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1. INTRODUCTION 

Ourinq and following the TMI~2 accident, a number of instruments failed 

or were suspected of providing erroneous readinqs. Because of this 

problem, industry concerns were focused upon the behavior of instrumen­

tation under adverse conditions. To better understand failure 

mechanisms, the Technical Inteqration Office (TIO) contrdctp.d Technl)10'JY 

'For Energy Corporation (TEC) to perform field measurements 0'1 a set of 

selected TMI·2 instruments to determine in-situ operatinq 

characteristics. For some instruments, these measurements were to be 

performed prior to removal (and replacement with new instruments) in 

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

other instruments, an indication of the condition of the ~~strument 

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

This report provides the information qathered by TEe on the area 

radiation monitor HP-R-213. This detector was located at 347 feet 

elevation inside containment. This instrument consisted of a Vlctoreen 

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

alarm and approximately 330 feet of interconnecting cable. This 

.. instrumentwas beli.eved to have failed due to a constant off-scale low 

radiation level indication and ~ueto a lack of response to the manually 

activated checkso~rce in the detector. As a result of this failure, the 

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

radiation monitorinq capability inside containment. 
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2. INSTRLf'1ENT LOCATION, CABLING, AND TERMINATIONS 

A review of appropriate drawlnqs from Vlctoreen and Burns & Roe 

(itemized In the Appendh In the measurement procedure, page A.5) 

resulted In the composlte electrical diagram shown in Figure 2·1. Fro~ 

this Information, Table 2·1 gives a list of the appropriate termination 

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

Also noted in Figure 2-1 are the cable lenQths pulled during instrument 

1nstallat1on (before final trimminQ) between each termination 4nd/or 

,i unc t ion pol nt. 

The detector assembly is a Victoreen Model 857-2 whlch 15 shown ln 

F1~ure 2-2 along with required interfaclnq connections to the readout 

module. Flqure 2-3 shows the functional layout of the detector and 

associated readout module. This assembly is a "medium range" dev1ce 

with it ranqe of 0.1 to 104 mR/hr. An electrical diagram of the detector 

Circuit is shuwn in F1gure 2-4. As shown in Figure 2-1, the Circuit is 

somewhat compHcated by the presence of a .. r~ote. aI arm/meter tlnd d 

second remote alarm which are used as local lndicator~ of the 

radiat10n levels. 

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

to remove the effect of the remote alarm/meter (attached to the signal 

1 ine) from the observed instrument response. However, since the remote 

alarm/meter was loc~ted outside containment, it did not experience the 

severe operatinq environments and thus was not considered to present any 

measurement problems. (The remote alarm was located inside containment, 
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Table 2-1 

TERMINATION POINTS FOR HP-R-2l3 MEASUREMENTS 

S1gnal 

+ 1 ()V Power $upp 1 y 

+600V High Voltage 

S1<1n,,1 In 

Ground 

CS** 

C5·· 

·From cdb1e IT18701 

Cabinet 12 Ident1f1catlon· 

TBlll-8 

TBlll-5 

TB111-6 

TBI11-10 

TBlll-l 

TB 111·2 

"""CS • Checksource coil positive and return contacts (exact identif1cat10n 
not necessary). 



Remote Alarm Meter 
858 -2 

Readout I-1odules 
856-2 

Rack Chass is 

2-4 

Detector 857 -2 

Remote 
Alarm 

f§§§§ 

~ 0 

o ffi} ~ 
CJ CJ CJ CJ 
o 0 

Figure 2-2. Sketch of Instrumentation for HP-R-213 
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but was Isolated from the signal 11ne by the remote alarm/meter 

c1rcuitry.) Similarly, the Model 856-2 Readout Module, located 1n the 

control room, was not specifically considered to be a sOI.'.:e of 1nstru­

mentation problems except 1n its function of supplying power to the 

detector assembly. 

I 

i 

i , 



3. PREPARATION OF MEASUREMENT PROCEDURES 

As a result of generating the composite electrical diagralil and from d 

review of the Victoreen Area Monitor Operation Manual, the major types 

of measurements to be performed were identified as: 

1. Determine as-found condition of Readout MOdule and Remote Meter 
and recorn siqnal outPut 

2. Perform passive measurements (i.e., passively monitor siqnals) 
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 (i.e., actively intro­
nucing a test signal). 

These measurements were desiqned to verify the operation of the Readout 

MOdul e (espec 1ally the power supplies), but the focus of the medsurement 

was on the detector assembly, cab11,'q. and term1nations/r.onn~ctions to 

the assemhly. The Appendix contains tho detailed procedure which was 

followed <1urlnq the measurement program, and a summary of measuremerlts 

is presented in the next sect1on. 

3-1 



4. MEASUREMENTS 

Since the output of HP-R-213 was des1qned to cover the range of 0 to 

+10 volts, the siqnal coulo be d1rectly measured without amplif1cation. 

Before performinq measurements, the readout of HP-R-213 indicated an 

off-scale low value of less than 0.1 mR/hr for the gamma dose inside 

containment. Activation of the checksource had no effect on the output 

read~nq. The Siqnal In was then recorded for approximately 10 minutes 

on an FM recorder and various outputs medsured with a DVM. These 

measurements yielded the following results: 

10 II power Supply @ 11.1 II 

S 1 qna I IN @ 10.96 VDC 

600 V Power Supply @ 599 VDC 

Checksource @ 15.0 ma 

The next measurements consisted of photographlnq the output waveforms of 

the checksource. Siqnal In. and power supplies from a storage 

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

measurements. Alon'l with the time traces, both high and low frt!Quency 

soectra (frequency domain) were taken of the Signal In and power 

SUDol leSe Fiqures 4-7 to 4-9 show the measured spectra over hiqh fre­

quency bani1wit1tf'ls (>1 MHz). while Figures 4-10 to 4-12 show spectra over 

bandwidths below lQO kHz. 
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4-2 

Photo 4103-t 

Time-2msec 

Gain - 50 mV 

TB111-1 to 

TB111-10 

Check Source 

Photo #103-2 

Time - 0.1. msec 

Gain - 50 mV 

T8111-1 to 

!Blll-10 

Check Source 

Fi gure 4-1. Typi ca 1 Fl uctuat f NIS Present on Checksource 
Line 1. 
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Photo #103-3 

Time bas~ - 2msec 

Gain - 50 mil 

TB111-2 to 

TBlll-lO 

Check Source 

Figure 4-2. Typical Fluctuations Present on Checksource 
line 2. 
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Photo #103-4 

Time - O.l m:lec 

(;din - 20mV 

TB 111-5 to 

TBlll-l0 

.600V 

Photo #103-5 

Time - 5 msec 

Gain - 50mV 

T8111-5 to 

TBlll-l0 

.. 600V 

Figure 4-3. AC Variations on the 600V Power Supply. 
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Photo #103-6 

Time - 2msec. 

Gain - 2 mV 

TBlll-6 to 

TBlll-10 

Signal 

Photo #103-7 

Time - 20J.i sec 

Gain - 2 mV 

TBlll-6 to 

TBU1-to 

Signal 

Photo #103-8 

Time - lO\.lsec. 

Gain - 2 mV 

TBlll-6 to 

!Btll-10 

Signal 

Figure 4·-~. Ae \!lr;~-:ioi1s 0:-, t"t,; S~::"'.::l: Output. 
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Photo #103-9 

Time - 20\lsec 

Gain - 50 mV 

TB111-8 to 

TBll1-10 

+lOV 

Photo #103-10 

Time - 2msec 

Gain - 50 mV 

TB111-8 to 

TBll 1-10 

+lOV 

Figure 4-5. AC Variations on the lOV Power Supply. 
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I 

Photo #103-11 

Time - 2msec 

-Gain- O.lV 

TBlll-10 to 

TBSOl-33 

GND 

Photo #103-12 

Time - 50\J.sec 

Gain - O.lV 

TBlll-l0 to 

TBSOl-3J 

GND 

Figure 4-6. Typical Fluctuations Present Between Ground­
AC Ground. 

http:Gain-O.lV
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- 20db 

Photo #103-13 

BW-l kHz 

Scan time - lsec 

Scan width - 0.5 MHz 

Attn - 0 

Log Ref --20db 

TB 111-8 to 

TB111-10 

+10V 

a 1 2 

Freq~en~y (MHz) 

Figure 4-7. High Frequency Spectrum of lOV Power Supply. 
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4-9 

o 1 2 

Frequency (MHz) 

Photo #103-14 

BW-l kHz 

Scan time - lsec 

Scan width - 0.5 MHz 

Attn - 0 

Log Re f - -20db 

TBlll-6 to 

TBlll-10 

Signal In 

Figure 4-8. High Frequency Spectrum of Signal Output. 
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- 2~rjb 

Photo #103-15 

BW-l kHz 

Scan t.im'!! - Lsec 

Scan width - 0.5 MHz 

Attn - 0 

Log Re f - -20db 

TBl11-5 

TB 111-10 

+600V 

a 1 2 

Frequency (MHz) 

Figure 4-9. High Frequency Spectrum of 600V Power Suoply. 
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4-11 

0.0169 RMS 

o 50 100 

o 

Frequency (kHz) 

0.0125 RMS 

500 

Frequency (Hz) 

1000 

Photo #103-18 

+600V 

+10db Reference 

Photo #103-19 

.... 600V 

... 10db Reference 

Figure 4-10. Low Frequency Spe~tra of 600V Power Supply. 
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0.CJ0256 ;{MS 

- 2,)db 

Photo #10)-20 

Signal In 

.20db Reference 

'J 500 1000 
Frequency (Hz) 

-20db 
0.0019" RMS 

Photo 1I103-2l 

Signal In 

.20db Reference 

'.' SO 10) 
Frequency (kHz) 

0.00196 RMS 

- 20db 
Photo /I \(1') .' . 

Signal : 

... 20db Reference 

o 50 100 
Frequoncy (k~z) 

Fi9ure 4-11. Low Frequency Spectra of Signal Output. 
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- 1 'Jdb 

- 30dl;) 

4-13 

0.0308 RMS 

o 50 1)0 

c 

Freque:1cy (kHz) 

0.00363 RMS 

500 

Frequency (fJz) 

Photo #103-23 

.. 10V 

.. 10db Reference 

Photo #103-24 

.. lOV 

.. JOdb Re ference 

Figure 4-12. Low Frequency Spectra of lOV Power Supply. 
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Follow1nq the frequency spectra mea~~rements, electrical calibration was 

requesten for the HP-R-213 readout moaule. During attempted ca11bra-

tion, a problem was identified 1n the readout mOdule, but was not 

corrected due to other tasks requiring the attention of TMI technicians. 

Data from :he instrument repair was then requested but not received. 

After attempting electrical calibration, power was removed from 

HP-R-213. The test fixture was removed and all signal lines from cable 

IT1871I to cabinet 12 were dlsconn!Cted. A ser1es of active measure-

lT1ents (1.e., actively lntroduCinq a teSt siqnal into the circuit) was 

then performed. Tabl e 4-1 shows the resul ts of capac i tance, impedance, 

and nc resistance measurements on some of the fieln cable lines (see 

Appendix paqes A-14 and A-16 for a complete set). A set of TDR measure­

ments were taken on the s1gnal l1nes to determine possible cable • 
defects. These TOR traces are shown 1n Figures 4-13 to 4-16. 
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Table 4-1 

CAPACITANCE. IMPEOANCE. AND RESISTANCE MEASUREMENTS 

Ca2ac itance {nF} 
Si gnal 100 Hz 1 kHz 100 kHz 

Checksource (+) -2.8 ",F -5.8 IJF 3.5 
Check source (-) 

+600 V VAR** 10 10.5 
Ground 

Signal In VAR 1.9 6.9 

+10 V 96 ",F 119 IJF -47 
Ground 

Ground ~f teld} VAR 53 ",F 26.7 
Ground cabinet) 

Signal In 
+10 V 

*Values1n parentheses are reverse polarity values. 

**Indicates variable response. 

+ Indicates off-scale reading or excessive lfne noise. 

J mEedance {ohms} 
lOG Hz 1 kHz 100 kHz 

40.0 4.88 4.48 

OF+ 16K 152 

OF OF 229 

22.5 14.7 38 

1.2K 960 70 

Res i stance 
{ohms }* 

41 (41) 

>2 M 

9.2K (8.6k.) 

12.5K (8.3K) 

t 
; 

8.8K (7.2k) 



.. ,.'--_ . .,.,. ......... , --_ ... . ~-.-.. , ....... -.. - ......... ,--_ .. -_.. . ... _ .. ,., .~ - ..... -... -., ...... 

STRIP CHART 103-1 

TBlll: 1 to 2 

4-16 

SLgnal - Check Source 

~ettfng - SOOmo/div 

Range - 52.6 ft/div 

15 hz filter 

2nd plot begins ~350 ft. 

Cable dielectric - other 

Figure 4-13. TOR Traces from the Checksource Lines. 
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stRtP CHART l03-2 

TBlll: 5 to 10 

Signal - +600V 

4-17 

Setting-~ 500mp/dlv 

Range - 52.6 ft/dlv 

~ensitivlty - 0.25 

15 hz filter 

2nd plot begins ~J50 ft. 

Cable dielectric - poly 

Figure 4-14. TOR Traces from the 600V Power Supply Cable. 
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STRIP CHART 103-3 

TB 111 : 6 to LO 

Signal: Signal In 

Setting - 500mp/div 

Range - 52.6 ft/d1v 

Sensitivity - 0.25 

15 hz fi iter 

2nd plot begins @350 ft. 

Cable dielectric - poly 

Figure 4-15. TOR Traces from the Signal-In Cable. 
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STRIP CHART 103-4 

TBlll: 8 to 10 

Signal - +lOV 

Setting - 500rnp/div 

Range - 52.6 ftfdiv 

Sensitivity - 0.25 

15 hz fi lter 

2nd plot begins @350 ft. 

Cable dielectric - poly 

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



5. SUMMARY AND INTERPRETATION OF MEASUREMENTS 

This section presents a summary of the interpretation of the measure­

ments taken on HP-R-213. This interpretation is intended to indicace 

the condition of the device based on observed data. 

5.1 SUMMARY OF MEASUREMENTS 

The ... tD.V POW'e,rsl,lpplymeasurements indicated a 11.1 VDC output value, 

which ;s outside the normal variation, but probably not hiqh enough to 

damaqe the circuitry. The 600 V power supply was measured at 599 VOC 

when connected to the netector assembly, which indicates this supply was 

work i nq properly. The Si qnal In measurement produced ala. 96 VDC 

readino, which in1icates the output is constant at very nearly the power 

supply level. Measurements on the checksource produced a 15 ma current 

load, which in~icates the electrical path through the checksource coil 

1 s intact. • 

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

characteristics of the measured waveforms. Results of this summary are 

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

teristics when compared to other TMI-2 measurements. 

The Siqnal In waveform would normally be 0-10 V pulses with a frequency 

proportional to the radiation present. The oscilloscope photograph of 

5-1 
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Table 5-1 

CHARACTERISTICS OF MAJOR SIGNAL LINES 

Signal Frequency Pmpl itude 

Siqnal Out o (DC) 10.96 V 
60 Hz and Harmonics 2.5 
20 kHz and Ha rmonics 1.96 mV RMS 

Total Spectrum 16 mV P-P 

600 V Supply 60 Hz 12.5 mV RMS 
16 kHz and Harmonics <1 mV RMS' 
20 kHz and Harmonics 16.8 mV RMS 

Total Spectrum 200 mV P-P 

10 V Supply 120 Hz 3.6 mV P-P 
20 k. Hz and Harmonics 31 mV RMS 

Total Spectrum 150 mV P-P 
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the Signal In line (Figure 4-4) shows that the output has only a small 

AC variation from the 10.96 VOC level. These variations are mainly due 

to 60Hz and 20kHz low-level noise that was observed on other TMI instru­

ment outputs. Resistance data (Table 4-1) shows a small increase in 

resistance among the Signal In. +10V. and Shield lines. Table 5-2 gives 

a cOllllarison of the resistance data from a new detector assembly to that 

measured from HP-R-213. This overall increase in resistance 15 probably 

not significant since the observed changes could simply be the result of 

exposure to rad1ation and high telllleratures. 'However, it could be the 

resul t of a degradation (but not total fa; 1 ure) of one of the output 

driver transistors (Q6 or Q7). 

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

quantitatively 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 ~F capacitor present. The checksource lines indicate 

the presence of the co11 ind.uctance (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 Signal In. 

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

Figures 4-13 to 4-16) are summar1zed in 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 

1nstrument. Some junct10n pOints were not 1dent1fied by these 
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Table 5-2 

COMPARISON OF MEASURED DETECTOR RESISTANCE 

Measurement New Detector* HP-R-213 
Point Po 1 arity + Polarity - Pol arity + Polarity + 

Siqnal In 8.78 7.25 9.20 8.60 
Shield 

Si qnal In 8.32 .6.70 8.{30 7.20 
+10 V 

Shield 7.40 11.80 8.30 12.50 
+10 V 

*Serial numbers III and 1405 composite data. 

Notes: (a) All values are in ohms x 103 unless otherwise indicated. 

(b) First siqnal to positive terminal, second signal to negative 
terminal is I.:ol'1sidered Polarity +. 

(c) All measure[,ents made with a Keithley 177 DVM or 
20 x 103 ohm seal e. 
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Table 5-3 

SUMMARY OF TOR MEASLIREMENTS 

Distance 
S1qnal L1nes (ft) * Desc r1 pt 1 on** Probabl e Cause 

Checksource (+) 128 Point R Increase Penetration R507 
Checksource (-) 345 Cont1nous R Increase HP-R-213 Detector 

600 V Supply 144 Point R Increase Pentration R507 
Ground 360 Point R Increase Remote Meter 

371 Continuous R Increase HP-R-213 

Siqnal 139 Point R Increase Penetration R507 
Shield 350 Point R Increase Remote Meter 

361 Continuous R Increase HP-R-213 Detector 

10 V Supply 134 Point R Increase Penetra t 1 on R507 
Ground 376 Continuous R Increase HP-R-213 Detector 

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

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

**R is the abbreviation for resistance. 
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measurements, but this is not unusual due to the cable lengths involved 

and the small resistance chanqes that would occur at terminal block 

junctions. 

5.2 INTERPRETATION OF MEASUREMENTS 

Based upon the observation that the Signal In is at a constant level of 

10.96 VDC and there are no siqnificant resistance changes, it appears 
• • 

that either the Geiger tube has failed open or that several internal 

transistors (01,02, Q3) have failed. The result of the fal1ure is that 

the output driver transistors (06 and 07) are continuously asserting a 

hiqh (\"~;lUt level. It is bel ieved that the 11.1 V level of the 10 V 

supply did not contribut~ to the failure. 



*- .... "~._. ~._ ••• ~", •• ", " ...... '"',' ... .. _~." ..... _ ... _ •• ..J_ ~_ ... ___ ... I ........... ~,..._"' .... 

6. CONCLUSIONS 

Based on the measurements, data reduction, and circult analys1s of 

HP.R.213, there is an indication of fa1lure of the 1nstrument. The 

observed output signals and resistance measurements suggest that the 

Geiqer tube has failed open, and that the output 1s constant at the 

power supply level. This would result in an effective "zero" input to 

the readout module due to an AC coup11ng in the r~ce1ver and would cause 

the readout to be off·scale low. 

It is not believed that the h1qh voltaqe level of the 10 V power supply 

contributed to the detector assembly fallure. 

6-1 



APPENDIX 

ORJGINAL FIELD PROCfDURES AND 
DATA SHEETS FOR HP·R-213 
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Page A-2 
. WORK REOUEST PROCEDURE 

TMI Nuel..,. Station 
M.lntenance Procedur. FOf"I'Mt and Approval 

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

Unit No. __ 2 ____ _ 

This form outlines the form.t and lets .s • cover sheet for. meint.n.nc:e procedure. Due to the limited size of the 
form, additional pages may be attached .s required. Work Request procedure AP 1016 Section 6 should be used as 
a guide in preparing the maintenance procedure. 

1. Procedure Title & No.: 

2. 

3. Description of SYSTem or component to be worked on. 

~/-~~/" 

4. Ref erences: 

y{~ 7I!~/ 

5. Spicial Tools, and Materials requirld. 

6. Detailed Procedure (attach additional PIV'S IS required) 

. . , 

Supervisor of Maintenance t~omm!nclS l~prOVlI •. LibJ.t7-O.tf __ 'i_/-:-"_·/i:~/ I..~/ __ 

• PORC RECOMMENOS APPROVAL ~~ r'"z#O .... · ""' ~,,# 
Unit No.1 Chairman O,t. Unit No.2 Chairmln Oate ------
• UNIT SUPERINTENDENT APPROVAL 

Unit Nc. 1 Oltl _____ Unit No.2 _____ Oatf _____ _ 

• Standing Procedure _________________ _ 
SupervIsor of OC Oltt 

• ,",0:«:. These .pproy.ls reqlolll'ld onl)' on NloIclcar 5111t)' R,lued/Jhdlltlon ... ork permit Jobs. 

http:LibJ.t7-O.tf
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TITUIN-SITU MEASUREMEffrS OF CABLES AND 

SIGNAlS FROM AREA RADIATION MONITOR 
HP-R-213 

NO. 
TP-I03 

REV. 0 

Technology for EnerRY Corporall",n APPROVED DATE 

9-12-80 PROCEDURE M.V. MIt his • Director. Tech. Serv. Div. 

PURPOSE: The purpose of these measurements is to gather baseline data and infor­
mat10n 1n preparat10n for poss1bl. removal and replacement of Area 
Radiat10n Monitor HP-R-213 from the reactor building THI Unit 2. Tne 
tests specified in this procedure are designed to assess the condition of 
the in-conta1nment instrument module (ganma detector). associat'!d 
cabling. and readout devices. Th1s assessment w11 1 requi re the use of 
Time Domain Refle:tometry (TOR), Impedance (Z). Spectral Analysis 
(frequency dOlnain), special cal1brat1on measurements, and general 
oscilloscope observations (with recording) of WIIveforlT6 from/to the unit 
under test (UUT). 

PROCEDURE (ADMINISTRATIVE): 

A. Limitations and Precautions 

1. Nuclear Safety. Area rad1at ion II'Onitor HP-R-213 is part of a redun­
dant ARM system at elevation 347 1

• The unit 1s not considered part of 
the engineered reactor safe~uards system thus has no nuclear safety 
rel evance. 

2. Environmental Safe~y. Area radiation monitor HP-R-213 can be taken 
out-of and restored to serY'1ce \ll'1thout producing a hazard to the 
en vi ronment • 

3. Personnel Safety. The test described herein produces no additional 
personnel safety hazardS other than normally associated \II';th per-
f orm1 ng 1 ns t rument ca 11 brat ions and tes ts • 

4. Eguiement Protection. In the performance of each test described 
heretn, care \11'111 be taken to insure adequate equipment protection as 
follows : 

a. III all cases actual test hookups to the Unit-2 instrumentation 
shan be made and verified by Instrumentation Personne1. 

b. All pasSive measurements (Spectral Analysis and Oscilloscope 
observations) of ..aveforlT6 and signals from powered instruments 
shall be performed USing h1gh input 1mpedance pr~bes or inputs 
(Z • 1 1 Meg ohm) to prevent loading of signals. 

c. In all Time Domain Refl,ctometry and Impedance measurements. power 
will be removed from the unit under test and low level test 
signals prescribed in Tabl. 4-1 shall be utilized to perform cable 

PAGE 1 of 15 
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I 
IN-SITU fo£ASUREMENTS OF CABLES AND S[GNALS I NO. TP-I03 

_ __,- FROM AREA RADIATION ri)NITOR HP-R-213 ' 

I j C. J_ r REV. 0 

~----------------------------------------~ 

Act 1 ve 

. 

integretary measurements on the appropriate instru~ntation cables 
by inserting test signals on appropriate conductors of Cable 
IT1871 I (terminations shall be removed and replaced on TBl11 of 
Cabinet 12). Should these tests re·.llal cable integr.tary problens 
further verification measurements will be made at tel of tht 
appropriate Remote Alarm/Heter (Victoreen Mode' 8SS-3) located tn 
the anteroom. 

Table 4-1 Act he Measurements 

Signa 1 Parameter Time Domain Reflecto'ftl!try 1 Ill> eda nc e 

--
Voltage 225 mY nomi na 1 (1 nto 50 i 5Y rns 

ohm base) 
Frequency 

__ w 

100HZ, 1kHz. 
10kHz, 100kHz 

Current i lOrnA i lOOmA 

Other 22SmY, 110 picosecond ---
pulses 

.-- ---_. ---

d. In the cal1bration ver1fication measurements sectian. baseline 
data on the ·as -foundcond i t ion wi11 be recorded pr10r tot he per· 
for,Mn:e of any adjustments or electronic calibrations. 

B. Prel"equ1s ites 

1. The Shift SupervisorlShi ft Foreman shall be not 1fied for concurranc.: 
prior to the performance of those measurements. 

2. Instrumentation personnel shan be assigned to assist in the perfor­
mance of these meas urements • 

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

PAGi __ _ 



• 

-.\ 
I 

..... ' ~ , •• , .. _4 _____ •• , ....... _ ._ ............ _ .......... _.-.... __ ......... ..-.. .............. _ ......... "_,.d ........ _, __ ..... , .. __ ~ ... ___ , .• __ .... _ , ______ 4 

TEe 
Page A-5 

IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADIATION MONITOR HP·R-Z13 

[_I 
I~'" 

TP-l03 

o 

4. The Shift Supervisor/Shift Foreman shall be notified prior :0 starting 
and upon completion of the measurements. 

C. Procedure for Perf~mnill_ ~·teasurements 

References: 

1. Victorten Owg. tt.>. 904550, Wiring Diagram Area Itlnitors Chann~ls 
H~·R·213 , HP-R-214 (Sheet 6 of 11). 

2. 

3. 

4. 

5. 

6. 

7. 

Instruction Manua1 for G-M Area 
'/1ctoreen Part tt.>. 855-10-1. 

Burns & Roe Owg. 3024, Sh. 304. 

Burns & Roe Dwg. 3347 I Sh. 15K. 

Burns & Roe Owg. 3043, She 160. 

Burns " Roe Dwg. 3045, Sh. 268. 

Burns & Roe Owg. 3045, Sh. 34. 

S. Burns & Roe Owg. 3045 t Sh. 25F. 

9. Burns & Roe Owg. 3034, Sh. 348. 

fobnitoring Systems t MJdel 855 $P.l"io:!'i 

10. Instruct10n Manual, Tektronix mdel 1502 Time Doma1n Reflectometer. 

ll. Instruction Manual, Hewlett Pac\(a,-.j I-bdel 4274 r-tultifrequency LCR 
Meter. 

12. Instruction Manual, Hewlett Pac\(ard Spectrum Analyzer (I-'bdel 14IT. 
85538, 85528 Modules). 

13. Instruct10n Manual, Nicolet fot>del 444A-26 $;lectr:,J:l1 Analyzer. 

14. Instruct ion Manual, Tektronix ftbdel 335 Oscilloscope. 

15. Instruction Manual, Lockheed Store-4 Recorder. 

16. Instruction f-1anua', Tel:tronix SC502 Oscilloscope. 

17. TEC COmpos iteElectrical Connection Diagram,HP-R-213 (see attached). 

Victoreen In,trument Company Owg. 904550 (Ref. 1) and B&R Drawings 3024 

I (Ref. 3) show the appropriate termination points for passive measureuents 
of signals from HP-R-213 as follows: 

'\L __________________________________ ~~~~--------------.... ----.... ------__ 
- J of 15 PACl! __ _ 
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RAOIATIOli l"tJi'UTOR HP-R-213 

Cable Cabi net 
Signal ITlS711 12 

+lOV TBlll-8 

600V TBlll-5 

SIG TBlll-6 

GND TBllI-IO 

CS TBIll-l 

CS ,It TBlll-2 

!iQli 

TP-I03 

I FIEV. o 

Selected steps w111 be cOlllJleted on an identical Victoreen Area Radiation 
Monitor Detector with attached interface connector and terminal block tJ 
characterize signals and gather baseline data before the perforlll311Cc! oi' 
~his measurement. 

1. Notify Shift Supervisor/Shift Foreman of start of test on HP-R-213. 

2. Verify power is applied to HP-R-213. 

~ 9,h/3/B:; 

~ 
(gnaeJoate 

3. Record present signals and readings and ndications on 856·2 Readout ftldule 
(Local). Record Signal-in at TBlll-6 and record output for 30 minutes on FM 
Tape Recorder. Remove recorder when finished. 

! -

I 

--<II...-_______ ~--.:-=-:--------! 
4-of 15 PAGi __ _ 
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADI~TI0N MONITOR HP-R-213 

Meter/Indicator/Switch 

~---------.------- --------1 
mR/hr Meter Reading 

Off-Operate-Alarm Function Switch 

Fail Safe_ Indicator 

High Alarm-Reset Indicator 

<0 
O"Pt'R AT r; 

On __ Off .......-

On_Off v' 

~---------------------~.--------~ 

TP·I03 

! REV. a 

I 

I 
I 

- I-~~_. 
I -

i 
I 

I 
J 
I 

I 

~Ae/8v I 
- I 

' .• Using a Keithley M::>del 177 DMM (or equivalent) and an electrostatic voltmeter 
(Zi l1012 OHMS, Range 0-2000 V, Precision °:.1%) rreasure the DC voltage or. 
current at the following test points. 

NOTE: For signal d. it will be necessary to depress Fall-Safe Check Source 
':lush "button during the rreasurerrent. 

5 of 15 PAGE __ _ 
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Page A:~.8~ _________ _:_----....., 
r IN-SITU MEASUREMENTS OF CABLES AND SIGNALS I NO. TP .. '03 

-. T. E-L FROM AREA RADIATION f()NITOR HP-R-213 

"I j - T1iI...5 I ;JE>I, 0 

I~ ----~------~~ 

SIGNAL CABINET 12 TEST LEAD 

a. TB1l1-8 ( +) 
T8111-10 (-) 

b. TBl11-6 ,+) 
T8111-710 (- ) 

*c. T8111-5 (+) 
TBll1-10 (-, 

**d. TBll1-1 (+ ) 
(open field 
side) 

TBlll-1 (-) 
(cabinet 
side) 

*Use electrostat 1 c vcitmet&r 
**Link closed after measurement 

-_ ........ -

READING 

(lOV) JJ.I V 

(SIG IN) ~ 
C OUT 

.1f1jS" 
CS IN 

(600V) 5"99 'I 

(i.500 rnA. est.) JS".O~W\a. 

f -1,95" M" 
~""eJe re'''c Co 

O£ 9)8/80, f i9MJOeJDa t e 

-I~_-----------, 
PAG! 6' of lS . 
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADIATION MONITOR HP-R-2l3 

TP-103 

I FEY. o 

5. Using a Tektronix flbdel SC502 (or equivalent) oscilloscope observe the wave­
form at the following test pOints: 

SIGNAL CASINET 12 PARAMETER 

-
a. TSlll-l CS' Photo l~~-l Photo I03-~ Photo 

TSln-1O Ti me Base z. rU Time Sase D ,I,..S Time Sase 
Vert Gain fO,.,y Vert Ga i n~" ,.,.'" Vert Gain ---

b. TBlll-2 CS Photo /03-3 Photo Photo 
TBlll-lO Time Base S~j Time Base Time Base -- --Vert Gain ",..1/ Vert Gai n Vert Gain - --

*c. TBlll-5 +600V Photo JD.l"L\ Photo J ()3 - 6' Photo 
TBlll-1O Ti me e.e s e 4..J.1!l. Time Base ~ Time Base 

Vert Gain _ Vert Ga1n~ Vert Gai n ---
d. TBlll-6 SIG Photo I.O:J. "f Photo L.a:! -1. Photo 1"3' ~ 

TBlll-.110 Time Base~ TilOC Base ~ Ti me Bas e" AC"S 
Vert Gain 2.""" Vert Ga i n 2..!.lY Vert Gain&Moil 

e. TSlll-8 +lOV Photo /a.:J .. 9 Photo t.°J.1ID Photo 
TBlll-1O Ti me Bas e z,,:;W Time Base 2"MJ Time Base 

Vert Ga i n .s9 ",oJ Vert Gai n5'''''''' JI Vert Ga i n ----
f. . 1:S111-l0 I GNO Photo 111.1-.// Photo 1.0J:. - ) z... Photo 

TSSOl-33 ACGND Ti me Base ,..., 5 Time Sase 5Pti~ Ti me Base 
Vert Ga i n J..::L Vert Ga 1 n -L- Vert Gai n ----

*Decouple DC Voltage. 

Sync the oscilloscope and photograph the waveform USing up to three time b4SI~ 
and vartical gain settings. (The necessity of 3 photographs will be deter-. 
mined by visual analysis by the field engineer.) t-lark the back of the pho­
tographs with th~ instrument tag nuf'l\!:)er and parameter measured. 

, 7"'5..:# q I biro 
ure/Cate 

7. of 15 
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~~ 
I 
! 

I 

6. USing a Hewlett-Packard Spectrum Analyzer (Models 141T. 8553B. and 8552, or 
equivalent) perform an analysis ·of the following Signals for spectral content: 

SIGNAL CABINET 12 PARAMETER PHOTO , 

... --- 1110 

a. TBlll-8 +10V II) '1-/ ~ 
TBlll-10 GND 

~ 

b. TBlll-6 SIG IN Lf):J - 1"1 
TBlll-' J 0 GND ~ -·c. TBlll-S +600V lo'J-/~ 

T81ll':10 GNO 

*Decouple DC voltage max input to Spectrum Analyzer 
(SOVDC) 

V't:­
)03-1"1 

}jcf-.. 

103 -/ /", 

Before photographing each scope display adjust analyzer for best spectral 
resolution. Record critical analyzer parameters e.g., RF bandwidth, RF ban::!­
i'/idth an:i sweep speed on rear of photograph as well as parameter analyzed. 

SPECTRUM IOENT FREQUENCY AMPL ITll.Q1 REMARKS 

$~ j)V r IJ "fI f '" .s UIJ 7i 'I'wI\ (: /..4 It:, ~ "r- L.I wtr~fL 
.$..t.llN "JtQ-n;) .!::. E::N~ 

IOdiJ ~8 
'0 

,~,..)Ji, .D J S ft::c.. -aD 
O/v' b 

• 2... M~ ;J::: b ) ;,~ - <..0 

. PI''' 

I 
I 

: 

,._./ 

~--------------~--------------~8~o~f~1~S~·--~~~--~------------~ 
PAOI ___ _ 
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TP·103 

o 

7. Using the Nicolet Model 444 FFT Analyzer (or equivalent) perform FFT analysis 
of signals from the following test points: 

, 
SIGNAL CABINET 12 PARAMETER .PHOTO * 

'-
*a. TB111-5 +600V ;03-1'/ 

TB111-1I1 G'I:) 

b. T8111-6 SIG IN It) 3'" zD 
TB111-"- '0 GND , 

c. TB111-8 +10V jTJ3'; 23 
T6111-10 GNO 

·Decouple DC voltage input to Spectrum Analyzer 
(50VDe Max input) 

If PSO plots from anyone of the three signals show high or unusual 
an;llitudes. utilize the zoom feature to provide finer resolution and obtain 
PSD data in the frequency band of 1nterest~ 

. - -r .5-.l! __ ~ lit Jyt; 
ignature/Oate 

8. II'~1de Cabinet i2 perform usual electroniccal1IJrat10ns using applici:ll)ll:! 
h";~ru:nant shop procedures. Attach a copy of tne instrument shop cal1brat.lt)!l 
data sheet and ,identify any significant adJustllll:'!nts in the s;.>ace be'o\~: 

PACi! __ _ 
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:. I E TTT1.! I REV. 0 

1 
I 

I 
, - 1 

Procedure 
Step Remarks 

, 

See attached 1nstrument shop procedure data sheet. 

Instrument Shop Procedure No. __ _ 

S1 gnature/Date 

9. Reroove all power from HP-R-213 (TIg ~en T8501 linKs 31, 32, and 33 per proce­
dure A? 1002). 

~ i5J .,h/to 
19f\iture/Date ' 

10. ~en links for all field wires .from cable ITl871I at 'mIll (cabinet 12,. 

,'------------
PAGE 10 of 15 
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I IN-SITU MEASUREMENTS OF CABLES AND SIGNALS I NO. TP .. 103 I 
" FROM AREA RADIATION P«JNITOR HP-R·21J I 
T~r ~ i 

" j -.... i i=2V. 0 I 
~------------------------------~----i 

TERMINAL SIGNAL lOENT. 

TB111-1 (Blue) C.S. 

TB111-2 (Orange) C.S. 

TBll1·3 (White) Rem. Meter 

TB111-4 (Yellow) IT3000C HI N.C. 

T8111·5 (RG 59/U. 72 OHM) 600V 

T8111-6 eRG 58/U. 50 OHM) SIG IN 

T8111·7 (RG 58/U. 50 OHM) Shield 
(for signa1) 

I TBlll-8 (Red) +10V 

T8111·9 (Green) IT3000C Alert N.C. 

! 
I 

I 
T8111 .. 10 (B1k) GND • 

I 
(RG 59/U. 72 OHM) Shield 

.... 
, 
I 

~""'_-:-:;;"""''''''''' ___ J~ '/5r'!;rr 

11. USing the Hewlett-Packard Modll 4274 (or Iquivalent) Impedance Bridge measure 
the capacitance and impedance of the follow1ng test points: 

11 of IS 
MQI __ -

I 
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IN-SITU MEASUPEMtNTS OF CABLES ANO SIGNALS [NO. 
FROM AREA RA'ilATION ~NITOR HP-R-Z13 .... ____ ~ 

,~, o 

TEST POINT FROM- TO" 

CABLE WIRE COLOR/TYPE CABLE I WIRE COLOR/TYPE 
(TBIU-Xl LTBllI-X] 

a. InS71I 81 ue (1, IT1S711 Orange (-2) 

b. ITlS71 I RG S9/U Center(-S) ITlS71I RG S9/U Sh1eld (-10) 

c. ITlS71I RG S8/U Center{-6) ITlS71I RG SS/U Shield ( -7) 

d. ITl871I Red (-8) ITI871I Black (-10) 

e. ITl871I Black (-lO)(rield ITlS71 I TBlll-lO (Cab1 net) 
Side} 

J 

"Numbers in parentheses refer to TBlll terminal numbers (field side). 

Record the data required below: 

Test Point" Capacitance 1II1)edance 

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

TBlll-D/Z) 
~z.. ,.....,; -5.'''';' 1,1' .... ; IfO-~, ~'.'Z .f4'''7.tf a. I ".111 t 

b. TBlll-( 5/10) • • Z. r. J; /II} ID;.I~ ,",!, N~ c/=' I"~/..,(,. l1't~() 6~ 

c. TBlll-( 6/7} S 'fell",,,, 1. ,,.,~ ,. '1,41- ()~ ()/' 
tZIf ~. 

"~ zz.~ -" d. TBlll-(S/lO) 111-,t "41"r lil.~ )8,%' , -4' 'C 1'e. TBl11-00/10) ~ 'l. .,-0 ~.-.; !'IN! z(,.7 ""~ I.Z~ ''':4- 10%, 
.. 1'1 .~"8 

-

*Numbers in parentheses refer t:l TBlll FROM/TO termina' numbers on f1f Id~·de. 
tl Jt./': 11.1/ n I ..J"'" fJ 

tFfeld side/Cabinet side alOU open inlc..,/ ~,~,~ is! - '" 
-XlJtlI _1l"IJ}- I&·~"'f ""'r , 1: ~ 
/8/11- ~~f) 19n ture/o.te 

12 of IS P!D..Cl£ __ _ 

http:ture/o.te
http:TBlll.Xl
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Page A-15 
------------------~--------~ IN-SITU HEASUREM£NT.i OF CABLES AND SIGNALS I NO. TP-103 

F~OM AREA RADIATION MONITOR HP-R-213 

I~' 0 

I -, TEl: 
\ 

12. Using tne Ttktronix Model 1502 (or equivalent) TOR unit perform TOR measure­
ments on tne fhe test pOints given in Step ll. Record data below: 

~----------~------~----~----------~---------, 
Instrument Strip 

Test POint High R Low R Sett i nClS Chart 
, N ft. , N ft. ~ 1 Range l'lUlt Number 

I .z. 1()3- I a. TB 11 ~ • (l fir; 

b. Talll·~ I 
10J-,-

. rt4, 1
/0 103-3 

4 c. Tal1l.-
lin; I" 3- 4 

d. TB111-{~ 
ID/!b I" 3-~ e. TB11a-(~) 

! . , 

'*I : 
/'tJ",..",'?6~"""'"1.."'7 C'1I1Jt..~ "/ t:.~""'1V6t.r .. ~ ~. 71!J 11/ -re~M I,G 

13. USing the Keithley Model 144 (or equivalent OHM) perform resistance measure­
ments on the Test Points specified and record value in space provided. 

JllACiE 13 of 15 

I , 



- ._-----------

TEe 

TEST POINT 

a. 
b. 
·c. 
d. 
e. 
f. 
g. 
h. 
;. 
J • 
k. 
1. 
m. 
n. 
o. 
p. 
q. 
r. 
S • 
"'-

NOTE: 

--------------- -"----- --- -- - _ ..• _ .. _-' ---.. --- --... -

FROM LINK 
(field side) 

T8111 .. 1 
T8111-1 

. TB111-1 
TSlll-l 
T8111-1 
TBll1-1 
TB1ll .. 2 
TB111-2 
T8111 .. 2 
TBIll-Z 
T8111-2 
TBlll-S 
T6111-5 
Talll .. S 
TBll1-S 
TBlll-6 
Tall 1-6 
TB111-6 

~~t~;::; '~ 
"Il"'_~ i -

Page A-16 

IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RAOIATION MONITOR HP-R-213 

f~· 

POLARITY POLARITY 

TP-I03 

a 

I 
From • +; To • - From • -; To • + 

TO LlPCK RESISTANCE RESISTANCE 
lf1eld s1de} 

I 

TB111-2 41J1- 4/.ft-
'fI#Iif/ItIt "......I 

T8111-S 
T8111-6 ~ """"" 
TB1l1-~/" -...;- "-'" 
T8111-8 -'" 

,...,., 
TB1l1-10 ,.....",.. ............" 
TB111-5 ""--' ""'-'" 
TBl11-6 1\./ "'-'" 
TB111~;Q v I'Iw/ -TBlll-8 . """ -'\/ . 
T8111-10 ~ ~ 
TBlll-6 ,..,; "-..l 
T6111-"'" I'D A./ ;::; T8111-8. ..~. T8111-10 N 

TBlll-~/o q.z.K:. 9, (, (.c... 
T8111-8 .$": ~ ~ ~',~~ T9111-10 .". 2. I. 

~~Ht~ $'.'1/C IZ .!J x: 
TR' II .10 

-~- ..... - . - -- _. 
c::: -- - . . -

" i 

Close all links on T6111 lopened1n Step 10) when finished with this step. 

G. "7" SJ 1/1r/lJ~ 
igat ure IOat e 

'1 ...... _____ ----------------------------
~E 14 pf 15 

- aU2&&sea 



.. 

TEe 
Page A-17 

IN-SITU MEASUREMENTS OF CABLES AND SIGNALS I NO. TP-103 
FROM AREA RADIATION MONiTOR HP-R-213 

I FEV. a 

15. Notify Shift Supervisor/Shift Foreman of end of test on HP-R-213. 

I hereby certify that this Test Procedure has been co""leted as written and that 
all data has been correctly entered and filed as requested. 

TEe Representative ~ 7' J:t/ 'l g)rD 
gnature/Oate 

Ins t rumentat; on ~t..-7h1-'-, gnat ure/Date r ~ 

··'-1 ...... ----------------_-.1 
PAGe '1-5 of 15 
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JOB TICKET (WORK REOUESn 
REVIEW - CLASSIFICATION - ROUTING CONTROL FORM 

JOB TICKET NUMBER Q.,Sc... ~ 3 

( 

1. Does work represent a change or modification to an existing systtlm or component? If yes, an ap­
proved change modification is reqUired per AP 1021. 

CiM No,,_...t.:J4il~o.-__ 
28. Does work requires an RWP? 

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

3a. Is work ana ac comPtlnent as defined in GP 1 009? , 

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

4. Agreement that a PORC reviewed, Superintendent epproved procedure is not required for this 
work because It has no eHect on nuclear safely. IApplies only if 38 is Yes and 3b IS Not. 

~\A 

Sa. Is the system on Ihe EnVIronmental Impact list In AP 1026? 

5b. If Sa IS YES, is an approved procedure required 10 limit enVlionmentallmpact7 

6. Agreement that 5b is No. IRequired only If 5a is Yesl. 

~\~ 
~Nlr SUPI,'SuP\' Of QP£RAIIONS OAI( 

7. Plant status or prerequisne condl!lons required for work. IOperating andlor shutdown) 

8. at Dept. reVIew, if required in Item No.· 3. 

fo';-
OC $UP!AYI$OIl • DAlE 

9. Does work require code inspector to bl notified? 

, O. 

---i!'.~~--__ --- Date t4~ 
11. 

12. Cod. lnspec,or N"ofi,d. Name: • ' . 'riz.. ,". 
13. Sh,h Foreman', approval 10 commonce wor,:1 =: .,.~ .. 

Initial if Shift Foremllfl ~ut. is nOI required. 

Yes No r-
Yes No ",-

Yes No ,---

Yes No ~ 

Yes No /" 

Yes, __ _ No /' 

Yes __ _ No, __ _ 

Yes, __ _ No_",",-_ 

Oate 

o,,~ 
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GENERATION CORRECTIVE MAINTENANCE SYSTEM 

eM STATUS ACTIVITY FORM 

COMF'OIIIEIIIT DESIGN'" TOA REaUEST DATE 
LOCATION UNIT JOI WOPlI< 

L TYP! AUTHOPlIZATION 
COMPo CaMP. 0 NUMBEPI sys TYPE 10. 0 

P Me DAY '1'1'1 

5 Is 12 11'1 17 .,., b'l ,. I.,. "., 133 :111 

Hlp 1 l/rl 6~ j K o 13 6 10 0 2 C M ~~cI51~1L, 6 Ioff J TI. I. 0 

L'" 
A 

ECM C T)!'N 
T NUMBE,. 

CO 
4 141 II' 1 

810 r 4 A 

A I~ RESP. LOCATlOII 
P 

ASSISTING 
p 

ASSISTING TXN C R R 
CO T T ~R COIIITAACTOF T CONTRACTOR T CONTRACTOR 

1e'6 161 7' 
'I' 'I' , 4 

8 10 15 A ~ u?lc...N I . I 
TXN A PURCHASE REaUISITION PURCHASE ORDeR C 
CO T NUMBER NUMBER , 4 59 66 67 1" 

( 8 r Q T 7 A T I I I 
SIM APPROV AI. FIELDWORK 

A STATUS Ha.O TO COMMENCE COMPI.ETION 
T)!'N C " WORK' DATE 

T CODE START DATI! RelEASE OATI! COMPL. Me DAY YA Me DAY YR 

1 4 J9 4041 45141 52 "'3 ~ I !Ill I I AI 1«2 I I 111.1 

8 r 1 I 0 A ~ ~ ~ ~ ~ ~ ~ r 1 f 1 I I I 1 
o I 1 I I , I f OUTAGE HOL.O 

o 12 I , I ' I I PART HOL.O 

o 13 I I I I QUAL.ITY CONTROL. PART HOL.O 

o ,4 I I I I QUAL.ITY CONTROL. Pr.OCEOURE HOL.O 

o ,5 I I I I I OPERA TlONS HOL.O 

o 16 I I I CHANGE MODIFICATION HOL.O 

o ,7 I I I I I ENGINEERING HOL.O 

0 a I I I PLANNING HOL.O 

I I I I I I I 

6 10 I I I I I I MANPOWER NOT AVAIL.ABL.E 

5 I 1 I I I I I I AT PORC 

5 12 I t , . 
" 

I' I AT QUAL.ITY CONTROL. 

15 13 I , I 1- AT UNIT SUPERINTENOENT 

I§ 4 ' I I , AT READING 

IS "i I.. I 
___ ..J. _ I POST MAINTENANCE TEST HOL.O 

5 Ifl , I I I AT AL.ARA 
flllli 1119 ~ RO 

.. £Ut • j cau! 
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Photo #103-16 

BW-1 kHz. 

Scan time - lsee 

Scan width - 0.2 MHz. 

Attn - 0 

Log Ref - -20db 

TBlll-5 co 

TB111-10 

+600V 
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Photo #103-17 

BW-l kHz 

Scan time - bee 

Scan width - 0.2 MHz/div 

Attn - 0 

Log Ref - -20db 

TB111-6 to 

TB111-l0 

Signal In 
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STRIP CHART 103-5 

TB1t11 10 to 10 

Signal - GND 

-

Setting - 500rnP/div 

Range - 52.0 ft/div 

Sensitivity - 0.25 

15 hz filter 

2nd plot begins @350 ft. 

Cable dielectric - other 

t 2 j JZJt&JCUMJim J L =iMUL ;. 


