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ABSTRACT

At the Three Mile Island (TMI) Unit 2 Reactor Building, the
Instrumentation and Electrical Program in 1981 initiated a major analysis
of cable systems. These cable systems were exposed to varying degrees of
radiation, steam, humidity, pressure suppression spray, submergence, and a
hydrogen burn event. By studying the electrical and physical properties of
selected representative cables and the ways in which these cables responded
to the accident and post-accident environments, the Cables/Connections Task
group is generating information with which government and the nuclear
industry can develop guidelines to make components more radiation
resistant, re-evaluate qualification testing procedures and regulatory
mandates, and contribute to nuclear power plant safety.

This report presents an overview of the TMI Unit 2 cable analysis

program and, as examples, the findings for the first 49 cables tested.
These cables are in electrical penetration R607.
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FOREWORD

In a cooperative effort, a representative sample of the cables and
connections in Three Mile Island's Unit 2 Reactor Building are being

studied to determine how they were affected by and reacted to the accident
and post-accident conditions. Anyone interested in obtaining preliminary
in situ test data (as presented in this report for the first 49 cables
tested) should contact H. J. Helbert or L. A. Hecker at EG&G Idaho, Inc.,
P.0. Box 88, Middletown, PA 17057. Those interested in more informaticn
regarding the overall cables and connections task should contact

C. P. Cannon, Westinghouse Hanford Company, P.0. Box 1970, Richland, WA

99352, or R. D. Meininger, Instrumentation and Electrical Program Manager,
EG&G Idaho, Inc., P.0. Box 88, Middletown, PA 17057.
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TMI-2 CABLE/CONNECTION PROGRAM: LOOK AT IN SITU TEST DATA

INTRODUCT ION

The Three Mile Island Unit 2 (TMI-2) nuclear power plant continues to
be the focus of national and international attention. Nearly every systenm
and component in the Reactor Building was affected in some way by the
March 28, 1979, accident. > T

The cable systems, for example, were subjected to a moisture laiden
environment, with considerable humidity and high radiation levels, contrib-
uting to their degradation. Following the accident, the cable systems were
exposed to "rain," caused by evaporation and then condensation of the water
that flooded the basement. Other probable sources of moisture were the
Reactor Building spray following the hydrogen burn incident and the hot-
water spray of the gross decontamination experiment.

Prevention or mitigation of accidents such as the one experienced at
TMI-2 can be enhanced by learning more about the physical limitations and
performance of such instrumentation and electrical equipment exposed to the
accident environment. Examination, testing, and analysis will provide data
for better assessment of reliability and performance and for improvements
in design, manufacture, and installation of instrumentation, electrical,
and cable systems equipment.

Late in 1981, cable systems became a major concern to the Instrumenta-
tion and Elect.ical (I&E) Program at TMI. This concern was elevated from a
minor one to a major one because (a) General Public Utilities Nuclear Cor-
poration (GPU Nuclear) requested information about the survivability of the
electrical cables for use in recovery planning; (b) there are more than
500,000 Tt of cablec 1n the Peaetdt Building--a major cost element: (c) al1
controls and information operate and flow via cables; and (d) analysis of
thess systomos would provide valuable inrormation F6» M8ATLoring posth-
accident conditions, developing cleanup plan parameters, and ensuring
greater plant safety.




Through its Cables/Connections Task, the I&E Program group see“s to
determine the effects of the TMI-2 accident and post-accident conditions on
the cabies and connections within the Reactor Building. The I&E Program
defines cables and connections as all components in a given electrical
channel, or circuit, from the Reactor Building penetration assenbly up to
but excluding the instrument or unit at the end of the channel. The
- components encompassed by this definition include penetration assemblies,
penetration boxes, terminai boxes, terminal blocks, splices, bulk cable,
and connections.

The informalion and understanding generated by the Cables/Connections
Task group will be specific to the TMI-2 components and will reflect their
- specific responsas to the loss-of-coolant accident (LOCA) and post-LOCA
environment at TMI-2. But while these task results will be TMI-2 site
specific, they will help to generate basic guidelines regarding the
response of cable and connection components to a LOCA experience. Such
guidelines will serve to help governmant and the nuclear industry make com-
ponents more resistant to conditions like those encountered in the TMI-2
Reactor Building, as well as help them re-evaluate qualification testing
procedures and regulatory mandates in light of this actual LOCA experience
data.

The byproduct of this task will be an analytical tool that will
predict total channel condition. This tool will be used to check actual
functional impairment at TMI-2.

The components in the TMI-2 Reactor Building were exposed to varying
degrees of radiation, steam, humidity, Reactor Building spray, submergence,
and a hydrogen burn event. By studying the electrical and physical prop-
erties of selected representative components, the task group will be able
to estimate how the cables and connections responded to these environments.
The resulting data, when compared to equivalent data taken on cables and
connections that were not exposed to the LOCA, should help determine the
extent to which the accident affected the properties and useful lifetime
characteristics of these cables.



Clearly, the identification of failed or faulty components, which com-
promise the ability of a given electrical channel to function, is of prime
interest to the nuclear industry. Such a finding, and subsequent identifi-
cation of a failure mechanism, would permit measures to be devised to rec-

tify the faulty or failed component and thus contribute to nuclear power
plant safety. ‘

This report is intended to explain the TMI-2 Cable/Connection Program
and provide examples of the data being obtained through in situ tests, as
well as the preliminary conclusions I&E engineers are arriving at after con-
ducting early analyses of these data. Serving as examples for this report
are the first 49 cables (all in penetration R607) that were subjected to
the mass scan. Similar data will be collected for 200 to 400 electrical
channels in the Reactor Building.

The in situ test data for cables in penetration R607, along with the
rest of the mass scan data, will be more deeply analyzad and compared with
laboratory data. The final information will then be issued in a GEND
formal report.




TESTING PROGRAM

A registry of the approximately 1800 electrical channels in the
Reactor Building has been made. Thkese channels have been sorted according
to safety or nonsafety status, previous in situ testing data, and location.
A representative num-cr (10 to 20%) of these channels are being subjected
to appropriate in situ electrical scan tests. The intent of the scan is
to: (a) identify anomalous channels for more comprehensive in situ charac-
terization tests, (b) identify impaired channels for removal and laboratory
examination, and (c) estimate what fraction of the channels may have been
impaired.

The following sets of in situ scan tests are being performed from the
outer penetration on cables in the TMI-2 Reactor Building:

0 Initial Voltage Characterization
o Time Domain Reflectometry

0 Capacitance

() Inductance

(0] Insulation Resistance

o Direct Current Loop Resistance.



MASS SCAN TESTING IN PENETRATION R607

This report provides preliminary data obtained in the mass scan test-

ing performed on cables in the Balance of Plant electrical penetration R607,

which is an instrumentation and control penetration containing 137 channels.

The 49 cables that were selected for testing in electrical

penetration R607 were chosen based on five factors:

].

2.

3.

Results from prior in situ tests

End instrument has been removed

Location in the Reactor Building

Representative of cable types

Provides supporting data for tests to be performed in nther
penetrations or on other cables in the same penetration.

In Table 1, each of the 49 cables is listed along with its basis for
selection, as indicated by number (1 through 5 above). Appendix A contains
the actual test procedure, which was approved by GPU Nuclear.



TABLE 1. BASIS FOR SELECTION OF CABLES IN PENETRATION R607

Cable . Basis for Cable Basis for

Identification _ Selection? Identification Selection?
H2791 1 1T24571 5
H2811 5 1T24591 5
H2911 1 1T24641 5
H2931 5 1724681 5
H3031 1 1T24781 5
H3051 5 1T27371 182
H3151 1 1727381 182
H3171 5 1T27391b 182
1T13201 5 1T27401 182
IT13221 5 IT27411 185
IT15351¢ 4 11274214 182
IT15541€ 4 1127431F 185
IT176919 4 IT27441h 182
1T20741 5 17282211 ]
1723101 5 1730791 ]
1T23121 5 1730801 5
1723141 5 1T30811 5
1724331 5 1730821 5
1724371 5 1T40781 5
1124411 5 IT41191 5
1724431 5 1741211 5
1724451 5 IT41231 5
1724471 5 1741251 5
1T24491 5 TD6571J 3
IT24511 5

a. See page 5 of this report for definitions of selection factors
1 through 5.

b. See GEND-INF-017, Vol II.

c. Type FR-9CC.

d. See GEND-INF-017, Vol V.

e. Type FR-9BB.

f. See GEND-INF-017, Vol I.

g. Type FR-9GG.

h. See GEND-INF-017, Vol IV.

i. See GEND-INF-017, Vol VI.

J. From inner penetration box resistance thermometer.




DATA ANALYSIS

Software was developed for the Hewlett-Packard 85 computer to perform
a preliminary quick evaluation of the test data. Figure 1 is an outline of
the quick evaluation report form generated by this computer program.
Appendix B contains the final quick evaluation reports for a representative
sample of cables tested in penetration R607. Following is an explanation
of the quick evaluation report form (refer to Figure 1 for better
understanding).

The heading at the top of the form contains identifying information,
specifically the cable identification number, instrument tag number, cable
type, instrument elevation, the penetration and terminal identification,
and the date the cable was tested.

Data provided in the "Control Cable" column are obtained through a
laboratory test on an unused sample of cable of the same type undergoing
the in situ test. Laboratory test samples are obtained from GPU Nuclear or
the cable manufacturer and have not been exposed to the TMI~2 LOCA environ-
ment. The laboratory tests are performed using the same procedures and
equipment to be used for the in situ tests (Appendix A). The resulting
data serve as a basis for predicting expected in situ test results.

In the column labeled "Predicted," the data are obtained by combining
the control cable data with an estimate of the length of the cable under-
going the in situ test. This length is obtained from GP!) Nuclear records
of cable pull lengths. If the cable to be tested is connected to an instru-
ment, estimates are included for that instrument's resistance, inductance,
and capacitance, which will add co the measured values. The end instru-
ment's contribution is obtained by analyzing its electronic circuit
diagram, on file with GPU Nuclear.

"Instr. Adds," appearing in the lower right corner of the report form,
lists the end instrument's resistance, inductance, and capacitance values,
which were added to the predictions for the cable itself to obtain the pre-
dicted values provided in the column above.




CABLE # TYPE PENETRATION AND TERMINALS
INSTRUMENT TAG # ELEVATION DATE_____

PARAMETERS CONTROL CABLE PENETRATION TEST LEADS INSITU TEST PREDICTED
LOOP RESISTANCE ohme ohme ohwe ohme ohme |
TOTAL INDUCTANCE mioroH mioroH microH microH mioroH
TOTAL CAPACITANCE nf nf nf nf nf
INSUL. RESISTANCE ohms ohme ohme ohma ohme
DISSIP. FACT.

PROP. DELAY na/ft na/ft ns/ft T/TIME ne/ft
Z1=[SUR(L/CI ohms ohms ohms ohms ohme
22=98 {1+P/1 1) ohms chms ohme ohms chme
AVE. L/FT.

AVE.C/FT.

AVE. RES. /FT.

TDR LENGTH ft ft ft 't
IND. LENGTH ft ft ft ft
CAP. LENGTH ft ft ft ft
RES. LENGTH ft fL ft ft.
1/V=LC/(SQAR K)1 INSTR. ADDS;
RANDCM NOIS< volts volts volte

|PENETRATION AND INSiTU TEST DATA Hi|\Vc TEST LEAD DATA| SUBTRACTED

PREDICTED R,L AND

C_INCLUDE INSTR.

CONTRIBUTION

Figure 1.

Sample quick evaluation report

form.
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The test engineer uses the quick evaluaticn report, with the heading
information and the "Control Cable," "Predicted," and "Instr. Adds" columns
completed, as a guideline during in situ testing. The predictions give the
test engineer an estimate of the values expected from the measurements he
is taking. '

In the report column labeled "Test Leads," the data provided are spe-
cific to the test leads, which are wires connecting the measuring equipment
to the cables tc be tested. The tests and equipment used to obtain these
data are the same as those used in the in situ test (Appendix A). The test
lead data are later subtracted from the in situ test data.

In order to evaluate each cable, the measured value of penetration
wires must be subtracted from the total measured value. Thus, the
"Penetration" column contains a characterization specifically of the
penetration wires (wires without a cable connected inside the Reactor
Building).

The "In Situ Test" column contains measured values from which penetra-
tion and test lead values were subtracted. Data in this column, when
compared with the predictions in the adjacent column, provide a character-
jzation of the present status of the cable under examination.



RESULTS AND INDICATIONS

The quick evaluation plots for some of the cables tested in penetra-
tion R607 are contained in Appendix B. These charts are to serve as
examplas of the kinds of information available through this I&E research.
The "In Situ Test" and "Predicted" columns of the charts have been compared
for all 49 cables tested in penetration R607, and resulting preliminary
commenis are provided in Table 2. Also see Table 3 for a summary of those
cables found to be impaired and those found to be in good condition.
(Table 3 also provides an additional byproduct of the in situ tests: find-
ings of the condition of end instruments to which the tested cables were
connected. These findings have been sent to outside laboratories for
possible future analysis.)

Analysis of the data indicates there are several broken wires and
corroded contacts in penetration R607 (see Table 2 for specific loca-
tions). Insulation resistance measurements made between wires of different
cables in penetration R607 yielded evidence of “cross talk," an inter-
ference between two parallel wires in the penetration. The centerline of
penetration R607 is at the 292-ft elevation. Records of the 1979 accident
indicate that the water level in the Reactor Building basement reached a
peak elevation of 300 ft but settled at approximately 292 ft, partially
submerging the inner penetration box of R607. The "cross talk" encountered
may be due to water which remained in the penetration box when the water
level in the Reactor Building was lowered.

The most predominant cable anomaly encountered during the tests is a
shift in the cable's characteristic impedance, which could have been caused

by moisture ingress through the cable's insulation. Note that the mass
screening tests are not designed to assess the extent of damage to the
catles. Additional in situ tests are being developed for those cables
exhibiting an anomaly during the mass scan test.
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TABLE 2. PRELIMINARY ANALYSIS OF TESTS ON PENETRATION R607 CABLES
Cable Cable End Instrument
Number Type instrument mMfr
H2791 FR-15VVV RCP56-PS16 Static "0"
Ring
RCPEQ-LS7 Static "0"
Ring
H2811 FR-15WW RCP-1B Warrick Allis-
Relay Chalmers
RCP61-LS7A Static "0"
Ring
RCP61-LS8A Static "0"
Ring
H2911 FRI5VV RCP58-FS] Static "C"
Ring
RCP60-LS1 Static "0"
Ring
H2931 FR-15WW RCP-1A Warrick Allis-
Relay Chalmers
RCP61-LS2A Static "0"

Ring

Class

1E Notes

No Insulation resistance slightly low.

No Insulation resistance slightly low.

No No anomalies.

No No anomalies.

No No anomalies.

No Low insulation resistance and low
capacitance. Cable wet and end
instrument contacts corroded. Retest
and removal candidate.

No Low impedance. Cable wet and end
instrument contacts corroded. Retest
and removal candidate.

No No anomalies.

No No anomalies.

i
.
i
I
K1
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TABLE 2. (continued)
Cable Cable End Instrument Class
Number Ty pe Instrument b fr 1E Notes
H2931 FR-15WW RCP61-LSIA Static "0° No High contact resistance. Retest and
Ring removal candidate.
H3031I FR=-15VVY RCP58-FS3 Static "0" No No anomalies.
Ring
RCP60-LS3 Static "0" No Low insulation resistance and low
Ring impedance. Cable wet. Retest and
removal candidate.
H3051 FR-15HHH RCP-2A Warrick Allis- No No anomalies.
Relay Chalmers
RCP61-LS3A Static "0" No No anomalies.
Ring
RCP61-LS4A Static "0" No No anomalies.
Ring
H3151 FR-15VVY RCP58-FS5 Static "0" No Low insulation resistance and low
Ring impedance. Contacts corroded. Retest
and removal candidate.
RCP60-LS6 Static "0" No Low insulation resistance and 1ow
Ring impedance. Cable wet. Contacts
corroded. Retest and removal
candidate.
H3171 FR-i5WW RCP-2B Warrick Allis- No No anomalies.
Relay Chalmers
RCP61-LS5A Static "0" No No anomalies.

Ring
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TABLE 2. (continued)

Cable Cable End Instrument Class

Number Type Instrument Mfr 1E Notes

H3171 FR-15WW RCP61-LS6A Static "0" No No anomalies.

Ring

I 3201 FR-15AA RR-FT-1028 Foxboro No Impedance slightly low, insulation
resistance low. Cable may be wet.

IT3221 FR-15AA RR-FT-1029 Foxboro No Impedance slightly 1ow, insulation
resistance low. Cable may be wet.

IT15351 FR-15WW SP-1A-LT3 Bailey No Cable open at end instrument.
Insulation resistance and capacitance
low. Cfable wet. Retest and removal
candidate.

SP-1A-LT5 Bailey No Insuiation resistance and capacitance
low. Cable wet. Retest and removal
candidate.

Pins D-J NA NA Insulation resistance stightly low.

no instr.

IT15541 FR-15WW SP-6A-PT1 Foxboro No No anomalies.

Pins S-K NA NA No anomalies.

no instr.

Pins D-J NA NA Insulation resistance slightly low.

no instr.

IT 7691 FR-15AA RC-3A-PT5 Foxboro No Characteristic impedance changed. Low
Rosemount insulation resistance. Retest and

removal candidate.
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TABLE 2. (con*3nued)

Cable Cable End Instrument Class

Number Type Instrument Mfr 1E Notes

IT20741 FR-15W SP-1A-LT1 Bailey No Instrument appears to have failed.

RC22-PT Foxboro No No anomalies.
RC22-PT2 Foxboro No No anomalies.

IT2273i FR-15AA WDL-PT-1202 Foxboro No No anomalies.

IT23121 FR-15AA WDL-PT-1207 Foxboro No Characteristic impedance 1ow from
penetration out to approximately
83 ft. Cable wet in the area.
Suggest removal of 50-ft to 115-ft
section.

IT23141 FR-15AA WDL-PT-1211 Foxboro No Characteristic impedance low. Cable
wet.

IT24331 FR-15AA SP-1B-LT1 Bailey No Instrument appears to have failed.

IT24371 FR-15AA SP-1B-LT2 Bailey No Characteristic impedance low. Cable
wet. Instrument damage (corrosion).

IT24411 FR-15AA SP-1B-LT4 Bailey No Characteristic impedance change.
Cable wet. Instrument appears to have
failed.

1T24431 FR-15AA RR-FT-1035 Foxboro No No anomalies.

1T24451 FR-15AA RR-FT-1026 Foxboro No Capacitance high. Possible wet cable.

IT24471 FR-15AA RR-FT-1027 Foxboro No Capacitance 1ow.
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TABLE 2. (continued)

Cable Cable End Instrument Class
Number Type Instrument Mfr 1E Notes
IT24491 FR-15AA RC22-PT3 Foxboro No No anomalies.
1724511 FR-15AA RC22-PT4 Foxboro No Capacitance high. Possible wet cable.
1T24571 FR-15AA RC1-LT1 Bailey No Instrument appears to have failed.
1T24591 FR-15WK SP-6A-PT2 Foxboro No No anomalies.
Pins S K NA NA No anomalies.
no instr.
1T24641 FR-15WNW SP-1A-LT2 Bailey No Characteristic impedance change.
SP-1A-LT4 Bailey No Characteristi' ¢ impedance change.
Pins L-M NA NA No anomalies.
no instr.
1T24681 FR-15AA RCP-LT3 Bailey No Instrument appears to have failed
(shorted at input).
1124781 FR-15AA RC1-LT2 Bailey No Instrument appears to have failed due
to corrosion.
IT27371 FR-15AA CF1-PT Foxboro No Capacitance Tow. Retest.
with instr. NA NA No anomalies.
removed .
1727381 FR-15AA CF2-LT Bailey No Instrument appears to have failed.
with instr. NA NA No anomalies.

renoved
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TABLE 2. (continued)

Cable Cable End Instrument Class
Number Ty pe Instrument Mfr 1E Notes
IT27391  FR-15AA YM-UR-2 - No No anomalies.
1T27401 FR-15AA no instr. NA NA Characteristic impedance change. Wet
cable.
IT27411 FR-15AA CF1-PT2 Foxboro No Capacitance low.
IT27421 FR-15AA CF2-LT2 Bailey No Instrument appears to have failed.
with instr. NA NA No anomaiies.
removed
I1T27431 FR-15AA CF1-PT4 Foxboro No Capacitance 1ow.
1727441 FR-15AA CF2-LT4 Bailey No Instrument powered during testing.
I1T28221 | FR-15AA IC10-dPT Bailey No Instrument appears good. Suggest
removal of instrument for comparison.
IT30791 FR-15BB MU10-FT1 Brooks No Instrument appears to have failed.
1730801 FR-15BB MU10-FT2 Brooks No No anomalies.
IT30811 FR-15BB MU10-FT3 Brooks No Instrument appears corroded.
1730821 FR-15BB MU10-FT4 Brooks No No anomalies.
IT40781 FR-15AA SP-6B-PT1 Foxboro No Capacitance low.
IT41191 FR-155AA RC22-PT5 Foxboro No Capacitance low.

ITa1211 FR-15AA RC22-PT6 Foxboro No No anomalies.
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TABLE 2. (continued)

Cable Cable End Instrument Class

Number Type Instrument Mfr 1E Notes
IT4123-1 FR-15AA RC22-PT7 Foxboro No Capacitance low.
IT4125-1 FR-15AA RC22-PT8 Foxboro No Capacitance 1ow.
TD6571 FR-15BB RB-TE-3339 -- No Instrument has failed.
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TABLE 3. SUMMARY OF CONDITION OF CABLES AND INSTRUMENTS BY TYPE

Nomenclature

Cable Type
FR-15WNW
FR1-15VVY

FR-15HHH
FR-15AA

FR-1588
FR-15VV

Instrument Type

Pressure Switch
Level Switch
Flow Switch

Werrick Relay
Pressure Transmi tter
Level Transmitter

Flow Trancsmitter
Differential Pressure
Transmitter

Tempervatgre [loment
Particulate honitor

Number of
Cables

Tested

Condi tion

Number Number
Inpaired  _Good

2 5

3 1

0 1

17 14

1 4

1 0

0 1

1 5

1 0

0 2

3 15

13 1

4 5

0 1

1 0

0 1

Description

Anaconda: 6 conductors (3 pairs
#16 twisted & shielded)

Anaconda: 12 conductors (6 pairs
#16 twisted & shielded)

Anaconda: 6 conductors #16
shielded (Special Jacket)

Anaconda: 2 conductors #16
shielded

Continental: 3 conductors #16
shielded

Anaconda: 12 conductors (6 pairs
#16 twisted & shielded)

Static "0" Ring
Static "0" Ring
Static "0" Ring

A1l 1s-Chalmers
Foxboro-Rosemount
Bailey

Foxbhoro
Bailey




CONCLUS IONS

Special in situ tests will be designed to establish fault locations.
The faulty or damaged component will then be removed and retested at TMI
when practical to confirm the failure. The penetration will also be
retested to confirm that the faulty component has been removed and to
establish that there is only one failure mode. The failed or damaged
component will then be shipped off site for further elecirical and material
testing beyond the scope of this task.

By October 1984, engineers participating in the characterization
program hope to be able to define the extent to which cable and connector
degradation impaired the functional capability of the instrumentation in
the TMI-2 Reactor Building. By late 1985, information from laboratory
tests characterizing the nature of impairment to the cables and connectors
that will have been removed by then will be available for inspection by
utilities and by manufacturers of cable and connector equipment, as weli as
by the Nuclear Regulatory Commission and other standard-setting
organizations.

19



APPENDIX A
PROCEDURE FOR IN SITU CABLE TESTING AS APPROVED BY
GENERAL PUBLIC UTILITIES NUCLEAR CORPORATION
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Gpu Nm THI-2 Implementing Procedure Number
J1’ r Data Management and Analysis 4550-1MP-3700.01
Title Revision No.
Post Accident Testing of Electrical Equipment 0
1.0 _PUIIPOSE
1.1 The purpose of this procedure 1s to establish tests that identify and
loc2te faulty or failed cable system components of the power and
fnstrumentation channels. The test 1s designed to examine penetrations,
cables, connectors, splices, terminal strips and pul xes. This
document {s EG and G Number 007 007 311.
2.0 APPLICABILITY/SCOPE
¢.1 This procedure is applicable to all electri systems at TMI-2.
Testing will be performed 1n the reactor pyi outer penetration boxes
whenever possible,  If the penetration is accessible, testing
will be perfom@he control or re cabinet.
3.0 DEFINITIONS % Q?
3.1 None ( E
4.0 PROCEDURE Q
4.1 System ontomponent to b n will be deseXibed in Unit Work
Instruction (UWI) 4000- 01,
4.2 Prerequisites % W
4.2.1 Speci t&pnd materials ar fivéd in individual test
requ ts. All measur est instrumentation shall
be, ent calibntio% le to National Bureau of
4.2.2 Pérgdnnel making nasur&&s will be trained 1n measurement
%hniques by EG and G personnel. An EG and G test eny‘neer
1 be present during the testing.
4.3 Notify Shift Supervisor/Foreman of beginning of testing.
4.4 On each component, perform checks and tests identified on the Unit Y4ork
in:trgction 4000-ADM-3000.01 per instructions for tests from Exhibits
o L]
? 4.5 Notify Shift Supervi sor/foremn of completion of testing.
- NOTE 1: Sectfon 7.0 1ists tests by number and a brief description.
§ NOTE 2: Unit Work Instruction 4000-ADM-3000.01 identifies which tests,
31 by number, are to be performed on a component or system.
q
g NOTE 3: Exhibit 1 te 6 describes each test in greater d-%ail and
; {dentifies how data {s recorded.
g

AQ001050 11-82
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TMI-2 Implementing Procedure Number .
Em]Nuclear Data Management and Analysis - .. | 4550-1MP-3700.01
Title | Revision No. '
Post Accident Testing of Electrical Equipment

4.5.1 Attach all data sheets to the UWI package. Record test
equipment, calibration due date, sign and date the data sheets.

4.5.2 Submit copies of test data to the EG and G Test Engineer.
5.0 RESPONSIBILITIES
5.1 Responsibilities are as stated in Section 4.0 of tﬁ%ﬁ;edure.

6.0 REFERENCES QC%

6.1 TMI-2 Administrative Procedure 1002, Rules rotection of
Employees Working on Electrical and Me paratus.

6.2 TMI-2 Administ ocedure 1013, Bypas Safety Functions and
' Jumper (:ontro1 .

6.3 Radiation 1on Plan ?

6.4 Met [@et nual

6.5 Applica Drawings
- : 7.0 ATTACHMENTS
7.1 Exhibit 1 - Initia o e Characterizat T

7.2 Exhibit 2 - Ti Reflectometry
7.3 Exhibit 3 nce Heasureme
7.4 Exhibi uctance Measure

7.5 Exhib‘lt Insulation Resistance Test
7.6 Exhibit 6 - D.C. Loop Resistance Test

-
FORM 1000 ADM- 121201 2 (11 82)

A0001050 11-82
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[dINuclear

THI-2 Implesenting Procedure
Data Management and Analysis

Number
4550-1MP-3700.01

Title
Post Accident Testing of Electrical E

Revision No.

uipment

TEST 01 - Initial Voltage Characterization:
Equipment

N

FORM 1000 ADM 121841 7 (11 82)

EXHIBIT'1

resistor acros res,designated on Unit Work

Measure voltage acro sistor for one
NOTE : Time may vigied up to ten IWS at the discretion of
the er.

A. 1 Megohm resistor
8. HP3455 Volt-ohm meter
C. HP54204 digital signal analyzer

NOTE : Test e nt will be suppl

equiv s may be substitut

A. Connect 1 (Mego

Instrugpio

NDTE:&Resi stance valu

- enyineer. {3&
. N

t

c. Store data @(or tape) and note

or HP8S cm@tm
y

i nd G Idaho, Inc. and

\%

aried at the discretion of the test

o

e location on data sheet.

Q

A000105011-82
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r['7’im];<luclear

TMI-2 Implementing Procedure
Data Management and Analysis

Number

" 4550-IMP-3700.01

1 Title Revision No.
Post Accident Testing of Electrical Equipment 0
EXHIBIT 1
TEST FIKXTURE H 55A
[ ME
< >0
=5 RES
Tho:__‘u. ;c ® Lo

FORM 1000.A0M-121801 7 (1) 82y *

HP 6S CoMPuTER
OR
HPS5420A DGITAL
SIGNAL ANALYZER

Figure £-l. Block Diagram of Initial Voltage Characterization Test.

l HEWLETT-PACKARD
INTERFACE Bus

A000105011-82
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| mﬂuclear

TMI-2 Implementing Procedure
Data Management and Analysis

_ Number

4550- IMP-3700.01

Title Revision No.
Post Accident Testing of Electrical Equipment 0
EXHIBIT 1
Data Sheet 1, Sh ___ of . ,—&
Test 01 - Initial Voltage Characterization \ S
Cable Number .Penetution D
Test Point File Label sistance
(+) (-) S 44 :\ Value
AN\ ANEANY
PR\ S
725 =W>
AN PN ]
N 5 0
NN VaudiN
C:\ N AN N
Y V] .
N\ N !
Equipment ¥3ud <~, Serial No ATS C Date Cal. Due Date
N N
AX : \\ﬁv ]
NN Y — !
~ L
g‘ Signature/Date /
-
<
2
e
e
]
- AOO01050 11-82
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FORM 1000 ADM 121801 2 (11 82)

mﬂuﬂur ' TMI-2 Implementing Procedure

Data Management and Analysis

Number

4550-IMP-3700.01

Title

Post Accident Testing of Electrical Equipment . . .. .

RevisionNo.

EXHIBIT 2

TEST 02 - Time Domain Reflectometry:

B. HP85 computer system

Equipment
A.  Velonix pulser or Tektronix 109 pulser @

cC. Tektronix 7854 sampling scope

D. Tektronix volta robe @

E. Current Probe%
qui
1

NOTE : [
u

Method

&6

A. Set up té€st equipment @m block diagraQ
B. Take 10 data samp age to eliminate notsk.

Te
C.  Store data on d te file label g%heet.

\Y
ufpment will b su%@by EG and G Idaho, Inc. and
ents may M@n ed.

A-9
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Number

THI-2 Implementing Procedure
m"“‘“r Data Management and Analysis 4550-IMP-3700.01
Title Revision No.
Post Accident Testing of Electrical Equipment 0
EXHIBIT 2
]
50ph | VNortheg Pick CFF
Peote :
DesGnATeEd
Tesr W.e:
FLoPPy
HP 1225 CHETRr | e g5 copuxr [AUEER AT Dinc i
PLoER, dewe !
= Figure E-2. Slock Diagrem of Time Domain Reflectometry Test.
f S e—
i 1
z
= AQDO1050 11-B2




Number

y TMI-2 Implementing Procedure .
[dlINuc’ear Data Management and Analysis 4550- 1WP-3700.01

Title Revision No.

Post Accident Testing of Electrical Equ_ippent e —— 0

EXHIBIT 2

e %ég\

Test 02 - Time Domain Reflectometry

Q
Cadle Number Panetr; &ﬁx
R

Equipment yi?gh ‘F/ serfal No. ;\mﬁ:g‘m date | Cal. Due Date

AN Ac\\'g
—— [ANBE

Sgnature/Date /

FORM 1000 ADM 121K 0t 2 {11 82)
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.| Number
THI-2 Implementing Procedure
muucl‘ar ‘ Data Management and Analysis 4550- IMP-3700.01
Title Revision No.
Post Accident Testing of Electrical Equipment 0

EXHIBIT 3
TEST 03 - Capacitance Measurement:

Equipment
A. 'HP4261 or HP4262 digitai LCR meter \%}
(;,.,\\ )

8. Tektronix power supply

NOTE: Test equipment will be supplied by- nd’G Idaho, Inc. and
equivalents may be substi tutetf;z) \\,

Method 6&} ‘
A. Set up test, %t as shown in bﬁ% Ufagram.
B.  Measure cé@ce at 1:0, 1000 and }0{000 Hz.
\" ; - \\\.
C. Log e\@tm‘fce values and ass{ etl dissipation factors on data sheet.
N -
N \ff‘\L \
LT A

N

FORM 1000 ADM 1218 4 2 (11 B2)

A0D01050 11-82



. 7 Number ’
oa TMI-2 Implementing Procedure 3
m“ucl r Data Management and Analysis 4550-IMP-3700.01
Title ‘ Revision No.
P T rical E nt 0
EXHIBIT 3
@
fol ‘\Y '
- U
DESGNATED DIGITAL <§.?
TEST NRE’S% LCR e

3 []ez
&

@ F.’s\
" T~
f.;_]?\{ e
HPBS T -
\ .
& @q@afa

(\\\\S ’ - >

* Computur will Bz wsed o vecord data if LCR mater
ate ¢ 4ibl
etharwise, data will be hand vecorded on daa ;h‘:z';. e

B dETNg .

'

Figure E-3. Block Diagram of Capacitance Test.

FORM 1000 ADM 121800 2 {11 82)

A0DO1050 11-82
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ﬁll-z Implementing Procedure
Data Management and Analysis

Number
4550-IMP-3700.01

[{7]Nuclear

Post Accident Testing of Electrical Equipment

Revision No.

FORM 1000 ADM 1218111 2 (11 82)

EXHIBIT 3

Dats Seet 3, Sh of

Cadle Numder

Penetrasipon

S
Test 03 - Capacitance Measurement fﬁw

N,
s

NN

\A
Test Point F ,)# Series Ca{ e
(+) (<) ! Pargll Ayto File
'ﬁf ¢ ) . c D |Laber
¥ T
(L 10K Cho Y |
R YT -y N :
Nl |
. ™ o | /A~ \
120 | <N\<(d BN
K LV\_> 1oy
100N ol
» AN 2 "7
Equipment Used /| Serfal wo. LaspCa¥: Date Cel. Due
N . N Date
N v |
c.»c——--w Q N
EGNRN S
\X‘\‘
Sigcture/Date /

A000105011.82



Number

Data Management and Analysis

TMI-2 lmplementing Procedure '
m“"cl“r e ; 4550-1MP-3700.01
Title

Revision No.

Post Accident Testing of Electrical Eauipment : 0

FORM 1000 ADM 12101 2 (11 82)

EXHIBIT 4

TEST 04 - Inductance Measurement:

Equipment
A. HP4261 or HP4262 digital LCR meter @
B. Tektronix powe: supply C\b
NOTE: Test e uipment will be supplie @d G Idaho, Inc. and

equivalents may be substitute

Method %
A. Set up te@ nt as shown in b@agrw.

e at 120, 1000 0,000 Hz.

Y

Q° &
& &

A0001050 11-82
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Nusaber
mﬂmr THI-2 Isplementing Procedure
Data Management and Analysis 4550- INP-3700.01
Title Revision No.
Post Accident Testing of Electrical Equipment 0

EXHIBIT 4

DESIGNATED

S
D

G‘H'\n.rm.s e, cﬁ-a will be havd recarded on data sheot.

* Computer w g sad 4o cecord &7 # LCR meter s compalible, ]

Figure E-4. Block Diagram of Inductance Test.

FOAM 1000 ADM 121801 2 (11 82)

[
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FORM. 1000 ADM 121E 1)1

[dd7]Nuclear

Title

t

TMI-2 Implementing Procedure

Number

4550-IMP-3700.01

Data Management and Analysic

Revision No.

0

EXHIBIT 4

Data Sheet 4, Sh of
Test 04 - Inductance Measurwment

S
O

Coble fiumbder P h&
Test Point  ({ Serfes nducta
(+) ()
1

|. . o o fEnte
= 2 abel
4 1K \
<> = 0K ) ,
< 120 ) i
\@ " N\l Y A
KN A~ \
120~ N> RN .
S P |
A@ e >\
Equipment 4 serta) wo, st Date Cal. Due Date
< €N
NN N .
Sy i
i
" Stgnature/Date /

A0001050 11.82



FORM 1000-ADM 121K 01 2 {11 82)

Number
TMI-2 Implementing Procedure ‘
mnuc'“r Data Management and Analysis 4550- IMP-3700.01
Title Revision No.
_Post Accident Testing of Electrical Equipment 0
EXHIBIT 5

TEST 05 - Insulation Resistance:

Equipment

A.
B.
c.

0.
E.
F.

HP5420A digital signal analyzer

HP4329 insulation resistance meter @
Biddle resistance decade box %%)
/ E

NOTE: Test nt will be suppl EG and G ldaho, Inc. and
equi be substityted.

Method ' \/
Set up/;e pment as shown g diagram.

App'lf tage designated op u rk instruction. This voltage will be
c&j}m

determ after referen um allowable woltage for all circuit

components. S‘&

Record resistance f minutes. L\

NOTE: Time fed up to ten ( %‘Ztes at the discretion of
the neer.

Store data nd note file o data sheet.

Repeat {én C and D using on the voltage used previously.
If insn) resistance {s too low to register on meter, ensure that
Test 05--DC Loop Resistance is performed.

A0001050 11-82
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Number

THMI-2 Implementing Procedure
mu‘“ﬂ”’ Data Management and Analysis 4550-IMP-3700.01
Title Revision No.

Post Accident Testing of Electrical Equipment )

EXHIBIT §

RESISTAMCE

HFP4329 ' —tﬂ\§

INSULATION a¥AEDd Tesr Wiees

Q
RN 3
14 R 3
SuPPly % \(;\
% X

FORM 1000 ADM 121801 (11 82)

Figure E-5. Block Diagram of Insulation Resistance Test.

HP5420A
DIGITAL SIGNAL
AnNALYZER

HP-XB

HP 7225
PLOTTER

A-19
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Number

||°"a THI-2 lwplementing Procedure
m" r Data Management and Analysis 4550-1IMP-3700.01
Title Revision No.
Post Accident Testing of Electrical Equipment 0
EXHIBIT §

Data Sheet 5, Sh of
Test 05 - Insuletfon Resistance

Cadble Number Penetratfon . &AE

X =
Y4
»
%

AR/
4 T~
5 5
2 AN ,
1N =3 |
A -
T NN

,

§%> &al\'i\)h

Equipment Used @ g ‘sor(nl No. Last @.‘m Cal. Due Date

-

< =~
N

~

Signature/Date /

FORM 1000 ADM 121801 2 {11 82)

ADDD:050 11.82
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_ — e
THI-2 Implementing Procedure
EEN“S‘"G' Data Management and Analysfs [ 4550-IMP-3700.01

Revision No.

Post Accident Testing of Electrical Equipment , R 0

FORM 1000 ADM 121B ) 2 {11 82}

EXHIBIT 6
TEST 06 - DC Loop Resistance:

Eguimnt
A. HP3455 Volt-ohm meter

B. HP5420A digital signal analyzer or HPBS comp
NOTE: Test equipment will be supplied d G ldaho, Inc. and
equivalents may be substitute

Method %

A. Set up tes nt as shown 1n b@agram.

B. Take 1 0 of noise {volthge) and aver age. Record average voltage
on d

C. Input tant current s

0. Subtract average voltag tep B and cam&\loop resistance.

E. Store data on dis cord file Tabel sheet.

\

D
§§ &°

A0001050 11-82
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THI-2 Implementing Procedure
m"ucl‘ar Data Management and Analysis

Number
4550- IMP-3700.01

Title

Post Accident Testing of Electrical Equipment

Revision No.

71 82)

FORM 1000 ADM 121811

EXHIBIT 6

e——

DESIGNATED
TEST WIRES
-—

DiIsSc
DRIVE

{

Figure E-6. Block Diagram of OC Loop Resistance Test.

A-22
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[dlINuclear

TMI-2 Inplementing Procedure
Data Management and Analysis

Number

4550-IMP-3700.01

Title Revision No.
Post Accident Testing cf Electrical Equipment 0
EXHIBIT 6
Data Sheet 6, Sh ____ of C%g
Test 06 - DC Loop Resfstance . %
Cable Number Pcnetn% %
Test P Average File
{+) '\&2— Voltage t abel
Y U <
M\ O\
ANNAY \ o
25 =¥
AN ENANY
N A= O
N\
~ v ~
Equipment Use 4 Serfal No @ Cal. Due Date
/’“‘& P o
NS LN\
N g
N
z Signature/Date /
3!
:

A-23
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£-9

CABLE # _H2791 _

TYPE _FR-15VVY

PENETRATION AND TERMINALS _R6@7/J1/D-J

INSTRUMENT TAG # _ RCPEB-LS7 ELEVATION _3@5°'8" DATE __28/26/83

PARAMETERS ! CONTROL CABLE |__PENETRATION TEST LEADS INSITU TEST_ PREDICTED
LOOP RESISTANCE | 585 ohme | -98  chme | 411 ochme | OPEN  ohme | OPEN  chme
TOTAL INDUCTANCE | 13.2 pioroH | 3-8412 nioroH | 3-45  mioreH OPEN mioroH | OPEN  mioroH
TOTAL CAPACITANCE 1,83 ¢ | .o80 | 594 W | 7,187 of | 7.979258  of |
INSUL.RESISTANCE | .BE12 ohme ohme | -65E11  chme | 3-45E8  ohme | >10EQ chme |
DISSIP. FACT. OUT OF RANGE .0815 OUT OF RANGE
PROP. DELAY J 1.775  pe/ft | 1.5883  o/ft | 1.4845 o/ft | 898.6  T/TIME[1.775  ne/ft ?
Z1=[SQR (L/C] | 60.855 g | 184.85  ohme ohme NA ohme | 68.855  chme |
Z2=50 (1 +P/1-P) 73.426 .hme ohme ohme | 78.273  ohme | 73.426 - ohme
AVE. L/FT. .22 . 22667 .22 |
AVE.C/FT. .030083 . 0866334 . 230083
| \VE. RES. /FT. . 0885139 . 8967675 . 885139
iTuR LENGTH 60 fe | 13.417 fe 222. 14 ft | 232 ft
IND. LENGTH 60 ft | 13.417 fi NA F£ | NA ft
| CAP. LENGTH 59. 988 ft | 13.417 £t 205. 66 ft | 232 ft |
RES. LENGTH 59. 992 Fe | 13.417 fE NA Fe | NA Ft |
1/V=(C/(SQR K)1 | 1.76@2E-9 INSTR. ADDS; |
RANDOM NOISE ) volte | .21527 volts .185  volte | @ ohme
[PENETRATION AND INSITU TEST DATA HAVE TEST LEAD DATA SUBTRACTED - 2061 RHO.! @ mioroH
PRECICTED R.L AND C INCLUDE INSTR. |CONTRIBUTION 1 nf




v-8

CABLE # _H279I

TYPE __FR-1SVVV

PENETRATION AND TERMINALS R6@7/J1/A-E

INSTRUMENT TAG # _RCPS6-PS16 ELEVATION _305'0" DAYE __08/25/83

— PARAMETERS | CONTROL CABLE | PENETRATION TEST LEADS INSITU_TEST PREDICTED
LOOP RESISTANCE | .SB5  ohme | D908 ohme | -411 ohme | 2.8542  ohme | 1.9752  ohme
TOTAL INDUCTANCE | 13.2  mioroH | 38412 mioroH | 345  mioroH | SB.809 mioroH | 51.84  mioroH |
TOTAL CAPACITANCE 1,83 W | -089 of | .594 nf | SHORTED nf | SHORTED ¢
INSUL. RESISTANCE | .BE12 ohme ohme | +B5E11  ohme | 3:45E8  ohme | >1%E9 ohme |
DISSIP. FACT. OUT OF RANGE OUT OF RANGE OUT OF RANGE |
PROP. DELAY 1.775 o/ft | 1.5883 o/t | 1.4845 /et | 917.9  71/7IME| 1.775 ne/ft |
Z1=[SQR(L/C] 60.855 ohme | 18485  chme ohme NA ohme | 68:855  ohme
22=501+P/1-P) | 73.426  ohme ohms ohme | 75-885  ohme | 73426 ohme
AVE. L/FT. .22 . 22667 .22 i
AVE. C/FT. . 030283 . 0066334 . 830083 |
| AVE. RES. /FT. . 0985139 . 0067675 . 8985139

| TOR LENGTH 60 Ft | 13.417 ft 229,83 ft | 232 ft
IND. LENGTH 60 fFt | 13.417 ft 230.95 Ft | 232 Ft |
|CAP. LENGTH 5. 988 fFt | 13.417 ft NA FL | NA Ft
RES. LENGTH 5. 992 ft | 13.417 Ft 241.28 ft | 232 Ft |
l1/v=rC/SQR K01 | 1.76@2E-9 INSTR. ADDSs
RANDOM NOISE 2 volts | .21527 wvolte ) volts |@ chme
PENETRATION AND INSITU TEST DATA HAVE TEST LEAD DATA SUBTRACTED - 2055 RHO.| B mioroH
PREDICTED R, L AN C_INCLUDE INSTR. |CONTRIBUTION @ nf




G-9

CABLE # H2811/283C TYPE_FR-1SWW

[

PENETRATION AND TERMINALS RG6B7/J1/S-K

INSTRUMENT TAG # _RCP61-LS8A ELEVATION _385°8" DATE _P§9/18/83
PARAMETERS CONTROL CABLE | PENETRATION TEST LEADS INSITU TEST _PREDICTED
LOOP RESISTANCE .S05  ohme | 0908 ohme | 411 ohms | 2.2182  ohme | 1.9649 ohme |
TOTAL INDUCTANCE | 13 mioroH | 3:8412 mioroH | 3:45  mioroH | 48-509 miorcH | 51.82684 mioroH |
TOTAL CAPACITANCH 1,59 W | - 151 W | .594 nf | SHORTED nf | SHORTED ¢
INSUL. RESISTANCE | 1. 75€11 ohme ohme | «B6SE11l ohme | 2.5EB ohme | >1CE9 ohme |
DISSIP. FACT. OUT OF RANGE .2 OUT OF RANGE
PROP. DELAY 1.6242 qa/ft | 1.5883  a/ft 1.4845 e/ft | 867.1 T/TIME| 1. 6242 ne/ft 5
Z1=[SQR (L/C] 63.938 ohme | 141.92  ohme ohms NA ohme | 63.938 chee _
22=50C1+P/1-P) | 66.279  ohme ohne ohms | 67.896  ohme 166:279 - ohme
AVE. L/FT. . 21806 . 22667 . 21806 |
AVE.C/FT. . 8261 . 011254 . 8261 i
| AVE. RES. /FT. . 0283972 . 8867675 . 283972
| TOR LENGTH 59.999 ft | 13,417 ft 235.53 Ft | 234 ft
IND. LENGTH 59. 997 Ft | 13,417 Ft 222. 46 Ft | 234 ft |
CAP. LENGTH 59. 985 ft | 13,417 ft NA Ft | NA ft |
RES. LENGTH 59. 999 ft | 13,417 ft 264. 16 F | 234 Ft |
1/V=[C/(SGR K] | 1.7682E-9 INSTR. ADDS; !
[RANDOM NOISE ) volts | .55 volta 0 volte | B ohme
PENETRATION AND INSITU TEST DATA HAVE TEST LEAD DATA SUBTRACTED - 146 RHO.| B mioroH
[PREDICTED R, L ANO C INCLUDE INSTR. |CONTRIBUTION @ nf

e




9-8

CABLE # _H2811/H282C TYPE _FR-1SWW

PENETRATION AND TERMINALS R607/]J1/g-a

INSTRUMENT TAG # _RCP61-LS7A ELEVATION _305'0" DATE _@9/19/83
PARAMETERS CONTROL CABLE | _PENETRATION TEST LEADS INSITU_TEST PREDICTED
LOOP RESISTANCE | .SB5  ohme | .P998  ohme | 411  ohme | 1.8274  chme [1.8398  chme |
TOTAL INDUCTANCE | 13 mioroH | 3:8412 mioreH | 345 _ mioroH | 49.509 mioroH | 58. 37186 mioroH |
TOTAL CAPACITANCE 1, 59 W | .151 oF | .594 nf | SHORTED of | 78201 nf |
INSUL. RESISTANCE | 1.75E11  chme ohme | -65E11  ohme | 4. SEB ohme | >10E8 ohme
DISSIP. FACT. OUT OF RANGE .2 OUT OF RANGE
PROP. DELAY 1.6242 ne/ft | 1.5883  e/ft | 1.4845 .a/ft | 750 T/TIME|1.6242  ne/ft
Z1=[SQR (/C) 63.938  ohme | 141.92  chme ohme NA ohme_| 63. 938 chms_
Z2=58 (1+P/1-P) 66.279  ohme ohme ohme | 54.058  ohms | 66.279 ohms
AVE. L/FT. . 21806 . 22667 . 21806 |
AVE.C/FT. . 8261 . 811254 . 8261 |
AVE. RES. /FT. . 8983972 . 2867675 . 8283972 |
|TOR LENGTH 59. 999 ft | 13.417 ft 199, 48 ft | 231 ft |
IND. LENGTH S8. 997 ft | 13.417 £t 227. 84 ft 231 Ft | j
CAP. LENGTH S9. 985 ft | 13.417 ft NA ft | 231 ft ;
RES. LENGTH 59. 999 ft | 13.417 ft 217.62 ft [ 231 £t
1/V=[C/(SGR K> | 1.76@2E-9 INSTR. ADDSs ¢
RANDOM NOISE a volts | .55 volts a volte |@ ohme |
PENETRATION AND INSITU TEST DATA HAVE TEST LEAD DATA SUBTRACTED - 839 RHO.| @ miorcH
LPREDICTED R, L ANO C INCLUDE INSTR. |CONTRIBUTION 1 nf




L-9

CABLE # H2811/H284C TYPE FR-15WW

INSTRUMENT TAG # _RC-P-18

PENETRATION AND TERMINALS _R687/J1/p-n

ELEVATION _305'@"

)

DATE__@9/19/83

PARAMETERS | CONTROL CABLE | PENETRATION TEST LEADS INSITU TEST LRMLED___'
LOOP RESISTANCE | .SB5  ohme | 8988 ohme | - 411 ohme | OPEN  chme | OPEN  ohme |
TOTAL INDUCTANCE 13 mioroH 3. 8412 mioroH 3.45  miorcH OPEN _ miorcH OPEN mioroH ‘
TOTAL CAPACITANCE  1.59 o | 151 oF | 584 nf | 14245  of | 18.7614 o |
INSUL.RESISTANCE | L75E11  ohme _ohme | 6511 ohme | NODATA  ohme | >1ZE9  ohme |
DISSIP. FACT. OUT OF RANGE . 9632 OUT OF RANGE |
PROP. DELAY 16242 _o/pt | 1.5883  orft | 1.4845 _ospt | 1418.5  T/TIME| 18242 ne/fi
21=[SQR (L/C] 63.938 ppe | 141.82  hme ohme NA__ ohms [83.9%8  chms |
42=50(1+P/1-P) 66.278  chme ohme ohme 53.386 ohme | 88.279 ohme
AVE. L/FT. . 21806 . 22667 . 21808 |
AVE. C/FT. . 8261 . 811254 . 8261 |
AVE. RES. /FT. . 8883972 . BB67675 . 8983972
TOR LENGTH 50.909  ft | 13.417 ft 482. 81 Ft | 374 ft
IND. LENGTH 50.097  ft | 13.417 FL NA Fe | NA fr |
CAP. LENGTH 50.985  ft | 13.417 Ft 587. 47 Ft | 374 ft
RES. LENGTH 50.999  ft | 13.417 Ft NA fe | NA F |
IN=[C/(SGR K)1 | 1.7682E-9 INSTR. ADDSs
RANDOM NOISE | @ volts | .55 volte 0 volte | @ ohme

|PENETRATION AND INSITU TEST DATA HAVE TEST LEAD DATA| SUBTRACTED - 832 RHO.| @ mioroH
PREDICTED R.L AN C INCLUDE INSTR. | CONTRIBUTION 1 nf
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"CABLE # H2911

TYPE _FR-15VY

INSTRUMENT TAG # _ RCPS8-FS1

PENETRATION AND TERMINALS _R687/J2/A-E

ELEVATION _3@5’8"

DATE __p8/26/83

— PARAMETERS | CONTROL CABLE | PENETRATION TEST LEADS INSITU TEST mﬁ
LOOP RESISTANCE .508 ohme | -0908 ohme | .411 ohme | OPEN _ ohme | 3.4634  ohme
TOTAL INDUCTANCE | 12,2  wioroH | 3:8412 mioroH | 3.45  mioroH |  OPEN mioroH | B84.4881 mioroH |
TOTAL CAPACITANCE] 1,82 | .g89 of | .59 of | 5.787 _ nof | SHORTED _ nf
INSUL.RESISTANCE | 1.4E11  chme ohme | -B5E11  ohme | <1BE6 _ ohme | >12E9 chme |
DISSIP. FACT. OUT OF RANGE .13 OUT OF RANGE |
PROP. DELAY 1.6767 ,e/ft | 1.5883 ,e/ft | 1.4845 ne/ft | 1438 T/TIME| 1. 6767 ne/ft |
Z1=[SQR(L/C] 57.893  ohme | 184.85  chme chms NA ohme_|_57.893 ohme__
Z2=58(1+P/1-P) 63.379 ohme ohme ohms | 72.399  ohme | 63.379 chme
AVE. L/FT. . 20361 . 22667 . 28361 |
| AVE. C/FT. . 030386 . 8266334 . 339386 1'
| AVE. RES. /FT. . 0084472 . BO67675 . DBB4472

| TOR LENGTH | 59.999 ft | 13.417 ft 398. 4 ft |40 ft
IND. LENGTH | 50,099 ft | 13.417 ft NA ft | 410 ft
| CAP. LENGTH S9. 999 ft | 13,417 ft 189. 79 FL | NA ft
| RES. LENGTH 59,889  ft | 13.417 28 NA ft | 410 ft |
l1/v=tC/sOR K01 | 1.7682E-9 INSTR. ADDS;
RANDOM NOISE e volte | .B029  volts 2 volte (@ ohme
PENETRATION AND INSITU TEST DATA HAVE TEST LEAD DATA SUBTRACTED - 183 RHO.| 1 mioroH
PREDICTED R, L ANO C INCLUDE INSTR. |CONTRIBUTION @ nf
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CABLE # _H291I

TYPE __FR-15VV

PENETRATION AND TERMINALS _R687/J2/D-J

INSTRUMENT TAG # _RCP6@-LS1 ELEVATION _305'@" DATE__@8/26/83
PARAVETERS CONTROL CABLE | PENETRATION TEST LEADS | INSITU TEST PRENICTED
LOOP RESISTANCE | .SB8  ohme | -0988 ohme | .41l ohme | 3:4982  ohme | OPEN ohme !
TOTAL INDUCTANCE | 12.2  myoroH | 3:B412 microH | 345  mioroM | 85-589 mioroM | OPEN _ msorch |
TOTAL CAPACITANCE 1.82 nf | . 883 of | .59 nf | SHORTED nf | 13.45828  .f .
INSUL. RESISTANCE | 1.4E11  chme _chme | 6511 chme | NODATA  chme | >1BES chme |
DISSIP.FACT. OUT OF RANGE OUT OF RANGE | OUT OF RANGE |
PROP. DELAY 16767 .a/ft | 1.5883 na/ft | 1.4845 reset | 1484 T/TIME| 1.6767  eset |
Z1=[SQR(L/C] 57.893  ohme | 184.85  _hme ohme NA ohme | 57.883 chme
22=50(1+P/1-P) 63.379 ohme chme ohme | 77.551  ohme | 63.379 ohme
AVE.L/FT. . 20361 . 22667 . 20361 |
AVE. C/FT. . 930386 . 0066334 . 030388 "

AVE. RES. /FT. . 0084472 . 0067675 . BB844T

TOR LENGTH 59.998  ft | 13.417 Ft 412.12 7t | 410 ft
IND. LENGTH 59.998  ft | 13,417 ft 419. 96 Ft | NA e |
|CAP. LENGTH 59.998  ft | 13.417 Ft CONA ft | 410 £t |
RES. LENGTH 59.998  ft | 13.417 Ft 403. 47 Fe | NA FL |
1/V=IC/(SGR K)1 | 1.76@82E-9 INSTR. ADDS;
RANNOM NOISE 1] volte . 8629 volts .08068 volte | @ ohme
PENETRATION AND INSITU TEST DATA HAVE TEST LEAD DATA SUBTRACTED -216 RkJ.f @ mieroH
PREDICTED R,L ANO C INCLUDE INSTR. |CONTRIBUTION 1 nf
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CABLE # H2931/H284C TYPE FR-15WW

PENETRATICN AND TERMINALS _R687/J2/p—n

INSTRUMENT TAG # _RCP61-LS1A ELEVATION _305°'0" DATE _@29/19/%3
PARAMETERS | CONTROL CABLE | PENETRATION TEST LEADS INSITU TEST PREDICTED
LOOP RESISTANCE | .85  ime | P98  ohwe | 411 ohme | 450 ohme |3.5856  che |
TOTAL INDUCTANCE | 13 pyorohi | 3:8412 mioroH | 3-45  mioroH | OPEN mioroH | 93.11162 myomcH |
TOTAL CAPACITANCE 1.59 o | 156 of | .584 nf | 3.85 of [12.1447  of |
| INSUL.RESISTANCE | 1.75€11  ohme ohme | -B5E11  ohme | NO DATA _ ohme | >10ES chme |
DISSIP. FACT. OUT OF RANGE OUT OF RANGE OUT OF RANGE
PROP. DELAY 1.6242 ./t | 1.5883  ng/ft | 1.4845 ne/ft | 1296.5 T/TIME| 1.6242  ne/ft
Z1=[SQR(L/C] 63.938 ohme | 139.62 ohme ohms NA ohme | B3. 938 chne
Z2=50 (1+P/1~-P) 66.279  ohme ohme ohms | 57-197  chme |66.279 ohme |

AVE. L/FT. . 21806 . 22667 . 21686

AVE. C/FT. . 8261 .B11627 . 8261

AVE. RES, /FT. | .0883972 . 8967675 . 0083972

TOR LENGTH | sa.099  ft | 13.417 £t 367. 72 Ft | 427 Ft
IND. LENGTH 59. 997 ft | 13.417 ft NA ft | 427 ft
CAP. LENGTH S9. 985 ft | 13.417 ft 113.03 ft | 427 ft
RES. LENGTH S9. 999 ft | 13.417 £L NA ft | 427 |
1/V=[C/(SQR K)1 | 1.7682E-9 INSTR. ADDSy !
RANDOM NOISE a volte .5 volte N .05 volte | @ ohme
|PENETRATION AND INSITU_TEST DATA HAVE TEST LEAD DATA SUBTRACTED . -@6714 RHO.| @ microH
|PREDICTED R,L. ANO C_INCLUDE INSTR. |CONTRIBUTION 1 nf |
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CABLE # _H2931/H296C TYPE _ FR-1SWW PENETRATION AND TERMINALS _R687/J2/S-K

INSTRUMENT TAG # _RC-P-1A ELEVATION _305°@" DATE _88/19/83
PARAMETERS CONTROL CABLE | PENETRATION TEST LEADS INSITU TEST | _ PREDICTED

LOOP RESISTANCE | .SP5  otme | <0998  ohme | 411 ohme | 4766 ohme | OPEN ohme
TOTAL INDUCTANCE 13 mioroH 3.8412 mioroH 3.45 _mioroH OPEN  mioroH OPEN mioroH | f
TOTAL CAPACITANCE 1, Sg of | 156 of | .594 W | 1815 £ 112717 e
INSUL. RESISTANCE | 1 75E11  ohme _ohme | -65E11  ohme |NOOATA  ochme | 163 ohme |
DISSIP. FACT. OUT OF RANGE .45 OUT OF RANGE |
PROP. DELAY 1.6242 /et | 1.5883  pe/ft | 1.4845 .g/pr | 1609.5 T/TIME| 1.6242  ne/ft |
Z1=[SQR (L/C] 63.938  ohme | 139:62 ohme ohms | NA chme | 63-938 ohue
22=50(1+P/1-P> 66.279 e ohme ohme | 52-775  chme | 86:278 chme |
AVE.L/FT. . 21806 . 22667 . 21806 ! |
AVE.C/FT. . 8261 . 011627 . 8261 |

AVE. RES. /FT. . 0083972 . 8867675 . 8283972

TDR LENGTH 59. 999 Ft | 13,417 ft 464.07 ft | 487 ft

IND. LENGTH 59. 997 Ft | 13.417 ft NA F£ | NA ft

CAP. LENGTH 5. 985 Ft | 13.417 ft 695. 4 ft | 487 ft

RES. LENGTH 53.998  ft | 13,417 ft NA FL | NA fL

1/V=[C/(SQR K)] | 1.7602E-Q INSTR. ADDS; |

RANDOM NOISE 8 volte | .5 volte 1.2 volte {3 chme |

| PENETRATION AND j«szru TEST DATA %)r\@TEST LEAD DATA SUBTRACTED  _ -@827 RHO.) 8 mioroH
|PREDICTED R, ANO C_INCLUDE INSTR. |CONTRIBUTION 8 nf




¢L-9

CABLE # __H2931/H295C TYPE FR-15WW

INSTRUMENT TAG # _ RCP61-LS2A

PENETRATION AND TERMINALS _R687/J2/g-a

ELEVATION _385'@"

DATE

29/19/83

__PARAMETSRS | CONTROL CABLE | PENETRATION TEST LEADS INSITU TEST m_,
LOOP RESISTANCE | .S05  ohme | .0908 ohme | <411 ohme | 2.7882  ohme | 3.5856 ohme
TOTAL INDUCTANCE | 13 pioroH | 3-B412 mioroH | 3-45  mioroH | 79.189 mioroH | 93. 11162 miorcH |
TOTAL CAPACITANCE 1,50 ¢ | .156 of | 504 of | SHORTED ¢ | SHORTED ¢ |
INSUL.RESISTANCE | 1.75E11  ohme ohme | -65E11  ohme | NO DATA  ohme | >10E9 chme |
DISSIP. FACT. OUT OF RANGE ) OUT OF RANGE
PROP. DELAY 16242 pg/ft | 1.5883  pe/ft | 1.4845 ,a/ft | 1386.5 T/TIME| 1.6242  ne/ft
Z1=[SQR(L/C] 63.938  ohme | 139.62  ohme ohms NA ohme_| 63:938 ohme
22=358(1+P/1-P) 66.279  ohme ohme ohme | 608.847  ohme | 86.279 - ohme
AVE. L/FT. . 21806 . 22667 . 21806

AVE. C/FT. . 3261 . 011627 . @261

| AVE. RES. /FT. . 0083972 . 6067675 .0083972

| TOR LENGTH 59,999  ft | 13,417 Ft 395. 43 Ft | 427 ft
IND. LENGTH 59. 997 fFt | 13.417 fe 362. 79 ft | 427 FL |
CAP. LENGTH 59. 985 fe | 13.417 fe NA Ft | NA ft
RES. LENGTH 50,999  ft | 13.417 ft 352, 84 Ft | 427 Ft |
l1/v=[C/(SQR K01 | 1.76B2E-9 INSTR. ADDS;
|RANDOM NOISE 2 volte | .5 volte .82 volte | B chme
PENETRATION AND INSITU TEST DATA HAVE TEST LEAD DATA SUBTRACTED - 8913 RHO.! B mioroH
PREDICTED R,L ANO C INCLUDE INSTR. {CONTRIBUTION @ nf
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