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1. I NTRODUCTION 

Duri n g  and fo l l owi n g  the TM I - 2  acci den t , a number of instrumen ts fai l ed 

or  were suspected of prov i d i n g  erroneous readings . Becau se of thi s 

problem , i ndustry con cern s were focused upon the behav i or of insttumen ­

t at i on .under adverse cond i t i on s .  To better understand fa i l ure 

mechan i sms , the Techn i cal Integrat i on Offi ce ( T I O )  con tracted Techn ology 

for Energy Corporation (TEC) to perform fie l d  rr.easurernen ts on a set of 

selected TM I -2 in struments  to determi n e  i n - si tu operat i n g  

characteri st i cs .  For some i n struments,  these measuremen ts were t o  be 

performed pri or to remov al ( and repl acement wi t h  new i n st ruments ) i n  

order to  have a cross reference wi t h  post-remova l  observat i on s . For 

other  instruments , an ind i cat i on of the condi t i on of the in strument 

( i .e. ,  fu l l y operat i on al or fa i l ed) was desi red . 

Thi s report provi des the i n format ion gathered by TEC on the area 

rad i at i on mon i tor HP-R- 214 . Thi s detector was located at 372' r 

el evat i on i n s i de contai nmen t  (dome mon i tor). Thi s in strumen t  con s i sted 

of a Vi cto�een Mode l  847-1 detector assembl y  housed in s i de a 2-i n ch l ead  

s hi el d  connected to  a Vi ctoreen Mode l  846-1 panel  al arm and approxi ma­

tely 250 feet of i nterconnect i n g  cable. Thi s i n strument was be l i eved to 

have fai l ed �ue to an errat i c  1 to 10 mR/hr rad i at i on level indi cati on 

and due to a l ack of response to the manually act i v ated checksource in 

t he detector. As a result of this failure , the detector was a candidate 

for early replacement to provi de long-term radi at i on mon i tori n g  capabi ­

lity 1nside containment. 
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2. INSTRUMENT LOCATI ON, CABL I NG, AND TERMI NATIONS 

A revi ew of appropri ate drawi ngs  from Vi ctoreen and Burn s & Roe 

( i temi zed in the Appendi x i n  the measurement procedure , page A-5) 

resulted in the compos i te electri cal di agram shown in Fi gure 2-1. From 

th i s in format i on ,  Table 2-1 gi ves a li st of the appropri ate termi n at i on 

poi n ts for per formi n g  measurements in  the Control Room in  Cabi net 12. 

Al so noted in  fi gure 2-1 are the cable len gths pu ll ed duri n g  i n strumen t 

i n st allat i on {before fi n al tri nni ng) between each termi n at i on and/or 

j un c t 1 on poi n t • 

The detector assembly i s  a Victoreen Model 847-1 with requ i red inter­

faci n g  connecti on s to the readout module . F i gure 2-2 s11cws the func­

t i on al layout of the detector an d associ ated readout module. Thi s  

assembly has a range of 0.1 to 107 mR/hr  when enclosed i n  i t s  associ ated 

904120 lead hous i n g. Electri cal di agrams of the detector ci rcu i t  are 

shown i n  Fi gures 2-3 and 2-4. 

The Model 846-1 Readout Module , located in  the cont rol room, was not 

speci fi cally con s i dered to be a source of instrumentat i on problems 

except in  i t s  function of supply i n g  power to the detector assembly . 
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Table 2-1 

TERMINATION POINTS FOR HP-R-214 MEASUREMENTS 

Si gn a  1 

GNO 

+20 v 

SIG GNO 

+14 v 

FAIL IN 

SIG 

*From cable IT18721. 

CaMnet 12 Identification* 

TB112-1 

TB112-3 

TB112-4 

TB112-5 

TB112-6 

TB112-7 
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3. PREPARATION OF MEASUREMENT PROCEDURES 

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

review of the Victoreen Area Monitor Operation Manual, TEC identified 

the major types of measurements to be performed: 

1. Determine as-found conuition of Readout Module and Remote Meter 
and record signal output; 

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 1 00kHz; and 

3. Perform resistance, capacitance, impedance, and Time Domain 
Reflecto!lletry (TOR) active measurements (i.e., actively intro­
ducing a test signal). 

These measurements were designed to verify the operation of the Readout 

Module (especially the power supplies), but the focus of the measurement 

was on the detector assembly, cabling, and terminations/connections to 

the assembly. The Appendix contains the d�tailed procedure which was 

fall owed during the measure1uent program� and a summary of measurements 

is presented in the next section. 
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4. MEASUREMENTS 

Since the output of HP-R-214 was desi gned to cover the range of 0 to 

8 volts, the signal could be measured directly wi thout ampli fi cation . 

Before performing measurements, the readout of HP-R-21� i ndicatea a 

vari able value of .1 to 1 mR/hr for the gamma dose insi de containment. 

Activati on of the checksource had no effect on the output readi ng. The 

Signal In was then recorded for approximately 10 minutes on an FM 

recorder and various outputs measured with a DVM. These measurements 

yielded the following results: 

20 V power Supply @ 20.4 VDC 

Signal Out @ .6 to 2.3 VDC (pulsi ng) 

14 V Power Supply @ 14 .7 VDC 

Fai l IN @ 2 .9 VDC. 

The next measurements co,.sisted of photographing the output waveforms of 

the Fail In, Si gnal In, and power supp 1 i es from a storage osc i 11 oscope. 

Figures 4-1 to 4-5 show the results of these ti me trace measurements . 

Along with the time traces, both high and low frequency spectra 

(frequency domain) were taken of the Fai l  In, Signal In, and power 

suppli es .  Figures 4-6 to 4-10 show the measured spectra over high fre­

quency bandwi dths (>1 MHz), whi le Fi gures 4-11 to 4-15 show spectra over 

bandwi dths below 100 kHz . 

Followi ng the frequency spectra measurements, electri cal cali brati on was 

requested on the HP-R-214 readout module. Due to other more i mportant 

tasks needi ng the attenti on of TMI techni ci ans, thi s  calibrati on was not 

4-1 
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?hoto 104-l 

Time: 5msec/div 

'.:;ain: 0.5V/div 

Signal: +20V 

Photo 104-2 

Time: 11-lsec/ div 

Gain: 0.5V/ div 

Signal: +20V 

Photo 104-3 

Time: lOll sec/ div 

:_:ain: lOmV/ div 

Signal: +20V 

Figure 4-1. Oscilloscope Traces of 20V Power Supply. 
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Photo 104-4 

Time: Smsec/div 

Gain: 2mV/div 

Signal: SIG GND 

\ 

Photo 104-5 

Time: SO�sec/div 

�a in : 2mV I d i v 

Signal: SIG GND 

Figure 4-2 . Oscil l oscope Traces of Signal Ground. 
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Photo 104-6 

Time: Smsec/div 

Gain: 2mV/div 

Signal: +14V 

Photo 104-7 

Time: SOpsec/div 

Gain: 2m'V/div 

Signal: +12V 

Figure 4-3. Osci 11 oscope Traces of 14V Power S�ipply. 
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Photo 104-8 

Time: 2msec/div 

Gain: 2mV /di v 

Signal: Fail In 

Photo 104-9 

Time: 50�sec/div 

Gain: 2mV/div 

Signal: Fail In 

Figure 4-4. Oscil l oscope Traces of FAIL IN Line. 
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Photo lOl�- 10 

Time: 5msec/div 

Gain: lOmV/div 

Signal: SIGNAL 

Photo 104-11 

Time: 5msec/div 

Gain: O.SV/div 

3ignal: SIGNAL 

Photo 104-12 

Time: O.lsec/div 

•;ain: O.SV/div 

3ignal: SIGNAL 

Figure 4-5. Oscilloscope Traces of SIGNAL Line: 
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Photo 104-13 

TBll2-3> 
TBll2-l 

BW: 3 kHz 

Scan: l sec 

l MHz/div 

Atten: Odb 

0 2 4 6 -20db Ref 

Frequency (MHz) 

Fi gure 4-6. Hi gh Frequency Spectrum of 20V Suppl y. 

+20V 
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4-8 

0 2 4 6 

Frequency (MHz) 

Photo 104-14 

TB112-5> 
TB112-l 

BW: 3 kHz 

Scan: 1 sec 

1 MHz/div 

Atten: Odb 

-20db Ref 

Fi gure 4-7. High Frequency Spectrum of 1 4V Supply. 

+12V 
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0 2 4 6 

Frequency (MHz) 

Photo 104-15 

TB112-� 
TB1 12-1/ 
BW: 3 kHz 

Scan: 1 sec 

l MHz /div 

Atten: Odb 

-20db Ref 

Figure 4-8. High Frequency Spectrum of FAIL IN Line. 

Fail In 
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0 2 4 6 

Frequency (MHz) 

Photo 104-16 

TB112-> 
TB112-1 

BW: 3 kHz 

Scan: 1 sec 

1 MHz/div 

Atten: Odb 

-20db Ref 

Figure 4-9. High Frequency Spectrum of Signal Ground. 
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4-11 

0 2 4 6 

Frequency (MHz) 

Photo 104- 17 

TB1 12-7 

TB 1 12-4> 
BW: 3 kHz 

Scan: 1 sec 

l MHz /div 

Atten: Odb 

-20db Ref 

Fi gure 4-10. Hig� Frequency Spectrum of SIGNAL Line. 
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-20db 

0 50 100 

Frequency (kHz) 

0 500 1000 

Frequency (Hz) 

Photo 104-18 

TB112-3 > 20V 
TB1 12-1 

100 kHz Range 

15.7 kHz Harmonics 

Photo 104-19 

1 kHz Range 

60 Hz Har monics 

Figure 4-11. L0\'1 Frequency Spectra of 20V Pow er Suppl y. 
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Frequency (kHz) 
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100 
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Photo 104-20 

TB112-6> 
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100 kHz Range> 
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Photo 104-21 

1 kHz Range 

6 0  Hz Harmonics 

Fi gure 4-12. Lc:.'l•i Frequency Spectra of FAIL IN Li nes. 

Fail In 
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-20db 

-2.1Jdb 

Photo 104-22 

TB112-> 
14V 

TB112-1 

100 kHz Range 

15.7 kHz Harmonics 

0 50 lOO 

Frequency (kHz) 

Photo 104-23 

1 kHz Range 

60 Hz Harmonics 

1) 500 1000 

Frequency (Hz) 

F igure 4-13. Low Frequency Spectra of 14 V Power Suppl y. 
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Photo 104-25 

1 kHz Range 

Fi gure 4-14. Low Frequency Spectra of SIGNAL Line. 
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-20db 

Photo 104-26 

TB112-4> 
TB112-l 

100 kHz Range 

SIG GND 

15.7 kHz Harmonics 

0 50 10') 

Frequency (kHz) 

-2'Jdb 

Photo 104-27 

1 kHz Range 
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0 500 10'JO 

Frequency (Hz) 

Figure 4-15 .  Low Frequency Spectra of Signal Ground. 
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performed, but was not critically neded since the power supplies 

appeared to be fully operational . Power was then removed from HP-R-214 .  

The test fixture was removed and all signal lines from cable IT1872I to 

cabinet 12 were disconnected . 

A ser1es of active measurements (i .e  •• actively introducing d test 

signal into the circuit) was then performed . Table 4-1 shows the 

results of capacitance, impedance, and DC resistance measurements on 

the field cable lines. A set of TOR measurements was taken on the 

signal lines to determine possible cable defects. These TOR traces are 

shown in Figures 4-16 to 4-20. 



Table 4-1 

CAPACITANCE, IMPEDANCE, AND RESISTANCE MEASUREMENTS 

Capacitance (nF) 

Signal 
100 Hz 1 kHz 100 kHz 

GNO 11 13 -154 
+20 

GNO 108 JJF 148 �F 454 
SIG GNO 

GND OFt OF 342 
+14V 

SIG GNO 19 18 VAR** 
FAIL IN 

SIG GND 24 18 OF 
SIG 

*Values in parentheses are reverse polarity values. 

**Indicates variable response. 

tindicates off-scale or excessive noise. 

Impedance ( ohms) 

100 Hz 1 kHz 100 kHz 

1.08k 1.07k 14 

15.2 3.4 3.7 

28 28 5 

531< 8.7k VAR 

9.3k 6.41< OF 

Resistance 
( ohms)* 

1k ( 1 k) 

11.1 (11.5k) 

3.6k (3.61<) � 
I ...... 

CXI 

>2M 

>2M (13.71<) 
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STRIP CHART 104-l 

TBll2: l to 3 

Signal: +20V 
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STRIP CHART 104-2 

TBll2: l to 4 

Signal: Shield GND to Signal GND 
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Figure 4-17. TOR Trace of Signal Ground . 
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STRIP CHART 104-3 

TBll2: l to 5 

Signal: +14V 

4-21 

-

Figure 4-18. TOR Trace of 14V Power Suppl y. 

�etting - SOOmp/div 

Range" 52.6 ft/div 
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15 Hz filter 

Cable aielectric - o ther 



= .;._,. 

STRIP CHART 104-4 

TB112: 4 to 6 

Signal: Fail In 

4-22 

... 

Figure 4-19. TOR Trace of FAIL IN. 

�etting - 500mp/div 

Range - 52.6 ft/div 

Sensitivity - 0.25 

15 Hz filter 

Cable dielectric - other 
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STRIP CHART 104-5 

TB 1 12: 4 to 7 

Signal: Signal In 

•· 

!I� . 

Figure 4-20. TOR Trace of SIGNAL IN. 
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cetting - 500mp/div 

Range - 52.6 ft/div 
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15 Hz filter 
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5. SUM�ARY AND INTERPRETATION OF MEASUREMENTS 

Thi s  secti on presents a summary of the interpretation of the measure­

ments taken on HP-R-214 . This interpretation is intended to indicate 

the condi ti on of the device based on observed data. 

5 .1 SUMMARY OF MEASUREMENTS 

The 20V power supply measurement indi cated a 20.4 VDC level. and the 

14V power supply i ndi cated 14. 07 VDC. Both readings are within the 

expected range, but the 14V supply may need to be adjusted for instru­

ment cali brati on purposes. The Si gnal In measured 0. 6 to 2.3 VDC 

pulsing, rather than the expected slowly varyi ng or steady de level. 

The Fai l  In measured 2.9 VDC whi ch i s  the expected level if the detector 

power supplies are functi oning. However, the green li ght on the readout 

module, which ind i cates propel supply voltages i n  the detector, was not 

i llumi nated. 

The ti me traces and frequency spectra were used to summarize the major 

characteri sti cs of the measured waveforms. Results of thi s  summary are 

presented i n  Table 5- l .  The 14V power supply exhi bi ts normal charac­

teri stics when compared to other TMI-2 measurements. However, the 20V 

supply shows a large 2V P-P 120 hertz ri pple. This is  not unexpected, 

si nce the 20V is  used to drive the checksource and is not requi red to 

be well regulated. The Si gnal In consi sts of . 6  V to 2 V pulses 

occurring at a very precise 3 hertz frequency. 

5-1 



Signal 

Signa 1 In 

600 V Supply 

10 V Supply 

5-2 

Ta ble 5-1 

CHARACTERISTICS OF MAJOR SIGNAL LINES 

Frequency 

60 Hz 
16 kHz and Harmonics 

Ampli tude 

50 mV P-P 
3 mV RMS 

[Pulses .6 V to 2 V@ 3 hertz] 

120 Hz and Harmon i cs 
16 kHz and Harmoni cs 

Total Spectrum 

60 Hz and Harmon i cs 
16 kHz and Harmoni cs 

Total Spectrum 

0.6 V RMS 
<1 mV RMS 

2 V P-P 

<1 mV RMS 
9 mV RMS 

12 mV P-P 
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The Signal In waveform would normally be a voltage level proportional to 

the radiation present. 

The capacitance anu impedance data given in Table 4-1 is difficult to 

quantitatively interpret due to active components in the circuitry, but 

qualitative results at•e possible. Very low effective capacitance values 

would be expected from most signal lines. Impedance data is reasonable 

and exhibits major trends expected from the circuitry, such as reducing 

values at higher frequency. Resistance data does not show any unex­

pected resr�lts except for the resistance between 20V and ground. 

According to Victoreen drawings, a 2 k-ohm resistor should be present, 

but a 1 k-ohm value �as indicated. The value of the fixed resistor was 

probably changed in the instrument and not updated on the drawings. 

The results of TOR measurements performed on the cable {shown in 

Figures 4-16 to 4-20 ) are summarized in Table 5-(:o Note that the lengths 

identified in the table are only appt·oximate, since nc c:d ibration of 

the cable resistance and material composition was performed on the TOR 

instrument. Some junction points were not identified by these 

measurements, but this is not unusual due to the noise levels observed 

on the TOR responses. No unusual inflections occurred on any lines 

measured . 

5. 2 INTERPRETATION OF MEASUREMENTS 

Based upon the observation of approximately 1.4 V P-P pulses on the 

Signal In occurring at 0.33 second intervals, it appears that either the 

Peak Reading Voltmeter or the DC Output Driver stage of the detector 
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Table 5-2 

SUMMARY OF TOR t-t EASUREMENTS 

Si gn a l  L ines Di stance ( feet}* Probable Cau se 

GND 126 Penetrat i on R507 
+20 v 31 5 Detector 

GND 137 Penetrati on R507 
SIG GND 326 Detector 

GND 137 Penetrat i on R507 
+14 v 315  Detector 

S IG GNO 147 Penet rat i on R507 
FAIL I N  

S IG GND 142 Penetrat i on R507 
S IG 

Note: Di stances are not ca l i brated due to lack of pri or i n format i on on 
the cable type whi ch preven ted cal i bra t i on test s. 

*TOR to termina l  bl ock te st cable {15 ft) not i n cl uded i n  di stance; al l 
l i n e s  exhi bi ted l arge noi se l evel s which made i nterpretat i on di ffi cult.  
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circuitry has failed. This is allowing the internal oscillator 

frequency {3 V hertz ) to be passed into the output instea d of period­

ically updating the de output as designed. The cause of this failure was 

not obvious from the measurements, but the Fail In level implies that 

proper power is being supplied to the instrument. 

Resistance measurements on the 20 V supply indicate that either a 

resistor has been reduced from 2 to 1 k-ohm due tc aging and radiation, 

or that the Victoreen drawings have not been updated to show a change to 

a 1 k-ohm resistor. 

The absence of the "Safe" indicdtion on the readout module indicates a 

problem with the light circuitry or a failed bulb, since the measured 

Fail In indicated proper operation. 



6� CONCLUSIONS 

Based on the measurements, data reduction, and circuit analysis of 

HP-R-214, there is an indication of failure ot· the instrument. The 

observed output signal indicates a failure in the detector circuitry, 

either in the Peak Voltmeter or DC Driver Stages. The operability of 

the ion chamber cannot be determined since all signals must pass through 

the suspected stages of the amplifier. The periodic pulses present on 

the signal line are interpreted as varying radiation levels by the 

readout module which results in the observed variation in the readout 

meter. 

6-1 
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WORK REQUEST PROCEDURE 
TMI Nuclear Station 

Maintenance Procedure Format and Approval 
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. . 
This form outlines the format and acts as a cover sheet for a maintenance procedure. Due to the limited size of the 
form, additional pages may be attached as required. Work Request procedure AP 1016 Section 6 should be used as 
a guide in preparing the maintenance procedure. 

1. Procedure Title & No.: 
IJ,.6J� ord 

2. Purpose: 7:. /et�rn-h ·, < 

61 ;1/�,e-z 1 I. 

3. Description of system or component to be worked on. 
;-#2-,e..ztl 

References: 

See iVI 4c..f� / 

5. Special Tools, and Materials reQuired. 

�'e CY#�Lted, 
6. Detailed Procedure (attach additional pages as reQuired) 

�e a..l/4 .:--fed. 

Unit No. 1 Chairman Date Unit No.2 Chairman Date ---------- ----------- -------- -----------

• UNIT SUPERINTENDENT APPROVAL 

Unit No. 1 ------ Date ______ Unit No.2 

• Standing Procedure -----------------------­

Supervisor of �C 

Date ---------- ----------

Date 

• 1'\ote: These approvals required only on .J'i�clear Safety Related/Radiation work permit jobs. 
TMI·!I4 2·7! 
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'-J TITLe N-SITU MEASUREMENTS OF CABLES AND 

Ill II== I== S IGNALS FROM AREA RADIAT I ON MONI TOR 

= := 
HP-R-214 

Technology for Energy Corporation APPROVED 

PROCEDURE M . V .  Math i s ,  Di rector, Tech. Serv. Div. 

NO. 
TP-104 

REV. 0 

DATE 

9-12-80 

PURPOSE : The purpose of these measurements i s  to gather basel i ne data and i nfor­
mat i on i n  preparat i on for possi b l e  removal of Area Radiat i on Moni tor 
HP-R-2 1 4  from t he reactor bui l d i ng TMI Uni t  2.  The tests speci fi ed i n  
t h i s  procedure are designed to a�sess the cond i t i on of the i n -contai nment 
instrument module (gamma detector) , associated cabl ing, and readout 
devi ces. Th i s  assessment wiil requi re the use of Ti me Doma i n  
Refl ectomPtry ( TOR ) , Impedance (Z) , Spect ral Ana l ys i s  (frequency doma i n ) , 
spec i a l  r,a l i brat ion  measurements, and genera l  osc i l l oscope observat i ons 
( wi t h  r�cord i ng) of waveforii'S from/to the uni t  under test ( UUT) . 

PROCEDURE (ADMINI STRATIVE) : 

A .  Li mi tat i ons a nd Precaut i ons 

1. Nuc l ear Safety.  Area rad i at i on mon i tor HP-R-214 i s  part of  a redun­
d ant ARM system at el e vat i on 372']11. The uni t  i s  not consi dered part of 
t he engi neered reactor safeguards system thus has no nuc l ear  safety 
rel eva nce. 

2. Envi ronmental Safety. Area rad i at i on monitor HP-R-214  can be taken 
o ut-of and restored to service without produci ng a hazard to the 
e nvi ronment. 

3. Personnel Safety. The test descri bed herei n produces no add i t i ona l 
personnel safety hazards other than normal ly  associ ated wi t h  per­
formi ng i nst rument ca l i brat i ons and tests. 

4 .  Equi pment Protect i on .  In t he performance of each test descri bed 
here i n ,  care wi ll . be taken to i nsure adequate equi pment p rotect i on as 
fol loh5 : 

a.  In a l l cases actual test hookups to the Un it-2 i nstrumentat i on 
sha l l be made and ver i f i ed by Inst rumentat ion Personnel . 

b. Al l passi ve measurements ( Spectral Anal ysi s and Osci l l oscope 
observat ions) of waveforms and si gna l s from powered i nstruments 
sha l l be performed usi ng h i gh i nput i mpedance probes or i nputs 
{Z • > 1 Meg ohm) to p revent loadi ng of si gnals. 

c. In  all Ti me Domai n  Reflectometry and Impedance measurements, power 
wi ll be removed from the unit under test and l ow level test 
si gnals prescri bed i n  fable 4-1 shall be ut i li zed to perform cable 

PAGE 1 of 15 
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IN-S ITU MEASUREMENTS OF CABLES AND SIGNALS INO. TP-104 
FROM AREA RADIATION MONI TOR HP-R-214  I REV. 0 

Act i ve 

i ntegretary ITM!as urements on the app ·rop ri ate i ns trumentat i on cabl es 
by i nsert i ng tes t  s i gnals  on 3pp ropr i ate  conductors of Cable 
I T1872I (termi nat i ons s hal l be removed and rep l aced on TB1 12 of 
Cabi net 12). Shoul d these tes ts reveal cab l e  i ntegretary probl ems 
further ver i fi cat i on meas urements wi l l  be made at TB3 of outer 
penetrat i on R507.  

Ta b 1 e 4-1 Active fJeas urements 

Si gnal Parameter Ti me Doma i n  Refl ectomet ry Irrpeda nce 

Vol tage 225 mV nomi na 1 ( i nto 50 < sv nT5 
o hm base) 

Frequency --- 100Hz, 1kHz, 
10kHz , 100kHz 

Current ( lOrnA < lOOmA -

Other 225mV , 110 p i cos econd ---
pul s es 

d .  In the cal i brat ion  ver if i cat i on meas urements s ecti on ,  bas el i ne 
data on t he as -found cond i t i on wi l l  be recorded pri or to the per­
formance of any adj ust ments or el ectron i c  cal i brat i ons . 

B .  Prerequis ites 

1 .  The Shi ft Supervisor/Shi ft Foreman s hal l  be not i fi ed for concurrance 
p ri or to the performance of thos e meas urements . 

2 .  Ins trumentat i on personnel s ha l l be as s i gned t o  ass i s t  i n  t he perfor­
mance of these meas urements . 

3 .  Al l Meas urements a nd test i ns t rumentat i on s hal l be i n  current cal i bra­
t ion {traceabl e to NBS). 

----- · · · ·  - - · - -- · - ·  

2 of 15 
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P age A-5 
TP-104 

FROM !REA RAD IAT I ON MONITOR HP-R-21 4 
I N-S ITU MEASUREMENTS OF CABLES AND SIGNALS I NO. 

:.......------! I REV. 
0 

4. The Sh i ft Supervi s or/Sh i ft Foreman s ha l l be not i fi ed prior to start i ng 
a nd upon compl et i on of the meas urements . 

C .  Procedure for Performing Measurements 

References : 

3. Burns & Roe Dwg. 3024, Sh. 304. 

4. Burns & Roe Owg. 3345, Sh. 266B. 

5. Burns & Roe Dwg. 3043, Sh . 160. 

6. Burns & Roe Dwg. 3045 1 Sh. 26E. 

7. Burns & Roe Dwg. 3045 1 Sh. 26F. 

8. Burns & Roe Dwg. 3045, Sh . 34. 

9 .  Burns & Roe Dwg. 30451 Sh . 34A. 

10. Burns & Roe Dwg. 3045, Sh. 34B. 

11. Burns & Roe Dwg. 3347, Sh. 6J. 

12. Instruction Manual, Tektronix model 1502 Time Doma i n  Reflectometer. 

13. Instruction Manual , Hewlett Packard Model 4274 Multifrequency LCR 
Meter. 

14. Instruction Manual, Hewlett Packard Spectrum Analyzer (Model 141T, 
85538, 85528 Modules). 

15. Instruction Manual, Nicolet Model 444A-26 Spect�um Analyzer. 

16. Instruction Manual, Tektronix Model 335 Oscilloscope. 

17. Instruction Manual, Lockheed Store-4 Recorder. 

·-.-
--··'----· , __ ... · ··------------·-· --·-· · · 
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I N-SiTU MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RAD I ATION MON I TOR HP-R-214 

TP-104 - ���-r 
.fl J• . ;J . ,._ 

18. Instruct i on Manua l , Tekt roni x  SC502 Os c i l l os cope . 

1 FEv. 0 

19 . TEC Compos ite El ect rica l  Connect i on Di agram,  HP-R-214 (see attached ) . 

STEPS 

Vi ctoreen Inst rument Compa ny Dwg .  904550 ( Ref . 1) and B&R Drawi ngs 3024 
( Ref.  3 )  s how the appropri ate termi nat ion  poi nts for pass i ve rreas urements 
of s i gna l s  from HP-R-214 as fol l ows : 

Cab l e  Cabi net 
Si gnal IT1872I  12  

TB112-1 

TB112- 3 

T B1 12-4 

TB112-5 

TB112-6 

SIG  TB112-7 

1 .  Not i fy Shi ft Supervisor/Sh i ft Forman of start of tes t on HP-R-214.  

2.  Veri fy power is app l i ed to HP-R-214. 

sgna[ure/Date 

3 .  Record present signals , readings , and indicat i ons on 846-1 Readout f�d u l e 
( loca l ) . Record Signa l-in  at 181 12-7/4 for 30 minutes on FM Tape Recorder. 
Remove recorder when finished . 

. -.-.-.-·_..._...,_.-- -

PAGE __ 4_o_f_lS 
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I N-S I TU MEASUREMENTS OF CABLES AND S IGNALS ' NO. 
FROM AREA RAD IATION MON I TOR HP-R-2!4 

. TP-1 04 
"--------; I F£'1. 

Meter/ Indi cator/Switch 

JO 
mR/hr Meter Readi ng I ?r:J M �  

Off-Operate-Al a rm Funct i on Swi tch o/'JJJ -r� 

Fa i l  Safe Indi cator 

Hi g h  Al a rm-Res- et Indi cator 

On Off ../" -- --

On_Off ...-

4 .  US i ng a Kei thl ey Model 177 OMM (or  equ i va l ent )  meas ure the DC vol tage or 
c urrent at the fol l owi ng test poi nts . 

s of 15 
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SIGNAL 

a .  

b. 

c .  

d .  

P age A-8 
I N-S ITU MEASUREMENTS OF CABLES AND SIGNALS 11 NO. TP-�04 
FROM AREA RAD IATI ON MONI TOR HP-R-214  

I 'PEv. o 

CAB I NET 12 TEST LEAD READ ING 

TB1 12-3 ( +) +20V ZCJ, 4 t.) D l- , -

TB1 12-1 ( - ) 
\ \  .; 

-1-_.!'"" ' '  1'1 . c ?  UoL -r TB1 12-5 ( +) .+l2V.' TB112- l  ( - ) · ..:  ----"" 

TB1 12-6 (+ )  Fa i 1 In  z_ ,  9 t.JOL 7 
TB1 12-l ( - ) 

TB1 12-7 (+ )  I SIG  • b  '7'c z. j tJt:J � 
TB1 12-I ( - ) I 

I · -

� · 7J__l4 qfr/fi'V 1 
;9rJt ure/Date I 

6 of 15 PAGE __ _ 
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TP- 1 04 I N- S I TU MEASUREMENTS OF CABLES AND SIGNALS I NO. FROM AREA RADIATION ftDN ITOR HP-R-214 �----� 

FE-I. a I 
5. Us i ng a Tektroni x  ftbdel SC502 (or equ i va l ent ) osc i l l os cope observe the wa ve­

form at the fol l owi ng tes t poi nts : 

SIGNAL CAB INET 12 PARAMETER 

a .  181 12-3 +20V 
181 12-1  

b .  181 1 2-4 SIG GND 
181 12-1  

+ \� ·; 
c .  181 12-5 @�V. 

TB1 12-1  

d .  TB1 12-6 FAIL IN 
181 12-1 

e .  TB1 12-7 SIG  
T8501-36 ACGND 

. 

Photo 1°4 - / 
Ti me Base .s-/tlf.J 
Vert Ga i nt ,- ""  
Photo l b 'i - !:1:  
Ti me Bas e .$MS 
Vert Ga i n � ��� 

Photo 104- � 
Ti me Bas e  s--s 
Vert Ga i n  2 ,_1/ 

Photo lb4 - l-
Time Ba!: e / 4.5 
Vert Ga i n  :...!.JL 

, Photo /tJ L/- � 
Ti me Bas e ,5a..c£.$ 
Vert Ga i n  Z� 

Photo lt>f:L .. .., 
Ti me Bas e s-� 
Vert Ga i n � 

Photo /D<I tfi! Photo /tU/. 'I 
Ti me Bas e z, M.S Ti me Bas e .9J.,._, 
Vert Ga i n - , Vert Ga i n  �� 
Photo /P'f - Ja 
1i me Base Y'M.J 
Vert Ga i n  I�M.\1 

Photo J0'/- 11 
Ti me Base � 
Vert Ga i n ,..2JL._ 

I -

Photo tOI/-.3 
Ti me Bas e lfi,A,j 
Vert Ga i n  .111""' v 

Photo 
Ti me Bas e --
Vert Gain --

Photo 
Ti me Base --
Vert Ga i n  -

Photo 
Ti me Base 
Vert Gain 

--
-

Photo I o lJ. - , .,_  
Ti me Bas eo,r.sr-c.. 
Vert Ga i n � 

Sync t he os ci l l os cope and photograph the wa veform us i ng up to three t i me  base 
a nd vert ica l  ga i n  sett ings . ( The necess i ty of 3 photographs wi l l  be deter­
mi ned by vis ual ana l� is by the fi e l d  engi neer. ) Ma rk the back of the p ho­
tographs wit h  the i ns trument tag number and parameter meas ured . 

7 of 15 
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TP- 104 I N-SITU M£ASUREMENTS OF CABLES AND SIGNALS ' NO. 

FROM AREA RAD I AT I ON MONITOR HP-R-214 
�------; I REV. 

6 .  Us i ng a Hewl ett-Packard Spect rum Analyzer ( Models  141 T ,  85538 , and 8552 , or 
eQui va l ent ) perform an ana lys is  of the fo l l ow� ng s i gna l s  for spect ra l content : 

S IGNAL CAB INET 12  PARAMETER PHOTO I 

a. TB1 12-3 +ZOV ;o q - t 'J 
TB1 12-1 GND 

b .  TB1 12-5 
· 'P� �� //)q - ttf 

TB112-1 GND 
/ 

c .  TB1 12-6 FAI L  IN LP# - 1!/ 
TB1 12-1 GND 

d .  TB1 12-4 S . u GNO /P'f/-/6 
TB1 12-l GNO 

e .  TB1 12-7 SIG /IJ � -1"7 
TB1 12-4 SIG GNO 

Before photographi ng each scope d isp l ay adj ust ana l yzer for bes t s pect ral 
resQ l ut i on . Record cri t i ca l  ana lyzer parameters e . g . , RF bandwi dt h , RF band­
wi dth and s weep speed on rear of photograph as we l l as parameter analyzed . 

SPECTRUM ! DENT FREQUENCY AMPLITUDE 

s���eiiiii'YH .5t:. IIIAI MND .,., 
. 

�lt)-r .St:JJ-:.,,... (, /M�J/.J�If ,tJ"1Jt:-N 

.JI\t.Jj 0 /SE-e�v 

PAGE __ 8_of_ ls 

-- -- - -· - -· -- - · - -·- · - · - ·- -·--··- -

REMARKS 

�� � f- s�v.s 
,O Jj, L11f 

-Z e/ 0 

. .  



_ .,.. _ 
.a s• � j .... .. _ 

P age A-1 1 . 
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FROM AREA RAD IATION MONITOR HP-R-214 , FE/. 0 

7 .  Us i ng the Ni crJl et M:>del 444 FFT Analyzer (or equi va l ent ) perform FFT ana l ys is 
o f  s i gna l s  from t he fo l l owi ng tes t poi nts : 

S IGNAL CABI NET 12 P JI.RAMETER 

a o  TB1 12-3 +20V . TBl L' · l GND 

b .  TB1 12-6 FAI L  I N  
TB1 12-1  GND 

c .  TB1 12-5 +12V 
TB1 12- l GND 

d .  TB1 12-7 SIG 
TB1 12-4 SIG  GND 

e .  TB1 12-4 S IG GND 
TB1 12-l  

PHOTO # 

1 174/- ;8 
/0 'I - / ' 

/ 0 � - z. D  
10 4 - 7-/ 

I &14 � Z. .,_ 
IDI.{ - Z..3 

I D4j- z.t..{ 
, .  4 . "2.� 
I t:H/ - Z. t, 
/D lj - z.:i 

0 -rQ /D.:Jtflh._ 
/) 7Q 1 /C..UL 

D 7P .lo o K.IJ.-
8 'Tc I /(JJ'l....___ 
el 7 0 /C � t::.1J5 
0 741 '-�? 

If PSD p l ots from any one of the three s i gna ls  s how hi gh or unus ua l 
a mp l itudes , ut i l i ze t he zoom feat ure to p rovide fi ner resol ut i on and obta i n  
PSD data i n  the frequency band of i nteres t . 

Q.· -r·;c;A "91i2re/Date 

8. Ins i da Cabi net 12 perform us ua l  el ectroni c  ca l i brat i ons us i ng app l i ca b l e 
i ns trument s hop procedures . Attach a copy of the i ns trument s hop cal i brat i on 
data s heet and ident i fy any s i gn i ficant adj us tments i n  the s pace bel ow: 

9 of 15 
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Procedure 
Step 

Page A- 1 2 --------�------, 
I N- S I TU MEASUREMENTS OF CABLES AND SIGNALS I NO. FROM AREA RAD I ATI ON MONI TOR HP-R-214 

TP- 104 
;...-------1 , ReV. 0 

Remarks 

�s=-e-e-a�t"""!'t-a-ch:-e�d�i n-strument s hop p rocedure �,.;ta s heet . 

Instrument Shop Procedure No . __ _ 

Si gnature/Date 

9 .  Remo ve al l power from HP-R-214 ( Ta g  Open  TBSOl l i nks 34 , 35 , and 36 per proce­
dure AP 1002 ) .  

1 0 .  Open l i nks for a l l fi e l d  wi res from Cabl e IT1872 I  at TB1 1 2  ( Cabi net 12 ) . 

__ -.-.. . .  · ...; 

10 of 15 
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TB1 12-l 

TB1 12-3 

TBl lZ-4 

TB1 12-5 

TB1 12-6 

TB1 12-7 

P age A-1 3 
I N-S I TU MEASUREMENTS OF CABLES AND SIGNALS NO. TP- 104 
FROM AREA RAD IATION MON ITOR HP-R-214 jnev. o 

TERMI NAL S IGNAL I DENT. 

..,- GND ( SHI ELD ) 
v +20V 
..,..-- SIG  GND 
/ +12V 
/ FAI L  IN  

¥"""' SIG  

1 1 .  Us i ng the Hewl ett-Packard Mode l 4274 (or  equi va l ent ) Impedance Bridge meas ure 
t he capacitance and impedance of the fol l owi ng test po i nts : 

PAG! 11 of 15· 



Page A-1 4 
I N-S I TU MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RAD I ATION MON I TOR HP-R-214 

FEY. 

Record t he data requi red bel ow:  

Tes t Poi nt Capacitance 

Frequency 1 00 Hz 1 kHz 100 kHz 

a .  TB1 12- ( l/3 )  I I  11/f lj !Vj: -/5� Nf-
b . TB1 12- (  1/4 ) /t16�,t /116 --v/ '151f 1VJ 
c .  TB1 12- ( 1/5)  61� 0/" 3 1/'2- AJ,t 

I d .  TB1 12- (4/6 ) 11111/ 1/J ��- �ll.I!P£ 4 
te . TB1 1 2- { 4/7 ) Z.'l "'f. 18AJ� o,C 

i 

Impedance 

1 00 Hz 1 kHz 

'· "%' '·'% 
..,, -.!> 

Js-� 3;:;1? 7S -11 z� 
- · &" �zt - .b 

SJ?4_�41 a.-y,; 
&f .3·V-8 ·  -113 

'�'+� � "'"'4' 

100 kHz 

ILI�-z..f sy;;o 
- 11 

%< ttJ t; 
�€.tbt! 4 

o ;:.  

TP- 104 

0 

*Numbers i n  parenthes es refer to TB112  FROM/TO termi nal numbers on fi e l d  s ide . 

tF i e l d  s i de/Ca b i net s i de across open l i nk .  

PAGe __ _ 
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Page A- 1 5  ----------:----------1 
. I N-SITU MEASUREMENTS OF CABLES AND SIGNALS I NO. 

FROM AREA RAD IATION MONITOR HP-R-214 ;...-------; , REV. 
TP- 1 04 

0 

1 2 .  Us i ng t he Tekt roni x  ftldel 1502 (or equi va l ent ). TOR un it perform TOR meas ure­
ments on the fi ve test  poi nts g i ven i n  Step 1 1 .  Record data bel ow :  

Ins t rument St rip  
Test  Poi nt Hi gh R Low R Setti ngs Chart 

@ N ft . @ N ft . Amp l Range Mul t  Number 

TB112-( l/3 ) 
scea� 52., i ; o q - I a .  I 

b .  TB112-(1/4 ) / 0 41- '-

c .  TB1 12-( l/5 ) 
I /D � - 3 

d.  TB112- (4/6 ) I DI./ - t/ 

l e .  TB112- ( 4/7 ) v � � /{) 4- s' 

13. Us i ng the Keith ley Model 144 (o r  equi va1 ent OMM) perform res istance meas ure­
ments on the Test Po i nts s pec i fi ed and record val ue i n  space provided . 

PAGE ---



Page A- 1 6  
· ·· �'------------- I N-SITU MEASUREMENTS OF CABLES AND SIGNALS 

� TEr.: nn.: 
FROM AREA RAD IATI ON MONI TOR HP-R-214 

I PE'I. 
TP- 104 

0 

POLARITY POLAR I TY 

From • +;  To • - From ,., - ;  To .. + 

TEST POI NT FROM L I NK TO L I NK RESISTANCE RES ISTANCE 

a .  t 20 TB1 12-l "'"' TB1 12-32.0 I I< .n, / ,< J?.., 
b .,_,.....,o TB1 12- l �o•"" TB1 12-4r..� ,tr. 11· 1 ,<  4 /1. � I� ,S'I.....•/ 
c.  ·+ 11. TB1 12-l c..��o TB1 12-5H" � J r � J:  � j. l, t(.  ,/ 
d . '" ... . .. ... TB1 12- l u- TB1 12-6to � � 1/11:$ I 'I ' 2. K.. 
e . •'"l TB1 12-1  �·- TB1 12-7'0 &. � , tf  . '!II I<.. , 
f • ..\ z.o TBl lZ-3 VI .. TB1 12-� .... / �, K_  � /Z. . "  It: 
g.� .... ll- TBl lZ-3 Uao TB1 12-51'1v .. "� · ..," ... � .. �/C. h ... '-" Soi.l ; .. TB1 12-3 1"" T81 12-6f'0 ""-J' -.J 
; •• u &;) TB112-3 'AO� TB1 12-7,o ........, � 

j .��Ulo TB1 12-4 •1'1� TBllZ-5ftV :;f. ICI IC.; . .,. � 
k .�..l f.,;J;,. TB1 12-4 ,,. TB1 12-6Fe "'-.J "'J 
1 ._1 .. .(, � .. TBl lZ-4 "�• TB1 12-7SD .JL. ,..,__, '*" � /3,.., 1<. 
m ••• � �a;.. TB1 12-5 Itf tl'  TB1 12-6f0 -....., \..; /$. /(. ..A.. n . u-z.. .:., TB1 12-5 '"" TB1 12-7s• ... 1"\J ' ,. 8 /C. .,._, v' o.,i l o'  .. .. �� TB1 12-6 Fo TB1 12-7$C //'b I< .ra- ,._., --

***NOTE : 
Cl os e a l l l i nks on TB1 1 2  (opened i n  Step 10 ) when fi n i s hed wit h  this  step . 

;A. U�e ,  .$tow dJ CPJ1Ld;C . �.,� 
� � Z,r:JO ,/:. � f?pM�?b 

(::,/1}0-s. S l &.  t, IJ O 

Fo -=- ��\ ._..-t 

so = 1 , � o v T' 

PACii __ 
14_of_ 15 

Q- 7,)_£/ �ure/Date 

�- - -· . .. ·-�- --- - -· :...._ _______ _ _ _  - . . . . . --··· � - · · · · · · - - - ·-- - - - - - -
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Page /\- 1 7  
I N-S ITU MEA�1 1REMENTS OF CABLES AND S IGNALS 
FROM AREA RADIATION MONITOR HP-R-214 

NO. TP-104 

REV, 0 

1 5 .  Noti fy Shi ft Supervis or/Shi ft Foreman of end o f  tes t o n  HP-R- 214.  

I hereby cert i fy that this  Test Procedure has been comp l eted as written and that 
a l l data has been correctly entered and fi l ed as reques ted . 

TEC

. 

Repres entat i veQ7 $__.::;#' '1/r)ra 
i gnat ure/Oate ' 

Instrumentat i on 

15  of 15 PAGe ---

· · ---- ·-· · ··----· · · . 

Si gnature/Date 
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JOB TICKET (WORK REQUEST) 
REVIEW - CLASSIFICATION - ROUTING CONTROL FORM 

JOB TICKET NUMBER (: c:, r .:1 :Z 
1 .  Does work represent a change or modification to an existing system or component? I f  yes, an ap­

proved change modification is required per AP 1 02 1 . 

2a. Does work requires an RWP? 

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

3a. Is work on a OC component as defined in GP 1 008? 

C/M No. A/A 

3b. If 3a is yes does work have an effect on Nuclear Safety? If 3b is yes, PORC reviewed Superinten­
dent approved procedure must be used. 

4. Agreement that a PORC reviewed, Superintendent approved procedure is not required for this 
work because it has no effect on nuclear safety. !Applies only if 3a is Yes and 3b is Nol. 

UNIT SUPERINTENDENT DATE 

5a. Is the system on the Environmental Impact list in AP 1 026? 

Sb. If Sa is YES, is an approved procedure required to limit environmental impact? 

6. Agreement that 5b is No. !Required only if Sa is Yesl. 

UNIT SUPT:!J(-OF OPERATIONS DATE 

7. Plant status or prerequisite conditions required for work. !Operating and/or shutdown) 

8 .  QC Dept. review, if required in  item No .  3 .  
_ _  , 

QC SUPERVISOR DATE 

9. Does work require code inspector to be notifred? 

1 0. Supervisor of Maintenance approval to commence work: 

/'/,C .-, ·t "r- /' /l-:-1.->' /� / ./ //. ,> 
·· ;/' ·-:, ./� -_.::. .._. . - - r ;  t..- · _ _ - " . __ .,.. ·.. ·, · ... ,- . Date · ' .  , ..- ---... �---------��-/�����--�_. ______ ___ 

1 1 . Maintenance Foreman Assigned: 

Yes 

Yes 

Yes 

Yr · 

Yes 

Yes __ _ 

Yes ---

Yes __ _ 

1 2. Code Inspector Notified. Name: Date 

No t/ 
No v 

No v 

No 
._/ ---

No v 

No ,_,/ 
No � 

No /....-"" 

1 3. Shift foreman·, approval to commence work: 9��""""""'zr .... · ... ��dPt"""'"'· -�..;..�-f.'------------- Oate
_

l:f
_j,_!

-
�
-
�

-
5"":
-
()
-
.
­

Initial if Shift Foreman s\gnature is not required . 

•• � .. :: • ..;:::-- ·· ;.::-.-· � . - 4 • ----- ·-·------· -- •• • 



TXN 
CD 1 

8 l o 1 4  
TX N 

CD 
1 
a J ols 

TXN 
CD 

1 
8 1 oj 1 

TXN 

1 
8 1 11 0 

• 

SVS 

5 
II-' P I  

G EN ERATION CORRECT I VE MAINTENANCE SYSTEM 
CM STATUS ACTIVITY F O RM 

P age A- 1 9  

COMPONENT DESIGNATOR 
. 

L 

COMP. COMP. 0 
TYPE I D. 0 

p 

� 1 2  1 6  
R LQ ;  I 1- j, 

LOCATION UNIT 

1 7  22 
ojJ s l o 0 2 

JOB 
TYPE 

123 2� 
C M 

WOR K 
AUTHOR IZATION 

NUMBER 

128 32 �c l; l :� l �  ·r 

REQUEST DATE 

MO DAY YR 

33 38 
al1 ! I v a 0 

� 
A 
c 
T 4 
A 
A 
c 
T 4 
A 

A 
c 
T 

4 
A 

A 
c 
T 

4 
A 

147 

I �  
T 

Is'!. 
·"'� 
Q'\ 

ECM 

NUMBER 

51 

RESP. LOCATION pR CONTRACTOR 

i67 71 
r) ;, l� tJ 

. 

p 
R ASSIST ING 

p 
R ASSISTING 

T CONTRACTOR T CONTRACTOR y y 

J I 
PURCHASE REQUISIT ION PURCHASE ORDER 

NUMBER NUMBER 

59 66 167 73 
I I 

S/M APPROVAL F IELD WOR K 
STATUS HQ.D TO COMMENCE COMPLETION 

" WO�K DATE 
COD E START DATE R E LEASE DATE COMPL MO OAY YR MO DAY YR 

39 40 41 45 47 52 53 55 Iss I I 61 162 I I 67 

� � � � � W/; � I I I I I I 
0 _1 1  i I I _l I I OUTAGE HOLD 

0 I 2 .1_ I I _I I PART HOLD 

0 1 3 I I I _l I QUA LITY CONTRO L PART HOLD 

0 1 4  _l I I I I I QUAL ITY CONTROL PROCEDU R E  HOLD 

0 I b I I _l I I OPERATIONS HOLD 

O J & l I I I I I CHANG E  MOD I F ICATION HOLD 

0 t 7 1 I I I I ENG I N EER I NG HOLD 

0 1 8  I I I I I PLA N N I NG HOLD 

j _l I I I I I 

5 _l 0 _l I I I I I MANPOWER NOT AVAI LAB LE 

�- _l I I I I AT POR C  

5 1 2 I I I J I I AT QUA LITY CONTROL 

5 1 3 I I I _l I I AT U N IT SUPER I NTENDE NT 

's 1 4  .1_ I I I AT R EADING . l5._ _l 5 L __ I --W-- I I POST MAINTENANCE TEST HOLD 

5 1 6  I I I I AT ALARA 
TMI 199 !> �0 _ 


