ___T= /857 SECTION 70
B PREAMP MODEL £2 5554 4 _S/N 12872 coses
SR CHARGE CONVERSION GAIN___ /002  MV/PC
EERER MAIN AMP GAIN _£¥3.z RM TEMP 207°K
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ATP NO. _— ISSUE ___ PARA _—

ENGR £ I/l DATE 2439/75"TIME _—
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ENGR L2 2u 214  DATE 2/3</75 TIME




GA 1025

GENERAL ATOMIC COMPANY

TEST EQUIPMENT DATA SHEET

For k99_~f;2?7!§/%0Qf Issue

Calibration Date

Description Manufacturer Model Serial No. Last Due
GAC
VoLTMETER LUK E &ro00 /7662 4//’//75" /o//a/;rf
| ' GAC _
SCHLER ELDaRADO 1607 | 5583  |9/M5/257 |10/ 2
. GAC
ﬂMpZ/F/EE MHEW=- PACKARD |S8£2 R 30265~ \57,77/7f ///.17/7&‘
| - GAC
DISC RIMINATOR | HEW - PACKARD |S383A | 30294  |5/3:/25 | n/2o/s5
He P
|\ PPE- ampeiricr| HEW - PACKARD  |SS54~R |, 20400444 10/79 | 10/75
6- g‘ ) .
STAVIRD CRP. | GEVN RADIO 1403 | S5/ |88/ 757 (11/9/75”
© G AC ;
PULSER TENVELEL TC-800 | ji2o0  |9/0/75 3 /)76
= | ' | 7EANV
HoV Powsr Supply| TEWN FLE C TC-9HOR | 103 10 | 9/05/75 | 3/15/76
' ‘ = CALIB Rg I E0
L/ PowERSuPPLY| TENN ELES <-5/1 | 138/ wiTH FLuke 8ioo

Date of Test 2/2//"’- f/ ?AO/zs"

QC Signature or Stamp

Serial Numbers of Items Tested /€‘3 T‘/gf// .7-' /55‘1-,,

S—- <263 FISSIoON CHAMEERS

Test Operator Signature f//‘)”jcj4//ﬁl¢é




APPENDIX C
WYLE TEST FIXTURE DRAWING
75-E~66

NOTE -

A 4 x 8 £t sheet of 1/2 in. plywood was

~ added to the fixture at items 8 and 9

(dwg 75-E-66) to provide support for the
two cable coils. For additional infor-
mation, see photograph 7 on page 60 of
the Wyle Test Report No. 54534 included
as Appendix D. '

In addition, an extra support was pro-
vided at the‘point of interconnection
between the detector and preamplifier
cables as shown in Photographs 8 and 9
on Pages 61 and 62 of the Wyle Test
Report. This cable support assem-—

bly is not required for field
installation but was used in the

test to simulate rigid mounting of

the field cables.
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APPENDIX D
WYLE LABORATORY REPORT 54534

SEISMIC TESTING ON
ONE NEUTRON DETECTOR ASSEMBLY

ERRATA

On pagé 5, under Z-Axis, opposite "Not
used,"” under "Accel. #2" should read

"0,2g" in place of blank space.
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1"0
1.1

1.2

2.0

2.1

2.2

2.3

2.4

i S A i

REPORT NO. 54534

PAGE NO : 2

REFERENCES

Wyle Laboratories Test Plan No. ND 750038-1.

General Atomic Company Purchase Order No. 579500 dated 5 September
1975.

TEST PROCEDURES

Receiving Inspection

Upon receipt at Wyle Laboratories and prior to testing the test
specimen was visually examined for evidence of damage due to ship-
ping. The identification information on the test specimen was

- recorded on a receiving inspection data sheet included in this
report. : : '

Fixture Evaluation

The test fixture and support braces were assembled on the seismic ,
test machine and dummy weights were attached to simulate the test
specimen. Three fixture response accelerometers were mounted on
the test fixture in the excitation axis. A steady-state sinusoidal
sweep was performed in the frequency range of 1 to 33 Hz with an
input test level of 0.2g. The fixture evaluation was performed
first in the vertical and then in one horizontal axis. The test
fixture being a round pipe, the second horizontal axis fixture
evaluation was not performed. .

Specimen Mounting

With the test fixture attached to the seismic test machine, the
test specimen was installed in the test fixture by its normal
mounting means, which was a support cable and a cam locking
mechanism that was torqued to 100 inch-pounds. The pre-amplifier
was attached externally on the fixture and the cables from the
neutron detector were attached to the pre-amplifier and supported
from the test fixture. '

~ Functional Setup

All functional setup and testing was performed by General Atomic
Company (GAC) personnel prior to and- during the seismic testing.
The voltage output of five channels was recorded on a direct .
readout recorder during the seismic tests.
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. Ll: LABORATORIKS Norco, California

2.4 . (continued)

Prior to testing the lower detector alpha :current which was Channel
'2 on the recorder was deleted and GAC personnel monitored the cur-
‘rent on a meter during the seismic tests.

2.5 ‘Resonance Search

‘A steady-state sinusoidal resonance search was performed in each of
‘the three mutually perpendicular axes. The resonance search was
‘performed in the frequency range of 1 to 33 Hz with an input test
'level of 0.2g. A frequency sweep rate of ome octave per minute was
‘used. One control and four response accelerometers were utilized
‘to determine the specimen. resomnance frequencies. The output of
each accelerometer was recorded on a direct readout recorder.

2.6 Seismic Random

The seismic random motion was snythesized by applying a random
'gsignal to a group of parallel one-third octave filters centered at
.one~third octave frequency intervals over the frequency range of
1.25 to 35 Hz. Each filter incorporated an amplitude control
which was adjusted such that the analysis of the resulting table
motion yielded the required response spectra as shown in Figures
‘1 through 4, included in this report as Pages 7 through 10.

The seismic random motion for each horizontal axis was excited
separately but each one was excited simultaneously with the
vertical axis. Independent signal sources were used for the
horizontal and vertical axes so that input phasing was random.
Five OBE tests and one DBE test were performed on each axis.
‘The duration of the OBE tests was 15 seconds each and the DBE
test was 30 seconds.

+2.6.1 ‘Response Analysis
‘The seismic response spectra analysis was performed by a shock
‘analyzer generating the maximum response amplitudes at one-sixth
roctave intervals over the frequency range of 1.1 to 100 Hz. A
‘damping ratio of 1% (Q=50) was utilized in the analysis of the

. - .table motion. .
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3.0

3.1

3.2

3.4

3.5

REPORT NO. 94534

PAGE NO : 4

\'.
TEST RESULTS )
Fixture Evaluation
Visual examination of the fixture upon completion of testing
revealed no structural damage had occurred. Examination of the
oscillograph records revealed no fixture resonances below 5 Hz;
the only fixture resonance noted was approximately 29 Hz.
Receiving Inspection
A visual examination of the test specimen revealed no damage had
occurred due to shipping. '
Functional
No change in the perform#nce of the test specimen noted during or
upon completion of each test. No change or interruption in
voltage was observed during the seismic test.
Resonance Searéh - : o Y

Visual examination of the test specimen upon completion of each
axls of test revealed no structural damage had occurred due to
the resonance search. '

Examination of the oscillograph records of the output of each
response accelerpmeter revealed resonance frequencies of the

test specimen as shown in Table I, included as Page 5 of this
report. '

Seismic Random

Visual examination of the test specimen upon completion of each
test revealed no structural damage or change in performance of
the test specimen had occurred during testing.

Additional information, such as accelerometer locations, .and test
equipment used, is shown on the following data sheets. Photo- . .

8raphs of test setup and accelerometer locations are included as
as Pages 54 through 66 of this report.
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TABLE 1

RESULTS OF RESONANCE SEARCH

Control
Accel. #1  Accel. #2 Accel. #3 Accel. #4 Accel. #5 Accel. #6 Frequency

X AXIS

0.2g Not ugsed 0.22g 0.2g - 0.3g 2,0g 24 Hz
. 0.2g Not_uged - 0.5g | 0.3g 0.45g 2.0é , 28 Hz‘
0.2g Not used 0.7  0.4g 0. 2g 1.0g | 31 Hz
Z AXIS
Not used " No resonances noted
Y AXIS
0.2g  Not used 0.2g 0.2g 0.2g 0.9g 6 Hz
0.2g Not used 0.2g 0.2g O‘.Zg 1.0g - 10 Hz
0.2g _ Not used 0.23 0.2g 0.2g 1.7g 19 Hz
0.2g  Not used . 0.58¢  0.3g 0.5g 4.58 29 Hz




Report No.

~Page No.

DATA SHEET

Customer _ &np Job No. 5— 45 34
Oate ?‘ 22'75 A

soacimen AMEUTRON, _DETECTOR ASSY

RECEIVING INSPECTION

No. of Specimens Received: _ C’ ) OAM&

Record identification information exactly as it appears on the tag or specimen:

Manufactﬁrer _@-AQ .'

Part Numbers b.‘-(—@- 305- S-OOO-/- :

How does identification information appear: (name plate, tag, painted, imprinted, etc.)

Serial Numbers: °_ 4/6 ?/ -/

Examination: Visual, for evidence of damage, poor workmanship, or other defects, and completeness of identification.

I_nsoection Results: There was no visible evidence of damage to the specimens uniess noted below.

ALoME. |

* It additional space is required for serial numbers, use an additional page, or reference first functional test data
sheet (if applicable).
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FIGURE 1

HORIZONTAL AXIS
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PHOTOGRAPH 1

SETUP FOR FIXTURE EVALUATION
OVERALL VIEW
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PHOTOCRAPH 2

ACCELEROMETER NO. 4 AND CONTROL ACCELEROMETER
LOCATIONS :
Accelerometer No. 1 = Horizontal Control
Accelerometer No. 2 - Vertical Control
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PHOTOGRAPH 3

ACCELEROMETER NO. 3 LOCATION



54534

Report No.

57

Page No.

PHOTOGRAPH 4
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INSTALLING TEST SPECIMEN
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PHOTOGRAPH 6

'OVERALL WITH SPECIMEN MOUNTED
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PHOTOGRAPH 7

SUPPORT BRACING FOR ELECTRIC CABLES
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PHOTOGRAPH 8

PRE-AMPLIFIER AT’I‘ACHEb TO TEST FIXTURE
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PHOTOGRAPH 9

ELECTRIC CABLES ATTACHED TO PRE-AMPLIFIER
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PHOTOGRAPH 10

ACCELEROMETER NO. 3 LOCATION
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4 LOCATION

ACCELEROMETER NO.
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ACCELEROMETER NO. 5 LOCATION
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