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1. INTRODUCTION

Ouring and following the TMI-2 accident, a number of instruments failed

or were suspected of providing erroneous readings. Because of this

problem, industry concerns were focused upon the behavior of instrumen-

tation under adverse conditions, To better understand failure
mechanisms, the Technical Integration Office (TIO) contracted Technology
for Energy Corporation (TEC) to perform field measurements on a set of
selected TMI-2 instruments to determine in-situ operating
characteristics. For some instruments, these measurements were to be
performed prior to removal (and replacement with new instruments) in
order to have a cross reference with post-removal observations. For
other 1nsiruments, an indication of the condition of the instrument

(1.e., fully operational or failed) was desired.

This report describes the measurements and test results for the Source
Range Monitor Aﬁp11f19r¢NI-AﬂP-2. This instrument consistswof a
Westinghouse BF3 proportional counter and Bailey system 880 gmp11f1er
connected to a readout modu1é by approx1mat§1y 500 feet of cable through
a penetration junction and an instrument mounting Junction, This
instrument {s believed to be failed and was not in 2 powered condition

when measurements began,
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2, INSTRUMENT LOCATION, CABLING, AND TERMINATIONS

A review of appropriate drawings from Victoreen and Burns & Roe
(1temized in the Appendix in the measurement procedure, pagc A-5)
resulted in the composite electrical diagram shown in Figure 2-1. From
this information, Table 2-1 gives a 11st of the appropriate termination
points for performing measurements in Cabinet 20-B8l1. Also noted in
Figure 2-1 are the cable lengths pulled during instrument installation
and lengths after trimming between each termination and/or junction

point.

The Source Range Detector consists of‘a Hestinghousc 8F3 proportional

counter connected to a.Bailey system 880 preamplifier. This instrument
has a normal rgnge‘of .l_tc 106 cqunts per secqﬁdrproduciqg &n output of .
0 to 2 volts, The func:idna]fd1agramiof!the pregﬁpl1f1qr.un1t,is shown

in Figure 2-2.
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\Figure 2-1. Composite Elg;:tr}pal Diagram for NI-AMP-2Z.




2-3
Table 2-1
TERMINATION POINTS FOR NI-AMP-2 MEASUREMENTS

0000000000000 —
Signal Cabinet 20-B1 Identification*
High Voltage IT2354C-A
Low Voltage 1T23561-J8
Signal - 1723521-J¢C
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Figure 2-2. Functional Diagram of Preamplifier Assembly.
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3. PREPARATION OF MEASUREMENT PROCEDURES

As a result of generating the composite electrical diagram and from a

review of the Bailey Meter Product Instruction E92-311 Manual, the major

types of measurements to be performed were identified as:

1.

2.

3.

Determine as-found condition of Readout Module and Remote Meter
and record signal output;

On each electrical connection, perform passive measurements
{1.e., passively monitor signals) consisting of time domain
waveforms, very-high frequency spectrum analysis (i.e., MHz
region), and frequency spectra below 100 kHz; and

Perform resistance, capacitance, impedance, and Time Domain
Reflectometry (TDRS active measurements (i.e., actively intro-
ducing a test signal), T

These measurements were designed to verify the operation of the Readout

Module and the power supplies, but the focus of the measurements was on

the level measurement assembly, cabling, and terminations/connections to

the assembly. The Appendix contains the detailed procedure which was

followed during the measurement program, and a summary of measurements

{s presented in the next sect1on.‘ ,

In addition to perform1ng‘mnasdraments én the existing Source Range

system, measurements to ver1fy the opsration of a scheduléd replacement

were planned. This replacement qu to be performed immediately

following the measurements on the original {nstrument while the test

“equipment was readily available.



4. MEASUREMENTS

Since NI-AMP-2 was not in an operating condition when measurements
began, a series of active measurements (i.e., actively introducing a
test signal iato the circuit) was performed first. Table 4-1 shows the
results of capacitance, impedance, and resistance measurements on some
of the fiald cable lines (see Appendix pages A-8 and A-9 for a complete
set). TDR measurements were aléo taken on the power supply and signal
lines to determine possible cable defects. These TDR traces are shown

in Figqresr4-1 to 4-3. _

Following active measurements, power was app11ed to Nl- AMP 2, but the

~ high voltage meter 1nd1cated that high vo]tage uas not present.
Attempts to activate the high voltage supply to the 1nstrument were not
successfu1, but are descr1bed 1n the Appandix on pages A-25 and A-26.

Scheduled measurements on the replacement detector were not performed

due to an indefinite pastponement of the new detector installation.
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Table 4-1

CAPACITANCE, IMPEDANCE, AND RESISTANCE MEASUREMENTS

‘Capaéi tance (nF)

Impedance (ohms)

Low Voltage nety’m ;

Signal 100 Hz 1 kHz 100 kHz 100 Hz 1 kHz 100 kHz  Resistance (ohms)**
signal = 2 pF .3 pF 0 CF* OF 16.5M oF
Signal Return : :
" Low Voltage 20 \F 7.6 uf _12 119 28 128 731 (721) .
Low Voltage Retqrn -
" High Voltage 16 6.8 7.8 oF OF 146 oF
High Voltage Return - - o
~ Signal Return 25 o°F . -18 OF 2.3 87

700 (800) .

: ?tndicatesroff‘-scale (open) or noisy cabie.

*sYalues in parentheses are reverse polarity measurements.
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Figure 4-1. TOR Trace of Signal Cable.



STRIF CHART 105=-2
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Figure 4-2. TDR Trace of Low Voltage Cable.
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Figure 4-3. TOR Trace of High Voltage Cable.
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5. [INTERPRETATION OF MEASUREMENTS

This section presents a summary of the interpratation of the measure-
ments taken on NI-AMP-2, This interpretation is intended to indicate

the condition of the device based on observed data.

Since measurements were not made on the active condition of the
instrument, only general observations can be made. The capacitance and
impedance data given in Table 4-1 are extremely difficult to quan-
titatively interpret, but do not indicate any major proéTem. The
resistance data indicate open-circuit (1.8;, resistance greater than

2 M-ohm) for all lines except the low voltage power supply and the
returns for the signal-low voltage., The measured values indicate a

reasonable resistive load across‘the low voltage,

The results of TDR measurements performed on the cables (shown 1n
Figures 4-1 to 4-3) are summarized in Table 5-1. Note that the lengths
identified in the tab?e aré only approximate, since no calibration of
the cable resistance and material composition was performed on the TOR
instrument. All major junction points can be 1dent111ed on the TDR

traces, and no cable defects are apparent,
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Table 5-1
SUMMARY OF TDR MEASUREMENTS

Distance
Signal Line (ft)* Description** Probable Cause
Signal Cable 231 Cable R Change Penetration
379 Cable R Change Preamp
526 Increase R Detector
Low Voltage Cable 337 Point R Increase Penetration
557 Reduced R Preamp
High Voltage Cable 231 Cable R Change Penetration
379 Cable R Change Preamp
526 Increase R Detector

Note: Distances are not calibrated due to lack of prior information on
the cable type which prevented calibration tests.

*TDR to terminal block test cable (15 ft) not included in distance.
**R {s the abbreviation for resistance.

TExtremely noisy signal prevents most interpretations.



6. CONCLUSIONS

Based on the limited measurements and the attempts to activate the high
voltage power supply, the Source Rangé Monitor which includes NI-AMP-2
is not operating. Since there appears to be an excessive load on the
high vo}tage. it appears that either the detector or cable is defective,

However, TOR measurements did not indicate a significant problem with

the cable using low level test signals.
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APPENDIX

ORIGINAL FIELD PROCEDURES AND
DATA SHEETS FOR NI-AMP-2



L : g 6:._ - GIRERATION CORRECTIVE W AILTENANCE STSTEM
¢.

< TICEV FORM {V/OR IIULEISLAND UNIT 2
C N AT T LAk Paq,‘. A<1 e RPN RIC NELTED
svs cons coup E LOCAT.ON. UNIT | frme Foiis v a PRIGHITY
N v TYEE [(: "3 v
“ - Z A fondll K] " )
1] 12led7 | lolololz] Lol 3]sl o] ol 2[ebB el n]3]e [1] o] oo} — 2
plvlelcleldle|Clel !

MALFUNCTION

OR
MODIFICATION
DESIRED

DESCRIBE %fozu“-pcrr\q a.(-+e¢g[g<l

CAUSE OF i
MALFUNCTION
{IF KNOWN)

ORIGIRATONS 7 . : SuPEAVISOR'S ‘
e K Dttinms— Vo2 fpt St gt Vi ‘“’ﬁ"
074( 14 / CRIGINATOR'S SIGNATURE OATE mgﬂ / SUPERVISOR'S SIGNATURE / DATE

Dec/sde oy et

WORK QRDER RUMBER GC \4 : PLART CONDITION
e ?‘%cggg& NOITIO! NPRD FAILURE STARY
LOCATION AL | v 0001 sufor[wofcoar| |us|ia YR, MO DAY | Wk M
O3|50d§ gl Ebieldeipl [ I/h ikl [Ay [
TeanlEl A . [* I’ STATUS
SEAH P v W G |
v v v

1

ol ppl TP T]] XL l

cdiEAct Wi » T Resk-Totarion

v'cw ED:EE "°§. é: 'oa COMIRACTOR
Sk E A2

Com ly w.in the Provisions
: s.t forth n AP 1002 and

Limhs and Procautions: -1t £d Safety Manual
2) Personnel
b) Equipment ‘ .
¢} Environment
g} Nutlsar

NSUAE WIRY AREA CLEANED
Post Maintenancs Tesling mumd and Acceptance CrmriaUP AT COMPL;‘.“ON OF JOB

Re PERFG

OR‘I%I'NATOR-—SUP!HWSOR-SUP%V!SOR OF MAINTENANCE — MAINTENANCE FOREMAN — copy 1
J08 PERFORMEH-—! "AINTENANCE FOR!?-'AN = SUPERVISOR OF MAINTENANCE


http:r:...;.'~;.;:.ll

Page A-2

< r ' JOB TICKET (WORK REQUEST)
: 'REVIEW - CLASSIFICATION - ROUTING COLTROL FORM

JOB TICKET NUMBER .57 -> 7

Does work represent 3 change or modification 1o an existing system or component? If yes, an ap-
proved change modification is required per AP 1021.

C/M No. A Yes No_ o~
. Does work reQUirer; an RWP? Yes No o/
. 1s an approved procedure recruired ro minimize persunnel exposure? S | Yes No 7
. Is work on a OC companent as de!rned in GP 008? :' - | | | - Yes__ e No_

. 1 3ais yes does wurk have an eﬁect on Nuclear Safery? lf 3b is yes, PBHC reviewed Superrmen ¢
dent approved proceﬁure must be used ‘ S ‘Yes «  No

Agreement that a PNRC reviewed, Superm'endent approved proceﬁure is not required for this
work bacause it has no effect on nuclesr safety, {Applres only rf 33 rs Yes and b is No

TPIOS ATHINED _

UNTSUPERINTENGENT BATE -
. Is the system on the Environmental Impacz list in AP 10267 - Yes No_ oo
Hf Sais YES, is an approved procedure required o limit environmental impact? - . Yes _  No s
Agréemém rhét 5b s No.‘lﬂéquired nnfy:rf ba rs Yes!. R L | | |
~ UNIT ST :Sur{"{){cmmuus E :mr'r N
Plant ;térus or prerequisite conditions required for work. {Operaring :andibr shutdown! |
- Does work require code inspettor 10 be roriﬁed? o o r o Yes No__—~
. ,Supervrsur Z(mam nance prmral 10 commence work: S ! o, |
% M  owm Jlafpe
. Mamtenance Forenfan ASsigned:.. ,~/ Cola - '
Code Inspector Notifid. Name, E __ Date
Shift Foreman's approval 1o commence work: (\Q\Ll}mvg”—‘ — Date_ 7 [= 1 v

Imtial of Shift Foreman srgnam i$ not required.

T TMI84 2.00



. WORK REQUEST PAOCEDURE
: TMI Nuciear Station

Maintenance Proa ° " \pproval

Page A-3

Unit No. Z

This form outlines the format and scts as a cover sheet for 8 maintenance procedure. Due to the limited size of the
form, sdditional pages may be attached as required. Work Reguest procedure AP 1016 Section 6 should be used as
a guide in preparing the maintenance procedure.

1. Procedure Title & No.: '
J;-,,w, /{.qr. L’( . ﬂ!g’ﬁf&fffﬂfk’{ ‘ f ,(/Z'-'Z &,,,,( A%..J( a /rszr

2 Purposs: o Aelermrine f';éﬁ"; ‘@J-’qma/(’,.r/oﬂ' }Araor }“ temest

3. Description of system or component 10 be worked on.

NT-2 fumed STrny

" 4. References:

Se a#uén/ '

5. Specisl Tools, and Materials raquired,

Sa ot ld

6. Detailed Procedure {attach additional pages as required)

S otd
g _f

| Supervisor of Maintenance recommaends approwl é% 2 Date 7/ 1/?&
t “; ”'/ I!tsl"' vof/ s o S, .—té‘ -7:\-\/,[(

* PORC RECOMMENOS APPROVAL

Unit No. 1 Chairman | Oate ‘ Unit No. ZChairmM A jfﬂm 7/J/f J
* UNIT SUPERINTENDENT APPROVAL
Date 7 [2,5- /lf('/

. Unit No, 1 Date

* Standing Procegure

’ *Note  Tnese approvals requured only on Nuclear Safety Related/Raduation work permit jobs.
- ( o g N YRR
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— TITLEIN-SITU MEASURCMENTS OF CASLES AN | NO.
—_— - © SIGNRALS FROM SOUR?E RANGE DETECTOR TP-105
X ,” = PREAMPLIFIER UI-A%P-2 REV. ,
Technology for Energy Corporation | APPROVED - h ’ DATE
PROCEDURE M.V. Mathis, Director, loch. serv. Div. 9-12-80

PURPOSE: The purpose of these measurements is to gather baseline data and infor-

mation in preparation for removal of the Source Range Monitor Preamplifier
from the Reactor Building TMI Unit 2. The tests specified in this proce-
dure are designed to assess the condition of the in-containment instru-

mentation (Proportional Counter Assembly and the Source Range Preamplifier),

associated cabling, and readout devices. This assessment will require
the use of Time Domain Reflectometry {TOR), Impedance (Z), Spectral
Analysis {frequency domain), and general oscilioscope observations (with
recording) of waveforms from/to the unit under test (UUT).

PROCEDURE (ADMINISTRATIVE):

‘A. Limitations and Precautions

1. Nuclear Safety. Source Range Detector NI-AMP-2 1s part of a Redundant
Source Range Monitoring System located at elevation 305'. The unit is
part of the engineered reactor safeguards system and is nuclear
safety-related. . ‘

2. Environmental Safety. Source Range Detector Preamplifier NI-AMP-2 can
be taken out-of and restored to service without producing a hazard to
the envircnment.

3. Personnel Safety. The test described herein produces no additional
personnel safety hazards other than normally assocfated with per-
forming instrument testing.

4. Equipment Protection. In the performance of cach test cascribed
he;:in.'care will be taken to insure adequate equipment protection as
follows:

a. In all cases actual test hookups to the Unit-2 instrumentation
shall be made and verified by Instrumentation Personnel.

b. All passive measurements (Spectral Analysis and Oscilloscope

' observations) of waveforms and signals from powercd fnstruments
shall be performed using high input impedance probes or fnputs
(Z = > 1 Meg ohm) to prevent loading of signals.

¢. In all Time Domain Reflectometry and Impedance measurements, powecr

- will be removed from the unit under test and low lavel test
signals prescribed in Table 4-1 shall be utilized to perform cable
integretary measurements on the appropriate instrumentation cables
by inserting test signals on apprepriate conductors of Cables

PAGE ul52.12




Page A-5

TEC

IN-SITU MEASUREMENTS OF CABLES AMD SIGNALS ‘ "TP-105

TITLE  FROM,SOURCE RANGE DETECTOR PREAMPLIFIER ,
NI-AMP-2 | o lm 1

IT2352I. IT23SGI, and 1T2354C (Terminations shall be rcimoved, an
in-1ine triaxial test adaptor and cable {inscerted. This triaxial
test adaptor and cable will be provided by GPU/I4C division for
these tests.)

‘Table 4-1 Active lieasurements

Active Signal Parameter | Time Domain Refiectom&try‘ Impedanée
Vol tage ' 225 mV nominal (1nto 50 | £ 5V orms
' « ohm base) ‘ ' -
Frequency - o 100Hz, 1kHz,
10kHz, 100k!iz
Current ‘ - £ 10mA £ 100mA
Other 225mv, 110 picosecond ] ese
. - ' pulses
B. Prerequisites -

c.

References:

1. The Shift Supervisor/Shift Foreman shall be notified for concurrence :
prior to the performance: of these measurements. v“ . ' o

2. Instrumentation personnel shall be assigned to assist 1n the perfor- P
mance of these measurements. o . - )

3. All measurements and test 1nstrumentat|on sha11 be in current calibra-
tion (traceable to !BS). .

4, The Shift Supervisor/Shift Fcreman shall be notified prior to starti. :
and upon completion of the measurements.

- —————

Procedure for Performing Measurements

1. Bailey Meter Company Dwg. No. 6012472K, luclear Instrumentation and
Protection System, Subsystem 8 Cabinet 1, Nl-AMP-2. i

2. Instructfon Manual for Source Rango Dctcctor NOusing Assembly, Dwy.
No. E-ZI?G. WL=23682723682A.

e e I ———
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Y NQ.
— S IN-SITU MEASUREMENTS OF CABLES AND SIGHALS TP-105
. EE - TS F?O?MgOgRCE RANGE DETECTOR PREAMPLIFIER RV, 3
- ’ N - - +

3. Burns & Roe Dwg. 3310, Sh. 7.
4. Burns & Roe Dwg. 3024, sh. 42.
5. Burns & Roe Dwg. 3045, Sh. 17.
6. Instruction Manual, Tektronix Model 1502 Time Domain Reflectometer.

7. Instruction Manual, Hewlett Packard Model 4274 Multifrequency LCR
Meter, :

8. Instruction Hanua?, Hewlett Packard Spectrum Analyzer (Model 141T,
85538, 85528 Modules). o o o

9, Instruction HaﬁQal;“N{¢olet Model 444A-26 Speétruﬁ Ana?yzef.
- 10. Instruction Manual, Tektronix Model 335 Oscilloscope.

11, Instruction Manual, Lockheed Store-4 Recordef.’ :

12. Instruction ﬁandal.iTéEtfbh{i‘SC5Q2tOséillqééqpe.A 

13, TEC Composite Electrical Connection Diagram, Ni-AMP-2 see attachment).

: - CABINET

SIGNAL CABLE 20-81
High Voltage | 1T2354C JA
Low Voltage | IT23S61 JB
stgnal 1723571 J¢

1. HNotify Shift Supervisor/Shift Foreman hf start of test on NI-AMP-2.

2. Verify power {s removed* from NI-AMP«2.

*HOTE:  NI-AMP-2 is currently out-of-service and should not be in a powered

condition.
Q.A < o
- . : ¢ & ;"‘?
gnaturc/uate ; ’/ }
L )

. 5

seqz 30717 -




Page A-7

4.

' : " Nco
|y ' S IN-SITU MEASUREMENTS OF CABLES AND SIGMALS TP-105
] 1:;3.- - TT7LE  FROM SOURCE-RANGE DETECTOR PREAMPLIFIER
- o NI-AMP-2 REY, 1
3. Remove field wires from Cables 1723521, IT23561. and 1T2354C at JA, JB, and JC

(Cabinet 20) and attach GPU triaxal test adaptor and cable for direct measurements

on field wire signals.

TERMINAL SIGNAL IDENT.
— JC (17235211 SIGNAL ,
JB (1723561 LOW V(15vC)

—— JA (IT2354%)c HIGH V(2400VDC)

( ;27‘— 7’,5}'4;/] 9/24)59
igrature/Date

Using the Hew1ett Packard Mode1 4274 (or equivalent) Impedance Bridge, measure
the capacitance and' impedance at the following test points:
TEST POINT FROM | T0
2 JC-Sig (Signal) | JC-Ret (Inner SHLD)
be JB-S1g (150C) | JB-Ret (Inner SHLD)
—¢ | 9A-Sig (2400 ¥DC) | JA-Ret (2400 VOC Ret)
do | Je-stg (SIGNAL) | JB-Sig (15 vDC)
e. JC-Sig (SIGNAL) | 9n-s1g (2400 voC)
f. JB-Sig (15 vDC) | JA-Sig (2400 voC)
g JC-Ret (Inner SHLD) | JB-Ret (Inner SHLD)
he JC-Ret (Inner SHLD) | JA-Ret (2400 VDC Ret)
1. JB-Ret (Inner SHLD) JA-Ret (2400 VOC Ret)

- ————

Yt 4? of 17

— . ek E W mm w m e




Page A-3

| ’ NO.
— | IN-SITU MEASUREMENTS OF CABLES AND SIGNALS l TP-105
1 EE TITLE  FROM SOURCE RANGE DETECTOR PREAMPLIF IER
NI-AMP-2 fPEV 1

JQ .$;é;~ﬁf_
~N B row VouT

Record the data required below: JA HY.
Test Point Capac1tancé Impedance
Frequency 100 Hz | 1 kHz| 100 kHz| 100 Hz| 1 kHz{ 100 kHz ],
265" 179°

~ BA (32F |=.00HF | &R | SF 7
a. JC-51g: JC-Ret  1oowsf Dot | AR F "Q oy ,,,;,::v ¢

: § 98- "
beidB-S1g: JB-Ret |zpuet |7 Lad|—rznf |7 Z,° %o e

co JA-Stg: ARet o Noswi|vwg | of | of |MEZ 0
J do JC-$1g: JBSig™ F | a4 % | vre
d. JC-S1g: JB-Sig :;Z%:F SSWF |=16vF | of z%.. ’%
. JC-Sig: JA- s RE TR - L L2 2!
:”:}Yg:&;’:;g 2wt |0 |7reep 15080 TR I
« JB-S1g: JA-Sig N - k114 7eR ué "
Mgl LTl Ll L Pl . R
_ ge JC-Ret: JB-Ret (v . . |7 . o Caf 2387 | 7T
i |2 of |-k | of |0 Pl
he JC-Ret: JA-Ret |oo 07 CSNE |~Joanf | T of 20—5}/, ;s.y
f, JB-Ret: JA-Ret " — 1 75 70°
R R i (2l il I A b A

S sy,

: '7"' ure/bate

5. Using the Tektronix Model 1502 (or equivalent) TOR unit, ;Serform TDR measure-
ments on the following test points. -

I

- - . * - B e s s e e ame e o ————
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS l

| . | 1P-105
SN«
i b TITLE FROM SOURCE RANGE OETECTOR PREAMPLIFIER
| ] 1-3:: H NI-AMP-2 l"9‘ 1
Record datq below:
’ Instrument Strip
Test Point Settings Chart
: pi Range Jult Number
& JC-Sig: JC-Ret (Signal) /05~
J05 &
be JB=-Sig: JBeRet IISVDC) ; :
¢, JA-Sig: JA-Ret (2400 VDC) /asfz,

/i#‘l 7'// y

griature/Date

= 6« Using the KeithIey Mode1 144 (or equiva]ent DMM) perform resistance measures
ments on the test points specified and record va1ues in the space provid;d.
: PAXS JEEanévér
~ POLARITY POLARITY
‘ From .4 ToA-_- | From s «; To = +
TEST POINT | FROM LINK | TO LINK | RESISTAMCE RESISTANCE
a. oc-sm‘ -~ |* JCeRet -~ oL, ~
A= I I+ o e
Ce - -Ret ~
P T ST R BT =
e JC-5ig JA-Sig -~
f. JB-$1 JA-Sig L
ge JC-ch JB-Ret o7 &
he ~JC-Ret JA-Ret ~r
1. JB-Ret JA-Ret A
- 6 of 17

. e o e e sham L T
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| NO.
IN-SITU MEASUREMENTS OF CABLES AND SIGNALS i TP-105

TITLE  FROM SOURCE RANGE DETECTOR PREAMPLIFIER
NI-AMP-2 lasv 1

L & 23 ;] *RRE b 2 2 2, ] fhidw
sTOP
RERAE  ARAER
Notify Unit-2 I&C Engineer
Before Proceeding

it L S L dhhdd Lot 244

- .

uc! '“?V:Of 17
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e IN-SITU HEASUREMENTS OF CABLES MWD SIGNALS |- TP-105
i 1:]: TITLE  FRO SOLRCE RANGE DETECTOR PREAWPLIFIER  =——0
- - » 1

7. Remove the GPU triaxal test adaptor and connect f1e1é wires from CabTes 1723521,
IT23561. and IT2354C at JA, JB, and JC (Cabimet 20). .

Tignature/Date

8. Apply power to NI-AMP-2 and wait a minimum of 30 minutes for the device to
Warm=-upe.

9. Record the regding from N1-AMP-2 Readout Module. chﬁt*‘ii;;“%
i

SIGNAL READING IN CPS W X an

g:iﬁzﬁiz /Epﬂébfﬂfa-lyﬁj§bb ?ihtjbif.

Connect the TEC 4solation amplifier (Model 901) by a Phone Jack Connecth* to the
Count Rate Amplifier in Control Cabiner 20-B1, connect output of Model 901 to
M Rocerdtr. and rccord Signal«in for 30 minutes.

10.

Remove amplifier and FM Recorder after test.

11, Using a Keithley Model 177 DOM (or equivalent, Range 0-2000 V, Precision IS)
. measure the DC Voltage or current at thc following test points.




;"F1r!1§:3::“ S «1&%145

Page A-12

- IN-SITU MEASUREMENTS OF CABLES AND SIGNALS TP-105
;?OgﬂgOgRCE RANGE DETECTOR PREAMPLIFIER

NQ.

SIGNALY | CABINET 20 | TEST LEAD _ READING
Count rate .
& | Amplifier m Stgnal
Input

b. Auxiliary S+g Low V (15v0C)

. sPow:r‘ , -

. upp y - o
*c. ‘ | High Voltag H | High Vv (2400vDC) -

"~ Power 1 (=) '

tan mgq;uéemenxs using GPU_test cable, _

TTgnature/Date

12.. Using a Tektronix Mode! SC502 (or equivalent) oscilloscope cbserve the
waveform at the following test points. ‘

pagz 90717
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Ve IN-SITU MEASUREMENTS OF CABLES AND SIGNALS |'O"Tp-105
j }:; LS FROM SOURCE RANGE DETECTOR PREAMPLIFIE
“ory mm NI-AMP-2 ' REY, 1
SIGNALT | CABINET 20| PARAMETER
a. [Count rate SIG Photo Photo Photo
Anplifier Time Ease Time Base Time Base
Input Vert Gain Vert Gain Vert Gain
b. Auxiliary Low Photo Photo Photo
Power Voltage | Time Base .| Time Base Time Base
Supply (15vDC) | Vert Gain Vert Gain ___| Vert Gain
‘#c, |Hignh Voltage| High Photo Photo Photof
o Power Yoltage | Time Base Time Base Time Base
: (2400V) | Vert Gain Vert Gain’ Vert Gain

*CAUTION High Voltage: Use TEC

A1l measurements uSingVGPU test cable,

OC Decoupling Circuit.

Sync the oscilloscope and photograph the wnvéform using up to three timé base
and vertical gain settings.

ment tag number and parameter measured.

13.

Mark the ba

ck of the photographs with the instrue

' §1gnatur§/ﬁ§f§

Using & ch!ctt-Packard Spectrum Ana1yzor (Models 141T, 85538 and 8552 or
equivalent) perform an analysis of the following signals for spectral content:

s A Wy LS 2 P s Al W -

PACE

10 of 17
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— |- L) |

‘ _ NO. '
-i-i::. IN-SITU MEASUREMENTS OF CABLES AND SIGNALS TP-105
t - .

TITLE  FROM SOURCE RANGE DETECTOR PREAMPLIFIER -
NI-AMP-2 REV. 3

SIGNALY | CABINET 20 | PARAMETER | PHOTO #

Count Rate
a. Amplifier SIGNAL
L _Input
b. AuxiTiary — [ Low Voltage
Power Supply | (15VDC)

sc,  |High Voltage } yygn vorta
Power (3400 voc?q

A———meteey
T —————
——————————

 #CAUTION High Voltage: Use Decoupling Clrcuft.

~fA11 measurements using GPU test cable,

: Signature/iate

' 15, Inside Cabinet 20 perforﬁ usuii eiectr&nic calibrations using apbiicabie

instrument shop procedures. Attach fnstrument shop calibration data sheet and
record any significant ad.iustments or prob'lems in the space below.

, Procedure : .
Step o Remarks

—See_attached (nstrument shop procedurs data sheet. |

Instrument Shop Procedure No.

Signature/Date

o i —

- Y A P )
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Page A-16

T 3 . No.
Yo e IN-SITU MEASUREMENTS OF CABLES AND SIGNALS f TP-105
i ]EE TITLE  FROM SOURCE RANGE DETECTOR PREAMPLIFIER
NI-AMP-2 ‘FEﬂﬁ 1

*httd etk Sk drd

NOTE: Notify Unit-2 1&4C Engineer of Completion of Powered testing before processing.

ke Lag .2 *irkth

16. Remove 21l power from NI-AMP-Z,

Signature/Date

17. Remove field wires frép Cab1esﬂif23521. 1723561, and IT2354C at JA, JB, and JC
(Cabinet 20) and attach GPU triaxfal test adaptor and cable for direct measure-

ments on field wire siqnals.

TERMINAL SIGNAL_IDENT.
ac SIGNAL
38 LOW V(15VDC)
wo  HIGH V(2400V0C)

STgnature/Oate

sagz _13of 17
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s - IN-SITU MEASUREMENTS OF CABLES AND SIGNALS l”c’r -105
=0 TILE  FROM SORCE RANGE OETECTOR PREAVPLIFIER ‘suanlx

18. Using the Hewlett-Packard Model 4274 (or equivalent) Impedance Bridge, measure
the capacitance and impedance at the following test points:

TEST POINT | FROM T0
a. JC-Sig (Stgnal) JC-Ret {Inner SHLD)
b JB-Sig (15v0C) J8-Ret (Inner SHLD)
c. JA-S1g (2400 VOC) | JA-Ret (2400 VOC Ret)
d. JC-stg (SIGNAL) | JB-Sfg (5 voC)
e. Je-Sig (SIGNAL) JA-sig (2400 VDC)
i f. | aB-sig (15 voc) JA-Sig (2400 VOC)
g. JC-Ret (Inner SHLD) JB-Ret (Inner SHLD)
-l oA JC-Ret (Inner SHLD) JA-Ret (2400 VDC Ret)
f. JB-Ret (Inner SHLD) . | JA-Ret (2400 VOC Ret)
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-

s . . ) ’ ' NOO
— ™ IN-SITU MEASUREMENTS OF CABLES AND SIGNALS TP-105
j“]EE_i_ TITLE  FROM SOURCE RANGE DETECTOR PREAMPLIFIER
. N I 'AMP.Z ) P.\EV, 1

Record the data required below:

Test Point Capacitance : Impedance

Frequency 100 Hz| 1 kHz | 100 kHz| 100 Hz | 1 kHz| 100 kHz

a. JC-Sig: JC-Ret
| b. J8-s1g: JB-ret
c. JA-Sig: JA-Ret
| d. gc-stg: sB-stg
| e. gc-sig: aa-siq
| £. JB-Sig: JA-Sig
g. JC-Ret: JB-Ret
| he JC-Ret: JA-Ret
f. JB-Ret: JA-Ret

Signature/Date

19. Using the Tektronix Model 1502 (or equivalent) TOR unit perform TDR measure-
ments on the following points. :
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-

TELQ

e

NOO i
IN-SITU MEASUREMENTS OF CABLES AND SIGNALS -TP-105

FROM. SOURCE RANGE DETECTOR PREAMPLIFIER =V
NI-AMP-2 : e 1

Record data below:

Test Paint ' Settings ' Chart
pl Range Mylt Number

Instrument Strip

a. JC-Sig:
b. JB-Sig:
c. JA-Sig:

JC-Ret (Signal)
JB-Ret (15VDC)
JA-Ret (2400 VOC)

Signature/Date

- 20, jUsing the Kefthley Model 144 (or equivalent DMM) perform resistance measure-
ments on the test point; spec{fied and record values in the space provided.

POLARITY POLARITY
| From=4;To =« | Froma -; To =+

TEST POINT | FROM LINK | TO LINK |  RESISTANCE  RESISTANCE

a Jc-Sig JC-Ret

b. JB8-Sig . JB8-Ret

c. JA-Si JA-Ret

d. T Je- g m‘g

i dosis | hsty

. Be -Sf

g JC-Ret B-Ret
~h JC-Ret JA-Ret
SR JB-Ret JA-Ret




" e,

e
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e < IN-SITU MEASUREMENTS OF CABLES AND SIGNALS t TP-105
IVE,.. TITLE ;:;o:ﬂgogacs RANGE DETECTOR PREAMPLIFIER I r——_—

21, Remove GPU triaxfal test adaptor and cable and connect field wires from Cables
1723521, 1123561, and IT2354C at JA, JB, and JC (Cabinet 20),

22, Notify the Shift Supervisor/Shift Foreman of the conclusion of testing NI-AMP-2.

1 hereby certify that this Test Procedure has been completed as wr1tten and that

211 data has been correctly entered and filed as requested.

TEC Representative _

Signature/Date
’ Instrumentation '
‘ : $ignature/Date
i
|
{



GEMLRATION ORRECTIVE MAINTENANCE SYSTEM
CM STATUS ACTIVITY FURM

Page A-21}
\ . REQUEST DATE
COMPONENT DESIGNATOR — Locariovunit | o8 ' woRk
- ~ ~ TYPE AUTHORIZATION
COMP. COMP. ol
ovs COME. M S NUMBER
P Mo |oavr | YR
5 . 12 w7 22123 éa}a 2133 38
=il _[olalala] Jolsfs [olo |2 [e MV e 1= 1=~ 0018122 ]s Lo
A
ECM
ng‘ 19 NUMBER
1 4 la2 51
8.0 A
A L4 4 ; - 1P,
™N e R | RESP. Lccnao:ja ASSISTING  |g'|  ASSISTING
‘o T T A CONTRACTO '& CONTRACTOR [T | CONTRACTOR
, T Y, |7 7 e v S
8lals|a 22121 [N
CTxN |2 PURCHASE REQUISITION | PURCHASE ORDER
co T NUMBER NUMBER
1 4 k59 88167 7
8§10 A
S/IM APPROVAL FIELD WORK
A STATUS HOLD TO COMMENCE COMPLETION
TXN [+ ) % WORK DATE
l T CODE START DATE RELEASE DATE CoOMPL | MmO DAY YR | MO paY vn
i 4 39 _aolas aslar 3 ssies s, 82
LTI, e Y C8 00 B I S
8 l1]o0la 0 004+ By | ] ] 3
ol 01! ol o by gl g | outage HoLD ‘
0,2 , 3 | { N y PART HOLD
03] 4 . { \ ; { QUALITY CONTROL PART HOLD
0,4/ , | 4 | Ll ) QUALITY CONTROL PROCEDURE HOLD
015 , i \ ! | ] OPERATIONS HOLD
0,8 | 1 [ 1 i { CHANGE MODIFICATION HOLD
07! 1 | L 1 i EMGINEERING HOLD
0,8 , 4 i { ] 4 PLANNING HOLD
i ] ] ] 1 i |
5,0 | L ; ] { 1 MANPOWER NOT AVAILABLE “
541 1 \ | ' AT PORC
§,2] | i ) i | ) AT QUALITY CONTROL
§ 430 | [ i { 1 L AT UNIT SUPERINTENDENT
15.14.] .4 IR i i1 1 Al READING
G-I GRNSOUD U T IS R YN DO RO POLT MAINTENANCE TEST HOLD
5.6 4 { v, '

Al ALARA

RUREUIRG
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| Page A-22
“ Test Equipment Used With Procedure <F 7=/

—

Test Equipment Test Equipment Test Equipment Test Equipment Calibration
Noun Name Serial No. Calibration Date Due Date

. o Wea -
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@trtifitatn of Calibration

We certity that the equipment listed below was duly tested and
inspected prior to shipment and met physical and operating specifica-
tions published by the manufacturer(s).

Electro Rent's primary and secondary standards are traceable to the
National Bureau of Standards.

AT
w? omd

1

o3
‘2

GAA:

amBymby

Y f&ié-iié‘

MANUFACTURER MODEL SERIAL NO. REPORT NUMBER DUE DATE

= NsC O hlha ;% 261“2:“ o 51513 2;5-31
o HP ' - haoh " - 35580 B1714 2-5=81
i TEX 1502 24075 0C01556 1-8-81

KRR
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NOTE: NI-AMP-2 test terminated due to cancellation of
9/25/80 containment entry.
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