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1. INTRODUCTION 

During and following the TMI-2 accident, a nur.loer of instruments failed or 

were sllspected of providing erroneous readings. Because of this problem, 

industry concerns were focused upon the behavior of instrumentation 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 instruments to determine 

current in-situ operatby characteristics. For some instruments, these 

measurements were to be performed prior to removal (and replJcement with 

new instruments) in order to have a cross reference with post removal 

observations. 

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

monitor HP-R-211. This detector' wa~ located at 305 feet elevation, just 

inside the entry hatch (ante-room) used during initial entries into 

containment. This instrument consisted of a Victoreen Model 857-2 detector' 

assembly connected to a Victoreen Model 856-2 panel alarm and approximately 

520 feet of interconnecting cable. This instrument was believed to have 

faiied due to low radiation level indications and due to a lacK of response 

tu the manually activated checksource in the detector. As a resuit of this 

failure, the detector was a candidate for early replacement to provide 

long-term radiation monitoring capability inside containment at the entry 

hatch. 
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2. INSTRUMENT LOCATION, CABLING, AND TERMINATIONS 

A review of appropriate drawlngs from Victoreen and Burns & Roe (itemized 

in the Appendix in the measurement procedure, page A-5) resulted in the 

cOlTposite electrical diagram shown in Figure 2-1. From this information, 

Table 2-1 gives a 1 ist of the appropriate termination points for performing 

measurements in the Control Room in Cabinet 12. Also noted in Figure 2-1 

are the cable 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 in 

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

module. Figure 2-3 shows the functional layou! of the detector and asso­

ciated readout module. This assembly is a "medium range" device with a 

range of 0.1 to 104 mR/hr. An electrical diagram of the c!etector circuit 

is shown in Figure 2-4. As shown in Figure 2-1~ the circuit ~s somewhat 

cOlTplicatect by the presence of a remote alann/meter which is used as a 

local indication of the radiation levels inside the entry hatch. 

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

remove the effect of the remote meter (attached to the signal line) from 

the observed instrument response. However, since the remote meter was 

located outside containment. it did not experience severe operating 

environments and thus was not considered to present any measurement 

problems. Similarly, the Model 856-2 Readout Module, located in the 

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

tation problems except in its functhn of supplying power to the detector 

assembly. 
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Table 2-1 

TERMINATION POINTS FOR HP-R-211 MEASUREMENTS 

Signal 

+lOV Power Supply 

+600V Hiqh Voltage 

Signal Out 

Ground 

CS** 

CS** 

*From cable IT2931I 

Cabinet 12 Identification* 

TB109-8 

TBI09-5 

TBI09-6 

TB109-10 

TB109-1 

TBI09-2 

*kCS = Checksource coil positive and return contacts (exact identification 
not necessary). 



Remote Alarm Meter 
858 -2 

Readout Modules 
856-2 

Rack Chassis 
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Detector 857-2 

Remote 
Alarm 

Figure 2-2. Sketch of Instrumentation for HP-R-211. 
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3. PREPARATION OF MEASUREMENT PROCEDURES 

As a result of generating the cOl1llosite electrical diagram and from a 

I'eview of the Victoreen Area Monitor Operation Manual, the major types of 

measurements to be per;ormec1 ~"iere identified as 

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

2. Perform passive measurements (i.e., passively monitor signals) on 
each electrical connection consisting of time domain waveforms, 
v0ry-higl"i frequency spectrum analysis (i .e., MHz region), and 
frequency spectra below 100 kHz 

3. Perform resistance, capacitance, il1lledance, and Time Domain 
Reflectometry (TOR) active measurements (i .e., actively intro­
ducing a test signal). 

These measurements were designed to verify the operation of the Readout 

Module (especially the power supplies) and the Remote Meter/Alarm. The 

focus of the measurement was on the detector assembly, cabling, and 

terminations/connections to the assembly. The Appendix \":c.ltains the 

detailed procedure which was followed during the measurement program, and 

a summary of measurements is presented in the next section. 
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4. MEASUREMENTS 

Jince HP-R-211 was a candidate for removal and possible replacement, 

measurements were attempted at five different conditions: 

1. Laboratory measurements on a spare detector and readout module 
assembly 

2. Pre-insertion detector pin measure;~ents on two spares 

3. Meas~rements on the installed detector-readout assembly 

4. t>'easurerT€nts with a replacement detector installed at the remote 
mete r 1 ocat i on 

5. Attempted measurements on the newly installed detector (only TDR 
cable measurements were possible). 

Each set of measurerrents is described in the following sections. 

4.1 LABORATORY MEASUREMENTS (MOCK-UP) 

Prior to performing the mpasurements on the installed instrumentation, 

a pre! iminary set of measurements were taken on a spare detector and 

readout module assembly. rages A-3 to A-16 in the Appendix are the actual 

field data sheets for the measurements. A summary of the important data 

is presented in Table 4-1. Of equal importance to the measurements on 

the detector were the calibration data obtained on the equipment to be 

used for the field tests. Pi:lges A-17 to A-22 show the results of these 

measurements with the resulting equipment cal ibration (i .e., conversion 

val ues) data. 
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Measureme~t Points 

Checksource (+) 
Check source (-) 

Signal in 
Sh i e 1 d 

Signal in 
+ lOV 

Shield 
+ lOV 

4-2 

Table 4-1 

SUMMARY OF MOCK-UP MEASUREMENTS 
(DEfECTOR RESISTANCES) 

Polarity + 

30.4 ohms 

8.85 

7.47 

Polarity -

30.4 ohms 

7.23 

11.90 

Notes: (a) All values in ohrrs x 103 unless otherwise indicated 

(b) First signal to positive terminal and second to negative is 
considered Polarity + 

(c) All measurements made vlith a Keithley 177 DVM on 20xl03 ohn 
scale. 
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4.2 PRE-INSERTION DETECTOR PIN MEASUREMENTS 

Prior to possible insertion into containment for replacement of HP-R-2l1, 

measurements were made on two detector connector pins to determine a 

typical range of normal values for resistances. ~lese measurements were 

carried out on two different Model 857-2 detectors, serial numbers III and 

1405. Table 4-2 shows the data obtained from these pin measurements which 

was used for later comparison to the data obtained from the HP-R-211 

assembly. Note th<3t there is only a small variation in measured values 

between the aetectors and that the change in resistanc~s with polarity is 

the result of active corrponent,~ ~l-e., transistors) in the detector 

c i rcu i t ry. 

4.3 INSTA~LED DETECTOR-READOUT MEASUREMENTS 

Measurements were also performed on the HP-R-2l1 assembly in its as-found 

condit:ion. The field data sheets for these measurements are shown in the 

Appendix on pages A-23 to A-41. When mrJsJrements began, the local and 

remote meters were indicating 1.5 and 3.5 mR/hr, respectively. Prior to 

performing further measurements, a recording of the Signal Out line was 

made on an FM tape recorder using AC r.oupling to remove an offset of 

approximately 7V in the signal. Following this recording, passive measure­

ments were made on certain signals with the following results: 

(a) lOY Power Supply @ 9.4V 

(b) Signal DC Voltage @ 7.5V with no check source 

@ 7.5V with check source 
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Table 4-2 

SUMMARY OF DETECTOR PIN RESISTANCE MEASUK~MENrS 

MC'Jsure:rtent Points 

Check source 
Checksource 

Signal In 
Sh iel d 

Signal In 
+]OV 

Sh i e 1 d 
+ 1 OV 

Detect (l r # III 
Polarity + Polarity 

8.77 7.34 

8.27 6.56 

7.44 11. 77 

Detector #1405 
Polarity + Polarity-

30 ohms 30 ohms 

8.79 7.16 

8.38 6.84 

7.37 11.84 

Notes: (a) All values are in ohms x 103 unless otherwis'e indicated 

(b) First siqnal tc positive terminal; second to negative is 
considered Polarity + 

(c) All measurements made with a KeithlE!y 177 DVM or 20xI03 ohm 
scale. 
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(c) 600V Power Supply @ 605V 

(d) Checksource Current @ 13 mao 

These measurements indicateo that the 10V power supply was somewhat low, 

that the signal did not significantly change when the checksource was 

applied, that there was an offset in the signal line (detected during 

earlier recording), and that the 600V supply and checksource coil were 

operating correctly. 

A series of time plots of all instrument 1 ine responses were obtained by 

photographin~ the trace from a storage oscilloscope. Figures 4-1 to 4·3 

show typical results of these measurements for the 600V supply, signal, and 

IOV :,upply, respEctively. The complete set of photographs is shown in the 

Appendix on pages A-19 to A-86. Frequency domain spectrum plots were 

also obtained for each signal over both a 0-5 MHz band ~~d a 0-100 kHz 

band and the complete set of data can be found ~n pages A-87 to A-92. 

Figures 4-4 to 4-6 show the 0-100 kHz plots of the signal spectra, but not 

the high-frequency band, since little information is present at those 

frequencies. From these measurements of the waveforms, the following 

summary is obtained: 

(1) 600V supply: IV P-P @ 120 Hz present 

small 20 kHz and harmonics 

small 95 kHz prese~t 

(2) Si gna 1 

random pulses present (see l/f spectrum) 

at lower frequencies 

3.4V P-P random pulses present 

small 32 kHz and harmonics present 
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Figure 4-1. Typical AC Fluctuations Present on 
600 V Supply . 

a) Vertical Scale 
O,2V/Div 

Horizontal Scale 
2 ms/Div 

b) Vertical Scale 
0.2V/Div 

Horizontal Scale 
10 ms/Div 
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Figure 4-2. Typical Output Signal. 

a) Vertical Scale 
IV/Div 

Horizontal Scale 
1 ms/Div 

b) Vertical Scale 
IV/Div 

Horizontal Scale 
2 ms/Div 

Ji 

1 
:1 
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a) Vertical Scale 
IV/Div 

Horizontal Scale 
5 ms/Div 

b) Vertical Scale 
0.5V/Div 

Horizontal Scale 
2 ms/Div 

Figure 4-3. Typical Fluctuations on the 10 Volt Power 
Supply. 
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Note: 

20 kHz Harmonics 11tensified 

AC RMS = 0.109 Volts 

Frequency (kHz) 

Figure 4-4. Frequency Spectra for 600 Volt Power Supply. 
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+20 dB Ref Note: 
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> 
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Figure 4-5, Frequency Spectra for Outpu~ Signal. 
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Frequency (Hz) 

Figure 4-6. Frequency Spectra for 10 Volt Power Supply. 
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(3) 10V supply 

4-12 

2V P-P @ 120 Hz present 

small 16 kHz and harmonics present 

small 20 kHz and harmonics present. 

This data again indicates a problem in the lOV supply due to the excessive 

120 Hz AC present. 4nother' problem is obvious in the small afll}litude of 

the Siqnal pulses since they shoulrl span approximately lOVe 

After corrp let ion of these measurements, the nor-mal instrument cal ibrat ion 

;lrocedur-e was per-fomed on the readout moduie electronics. The raw data 

sl-:::c:ts from the calibration are given on pages A-62 and A-53. 

Application of the calibration procedures resulted in replacement of a 

capacitor in the +22V supply in the readout module, which directly feeds 

the 10V supply. This capacitor was the cause of the low supply voltage 

and probably caused the excessive 120 Hz fluctuations by allowing the 

rectified AC 1 ine signal to pass through. After the calibration, all 

voltdges were restored to normal values. 

After calibration of the readout module, power was removed from the 

instrument and the field cable 1 inks were opened between the detector and 

the readout module. A series of capacitance and ifll}edance measurements 

were made at the field side (directly to detector) of the terminal blocks. 

The data obtained from this test is erratic due to the presence of long 

cables and active components in the detector, but may be found on page A-39 

of the Appendix. 
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The integrity of the cable between the control room cabinet and the detec­

tor was then tested by performing TDR measurements. Figure 4-7 shows a 

typical TDR result for the Signal Out 1 ine with inflection points 

identified, and Table 4-3 lists the inflection points for all lines 

measured. Notice that there is some scatter in the predicted location of 

electrical interfaces, but this is not unexpected when using TDR 

mer.surements. A complete set of TDR traces for all cables can he found in 

the Appendix on pages A-94 to A-107. 

0:00n c'Jrrpletion of the TOR measurer;J(~nts. resistance measurements were per­

formed on all combinations of signal lines at the teiminal block. Note 

that this measuremEnt is different from the detector pin measurements due 

to the length of cabling between the detector and the termi'1al block. 

However, this effect should be small (as confirmed by TuR data) and results 

should be comparable to the data taken previously. Table 4-4 lists the 

irrportant measurements and a corrplete 1 ist can be found on page A-41. 

4.4 MEASUREMENTS FOLLOWING REMOTE INSTALLATION OF NEW DETECTOR 

Following the completion of measurements on the installed HP-R-211 system, 

a replacement model 887-2 detector (serial # 111) was installed by removing 

connections to the containmerl~ detector at the ante-room (remote) junc­

tions. Before proceeding with measurements, the normal field calibrat.ion 

was performed on the detector-readout system using a calibration source. 

An adjustment to change the meter readouts upward by approximately a factor 

of two was needed, which is not unusual for expected variations with a new 

detector. The TM! calibration data sheets are given in the ft~pendix on 

pages A-64 to A-67. 
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Figure 4.7 TDR Results of Signal Out Cable. 
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Table 4-3 

SUMMARY OF TDR INFLECTION POINTS 

Si gnal Distance (ft)* Descript ion** Probable Cause 

Checksource 163 Increased R poi nt terminal block 

253 Increased R poi nt termi na 1 block 

342 Sl ight continuous R ? 
decrease 

379 Large R increase check source coil 

+600/ (RG59) 174 Increased R poi nt terminal block 

174+ Continuous R decrease ? 

268 Incre'seCl R point t ermi na 1 block 

368 Slight continuous R ? 
decrease 

405 Large R increase detector circuitry 

5igno~ ( RG58) 174 I.1creased R point terminal block 

174+ Continuous R decrease ? 

263 Increa:>ed R point terminal block 

368 51 i ght c ont i nuous R ? 
decr'ease 

395 Large H increase detector circuitry 
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Table 4-3 (Continued) 

Signal Oi stance (ft) * Oescription** Probab 1 e Cause 

+10V 163 In creased R point i:ermina1 block 

242 Increased R poi nt terminal block 

342-358 Sl ight R decrease ? 

379 La rge R increase detector c i ;-cu i t ry 

Si gna 1 (RG58) 174 Increased R point terminal block 
with terminal 
black added 174+ Continuous R decrease ? 

363 In creased R poi nt termi na 1 block 

384 51 i ght cant i nuous R ? 
decrease 

405 Large R increase detector circuitry 

*TOR to terminal block test cable (10 ft) not included in distance. 

**R is the abbreviation for resistance. 



Measurement Points 

Checksource (+; 
Check sou rce (-) 

Signal in 
Sh i e 1 d 

Signal in 
+10V 

Sh i e 1 d 
+10V 
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Table 4-4 

RESISTANCE DATA FROM HP-R-211 

Polarity + Polarity -

40.2 ohms 40.2 ohms 

8.62 6.53 

305 ohms 305 ohms 

6.47 8.59 

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

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

(c) All measurements made with a Keithley 177 DVf1 on 20xl03 ohm 
scale. 
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After calibration, both the remote and local meters indicated a dose rate 

of 0.5 mR/hr at the ante-room location of the replacement detector and the 

signal from the detector was recorded (see page A-43). The lOY supply 

measured 9.99V, the 600V supply measured 605V, and the checksource coil 

measured 14 ma current, when tested. The signal output was ranging from 0 

to 9.9V ~hen measured with a DVM with background dose rate conditions and 

similarly varied when the checksource was activated, but at a much faster 

rate which appeared as approximately an averaged 5V le~el. 

Time tr JC2<; were taken of the output waveforms by photographing a storage 

oscilloscope trace. Figures 4-8 and 4-9 illustr'ate wavefo~ms l.mich 

exhibited the main differences between the original waveforms and the new 

ones (a complete set of plots are given on pages A-I09 to A-115). Figure 

4-8 snows the absence of the 120 Hz contamination on the 600V supply (which 

was also true for the checksource lines and the lOY supply). This improve­

ment was probably the result of repairing the power supply capacitor in the 

readout module and is not indicative of the effect of replacing the detec­

tor. Figure 4-9 shows the pulsed voltage on the signul line, which has a 

siqnificantly greater amplitude: 3.5V range p~eviously and 9.9V with the 

new detec tor. 

80th the high frequency and low frequency spectra taken on the signals show 

a continued low level contamination at both 16 arj 20 kHz and harmonics; 

however, the magnitude is much lower than previously shown. The complete 

set of spectra are given in the Appendix on pagl~s A-1l6 to A-121. 
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a) Vertical Scale 
20 mV/Div 

Horizontal Scale 
10 :nS/Div 

b) Vert~cal Scale 
100 mV/Div 

Horizontal Scale 
0.2 Sec/Div 

Figure 4.8 AC Fluctuations on 600V Supply After Replacement of Detector. 
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a) Vertical Scale 
0.5 V/Div 

Horizontal Scale 
1 Sec/DiY 

b) Vertical Scale 
0.2 V/Div 

Horizontal Scale 
0.5 Sec/Diy 

Figure 4.9 Fl~ctJ3tion of SIGNAL OUT After Replacement of Detector. 
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4.5 MEASUREMENTS F OllOWI NG ATTEMPTED DETECTOR REPLACEMENT IN crollAI NMENT 

Following the testing of the detector installed in the ante-room, the con-

tainment monitor was to be replaced with the detector (serial # Ill) which 

was just tested and calibrated. However, during the removal of the old 

detector, the connector to the detector was broken and insertion of the new 

detector was not possible. Dispute this problem, the old detector was 

removed for test ing by Sandia laboratory. Si nce there was no detector 

installed in the HP-R-211 circuit, the only measurements that would 

possibly provide any useful data were the TOR measurements on the cable. 

The results of these measurements are summarized in Table 4-5 and the strip 

chart traces are shown on pages A-123 to A-132. 
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Table 4-5 

SUMMARY OF TOR INFLECTION POINTS FOR DAMAGED CABLE 

Si gna 1 Distance (ft)* De scri pt i on** Probable Cause 

Checksource 168 Increased R poi nt termi na 1 block 

247 Increased R poi nt termi na 1 block 

342 51 ight continuous R ? 
decrease 

379 Large R increase open circuit 

+600V (R G59) 179 Increased R point termi na 1 block 

179+ Continuous R decrease ? 

274 Increased R point terminal block 

374 51 ight continuous R ? 
decrease 

405 Large R increase open c i rcui t 

5i gna 1 (RG58) 174 Increased R poi nt terminal block 

174+ Continuous R decrease ? 

268 Increased R point terminal block 

368 Sl ight continuous R ? 
decrease 

395 La rge R i nc rea s,e open circuit 
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Table 4-5 (Continued) 

Si gna 1 Oistance (ft)* Descript i on** Probable Cause 

+10V 163 Increased R poi nt terminal block 

245 Increased R poi nt termi na 1 block 

342 Sl ight continuous ? 
R decrease 

384 Large R increase open circuit 

*TDR to terminal block test cable(s) (15 ft) not included i~ distance. 

**R is the abbreviation for resistance. 



5. DATA ANALYSIS 

Following the actual field data gathering and on-site preliminary interpre­

tations (given in Section 4), detailed analysis of the data ~as performed 

off-site. This data analysis consisted both of reduclng the recorded data 

and interpretation of measurements to infer physical characteristics of the 

instrumentation. 

5.1 REDUCTION OF RECORDED DATA 

As described in the previous section, a recording was made of the detector 

output signals for three conditions: 

1. Or i gi na 1 HP-R- 211 response 

2. HP-R-211 response after electronic calibration 

3. Replacement detector following conplete calibration. 

Examination of the waveforms from the original detector showed that there 

was a +6V offset on the signal with pulses rising to 9.5V and falling back 

to 6V also present. The operations manual for the detector indicates that 

the proper range of signals is approximately O-lOV (with a O.8V possible 

variation due to electronics). This correct span of operation observed on 

the output of the replacement detector indicated that some problem existed 

in the detector or in the containment penetration (cable passing into con­

tainment). I-bwever, it is extremely unlikely that a cable problem would 

produce a signal with an offset and pulses correspondingly clipped at the 

offset value. Hence, the detector was selected as the most likely can­

didate for having failed (i.e., not producing its normal output response). 

5-1 
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A more quantitative analysis of the detector recordings was also attempted 

because, as noted during field measurements. the pulse rate (but not the 

pulse height) from the original detector appeared to be consistent with 

believed containment radiation levels. A summary of the count rate for the 

three measurements is given in Table 5-1. Note that the operation of the 

device ref1uires that two ionizing events occur to produce the "up" and 

"down" transition of the output. This is G'Je to t'le "flip-flop" logiC in 

the detector circuitry. Because the output wave forms were observed to be 

of improper range for the original detector. a pulse shaping circuit was 

applied to the reproduced signal to generate a proper indication of the 

detector response. The diagram for this circuit is showr. in Figure 5-1. 

The first amplifier stage was applied to remove any signal offset (AC 

coupled) and to convert the detector output into overloaded pulse events 

(saturation of maximum amplifier output at approximately llV). This produces 

a well-defined range of the signal between -llV and +llV for processing by 

the threshold detector. Any delay introduced by the amplifier is not 

important since ionization events in the detector would be random. and 

hence not effected by such delays. Following the amplifier. a threshold 

detector circuit was inserted and adjusted to trigger at approximately +5V 

with a hy'steresis of 5V. This produced an output of +9.2V when the detec­

tor signal exceeded 5V and maintained this output until the signal dropped 

beiow av. which triggered an OV output. The range of a to 9.2V was chosen 

because this was the winimum range normally resultant from the detector 

circuit. (However. a test to determine the effect of this range was also 

performed later.) 
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Table 5-1 

COUNT RATES MEAS~RED FROM SIGNAL RECORDINGS 

Average* Average** Rat;o of 
Description of Data Count Rate (CPS) Reading in mR/hr CP S/ (mR/h r) 

Original Detector 30l(3)t 200( 3) 1. 51 
as found) 

Original Detector 293(4) 1 03( 5) 1.52 
(after electrical 
calibration 

Replacement Detector 
(background) 

0.23(.08) 0.29( .09) 0.79 

Replacement Detector 
(checksource) 

7.2(0.5) 5.2(0.1) 1.38 

*Actual detector ionization event rate is twice the listed value. 

**From a readout module connected to a pulse shaping circuit applied to the 
reproduced signal with a 9.2V range. 

tNumbers in parentheses are the associated standard deviations. 
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I 
TEe MODEL 901 THRESHOLD DETECTOR 

RECORDER AMPLIFI ER WITH HYSTERESIS MODEL 856-2 
OUTPUT AC COUPLED OUTPu f: OV (OFF) READOUT MODULE 

I-
GAIN = 10 ~ 

9.2V (ON) r-

Figure 5-1. Diagram of Pulse Shaping Circuitry. 
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Referrlng to Table 5-1, the original detector count rates wlth the assumed 

pulse shaping arc indicative of dose rates of appr'Jx;"late1y 200 mR/hr 

inside containment instead of 1.5 mR/hr as indicated on the control room 

readout. A review of the readout meter theory of operation shows why this 

extreme variation in indication occurs. The readout meter converts the 

detector signal transitions to logarithmic levels using a "log-pump" 

circuit. This circuit essenti~lly consists of a series of capacitors (one 

for each decade range) which are charged by tnt! maximum signal level and 

are then discharged through a resistor wh~n the minimum s1gnal level occurs. 

The result~nt voltage output from the series of R-C circuits is summed to 

produce the readout value, with adjustments for "zero" and "span". Each 

R-C cirCUit (stage) is staggered by approximately a factor of ten in time 

response so tnat the more rapidly the input signal changes, the more stages 

reach near constant outputs and hence indicate higher radiation levels. 

This entire circuit is dependent on the c;pan of the input signal to 

generate the discharge levels from the capacitors through the resistors and 

is not sensitive to offset values due to the capacitive coupling. Since 

the range of the pulses was only 3.5 volts on the original aetector, the 

readout module was not capable of interpreting the correct radiation 

levels. To understand the effect of various pu~se ranges, a simple 

exr·-"'iment was perforrred using a function generator, at various frequencies 

and output levels. acting as a "detector" input into a model 856-2 readout 

module. Figure 5-2 shows the results of this test. As expected from the 

log-pump circuit operating principles. at low signal ranges there is very 

little dependence of the meter on the input frequency (i.e., simulated 



f 15,000 Hz 104 r 

- S uare Wave /' f - I~put Frequency 

f - , 500 Hz / -. / I 
103 

I / ./0 
f = 300 Hz 

100 

10-11 I 

o 2 3 4 5 6 7 8 9 10 11 

PULSE AMPLITUDE IN VOLTS 

Figure 5-2 Victoreen Alarm/Rate Meter Response to Test Signals. 
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ionization events) due to the low charge/discharge levels in the circuit. 

This data sugggests that for the original detector with a 3.5V range, the 

response of the readout meter would not exceed 5 mRjhr event at full-scale 

radiation levels. 

From Table 5-1 and Figure 5-2, there appears to be a near-constant conver­

sion hetween pulse rate and readout indication at a fixed pulse vol~aqe 

span with variations occurring at low radiation levels. This behavior is 

expected since the design of the system uses only the frequency of ioniza­

tion events to generate an output (at a fixed pulse range). From the data 

gathered, this constant appears to be approximately 1.5 CPS/(mR/hr} which 

was also observed during mock-up testing (see page A-20). The variations 

in -;-able 5-1 for the replacement detector data are probably due to ilTflroper 

adjustrnents to the readout module, non-l inearities at low readings, and 

difficulties in reading the meter at low values (needle variations). Note 

that the ratios of 1.55 and 1.51 are obtained for the replacement ratios in 

Table 5-1 if one standard deviation is added to the count rate and one 

standard deviation is subtracted from the dose rate. Thus the, jlue of 

1.5 CPS/(mR/hr) appears to be statistically acceptable as a count rate to 

dose rate conversion value. 

For cOl1llleteness ,., interpretation of this value. two other factors must be 

considered. Ref'erring to Figure 5-2. a factor of 2 increase in response 

occurs if the output pulses of the detector change from 9.2V to lOVe 

Thus. if the meter were calibrated to expect pulses spanning 10 volts. the 

conversion value of 0.75 CPS;(mR/hr). or 1.33 (mR/hr}/CPS~ is predicted. 
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The observations of a reading of 0.5 mR/hr background and of 9.9V pulse 

transitions during the measurements on the replacement detector suggest 

that this value is more nearly correct. With this conversion factor 

considered, the inferred dose rate indicated by HP-R-211 was 400 mR/hr 

inside containment. The second factor that needs to be elJl)hasizerl is the 

fact that two ionization events must occur in the GM tube of the rletector 

to achieve a corrplete pulse output. As mertionerl previously, this is due 

to the "flip-flop" output conditioning of the detector in which each GM 

tube event triggers a change in state (i.e., ON to OFF or OFF to ON). 

5.2 INTERPRETA"fION OF r~EASUREMENTS 

After acqui ri ng the data and performi ng some ana lys is of the recorded data, 

HP-R-211 appeared to be non-functional (using the installed instrumen­

tation) due to a reduced arrplitude signal produced in the detectf)r output 

circuitry. By comparing restored signal indications to expected dose rate 

levels, the remainder of the detector and the entire readout module appears 

to be operating correctly, at least within normal variations due to lack of 

recent calibration and some potential changes in the GM tube sensitivity. 

As a result of these findings, an attempt to predict the problem in the 

rletector was made based on comparisons of measurements obtained on the new 

detectors and on the HP-R-211 detector. Figure 2-4 shows the electrical 

circuit within the detector housing, and Tables 4-2 and 4-4 give the 

resistance measurements for the reference and original detectors, 

respectively. Note that the cable resistances are included in data from 
; 
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the original detector since it was installed inside containment; but any 

small resistances would not seriously change the results, and TOR measure­

ments indicated no large cable resistances. 

The only significant differences observed in the HP-R-211 data compared to 

the references were an increase in checksource resistance by 10 ohms, a low 

resistance path of only 305 ohms from signal in to +lOV supply, and a small 

reduction in resistance between shield and +10V supply. The increase in 

the checksource resistance is within the expected variation in coil 

resistances and the added cable resistance and is not considered important. 

The extremely low resistance of 304 ohms between the signal line and the 

shield (ground) is probably responsible for the small reduction in the 

shield to +10V resistance, and therefore will not be considered separately 

unless analysis indicates otherwise. 

Referring to the electrical circuit schematic in Figure 2-4, there are 

numerous paths between the signal 1 ine and the lOV supply, but only two 

main paths exist in the output section transistors 06, 07, and associated 

resistors. (The output section is considered the likely problem area due 

to indications of all other sections operating.) The first path consists 

of two fixed resistors R23 (10 k-ohm) and R21 (100 ohm), and the second 

path consists of Q6 (2N3906) and R20 (100 ohm). For the first path to 

produce a low resistance with a single failure, R23 would need to have a 

resistance of 200 ohms since R23 is normally much larger than the 304 ohms 

measured. "'lwever, the mechanism for such a reduction in resistance is not 

clear and, if R23 were reduced that low, normal operation of 07 to pull the 



5-10 

signal to ground would connect the +10V to ground through a 200 ohm 

resistance. If this occurred, the load on the 10V supply would have been 

50 rna, which is much greater than the normal load, and would have produced 

variations in the 10V supply due to this excessive load. No extreme 

voltage variations were observed (see page A-84) , which indicates this path 

was not responsible for the offset in the output. 

The second path would require Q6 to have a 200 ohm short from emitter to 

collector (in the unpowered state) to produce the low resistance 

measurement. Since this path normally enables the HI output state (+10V) 

through a 100 ohm resistor, the loading on the signal lire due to the 

readout module must be very low, and no variation on the lOY supply would 

be expected. Also, mechanisms for such a transistor failure are much more 

likely than for the resistor, R23, to have a reduction in resistance. This 

would also explain the reduction in the shield to 10V supply lines due to 

the formation of a 10.2 k-ohm path through resistor R22 if Q6 failed. As a 

result of this type of reasoning, along with dnalyses to determine alter­

nate causes of the offset observed, it is felt that the cause of the offset 

present in the signal 1 ine is due to a low resistance path through Q6. 



6. CONCLUSIONS 

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

HP-R-211, the likely cause of the apparent failure of the monitor was a 

failure of transistor 06 (see Figure 2.4). This resulted in a low 

resistance path between the lOV power supply and the signal, which held the 

Signal Out level within 3.5 volts of the power supply level, even when 07 

attempted to pull the 1 evel to ground. 

Further analysis indicated that if the detector output signals were con­

ditioned to their proper levels using external circuitry, a dose rate of 

approximately 400 mR/hr was indicated. Current results indicate that this 

circuitry would have been capable of restoring the proper signal if the Q6 

fai lure progressed to fully open or shorted. 

Other measurements indicated that with the exception of the failure of Q6 

inside the detector housing, the HP-R-211 monitoring system was functioning 

properly. 

6-1 



APPENDIX 

FIELD DATA SHEETS AND FIGURES 

Included in this Appendix are the original field data sheets from the 

measurements which were left as originally filled out without 

corrections or alterations, except for some added comments. Also 

included is a complete set of photographs and strip chart results from 

the measurement program. Due to the separate measurements taken, this 

Appendix is divided into the following sections with starting page 

numbers given. 

Section 

f' .1 

A.2 

A.3 

A.4 

A.5 

A.5.l 

A.5.2 

A.5.3 

A.5.4 

A.5.5 

Title 

Mock-up Measurements Prior to Field Tests 

Pre-Insertion Detector Pin Measurements 

Procedures for Pre-Removal and Post Removal 
Measurements 

Data Sheets from TMI Technician Calibrations 

Photographs, Strip Chart, and Recorder Log 
Pages from Pre-Removal and Post-Removal 
Measurements 

Recorder Log Pages 

Pre-Removal Photographs of Time and Frequency 
Domain ~leasurements of Waveforms 

Pre-Removal TOR Measurements on Cable 

Time and Frequency Domain Measurements of 
Waveforms on Detector Installed in the 
Anteroom 

Post-Removal TDR Measurements on Cable 

Page A-I 

Page 

A-2 

A-23 

A-27 

A-61 

A-68 

A-69 

A-78 

A-93 

A-I08 

A-122 
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Page A-2 

SECTION A.I 

MOCK-UP MEASUREMENTS PRIOR TO FIELD TESTS 

(with Figures) 
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TnnJEIN-SITU: MEASUREMENTS OF CABLES AND 
SIGNALS FROM AREA RADIATION MONITOR 
HP-RT-0211 (MOCK-UP) (PRE-REMOVAL) 
(POST-REMOVAL) 

NO. 
TP-IOI 

REV. 
o 

Techhology lor Energy Corporation AP DATE 

PROCEDURE erv. 01 v. 8-11-80 

/ 
PURPOSE: The purpose of these m'easurements is to gather basel ine data and infor­

mation in preparation/for removal and replacement of Area Radiation 
Monitor HP-RT-0211 f~m the reactor building TMI Unit 2. The tests spe­
cified in this procedure are designed to assess the condition of the in­
containment instrument module (gamma detectcr), associated cabling, and 
readout devices. This assessment \'lill require the use of Time Domain 
Reflectometry (TOR), Impedance (Z), Spectral Analysis (frequency domain), 
special calibration ~easurements, and general oscilloscope observations 
(with recording) of waveforms from/to the unit under test (UUT). 

PROCEDU~E (ADMINISTRATIVE: 

A. Limitations and Precautiuns 

1. Nuclear Safety. Area radiation ~onitor HP-RT-0211 is part of a redun­
dant ARM system at ~evation 305 1

• nle unit is not considered part of 
the engineered reactor safeguards system thus has no nuclear safety 
relevance. 

2. Environmental Safety. Area radiation monitor HP-RT-0211 can be taken 
out-of and restored to service withollt producing a hazard to the 
environment. 

3. Personnel Safety. The test described herein produces no additional 
personnel safety hazards other than normally associated with per­
forming instrument calibrations and tests. Since the UUT is to be 
replaced by a calibrated spare, personnel safety should be enhanced by 
the ability to more reliaeil~y monitor the radiation levels at El-
305 1

• (tJ1'bl~ 

4. Equipment Protection. In the performance of each test described 
herein, care will be taken to insure adequate equipment protection as 
foll O\,/S: 

a. In all cases actual test hookups to the Unit-2 instrumentation 
shall be made and verified by Instrumentation Personnel. 

b. All passive mecsurements (Spectral Analysis and Oscilloscope 
observations) of waveforms and signals from powered instruments 
shall be pervormed using high input iw.~edance probes or inputs 
(Z = ~ 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 low level test 
signals prescribed in Table 4-1 shall be utilized to perform cable 

1 nf ?? 
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IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 
TIlLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-I0l 

(MOCK-UP) (PRE -REMOVAL) (POST -REMOVAL) REv. 
o 

integretary measurements on the appropriate instrumentation cables 
by inserting test signals on appropriate conductors of Cable 
IT1869I (terminations shall be removed and replaced on T8109 of 
Cabinet 12). Should these tests reveal cable integretary problems 
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 

Active Signal Parameter Time Domain Reflectometry Impedance 

Voltage 

Frequency 

Current 

Other 

225 mV nominal (into 50 
ohm base) 

< lOrnA 

225mV, 110 picosecond 
pul ses 

< 5V rms 

100Hz, 1kHz, 
10kHz, 100kHz 

< lOOmA 

~----------------------4---------------------------~----------------

d. In the calibration verification measurem~nts section, baseline 
data on the as-found condit ion \'/ill be recorded prior to the per­
formance of any adjustments or electronic calibrations. 
Furthermore, the replacement detector will be connected to TB-109 
(Cabinet 12) through an interface cable and calibrated by Instru­
mentation personnel using applicable procedures for Calibration of 
the Victoreen Area Radiationt-'onitor (field calibration source 
corrected for half-life decay). Baseline passive measurements 
wi 11 be repeated on the repl acement unit. 

B. Prerequisites 

1. The Shift Supervisor/Shift Foreman shall be notified for concurrance 
prior to the performance of those measurements. 

2. Instrumentation personnel shall be assigned to assist in the perfor­
mance of these measurements. 

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

PAGE _2_0_f_22 
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'"In.E 
IN-SITU: ~lEASUREf.1ENTS OF CABLES AND SIGNAL( NO. T '''n' 
FRor~ AREA RADIATION MONITOR HP-RT -0211 P-l \J 

(MOCK-UP) (PRE-REMOVAL) (POST -REr~OVAL) REv. 
o 

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

C. Procedure for Performing Measurements 

References: 

1. Victoreen Dwg. No. 904550, Hiring Diagram Area Monitors Channel s 
HP-R-211 & HP-R-212 (Sheet 5 of 11). 

2. Instruction ~lanlJal for G-M Area Monitoring Systems, ~'odel 855 Series 
Victoreen Part Nc. 855-10-1. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Burns & Roe D\'/g. 2024, Sh. 30A. 

Burns & Roe Dwg. 3043, Sh. 160. 

Burns & Roe D\'Ig. 3045, Sh. 34. 

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

Instruction r~.anual , Tekt roni x model 1502 Time Domain Reflectometer. 

Instruction I'ianual, Hewl ett Packard r~odel 4274 Multifrequency LCR 
I~eter. 

Instruction I'aanual, Hewl ett Packard Spectrum Analyzer (Model 14lT, 
8553B, 8552B Modules). ' 

Instruction ~~nual, Nicolet r~del 444A-26 Spectrum Analyzer. 

Instruction Manual, Tektronix Model 335 Oscilloscope. 

Instruction Manual, Lockheed Store-4 Recorder. 

Instruction Manual, Tektronix SC502 Oscilloscope. 
11ft,1{)i 

Composite Electrical Connection Diagram, HP-R-211 (Sketch dtd 8/8/80). 

Victoreen Instrument Company Dwg. 904550 (Ref. 1) and B&R Drawings 3024 
(Ref. 3) show the appropriate termination points for passive measurements 
of signals from HP-RT-0211 as follows: 

PAGE __ 3 _0_f_22 
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IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 
TITLE FRml AREA RADIATION MONITOR HP-RT -0211 TP-101 

(MOCK-UP) (PRE-REMOVAL) {DOST-REMOVAL) REV. 
o 

o.e<.f 
Penet rat ion Cabinet 

Si 9nal IT2931 I 12 

+lOV TB109-8 

600V I TBI09-5 

SIG TB109-6 

GND TBI09-10 

CS I TB109-1 

I 
I 

CS TB109-2 I 
NOTE 

Selected steps will be completed on an identical Victoreen Area Radiation 
Monitor Detector with attached interface connector and terminal ~ock to 
characterize signals and gather baseline data before the performance of 
this m~asurement. 

STEPS 

1. PRE-REMOVAL, POST-REMOVAL: Notify Shift Supervisor/Shift Forman of start of 
test on HP-RT-0211. 

2. PRE-REMOVAL , POST-REMOVAL: Verify power is appl ied to HP-RT -0211. 

S i gnat ure/Date 

PRE-REMOVAL, POST-REMOVAL: record present signals and readings and indica­
tions on 856-2 Readout rr10dule (Local ~~emo~e). Record Signal-in at TBI09-6 
("T"), and record out put from TB1 of BT6-2 Readout A9 for a unit for one hour 
on FM Tape Recorder. Remove recorder when finished. 

1 ~ JPr5 J;(~I 6-t11'1J' ~ Ci>uA..e-o L>~I 0& ·Lf4>6~ Al.(!:> 
- Gh.A,tJ = 6Gl ... V 

4 of 22 PAGE __ _ 
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TITLE 

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 
FROM AREA RADIATION MONITOR HP-RT-C211 TP-I01 
(MOCK-UP) (PRE -REMOVAL) (POST -REMOVAL) Rc-V. /Tr~: 

o 
.\ 

Meter/Indicator/Switch Local Rmte 

~ 
\"f.lr/hr r-1eter Reading 

Off-Oper"ate-Al arm Function Switch N/A 

Fail Safe Indicator On Off N/A 

High Alarm-Reset Indicator On Off N/A 

Si gnature/Date 

4. PRE-REMOVAL, POST-REr~OVAL: Using a Keithley Model 177 OM;" (or equivalent) and 
an electrostatic voltmeter (Zi ~ 1012 OHMS, Range 0-2000 V, Precision = ~ 1%) 
measure the DC voltage or current at the following tesL points. 

NOTE :~.J.for si gna 1 d. it wi 11 be necessary to depress Fall-Safe Check Source 
push button during the measurement. 

DAGE 5 of 22 
r~ __ 
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IN-SITU: r·:EASUREMENTS OF CABLES AND SIGNALS NO. 
TITlE FROfo1 AREA RADIATION MO~IITOR HP-RT-0211 TP-IOI 

(MOCK-UP) (PRE-REr~OVAL) (POST-REMOVAL) REV. 

a. 

b. 

*c. 

**d. 

CABINET 12 

TBI09-8 
TS109-10 

TB109~ 
TB109-10 

TB109-~/r1 
T81097" 

TB109-1 
(open field 
side) 

TBI09-1 
(cabinet 
side) 

TEST LEAD 

(+) 
( - ) 

(+) 
(-) 

(+) 
(-) 

(+) 

(-) 

*Use electrostatic vultmeter 
**Link closed after wcasurement 

PAGE 6 of 22 

o 

READING 

(600V) __ _ 

(,S,. 500 mt\ e5 t.) __ _ 

Signature/Date 
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IN-SITU: MEASUREr·1ENTS OF CABLES AND SIGNALS NO. 
FRDr-l AREA RADIATION '-10NITOR HP-RT -0211 TP-I01 TInE 
(MOCK-UP) (PRE -REl-IOVAl) (POST -REl-IOVAl) REV. 

5. PRE-REMOVAL, POST-RE~::)VAL: Using a Tektronix I'lodel SC502 (or equivalent) 
oscilloscope observe the waveform at the following test points: 

I SIG~~Al CABH;~T 12 PARM~TER 

a. 

b. 

-¥ c. 

d. 

e. 

f. 

TBI09-1 
TBI09-10 

T8109-2 
TSI09-10 

T3109-5 
T8109-10 

TB109-6 
T819-10 

T8109-8 
TBI09-10 

TBI09-10 
T8501-27 

*Use XlO probe 

CS 

CS 

+600V 

SIG 

+lOV 

GND 
ACGND 

PHOTO PHOTO PHOTO 

Time Sese --Vert Ga in 

PHOTO PHOTO PHOTO 

Time Base --Vert Gain 

PHOTO PHOTO PHOTO 

Time Sase --Vert Ga; n 

PHOTO PHOTO PHOTO 

Time Base --
Vert Gain 

PHOTO PHOTO PHOTO 

Time Base --Vert Ga in 

PHOTO PHOTO PHOTO 

Time Base --Vert Ga in 

o 

Sync the oscilloscope and photograph the waveform using three time base and 
vertical gain settings. Mark the back of the photographs I'lith the instrument 
tag number and para~eter measured. 

Si gnature/Date 

PAGE _7_o_f _22 
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TITLE 

Page A-10 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 
FROM AREA RADIATION ~10NITOR HP-RT -0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV. 

TP-I0l 

o 

6. PRE-REMOVAL, POST-REMOVAL: Using a Hewlett-Packard Spectrum Analyzer (Models 
141T, 8553B, and 8552. or equivalen~ perform an analysis of the following 
signals for spe(~ral content: 

SIGNAL CABINET 12 PARANETER PHOTO # ----
I 

T8109-8 ~-a. 

I 
+10V 

TBI09-10 GND 
y.l~ -¢ TBI09-6 SIG IN b. 

~ ~iI!~ T8109-10 G~:D 

t~ .>-~ 
p;~ ~o *c. TB109-5 -+{)OQV 

TBI09-10 GND 

III ---

*Decouple DC yol tage input to Spectrum Analyzer max 
(50VDC) 

Before photographing each scope presentation adjust ana~ for 
resolution. Record critical analyzer parameters e.g., s aCE;A RF 

'ff- lLi..Q.ee-bandwidth and s\'/eep speed on rear of photograph as well as 
analyzed. 

SPECTRUM IDENT Al-1PL I TUDE REHARKS 

best spect ra 1 
bandwidth, 
parameter 

S i gnat ure/Date 

8 of 22 
PAGE __ _ 
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Page A-ll 

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 
TITlE FRO~l AREA RADIATION MONITOR HP-RT -0211 TP-I0l 

(MOCK-UP) (PRE-REMOVAL) (POST-Rnl0VAL) REV. 
o 

7. PRE-REI~OVAL, POST-REr1)VAL: Using the Nicolet t-bdel 444 FFT Analyzer (or 
equivalent) perform FFT analysis of signals from the following test points: 

PHOTO # 

*Decouple DC voltage input to Spectrum Analyzer 
(50VDC I'lax) 

If PSD plot~ from anyone of the three signals show high and unusual 
amplitudes, util ize the zoom feature to provide finer resolution and obtain 
PSD data in the frequency band of interest. 

Si gnature/Date 

8. PRE-REt~OVAL ONLY: Inside Cabinet 12 perform usual electronic calibrations 
using appl icable instrument shop procedures. Record the before and after 
readings for each step \oJhere adjustments are required and list below: 

PAGE _9_0f_22 



Page A-12 

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. TP-10l 
FROM AREA RADIATION MONITOR HP-RT-0211 
(~10CK-UP) (PRE -REMOVAL) (POST -REMOVAL) REV. 

TIT1.E 

o 
.\ 

Procedure Before After Remarks 

Step 

) 
See attached; nstrument shop procedure data sheet. 

Instrument Shop Procedure No. __ _ 

S~ gnature/Date 

9. PRE-RE~IDVAL, POST-REMOVAL: Remove all power from HP-RT-0211 (Tag Open TB501 
links 25, 26, and 27 per procedure AP 1002). 

Si gnat ure/Date 

10. PRE-REMOVAL, POST-RE~OVAL: Open links for all field wires from Cable IT1869I 
at T8109 (Cabinet 12). 

PAGE 10 of 22 
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Page A-13 

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 

TIn.E FROM AREA RADIATION MONITOR HP-RT-0211 TP-IOI 
(MOCK-UP) (PRE-REMOVAL) (POST -REMOVAL) P.EY. 

TERMI NAL SIGNAL ID::NT. 

TB109-1 (Bl ue) C.S. 

TBI09-2 (Orange) C.S. 

TBI09-3 (I'Jh i t e) i'-J Rem. Meter 

TBI09-4 (YellO\",) IT2933C HI N. C. 

TBI09-5 (RG 59jU, 72 OHt·1) 60,:lV 

TBI09-6 (RG 58jU, 50 OHM) SIG IN 

TBI09-7 (RG 58/U, 50 OH~1) Shi el d 

TBI09-8 (Red) +10V 

TBI09-9 (Green) IT2933C Alert fj. C. 

TBI09-10 (Blk ) GND 
(RG 59/U~ 72 OHM) Shield 

Si gnaturejDate 

11. PRE-REMOVAL! POST -REI1JVAL: Usi n9 the He\,/l ett-Packard r~odel 4274 (or 
equivalent) Impedance Bridge measure the capacitance and impedance of the 
following test points: 

PAGE _1_1_o_f_22 
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I 

j 



!5!53!i

1
!1 II;:S 1~153 
,j ~11Ei ~I~ 

TEST POINT 

a. 

b. 

c. 

d. 

e. 

Page A-14 
NO. 

TP-l01 
IN-SITU: M~ASUREME"TS OF CABLES AND SIGNALS 

TI1U: FRO~l AREh RADIATION t~O;,lTOR HP-RT-0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) R.EV. o 

FROM TO 

CABLE WIRE COLOR/TYPE CABLE WIRE COLOR/TYPE 

I Tl8691 Blue I I T18691 Orange . 
I Tl8591 RG 59/U Center I Tl8691 RG 59/U Shield 

ITl8691 RG 58/U Center ITl8691 RG 58/U Shield 

ITl8691 Red ITl8691 Bl ack . 
ITl8691 Bl ack 1 Tl8691 TB109-10 

Record the data required below: 

Tes t Poi nt Capa c it ance Im;>edance 

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

\ 
c.'7 {]1:f:H\ ( L-~~ ~~,,) ~\.4Jl.. .o(,25'~Jl ~~ .--" ~ 

a. 1>6.J JL 
• ,J -fA').,.,. ~ I 

t.o~ HL 0-

~b21> F ').71 1'F 2&3 -pF 5.94 Mil 5BB ~Jl., ~ b. '...., 

~ 
<l.lV\F 36 I 1'r- 2.8~ IdL .2. St, ~ J\. 1."35" ~Jl. , c. .{.,~",F 

, 
r '1NWC.:rOft /8.711. 11.1 elL I d. '08 ,.,..r- 16~rP II. I JL I , 

i e. ~') .... c~ r"j';>"C'ft'1l. :r:N).J.cr~ 97.C, _A 99.1 .... .P~ /.31Jl. 

, 

Si gnature/Date 

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

PAGE 12 of 22 
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Page A-15 

IN-SITU: MEASUREMENTS OF CABLtS AND SIGNALS NO. 

TIn.E FROM AREA RADIATION MONITOR HP-RT-0211 TP-IOI 
(MOCK-UP) (PRE-REMOVAL) (POST -REMOVAL) REV. 

o 

12. PRE-REMOVAL, POST-REr·X)VAL: Using the Tektronix Model 1502 (or equivalent) TOR 
unit perform TOR measurements on the five test points given in Step 11. 
Record data below: 

Test Point 

a. 

b. 

c. 

d. 

e. 

High R 
@ r\ ft. 

Instrument 
Low R Settin s 
@ N ft. Ampl Range 

*Utilize strij) chart \·:here available. 

Photo No. 

* 

Signature/Date 

13. PRE-REMOVAL, POST -REr~OVAL: Us i ng the Keithl ey Model 144 (or equi val ent D~1r~) 
perform resistance measurements on the Test Points specified and record value 
in space provided. 

NOTE: Open :inks for IT2933C from T8109 terminals 11, 12, 13, and 14. The 
appropriate wires should be marked accordingly. 

PAGE _1_3_o_f_22 



14. 

TITLE 

TEST POINT 

~? a. 
b. 

Page A-16 

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADIATION MONITOR HP-RT-0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) 

NO. 
TP-IOI 

REV. 
-I 0 .. ,~ 

~~~ 10 -= - 10 ~ + 

FROt·' LINK TO LINK RESISTANCE ~ 

I TB109-1 TB109-2 30.4 Jl 30.~ Ill. 
1 

TB109-5 
____ c ~----l TB109-6 

--- ItsT09-7 d. 1-- -----

e. 
I 

TB109-8 
f. TBI09.d.O_ -- - -i -tBl09-2 

---
g. TB109-5 
h. TB109-6 
i . I TB109-7 
j.-- ---- TB109-8 - -- -

I 
k. --!-ra..1 0 9 - 5 

TB109-10 
l. TB109-6 ;;» ~ MJ\.. > ~D f1'\,,~ --- ------ -- --
m. 

I TB109-7 
on. 

1 
TB109-8 

? :w f"I..i\., > ~O f'\'\ .. ~ .1Q9til. 18]09-]0 
') \ i.? p. TB109-6 TB109-7 6.!3)" h.JL 7.2..1> kJC -

q. 

i TB)09-7 

TB109-8 
r. lBJ09-10 
s. T8109-S #Jdt- .5/",./l t. I TB1

1
09-8 

TB109-10 .'8A 
10 v u. 

I 
TB109-10 /1.96 ~JL 7.47 h,fl. 

-- -

Close all links on TB109 (opened in Step 10) I."hen finished with this step. 

5i gnat ure/Date" 

Utilizing all interface cable connect the replacement 
~~~SS7-2 Detector to the appropriate terminal s of TBI of the 

.!J.R..:i.t (Ante-room). ~t> ~IJ o~ ~ ust:'t::> -
Signature/Date 

14 of 22 PAGE __ _ 
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Page A-20 

MOCK-UP TEST 

Test in Trailer 

(1) Background of Detector 

Background Reading ~ 0.2 mR/hr 

102 Counts/10 min. 
Chart Speed: 1 mm/ s 

(Typical) 

(2) Check Source in Detector 

Check Source Reading ~ 2 mR/hr 
184 Counts/1 min. 
Chart Speed 10mm/s 

(Typical) 



Page A-21 

Mock-up Test (Trailer) 

Low Frequency Spectrum 

PHOTO #1 

BW = 1KHz 

Horiz. Scale: 20 KHz/Div 

(0.1 s/Div Scan) 

Vert. Scale: 10 dB/DiY 

+10V Signal (AC Coupled) 



Page A-22 

Mock-up Test (Trailer) 

Low Frequency Spectrum 

0.0116 RMS 
PHOTO #2 

+lOV Signal (Ae Coupled) 

Range: 0 - 100 KHz 

20 KHz Harmonics Intensified 

Vert. Scale: +10 dB Ref; 

10 dB/Di\' 
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SECTION A.2 

PRE-INSERTION DETECTOR PIN MEASUREMENTS 

(Procedure pages used to record data) 



Page A-24 
--,----------------r---------~ 

-m=m­
ill W_W .. 

I N- S ITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 
TI11JE FROM AREA RADIATION MONITOR HP-RT-0211 TP-I0l 

(MOCK-UP) (PRE-REt~OVAL) (POST-REMOVAL) REV. 0 

S~\Al *'40S-
~E-\i.~"'wo~. ,tJ -p.N Mr::7¥:.I1()c$~~ 

TEST POINT FROM TO 

CABLE WIRE COLOR/TYPE CABLE WIRE COLOR/TYPE 

a. IT18691 Blue lTI8691 Orange . 
b. IT18691 RG 59/U Center ITl869I RG 59/U Shield 

c. ITl8691 RG 58/U Center IT18691 RG 58/U Shield 

d. IT18691 Red IT18691 B1 ack . 
e. ITl8691 B1 ack IT1869I TBI09-IO 

Record the data required below: 

Test Poi nt Capacitance Impedance 

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

a. 

b. -1(, ~ il,Dy.F ~A'ff \e·101 ~ O. f'. ~.~ I"'\JL 7~O ~J& 

c. 3.9'(1 F O.3D~~ 471~ ~.93 RJt :l.93 ~Jt ~ .6S' ~JL 

d. 1De f! f' Jo"3 f F D.r. :6.5 Jl.. }0.9 JL Jo.7JL 

e. 

~ e.lHlBo ~nreJtfate I ) 

PAGE 12 of 22 



TEl: 
____ - E _ 22±iiii 

~ - T.vSERrI 0 N 

-PIN 
M €"A os LA RrnEA}T3 :;;;-- ...... 

TInE 

TEST POINT 

a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 
i. 
j. 
k. 
1 • 
m. 
n. 
o. 
p. 
q. 
r. 
s. 
t. 
u. 

Page A-25 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 

TP-IOI FROM AREA RADIATION MONITOR HP-RT-0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REv. 

I 
I 
I 

I 
I 

I 

I 

I 
I 
f 

+ 
FROM LINK 

TBI09-1 

TBI09-2 

TB 1 09-6--<:) 

rnt-7 
TBI

1
09-8 

TO LINK RESISTANCE 
"".~~t+ ... 

+ -
TBI09-2 3CJl. 30 Jt 

TBI09-5 -- --
TBI09-6 ~ 0 ......... 

TBI09-7 "- "-
TBI09-8 -- ~ 
TBI09~10 ~ _____ ~_ 
TBI09-5 --- ,...., 
TB 109-6"" "--

~1.09o~I o. '"'- ___ --_ 

TBI09-8 - "-' 
TBI09-10 - .-
TBI09-6 - .- __ 
TBI09-7 -- ,...... ;u;t< ~ 

o 

TBI09-8,- --
TBI09-10 -- "'-- ~ Mer-1 ?-l'l''bo 

TBI09-7 9.U'l..Jl 9.71oIl, rp'1 7J .. "-' ~ OPE tV 
TBI09-8 9. 7Qil. 9.'3~lt 'l:'fi. l''i 

TBI09-10_ 9.:1 ~/t c) • .1I-tJL 
TBI09-8 17~Jl. l~n. '.n II.t<l 

TBI09-10 0 0 
TBI09-10 J 7.1~lt 17.71tn 

Close all 1 inks on TBI09 (opened in Step 10) when finished with this step. 

=- _~( ~C/irr"c : SHORTEj) 

t GtH)U.~ O~ efl1/60 
i gnatdre/Date 

)C
,,,, 
,," PRE-REftDVAL ONLY: Utilizing all interface cable connect the replacement 
, '. Victoreen Model 887-2 Detector to the appropriate terminal s af TBI of the 

,/ ' Remote f-4eter/Al arm Unit (Ante-room). 

Signature/Date 

14 of 22 PAGE __ _ 



Page A-26 
NO. 

TITlE 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADIATION MONITOR HP-RT-0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) 

TP-101 

- J...I,.)Se-RTIOfJ 

tiN 
MeASUR~El\1T"S 

TEST POINT 

a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 
i. 
j. 
k. 
1. 
m. 
n. 
o. 
p. 
q. 
r. 
s. 
t. 
u. 

FROM LINK 

T8109-1 

TBI09-2 

T8109-5 

TB109-6 
I 

TJ09-1 
I 

TB 1'09-8 

REV. 

177 DMM : 10 ~rt Sep.L~ 

TO LINK RESISTANCE 
l'o~; 

+ 
1 T8109-2 

TB109-5 
TB109-6 
T8109-7 
T8109-8 
TBI09-10 
TB109-5 
TBI09-6 
T8109-7 
TB109-8 
T8109-10 
TBI09-6 
TRI09-7 
TB109-8 
TB109-10 

S:17w..fL 7. "?AVl.. TB109-7 
TB109-8 B.~7 "n. ".~ ftJ\ 
TBI09-10 8.77 'AA \ 7.'3'\ \It!\. 
TB109-8 7.cf4 ~Il \ 11.77 n 
TB109-10 010 
TB109-10 1/.77h17.44ftJ 

Close all links on TB109 (opened in Step 10) \'Ihen finished \'/ith this step. 

I9JleJ 
Y Signature/Date 

-RHlOVAL ONLY: Utilizing all interface cable connect the replacement 
:;ctoreen Mode 887-2 Detector to the appropriate terminal s of TBI of the 

te Meter/Alarm Unit (Ante-room). 

Signature/Date 

14 of 22 PAGE __ _ 
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SECTION A.3 

PROCEDURES FOR PRE-REMOVAL AND 
POST-REMOVAL MEASUREMENTS 



b 

" 

III II:: II: 
TrnLEIN-SITU: MEASUREMENTS OF CABLES AND 

SIGNALS FROM AREA RADIATION MONITOR 
HP-RT-0211 (MOCK-UP) (PRE-REMOVAL) 
(POST-REMOVAL) 

Page A-28 

NO. 
TP-IOI 

REV. 
o 

TltCftnotogy for Energy CQrporation AP DATE 

PROCECURE , v • 8-11-80 

PURPOSE: The purpose of these measurements is to gather baseline data and infor­
mation in preparation for removal and replacement of Area Radiation 
Monitor HP-RT-0211 from the reactor building TMI Unit 2. The tests spe­
cified in this procedure are designed to as~ess the condition of the in­
containment instrument module (gamma detector), associated cabling, and 
readout devices. This assessment will require the use of Time Domain 
Reflectometry (TOR), Impedance (Z), Spectral Analysis (f~equency domain), 
special calibration measurements, and general oscilloscc, e observations 
(with recording) of waveforms from/to the unit under test (UUT). 

PROCEDURE (ADMINISTRATIVE: 

A. Limitations and Precautions 

1. Nuc1ear Safety. Area radiation monitor HP-RT-0211 is part of a redun­
dant ARM system at elevation 305'. The unit is not considered part of 
the engineered reactor safeguards system thus has no nuclear safety 
relevance. 

2. Environmental Safety. Area radiation monitor HP-RT-0211 can be taken 
out-of and restored to service without producing a hazard to the 
envi ronment. 

3. Personnel Safety. The test described herein produces no additional 
personnel safety hazards other than normally associated with per­
forming instrument calibrations and tests. Since the UUT is to be 
replaced by a calibrated spare, personnel safety should be enhanced by 
the abil ity to more pel iaeil ity monitor' the radiat ion level s at E1·· 
305' • ~e..\ ~u..'Io\y 

4. Eaui pment Protect i on. In the performance of each test descri bed 
herein, care will be taken to insure adequate equipment protection as 
follows: 

a. In all cases actual test hookups to the Unit-2 instrumentation 
shall be made and verified by Instl~umentation Personnel. 

b. All passive measurements (Spectral Analysis and Oscilloscop~ 
observations) of waveforms and signals from powered instruments 
shall be pervormed using high input impedance probes or inputs 
(Z = ~ 1 Meg ohm) to prpvent loading of signals. 

c. In all Time Domain Reflectometry and Impedance measurements, power 
will be removed from the unit under test and low 1 eve1 test 
signals prescribed in Table 4-1 shall be utilized to perform cable 

1 of 22 

-



Page A-29 

TEi: TInE 

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 
FROM AREA RADIATION MONITOR HP-RT-0211 TP-I01 
(MOCK-UP) (PRE-REMOVAL) (POST -REMOVAL) REV. 

o 
~-----------------~----------------------------------------------------------.------~----------~ 

integretary measurements on the ap~ropriate instrumentation cables 
by inserting test signals on appropriate conductors of Cable 
IT1869I (terminations shall be removed and replaced on T8109 of 
Cabinet 12). Should these tests reveal cable integretary problems 
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 

Active Signal Parameter Time Domain Reflectometry 

Voltage 

Frequency 

Current 

Other 

225 mV nominal (into 50 
ohm base) 

< 10mA 

225mV, 110 picosecond 
pul ses 

Impedance 

< 5V rms 

100Hz, 1kHz, 
10kHz, 100kHz 

< 100mA 

d. In the calibration veri'fication measurements section, baseline 
data on the as-found condition will be recorded prior to the per­
formance of any adjustments or electronic calibrations. 
Furthermore, the replacement detector will be connected to TB-I09 
(Cabinet 12) through an interface cable and cal ibrated by Instru­
mentation personnel using applicable procedures for Calibration of 
the Victoreen Area Radiation funitor (field calibration source 
corrected for half-life decay). Basel ine passive measurements 
wi 11 be repeated on the replacement unit. 

B. Prerequisites 

1. The Shift Supervisor/Shift Foreman shall be notified for concurrance 
prior to the performance of those measurements. 

2. Instrumentation personnel shall be assigned to assist in the perfor­
mance of these measurements. 

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

2 of 22 PAGE __ _ 
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TEl: TI11..S 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNAL< NO. TP .101 
FROM AREA RADIATION MONITOR HP-RT-0211 -
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV. 

. 

o 

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

C. Procedure for Performing Measurements 

References: 

1. Victoreen Dwg. No. 904550, Wiring Diagram Area Monitors Channels 
HP-R-211 & HP-R-212 (Sheet 5 of 11). 

2. Instruction Manual for G-M Area Monitoring Systems, Model 855 Series 
Victoreen Part No. 855-10-1. 

3. 

4. 

5. 

6. 

7. 

8. 

a J. 

10. 

11. 

12. 

13. 

14 • 

Burns & Roe Dwg. 3024, She 30A. 

Burns & Roe Dwg. 3043, Sh. 160. 

Burns & Roe Dwg. 3045, She 34. 

Burns & Roe Dwg. 3045, She 348. 

Instruction Manual, Tektronix model 1502 Time Domain Reflectometer. 

Inst rlJr.t ion Manual, Hewl ett Packard Model 4274 Mult ifrequency LCR 
Meter. 

Instruction Manual, Hewlett Packard Spectrum Analyzer (Model 141T, 
85538, 85528 Modul es) •. 

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

Instruction Manual, Tektronix Model 335 Oscilloscope. 

Instruction Manual, Lockheed Store-4 Recorder. 

Instruction Manual, Tektronix SC502 Oscilloscope. 

Composite Electrical CO"~iOn Diagram, HP-R-211 (Sketch dtd 8/8/80). 

Victoreen Instrument Company Owg. 904550 (Ref. 1) and B&R Drawings 3024 
(Ref. 3) show the appropriate termination points for passive measurements 
of signals from HP-RT-0211 as follows: 

PAGE __ 3 _O_f_22 
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IN-S ITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 
FROM AREA RADIATION MONITOR HP-RT-0211 TP-IOI 
(MOCK-UP) (PRE-REMOVAL) (POST -REMOVAL) REV. TEe TITlE 

STEPS 

o 

Ca.b\e. 
-PeRet !"at; 6" Cabinet 

Si gna 1 IT2931I 12 

+10V TB109-8 

600V TB109-5 

SIG TB109-6 

GND TB109-10 

CS TB 109-1 

CS TBI09-2 

NOTE 

Selected steps will be completed on an identical Victoreen Area Radiation 
Monitor Detector with attached interface connector and terminal block to 
characterize signals and gather baseline data before the performance of 
this measurement. 

1. PRE-RE~·:.~L, POST-REMOVAL: Notify Shift Supervisor/Shift Forman of start of 
test on HP-RT-0211. 

2. PRE-REMOVAL, POST-REMJVAL: Verify power' ;5 applied to HP-RT-0211. 

h(lU:/e.c.h. ~ 6/So 
Signature/Date ~~~ 

3. PRE-REMOVAL, POST-REMOVAL: recor-d present signals and readings and indica­
tions on 856-2 Readout Module (Local &,SRemote). Record Signal-in at lBI09-6 
(liT"), and record out put from TB1 of at6-2 Readout A9 for a unit for one hour 
on FM Tape Recorder. Remove recorder when finished. ~ .; V j~* 

71i I'PS j)1~ECT (CHA~ i) ~ e -tL1 Af:-
DC. COI.li>LEj) TuRIt 46513 Am'Plll="u -- ~~ • 
G = 50 "'"' V -I CALJ:BRATEl> 
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Page A-32 
-----------------.-.----------~ 

Ti::C 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. , 
FROM AREA RADIATION MONITOR HP-RT-0211 TP-!Ol 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV. TITlE 

o 

Meter/Indicator/Switch Local Rmte -- --
Ytl1< 

/.~ ~ X 3 .. -) ,,,,,k ~/hr Meter Reading 

Off-Operate-Alarm Function Switch O]>CRAT[: N/A 

Fail Safe Indicator On /Off N/A -- --
High Alarm-Reset I nd i cator On __ Off~ N/A 

7fiLTet!~. 8/;3/~ 
Signature/Date 2Jc!J 

4. PRE-REMOVAL, POST-REMOVAL: Using a Keithley Model 177 DMM (or equivalent) and 
an electrostatic voltmeter (Ii l 1012 OHMS, Range 0-2000 V, Precision = ! 1%) 
measure the DC voltage or current at the following test points. 

NOTE:~or signal d. it will be necessary to depress Fall-Safe Check Source 
push button during the measurement. 
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• ,------------- Page A-33 •. -----, 

TEe 
IN-SITU: r~EASUREMENTS OF CABLES AND SIGNALS NO. 

TITlE FROM MEA RADIATION MONITOR HP-RT -0211 TP-101 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV. 

--

SIGNAL CABINET 12 TEST LEAD 

a. T8109-8 (+) 
TB109-10 (-) 

b. TB109-6 (+) 
TBI09-~7 (-) 

*e. T8109-5 (+) 
T8109-l(J'1O (-) 

**d. T8109-1 (+) 
(open field 
side) 

TB109-1 (-) 
(cabinet 
side) 

*Use electrostatic voltmeter 
**Link closed after measurement 

PAGE 6 of 22 

READING 

(lOV) 9, <1 V 

(SIG IN) ZS=V 7.>"'1 
CS OUT CS IN 

(600V) tos=y 

C~500 1M est.) -13 IT\ A 

Nan: LAST CAUU,flI-,IDtJ 

'J../78. 

o 



Page A-34 -----------,-------, 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 

TEl: TIne FROM AREA RADIATION MONITOR HP-RT-02II TP-I01 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) FU:V. 

5. PRE-REMOVAL, POST-REMOVAL: Using a Tektronix Model SCS02 (or equivalent) 
oscilloscope observe the waveform at the following test points: 

SIGNAL CABINET 12 PARAMETER PHOTO ~ PHOTO ..L PHOTO ( 

/a. TBI09,,1 CS Time Bas~~ 3v~ }~~ 
TBI09-IO Vert Gain I~ 

PHOTO ~ PHOTO ..::L. PHOTO JL 
..,lb. TBI09-2 CS 2.'MSeC- ~"MSec.-

TBI09-10 l:i lY.. 

PHOTO ~ PHOTO ~ PHOTO I ( 

v*c. TBI09-S ~OOV Time Base ~J1'5e.e, 10 ltlSeC-
TBI09-IO Vert Gai n • I ~~ .!hl 

PHOTO i'- PHC'TO Ji. PHOTO ~ 

Vd. TBI09-6 SIG Time Base ~ 2W\$~ ~mSec 
TBI9-)lf 7 Vert Gai n iL- l 1l ~~ 

PHOTO -1£ PHOTO f~ PHOrO -tL 
"'/e. TBI09-8 +lOV Time Base 2~ s-~Sec.. ,~~ 

TBI09-IO Vert Gai n 2lL- 1" ,$' Y 

PHOTO ....L.B.... PHOTO ~ PHOTO .2Q.. 

GND Time Base ~ ~Q~ .Q.~Sec... 
ACGND Vert (lain ~ I D~ InV 

-..ll 
*Use XlO probe "T.M!. ~ .JQ" $"" 

Go~ ~ " Sync the oscilloscope and photograp 
vertical gain settings. Mark the back 
tag number and parameter measured. 

PAGE _7_of_22 
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Paqe A-35 ~--------r-----'''''' 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 
FROM AREA RADIATION MON!TOR HP-RT-0211 TP-IOI 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) ~. TEl: TIne 

o 

6. PRE-REMOVAL, POST-REMOVAL: Using Q Hewlett-Packard Spectrum Analyzer (Models 
T41f, 8553B, and 8552~ or equivalen~ perform an analysis of the following 
signals for spectral content: 

""'- -
SIGNAL CABINFT 12 ~r!TERl PHOTO II 

-v-a: I 
TBI09-8 +10V ~4) ,->, 

I TBI09-10 GNO 

...fi. TBI09-6 SIG IN ils, 
TBI09-):<f 7 GNO 

'-*c • TBI09-S +600V ~7 
TB109-10 GNO 

*Oecouple DC voltage max input to Spe~trum Analyzer 
(SOVDC) 

Before photographing each sco~e pre~,entation adjust analyzer for best spectral 
resolution. Record critical analyzer parameters e.g •• ~uRF bandwidth, 

""Rf,.·1 n bandwidth and sweep speed on rear of photograpr. as well as parameter 
analyzed. 

SPECTRUM !DENT FREQUENCY AMPLITUDE REMARKS -- I -

'!;r it-:2:4 0- /.<1 M~ -- bow Ro.~ fV:,.~ ~ 
-:w-Z5" o - '35l'1ke -- Lou.> --"R<1t"\.'ae r\k~e. 

-t:t' D - 3, ~ fV) f.{-l- r--- bo~ 1(Q.~e tJo(~e 

o -3.-r-M H~ -- Ve-R"I. Low N~se., 
-1t~i 

8 of 22 PAGE __ _ 
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Page A-36 

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 
FROM AREA RADIATION MONITOR HP-RT-0211 TP-IOI 
(MOCK-UP) (PRE-REMOVAL) (POST -REMOVAL) REV. TEe TIne 

o 

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

SIGNAL CABINET 12 PARAMETER PHOTO /I ----
*a. TBI09-S +600V :18 

TB109-10 GND 

b. TB109-6 SIG IN ~9 

I TB109-}t1' 7 GND 

c. 

I 
TB109-8 +10V 30 1"31 
TB109-10 GND 

I 
*Decoupl e DC voltage input to Spectrum Analyzer 

(SOVDC Max) 

... 

~ ~o ~ ~~ I J/AA~~ 
'"PEl\\lS 

~ 

. ..L • \ . '"k.1NW.-tit {- !VOL' 

-3 :t ~ I-t", ~4f" W\Of'. ; H 

t 
I>-~ ~ I~~~ 

~C> R"~ ~Q.oNC\Of\ \!. 

bo~~ ~~;u 

If PSD plots from anyone of the three signals show high and unusual 
amplitudes, utilize the zoom feature tc provide finer resolution and obtain 
PSD data in the frequency band of interest. 

8. PRE-REt{JVAL ONLY: Inside Cabinet 12 perform usual el ectrord!: cal1brat ions 
using applicable ir.strument shop procedures. Record the before and after 
readings for' each step where ddjustments are required and list below: 

9 of 22 PAGE __ _ 



TEl: 
Page A-37 

IN-SITU: f1EASUREMENTS OF CABLES AND SIGNALS NO. 

TITlE FROM AREA RADIATION MONITOR HP-RT-0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV. 

a 

Procedure Before After Remarks 

Ste 

LftST A\.II!RATloV ~,16.~­
:Lj78 

~i<A;.>\.~'5.~ 

~..,- =!> ~O, 'l Y 

Instrumeilt Shop Procedure No. ---
8/rS/8D 

,mT lee-\.. e/I~ 86 
Signature/Date ~ 

9. PRE-R~~:-:JVAL, POST -REt-DVAL: Remove all power from HP-RT -0211 (Tag Open TB501 
links 25, 26, and 27 per procedure AP 1002). 

1M]: -r~ 8/14 
Signature/Date 

10. PRE-REMOVAL, POST-REMOVAL: Open links for all field wires from Cable IT18691 
at TB109 (Cabinet 1-2). 

PAGE 10 of 22 



Page A-38 _, ________ --, _____ -, 

TInE 
IN-S ITU: MEASUREMENTS OF CAB LES AND SIGNALS NO. 
FROM AREA RADIATION MONITOR HP-RT-0211 TP-IOI 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV. TEl: 

o 

TERMINAL SIGNAL IDENT. 

TBI09-1 (B1 ue) C. S. 

TBI09-2 (Orc.nge) C.S. 

TBI09-3 (White) Rem. Meter 

TBI09-4 (Yell ow) IT2933C HI N.C. 

TB109-5 (RG 59/U, 72 OHM) 600V 

TBI09-6 (RG 58/U, 50 OHM) SIG IN 

TBI09-7 (RG 58/U, 50 OHM) Shield (S:~f'oal) 

TB109-8 (Red) +lOV 

TB109-9 (Green) IT2933C Al ert N.C. 

TBI09-10 (B1 k) GND 
(RG 59/U~ 72 OHM) Sh i e1 d 

]'tC led. etl'f /80 
ignature/Oate 9~ 

11. PRE-REMOVAL, POST-REMOVAL: Using the Hewlett-Packard Model 4274 (or 
equivalent) Impedance Bridge measure the capacitance and impedance of the 
fall owi ng test poi nts: 

~-------------------~-. ------------------------------------------~ 
PAGE 11 of 22 
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Page A-39 

1 N-S lru: 11EASUREMENTS OF CABLES AND SIGNALS NO. 
TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-lOl 

(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV. a 

TEST POINT FROM ~ (1'e.J. ·W) TO" ("]\aol W) 

CABLE WIRE COLOR/TYPE CABLE WIRE COLOR/TYPE' 

a. ITl8691 Bl ue ("'IB1P9-.1.) ITl8691 Orange (-rBID9 -~ ) . 
b. ITl8691 RG 59/U Center(.5. ITl8691 RG 59/U Shield (- ~ ) 

c. ITl869I RG 58/U Center(-l. ITI8691 RG 58/U Shield(-') 

d. ITl8691 Red (-8) ITl8691 B1 ack (-)0 ) . 
e. ITl8691 Black (-IO~ ITl8691 TBI09-10 

:x:-r18L.9'I :rnSb9:I -w; 58/LL c.:~ +. "iG se /u. 5h'& 
"" VQ.\1oL&I \" ~'I"e~csis ("~r _ ;'\OTftI..l -.a e.o¥\¥\U.-fIC~" r-o"t:MI • 
Record the data required below: 

Test Poi nt Capacitance IlTq)edance 

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

().F~ - :>.77/4F -~~ 4~1f 49.1 it 43~ Jt a. .1° 7 ~ &ii~ II ._-

b. -5"0 T\ ~ 5'"~r 'D y\~ Q. F'". 
... 

D. t.- ~S4.h 

{fEe. O.F. 9DY\ F J~1\F u.. F. S70J\. II{PJ'L 

d. O.F. ~D p.F' -4DnF it. F". ~5"" Jt 48.'7 It. 
e. 

-~ ~ 9 mF -38lJlF -S"'~F 4/)0-1'400 ~JL 9.14 YflJt. ;lB.' Jt 

ERR4 

~~ 8~/BO iin ure!Oate ' , 
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Page A-40 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADIATION MONITOR HP-RT-0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) 

NO. 
TP- 01 

REV. 
a 

12. PRE-REMOVAL, POST-REMOVAL: Using the Tektronix Model 1502 (or equivalent) TOR 
unit perform TOR measurements on the five test points given in Step II. 
Record data below: 

Test Poi nt High R Low R 
$n:,," Cv 
~No. 

@ N ft. @ N ft. * 

500 }ro' 
II i- - \ -1 a. S- f 

( ) 

b. I • I - \ -1 
) 

c. ~ -I -2-
.l 

d. • - ( -1 
) 

e. • J -! -1. 
) 

st ri p chart where avail ab 1 e. 

+, 

13. PRE-REMOVAL, POST-REMOVAL: Using the Keithley Model 144 (or equivalent DMM) 
perform resistance measurements on the Test Points specified and record value 
in space provided. 

~ ~ ~ Open 1inks for IT2933C from TBI09 terminals 11, 12, 13, and 14. The 
~ <?~ ~iate wires should be marked accordingly. 

~ 
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-I=m­E _1_ 

~or-: 
;;JOt'( 

OJ f< 'co 1.. :;> "" JL.. 

TInE 

TEST POINT 

a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 
i. 
j. 
k. 
1. 
m. 
n. 
o. 
p. 

- q. 
- r. 

--- - s. 
- t. 

u. 

Page A-41 
IN-SITU: MEASUREMENTS OF CABLES ~ND SIGNALS 
FROM AREA RADIATION f10NITOR HP-RT -0211 
(MOCK-UP) (PRE-REMOVAL) (POST -REMOVAL) 

NO. 
TP-IOI 

REv. o 

Cl :: 0 z 

FROM LINK TO LINK I RESISTANCE 1<t:SISTAf\') CE 

TBI09-1 TBI09-2 
q -. -, r. <1L).c. JL 

I 
f~ 1(. _'1.-

'";> 2 c r~\(>: ,l. [L " ::- c' rr-(") r R... TBI09-5 I' - 'J 
I TBI09-6 ? 2 .' f) ) :J~. ,""r,_(?C ~ .fl. U ~~Cfl,._ 

TBI09-7 "720 /)\ ('( P. .. '1.... "'/ ~ L- '.,~ <2 JL 
I ( - , . 

TBI09-8 u ...., 

I "lev ()'ev~ .fL / :.:.::~ n',Q~4 ,'2-
TBI09-IO '/ ~~ If -:or.lo n. ;.;; - .",","~. G./'L. 

I 
TBI09-2 TBI09-5 '> '2 ~ ''', Q 5 r. IL I C0 "".':.::. I'L .... 

TBI09-6 / 2.:, .r~,. h..JL ;- 2..,::. "..._,. fL 

T~I09-7 -;, 20 ........ ~ \ ~ )- ;:.-:. ,,-r,-.J '1 

I TBI09-8 ? c (~ '~h.:..I( J. . ./L ~ '" C f"'t\.~ 1\ fL 
(- -..:.,-, 

TBI09-10 ) .~.:..; rr-.,:!t-':' fL - G';" .n'-"::..~Jl.. I .' 

I TBI09-5 TBI09-6 7? <: (,-.~ ":of> , .. ,.' ft.-, .... - :, n ~ 

I 
l~lO9-7 ? ~;..., ,y. ~.' ..... 'l. "' :.: ;,..-.. ')·le~~~ ... o\.-n ... ,.. 
TBI09-8 -

'/ :~ (" I .... \.~~ A ,J1, .. ;; . -
r"\a ~ .... fl... I ... ' TBI09 ... 10 > ~O "5\.,"': - ? ':.-"\1';-"" /1 t' 

I TBY9-6 TBI09-7 8 ,G.:,2. t. It.. ~.S3 t. r.: 
I 

TB109·-8 3.c~ JL 3c5..fL 
TBI09-10 ,,, :. t -J'7 ,C,CLJL -. -

I TBl'09-7 TBI09-8 ~,q7 1...1>.- R-:5q t--~ 

I 
TBI

1
09-8 

TBI09-IO . :J " n i. '1 I';; • . n_ I .• .Q '"_ 

I 
TBI09-IO g Ie. ~~"-

~/ 

{o.{~l-'L 

Close all links on TB109 (opened in Step 10) when finished with this step. 

/j -,--.." 
, ,? I I. / 

/ ! '", / -~'~<~·'~~'~'~'! ______ '._L:_i~~J 
Signature/Date 

I 

i- I I r. ~.... ' ,. _ . ,! •. -.:-;. I.' ~ ~,- \. \. ~" .' c-
'_ ... - ..... ~, .... " '0_' , ...., ~ I'"~ ...... :..\r. \ 

14. PRE-REMOVAL ONLY: Utilizing all interface cable connect the replacement 
Victoreen Model 887-2 Detector to the appropriate terminals of TBl of th~ 
Remote (Me~~~ (Ante-room). '"KECDIf) siN OF j)~e: ~l>e ~ __ 

. -= III 
-j(~ 
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Page A-42 
NO. -m=m­

m W_I_ TIn.E 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADIATION MONITOR HP-RT-0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) 

TP-101 
REV. 

o 

15. PR RE VAL ONLY: Apply power to HP-RT-0211. After a minimum of 30 minutes 
warm p time perform ,T33frijiji£ calibrations in accordance with applicable 
ins r nt shop procedures. Record the before and after readings for each 
st p whe adjustments are required and list below: 

PROCEDURE STEP 

r: L-EC, I RON (C-­

N,~t:bO -­
(e-P 8 
cc-uRR~' 

BEFORE AFTER REMARKS 

I 

HAVt 

16. PRE-R~MOVAL ONLY: Utilizing the Victoreen field calibration source perform 
calibration with source decay corrections in accordance with applicable 
Instrument Sh~~~ 

l~ . Instrument Shop Procedure No. 
(L.. ~ "r,--

---qm: le~ eiJdPh 
~ i gnature/Date 

PAGE _1_5 _o_f_22 



Page A-43 

-m=w­
ill W_W_ TITLE 

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADIATION ~10NITOR HP-RT -0211 
\MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) 

17. Repeat Step 3. PRE-REMOVAL ONLY 

LOCAL RMTE 

# S-~Yo.o " 5"" 'tYj ~!~ 
..","R 
~/Hr Meter Reading 

O"P N/A Off-Operate-Alarm Function Switch 

Fail Safe Indicator On /Off N/A 

High Alarm-Reset Indicator 

SIGNAL 

a. 

b. 

"c. 

**d. 

PRE-REMOVAL ONlY 

CABINET 12 

TBI09-8 I T8109-10 

TBI09-6 
TBI09-~1 

T8109-5 
T8109-)610 

TB109-1 
(Open-Field 
Side) 

TB109-1 
(Cabi net 
Side) 

TEST LEAD 

(+ ) 
(- ) 

(+ ) 
(- ) 

(+ ) 
(- ) 

(+ ) 

(- ) 

"Use electrostatic voltmeter 
""Link closed after measurement 

On 

I 

16 of 22 PAGE __ _ 

. . . 

Off/ N/A 

READING 

(lOV) .jj..9~ 

(SIG IN) 0-9,£7V 50\1 
CS OUT CS IN 

(600V) ~ 

.... "'A 
(~500 1M' est.) -/1.1 

'. . 

NO. 
TP-I0l 

REV. 0 

. . . 
. ~ , . ~ . 

. . 
. . 

• • I ~ 

I 



Page A-44 

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. -m:,m­
W W_W_ TITLE FROM AREA RADIATION MONITOR HP-RT -0211 TP-101 

(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) ~ 

19. Repeat Step 5. PRE-REMOVAL ONLY 

SIGNAL CABINET 12 PARAMETER PHOTO ~s: PHOTO ~ PHOTO ~ 

va. 

v b. 

TBI09-1 
TB109-10 

TB109-2 
TBI09-10 

.'/ ~c. TBI09-5 
TBI09-10 

/ d. TB109-6 
I TB19-lAf7 

v" e. TBI09-8 
TBI09-10 

CS 

CS 

+600V 

SIG 

+IOV 

/f. II TBI09-10 GND 
. TBSOl-27 ACGND 
• 

20. Repeat Step 6. PRE-REMOVAL ONLY 

lvrSec 
_SO '!fly 

PHOTO ..:J!L 
Time Base lmS~ 
Vert Gain SJbi:j 5QmV . .. 

"50 jL~C/ 
50;;y 

PHOTO ..:1:Q . 
SO ",seC 
~y 

PHOTO -1.L PHOTO ~ PHOTO ~ 

Time Base ~~ ,'l.~ 
Vert Gain 2f2m)) 100m" .. -
PHOTO ~ PHOTO ~ 

Time Base I S!.c .;l Sec 
Vert Gai n s:L ' "LV 

:( 0 nt Sec." 
MOmV 

PHOTO ..2.,£-

,.s:S~ 
. ') " 

PHOTO ..1.£ PHOTO ~ PHOTO ~ 

Time Base ~~ S:mSe.~ 
Vert Gai n ~ 5'0\"1 \I 

PHOTO :4L 

Time Base .~~ 
Vert Gai n 5:Ull. 

17 of 22 

PHOTO ..1.fL 

,l(flSec, 
~m\) -

PHOTO -12.. 
SO p.Se.c., 
;lAY 

PAGE __ _ 
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Page A-45 

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 
TInE FROM MEA RADIATION MONITOR HP-RT -0211 TP-IOI 

(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV. 
o 

SIGNAL CABINET 12 PARAMETER PHOTO # 

~a. 

I 
TBI09-B +lOV S"O 
TBI09-10 GNO 

'-"b • TBI09-6 SIG IN S'I 

I TBI09-~7 GND 

*c. TB109-S +600V 5~~ 

I TB109-10 GND 

----""""'_ .... -~ ..... =-~= 
~i-'tl. i KiJf'i iUt.N I AFiPLITUDE 

( 

\ 

I . 
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-Page A 46 

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 

FROM AREA RADIATION MONITOR HP-RT -0211 TP-I01 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV, 

TITLE 

0 

21. Repeat Step 7. P RE-REKlVAL ONLY 

SIG NAL CABINET 12 PARAMETER PHOTO # 

· TB109-S ~OOV ~ 
TBI09-IO GND 

• TBI09-6 SIG IN 5'4 
TBI09-~ 7 GND ~ 

./b 

• TB109-8 +10V ~ 
TBI09-10 GND 

c 

? • .-------- - ----4-~--~~---~ 

22. Repeat Step 9. PRE-REMOVAL ONLY 

-r~ tec.h 8/;t:{/8D 
S1 gnature/Oate 

~£9 
23. PRE-REMOVAL ONLY: Remove interface cable connected in Step 14 and r~-connect 
apprpriate field terminals to TB1 of the Remote Meter/Alarm Unit (Ante-room). 

-r f\'lS, -red 
Si gnature/Oate 

B/ltt/SD 

JL9 
24. PRE-REMOVAL ONLY: Reapply power by closing links opened in Step 22. Verify 

unit is operating as before by comparing meter readings with those taken in 
Step ~ 

PAGE __ _ 



Page A-47 
NO. 

TITLE 

IN-SITU: r~EASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADIATION MOIlITOR HP-RT -0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) 

TP-IOl 
I----.;.;~.;;..;;.-.-, -

REV. 

25. Repeat Step 3 at least 1 hour prior to entry for removal of HP-RT-0211. 
RECORDER ~ST BE STARTED NO EARLIER THAN 1 HOUR BEFORE ENTRY.a.POWER LINKS 
SHOULD BE OPENED FOR REPLACEMENT OF DETECTOR THEN CLOSED. 

ALL SUBSEQUENT STEPS ARE FOR POST REMOVAL MEASUREMENTS. 

26. POST-REMOVAL ONLY. Repeat Step 3.: (y 23) 

$; gnature/Date 

27. POST-REMOVAL ONLY. Repeat 

Signature/Date 

28. POST -REMOVAL ONLY. Repeat Step 5; (1' ~~) 

Si gnature/Date 

29. POST-REMOVAL ONLY. Repeat Step 6; (1' 27) 

Si gnature/Date 

30.. POST -REMOVAL ONLY. Repeat Step 7 ~ (1' ~8) 

Si gnature/Date 

29 ef 22 
PAGE __ _ 
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Page A-48 

-m-m-
m w:'w_ TITLE 

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADIATION MONITOR HP-RT-0211 
(MOCK-UP} (PRE-REMOVAL) (POST~REMOVAL) 

(1) !29) 
J 

31. POST-REM:lVAL ONLY. Repeat Step 9. (Do Not Do Step 8). 

Signature/Date 

, 
32. POST-REMOVAL ONLY. Repeat Step 10. (f:19) 

Si gnature/Date 

'?'3 _ POST ~RErt)Vft.L ONLY; Repeat St ep 1L (-;:> "30\ 

Si gnature/Date 

34. POST-REMOVAL ONLY. Repeat Step 12. (y. 3~t) 

Si gnature/Date 

35. POST-REMOVAL ONLY. Repeat Step 13. (r' 3.l ') 

S i gnat ure/Oat e 

NO. 
TP-IOI 

REV. o 

36. POST-REMOVAL ONLY. Apply power to HP-RT-0211 and verify proper operation uti­
lizing applicable instrument shop procedures. 

d 01' ZZ 
PAGE __ 

Si gnature/Ddte 



Page A-49 

IN-SITU: MEASUREMENTS OF ~ • .L'.8LES AND SIGNALS NO. 
TITt.E FROM AREA RADIAiION f-10NITOR HP-RT -0211 TP-..:.1,;:;.;Ol:...-..----1 

(MOCK-UP) (PRE-REr10VAL) (POST-REMOVAL) REV. 
o 

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

TEC Represenl.ct i ve ...,...,...._...,....._=--:--__ _ 
5i gnature/Date 

I nst rument at ion 
<) ; gnat ure/Oate 

22 of 22 
PAGe. __ _ 
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Page A-5U 

TI11.E 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. TP-"01 
FROM AREA RADIATION MONITOR HP-RT-0211 ,! 

(MOCK-UF) (PRE -REMOVAL) (POST -REMOVAL) REv. 
-1=1-11 __ 

Si gnal 

+10V 

600V 

SIG 

GND 

CS 

CS 

Penet rat i on 
IT2931 I 

NOTE 

Cabinet 
12 

TB109-8 . 

TB109-S 

TB109-6 

TBI09-10 

TBI09-1 

TB109-2 

o 

Selected steps will be completed on an identical Victoreen Area Radiation 
Monitor Detector with attached interface connector and terminal block to 
characterize signals and gather baseline data before the performance of 
this measurement. 

STEPS 

X -:-PR..;.;;E~-.;..;..RE_t1)_V=A,r;.l-k:I .... P--,o::07:-:ST~-......;.RE=~~VA~l : test on HP-RT-0211. 
Notify Shift Supervisor/Shift Forman of start of 

'X PRE-REMOVAL, POST-REMOVAL: Verify power is applied to HP-RT-0211 • 

Si gnature/Date 

~~ POST-REMOVAL: record present signals and readings and indica­
nonson 56-2 Readout Modul e (Local &.sRemote). Record Si gnal-in at TB109-6 
("T"), and record output from TBI of 816-2 Readout A9 for a unit for one hour 
on FM Tape Recorder. Remove recorder when finished. 

7t:LPS D 1~~c..T (CHAt-l.1. ) 

""'DC.. Cou.~L.E'b 1H"RtA.. i"S"B Af'/\1>L'~' ER 

G :: SO WI " CAL\~R~1:> 
4 of 22 PAGE __ _ 



Page A-51 

TITlE 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. n 
FROM AREA RADIATION MONITOP HP-RT-0211 TP-IO 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) ~ 

o 

Meter/Indicator/Switch Local Rrnte -- -
"WI"R 
~/hr Meter Reading 

Off-Operate-Alarm Function Switch N/A 

Fail Safe Indicator On Off N/A -- --
High Alarm-Reset Indicator On Off N/A -- --

Signature/Date 

(~7) 4. ~ POST-REMOVAL: Using a Keithley Model 177 DMM (or equivalent) and 
\ ~atic voltmeter (Ii ~ 1012 OHMS, Range 0-2000 V, Precision • ~ 1~) 

measure the DC voltage or current at the following test points. 

NOTE:~or signal d. it will be necessary to depress Fall-Safe Check Source 
push button during the measurement. 

S of 22 PAGE __ _ 



TEe 
Page A-52 

IN-SITU: MEASUREMENTS Of CABLES AND SIGNALS NO. 
TJTLE FROM AREA RADIATIO~ MONITOR HP-RT-0211 TP-IOI 

(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) ~ 

.-

SIGNAL CABINET 12 TEST LEAD 

a. TBI09-8 (+) 
TBI09-10 (-) 

b. TBI09-6 (+) 
TBI09-J,d 7 (-) 

*c. TBI09-S (+) 
TBIC9-}d' '0 (-) 

**d. TBI09-1 (+) 
(open field 
side) 

TB109-1 (-) 
(cabi net 
side) 

I 
*Use el ect rostat; c voltmeter 

**Li nle closed after me as urement 

PAGE 6 of et 

:lS-

READING 
. 

(lOV) 

(SIG IN) 
CS OUT CS IN 

(600V) 

(S,.SOO ~ est.) 

S i gnat ure/Date 

o 



Page A-53 
IN-SITU: MEASUREMENTS OF CABLES AriD SIGNALS NO. 
FROM AREA RADIATION MONITOR HP-RT-0211 TP-101 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) ~. TEe 

o 

(~8) 5. ~ POST-REMOVAL: Using a Tektronix Model SC502 (or equivalent) 
~ observe the waveform at the following test points: 

-

SIGNAL CABINET 12 PARAMETER PHOTO PHOTO PHOTO -- -- --

a. TB109-1 CS Time Base 
TBI09-10 Vert Gain --

--
PHOTO PHOTO PHOTO -- -- --

b. TB109-2 CS Time Base 
TBI09-10 Vert Gain -- ----

-- ---
PHOTO PHOTO PH010 -- -- --

-:Jec. TB109-S -H500V Time Base 
TB109-10 Vert Gain --

--
PHOTO PHOTO PHOTO -- -- -

d. TEI09-6 SIG Time Base 
TB19-J,6'7 Vert Gain --

--
PHOTO PHOTO PHOTO -- -- -

e. TB109-8 +10V Time Base 
TBI09-10 Vert Gain --

--. 
PHOTO PHOTO PHOTO -- - -

f. TBI09-10 

I 
GND 

I 
Time B.se _I 

TBSOl-27 ACGND I Vert Gai n 
I 

*Use XIO probe 

Sync the oscilloscope and photograph the waveform using three time base and 
vertical gain settings. Mark the back of the photographs with the instrument 
tag number and parameter measured. 

PAGE 
~ ef 22 

:J-ta 

S i gnat ure/Date 

I 



TEe TITlE 

Page A-54 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 
FROM AREA RADIATION MONITOR HP-RT-0211 TP-101 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) ~. 

o 

(19) 6. ~ POST-REMOVAL: Using a Hewlett-Packard Spectrum Analyzer (Models 
, B, and 8552,; or cquivalen~ perform an ana1ysis of the following 

--

signals for spectral content: 

SIGNAL CABINET 12 PARAMETER PHOTO , 

a. 

I 
TBI09-8 +lOV 
TBI09-10 GND 

b. TBI09-6 SIG IN 
TBI09-~7 GND 

*c. TBI09-5 +600V 
TBI09-10 GND 

*Decouple DC voltage max input to Spectrum A~alyzer 
(SOVDC) 

Before photographing each scope presentation adjust analyzer for best spectral 
resolution. Record critical analyzer parameters e.g., ~. RF bandwidth, 

lR~ ~ bandwidth and sweep speed on rear of photograph as- wel1 as parameter 
analyzed. 

SPECTRUM !DENT fREQUENCY AMPLITUDE RE~RKS 

si gnature/Date 

PAGE 
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Page A-55 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO. 
FROM AREA RADIATION MONITOR HP-RT-0211 TP-IOI -m:-I-m 18 __ TITLE 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) ~ 

o 

(3D) 7. ~~~~~..!:P~O~ST!..:-~R~Efwl)~V:;2A=-L: Using the Nicolet fwbdel 444 FFT Analyzer (or 
perform analysis of signals from the following test points: 

SIGNAL CABINET 12 PARAMETER PHOTO # 

*a. TBI09-5 +600V 
TB109-10 GND 

b. TBI09-6 SIG IN 

I TBI09-~7 GND 

TBI09-8 +lOV c. 

I TBI09-10 GND 

*Decouple DC voltage input to Spectrum Analyzer 
(50VDC Max) 

If PSD plots from anyone of the three signals show high and unusual 
amplitudes, utilize the zoom feature to provide finer resolution and obtain 
PSD data in the frequency band of interest. 

Signature/Date 

.~ /. ' 

'\/ E-REt-()VAlONlY: Inside Cabinet 12 perform usual electronic calibrations 
~sing applicable instrument shop procedures. Record the before and after 
~adings for each step where adjustments are required and list below: 

g If i2 PAGE __ _ 



TEe TIl1..E 

Page A-56 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADIATION MONITOR HP-RT-0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) 

Procedure Before After Remarks 

Step 

St:e attached instrument shop procec ure data sheet. 

NO. 
TP-101 

REV" 
o 

Instrument Shop Procedure No. __ _ 

S i gnat ure/Date 

'3\) 9. ~. POST -REft{)VAL: Remove all power from HP-RT -0211 (Tag Open TBS01 
~ links 25, 26, and 27 per procedure AP 1002). 

Signature/Date 

3~)lO. ~. POST-REft{)VAL: Open links for all field wires from Cable IT1869I 
\ ~abinet 1·2). 

PAGE H} sf 22 

29 



---------

TEl: TIne 

TBI09-1 

TB109-2 

T8109-3 

TB109-4 

TBI09-5 

TBI09-6 

TB109-7 

TB109-8 

TB109-9 

Page A-57 

IN-SITU: MEASUREMENTS OF CA3LES AND SIGNALS 
FROM AREA RADIATION MONITOR HP-RT-0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) 

TERMINAL SIGNAL IDENT. 

(B1 ue) C.S. 

(Orange) C.S. 

(White) Rem. Meter 

(Yell ow) IT2933C HI N.C. 

(RG 59/U, 72 OHM) 600V 

(RG 58/U, 50 OHM) SIG IN 

(RG 58/U, 50 OHM) Sh i el d L S:~~L) 
(Red) +10V 

(Green) IT2933C Al ert N.C. 

TB109-10 (Blk ) GND 
(RG 59/U~ 72 OHM) Shi e 1 d 

Si gnature/Date 

NO. 
TP-IOI 

REv. o 

33)11. ~¥~~;.~~~. POST-REMDVAL: Using the Hewlett-Packard Model 4274 (or 
~ equivalent) Impedance Bridge measure the capacitance and impedance of the 

_ following test points: 

PAGE 11 ef 2t-

3D 



-m-m-
W W:'i_ TITI..E 

TEST POINT 

CABLE 

a. IT18691 

b. IT18691 

c. IT18691 

d. IT1869I 

e. IT1869I 

Page A-58 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADIATION MONITOR HP-RT-0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REv. 

FROM TO 

WIRE COLOR/TYPE CABLE WIRE COLOR/TYPE 

Blue ITl8691 Orange . 
RG 59/U Center IT1869I RG 59/U Shield 

RG 58/U Center IT18691 RG 58/U Shield 

Red IT18691 Bl ack . 
Black IT18691 TB109-10 

Record the data required below: 

Tes t Po; nt Capacitance I~edance 

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

(eo".) a. 

b. 

c. 

d. 

e. 

Si gnature/Oate 

PAGE 12 sf !t' 

3' 

o 



TI::C TITLE 

Page A-59 

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADIATION MONITOR HP-RT-0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) 

NO. 
TP- 01 

o 

34)12. ~ POST-REMOVAL: Using the Tektronix Model 1502 (or equivalent) TOR 
~ TOR measurements on the five test points given in Step 11. 
Record data below: 

Instrument 
Test Poi nt High R Low R Sett i n_9s Photo No. 

@ N ft. @ N ft. Ampl Range Mutt * 

~. 

I 
a 

/A. .. 
I ., 

,...r .. 1:. 

I vvd. 4 I 
t/t/e. -111 

I 
*Uti1ize strip chart where available. 

~13. ~~~, POST-REMOVAL: Using the Keithley Model 144 (or equivalent DMM) 
pe~resistance measurements on the Test Points specified and record value 
in space provided. 

NOTE: Open links for IT2933C from TBI09 terminals 11. 12. 13. and 14. The 
appropriate wires should be marked accordingly. 

13 of e2'-PAGE __ _ 

3.2. 



Page A-60 
NO. 

TI::C TITLE 
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS 
FROM AREA RADIATION MONITOR HP-RT-0211 
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) 

TP-101 

L~'N 
r....,..... r + 
10: -

REv. 

tt'Oft\ ;, .. '-

10:: + 

o 

TEST POINT FROM LINK TO LINK RESISTANCE ""RESISTANct I 
a. TBI09-1 TBI09-2 I 
b. 

I I T6109-5 
c. TB109-6 
d. 

I 
TB109-7 

e. 
I TB109-8 

f. TBI09-10 
g. 

I 
TBI09-2 TBI09-5 

h. TBI09-6 
i. I TBI09-7 
j. I TBI09-8 
k. I TBI09-IO 
1. I TBI09-5 TB109-6 
m. I TBI09""-1 
n. , TB109-8 
o. . TBI09-IO 
p. , TBY9-6 TBI09-7 
q. 

I 
TBI09-8 

t-
r. TBI09-1O 
s. I TBI09-7 TB109-8 
t. I TB1'09-8 

TBl09-10 
u. 

1 
TB109-10 

Close all links on TBI09 (opened in Step 10) when finished with this step. 

S i gnat ure/Date 

-REMOVAL ONLY: Utilizing all interface cable connect the replacement 
lctoreen Mode 887-2 Detector to the appropriate terminals of TB1 of the 
mote Meter/ Al arm Unit (Ante-room). 
':-,. 

S i gnat ure/D~te 

.q Df 2~ 
PAGE __ _ 

33 
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SECTION A.4 

DATA SHEETS FROM TM! TECHNICIAN CALIBRATIONS 



E'," 
fl' 
f' 

[«t'""'" 

J.P.? L( 

DETEeTER 

Mode:l 
Serid~r---

FCK Desired 
Posit. r~r. /Hr. 

Closed 
-~ 

Iter. 0 

Open 

Desired 
Mr/Hr Mv. Out 

4 
10' 1.00V 

103 .aoov 

10
2 

.600V 

10 .400V 

. ' 1 . 200V 

.1 .OOC 

As As 
Found Left 

; 

I 

I 
Ratemeter 

As As 
Found Left 

! .00;- /,000 

, ~I / ,C6o(o 

,&(1- ~&O7 

,'-//) It( 1/ 

,)../7 'AIr-

, {' 2-'-( I OJ-Y 

Page A-62 

RATEMETER 

Model~fo -.2.. 
Serial 3 r.'l 

• Toler. 

Check Source Rdg. Mr/Hr 

Fail Safe Volts 

" 

Pwr. As As 
To 1 er. Supply Found Left Toler. 

+.03 v 
_ "."s -,·~f 

-6.aV --t,~OC 't.5V 

~.03 v 
ICJ'7 /0,00 

10.OV 9,?J / l~· !'.lV 

.:2s." z 6 :10' ;:1-Co 

+.03 v 22.0V J 3,(p(; ~3.0V 

+.03 v 

Al arm As As 
+.03 v Set . Pt. Found Left Toler . 

+.03 v 
i!.l Minor 

Division 

EQUIP.J)/f..,r£:,-- _SER.NO.{P/~(Qof"Z=~ LAST CAL. 3 -::<'O-X'O DUE 9-)..D-g'o 
EQUIP. El-vl\£ PI/,tV\SER.NO. ;'-30;; / 7' .LAST CAL. ) - ;l..S-- ~p DUE 1- :;..S> ~ I 

EQUIP • _____ SER.NO. _____ ~LAST CAL._~~~~.,...: 

PERFORM£D BYfJJ... I~.EATE 1-13 -go APPROVED ~~.Ja.~~:....OATE tkf: 
Page /t9 Section. __ _ 

'7 



, 

)J(,IT£~ 

vfuT 
l/ol...T5 

DC. 

Jb;/~ 

1120 

~) '!7 

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

DETECTER 

Model 
Seria ..... l----

FCK Desired As A~ 
Posit. Mr./Hr. Found Left 

Closed 

Iter. 

I 
I 

Opi!n I 
Ratemeter 

I I 
Desired As As 

Mr/Hr Mv. Out Found Left 

4 10-- 1.00V 11rc; ,997 

103 .SOOV 
I 8'0'1 ' "10 I 

10
2 

.600V ,0/ I " (; / I 

10 .400V / 
,If rs I if 1;-

.- 1 . 200V JA! '/ ,;U S 

.1 .OOOV ,0)..'1 I,O).i 

Page A-63 

RATEMETER 

Model 1S'S-C&--:2... 
Ser; a 1--.3.S:-J..Z' __ 

- Toler'. 

Check Source Rdg. Mr/Hr 
-

Fail Safe Volts 

Toler. 
Pwr. As As I Supply Found Left Toler. 

+.0_, v -6.8V -t,SS- -b.BS- ~.5V 

~/O. 5 '1 
+.03 v lO.OV lO;{)nn "10.00 !·.-lV 

,/7/(' 

+.03 v 22.0V 20,20 Z~. z..o ~3.0V 

+.03 v 

Al arm As As 
+.03 v Set . Pt. Found Left Toler. 

+.03 v 
~l Miner 
Division 

EQUIP. D/GIT£(' _SER.NO.&/A,&'o££.2 LAST CAL. 3-;2.0 -So DUE 1-2P-<:lQ.. 
EQUIP.F).uk£ ~SER.!:!O S3Q31 i LAST CAL. 7-~5"- <;f0 DUE 1-)->"-<3/ 

EQUIP. _____ S-ER.NO. ______ ,:..AST CAL. 

PERFORMED By[J . ~_ DATE tij-I't- 50 

-A-----:_--=DUE ____ ~~ 

. ""'--OATEI/ 

Page / 8 Section ---
------------- --- --- -----.....:...:..-:.. __ ._-_ .. --'-



I . 
t 

Procedure 
Step 

DATAS, _T1 
RADIATION MONITORING SYSTEM 

2612-RS 
Revision 
07/19/78 

6.1.1.2 HONlTOR HP-R- 'J // LOCAL ft1£1TR .~ AS LEFT RECORDER TR~CE ___________ .-...:.~r;,U::::'..L=_ _ _==.:-::::::==-====~~~~ MARKED YES/I.O 
FCK SOURCE KtlOB PO~[TION 

CLOSlO ----------TNIEnr·itoi7-:rr OPEN 

. " 

INT 

.,...r--..:-..,.-_~DESCR I PTlON nAT.(MEl E'rCCJ.jI"lf(c1frfOERI"NTI<'i\H}IrTfn--JiiT
u

rf((unoOr-HH RAH~lETER nrfRITORDER lJiT 
6.1.2,3 ------ ------------------------------------ ----

6.1.2.4 
.6..J .2, 5 Source 3..0 ~1R/hr ~l~/hr 02.,a1Rjhr ~m/hr t lrnMR/hr NR/hr 
p..:.l--'.] Oil_cY.51£_o_u-"_d -=-L-.!~rYll~ __ -_J'!I!/!l_(' __ - __ -.J·~II?}i_l· - '!~/tlr HR/hr - r-I_R!l~ __ 
~_:..1..:..3..:..1 __ AS~_~Sp.uTce..B.~iljln_9s 02.£J:lRj~ __ !·~!/!I_~~if.~~IY1~ __ ..!lIy_~_r_~-IR/hr r-~IVJ.I.!.-__ 
LI-=--4.1 Or~9~nal-!!~E...d-i~..£¥ HIVllr 'f00 I-IIYllr. ~(")o('j I-\R/Ilr 
~1~ __ ~2.0..a_L.R_~j_~g_~~e ..L9:.Z1- _ - _ _ _ 
?_J_:_4..:.:1 ___ E~ecte!Jleild~q is' 1~lyhr -.3Sf,L Nryllr / 76J.: NR/~r __ 
E..:._~.:..'} ___ +l..?l of _E~pccted_B~.a.iinq _~-;:r I-Ill/hr ,._~ __ ___ '·~Y..hr' cJ.QQ?G ~lIl!t_lr __ 
6.1.4.5 -15':; o.!..!xpect~_~~~~~~ Jfl Hlyhr .299 ~m/hr ,/9Fr ~~~lb! __ 

Actual SOllrce ReadIng .. * .. * .. 
6.1.5.1 \'iithin 15~ of Expected? NO 1\/0 

Yes/N~o~---------------------------------------------------____ ----------------------5etpoint Data 

,v() 

AURT 
6.1 .6. 1 Requ i re_d_ . .s-~_-:--~-I?o--,;.--_n-,.t-------------'-

INT HIGH 

Al6.1.6.3 Indicated "As Found" 
!ii 6.1.6.4 Setpoin_t_ M3jhr MR/hr 
AL 6.1.6.7 "Tripped" Observed 
Hi ~.1.6.8 Setpoint__ _ _ MR/hr MR/hr 

6.1.6.9 
Observed Setpoint within One 
Hinor Divi~ion of Required 

Yes/llo _:-_~. 

* * 

-------;~;-;-h-e-c·I<~S()u::·ce, Recorder, A-cs_ep~ance.... Cri teri a..!29_r:-_O-rf 
6.1.7 Observed Increase in Reilding Due to Check Source 0 MR/hr INT 

6.1.7.2 Recorder Trace I·Iarred Yes/No" INn: 
* Acce'ptanceCr-itLria:All Yes/No Blanks Indicate 'ryes": 

-0 

'NT ~ 
I'D 

:t> 
• ()) 

+:> 

__________ u** __ R~e~~Tor.~~~9~~~'eter P~~~~Rue to Bac!~~r~ou~n~d~. ________________________________________ _ 
Ne ... , Cill i brat; on St, ckec.J'_~ached_~..s/llo=--__ . 

PERFORMED BY: It 
AND DATE: -----------------------------

13.0 

APPROVED BY: 
MD DATE -----------------------------.-----

Plilce Old Cal. 
_SJ:~ k e t:J.te l~e=--__ 



Procedure 
Step 

DA Tf\ SHEt, I 
RADIATION ~IONITORING SYSTUI 

-----

2612-1<5 
Revision 0 
07/19178 

6.1.1.2 LOCAL AS FOUND @ LEFT") RECORDER TRACE 
----METd6 _ ~ ~~M_A~R~KE=D_Y~E~S~/r~{O _____________ __ 

- FCK SOURCE KNOB POSITION 
HONITOR HP-R- Ob/L INT 

cLOs"(b---·----------TtftOmtoiAir- OPEN 
DESCRIPTION -W.(ME r(lfTN"f-R-(CUliu·Elfl-N-fRi\T1M(l Df-I til -I(E Co-notRINTRAttMETERTNT-RTCop])Eifl"NT 

6.1:2.3 
6.1.2.4 

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

~.l .2. 5 Source _ H 8' MR/_hr ~!Rlh_r 350 r:~RLh_r ___ --: 
p..:_L_'·~ nilck_!l!:..~~_n_d ___ ,.---,..r. r-. r~H!!lI' -___ !:~I~/]1_r __ L::...._.J~I~!!1.1=_ 

~m/hr 
I·ITf/h r 

~:..I~J.:...l __ AE~_~S?~J_~i?_~~ildln_9s • .!i.'" "~Y~ __ iil.l/!'.r ,=9 f.l1~Lh~r ___ ~ 
LL..4.1 00inal_!~_~_'!..d_~ H Mil/hr ~Q 
Ll .". 2 OI29.i!:!..a_1...~~lj_~.9.~~e 122'J5.- _ ,--__ 
h,1.4.3 E!<'p'ecteL'leild~g___ 'ifL ,.,Il/hr 35,2.. 

i·m! h r 
,·il{/hr 

~\lf/hr 
i·ilf/hr 

/ 8tY~!~R/hr i - "~l/ hr 
'/99/o1RLhr 

c2L/JtJ 

176rZ 
~~.4 +15% of E!pected~~_aj_0.q & '-IJ /ll_r __ ~~.o~7,..--___ _ 
6.1.4-:5 -151 of Expected R';.~~~ 'iI ~II./hr 02,99 IE;. L <wi 

Actual SOl/rce Readlng * ** 1. -

t:2..a.:J..6 
i.iil/h,.. ... 00-

6.1.5.1 \'Iithin 15~ of Expected? ye5 yE.5 y~-s 

MR/hr 
- l'IR7h-l'--

~ilfihr 
"IR/hr-

HR/hr 
~mTh-r--

1·IR!hr 
* 

-0 
QI Yes/No 

~------------------------------------------------------------------------5etpoint Uata 
\0 
ro 

u, f:LI INT ):> 
I 

0> 
l.n 

ALEln---- -INT 
6. 1 .6. 1 Re~i re_d ___ S-~_"""~-o-'i_-n-:-t---------------""':":'·-
AL 6.1.6.3 Indicated "As Found" 
!i_0.1.6.4 Setpoin_t_ __ MR/hr 
AL 6.1.6.7 "Tripped u Observed 

MRLhr 

MD/hr Hi ~.1.6.8 Setpoint MR/hr ""I 
Observed Setpoint within One * .. 

6.1.6.9 Hinor Division of Required 
Yes/Ilo 

------;C:':"Ii-e-c.,..k~S()u!~-e-.-;;'Rr>-_c-o-r-d·~r. A-~_eptance C, _i i !!ri a~gD_-..::O:..;.f..:..f _______ -=--~.-:-:-______ ---:~ ________ _ 
6.1.7 Observed Increase in Reading Due to .. fleck Source 7 NR/hr INT 

6.1.7.2 Recorder Trace l1ark"ed Yes/No * --,I:-:cN.,-;J-=T-:":---------­
... Acre'ptance Criter;a:--All Yes/Ho Hlilnks Indicate "Yes". 
** Recor_d-':?'!9.9.!!_d" if Heter P~~.9h...2_ue to nilC!:9'.:..r.:::.o.:::.;un~d:..:.~ ________________________ . 
New Calibration Sticke~ Attached Yes/No 

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

PERFORMED BY: 
AND DATE : __________________ _ 

0.0 

APPROVED BY: 
ArID DATE _____________________ _ 

praceOTd Ca 1. 
Sticker Here 

:' 

~l' 
( 

\. 

:' 

1. 



~ , ;: 04 , l' '~, " 
., ..... ~~,;;,.~ I ' .! . ..... I. '" 

J" ..£1 , ,,"'J' ,;J", .............. . ~il.: .. :~ .;" _.~: :1'... ~ .\1 I.l·~~ _,. ~.~,. ..,\ .... ~:: ... :.' I ',. ,,' :~"~' '.t ... , '.,I..~I :'"J.' 

Procedure 
Step 

• " 01\ TI\ SlifEr 1 
RADIATION MONITORING SYSTEM 

2G12-RS 
Revision 0 
07/19/78 

: : ,,' " : '1 .'. ". I' • . ) . ,.~. ~ . 
.' ~. ' 

. . '. 
.. -.j. 

6.1.1.2 140NITOR HP-R-~~ 0~ AS LEFT 
RECORDER TRACE 
MARKED YES/NO INT' --- FCK SOURCE KNOB POSITION 

----CLOSED I Nn:IH'iIblA-T';";E~------"'"""OrEN 
DESCRIPTION RI\TtMEiTrflifrrf~-EljjflffR (N'frfAt1f.fHEiflin RECOROER INT RATEI'IETER INT RECORDER Bit' 

6.1.2.3 
6.1.2.4 
6.1.2.5 ~1<±J\~ . "'S= MIY1,r I1YJ~r ;;u90 MRjJ~r I~R/hr 7'60 ,I,R/hr MR/hr 
§_·,l.J_~~ Bil..f.~51!:.~_n_d' L - r1~L~r - ~l~l/l'r -/ M.R/hr - /'!.R/ hr - I /1R/hr NR/hr 
p_._l.,:.3.,:.1 ~s:~_u.!.~Sg_u_':S~~:.~ildi n_9s ~ __ M-,y~ __ r'"~/.hT I' 7 M~Lhr ',!'Yhr "7) j HR/hr ~1R/hr 
§. 1. 4.,:.1 OI.!_g..!.'.!.f!.I_~{~,::'1_d_~'!!91!!i'71") s= y r-m/hr itJO "mlTlr ~ ~QO HR/hr 
6 . 1." . 2_ 1- i ~i1_!....R_~d 1 '~9_Jl~~-=.e---J../-i~,-.'7LJ.5:=;-------'iin-iI.":':----=-==:.------.. n-;-;:-::-__ --:--:::-:,--:;-----:=-r.---
§.:,J.: ... 4, 3 E~"p'ec.le.~U~eil~~~~ ff? MR!!~ 3 5""6 ~~y'hr I 212 b:.. NR/hr 
E.:.I.4~ +!.5~ of _E~£.cctej~s_a_~j!!.q ff' HI!/Jlr Jfo'f I'\I{/hr ?-QA,.l- NR/hr 
6. D. 5 -15t oL~xpect~~~2dl ng Itl MH/hr 1.4't HRI hr I.., 'I <:{ "m/hr 

Actual SOllrc~ Readlng '" * * '" * * 
6.1.5.1 within 15'4 of Expected? nI () J1.}o -'t/(J 

Yes/No 
________ ~S~et~p~o~i~nt U~a~t-a---------- -,OF~--------"~---------""~------------~= 

ALERT lNT HIGH HIT 
6.1.6.1 Requir~~S~-~~p-_o~~-n~t---.--------------~= 
AL 6.1.6.3 Indicated "As Found" 
Hi 6.1.6.4 Setpoint 
AL 6.\.6.7 "Trippe-d"()j)served 

!1R/hr HR/hr 

Hi ~. 1.6. 8 S~oi nt _ ~IR/hr HR/hr 
Observed Setpoint within One * * 

6.1.6.9 Hinor Division of Required 
Yes/1l0 

__ ~.!.)eck Soii~~~e-:neco;::de r-;-A·~S_~l?~ilnce--.l~ ter i "_,.2.!.9.n- 0 n _~ _______ =-=-
-=6-. 1=-.-=7-' Observed Increase in Reading Due to Check Source r ~IR/hr lIH 

6.1.7.2 Recorder Trilce I-Iark"ed Yes/No "', INIT: 
'" Acce'ptanc:ecrl terla:AT1 Yes/rIo U 1 anks I nJ i ciitc'l,yesrr:---

____ ~*: Reco.!_cL:?eq.9~d.::.J!.J:le t_~.!: fe9~_~.b.,.!l.ue to Bi.,c_~~gl·olJnd. 
_____ .:..:N.-c:,.\';..-..I...,;C:.::::a'l:.;....-c,.i b::-,ra t ion S tic ke r A_~~j----'!S_s':.!-/..:..:.'l.::.o __ 

I\PPROVED [JY: PERFORI~EO ~ ~ , :. 
AND DATE: ~ !L~ 'g-/}-- 10 AND OATE, __________________ _ 

Place Old Cal. 
C"';rl,(\""" Unr('\ 

I 

" 
'" 
" 

I.v, 

"'0 
Do 

10 
I\) 

~ 
I 

'" '" 

" I, 



O/\T/\ SIIEE 
2G12-flS 
P.Qvision 0 
07/19/78 

, , . 
'...!. ".:. I I. ': 

Procedure 
Stell 

RI\O i A TI ON ~ION ITO,,, I~G S YS TUI ", '/ 
" 

;J 

6.1.1.2 I~ONITOR HP-R-?, /1 ./l.h~ -1~ AS FOUND ~ RECOROER TRACE 
r~ARKED YES/I'IO INT " 

---- ~J, 
:-;:-;-,-----FCK SOURCE K~uB PU~I Ilun 

----,.C1051:''O---- CNTEm,lmrr:i-=-E--------.."..OP'EN 
DESCRIPTION rw1i1EnkIi~-CrfEtOi~hLifTNTlfAi1T,ftTEjnin-REWnDEH INT RAnI-JETER ITffRECORDERTiIT I 

6.1.2.3 
. ._---,-----_ ... _- -, 

6.1.2.4 I, 
6.1.2. 5 SOln=ce-"R~,,,,~ . {Is- I1IYJlr '1~/11_r:.. 3S'O I~R!Jlr l-in/hr j) So I~R/hr ' ' '''R/hr: 
~_ .. 1._~3 BiJck9.!:.~_n~ / - r·~'YJ1.: - ',1 y! 11' /- "~H!Jlr - !,~~~J~_M·'~/hr - ~~Z/,.,..h_r __ 
~:..~3..:...L--..-~..!_~_Sp_u_r:s~ __ E.~iJdil'!_g~ __ i.1---l'Iry~--.!i!y.h.l~2:ij---.!iI~hr J'!'Y!lr J 7;/ i HR/hr ~!R/flr 
§.:J..:..4.:...1 O!-!-y..!.!~.1_!~~.:~~i~9=rLl2,.) .7:,/ ~m/llr taQ 1·Ia/hr ,;looo "IR/hr 
L 1.1\ . Or i n_i!.LR_~~!~.!li!.te I q 7 L __ _ 
.~..:...1..:..4. 3 ~ect~!.)~eild~~q !lE t~R!!l.r"3 5"2:::: ~~~/hr J 7u~ -.!'IR/hr 
§..: 1 .. 1\ +L?~ of J~£.ect~~E.aj.inq ,'i"L r-1iY!lr ~ '> I·!H/hr ').D)=: f'~1!l_r __ 
6.D.5 -151, oL~xpect~cLB~2ding '-II r~I{/hr :J.J9 HH/hr I ':L'LfL. "IR/hr 

cwal Scurcc ReiJdlng '" '" * '" '" '" 
\'iithin 15% o'f Expected? y£s 'y£ 5 '1/£ C 

Yes/No /~ / 
6.1.5.1 , '. , " , " 

Setpoint Uata --------- ~ 

ALEKI INT IiIGH HIT ~ 
6.1.6.1 Require!)-!!_.,...Y'-o-.i_-n..,..t------------- ------
JI.L S.I.6.3 Indicated "As Found" ----------------------------
!Ii 6.1.6.4 Setpoin..t____ I~R/hr MR/hr 
AL 6. t.6.7 "Tripped" Observed 
Hi 6.1.6.8 Setpoint MR/hr MR/hr 

Observed Setpoint within One * * 
6.1.6.9 Hinor Division of Required " 

Yes/t!o 

» , 
0"0 
'-l 

~~:-_---:thcc~ S(iu~~~e~eCorde r-:-A-~.s_~iI nce Cr i_te r i "-,_~i..9_n - O=-f_-f __ -, _____ ...,..,.".-;-;--_______ -.:-:c;:-_______ _ 

6.1.7 Observed Increase in Reading Due to Check Source 7 MR/hr IHT 

6.1.7.2 Recorder Trilcc Hark"ed Yes/No * INn: 
'* Acce'ptiinceCriteria:-ATI 'Yes/No Ulanks Indicilte "Yes". 

_____ ~'*.-'* Recor_~~_CJ_9~d.:..J!.J:le t_~r Pq-'J2.J..!.!_9l!..l~ue to lJiJC!:..9 round~.'--__ . _____________________ _ 
_____ .:..;.N.c~ ... ;...I....;C~a..;.l_i _briJ t i 0:1 5 ticker A_~achecJ---l9_sjtlo _____________________________ _ 

PERFORI-iED B2;: /1~ " : 
AND DATE: .~~ ~-)f-5S'c? " 

.oi' APPROVED OY: 
AND DATE ________________ _ 

. ... . ~: . : 

II 

Plilce Old Cal. 
Sticker Here :; I' 

!' 

.' ~. 

" . : ~. • : ,'" II ·1 ' .! "0' 

0.0 :i 

" 

I ,: , 
" 'f .J' .. _ .. _-
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SECTION A.5 

PHOTOGRAPHS, STRIP CHARTS, AND RECORDER LOG PAGES 
FROM P~E-REMOVAL AND POST-REMOVAL MEASUREMENTS 
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SECTION A.S.l 

RECORDER LOG PAGES 



) 

TEC Form No. 

UNIT 2 --==---

TIME 

START 10 ',Z 0 .f.\F!\. 

STOP \\.; ~~ 

FIELD SERVICE DATA SHEET 

DATA SHEET - PLANT: --r M \ 

RUN 'n le\ 
TAPE ft PWR 

too h 
o!\~ c e T ..... ~ e-

ROD POSITION: GROUP _, __ _ CROUP 

Page A-7u 

Page No. ___ 1 __ 

DATE f.:, -\ 3> . Rei 

TAPE T(J( - 1138 

SPEED l Y? ips 

BAND __ _ 

CROUP _. __ _ 

BORON (ppm) EFPD ___ _ CYCLE ____ _ 

RECORDER 
CHANNEL 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

COMMENTS: 

SIGNAL AMP BW GAIN VDC 

\4; \'. - V.1" - 02 \ \ 
\ 

~ T ;cctA;.~ C. c·~ Z-Zc A-,1t'(l Ur.-lu.:i.rl ~J ee 2 
WA~ l~.(/C\ 
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r 
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1-

I-
I 

I 

m'f-A5v...~(,l\'Ier\T5 tt-T -, In \ CC'ln Tl20l ~c-<Ot'h. 

E C .. ",. ~ xd l\\'l~ $--.. ~~ Q -r 

\A-~E' '?.eCO\ldl n~ LQ~ Skee"\ 

(. ~,,~(\'(\e\. i,o.(. S Leete k>'--".\L -ee.LD~e~l ~ ~ Q.l 
OD .!::::>, Q..~C ( KE-"_C c-~d.. 

TA~e it \ \ 3:> 8 

1A:~e S~<?.ed l YG \~ 
\'n..e Tct\c~\1'l S -reST r-OCTRse wA·s (ec..o\:l..\l~c:( 

b -zs- +-c ~ 1 ~'C\l t"E.r..L T~ =tt.~l A"1 LO nj 

2S-so~ ~ 1 \icL1 IL A-T \06 tJ,5 
, . 

I. A-I 1l hj 

Ik ()c\t~/"j b,A5vAP\ ~~ ,k 1<..e..(c~~d 
-rBi 

-ret. "Sc.ct>e wAS i 

! ItP- eI-li2l\ 
I I -~-I 

Ct.~,b (lh.Ted C .. h -rl·t \" k.. J 
I 

l=ollo-J.-h.V15 l Vl b 1: tu.. m Q n: ( 
1 1 __ _ 

(JJ.) s/Al __ 
I Tee ti -z 80\ ", fUVlC,(IOf"\ 6-eQJ"Q~;~ 

I 
lT~+1- 8o~ -( Foet . Ceu.~l~~ 
teL tr S D:; 2 ~ ..b rflrY\ 

I 

c~-ecl ~c\\..lw'4.(e SUJlI:L\" AG\ t\lP-TE'd A-"t T.~f"':: 
cc{ 81<0 

.c,C'"4~''' i 

I 
c\\[)(~_ $ou.UJi?_ ci~~_'1\'{A\ec1 tt-c So:) G-l. 

i 
i 
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~C Fona No. 

FIELD SERVICE DATA SHEET Page A-72 

PL Name T SC(" It Page No. --,;_.J __ 

DATA SHEET - PLANT: ~\,) \ 

UNI T _""">.::.,,;<,. _:-_ RUN :T? tOL 

TIME TAPE ft PWR 

START __ _ \ (I l.) 

STOP __ _ 

ROD POSITION: GROUP __ , __ _ GROUP 

BORON (ppm) EFPD ___ _ CYCLE 

RECORDER 
CHANNEL SIGNAL AMP 

1 'J. \ - 'D -, - r.""/l \ .\.: { - ~. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

COMMENTS: 

DATE t:<, -\ q- 80 

TAPE TA- -)L~5 
SPEED I Y? ips 

BAND -----

GROUP _. ___ 0 

-----

BW GAIN VDC 



\ 
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Page A-73 

N\e:A ~u.'\l.\S\'Yl e~S A-"1 T m I ConThQl Lot:.,1"t'\ 

"EQ,~(} rcl~ho S~~oR-r 

-rA~E ~cco~J...I."5 lc~ .s~.ee-l 
T AJ(e t± 1139 

T ~e~ S~e ecl l Yz.. t ~5 

t\-lLeYi.lk~l \.on 1... 

C.h~~\\.e.\ 1 S!5 \'\~ ~~(Y\. ~~-~T - Oz.u 
Tes-c Set \A~ 

< ~ 
%b,t.' Te~ k~-~\-cZ\\ 

"';:'15\1 4 \ "- . CP 
*s:-~ 

! 

F C> \..,.L \L j be:teL rc\L 
tr:.ude 

3~\..llld -7 C: -$c.C\.c 
~ i 

I 

I 

I\. ew s / rJ. .J1l. . I 

Te\. .sL~~_ w~s C..~,\\b~~Te..d ~ -tC\-8o w \."t~ -rl~"i 
I 

-\?ollov.JlYl5 \ytST\Lu-\'Y) Qn-rS A-r lO', \ 'A1"tCYlL.lA-l0f1 I 

T~ L ~ I R () \ ..... 1v.,() G T l un 6-€ t1 E' l-Jl'TC it... 

TeL ti 8D30 {iLe'1~rtc.c{ CCu.(l7e~ 
TeL ±\ 8032.. - ~\l\R1 

CJ,.~\o 1l~-c Lon ~o(n:Ac e 
, ~ 

2 S-7S- ~\: .. ~ 2l 8 \[ ~et1.~ LC~\4~ ra -Sc0 ~ . 
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Page A-74 ---------------

( 

C·()n-\ . 

Sl:A-v.. -t\o~ ~o'A~e 'j ,Z-r -"/ S,~(J.", Ln;s \,r"l<2.. 2 ~C\Cl 
~S -nl'(\\.A."Tes \n-ro ~c..o~I.r;5 A-r lZ.~~l. 

f.\\lec\.(\~-\E?_ \'y\{)~u.:V-eme't'\.lS We\-e .s~R\ed... 

\ '> ~\/\.C'c..\.. S O-A-v..c.e &...u \-cd-t 1k: \\'-' A"\ed itT -l A~~ 

~l~e d 21~ 

2) ClecL S~\LCe SuJ \LCk ckk-r l "\A-red rrT 

l~e- ~cL:ASe c~ q~6 

3~ Ckl ~O\....\.QCe. Sv..:.l"tC,~ A.c.""Cl'tp....-ced ~ T..4.vcz 

~CT,o.S e. \ \ \ \ 

~) C~ec.l S00..Qc.e S\....IJ\lG~ ~eAC'f\'L~\ed Pr"CTA-~e. 

S:c.tl\~ IZ.. \\ \c. S-

\\~e.. SLe~ ~e~ \Y\ -c\~ fQOLe-S;' ol. dC\'f"1S 

bL€~ (8 w~\\e ~-.:e~ \1 vJ~~ 'Y'\ 

~~c~\te~~ 

icco,,&Q c\\.~t()nf"\CCrec\ At t S l ~ C-r \L~_(LJ'f\.It~( "ted. 
.I 

~l V3?i) +1 
lA-~,e ~-r':'frad~"t 2.~\(,~. 



FIELD SERVICE DATA SHEET 

PL Name I. ~t"l! -r \ .... 

"' 

\ 
/ 

UNIT ? 

TIME 

START 

STOP 

ROD POSITION: 

BORON (ppfIl) 

Rl:.eORDE! 
CHANNEL 

1 

2 

3 

4 

s 
6 

7 

8 

9 

10 

11 

12 

13 

14 

)-
j COMMENTS: 

TEe FOI1ll No. 

DATA SHEET - PLANT: 

RUN -rj?{U3 

TAPE ft PWR 

-IOU 

eH"{ Jr~e ---
GROUP --' GROUP 

EFPD CYCLE 

SIGNAL AMP 

Page A-75 

-, 
Page No. ~ 

DATE -::> 1--5> ,- ) - \ -~ () 

TAPE 1'ec - 1 A--'1 
I k: I I 

SPEED -, X., ips 

BIu'W 

GROUP _. 

BY GAIN VDe 
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8-\5-80 
Page A-76 

Nu:.~u.~eme(lT A\ \n\ ~ Con'l Rot. lZcC''Y\ 

~G-" G- l,dAhC) ~U.?VC\lT 

\ o..~e \Cec.~~d,-\.\l ~ I\---C ~ Shee\ 

T~~e ~ \\.C\\ 

--C t\~ "S~ee.d l 'Ie:. \.~. S, 

-- .. \ec. -\€C~ S"te\lCf( 
t Be) t 1905 ~fQ\ t2.TZi I 

l.,~l \L tns ~-S~ \000 hJ 
1COOha \ II ~ &:Ill\{ 

F t 

----
I l~".,,~ II 'IL\eih\ 

bf'r\ Y'YI b \'Y\ '"'I 
\eG4t r \ec tt 

.c.-__ t;03b..-i Be 3Z--

C ~\\.b \\ r....-c. lOy\ ""f ~Ol ~o~Q, 

0-0:.5 ~-r ~ - . tal "V, \')15 '600 "5 J I ~t- \. v.s. ~\,.\ ~ l S 

~ -A.-~\c-A.~e (4.s ~ l~ 1'\0\ wAS SL0 \\c\·ed ~Qt;t'r\ 
C\\..C>.Y\..~":?\. ~ ~ \0 c.\.\.A'y\'~£fz- . \lL-Cl t\-r-renu.A-iLOlr\' 

&;b - S 5 ~\ - ... ,01 RWI$ \ l h) G Y"\ C h.Avu1.e.\ ~ 2 1 'Ie l'1>'5". 

Y \ 0 fJ.r, "\ ~\'\.u...p.l \..(j \( 

lOD'~ 4.:;. e(lc\ o\- (~e.. : ChAtUle.i l;i:.Z ReCOn.c1l\1.S 

8~ t\~. Q "( - 0""2 \\ 0 ..... :-c~ -c J I. Yz \;P~ Y
I 

Pt--il. 

*' C2.~O h. ::y~e~"To Tk dec,T€CT0Q wA-5 

<{ t..S ~ on n ec. -,:; e...d 



Page A-77 

\ . 
" . 

. . 
. . . 

1 _. ., . . . 



Page A-78 

SECTION A. 5.2 

PRE-REMOVAL PHOTOGRAPHS OF TIME AND FREQUENCY 
DOMAIN MEASUREMENTS OF WAVEFOP~S 



Page A-79 

PRE-REMOVAL 

Time Domain 

#5.a Check Source to GND 
Photo #3, 4, 5 

#5.b Check Source to GND 
Photo #6, 7, 8 

#5.c +6.00 VDC to GND 
Photo #9, 10, 11 

#5.d Detector Signal to GND 
Photo #12, 13, 14 

#5.e +10 VDC to GND 
Photo #15, 16, 17 

#5.f GND to AC GND 110 VAC 
Photo #18, 19, 20 fuse blown 

#5.g GND to AC GND Replaced 
Photo #21, 22, 23 blown fuse 
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PHOTO #3 

TB 10:J-.1J 
Check Source 

TE 1"9-10 

Vert. Gain: 2V/Div 

Hariz. Time Base: 5ms/Div 

PHOTO #4 

TB l09-1J 
Check Source 

TB i09-10 

Vert. Gain: lV/DiY 

Horiz. Time Base: 2ms/Div 

PHOTO #5 

TB 109-1J 
Check Source 

TB 109-10 

Vert. Gain: lV/Diy 

Horiz. Time Base: lms/Div 
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PHOTO #6 

TB 109-2J 
Check Source 

TB 109-10 

Vert. Gain: 2V/Div 

Horiz. Time Base: 5ms/Div 

PHOT:) #7 

TB 10S-2J Check 
TB 109-10 

Source 

Vert. Gain: lV/DiY 

Horiz. Time Base: 2ms/Div 

PHOTO #8 

TB 109-2

J Check 
TB 109-10 

Source 

Vert. Gain: lV/Diy 
Horiz. Time Base: lms/Div 
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PHOTO #9 

Tn 109-SJ 
+600V 

TB 109-10 

Vert. Gain: O.2V/Div 

Hariz. Time Base: Sms/Div 

PHOTO #10 

TB 109-SJ 
+600V 

TB 109-10 

Vert. Gain: 0.2V/Oiv 

Hariz. Time Base: 2ms/Div 

PHOTO #11 

TB 109-SJ +600V 
TB 109-10 

Vert. Gain: 0.2V/Div 

Horiz. Time Base: lOms/Div 
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PHOTO #12 

TB 109-:] 
Signal 

TB 109-7 

Vert. Gain: lV/DiY 

Horiz. Time Base: 1ms/Div 

PHOTO #13 

TB 109-

J Signal 
TB 109-7 

Vert. Gain: lV/DiY 

Horiz. Time Base: 2ms/Div 

PHOTO #14 

IB 109-J Signal 
TB 109-7 

Vert. Gain: 2V/Div 

Horiz. Time Base: 2ms/Div 
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PHOTO #15 

TB 109-8J 
+10V 

TB 109-10 

Vert. Gain: 2V/Div 

Horiz. Time oase: 2ms/Div 

PHOTO #16 

TB 109-8~ 
+10V 

T:3 109-10 

Vert. Gain: 1V/Div 

Horiz. Time Base: 5ms/Div 

PriOTO #17 

'IB 109-8~ 
+lOV 

TB 109-10 

Vert. Gain: 0.5V/Div 

Horiz. Time Base: 2ms/Div 
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o .' 

, --~ . . 
~ ........ - ~.. ........ '.A • 

• 11111.1Ii •••• ~ 
•• _. ___ IIJIII~ 
- ,,.. 1Ir: ~ ." -'. , "W 

. , 

o 

PIIOTO #18 

TB 109-1~ 
GND 

TB 501-27 

Vert. Gain: 2mV/Div 

Horiz. Time Base: lOms/Div 

PHOTO #19 

TB 109-1~ 
GND 

TB 501-27 

Vert. Gain: ImV/Div 

Horiz. Time Base: 20ms/Div 

PHOTO #20 

TB 109-1~ 
GND 

TB 501-27 

Vert. Gain: 1mV/Div 

Horiz. Time Base: 0.2ms/Div 
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; " . ...... ~ ..... ~ ..... -.... ...... ~-.. ~ •••••••••• 111l1li_-_11111111. 
, - ~ 

PHOTO #21 

TB 109-1;] 
GND 

TB 501-2 

Vert. Gain: 10mV/Div 

Horiz. Time Base: 10~s/Div 

PHOTO #22 

TB 109-1~ 
GND 

TB 501-27 

Vert. Gain: 10mV/Div 

Horiz. Time Base: 50 IJS/Div 

PHOTO #23 

TB 109-1~ 
GND 

TB 501-27 

Vert. Gain: SmV/Div 

Hariz. Time Base: 2ms/Div 
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PHOTO #24 

TB 109-S

d +lOV 
TB 109-10 

BW - 3 KHz 

Horiz. Scale: 200 KHz/Div 

Scan Time - 100 ms/Div 

Vert. Scale: OdB Ref; 10dB/Div 

Input Attenuation: 40 dB 

PHOTO #25 

TB 109-SJ 
+lOV 

TB 109-10 

BW - 3 KHz 

Horiz. Scale: 500 KHz/Div 

Scan Time - 0.2 s/Div 

Vert. Scale: OdB Ref; 10dB/Div 

Input attenuation: 40 dB 



r 
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PHOTO #26 

TB 109-J Signal 
TB 109-7 

BW - 3 KHz 

Horiz. Scale: 500 KHz/Div 

Scan Time - 0.2 s/Div 

Vert. Scale: 0 dB Ref; 10 dB/Div 

Input attenuation: 40 dB 
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PHOTO # 21 

TB 107-5J 
+600V 

TB 107-10 

BW - 3 KHz 

Horiz. Scale: 500 KHz/Div 

Scan Time: 0.2 s/Div 

Vert. Scale: 0 dB Ref; 10 dB/Div 

Input attenuation: 40 dB 
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0.109 RMS PHOTO #28 

TB 109-SJ 
+600V 

TB 109-10 

Range: 0 - 100 KHz 

20 KHz Harmonics Intensified 

Vert. Scale: +20 dB Ref; 10 dB/DiY 
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i .35 R!-lS PHOTO # 29 

TE 109-:] 
Signal 

TE, 109-7 

Range: 0 . 100 KHz 

32 KHz Harmonics Intensified 

Vert. Scale: +20 dB Ref; LO dB/Div 
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0.301 ~MS PHOTO #30 

TB 109-8~ 
+10V 

TB 109-10 

Range: 0 - 100 KHz 

~16 KHz Harmonics intensified 

~20 KHz Harmonics also present 

Vrlt. Scale: +20 dB Ref; 10 dB/DiY 

0.712 RMS PHOTO #31 

TB 109-8J 
+lOV 

IB 109-10 

Range: 0 - 1 KHz 

~120 KHz Harmonics Intensified 

Vert. Scale: +20 dB Ref; 10 dB/DiY 
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SECTION A.5.3 

PRE-REMOVAL TOR MEASUREMENTS ON CABLE 

(Detector Attached) 



Test 

#12.a 

#12.b 

#12.c 

#12.d 

#12.e 

#12.f 

Page A-94 

PRE-REMOVAL TOR MEASUREMENTS 

Verify Operability & Necessary lP Filter 
for Recording 

Checksource Tests 12a-l, 12a-2 

RG59 Tests 12b-l, 12b-2 

RG58 Tests 12c-1, 12-c2 

+10V Tests 12d-l, 12-d2 

GNO-GNO Tests 12e-l, 12-e2 

RG58+ 51 cable Tests 12f-1, 12f-2 
and tenni na 1 
block inserted 
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TDR Test Runs 

To Determine L? Filters 
Setting For Strip Chart Output 
Test Run - 10' Coax With Clips 

;iori.:. Scale: ~.·ncal.ibrated Chart Speed: 5 mmi!> 
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Test l2a - 1 

From Blue to Orange 

Checksource 

Horizontal Scale: 26.32 ft./Div 

Vertical Scale: 0.25 V/Divj 500 m p/Div 
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Test i2b-l 

From RG 59/UCenter to RG 59/uShield 

6aaV to Shield 

Horizontal Scale: 26.32 ft/Div 

Vertical Scale: a.lOV/Div; 500 ml¥Div 
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Test l2c-l 

From RG 58/U Center to RG 58/U Shield 

Signal to Shield 

Horizontal Scale: 26.32 ft/Div 

Vertical Scale: O.lOV/Div; 500 mpJDiv 



Test 12d - 1 

From Red to Black 

+lOV to GND 

Page A-99 

Horizontal Scale: 26.32 ft/Div 

Vertical Scale: O.lOV/Div; 500 m p/Div 
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Test l2e - 1 

From Black to TB109-l0 

GND to GND 

Horizontal Scale: 26.32 ft/Div 

Vertical Scale: O.25V/Div; 500 mp/Div 
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Test l2f - 1 

From RU 58/U Shield to RG 58/l' Center 

Shield to Signal 

(12c-l with new cable and terminal black 
inserted 'Ql '\, 10 ,) 

Horizontal Scale: 26.32 ft/Div 

Vertical Scale: O.lOV/Divj 500 mP/Div 
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Test 12a-2: From Blue to Orange - Checksource 

Horizontal Scale: 2.632 ft/Div Vertical Scale: O.lOV/iJiv; 500 md Div 
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Test 12b-2: From RG 59ft) Center to RG 59/ U Shield 

600 V to Shield 

Horizontal Scale: 2.632 ft/Div Vertical Scale: O.lOV!Div; 500 m~Div 

I 

..... N :"'") ~ 

c c c 0 0 0 ..... . ... . ... 
.u .u .u 
() u () () 
~ (l) (l) (l) 

If) cr.; If) If) 

, t 



•.... ~". ri'~ 

" 

ca;e A-][jl, 

Test 12c-2: From RG 58'l' Cent€::-:o RC 58L' ShlCic 

Signal to Sl'lt'id 

Horizontal Scale: 2.63= It [)n \'e:-t· :]i Sc;)i~: - . , ,'r ' (, i v: SOC) m pi [j J v 
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Test l2e-2: From Black to TB109-10 

GND to GND 

Horizontal Scaie: 2.632 ft/Div rertical Scale: O.lOV/Divj 500 mrfDiv 
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From RG 58A! Shl(:ld to RG 581 L' Center 

Shield to Signal (Extra test cable and terminai block) 

.. orizont.!l Scale: :.6J~ ft/Djv Verticai Scale: O.lOV/Divj 500 mp/Div 
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SECTION A.S.4 

TIME AND FREQUENCY DOMAIN MEASUREMENTS OF WAVEFORMS 
ON DETECTOR INSTALLED IN THE ANTEROOM 



Page A-109 

PRE-REMOVAL 

Time Domain 

#19.a Check Source to GND 
Photo #35, 36, 37 

#19.b Check Source to GND 
Photo #38. 39. 40 

#19.c +600 VDC to GND 
Photo #41, 42. 43 

#19.d Detector Signal to GND 
Photo #32, 33, 34 

#19.e +10VDC to GND 
Photo #44, 45. 46 

#19.f GND to AC GND 
Photo #47. 48, 49 
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PHOTO #32 

TB 109-J Signal 

TB 109-7 

Vert. Gain: SV/Div 

Hariz. Time Base: 1 s/Div 

PHOTO #33 

TB 109-:] 
Signal 

TE 109-7 

Vert. Gain: SV/Div 

Horiz. TLme Base: 0.2s/Div 

PHOTO #34 

TB 109.-:] 
Signal 

TB 109·- 7 

Vert. Gain: 2V/Div 

Hariz. Time Base: O.Ss/Div 
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. I . 

-' .. ; . 

&' :',.' A .' j 
. IlL .. ·.·.. . I,. 
'1', .. J'. ,~ ". ',r r .. ,. ". ~~. j,' 
. ....1 .,,~ • ., .' ;.- . ,'r 

.t.~ .. -' i -

PHOTO #35 

7B 109-1J 
Cbeck Source 

TB 109-10 

Vert. Gain: 0.2V/Div 

Horiz. Time Base: 5rns/Div 

PHOTO #36 

TS 109-1J 
Check Source 

TE 109-10 

Vert. Gain: 50mV/Div 

Horiz. Time Base: 2rrs/Div 

PHOTO #37 

Tll 109-1J 
Check Source 

TE 109-10 

Vert. Gain: 50mV/Div 

Horiz. Time Base: 5Q~S/Div 
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<. .... ~~ I 
. 

" ~l-'II . a .~~. -. jll' 
l-II, Il -1.~ II Il, ~ 

. ·-11 ""1 j" '11,"1 
'''·lr·.lIr~, "wr 111 
•. Ir •. '11. If . 
,.': ".,~ '_.'" '~i 

. . -. 
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PHOTO #41 

TB 109-5 J 
+600V 

TB 109-10 

Vert. Gain: 20mV/Div 

Horiz. Time Base: 10ms/Div 

PHOTO #42 

TB 109-5 J 
+600V 

TB 109-10 

Vert. Gain: 20mV/Div 

noriz. Time Base: 0.2s/Div 

PIIOTO 11'11 

TB 109-5J 
+600V 

TB 109-10 

Vert. Gain: 100mV/Div 

Horiz. Time Base: 20ms/Div 
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PHOTO #44 

TB 109-aJ 
+lOV 

TB 109-10 

Vert. Gain: 20mV/Div 

Hariz. Time Base: O.lms/Div 

PHOTO #45 

TB 109-aJ 
+10V 

TB 109-10 

Vert. Gain: 50mV/Div 

Horiz. Time Base: 5ms/Div 

PHOTO #46 

TB 109-SJ 
+10V 

TB 109-10 

Vert. Gain: 20mV/Div 

Horiz. Time Base: a.2ms/Div 
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PHOTO #47 

TB 109-1~ 
GND 

TB 501-27 

Vert. Gain: 5mV/Div 

Horiz. Time Base: O.2ms/Div 

PHOTO #48 

TB 109-1:J 
GND 

TB 501-2 

Vert. Gain: 2mV/Div 

horiz. Time Base: 0.2ms/Div 

PHOTO #49 

TB 109-1J GND 
TB 501-27 

Vert. Gain: 2mV/Div 

lIoriz. Time Base: 501lS/Div 
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PHOTO #50 

T3 109-8J 
+lOV 

TB 109-10 

BW - 3KHz 

Horiz. Scale: 200 KHz/Div 

Scan Time: 100 ms/Div 

Vert. Scale: 0 dB Ref; 10 dB/DiY 

Input attenuation: 40 dB 
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PHOTO #51 

TB 109-61 

TB 109-J 

Signal 

BW - 3 KHz 

lloriz. Scale: 500 KHz/Div 

Scan Time: - 0.2 s/Div 

Vert. Scale: 0 dB Ref; 10 dB/DiY 

Input attenuation: 40 dB 
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PHOTO #52 

TB 109-5 J 
+600V 

TB 109-10 

BH - 3 KHz 

Horiz. Scale: 500 KHz/Div 

Scan Time - 0.2 s/Div 

Vert. Scale: 0 dB Ref; 10 dB/DiY 

lnput attenuation: 40 dB 
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PHOTO ::53 

IB 109-5J 

TB 10::)- ~O 
... 600V 

Range: 0 - 100 KHz 

Vert. Scale: +20 dB Ref; 10 dB/Div 
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0.00260 :tMS PHOTO #54 

!' -. . 
TB 109-6J 

Signal 
TB 109-7 

. '.., - ~ 

Range: 0 - 100 KHz . 

J
.. ... · ··t .: t' .. . . . ., ,.. 

j ! • I; I . 

• ..~. ~: 0 .! " .. J \ . 

. . ~'~IJ·'JI""" 

16 KHz Harmonics Intensified 

(20 KHz Harmonics also present) 

Vert. Scale: +20 dB Ref; 10 dB/Div 
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0.03 32 R~lS PHOTO #55 

TB \09-8 J 
+ 1 'Y" 

TB 109-10 

Range: 0 - 100 KHz 

16 KHz Harmonics Intensified 

(20 KHz Harmonics also present) 

Vert. Scale: +20 dB Ref; 10 dB/DiY 
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SECTION A.5.5 

POST-REMOVAL TOR MEASUREMENTS ON CABLE 
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Test 34a - 1 

From Blue to Orange 

Checksource 

Horizontal Scale: 26.32 ft/Div 

Vertical Scale: O.25V/Div, 500 mP/Div 
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Test 34b - 1 

From RG 59/ U Center to RG 59/ U Shield 

600V to Shield 

.. 

If; 

I:::!t~ :1::1";::1 ;+:; .,. ;i ~Hr 

I;; ~Hll;I~~II:C-=-= ~!iii~:F.g\!i ~gil1 

Horizontal Scale: 26.32 ft/Div 

Vertical Scale: 0.10 V/Div; 500 mo/Div 
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Test 34c - 1 

From RG S8/V Center to RG S8/u Shield 

Signal to Shield 

Horizontal Scale' 26.32 ft/Div 

Vert ieal SC<lle: 0.10 VI Div; 500 m p/Div 
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Test 34d - 1 

From Red to Black 

+lOV to GND 

Horizontal Scale: 26.32 ft/Div 

Vertical Scale: 0.10 V/Div; 500 mp/Oiv 
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Test 34e - 1 

From Black to TB109-l0 

GND to GND 

~. 

-t.: :r:=:::;:: ~:!:!::= ~ 

Horizontal Scale: 26.32 ft/Div 

Vertical Scale: 0.25 V/Divj 500 mp/Div 

::. ',I"m!-::::t' E 
.I±ttib :;; 
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Test 34a - 2: From Blue to Urill,\!t: -- ':lH'cksOU1-CE' 

Horizontal Scale: 2.632 ftD;\' ',,:niCdi SCdlc: 0.25 \',Di\'; 500 rna/Di\' 
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Test 34b - 2: Fr-om RG 59~ Center to RG 59/ U Shield 

uOOV to Shield 

:~( rizont.;ll Scale: 
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Test 34c - 2: From RG 58/ U Center to RG 58/ U Shield 

Signal to Shield 

Eorizontal Scale: 2.632 ft/Div Vertical Scale: 0.10 V.·Div; 500 mP/Div 
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Test 34d - 2: From Red to Black 

+lOV to GND 

Horizontal Scale: 2.632 ft/Div Vertical Scale: 0.10 V/Div; 500 mplDiv 
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Test 34e - 2: From Black 

GND to GND 

Horizontal Scale: 2.632 
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