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1. INTROOUCTION 

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 Techn1ca' Integrat10n Off1ce (TIO) contracted Technology 

for Energy Corporation (TEe) 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 ,remova,l (and replacement wi th new instruments) in 

order to have a cross reference with post-removal observations. For 

other instruments, an indication of the condition of the instrument 

(t .e.,fully operationll or failed) was desired. 

Thts report describes the measurements and test results for the Source 

Range Monitor Amplifier NI-AMP-2. This instrument conststs of a 

Westinghouse BF3 proportional counter and Ba11ey system 880 ampltfier 

connected to a readout module by Ipproximately SOO feet of cable through 

I penetrltion junction Ind In tnstrument mounting Junctton. This 

instrument 1s belteved to be fatled and WlS not in I powered condition 

when measurements began. 



2. INSTRUMENT LOCATION. CABLING. AND TERMINATIONS 

A review of appropr1.te drawings from V1ctoreen and Burns & Roe 

(itemized in the Appendh in the measurement procedure, pagr: A-5) 

resulted in the cQnposite electrical diagram shown in Figure 2-1. From 

this information, Table 2-1 gives a list of the appropriate term1n.t1on 

points for performing measurements in Cabinet 2O.B1. Also noted in 

Figure 2.1 Ire 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 Westinghouse BF3 proportional 

counter connected to a,8Il1ey system 880 pr.eampl1f1er. Thh tnstrument 

has a normal range of .1tl' 106 counts per seco.nd producing an output of 

o to 2 volts. The functional diagram of .the preamplifier.unit is shown 

in Figure 2·2. 

2-1 
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Table 2·1 

TERMINATION POINTS FOR NI-AMP-2 MEASUREMENTS 

S1gnal 

High Voltage 

Low Voltage 

Signal 

Cabinet 2O-Bl Identification* 

IT2354C-A 

IT2356I-JB 

IT2352I-JC 
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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 .. asurements to be performed ware 1denti f1 ed as: 

1. Determine as-found condition of Readout Module and Remote Meter 
and record signal output i 

2. On each electrical connection, perform passive measurements 
(i.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 

3. Perform resistance capacitance. impedance, and Time Domain 
Reflectometry (TOR) active .. asurements (i.e •• actively intro. 
ducing a test signal). 

These .. asurements WIre deSigned to verify the operation of the Readout 

Module and the power supplies. but the focus of the .. asurements was on 

the level measurement assembly, cabling. and tdrminat1ons/connections to 

the assembly. The Appendix contains the detailed procedure which was 

followed during the .. asurement program. and a su~ry of measurements 

is presented in the next section. 

In addition to performing measurements on the existing Source Range 

system. measurements to verify the operation of a scheduled replacement 

were planned. Thjs replacement WlS to be performed immediately 

following the measurements on the original fnstrument while the test 

equipment WlS readily available. 

3-1 



4. MEASUREMENTS 

Sinc. NI-AMP-2 was not in an operating condition When measurements 

began. a seri.s of active measurem.nts (1 •••• actively introducing a 

test signal 1"to the circuit) was performed first. Table 4·1 shows the 

r.sults of capac1tance. imp.dance. and resistance measurements on some 

of the field cable lines (see Appendix PIges A-a and A·9 for a complete 

set). TOR measurements were also taken on the power supply and signal 

lines to determine possIble cable defects. These TOR traces are shown 

in Figur.s 4-1 to 4-3. 

Following act1ve measur.ments. power was app11ed to NI-AMP-2. but the 

high voltage meter indicated that high voltage was not· present. 

Attempts to activate the high vOltag~ suppl'y ito the' instrument were not 

successful, but ar.described in the Appendix on pages A-25 and A-26. 

Scheduled measurements on the r.placement det.ctor were not performed 

due to an indefinit. postponement of the new detector installation. 
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Table 4-1 

CAPACITANCE. IMPEDANCE. AND RESISTANCE MEASUREMENTS 

Capacitance (nF) Impedance (ohms) 

Signal 100 Hz 1 kHz 100 kHz 100 Hz 1 kHz 100 kHz Resistance (ohms)** 

Signal 2pF .3 pF 0 OF* OF 16.5M OF 
Signal Return 

Low VOltage 20 pF 1.6 pF -12 
low Voltage Return 

119 28 128 131 (121) 

High VOltage 16 6.8 1.8 OF OF 146 Of 
High Voltage Return' 

-'=" • 
Signal Return 25 Of -18 OF 2.3k 81 100 (800) 

N 

L~ VOltage Return 

*Indtcates off-scale (open) or noisy cable. 

**Values in parentheses are reverse polarity measurements. 
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STRIP CHART 105-1 

Cable - IT2352I (Signal) 

Figure 4~1. TOR Trace of Signal Cable. 

~etting - 500~p/div 

Rang_ - 52.6 ft/div 

Sensitivity - 0.25 

Filter - 15 Hz 
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STRIP CHART 105-2 

Cable - IT2356 (Low Voltage> 

Range - 52.6 ft/div 

Sensitivity - 0.25 

m F:lter - 15 Hz . 

Cableljielectric - poly 
~ l' 

Figure 4-2. TOR Trace of Low Voltage Cable. 

.. 
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STRIP CHART 105-3 

Cable - IT2354C (High Voltage) 

Figure 4-3. TOR Trace of High Voltage Cable. 

Setting - 500~P/div 

Range - 52.6 

Sensitivity - 0.25 

Filter - 15 Hz 

Cable dieleetrie - poly 
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5. INTERPRETATION OF MEASUREMENTS 

This section presents a summary of the interpretation of the measure· 

ments taken on NI-AMP-2. This interpretation is intended to indicate 

the condit10n of the device based on observed data. 

Since measurements were not ma-de 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-
i 

titatively interpret, but do not indicate any major problem. The 

resistance data indicate open-circuit (i.e., res1stance greater than 

2 M-ohm) for all lines except the low voltage power supply and the 

returns for the s1gnal-low voltage. The measured values indicate a 

reasonable res1stive load across the low voltage. 

The results of TOR measurements- pe~formed on the cables (shown in 

Figures 4-1 to 4-3) are summar1zed in Table 5-1. Note that the lengths 

identified 1n the table are only approximate. since no calibration of 

the cable resistance and material composition WlS performed on the TOR 

instrument. All major junction points can be ident1fied on the TOR 

traces, and no cable defects are apparent. 

5-1 
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Table 5-1 

SUMMARY OF TOR MEASUREMENTS 

Distance 
S1 gna 1 Line (ft)* Descri pt 1,.'n** Probable Cause 

S1 gna1 Cable 231 Cable R Change Penetrat ion 
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 Cab1 e R Change Preamp 
526 Increase R Detector 

Note: Distances are not calibrated due to lack of prior in format ion 
the cable type which prevented calibration tests. 

*TOR to terminal block test cable (15 ft) not included in distance. 

**R is the abbrevi ati on for resi stance. 

tExtreme1y noisy signal prevents most interpretations. 

on 
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6. CONCLUSIONS 

Based on the limited measurements and the attempts to activate the high 

voltage power supply, the Source Range Monitor which includes NI-AHP-2 

is not operating. Since there appears to be an excessive load on the 

high voltage, it appears that either the detector or cable is defective. 

However, TDR measurements did not indicate a significant problem with 

the cable using low level test signals. 

6-1 
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APPENDIX 

ORIGINAL FIELD PROCEDURES AND 
DATA SHEETS FOR NI-AMP-2 
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JOB TICKET (WORK REQUUn 
REVIEW - CLASSIFICATION - ROUTING COr:TROL FORM . 

.. -". ....... ' 
JOB TICKET NUMBER_....;..,....:, • ...;..·; _'_' .... "_' __ _ 

1. Ooes work represent a change or modification to an txiSTing system or component? If yes, an ap
pro~d change modification is required per AP 1021. 

elM No, AM 

2a. Does work requires an RWP? 

2b. Is an approved procedure required to minimize personnel exposure? 

3a. Is work on a QC component as defined '" GP 1008? 

3b. If 3a il; yes does ~ork' have an eHect on Nuclear Safety? If 3b is yes. 'PORC reviewed Superinum-
dent approved procedure must be used.· . 

4. Agreement that a PIJAC reviewed. Superintendent approved procedure is not required for this 
work because it. has no effect on nuclear safety. IApplies only if 38 is YIS and 3b is Nol. 

T? / ~ f . ~ ;T;(t?.£'~ 
'IN:T SIJPER:~Tl"OE~r . .. . -....-':":o."::u....---

Sa. Is the system on the Environmental Impact list in AP 10267 

5b. If Sa is YES. is an approved procedure required- 10 limit env.ironmenral impact? 
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IIA 
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Intllal " Shih Foremln signann'is not requirld. 



WORK REQUEST PROCEDURE 
TM. Nuclear Station 

Mlintenance Proo • . \pproval 
Page A-3 

Unit N:). __ .;.2 ___ _ 
.. . . 

This form outlines the formlt Ind leU II. cover lhe.,·for I maintenance procedure. Due to the limited sizI of the 
form, additional pagel mlY be Ittached IS required. Work Request procedure AP 1016 Section 6 should be used as 
a guide in preparing the maintenance procedure. 

1. Proe~ ure Titll & No.: 

S;11~.,,.. 1,."1(:.£1(' !11tlfJ''''I'','''', .... 1: ~ r I/.J"-Z ,5;.,,,,.. 13. ... )(' z;..f,cf ... ,. 

2. Purpose: 

3. Description of system or campan."t 10 be worked on. 

/J t"-Z 

. '.' '4. "eferences: 

~t! iA-1/",,/' j 

5. Spicill Tooll,and Mallrials rtquired. 

Sod' p ftc~t, I 

6. Detailed Procedurt (anlth additional P.SII rlquirld) 

S;( c-.;jJj ... 

Supervi$Or of M lintlftance rtcommends appro~1 0 Itt ?;1y'f'a 
If;.:,.r~ . ~ ". (. J;Q . 7' I:.~..I..I--'I"" / .... -I-... -.;;.j('--

• PORC RECOMMENDS APPROVAL :'7 '/ ". r':" ... /"'" .-.".-- _c.. " 

Unit No.1 Chlitrnan 0.11 Unit No. 2 Chaitm~A to.tl --,:~,..i.--,ftr....;...I'<-()--
• UNIT SUPERI"TENDENT APPROVAL 
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III III:: I": 
TITLEW .. S ITU UEASURcr1ErnS OF CABLES ArID 

SIGr:ALS FRor~ SOURCE RM4GE DET~CTOR 
PREAMPLIFIER UI-Ar~P-2 

NO. 
TP·I05 

REV. 1 

T.chnorogy for ~n.roy Corpor.tlon APPROVED DATE 

PROCEDURE R.v. Mathis, Director, Tech. serve Div. 9-12~80 

PURPOSE: The purpose of these measurements is to gather baseline data and infor
mation in preparation for rt.loval of the Source Range r-lonitor Preampl ifier 
from the Reactor Building TrlI Unit 2. The tests specified in thf s 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 
Analysts (frequency dorn.ain), and general oscilloscope 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-Z is part of a Redundant 
Source Range "bn1toring System located at elevation 305'. The u"it is 
part of the engineered reactor safeguards system and is nuclear 
safety-rel ated. 

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

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

4. E9u1~ment Protection. In the performance of each test ~~scrfbed 
herern, 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 froln po\.,ered instruments 
shall be performed using high input impedance probes or inputs 
(Z • .t 1 Meg ohm) to prevent loading of signals. 

c. In all Time Domain Reflectometry and Impodance measurements, power 
will be removed from the unit under test and low level test 
signals prescribed in Table 4-1 shall be utilized to perform cable 
1ntegretary measurements on the appropriate instrumentation cabl~s 
by inserting test. Signals on appropriate conductors of Cables 

PAGE ' o· l' 

£ 1 £ £ sac .Ut 2 £ ¥ .444$ a;a M_t -we:; 
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Page A-5 
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TiEC 
IN-SITU MEASUREMENTS OF CABLES NrO SIGNALS 
FROM ,SOURCE RANGE DETECTOR PREJ\r1rLIFIER 
NI-AMP-2 . 

I NO • 
TP-IOS 

I r:l!V. 1 

IT2352 I , IT2356I, and IT23S4C (Terminations shall be removed. an 
in-line triaxial test adaptor and cable inserted. Thts triaxial 
test adaptor and cable will be provided by GPU/l&C division for 
these tests.) . 

Table 4-1 Active r·~asurements .. 
'. 

Active Sfgnal Parameter Time Domain ReflectometfY Impedance 
. 

Voltage 225 mV nomi nal (into 50 .i 5V rms 
ohm base) 

Frequency --- 100Hz:. 1kHz:. 
10k Hz: , lOOk liz: 

Current .i lOmA .i 100mA 

Other 22SmV, 110 picosecond 
pulses 

..... 

B. Prerequisites 

1. The Shift Supervisor/Shift Foreman shill be notified for concurrence 
prior to the performance of these measurements. 

2. Instrumentation personnel shall be assigned to a~sist in the PQrfor-
mance of these measurements. • 

3. All measurlfnents Ind test 1nstrunentltton shall bo fn currant cal t()ra
tion (trac.abl. to tIBS). 

4. The Shtft Supervisor/Shift Fortman shall be notified prior to startL' 
and upon completion of the measurements. 

C. Procedure tor Performing Measurements 

References: 

1. Ba11ey t .. ter Company Dwg. no. 6012472K, Uuclear Instrument,ltton 4f1d 
Protectton 51stem, Subsystlm 8 Clbtn.lt I, rU-AMp·2. 

2. Instruetfon r"'null for Source RanglD.teetor flouslng Assembly. O~J. 
No. E-211.5, WL.2368~3682A. 

~I 2 of 17 
, ....... ~-~.~- . .....- -......-------- ------ --_._---
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I -'b-,- . ..... I.c.:.. IN-SITU MEASUREMENTS OF CABLES, AND SIGnALS 
FROM SOURCE RAtlGE DETECTOR PREAliPLIFIER 
NI·AMP·2 

I NO. 
TP-IOS 

I ;:,sv. 1 

. 

3. Burns & Aoe Owg. 3310. She 7. 

4. Burns & Roe Dwg. 3024, Sh. 42. 

5. Burns & Roe DWg. 3045. Sh. 17. 

6. Instructf on r·1anual. Tektronix Hodel 1502 Time Domain Refl ectometer. 

7. 

S. 

9. 

10. 

11. 

12. 

13. 

Instruct f on ,·tanua 1. Hewl ett Packard Hodel 4274 r~u1t 1 frequency LeR 
Meter. 

Instruction Manoal. Hewlett Packard Spectrum Analyzer (Model 141T. 
85536. 8552B Modules). ' 

Instruction "iJnual.N1colet ''''del 444A-25 Spectrum Analyzer. 

Instruction Manual. Tektronix r-1odel 335 Oscilloscope. 

InstrucUon Manual. Lockheed Store-4 Recorder. 

Instruct i oriManual • Tekt~on1x SC502 Oscl1 loscClpe •. 

TEe Composite £lectrfcal Connection Diagram. N, .. AMP-2 ,see attachment). 

i 

CABINET 
. SIGNAL CABLE 2O-Bl 

High Voltage 1T2354C .JA 

Low Voltage IT2356l JB ; 

Si gna' IT23521 ..JC 

1. Notify Shift Supervisor/Shi ft Foreman of start of test on NI·AMP·2. 

2. Verify power is removed· from rU·AHP.2. 

*r40TE: fU·AMP·2 is currently out-of-service and should .!!.2! be in a powered 
condition.' .. , . '. 
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, . .. 
TEe IN-SItu MEASUREMENTS OF CABLES AtiO SIG~IALS 

FROM SOURCE-RANGE DETECTOR PREAMPLIFIER 
NI-AMP-2 

I NOo
TP

_105 

r;\&V· 1 

I 
! 

I 
I 

• 1 , ! 

I 

'/ 

I 

I 

-,' 

3. Remove field wires from Cabl es IT2352I. IT2356I. and IT2354C at JA. JB. and Je 
(Cabinet 20) 3nd attach GPU trfaxal test adaptor and cable for direct measurements 
nn field wire siQnals. 

,TERMINAL SIGNAL IOENT. 

-JC (I T2352 I >v SIGNAL , 
JB (IT2356I t,..... LOW V(15VOe) ~ 

--., JA (IT2354'1)C: HIGH V(240QVDe) 

4. Using the Hewlett·Packard Mode' 4274 '(or equfva'ent) Impe~anc:e Brfdge,measure 
the capacftance and imped~nceat the foll OWing test pofnts: ' 

TES:r POINT FROM TO 

--
a. JC·Sfg (Sfgnal) JC-Ret (Inner SHL,D) 

b. JB-Sig (15VDC) jB.Ret (Inner $HLO) . i 

. -c • ~~:SJl9 (2400 VOC) WA-Ret (2400 VDC Ret) 

d. JC.S1g (SIGNAL) JB·S1g (15 yoe) 

e. Je-S1g (SIGNAL) JA-S1g (2400 yoe) 

f. JB-S1g (15 VOe) JA-S1g (2400 voe) 

g. JC-Ret (Inner SHLD) . ' 
JB-Ret (Inner SHLO) 

h. JC-Ret (Inner SHLD) JA-Ret (2400 yoe Ret) 

1. I JB-Ret (Inner SHLO) JA-Ret (2400 voe Ret) 

" 

, 
r:..e.oa 4 of 17 

-----,------------_.--- -.--- .. _ .. - - ..... . 
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Page A-a 
IN-SITU MEASUREMENTS Of CABLES ArID SIGNALS 
FRQ~ SOURCE RANGE DETECTOR PREAMPLIFIER 
NI-AMP-2 

Record the data requfred below: 

...,Jr::. S,tr,N/H
-J e J..f)...., va ... ,.. 
..J.IJ J.4V. 

Test Point Capacitance Impedance 

Frequency 100 Hz 1 kHz 100 kHz 100 Hz 1 kHz 100 kHz 
1L..:ir{tt~ 

rz.,......'1'- ., ,S,":;,;I- -.()Ct!;tiI~" 

~ :z 111;z.t: a. JC-Sig: JC·Ret .~ ~ ~f 

b.;JB-Sig: JB-Ret 2/).-w.j:.. 7.(,~ -IZ-N? 11,%" .~~ 't~~a ~I _'46 

c. JA-Sig:JA-Ret ,,,,..If,. '·i'N{- 7 .. '( NJ. ()f- 'cf.. "'1% .. 0 - , -J,j , " ._-_., 2,%_ d. JC-S1g: JB':sfg- ~7N;:' s:.rAlf -1,1;, wF 0;' 'I';:;:::; 8..l!illJ j: ... S1 "$'/ " 
e. JC-Sig: JA·Sig I tJ I- /·7,.;f --

IS%~ i%;: ,,~~ 7,,:!r., ... 71u,,.,p ;:. --- .. _,.,--_ ... -~- - " ::-?f) -3a ,·67 
f. J6-S1g: JA-S1g 241J; BAJ/= . -/.7IJf, ?~~. I~~ B~ --_ ..... , . ..... . _ .. _._- -. .~~- " ' .. ~~~-g. JC-Ret: JB-Ret ~ . . . f. '~2#~" S% 
' h.JC ~Ret-:-jA~ot 

.. 02:(4- D~ -18A." () .. BIJ "," '- .. ,'--, "--- .•. _-_ .... __ ._- ~ 
GfN~ !!:::!=- ::.I01N~ __ 0}_ z. S~.E~ 15.~ 

f. JB-Ret:JA-Ret ·7/4 ~~~.4 -.31 N/ o/- z%.~ V/.l·:~ ". •. . -1)$ ,..., I!. 
-, 

v 
I 

5. U's1 ng the Tektronix Model 1502 (or equivalent) TOR unit, perfonn TOR measure
ments on the following test pOints. 

PAC! 5 of 17 ---- ... ~ ... -~ . 

JJ 
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PageA-g, 

IN-SITU MEASUREMENTS OF CABLES AND SIGIIAlS 
FROM SOURCE RANGE DETECTOR PREAMPLIFIER 
rn-AMP-2 

I NO. TP-I05 

I~' 1 

Record data below: 

Instrument Strip 
Test Point Sett1n(Js Chart 

Amp 1 Range f~ult Number 

JC-Sig: JC-Ret (S1gnal) 
/os--/ 

I. 

b. J8-S1g: J8-Ret (15VOC) 
105:2-. 

c" JA-S1g: JA-Ret (2400 vaC) IOS-r,3 

6. Using the Keithley Model 144 (or equivalent OHM) perform resistance mc"surc
ments on the test points specHied and record 'val ues in the space pray ftI~d. 

, 
·20 K Brv&1,=" 

POLARITY POLARITY . 
From • +; To • - From • "; To .+ 

. ' 

TEST POINT FROM LINK TO LINK RESISTANCE RESISTArICC 
, . 

a. JC·Sfg JC·Ret ,.,." Q~. ~ 

b. J8-S1g JB-Ret '731..n.. "'? ~ .., J\-. 

c. JA·S1a JA-Ret """" 
A.,/ 

d •. -JC-S1g J.B-S1g """'"' ""'" •• JC-Stg JA·stg .,.., """'" ,. JB·Sta JA-SiCJ ,,,,-, ,....,. 
g. ~.Ret "~.Ret .7K -• r I<. 
h. JC-Ret JA.Ret ""'wI'" "....." 
1. JB-Ret JA-Ret .v .,......J 

. 

~--.......... ----------------------------~~~~~-------.-
Mal e ~f 17 
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Page A-l0 

IN·SITU MEASURE~~ENTS (f CABLES AIID SIGNALS 
FROM SOURCE RANGE DETECTOR PREAMPLIFIER 
Nl·AMP·2 

, . 

**'*** ***** ***** ***** 

STOP 

***** ***** 

Notify Unit-2 rIc Engineer 

Before Proceeding 

**'*** .... * ***** ***** 

~al' ;0' 17 

I NOoTP_IOS 

I~' 1 
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Page A-ll 

IN-SITU MEASUREMENTS OF CABLES AND' SIGNALS 
FRor4 SOURCE RANGE DETECTOR. PREAMPLIF IER 
NI-IlMP-2 

7. Remove the GPU triaxal test adaptor and connect field wires from Cables IT23521. 
,IT2355I. and IT2354C at JA. JB. and JC (Cabinet 20).' .. .• . 

signature/Oate 

8. Apply power to NI-AMP-2 and waft a minimum of 30 minutes for the devic:t0 
wann-up. . 1).J.. ~ M-

. ~ ~ - -~~ 
9. Record the reading from NI-AMP-2 Readout fobdu1e. i _{L.'~ ~~ 

SIGNAL READING IN CPS 

NI-AMP-2 
Readout 

~~-r~~;,r~ 

~.~~~ 
~- ~(I".J. I~ . ... -:1.1. ~ 
~~~~~;;t. 
~~~-

10. Connect the.TEC isolation amplifier (Model 901) b.V I Phone Jack Connect9r* to the 
Count Rate Amplifier in Control Cabiner 20-81, connect output of Model 901 to 
FM Recorder. and record Signal-in for 30 minutes. 

Remove amDlifter and FM Recorder after test. 

11. Using a Keithl~ Model 177 DOH (or equivalent. Ringe 0-2000 V. Precision + 11) 
me.sure the DC Volt.ge or current at. the followtng test points. : 

. ,. 
! 

--------------------------------------------J 
~O! 8 of 17 
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SIGNALt 

a. 

b. 
t 
• 

"'c. . 

Pagl A-12 

IN-SITU MEASUREMENTS OF CABLES AND SIGUALS 
FROM SOURCE RANGE DETECTOR PREAMPLIFIER 
NI-AMP·2 

CABINET 20 TEST LEAD READING . 
Count rate 

~:J Signal ,llmp11f1er 
Input 

Auxiliary f:J Low V (15VDC) 
Power 

Supply .. 
H1qh Voltage ~:J Hi gh V (2400VDC) . 

Power 
. 

I NO. TP ... IOS 

I~' 1 

I 

tAll m.easure,men,ts using GPU. test cable. _ 

S1gnature/Date 

12.. Using I Tektronix Model SC502 (or equivalent) oscilloscope observe the 
waveform It the followinQ test points. , ' 

~! 'of 17 

------,~- --
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Page A-13 ----------00.:----....:.--
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS I NO·TP_105 
FROM SOURCE RANGE DETECTOR PREAMPLIFIER 
NI-AMP .. 2 I FB-I. 1 -, 

SIGNALt CABINET 20 PARAMETER 

a. Count rate SIG Photo Photo 
.amplifier Time Base_ Time Base 

Input Vert Gain_ Vert Gatn 

b. Auxl1 iary Low Photo Photo 
Power Vol tage Time Bise ~ Time Bin 
Supply (l.5VDC) Vert Gain_ Vert Gain 

·c. High Voltage High Photo Photo 
Power Volta.ge Time Base_ Time BlSe 

(Z400V) Vert Gain_ Vert Gain' 

·CAUTION High Voltage: Use TEC DC Oecoupltng Ctrcuit. 

tAll measurements using GPU test cable. 

Photo 
Time Sase - Vert Gain -- -
Photo 
Time Base - Vert Gain -- -
Photo 
Time Base - Vert Gain -- -

Sync the oscilloscope and photograph the waveform ustng up to three tim. base 
and vertical gain· setttngs. Mar:-k the.· b'ack Of the photographs with the instru
ment tag number and parameter measured. 

Signature/Date 

13. Using a Hewlett·Packard Spectrua Analyzer (Models 141T. 85538 and 8552 or 
equivilent) perf ani In InllYlil of the followtng stgnal1 for ipectral content: 

• 

Mal 10 Of 17 
...................... --:,., .............. ..,..,.. --~ .. ---..,..-------~----------,--

http:Volta.ge
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SIGNAL t 

I. 

b. 

*c. 

IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
FROM SOURCE RAUGE DETECTOR PREAMPLIFIER . 
NI-AMP-2 

CABINET 20 PARAMETER PHOTO l 

Count Rate 
Amplifier SIGNAL 

I!put 
- AuX iT1iry - low Voltage 
fo!e!. .! u.2P .Lv _ (15VDC) 
High Voltage High VOltar Pewer (2400 VDC j 

" 

*CAUTION High Voltage: Use Decoupl1ngCircuit. 

tAll measurements using GPO test cable. 

S1gnature/Date 

I No.. . , 
TP-I05 

15. Inside Cabinet 20 perform usual electronic cal1brati'ons using applicable 
1 nstruanent shop procedu .... s. Attach instrument shopca li brat i on data sheet and 
record a"1 significant adjustments or problems in the space below • 

Procedure 
Step 

. 

Remarks 

InstNl'llnt Shop Procedure No. __ _ 

S1gnlture/Dlte 

12 of 17 Plt41 __ _ 

..... -........ ....... --.......-...... .- - . ., .. -..,_ ... -.. .. 

I 
I 
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
FROM SOURCE RAtIGE OETECTOR PREAMPL I F I ER 
NI-Afo1P-2 

***** ***** ***** 

I NO • 
TP-I05 

f;:.ev. 1 

NOTE: Notffy Unft-2 IIC Engineer of Completion of Powered testing before processing. 

***** ...... ***** 

16. Remove a11 power from NI-AMP-Z. 

Signature/Date 

17. Remove field wires from Cables IT23521. IT2356I, and IT2354C at JA. JB. and JC 
(Cabinet 20) and attach GPU triaxfal test adaptor and cable for direct measure
ments on field wire sfQnals. 

TERMINAL SIGNAL 10ENT. 

JC SIG.NAL 

J8 LOW V (15VOC) 

JA HIGH V(2400YOC) 

Signature/Date 

I~------~--------~~~----------------~ 
~al 1,..of j7 

• I --------~---.... --.--,---..... ---. - -'. _._-, - .- -, ........ 
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
fROM SOURCE RANGE DETECTOR PREAMPLIFIER 
NI-AMP-2 

I NOtP_10S 

I MJ!V •. ~ 

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

TEST POINT FROM 

a. JC-Sfg (Sfgnal) 

b. JB-S1g (15VDC) 

c. JA-Sfg (2400 vec) 
d. JC-Sig (SIGNAL) 

e. JC-Sf 9 (SIGNAL) . 

f. JB-S1g (15 veC) 

g. JC-Ret (Inner SHLD) 

h. JC-Ret (inner SHLD) 

1. JB-Ret (Inner SHLD) 

. I 

. .. -_ ... __ ........ .-.~ -.~~-- ~.'''.-

,2:doL 2 US . £ : J 

TO 

JC-Ret (Inner SHLD) 

JB-Ret (Inner SHLD) 

JA-Ret (2400 vec Ret) 

JB-Si g (15 vec) 
JA-Sfg (2400 veC) 

I 
JA-S1g (2400 VDe) 

JB-Ret (Inner SHLD) 

JA-Ret(24oo VDC R-:t) 

. JA-Ret (2400 vec Ret) 

I! ts il1 .• , .. 



• . . 

I 
I 
I 
I ,. 
I 
I 
! 
I 
1 

I 

. . 
, " 

. . Page A-1S _______ ~--__:_-----

I NO. " -JEr 
. "- IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 

FRDH SOURCE RANGE DETECTOR PREAMPLIFIER 
HI-Ar4P .. 2 

TP-I05 

I f/:EY. 1 

Record the data requfred below: 

Test Pofnt Capacftance Impedance 

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

a. JC-Sig: JC-Ret t . .. 
b. Ja-S,fg: Ja-Ret T. 

c. JA-Sig: JA-Ret 

d. JC-Sig: JB-Sig 

e. JC .. Sig: JA~Sfg • 
f. JB .. Sfg: JA-Sig 

g. JC .. Ret: JB .. Ret 

h. JC .. Ret: JA .. Ret 

1. JB-Ret: JA .. Ret 

Signature/Date 

19. Using the Tektronix ~4del 15Q2 (or equivalent) TOR unit perform TOR measure
ments on the following points. 

==c.ca l' of t 7 

j 

& £.££ xC 1 . & t& . da & ELl LEi & 1212 :. 21 12J$! 
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Pagl A-19 __________ ----:-____ _ 

IN-SITU MEASUREMENTS OF CABLES AND SIGNALS INOTP.io5 
FROM SOURCE RANGE DETECTOR PREAMPLIFIER I 
NI-AMP-2 'PEtI. 1 

Record data below: 

. Instrument Strip 
Test Point 'Settings Chart 

Ampl Range Mult Number 

I. JC-S1 g: JC-Ret (S1 gnal ) 

b. J8-Sig: J8-Ret (15YDC) 

c. JA';Sig: JA-Ret (2400 YOC) 
I 

Signature/Date 

-, 20 •. Using the Keithley r~odel 144, (or equivalent DMM) perform resistance I'IIall$ure
ments on the test points specified and record values in the space provi,tcd. 

POLARITY POLARITY • 
From • +; T~ • - .From • -; To • + 

, 

TEST POINT FROM LINK TO LINK RESISTANCE RESISTANCE 

a. JC-S1g .lC-Ret , 
b. .l8-S1g, J8..1Ret 
c. .lA·S1a .lA";Ret 
d. ~C-S1g .,8-S1S1 
e. .lC-S1S1 ' JA.,S1S1 
f. .lS-S1a JA-S1g 
g. .lC-Ret "B~R.t .. -
h. JC-Ret .lA-Ret 
1. .lB-Ret .lA";Ret 

• 

S1iDltW •• ~biU .-.... 
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Page A-20 

IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
Tli'LI, FROM SOURCE RANGE DETECTOR PREAMPLIFIER 

NI-AMP-2 

I NO. 
TP-I05 

I~' 1 

2i. Remove GPU triaxial test adaptor and cable and connect field wires from Cables 
IT23521, IT23561, and IT2354C at JA, JB. and JC (Cabinet 20). 

22. Notify the Shift Supervisor/Shift Foreman of the' conclusion of testing NI-NiP-2. 

r hereby certtfy that this Test .Procedurl has been completed as written and that 
all data has been correctly entered and filed as ,requested • . .. . . , 

TEC Representllt he ~~_-::.--:--___ _ 
Signature/Date 

Instrumentation 
Signature/Date 

. PAOI, f 17 At J7 .... 
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TXN 
CO 
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TXN 
CO 

1 
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TXN 

1 
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SVI 

5 

~}~J 

CiEf_LRMlorJ I.OnRECTIVE rM"":Tua.IJCC S"STEM 

CM STATUS ACTIVITY FORM 

Page A-21 
COMPONENT OESIGNATOA 

LOCATION UNIT 
L 

JOB WOAK - TVP!: AUTHOR IZAT ION COMP, COMP, 0 NUMBER TVPE 10. 0 
P 

II 12 18 17 22 1:13 '4 7. 32 

~ :=-n "" ,. n r; (") ;:; o [3 6 10 0 2 C M WA'lJc k 1"'1 "'I'~ 

ReaueST DATE 

Me DAY YA 

33 38 

~/ Ie'? ,- r,' /," " 8 0 

~ 
A 

ECM C 
T NUMBER .. '.., M 

A 

A ~ AESP. LOCATIO" I~ ASSISTING P 
ASSISTING C A' 

T PR CONTRACTOF ~ CONTRACTOR T CONTRACTOR T 
I~ Y 4 1157 71 

A 
."'\ I) .,.. !~ N I I ;,. 

A PURCHASI REQUISITION PURCHASE ORDER C 
T NUMBEA NUMBER 

4 !S9 66 167 7 

A I I 
SIM APPROVAL FIELDWORK 

A STATUS HOoO TO COMMENCE COMPLETION 
C " WORK DATE 
T COOl STAAT DATI RELEASE DATE COMPL Me DAY YA MO DAY YA .. 39 40 41 45 147 -'2. IR II!! hw! I I 81 11!2.. l I u 
A ~ ~ ~ ~ ~ ~ ~ , ·F i"'d.· .', I J I I ' ;.: : I 1 , i:' 
" 

Od " I 
I I I ' ,~ ',. OUTAGE HoLD 

o .12 I I J I .1- PART HOLD 

o l3 'I I I I I t QUALITY CONTROL PART HOLD 

0 4 I I I I I OUALITY CONTROL PROCEDURE HaLO 

o l5 , .-l I , I I OI'ERATIONS HaLO 

a I 8 I I I I .-l CHANGE MODIFICATION HaLO 

o 17 I ..1 I I • ENGINEERING HOLD 

a • I , I t PLANNING HOLD 

I I J I I -1 1 

5 ,0 I I , I I i MANPOWER NOT AVAILABLE " 

5~ 1 I I t 1 i AT PORC 

5 ,2 1 , 
I I I I AT QUALITY CONTROL 

Is 13 I I I I I • I\r UNIT SUPERINTENDENT 

5 .1.4. .J. .L -'- I , At REAOING 

~J, .... , . _l._ t-.... -•• I .... I pn:;T MAINTENANCE TEST HOLD 
5 II .I ..J I " I 1\1 ALARA 

'''.1' ,It" , or. 
. : ~ 

, , . ~ , 



Page A-22 

"Test Equipment Used With Procedure "t"C'-I"~"""" 

Test Equipment 
Noun Name 

., 

Tes t Equi pment 
Serial No. 

Tes t Equi pment 
Cit'1 brat1 on Date 

Test Equipment Calibration 
Due Date 

! 

I 
1 

I 



I 
\ 

Page A .. 23 

C!ttrtifit ate of C!talibration 
We certify 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. 

MANUFACTUFI!!L- __ =MO=D=EL. _____ ......;;;.;SE;.;.;.A;.;,.;;IAL;;..;.N=O,;,... _ 

~A· 
4274 
1502 

REPORT NUMBER 

B1713 
11714 
0001556 

Due DATE 
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~: NI-AMP-2 test terminated due to cancellation of 
9/25/80 containment entr,y. 
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