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1. INTRODUCTION

During and following the TMI-2 accident, a number of instruments failed
or were suspected of providing erroneous readings. Because of this
problem, industry concerns were focused upon the beahavior of inst:umen-
tation under adverse conditions. To better understand failure
mechanisms, the Technical Integration Office (TIO) contracted Technoicay
for Energy Corporation (TEC) to perform field measurements on a set of
selected TMI-2 instruments to determine in-situ operating
characteristics. For some instruments, these measurements were to be
performed prior to removal (and replacement with new instruments) in
order tc have a cross reference with post-removal observations. For
other instruments, an indication of the condition of the instrument

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

This report provides the informaticn gathered by TEC on the area
radiation monitor HP-R-214. This detector was located at 372' 7" ;
elevation inside containment (dome monitor). This instrument consisted
of a Victoreen Model 847-1 detector assembly housed inside a 2-inch lead
shield connected to a Victoreen Model 846-1 panel alarm and approxima-
tely 250 feet of interconnecting cable. This instrument was believed to
have failed due to an erratic 1 to 10 mR/hr radiation level indication
and due to a lack of response to the manually activated checksource in
the detector. As a result of this failure, the detector was a candidate
for early replacement to provide long-term radiation monitoring capabi-

lity inside containment.
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2. [NSTRUMENT LOCATION, CABLING, AND TERMINATIONS

A review of appropriate drawings from Victoreen and Burns & Roe
(itemized in the Appendix in the measurement procedure, page A-5)
resulted in the composite electrical diagram shown in Figure 2-1. From
this information, Table 2-1 gives a list of the appropriate termination
points for performing measurements in the Control Room in Cabinet 12.
Also noted in Figure 2-1 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 847-1 with required inter-
facing connections to the readout module. Figure 2-2 shcws the func-
tional layout of the detector and associated readout module. This
assembly has a range of 0.1 to 107 mR/hr when enclosed in its associated
904120 lead housing. Electrical diagrams of the detector circuit are

shown in Figures 2-3 and 2-4.

The Model 846-1 Readout Module, located in the control room, was not
specifically considered to be a source of instrumentation problems

except in its function of supplying power to the detector assenmbly.
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Table 2-1

TERMINATION POINTS FOR HP-R-214 MEASUREMENTS

Signal Cabinet 12 Identification*
GND TB112-1
+20 V TB112-3
SIG GND TB112-4
+14 V TB112-5
FAIL IN TB112-6
SIG TB112-7

*From cable IT1872I.
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3. PREPARATION OF MEASUREMENT PROCEDURES

As a result of genersting the composite electrical diagram and from a
review of the Victoreen Area Monitor Operation Manual, TEC identified
the major types of measurements to be performed :

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

2. 0On each electrical connection perform passive measurements
(i.e., passively monitor signals) consisting of time domain
waveforms, very-high frequency spectrum analysis (i.e., MHz
region), and frequency spectra below 100 kHz; and

3. Perform resistance, capacitance, impedance, and Time Domain
Reflectometry (TDR) active measurements (i.e., actively intro-
ducing a test signai).

These measurements were designed to verify the operation of the Readout
Module (especially the power supplies), but the focus of the measurement
was on the detector assembly, cabling, and terminations/connections to
the assembly. The Appendix contains the 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

Since the output of HP-R-214 was designed to cover the range of 0 to
8 volts, the signal could be measured directly without amplification.
Before performing measurements, the readout of HP-R-214 indicated a
variable value of .1 to 1 mR/hr for the gamma dose inside containment.
Activation of the checksource had no effect on tie output reading. The
Signal In was then recorded for approximately 10 minutes on an FM
recorder and various outputs measured with a DVM. These measurements
yielded the following results:

20 V power Supply @ 20.4 VOC

Signai Out @ .6 to 2.3 VDC (pulsing)

14 V Power Supply @ 14.7 VDC

Fail IN @ 2.9 VOC.

The next measurements corsisted of photographing the output waveforms of
the Fail In, Signal In, and power supplies from a storage oscilloscope.
Figures 4-1 to 4-5 show the results of these time trace measurements.
Along with the time traces, both high and low frequency spectra
(frequency domain) were taken of the Fail In, Signal In, and power
supplies. Figures 4-6 to 4-10 show the measured spectra over high fre-
quency bandwidths (>1 MHz), while Figures 4-11 to 4-15 show spectra over

bandwidths below 100 kHz.

Following the frequency spectra measurements, electrical calibration was
requested on the HP-R-214 readout module. Due to other more important

tasks needing the attention of TMI technicians, this calibration was not

4-1




4-2

Photo 104-1
Time: Smsec/div
Sain: 0.5V/div

Signal: +20V

Photo 104-2
Time: 1lysec/div
Sain: 0.5V/div

Signal: +20V

Photo 104-3
Time: 1Oysec/ div
Zain: 10mV/ div

Signal: +20V

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

Time: Smsec/div

Gain: 2mV/div

Signal: SIG GND

Photo 104-5
Time: 50usec/div
3ain: 2mv/div

Signal: SIG GND

Figure 4-2.

Oscilloscope Traces of Signal Ground.

RS



4-4

Photo 104-6

Time: Smsec/div

Gain: 2mV/div

Signal: +14V

.
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Photo 104-7
Time: 5SOnsec/div
Cain: 2mV/div

Signal: +12V

Figure 4-3. Oscilloscope Traces of 14V Power S:ipply.
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Photo 104-8

Time: 2msec/div

Gain: 2mV/div

Signal: Fail In

Photo 104-9
Time: 50usec/div
Gain: 2mV/div

Signal: Fail In

Figure 4-4. O0Oscilloscope Traces of FAIL IN Line.
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Photo 104-10

Time: Smsec/div

Gain: 1lO0mV/div

Signal: SIGNAL

Photo 104-11
Time: Smsec/div
Gain: 0.5V/div

Signal: SIGNAL

Photo 104-12
Time: O.lsec/div
sain: 0.5V/div

Signal: SIGNAL

Figure 4-5. Oscilloscope Traces of SIGNAL Line.’
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Figure 4-6.
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TB112-3
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Scan: 1 sec

1 MHz/div

Atten: Odb

-20db Ref

High Frequency Spectrum of 20V Supply.
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-20db
Photo 104-14
TB112-5

> +12v
TBl1l2-1
BW: 3 kHz

Scan: 1 sec

1 MHz/div

Atten: 0db

-20db Ref

Frequency (MHz)

Figure 4-7. High Frequency Spectrum of 14V Supply.
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-20db

Photo 104-15

TB112-
Fail In
TB112-1

BW: 3 kHz
Scan: 1l sec
1 MHz/div

Atten: Odb

6 -20db Ref

Frequency (MHz)

Figure 4-8. High Frequency Spectrum of FAIL IN Line.
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Frequency (MHz)
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Figure 4-9. High Frequency Spectrum of Signal Ground.
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Figure 4-10.
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-20db

Photo 104-18

TBLl12-3

:::> 20V
TB112-1

100 kHz Range

' ' 15.7 kHz Harmonics
0 50 100

Photo 104-19

1 kHz Range

60 Hz Harmonics

Frequency (Hz)

Figure 4-11. Low Frequency Spectra of 20V Power Supply.

TN B i 110



4-13

-20db
Photo 104-20
TB112-6

> Fail In
TBii2-
100 kHz Range

6 kFz Harmonics

Frequency (kHz)

-20db

Photo 104-21

1 kHz Range

60 Hz Harmonics

) 500 1000

Frequency (Hz)

Figure 4-12. Lcw Frequency Spectra of FAIL IN Lines.
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14y
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100 kHz Range
15.7 kHz Harmonics
Frequency (kHz)
-29db

Photo 104-23

1 kHz Range
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Figure 4-13. Low Frequency Spectra of 14 V Power Supply.
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Photo 104-24
TB112-7
:::> SIGNAL
TBl12-4
100 kHz Range

15.7 Harmonics

Photo 104-25

1 kHz Range

Figure 4-14. Low Frequency Spectra of SIGNAL Line.
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Photo 104-26

TBL112-4
::> SIG GND
TB112-1

100 kHz Range

15.7 kHz Harmonics

Frequency (kHz)

-23db

Photo 1:04-27

" 1. kHz Range

60 Hz Harmonics

0 530 1099

Frequency (Hz)

Figure 4-15. Low Frequency Spectra of Signal Ground.
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performed, but was not critically neded since the power supplies
appeared to be fully operational. Power was then removed from HP-R-214.
The test fixture was removed and all signal lines from cable I[T1872[ to

cabinet 12 were disconnected.

A series of active measurements (i.e.; actively introducing a test
signal into the circuit) was then performed. Table 4-1 shows the
results of capacitance, impedance, and DC resistance measurements on
the field cable lines. A set of TDR measurements was taken on the
signal lines to determine possible cable defects. These TDR traces are

shown in Figures 4-16 to 4-20.



Table 4-1
CAPACITANCE, IMPEDANCE, AND RESISTANCE MEASUREMENTS

Capacitance (nF) Impedance (ohms) Resistance
Signal *
I 100 Hz 1 kHz 100 kHz 100 Hz 1 kHz 100 kHz (ohms)
GND 11 13 -154 1.08k 1.07k 14 1k (1k)
+20
GND 108 uF 148 F 454 15.2 3.4 3.7 11.1 (11.5k)
SIG GND
GND oFt OF 342 28 28 5 3.6k (3.6k)
+14V
SIG GND 19 18 VAR ** 53k 8.7k VAR >2M
FAIL IN
SIG GND 24 18 OF 9.3k 6.4k OF >2M (13.7k)
SIG

*Values in parentheses are reverse polarity values.
**[Indicates variable response.

tIndicates off-s;ale or excessive noise,

8I-t
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STRIP CHART 104-1
TB112: 1 to 3

Signal: +20V

“etting - 500mp/div

Range - 52.6 ft/div

=t T = N
== = :L?ﬁﬁ“ =R SE Censitivity - 0.25
E N =T VAL = 15 Hz filter
== = = : Zable dielectric - other

Figure 4-16. TDR Trace of 20V Power Supply.
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STRIP CHART 104-2

TBl1l2: 1 to &4

Signal: Shield GND to Signal GND

111J : J 1

1
R4
M1

TDR Trace of Signal Ground.

Figure 4-17.

Setting - 500mp/div

Range - 52.6 ft/div

Sensitivity - 0.25
15 Hz filter

Cable dielectric - other
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STRIP CHART 104-3
TB112: 1 to 5

Signal: +]14V

= = ‘etting - 500mp/div
S e = ‘ Range~c 52.6 ft/div
1Y T prens
HES T S T .
e s S : 13— “ensitivity - 0.25
i [ESes pEa § o et s Eemed o g s B b g R 3%
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Figure 4-18. TDR Trace of 14V Power Supply.
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STRIP CHART 104-4
TB112: 4 to 6

Signal: Fail In
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Figure 4-19. TDR Trace of FAIL IN.

tetting - 500mp/div

Range - 52.6 ft/div

Sensitivity - 0.25
15 Hz filter

Cable dielectric - other
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STRIP CHART 104-5
TB112: &4 to 7

Sigral: Signal In

etting - 500mp/div
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1} H
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“ensitivity - 0.25

= 15 Hz filter
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Figure 4-20. TDR Trace of SIGNAL IN.




5. SUMMARY AND INTERPRETATION OF MEASUREMENTS

This section presents a summary of the interpretation of the measure-
ments taken on HP-R-214. This interpretation is intended to indicate

the condition of the device based on observed data.
5.1 SUMMARY OF MEASUREMENTS

The 20V power supply measurement indicated a 20.4 VDOC level, and the

14V power supply indicated 14.07 VDC. Both readings are within the
expected range, but the 14V supply may need to be adjusted for instru-
ment calibration purposes. The Signal In measured 0.6 to 2.3 VDC
pulsing, rather than the expected slowly varying or steady dc level.

The Fail In measured 2.9 VDC which is the expected level if the detector
power supplies are functioning. However, the green light on the readout
module, which indicates proper supply voltages in the detector, was not

illuminated.

The time traces and frequency spectra were used to summarize the major
characteristics of the measured waveforms. Results of this summary are
presented in Table 5-1. The 14V power supply exhibits normal charac-
teristics when compared to other TMI-2 measurements. However, the 20V
supply shows a large 2V P-P 120 hertz ripple. This is not unexpected,
since the 20V is used to drive the checksource and is not required to
be well regulated. The Signal In consists of .6 V to 2 V pulses

occurring at a very precise 3 hertz frequency.
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Table 5-1

CHARACTERISTICS OF MAJOR SIGNAL LINES

Signal Frequency Amplitude

Signal In 60 Hz 50 mV P-P
16 kHz and Harmonics 3 mV RMS
[Pulses .6 Vto 2 V@ 3 hertz]

600 V Supply 120 Hz and Harmonics 0.5 V RMS
16 kHz and Harmonics <1 mV RMS
Total Spectrum 2V P-P

10 V Supply 60 Hz and Harmonics <1 mV RMS
16 kHz and Harmonics 9 mV RMS
Total Spectrum 12 mV P-P
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The Signal In waveform would normally be a voltage level proportional to

the radiation present.

The capacitance and impedance data given in Table 4-1 is difficult to
quantitatively interpret due to active components in the circuitry, but
qualitative results are possible. Very low effective capacitance values
would be expected from most signal lines. Impedance data is reasonable
and exhibits major trends expected from the circuitry, such as reducing
values at higher frequency. Resistance data does not show any unex-
pected rest'its except for the resistance between 20V and ground.
According to Victoreen drawings, a 2 k-ohm resistor should be present,
but a 1 k-ohm value was indicated. The value of the fixed resistor was

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

The results of TDR measurements performed on the cable {shcwn in

Figures 4-16 to 4-20) are summarized in Table 5-¢. Note that the lengths
identified in the table are only approximate, since nc calibration of

the cable resistance and material composition was performed on the TDR
instrument. Some junction points were not identified by these
meastrements, but this is not unusual due to the noise levels observed

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

measured.

5.2 INTERPRETATION OF MEASUREMENTS

Based upon the observation of approximately 1.4 V P-P pulses on the
Signal In occurring at 0.33 second intervals, it appears that either the

Peak Reading Voitmeter or the DC Output Driver stage of the detector
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Table 5-2
SUMMARY OF TDR MEASUREMENTS

Signal Lines Distance (feet)* Probable Cause
GND 126 Penetration R507
+20 V 315 Detector
GND 137 Penetration R507
SIG GND 326 Detector
GND 137 Penetration R507
+14 Vv 315 Detector
SIG GND 147 Penetration R507
FAIL IN
SIG GND 142 Penetration R507
SIG

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

*TDR to terminal block test cable (15 ft) not included in distance; all
lines exhibited large noise levels which made interpretation difficult.
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circuitry has failed. This is allowing the internal oscillator

frequency (3 V hertz) to be passed into the output instead of period-
jcally updating the dc output as designed. The cause of this failure was
not obvious from the measurements, but the Fail In level implies that

proper power is being supplied to the instrument.

Resistance measurements on the 20 V supply indicate that either a
resistor has been reduced from 2 to 1 k-ohm due tc aging and radiation,
or that the Victoreen drawings have not been updated to show a change to

a 1 k-ohm resistor.

The absence of the "Safe" indication on the readout module indicates a
problem with the light circuitry or a failed bulb, since the measured

Fail In indicated proper operation.



6. CONCLUSIONS

Based on the measurements, data reduction, and circuit analysis of
HP-R-214, there is an indication of failure of the instrument. The
observed output signal indicates a failure in the detector circuitry,
either in the Peak Voltmeter or DC Driver Stages. The operability of
the ion chamber cannot be determined since all signals must pass through
the suspected stages of the amplifier. The periodic pulses present on
the signal line are interpreted as varying radiation levels by the
readout module which results in the observed variation in the readout

meter.

6-1
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L " WORK REQUEST PROCEDURE
o TM! Nuclear Station
‘ I Maintenance Procedure Format and Approval
Page A-2
Uolit NO. 2

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

1.  Procedure Title & No.:

/€’~ A/f ar J ’D/:_zr&‘/ %ﬂ.f(//(mc'/{f Or? //‘?A’-Z /4

2. Purpose: - Sodermrine Che eondibon of Fl Syoals borny 70««4{-(/
by [1126-219. ’

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

tREZF

References:

See alched

5.  Special Tools, and Materials required.

See O’#“G[’L/

6.  Detailed Procedure (attach additional pages as required)

\Sée a‘{/aQ é’c/
Supervisor of Maintenance recommends approval Date ya
* PORC RECOMMENDS APPROVAL g/‘ 7 7/2% 82
Unit No. 1 Chairman Date Unit No. 2 Chairman Date

* UNIT SUPERINTENDENT APPROVAL

Unit No. ! Date Unit No. 2 Date

* Standing Procedure

Supervisor of QC Date

*Note: These approvals required only on Nuclear Safety Related/Radiation work permit jobs.
TMI-9¢ 2-78
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TITLEN-SITU MEASUREMENTS OF CABLES AND NO.
- —_ SIGNALS FROM AREA RADIATION MONITOR TP-104
m = HP-R-214 REV.
= lil= 0
Technology for Energy Corporation | APPROVED DATE
PROCEDURE - | M.V. Mathis, Director, Tech. Serv. Div. 9-12-80

PURPOSE :

The purpose of these measurements is to gather baseline data and infor-
mation in preparation for possible removal of Area Radiation Monitor
HP-R-214 from the reactor building TMI Unit 2. The tests specified in
this procedure are designed to assess the condition of the in-containment
instrument module (gamma detector), associated cabling, and readout
devices. This assessment wiil require the use of Time Domain
Reflectometry (TOR), Impedance (Z), Spectral Analysis (frequency domain),
special calibration measurements, and general oscilloscope observations
(with rzcording) of waveforms from/to the unit under test (UUT).

PROCEDURE (ADMINISTRATIVE):

A.

Limitations and Precautions

1. Nuclear Safety. Area radiation monitor HP-R-214 is part of a redun-
dant ARM system at elevation 372'7". 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-R-214 can be taken
out-of and restored to service without 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.

4. Equipment Protection. In the performance of each test described
he;ein, 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 Instrumentation Personnel.

b. All passive measurements (Spectral Analysis and Oscilloscope
observations) of waveforms and signals from powered instruments
shall be performed using high input impedance 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

pAGE ! of 15 ‘,
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS |NG. TP-104

y FROM AREA RADIATION MONITOR HP-R-214
i TITLE
- REY,

integretary measurements on the appropriate instrumentation cables
by inserting test signals on appropriate conductors of Cable
IT18721 (terminations shall be removed and replaced on TBl1l2 of
Cabinet 12). Should these tests reveal cable integretary problems
further verification measurements will be made at TB3 of outer
penetration R507.

Table 4-1 Active Measurements

Active Signal Parameter Time Domain Reflectometry Impedance
Voltage 225 mV nominal (into 50 < 5V rms
ohm base)
Frequency --- 100Hz, 1lkHz,
10kHz, 100kHz
Current < 10mA £ 100mA
Ot her 225mV, 110 picosecond .-
pulses

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

B. Prerequisites

1. The Shift Supervisor/Shift Foreman shall be notified for concurrance
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).
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS |NO. TP-104
FROM /REA RADIATION MONITOR HP-R-214

= _ REV.

4.

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

Procedure for Performing Measurements

References :

1.

2.

14.

15.
16.
17.

Victoreen Dwg. No. 904550, w%ring Diagram Area Monitors Channels
HP=-R-213 & HP-R-214 (Sheet 6 of 11).

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

Burns & Roe Dwg. 3024, Sh. 304.

Burns & Roe Dwg. 3345, Sh. 2668B.

Burns & Roe Dwg. 3043, Sh. 16D.

Burns & Roe Dwg. 3045, Sh. 26E.

Burns & Roe Dwg. 3045, Sh. 26F.
Burns & Roe Dwg. 3045, Sh. 34A.
Roe Dwg. 3045, Sh. 34B.

Roe Dwg. 3347, Sh. 6J.

&
&
&
&
Burns & Roe Dwg. 3045, Sh. 34. -
&
Burns &
Burns &
Instruction Manual, Tektronix model 1502 Time Domain Reflectometer.

Instruction Manual, Hewlett Packard Model 4274 Multifrequency LCR

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

Instruction Manual, Nicolet Model 444A-26 Spectrum Analyzer.
Instruction Manuql, Tektronix Model 335 Oscilloscope. -

Instruction Manual, Lockheed Store-4 Recorder.

. et .. .. . ¢ - . - - ——— . . - — e mte —— cm—— e ——n e—. . -
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS
FROM AREA RADIATION MONITOR HP-R-214

NQ.

TP-104

REY.

18. Instruction Manual, Tektronix SC502 Oscilloscope.

19. TEC Composite Electrical Connection Diagram, HP-R-214 (see attached).

Victoreen Instrument Coﬁpany Dwg. 904550 (Ref. 1) and B&R Drawings 3024
(Ref. 3) show the appropriate termination points for passive measurements
of signals from HP-R-214 as follows:

Cable Cabinet
Signal 1T18721 12
- \;;é:— GND TBl12-1
vy oY
e @ + +20V TB112-3
{ o :
Ao // SIG GND T8112-4
< ~— T G .
n ncuﬂ““"j/ WA i TB112-5
Yo FAIL IN TB112-6
SIG TB112-7

STEPS

1.
2.

3.

Notify Shift Supervisor/Shift Forman of start of test on HP-R-214.

Verify power is applied to HP-R-214.

)75 A

Sfgnature/Date

Record present signals, readings, and indications on 846-1 Readout Module

(Local).

Remove recorder when finished.

Record Signal-in at TB112-7/4 for 30 minutes on FM Tape Recorder.

PAGE 4 of 15
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS | NO. ~TP-104
g FROM AREA RADIATION MONITOR HP-R-214
1 e
# o A TS . REV, 0
Meter/Indicator/Switch Local
: _/"o"
mR/hr Meter Reading /) 70 MR AR 7 IC
Off-Operate-Alarm Function Switch | ofefore P Mmoot
Fail Safe Indicator On__ Off—
High Alarm-Reset Indicater On off —

O 7S A Yoo

Figature/Date

4. Using a Keithley Model 177 DMM (or equivalent) measure the DC voltage or
current at the following test points.
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS {NO.  Tp-104

FROM AREA RADIATION MONITOR HP-R-214

REY.
SIGNAL | CABINET 12 ! TEST LEAD READING

a. TB112-3 (+) +20v 294 vecT

T8112-1 (-) v

S ulN

b. TB112-5 (+) 12V /4 .07 UoLT

TB112-1 (-) T
c. TB112-6 (+) Fail In 2-7 vocy

TB112-1 (-) -
d. TB112-7 (+) | SI6 ed 70 2.3 voe

TB112-1 (-) |

+ —
%féﬂ 2o
ignature/Date r
6 of 15
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS | NO.

FROM AREA RADIATION MONITOR HP-R-214

TP-104

REV.

5. Using a Tektronix Model SC502 (or equivalent) 6scilloscope observe the wave-
form at the following test points:

SIGNAL | CABINET 12 PARAMETER I
a. TB112-3 +20V Photo 729~/ | Photo s0¢-Z |[Photo ,09-3
TBl112-1 Time Basesms | Time Bace s«s | Time Base so4s
Vert Gairl s/ | Vert Gain .sv | Vert Gainsomv
b. TB112-4 SIG GND | Photo Z24/-4| Photo /o04/- S~ | Photo
TBl112-1 Time Base Sss | Time Base $0«s| Time Base
av Vert Gain zmv | Vert Gain 2 Vert Gain
.‘.\L “
c. TB112-5 Glav. Photo /0¥- & | Photo yo4/- 7 | Photo
TBl12-1 Time Base 5~ | Time Base sz«S Time Base
Vert Gain 2a] Vert Gain 2-+/] Vert Gain
d. TB112-6 FAIL IN | Photo /04 -& | Photo /04.9 | Phato
TB8112-1 Time Base Z m5 | Time Base D4y | Time Base
Vert Gain 2ty Vert Gain Zsut Vert Gain
e. TBl112-7 SIG Photo #24-/0 | Photo /04-/! | Photo /o4-!%*|
TB8501-36 ACGND Time Base 5~s | Time Base & ms Tms| Time Based,/sec
Vert Ga‘ln/"ru/ Vert Gain, ﬂ( Vert Gain  sv

Sync the oscﬂ]oscope and photograph the waveform using up to three time base

and vertical gain settings.
mined by visual analysis by the field engineer.) Mark the back of the pho-

tographs with the instrument tag number and parameter measured.

(The necessity of 3 photographs will be deter-

(?L, 7SA
ignature/Date

......

7of 15
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS [NQ. TP-104
FROM AREA RADIATION MONITOR HP-R-214

TEE = ‘ l REV. 5

6. Using a Hewlett-Packard Spectrum Analyzer (Models 141T, 85538, and 8552, or
equivalent) perform an analysis of the following signals for spectral content:

SIGNAL | CABINET 12 | PARAMETER | PHOTO #
a. TB112-3 +20V j0¢l =13
TB112-1 GND -
N
b. TB112-5 "@R 104-14
TB112-1 GND -
c. TB112-6 FAIL IN (0415
TB112-1 GND
d. TB112-4 . S.3GND |ro#-/6
TB112-1 GND I
e. TB112-7 SIG 104 -/7
TB112-4 SIG GND I

Before photographing each scope display adjust analyzer for best spectral
resolution. Record critical analyzer parameters e.g., RF bandwidth, RF band-
width and sweep speed on rear of photograph as well as parameter analyzed.

e iy ——— —  — ————

SPECTRUM IDENT FREQUENCY AMPLITUDE REMARKS
Bovoviorn OConw wroTH z.,‘,:;&’d '50-7{’ e L::'fi t Sy S
Ity g, s
20 Vo)
IKn 3 7 o / Seﬁ/o/u
%- 7 542 9//5/50
Signature/Date
8 of 15
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS |[NC.  TP-104

_— . FROM AREA RADIATION MONITOR HP-R-214
il = ' REY
: Ll ) ' 0

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

SIGNAL CABINET 12 PARAMETER PHOTO #

a. TB112-3 +20V /1044~ ,8 o 70 100 K 4
TB11s-1 GND Joy-02 070 Ik

b. TB112-6 FAIL IN | soy-20 | ©7Tolookuy
TBl12-1 GND oy -2/ o070/ K

C. TB112-5 +12V /104 . 2% o070 lookin
TBl12-1 GND

ley-23 D 70 //a,

d. TBl112-7 SIG 1og— 2¢d 270 100 Ki—
TB112-4 SIG N | ,,0 28 | o 7e fkuy_

e. TBl12-4 SIG GND 10¢ -2¢6 °e7o /o:l:”s
TB112-1 Jod - 27 °7e 1 KUy

If PSD plots from any one of the three signals show high or unusual
amplitudes, utilize the zoom feature to provide finer resolution and obtain

PSD data in the frequency band of interest.

S¥gnature/Date

8. Inside Cabinet 12 perform usual electronic calibrations using applicable
instrument shop procedures. Attach a copy ot the instrument shop calibration
data sheet and identify any significant adjustments in the space below:
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS |NO. TP-104
p— e FROM AREA RADIATION MONITOR HP-R-214
1 = | TITLE | -
- AEY, 0
Procedure
Step Remarks

_See attached instrument shop procedure .ita sheet.

9.
dure AP 1002).

10.

Instrument Shop Procedure No.

Signature/Date

Remove all power from HP-R-214 (Tag Open TBSOl l1nks 34 35, and 36 per proce-

<::;Zr;7::5;:€‘$/£Z4gz/220

griature/Date

Open links for all field wires from Cable IT18721 at TB112 (Cabinet 12).

¢ - —— —— A . —y—— - —

N — i e——
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TN-STTU MEASUREMENTS OF CABLES AND SIGNALS |NO. TP-104
— FROM AREA RADIATION MONITOR HP-R-214
i =it T TILE | REV. |
TERMINAL SIGNAL IDENT.
TBl112-1 v~ GND {SHIELD)
T8112-3 YV~ +20V
TBll2-4 SIG GND
| oteizes 7 HV
B112-6 FAIL IN
TB112-7 SIG

O;L IS 5 fbe o

Aigrature/Date

11. Using the Hewlett-Packard Model 4274 (or equivalent) Impedance Bridge measure
Lhe capacitance and impedance of the following test points:

.
i AW A A g 2
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS |NQ. TP-104
e e e ' . FROM AREA RADIATION MONITOR HP-R-214
| =1 TITLE =
. [LF "} HEV- 0
Record the data required below:
Test Point Capacitance Impedance
Frequency 100 Hz 1 kHz 190 kHz | 100 Hz 1 kHz { 100 kHz
lr - .06 07 /14 S
R T B L A C LA A Bad AU S AN/
b TBLL2-(1/4) |/eB<A | WE < \YSHNf (152 55 % %a
2V
c. TB112-(1/5) oF OF 342 ze/, 284 s
_.QL A é /3¢
d. T8112-(4/6) | 90/ V/BNF |ipered | . 7
te. TBL12-(4/7) 24wk s 3540°| 27 A
e. - C4 M 188 ~7
! & OFf 738" 6,\}‘%: ofF

*Numbers in parentheses refer to TB112 FROM/TO terminal numbers on field side.

tField side/Cabinet side across open link.

g;)‘z’ 7 S_j/ 7//9/20
¥gnature/Date .

T ——— -
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- IN=-SITU MEASUREMENTS OF CABLES AND SIGNALS
FROM AREA RADIATION MONITOR HP-R-214

NO. TP-104

REV.

12.

13.

Us ing

the Tektronix Model 1502 (or equivalent) TOR unit perform TDR measure-

ments on the five test points given in Step 1l. Record data below:

T Ins trument Strip

Test Point High R Low R Settings Chart
@ Nft.] @N ft. | Ampl Range Mult Number

Sw [)
a. TB112-(1/3) < L1 jey-y
-~
b. TB112-(1/4) 1049

c. TBl12-(1/5) /94-3
d. TB112-(4/6) 104 - ¢
e. TB112-(4/7) 104 -5

78K 5, 9,/90

jgfature/Date ¢

Using the Keithley Model 144 (or equivalent DMM) perform resistance measure-
ments on the Test Points specified and record value in space provided.

13 0f 15

.
o o o S o
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS |[NO. TP-104
— g FROM AREA RADIATION MONITOR HP-R-214
=l TS REV.
= ‘ -0
Ae '[éﬂnnvly ow 20K Zb w6~
POLARITY POLARITY
From = +; To = - From = =; To = +
TEST POINT | FROM LINK | TO LINK RESISTANCE RESISTANCE
a. +20 | TBI12-1¢%| Tl12-3294 /K= /RS
b.we0l TB112-1com | TBl12-de % //-/ K * NS
3 C. +/L | TBl12-lecow | TBI12-SMv|# 3-6 £ ¥ LK
d. ¢~ | T1Bl12-le= | 1B112-6%0 ~ % &= /1.2K
X e.4i7 TB112-}com | TB112-7%° &4.9 - sl <,
f.A20 | TB112-3 ~. | TB112- /72.k * /2.4 K
g.a0- %) TBI12-3 200 | TBIIZ-SWg  4.7K & Y.BK
hawo Fdml 1B112.3 0% | TB]12-6F0 ~ o~/
jor «i9 | TB112-3 20v| TB112-7s0 ~ ~
J.3 Xz | TB112-4ew# | TBLIZ-5Wv|% 70 % ®*  ~
k. Nlinl TB112.4 wwe [ TB112-6F ~ ~
1.q#4 29| TB112-4 cwe| TB112-7501.% A £ W= /37K
M. S| TB112-5 4y | TB112-6F0 ~ < /5K
N.WZes [ TB112-5Mv | TB112-7s6| 4 ~ L.8 VY
0.‘:“»--“11 TB112-6 Fo TB112-750] J1o K e ~ —
***NOTE :

Close all links on TB112 (opened in Step 10) when finished with this step.

R Usey Slow B C/reet Bore
¥ 3% zooKsoe onée

&ND2 516 wVO
Fo = Fau'\. o T
50 = 5o ovT

Q%_f%_
gndture/Date

14 of 15
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS INO. TP-104
- FROM AREA RADIATION MONITOR HP-R=-214
] ﬁ:‘i— TITLE ,

REV,

15. Notify Shift Supervisor/Shift Foreman of end of test on HP-R-214.

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

TEC Representative\=Z 75_/’% 7TZ/5:/9/3

ignature/Date

Instrumentation

Signature/Date

PAGE 15 of 15
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2a.
2b.
Ja.
3b.

Da.
5b.

10.

1.
12.
13.

Page A-18

JOB TICKET (WORK REQUEST)
REVIEW — CLASSIFICATION — ROUTING CONTROL FORM

J0B TICKET NUMBER

(A%

Does work represent a change or modification to an existing system or component? If yes, an ap-
proved change modification is required per AP 1021.
C/M No. MA

Yes

No

Does work requires an RWP?

Is an approved procedure required to minimize personnel exposure?
Is work on a QC component as defined in GP 1008?

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

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

N2

UNIT SUPERINTENDENT DATE

Is the system on the Environmental Impact list in AP 10267
If 83 is YES, is an approved procedure required to fimit environmental impact?

Agreement that 5b is No. (Required only if 5a is Yes).

UNIT SUPTJSUPY. OF OPERATIONS DATE

Plant status or prerequisite conditions required for work. (Operating and/or shutdawn)

QC Oept. review, if required in item No. 3.

A

aC SUPERVISOR DATE

Does waork reguire code inspector to be notifizd?

Supervisor of Maintenance approval to commence work: '
D - ~,. - if - /'., '_71—- / . ) / v - / . ./I_ .
/ /(i- it - /<'_'//L: f [" L ‘ ./_/ "'f Date "~ //7 -
/ . T
Maintenance Foreman Assigned:

Yes

No

Yes

No

Ye-

Yes

AN

No

\

No

Yes

No

Yes

\ I\

No

Yes

No ¢—

Cade Inspector Notified. Name:

Date

Shift Foreman's approval to commence work:

Date_ 9 A ‘7/ v

Initial if Shift Foreman signature is not required.

T e P ——— c————— —— s - T - LT Ll s L mbe 4 e s . e o — — e -

TMI-154 2.80
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GENERATION CORRECTIVE MAINTENANCE SYSTEM
CM STATUS ACTIVITY FORM

-

Page A-19
- . REQUEST DATE
COMPONENT DESIGNATOR LOCATION UNIT Jos WORK
L TYPE AUTHORIZATION
ComP. COMP. o} NUMBER
SYS TYPE 1D. 0
P MO DAY YR
S 8 12 16 }17 22123 24 32133
{ / g I - 7
el R olzls [+ 0350020]M}2//AC.7\0={09[Y3
2 ECM
Tcxc')“ T NUMBER
q a7 S
0/4|A
™N |2 P |Rese. Locatiof | assisting  |R | assisTing
cD T T IOR CONTRACTORT CONTRACTOR | T | CONTRACTOR
Y Y Y
4 66 167 ¥al
ols{A 21ol3 I ]
TXN é PURCHASE REQUISITION PURCHASE ORDER
co T NUMBER NUMBER
4 59 66167 73
0171A
S/M APPROVAL FIELD WORK
A STATUS HQLD TO COMMENCE COMPLETION
TXN c % WORK DATE
T CODE START DATE RELEASE DATE coMPL | mo oay YR I Mo DAYy YR
4 39 40{41 45147 A /52 53 55 |56 81162
77V, r / /
1]0{A GG UBULHGUU LU
01 1 ) 1 L L OUTAGE HOLD
0,2 , ] 1 ] X L PART HOLD
0,3 , . . ) . QUALITY CONTROL PART HOLD
0,4 , | | 4+ | o \ " QUALITY CONTROL PROCEDURE HOLD
015 \ ' T e ) OPERATIONS HOLD
0,6/ , \ ' i L \ CHANGE MODIFICATION HOLD
0,7¢ 4 1 1 . 1 1 ENGINEERING HOLD
0,8 , Ll T T PLANNING HOLD
1 i i 1 1 1 1
5 30] ¢ [ ! L \ ] MANPOWER NOT AVAILABLE
5,2 4 | 1 1 \ \ AT QUALITY CONTROL
(6 ;3] [N T 1 1 AT UNIT SUPERINTENDENT
1 4 i \ i 1 1 AT READING
150 \ L i \ POST MAINTENANCE TEST HOLD
5.6] L 11 . AT ALARA

TMI 199 580 . | -

0 Sk R LA



