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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.O. Box 88, Middletown, PA 17057. Those interested in more information 
regarding the overall cables an~ connections task should contact 
C. P. Cannon, Westinghouse Hanford Company, P.O. Box 1970, Richland, WA 
99352, or R. D. Meininger, Instrumentation and Electrical Program Manager, 
EG&G Idaho, Inc., P.O. Box 88, Middletown, PA 17057 • 
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TMI-2 CABLE/CONHECTION PROGRAM: LOOK AT IN SITU TEST DATA 

INTRODUCTION 

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

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 installat10n of instrumentation, electrical, 
and cable systems equipment. 

Late in 1981, cable systems became a major concern to the Instrumenta­
tion and Elect,'ica1 (I&E) Program at TM!. This concern was elevated from a 
minor one to a major one because Ca) 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 ft of C~nlg~ in thQ P.@aetor BU11ding--a major cost element~ (c) all 
controls and information operate and flow via cables; and (d) analysis of 
t~~iY iYi~umn would proyici@ valuoDl@ infoPmJtion f8~ m~~'t6r'n9 post.­
accident conditions, developing cleanup plan parameters, and ensuring 
greater plant safety. 
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Through its Cables/Connections Task, the I&E Program group seF~s to 
determine the effects of the TMI-2 accident and post-accident conditions on 
the cables 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 assembly 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, terminal boxes, terminal blocks, splices, bulk cable, 
and connections. 

The infOrmation and understanding generated by the Cables/Connections 
Task group wi 11 be specific to the TMI-2 components and wi 11 reflect thei r 
specific responS/l!S to the loss-of-coolant accident (LOCA) and post-LOCA 
environment at TftH-2. But while these task results will be TMI-2 site 
specific, they w'ill help to generate basic guidelines regarding the 
response of cable and connection components to a LOCA experience. Such 
guidelines will serve to help government and the nuclear industry make com­
ponents more resistant t.o conditions like those encountered in the TMI-2 
Reactor Buildin9, as we'll as help them re-evaluate qualification testing 
procedures and regulatory mandates in light of this actual LOCA experience 
data. 

The byproJuct 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 rad<jationt 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 elata, 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. 
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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 analyzed and compared with 
laboratory data. The final information will then be issued in a GEND 
formal report. 
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TESTING PROGRAM 

A registry of the approximately 1800 electrical channels in the 
Reactor Building has been made. These channels have been sorted according 
to safety or nonsafety status, previous in situ testing data, and location. 
A representative num h 2r (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 l~boratory 

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: 

o Initial Voltage Characterization 

o Time Domai n Ref"tectometry 

o Capacitance 

o Inductance 

o Insulation Resistance 

o Direct Current Loop Resistance. 
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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 09 cables that were selected for testing in electrical 
penet,-ation R607 were chosen based on five factors: 

1. Results from prior in situ tests 

2. End instrument has been removed 

3. Location in the Reactor Building 

4. Representative of cable types 

5. 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 conta;n~ 
th~ attual test procedure, which was approved by GPU Nuclear. 
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TABLE 1. BASIS FOR SELECTION OF CABLES IN PENETRATION R607 

Cable Basis for Cable Basis for 
Identif1cat ion Selectiona Ident ificat ion Selectiona 

H2791 1 IT2457I 5 
H281 1 5 IT24591 5 
H291 1 1 IT24641 5 

H2931 5 IT2468 1 5 
H3031 1 IT24781 5 
H3051 5 IT27371 1&2 

H3151 1 IT27381 1&2 
H3171 5 IT27391 b 1&2 
IT13201 5 IT27401 1&2 

IT13221 5 IT2741 I 1&5 
IT15351 c 4 IT2742Id 1&2 
IT15541 e 4 IT27431 f 1&5 

ITl76919 4 IT27441h 1&2 
IT20741 5 IT2822 I i 1 
IT23101 5 IT30791 1 

IT23121 5 IT3080I 5 
IT23141 5 IT30811 5 
IT2433I 5 IT3082 I 5 

IT24371 5 IT4078I 5 
IT24411 5 IT41191 5 
IT2443I 5 IT4121I 5 

IT24451 5 IT4l231 5 
IT24471 5 IT4l25I 5 
IT2449I 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 GEHD-INF-017, Vol IV. 
i. See GEND-INF-017, Vol VI. 
j. From inner penetration box resistance thermometer. 
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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 fot~ (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 GPU 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. 
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CABLE fI TYPE ___ _ PENETRATION AND TER~INALS 
INSTRUMENT TAG * ___ _ ELEVATION __ _ DATE __ _ 

PARAMETERS CONTROL CABLE PENETRATION TEST LEAD'; I INSITU TEST PREDICTED 
LOOP RESISTANCE ohm. ohms oh ... oh .... ohlne 
TOTAL INDUCTANCE miorcH mioroH lIIioroH (.toroH mloroH 
TOTAL CAPACITANCE nf nr nf nf nf 
I NSUL. RESISTANCE ohms ohm. ohm. ohm. ohm. 
OISSIP. FACT. 

PROP. DRAY ns/ft. ns/ft. t'I./ft. T/TIME n./ft. 
I Zl- [SQR (L/Cl ohms ohm. ohm. ohm. ohm. 
L~==~~ 0 +P I! -.f') ohm. ohm. ohm. ohm. ohm. 

co AVE. LIFT. 

AVE. C/FT. , 

I AVE. RES. 1FT. 
i 
TOR LENGTH ft. ft ft. ft. 

IND. LENGTH fe ft. ft. ft. 

CAP. LENGTH n. tt. ft. ft. . 
RES. LENGTH tt. t~ ft. ft, 

;',J 

liVe eel (SQR K)] !NSTR. ADDs. . 
RANDOto! NO! 5": val t.. volt.. volt.. 

PENETRATION AND 1 NsrTU TEST DATA H VC: TEST LEAD 0.\ T,., SUBTRACTED 

EREJUCTED R. L AN[ C INCLUDE I NSTR. CONTRIBUTION -

Figure 1. Sample quick evaluation report form. 



The test engineer uses the quick evaluation report, with the heading 
information and the "Control Cable," "Predicted,1I and IIInstr. 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 IITest leads,1I the data provided are spe­
cific to the test leads, which are wires connecting the measuring equipment 
to the cables to 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 ll column contains a characterization specifically of the 
penetration wires (wires without a cable connected inside the Reactor 
Building) • 

The IIIn Situ Test ll 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
ization of the present status of the cable under examination. 
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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 
examples 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 
comments 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 wer~ 
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 anoma1y 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 

cables. Additional in situ tests are being developed for those cables 
exhibiting ~n anomaly during the mass scan test. 
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TABLE 2. (continued) 

Cable Cable End Instrument 
Number Type Instrument ~ifr 

H293I FR-1SWW RCP6l-LS1A Static "0f! 
Ring 

H303I FR-1SVVV RCP58-FS3 Static "0" 
Ri ng 

RCP60-LS3 Stati c "0" 
Ring 

H30SI FR-1SHHH RCP-2A Warri ck All i s-
Relay Chalmers 

--' 
N RCP6l-LS3A Static "0" 

Ring 

RCPbl-LS4A Stati c "0" 
Ring 

H31S1 FR-1SVVV RCP58-FSS Static "0" 
Ring 

RCP60-LS6 Static "0" 
Ring 

H3171 FR-15WW RCP-2B Warri ck All i s-
Relay Chal mers 

RCP61-LS5A Static "0" 
Ring 

Class 
lE 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Notes 

High contact resistance. Retest and 
removal candidate. 

No anomalies. 

Low insulation resistance and 10w 
impedance. Cabl e wet. Retest and 
removal candidate. 

No anomalies. 

No anomal i es. 

No anomalies. 

Low insulation resistance and low 
impedance. Contacts corroded. Retest 
and removal candidate. 

Low insulation resistance and low 
impedance. Cable wet. Contacts 
corroded. Retest and removal 
candidate. 

No anomal ies. 

No anomal i es. 

't' . 



TABLE 2. (continued) 

Cable Cable End Instrument Cl ass 
Number Type J.rlstrument Mfr lE Notes 

H3l7I FR-15WW RCP6l-LS6A Stati c "0" No No anomal ies. 
Ring 

ITI320I FR-15AA RR-FT-1028 Foxboro No Impedance slightly low, insulation 
resistance low. Cable may be wet. 

IT1322I FR-15AA RR-FT -1029 Foxboro No Impedance slightly low, insulation 
resistance low. Cable may be wet. 

IT1535I FR-15WW SP-1A-L T3 Bailey No Cable open at end instrument. 
Insulation resistance and capacitance 
low. Cabl e wet. Retest and removal 

--' candidate. 
w 

SP-1A-L T5 Bailey No Insu1ation resistance and capacitance 
low. Cable ~et. Retest and removal 
candidate. 

Pins D-J NA NA Insulation resistance sli9htly low. 
no instr. 

IT1554I FR-15WW SP-6A-PTl Foxboro No No anomalies. 

Pins S-K NA NA No anomalies. 

I no instr. 

Pins D-J NA NA Insulation resistance slightly low. 
no instr. 

rTI769I FR-15AA RC-3A-PT5 Foxboro No Characteristic impedance changed. Low 
Rosemount insulation resistance. Retest and 

removal candidate. 



TABLE 2. (co"+~nued) 

Cable Cable End Instrument Class 
Number Type Instrument Mfr lE Notes 

IT2074 I FR-15W SP-1A-LTl Bailey No Instrument appears to have failed. 

RC22-pn Foxboro No No anomalies. 

RC22-PT2 Foxboro No No anomalies. 

IT2~~Oi FR-15AA WDL-PT-1202 Foxboro No No anomal ies. 

IT23121 FR-15A.A WDl-PT-1207 Foxboro No Characteristic impedance low from 
penetration out to approximately 
83 ft. Cable wet in the area. 
Suggest removal of 50-ft to 115··ft 

--' section. 
-'=" 

IT2314I FR-15AA WDL-PT-12ll Foxboro No Characteristic impedance low. Cable 
wet. 

IT2433 I FR-15AA SP-l B-L Tl Bailey No Instrument appears to have failed. 

IT2437I FR-15AA SP-l B-LT2 Bail ey No Characteristic impedance low. Cable 
wet. Instrument damage (corrosion). 

IT2441I FR-15AA SP-l B-LT4 Ba iley No Characteristic impedance change. 
Cable wet. Instrument appears to have 
failed. 

IT2443 I FR-15AA RR-FT -1035 Foxboro No No anomal ies. 

IT2445 I FR~15AA RR-FT -1026 Foxboro No Capacitance high. Possible wet cable. 

IT24471 FR-15AA RR-FT-1027 Foxboro No Capacitance low. 





TABLE 2. (continued) 

Cable Cable End Instrument Class 
Nurmer Type Instrument Mfr lE Notes 

IT2739I FR-15AA YM-IJR-2 No No anomal i es. 

IT27401 FR-15AA no instr. NA NA Characteristic impedance change. Wet 
cabl e. 

IT2741I FR-15AA CF1-PT2 Foxboro No Capaci tance low. 

IT27421 FR-15AA CF2-L T2 Sa il ey No Instrument appears to have failed. 

wi th instr. NA NA No anomal ies. 
removed 

~ 11'27431 FR-15AA CF1-PT4 Foxboro No Capacitance low. 
~ 

IT2744! FR-15AA CF2-LT4 Bail ey No Instrument powered during testing. 

11'28221 FR-'I5AA IC10-dPT Bail ey No Instrument appears good. Suggest 
removal of instrument for comparison. 

IT30791 FR-15SB MU10-FTl Brooks No Instrument appears to have failed. 

IT30801 FR-15BB MU10-FT2 Brooks No No anomalies. 

IT3081 I FR-15BB MU10-FT3 Brooks No Instrument appe~rs corroded. 

I T3082 I FR-15B6 MU10-FT4 Brooks No No anomal ies. 

IT40781 FR-15AA SP-6B-PTl Foxboro No Capacitance low. 

IT4l191 FR-155AA RC22-PT5 Foxboro No Capacitance low. 

IT4l2l1 FR-15AA RC22-PT6 Foxboro No No anomal i es. 

.. 



TABLE 2. (continued) 

Cable Cable End 
Number TYEe _ Instrument 

IT4123-I FR-15AA RC22-PT7 

IT4125-I FR-15AA RC22-PT8 

..... T06571 FR-15BB RB-TE-3339 

" 

Instrument C1 ass 
~ifr 1E 

Foxboro No 

Foxboro No 

No 

------

Notes 

Capacitance low. 

Capacitance low. 

Instrument has failed. 

I 
I 
;. 

i 
'f 

''j.: 
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TABLE 3. SUMMARY OF CONDITION OF CABLES AND INSTRUMENTS BY TYPE 

Condition 
Number of 
Cables Number Number 

Nomenclature Tested Impaired Good ____ Descri pti on 

Cable Type 

FR-15WW 7 2 5 Anaconda: 6 conductors (3 pairs 
116 twisted & shielded) 

FR1-15VVV 4 3 1 Anaconda: 12 conductors (6 pairs 
#16 twisted & shielded) 

FR-15UHH 0 1 Anaconda: 6 conductors '16 
shielded (Special Jacket) 

FR-15AA 31 17 14 Anaconda: 2 conductors '16 
shielded 

..... 
ex> FR-15BB 5 1 4 Continental: 3 conductors 116 

shielded 
FR-15VY 1 0 Anaconda: 12 conductors (6 pairs 

116 twisted & shielded) 

Instrument Type 

Pressure Swi teh 1 0 1 Static "0" Ring 
level SWi tch 6 1 5 Static "0" Ring 
Flow Switch 1 1 0 Static "0" Ring 

W&rrf ck Re 1 ay 2 0 2 All is-Chalmers 
PreSSijre Transmftt~r 18 3 15 Foxboro-Rosemount 
level Transmitter 14 13 1 Bailey 

F1 ow Trilnc:mittor 9 4 5 Foxhoro 
Differential Prpssure 1 0 1 Bailey 
Transmitter 

T~IIl~'I""!1 t,.I ... ·· [I "111"11 t 0 
P:'It·t iclll i'd~ "1"" i I (It" II 1 



CONCLUSIONS 

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 elec~rical 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. 
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APPENDIX A 

PROC~OURE FOR IN SITU CAelE TESTING AS APPROVED BY 
GENERAL PUBl.I C UTILITIE::5 NUCLfAA CORPORATION 

A-lId, 



maNuel .. , TMI-2 I~l ... nttng Procedure Number 
D.u Mln.g ... nt .nd Analysts 4550-IMP-37oo.01 

Title Revision No. 
Post Acctdent Testtng of Electrical [qut~nt 0 

Applicability/Scope Responsible Office 
All Electr~r.al Cable Systell'ls at TMI-2 7141 

This document it important to safetv JI Vel 0 No Effective Date 

L1et ofEHectiv. p ... s 
04/12/83 

'age Reviston Page Revtston 'age Revision ~Vfsfon 
1.0 0 
2.0 0 
3.0 0 

~ El-l 0 
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(IJ ijJ I NucI •• r TMI-2 I.,l ... nting Procedure 
Data Manlgelent Ind Analysis 

Number " 
4S50-IMP-3700.01 

Title Revision No. 

Post Accident Testing of Electrical Equipment o 
------------------~------------~ 

1.U PURPOS[ 

1.1 The purpose of this procedure is to establish tests that identify and 
loe~te faulty or failed cable syste. components or the power and 

" .. Instn.entatlon chlnnels. The test Is designed to~ penetrations, 
clbles. connectors. splices. ten.inal strips and pul xes. This 
doc.ent f s £G and G NUlllber 007 007 311. 

2.0 APPLICABILITY/SCOPE I)~ 

t.l This procedure is appliclble to all e1ectrf~~Systems at TMI-2. 
Testing will be perfonaed in the reactu~i outer penetration boxes 
whenever POSs~l~the penetration is accessible. testing 
will be perfo.~~e control or re cabinet. 

3.0 DEFINITIONS ~~ ~ . 

4.0 PROCEDURE ~/)' 
3.1 None Q ~\) 

4.1 system~OIIIPonent to ~~ n wfll be de~~bed in Unit Work 
Instruction (UWI) 4000-~.OI. ~ 

4.2 Prerequisites ~ ~/) 
4.l.1 specii:~nd .ateria~s r ~f~ in individual test 

requ ts. All .. asur t est instrumentation shall 
~ ent callbr.tlo~ le to National Bureau of 

4.2.2 ~~l • .. king .. asu~ will be trained in .aasurement 
hniques by EG ~nd G personnel. An EG and G test en~~neer 
1 be present during the testing. I 

4.3 Notify Shift Supervisor/Foreman of beginning of testing. 

4.4 On each component. perfon. checks Ind tests identified on the Unit Work 
Instruction 4000-ADM-3000.01 per instructions for tests from Exhibits 
1 to 6. 

4.5 Notify Shift Superv1sor~Fore .. n of cQlpletion of testing. 

_ : NOTE 1: Section 7.0 lists tests by nUMber and a brief description. 

~I NOTE 2: Unit Work Instruction 4000-ADM-3000.01 identifies wh1ch tests, 
~ r by nUilber. Ire to be performed on I component or system. 

:L' NOTE 3: Exhibit 1 t(' 6 describes elch ;;est in greater' d,-;afl Ind i _______________ i_de __ nt_~i_f_fe_s __ hO_w __ d_lt_a. __ is __ re_C_O_r_de_d_. __________________ ~~~~ 
"000105011·82 
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Title 

5.0 

6.0 

7.0 

>'.-,' 

TMI-2 I.pltllenting Procedure 
Data Manageaent and Anal,sis Number. " 4S50-IMP-3700.01 

Revision No. 
Post Accident Testing of Electrical Equipment o 

4.5.1 Attach all data sheets to the UWI package. Record t~st 
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. 

RESPONSIBILITIES ~ 

5.1 Responsibilities are as stated in Section 4.0 of t~edure. 

REFERENCES ~ 
6.1 TMI-2 Administrative Proced~re 1002. Rules ~~rotection of 

Emplolees Working on Electrical and Mec~ca~paratus. 

6.2 TMI-2 Administ~ocedure 1013. BI~ Safety Functions and 
Jumper Control&~ ~ 

6.3 Radiation ~fon Plan ~.~ 
6.4 Met ~~~nual 
6.S APplf~~ Drawings ~ __ \\ 

ATTACHMENTS ~ ~ 
7.1 Exhibit 1 - Initi.~. Ch.r.cteriz.t~ 
7.~ Exhibit 2 - Ti~~~Reflectometrl~ 
7.3 Exhibit 3~~~nce Measureme~~ 
7.4 EXh1bi~~tance Measure~ 
7.5 Exhibit ~Insulation Resistance Test 

7.6 Exhibit 6 - D.C. Loop Resistance Test 

~------------------------------------------~ A00010S0 11·82 
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18 ijJINuciear TMI-2 I..,l_nttng Procedure 
Data Manag_nt Ind Analysts 

Number " 
4550-IMP-37oo.01 

Title Revilion No, 

Post Accident Testing of Electrtcil Equipment o 

EXHIBIT '1 

TEST 01 - Initill Voltage Characterization: 

Equipment 

1 Megohm resistor ~ 
HP3455 Volt-ohm .. ter ()~~ 
HPS42~ digital signal analyzer or HP85 c~~tem 

MuTE: Test ~~t will be sUPpli~y~nd G Idaho, Inc. and 

A. 

B. 

c. 

-- eqUfv~.a,y be SUbstitUt~ 

Method ~ ~ 
A. Connect 1@ resistor Icro~r~\$te-Signlted on Unit Work 

-Inst~rfo~ 
NOTE: Resistance yalU~~ aried It the discretion of the test 

enyineer. ~l.:7 _(\ 
Measure Yoltlge Icro~~Sistor for one ~ute. 
HOTE: Time ma,y~; ~ ied up to ten 1~~s at the discretion of 

the t ~ er. ~~--

B. 

c. 

i~. ______________________ ~ 
Aoool050 I 1·82 
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Title 

TMI-2 Implementing Procedure 
Data Management and Analysis 

Number 

. 4550-IMP-l700.01 
Revision No. 

Post Accident Testing of Electrical Equipment o 

oeSIG",AlEl) 

TEST "'I~ES 

EXHIBIT 1 

.1MA 

H£WL£TI-PACt<AR.[) 

'NTE~F'AC€ au.~ 

HP 85 Cot-\FU.~~ 
OR 

)tPS41.0A [)lGIl1'L 

SIGNAL ANAl""lE~ 

~ 
~ figure E-1. Block Diagram of Initial Voltage Characterization Test. 
g 
~ 
c: 0L-______________________________________________________________ ~ 

"000105011·82 
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:E c 
C[ 
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~ 

Number 

BimNuclear TMI-2 Implementing Procedure 
Data Management and Analysts 4550-IMP-3700.01 

Title 
Revision No. 

Post Accident Testfn of Electrfcal E uf ment o 

EXHIBIT 1 

Data $Met I, Sh of· ~ 
Telt 01 - Inltlll Voltlge Characterization ~~ 

C,.,. _, ....... U .. ~~ ......... '-,.......,...g..... J) ___ _ 

Telt Pofnt ~ Ffle Libel t::3 sisUnee 
(+, (-) Vilue 

<::«(,:: p r-. V 

r--... "'-') \~,.7 
0""'''\ /"... \~ 

A , ."-.".,. V \ -"'-
//A. "--' <~)"V 

~.;< ~ "'-~ 
V /'..V) L., '\ 

"'" '" -., c:.\. 
.<.. ~'V 'V 

({ '> ) r-.,.""J> 

~~-
~~ipment~ . < Serhl No. ~~: Cil. Due Date 

~ '" r?' '\) 
A. "'-~ ~v 

'" "V 

........... 
V 

Sfgnature/Dlte __________ --:/ ______ _ 

L-----------------------------------~A~OO~O~10~~~O~11~.8~2 
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(l1yJINuclear TMJ-2 Japlement1ng Procedure 
Data Management and Analysts 

Number I 
455O-IMP-3700.01 

Title Revision No. 

Post Accident Testtna of Electrical EautPment . o 

EXHIBIT 2 

TE~T 02 ~ Time Domain Reflectometry: 

Equipment ~ 

A. Yelonfx pulser or Tektronix 109 pulser ~ 

B. HP85 computer system ~ 
C. Tektronix 7854 sampling scope ~~ 

O. Tektron!x 'Dltl~be ~ 
E. Current Probe ~ ~ 

NOTE: ~quipment wn~b sup? ed by EG and G Idaho. 
~~lents may be su 5 tu ed. 

Method ~. 
A. Set u~st equipment ~tn block diagr~~ 
B. Take 10 data sampli)~~age to elimf~~. 
C. Store dlta Dn ~~t. ffl. llb~~heet. 

~ © 

Inc. and 

2 
~ 
-~--------------------------------------------------------------~ 1.000105011·82 
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Bi1!INuclear TMI-2 I.,l ... ntfng Procedure 
Data Mlna nt and Analysis 

Title 

Post Accfdent Testfn nt 

EXHIBIT 2 

'f.,,.. £-2. .lock Dtlgr-" of Tt_ ~tn ltefllct.etry TIlt. -

FLOPP1 

tnc 
bel\lE 

Number I 
455O-IMP-3700.01 

Revision No_ 

DE!>""NA~ 
T~r ~J.~~ 

o 

~ 
L----------------------------------------------------------------A~~~1~O~~O~1~1-~B2 
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Title 

:! 
,. 

x' 

~I 
~! 
~; 

~ 

TMI-2 I.,lelentfng Procedure 
Dati Mlna ... nt and Analysfs 

Post Accfdent Testfn 

EXHIBIT 2 

DIu SMlt 2. Sh _ of _ 

Tilt Q2 - Tt_ DaMtn "f1ect.ltry 

CUll ...... r ______ _ 

t ,otnt 
(-) 

<, 

Equf ... nt 1I'.Id.... , -V'Serial 110. 
.... ,"V( 
,,, "V .<--

« .,---. ... -( C 
('''. '" ) " ... " 

" 

fll Libel 

\ 

. ' ---, 

. ... , ' . ../: 
,tl~"'t} Date 
"',.",,' 

r....' 'V 

}J 

../' 

Number I 
4550-IMP-3700.01 

Revision No, 

o 

ell. Due Olte 

SfgnaturelDate ___________ ~/ ______ _ 

~ 
L------------------------------------------------------------~A~~~10~SO~I~I~.62 
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1I1411Nuclea, TMI-2 JlPllMentfng Procedure 
Dltl Mlnlgenent Ind Anllysfs 

, Number I 
4550-IMP-3700.Ql 

Title Revision No, 

Post Accfdent Testfng of Electrfcal Equfpment o 

EXHIBIT 3 

TEST 03 - Clpacitance Measurement: 

Equipment 

A. HP4261 or HP4262 digital LCR Meter ~~ 
B. Tektronix power supply ~~""')_/ 

NOTE: Test equipment will be supplied br'~nJ/G Idaho. Inc. and 
-- equivalents lIIay be SUb$titute~;( '~ ,-

Method ~ ~ 
A. Set up tes\~~t IS shown in b~~3t.J>lgram. 
B. MeI.U .. c"l!l!l>ce It liD. 1~~ -h{,ooo Hz. 

C. Log ~~~~ .Ilue. Ind ~~~ dl,slpltlon flctors on dlta sheet. 

'<': k)~ '\ 
" ~,--..I , 

C:<"'"> /,:.-'~ "'/ r ',\ ", <>', /) 
(,r~/?/)~:-:Y ,,/~~: ~-
~ C','<> 

,--~ ~ , " .,' , ~:-j "-...' , .. ,: 
(..... .. .. ) , 
",~, ., --' 

" " .... 

c~ ________________________________________________________________ ~ 

"000105011·82 
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Iii ijJ I Nuclear 
Title 

TMI-2 I.,l..entfng Procedure 
Data Mana ement and Anal sfs 

EXHIBIT 3 

'lgu ... E-3. .'ock Dfa .. o of Capacftance rest. 

Number I 
4550-IMP-3700.01 

Revision No, 

o 

::ri 

gL---------------------------------------------------------~A~OOO~10~~~Ol~1.~82 
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1I14JJNuclMr TMJ-2 ~l..,ntfng Procedure 
Dlta MlnlgeBInt Ind Analysts 

Number I 
4550-JMP-3700.01 

N 
aD 

Title 

:1 
c. 

~l 

~I c· 
<I 

~ 

Post Acctdent Testtn 

Dati SllHt 3. Sh _ .f _ 

TI.t 03 - Clplcftlnc. Mta.u,...nt 

CPl .... r 

TI.t 'ofnt , ,+, I-) ~ 
,1M 

K' r'\)i 
IU 10K 

~, 
, -,- 120 

lit 
" ) 10K - 120 

lit ,. , 

nt 

EXHIBIT 3 

'Inttr(~n 
Serfl. Ca I 

~~""~ C D 
\.- ""'-;-

\v{ 

C \. 

~~ "; 

~"'"" 7", ".,7 

( ,,(-~ 
, 

10K'; .... t'-. ", (. 

,,'- ,,' 

.. 

.... 
('" 

!!!.!l!!!.nt Ulld ~. 
'-

LII1"tri'i '~e-Slrrfll No. 
<:;-.. 

J~ 
... 

!~:,~' 
, 

("~~ 
,/ 

(" "'~ '- ....... .... " 

',", 

Revilion No. 

~ 

J 
AI to '11e 

C D Label 

\ 

, " 
.... , ",-) 

," 

Cal. Oue 

!!!! 

5tpct8N/Date ______________ , ________ _ 

o 

~ L--------------------------------------------------=----7A~==1~O~~O~171.~82 
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111 ijl I Nuclea, TMI-2 I.,le.rnting Procedure 
Dau Managellent and AnalySis 

Number. I 
455O-IMP-37oo.01 

Title Revision No. 

Post Accident Testing of Electrical Eauia.ent o 

EXHIBIT 4 

TEST 04 - Inductance Measurement: 

Equfpment A 
A. HP4261 or HP4262 digital LCR .. ter ~ 

B. Tektronix Powti' supply ~ 
NOTE: Test equi~nt will be sUPP1~e d G Idaho. 
--- eqUfy~ts lIlY be substitute 

.;.;.;Me;;..;;t=ho~d ~~ 
A. Set up t.~~nt as shown In b~agr .... 
B. Meas/?~~e at 120, 1~~O.OOO Hz. 

C. log ~ance on data s~~-

~ ~ 
~© ~~ 
~ © 

Inc. and 

0L-______________________________________________________________ ~ 

,,00010!)0 11·82 
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1?1 ijJ I NucI •• r 
Title 

Post Accfdent Testf 

""1-2 IIIpl .. "tfng Procedure 
Diu Mana _nt Ind Anll sts 

EXHIBIT 4 

Ffgure E-4. Block 01lgr .. of Inducunce Test. 

A-16 -

Number I 
455O-IMP-37oo.01 

Revision No. 

o 

AOOO10S0 11·82 
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Title 

Diu Stieet 4. SIt _ of _ 

Test 04 - IlIduc:tance ..... u ... nt 

~e""r .--.... 
Te.t Point <; 

,VJ L.. 
(+) (-) ~~. 

,-.... 

>~ 
" :u 
U llC 

/. jOlt 

<." 

~ 
120 

llC 
10K 
120......-
~---.. 

",16('" 

EXHIBIT 4 

e on 

Serie. ~ta 
0 1\ ,.~elo L 

'\{ 

\" v 

/" ~~ f..) 
,~ 

_Go 1 --
I'-.:'~ ( ,r-

"0 
\. 1<"'''' 
~ ( '" '''"-

'''f''''~~; : ... , ... ~~~~ 
C~ R~~ 

<..'" '0 ~ 

.~ 

-

Number 

4550-IMP-37 
Revilion No. 

LAuto o F~~. LI 1 

"'-
\ 

1'0 
1"\ 

eel. Due OIte 

~i 
Sf ... tuft/Dlte __________ -:' _________ _ 

i~--------------------------------------------------------7.A~~1~05~O~11~.8~2 
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Ii1 ijJ I Nucl .. , 
Title 

TMI-2 I.,le.entfng Procedure 
Data Manage.ent and Analysis 

Number I 
4S50-IMP-l700.01 

Revision No. 

"Post Accfdent Testfng of Electrfcal EQLif.,.nt 0 
~--~~~~~~~~~~~~~~~~~~~----------~------------~ 

:: I 

~I 
Cl 
0(' 

S 

EXHIBIT 5 

TEST 05 - Insulatfon Resf3tance: 

Egufpment 

~~ A. HP4329 fnsulation resistance meter 

::::~ ':::::::':'::::d:-:::
zer 

~ 
B. 

C. 

NOTE: Test~t wfll be SUPP1~'~ ~EG and G Idaho. Inc. and 
equf be SUbstf~~ 

Method /)~. ~ 

A. Set u~~pment as shown~ diagram. 

B. ApP1Y~~tage deSfgnated~u rk fnstruction. This voltage will be 
detenn~ after n!feren .. um allowable ~tage for all circuft 
cOlllponents. ~ .j 

C. Record resistance ~~ M mfnutes. ~ ~ 
NOTE: Tfme~ fed up to 'ten (~. ~~tes at the discretion of 

the e neer. <::;...::. 
D. Store data ~ nd note fflel)~O ~ata sheet. 

E. Repeat ~~ Ind D using on~the voltage used previously. 

F. If insul~~ resistance 15 too low to register on meter. ensure that 
Test C6--DC Loop Resistance is performed. 

~ 
-~----------------------------------------------------------------------~ AOOO1050 11·82 
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II) ijl J Nuclear 
Title 

Post Accfdent Testfn 

TMI-2 I.,le.enting Procedure 
Dati MIni elent and Anll sfs 

EXHIBIT 5 

-----------'1 

HP432.Q 
It-J ':>".u.A't1CoN 

~E.SIS-m~CE 

Figure 1-5. Block Dfagra. of Insulatfon Relfltance Test. 

A-19 

Number I 
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(?J YJJNucI .. r TMI-2 I.,l ... nttng Procedure 
Dati Mana eMnt and Anal sts 

Number I 
4550-IMP-3700.01 

Title Revilion No. 

Post Acctdent Testtn of Electrical E i nt o 

EXHIBIT 5 

DIll "'It 5. SIt _ of __ ~ 
Tilt CIS - IlIlulltfon IIlfltllICl ~~./ 

Clbll .... , ______ .. "" ... ".. ~ 
l+,Tllt 'ofn~, Tilt /. 'olull LI 

I~ 
V ~ 

< ::--
(t<;" ~v \Vr 

(".... V 

((/)-'-V ...... \" "-. 
-~.~ 

~ ..-"'\c") 'l /\ 

(' " (,.::::J _\ '. 

A~ 
i'-. ',> ~ .... " r--. ~ 

r~f~M u~ ~~, ... ('" '--;~: 
List ~ .. ~~ ell. Due Dltl 

.... ' ... 
. ~'" ".;; 

{ - ~ ( ( ) , 
('..... "' ...... ') " .......,.., 

'",,--"'-.... 

I 
~i 
:1 
r. 

-
>: 

Sf ... ture/DIte __________ ...:' ______ _ 

..... 

2 
g 
L-----------------------------------------A=~~:O=5~OI~I~.82 
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111 ijl I Nuclear TMI-2 I,,'eaentfng Procedure 
Data Managellent and Analysis 

Number I 
455O-IMP-37oo.01 

Title Revilion No. 

Post Accfdent Testfng of Electrtcal EQutpent o 

EXHIBIT 6 

TEST 06 - DC Loop Resfstance: 

Egufpaent 

A. HP3455 Volt-ohm .eter 

B. 

Test equfpment will be supplied ~ G Idaho. Inc. and 
equfvalents -.y be sUbstftut~ ~ 

Method ~ ~ 
A. Set up tes~~nt as shown fn b~agram. 
B. !:k:~~~ of noIse (.~~~ o.e'age. Record o .. rage voltage 

C. Inpu~tont current s~~-
D. Subtract o .... ge YOlta~ step B and co~ loop resIstance. 

E. Store data on~~cord fIle l.be}~~ sheet. 

~' ,~-> 

~ 0 1 

NOTE: 

~--------------------------------------------------------------~ 11.000105011·82 
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Title 

Post Accident Testfn 

c-S'GNA~D 
TEST ~IR~') 

TMI-2 1Ipl~nting Procedure 
Data Manageaent Ind Analysis 

nt 

EXHIBIT 6 

Figure E-a. Block Dflgr .. of DC Loop Restatance Tilt. 

Number I 
4550-IMP-3700.01 

Revision No. 
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lMl-2 hlplllltnting Procedure 
Data Management and Analysis 

Post Accident Test1n- :~ tlectrical E i nt 

DIU Shelt Ii. SII _ of _ 

Tist 06 - DC Loop leShU1IC1 

EXHlen 6 

eUll~r __ ~ ________ _ 

rn, 
lbel 

Number I 
4550-IMP-3700.01 

Rlvision No. 

o 

ell. Due Dlte 

StINturw/htl ___________ -', _____ _ 

§ 
L-_________________________________________________________ --J 
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APPENDIX B 
SAMPLE OF QUICK EVALUATION PLOTS FOR CABLES IN PENETRATION R607 



co 
I 

W 

• • ~ 

CABLE f# H279 I TYPE FR-15VVV PENETRATION AND TERMINALS R607/Jl/D-J 

INSTRUMENT TAG f# RCP6S-LS7 ELEVATION 3S5'S" 

PAR;~~ETEH.~ 

LOOP RESISTANCE 

CONTROL CAB~ENETRATION 

.595 ohm. I .9998 ohm. 

TOTAL INDUCTANCE 13.2 mloroH 3.9412 mloroH 
f---- . 

DATE 08/26/83 

TEST LEADS INSITU TEST 

• 411 ohm. OPEN I,)hll • 

3.45 mloroH I OPEN InloroH I OPEN IIIloroH 
, 

TOTAL CAPACITANCE 1.83 nf .089 nf .594 nf I 7. 187 n; I 7.979256 nf i 

IINSUL.RESIS~~NCE • 8E12 ohm. ohm. .6SEll ohlll. 3.4SE8 ohm. >19£9 ohlll. 
I 

DISSIP. FACT. OUT OF RANGE .915 OUT OF RANGE 

I PROP. DE~AY _+ 1. 775 n./f~ 1. 5883 n./f~ 1. 4845 n./f~ l19li. 6 T /TIME I 1. 775 no/f~ i 

I Z 1- [SCR (L/~] __ . I S9. 11155 ohme 184. 85 ohm. ohme NA ohm. BiI. 055 ohm.. : 

Z2-59 Cl+P/I-P) I 73.426 ohme ohme ohms 76.27a ohm. 73.426 "ohll.! 
I I 

I--- - • 22 • 22667 =1' . 22 ~ AVE. LIFT. 
I 

AVE.. C/FT. • 11I3B11I83 • 111966334 • ~ i l WE. "RES. 1FT. ~ .9085139 \. OS67675 • "185139 ! 
: TDR LENGTH I 58 H I 13. 417 f~ I 222.14 f+.l232 j 

lIND. LENGTH ! 6111 ft' 13.417 ft. I NA ft NA ft I 

ft i 

1- -- ----- [ ' 

~P. LE~~!H I 59.988 _ ft !3.417 ft 21115.56 ft 232 ft ! 

I RES. LENGTH I 59. 992 ft 13.417 ft NA Ft NA Ft i 
! l/V= eCI (SCR K)] I 1.75S2E-9 I I NSTR. ADDS, 1 , 

.21527 volta 
r 
IR:'NDOM NOISE 111 volta I __ _ 
iPENETRATION AND I SITU TEST DATA H VE TEST LEAD OAT SUBTRACTED 

PREDICTED R.L AN C INCLUDE I NSTR. CONTRIBUTION 

I .185 

• 208:1 

vol t. I" ohlll. 

RHO. I 9 II i oroH 

1 nF 

Ii 



co 
• ~ 

CABLE fI. H279I TYPE FR-15VVV PENETRATION AND TERMINALS R687/J1/A-E 
INSTRUMENT TAG * RCP56-PS16 ELEVATION 395'8" DA1"E 88/25/83 

~ARA~ETEJ~S I CONTROL CABLE PENETRA TION TEST LEADS INSITU TEST 
LOOP RESISTANCE .511J5 onm. .B9S8 OnMtII .411 onm. 2.11J542 onlll. 
TOTAL INDUCTANCE 13.2 mloroH 3.B412 mloroH 3.45 mloroH 58. 8I1J9 m 1 oroH 
~-. -. 
TOTAL CAPACITANCE 1.83 ",f .B89 ",f • 594 ",f SHORTED ",f 
INSUL.RESISTANCE .8E12 ohm • ohm. .6SE11 ohma 3.45E8 ohlll!t .. -
DISSIP. FACT. OUT OF RANGE OUT OF RANGE 

PROP. DELAY ---}--1.775 1.5883 1.4845 917.9 ",./ft ",./ft n./ft T/TIME 
Zl- [SCR (L/CJ__ I 69.B55 ohm. 184.85 ohm. ohm. NA ohlll. 
Z2-50 <1 +P I I-P) I 73.426 75.865 ohm. ohm. ohma ohm. 
AVE. LIFT. .22 .22667 I 1---.----

=t= AVE. C/FT. .93Ba83 .BB66334 
~. 

~ AVE. RES. 1FT. 

I 
.B885139 I .11JI1J67675 

iTDR LENGTH 6I1J ft 13.417 ft 229.83 ft 

I IND. LENGTH 
-. I 69 ft 13.417 f"t 23B.95 ft I 

!CAP.LENGTH I 59.988 ft 13.417 f"t NA ft 
~----- -
IRES. LENGTH 

, 
59.992 ft 13.417 ft 241.28 ft I 

! I/V= eCI (SCR K) J 1. 76B2E-9 

RANDOM NO! SE 0 volta .21527 volta , B volt. 
i 

NSITU TEST DATA H VE TEST LEAD DAT~ .2B55 RHO. iPENETRATION AND I SUBTRACTED .. 

PREDICTED R.L AND C INCLUDE INSTR. CONTRIBUTION 

PREDICTED 

1.9752 OnM. ! 
; 
! 

51.B4 mloroH i 
, 

SHORTED ",f ! 

>111JE9 
I 

ohm. i 

OUT OF RANGE I 

1.775 i ",./ft I 

68.B55 ohm. i 
73.426 ohm. ! 
.22 

I 

I 
I 
I 

• I1J3eI1J83 i 

.B885139 ! 
232 f"t i 
232 f"t I 

NA f"t. I 
232 ft. i 
I NSTR. ADDS. ! 
B onme J 
a MioroH J 
B ",f J 



OJ 
I 

U'1 

CABLE # H281I/283C TYPE FR-15WW 
INSTRUMENT TAG' RCP61-LS8A 

.---eARAMETE~S I CONTROL CABLE 
LOOP RESISTANCE • 50S ohm. 
TOTAL INDUCTANCE 13 IIIlor"'oH ---_. 
TOTAL CAPACITANCE 1.59 !"If' 
I NSUL. RESISTANCE 1.7SE11 ohm. ... -

DISSIP. FACT. OUT OF RANGE 

PROP. DELAY --t--1•6242 !"I8/tt. 
Zl-[SCRCL/C] I 63.938 ohlll8 
Z2-50 C1 +P I I-P) 66.279 ohm. 
AVE. LIFT. .218"6 -
AVE. C/FT. • B261 
~---

,AVE. RES. 1FT. ~BU83972 

~.LEN~~_ I 59.999 tt. 

tt. I ND. LENGTH I 59. 997 

. CAP. LENGTH 59.985 tt. 
I- -- -
I RES. LENGTH I 59.999 tt. 

! I/V= [CI CSCR K) J 1. 7602E-9 

[RANDOM NO! SE " vol t.a 

iPENETRATION AND I NSITU TEST DATA H 

PREDICTED R.L AND C INCLUDE 1 NSTR. 

PENETRA lION AND TERMINALS .;,.;R;,;;.;6"=.7.:...1 J;:..=l;,:../S=..-..:...:K ___ _ 

ELEVATION 3"5'0" DATE 09/18/83 

PENETRATION TEST LEADS INSITU TEST PREDICTED 

."988 ohme .411 ohlll. 2.2182 ohll. 1.9649 ohl. I 
I 

3."412 mlor"'oH 3.45 1II10r"'0H 48.509 1II10r"'0H 51.82684 mlOr"'OH 1 
I 

.151 !"If' .594 !"If' SHORTED ",f' SHORTED !"If' i 
I 

ohm. .6SEll ohlil. 2.5E8 ohlll. >1E9 ohm. ; 

.2 OUT OF RANGE I 

1.5883 !"I./tt. 1.4845 !"I./f't. 867.1 T/TINE 1.6242 I 
",./f't ! 

141.92 ohm. ohms NA ohm. 63.938 ohn. i 
ohM. ohms 67.896 ohm. 66.279 0 ... 1 

I 

• 22667 • 218B6 t -
I 

.011254 • "261 i 

• "067675 • Be83972 ! 
13.417 f't. 235.53 f't. 234 f't. l 
13.417 f't. 222.46 f't 234 f't. i 
13.417 f't. NA f't. NA tt. I -
13.417 f't. 264.16 f't 234 tt. ; 

I NSTR. ADDS. I 
I 

.55 vol t.a ! 0 volt.. " ohlll. 

VE TEST LEAD OAT} SUBTRACTED .146 RHO. " mlor"'OH 

CONTRIBUTION __ f " ",f' 

I , 
1 

1 

, 
i 

i 
j 
I 
1 
i 
j 
i 
I 

I 
i 

1 

! 
I. 



t:O 
I 

0'1 

CABLE' H281IIH282C TYPE FR-15WW 
INSTRUMENT TAG. RCP61-LS7A 

PARAMETE~S I CONTROL CABLE 
LOOP RESISTANCE .5.,5 ohm. 
TOTAL INDUCTANCE 13 mloroH --
TOTAL CAPACITANCE 1.59 nt 
INSUL.RESISTANCE 1.7SEll ohm. -- .-

DISSIP. FACT. OUT OF RANGE 

PROP.DE~AY ___ ---t--lo6242 "./tt 
ZI-[SCRCL/CJ I 63.938 ohm. 
Z2-5i1 C1 +P I I-P) I 66.279 ohm. 
AVE. LIFT. .218.,6 

-
A'/E. e/FT. .0261 _._. 

~ AVE. RES. 1FT. ~0"83972 I . 
ITDR LENGTH 59.999 tt 

/IND.LENGTH - I 59. 997 tt 

!CAP.LENGTH 59.985 tt 
~----- -
IRES. LENGTH I 59.999 tt 

!l/V= [CI (SCR K) J 1. 7682E-9 

RANDOM NO! SE 0 volta 

iPENETRATION AND I NSITU TEST DATA H 

PREDICTED R.L AND C INCLUDE I NSTR. 

.;;. 

PENETRA TI ON AND TERMINALS ..LlR~6811U7~/.3£..Jllt.!./ .... g--.l-QII-___ _ 

ELEVATION 3S5'0" DATE 09/19/83 

PENETRATION TEST LEADS INSITU TEST PREDICTED 

• .,se8 ohma .411 ohm. 1.8274 ohll. 1.9398 ohm. I 
.'1 

"~I 

, 

3 • .,412 mloroH 3.45 m1ol"oH 49.5.,9 m10r-0H sa. 37186 m101"oH ! 
, 

SHORTED 7.8291 I .151 nf .594 nf nf nf I 

ohm. .6SEll ohm. 4.9E8 ohm. >U1E9 ohm. I 
.2 OUT OF RANGE 1 

j 

1 

1.5883 n./tt 1.4845 n./ft 75., T/TIME 1.6242 n./ft , 

141.92 ohm. ohms NA ohm. 63.938 
j 

ohll. I 

ohm. ohm. 54.058 ohm. 66.279 ohm. \ 
I 

.22667 .218.,6 I 
I 

.011254 .0261 i 
-

I • 0867675 • 0S83972 , 

13.417 tt 199.48 ft 231 ft i 
13.417 ft 227 • .,4 ft 231 ft i 
13.417 tt NA tt 231 f'+. I 

: 

13.417 tt 217.62 tt 231 tt . 

I NSTR. ADDS, I 
! 

• 55 volta I 0 volt • o ohm. I 
VE TEST LEAD DAT~ SUBTRACTED .039 RHO. o m1ol"oH 

-.. 

CONTRIBUTION 1 nt 

~ ;. 



cc 
I 

...... 

CABLE. H281I/H284CTYPE FR-15WW PENETRATION AND TERMINALS R6B7/Jl/p-n 

INSTRUMENT TAG. RC-P-IB 8.EVATION 3S5'S- DATE S9/19/83 

~ARAto1ETERS 

LOOP RESISTANCE 

CONTROL CAB~ENETRATION I TEST LEADS 

• 585 ohm. I . 89BS ohm. • 411 ohm. 

TOTAL INDUCTANCE 13 m1oroH 3. S412 m1oroH 3.45 IlI1oroH 
~-. --. 

INSITU TEST 

OPEN oh •• 

OPEN m1aroH 

PREDICTED 

OPEN ohM. I 
OPEN m1aroH 

I TOTAL CAPACITANCE 1.59 ..,f'. 151 ..,f'. 594 ..,f' 14.245 "f' IS. 7614 ..,f' I 
I 

INSUL. RESISTANCE 1.7SE11 ohm. ,ohm. .65E11 ohm. NO DATA ohm. >U/JE9 ohm. ; 

~ .. - OUT OF RANGE • B632 OUT OF RANGE I DISSIP. FACT. 

I 1. 6242 ..,./f'~ 1. 5883 ..,./f'~ 1. 4845 ..,./f'~ 141S.5 T ITIME - 1.8242 "./f't: 

t ZI- [SQR (L/C] ___ . I 63. 938 ohm.. 141. 92 ohm. ohm. NA ohm. 83. 938 ohll. ~ 

PROP. DELAY 

I Z2-50 C1 +P I1-P) _ 66. 279 ohm. ohm. ohm. 53. 386 ohm. 68. 279 ohM. , 
I 

AVE. LIFT. • 21 etaS • 22667 • 218l1J6 ! 

AVE.C/FT. .0261 .S11254 .1261 
~. 

I AVE. RES. 1FT. • 83972 • 0B67675 .1883972 ! 
\ TOR LENGTH ~9. 999 f'~ 13. 417 f'~ 4S2.81 f't I 374 f'~ I 
IND. LENGTH 59. 997 f't. I 13. 417 n. I NA f'~ I NA f'~ i 
~P. LEN~TH I 59.985 f't. y~. 417 f'~ 51'7. 47 f'~ 374 f't. : 

I RES. LENGTH ! 59. 999 f'~ 13. 417 f'~ NA f't. NA f'~ J 

i lIVe rCI (SCR K)] I 1.76S2£-9 I I NSTR. ADOS. I 
r 
/RANDOM NOISE S vol~. • 55 volt. • 

ipENETRATION ANO I SITU TEST DATA H VE TEST LEAD OAT SUBTRACTED 

PREDICTED ~AN t_INCLUDE INSTR. I CONTRIBUTION 

.S32 
I 

.1 
1 



~ 
I 

CD 

CABLE fI H2911 TYPE FR-15VV PENETRATION AND TERMINALS R6871J2/A-E 
INSTRUMENT TAG. RCP58-FSI ELEVATION 385'8" DATE 18/26/83 

PARAMETERS r----.- CONTROL CABLE PENETRATION TEST LEADS INSITU TEST PREDICTED 

LOOP RESISTANCE • 588 ohm. • 0988 ohms • 411 ohm. OPEN ohll. I 3.4634 oh.. i 

~AL. INDUC!!.NCE I 12. 2 M1oroH 3.0412 m1oroH 3.45 m1oroH OPEN m1oroH B4.4811 m1oroH 

TOTAL CAPACITAN~2 nf. 089 nf'. 594 nf' 5.767 nf' SHORTED nf' 

: 

~.:...RESI~:~~CE I 1.4Ell ohms ohm. .65Ell ohm. <18E6 ohm. >11!1E9 ohm. 

DISSIP. FACT. lOUT OF RANGE • 13 OUT OF RANGE 

I PROP. OE~AY [1. 6767 n.lf~ 1. 5883 n./f~ 1. 01845 n./f~ I 1438 T ITIME' 1. 6767 no/f~ i 
Zl-[SCRCL/C] i 57. B93 ohms 184.85 ohm. ohms NA ohm. 57.893 ohm. 

Z2-sa (1 +P I I-P) 

AVE. LIFT. 

I 63. 379 ohm. ohm. ohms 72. 399 ohm. 63. 379 ohm. , 
i 

.20361 .22667 i .2111361 
~ - -r 
~ C/i'T. • S3I!3B6 • II86633.i --+ . 8311386 I 
AVE. RES. 1FT. ~0es'472 .8167675 .1884472 , 

I . 
! TOR LENGTH _. I 59. 999 f't. 13. 417 ft. 39B. 4 f't. 4!9 f't. ! 
r IND. LENGTH I 59.999 ft. 13.417 ft. ,NA f't. 419 f't. i 
~P. LEN_~!H I 59.999 _ ft. ~3. 417 f't. 189. 79 n. NA f't. I 
I RES. LENGTH i 59. 999 f't. 13. 417 f't. NA f'e 41ra f't. i 
! liVe eCI CSQR K)] 1.7612E-9 I NSTR. ADDS, 1 
~. . 
i RANDOM NOISE I volte. 0029 volt.s .. __' 8 vole. 9 ohm. I 
I : 1 
iPENETRATION AND INSITU TEST DATA H VE TEST LEAD DATA SUBTRACTED .183 RHO. 1 m1oroH i 

-.. I (is nf' 1 
PREDICTED R,L ANa C INCLUDE INSTR.lcONTRIBUTION 

'" • 

J 
! 
! 

.~ 

1 



OJ 
I 
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CABLE #I H291I TYPE FR-15VV 
I NSTRUMEh'T TAG' RCP6e-LS 1 

PARM1ETE~S I CONTROL CABLE 
LOOP RESISTANCE .588 onm. 
TOTAL INDUCTANCE 12.2 mloroH 
TOTAL CAPACtTANCE 1.82 nf' 
INSUL.RESISTANCE 1.4Ell onm • .. . -
DISSIP. FACT. OUT OF RANGE 
PROP. DELAY 1.6767 n./f'~ -
Zl-[SQRCL/C] 

I 57.893 onme --
Z2-521 C1 +P I 1-P) 

I 
63.379 ohm. 

AVE. LIFT. .221361 -
AVE. C/FT. .21321386 
~. 

~AVE.RES./FT. ~BB84472 

!TDR LENGTH _ I 59.999 f'~ 

liND. LENGTH I 59. 999 f't. 

~P.LE~~!H I 59.999_ f't. 

I RES. LENGTH I 59. 999 f~ 

[ liVe eCI CSQR K) ] 1. 76S2E-9 

RANDOM NOI SE 21 vol~a 

ipENETRATION AND I NSITU TEST DATA H 

PREDICTED R.L AND C INCLUDE I NSTR. 

PENETRATION AND TERMINALS R6B7/J2/D-J 

ELEVATION 3e5' en DATE e8/26/83 

PENETRATION TEST LEADS I INSITU TEST PREDICTED 

ohm. I • Bge8 onm. .411 ohlll. 3.4B82 oha. OPEN 
I 
! 

3.e412 mloroH 3.45 mloroH 85. SB9 mloroH OPEN 1II1oroH i 
I 

.BSa nf' .594 nf' SHORTED nf' 13.45825 I 
nf' I 

.onm. .6SEll onme NO DATA onlll. >1BE9 
I 

ohm. I 

OUT OF RANGE OUT OF RANGE I 

1.5883 n./f'~ 1.4845 n./f'+' 1484 T/TINE 1.6767 n./f'+' I 

184.85 ohm. onma NA onlll. 57.893 oh ... i 
ohm. ohme 77.551 ohm. 63.379 oha. , 

I 

.22667 .28361 I 
I , 

• eB66334 .B383B6 ; 

! • eB67675 ._441'2 

-n1 13.417 f'~ 412.12 y+. 418 
-

13.417 f'+' 
I 419.96 f'io NA .f't. I 

l" Ie 
; 
~ 

13.417 f'~ 
t 

NA f'io 41B f'io ! 
13.417 f'io 4S:i.47 f'~ NA f'+' : 

I NSTR. ADOS. I 
• eB29 vol~8 ! • ".8 voH • S oh ... 

-
: 

VE TEST LEAD DAT} SUBTRACTED .216 RhJ. S mlcroH 

--1 
-.. -

CONTRIBUTION 1 nf' 
-~ 



o:l 
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o 

CABLE * H293IIH294CTYPE FR-15WW PENETRATION AND TERMINALS R887/J2/p-n 
INSTRUMENT TAG' RCP61-LSIA ELEVATION 3B5'0- DATE 09/19/~ 

PARA~ETERS I CONTROL CABLE PENETRATION TEST LEADS INSITU TEST 
LOOP RESISTANCE .505 o:,m. .B9E ohm. .411 ohm. 458 ohll. 
TOTAL INDUCTANCE 13 lIIiOl"'oH 3.0412 miol"'oH 3.45 lIIiot"oH OPEN miOf"oH 
~-- --
TOTAL CAPACITANCE 1.59 nt .156 nt .594 nt 3.95 nt 
INSUL.RESISTANCE 1. 7SEll ohi'll. ohlll. .6SEll ohlll. NO DATA ohm. ; .... 

DISS!P. FACT. OUT OF RANGE OUT OF RANGE 
PROP. DELAY 1.6242 n./tt 1.5883 ne/tt 1.4845 ne/tt 1296.5 T/TIME -
Z 1- [SCR (L/C] 63.938 ohm. 139.62 ohlll. ohms NA ohme -
Z2-50 C1 +P I I-P) 66.279 ohme ohm. ohllls 57. 197 ohllle 
AVE. LIFT. • 21Be6 .22667 I 
AVE. C/FT. .0261 • Bl1627 ---. 
IAVE~RES./FT. ~9083972 .0B67675 

ITDR LENGTH 59.999 ft 13.417 tt 367.72 tt. 

, I NO. LENGTH - I 59. 997 ft 13.417 ft. NA ft. 

~P. LEN_~!H 59.985 tt 13.417 ft 113. B3 tt. 
-

IRES. LENGTH I 59.999 tt 13.417 CL NA tt I ... 
11 IV= rCI (SCR K) ] 1. 7602E-9 

!RANDOM NOISE B volta .5 volt.a I • fIJ5 vou. 
. . 

ipENETRATION AND I NSITU TEST DATA H VE TEST LEAD DAT~ SUBTRACTED • B6714 RHO. - -

PREDI CTED R.~J_ AND C INCLUDE I NSTR. CONTRIBUTION 
--- --

.-

PREDICTED 

3.5858 ohta. ! 
i 
! 

93.11162 mioroH ! 
12.1447 nt i 

I 

>U'E9 ohlll. i 

OUT OF RANGE ! 
: 

1.6242 i n./tt I 

83.938 ohlll. i 
88.279 . oh.,. , ., 

I 

.21806 I 
I 

i 
.0261 i 

I • rae83972 I 

427 tt. ! 
i 

427 tt. i 
427 tt. i 
427 tt. J 

I NSTR. ADDS. i 
i 

o ohm • 

B miol"'OH 

/1 nt I 
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,~ 
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CABLE' H293IIH296C TYPE FR-15WW PENETRATION AND TERMINALS R6S7/J2/S-K 
INSTRUMENT TAG' RC-P-IA ELEVATION 315'0" DATE 19119/83 

PARAMETERS I CONTROL CABLE PENETRATION TEST LEADS INSITU TEST 
ILOOP RESISTANCE .5"5 ohm. • 0908 ohm. • 411 ohms 4.7E6 ohll. 
TOTAL INDUCTANCE 13 mloroH 3.0412 mloroH 3.45 mloroH OPEN mloroH ----- ----. 
TOTAL CAPACITANCE 1.59 "f • 156 "f • 594 "f' 18.15 nf' 
INSUL.RESISTANCE 1.75E11 ohm. . ohm. .6SE11 ohm. NO DATA ohm. --.. -
DISSIP. FACT. OUT OF RANGE .45 
PROP. DELAY 1.6242 n./f~ 1.5893 n./f~ 1.4845 n./f'~ 1809.5 T/TIME -
Zl- [SQR (L/CJ 63.938 ohm. 139.62 ohm. ohms NA ohm. -
Z2-52 C1 +P I I-P) 66.279 ohm. ohm. ohm. 52.775 ohm. 
'iVE. LIFT. .21806 .22661 

AVE. C/FT. .2261 • 9116~7 
~. 

AVE. RES. 1FT. 

I 
.(/]883972 • 9867675 I 

!TDR LENGTH 59.999 f~ 13.417 f~ 464.97 -Fe i -
IND. LENGTH I 59.997 f~ 13.417 f~ NA n. 

!CAP.LENGTH 59. 985 fl 13.417 f~ 695.4 f'e 
~ -- -
RES. LENGTH 59.999 f~ 13.417 f~ NA fe 

jl/V=(C/(SCR K)J 1. 7692E-9 

RANDOM NOISE m vol~e .5 vol~e 1.2 vou. 

!PENETRATION AND I NSITU TEST DATA H VE TEST LEAD DATA SUBTRACTED .m27 RHO. 

PREDI CTED R. L AN£l C INCLUDE I NSTR. CONTRIBUTION __ .. '--r 

'::; 

PREDICTED 

OPEN Ohll. 1 
. i 

I 
I 

OPEN mloroH i 
I 

12.7101 nf' I 

>1BE9 
I 

ohm. i 

OUT OF RANGE I 

1.6242 n./f'~ i 
63.938 oh.. i 
68. 279 oh.. I 

I 

.21806 I 
I 

i 
• QJ281 i 

.lUJB3972 1 
487 f'~1 

I 

NA f'i. I 
4B7 f'i. ! 

NA f~ ; 
I 

INSTR. ADDS. I 
I 

S ohm. -----i 
S I1110rcH j 

S nf' 1 



0:1 
I 
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CABLE f# H29311H29SC TYPE FR-15WW 
INSTRUMENT TAG' RCP61-LS2A 

~ PARA~ET~RS I CONTROL CABLE 
LOOP RESISTANCE .585 ohme 
TOTAL INDUCTANCE 13 mtoroH ~-. --. 
TOTAL CAPACITANCE 1.59 1"If' 
INSUL.RESISTANCE 1.75£11 ohm • .. -
DISSIP. FACT. OUT OF RANGE 
PROP. DELAY 1.6242 1"I.If't -
Zl- [SCR (LlC] 

I 63.939 ohms 
Z2-5B(1+P/I-P) I 66.279 ohm. 
AVE. LIFT. .21916 

-

AVE. C/FT. .0261 
t----.--

I AVE. RES. 1FT. ~"B83972 

!TDR LENGTH 59.999 f't 
• i 

I IND. LENG~· r 59.997 f't 

! CAP. LENGTH I 59.995 f't 
~----- -
IRES. LENGTH i 59.999 f't I 

! 1 lYe rCI (SCR K) ] 
i 1. 76"2E-9 
fRANDOM NOISE I volta 

ipENETRATION AND I NSITU TEST DATA H 

PENETRATION AND TERMINALS R687/J2/g-a 
ELEVATION_315'e d DATE 09/19/83 

PENETRATION TEST LEADS INSITU TEST 

.1908 ohme .411 ohm. 2.7882 ohM. 

3.1412 ",toroH 3.45 mtOf"1)H 79. 199 1111 oroH 

.156 1"If' • 594 l"IoF SHORTED noF 

ohm. .65£11 ohm. NO DATA ohm. 

I 

1.5883 n./oFt 1.4945 n./oFt 139S.5 TITIME 
139.62 ohm. ohms NA ohm. 

ohm. ohme 81.847 ohm. 
.22667 

• "11627 . 

.""67675 

13.417 oFt 395.43 oF+. 

13.417 f't 362.79 oF+. 

13.417 oFt NA oF+. 

13.417 f't :''32.84 f't 
-

• 5 volts I • m2 volt • 
··r 

VE TEST LEAD DAT~ SUBTRACTED • "913 RHO. 

PREDICTED R. LAND C INCLUDE I NSTR. CONTRI8U_Tl0~L __ 
_ .. 1 

PREDICTED, 

3.5856 ohm. I 
i 

93.11162 m&oroH 1 
I 

SHORTED noF ! 
I 

>lE9 ohm. ; 

OUT OF RANGE i 

1.6242 i n./oFt ! 

ohll. i 63.938 

68.279 oh.. I 
i 

.21_ ! 
i 

.11261 i 

• arae3972 ! 
427 oFt ! 

i 

427 f'+' i 
NA oF+. I 

427 f't I 

INSTR. ADDS. ! 
"ohm. 

" mtoroH i 

" noF I 

" 

J 
/~ 
"lJ 


