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1. INTRODUCTION 

During and following the TMI-2 aeeident, a number of instrument. failed 

or were suspected of providing erroneous readings. Because of thi s 

problem, industry concerns were fOCUHd 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 

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

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

other instruments. an indication of the condition of 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 in the detector. As a result of this failure. the 

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

radiation monitoring capabi11ty inside containment. 

1·1 



2. INSTRUMENT LOCATION. CABLING, AND TERMINATIONS 

A review of appropriate drawings from V1ctoreen and Bums & Roe 

(itemized in the ~pend1x in the measurement procedure, page A-5) 

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

this information, Table 2-1 gives a list of the appropriate termination 

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

Also noted in Figure 2.1 Ire the c~bl. lengths pulled during instrument 

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

junction pOint. 

The detector assembly is a V1ctoreen Model 857-2 which is shown in 

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 15' a """d1umrange U device 

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

circuit is sho,," in Figure 2-4. As shown,' in Figure 2-1, the circuit is 

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 ala rm/meter (attached to the s1 gna 1 

line) from the observed instrument response. However. s1 ncethe remote 

alarm/meter was located outside containment t it did not experience the 

severe operating environments and thus was not considered to present any 

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

TERMINATION POINTS FOR HP-R·212 MEASUREMENTS 

+10V Power Supply 

+600V Hi gh Voltage 

S1 gna 1 In 

Ground' 

CSW* 

CS** 

*From cable IT1S70I 

Cabinet 12 Identification"'. 

TBllO-S 

TBllO-5 

TB110-6 

TBllO-10 

TBllO-1 

TBllO-2 

**CS • Checksource coil positive and retum ;con.ta~ts (exact 1dent1f;1cation 
not necessary). , .. 
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Figure 2-2. Sketch of Instrumentation 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 in the 

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

mentation problems excspt in its function of supplying power co the 

detector assembly. 



3. PREPARATION OF MEASUREMENT PROCEDURES 

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

review of the Victoreen Area Monitor Operati on Manual, th'! major types 

of measurements to be performed were identified as: 

1. Dete,~ine as-found condit10n of Readout Module and Remote Meter 
and record s1 gna 1 output 

2. Perform pass1ve measurements (i.e., passively mCi1itor signal s) 
on each electrical connection consisting of time doma1n 
waveforms, very-high frequency spectrum analysis (i.e., MHz 
region), and frequency spectra below 100 kHz 

3. Perform resistance, capacitance, impedance, and T1me Doma1n 
Reflectometry (TOR) active measurements (i.e., actively intro
ducing a test signal). 

These measurements were designed to ver1fy the operat1on of the Readout 

Module (espec1allythepower suppl1es). but the focus of the measurement 

was on the detector assembly. cabling, and term1nations/connections to 

the assembly. The ~pend1x contains the detailed procedure which was 

followed dur1ng the measurement program, and a suntnary of measurements 

is presented in the next section. 



4. MEASUREMENTS 

Since the output of HP.R·212 was designed to cover the range of a to 

+10 volts, the signal could be directly measured without am91iffcation. 

Before performing measurements, the readout of ~P·R·212 indicated 

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

check source 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 

resul ts: 

10 V power Supply @ 10.1 V 

Signal Out @ 4.3 VDe 

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

Checksource @ 13.8 mao 

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. Alongw1th the, time trieu', both high and low frequency 

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

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

quency bandwidths (>1 MHz) I whlle 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 TMI technician. No signi

ficant adjustments were noted during this calibr,ation. (See calibration 

4.1 



4-2 

Photo;; 102-1 

Time - 5msec: 

(.ain - O.lv/div 

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

Time - 2msec 

Gain - 0.1V/Div 

Figure 4~2. Typical Fluctuations Present on 
Checksource Line 2. 



:'hoto #102-3 

time - 50iJsec 

.;ain - 10mv/d1v 

Photo #102-4 

rime - 5msec 

;a1n - 10mV/div 

Photo #102-5 

Time - O.lmsec 

;a1n - 20mV/div 

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

TIme - 5!Jsec 

:;ain - 2V/div 

Photo #102-7 

Time - 10).15ec 

Gain - 2V!dlv 

Figure 4-4~ AC Variation, on the Signal Output. 
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?hoto #102-8 

Time - 10\olue 

Jain - 50mV!cHv 

l'hoto #102-9 

Time - 2rnaee 

'Jain - 50mV!d1v 

Figure 4-5. AC Variations on the lOV Power Supply. 
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?hoto #102-10 

Time - 2~sec 

}ain - 0.2V/div 

Photo #102-11 

Time - Sl18ec 

liain - O.2V"jdiv 

Figure 4-6. Typical Fluctuations 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 

0.5 MHz/div 
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Attenuation - 0 

Scan Time - 1msec 
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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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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 IT18101 to cabinet 12 were disconnected. 

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

signal 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 lines (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) Invedance {ohms} Resistance 
Signal 100 Hz 1.· kHz ,100 kHz 100 Hz 1 kHz 100 kHz (ohms)* 

Check source (+) -9.84 J,lF -5.44 aJ= 838 69.1 75.4 4.23 38 (40) 
Check sou rce (-) 

+600 V -400· 22 -3.B pF VAR** VAR 2.0B >2 M 
Ground 

",. 

Si~al In VAR 30 -411F 4.9k 4.9k 1.88 9.94k (7.4k) I ..... 
Shield tTl 

+10 V 6 J,lF 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 B.7k (7.1k) 
+10 V 

*Values in parentheses are reverse polari~y values. 

**Indicates variable response. 
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STRIP CHART 102-1 

TBllO: 1 to 2 

Signal - Check Source 

etting - 500rnp/div 

hang~ - 52.6 ft/div 

'ensitivity - 0.5 

15 hz filter 

2nd plot begins @ 800 ft, 

~ahie dielectric - other 

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



STRIP CHART 102-2 

TEliO: 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 MEASUREMENTS 

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 

excessi ve load on the hi 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 

5.0 VDC for a 0-"10 V pulsing output. Measurements on the checksource 

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

through the checksource coil is 1ntact. 

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 1riTable 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 pep 120 

hertz ripple in the 10 V supply; however, th1sfs not believed to be 

large enough to cause failure of the instrument. 

5-1 
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S1 gna 1 

Signa lOut 

600 V Supp 1y 

10 V Supply 

5-2 

Table 5-1 

CHARACTERISTICS OF MAJOR SIGNAL LINES 

Frequency An1)11 tude 

o (DC) 4.3 Y 
60 Hz and Harmonics 5.6 mV RMS 
40 kHz 1.1 Y RMS 

Total ~ectrum 6 V P-P (1.3 - 7.3 Y) 

60 Hz 12.7 mV RMS 
16 kHz and Ha rmon i C 5 <1, mY RMS 
20 kHz and Harmonics 4 mV RMS 

Tota 1 ~ectrum 60 mY P,,:,P 

120 Hz 100 mV'p-p 
20 kHz and Ha rmon ~ c 5 32 mY. ~MS 

Tota 1 ~ectrum 200 mY p-p 



5-3 

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

proportiolial to the radiation present. The oscilloscope photograph of 

the Signal Out line (Figure 4-4) shows that the output is a per1od1c 

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 s1nus01da1. Resistance data (Table 4-1) s1ml1arly 

indicate a problem among the Signal In, +10V, and Shield 11nes. 

Table 5-2 gives a compar1son 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-l0 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 c1rcuitry, but 

qualitative results are possible. Very low effect1ve capacitance values 

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

which has a 100 pF capacitor present. The checksource lines ind1cate 

the presence of the coil inductance (negative capaet tance) wh1ch 1 s al so 

expected. Impedance data is reasonable and exhib1ts major trends 

expected from the circuitry such as reducing values at higher frequency 

for the Si gna 1 In. 

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

Ft gures 4-13 to 4-16 aresunrnarized 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 

instrument. Some junction points were not identified by these 
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Tabl e 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 ari ty + Polarity - Polarity + Polarity + 

In 8.78 1.25 9.94 7.40 

In 8.32 6.70 8.70 7.10 

7.40 11.80 1.70 ~ 

numbers III and 1405 composite data. 

(a) All values are in ohms"4 103 unless otherwise indicated. 

(b) First signal to positive terminal. second s1gnal to negative 
terminal is considered Polarity + •. 

(c) All melsurement~ made w,ith a Keithley 177 DVM or 
20 x 103 ohm scale. .. 

rpw 



5-5 

Table 5 ... 3 

SUMMARY OF TOR MEASUREMENTS 

Distance 
Signal Lines (ft)" Descr111~lon*" Probable Cause 

Check sou rce ~ + ~ . 505 Point R Increase Remote Meter 
ChecKsource - 996 Poi nt R Increase Penetration R507 

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 
Shiel d 1320 Continuous R Increase HP-R-212 Detector 

10 V Supply 289 Point R Increase (1 ) 
Ground 474 Point R Increase Remote Meter 

975 Point R Increase Penetration R507 
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~alibration tests. 

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

**R is the abbreviation for resistance. 

· ,:<1, 

' . 



meastlrements, but this is not unusual due to the cable lengths involved 

and the small res1 stance changes that :'wd~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 10~d1ng on the 600 V power 

supply, it appears that the Geiger tube hasrl)led. If the tube fal1ed 

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 is designed to 

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

designed to prevent loss of signal in 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 if 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 "anti-jam" circuit. Also, there is an indication 

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

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

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

mR/hr detector response by the readout module. 

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, 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. 

t Procedure Title & No.: 

WIt f j)~ ~--' d..I e AI'..4,Mn 

2. Purpose: .. 7;; ~~.~ ~ ~~ ~,-t.-. 

~'L~ .• ... ' 

3. Description of system or component to be worked on: 

4. References: 

v,~-m~ 

--------------------------~.-,---------------~--------------------------------------S. Sp~cial Tools, and Materials required. 

6. Detailed Procedure (anach additional pages as required) 

Supervisor of Maintenance recommend. approva(..I.· ","~~'¢. __ 

• PORC RECOMMENDS APPROVAL ~ ~ 
Unit No.1 Chairman _______ Oatl _____ Unit No.2 Chairman, _______ Date _____ _ 

• UNIT SUPERINTENDENT APPROVAL 

Unit No.1 ______ - Dllte_~.,...-~_ Unit No.2 _____ Dati _____ _ 

• Standing Procedure ______ ~_-_~ ___ ----
Supervisor of OC Oatl 

• NOlr: Thesr approvals required only on Nuclear Salety Ihllt,d/Radialion work permit Jobs .. 
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Page A-3 
TITLEIN-SITU HEASUREMENTS OF CABLES AND 

SIGNALS FROM AREA RADIATION MONITOR 
HP-R-212 

NO. 
TP-102 

REV. 0 

Technology for Energy Corporilion APPROIED"lItr! ~J.t~: 
PROCEDURE ' M. V. Mathis. 01 r~ctor t Tech. Serv. Di v. 

DATE 

9-12-80 

PURPOSE: The purpose of these measurements is to gather basel ine 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 1n-containment 1nstrument module (garrma detector), associated ' 
cabling, and readout devices., This assessment will requi re 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~fe9uards system thus has no nuclear safety 
rel evance. 

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

3. Personnel Safetx. The test described herein produces no additional 
personnel safety hazards other than normally associated with per
forming instrument ca1ibrat1ons 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 ~ 
shall be made and verified by Instrumentation Personnel. jI, .... ". 

'Rr'OtHe.e+I~N.\ 'lll ~e.a.lt:.""..,b eLl I' '- ",,(2.-;. 
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 1nputs 
(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 lOlot level test 
signals prescribed in Table 4-1 shall be utilized to perform cable 

1 of 15 
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NO 

TP-102 TEe 

Act i ve 

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

o 

integretary measurements on the appropriate instrumentation cables 
by inserting test signals on appropriate conductors of Cable 
IT18701 (terminations shall ·be removed and replaced on TallO of 
Cabinet 12). Should these tests reveal cable integretary prob1ems 
further verification measurements will be made at TB1 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 mY nomi na 1 
ohm base) 

(into 50 i 5V rms 

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

Curren~ i lOmA i lOOmA 

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 
U10r to the p_erformance g,f t~ose .. ,me~~u!:~~~~s:.:\.i:~,:" ... :.~v,:,:,,:, :-:=:.:.~.~ 

, ••• ."IIIII •• ..,.,.:Ji,"''- ,,\ .. '." ''"'" ~". "·'1~!'.+"'./~~. 

2. Ins t rumentat i on personnels ha 11 be ass 1 gned to ass isft "i n- the perfo~ 
mance of these measure~~nts. 

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

PAGE 2 of 15 
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NO. 

TEe IN-SITU MEASUREMENTS OF CABLES MD SIGNALS 
Trnu5 FROM AREA RADIATION MONITOR HP-R-212 

TP-102 

REv. 
n 

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 0'119 •. No. 904550, Wiring Diagram Area ft)nitors Channels 
HP-R-211 & HP-R-212 (Sheet 5 of 11). 

2. Instruction Manual for G-M Area f.t)nitoring Systems, ft)del 855 Series 
Victoreen Part No. 855-10-1~ 

3 • Burns & Roe Dwg. 3347, Sh. 6L and Sh. 6J. 

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

5. Burns & Roe Dwg. 3045. She 34C. 

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

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

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

9. Instruct ion r".anual, He\,/l ett Packard Spectrum Analyzer (Model 141 T, 
85536, 85528 fIodu las) • 

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

Victoreen Instrument Company Owg. 904550 (Ref. 1) and B&R Drawing, 3024 
(Ref. 3) show the appropriate termination pOints for passive rreasuremcnts 
of s 19na1s from HP-R-211 as follows: 

3 of 15 PAQI __ -
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Page A-6 
IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 

TTnU! FROM AREA RADIATION MONITOR HP-R-212 

Cable Cabinet 
Signal IT2994I 12 

+10V TB110·8 

600V TB110-5 

SIG T8110 .. 6 

GND T8110 .. 1O 

CS T8ll0·1 

CS TBllO-2 

1. NOtify Shift Supervisor/Shift Foreman of start of test on HP-R-212. 

2. Verify power is applied to H?-R-212. 

~/ 

NO. 
rP-102 

REV. 

3. Record present signals and readings and indications on 856-2 Readout Module 
(Local & Remote). Record Signal-in at TBllO-6/7 and record output for 30 
minutes on Fr1 Tape Recorder. RemoVE! recorder when finished. 

PAGE 4 of 15 
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
TTnUE FROM AREA RADIATION MONITOR HP-R-212 

Meter/lnd ieator/Switch .b2.s!l. Rmte 

mR/hr Meter Reading &s::. NLA 
Off-Operate~Alarm Function Switch omo;rg N/A 

Fail Safe Indicator On_Off~ N/A 

High Alarm-Reset Indicator on--6ff_ N/A 

NO •. 
TP-102 

REV • 

4. Using a Ke1th"ey t-bdel 177 OMM (or equivalent) and an e rQstatic voltme r 
(Zi > 1012 OHMS, Range 0-2000 V, Precision • + 1~) rreasure he DC voltage or 
current at the following test points.-

NOTE: For signal .. do it will be. necessary to depre7S Fa . -Safe Check Source 
pus h button duri ng the rreas urement. . ' 

. . 

MGE 5 of 15 
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NO. 

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

TP-I02 

REV. 

SIGNAL CABINET 12 TEST LEAD 

a. TellO-8 ~+) 
T8110-10 -) 

b. T8110-6 ~ +) 
TBllO-7 -) 

"'cO TB110-5 ~ :~ TB110-10 

·"'d. . TB110-1 (+) 
'(open field 

side) 
TSllO-l (-) 
(cabinet 
side) 

"'Use~ctrn~~~~voltmeter 
**L1nk closed ~fter lTeasurement 

PAGE 6 of: 15 

n 

READING 

(lOV) IQ .1 Y 

(SIG IN) g ~ 3 
. S OUT C IN ~99 V .. Jh.e • . I"'i-k.w~ 

(600V) 4129 V . M ~-tc.- L~rul 
.\,0 ""f;; fUll o ... t.:J. • 

«500 1M est.) ,..1 .8;fw. '/I'i},j,:-:..:: 
:)1$ 

Nk~ -i.e y ~ 

i.. 'l\c;,""".J, ~,Ie.. 

9"- ~ 
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
T111.& FROM AREA RADIATION MONITOR HP-R-212 

NO. 
TP-102 

.. 5. Using a Tektronix fIodel SCS02 (or equivalent) oscllloscope obsef¥e the wave-
form at the following test points: 

. 
SIGNAL CABINET 12 PARAMETER 

a. TBllO-l CS Photo '12.~-1 . Photo Photo 
TBllO-1O Time Base:ft'= Time Base - Time Base 

Vert Gain" Vert Gain -- Vert Gain := 
b. TBllO-2 CS Photo lO!1-:1 Photo Photo 

TBllO-lO Time Base, ;.t",S Time Base - T1 me Base 
Vert Ga i n J.:t.... Vert Gain Vert Gain --- -

. ·c. TBllO-5 +600V Photo Lt11-3 Photo la2:-1, Photo n:l~ TBllO-1O Ti me Bas e .5Pp$ Time Base ~ Time Base •. . Vert Ga i n /AinJl Vert Gai n Vert Gain 

Photo IOii;t5 
't'\ 

d. TBllO-6 SIG Photo [D1-7 Photo 
TBllO-7 Time Base .' Ti me Bas e 'i!i!. Time Base -Vert Ga.i n ll.. Vert Ga in Vert Gain -

e. TBllO-8 +lOV Photo ic2~-8 Photola!l. -S Photo 
TBllO-lO Time Base ~ Time Base ~ Time Base 

Vert Gain ~ Ve rt Ga i n S1::t:Di Vert Ga in --
f. TBllO-lO GND Photo leiJa':" tQ Photo /oll-ll Photo 

TBSOl-30 ACGND Time Base ~ Time Base ;j"mS Time Base -Vert ,Gain ~ Vert Ga i n .a:.aL Vert Gain -
~ ·Decouple CC Voltage. 

Sync the oscilloscope and photograph the waveform using up to three time ba:.e 
and vertical gain settings •. (The necessity of 3 photographs will be deter
mined by visual ana1ys is by the field engineer.) Mark the back of the pho-
tographs with the instrument tag number and parameter measured. • 

PAGE 7 of 15 
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I 
NO. 

IN-SITU MEASUREMENTS OF CABLES AND SIGNALS TP-I02 
FROM AREA RADIATION MlNITOR HP-R-212 I r:.EV. 

n 

USing a Hew1ett-Packard Spectrum Analyzer (Models 141T, 85538, and 8552, or 
equivalent) perform an analysis of the fo110\,,1ng signals for spectral conte,lt: 

SIGNAL CABINET 12 PARAMETER PHOTO # 

a. T8110 .. a +10V Ic0.. .. I'l. 
O':'V~3cM'l'" S"oChfoit/ VII) 

R+b:,,; 0t:.; I ",~e./b .. TBllO-10 GNO 
IOJ-S )"'R.t.fr Od~ 

b. TB110-6 SIG IN lQ!l- 13 
TBll0-7 GNO 

*c. TB110-5 +600V [(2'). ... 14 
TBllO-10 GND 

*Decouple DC voltage max input to Spectrum Analyzer 
(SOl/DC) 

/I 

--"--
/( 

Before photographfng each scope dis~lay adjust analyzer for best spectral 
resolution. Record crftfcal analyzer parameters e.g., RF bandwidth, RF band
\'iidth and sweep speed on rear of photograph as well as paralll'!!ter analyzed. 

SPECTRUM IOENT FREQUENCY AMPLITUDE ; RE~lARKS 

PACe a pf 15 

I 

I 
I 

I 

~L ( . 
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
TtTU! FROM AREA RADIATION MJNITOR HP-R .. 212 

NO. 
TP-102 

7. Us in9 the Nicolet robdel 444 FFT Analyzer (or equivalent) perform 'FFT ana lys is 
of signals from the following test points: 

SIGNAL CABINET 12 PARAMETER PHOTO , 

IO~-' S" '*a. TB110-5 +600V 
TB110-10 GNO IO~-/~ 

b. TB110-6 SIG IN IO!.l·-17 
TB110-7 GHO IO~-J& 

c. TB110-B +lOV /0:2- 19 
TB110-10 GND 

*Oecouple DC voltage input to Spectrum Analyzer 
(SOVOC Max 1 nput) '. . . 

0 

~ 

" 
0 

0 

.. 100 b '-/; 
..I~t·t.. 

- ,00 1t1-l1l 
_\ "'1-1 .. 

·-1(,')6~t{. 

If PSO plots from anyone of the three signals show high or unusual 
alll'l itudes. utl1ize the zoom future to provide finer resolution and obtain 
PSD data in the frequency band qf interest. 

8. Ins ide Cabinet 12 perform usual electronic cal1brat ions us 1n9 applicable 
instrument shop procedures. Attach a copy of the instrument shop calibrilt10n 
data sheet and identify any significant adjustments in the space below: . 

"'.'-
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IN-SITU ~lEASUREMENTS OF CABLES AND SIGNALS 
T1TLE FROM AREA RADIATION MONITOR HP-R-212 

Procedure 
Step Remarks 

. ~.cY 
~~~~ 

See attached instrument shoo orocedure data sheet. 

Instrument Shop Procedure No. 

NO. 
TP-I02 

RaI. 

---

9. Rerrove all pOI'ler from HP-R-212 (Tag Open TBS01 11 nks 28 t 29 t and 30 per proce
dure AP 1002). 

10. Open 1 fnks for all fie,ld wires from Cable ITl8701 at T8110 (Cabfnet 12). 

PAGI 10 of 15 
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IN-SITU MEASUREMENTS OF CABLES ANO SIGNALS 
T1TLE FROM AREA RADIATION MONITOR HP-R-212 

NO. 
TP-I02 

TERMINAL r (' ~ "'l' .. I ",1 r.."T'"" I" \ 

SIGNAL IDENT. 

\. 
, 

T8ll0-1 (Blue) C.S • 
. 

TB110-2 (Orange) C.S. 

TB110-3 (White) Rem. t-'~ter 

TB110-4 (Yellow). IT2996C HI N.C. 

T8110-5 (RG 59/U, 72 OHM) 600V 

T8110-6 (RG 5a/U, 50 OHM) SIG IN 

TB110-7 (RG 5a/U, 50 OHM) Shield 
(for signal) 

. TB110-8 {Red} +lOV 

TB110-9 (Green) IT2996C Al ert N.C. 

TB110-10 ~Bl k) GND 
RG 59/U, 72 OHM) Shield 

11. U5ingthe Hewlett-Packard MDdtl 4274 (or equivalent) Impedance Bridge measure 
the capacitance and impedance of the fol1ow1n9 test pOints: 

PAGE 11 of lS 
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T C IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
T1TLE FROM AREA RADIATION MONITOR HP-R .... 212 

TP-102 

REV. 

TEST POINT 
(1t~l» 

FROM* 
( :aW1ek.j 

TO* I 

CABLE WIRE COLOR/TYPE CABLE WIRE COLOR/TYPE 

a. InS70I Bl ue (1) ITla70I Orange (2) 

b. Ina70I RG 59/U Center (5) IT1870r RG 59/U Shield (1O) 

c. . In870I RG 58/U Center (6) I Tl8701 RG 58/U Shield (7) 

d. IT1870I Red (8) ITl870l Black (10) 

e. In870I Black (10; Field In870I T8109-10 (Cabinet 
S1de) Side) 

*Numbers in parentheses refer to TB110 terminal numbers (field side). 

Record the data required below: 

Test Point* Capacitance Impedance 

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

4>9.' Jt 75."11i'1.. 4 . .2~ 
~I 

a. (1/2) -"e4".,.F" .. 5:"tffF + 8381\.F 
7;-~~ ~~.~~. rto£f~rt-.. b. (5/10) s=i'1 ~2.l\ f=" -'3.8p.F 

". 
--......... '1=- Eh~L ~Oo _'-=-._. ---_ ... _- -""L 

c. (6/7) ~51.1j'ltt '301\ j: iIJJM' 4.9Ih'L 4.9h.~ /.seJ'L 
*"""(I\ICI'JA.) -.::.::Jj ~ (!' --- --... -~--. 

d. (SIlO) ~p.r- 4.l, pr 18(; 1\F ,2Su 1l.t SIJL 30 .. 'l; 
........ _--- .-

e. (lO/lO)t NoIsrr -'7tpF 43 'f\. F' I.iL 4.4 Jl. 39",t , . 
\\ *Numbers in parentheses refer to TBllO FROM/TO terminal numbers on field side. 

\tField side/Cabinet side across open link •. 

~----:,,--d:---r-----'-T-.-.- '---.~~~~!.:...:.:::.l..-.,~ 
\;'.(5";/0\ - NOI~&' 'I ~O"'Fl J95"f\F, ~!~~\\.~) 

! IlA'rt\.. 10' 'RG: S'S ""+ "'d. ~ \>1. - -4--- -~----.".-

'.f.,' I\~I.; Ii' · L " 
"P'Ii~i \ 3"tu -IfI... ::;l 

01(\ \ 
.. _--- : __ ._-- ... -._-
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T11lJ! FROM AREA RADIATION MONITOR HP-R-212 

NO. 
TP-102 

REV. 
o 

12. USing the Tektronix Model 1502 (or equivalent) TDR unit perform TDR measure
ments on the five test points given 1n Step 11. Record data belo\'i: 

.. Instrument Strip 
Test Poi nt* High R Low R Sett 1 nos Chart 

@ N ft. @ N ft. Amp 1 Range Mult Number 

(1/2) 5tC~.~ JO()~,~ I JD'). - f a. 
'f IO!2.-l b. (5/10) 

c. (617) II JOt). -3 

d. (8/10) I, i():l -"1-

e. (lO/lO)t' II ItJ2 ... S" . 
*Numbers in parentheses refer to TBllO FROM/TO terminal numbers (field 
side). .. 

tField side/Cabinet side across open link. 

13. Us ing the Keithley f-t>del 144 (or equivalent OM,'1) perform resistance ~~SU!'e
m(!nts on the Test Points specified and record value in space provided. 
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TEST POINT 
,f. 

a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 
if 
~ . 

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

NOTE: 

Page A-16 . NO. 
IN-SITU MEASUREMENTS OF CABLES AND SIGN,\LS 

TITLE FROM AREA RADIATION MONITOR HP-R-212 
TP-102 

. 

POLARITY POLARITY 

From • +i To· - From" -; To· + 

FROM LINK TO L.INK RESISlANCE . RESISTANCE 
(field side) (field side) 

(("to Q , . . "',--;- ,,, I . 
TB110-1 T8110·2 39~rt. -40.tt. 
TB110-1 TB110-5 '- r--. 

TB110-1 TBI10-6. ........." ........... 
TSllO-1 TBll0-7 r-' ~ 

TB110-1 TB110-8 ,.,.......,.. ~ 

TBll0-1 TBllO-10 ,....., .""...-

TB110-2 TB110-5 --' --TB110-2 TBI10-6 ",-...., ~ 

TB110-2 . TBllO-7 ~ .""-" 
TBI10-2 . TB110~8 /""'oJ "..........., 

T3110-2 TBllO-10 : . . .,....." .~ 

TB110-5 TBI10-6 "'-' I"-" -' 

T6110-5 T8110-1 --'" t"-' 

TB110-3 TB110-8 ""'-"" ",...." 

T8110·5 T8110-10 .' A./ /'\.../ 

TB110-6 .TBIIO-7 
' ~.9-4~~ 7,4-~Jt.. 

TBI10-6 TBI10-8 
. ~:~ ~.~~ TB110-6 TBllO-10 :1~Jt 

TB11O-7 T6110-8 7.7 kit IS". a \\it. 
TB110-7 T8110-10 tJ\. 'wI\, 
TBI10-8 TBllO-10 1S".:l \t1l, 1," :)~Jt. 

Close all links on T8110 (opened in Step 10) when finished with this step. 

14 of 15 PAGI __ _ 
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS 
TTnU! FROM AREA RADIATION MONITOR HP-R-212 

NO. 
TP-I02 

14. Notify Shift Supervisor/Shift Foreman of end of test on HP-R-212. 

I hereby certify that this Test Procedure has been completed as written and that 
all data has been correctly entered and ffled as requested. 

TEe Representative c!-Q, -n,C) P ;,,; . 

Instrumentat ion 

gnat1ur:e/oate 

--rf JJI ~}M tf/[d~ 
Signature/Date " 

, 

_II! • 15 of 15 ,-,.-1· __ -
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JOB TICKET (WORK REQUEST) 
REVIEW - CLASSifiCATION - ROUTING CONTnOl FORM 

JOB TICKET NUMBEA ______ _ 

1. Does work represent a change cr modification to an existing system or component? If yes, an ap
proved change modificalion is required per AP 1021. 

elM No. ____ ......,.._ 

21. Does work requires an RWP? 

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

38. Is work on a OC component as defined in GP 100B7 

3b. 11 3a is yes does work have an eHec! on Nuclear Safety? If 3b is yes, PORC reviewed Superinten· 
dent approv'Jd procedure must be used. . 

4. Agreement that a PORC reviewed, Superintendent approved procedure is not requirp.d for this 
work b~cause it has no effect on nuclear safety. [Applies only if .3a is Yes and 3b i3 Nol. 

DUE 

5a. Is the system on the Env!ronmenral Impllct list in AP 1026? 

5b. If 5a is YES. is an approved procedure required to limit environmental impact? 

6. Agreement that 5b IS Nn. [Required only if 5a is Yesl. 

U',!f s~pr I$U?V JF QP[AMIONS om 

7. Plant STalUS or prerequisite contlilions required for work. iOperating andlor shutdown] 

e. OC Dept. reVIew, if required in item No.3. 

;Vtr" 
()ATE 

--~~--.,-... --... -.--- . 

9. Does work require code inspector to be notified? 

10. 

--p-...t;.L.-=~'-'r'-------------- Dst'-#-
11. 

Yes No r-

Yes No r-
Yes No /" --
Yes No /" 

Yes No r-

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

Yes __ _ No ---

12. Code Inspector Notl/ied. Name: -----rlr--+-..,.,..--~---,,~-------- Date 

i; Sr,:fl FOlem;)n's approval to commence work: 2'22. 7~ D'''~ 
Initial II Shill Forcml:ln sly ature IS nOI reqUired, rr-
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GENERATION CORRECTIVE MAINTENANCE SYSTEM 

eM STATUS ACTIVITY FORM 
Page A-19 

COMPONENT DESIGNATOR 
LOCATION UNIT JOB WORK 

L TYPE AUTHOR IZAT ION 
COMPo COMPo 0 NUMBER 
TYPE 10. 0 

P 

~ 12 16 17 22 123 2( 128 '1? 

!R o I~I .'J o 13 ,6 10 0 2 C M W~C 1.51L-IG ',1 

REaUEST DATe 

MO DAY YR 

33 38 

I~A , 1'08 0 

~ 
.. 

-A 
SCM 

TXN C 
NUMBER 

CD T , 4 L~l ..51 

8101'4 A . 
A ~ RESF', LOCATIO~ 

P 
ASSISTING 

P 
ASSISTING TXN C 1'1 R 

T PR CONTRACTOr T CONTRACTOR T CONTRACTOR CD T 
16'6 Y Y 1 4 1137 " 

a lois A ~ () .3 ~ltJ I I 
TXN A PURCHASE REaUISITION PURCHASE ORDER C 
CD T NUMBER NUMBE", 

1 4 59 66 67 73 

a J a 11 A 1 J 1 1 
SIM APPROV AL. FIEL.DWORK 

A STATUS HOoO TO COMMENCE COMPLETION 
TXN C % WORK DATE 

T CODE. ~ ST ARl: OATE R e L.EASE DA TE COMPL.. MO DAY VR MO DAY VR 

1 4 39 40 41 45 47 52 53 55 IS6 t i 61 1117 I , Fli 

a 11 I a A ~ ~ ~ ~ ~ ~ ~ I I I J j I I 
o ,1 ,. . I ' I I 

' ;, 
OUTAGE HOLD 

012 I , PART HOLD 

0 3, I I I t QUALITY CONTROL PART HOLD 

o ,4 I I , QUALITY CONTROL PROCEDURE HOLD 

o 15 I I I OPERATIONS HOLD 

0 16 j I I 1 I CHANGE MODIFICATION HOLD 

OJ 1 i I I i l ENGINEERING HOLD 

a a 1 I I I I PLANNING HOLD 

, I I J l. .i i 

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

5 I 1 I . I I I , AT PORC 

5 12 I I I 1 I I AT QUALITY CONTROL 

5 13 1 I I I I I AT UNIT SUPERINTENDENT 

l! .J4 I I .i .1 ..1 AT READING 

.li 15 L ... I 1_-1--1.- ..1 t POST MAINTENANCE TEST HOLD 

5 ,6 I I I I AT ALARA 
TMI 199 '! 1'10 



" PageA-20 MIX-SOl 

DETECTER 

Model 
Seria"""'----

FCK Desired As 
Posit. Mr. /Hr. Found 

Closed 

Iter. If/ 
Open 1 1/ 

1/ 
~i 

Ratemeter 

Desired 

1 

As 
Mr/Hr r·lv. Out Found 

104 
i 

1.00V +.979 z. 

103 
.800'J -t.181 Z, 

10
2 

.600'1 -'.5"lS'? 

10 .400V ~J .L/QOO 

1 .200V .;. Zt).'?1 

.1 .OOOV ~t'/1'1, 

As 
Left 

As 
Left 

EQUIP. A.Jk-~~ SER.NO. :S3()3fi::; 

EQUIP. l' " Sue) 
Il-CO - ~ '/y'''~~ SER. NO. 

1 

EQUIP. SER.NO., 

Area Monitor 

RATEMETER 

Model 
Seria"l'"'-----

- Toler. 

Check Source Rdg. Mr/Hr 

Fail Safe._' ___ :_, Vo1ts 

Pwr. As As 
Toler. Supply Found Left Toler. 

I, , 

,19 -6.81/ '-, ~6 , o~ • !.5V 

''''/ ., J 10.0V ..J 1J.f.r1 
'. # • :t. 1 V 

./ :~;/ 22.0V ..... .'0 It:f 
' , " I !3.0'l 

. /.(>/ 

Alarm As As 
Set. Pt. Found Left To 1 er. 

.." 

• /J; II -
r.-.1,';./ 

, 

LAST CAL. 7-2S -'80 DUE !-Zr-'t'l 

LAST CAL. , '1, ,q-cro DUE Z·,,1-'?I 

LAST CAL. DUE 

PERFOR:'~ED :3y-r-:-e. IiJtA DATE ,tJ"lf:, -:9'0 APPROVED BY DATE 
----~----- ~--.---

; - " 

O":.:!" 
S~ct;on 



• 

STRIP CHART 102-5 

TBIIOI 10 to 10 

Signal - GND 

P39~ ,'':-21 

~etting - 500mp/div 

Range - 52.6 ft/div 

Sensitivity - 0.5 

15 hz filter 

2nd plot begins @ 800 ft. 

Cable dielectric - other 


