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information, apparatus, product or process dtsclosed, or reprc.sentathat tis use would 

not infringe privately owned rights Aeleronces herein to any spectlic commerctal 

--product;· ptocess; or Mrilice by trlde name, trademark-,manulecturer, or-otherwiSe,-- . .  _ . . .  

does not necessarily constitute or imply Its endorsement, recommendllton. or lavoung 

by the Untied States Government or any agency the· The V18WII end opimons ol 

authors expressed herein do not necessarily state or reu.... those of the United States 

Government or any agency thereof. 



. ) 
i 

I 
I 

I 
' 

.------DtiCLAIMI� -----
f+l<t..,.,..-,• lt!.._lo'......,....t�<lfl' li'HI 1"11 ,._, -,.;.,o•oQih r ......... ;;..II"-. IJ"•'-lfJI.riP\Q.I...-"1-! 
•··- •r. .. ,,. ·lllfJ !\'"'" !_...-�....-.· ... � .... , .,.... ' """" ... ' "<>"...., (1, ,......, .....,..!!'? ............ ...... 
_ • ....,,, """'''"' '" ""t'•-1 " ,..,.,,._ ll'>y ........ ,,...,,_ ""' • ....,.._tH••� lflol 1 .... ¥tv''" 

, .. li'"''-' ,,. 1•1··"- ·•' ...... •"1·•' ..... """ *,...,,.,. t""d#l ,,. IJI'<� 1•W.__., •• 
"·v�._...,, '"' '' ,.,. <'!IIi:'"'"' ·�,· .. t..,,. ,,,,._,.,t ,·� •4"'h •• ,..,.... • .__ ,_ ...., ,.....,,., 
,, .......... . .,. , •••• ,, •• �- . .... . .. --�--· ''" , • .,. ........... .,.._., .......... _..,,.... ., 0 ........... ..._ 
�·· .... ,...,_., .............. .,. . ...._ •• • , � .. .... _, ......... � ...... "''tl«t"·"''l t>• .... lt*'-t,fi 

,, .... ':r .,.... .. _. "' ... ¥ ...,...,. f ......... � ... ... ,. t!"'d •OQI .... ..., ,. ,.,.t"oo'\ "�!�.,.._, -..... "'' ,...,, 
""' ·- '• •t••• .� ..... ·-"· , ...... "-t� !.'"'" �-.. -· ,. ............. � � .... -• 

GE,..O-INF-017 
Volume VIII 

FIELD MEASUREMENTS AND INTERPRETATION 
OF TMI-2 INSTRUMENTATION: HP-R-212 

J. E. Jones 
J. T. Smith 

M. V. Mathia 

GEND-INF--017 Vol. 8 

DE82 010679 

Technology for Energy Corporation 

January 1E 

Published on Behalf of the GEND Group 
by 

EG&G Idaho, Inc. 
Idaho Falla, Idaho 83416 

Prep��red for the 
U.S. o.,.rtment of Energy 

Thi'M Mile lallnd Opentlona Office 
Under DOE ContrHt No. DE·AC07·711D011l0 



TA�LE OF CONTENTS 

Section 

l. INTRODUCTION 

2. INSTRUMENT LOCATION, CABLING, AND TERMINATIONS 

3. MEASUREMENT PROCEDURES 

4. MEASUREMENTS 

5. SUMMARY AND INTERPRETATION OF MEASUREMENTS 

5.1 Sunma ry of Mea su remen ts 
5.2 Interpretation of Measurements 

6. CONCLUSIONS 

APPENDIX 

111 

1-1 

2-1 

3-1 

4-1 

5-1 

5-1 
5-6 

6-1 



LIST OF FIGURES 

Figure Page 

2-1 Area ftbn 1tor HP·R-212 2-2 

2-2 Sketch of Instrumentation for HP-R-212 2-4 

2-3 Functional L4yout of Detector and Readout Module 2-5 

2-4 Electrical Circuit of Detector Card 2-6 

4wl Typical Fluctuations Present on Checlcsource Line 1 4-2 

4-2 Typical Fl uctuat1 ons Present on Check source Line 2 4-3 

4-3 AC Varfatfon on the 600V Power Supply 4-4 

4-4 AC Variations on the Signal Output- 4-5 

4-5 AC Var1 at ions on the lOV Power Supply 4-6 

4-6 Typical Fluctuations Present Between Grc::"md-AC Ground 4-7 

4-7 High Frequency Spectrum of lOV Power Supply 4-8 

4-8 High Frequency Spectrum of Signal Output , 4-9 ' ' ' j 

4-9 High Frequency Spectrum of 600V Power Supply 4-10 

4-10 Low Frequency Spectra of 600V Power Supply 4-11 

4-11 Low frequency Spectra of Sig,nal Outpu,t 4-12 

4-12 Low Frequency Spectra of lOY Power Supply 4-13 

4-13 TOR Traces from the Checksource Lines 4-16 

4-14 TO R  Traces from the 600V Power Supply Cable 4-17 

4-15 TOR Traces from the Signal-In Cable 4-18 

4-16 TOR Traces from the lOV Power Supply Lines 4-19 

1v 



� ··-·· ·_,,.., , ..,, ' ; .... , ;�..,• _.,_ ............ . _. __ _,..,,.. . ..... - . . ...... -· � ..... . . ... � .. .. ..... ,. . ... .. _ · ·�-· · . ...... · · ··-··- .. - .. .. �� .......... ___ , . .  . 

LIST OF TABLES 

Table -

2·1 Termination Points for HP·R-212 Measurements 

4-1 Capacitance, I.pedance, and Rtjistance Measurements 

5-1 Characteristics of MaJor Signal Lines 

5-2 Comparison of Measured Detector Resistance 

5-3 · Su111111 ry of TOR Measurements 

v 

Page 

2- 3 

4-15 

5-2 

5-4 

5-5 



t· . , 
I 

m 'Prarsw mrensesertrrmn=r ns · wmwr.1 

f••l•'• , .• ,..,. • •-•••·-·"·� ···""--· ·-·""',. -·- .... ..... ., • ., .,, .,., ,,. ,  .. ", .. - .• �,.•••• '' ''' ·-••• .._,_ ,,, " , ,._. _ _. • .,., .,.,, .,.�,..,. • •  _.._.,.,.. ... � 

.. 

1. INTRODUCTION 

During and following the TMI-2 aecident, a number of instrument• failed 

or were suspected of providing erroneous readings. Because of this 

problem, industry concerns were focuud 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 

tharacteristics. For some instruments. these measurements were to be 

per formed prior to removal (and replacement with new instruments) in 

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

other instruments, an indication o f  the condition o f  the instrument 

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

This report provides the information gathered by TEC on·the area 

radiation monitor HP-R-212. This detector was located at 305 feet 

elevation inside containment. This fnstrument consisted of a Victoreen 

Model 857-2 detector assembly connected to a Victoreen Model 856-2 panel 

alarm and approximately 1200 feet of interconnecting cable. This 

instrument was believed to have failed due to a constant 45 mR/hr 

radiation level indication and due to a lack of response to the manually 

activated checksource 1n the detector. As a result of this failure. the 

detector was a candidate for early replacement to provide long-term 

radiation monitoring capability inside containment. 

1-1 



2. INSTRUMENT LOCATION, CABLING, AND TERMINATIONS 

A review of appropriate drawings from V1ctoreen and Bums & Roe 

(itemized 1n the �pendh in the measurement procedure, page A-5) 

resulted in the composite electrical diagram shown in Figure 2-l. From 

this information, Table 2-l gives a list of the appropriate termination 

points for performing measurements in the Control Room in Cabinet 12. 

Also noted in F1gur e 2·1 are the c�ble lengths pulled during instrument 

installation (before final trimming) between each termination and/or 

junction point. 

The detector assembly is a Victoreen Model 857-2 which is shown 1n 

Figure 2-2 along with required interfacing connections to the readout 

module. Figure 2-3 shows the function�l layout of t.he detector and 

associated readout module. Tti1� assembly h a "!llldium range .. device 

with a range of. 0.1 to 104 mR/hr • .  Pn electrical diagram of the detector 

circuit is shoft'n in Figure 2-4. As shown.· in Figure 2-1, the circuit 1s 

somewhat compHcated by the presence of ·a remote. alarm/meter and a · 

second remote alarm .which are used as local indicators of the radiation 

levels. 

Since measurements were being made in the control room, there was no way 

to remove the effect of the remote alarm/meter (attached to the signa 1 

line) from the observed 1n strument response. However, si nee the remote 

alarm/meter was located outside conta1nment, 1t did not experience the 

severe operat1ng env1ronments and thus was not considered to present any 

measurement problems. (The remote alarm was lo�ated .inside containment, 
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Table 2-1 

, _ _.... ·--·---· -···--·-·-·· -�-···· .. . ' 

TERMINATION POINTS FOR HP-R-212 MEASUREMENTS 

+10V Power Supply 

+600V H1 gh Voltage 

S1 gna 1 In 

Ground· 

CS** 

CS** 

*From cable IT1870I 

Cabinet .12 Identification*. 

TBll0-8 

TBll0-5 

TBll0-6 

TBll0-10 

TBll0-1 

TBll0-2 

**CS • Checksource coil pos1tive and retum ;con.ta�ts (exact 1dent1f;1cat1on 
not necessary). ' · · 



Remote A1arm Meter 
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Readout Modules 
856-2 
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Detector 857·2 

Remote 
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Figure 2-2. Sketch of Instrumentat1on for HP-R-212. 
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but was isolated from the signal line by the remote alarm/meter 

circuitry.) Similarly, the Hodel 356-2 Readout Module, located 1n the 

control room, was not specifically considered to be a source of instru

mentation problems excspt 1n its function of supplying power co the 

detector assembly. 



3. PREPARAT I O N  OF MEASUREME NT PROCEDURE S 

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

review of the V1ctoreen Area Monitor Operation Manual , th'! major types 

of measurements to be performed were 1dent1f1ed as: 

1. Deter�ine as-found condition of Readout Module and Remote Meter 
and record s1 gna 1 output 

2. Perform passive measurements (i.e., passively mc;11tor s1gnal s) 
on each electrical connection consisting of time domain 
waveforms, very-high frequency spectrum analysis {i.e., MHz 
region), and frequency spectra below 100 kHz 

3. Perform resistance, capacitance, impedance, and Time Domain 
Reflectometry (TOR) active measurements {1.e., actively intro
ducing a test s1gna1). 

These measurements were des1gned 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 �pendix contains the detailed procedure wh1ch was 

followed during the measurement program, and a suntnary of measurements 

1s presented 1n the next section. 



4. MEASUREMENTS 

Since the output of HP-R-212 was designed to cover the range of 0 to 

+10 volts, the signal could be directly measured without am911ffcation. 

Before performing measurements, the readout of �P-R-212 indicated 

45 mR/hr for the ganma dose fnside containment. Activation of the 

checksource had no effect on the output reading. 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: 

10 V power Supply @ 10.1 V 

Signal Out @ 4.3 VOC 

600 V Power Supply @ 469 VDC 
@ 599 VDC (no load) 

Checksource @ 13.8 ma. 

The next measurements consisted of photo·graphing the output waveforms of 

the checksource, Signal In, and power, supplies from :a storage 

oscilloscope. Figures 4-1 to 4-6 show the results of these time trace 

measurements. Along with the, time tracu·, both high and low frequency 

spectra (frequency dorna1n) were taken of the Signal In and power 

supplies. Figures 4-7 to 4-9 show the measured spectra over h1gh fre

quency bandwidths (>1 MHz), wh1le Figures 4-10 to 4-12 show spectra over 

bandwidths below 100 kHz. 

Following the frequency spectra measurements, electrical calibration was 

performed on the HP-R-212 readout module by a TMl technician. No signi

ficant adjustments were noted during th1s cal1br,ation. (See calibration 

4-1 
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Photo # 102-1 

Time - Smsec: 

(.ain - O.lV/div 

Figure 4-1. Typical Fluctuations Present on 
Checksource Line 1. 
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Photo #102-2 

Time - 2mse<: 

Gain - O.lv/Div 

Figure 4�2. Typical Fluctuat1ons Present on 
Checksource L1ne 2. 



:'hoto #102-3 

time - SOiJsec 

.;ain - lOmv/div 

Photo #102-4 

Time - Smsec 

;ain - lOmV/div 

Photo #102-5 

Time - O.lmSec 

;ain - 20mV/div 

Figure 4-3. AC Variations on the 600V Power Supply. 
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Photo .11102-6 

Time - S!Jsec 

::ain - 2V/div 

Photo #102-7 

Time - lO).Isec 
Gain - 2V/d1v 

Figure 4-4� AC Variation' on the Signal Output. 
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?hoto #102-8 

Time - 10�o�aee 

Jain - 50mV/cHv 

l'hoto #102-9 

Time - 2rnaee 

•Jain - 50mV/div 

Fi gure 4-5. AC Vari ations on the lOY Power Supply. 
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?hoto #102-10 

Time - 2�sec 

}ain - 0.2V/div 

Photo #102-11 

Time - S1111ec 

tiain - 0. 2V/div 

Figure 4-6. Typical Fluctuat1ons Present Between 
Ground-AC Ground. 
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Figure 4-7. High Frequency� pectrum of lOV Power Supply. 
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Photo #102-13 

BW - 30 kHz 
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Figure 4-8. High Frequency Spectrum of Signal Output. 
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Figure 4-9. High Frequency Spectrum of 600V Power Supply. 
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Figure 4-11. Low Frequency Sprectra of Signal Output. 
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data sheet in the �pend1x on page A-20.) After electrical calibration, 

power was removed from HP-R-212. The test fixture was removed and all 

signal lines from cable IT1870I to cabinet 12 were disconnected. 

A series of active measurements (1.e., actively introducing a test 

s1gna1 into the circuit) was then performed. Table 4-1 shows the 

results of capacitance, impedance, and OC resistance measurements on 

some of the field cable 11nes (see �pendix pages A-14 and A-16 for a 

complete set). A set of TOR measurements was taken on the signal lines 

to determine possible cable defects. These TOR traces are shown in 

Figures 4-13 to 4-16. 



Table 4-1 

CAPACITANCE, IMPEDANCE, AND RESISTANCE MEASUREMENTS 

Ca�acitance {nF) Iovedance {ohms} Resistance 
Signal 100 Hz 1.· kHz .100 kHz 100 Hz 1 kHz 100 kHz (ohms)* 

Check source (+) -9.84 JJF -5.44 aJ= 838 69.1 75.4 4.23 38 {40) 
Check source (-) 

+600 v -400· 22 -3.8 pF VAR** VAR 2.08 >2 M 
Ground 

""' 
Si�al In VAR 30 -4 pF 4.9k 4.9k 1.88 9.94k {7 .4k) I 

..... 
Shield U1 

+10 v 6 uF 4.6 pF 186 250 51 30 15.2k (7. 7k) 
Ground 

Ground {field) VAR -76 pF 43 1 4.4 39 
Ground {cabinet) 

Si�al In 8.7k (7.lk) 
+10 v 

*Values in parentheses are reverse polari�y values. 

**Indicates variable response. 
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STRIP CHART 102-l 

TBllO: 1 to 2 

Signal - Check Source 

etting - 500rnp/div 

hang� - 52.6 ft/div 

'ensitivity - 0.5 

15 hz filter 

lnd plot begin s  @ 800 ft. 

�ahie dielectric - other 

Figure 4-13. TDR Traces from the Checksource Lines. 



STRIP CHART 102-2 

TBliO: 5 to 10 

Signal - 600V 

4-17 

cetting - 500mp/div 

Ran6e - 52.6 ft/div 

Sensitivity - 0.5 

15 hz filter 

2nd plot begins @ 800 ft. 

Cable dielectric - other 

Figure 4-14. TOR Traces from the 600V Power Supply Cable. 



STRIP CHART 102-3 

TBllO: 6 to 7 

Signal - Signal In 

4-18 

�etting - 500mp/div 

Range - 52.6 ft/div 

Sensitivity- 0.5 

15 hz filter 

2nd plot begins ® 800 ft. 

Cable dielectric - poly 

Figure 4-15. TOR Traces from the Signal-In Cable. 
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STRIP CHART 102-4 

TBllO: 8 to 10 

Signal - +lOV 

Setting - 500mp/div 

Range - 52.6 ft/div 

Sensitivity - 0.5 

15 hz filter 

2nd plot begins @ 800 ft. 

Cable dielectric - poly 

' '  

Figure 4-16. TOR Traces from the 10V Power Supply Lines. 



5. SUMMARY AND INTERPRETATION OF MEASURE MENT S 

This section presents a surrmary of the interpretation of the measure

ments taken on HP-R-212. This interpretation is intended to indicate 

the condition of the device based on observed data. 

5.1 SUMMARY OF MEASUREMENT S 

The 10 V power supply measurements indicated a 10.1 VDC output value, 

which is  within the expected range. The 600 V power supply was measured 

at 469 VDC when connected to the detector assembly, but 599 VDC when the 

connecting cable to the assembly was removed. This indicates an 

excessive load on the h1 gh voltage due to some problem in the detector 

or cable, or a defective power supply. The Signal In measurement pro

duced a 4.3 VDC reading, which is lower than the expected value of 

s.o VDC for a o-
·
10 V pulsing output. Measurements on the checksource 

produced a 13.8 rna current load, which indicates the electrical path 

through the checksource co1l i s  intact. 

The time traces and frequency spectra were used to summarize the major 

characteri sties of the measured waveforms. Results of th1 s summary are 

presented 1ri Table 5-1. Both the power supplies exhibit normal charac

teristics when compared to other TMI-2 measurements. The only indica

tion of a possible problem is from the relatively large 100 mV P-P 120 

hertz ripple in the 10 V supply; however, this fs not beli eved to be 

large enough to cause failure of the instrument. 

5-1 
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51 gna 1 

Signa 1 Out 

600 v Supply 

10 v Supply 

5-2 

Table 5-l 

CHARACTERISTICS OF MAJOR SIGNAL LINES 

Frequency An1)11 tude 

0 (DC) 4.3 v 
60 Hz and Harmonics 5.6 mV RMS 
40 kHz 1.1 V RMS 

Total �ectrum 6 V P-P (1.3 - 7.3 V) 

60 Hz 12.7 mV RMS 
16 kHz and Harmonics <l mV RMS 
20 kHz and Harmonics 4 mV RMS 

Tota 1 �ectrum 60 mV P":'P 

120 Hz laO mv
'
P-P 

20 kHz and Harmon� c s 32 mY. �MS 

Tota 1 �ectrum 200 mV P-P 
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The Signal In waveform would normally be 0-10 V pulses with a frequency 

proportiotial to the radiation present. The oscilloscope photograph of 

the Signal Out line (Figure 4-4) shows that the output 1s a periodic 

waveform of approximately 6 volt peak-peak variation (and a 4.3 volt 

offset). Frequency spectra show the frequency of the signal to be 40 

kHz and nearly sinusoidal. Resistance data (Table 4-1) similarly 

indicate a problem among the Signal In, +10V, and Shield lines. 

Table 5-2 gives a comparison of resistance data from a new detector 

assembly to that from HP-R-212. All resistances are higher than for the 

new assembly. but only the Signal In-Shield (+) and the Shield-10 V (·) 

show a significant in�rease. 

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

quantitati�ely interpret due to active components in the circuitry, but 

qualitative results are possible. Very low effective capacitance values 

would be expected from most signal lines. except for the +10 V to ground, 

which has a 100 pF capacitor present. The checksource lines indicate 

the presence of the coil inductance (negative capacitance) which is also 

expected. Impedance data is reasonable and exhibits major trends 

expected from the circuitry such as reducing values at higher frequency 

for the 51 gna 1 In. 

The results of TOR measurements pe�formed on the cable (shown in 

Ft gures 4-13 to 4-16 are sunrnarized 1n Table 5-3. Note that the lengths 

identified in the table are only approximate, since no calibration of 

the cable resistance and material composition was performed on the TOR 

instrument. Some junction points were not identified by these 
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Table 5-2 

COMPARISON OF MEASURED DETECTOR RESISTANCE 

Measurement New Detector'* HP-R-212 
Point 

Signal 
Shield 

Signal 
+10 v 

Sh1 el d 
+10 v 

*Serial 

Notes: 

Po 1 ar1 ty + Polarity - Polarity + Polarity + 

In 8.78 7.25 9.94 7.40 

In 8.32 6.70 8.70 7.10 

7.40 11.80 7.70 � 

numbers 111 and 1405 composite data. 

(a ) All values are in ohms
, 

'' 103 unless otherwise indicated. 

(b) First signal to positive terminal. second s1gnal to negative 
terminal 1s considered Polarity +, . 

(c ) All measurement� made w.1th a Keithley 177 DVM or 
20 x 103 ohm scale. 

· · 
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Table 5.-3 

SUMMARY OF TOR MEASUREMENTS 

Dist ance 
Signal Lines (f t)* Descr111�1on** Probable Cause 

Check source � + � . 505 Point R Increase Remote Meter 
Checksource - 996 Point R Increase Penetration RS07 

1285 Continuous R Increase HP-R-212 Detector 

600 V Supply 515 Point R Increase Remote Meter 
Ground 1246 Continuous R Increase HP-R-212 Detectof 

Signal 505 Point R Increase Remote Meter 
Shield 1320 Continuous R Increase HP-R-212 Detector 

10 V Supply 28 9 Point R Increase (1) 
Ground 474 Point R Increase Remote Meter 

975 Point R Increase Penetration R50 7 
127.4 Continuous R Decrease HP-R-212 Detector 

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

*TOR to terminal block test cable (15ft) not incl uded 1n dist ance. 

**R 1s the abbreviation for resist ance. 

. ,:<1, 

' .  



measr1rements, but this 1 s  not unusual due to the cable lengths involved 

and the small res1 stance changes that 
''
wO'�ld occur at terminal block 

junctions. The only unusual inflection occurred on the 10 V power 

supply line which indicated an interface resistance at approximately 

289 feet from the control room. However, measurements did not indicate a 

resistance change on the 10 V line, and this was not considered to be a 

problem. 

5.2 INTERPRETATION OF MEASUREMENTS 

BascJ upon the observation of a periodic 40 kHz output on the Signal In 

line from the detector and the excessive lo�ding on the 600 V power 

supply, 1t appears that the Geiger tube has rl)led. If the tube failed 

in an ionized condition (i.e •• depletion of the quench gas). there would 

be an excessive current load on the 600 V power supply which could 

result in the observed drop in the supply voltage, Similarly, the 

detector assembly contains an "anti-jam" circuit which 1s designed to 

produce a periodic output upon saturation of the Geiger tube. Th1s was 

designed to pre'lent loss of signal 1 n  the event of over-range radiation 

levels, but would also be triggered by a "shorted" tube. 

In addition, the output of the detector should consist of 0-10 v pulses 

even 1f the "anti-jam" circuit is active. The observed output was 

nearly sinusoidal, ranging from approximately 1.3 V to 7.3 V, and 

resistance measurements indicated an increase in the expected values. A 

review of the detector circuit shows that this behavior could be 

explained by a failure of transistor Q7. The measurementS indicate that 



, 

6. CONCLUSIONS 

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

HP-R-212, there is an indication of failure of the instrument. The 

observed output signals and resistance measurements suggest that the 

Geiger tube is in a continuously ionized state and that the output is 

being generated by the "ant1-jam" circuit. Also, there is an 1ndicat1on 

that one of the output driver transistors, Q7, has failed. The result 

of these fa1lures is a nearly sinusoidal 40 kHz output that spans 

approximately 6 volts peak-peat and is erroneously interpreted as a 45 

mR/hr detector response by the readout modu1e. 

6-1 
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Unit No. ___ $ ___ _ 

· Page A-2 
WORK REQUEST PROCEDURE 

TM I Nuclear Station 

Maintenance Procedure Format and Approval 

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

t Procedure Title & No.: 

Wit , i)� �--' d.-1 e #'..4.Mit 
2. Purpose: .. 7;" � �·� � �� � ,-t.-. 

�'L�·· . . .. 
3. Description of system or component to be worked on: 

4. References: V,�-m� 
--------------------------�·-·---------------._ _____________________________________ ___ 
S. Sp�cia l Tools, and Materials required. 

6. Detailed Procedure (attach additional pages as required) 

Supervisor ot Maintenance recommend• approva(..�.· "-"��'¢---
• PORC RECOMMENDS APPROVAL � � 
Unit No.1 Chairman _______ Date _____ Unit No.2 C hairman. _______ Date ------
• UNIT SUPERINTENDENT APPROVAL 

Unit No. 1 ------- Date
_�...-�-

Unit No. 2 

• Standing Procedure ---- --�---�------
Supervisor of OC 

----- Oat& ------

Oate 

• Note: These approvals required only on Nuclear Salety lhlated/RadiaLion work permit Jobs .. 
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TITLElN·SITU HEASUREMENTS OF CABLES AND 
S IGNALS FROM AREA RADIATION MONITOR 
HP·R·212 

NO. 
TP-102 

REV. O 

Technology for Energy Corporallon APPROIED';:?((r/ �J.t�; 
PROCEDURE . M. V. Mat his • Oi r�ctor, Tech. Serv. Oi v. 

DATE 

9-12-80 

PURPOSE: The purpose of these measurements is to gather basel 1ne data an·d infor
mation in preparation for possible removal and replacement of Area 
Radiation Monitor HP-R-212 from the reactor building TMI Unit 2. The 
tests specified in this procedure are designed to assess the condition of 
the in-containment instrument module (garrma detector), associated . 
cabling, and readout devices • .  This assessment will require the use of 
Time Domain Reflectometry (TOR). Impedance (Z). Spectral Analysis 
{frequency domain), special calibration measurements, and general 
oscilloscope observations (with recording) of waveforms from/to the unit 
under test (UUT}. 

PROCEDURE {ADMINISTRATIVE}: 

A. Limitations and Precautions 

1. Nuclear Safety. Area radiation monitor HP-R-212 is part of a redun
dant AAH S.)'Stem at elevation 305'. The unit is not considered part of 
the engineered reactor s�feguards system thus has no nuclear safety 
relevance. 

2. Environmental Safety. Area radiation roonitor· HP-R-212 can be taken 
out-of and restored to service without producing a hazard to the 
environment. 

· 

3. Personnel Safetx. The test described herein produces no additional 
personnel safety hazards other than normally associated with per
forming instrument ca11brat1ons and tests. 

4. Equipment Protection. In the performance of each test described 
herein. care will be taken to insure adequate equipment protection as 
follows: 

a. In all cases actual test hookups to the Un1t-2 instrumentation � 

s ha 11 be made and verified by Instrumentation Personne 1 • 11. .... .,. 
'RrCOt4ue.e+•�u 'll �e,a,,t:,;,...,r:. &•1 1 I c.. t'6a.o; • 

b. All passive measurements (Spectra1 Analysis and Oscilloscope 
observations) of waveforms and signals from powered instrument� 
shall be performed using high input impedance probes or jnputs (Z • l 1 Meg ohm) to prevent loading of signals. 

c. In all Time Domain Reflectometry and Impedance measurements, power 
will be removed from the unit under test and lo1-t level test 
signals prescribed in Table 4-1 shall be utilized to perform cable 

1 of 15 
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---------------- Page A-4 
NO 

TP-102 

TEC 

Act 1 ve 

IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
TTnWE FROM AREA RADIATION MONITOR HP·R-212 

0 

integretary measurements on the appropriate instrumentation cables 
by inserting test signals on appropriate conductors of Cable 
IT1870I (terminations shall -be removed and replaced on TBllO of 
Cabinet 12). Should these tests reveal cable 1ntegretary prob1ems 

further verification measurements will be made at TBl of the 
appropriate Remote Alarm/Meter (Victoreen Model 858-3) located in 
the anteroom. 

Table 4-1 Active Measurements 

Signal Parameter Time Domain Reflectometry Impedance 

Voltage 225 m'/ nomina 1 
ohm base) 

(1nto 50 i 5V rms 

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

Curren� i lOrnA i lOOr.tA 

Other 225mV, 110 picosecond ---
pulses -
J 

d. In the calibration verification measurements section, baseline 
data on the as-found condition will be recorded prior to.the per
formance of any adjustments or electronic calibrations. 

B. Prerequisites 

1. The Shift Supervisor/Shift Foreman shall be notified for concurrance u1or tO the p
_
erformance g_f t�ose ... me��U!:_����s ... r,.i:�':""' :.�v.:.:..:. ':":::.:_�-� 

.• • •  ., .... , •• .._., . :Jii"'"' ,, ... f j  .. '"""' � 
,. 

• .... �'.•+ .... , ��. 
2. Instrumentation personnel s ha 11 be ass 1 gned to ass is't ·'in- the perfo� 

mance of these measure��nts. 

3. All measurements and test instrumentation sha11 be in current calibra-
tion (traceable to NBS). • 

PAGE 2 of 15 
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4. The Shift Supervisor/ Shift Fore�an shall be notified prior to starting 
and upon completion of the measurements. 

c. Procedure for Performing Measurements 

References : 

1. Victoreen Owg • .  No. 9045 50, Wiring Diagram Area ft)nitors Channels 
HP-R-211 & HP-R-212 { Sheet 5 of 11). 

2. Instruction Manual for G-M Area f.tllnitoring Systems, ft)de1 855 Series 
Victoreen Part No. 855-10·1� 

3 • Burns & Roe Dwg • 334 7, Sh. 6L and Sh • 6J • 

4. Burns & Roe Owg. 3043, Sh. 160. 

5. Burns & Roe Owg. 304 5. Sh. 34C. 

6. Burns & Roe Owg. 3045, Sh. 34A. 

7. Instruction Manual, Tektronix lll)del 1502 Time Domain Reflectorr.eter . 

8. Instruction Manual, Hewlett Packard ft)del 4274 Multifrequency LCR 
Meter. 

9. Instruct ion l".anual, He\'11 ett Packard Spectrum Analyzer (Model 141 T, 
8 5536, 85528 flodu les). 

10. Instruction Manual, Nicolet Model 444A-26 Spectrum Analyzer. 

11. Instruction Manual, Tektronix Model 335 OScilloscope. 

12. Instruction Manual, Lockheed Store-4 Recorder. 

13. Instruction Manual, Tektronix SC502 Oscilloscope. 

14. TEC COmposite Electrical Connection Diagram, HP-R-212 (see attached). 

Victoreen Instrument Company Owg. 9045 50 (Ref. 1) and B&R Drawings 3024 
(Ref. 3) show the appropriate terminat1on points for passive rreasurernents 
of signals from HP-R-211 as follows: 

3 of 15 
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 

TTnU! F ROM AREA RADIATION MONITOR HP· R-212 

Cable Cabinet 
Signal IT2994I 12 

+lOV TBll0-8 

600V TBll0-5 

SIG TBll0-6 

GND TBll0-10 

cs TBllO·l 

cs TBll0-2 

1. NOtify Shift Supervis or/Shift Foreman of s tart of test on HP-R-212. 

2. Verify power 1s applied to H?-R-212. 

�/ 

NO. 
TP-102 

REV. 

3. Record present s ignals and readings and 1ndicat1ons on 856-2 Readout Modu1e 
(Local & Remote). Record Signal-in at TBll0-6/7 and record output for 30 
minutes on Fr1 Tape Recorder. Remove recorder when finished. 

PAGE 4 of 15 
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I N-S I TU MEASUREMENTS OF CABLES AND SIGNAL S 
TTnUE FROM AREA RAD IAT I ON MONITOR HP-R-212 

Meter/ I nd i cator/Swi tch .b2.s!l. Rmte 

mR/hr Meter Read ing &!:. NLA 
Off-Op erate�Al a rm Funct ion  Switch  omarg N/A 

Fa 1 1  Safe Ind i cator On_Off� N/A 

Hi gh Al a rm-Res et Ind i cator on_6ff_ N/A 

NO. · 

TP-102 

REV • 

4 .  Us i ng a Ke 1 t h,
.
ey f.'bdel 1 7 7  OMM (or equi va l ent ) and an e rQstat i c  vol tme r 

{ Zi > 101 2  OHMS , Ra nge 0-2000 V ,  Preci s i on • + 1�)  rreas ure he DC vol t age or 
c urrent at  the fol l owi n g  tes t  poi nts . 

-

NOTE : For s i gn a l  

.. 
d .  i t  wi l l  be

. 
necess a ry to depre/s Fa · · Sa fe Check So urce 

pus h  but t o n  duri ng the rreas urement . . , 

. . 

PAGE 5 of 1 5  
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TTnUE FROM AREA RAD I ATION MON I TOR HP·R·212 

TP- ! 02 

REV. 

S IGNAL CAB I NET 12 TEST LEAD 

a .  TBl l0-8 �+ ) TBl l0-10 · ) 

b .  TBl l0-6 � +) 
TBl l0-7 - )  

*c .. TBl l0-5 � :� TB l l0 - 1 0  

**d .  . TBl lO- l (+ ) 
' ( open fi e l d  

s i de )  
TBl l 0- 1  ( - ) 
(cabi net 

s id e )  

*Us e �c�vol t mete r  
**Li n k  cl os ed �fter �Teas urement 

PAGE 6 of , 15 

II 

READ I NG 

( l OV )  10 · '  y 
( S I G  IN ) g � 3 

. S OUT C I N  �99 v .. Jh.e • . "'i-k-t.� 
( 600V ) 4/29 V . -:wt �-to.- L�ru.r 

· �.o  ""(;; e .. no.:t.:d. • 

(< 500 1M es t . )  ,.. , .B;fw.. Y/t'i},j':-:..:: 
:;t$ 

Nk� -j . 8 y � 

i.. '1\C<<""".J. �,fe.. 

9 "- � 
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I N·S I TU MEASUREMENTS OF CABLES AND SI GNALS 

T111.& FROM AREA RAD I AT I ON MON I TOR HP-R-212 

NO. 
TP·102 

• s .  Us i ng a Tekt ro ni x  Jlodel SC502 ( o r  equ i va l ent ) osc i l l os cope obs er¥e t he wa ve-
form at t he fol l owi ng test poi nts : 

S I GNAL CAB I NET 12 PARAMETER 

a .  TBl l0-1 
TB1 10-10 

b .  TBl l 0-2 
TBl l0 - 1 0  

. •c . TB1 10-5 
TB1 l0-l0 

. 

d .  TBl l 0-6 
TBl l 0- 7  

e .  TBl l 0-8 
TBll 0-10 

f .  TBl l 0-10 
TB501-30 

� *Decoup l e  cc Vol tage . 

cs 

cs 

+600V 

S I G  

+lOV 

GND 
ACGND 

. 

Photo l/2.�-1 · 

Ti me Base :ft'= 
Vert Ga i n ,  

Photo lO!l-:1 
Ti me Ba s e. ;.t"'s 
Vert Ga i n  J.:t.._ 
Photo Lt11 - 3  
Ti me Base .5Pp$ 
Vert Ga i n .IAinJl 
Photo /Oit5 
Ti me Bas e · · 

Vert Ga.i n ll_ 
Photo La� -a 
Ti me Bas e � 
Vert Ga i n � 

Photo Utl.:.. tQ 
Ti me Base � 
Vert . Ga i n � 

Photo Photo 
Ti me Base Ti me Base -

Vert Ga i n  -- vert Ga i n := 
Photo Photo 
Ti me Bas e T1 me Base 
Vert Ga i n  

-

Ve rt Ga i n  
-

-- -

Photo ta2: -f. Photo kl:l� 
Ti me Base � Ti me Base • .  
Vert Ga i n Vert Ga i n  

'!"\ 
Photo LDfl -7 Photo 
T1 me Base 'i!i!_ Ti me Ba s e  -

Vert Ga i n  Vert Ga i n  
-

Photo la!l. -S Phot o 
Ti me Bas e 1,;5 Ti me Bas e 
Vert Ga i n S1::t:DY Vert Ga i n  

-

-

Photo lOll -ll Photo 
Ti me Bas e ;)mS Ti me Bas e 

-
Vert Ga i n  .a:.:;u!. Vert Ga i n  

-

Sync the os c i l l os cope and p hotograp h the wa veform us i ng up t o  three t i me ba:. e 
a nd vert i c a l  gai n s ett i ngs . · ( The necess ity of 3 p hotographs wi l l  be det er
mi ned by v i s ual ana1 ys i s  by t h e  fi e l d  eng1 nee r . ) Ma rk the back of the p ho-
t ogra p hs  wi t h  the i nstrument t ag number and parameter meas u red . • 

PAGE 7 of 15 
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I NO. 
I N-S I TU MEASUREMENTS OF CABLES AND SI GNALS TP - 1 02 
FROM AREA RADIAT I ON MlN I TOR HP-R-212 I r:.EV. 

n 

US i ng a Hewl ett - Packard Sp ect rum Ana l yzer ( Models 141 T ,  85538 , and 8552 , or  
equi va lent ) perform a n  ana lys is of the fo1 1 0\'11 ng s 1 g nals for spect ra l co nte •1t : 

S I GNAL CABI NET 12 PARAMETER PHOTO # 

a .  TB1 1 0·8 +10V I C0.. .. 1 'l.  o,:.v �3cMil.�, S"oChHt/ Dni 

R+b: .. ; or:.; I "'�e./b . .  TBl lO·lO GNO 

b .  TBl l 0- 6  S I G  IN 
TBl l 0 - 7  GNO 

*c . TBl l0-5 +600V 
TBl l0- 1 0  GND 

lQ!l - 1 3  

LQ'J. ... I4 

IOJE ) "'Rot.\. O d.� 
II 

__ .. __ 

/( 

*Deco up l e  DC vol t a g e  ma x  i np ut to Sp ect rum An a l yzer 
( SOI/D C )  

Before p hotograp h i n g  each s cope d i s � l ay adj us t ana l yze r  for bes t s pect ra l 
res o l ut i on .  Record cr f t f ca l  ana l yzer pa rameters e . g . , R F  bandwi dth , RF ba nd
\'ii d t h  and s weep s p eed on rea r  of photog raph as wel l as param'!!t e r  ana l yzed . 

SPECTRUM I OENT FREQUENCY AMPL ITUDE ; RE�lARKS 

PACe a 0t ts 

I l I 
I 

�L ( . 

·· · · · ·  
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I N- S I TU MEASUREMENTS OF CABLES AND S IGNALS TtTLJ! FROM AREA RAD IAT I ON MJN I TOR HP·R·212 

NO. 
TP- 102 

7 .  Us i ng the Ni colet r-bdel 444 FFT Analyzer (or equi valent) perform 'FFT ana 1 ys 1 s  
o f  s i gn a l s  from the fol l owi n g  t es t  poi nts : 

S IGNAL CAB I NET 1 2  PARAMETER PHOTO I 

/0�- '  5' *a • TBl l0-5 +600V 
TB1 10·10 GND /0� - 1� 

b .  TBl l0-6 SIG IN  JO!.l"- 1 7  
TBl l0-7 GHO 1 0 �- 1 &  

c .  TBl lO·B +lOV Jo:J. - 1 9  
TB110-1D GND 

*Deco upl e DC vol tage i np ut to Spect r um Ana lyze r  ( SOVDC Max 1 nput ) · . 

· · 

0 
� 
0 

0 

0 

o. /00 b '-/; 
.. ( � t-t.. 
- 100 R. /-1-a 
_ ,  k l-ltT 

·- 1 (.')6 �t{-

I f  PSD pl ots from a ny one of t he three s i gna l s  s how hi gh o r  unus ual 
afll)l i t udes , ut i l i ze t he zoom fut ure to provide f i ner res o l ut i o n  and obt a i n  
P SD data i n  the frequency band qf i nteres t .  

a .  Ins i d e  Cab i net 1 2  perform usual e l ect roni c  ca l i brat i ons us i ng app l i cable  
i ns t rument s hop p rocedures . Attach a copy of t he i ns t rument s hop ca l i br11t i on 
data s heet and i dent i fy any s i gn i f i cant adj us tments 1 n  t he s pa ce bel ow :  . 

• .· -
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I N-S I TU �1EASUREMENTS O F  CABLES AN D  S I GNALS 
1111JE FROM AR EA RADIAT I ON MO N I TOR HP·R - 2 1 2  

Procedure 
Step Rema rks 

. �.cY 
�� �� 

See a t t ac hed i ns t rument s hoo o roced ure data s heet . 

I ns t rume nt Shop Proced ure No . 

NO. 
TP- 102 

Rat, 

---

9 .  Rerro ve a l l po1-�er from HP· R - 2 1 2  ( Ta g  Open TB50 1 1 1  nks 28 . 2 9 . and 30 per proce
d ure AP 1002 ) . 

1 0 .  Op e n  1 f nks for a l l f 1 e. l d  wi res from Cab l e I T1 8 7 0 1  at TB l l O ( Ca b i net 1 2 ) . 

PAGI 10 of 15  
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-E�-m · ��.. 
I N-S ITU MEASUREMENTS OF CABLES ANO SIGNALS 

T1TLE FROM AREA RAD IATION MONI TOR HP·R-212 

NO. 
TP-102 

TERMI NAL 
r (' � "'l',. I "'1 t-."j""" I ") \ 

SIGNAL IDE NT. 

\ , 
TBl l0-1 ( Bl ue )  c. s • 

. 
TB1 10-2 ( Orange ) c . s .  

TBl l0-3 (Wh ite )  Rem. t-'�ter 

TBl l0-4 ( Ye l l ow) . IT2996C H I  N .C  • 

TBl 10·5 (RG  59/U , 72 OHM) 600V 

TBl10-6 ( RG  58/U , 50 OHM) S IG  IN  

TB1 10-7  ( RG 58/U , 50 OHM) Shi e ld  
(for s i gnal ) 

. TBl l0-8 { Red} +lOY 

TBl l0-9 ( Green ) IT2996C Al ert N .c. 

TBl l0- 10 � Bl k )  GND 
RG 59/U , 72 OHM) Shi e l d  

1 1 .  US i ng the Hewl ett -Packard MDdtl  4274 (or equi val ent ) Impedance Bri dge meas ure 
the capac i tance and i mpedance of the fol l owin9 tes t po i nts : 

PAGI! 11 of 1 5  
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TEST PO I NT 
(1t�l>)  

FROM* 
( .BW1ek.j 

TO* 

CABLE WIRE  COLOR/TYPE CABLE WIRE COLOR/ TYP E 

a .  1 TlS70 I Bl ue ( 1 )  I T187 0 I  Ora nge ( 2 )  

b .  I T187 0 I  RG 59/U Cen t e r  ( 5 )  I T1870 ! RG 59/U  Sh 1 e l d  { 10 )  

e .  . I T1870 I RG 58/U Center ( 6 )  I Tl 8701  RG 58/U Sh i e l d  ( 7 )  

d .  I T187 0 1  Red ( 8 )  I T1870I  B l ack  ( 1 0 )  

e .  I T18 7 0 I  B l a ck (10 ; Fi e l d  I T187 0 I  T81 09-10 ( Ca b i net 
Si de )  S ide ) 

* Numbe rs i n  parentheses refe r to TB110 termi n a l  n umbe rs ( f i e l d  s i de ) . 

Record t he d a t a  requ i red bel ow: 

Tes t  Po i n t* Ca pac i t a n c e  

Freque ncy 100 Hz 1 kHz 100 kHz 

a .  ( 1/2 ) _,. e4p. F" -S':"tffF + 838 1\.F 

b .  ( 5/1 0 )  -eif'l-\F'" 
�2. l\ f=" -' 3 , 8p.F �Oo_Y.:_ __ . - -·-· · · --

c .  ( 6/ 7 )  �J.Ji'at 
*"""(IIICI'JA.) 

'30n I= iiJJM' 
_.::.::Jj � (!' 

d .  { 8/ 1 0 )  �p. l- 4.l, pF' 186 1\ F  
e .  ( 10/ l O ) t  NDISlr - '7tp F 43 "" F'  

Impedance 

100 Hz 1 kHz 

4> 9. ,  Jt 75.4 v'1.. 

?:-�� 
��·�� · i2_h�L -,L 

4. 9 /h'L 4.9£� ---
:!Su 1l.t SI JL ... ..... ----

I JL  4.4 /}, 

100 kHz 

4 . .2� 
rto£f�rt-.. 
J . eeJL 

--... - � - - .  

30 .. 'l; 
·-

3 9 ,.t ' . 

�� 

/ 

I 

\\ *Numbers i n  pa rent hes es refer to TB110 FROM/TO termi n a l  numbe rs  o n  fi e l d  s i de . \t F i e l d  s i de/Ca b i net s i d e  across open l i n k  • .  

�----:--....t---r----'-1-·-·- ·---. ����.:.:...::.:::.�..-.,� \;,,(o./fo\ - NO I�&' •1 �0 "-F l / 95""F . �!��\\.�) ! IIA'rt\.. 10 ' 'RG: S'S 
""+ (/'d, � \"" 

- -4--- -�----. ... _ 

'.f., ' 1\�1. ; I i, • L ·, 
"P''i� i  I 3"t" _ , fl... :a 

Oil\ I 
. · -- - - :-- ·- -- ... - · --
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I N-S ITU MEASUREMENTS CF CABLES AND S I GNALS 
111\J! FROM AREA RAD IATION MONI TOR HP·R-212 

NO. 
TP- 102 

REV. 
0 

1 2 .  US ing the Tekt ronix Model 1502 (or equ1 val ent) TDR un i t  perfo rm TDR meas ure
ments on the f 1 ve tes t poi nts gi ven 1 n  Step 1 1 .  Record da t a  be1 o\v :  

.. Ins trument Stri p 
Tes t Poi nt* Hi gh R Low R Sett 1 nos Cha rt 

@ N ft . @ N ft . Ampl Range Mul t  Numbe r  

( 1/2) .!ftC�.� ]0()�,� I JD'). - f 
a. 

If 10!2.-l  b .  ( 5/10) 

c. ( 6/7 )  
II  Jo'l - 3  

d .  ( 8/ 1 0 )  ,, j() O.. - -1-
e .  ( 1 0/10 )t . II Jt} 2 ... :;-

. 

*Numbers i n  pa renthes es refer to TB110  FROM/TO te rminal numb ers ( f i e l d  
s ide) . . .  

tField side/Cabinet s ide across open link . 

1 3 .  Us i ng the Kei t hley f-t>del 144 (or equ i valent OM.'1) perform res is t ance ��S u l·e
mt:!nts on the Tes t Points spec 1 f 1 ed and record val ue in space pro v i ded . 

PAGE 1 3 of 15 



-m:r 1u .. I w- w-

TEST POI NT 
· '· 

a .  
b .  
c .  
d .  
e .  
f .  
g . 
h .  
L 
� .  

. k .  
1 .  
m .  
n .  
o .  
p .  
q .  
r .  
s .  
t .  
u .  

NOTE : 

Page A-1 6 · NO. 
I N-SITU MEASUREMENTS OF CABLES AND SIGN,\L S 

TITLE FROM AREA RADIAT I ON MON ITOR HP·R-212 
TP- 102 

. 

POLAR I TY POLAR I TY 

From • +; To • - From • • ; To • + 

FROM LI NK TO L.I NK RESI SlANCE · R ESI STANCE 
{ f i el d  si de) ( fi el d  si d e) 

((', to  Q ' .  · "'.--;'"" I ? I 
. 

TBl lO- l TB1 1 0·2 39�'L -40.tt. 
TBl l0- 1 TB1 10-S · - r-- · 

TB l l 0 - 1  TB1 10-6 . _....._, ..........,. 

TBl l 0 - 1  TBl l 0- 7 �""-' ,......__ 
TBl l0- 1 TBl l 0- 8  ,.,.......,.. � 
TBl l O·l TBl l 0 - 1 0  ,......, .,....._ 
TBl l 0 -2 TBl l0-5  __, --

TB l l 0-2 TB1 1 0-6 ,-...., .,....._; 
T B l l0-2 . TBl l 0-7 ,.._, ·"""'-" 
TBl l 0·2 . TBl l o�s /""'oJ ,......__., 
T3 1 10-2 TB l l0- 1 0  : . . .,....._, . ,..._. 
TB U0-5 TBl l 0-6 .,.._, !"-" - ·  

TBl l0-5  TBl lO· / __, !"'-' 
TB l l0-3 TBl l 0-8 ""'-"" ,..._,.. 

TBl lO·S TS l l 0 - 1 0  · · A./ /'\.../ 
TBl l 0-6 . TBl l0-7 

' �·9-4 �� 7, "\- � Jt.. TBl l0-6 TBl l 0 - 8  . �: �  �.�� T B l l 0-6 TBll0- 1 0  :"J� ..rt 
TB l l0- 7 TBll0-8 7 . 7  h. A  IS". a \\ it.  
TB1 10-7  TBl l 0 - 1 0  t J\.  f wll, 
TB1 10-S TBl l 0 - 1 0  IS"· :l  \t!l. 1' " ;-�Jt. 

Clo se all l i nks on TBl lO (opened i n  Step 10 ) when f i n i shed wi t h  thi s st ep . 

14 of 15 
PAG! __ _ 



Page A- 1 7  

I N·S I TU  MEASUREMENTS OF CABLES AND SI GNALS TTnU! FROM AREA RADIAT I ON MONI TOR HP-R -212 

NO. 
TP- 102 

1 4 .  Not i fy Sh i ft Superv i s or/Sh i ft Foreman of end of t es t  on HP-R-212 . 

I hereby cert i fy t hat t h i s  Tes t  Procedure has been comp l eted as wr i t t e n  and that 
a 1 1  data has been correct l y  entered a nd ff l ed as requested . 

...;.._ _ _  , -

TEC Rep res ent at i ve J-Q, ·noc) P )"I . 
' 

Instrumentat ion  

ll!iAI'! • 15 o f  15  ,..,._a·---

gnatlur:e/Date 

ff JJ1 �}M tf/id� 
Si gnat ure/ Dat e  

' ' 
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JOB TICKET IWORK REQUEST) 
REVIEW - CLASSIFICATION - ROUTING CONTnOL FORM 

JOB TICKET NUMBER ______ _ 

1 .  Does wor k  represent a change cr modificat ion t o  a n  existing system o r  component? I f  yes, a n  ap· 
proved change modification is required pe r AP 1 02 1 .  

C/M No .. ____ .....,._ 

2a. Does work requires an AWP? 

2b. Is an approved nrocedure required to mmimize personnel exposure? 

3a. Is work on a OC compo nent as defined in GP 1 008 7  

3b. 1 f  3 a  i s  yes does work have an eHect o n  Nuclear Safety? I f  3b is yes, PORC reviewed Superinten· 
dent approvr;d procedura must be used . · 

4. Agre emen t  that  a PORC reviewed, Superintendent approved procedure is not requirP.d for this 
work b�cause it has no effect on nuc!ear safety. !Applies only if .3a is Yes and 3b i3 Nol. 

DUE 

5a. Is !he system on t he Env!r onmenral l mpDct l ist i n  AP 1 026? 

5b. I f  5a is YES, is an approved procedure required to l imit e nviron menta l impact?  

6. Agreement that  5b 1S  Nn. !Required only if 5a is  YesL 

U'l!f S�Pl  1$U?V JF  OPEAMIONS om 

7. Plan t status or prerequisite contlit ions required for work. IOperating a nd/or shutdown ] 

8 .  QC Dept .  rev1ew, i f  required in  item No. 3. 
;Vtr" 

--��---,--. . - ---·- -- "'"' " 9. Does work require code inspector to be not i fied? 

10 . 

1 1 . 

()AlE 

Yes No r-

Yes No r-

Yes No / --
Yes N o  / 

Yes N o  ,--

Yes No --- ---
Yes __ _ No ---

Yes __ _ No ---

1 2 . Code lnspec!or Nonlied. Name: -----H.,.._+-...,.,..--���---------- Date 

1 ;  S,,,,, fotemon's approval to commence wotk: '2._2_ � Oa10� 
ln 1 ! 1BI d Shrlr Forcm1:1n SIYZ.Is not re:U1red. rr-

T llll 1· 1 5<4  2·80 



.. 

( 

.. 

f 

SYS 

5 

I�I P I 

G E N E RATION CORRECTI VE MAINTENANCE SYSTEM 
CM STATUS ACTIVITY FORM 

Page A-19 

COMPO N E NT DESIGNA TOR 
LO CATI O N  U N IT JOB WO R K  

L TYPE AUTHOR IZATION 
COMP. COMP. 0 NUMBER 
TYPE I D. 0 

p 

� 1 2 16 1 7  22 123 24 28 '1? 

'R 0 I� I · ';  o ] 3  .6 I o 0 2 c M 0¥� c 1.5 !£.. IG ','l 

R E Q UEST DAT E 

MO DAY Y FI  

33 38 

I� A , I -o a 0 

� 
A 

TX N c 
co T 

1 4 
a 1oJ 4 A 

A 
TXN c 

C D  T 
1 4 
a 1 a I s  A 

T X N  
A 
c 

CD T 

1 4 
a J a l 1  A 

A 
TX N c 

T 

1 4 

a I t  I a A 

-
ECM 

NUMB E R  

L4_1 ..51 
. 

� FI E SP. LOCATIO!'. 
p 

ASSISTI NG 
p 

ASSIST I NG R R 
T pR CO NTRACTOr T CONTRACTOR T CONTRACTOR 

y :6'6 
� 

167 ?1  

() .3 � ltv' 
PURCHASE R EQU I S I T IO N  

NUMBER 

59 66 

1 

y 

1 1 
PURCHASE OR DER 

NUMB E"' 
67 

J l l 
STATUS HQ.O 

CO DE.  � ST AR'l: OATE R E LEASE OA TE 

39 40 41 45 47 52 
� � � � � � � 
0 I 1 , .  . I . I I 

. ; I 

0 I 2 I I 

0 3 .  I I I I 

0 1 4 I I I I 

0 I 5 I I I 

0 1 6 I I I I I 

0 J 1 i I I i l 

0 a 1 I I I I 

I I I J L _l _l 

5 I Q I I I I ' i 

5 1 1 I . I I I I 

5 , 2  I I I l I I 

5 I 3 l I I I I I 

Ls_ .J 4 I I _l i _1 

. l_i I 5 L ... I · --t--1. - _1 t 

5 r &  I I I I 

7, 

S/M APPRO \I AL F I E L D WO R K  
TO COM M E N C E  COMPLET ION 

" WORK DATE 
COMP L.. MO DAY YR MO DAY YR 

53 55 Iss t _l 6J !117 I I "' 

l l l J t I I 
OUTAG E H O L D  

PA R T  HOLD 

QUA L ITY CO NTR O L  PA R T  HOLD 

Q UA L I TY CO N T R O L  P R OC E DU R E  HOLD 

OP E R AT IONS H O L D  

C H A N G E  MOD I F ICAT ION HOLD 

E N G IN E E R I NG HOLD 

P LA N N I N G  HOLD 

MANPOWER NOT AVAI LAB L E  

A T  POR C 

AT Q U A LITY CO NTRO L 

AT U N IT SUP E R I N TE N D E NT 

AT R EA DI N G  

POST M A IN T E N A NCE TEST HOLD 

AT A LA R A  
™' 1 99 '! 1'10 



,. Page A-20 MT X- 50 1  

D ET ECTER 

Mode l ...-___ _ 
Se r i a ----

FCK De s i red As As 
Pos i t . Mr. /Hr . Found Left 

C l o s ed I/ 
I te r .  /fj �i 
Op en I 1 /  

Ra temeter 

De s i re d  I As As 
Mr/Hr r·l v .  Out Fou nd Left 

10
4 

; 

l . OOV +, 979 z. 

10
3 . 8001/ -t. 7f? z, 

ro2 . 600V ·J, 5"1S'?. 
1 0  . 400V �� ,l)QO() 

1 . 200V .; . ::.t}.'?l 

. 1  . ooov � t'/1'1 ·  

EQU I P .  A.1k-�� SER . NO .  :S3o3fi::; 

E QU I P .  
1' . , SuCJ t l-CO - � ,q,.�� SE R . N O .  

I 

E QU I P .  SE R . NO • .  

Area Mon i tor 

RATEMETER 

Model
.,...... 

___ _ 
Seri a  -----

· To l er .  

Check Source Rdg . Mr/Hr 

Fa i l  Safe._· ___ : _. Vo1 ts 

Pwr . 
Tol e r. Sup p l y  

I .  

,/9 - 6 . 8V 

I ..... .i 
• , J rd . ov 

, { :�;I 22 . 0V 

. / .(v 
Al a rm 

""' 
• /J; I/ S e t .  P t .  

r.-. !,.; ,) 
' 

As 
Found 

' '-' �6 
. o� • 

..J • J. r.t1  •. # • 

..... ,'(/ lt:f , . " I 

.· 

As 
Fo und -

LAST CAL .  7-z s -'80 

LAST CAL • .  r;, ,q _ c;--() 
LAST CAL .  

As 
Left To l er .  

'± . sv 

:t .  1 v 

!3 . 0'/ 

As 
Le ft To 1 er . 

DUE 1 - Zf·'t'l 

DUE z - r1 - '? l  

DUE 

PERFORt·�E D G Y  -r-:-e. liJtA DATE .?" If:> ": 9'0 APPROVED BY DATE ----��--- �----

O · :.: r 
s �c t i o n  



• 

STRIP CHART 102-5 

TB l lO :  1 0  t o  10 

S igna l - GND 

P ag� .'':-21  

�e t t i n g  - 500mp / d iv 

R a n ge - 5 2 . 6  f t / div 

S e n s i t i v i t y - 0 . 5  

1 5  h z  f i l t e r  

2 n d p l o t  b e g i n s  @ 800 f t . 

C a b l e  d i e l e c t r i c  - o t h e r  


