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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 behavior of instrumentation under
adverse conditions. To better understand failure mechanisms, the Technical
Integration Office (T10) contracted Technology for Energy Corporation (TEC)
to perform field measurements on a set of selected instruments to determine
current in-situ operating characteristics. For some instruments, these
measurements were to be performed prior to removal (and replacement with
new instruments) in order to have a cross reference with post removal

observations.

This report provides the information gathered by TEC on the area radiation
monitor HP-R-211. This detector was 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 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 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 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 layout 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 detector circuit
is shown in Figure 2-4. As shown in Figure 2-1, the circuit is somewhat
complicated by the presence of a remote alarm/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 function of supplying power to the detector

assembly.
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Figure 2-1. HP-R-211 Composite Electrical Diagram.
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Table 2-1

TERMINATION POINTS FOR HP-R-211 MEASUREMENTS

Signal

Cabinet 12 ldentification*

+10V Power Supply
+600V High Voltage
Signal Out

Ground

CS**

CS**

TB109-8
TB109-5
TB109-6
TB109-10
TB109-1

TB109-2

*From cable 1T2931]

**CS = Checksource coil positive and return contacts (exact identification

not necessary).
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Figure 2-3 Functional Layout of Detector and Readout Module.

!" - = - - T T T T _l Readout Module Circuitry
| 600V } 13\! liv 10V ! liv lj)‘l 23\1
I I ——X
l Geiger Pulse Binary Pump I Log bc Fait/Safe Green
— . Pu Sugmin = Alarm Pane
a . h mp 3 ane
: Tube Amplifier Logic Swite || circuit Amplifier Circuit Light
- - | J -
i 1oV -6.8Y 22
: | -6.8V 1 I
. | High Red
| N AE'{l—j?T | > Alarm > Panel
| reu l Circuit Light
| T | e F
| 10V i
l_ _____________________ | Panel .| Recorder
Meter Output
1600V
R Remote Computer
———-=30C Power Moter Output
Supply
10V 22V
3 1
LYyal . .
110V Alert Amber
U&reggx:ed - ¢ Power Osciﬁator 4 Alarm Preset
Civcuit Ligh
Supply Supply veu ght
o -6.8V
18v
17 VAC Battery

6-¢



Im N

k)"" % in § LXY ma

[H\
" & e ] Eﬁ!sos
ol 200P7 d #}
143903 pa cn2 nis S Rig
14914 IN914 R LN $1
c I {
. 260
.\ i

Lid pr
= ca Re . 200

Mocoer S 1% — A
11 nis
g L)) | RATS 33K

100X
-}
* 73906 a4
ny IN390)
1%

% 12 INGYR
130K
M ~4
3"
1] 3

. 03 e
M358 é‘, “

ct Lo

10 MF e

CHECK
SOURCE

&

w ~ L‘
ce2 ’iL
6w
- 100 Mr
AAA » Y
v Y A R S
Aé

10n

NN S~

Figure 2.4 Electrical Circuit of Detector Cary,

9-¢



3. PREPARATiON OF MEASUREMENT FROCEDURES

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 pekformed were identified as

1. Determine 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,
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 (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 tne assembly. The Appendix ccatains 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 HP-R-211 was a candidate for removal and possible replacement,
measurements were attempted at five different conditions:

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

2. Pre-insertion detector pin measurenents on two spares
3. Measurements on the installed detector-readout assembly

4. Measurements with a replacement detector installed at the remote
meter location

5. Attempted measurements on the newly installed detector (only TDR
cable measurements were possible).
Each set of measurements is described in the following sections.

4.1 LABORATORY MEASUREMENTS {MOCK-UP)

Prior to performing the measurements on the installed instrumentation,

a preiiminary set of measurements were taken on a spare detector and
readout module assembly. Pages 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. Pages A-17 to A-22 show the results of these
measurements with the resulting equipment calibration (i.e., conversion

values) data.
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Table 4-1

SUMMARY OF MOCK-UP MEASUREMENTS
(DETECTOR RESISTANCES)

Measurement Points Polarity +

Polarity -

Checksource (+)
Checksource (-) 30.4 ohms

Signal in

Shie

Signal in

+10V

1d

Shield

+10V

8.85

7.47

30.4 ohms

7.23

11.90

Notes:

(a)
(b)

(¢)

A1l values in ohrs x 103 unless otherwise indicated

First signal to positive terminal and second to negative is

considered Polarity +

Al1 measurements made with a Keithley 177 DVM on 20x103 ohn

scale,
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4.2 PRE-INSERTION DETECTOR PIN MEASUREMENTS

Prior to possible insertion into containment for replacement of HP-R-211,
measurements were made on two detector connector pins to determine a
typical range of normal values for resistances. Taese measurements were
carried out on two different Model 857-2 detectors, serial numbers 111 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 that there is only a small variation in measured values
between the aetectors and that the change in resistances with polarity is
the result of active components (1.e.,, transistors) in the detector

circuitry,
4,3 INSTALLED DETECTOR-READOUT MEASUREMENTS

Measurements were also performed on the HP-R-211 assembly in its as-found
condition, The field data sheets for these measurements are shown in the
Appendix on pages A-28 to A-41. When me.,sirements 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 1ine was
made on an FM tape recorder using AC coupling 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) 10V Power Supply @ 9.4V

(b) Signal DC Voltage @ 7.5V with no checksource

@ 7.5V with checksource
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Table 4-2

SUMMARY OF DETECTOR PIN RESISTANCE MCZASUREMEWNTS

Detectar #111 Detector #1405

Mcasurement Points Polarity + PoTarity - Polarity + Polarity -
Checksource (+) -—- --- 30 ohms 30 ohms
Checksource -;

Signal In 8.77 7.34 8.79 7.16
Shield

Signal In 8.27 6.56 8.38 6.84

+10V

Shield 7.44 11.77 7.37 11.84
+10Y

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

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

(c) Al measurements made with a Keithley 177 DVM or 20x103 ohm
scale,



(c) 600V Power Supply @ 605V

{d) Checksource Current @ 13 ma.

These measurements indicatea 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 carrectly.

A series of time plots of all instrument line responses were obtained by
photographinyg the trace from a storage osciiloscope. Figures 4-1 to 4.3
show typical results of these measurements for the 600V supply, signal, and
10V supply, respectively. The complete set of photographs is shown in the
Appendix on pages A-/9 to A-86. Frequency domain spectrum plots were
also obtained for each signal over both a 0-5 MHz band and a 0-100 kHz
hand and the complete set of data can be found 9n 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: 1V P-P @ 120 Hz present

small 20 kHz and harmonics

small 95 kHz present

random pulses present (see 1/f spectrum)

at lower frequencies

(2) Signal : 3.4V P-P random pulses present

small 32 kHz and harmonics present



Figure 4-1.

Typical AC Fluctuations Present on
600 V Supply.

a) Vertical Scale
0.2V/Div

Horizontal Scale
2 ms/Div

b) Vertical Scale
0.2V/Div

Horizontal Scale
10 ms/Div




Figure 4-2.
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Typical Output Signal.

a) Vertical Scale
1V/Div

Horizontal Scale
1 ms/Biv

b) Vertical Scale
1V/Div

Horizontal Scale
2 ms/Div
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a) Vertical Scale
1V/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.



4-9

+20 dB Ref Note:
20 kHz Harmonics Intensified
Z AC RMS = 0.109 Volts
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Frequency (kHz)

Figure 4-4. Frequency Spectra for 600 Volt Power Supply.




+20 dB Ref

10 dB/Div

Figure 4-5.

Frequency (kHz)

Frequency Spectra for Output Signal.

Note:

32 kHz Harmonics intensified

AC RMS = 1.35 Volts



+20 dB Ref

12 dB/Div

+20 dB Ref

10 dB/Div

Figure 4-6.

Frequency (kHz)

Frequency (Hz)

al 0-100 kHz Range

Note.

16 kHz Harmonics Intensified
20 kHz Harmonics Present

AC RMS = 0.301 Volts

b) 0-1 Hz Range
Note:
120 Hz Harmonics Intensified

AC RMS = 0.712 Volts

Frequency Spectra for L0 Volt Power Supply.
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(3) 10V supply : 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 10V supply due to the excessive
120 Hz AC present. Another problem is obvious in the small amplitude of

the Signal pulses since they should span approximately 10V.

After completion of these measurements, the normal instrument calibration
procedure was performed on the readout moduie electronics. The raw data

shzcts from the calibration are given on pages A-62 and A-63.

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 120G Hz fluctuations by allowing the
rectified AC 1ine signal to pass through. After the calibration, all

voltages were restored to normal values.

After calibration of the readout module, power was removed from the
instrument and the field cable 1inks were opened between the detector and
the readout module. A series of capacitance and impedance 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 1ine 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 TDK
measurements. A complete set of TDR traces for all cables can be found in

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

inon conmpletion of the TDR measurere:nts, resistance measurements were per-
formed on all combinations of signal lines at the terminal block. Note
that this measurement is different from the detector pin measurements due
to the length of cabling between the detector and the terminal block.
However, this effect should be small (as confirmed by TOR data} and results
should be comparable to the data taken previously. Table 4-4 1ists the

important measurements and a complete 1ist can be found on page A-41,

4,4 MEASUREMENTS FOLLOWING REMOTE INSTALLATION OF NEW DETECTOR

Following the completion of measurements on the instalied HP-R-211 system,
a replacement model 887-2 detector (serial # 111) was installed by removing
connections to the containment detector at the ante-room (remote) junc-
tions. Before proceeding with measurements, the normal field calibration
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 TMI calibration data sheets are given in the Anpendix on

pages A-64 to A-67.



4-14

) Terminal block R increase
) Start of reduced R cable

) Terminal block R increase
) End of cable

(1) End of connecting cable & terminal
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SUMMARY OF
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Table 4-3

TDR INFLECTION POINTS

Signal

Distance (ft)*

Description**

Probable Cause

Checksource

163
253

342

379

Increased R point
Increased R point

Slight continuous R
decrease

Large R increase

terminal block

terminal block

?

checksource coil

+600¢ (RGS9)

174

174+

2638

368

405

Increased R point
Continuous R decrease
Incre~seda R point

Stight continuous R
decrease

Large R increase

terminal block

?

terminal block

?

detector circuitry

Signa! {RG58)

174+

263

368

395

Iacreased R point
Continuous R decrease
Increased R point

STight continuous R
decrease

Largc R increase

terminal block

?

terminal block

?

detector circuitry
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Table 4-3 (Continued)

Signal Distance (ft)* Description** Probable Cause

+10V 163 Increased R point verminal block

242 Increased R point terminal hlock

342-358 Slight R decrease ?

379 Large R increase detector circuitry
Signal (RG58) 174 Increased R point terminal block
with terminal
block added 174+ Continuous R decrease ?

363 Increased R paoint terminal block

384 Slight continuous R ?

decrease
405 Large R increase detector circuitry

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

**R is the abbreviation for resistance.



4-17
Table 4-4

RESISTANCE DATA FROM HP-R-211

Measurement Points Polarity + Polarity -
Checksource (+)

Checksource (-) 40.2 ohms 40.2 ohms
Signal in

Shield 8.62 6.53
Signal in

+10V 305 ohms 305 ohms
Shield

+10V 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) A1l measurements made with a Keithley 177 DVM on 20x103 ohm

scale.
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After calihration, hoth 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 10V 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 when measured with a DVYM 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 level,

Time trices were taken of the output waveforms by photographing a storage
oscilloscope trace., Figures 4-8 and 4-9 illustrate waveforms which
exhibited the main differences between the original waveforms and the new
ones (a complete set of plots are given on pages A-109 to A-115). Figure
4-8 shows the absence of the 120 Hz contamination on the 600V supply (which
was also true for the checksource lines and the 10V 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, Fiqgure 4-9 shows the pulsed voltage on the signal line, which has a
significantly qreater amplitude: 3.5V range previously and 9,9V with the

new detector,

Both the high frequency and low frequency spectra taken on the signals show
a continued low level contamination at both 16 ard 20 kHz and harmonics;
however, the magnitude is much lower than previously shown, The complete

set of spectra are given in the Appendix on pages A-116 to A-121.
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a) Vertical Scale
20 mV/Div

Horizontal Scale
10 mS/Div

b) Vertical 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/Div

b) Vertical Scale
0.2 V/Div

Horizontal Scale
0.5 Sec/Div

Figure 4.9 Fluctuation of SIGNAL OUT After Replacement of Detector.
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4,5 MEASUREMENTS FOLLOWING ATTEMPTED DETECTOR REPLACEMENT IN CreITAINMENT

Following the testing of the detector installed in the ante-room, the con-
tainment monitor was to be replaced with the detector (serial # 111) 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 testing by Sandia Laboratory. Since there was no detector
installed in the HP-R-211 circuit, the only measurements that would
possibly provide any useful data were the TDR 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 TDR INFLECTION POINTS FOR DAMAGED CABLE

Distance (ft)*

Signal Description** Probable Cause
Checksource 168 Increased R point terminal block
247 Increased R point terminal block
342 Slight continuous R ?
decrease
379 Large R increase open circuit
+600V (RG59) 179 Increased R point terminal block
179+ Continuous R decrease ?
274 Increased R point terminal block
374 Slight continuous R ?
decrease
405 Large R increase open circuit
Signal (RG58) 174 Increased R point terminal block
174+ Continuous R decrease ?
268 Increased R point terminal block
368 Slight continuous R ?
decrease
395 Large R increase open circuit




4-23

Table 4-5 (Continued)

Description**

Probable Cause

Signal Distance (ft)*
+10V 163
245
342
384

Increased R point
Increased R point

Slight continuous
R decrease

Large R increase

terminal block

terminal block

?

open circuit

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

**R is the abbreviation for resistance.



5. DATA ANALYSIS

Following the actua! field data gathering and on-site preliminary interpre-
tations (given in Section 4), detailed analysis of the data was performed

off-site., This data analysis consisted both of reducing 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. Original HP-R-211 response

2. HP-R-211 response after electronic calibration

3. Replacement detector following complete 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 0-10V (with a 0.8V 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). However, 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 witn
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 reaquires that two ionizing events occur to produce the "up" and
"down" transition of the output. This is due to the “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 shown in Figure 5-1.

The first amplifier stage was applied to remove any signai offset (AC
coupled) and to convert the detector output into overloaded pulse events
(saturation of maximum amplifier output at approximately 11V), This produces
a well-defined range of the signal between -11V and +11V 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 hysteresis 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 OV, which triggered an OV output. The range of 0 to 9.2V was chosen
hecause this was the minimum range norimnally resuitant from the detector
circuit. (However, a test to determine the effect of this range was also

performed 1ater.)
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Table 5-1

COUNT RATES MEASURED FROM SIGNAL RECORDINGS

Average* Average*¥* Ratio of
Description of Data Count Rate (CPS) Reading in mR/hr CPS/(mR/hr)
Original Detector 301(3)t 200(3) 1.51
as found)
Original Detector 293(4) 103(5) 1.52
(after electrical
calibration
Replacement Detector 0.23(.08) 0.29(.09) 0.79
(background)
Replacement Detector 7.2(0.5) 5.2(0.1) 1.38
(checksource)

*Actual detector ionization event rate is twice the Tisted 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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THRESHOLD DETECTOR
WITH HYSTERESIS

OUTPui: OV (OFF)
9.2V (ON)

1

MODEL 856-2
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Figure 5-1., Diagram of Pulse Shaping Circuitry.
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Referring to Table 5-1, the original detector count rates with the assumed

pulse shaping are indicative of dose rates of appruximately 200 mR/hp

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 readcut meter converts the
detector signal transitions to logarithmic levels using a "log-pump"
circuit, This circuit essenti2lly consists of a series of capacitors (one
for each decade range) which are charged by tne maximum signal Vevel and
are then discharged through a resistor when the minimum signal level occurs.
The resultant 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 span 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 puise ranges, a simple
exp-~iment was performed 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

1ittle dependence of the meter on the input frequency (i.e., simulated
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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 mR/hr event at full-scale

radiation levels,

From Table 5-1 and Fiqure 5-2, there appears to be a near-constant conver-
sfon between pulse rate and readout indication at a fixed pulse voltage
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 7able 5-1 for the replacement detector data are probably due to improper
adjustiments to the readout module, non-linearities 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 . ilue of

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

dose rate conversion value.

For completeness in interpretation of this value, two other factors must be
considered. Referring to Figure 5-2, a factor of 2 increase in response
occurs if the output pulses of the detector change from 9.2V to 10V,

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. B
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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 conversicn factor
considered, the inferred dose rate indicated by HP-R-211 was 400 mR/hr
inside containment. The second factor that needs to he emphasized is the
fact that two ionization events must occur in the GM tube of the detector
to achieve a complete pulse output. As mertioned 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 INTERPRETATION OF MEASUREMENTS

After acquiring the data and performing some analysis of the recorded data,
HP-R-211 appeared to be non-functional (using the installed instrumen-
tation) due to a reduced amplitude signal produced in the detectnr 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
detector 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 TDR measure-

ments indicated no targe 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 +10V 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 extremeiy 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 line and the 10V supply, but only two
main paths exist in the output section transistors Q6, Q7, 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. ''~wever, the mechanism for such a reduction in resistance is not

clear and, if R23 were reduced that low, normal operation of Q7 to pull the
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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 ma, which is much greater than the normal Toad, 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 10V supply would
be expected. Also, mechanisms for such a transistor failure are much more
Tikely 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 analyses to determine alter-

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

present in the signal line 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 Q6 (see Figure 2.4). This resulted in a low
resistance path between the 10V power supply and the signal, which held the
Signal OQut level within 3.5 volts of the power supply level, even when Q7

attempted to pull the level 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

failure 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 Title Page
k.1 Mock-up Measurements Prior to Field Tests A-2
A.2 Pre-Insertion Detector Pin Measurements A-23
A.3 Procedures for Pre-Removal and Post Removal A-27

Measurements
A.4 Data Sheets from TMI Technician Calibrations A-61
A.5 Photographs, Strip Chart, and Recorder Log A-68
Pages from Pre-Removal and Post-Removal
Measurements
A.5.1 Recorder Log Pages A-69
A.5.2 Pre-Removal Photographs of Time and Frequency A-78
Domain Measurements of Waveforms
A.5.3 Pre-Removal TDR Measurements on Cable A-93
A.5.4 Time and Frequency Domain Measurements of A-108
Waveforms on Detector Installed in the
Anteroom
A.5.5 Post-Removal TDR Measurements on Cable A-122

Page A-1
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SECTION A.1

MOCK-UP MEASUREMENTS PRIOR TO FIELD TESTS

(with Figures)
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TITLEN-SITU: MEASUREMENTS OF CABLES AND | NO.

— SIGNALS FROM AREA RADIATION MONITOR TP-101
= HP-RT-0211 (MOCK-UP) (PRE-REMOVAL) REV.
== lil== (POST-REMOVAL) 0

Tecf{hology for Energy Corporation AI-’EBW//‘l/Aj7%‘:7 DATE

PROCEDURE M.V. Mathis, Director, Tech. Serv. Div. 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 frdm 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 detecter), associated 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 waveforms from/to the unit under test (UUT).

PROCEDURE (ADMINISTRATIVE:

A.

Limitations and Precautions

1. Nuclear 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
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 satety should be enhanced by
the ability to more iabidgty monitor the radiation levels at El-

305°, mﬁ"“’%&

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

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

b. A1l passive meesurements (Spectral Analysis and Oscilloscope
observations) of waveforms and signals from powered instruments
shall be pervormed 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

1 nf 722
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IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS | NO:
TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0

integretary measurements on the appropriate instrumentation cables
by inserting test signals on appropriate conductors of Cable
IT1869]1 (terminations shall be removed and replaced on TB109 of
Cabinet 12). Should these tests reveal cable integretary problems
further verification measurements will be made at TBl of the
appropriate Remote Alarm/Meter (Victoreen Model 858-3) located in

the anteroom,

B.

1.

2.

Table 4-1 Active Measurements
Active Signal Parameter Time Domain Reflectometry Impedance

Voltage 225 mV nominal (into 50 < 5V rms

ohm base)
Frequency -—- 100Hz, 1kHz,

10kHz, 100kHz

Current < 10mA < 100mA
Other 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.
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 Radiation Monitor (field calibration source
corrected for half-life decay). Baseline passive measurements
will be repeated on the replacement unit.

Prerequisites

The Shift Supervisor/Shift Foreman 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 instrume~tation shall be in current calibra-
tion (traceable to NBS).

pace - ' %
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— - IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO.
I E E TITLE  FROM AREA RADIATION MONITOR HP-RT-0211 1°P-101
il s U= (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0
4. The Shift Supervisor/Shift Foreman shall be notified prior to starting

and upon completion of the measurements.

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 Nc. 855-10-1.
3. Burns & Roe Dwg. 2024, Sh. 30A.
4, Burns & Roe Dwg. 3043, Sh. 16D.
5. Burns & Roe Dwg. 3045, Sh. 34.
6. Burns & Roe Dwg. 3045, Sh. 34B.
7. Instruction Manual, Tektronix model 1502 Time Domain Reflectometer.
8. Instruction Manual, Hewlett Packard Model 4274 Multifrequency LCR
Meter.
9. Instruction Manual, Hewlett Packard Spectrum Analyzer (Model 141T,
8553B, 8552B Modules).
10. Instruction Manual, Nicolet Model 444A-26 Spectrum Analyzer.
11. Instruction Manual, Tektronix Model 335 Oscilloscope.
12. Instruction Manual, Lockheed Store-4 Recorder.
13. Instruction Manual, Tektroqix SC502 Uscilloscope.
14, Composite tlectrical Conggﬁiion 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 of 22
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R IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS [ NO-
ﬁﬁ TITLE FROM AREA RACIATION MONITOR HP-RT-0211 . TP-101
= M= (MOCK-UP) {PRE-REMOVAL) {POST-REMOVAL) REV,

0

Cree? _

- Cabinet
S$i gnal IT29311 12
+10V 18109-8
600V TB109-5
SIG TB109-6
GND TB109-10
cs TB109-1
cs TB109-2

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 mzasurement.

PRE-REMOVAL, POST-REMOVAL: Notify Shift Supervisor/Shift Forman of start of
test on HP-RT1-0211. )

PRE-REMOVAL, POST-REMOVAL: Verify power is applied to HP-RT-0211.

Signature!bate

PRE-REMOVAL, POST-REMOVAL: record present signals and readings and indica-
tions on 856-2 Readout Module (Local &_Remote). Record Signal-in at TB109-6
("T"), and record output from TB1l of 8f6-2 Readout A9 for a unit for one hour
on FM Tape Recorder. Remove recorder when finished.

' 106 Dereer Capst PC Coobso Bnipe Y58 Aus
- CQDIMLS: SouV

4 of
page " °f 2
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IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS
TITLE FROM AREA RADIATION MONITOR HP-RT-C211
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL)

i
Wi

NO.
TP-101

REYV,

>

Meter/Indicator/Switch Local Rmte
Wﬁ;/hr Meter Reading
Of f-Operate-Alarm Function Switch N/A
Fail Safe Indicator On Off N/A
High Alarm-Reset Indicator On off N/A
Signature/Date

PRE-REMOVAL, PNST-REMOVAL: Using a_Keithley Model 177 DMM (or equivalent) and

an electrostatic voltmeter (Zj > 1012 OHMS, Range 0-2000 V, Precision = + 1%)

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

NOTE:4or signal d. it will be necessary to depress Fall-Safe Check Source

push button during the measurement.

5 of 22
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TITLE

IN-SITU:

Page A-8

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

MEASUREMENTS OF CABLES AND SIGNALS|NO-
FROM AREA RADIATION MONITOR HP-RT-0211

TP-101

\

SIGNAL

CABINET 12

TEST LEAD

READING

**d.

T8109-8
78109-10

T8109-6
T8109-10

TB109-5
718109-3d "

TB109-1
(open field
side)
T8109-1
(cabinet
side)

*Use electrostatic voltmeter
**Link closed after measurement

(10v;) ﬁ‘—m
faétfg;? d/ﬁZgz:

(SIG IN)
CS OUT CS IN

(600v)

(<500 mA est.)

Signature/Date

PAGE _ 6 of 22
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TITLE
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MEASUREMENTS OF CABLES AND SIGNALS

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

NO.
TP-101

5.

PRE-REMOVAL, POST-REMIVAL:

Using a Tektronix Model SC502 (or equivalent)
oscilloscope observe the waveform at the following test points:

SIGNAL | CABINET 12| PARAMITER PHOTO ) PHOTO PHOTO
a. T8109-1 ) Time Base
T8109-~10 Vert Gain
PHOTO ) PHOTO PHOTO
b. T8106-2 cs Time Base '
T5109-10 Vert Gain .
PHOTO PHOTO PHOTO
X c. T831098-5 +600V Time Base
TB109-10 Vert Gain
PHOTO _ PHOTO PHOTO
d. TB109-6 SIG Time Base
TB19-10 Vert Gain
PHOTO i PHOTO PHOTO
e. TB109-8 +10V 4Time Base
TB109-10 Vert Gain
PHOTO . PHOTO PHOTO
f. TB109-10 GNhD Time Base
T8501-27 ACGND Vert Gain

*Use X10 probe

Sync the oscilloscope and photograph the waveform using three time base and

vertical gain settings.

tag number and parameter measured.

Mark the back of the photographs with the instrument

Signature/Date

PAGE

7 of 22
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e IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS|NO-
| ﬁsﬁ TITLE  FROM AREA RADIATION MONITOR HP-RT-0211 IpP-101
e e (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0

6. PRE-REMOVAL, POST-REMOVAL: Using a Hewlett-Packard Spectrum Analyzer (Models
1417, 85538, and 8552, or equiva]enQ perform an analysis of the following

signals for spec*ral ‘content :

SIGNAL | CABINET 12 | PARAMETER | PHOTO #
a. | TB109-8 410V 1
TB109-10 GND
\p ,é
/OPL 4 b. TB109-6 SIG IN
4 TB109-10 GND
AN
D o'x *C. TB109-5 +600V
dv? 4 T8109-10 GND
/©

*Decouple DC voltage max input to Spectrum Analyzer
(50vDC)

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

1zg. videe- bandwidth and sweep speed on rear of photograph as well as parameter
analyzed.

SPECTRUM IDENT FREQUENCY AMPLITUDE REMARKS
e { 95w Ha

“PusTO L
}t‘mu\)tcs

Signature/Date

8 of 22
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o IN-SITU:  MEASUREMENTS OF CABLES AND SIGNALS|NO:
i m E TITLE  FROM AREA RADIATION MONITOR HP-RT-0211 1p-101
= fises (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV.
0

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 #
*3. TB109-5 +00V
TB109-10 GND
QP b. TB109-6 SIG IN
%0// T8109-10 GND
<7 c. TB109-8 +10V 2
TB109-10 GND
*Decouple DC voltage input to Spectrum Analyzer
(50VDC Max)
If PSD plots from any one 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
PRE-REMOVAL ONLY: Inside Cabinet 12 perform usual electronic calibrations

using applicable instrument shop procedures. Record the before and after
readings for each step where adjustments are required and list below:

PAGE 9 of 22
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, NO.
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS
TEE TITLE FROM AREA RADIATION MONITOR HP-RT-0211 1P-101
=l (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0

10.

Procedure Before After Remarks

Step

See attached instrument shop procedure data sheet.

Instrument Shop Procedure MNo.

Signature/Date

PRE-REMOVAL, POST-REMOVAL: Remove all power from HP-RT-0211 (Tag Open TB501

Tinks 25, 26, and 27 per procedure AP 1002).

Signature/Date

PRE-REMOVAL, POST-REMOVAL: Open links for all field wires from Cable IT18691

at TB109 (Cabinet 17).

22
page 10 of ¢
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-

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS |NO-
T L R R S T =vaeny
0

TERMINAL SIGNAL IDINT.
TB109-1 (Blue) C.S.
TB109-2 (Orange) C.S.
TB109-3 (White) Y Rem. Meter
TB109-4 (Yellow) IT2933C HI N.C.
TB109-5 (RG 59/U, 72 OHM) 602V
TB109-6 (RG 58/U, 50 OHM) SIG IN
TB105-7 (RG 58/U, 50 OHM) Shield
TB109-8 (Red) +10V
T8109-9 (Green) 1T2933C Alert N.C.
TB109-10 (Blk) GND

(RG 59/U; 72 OHM) | Shield
Signature/Date

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

11 of 22
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&
e 2 IN-SITU: MEASUREMENTS OF CABLES AND SIGHALS |NO-
= TITLE FROM AREA RADIATION MONITOR HP-RT-0211 1P-101
i s lises (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV.
TEST POINT FROM T0
CABLE WIRE COLOR/TYPE CABLE WIRE COLOR/TYPE
a. 718691 Blue 1718691 Orange
b. 1718591 RG 59/U Center [T18691 RG 53/U Shield
C. 1T18691 RG 58/U Center IT18691 RG 58/U Shield
d. IT18691 Red 1718691 Black
e. 1718691 Black [T18€91 TB109-10
Record the deta required below:
Test Point Capacitance Impedance
Frequency -} 100 Hz 1 kHz 100 kHz 100 Hz 1 kHz 100 kHz
v\'-—l> a.c” R Tae Cldwmx 26.2.J0 414N 4:251;1'&
ij o 1.5 mH (1-4{10\“ ¢.B6wmH ‘ < h.ﬂ.
3 b 2625 F | 2703F | A3 pF [5.94 MA [5BBRIL 4.0
QY e 4.0wF | 60nF |361pF | 280k | 280 kI 235 R
(b,/ d. 108 uF | jo3pF | Tewerer 4 g 7 0 Hylt | i
! e. Tasucron | Twsucor | Twscroe | 97.6wdl 990 WL | 131 2
; Signature/Date
PAGE _ 12 of 22
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| NO.
_ IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS
T{qfﬁ” TITLE  FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
b i (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0

—_—

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

Instrument
Test Point High R Low R Settings Photo No.
@ KN ft.] ONCTft.|[Ampl Range MuEX] *

a. |
é b.
7 ) c

v o

d. g

e.

1 I

*Jtilize strip chart where available.

Signature/Date

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

NOTE: Open links for 1T2933C from TB109 terminals 11, 12, 13, and 14. The
appropriate wires should be marked accordingly.

PAGE 13 of 22




Page

TITLE

IN-SITU:

A-16

MEASUREMENTS OF CABLES AND SIGNALS
FROM AREA RADIATION MONITOR HP-RT-0211

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

Tolecdy

XD c U

Ffo«xr +

To = -

TEST

POINT FROM LINK

TO LINK

RESISTANCE

o
o

o OO T o
¢« o s s »

.f.

| TB109-1

{
f
t
r
t
|
3

|

03-2 |

)
—f '
leo]
—

]

|
|

TB109-2
TB109-5
T8109-6

30.4 N

—TBI09-7
TB109-8
| T8109-10.
T8109-5
T8109-6
T8109-7
TB109-8
T8109-10
TB109-6

5

/
<
o

5

10y

Qi X = T
T le o e .

- O
« .

c tn
* o ®

|
| T8I
|
]

TB109-7
T8109-8
TR109-10

>20 M|

-~ 20 M

saomn |

> QO mﬂ, i

T8109-6 -

B109-7
TB109-8

18109-10

TB109-7
TB109-8

8.85 hil

2.23 RN N )

[
f

TB109-8
T8109-10
T8109-10

i
f:
|
|
|

Oéa‘hl
1.9¢ kL

PRE-REMOVAL ONLY:
Victoreen [gde
Remote <1

pr-= ST
7.47 WL

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

Signature/Date

Utilizing all interface cable connect the replacement

&

5887-2 Detector to the appropriate terminals of TB1 of the
Elary Unit (Ante-room).

Kecoro S/ 0F DoreCAtR USE D

Y

Signature/Date

14
PAGE

of 22
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TML Tesrs @ EG{C “TRawmm
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© 17:.04

1

|
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: Li‘iﬂ-L.o BELTS a.¢c TEX Out_ | Gould
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3
Cane Derceme Setrmes ﬂ
( 0 Q A
‘ ' -9

10" Cavizrarion Yacues (O'PEA)\)

CABLE -—PF\ IR " O'ruea“ SE‘I‘T:MC _ . .
“Red - TBlack (#22) 425 4.50 vat;,, Selected |
_B,v.e. - Omv%c, 4.75

Me.esuxz.m.:-:m:s (10" Lencru Crae) )_—IO Test Cable 4 Crivs Llse:_[

Conie Pax _Lmﬂ_(_c'}m} Lerery (ero) Digy mts;
“Rep - Brack (322) 10.25 10.1'

’ ] ) OTHER
- RGs8 10 ' 0.1 SoLdy  PoLy
| gy 9.9 2.9’ LD Pocy
“Buus - Orange 9.9’ 10.0 OTHER
Brack - RESY Sheld . 985’ /0.05 OTHER
“Buue- Viover 99 10.0° OTHER

G&W«W i&. "Soubj%m
[ai 45m!£

RGS8 i‘RGS? 'd..._ ‘Orrer” _Aﬁﬁuy
5112-«

s//z/eo |

L M

\——\
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e _7___é___5_'_ e _

g 7oy
-

VAR 9 — —_ 2
- ~

P07 A AN
"5

MOCK —UP DETECTOR CABLE

P cclifpod foro o
clle  orsan | ST P

Bhlot 1t s 07 HEL VAR  4.25
RGE9 pTrIR VA ¢ 5,50
RG5¢ OTHER VA K .50
Reo =% & L& OTHEf Vi4( t.oo0
EAE T £ESY Sliee OTHER Vii 5,05

CrRiiT  TILAMIWETED  JNT O DrT7sEcrof
odt ef Cce:e drom _STEE lerl

fole T oy Jo0t” )6.¢°
j & S9 Jo-r’ J0 .y’
FE 59 Jo,2” Jo, ¢’
fec Te 515 /ivo’ /2’
P00 RGEG ShiLS /5.8

a w Mellon ncath

9//'/80
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MOCK~-UP TEST

Test in Trailer

(1) Background of Detector

Background Reading ~ 0.2 mR/bhr

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

E o T TR e
4 ind T 3 1T 38 i
52 } HHEH H
o9
HHHTHN H
[H 13N HE s sznegiias
H ssissell i Rise
H HEHHEH L g HEH !
T & s i
it ; H
s 4
[ H v §
¢ H H i §
1 H L 1
steuggags. HH
H s
Bagifesss
: § i :
H HTH ht
34 s 141
. iad H |

e
b ot
=
H
T
T t
{
1
+
PR
+
t
+
+
| ey

(Typical)
(2) Check Source in Detector
Check Source Reading ~ 2 mR/hr

184 Counts/1 min.
Chart Speed 10mm/s

1T T T T 1T |
T 11 10 4 11 8 |
ohs 1 1t H
11 1 13 11 11
: 1t A
(H HH o]
ﬁ BT +
11 1111 I s 213 i H
), | H .
sese | ' at 3533
B H
ssas B H s 1 _*N
oo a eagsse §28 2% o3 v i0e
i |  fiesid | it HE LR : b g
i aae" ssaswa T T
ReHl I 4 HH
{38238 13 {31 | H
34 111 t =
HTH+H 2 oo H 2811
13 4 1
1] 1] 1.4
g L& CAREE,
s THH 1
S Saen I Lttt 1Y 2
; -
1Y 1 I
sauuesrarne H E ]
1 HH ‘s i
2 ann .
138 (1 yid 28 i
HH _.3.. X S 5a Hi
H o8, e
sa83) 1aaay t !.’ 1. s .
£ 8 one i dsagian
> 12 ] | |
g2 =5 s g
I H H 8 | | §5 3 |
H Ly i B3 &
3t 4 | it : iz & H

(Typical)
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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/Div

+10V Signal (AC Coupled)
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Mock-up Test (Trailer)

Low Frequency Spectrum

0.0116 RMS

PHOTO

I
N

+10V Signal (AC Coupled)
Range: 0 - 100 KHz
20 KHz Harmonics Intensified

Vert. Scale: +10 dB Ref;
10 dB/Div
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SECTION A.2

PRE-INSERTION DETECTOR PIN MEASUREMENTS

(Procedure pages used to record data)

i
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IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS |NO-
TEE TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
= (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV.
, 0
SER\AL F 1405
“Pre- Twsmprion —Pm) ME?EMREMEOTS
TEST POINT FROM TO
CABLE WIRE COLOR/TYPE CABLE WIRE COLOR/TYPE
a. IT18691 Blue 1718691 Orange
b. IT18691 | RG 59/V Center 1T18691 | RG 59/U Shield
c. IT18691 | RG 58/U Center IT18691 | RG 58/U Shield
d. IT18691 | Red 1718691 | Black
e. IT18691 | Black 1718691 | TB109-10
Record the data required below:
Test Point Capacitance Impedance
Frequency 4 100 Hz 1 kHz | 100 kHz | 100 Hz | 1 kHz | 100 kHz
de.
b. o> +b0pF | 243F | 18.64F | 0.F. | ¢.6MA| 720 RV
c. 3.90F | 0.30aF| 47,F | 293 kh| 293k | 285 kL
d. 106 p € )DBP‘F O.F. 8.5 0N | 109N | 10.70
e.
A gnatre/Date
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No.
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS
TEF TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
- (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV.
0

CERWAL /405 (TEC‘#’@&) Kietwly 177 Dmm 200 RN SecnLe

== — —
Pre-Twsearion | TEST POINT | FROM LINK | TO LINK | RESISTANCE
Polarcty
—P|A.) l -+ —
MeRSUREMENTS a. | TB109-1 TB109-2 | 304 |30JL
s | b. | TB109-5 | ~ | ~
— c. TB109-6 | ~ | ~ |
d. | TB109-7 | ~ | ~
e. ! TB109-8 | ~ ~
. 78109-10} ~ | ~— |
. &\~ g ' T8109-2 TB100-5 | ~ |~ T
ote: -\0 h. TB109-6 | ~ ~
P i ! | 18109-7 |~ | ~__
i | TB109-8 | ~ ~
o K. TB109-10 | ~ ~
LAJ;&;:»& * 1. | 18109-5% | TB109-6 | ~ ~ .
- m. ! " T8109-7 |~ | ~ ]
yga= o TB109-8 | ~ |~ | oK stale
' 0 . o) | TBL09-10| ~ | ~— |/t MEEEEEe
p. | TB109-6°" | TB109-7 |9FZWA [9.7kR[im vn o = OPEN
q. | TB109-8 [9. 7k [9.63RA e s
r. . TB109-10 /9.2 kN [9.2 RN
s. | TB109-7 TB109-8 [I77RN [IZ2h 2|79 st
t. P TB109-10( © o
u. | TB109-8 TB109-10 {17.7k0 {12.7kN

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

Gizee Case | SHORTED
= e (DN _8/lit/00
L/ngnatd%e/Date !

PRE-REMOVAL ONLY: Utilizing all interface cable connect the replacement
Victoreen Model 887-2 Detector to the appropriate terminals of TB1l of the
Remote Meter/Alarm Unit (Ante-room).

Signature/Date
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IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS NO.

TIEEL TiTLE  FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
= (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV.
0

SERIAL 3#|l]

(TEC"‘BOSCL\ Kty 177 DM@ 1 20 kR ScaLe

| Pre - Thsermion TEST POINT | FROM LINK | TO LINK | RESISTANCE

G Polaedey
+ =

MEASUREMENTS
e —

T8109-1 T8109-2
TB109-5
TB109-6
TB109-7
18109-8
T8109-10
TB109-2 TB109-5
TB109-6
T8109-7
T8109-8
T8109-10
TB109-5 TB109-6
TR109-7
TB109-8

T8109-10
TB109-6 18109-7 le77w/L |7. 34kl

78109-8 |8.27 RN {£.56 k)\
T8109-10 |g,77kJL 1 734 k1L
T8109-7 TB109-8 |7.44wR | N77R
| TB109-10| o | ©
TB109-8 T8109-10 ;;.77}:/} 7,44k

Nc'{r; TBIO9-7
TBI09-10

ahe

atalaizctx

g ~XxCh - Ta ~hd QA0 TN
. . - ) [ [ L] » ] . » -

ctn S OT O S
e ¢ s o s+ e & e
“—

-

|
|
|

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

,MQM‘ 9,{80
¥ Signature/Date E;}afég

L-REMOVAL ONLY: Utilizing all interface cable connect the replacement
Jjctoreen Model 887-2 Detector to the appropriate terminals of TB1 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
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Page A-28
= === TITLEIN-SITU: MEASUREMENTS OF CABLES AND | NO-
— SIGNALS FROM AREA RADIATION MONITOR TP-101
== l HP-RT-0211 (MOCK-UP) (PRE-REMOVAL) REV.
== = (POST-REMOVAL ) 0
Technoiogy for Energy Corporation APEBW /VM : DATE
PROCEDURE M.V, Mdthis, Director, Tech. Serv. D1v. 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 assess 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 (TDR), Impedance (Z), Spectral Analysis (frequency 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. Nuclear 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
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 peldabildity monitor the radiation levels at El-
305°. veJ\oh\y

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

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

b. All passive measurements (Spectral Analysis and Oscilloscope
observations) of waveforms and signals frcm powered instruments
shall be pervormed 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

DARE 1 of 22

—
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. NO.
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS
TEH- TITLE FROM AREA RADIATION MONITOR HP-RT-0211 1P-101
- (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0

integretary measurements on the appropriate instrumentation cables
by inserting test signals on appropriate conductors of Cable
IT18691 (terminations shall be removed and replaced on TB109 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 225 mV nominal (into 50 £ 5V rms
ohm base)
Frequency -—- 100Hz, 1lkHz,
10kHz, 100kHz
Current < 10mA £ 100mA
Other 225mV, 110 picosecond -—-
pul ses

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.
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 Radiation Monitor (field calibration source
corrected for half-life decay). Baseline passive measurements
will be repeated on the replacement unit.

B. Prerequisites

1.

2.

The Shift Supervisor/Shift Foreman 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).




Page A-30
NO.
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS
TEE- TITLE  FROM AREA RADIATION MONITOR HP-RT-0211 IP-101
- (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0

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

C. Procedure for Performing Measurements
References:

l. 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. Burns & Roe Dwg. 3024, Sh. 30A.

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

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

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

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

8. Instruction Manual, Hewlett Packard Model 4274 Multifrequency LCR
Meter.

9. Instruction Manual, Hewlett Packard Spectrum Analyzer (Model 141T,
8553B, 85528 Modules).

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

11. Instruction Manual, Tektronix Model 335 Oscilloscope.

12. Instruction Manual, Lockheed Store-4 Recorder.

13. Instruction Manual, Tektronix SC502 Oscilloscope.

14. Composite Electrical Conzgfiion Diagram, HP-R-211 (Sketch dtd 8/8/80).
Victoreen Inst}ument 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:

3 of 22

PAGE




) Page A-31

— IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS |NO:
i ﬁ:r TITLE FROM AREA RADIATION MONITOR HP-RT-0211 1P-101
- (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0

Pecng-t-\:-\aeﬁ-oﬁ Cabinet
Signal IT29311 12
+10V TB109-8
600V TB109-5
SIG TB109-6
GND TB109-10
cS TB109-1
CS TB109-2

( 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.

STEPS

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

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

/mtt Tech. B /k/s0

Signature/Date 9{9

3. PRE-REMOVAL, POST-REMOVAL: record present signals and readings and indica-
tions on 856-2 Readcut Module (Local &sRemote). Record Signal-in at TB109-6
("T"), and record output from TBl of 8¢6-2 Readout A9 for a unit for one hour
on FM Tape Recorder. Remove recorder when finished. /. +

*g\/zfé»ﬂﬂ c

7% TPs Direer (Cuan 1) '\Jo‘:

DC Coupied TR 465B Ampurer - /%-

G=50=V ¢ CaumeaTed
4 of 22

PAGE _______ | J
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NO.
IN=SITU: MEASUREMENTS OF CABLES AND SIGNALS
TEL TITLE  FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
i (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV.
0
Meter/Indicator/Switch Local Rmte
R , _
Mr/hr Meter Reading /.5 v R 3 5 wm R
Of f-Operate-Alarm Function Switch | Jgpewrarc N/A
Fail Safe Indicator On .~ Off N/A
High Alarm-Reset Indicator On off .~ N/A

TAT Tecl,. 63/?3/C§9

Signature/Date §é>)C:;§;

4, PRE-REMOVAL, POST-REMOVAL: Using a Ke1th1ey Model 177 DMM (or equivalent) and
an electrostatic voltmeter (Z; > 10 12 oHMS, Range 0-2000 V, Precision = + 1%)
measure the DC voltage or current at the follow1ng test po1nts.

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

PAGE 5 of 22
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- IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS|NG.
H:L TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV, .
SIGNAL | CABINET 12 | TEST LEAD READING
a. TB109-8 (+) (ov) 94v
TB109-10 (-) -
b. TB109-6 (+) (s16 IN) 25V ZsY
TB109-)0 7 (-) CS OUT CS IN
*c. TB109-5 (+) (600V) 4OV
TBlO9-}6’0 (=)
g, 78109-1 (+) (<500 mA est.) =])3 wm A
(open field
side)
TB109-1 (-)
(cabinet
side) Nore: Last Calvgeerion
2/78.
*Use electrostatic voltmeter
**| ink closed after measurement

QO

Zg}’gnafﬁ're/oate

PAGE _ 6 of 22
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IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS :
TFE" TITLE FROM AREA RADIATION MONITOR HP-RT-G211 TP-101
- (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV, 0
5. PRE-REMOVAL, POST-REMOVAL: Using a Tektronix Model SC502 (or equivalent)
oscilloscope observe the waveform at the following test points:
SIGNAL [ CABINET 12| PARAMETER | PHOTO _3 PHOTO i PHOTO {
Pttt o o ot ettt P bkt e et
. TB109-1 cs Time BaseBeFee] 2 wSec | ywwSec
T8109-10 Vert Gain ]
PHOTO & PHOTO _7 | PHOTO _8
2R TB109-2 cs Time Base SwSq _2mSec v See
TB109-10 Vert Gain 9y 1y Y
PHOTO _ 9 PHOTO JO pHoTo I{
v¥c. | TB109-5 +600V Time Base N wSer O wSec
TB109-10 Vert Gain , Ay Ny
PHCTO 19- PHCTO JR | PHOTO _|4
vd. TB109-6 SIG Time Base JmSeel 2wmSee D ec
TB19- 7 Vert Gain {Vy 1 V Ay
PHOTO _IS PHOTO |6 | PHOTO _|7
Se. TB109-8 +10V Time Base Qwe| _SwSec HeSec
T8109-10 Vert Gain gy LV Sy
T~
/F/i:\x“’ot‘ /\ PHOTO @ PHOTO /9 | PHOTO 20
"15\%. TB109-10 GND Time Base j0gSed _20wmSee e wSec
jﬂg/ TB501-27 ACGND Vert Rain Qv —| w\ “[wV_
\
2L 2&
W *Use X10 probe Tiwe: QuSec,  Tme _iQp.Sec. Twre:
GO\ v ind 0
Sync the oscilloscope and photograp e waveftorm usmg me base an
vertical gain settings. Mark the back of the photographs with the instrument
tag number and parameter measured.

page ' °f 2
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e o IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS|NO:
i &_i TITLE  FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
s e (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0

6. PRE-REMOVAL, POST-REMOVAL: Using & Hewlett-Packard Spectrum Analyzer (Models
1417, 85538, and 8552,, or equiva]ent) perform an analysis of the following
signals for spectral ‘content: '

\\‘

SIGNAL | CABINFT 12 PAgAriTER] PHOTO #

14 TB109-8 +10V 24 2%
TB109-10 GND

. TB109-6 SIG IN 26
TB109-30 7 GND

e, TB109-5 +600V 27
TB1C9-10 GND

*Decouple DC voltage max input to Spectrum Analyzer
(50vDC)

Before photographing each score presentation adjust anaiyzer for best spectral
resolution. Record critical analyzer parameters e.g., &eegy RF bandwidth,

“R¥ wsides bandwidth and sweep speed on rear of photograph as well as parameter
analyzed.

SPtCTRUM IDENT FREQUENCY AMPLITUDE REMARKS

. #24 O-14Mly  ~— Low Range Nase
w25 O~ 35Miz —~ Low “Range N“W_-
#26 0-35 M ~—  Lou Range Nose

0-3.5MH{e Very Low Nose

8/¢3 30
gnature/Date

+#07

PAGE 8 of 22
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Page A-36

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

NO.

TP-101

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 # | REMMRKS
*a, TB109-5 +600V n8 Lo 20 wHz ¢ Harmose]
T8109-10 GND _PEMG_L |

O

b. TB109-6 SIG IN 19 < Domwactly ¢ Noa
TB109-307 GND ~32RHe Harmonies

c. TB109-8 +10V 26 3| o Peaks # ILkind

TB109-10 GND ' 20 hilz Harmenf

80 He Horenonies

*Decouple DC voltage input to Spectrum Analyzer

(50VDC Max)

If PSD plots from any one of the three signals show high and unusuail
amplitudes, utilize the zoom feature tc provide finer resoluticn and obtain
PSD data in the frequency band of interest. :

8. PRE-REMOVAL ONLY:

using applicable instrument shop procedures.

readings for each step where adjustments are required and list below:

\ D/13/ 80
éﬁigna re/Date

Inside Cabinet 12 perform usual electronic calibrations
Record the before and after

T

PAGE
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Page A-37

TITLE

IN-SITU:

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

NO.

IP-101

REV,

0

9. PRE-RL=JVAL, POST-REMOVAL:

Procedure

Before After

Remarks

Step

W‘Pa%m AT

—

—_——

. +.gil$/ danL 'S
. Cbﬁyya;bn.ngz?zc
yustid deporuoond
+29V Lk

Last CeuiBramioo
2/7¢

)ikl P.S . wwas
A = 20,2

WV

See attached instrument shop procedure data sheet.

10. PRE-REMOVAL, POST-REMOVAL:

at TB109 (Cabinet 12).

Instrument Shop Procedure No.

T Teck

Q/Q;/4ac>

8/14 /g

Signature/Date

Remove all power from HP-RT-0211 (Tag Open TB501
Tinks 25, 26, and 27 per procedure AP 1002).

Signature/Date

TML Tech ea/m/e;5

Open 1inks for all field wires from Cable IT18691

PAGE 10 of 22



Page A-38

-

NO.
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS
TEE" TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
- (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV.
0
TERMINAL SIGNAL IDENT.
TB109-1 (Blue) c.S.
TB109-2 (Orange) C.S.
TB109-3 (White) Rem. Meter
TB109~4 (Yellow) IT2933C HI N.C.
TB109-5 (RG 59/U, 72 OHM) 600V
TB109-6 (RG 58/U, 50 OHM) SIG IN
TB109-7 (RG 58/U, 50 OHM) | Shield (Sigeal)
TB109-8 (Red) +10V
TB109-9 (Green) 1T2933C Alert N.C.
TB109-10 (B1k) GND
(RG 59/U; 72 OHM) | Shield
T Ted,  ©/(4/80
Signature/Date

11.

PRE-REMOVAL, POST-REMOVAL:

following test points:

Using the Hewlett-Packard Model 4274 (or
equivalent) Impedance Bridge measure the capacitance and impedance of the

DD

PAGE

11 of 22




Page A-39

— o IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS |NO.
, W-H TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
s b (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV.
' 0
® . o
TEST POINT FROM  (Red Lead) 10" (Blask Lead)
CABLE WIRE COLOR/TYPE CABLE WIRE COLOR/TYPE '
a. IT18691 | Blue (TB¥9-1) | IT18691 | Orange (TBI09-2)
b. 1718691 | RG 59/U Center(-s] IT1869I | RG 59/U Shield (-b)
c. IT18691 | RG 58/U Center(-4) IT18691 | RG 58/u Shield(-7)
d. IT18691 | Red (~8) IT18691 | Black (-Jo)
e. IT18691 | Black (-18) [T18691 | TB109-10
5 TTI8L9T G 5B/U Shed  TITIBEIT  RQ 58/u Cercker

&Va.\u;x \ whesis cefer o wormel TB connaetion ?oi.\t;”\»
" Record the data required below:

Test Point Capacitance Impedance
Frequency J 100 Hz 1 kHz 100 kHz 100 Hz 1 kHz 100 kHz
O.F,_ |- 77uF | oo

(Cor) | a st | e BN AL lain | 4l |
b. —sonF | 5nF | 10aF | O.F.F | O.F% | f54 N
fC. o.F  |90wF | 12xF [ p g (5T0N| 1L R
/ d O0.F.  |20uF |-40aF | UF. 250 |48.7N
,‘%} e. ~4>9wmF -382'1F YA 400-1900 wll| 924wl | 28.6 N
+ ERRY ERRY 120 F ERR4 ERR4 16 N

8 &
o,F. = g,_,uﬂu " u.\f.=ma,,,//,a, igngrure/Date
* R readlsg 2
ERRY = Qpoq & Shgﬁm&s_&pn‘t’ ok

PAGE 12 of 22




Page A-40

— IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS|NO:
i ﬁ- L TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
- (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0

12.

13.

%
=

PRE-REMOVAL, POST-REMOVAL: Using the Tektronix Model 1502 (or equivalent) TDR
unit perform DR measurements on the five test points given in Step 11.
Record data below:

Inst rument Stvg Chaet
Test Point High R Low R Settings Anste NO.
@Nft.| @Nft. | Ampl Range Muxt *
00 ko, i
2. 300 Ko ( = Ng-1,-2
b. ) & (-1 -2
c. g 12p-l, -2
d. = Q- -1
e. l & ]ﬂc-()‘l
*Jti’ .ze strip chart where available.
-1 -2
O Qs /sfeo
z;xgnanye/Date

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 'inks for IT2933C from TB109 terminals 11, 12, 13, and 14. The
- a riate wires should be marked accordingly.

13 of 22
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Page A-41

-

14.

NO.
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS
TF‘Q- TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
o (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0
_POLARTY POLARITY
From= + From = =—
T == To = +
TEST POINT FROM LINK TO LINK RESISTANCE RESISTANCE
- - oe L qo.z JL
b. TR ;giggg ;{ZC ecally >z mepe
c. ) TB109-6 |7 20 mecnl | 220 mecn S
d. : TB109-7 20 h\eg;.ﬂ.ﬁ., v 2o mealdl
e. TB109-8 | > o peas S mea 2
f. ) T8109-10 | S50 wih | S5 etin
g. . TB109-2 TB109-5 [ 2o maeqs | 2 20 vsga i
h. TB109-6 s e AL T e wmee a
i. . TB109-7 | > 20 maan | >2: vsarl
Je ; TB109-8 7 2 onex A JL 7..‘\3"“27..".&
k. | T8109-10 VIEIC mxall T 20 me aJL
1. , TB109-5 - TB109-6 YT ma AP > T sesan
m. | | TB105-7 SZ2L o wesa L S 2 e AL
n. \ TB109-8 | Yoo matan. | 5 #¢ ma adi
. 0. _ TB109-10 | >20mi~ 7 2 ona e
Sk = IoK - P. , 1B109-6 TB109-7 | §.L2 v c.5% Lo
2Kk + q. | TB109~8 2cx 2cE N
a0r |- T . TB109-10] -c.cg. 2 oot
20/ - — —s. | T1B109-7 TB109-8 | ¢.97 k 2 §359 L
26 r0v 2000b 41— t. | I T8109-10 i3, N jqi N
26 K u. | TB109-8 TB109-10| @ « .0 Py

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

/W N

. & \ /
/s . ) . -
PN é’./t..’l e
Signature/Date

*. ()r.\..:\ R ‘l [ -. :‘\_:.‘.':"- -1 +\r\p\,ul_-\‘hc‘ 4
3

PRE-REMOVAL ONLY: Utilizing all interface cable connect the replacement
Victoreen Model 887-2 Detector to the appropriate terminals of TBl of the
Remote (Meter)@l armdia# (Ante-room). Recoms S/N Or Derec Use

R w

,_ 1]
pfars L

% 8/14/80
ignature Hate ’

14 of 22

PAGE




Page A-42 -
v i IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS |NO:
i Q.E TiTLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
s _ (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0

15.\\;EE‘REM6§;Z CNLY: Apply power to HP-RT-0211. After a minimum of 30 minutes

warm)(p time perform-elfetxremde calibrations in accordance with applicable
insgruhent shop procedures. Record the before and after readings for each
adjustments are required and list below:

PROCEDURE STEP BEFORE AFTER REMARKS

/) —
ELEC.T’RO/WC’/ AL RRATION ;U@z
NEepen —-| PErformER T
Srer 8 | No C/ﬂHAKES HAvE

)oc U RRED. gff |

~

Signagyte/ﬁé}e

16. PRE-REMOVAL ONLY: Utilizing the Victoreen field calibration source perform
calibration with source decay corrections in accordance with applicable

Instrument Shop Procedur
e e S
. KfyurntLJAZJ

-

Instrument Shop Procedure No.

ML Tedh 8 /14/80

Signature/Date
@AY,
VZ r4

15 of 22
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=

ey P (MOCK-UP) (P

Page A-43
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS |NO-
TiTLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
RE-REMOVAL) (POST-REMOVAL) REV. .

17. Repeat Step 3. PRE-REMOVAL ONLY

-mR
MR/Hr Meter Reading

Of f-Operate-Alarm Function Switch
Fail Safe Indicator

High Alarm-Reset Indicator

é?gco@ (S‘EE’ Sver 3, ?-4)

LocAL RMTE
s’ SR,
OP N/A
on / Off N/A

On off v/// N/A
Qs

B4/ 80

Sygnatyre/Date
/fm"ou'res —BHCKGQOLANI)) t/g } /
18 Daneat” Sten 4. DRE-REMOVA! ONIY TThen Reere
' T - - = To (.06 BooK,
SIGNAL | CABINET 12 | TEST LEAD | READING
a. TB109-8 (+) (10V) 9.99\/
TB109-10 (-)
b. TB109-6 (+) (s16 IN) 0-9.4V SOV
TB109-)4 7 (=) cs o7 CS IN
*c, TB109-5 (+) (600V) (£,06
T8109-M70 (-)
A
xrq, T8109-1 (+) (<500 MK est.) —f4, ]
(Open-Field
Side)
TB109-1 (<)
(Cabinet
Side)

*Use electrostatic voltmeter
** ink closed after measurement

K /&0
gnatyse/Date

PAGE

16 of 22




Page A-44 o
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS .
TED TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
s (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0
19, Repeat Step 5. PRE-REMOVAL ONLY
SIGNAL | CABINET 12| PARAMETER | PHOTO @®.35" | PHOTO 3( | PHOTO 37
F-".‘,u?,é—é{,g_ é;m,;a{,éu et
V7 a. TB109-1 cs Time Base X wSer SO pSec
TB109-10 Vert Gatn (g | Spwy 50my
2N
PHOTO 38 PHOTO 39 | PHOTO 4.
v b. 78109-2 CS Time Base JouSd _dmSec S0 uSec
T8109-10 Vert Gain SDwV| _SDwm\ 20wV
PHOTO <[ PHOTO 42, | PHOTO 43
v e TB109-5 +600V Time Base JmSek . L Sec 20mSec.
T8109-10 Vert Gain 20my| _J00mV “J00mV
PHOTO 32 PHOTO 23 | PHOTO 34
. d. TB109-6 SIG Time Base |Sec| L2 Sec T Sec
T819-W'y Vert Gain gy SV 2V
PHOTO 44 PHOTO 4 | PHOTO 44
v e. TB109-8 +10V Time Base ,|uSet S mSec AemSec
T8109-10 Vert Gain 26mi| 50wy 20wy
PHOTO 47 PHOTO 48 | PHOTO 49
“f. | TB109-10 GND Time Base QaSel __ .daSec | _SO pSec
.| TBSO01-27 ACGND Vert Gain Sy | DV 2oy

% Use X 10 Proze

20. Repeat Step 6. PRE-REMOVAL ONLY

PAGE

17 of 22
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Page A-45

PAGE _______

— IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS |{NO
bl TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
| (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
SIGNAL | CABINET 12 | PARAMETER | PHOTO #
—a. TB109-8 +10V 50
TB109-10 GND
b, TB109-6 SIG IN 5/
TB109-14 7 GND
*c. TB109-5 +600V S g5
TB109-10 GND
¥ Cauxion: DecoudpLe .’
\
(o8
0
gnatgfe/Date 2
18 of 22
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Page A-46

A NO.
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS ‘
TEL TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
e U (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV.
0
21. Repeat Step 7. PRE-REMOVAL ONLY
SIGNAL | CABINET 12 | PARAMETER | PHOTO #
¥a. TB109-5 +500V 53
TB109-10 GND
o b. TB109-6 SIG IN 54
T8109-34 7 GND -
Ce T8109-8 +10V g S
TB109-10 GND
% DecoutLE
nature/Date

22. Repeat Step 9. PRE-REMOVAL ONLY

TMEL Tech  8/4/50

Signature/Date 9‘{9

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

TMT Tech 8/14/s0

Signature/Date 9 f9

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 K

8

47 OF <<

PAGE ________




Page A-47

R IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS |NO-
I msm TiTLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
= (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV.
0

25.

26.

28.

29.

30.

Repeat Step 3 at least 1 hour prior to entry for removal of HP-RT-0211.
RECORDER MUST BE STARTED NO EARLIER THAN 1 HOUR BEFORE ENTRY...POWER LINKS

SHQULD BE OPENED FOR REPLACEMENT OF DETECTOR THEN CLOSED.

ALL SUBSEQUENT STEPS ARE FOR POST REMOVAL MEASUREMENTS.

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

Signature/Date
POST-REMOVAL ONLY. Repeat Step 4: (= 24)

Signature/Date
POST-REMOVAL ONLY. Repeat Step 5: (P 26 )

Signature/Date
POST-REMOVAL ONLY. Repeat Step 6. (p 27)

Signature/Date
POST-REMOVAL ONLY. Repeat Step 7. (7 28)

Signature/Date

20 ad 20

L= A ] e

PAGE
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Page A-48
IN-SITU:

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

NO.
TP-101

34.

35.

36.

POST-REMOVAL ONLY,

POST-REMOVAL ONLY.

pOCT

REMOVAL QOMI'Y,

POST-REMOVAL ONLY.

POST-REMOVAL ONLY.

POST-REMOVAL ONLY.

(p 29)

Repeat Step 9. (Do Not Do Step 8).

('F 19\)

Repeat Step 10.

e
D
“t3
D
R
o+
(¥ ]
.
I
T3
3
ol
1]
N
Y
[
_/

-y

Repeat Step 12.

Repeat Step 13.

Signature/Date

Signature/Date

Signature/Date

Signature/Date

Signature/Date

Apply power to HP-RT-0211 and verify proper operation uti-
1izing applicable instrument shop procedures.

Signature/Ddte

¢l U7 &

PAGE —




Page A-49

.

v o IN-SITU: MEASUREMENTS OF LZBLES AND SIGNALS |NO-:

=1 TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
= (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,

0

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 Represencative
Signature/Date

Instrumentation

Signature/Date

22 of 22
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A C.u:;:‘ R —-
—'/Posr—?EMOVAL LDaTta SHeEETS Page A-5U

NO.
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS
'E'H:?!" TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
e e (MOCK-UF) (PRE-REMOVAL) (POST-REMOVAL) REV,
0
Penetration Cabinet
Signal 1T29311 12
+10V TB109-8
600V TB109-5
SIG TB109-6
GND TB109-10
cs TB109-1
cs TB109-2
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.

STEPS

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

% PRE-REMOVAL, POST-REMOVAL: Verify power is applied to HP-RT-0211.

-

Signature/Date

%) 3. M?, POST-REMOVAL: record present signals and readings and indica-
: tions on 856-2 Readout Module (Local &sRemote). Record Signal-in at TB109-6
("T"), and record output from TBl of 8F6-2 Readout A9 for a unit for one hour
on FM Tape Recorder. Remove recorder when finished.

74 TPS Dwweet (Chan 1)

DC Coumed THRU <4¢SB  AMPUIFIER
C=50wY CaLmrerared

~4-of—22-
23

PAGE




Page A-51

——— IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS|NO:
T"- g TITLE  FROM AREA RADIATION MONITOR HP-RT-0211 I1P-10]
| . T (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,

0

(17 )

Meter/Indicator/Switch Local Rmte
Yg%hr Meter Reading
Of f-Operate-Alarm Function Switch N/A
Fail Safe Indicator On Of f N/A
High Alarm-Reset Indicator On Of f N/A
Signature/Date

4. PRPRAGNBy; POST-REMOVAL: Using a_Keithley Model 177 DMM (or equivalent) and
an electrostatic voltmeter (Z; 2_1012 OHMS, Range 0-2000 V, Precision = + 1%)
measure the DC voltage or current at the following test points.

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

push button during the measurement.

PAGE _______
29




IN-SITU:

Page A-52

MEASUREMENTS OF CABLES AND SIGNALS|NO-
TrTLE  FROM AREA RADIATION MONITOR HP-RT-0211

TP-101

(MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,

CABINET 12

TEST LEAD

READ ING

*C-

w*d

TB109-8
TB109-10

TB109-6
TB109-)4 7

TB109-5
TB109-} yp

T8109-1
(open field
side)
T8109-1
(cabinet
side)

+

+ '
— —

+
e

—
[}

(+)

(<)

*Use electrostatic voltmeter
**| ink closed after measurement

(10v)

(SIG IN)

€S OUT CS IN
(600V)

(<500 mA est.)

Signature/Date

PAGE —6—of-f?-
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TEL

TITLE

IN-SITU:

Page A-53
MEASUREMENTS OF CABLES ALD SIGNALS

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

NO.
TP-101

REV,

0

Using a Tektronix Model SC502 (or equivalent)

(28) s. @%posmsmm:
oscilloscope observe the waveform at the following test points:

SIGNAL CABINET 12 PARAMETER PHOTO PHOTO PHOTO
a. TB109-1 cs Time Base
TB109-10 Vert Gain
PHOTO PHOTO | PHOTO
b. TB109-2 s Time Base —
TB109-10 Vert Gain —
PHOTO PHOTO PHOTO
*e. TB109-5 +600V Time Base _
TB109-10 Vert Gain
PHOTO PHCTO PHOTO
d. TE109-6 SIG Time Base
TB19-)07 Vert Gain
PHOTO PHOTO PHOTO
e. 7B109-8 +10V Time Base
TB109-10 Vert Gain
PHOTO PHOTO PHOTO
f. TB109-10 GND Time Base
TB501-27 ACGND Vert Gain

*Use X10 probe

Sync the oscilioscope and photograph the waveform using three time base and

vertical gain settings.

tag number and parameter measured.

Mark the back of the photographs with the instrument

Signature/Date

PAGE
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Page A-54

NO.
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS]
TFI’ TITLE  FROM AREA RADIATION MONITOR HP-RT-0211 1p-101
=1 (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0

(29) 6. %, POST-REMOVAL: Using a Hewlett-Packard Spectrum Analyzer (Models
, B, and’BSS?} or equiva]enﬂ perform an analysis of the following
signals for spectral content:

SIGNAL CABINET 12 PARAMETER PHOTO #

a. TB109-8 +10V
TB109-10 GND
b. TB109-6 SIG IN
TB109-18'7 GND
*. TB109-5 +600V
TB109-10 GND

*Decouple DC voltage max input to Spectrum Aralyzer
(50vDC)

Before photographing each scope presentation adjust analyzer for best spectral

resolution. Record critical analyzer parameters e.g., RF bandwidth,
R+~ wideo bandwidth and sweep speed on rear of photograph as well as parameter
analyzed.

SPECTRUM IDENT FREQUENCY AMPLITUDE REMARKS

Signature/Date

PAGE
a7




Page A-55 NO
IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS| "
TE'—'E" TITLE  FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
= (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0
(30) 7. CEREQRRMEy, POST-REMDIAL:  Using the Nicolet Wodel 444 FFT Analyzer (or
equivalent) perform FFT analysis of signals from the following test points:

SIGNAL CABINET 12 PARAMETER PHOTO #

*a, TB109-5 +600V
TB109-10 GND

b. TB109-6 SIG IN
TB109-}407 GND

C. T8109-8 +10V
TB109-10 GND

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

If PSD plots from any one 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-REMOVAL ONLY: Inside Cabinet 12 perform usual electronic calibrations
\using applicabie instrument shop procedures. Record the before and after
eadings for each step where adjustments are required and list below:

PAGE
28




Page A-56

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

NO.

IP-101

Procedure Before After Remarks

Step

See attached instrument shop procedure data sheet.

Instrument Shop Procedure No.

Signature/Date

Signature/Date

Open links for all field wires from Cable 1718691

PAGE
29




Page A-57

IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS | NO-:
— gy — TP-101
i H:E TiTLE  FROM AREA RADIATION MONITOR HP-RT-0211
- (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0
TERMINAL SIGNAL IDENT.

TB109-1 (Blue) C.S.
TB109-2 (Orange) C.S.
TB109-3 (White) Rem. Meter
TB109-4 (Yellow) [T2933C HI N.C.
TB109-5 (RG 59/U, 72 OHM) 600V
TB109-6 (RG 58/U, 50 OHM) SIG IN
TB109-7 (RG 58/U, 50 OHM) shield (Sigeal)
TB109-8 (Red) +10V
TB109-9 (Green) 1T2933C Alert N.C.
TB109-10 (Blk) GND

(RG 59/U, 72 OHM) Shield

Signature/Date
(53)11. R340y, POST-REMOVAL:  Using the Hewlett-Packard Model 4274 (or
3 equivalent) Impedance Bridge measure the capacitance and impedance of the
- following test points:

PAGE
30




Page A-58

o~ IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS | NO-
= TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TF-101
- b (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0
TEST POINT FROM T0
CABLE WIRE COLOR/TYPE CABLE WIRE COLOR/TYPE
a. 1T18691 Blue IT18691 Orange
b. IT18691 RG 59/U Center 1718691 RG 59/U Shield
C. IT18691 RG 58/U Center IT18691 RG 58/U Shield
d. 1718691 Red 1T18691 Black
e. 1718691 Black IT18691 TB109-10
Record the data required below:
Test Point Capacitance Impedance
Frequency J 100 Hz 1 kHz 100 kHz 100 Hz 1 kHz 100 kHz

Signature/Date




Page A-59

— IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS{NO-
B H- r TITLE FROM AREA RADIATION MONITOR HP-RT-0211 1P-101
e e (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0

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

Inst rument
Test Point High R Low R Settings Photo No.
@Nft.]| @N ft.[Ampl Range MuH *
A | -3
. =
A/vc‘ | ﬁ
. &
s e, %

*Utilize strip chart where available.

Aj{f:;;ZQAO Ei/?5’630
jﬁgignaggre/Date
[35)13. ERELREPRAL, POST-REMOVAL: Using the Keithley Model 144 (or equivalent DMM)

perform resistance measurements on the Test Points specified and record value
in space provided.

- NOTE: Open links for IT2933C from TB109 terminals 11, 12, 13, and 14. The
appropriate wires should be marked accordingly.

PAGE
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IN-SITU: MEASUREMENTS OF CABLES AND SIGNALS |NO-

= r TITLE FROM AREA RADIATION MONITOR HP-RT-0211 TP-101
- (MOCK-UP) (PRE-REMOVAL) (POST-REMOVAL) REV,
0

_?JLAR:N POLARMY
Ferom © + }’mm 5 -

To - = To = +

TEST POINT FROM LINK TO LINK RESISTANCE | "RESISTANCE

TB109-1 TB109-2
TB109-5
TB109-6
TB109-7

TB109-8
TB109-10
TB109-2 TB109-5
TB109-6

TB109-7

TB109-8
TB109-10
TB109-5 TB109-6
TBI03-7
TB109-8
, 18109-10
" TB109-6 TB109-7
, TB109-8
1 T8109-10
| T8109-7 TE109-8
!

o e

4+ = —

}
I
I
}
1
I

TB109-10
TB109-8 TB109-10

C VIO VO D IJl—~Xl|Tual-ho OO0 oo
. * L ] L]

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

Signature/Date

-REMOVAL ONLY: Utilizing all interface cable connect the replacement
ictoreen Model 887-2 Detector to the appropriate terminals of TBl of the
mote Meter/Alarm Unit (Ante-room).

Signature/Date
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SECTION A.4

DATA SHEETS FROM TMT TECHNICIAN CALIBRATIONS
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DETECTER RATEMETER
Model MOde.!_ﬁ(g —'%
Serial____— Serial__3¢9
|
FCK Cesired As As - Toler.
Posit. | Mr./Hr.| Found Left
Check Source Rdg. Mr/Rr
Ciosed
_ Fail Sare voits
Iter,
Open
Ratemeter
. £ 7 Desired As As Pwr, As As
bC Mr/Hr |Mv. Out | Found Left Toler. Supply Found Left Toler.
d . ’j AN ‘6-87/
(b 10 Loov | [,005 | [.000 |+.03 v -6.8V -é,§00 sy
10.97 | so.00
( 10° soov |, 97/ . Qol |03 v .0 (73] [F . |t
2 R l’{zd JO';‘Q
10 800Y |, /572 | 0 |29 22.0v {2,466 *3.0v
10 400V |, &y ¢ 1 |r03y
- Alarm As As
(“;?47/ 1 200V | L2777 e/ S [203 v Set. Pt.| Found Left | Toler.
’ : 1 Minor
.1 .00C . (72_(/ P OL‘/ 1.03 v Division

EQUIP,D/},/rzc SER.NO. (5 1260553 LAST CAL.3 -2 /9-SF0 DUE 92-2D-%0

EQUIP._LLYKE DupnSER.NO.S5 30 314 LAST CAL. <25-80 DUE_[- AS -8/

EQUIP.

SER.NO.

LAST CAL.

PERFORMED BY ;[%‘DATE 4 —1%-20 APPROVED \g}

Page Zé

DUE

Section
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DETECTEK RATEMETER
~ Model Model F5 k-2
Serial Serial__34~
FCK Desired As As “Tole¥,
Posit. Mr./Hr.| Found Left
Check Source Rdg. Mr/Hr
losed
Fail Safe Volts
Iter,
Open
\ -
_ 4 QFTER CHAWGI VG
Ratemeter .
))Q;TELC, C "/'/»-Kglé;uaté;
vPu!
L/oL7'5 Desired As As Pwr. As As
DC Mr/Hr |Mv. Out | Found Left Toler Supply Found Left Toler.
;[ﬂr?(( 10t 1.00v /77? , 997 03y 6.8V |~46.85 |-6.85"| t.sy
3 v410.%%
. ‘Yoo o0 +
oL/ 10 .800v | So G0 |+-03 v 10.0v 44% C|
10° 600V LIl |x03v 2.0V | 20,20 [20-20 | t3.0v
/&/g/ j lé//’ ¥ : . &0 -3.
g —
20 10 400V | 4 G| s R03 Y
- Alarm As As
(;[/5 ‘1 200V 1,204 | 218 |+03v Set. Pt.| Found Left | Toler.
_ . 1 Miner
, 98 1 000V [ 024 1 pad [£03 v Division

EQUIP. DIGITEC

SER.NO. L/ R oS

EQUIP.FALKE DUASER.NO. 5 303/ Y

EQUIP.

SER.NO.

PERFORMED BY -/ . 4%1 e DATE B-/4Y- 80 APPROVED

Page /[5

LAST CAL.

LAST CAL. 3-20 -0 DUE. I-20-FO

LAST CAL. /~->25- €O DUE_)~26-F /

Py

DUE

Section




- 2612-R5 oL
DATA' S, _T 1 ' Revision _ i
RADIATION MONITORING SYSTEM 07/19/78
Procedure , T
Step . .
X - - RECORDER TRACE
6.1.1.2  HONITOR W-R- ,2//  LOCAL METER (K5 FouNd) AS LEFT MARRED. YESIIID INT
T FCK SOURCE KHOB POSITION
CLOSED ___mumu:omu OPEN
7 DESCRIPTION RAT{ME]ER INT RLCORPER lNT RA EMETER IHT RLLURDER INT RATEMETER [HT RECORDER IHT
.1.2.3
6.1.2.4
6.1.2.5 Source . <20 MR/hr MR/hr ASOR/ hr MR/hr 7 37 MR/hr MR/hr
6.1.1.3 Background -/ MR/hr - Al he - R/ - _HR/mr T - FR/hr - MR/hr
6.1.3.1 Actual Source Peadings 2. MR/hr W/~ 2 AR/ HR/hr 2 ¢oliR/hr HR/hY
6.1.4.1 Omgmal _Reading el HR/hr L/0N HRAWT 2. 490 HR/hr
| 6.1.4.2  r-iginal Reading Date Yo ] ' i
D 81,43 Expected Reading Yg HMR/hr 3L MR/hr /762 MR/hr
6.1.4.4 +15% of Expected Reading R MR/hr %09 Mii/hr 202a MR/hr
b 6.1.4.5 -15% of Expected R Read___g 7 MIL/hr 529 MR/hr 24 MR/hr
i Actual Source Reading * * * Ed *
6.1.5.1 within 15¢ of Expected? ' NO . A/o Ao
Yes/No _
Setpoint Uata - o
ALERT INT HIGH INT @ —
6.1.6.1 Required Setpoint 1 ~
AL 6.1.6.3 indicated “As Found" 5
Hi 6.1.6.4 Set;Lomt MR/hr MR/hr >
AL 6.1.6.7 “Tripped” (Observed '
Hi 6.1.6.8 Setpoint MR/hr MR/hr
- Observed Setpoint within One * *
6.1.6.9 ~ Minor Divigion of Required
Yes/!lo .
Check Source, Recorder, Acceptance Criteria, Sign-Off o
6.1.7 Observed Increase in Reading Due to Check Source () MR/hr INT
6.1.7.2 Recorder Trace Marked  Yes/No * INIT.
* Acceptance Critcria: A1l Yes/No Blanks Indicate "Yes".
** Record "Pegged” if Meter Pegs High Due to Background.
New Calibration Sticker Attached Ves/flo
| PERFORMED BY: : ' APPROVED BY:
AND DATE: AND DATE
Place 01d Cal.
Sticker Here




— —

d 2612-R5

DATA SHEL. | Revision 0 "
RADIATION MOMITORING SYSTEM 07/19/78 -
Procedure T
Step
Lo _ RECORDER TRACE
6.1.1.2 MONITOR HP-R-  &2// __£!1£p151__ AS FOUND S LEF MARKED YES/HO INT
_ e——  ___ FCK SOURCE KNOB POSITION
T CLOSED T T T TTTUNTERMEGIAIE OVEN ~
DESCRIPTION RATEMETER INT RUCORUER INT RATEMETER 11 iKECORDER TNT RATEMETER [NT RECOPDER INT
6.1.2.3
6.1.2.4
6.1.2.5 Source L5 MR/hr HR/hr 3250 MR/hr MR/hr /S MR/hr MR/hr
6.1.1.3 Backqround _ /- MR/hr - _HR/hr /- Hi/he - Wi/hr /- WR/hr - HR/hr
6.1.3.1 Actual Source Peadings 5(7 HR/ir T 2#9 Mit/hr /e /0GR 1R/ hr MR/hr
6.1.4.1 Original_Reading MiR/hr 7] Mi/hr 270 MR/hr
6.1.4.2 Original Reading Date /925‘ e
6.1.4.3 Expected Reading o MR/hr 352, MR/hr /) 762 HR/hr
6.1.4.4 +15% of Expected Reading el Ml /hr o MR/hr 2.02F MR/ hr
6.1.4.5 -15% of txpected Read_lﬂg oy M./hr 290 MR/hr 98 HR/hr
Actual Source Reading * * * K * - *
6.1.5.1 within 15% of Expected? ‘ YES YES YES -
Yes/No =
Setpoint Data i ®
ALERT INT HIGH INT >
6.1.6.1 Required Setpoint @
AL 6.1.6.3 Indicated “As Found”
Hi 6.1.6.4 Setpoint ) MR/hr MR/hr
AL 6.1.6.7 “Tripped” Observed
Hi 6.1.6.8 Setpoint MR/hr MR/hr
Observed Setpoint within One * *
6.1.6.9 Minor Division of Required
Yes/llo
Check Source. Rncorder, Accegﬁance C.iivaria, Sign-Off .
6.1.7 Observed Increase in Reading Due to .heck Source > MR/hr INT
6.1.7.2 Recorder Trace Marked  Yes/No * INIT.
*  Acceptance Criteria: All Yes/No Blanks Indicate "Yes"
** Record "Pegged" if Meter Pegs High Due to Background.
New Calibration Sticker Attached Yes/fio
PERFORMED BY: APPROVED BY:
AND DATE: AND DATE

8.0

Place 01d Cal.
Sticker Here




- X R © T 2612-Rs
DATA SHEET 1 R IR A

Revision 0
RADIATION MONITORING SYSTEM 07/19/78
Procedure '__ i
Step
RECORDER TRACE
6.1.1.2  MONITOR WP-R-2/1 fesnole melar @ AS LEFT MARRED YESIIS | INT
FCK_SOURCE KNOB_POSITION
______cose0 oo ___ INTERMEDIATE OPEN .
— DESCRIPTICN RATEMETER INT RECORUER INT RATEMETER IWT RECORDER INT RATEMETER INT RECORDER Tiii
.1.2.3 .
6.1.2.4 ) : " i I
6.1.2.5 Sourea Rayd . AS  MR/hr MR/hr A0  MR/hr MR/hr  7%0 FR/hr MR/hr
6.1.1.3 Background | - MR/hr - MR/hr -1__MR/hr - _HR/hr -/ R/hr - MR/hr
6.1.3.1 Actual Source Peadings FHY, MR/hr MR/hr__ /49  MR/hr M/hr 559  TR/hr MR/hr
G.1.4.1 __COriginal Weading (1775 L &y MR/ e Koo FHR/hr 200 MR/hr
6.1.4.2 riginal Reading Date /149325 -
6.1.4.3 Expected Reading 4% MR/hr LW MR/ hr 150 X NR/hr
6.1.4.3 +15% of Expected Reading 5q HMi/hr Yoy Hi/ hr 200 [o MR/hr
6.1.4.5 -15% of Expected Reading 4) MR/hr 244 MR/ hr 19 qq Vit
: Actual Source Reading * * * * * *
6.1.5.1 within 15% of Expected? W o o 0 g
Yes/No ®
Setpoint Uata _ ' >
ACERT INT HIGH T 2
6.1.6.1 Required Setpoint
BL 5.1.6.3 Indicated "As Found"
Hi 6.1.6.4 Setnoint MR /hr FR/hr
AL 6.1.6.7 "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 /Mo . :
Check Source, Recorder, Acceptance Criteria, Siqn-Gff ;i
6.1.7 Observed Increase in Reading Due to Check Source v MR/hr THT
6.1.7.2 Recorder Trace Harked _Yes/No * INIT.
* Acceptance Criterias

A1 Yes/ilo Blanks Indicate “Yes".

PERFORMED

APPROVED BY:
ARD DATE:

AMD DATE

%? /J%ef-nu g-15~gO )

Place Q1d Cal.

Cesrlenv UHavn




- —_ ' 2612-RS
DATA SIEE flovision 0 e "
RADIATION MONITQ..dG SYSTEM 07/19/78 ; -
Procedure -
Step
RECORDER TRACE
6.1.1.2  MONITOR HP-R-2 /) atyroe nelic AS FOUND MARKED YES/HO : INT -
FCK_SOURCE KIvuB POSITION A
____CLoseo INTERMEDIATE OPEN
DESCRIPTION RATERETER TNT RECORGLR TNT RATENEVER THT RECORDER THT RATEMETER IHT RECORDER il
6.1.2.3
6.1.2.4 R
6.1.2.5  Seuree Reaping Y MR/hr MR/hr_ 35’0 MR/ hr MR/hr /750 MR/hr ~_MR/hr
6.V 173 Backqround ] = _PR/hr - MR/ T 7= AR/ - W/ J-  WR/br - MR/
6.1.3.1 Actual Source Peadings ¥y MR/ W/ 349 MR/hr MWR/hr 7474 HR/hr MR/hr
6.1.4.1 Original_Reading {192+ C ey MR/ Dy T %00 MR/ e 2000 HR/hr
6.1.4. Original Reading Date 1915 ) ‘
6.1.4.3 xpected lleading P24 MR/hr EYeoN MR/hr | 2 2 MR/hr '
6.1.4.4 +15% of Expected Reading X it/ hr Yoy HI/ hr 202l _HR/hr
6.1.4.5 -15% of Expected Reading iy MR/ hr 299 MR/ hr 19474 HR/hr
Actual Scurce Reading * : * A * * * *
6.1.5.1 within 15% of Expected? : Py o
Yes/No y‘f‘s y£‘S )/"'[:S
Setpoint Uata ] Ny
ALERT INT HIGH INT_— %
6.1.6.1 Required Setpoint .
AL 5.1.6.3 Indicated “As Found" o
Hi 6.1.6.4 Setpoint MR/hr MR/hr >
AL 6.1.6.7 “Tripped” Observed
Hi 6.1.6.8 Setpoint MR/hr MR/hr
Observed Setpoint within One * *
6.1.6.9 Minor Division of Required ' -
Yes/lio — .
Check Source, Recorder, Acceptance Criteria, Siqn-Off )
6.}.7 Observed !ncrease in Reading Due to Check Source 7 MR/hr INT
6.1.7.2 Recorder irace Marked Yes/No ' * INIT.
* Acceptance Criteria:

AT Yes/No Blanks Indicate "Yes'.
** Record "Pegged” if Meter Pegs High Due to Background.

New Calibration Sticker Attached Yes/lo

PERFORMED BY = : : = &7 APPROVED BY:

AND DATE: f]y!@,{fm €~) %O |. . AND DATE

.o . vy / ..
Place Old Cal.
Sticker Here

8.0

_____:
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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.5.1

RECORDER LOG PAGES




FIELD SERVICE DATA SHEET Page A-7u
PL Name _ i..SSnn.*rL T ' Page No. 1
DATA SHEET - PLANT: _ | M\ |
. uNIT _ 2 RN TP C)\ paTE S -|d - EO
TIME TAPE ft PR TAPE o -

START |20 aum . 0o &7 spEED ] {2 4ps

stor _\\ : RS Qn:\._cg_r.«c e o . BAND

ROD POSITION:

BORON (ppm)

RECORDER
CHANNEL

1

GROUP , ; CROUP __, ; GROUP __, .

EFPD ______ CYCLE

SIGNAL AMP Bw GAIN vDC

'\&y?fx- 02 \\ i

2

10

11

12

13

14

\). COMMENTS :

TEC Form No.

ET Foetane cf 220 &TTenUATIon ok a2 2

LS (sed
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2-13-%e
ma@suveme_n“(.s AT Tim\ C\chQOl\Ec-oﬂ\

Nt

EG«0 Tdahe S pRenT

Tﬁ\r\\»? “Pecoudt rzC\5 [..t)c:l S)\,\ee/‘(

T C\\Qx\ﬂ.e\ A D‘(( Store :Ou\\\—‘zew\.d.e@ “‘ <1 ;
: on Dinect Recewd i

- Taye T8

- —T&Fe 3:3@3& Ye VRS

~ The -Fck\o@\ni Test Fecrage (WS Recowrded
6-25 1> 1 nds _\>Ea\;ro§e&\c At (O h3
os-soft » it ¢ w7 100 by
S0-75%t > 1velx " " AT 1k hy

- 100 &y The stant ot the ketual Test

|L\ffc1\twl~‘\c3 h.ai\vam ) TLQ R?_(DY.C{QC( Se—+ L.-.P
TBi

Letecr :

CL\Jc.nl‘r-red I »Tl-t T Lﬂ

Tek SLC'\BZ W bS

kP-gi-o20

|

et 810

Fo((;umj nsTlument
,’ Te ® T80\ ° Favetion Gecdr

C\w(,\’. Souw ¢ AeacT wited AT Ged Ct |




FIELD SERVICE DATA SHEET Page A-72

PL Name T Sr\’- ‘—(L T . Page No.

DATA SHEET - PLANT: [ M \

_ UNIT 2. RUN T P07 pate _ = -\4 - Ro
TIME TAPE ft PWR TAPE j!;—,- -11L2G
START : L0 SPEED _1Y> 1ps
STOP __ - 2o et Ty BAND
Sl
ROD POSITION: GROUP . ; GROUP __, ; GROUP __ , _
BORON (ppm) EFPD CYCLE
RECORDER
CHANNEL SIGNAL AMP B GAIN  VDC
1 Au- P1- 070 I Y
. 2 : SIN-4 1 -
{‘ ———
5 - R —
6 -
7 n——
8 —
9 —_—
10 ' .
11 o
12 _
13 -
14 e
bl COMMENTS:

- EC Form No.
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8-vu-3g0

Measurements &T [ ML Contrel Toom
TE«G Ydaho Su..?:(\_o&,'(

ﬂ:@'ﬁ ?EC@&C&.\VE\ LC‘S Sheet
Taze ¥ 139
Tape Spe ed iz |35

ATtenufmtion 4

Channel 1 Sﬁn&\ Loom WR-RT- 024\ i

est Se W

D C Tek STeve

€
¢-Seepe Foutw

Signal
WD R -ca 2

Detec ren |

Sucund

New Thnl
Tek SCQ?Q_ AL NS CFL\\\ov_ﬁ-red B-Q-80 w th TL‘:i

gouCquS WMSTiumenTS AT [0 ATTENUAT oA |

Tec ¥ 783\ ~ Twaction OGenevgron

Te. ® Sp0z0 - :Faeclucan&,( CecunTtey
Tec ¥ 8032 - mm
- Callbasten TeotAge |
’ 25715 81 > 2.8gedk toqed @ Oy

]
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Tavz“* W39 coa-.

V)

2)

)

4)

9
\§ mwnutes inte lecorndiog AT 728 Fr.

("\‘\’12(1(\0—161 meague ment S Lleve STA\:LTed.
Clede Sounce Swvwch ktwated rt ThAge
Lo o of gk
Check Scawce Scovtch deterivazed A
T-w?a Qoo—usge of 260
Chrecl Scuwce Swrch Activated R Tape
Qoo-r.txgc WA
Cleck Sounce Swch deactivated A (aye
Qeorace Wt

STO&T\o% QDOT{I&E}’ 28 2 Svtagxins W 229G

T\'\-&SC SIGQ:) R iy 'TLQ ?Q_O(_e,sg 0£ dQ\.ﬁS
stepe (8 While steg VT WaS (n

%\\c "3&655

V.C"CO\\ESC\’,L é\xs(onnccrec\ agt (S(BQT | TLQConné(red
a1 1820 &4

Tage S*z:»%?ad At 2312 £




FIELD SERVICE DATA SHEET

\
PL Name ——7f;S§anT\\

TEC Form No.

Page A-75

Page No.

_ ; B
DATA SHEET - PLANT: R-(5-8Bo

wit P - rRuN T PO

TIME TAPE ft PWR

START - Q0

STOP . eyd/ of R?e

ROD POSITION: GROUP . s GROUP ___,

BORON (ppm) EFPD CYCLE
RELCORDER
CHANNEL SIGNAL AP
1
2 - M-V T- 021

10

11

12 _

13

14

COMMENTS:

DATE - /(-89
aee e - 1177
spEEp 7 )z ips

BAND

; GROUF |,

BW GAIN vDC
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] B-\5-80

MeasunemenT A Tmy Conwrol Reom !
E¢-%6 1dahe Supveut

—TQ§Q Necend a & o aQ Shee
L Tege = 04T |
Ta\lg S:\>ee_c\ Ve B,

| Callbtation Sex WD

| Stew
:70-1 Elrb.'
V009 \\}

Yieth
Lmm
Tec™®

8C 37

: Cdx\.\.\bﬂﬁr'(,t.or\ -FwéTQOdQ
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%Qz\l\oﬂ‘"he/ Qs S\SY\C\\ WaS Sw &TC\’\BC& \QU}:""\

|
i
i
|
l
|
!

Channe\¥ | Ao CwannelZ Yo ar TONUATIOR,

o-823L<x - 1o W<, \U’\S < R%! C\«.Qm’le\&z Tt l.i)S’.

i Yio TS TYo N !

loo &< e end ot tade. Chatunef ¥2 MCQ“C(M.S
of #Y Wi-02W\ euxput |, We ips \/l a1 |
¥ 2230 P~ Jeder Te The dectec tou LoAS

({LS Con ne.c.-ce..c&




Page A-77

-
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SECTION A.5.2

PRE-REMOVAL PHOTOGRAPHS OF TIME AND FREQUENCY
DOMAIN MEASUREMENTS OF WAVEFORMS
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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
Fhoto #18, 19, 20 fuse blown
#5.9 GND to AC GND Replaced

Photo #21, 22, 23 blown fuse



PHOTO #3
TB 103--1

Check Source
TR 17°g-10

Vert. Gain: 2V/Div

Horiz. Time Base: 5ms/Div
PHOTO #4
TB 109-1

Check Source
TB 109-10

Vert. Gain: 1V/Div

Horiz. Time Base: 2ms/Div
PHOTO #5
TB 109-1

Check Source
TB 109-10

Vert. Gain: 1lV/Div

Horiz. Time Base: 1lms/Div
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R
'
!
]
!
H

-
L
!
L3
H
{
H
{

PHOTO #6

TB 109-2
Check Source
0

TB 109-1

Vert. Gain: 2V/Div

Horiz. Time Base: 5ms/Div

PHOTS #7

TB 106-2
Check Source

TB 109-10

Vert. Gain: 1V/Div

Horiz. Time Base: 2ms/Div

PHOTO #8

TB 109-2
Check Source

TB 109-10

Vert. Gain: 1V/Div
Horiz. Time Base: 1ms/Div
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PHOTO #9
Tb 109-5
+600V
TB 109-10

Vert. Gain: 0.2V/Div

Horiz. Time Base: 5ms/Div

PHOTO #10
TB 109-5
+600V
TB 109-10

Vert. Gain: 0.2V/Div

Horiz. Time Base: 2ms/Div

PHOTO #11
TB 109-5
+600V
TB 109-10

Vert. Gain: 0.2V/Div

Horiz. Time Base: 1Oms/Div




PHOTO #12
TB 109-6
Signal
TB 109-7

Vert. Gain: 1V/Div

Horiz. Time Base: 1ms/Div

PHOTO #13
TB 109-6
Signal
TB 109-7

Vert. Gain: 1V/Div

Horiz. Time Base: 2ms/Div

PHOTO #l4
TB 109-
Signal
TB 109-7

Vert., Gain: 2V/Div

Horiz. Time Base: 2ms/Div




PHOTO #15

TB 109-8
+10V
TB 109-10

Vert. Gain: 2V/Div

Horiz. Time Base: 2ms/Div

PHOTO #16
T3 109-8
+lov
T8 109-10

Vert. Gain: 1V/Div

Horiz. Time Base: 5ms/Div

PHOTO #17

TB 109-8
+10V
TB 109-10

Vert. Gain: 0.5V/Div

Horiz. Time Base: 2ms/Div
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—_— .

PHOTO #18

TB 109-10
GND

TB 501-227
Vert. Gain: 2mV/Div

Horiz. Time Base: 10ms/Div

PHOTO #19

TB 109-10
GND

TB 501-27

Vert. Gain: 1mV/Div

Horiz. Time Base: 20ms/Div

PHOTO #20

TB 109-10
GND

TB 501-27

Vert. Gain: 1mV/Div

Horiz. Time Base: 0.2ms/Div

N
H
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et

\

by

5

e anatinmt, . i
: -‘rf - g%

PHOTO #21
TB 109-10
GND
TB 501-2

Vert. Gain: 10mV/Div

Horiz. Time Base: 10us/Div
PHOTO #22
TB 109-10
GND
TB 501-21
Vert. Gain: 10mV/Div
Horiz. Time Base: SOps/Div
PHOTO #23
TB 109-10
GND
TB 501-27
Vert. Gain: 5mV/Div

Horiz. Time Base: 2ms/Div



Page A-87

PHOTO #24
TB 109-8

+10V
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 109-8
+10V
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
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PHOTO #26
TB 109-
Signal
TB 109-7
BW - 3 KHz

Horiz. Scale: 500 KHz/Div
Scan Time - 0.2 s/Div
Vert. Scale: O dB Ref; 10 dB/Div

Input attenuation: 40 dB
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PHOTO # 27
TB 107-5
+600V
TB 107-10
BW - 3 KHz

Horiz. Scale: 500 KHz/Div
Scan Time: 0.2 s/Div

Vert. Scale: O dB Ref; 10 dB/Div

Input attenuation: 40 dB
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0.109 RMS PHOTO #28
TB 109-5

+600V
TB 109-10

Range: O - 100 KHz
20 KHz Harmonics Intensified

Vert. Scale: +20 dB Ref; 10 dB/Div




1.35 RMS
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PHOTO # 29
TE 109-6

Signal
TB 109-7
Range: O - 100 KHz

32 KHz Harmonics Intensified

Vert. Scale: +20 dB Ref; 10 dB/Div
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0.301 XMS PHOTO #30
TB 109-8

+10V
TB 109-10

Range: O - 100 KHz
.16 KHz Harmonics intensified

20 KHz Harmonics also present

Veit. Scale: +20 dB Ref; 10 dB/Div

0.712 RMS PHOTO #31
TB 109-8
+10V
TB 109-10
Range: O - 1 KHz

7120 KHz Harmonics Intensified

Vert. Scale: +20 dB Ref; 10 dB/Div
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SECTION A.5.3

PRE-REMOVAL TDR MEASUREMENTS ON CABLE
(Detector Attached)
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PRE-REMOVAL TDR MEASUREMENTS

Test Verify Operability & Necessary LP Filter
for Recording

#l12.a Checkscurce Tests 12a-1, 12a-2
#12.b RGS9 Tests 12b-1, 12b-2
#12.c RG58 Tests 12¢-1, 12-c2
#12.d +10V Tests 12d-1, 12-d2
#12.e GND-GND Tests 12e-1, 12-e2
#12.f RG58+ 5' cable Tests 12f-1, 12f-2

and terminal
block inserted
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TDR Test Runs

To Determine LP Filters
Setting For Strip Chart Output
Test Run - 10' Coax With Clips

fiorics. Scale: Yncalibrated Chart Speed: 5 mm/ s
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12b-1

Test

From RG 59/ Uy Center to RG 59/ y Shieid

600V to Shield
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Test 1l2c¢-~1

From RG 58/U Center to RG 58/U Shield

Signal to Shield
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1

i2d

Test

From Red to Black

+10V to GND
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1

Test 12e

From Black to TB109-10

GND to GND
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1

Test 12f

From RU 58/U Shield to RG 58/ Center

Shield to Signal

(12¢c-1 with new cable and terminal black

inserted 2" 10')
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1

Section

Test 12b-2:

Page A-103

600 V to Shield

Horizontal Scale:

2.632 ft/

Div

Vertical Scale:

From RG 594 Center to RG 39/ U Shield

0.10V/Div;

500 me/Div

Distance
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Test 12e-2:

Horizontal Scaie:

GND

to GND

2.632 fe/Div

Page A-106

From Black to TBt29-10

Vertical Scale:

0.10V/Div;

500 meYDiv
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500 mp/Div
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2

Scale:

Page A-107

Vertical

E

st cable and terminai block)

Shield to RG 58/ U Center

ft/Div
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SECTION A.5.4

TIME AND FREQUENCY DOMAIN MEASUREMENTS OF WAVEFORMS
ON DETECTOR INSTALLED IN THE ANTEROOM
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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 109-6
Signal

TB 109-7

Vert. Gain: 5V/Div

Horiz. Time Base: 1 s/Div

PHOTO #33
TR 109-6

Signal
TB 106-7

5V/Div

Vert. Gain:

Horiz. Time Base: 0.2s/Div

PHOTO #34
TB 109-6

Signal
TB 109-7

2V/Div

Vert. Gain:

Horiz. Time Base: 0.,5s/Div
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PHOTO #3535

TB 109-1

Check Source
TB 109-10

Vert. Gain: 0.2V/Div

Horiz. Time Base: 3ms/Div

PHOTO #36

T3 109-1

Check Source
TB 109-10

Vert. Gain: 50mV/Div

Horiz. Time Base: 2ms/Div

PHOTO #37

T8 109-1

Check Source
TB 109-10

Vert. Gain: 50mV/Div

Horiz. Time Base: 5QuS/Div
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AAVYA

AAAAAA
\AAAAAD

N .

PHOTO #41
TB 109-5
+600V
TB 109-10
Vert. Gain: 20mV/Div
Horiz. Time Base: 10ms/Div
PHOTO #42
TB 109-5
+600V
TB 109-10
Vert. Gain: 20mV/Div
horiz. Time Base: 0.2s5/Div
PHOTO #43
TB 109-5
+600V
TB 109-10
Vert. Gain: 100mV/Div
Horiz. Time Base: 20ms/Div
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PHOTQ #44

TB 109-8
+10V

TB 109-10

Vert. Gain: 20mV/Div

Horiz. Time Base: O.lms/Div

PHOTO #45

\1\

TB 109-8
\\/ P - ~ +1.0V
- T T TB 109-10

Vert. Gain: 50mV/Div

Horiz. Time Base: 5ms/Div

PHOTO #46
TB 109-8
+10V
TB 109-10

Vert. Gain: 20mV/Div

* «-41.{..‘

mnmmmlmHHHH

Rl ”" l'l'l’l'l't'l’n'n'c'a‘u’n"n '.'.‘.”.l.'.*.ﬂ.'" .

r'on|iona IOIu.‘OIt)ldc

Horiz. Time Base: 0.2ms/Div

AR B
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PHOTO #47
TB 109-10
GND
TB 501-27

Vert. Gain: 5mV/Div

Horiz. Time Base: 0.2ms/Div

PHOTO #48
TB 109-10
GND
TB 501-2

Vert. Gain: 2mV/Div

tioriz. Time Base: 0.2ms/Div

PHOTO #49
TB 109-1
GND
TB 501-27

Vert. Gain: 2mV/Div

Horiz. Time Base: 50us/Div
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PHOTO #50

T3 109-8
+10V

TB 109-10
BW - 3KHz

Horiz. Scale: 200 KHz/Div

Scan Time: 100 ms/Div

Vert. Scale: O dB Ref; 10 dB/Div

Input attenuation: 40 dB
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PHOTO #51
TB 109-6 .
Signal
TB 109-7
BW - 3 KHz

Horiz. Scale: 500 KHz/Div

Scan Time: - 0.2 s/Div

Vert. Scale: O dB Ref; 10 dB/Div

Input attenuation: 40 dB




.
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PHOTQ #52
TE 109-5
+600V
TB 109-10
BW - 3 KHz

Horiz. Scale: 500 KHz/Div
Scan Time - 0.2 s/Div
Vert. Scale: O dB Ref; 10 dB/Div

Input attenuation: &40 dB
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PHOTO #53

TB 109-5
~600V
TB 109-10

Range: O - 100 KHz

Vert. Scale: +20 dB Ref; 10 dB/Div

DM i k1 P RS .81 7




0.00260 RMS
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PHOTO #54

TB 109-6
Signal

TB 109-7

Range: O - 100 KHz

16 KHHz Harmonics Intensified
(20 KHz Harmonics also present)

Vert. Scale: +20 dB Ref; 10 dB/Div



0.0332 RMS
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PHOTO #55
TB 109-8
+177
TB 109-10
Range: O - 100 KHz
16 KHz Harmonics Intensified

(20 KHz Harmonics also present)

Vert. Scale: +20 dB Ref; 10 dB/Div
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SECTION A.5.5

POST-REMOVAL TDR MEASUREMENTS ON CABLE
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Test 34a - 1
From Blue to Orange

Checksource

Horizontal Scale: 26.32 ft/Div

Vertical Scale: 0.25V/Div, 500 m#@/Div
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1

Test 34b -

From RG 59/U Center to RG 59/ U Shield

600V to Shield
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Test 34c - 1
From RG 38/U Center to RG 58/y Shield

Signal to Shield
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Vertical Scale: 0.10 V/Div; 500 mpP/Div



Page A-126

Test 34d - 1
From Red to Black

+10V to GND
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1

Test 3be

From Black to TB109-10

GND to GND
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Test 34c - 2

From RG 58/ U Center to RG 58/ U Shield
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