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1. INTRODUCTION

During and following the TMI-2 accident, a number of fnstruments fatled
or were suspected of providing erroneous readings. Because of this
problem, industry concerns were focused upon the behaviur of instrumen-
tation under adverse conditions, To better understand failure
mechanisms, the Technical Integration Office (TI0) contracted Technuloyy
for Enerqy Corporat1on (TEC) to perform field measurements on a set of
selected TMI-2 instruments to determine 1n s1tu operat1nq T
characteristics. For some instruments, these mea5urements‘were to be
performed prior to removal (and reblacement with new instruments) in
order to have a cross reference with post-removal observations. For
other instruments, an indication of the condition df the 'astrument

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

This report provides the information qathered by TEC on the ares
radiat1on monitor HP-R-213. This detector was located at 347 feet
elevation inside containment, This 1nstrUment consisted of a Victoreen
Model 857-2 detector assembly connected tu a Victoreen Model 856-2 panel
alarm and approx1mately 330 feet of interconnecting cable, This
,;”1nstrument was believed to have fa1led due to a constant off scale low
/rad1at1on level 1nd1cat10n and dUe to a lack of response to the manually
activated checksource 1n the detector.v As a result of this fa1lure, the
detactor was a cand1date for early rep]aCement to provide long-term

radiation monitoring capability inside containment,
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2. INSTRUMENT LOCATIOM, CABLING, AND TERMINAT[ONS

A review of appropriate drawings from Victoreen and Burns & Roe
(1temized 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 1ist of the appropriate termination
points for performing measurements in the Control Room in Cabinet 12.
Also noted in Figure 2-1 are the cable lenqths pulled during instrument
installation (hefore final tr1mm1nq) between each termination and/of

{unction paoint.

The detector.aﬁsémbly fs a Victoreen Model 857-2 which {s shown in
Fiaure 2-2 along with required interfacing connections to the readout
module. F1quré 2-3 shows the fun§t1ona1 layout of the detector and
associated readout module, This assenb1y11s a "medium range" device
with a range of 0.1 to 104 mR/hr. An electr1cai d1agram of the detéctor
circuit {s shuwn in Figure 254. As shown in Figure 2-1, the circuit s
soméﬁhat comthﬁated‘b} the presence of‘affé@otﬁ;qlgrm/meﬁgfwand aVJLj‘,
“second remote alarm which are used as Iocaivindicators of the

radiation levels,

Since measqréments were pé1ﬁq made in the con;rol rodm. there was no way
to remove the effect of the remote alarm/heter (attached to the s1gdal
11ine) from the observed instrument response. However, since the remote
alarm/meter was located outside containment, 1t did not experience the
severe operating environments and thus was not considered to present any

measurement problems., (The remote alarm was located inside containment,
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2-3
Table 2-1
TERMINATION POINTS FOR HP-R=-213 MEASUREMENTS

Signal Cabinet 12 Identification®
+10V Power Supply TB111-8
+600V High Voltage TB111-5
Stgnal In TB111-6
Gr0undv - : T8111-10
Cses R TBI11-1
LS+ | ‘ T8111-2

o —— em—

!

————-———— r—

*From cable IT187OI

*#*CS = Checksourte coil positive and return contacts (exact fdentification
naot necessary),
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Remote Alarm Meter
858 -2

Detector 857 -2

Readout Modules
856-2

Rack Chassis

Figure 2-2. Sketch of Instrumentation for HP-R-213
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2-7
but was isolated from the signal line by the remote alarm/meter
ctrcuitry,) Similarly, the Model 856-2 Readout Module, located tn the
control room, was not specifically considered tc be a scu-ce of fnstru-
mentation problems except in its function of supplying power to the

detector assembly,



3. PREPARATION OF MEASUREMENT PROCEDURES

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

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

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

3. Perform resistance, capacitance, impedance, and Time Domain

Reflectometry (TDR) active measurements (1.e., actively intro-
ducing a test signal).

These measurements were desiqned to verify the operation of the Readout
Module (especially the power suppl1es); but the focus of the measurement
was on the detector assembly, cablfnq, and terminations/connections to
the assemhly, The Appendix contains the detailed procedure which was

fcllowed during the measurement program, and a summary of measurenments

i{s presented in the next section,
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4, MEASUREMENTS

Since the output of HP-R-213 was designed to cover fhe range of 0 to
+10 volts, the signal could be directly measured without amplification.
Before performing measurements, the readout of HP-R-213 indicated an
off-scale low value of less than 0.1 mR/hr for the gamma dose inside
containment, Activation of the checksource had no effect on the output

reading. The Signal In was then recorded for approximately 10 minutes

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

measurements yielded the following results:
10 V power Supply @ 11.1V
Signal IN @ 10.96 vDC
600 V Power Supply @ 599 VDC

Checksource @ 15,0 ma

The next measurements consisted of photographing the output waveforms of
the checksource, Signal In, and power supplies from a storage
ascilloscope. Fiqures 4-1 to 4-6 show the results of these t1me trace
measurements, Along w1th the time traces.\both high and low frequency
spectra (frequency domain) were taken of the Signal In and power
supplies. Fiqures 4-7 to 4-9 show the measured spectra over high fre-
quency bandwidtns (>1 MHz), while Figures 4-10 io 4.12 show $pectra over

bandwidths below 100 kHz.

4-1
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Photo #103-1

Time~2msec

Gain - 50 mV

TBlll-1l to

TBl1l1-10

Check Source

Photo #103-2

Time - 0.1 msec

Gain - 50 mV

TBlll-1 to

TBl11-10

Check Source

Figure 4-1. Typica’l F]uttuatiéns Preéent on Checksource
Line 1. -
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Photo #103-3

Time base - 2msec
Gain - 50 mV
TB111-2 to
TBlll-10

Check Source

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



Photo #103-4
Time - 0.1 msec
Gain = 20mv ‘;“;7f_
TBill-5 to
TBL11-10

+600V

Photo #103-5

Time - 5 msec

Gain - S0mVv

TBl1l-5 to

TBLLL-10

+600V

Figure 4-3. AC Variations on the SOOVAPower Supply.
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Photo #103-6
Time - 2msec
Gain - 2 mV
TB1ll-6 to
TBll1-10

Signal

Photo #103-7
Time - 20usec
Gain - 2 mV
TBl1ll-6 to
TBlll-10

Signal

Photo #103-8
Time - lOusec
Gain = 2 mV
TB1l1l1l-6 to
TB1ll1l-10

Signal

Figure 4--. AC Variations o t-e S49727 Output.
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“Figure 4-5.

Photo #103-9
Time - 20usec
Gain - 50 mv
TBL11l-8 to
TB111-10

+10V

Photo #103-10

Time - 2msec

1 Gain - 50 mV

TB11l1l-8 to

TB11ll-10

‘+lOV

AC Variations on the 10V Power Supply.
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Photo #103-11

Time - 2msec

“Gain= 0:1v-

TB111-10 to

TB501-33

~ GND

Photo #103-12
Time - 50usec

Gain - 0.1V

TB111-10 to

TB501-33

GND

Figure 4-6. Typical Fluctuations Present Between Ground-
AC Ground.
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- 20db

Photo #103-13

BW-1 kHz

Scan time - lsec
Scan width - 0.5 MHz
Attn - O

Log Ref --20db
TB1l11-8 to

TB111-10

+10V

FEequeth (MHz)

i

' ﬁigufe 4-7. High ﬁrequency Spectrum of 10V Power Supply.
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BW-1 kHz

Scan time -

Attn - O

TBL1l-6 to

TBlll-10

Figure 4-8.

‘Signal In ~

rn

1

Frequency (MHz)

High Frequency Spectrum of Signal Output.
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Photo #103-14

lsec

Scan width - 0.5 MHz

Log Ref - -20db
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‘Photo #103-15

BW-1 kHz

Scan time - lsac
Scan width - 0.5 Miz
Attn - O

Log Ref ~ ~20db
 TBL1l-S

TBL1l-10

+600V

Figure 4-9.

Frequency (MHz)

High Frequency Spectrum of 600V Power Supply.
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0.0169 RMS

o

Photo #103-18

+600V

+10db Reference

Frequency (kHz)

0.0125 RMS
- 10db

Photo #103-19
'*éoov

+10db Reference

9 500 1000

Frequency (Hz)

Figure 4-10. Low Frequency Spectra of 600V Power Supply
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0.00256 Ms
- 27db T ‘

1 500 1000
Frequency (Hz)

0.00156 RMS

] 0 100

Frequency (kMz)
0.00196 RMS

2 S0 100
Frequency (k¥z)

Photo #103-20
Signal In

+20db Reference

Photo #103-21
Signal In

+20db Reference

Photo #1073 -
Signal

+20db Reference

Figure 4-11. Low Frequency Spectra of Signal Qutput.
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0.0308 RMS

0 50 130

Frequency (kHz)

0.00363 RMS

c 500 1000
Frequency (Mz)

Photo #103-23
+1ov

+10db Reference

Photo #103-24
~1lov

+30db Reference

'Figure'4-12. Low Frequency Spectra of 10V Power Supply.
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4-14
Following the frequency spectra measurements, electrical calibration was
requested for the HP-R-213 readout module, Ouring attempted caltbra-
tion, a problem was identified in the readout module, but was not
corrected due to other tasks requiring the attention of TMI technicians.
Data from the instrument repair was then requested but not received,
After attempting electrical calibration, power was removed from
HP-R-213, The test fixture was removed and all signal lines from cable
[T18711 to cabinet 12 were disconnected., A series of active measure-
ments (1.e., actively introducing a tes;‘siqnal into the circuit) was
then bérfdrmed. Table'4-1 shows the results of capacitance, impedance,
andbnc resistance'measurements on some of the field cable lines (see
Appendix pages A-14 and A-16 for a comb1ete set), A set of TDR measure-
ments were taken on the signal lines to deterﬁi:ekposs1ble cable

defects. These TDR traces are shown in Figures 4-13 to 4-16.
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Table 4-1

CAPACITANCE, IMPEDANCE, AND RESISTANCE MEASUREMENTS

Capacitance (nf)

Impedance {ohms)

Resistance

Signal 100 Hz 1 kHz 100 kHz 106 Hz 1 kHz 100 kHz (ohms)*
Checksource (+)  -2.8 yf -5.8 uF 3.5 40.0 4.88 4.48 a1 (41)
Checksource (-) . ‘ 7 '
+600 V VAR** 10 10.5 OF + 16K 152 >2 M
Ground ; R
Signal In VAR 7.9 6.9 OF OF 229 9.2k (8.6k)
+10 V - 96 yF 119 uF -7 22.5 14.7 38 12.5K (8.3K)
firound ' .

Ground (f 1e1d) VAR 53 uF 26.7 1.2k 960 70 -

6round (cabinet) o o :

Signal In - | -- R -- -- -- 8.8k (7.2K)
+10 V , ' ,

*Yalues in pqrenthesés are reverse polarity values.
**Indicates variable response.

+ Indicates off-scale reading or excessive line noise.
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Figure 4-13. TDR Traces from the Checksource Lines.
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Figure 4-14. TOR Traces from the 6§00V Power Supply Cable.
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Figure 4-15. TOR Traces from the Signal-In
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5. SUMMARY AND INTERPRETATION OF MEASUREMENTS

This section presents a summary of the interpretation of the measure-
ments taken on HP-R-213. This interpretation is intended to indicate

the condition of the device based on observed data.

5.1 SUMMARY OF MEASUREMENTS

~The .10 V power supply measurements indicated a 11.1 VDC output value,

which is outside the normal variation, but probably not high enbugh to
damage the circuitry. The 600 V pbwer supply was measured at 599 VDC
when connected to the detector assembly, which indicates this supply was
working properly. The Signal In measurement produced a 10.96 VDC
readina, which indicates the output is constant at very nearly the power
supply level. Measurements on the checksource produced a 15 ma current

load, whjch indicates the electrical path through the checksource coil

is intact.

The time traces and frequency spectra were used to summarize the major
characteristics of the measured waveforms. Results of this summary are
presented in Table 5-1, Both the power supplies exhibit normal charac-

teristics when compared to other TMI-2 measurements.

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

proportional to the radiation present. The oscilloscope photograph of

5-1



fore A s in e B Lo B e bk 2l e, e it O Al s el s =

522
Table 5-1

CHARACTERISTICS OF MAJOR SIGNAL LINES

Signal Frequency Anplitude
Signal Qut 0 (DC) 10.96 v
60 Hz and Harmonics 2.5 '
20 kHz and Harmonics 1.96 mV RMS
-Total Spectrum 16 mv P-P
600 V Supply 60 Hz 12.5 mV RMS
16 kHz and Harmonics K1 'mV RMS®
20 kHz and Harmonics 16.8 mV‘RﬂSV
Total Spectrum 200 mv P-P
10 V Supply 120 Hz ’ : 3.6 mV PP~
20 kHz and Harmonic 31 mV RMS
Total Spectrum

150 mv P-P

¢ e S



. n R a1 % & om eimken e e St L M VR

5-3
the Signal In line (Figure 4-4) shoﬁs that the output Has only a small
AC variation from the 10.96 VDC level. These variations are mainly due
to 60Hz and 20kHz low-level noise that was observed on other TMI instru-
ment outputs. Resistance data (Table 4-1) shows a small increase in
resistance among the Signal In, +10V, and Shield lines. Table 5-2 gives
a comparison of the resistance data from a new detector assembly to that
measured from HP-R-213.- This overall increase in resistance is probably
not significant since the observed changes could simply be the result of
exposure to radiation and high temperatures. However, it could be the
result of a degradation (but not total failure) of ane of the output
driver transistors (Q6 or Q7).
The capacitance and impedance data given in Table 4-1 is difficult to
quantitatively 1nterpretbdue to aét1ve>c6mponénts in the circuitry, but
qualitative results are possible. Very low effective capacitance values
would be expectgd from most signal 1ines except for the +10 V to ground,
which has a 100 uF capacitor present. - The checksource lines indicate
the presence pf the coil inductance (negafi#evéapacitance) which 1s also
expected. Impedanée‘data is reasonab1e and'exhjb1ts major trends
expected from the cirtUitry such as réducﬁng‘va1ues at higher ffequency

for the Signal In.

The results of TDR measurements performed‘on the cable (shown in
Figures 4-13 to 4-16) are summarized in Table 5-3, Note that the lengths
jdentified in the table are only approximate, since no calibration of

the cable resistance and material composition was performed on the TDR

instrument. Some junction points were not identified by these
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Table 5-2
COMPARISON OF MEASURED DETECTOR RESISTANCE

Measurement New Detector* HP-R-213

Point Polarity + Polarity - Polarity + Polarity +
Signal In 8.78 7.25 9.20 8.60
Shield o ‘ ’
Signal In 8.32 .6.,70 8.80 7.20
RERY ; , ; . .
Shield 7.40 11.80 . 8.30 12.50
+10 V

*Serial numbers 111 and 1405 composite data.
Notes: (a) A1l values are in ohms x 103 unless otherwise indicated.

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

(c) A1l measurer.ents made with a Keithley 177 DWM or
20 x 103 omm scale.
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Table 5-3

SUMMARY OF TDR MEASUREMENTS

Signal Lines

Distance
(ft)*

Description**

Probable Cause

Checksource (+)
Checksource (-)

600 V Supply
Ground

Signal
Shield

10 V Supply
Ground

128
345

144
360

371

139
350
361

134
376

Point R Increase
Continous R Increase

Point R Increase
Point R Increase
Continuous R Increase

Point R Increase
Point R Increase
Continuous R Increase

Point R Increase
Continuous R Increase

Penetration R507
HP-R-213 Detector

Pentration R507
Remote Meter
HP-R-213

Penetration R507
Remote Meter
HP-R-213 Detector

Penetration R507
HP-R-213 Detector

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

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

**R {s the abbreviation for resistance.

I
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5.6
measurements, but this is not unusual due to the cable lengths involved
and the small resistance changes that would occur at terminal block

junctions.

5.2 [INTERPRETATION OF MEASUREMENTS

Based upon the observation that the Signal In is at a constant level of
10.96 VDC and there are no significant resistance changes. it appears
that either the.Geiger tube has failed open or that several internal
transistors (Ql, Q2, Q3) have failed. The result of the fafiure 1is that
the output driver transistors (Q6 and Q7) are continuously asserting a
high or*nut level. It is believed that the 11.1 V level of the 10 V

supply did not contribute to the failure.
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6. CONCLUSIONS y

Based on the measurements, data reduction, and circuit analysis of
HP-R-213, there 1s an indication of failure of the instrument. The
observed output signals and resistance measurements suggest that the
Geiger tube has fafiled open, and that the output 1s constant at the
power supply level. This would result in an effective "zero" 1input to
the readout module due to an AC coupling in the receiver and would cause

the readout to be off-scale low.

It is not believed that the high voltage level of the 10 V power supply

contributed to the detector assembly failure.

6-1
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ORIGINAL FIELD PROCEDURES AND
DATA SHEETS FOR HP-R-213
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Page A-2
"WORK REQUEST PROCEDURE
TMI! Nuclear Station
Maintenance Procsdurs Format and Approval

Unit Na. 4

R

This form outlines the format and acts as a cover sheet fo‘r a maintanance 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. Procedurs Title & No.:
Ll § Db //’%m.« W Az
2. Purpose: - : " ; .
3. Description of system or component to be worked on.
ALZIS

4, References: o :

Vizutr Momart
8. Special Tools, and Materials required.
6. Detailed Procedure {attach additional pages as required)

Supsrvisor of Mamtenance recommends approm [ KJ’%‘!/ Date

&/ 52

* PORC RECOMMENDS APPROVAL

Unit No. 1 Chairman 0 ate Unit No. 2 Chairman Date

® UNIT SUPERINTENDENT APPROVAL

e L

_ Unit No. ! ) Date Unit No. 2 ' ' Date

* Standing Procedure

Supervisor of QC Date

*Note. These approvals required only on Nuclesr Safety Related/Radution work psrmit jobs.

Twi 84 2.78
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Page A-?

R TITLEN-SITU MEASUREMERTS OF CABLES AND | NO.
T fff= — SIGNALS FROM AREA RADIATION MONITOR TP-103
‘:—:-_ . HP=R=213 : REV. ,
Technology for Energy Corporation | APPROVED | DATE
PROCEDURE M.Y. Mathis, Director, lech. Serv. Div. 5.12-80

PURPOSE :

The purpose of these measurements is to gather baseline data and {infor-
mation in preparation for possible removal and replacement of Area
Radfation Monitor HP-R-213 from the reactor building TH! Unit 2. The
tests specified in this procedure are designed to assess the condition of
the in-containment {nstrument module (gamma detector), assocfated
cabling, and readout devices. This assessment will require the use of
Time Domain Reflectometry (TDR), Impedance (Z), Spectral Analysis
(frequency domain), special calibration measurements, and general
oscilloscope observations (with recording) of wveforms from/to the unit
under test (UUT).

PROCEDURE (ADMINISTRATIVE):

Al

L1m1tat1oﬁs and Precautions

1. Nuclear Safety. Area radiation monitor HP-R-213 is part of a redun-
dant ARM system at elevation 347', The unit {s not considered par:s of
the engineered reactor safeguards system thus has no nuclear safety
relevance. C < : :

2.' Environmental Safety. Area radiation monitor HP-R=-213 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 additiona!l
personnel safety hazards other than normally associated with per-
forming instrument calibrations and tests.

4, Egu1%ment Protection. 1In the pefformance of each test described
erein, care w e taken to insure adequate equipment protection as

follows:

a. In all cases actual test hookups to the Unit-2 {nstrumentation
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 {mpedance prabes or inputs
(Z = > 1 Meg ohm) to prevent loading of signals.

c. In all Time Domain Reflectometry and !mpedance 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
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Page A-4

IN-SITU MEASUREMENTS OF CABLES AND SIGNALS |NO. TP-103

FROM AREA RADIATION MONITOR HP-R-213

REY.

integretary measurements on the appropriate instrumentation cables
by inserting test signals on appropriate conductors of {able
1718711 (terminations shall be removed and replaced on TB1ll of
Should these tests revzal cable integretary problems
further verification measurements will be made at TBl of the
appropriate Remote Alarm/Meter (Victoreen Mode) 858-3) located in

Cabinet 12).

the anteroom.

Table 4-1 Active Measurements

3

pulses

Active Signal Parameter Time Domain Reflectometry impedance
Voltage 225 mV nominal (into 50 £ 5V rmm
ohm base) 1
Frequency - 100Mz, 1lkHz,
< ; 10kHz, 100kHz
Current < 10mA £ 100mA
Other 225mv, 110 picosecond cee

- r - —

d. In the ¢a11bration ver1f1cation measurements section, baseline
data on the as-found condition will be recorded prior to the per-
formanze of any adjustments or e1ectron1c ca11brat1ons.

B. Prereqh1s1tes.

1.

The Sh1?t Supervisor/Shift Fbreman shall be notified for concurrance
prior to the performance of those measurements.

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

A1l measurements and test instrumentation shall be in current calibra-
tion (traceable to NBS).

2 of 19
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[NeSITU MEASUREMENTS OF CABLES AND SIGNALS [NQ. TP-103
. o FROM AREA RADIATION MONITOR HP-R=213
=L TTLE

REY. ¢

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

C. Procedure for Perforning Measurements

References :

1. Victoreen Dwg. No. 90455), wiring D1agrdm Area Monitors Chann2ls
H%«R-213 & HP-R-214 (Sheet 6 of 11).

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

3. Burns & Roe Dwg. 3024, Sh. 304.

| 5. Burns & Roe Dwg. 3043, Sh. 16D.
! 6. Burns & Roe Owg. 3045, Sh. 26B.

-

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

|
4. Burns & Roe Owg. 3347, Sh. 6K. ' ‘ 1

8. Burns & Roe Owg. 3045, Sh. 26F.
9. Burns & Roe Dwg. 3034, Sh. 348,

10. Instruction Manual, Tektronix model 1502 Time Domain Reflectometer.

| 11, Instruction Manual, Hewlett Packard Model 4274 Multifrequency LCR

f 12. Instruction Manual, Hewlet: Packard Spectrum Analyzer (Model 141T,
85538, 85528 Modules).

13. Instruction Manual, Nicolet Model 444A-26 Spectrum Analyzer. , {
14. Instruction Mﬁnual, Tektronix Model 335 Oscilloscope.

15. Instruction MﬁnuaI, Lockheed Store-4 Recorder.

16. Instruction Manual, Tektranix SC502 Oscilloscope.

17. TEC Composite .Electrical Cohnect1on Diagram, HP=-R-213 (see attached).
Victoreen Instrument Company Owg. 904550 (Ref. 1) and BAR Drawings 3024

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

3 07 &9
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Page A-6

IN-SITU MEASUREMENTS OF CABLES AND SIGNALS |NC. TP-103 l
— FROM AREA RADIATION MONITOR HP-R-213
TEC
|
Cable Cabinet
Signal 1T18711 12 |
|
+10V | TB111-8 g
i : ,
; 600V TB111-5 ;
| S16 | TB111-6 |
; GND | TB111-10 !
| | cs S TlL-Y
| s | e |
: Y ‘ : ]
NOT i
Selected steps will be completed on an {identical Victoreen Area Radiation
Monitor Detector with attached interface connector and terminal block %2

characterize signals and gather baseline data before the performance of
his measurement.

STEPS

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

Oy 205
Aignatdre/Date
3. Record present signals and readings and /Andications on 856-2 Readout Module

(Local). Record Signal-in at TB1l1-6/7 and record output for 30 minutes on FM
Tape Recorder. Remove recorder when finished.

2. Verify pow:f is applied to HP-R-213,




.

/"

1

e

Off-Operate-Alarm Function Switch | _OPERATE

Fail Safe Indicator | | On___ Off »—
High Alarm-Reset Indicator On Off_ v~

- -

%' _%m 9,_{’/6 Bu
Sifnaturgfuate /

e
it - IN-SITU MEASUREMENTS OF CABLES AND SIGNALS |NQ. TP-103
i FROM AREA RADIATION MONITOR HP-R~213
] E
- ; hl_ ﬂﬂ— m. 0
_ Meter/Indicator/Switch : Local
mR/hr Meter Reading <0

Usmg a Ksnh'ley Model 177 DMM (or equivalent) and an electrostatic voltmeter

(Z; 2 101
current at the fo]]omng test po‘nts.

OHMS, Range 0-2000 V, Precisfon = + 1%) measure the DC voltage or

NOTE: For signal d. it will be necessary to depress Fall-Safe Check Source |

oush button during the measurement.

i
'
!

5 of 15
PAGE :
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS |NQ. TP-103
FROM AREA RADIATION MONITOR HP-R-2123

TITLE
REV.
SIGNAL | CABINET 12 | TEST LEAD READING
a. T8111-8 (+) (ov) JL 1Y
TB111-10 (=) «
b. TB111-6 (+) (51G IN) go,gé /0.95 s
| TBl111=210 (=) : CSOUT TS IN g
; !
N TBl11-5 (+) (so0v) S99V :
, TB111-10 (-) -
*xg, TB111-1 (+) (<500 mA est.) /5.02ma ;
(open field !
i () {’1'9;“ |
- - |
(cabinet Y=ierence !
side) 2
*Use electrostatic voitmeter
*#*_ ink closed after measurement

O.ZQA«: ?/’ a/ao

‘éf“igngéd}e/Oate

PAGE __b0f 15
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IN=SITU MEASUREMENTS OF CABLES AND SIGNALS

FROM AREA RADIATION MONITOR HP-R-213

!NO. TP-103

]asv -

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

SIGNAL | CABINET 12 | PARAMETER
i a. TB111-1 cs: ‘Photo /03-] |Photo /03-2 | Photo
3 T8111-10 " Time Base zrs | Time Baseg./ms| Time Base
i Vert Gain.gomj Vert Gainggav| Vert Gain
g o i — —
b. TB111-2 cs Photo /03 -3 | Photo Photo
){ TB111-10° Time Base &5 | Time Base Time Base
i! ‘ Vert Gain gemv| Vert Gain Vert Gain
| xc. | TB111-5 +600V [ Photo /83-14 | photo /03~ | Photo
1 TB111-10 Time Base g,/ms| Time Base Sms | Time Base
o Vert Gain Vert Gaingpmv| Vert Gain
- d. | TBl11-6 SIG | Photo _z03°4 | Photo _/az.. 7 | Photo /23 8
TBl11-70 Time Base2 AS | Timc Base gpmy | Time Basesp S
, Vert Gain zmv | Vert Gain znv| Vert Gain @nv
e. | TBlI1-8 +10V | Photo a3 =9 | proto o3, /0 | Photo
.TB111-10 Time Base 204.8| Time Base 25| Time Base
, 7 Vert Ginggmv| Vert Gaingo~y| Vert Gain
f. | TB11-10 | . GND |Photo /o7-// |Photo yo3-)Z |Photo
TB501-33 - ACGND Time Base 2~ S| Time Base 524<3| Time Base
, : Vert Gain s/ | Vert Gain, Vert Gain

*Decouple DC Voltage.

and vartical gain settings.
mined by visual analysis by the field engineer.)
tographs with the {nstrument tag number and parameter measured.

-

!. ;? f.Sj ‘?f_’/&/w
Signature/Date ;

Sync the oscilloscope and photograph the waveform using up to three tiime basa
(The necessity of 3 photographs will be deter-
Mark the back of the pho-




v o Wian @ e e s B e g )l e o

A ot be b e S anib e & - . ]

Page A-10

B e T A U D

IN-SITU MEASUREMENS OF CABLES ANO SIGNALS | NG,
FROM AREA RADIATION MONITOR HP-R-213

TP-103

TT.E

REV.

|

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

SIGNAL | CABINET 12 | PARAMETER | PHOTO #
——— ‘ -~
a. TBl11-8 +10Y w03-/3
T8111-10 GND N _*x
b. TBLL-E si6 IN | fo3- | yo37!
73111-\ GO " %
" -/ 6
*c. TB111-5 +600V Jo3-/5 | 403~/
TB111-10 GND

*Decouple DC voltage max input to Spectrum Analyzer
(s0vDoC)

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.

SPECTRUM IDENT FREQUENCY AMPL ITUDE REMARKS o
L ' : ) L@
k an".u,"ﬂ/ .S»cnn{ J:évﬂ .&yﬂr Adenws Serw 7-1MC , A/.io(:b L’J . S g/
o : -, 5'» Hy : ; - - 2.0
H ) Kng A /see o
K 2_1*649 Hy o) LJsec T %P
o Ky , /

Ln&j’ 7

ignature/aate

8 of 15
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS |NC. T7P-103

S FROM AREA RADIATION MONITOR HP-R-213
1=l T REY. g

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

SIGNAL | CABINET 12 | PARAMETER | PHOTO #

‘ - 03~ |

*a. TB111-5 +600V J03-1Y 163~ 19

TBl111-10 G\D
- -2%

b. TB111-6 SIG IN jo03-2b |03 2/ ,103-2
TBl1l~% 10 GND 5 ;

c. TB111-8 +10V Loa | s03-2H
TB111-10 GND v3- 23

*Decouple DC voltage 1nput to Spectrum Analjzer
(SOVDC Max 1nput) ‘

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

PSD data in the frequency band of interest.
Q&Lﬁ. [ a)it]e
1gnature/3ate ‘

8., Inside Cabinet 12 perform usual e1ectron1c caTibra.1ons using app]icdb.e
fnstrunent shop procedures. Attach 3 copy:of the instrument shop calidbration
data sheet and identify any significant adjustments {a the space below:

gxﬂf 13
PAGE e
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IN=-SITU MEASUREMENTS OF CABLES AND SIGNALS |NQ. TP-103
- . e FROM AREA RADIATION MONITOR HP-R=-213
i EE Tm= REV.
Procedure C
T Step Remarks

See attached insirument shop procedure data sheet.

Instrument Shop Procedure No.

Signature/Date

9. Remove all power from HP-R-213 (Tag Open 78501 11nks 31 32, and 33 per proce-

dure AP 1002). o o o
CEL 7S A 1t/

gnature/Oate

10. Open links for all f1e1d wires from Cable IT18711 at TBlll (Cabinet 12).

» e at i o ot s b e Tt o e Ch et bk et W —— bk ¢ o0 et b s £+ 8
S o - - o Lot
o 3¢ Vo s PR
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IN=SITU MEASUREMENTS OF CABLES AND SIGNALS |NC. TP-103
m——yom o . FROM AREA RADIATION MONITOR HP=R=213 .
= - e [P
TERMINAL SIGNAL IDENT.
T8111~1 (Blue) C.S.
TBlll-Z (Or‘lnge) CoSc
| TB111-4 (Yellow) 1T3000C HI N.C.
TB111-5 (RG 59/U, 72 OHM) 600V
f "TB111-6 (RG 58/U, 50 OHM) SIG IN
TB111-7 (RG 58/U, 50 OHM) Shield
, (for signal)
! .
' TB111-8 (Red) +10V
I
TB111-9 (Green) 1T3000¢C Alert N.C. |
! T8111-10 (Blk) GND . ;
| (RG 59/U, 72 OHM) | Shield ,
|
|
@7 cs_’:'/(/ 9/9/%
nature/Date '
11, Using the Hewlett-Packard Model 4274 (or equivalent) Inpedance Bridge measure :

the capacitance and 1npedance of the following test points:

1L OF 19

PAGE e
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INeSITU MEASUREMENTS OF CABLES AND SIGNALS |NQ. TP-103
FROM AREA RAZJATION MONITOR HPR-213 :

TWL.‘. lm‘ 0
TEST POINT FROM* TO*
CABLE WIRE COLOR/TYPE CABLE WIRE COLOR/TYPE
(TBllleX] LT8111-X]
a3, IT1871! Blue (1) IT1871] Orange (-2)
b. [T18711] RG 59/U Center(=-5), IT18711! RG 59/Y Shield (-10)
C. IT18711 RG 58/U Center(~6) I[T1871! RG 58/U Shield (-7)
} d. [T18711 Red (;8) [T18711 Black (-10)
€. IT18711 Black (-10)(rfield [T1871] TBill-10 (Cabinet)
Side) 1
J

*Numbers 1in parentheses refer to TBlll terminal numbers (field side).

Record the data required below:

Test Point* Capacitance o [mpedance

Frequency [ 100 Hz | 1 kHz | 100 kHz | 100 Mz | 1 kHz | 100 kHz
. 584 |1 IR AI D

b TBIL-(1/2)  [RIF|TSEA Ts WO AT 4RO

b. TBL11-(5/10) TZredéef ML |10.Smf | OF /6&/,‘; /rz:‘—/,o

RE | c. TBILIL-(6/7) |Sreilaf|7.044 |6.90F 104’ oF zsz.r im
: : : 2| Grze

d. TB111-(8/10) |96asf |//0f |=47nF 22‘ 4.2 /
: V -49 40

te. 73111-(10/10) . S, 67 2.2 o657 70
2robup|S3MF |2 M,C /‘ 4% | 4:

*Numbers in parentheses refer t3 TBlll FROH/TO terminal numbers on f1v id s de

954 »
tField s1de/Cab1nc: side across open [link. #” m" w fé
x« Roe L aszwp [ 12 ENF /3~ / :

ve 1 da ‘/./M ‘ « 1gnitureﬁ’{te

" 12 of 15
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IN-SITU MEASUREMENTS OF CABLES AND SIGNALS |NQ. TP-103
FROM AREA RADIATION MONITOR HP-R-213

12. sing the Tektronix Model 1502 (or equivalent) TDR unit perform TDR measure-
ments on the five test points given in Step 1l. Record data below:

{

Instrument Strip f
Test Point High R Low R Sett ings Chart i
@ Nft.| @ N ft. | Amwl Range Mult Number {
) !

|

> , ‘
a. Tan‘z' (10 i ‘ | 103-/
b. Te11k- S | | 103°L I
; /0 . /o 3- ‘
»| c rau\ n(ﬁ ' : 233 1

d. mm-(w&) /03"4/ B
e. To1A-GR N /23=5 3

¥ 78/ f‘?m:u‘l.. r7 ,.413;0\/67 Carncie ﬂup 50& ‘ S
. . : . . . . . L * ..

fouvnn Tatryval ¥ 7 Cance s Comneiree 7o TB I/ Teem /0

| b |

. - ? : L
'A %ur( ate r//%’/f/cﬂl’

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

PAGE 13 of 15
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J TN-SITU MEASUREMENTS OF CABLES AND SIGNALS !Nc. TP-103 |
R FROM AREA RAUIATION MONITOR HP-R-213
[[ ]
1 E *TTLE

!REV. 0 |

pi Bewoiney SOK Scuce.

POLARITY POLARITY a
i
From = +; To = - From = =; To = + g
TEST POINT | FROM LINK TO LINK RESISTANCE RESISTANCE
(field side)| (field side)
i - Lo :
i ' - . o, ; /] S ;
| 2. TBl11-1 | TBl1l-2 Kl i
b. TBl11-1 TB111-5 ;
1 c. _T8111-1 | TBIll-6 ~ ~ |
d. TBI11-1 TBI11Y /© —~ ~ |
} e. TBl11-1 TB111-8 ~r ~ ;
| f. T8111-1 T8111-10 ~ ~ ,
i 3. TB111-2 TBI11-5 r ~ t
| h. TBl11-2 | TBlll-6 S ~ :
| i T8111-2 | TBIl1-pw o~ ~
, 3 TBIII=Z | 1BL11-8 ~ A
K. TB111-2 T8111-10 o~ A/
1. T8111-5 TB111-6 ~ ~ ‘
m. TEIII-5 - ~ ~ :
! n. TB111-5 TB111-8 . o~ ) ;
| 0. TB111-5 | TB111-10 M o~ !
! p. TBI11-6 TBLIIN /O 9.2 K 5.6 7 |
q- TB111-6 TB111-8 12T 7. 2K
r. ;Blﬂﬁ. T8111-10 2-2.7< 2.46L 3
. - 4 T "8 . .
s i en | il | _ %7K 2K ~
%——%ﬁ—_—w— .__;____'__—-;" o . : - :l

NOTE: o : f :
Close all links on TBI1l (opened in Step 10) when finished with this step.

7.5 ofslec

ighature/Date !
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IN=SITU MEASUREMENTS OF CABLES AND SIGNALS |NC. Tp-103
Y c FROM AREA RADIATION MON:TOR HP-R=213
2 TS REV.

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

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

TEC Representative ; 7;5)/ ?/é/(a

gnature/Date

.

Instrumentation MM%
o ignature/Date ‘
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2b.
3s,
3b.

Sa.
Sb.

10.

"n.
12.

13.
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JOB TICKET (WORK REQUEST)
REVIEW - CLASSIFICATION ~ ROUTING CONTROL FORM

J08 TICKET NUMBER_CL. SC 63

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.

Yes

No

OMNo.  Wlp
LA

Ooes work requires an RWP?
Is an approved procedure required to minimize personnel exposure?

Is work on a QC companent as defined in GP 10087

If 3a is yes does work have an effect on Nuclear Safety? If 3b is yes, PORC rewewed Supenmen-

dent approved procedure must be used.

Agreement that a PORC reviewed, Superintendem'ehproved broceduve is not reduired for th'is ‘
work because it has no effect on nuclear safety. (Applies only if Ja is Yes and 3b 18 No).

Ala

obH SUPERINTENOENT tAlE

Is the system on the Environmental Impact list in AP 10267
it 5a1s YES, is an approved procedure required to limit envi-onmental impact?

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

Als

UNIT SUPT SUPV  OF JPERATIONS . QATE

Mant status or prerequisite condifions required for work. [Operating and/or shutdown)

QC Dept. review, if required in item N‘o.t3. :

VY

3¢ SUPEAVISOR — T

Does work require code inspector to be notfied?

Supeerml 10 cammence work: o =
% L Date 7//# »
S ‘ o

Maintenance Fo@v%ssigned:

Yes

No

Yes

No

Yes

No

" Yes

NEAALAA

No

Yes

Yes

No ~

No

Yes

No

Code Inspector Noufied. Name: ; e ) y,

Date

Shift Foreman's approval to commence work:

Initial if Shift Forem&f Qnature is not required,

o;/géf@

TMI-184 2.80
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GENERATION CORRECTIVE MAINTENANCE SYSTEM
v : CM STATUS ACTIVITY FORM

REQUEST DATE
COMPONENT ot..|§~Aroa LocaTion uniT | Jos ’ WORK
‘ L TYPE | AUTHORIZATION
COMP. COMP. o , NUMBER
SYS TYPE < 0. o i :
p Mo |oay | vm

pANAEEEARRANNANNNAANZ/A3ARAAANRIN

¢ ECM
ng T NUMBER
4 47 21 -
0(41]A
A P [ B
™*N |¢ R | RESP. LOCATION g ASSISTING |Rp | ASSISTING
co T T OR CONTRACTOAT CONTRACTOR T | CONTRACTOR
: N Y A 4
4 &7 21
0ls|A 2103 W
TXN é PURCHASE REQUISITION | PURCHASE ORDER
(ofo] T NUMBER NUMBER
4 58 8687 ki ‘
07 A
s ’ . c S/M APPROV AL FIELD WORK
A STATUS HQ.O TO COMMENCE COMPLETION
TXN c ] o % WORK DATE
T CODE STARTDATE RELEASE DATE coMPL MO DAY YR MO DAY YR
4 79 40l41 45147 - 58 ]
L 2 7 7, :
1]0/A GGH LY, ///Aéé’:lflilll
041 ) 4 I A | | { | OuUTAGE HOLD
0,2/ | L ' \ | PART HOLD
0,3 \ { 1 ; | QUALITY CONTROL PART HOLD
0,4 | \ | | . QUALITY CONTROL PROCEDURE HOLD
045 , 1 4 1 ¢ [ 4 1 4 [ 3 | OPERATIONS HOLD
0,6} , ] i ! i CHANGE MODIFICATION HOLD
0,7 4 i I i i L ENGINEERING HOLD
0,8 1 \ L I PLANNING HOLD
1 ] ] i 1 1 |
§ 01 { ! i { i MANPOWER NOT AVAILABLE
5 1] Ll 1 | A AT PORC
)
5,2 | | Rt I AT QUALITY CONTROL
] 13 ] { 1 1 1 1l AT UNIT SUPERINTENDENT
8 1 4 1 4 1 1 L L AT READING
5 81 | \ [ DT e POST MAINTENANCE TEST HOLD
5 8| | . | N AT ALARA

T™I 199 % A0
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Photo #103-16

Bw-~1 kHz

Scan time - lsec
Scan width - 0.2 MHz
Attn - O

Log Ref - =-20db
TBlll-5 co

TB11l1-10

+600V
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-

Photo #103-17
BW-1 kHz
Scan time - lsec
Scan width - 0.2 MHz/div
Aten - 0
Log Ref - -20db
TB111-6 to

TBl1ll-10

Signal In
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STRIP CHART 103=-5
TBL1ll: 10 to 10

Signal - GND

= 5 SRR Setting - 500mp/div
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