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DATE December 23, 1981 

SPECIFICATION (S) See References in 

Paragraph 5-0 

1.0 CUSTOMER Carolina Power & Light Company 

ADDRESS Box 1551, Raleigh, NC 27602 

2.0 TEST SPECIMEN In-Containment Cables and Cable Splice Assemblies 

3.0 MANUFACTURER Various 

4.0 SUMMARY 

In-Containment Cables and Cable Splice Assemblies were subjected to a Qualification 
Test Program to verify their functional integrity when subjected to the environmental 

tests specified herein.  

A description of the specimens is presented in Paragraph 6.1 of this report.  

The Qualification Test Program was performed to satisfy the intent of IEEE 323-1974, 

"Standard for Qualifying Class IE Equipment for Nuclear Power Generating Stations." 
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4.0 SUMMARY (Continued) 

The Qualification Test Program was performed as specified in Reference 
5.1 and in accordance with References 5.2, 5.3, 5.4, and 5.5. The 
cables and cable splice assemblies are thus qualified to the environ
ments stated in Wyle Laboratories' Qualification Plan 45307-1, subject to 
the following limitations: 

During the LOCA Qualification Test temperature peaks (2860 F), the 
insulation resistance of several of the cable splice assemblies was as 
low as 0.5 megohms measured at 500 VDC. Reference Notices of Anomaly 
Nos. 1, 2, and 3 presented in Appendix I of Section VI of this report.  

Seven (7) anomalies occurred during this test program. Details of these 
anomalies are included in the appropriate sections of this report.  

Following the Qualification Test Program specified in Reference 5.1, 
additional testing was performed on two (2) of the test specimens as 
specified in Reference 5.6 and in accordance with References 5.3 and 
5.7. This additional testing was performed to further demonstrate the 
operability of the cables and cable splice assemblies following a LOCA 
simulation. One (1) anomaly occurred during this test. A maximum 
leakage current of 5 ma (at 825 volts, 60 Hz) was recorded on one (1) 
cable splice assembly wrapped on a 40X mandrel and submerged in tap 
water.  

This qualification Test Report contains the sections listed below.  
The qualification program was performed in the sequence indicated by 
section numbers I through X. Test results are indicated in each 
respective section.  

* Section I - Baseline Functional Tests 

* Section II - Radiation Exposure 

* Section III - Post-Radiation Functional Tests 

* Section IV - Thermal Aging 

* Section V - Post-Thermal Aging Functional Tests 

* Section VI - Loss of Coolant Accident (LOCA) Qualification 

* Section VII - Post-LOCA Functional Tests 

* Section VIII - Post-Test Inspection 

* Section IX - Mandrel Bend Tests 

* Section X - Post-Test Inspection 

* Section XI - Wyle Laboratories' Qualification Plan 45307-1 

* Section XII - Wyle Laboratories' Test Procedure 45307-1 

* Section XIII - Wyle Laboratories' Test Procedure 45307-2 

WYLE LABORATORIES 
Huntsville Facility
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5.0 REFERENCES 

5.1 Wyle Laboratories' Qualification Plan 45307-1 

5.2 Wyle Laboratories' Test Procedure 45307-1 

5.3 Carolina Power & Light Purchase Order HBR 01616 

5.4 Wyle Laboratories' Quote No. 543/4464/ES 

5.5 IEEE 323-1974, "Standard for Qualifying Class IE Equipment for Nuclear 
Power Generating Stations" 

5.6 Wyle Laboratories' Test Procedure 45307-2 

5.7 IEEE 383-1974, "IEEE Standard for Type Test of Class IE Electrical 
Cables, Field Splices, and Connections for Nuclear Power Generating 
Stations" 

6.0 TEST SPECIMEN AND EQUIPMENT DESCRIPTION 

6.1 Test Specimen Description 

The cables to be qualified were 2- and 4-conductor #16 AWG shielded 
instrumentation cables. These cables have been in service in the 
H. B. Robinson Nuclear Power Plant for 10 years.  

The cable splice assemblies to be qualified were made by splicing 
the 2- and 4-conductor cable specimens to 2- and 4-conductor test 
cables, utilizing two (2) splice configurations. A Carolina Power 
& Light-approved cable splice procedure and a Raychem-approved splice 
procedure were used.  

Twenty-four (24) cable splice assemblies were subjected tothe Quali
fication Test Program. Six (6) assemblies were made with 10-year old 
PVC-jacketed and PVC-insulated cables (hereafter referred to as PVC 
cables). Eighteen (18) assemblies were made with new currently
available single-, 2- and 4-conductor cables for potential qualifi
cation of the CP&L-approved cable splices in the event of failure of 
the PVC cables.  

6.2 Test Equipment Description 

The test equipment used in recording data is shown on Instrumenta
tion Equipment Sheets located in the appendices of the appropriate 
sections of this report. All test equipment and instrumentation used 
in the performance of this test program were calibrated in accordance 
with Wyle Laboratories' (Eastern Operations) Quality Assurance Policies 
and Procedures Manual, which conforms to the applicable portions of 
ANSI N 45.2, 10 CFR 50, Appendix B, and Military Specification MIL-C
45662A. Standards used in performing all calibrations are traceable 
to the National Bureau of Standards.  

WYLE LABORATORIES 
Huntsville Facility
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SECTION I 

BASELINE FUNCTIONAL TEST 

1.0 REQUIREMENTS 

1.1 Visual Inspection 

A visual inspection of the equipment shall be performed by Wyle Labora
tories. This inspection shall assure that the equipment has no obvious 
visible damage. Equipment identification shall also be verified.  

1.2 Test Specimen Preparation 

1.2.1 PVC Cable Test Specimens 

Prior to any testing, splices shall be applied to both ends of each 
test specimen. The splice shall join the customer-supplied cable 
(specimen) to the Wyle-supplied test cable. The Wyle-supplied test 
cable shall be previously qualified to IEEE 383 and certified as 
such by the supplier. Wyle test cables shall be long enough to pene
trate the LOCA chamber to be used during the Accident Test.  

The following six (6) cable splice assemblies shall be prepared, 
utilizing the two (2) cable splice configurations and the three (3) 
cable samples of each identified cable.  

Test Specimen No. Cable Splice Configuration 

1 2-conductor Raychem 
2 4-conductor CP&L 
3 4-conductor Raychem 
4 2-conductor CP&L 
5 2-conductor Raychem 
6 4-conductor CP&L 

1.2.2 "Test-Specimens-for the Optional Aging Program 

Six (6) each of single-, 2-, and 4-conductor cable splice assemblies 
shall be prepared fr. pQtential-qualification-of-the..CP&L-approved 
cable splices in the event of failure of the PVC cables. Prior to 
any testing, each of these cables shall be cut into 2 pieces and spliced, 
using the CP&L-approved splice configuration.  

WYLE LABORATORIES 
Huntsville Facility
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1.0 REQUIREMENTS (Continued) 

1.2.3 CP&L-Approved Cable Splice Procedure 

The CP&L-approved cable splice procedure is as follows: 

1) Strip approximately 3 inches (this length may vary, depending 
on the number of conductors being spliced) of the cable jac
ket, shielding tape, fillers, and binder tape to expose the 
conductor(s) and associated insulation.  

2) Cut the conductor(s) in such a manner as to stagger the spacing 
of the connectors.  

3) Ensure the wire is in the AMP 53548-1 preinsulated butt splice 
fully.  

4) Using the AMP crimping tool, crimp the splice. The tool will 
not reverse until a full crimp is completed.  

5) Place Raychem shrink tubing over the cable. Ensure that enough 
tubing is used to allow for a minimum of a 3-inch overlap on 
the cable jacket.  

6) Using a mini-torch for a heat source, cure the shrink tubing.  
The cure must be started from the center of the splice and 
worked out to one end. Return to the center of the splice and 
work out to the other end. Using this method, no air pockets 

shall be trapped within the splice.  

7) While curing the shrink tubing, work the torch around the 
splice for an even cure.  

8) The red nuclear adhesive shall protrude from the end of the 
splice when the cure is complete.  

1.2.4 Raychem-Approved Cable Splice Procedure 

The Raychem-approved cable splice procedure is as follows: 

1) Strip approximately 3 inches (this length may vary, depending 
on the number of conductors being spliced) of the cable jacket, 
shielding tape, fillers, and binder tape to expose the conductor(s) 
and associated insulation.  

WYLE LABORATORIES 
Huntsville Facility
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1.0 REQUIREMENTS (Continued) 

1.2.4 Raychem-Approved Cable Splice Procedure (Continued) 

2) Cut the conductor(s) in such a manner as to stagger the spacing 
of the connectors.  

3) Using uninsulated butt connectors, crimp one end to the con-" 
ductor.  

4) Cut the Raychem shrink tubing so that the sleeve has a 2-inch 
(minimum) seal area at each end.  

5) Abrade cable, if required, per cable manufacturer's or engi
neering information.  

6) Mark an area on each end of the cable, which defines the surface 
to be cleaned, using any type.of tape or cable marker. These 
marks should extend 1/4" to 1/2" past the end of the sleeve 
when the tubing is centered on the splice.  

7) Clean all surfaces thoroughly, using a good commercial clean
ing solvent or 1,1,1 Trichloroethane.  

8) Position the shrink tubing onto the cable and complete the 
crimping operation.  

9) Center the shrink tubing, using the previously installed tape 
or other location marks.  

NOTE: If the cable construction is dual type (i.e., the outer layer 
is cross-linked but the inner is not), then Step 10 is not 
applicable.  

10) For noncross-linked or nonvulcanized insulating material, posi
tion a glass heat shield cloth over the exposed cable when 
shrinking.  

11) Shrink the tubing by starting the shrinking action at the 
approximate center of the sleeve. Work the heat gun or torch 
from the center toward each end, using a waving action of the 
tool. Continue until the sleeve is smoothly shrunk onto the 

- cable surface and a visible flow of adhesive is evident from 
each end of the sleeve.  

12) Repeat Steps 3 through llfor each conductor. When all conduc
tors have been spliced, go to Step 13.  

13) Repeat Steps 4 through 11 for the cable jacket. Raychem shrink 
tubing will now be shrunk over the spliced conductors and the, 
cable jacket, as applicable, for an outer seal.  

WYLE LABORATORIES 
Huntsville Facility
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1.0 REQUIREMENTS (Continued) 

1.3 Functional Tests 

The subject equipment shall be functionally tested on the system level.  
A system is defined as a cable and its associated cable splice assembly.  

The following functional tests shall be performed on the subject equip
ment: 

1.3.1 Insulation Resistance 

Measure insulation resistance between each conductor and ground (plane) 
at 500 VDC for 1 minute (minimum).  

1.3.2 Dielectric Withstand 

Measure dielectric strength between all conductors and ground at 
1250 VAC, 60 Hz, single-phase, for 1 minute with tester set at 0.5 
milliamperes.  

NOTE: Subsequent to the Baseline Functional Tests, all dielectric 
withstands shall be performed at 80% of the initial value.  

1.3.3 Continuity 

Verify the continuity of each conductor using an ohmmeter or equivalent.  

1.3.4 Acceptance Criteria 

The acceptance criteria for the instrumentation cables and cable splice 
assemblies are as follows: 

1) The insulation resistance shall not be less than 1 megohm.  

2) There shall be no breakdown or flashover during the dielectric 
withstand.  

3) The cable must be continuous.  

2.0 PROCEDURES 

2.1 Visual Inspection 

The test specimen cables were inspected per Paragraph 1.1 of this section.  

WYLE LABORATORIES 
Huntsville Facility ,
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2.0 PROCEDURES (Continued) 

2.2 Test Specimen Preparation 

2.2.1 Cable Splice Assembly Components 

2.2.1.1 2-Conductor #16 AWG PVC-jacketed and PVC-insulated shielded instru
mentation cable in service in the H. B. Robinson Nuclear Power Plant 
for 10 years (supplied by CP&L).  

2.2.1.2 4-Conductor #16 AWG PVC-jacketed and PVC-insulated shielded instru
mentation cable in service in the H. B. Robinson Nuclear Power Plant 
for 10 years (supplied by CP&L).  

2.2.1.3 1-Conductor Anaconda Y #16 AWG NSIS Switchboard Wire 600 V (supplied 
by Wyle).  

2.2.1.4 2-Conductor 014320-17 Dekoron Dekorad Inst. Wire Type 1952 
Samuel A. Moore Aurora 0. (supplied by CP&L).  

2.2.1.5 4-Conductor Anaconda Y #16 AWG Flame Guard FR-EP 600 V shielded 
instrumentation cable (supplied by Wyle).  

2.2.1.6 Raychem WCSF-115-N Splicing Sleeve (supplied by CP&L and Wyle).  

2.2.1.7 Raychem WCSF-200-N Splicing Sleeve (supplied by CP&L and Wyle), 

2.2.1.8 Raychem WCSF-500-N Splicing Sleeve (supplied by CP&L and Wyle).  

2.2.1.9 AMP 53548-1 preinsulated Butt Splices (supplied by CP&L and Wyle).  

2.2.2 Cable Splice Assembly Tools 

The following assembly tools are listed for information purposes only.  

2.2.2.1 1,1,1 Trichloroethane solvent (supplied by Wyle).  

2.2.2.2 Tuffy® Cleaning pad (supplied by Wyle).  

2.2.2.3 Norton K224, 240J Grit EZ Flex®Cloth 01832-2 (supplied by Wyle).  

2.2.2.4 Chicopee Shop Towel 8007 (supplied by Wyle).  

2.2.2.5 AMP 59250 T-head hand crimp tool (supplied by CP&L).  

2.2.2.6 Master Appliance HG-501 Heat Gun 500-750OF (supplied by Wyle).  

WYLE LABORATORIES 
Huntsville Facility
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2.0 PROCEDURES (Continued).  

2.2.3 Cable Splice Designs 

Five (5) different cable splice configurations were designed based on 
the applicable general splice configuration (CP&L or Raychem), the 
number of conductors of each cable (1, 2, or 4), the Raychem Cable 
Splicing Sleeve Selection Guide (Drawing No. 47005-006-03), and the 
manufacturer's recommendations for abrading and cleaning cables for 
adhesive bonding. The Raychem Cable Splicing Sleeve Selection Guide 
and Raychem Installations Sheets are presented as Figures I-1 through 
1-3 in Appendix I of this section. The Eaton Dekoron Installation 
Guide HS-01, the Anaconda Cable Data Sheets, and the Anaconda Cable 
Cleaning Data Sheet are presented as Figures 1-4 through 1-14 in 
Appendix I of this section. The Amp PIDG Butt Splice Data Sheets 
and Splice Tooling Data Sheet are presented as Figures 1-15 through 
1-17 in Appendix I of this section. The five (5) cable splice designs 
are presented as Figures I-18 through 1-22 in Appendix I of this section.  

2.2.4 Cable Splice Preparation 

The 24 cable splice assemblies were prepared per Paragraph 1.2 of this 
section, using the five (5) cable splice designs and according to check
lists prepared for each assembly. Photographs were taken of representa
tive cable splice assemblies at several stages in the splicing process.  
The ends of each cable splice assembly were stripped and the cables were 
placed in a steel cable tray.  

2.3 Functional Test 

Functional tests were performed per Paragraph 1.3 of this section.  

3.0 RESULTS 

3.1 Visual Inspection 

The PVC cables provided by CP&L had no identifying markings other than 
field-applied wire markers. The other cables and the Raychem splice 
sleeving had factory imprinting, which agreed with the expected part 
numbers. The Amp butt splices had only a red stripe to indicate that 
they are nuclear grade. There was no obvious visible damage noted.  

WYLE LABORATORIES 
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3.0 RESULTS (Continued) 

3.2 Test Specimen Preparation 

The cable splice assemblies were prepared as specified in Paragraph 1.2 
and as described in Paragraph 2.2.4 of this section.  

3.3 Functional Test 

The cable splice assemblies successfully met the functional require
ments as specified in Paragraph 1.3 and as described in Paragraph 2.3 
of this section.  

Figures I-1 through 1-22 are presented in Appendix I of this section.  

Photographs I-1 through 1-22 are presented inAppendix II of this section.  

Cable splicing checklists are presented in Appendix III of this section.  

Data Sheets showing functional test data recorded in this test sequence.  
are presented in Appendix IV of this section.  

Equipment used in recording data is shown on the Instrumentation Equip
ment Sheet presented in Appendix V of this section.  

WYLE LABORATORIES 
Huntsville Facility
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THIS PAGE INTENTIONALLY LEFT BLANK.  
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APPENDIX I 

FIGURES 

WYLE LABORATORIES 
Huntsville Facility



I REVISIONS 

TIN DEfCRIPTION DATE APPROVED 

2" MIN 2" MIN 2" MIN D - MIN 

STANDARD IN-LINE SPLICE BOLT-TOGETHER CONNECTION SLEEVE #2 

___ ___ ___ __(D 0) 

Expanded Nominal Application Diameter NOTES: C L 

Minimum Maximum Wall Recovered Range For In-Contain- 1. Select sleeve no. 1 with a maximum application 1 1 
Part Expanded ID Recovered ID Thickness Wall Standard ment Applications diameter larger than the connection diameter "D". i Z 

Number As Supplied After Heating ±20% Thickness Lengths Minimum Maximum 2. Use additional sleeve(s) no. 2, it necessary, to build Z O 
WCSF-070-N .250 .070 .02 .08 6 .08 .14 up the wire diameter to the minimum application .- I 

diameter of the no. 1 sleeve selected.  
WCF-1-N .30.15 0 .96 .13 .23 

3. Use of largest size sleeve that will fit a given wire is L 0 
WCSF-200-N .750 .200 .03 .11 6,9,12 .22 .40 recommended to obtain maximum as installed wall 0 

WCSF-300-N 1.200 .300 .04 .17 6,9,12 .33 .60 thickness.  
4. Splice sleeve lengih selected should allow for 2" 

WCSF-500-N 1.500 .500 .05 .17 6,9,12 .55 1.00 minimum overlap onto wire insulation.  

WCSF-650-N 2.000 .650 .05 .17 6,9, 12 .72 1.30 

WCSF-1000-N. 3.000 1.000 .05 .17 12,18 1.10 2.00 

WCSF-1500N 4.500 1.500 .05 .17 12, 18 1.65 3.00 

FIGURE I-1 

DASH NO MATL DESCRIPTION RT SPEC THIS DRAWING AND THE DMLES OTSIRIS SCFIED DRAWN AYCHEM CORPORATION 

IN CMTINST FORTH DIMENSIONS ARE IN INCHES Raychem ~ ao OsT~~iNDRV 
HEREON ARE THE PROp. AND TOLERANCES ARE: CHECKED 5. MENLO PARK CALIFORNIA 94026 

ERTY OF RAYCHEM COR. .XXX: 
PORATION AND ARE TOBE xx : OSGN APPO TITLE 

IDENCE. PUBICATION. MF APPD Cable Splicing Sleeve Selection Guide 
DUPLICATION. DISCLO, Nuclear Power Plant In-Containment Use 
SURE, OR USE FOR ANY NEXTAS DC APPD 
PURPOSE NOT EXPRESSLY I
AUTHORIZED IN WRITING USED ON CODE IDENT. DWG. NO.  
BY RAYCHEM CORPORA. N47005-00603 
TION IS PROHIBITED . NO. 6090 

0OFSCALElTHSA PROJECT 47005-006 SIZE B SCALE -- SHEET OF 1



Page No. I-11 
Report No. 45307-1 

WCSF-N 
Installation 
Instructions 

Procedure 

The correct procedure for the selec- To select and install WCSF sleeves 1. Selection of correct type and size.  
tion and installation of WCSF type for installation in containment appli- See Raychem Selection Guide.  
splicing sleeves is an easy and simple cations or other applications requiring 
process. Reliable splicing can be the highest degree of reliability, two 2. Proper preparation and shrinking 
performed with completed splices essential steps are required: as shown here.  
being equal to or better than a cable 
insulation itself.  

'Prepare cable ends, crimping one endr i 
and locate heat-shrinkable sleeve to Locate marks he h-i/g inch beyond end of sleeve.  
approximate centering. Mark cabler 
with any type of tape or cable marker.  
Use area between marks to defineG 
surface to be cleaned and in centeringP 
of sleeve during shrinking operation.  

Nte: Marks should be located approx
imately " 1 to " 1 past end of sleeve.  
Verify that sleeve has 2" minimum 
seal area at each end.  

Abrade cable, if required, per cable 
manufacturer's or engineering 
recommendation.  

Clean all surfaces thoroughly, using 
a good commercial cable cleaning 
solvent or 1.1.1. Trich lorothane.  

Position sleeve onto cable and then 
complete crimping operation.  

Locate sleeve, centering on 
previously installed tape or other 
locating marks.  

FIGURE 1-2 

Raychem Corporation 
Menio 300 Constitution'irive R ay hemMenlo Park, California 94025
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Position glass heat shield cloth over 
exposed cable when shrinking onto 
noncrosslinked on nonvulcanized Required only for noncrosslinked cable insulation.  
insulating material.  

Note: If cable construction is dual 
type (i.e., the outer layer is cross
linked but the inner is not), then heat 
shields are not required.  

Shrink sleeve by starting shrinking 
action at approximate center of sleeve.  
Work heat gun or torch from center 
towards each end, using a waving 
action of the tool. This back and 
forth motion helps ensure reliable 
installation.  
Note: Heat should be applied to all 
sides. Where access to all sides is not 
feasible, installation with a heat 
reflector attachment will allow heat
ing of all sides with heat applied from 
one position.  

Continue shrink action until: 

1. Sleeve is smoothly shrunk onto 
cable surface.  

viA visible flow of adhesive is 
evident from each end of the sleeve.  

Photo shows typical adhesive flow 
that should be present at each end 
of the sleeve.  

Completed splice with a properly 
installed sleeve showing: 

1. Positive indication of adhesive flow 
at each end of the heat-shrinkable 
sleeve.  

2. Intimate surface contact is made 
along the length of the cable splice.  
The sleeve should show smooth con
tact with no surface wrinkles along 
the contact area of the cable jacket.  

FIGURE 1-3
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Thick Wall In-Line 
Multicomponent Splices Installation Guide HS-01 

Dekoron 

Introduction 
Reliable splicing of multiconductors is practical in a quick and easy manner using prepared Dekoron splice kits. Following the correct procedure will result in a splice that is equal to or better than the original cable insulation. Each individual splice kit as supplied to you has the necessary components for each specific application.  

Procedure: 

S3. Remove all binder tapes and/or shield from 
Sibundle, carefully exposing internal co

ponents, leaving individual shields and 
isolation tapes intact. Note: fire barrier 
tapes will also be removed and need not be 
reinstalled.  

4. Apply one continuous length of tape 
(supplied in kit) longitudinally to each 
individual shielded pair. This will prevent 
shield unraveling and shield to shield shorts 
once the splice is completed.  

5. Cut the first component two inches from 
1. er Sl e hend hathk oter jet splice. cable jacket, then cut each successive 

component at two inch intervals, only 
on one cable end. (See photo in step 2.) 

6. Strip each component shield back two 
inches to permit identification of com
ponent, and exposure of insulated con
ductors and bare drain wire. 

7. Cut each component of the second cable 
end to mate with the similarly identified 
component on the previously prepared 
cable end. This is done in such a manner 
that the components shall be staggered 
and the total splice length shall be that 
originally cut back on one cable end.  
(See photo in step 2.) 

8. Strip all remaining component shields back 
one inch from component ends. Then 2. Strip back two inches of cable jacket for strinech rondctmoninltins bache4n 

each contained component, i.e.: Eightstrip each conductor insulation back 1/4".  
components (8 twisted pairs) equal2.) 
sixteen inches of jacket removal per cable 9. Slide conductor splice sleeves over each 
end. insulated conductor and drain wire.  

FIGURE 1-4
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O0a. Splice instrument wires (copper conductors) and drain wires using in-line crimp connectors 
supplied in kit.  

10b. Splice thermocouple extension wires with swage connectors supplied in kit. (Requires 
special tool - not supplied.) 

FIGURE 1-5
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0 2 2 

nches O 1h2s 

11. Center conductor and drain wire splice sleeves over individual splices and shrink using hot air 
gun (not supplied). Each splice sleeve must be shrunk from the center outwards towards each 
end, keeping the gun in motion to avoid scorching the sleeve. When adhesive appears at each 
end uniformly, shrinking is complete.  

13. Cut each cable jacket back an additional 
one-half inch, leaving overall shield exposed.  

14. Apply supplied shielding tape spirally securing 
with tape, aluminum side out, leaving 
overall drain wire outside.  

15. Splice overall drain wire without shrink 
sleeve, using in-line crimp connector.  

16. Abrade and clean overall cable jacket with a 
good commercial cable cleaning solvent.  

12. Continue the above procedure through 
each consecutive component, staggering 
splices as per previously established 
cuts. When finished, tightly wrap splice 
assembly with tape.  

FIGURE 1-6.
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17. Center overall jacket splice over splice 18. Shrink overall jacket splice starting at 
assembly insuring a minimum of two .center and moving gradually outward 
inch overlap over cable jacket at each to ends (use high wattage heat gun).  
end,. When adhesive appears at each end uni

formly, shrinking is complete.  

FIGURE I-7 

PROCESS CONTROL CONIPONENTS DIVISION 
1199 South Chillicothe Road 
Aurora, Ohio244202 

Telephone (216) 562-5151 
Telex 986446
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Switchboard Wire 
ANACONDA Industries 1-80 

Wire and Cable Division 
Continental Wire & Cable 

Switchboard and Control Wire 
Flame-Retardant EP Insulation Type NSIS 
Copper Conductor 600 Volts 90C 

Description Features and Benefits How to Specify 
CONDUCTOR Accepted for use in OSHA regulated Specify by Anaconda/Continental Type 
Coated, annealed copper conductor; installations. NSIS, size, stranding, color and voltage.  
solid or stranded per ASTM B8 and B33: Sizes 14 and larger UL listed for switch- A complete, detailed guide for develop
Solid Sizes: 18 AWG-10 AWG board and control panel wiring. ing a specification to meet your specific 
Stranded Sizes: 18 AWG-6 AWG Recognized by NEMA for internal needs is available from your Anaconda/ 
(Both 7 strand and flexible strand) swatchgear wiring. Continental Representative.  

SEPARATOR FR-EP insulation meets or exceeds the How to Order 
Separator is applied between insulation requirements of ICEA S-68-516 Type 1 Order by AnacondalContinental, pro
and conductor. and UL44, Class XL duct name, quantity required, size, 
INSULATION RADIATION RESISTANT, meets strin- stranding, color and voltage.  
FR-EP (Flame-retardant ethylene pro- gent LOCA test requirements for nu- Number of specific lengths required 
pylene) possesses unique flame retar- clear generating stations per IEEE 383. and packaging.  
dant properties in addition to high 
compressive cut and crush resistance, FLAME-RESISTANT, insulated con- EXAMPLE 
low deformation and excellent electrical ductors comply with all ICEA and UL Anaconda/Continental Switchboard 
performance. single conductor horizontal and vertical Wire Type NSIS 

Aplcainflame tests including VW-1 (FR-i) 5000 feet, 12 AWG, solid, Gray, 600 
ApplicationTemperature Rating: Volts.  
For general purpose use as internal Normal 90C 2-2500 foot lengths on non-returnable 
wiring for switchboards and control FR-EP (flame retardant ethylene pro- reels.  
apparatus. Designed for use at 600 
Volts 90C maximum operation in wet or vnesu 
dry locations,.atgs 
Lii odry locations ol hnue Excellent electrical, thermal and physiLimited to dry locations only when used capretis 
in accordance with Article 384 of the cal restaet.  
National Electrical Code. Excellent resistance to crush compres
For a specific recommendation for sion cuts and heat deformation.  
your application, please consult your Excellent flame resistance.  
Anaconda/Continental Representative. Excellent low temperature cold bend 

characteristics.  
Fully pigmented insulation yields a 
wide range of easily distinguishable 
colors.  

FIGURE 1-8 

ANACONDA INDUSTRIES. Continental Wire & Cable YORK, PENNSYLVANIA 17405
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ANACONDA Industries 
Wire and Cable Division 
Continental Wire & Cable 

Switchboard and Control Wire 
Flame-Retardant EP Insulation Type NSIS 
Copper Conductor 600 Volts 90C 

Flame-Retardant EP Insulation 
Number Insulation Overall Net 

Size of Thickness Diameter Weight Size 

AWG Strands Inch mm Inch mm LbsJMFT kglkm AWG 

Solid Conductor 600 Volts 

18 Solid .031 .79 .11 2.8 10 15 18 

16 Solid .031 .79 .12 3.0 14 21 16 

14 Solid .031 .79 .13 3.4 19 28 14 

12 Solid .031 .79 .15 3.8 28 42 12 

10 Solid .031 .79 .17 4.3 41 61 10 

Stranded Conductor 600 Volts 

18 7 .031 .79 .11 2.9 11 16 18 

16 7 .031 .79 .13 3.2 15 22 16 

14 7 .031 .79 .14 3.6 20 30 14 

12 7 .031 .79 .16 4.1 28 42 12 

10 7 .031 .79 .19 4.6 42 62 10 

8 7 .047 1.19 .25 6.3 70 104 8 

6 7 .062 1.57 .32 8.1 113 168 6 

Flexible Conductor 600 Volts 

18 16 .031 .79 .12 3.0 11 16 18 

16® 26 .031 .79 .13 3.3 15 22 16 

14 g 41 .031 .79 .15 3.7 20 30 14 

12 @ 65 .031 .79 .17 4.2 28 42 12 

10 @ 105 .031 .79 .19 4.9 43 64 10 

8 133 .047 1.19 .27 6.8 75 112 8 

6 133 .062 1.57 .34 8.7 119 177 6 

NATIONAL ELECTRICAL CODE @ AUTHORIZED STOCK ITEMS Dimensions and weights are shown 

AMPACITY REFERENCES Stock items are available in 2500 foot subject to standard industry tolerances.  

Ampacities: Article 310-15 reels, (Gray), subject to a tolerance of 

INSTALLATION REFERENCES: plus or minus 5%.  

Wiring Methods: Article 300-A Standard lengths, multiples of 500 feet, 

Sizes 14 and larger are UL IIstel as Type are subject to a tolerance of plus or 
sis. 

mns1% 

FIGURE 1-9 

ANACONDA INDUSTRIES Continental Wire & Cable YORK, PENNSYLVANIA 17405
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Instrumentation Cable 

ANACONDA 11-78 

Flame-Guard' FR-EP Instrumentation Cable 
Flame-Retardant EP Insulation CPE Jacket 
Multiple Copper Conductors 600 Volts 90C 

Description Features and Benefits How to Specify 
CONDUCTORS FR-EP insulation meets or exceeds the Specify by AP number (Anaconda. Pro
Coated annealed, copper conductors, requirements of IPCEA S-68-516, Type duct Number), product name, arrange
Class B strand per ASTM B8 and B33; 1I, and UL 44, Class EPCV. ment of conductors, size, copper, in
Sizes: 20AWG-16AWG RADIATION RESISTANT, meets strin- sulation, shielding option, jacket, 

INSULATION gent LOCA test requirements for voltage.  
FR-EP (flame-retardant ethylene pro- nuclear generating stations per IEEE AP numbers are shown at the top of all 
pylene) possesses unique flame re- 383. construction data tables.  

tardant properties in addition to high FLAME-RESISTANT, meets re- A complete, detailed guide for develop
compressive cut and crush resistance, quirements of IEEE 383 and UL 1277 ver- ing a specification to meet your specific 
low deformation and excellent elec- tical cable flame tests, including 70,000 needs is available from your Anaconda 
trical performance. ard 210,000 BTUIHR. Representative.  

FILLERS AND BINDER TAPE Temperature ratings: 
Insulated conductors cabled with Normal 
suitable fillers, when necessary to Emergency 130C Order by Anaconda AP number, product 
assure roundness. Flame resistant Reduced cable diameters provides name, quantity required, arrangement 
binder tape over core. more fill capacity, of conductors, size, copper, insulation, 

SHIELDING TAPE (Optional) Excellent balance of physical properties Numer opific lgeq 
Aluminum/polyester laminated contributes to easeof installation, Nd packaging.  
shielding tape with tinned copper FR-EP (flame-retardant ethylene pro
drain wire applied helically over core pylene) insulation offers these ad
and/or over twisted pairs, triads or Anaconda AP 63040 
quads. Flame-Guard FR-EP, 

JACKET OVERALL ~No conductor jacket needed - smaller 100fe ar 6AG opr R 
JACKETOVERALLcable O.D.  
CPE (chlorinated polyethylene) jacket is Excellent electrical, thermal and EP insulation, Pairs shielded and overall 
formulated for maximum flame re- physical properties. shield, CPE jacket, 600 volts.  
tardancy. The CPE jacket possesses Excellent resistance to moisture. 5-2000 foot lengths on non-returnable 
low heat deformation, excellent Excellent resistance to crush compres- wood reels.  
resistance to compresssion cutting or sion cuts and heat deformation.  
crush and highly desirable installation Excellent flame resistance.  
characteristics. Excellent low temperature cold bend 

pcharacteristics.  
ApplicationPigmented color codes with tracers per 
Flame-Guard FR-EP Instrumentation IPCEA S-1981.  
Cable is designed for a wide variety of CPE (chlorinated polyethylene) jacket 
utility and industrial applications where offers the following: 
high reliability is essential and installa
tion considerations, including cable Excellent flame resistance - burns to 
tray fill, are important. The cable offers an ash - does not exhibit "Ther
excellent flame and radiation moplastic drip".  
resistance, and fully meets current re- Low coefficient of friction - easy 
quirements for application in nuclear pulling.  
generating stations. Excellent thermal and mechanical 

characteristics.  
Flame-Guard FR-EP may be installed in Excellent low temperature cold bend 
free air, all raceways (including cable characteristics.  
trays), or direct burial.  
For a specific recommendation for your 
application, consult your Anaconda 
Representative.  

FIGURE 1-10 

AU The Anaconda Company Wire and Cable Division Greenwich, Connecticut 06830
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Instrumentation Cable 
11-78 ANACONDA 

Flame-Guard' FR-EP Instrumentation Cable 
Flame-Retardant EP Insulation CPE Jacket 
Multiple Copper Conductors 600 Volts 90C 

FR-EP Flame-Retardant Ethylene Propylene Insulation CPE Chlorinated Polyethylene Jacket 
Num ber ume 

Nube Overall 

of Insulation Jacket Overall Net of 

Conductor Thickness Thickness Diameter Weight Conductor 

Pairs Inch mm Inch mm Inch mm Lbs/MFT kg/km Pairs 

20 AWG Non-Shielded Pairs with Overall Shield AP63040 

1 .025 .64 .045 1.14 .30 7.6 51 76 1 

2 .025 .64 .045 1:14 .44 11.1 88 131 2 

3 .025 .64 .045 1.14 .46 11.7 103 153 3 

4 .025 .64 .0345 1.14 .50 12.7 118 176 4 

5 .025 .64 .060 1.52 .58 14.7 156 232 5 

7 .025 .64 .060 1.52 .60 15.2 182 271 7 

1 0 .025 .64 .060 1.52 .74 18.8 242 361 10 

15 .025 .64 .080 2.03 .82 20.8 320 477 15 

19 .025 .64 .080 2.03 .91 23.1 418 623 19 

37 .025 .64 .080 2.03 1.19 30.2 710 1058 37 

18 AWG Non-Shielded Pairs with Overall Shield AP 63040 

1 .025 .64 .045 1.14 .31 7.9 57 85 1 

2 .025 .64 .045 1.14 .47 11.9 101 150, 2 

3 .025 .64 .045 1.14 .49 12.4 118 176 3 

4 .025 .64 .045 1.14 .56 14.2 155 231 4 

5 .025 .64 .060 1.52 ' .62 15.7 184 274 5 

7 .025 .64 .060 1.52 .64 16.3 218 325 7 

10 .025 .64 .060 1.52 .79 20.0 292 435 10 

15 .025 .64 .080 2.03 .92 23.4 427 636 15 

19 .025 .64 .080 2.03 .98 24.9 510 760 19 

37 .025 .64 .080 2.03 1.27 32.3 865 1289 37 

16 AWG Non-Shielded Pairs with Overall Shield AP 63040 

1 .025 .64 .045 1.14 .34 8.6 71 106 1 

2 .025 .64 .045 1.14 .55 14.0 141 210 2 

3 .025 .64 .060 1.52 .57 14.5 163 243 3 

4 .025 .64 .060 1.-52 .61 15.5 202 301 4 

5 .025 .64 .060 1.52 .68 17.3 237 353 5 

7 .025 .64 .060 1.52 .70 17.8 286 426 7 

10 .025 )64 .080 2.03 .91 23.1 426 635 10 

15 .025 .64 .080 2.03 1.01 25.7 562 837 15 

19 .025 .64 .080 2.03 1.07 27.2 678 1010 19 

37 .025 .64 .080 2.03 1.41 35.8 1192 1776 37 

Standard lengths, multiples of 500 feet. Dimensions and weights shown are 

are subject to a tolerance of plus or nominal, subject to standard industry 

minus 10%. tolerances.  

Specified cut lengths are subject to a 
tolerance of plus 10% minus 0%.  

FIGURE I-11 

AU The Anaconda Company Wire and Cable Division Greenwich, Connecticut 06830
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Instrumentation Cable 

ANACONDA 4 11-78 

Flame-Guard' FR-EP Instrumentation Cable 
Flame-Retardant EP Insulation CPE Jacket 
Multiple Copper Conductors 600 Volts 90C 

FR-EP Flame Retardant Ethylene Propylene Insulation CPE Chlorinated Polyethylene Jacket 
Number Overall Number 

of Insulation Jacket Overall Net of 

Conductor Thickness Thickness Diameter Weight Conductor 

Pairs Inch mm Inch mm Inch mm Lbs/MFT kg/km Pairs 

20 AWG Shielded Pairs with Overall Shield AP 63040 
1 .025 .64 .045 1.14 .30 7.6 51 76 1 

2 .025 .64 .045 1.14 .46 11.7 113 168 2 

3 .025 .64 .045 1.14 .49 12.4 126 188 3 

4 .025 .64 .060 1.52 .57 14.4 164 244 4 

5 .025 .64 .060 1.52 .62 15.7 198 295 5 

7 .025 .64 .060 1.52 .67 17.0 234 349 7 

10 .025 .64 .080 2.03 .88 22.4 350 522 10 

15 .025 .64 .080 2.03 1.01 25.7 475 708 15 

19 .025 .64 .080 2.03 1.06 26.9 554 825 19 

37 .025 .64 .080 2.03 1.41 35.8 960 1430 37 

18 AWG Shielded Pairs with Overall Shield AP 63040 
1 .025 .64 .045 1.14 .31 7.9 57 85 1 
2 .025 .64 .045 1.14 .49 12.4 129 192 2 
3 .025 .64 .060 1.52 .55 14.0 162 241 3 

4 .025 .64 .060 1.52 .60 15.2 188 280 4 

5 .025 .64 .060 1.52 .65 16.5 226 337 5 

7 .025 .64 .060 1.52 .71 18.0 268 399 7 

10 .025 .64 .080 2.03 .94 23.9 403 600 10 
15 .025 .64 .080 2.03 1.07 27.2 546 814 15 

19 .025 .64 .080 2.03 1.13 28.7 642 957 19 
37 .025 .64 .080 2.03 1.51 38.4 1126 1678 37 

16 AWG Shielded Pairs with Overall Shield AP 63040 
1 .025 .64 .045 1.14 .34 8.6 71 106 1 
2 .025 .64 .060 1.52 .57 14.5 175 261 2 

3 .025 .64 .060 1.52 .60 15.2 203 302 3 

4 .025 .64 .060 1.52 .65 16.5 241 359 4 
5 .025 .64 .060 1.52 .71 18.0 292 435 5 
7 .025 .64 .060 1.52 .78 19.8 351 522 7 

10 .025 .64 .080 2.03 1.03 26.2 519, 773 10 

15 .025 .64 .080 2.03 1.18 30.0 718 1070 15 

19 .025 .64 .080 2.03 1.24 31.5 839 1250 19 
37 .025 .64 .110 2.79 1.72 43.7 1607 2394 37 

Standard lengths, multiples of 500 feet, Dimensions and weights shown are 
are subject. to a tolerance of plus or nominal, subject to standard industry 
minus 10%. tolerances.  
Specified cut lengths are subject to a 
tolerance of plus 10% minus 0%.  

FIGURE I-12 

AU The Anaconda Company Wire and Cable Division Greenwich, Connecticut 06830
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Instrumentation Cable 
11-78 ANACONDA 

Flame-Guard FR-EP Instrumentation Cable 
Flame-Retardant EP Insulation CPE Jacket 
Multiple Copper Conductors 600 Volts 90C 

FR-EP Flame-Retardant Ethylene Propylene Insulation CPE Chlorinated Polyethylene Jacket 
Overall 

Number Insulation Jacket Overall Net Number 

of Thickness Thickness Diameter Weight of 

Conductors Inch mm Inch mm Inch mm Lbs./MFT kg/km Conductors 

20 AWG Overall Shield AP 63040 

2 .025 .64 .045 1.14 .30 7.6 51 76 2 

3 .025 .64 .045 1.14 .31 7.9 54 80 3 

4 .025 .64 .045 1.14 .33 8.4 62 92 4 

5 .025 .64 .045 1.14 .36 9.1 72 107 5 

7 .025 .64 .045 1.14 .39 9.9 87 129 7 

9 .025 .64 .045 1.14 .44 11.2 107 159 9 

12 .025 .64 .045 1.14 .49 12.4 131 194 12 

15 .025 .64 .060 1.52 .54 13.7 166 246 15 

19 .025 .64 .060 1.52 .64 16.3 221 327 19 

37 .025 .64 .060 1.52 .82 20.8 371 550 37 

18 AWG Overall Shield AP 63040 

2 .025 .64 .045 1.14 .31 7.9 57 85 2 

3 .025 .64 .045 1.14 .33 8.4 63 93 3 
4 .025 .64 .045 1.14 .35 8.9 73 108 4 

5 .025 .64 .045 1.14 .38 9.7 86 127 5 

7 .025 .64 .045 1.14 .41 10.4 105 156 7 

9 .025 .64 .045 1.14 .47 11.9 130 193 9 

12 .025 .64 .045 1.14 .53 13.5 160 237 12 

15 .025 .64 .060 1.52 .58 14.7 203 301 15 

19 .025 .64 .060 1.52 .64 16.3 246 364 19 

37 .025 .64 .080 2.03 .88 22.4 458 679 37 

16 AWG Overall Shield AP 63040 

2 .025 .64 .045 1.14 .34 8.6 71 106 2 

3 .025 .64 .045 1.14 .35 8.9 78 116 3 

4 .025 .64 .045 1.14 .38 9.7 92 136 4 

5 .025 .64 .045 1.14 .41 10.4 106 157 5 

7 .025 .64 .045 1.14 .48 12.2 135 200 7 

9 .025 .64 .045 1.14 .52 13.2 169 250 9 

12 .025 .64 .060 1.52 .61 15.5 226 335 12 

15 .025 .64 .060 1.52 .64 16.3 266 394 15 

19 .025 .64 .060 1.52 .70 17.8 313 464 19 

37 .025 .64 .080 2.03 .96 24.4 610 904 37 

Standard lengths, multiples of 500 feet, Dimensions and weights shown are 
are subject to a tolerance of plus or nominal, subject to standard industry 
minus 10%. tolerances.  

Specified cut lengths are subject to a 
tolerance of plus 10% minus 0%.  

FIGURE 1-13 

AU The Anaconda Company Wire and Cable Division Greenwich, Connecticut 06830



F. SEMICON REMOVAL F. SEMICON REMOVAL (Cont'd) 
CLEANING SOLVENTS FOR ELECTRICAL CABLES 

SPECIAL INFORMATION FOR THE SPLICER 
READANDFOLOW HESEINSRUCION WHE SP. LCIN ORFollow the solvent manufacturer's precautions and instructionsi READ AND FOLLOW THESE INSTRUCTIONS WHEN SPLICING OR 

TERMINATING MEDIUM VOLTAGE CABLES. Consult the current Occupational Safety and Health Standards for allowable 
concentrations, required ventilation, etc. (Especially, § 1910.93, § 1910.94.) 

To provide medium voltage cables with the highest electrical integrity and The following solvents are frequently used to clean cables. Anaconda has 
reliability they are provided with an electrically conducting stress relieving tested these only with regard to their relative cleaning ability on Anaconda's 
covering (semicon) over the insualtion surface. Medium Voltage Insulations - EPR, XLP and PE.  

TAPE SHIELD - UNIBLEND" - If the cable has copper-tape shields, be- Solvent Evaporation Cleaning 
tween these tapes and the insulation surface will be a layer of electrically Low Toxicity and non-flammable 
conducting rubber-like material and/or an electrically conducting paint. Freon TF (1,1,2-trichloro-1,2,2 

WIRE SHIELD - UNISHIELDTM - URD - If the cable shield consists of trifluoroethane) Very Fast 
longitudinally applied wires embedded in the cable jacket, that jacket is Methylene chloride Very fast Fair 
electrically conducting. If the cable shield consists of wires wrapped around 1,1,1-trichlorethane Fast Excellent 
a cable jacket, that jacket is electrically conducting. These conducting jack- CRC-"Cable Clean" Fast Excellent 
ets adhere tightly to the cable insulation. Dow-"Chlorothene Nu" Fast Good 
It is essential that all traces of conducting jackets and conducting paint be 3M-"Cable Preparation Kit" Fast Excellent 
removed from the surface of the insulation whenever the cable shielding 
system is cut back in preparation for splicing and termination.  

More HazardousZ CABLE CLEANING Acetone Fast Good 
Gasoline, white Fast Good 0"( Insulation without conducting layer is lighter in color, its surface resist- Petroleum Naptha Slow Good r 

aice is higher. Remember that synthetic rubber (EPR) has carbon black as 0 
a constituent, so it will always discolor a solvent-dampened cloth. Toulene Slow Good 
Follow the solvent manufacturer's handling precautions. Use minimum sol- Xylene Slow Good 
vents and buffing on the "creepage" area. The 1/2 inch of insulation adjoin- tn W 
ing the shield cut-off need not be perfectly clean, since this area is reshielded Lacquer thinner Slow Good l 
during the splice or termination installation. Tirpolene C I 
After the shield has been cut back the prescribed distance: West - "Electrosolve" Slow Good 
1. Loosen the conducting layer with a solvent-dampened nylon scratch pad 

backed with a cloth. Wipe with another clean cloth several times.  
2. Buff circumferentially with a 240 grit aluminum-oxide coated'abrasive EXERCISE CAUTION WHEN USING SOLVENTS. PROVIDE ADE

cloth. QUATE VENTILATION. AVOID BREATHING VAPORS. AVOID SKIN 
3. Wipe with a clean, lint-free cloth dampened with solvent and let dry. CONTACT. PROTECT EYES. DO NOT ALLOW SMOKING OPEN 

FLAMES, OR HOT METAL IN AREA.  
Regard all cleaning solvents as hazardous. Most are toxic or will decompose 
into toxic gases at high temperatures. Some are also flammable. Use mini

FIGURE 1-14 mumn quantities. Do not permit solvents to contact insulation shielding 
components.  

- Data and recommendations are based on information currently available 
and believed to be reliable. The Anaconda Company makes no guarantee 
of results and assumes no obligation or liability whatsoever in connection with this information.
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Terminals and Splices Report No. 45307 -1 
for Special Applications 

Radiation Resistantil5 0 *C PIDG Terminal Style 
Pre-insulated 
Terminals and Splices PVF, insulation withstands 

Celol nple 200 megarads radiation and Fine grade high conductivity Color coded LOCA simulation copper, gold or tin plated 
stripping to 
indicate wire size 

Copper sleeve provides 
circumferential insulation Fine grade high conduc! 

support to the wire copper. gold or tin plate 

Funnel ramp entry permits Serrations provide maximum 
rapid wire insertion and contact and tensile strength.  
prevents turned back after crimping 
wire strands 

TERMINYL Terminal Style 
Features 
F eat reSPVF, 

insulation withstar 
200 megarads radiation 

* Designed to meet the Tapered entry LOCA simulation 

requirements of MIL*T-7928 ramp permits rapid 
wire insertion 

, Insulation of Polvinylidene Color coded 
Fluoride (PVFa) for high radiation stripping to 

resistance (to 200 megarads) es prove maximumire se 

N Withatands 4 days contact and tensile 
stent Wathtand cridays 

steam/chemical spray washdown s'engt after comping 

which simulates LOCA (toss of 
coolant accident) conditions 

- Temperature Range -65*C to 
+ 150*C Materials: 

S Uses standard PIDG & \Terminal Body-Copper per QQ-C-576; PL 

is Gold (.00005" min.) per MIL-G-45204 
TERMINYL terminal tooling c\ ' Nickel (.00003" min.) per 00-N-290 or 

0 Color coded for easy wire and E per MIL-T-10727.  
wide match Insulation Support Sleeve-Copper per 

S overs W rde ange of wire L0-C-476; Plating is2Tin per MIL-T-107: 

sizes AW1326-8insulation Sleeve-PVF 2. Natural Color 

* Available in gold or tin plated PIDG Terminal Style 
versions for AWG 26-2 sizes 

* Butt splice for wire sizes AWG __r_ 

22-16 Wire Range 26-24 
Wire insulation Diameter S Me. W M. Ma 

.082" Max. Ioe 
Tumninl Tongta. Mlaterall Thickness: .____32______.73_________ 5_ 

.027" t.002" 2 .211 .203 .632 .736 5 
Stripe Color Code: Yelow . .632 .7 5 
Tooling: 22-16 4 .211 
PIOG Tooling (Red Coding) 

0 .243 .250 .064 .792 

8 .250 .281 .671 .814 

6 .156 .218 .560 .672 

is .250 .250 .54 .782 

FIGUREI-15 WireRange22-16 .281 .312 .685 .844 
Wire Insulation Diamete 10 281 12 .685 .8 
.125"M ax.  
TerminalTongueMaterialThickness: 5116 .437 .469 .841 1.078 
.031" t.002" 

Stripe Color Code: Red 112 .530 .713 .934 1.293 

* Normally shipped within 7 days ARO.  

30
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Terminals and Splices 
for Special Applications 

Part Nanlbe 

Radiation Resistantil50*C Tihate 

Pre-insulatod Wire Range 16-14 Sil wi. w MIf. La. Tape Frm LawePies 
Terminals and Splices (Cont'd.) wre nhaen os.....r 4 .171 2- .s7s .70s sa4i

Terineal Tongue M Iteri Thickness: a .171 .250 .575 .703 53415-1 * 
031 :.002" 
Stipe Color Codes Blue 6 281 .312 .685 .844 53417-2 53416-1 

8 281 .312 .85 .844 53417-1 

10 281 .312 .685 .844 53418-1* 

114 .437 .489 .841 1.078 53419-1 

5118 .437 .469 .841 1.078 53420-1 

318 .546 .531 .950 1.218 53421-1 

c6 .3= .375 .893 1.03 53423-1 
8 .302 .375 .893 1.083 53424-2 53424-1 * 

W .230" Mx. 10 302 .375 893 1.083 53425.1* 
Termint Tongue MaterlW Thickness* 
040- ±.002" 114 .468 .531 1.054 1.322 53426-1* 

PIDG Terminal Style . 5116 .468 .531 1.054 1.322 53427-1 
318 .531 .593 1.115 1.414 53428-1 

Termal Bod-Copperper OO-C-576: Plaing 
is Go(.00005" min. per MIL-G45204 over 
Nickel (.00003" m.) perOO-N-290arTim 

Radius a 1 periL-T-10727.  

37 *Sev.-PVF. Natres coor 
1,183 
Max.  

1.La42eP 

w.re strip. Wi a. Tenge Stual Pat Ne.  
size CAW cade Di. ia. iakces sis Tiz i .  

TERMINYL Terminal Style a Rd 257 .040 53505 2 
1 .003 

maeals:e 
Splice Body-Copper per OOC-576: Plating is 

Toi per MIL-T. 10727.  

Vnulflo Sump"r Sleeve-Copper per 
QOC-578: Plt is Tin per MIL-T-10727 

Lanulation Sieeve-PVF.. Natural Color 

Wie Stripe Whi s. L Part 
FIGURE 1-16 Rasp coimcea Die. Mu. Ian. Numew 

22-16 Red .125 1265 53548-1 
. PIDG Butt Splice Style 

Selection of AMP application tools are designed cycle of pneumatic tools. To aid in 

Proper Tooling to produce a carefully controlled, matching tool to wire size, AMP has 
uniform pressure crimp whether provided positive identification in the.  
manually or pneumatically powered. form of color-coded dots on the 
All tools feature matching dies that crimping dies and color-keyed, 
fully "bottom" at the completion of insulated handles. All the tools 
the crimp, thereby assuring proper shown on these pages are 
crimp height. In the hand tools, this specifically designed for AMP 
is accomplished by the AMP Products and are precision 
CERTI-CRIMP ratchet device located machined for AMP's exclusive 
between the tool handles; bottoming one-crimp termination of terminals 
is part of the automatic crimping or splices.  

L Normally shipped within 7 days ARO.
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Insulated and Un-insulated Terminal and 
Splice Tooling 30 to 10 AWG Wire Range 

Pneumatic Tool 
68068 as shown 

Lona Short T-).ead Heavy 69004 89005689010 89011689012 88088.1 Side mount 69319-1 48110 

Handle Handle col Hd Pneumatic Pneumatic AMPU PRES 68068 aswe n nSmatic Pneumaic 

TooeTllTol oolToo 6804 3cn e Tol To 

bench mounted 
foot pedal actuated 

LOOSE PIECE TOOLING 
AMP 

DeSite ize Hand Toelsie Heas atr He a for 

PIDG Terminals and Splices 30-26 6918 3 (crimps 2-22 
PID trs.o 30-26 wire) 

47304 * 59275 * 48438 47469 

26-22 46121 A .(terms.  
48518 - only) 

479071 59275 * 69957 
24-20 47'907.* 59300' 

470&69961 A 59300-, 47451 47516 46282 

22*16 4738W2* 59170 * 59250A 

PLASTI-GRIP Terminals 611115 -1 
47387' 69960APIDG 47452 47517 46284 

16-14 47367-2* only 
69152-1 A * 59170* 59250A 

59239.4 0 (.230 & .250 esp.) 47453 47518-1 
59287.2 0 (.275 & .300 exp.) 48237 (g. esp.  

1-10 69150-1 O0 (.230 exp.) for terms. only) 

PLASTI-GRIP Splices & Flag Terminals 2- 8121 (butt splices only) 

45160 (butt splices only) 45161 (butt splices) 

22-16 45449' (parallel splice only) 45451 (parallel 
splices only) 

45575-1 A (butt splices only) 45162 (butt splices) 
16-14 45450A (parallel splice only) 45452 (parallel 

splices only) 

594890 (bult spices only) 68057 45163-1 (butt 
59287-1 0 (tg. exp.) (butt splices only) 

FIGURE 1-17 12-10 59270 0 (parallel splice only) splices 
48049* (flag only) only) 
68142-1 A (.285-.320 flag only) 

DIAMOND GRIP Terminals and Splices 48070* 49999 

26-22 48070-1 ' 

49512- 476406 48494 
49915 * 38084 

22-16 47110' * (terms. only) 
49685-1 ' (flag only) 

49513 38083 

16-14 49916* 

59054 0 38875 

12-10 -2 
38675-2 * 

591730 (Ig exp.) 

SOLISTRAND Terminals and Splices 26-22 69363 68159.1 

49935A 49312 300869 300583 

22-16 499368 (no ratchet) 300454 
49900 * 

499 49313 300454 300583 

16-14 49936 1 (no ratchet) 300858 
49900.* 69749 (pars. only) 

14-12 49592' 38328 

49935- 49249 300454 300583 
49936 (no ratchet) 38415 38406 

12-10 49900 68157-1 (parallel 
splices only) 

BUDGET Terminals 22-16 49379' (no ratchet). 49834 

49379 (no ratchet), 49834 
1I-1 49608 A .  

12-10 496568 

'Long Handle 0 Heavy Head * Tight Insulation Support * Short Handle *Terminala Only A Foot Pedal Operation only 
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AMP 53548-1 

PRE-INSULATED BUTT SPLICE 

CONTINENTAL CABLE PVC TEST SPECIMEN 

S-t z ri O 
0 

*H 

RAYCHEM WCSF-200-N 
12" LONG 

1 INCH 

FIGURE 1-19 

SPLICE CONFIGURATION NO. 2 

CP&L SPLICE PROCEDURE



RAYCHEM WCSF-115-N 5" LONG 

RAYCHEM WCSF-200-N CONTINENTAL 
PVC TEST SPECIMENG 

1010 

RRAYCHEM WCSF-200-N 
123" LONG 

oCABLF 

SPIC CONFIGURATION..NO...  

o 

O 

RAYCHEMWCSF-2RAYCHEMk 

RACHMWCSF-500-N 1 INCH 

12 " LONG 

FIGURE I-20 

SPLICE CONFIGURATION NO. 3 

RAYCHEM SPLICE PROCEDURE



DEKORON CABLE PVC TEST SPECIMEN 

AMP 535489"1 LON 

1 INC 

0 

FIGURE I121 

SPLICE CONFIGURATION NO. 4 

CP&L SPLICE PROCEDURE



OD 

rt z 
0 

0 
rH 

LnH 

RAYCHEM WCSF-115-N AMP 53548-1 

6" LONG PRE-INSULATED BUTT SPLICE 

1 INCH 

FIGURE 1-22 

SPLICE CONFIGURATION NO. 5 

CP&L SPLICE PROCEDURE
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PHOTOGRAPH I-1 

TEST SPECIMEN NO. 1 AFTER STEP NO. 17 

OF THE CABLE SPLICE CHECKLIST
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PHOTOGRAPH 1-2 

TEST SPECIMEN NO. (VIEW 1) 

AFTER STEP NO. 21 

OF THE CABLE SPLICE CHECKLIST
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Jo0b no0.  

Proj.Enrno 

Date 

TestC-6 

PHOTOGRAPH I-3 

TEST SPECIMEN NO. 1 (VIEW 2) 

AFTER STEP NO. 21 

OF THE CABLE SPLICE CHECKLIST
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P, C 
Poob no , 3 

Custo-e 

Test Base aFi~.~i~~ 
rO.  

PHOTOGRAPH 1-4 

TEST SPECIMEN NO. 1-COMPLETED 

CABLE SPLICE ASSEMBLY 

(RAYCHEM SPLICE PROCEDURE)
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job no 

Customer _.ren _Power 

Proj. Enr 1.nn.-e 

Date 

Test l-0e_ 

PHOTOGRAPH 1-5 

TEST SPECIMEN NO. 2 AFTER STEP.NO. 9 

OF THE CABLE SPLICE CHECKLIST
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Job n 1S307 

Customer 

Proj. Eng, d 

Date -

PHOTOGRAPH 1-6 

TEST SPECIMEN NO. 2-COMPLETED 

CABLE SPLICE ASSEMBLY 

(CP&L SPLICE PROCEDURE)
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~-X 1 

Z.................' 

PHOTOGRAPH 1-7 

TEST SPECIMEN NO. 3 AFTER STEP NO. 17 

OF THE CABLE SPLICE CHECKLIST
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1ob no, '65307 
Custoerqr; P 

Pr7e fo r.1 .  

~Test b g 

PHOTOGRAPH 1-8 

TEST SPECIMEN NO. 3-COMPLETED 

CABLE SPLICE ASSEMBLY 

(RAYCHEM SPLICE PROCEDURE)
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Job no. .3 D 

Dat -c-.  

PHOTOGRAPH 1-9 

-TEST SPECIMEN NO. 4 AFTER STEP NO. 8 

OF THE CABLE SPLICE CHECKLIST
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PHOTOGRAPH I-10 

TEST SPECIMEN NO. 4-COMPLETED 

CABLE SPLICE ASSEMBLY 

(CP&L SPLICE PROCEDURE)
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PHOTOGRAPH I-11 

TEST SPECIMEN NO. 5 AFTER STEP NO. 17 

OF THE CABLE SPLICE CHECKLIST
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Job oo 

'Proj EngreZA u 
Date 3 

Test *-b L '11itM 

PHOTOGRAPH 1-12 

TEST SPECIMEN NO. 5-COMPLETED 

CABLE SPLICE ASSEMBLY 

(RAYCHEM SPLICE PROCEDURE)
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Job no.  

Proj.  

TestP 

6 

PHOTOGRAPH 1-13 

TEST SPECIMEN NO. 6 AFTER STEP NO. 8 

OF THE CABLE SPLICE CHECKLIST
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T2 

1 t' 

PHOTOGRAPH I-14 

TEST SPECIMEN NO. 6-COMPLETED 

CABLE SPLICE ASSEMBLY 

(CP&L SPLICE PROCEDURE)
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Job no.&S0 

Proj. Engr..7 

Date 3 31- 8 

Test be~ pict 

PHOTOGRAPH 1-15 

TEST SPECIMEN NO. 12 AFTER STEP NO. 9 

OF THE CABLE SPLICE CHECKLIST
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Cus tom)er j !t 9 Po 

Proi, Engr T /fork 
Date -i 

test se/eFu hn/ 

Jowe ooon re 

PHOTOGRAPH I-16 

TEST SPECIMEN NO. 12-COMPLETED 

CABLE SPLICE ASSEMBLY 

(CP&L SPLICE PROCEDURE)
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Job no. !45307 

CustomerCar/ wer 

Proj. Engr.0 MWrconna 

Date 3-3/- / 

Test Wble Sp iny 
wvuE LARAHMWES 

JJ 

PHOTOGRAPH 1-17 

TEST SPECIMEN NO. 18 AFTER STEP NO. 5 

OF THE CABLE SPLICE CHECKLIST
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s k.  

Ae Customer C l.Ig Fourr~.  

Dated 

PHOTOGRAPH 1-18 

TEST SPECIMEN NO. 18-COMPLETED 

CABLE SPLICE ASSEMBLY 

(CP&L SPLICE PROCEDURE)
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Job no.-!S 

C us t omuer -CraIIA4h 1-',5pc-

Proj. jnr tecn~.  

Date -3-3/-Y 

~Test C4 2 tSplin 
WYLE LABOuRAUNU 

PHOTQGRAPH 1-19 

TEST SPECIMEN NO. 24 AFTER STEP NO. 5 

OF THE CABLE SPLICE CHECKLIST
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Job n o ..  

Latorner C< 4 1 

Prol Fog" cne 

fost bpasetneo FuntfO *.'I 

PHOTOGRAPH 1-20 

TEST SPECIMEN NO. 24-COMPLETED 

CABLE SPLICE ASSEMBLY 
(CP&L SPLICE PROCEDURE)
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PHOTOGRAPH 1-21 

CABLE SPLICE ASSEMBLIES IN 

CABLE TRAY (VIEW 1)
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PHOTOGRAPH 1-22 

CABLE SPLICE ASSEMBLIES IN 

CABLE TRAY (VIEW 2)
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WYLE LABORATORIES 

CHECKLIST/DATA SHEET 
Carolina Power & Light Co.. Job No.: 45307 

CUSTOME. : 
Specimen: Cable Splice AssemblY START DATE: 

5/N: 1 END DATE: 

Test Ti te: Cable Splicing of 2-Conductor Shielded PVC Cable onto Extension Cables Using 

the Ravchem Solice Procedure 

DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 12-ft lengths of Dekoron 2

conductor shielded instrument cable, 
Type 1952.  

2. Select a 2-conductor PVC test specimen 
cable.  

3. Inspect the test specimen.  

4. Strip the test specimen and Dekoron 
cables per Splice Configuration No. 1.  

5. Mark each of the Dekoron cables and the 
test specimen with tapes or cable 
markers 3" from the end of the jacket 
to define the surface to be cleaned.  

Use 1,1,1, trichlorethane as the solvent 
during Steps 6 through 9.  

6. Scrub each of the cable jackets and wire / 
insulations with a solvent - dampened 
nylon scratch pad backed with a cloth.  

7. Wipe the cable jackets and wire insula

tions with another clean cloth several 
times.  

~TE7D BY- 3A Z ___ 

S HEE NO0.: 1 5 

AP R0 1EJ
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WYLE LABORATORES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: S-3/-8l 

S/N: 1 END DATE: -3F1" 

Test Title: Cable Splicing of 2-Conductor Shielded PVC Cable onto Extension Cables Using 
the Raychem Splice Procedure 

3* -Z_* STEP 
NO. DESCRIPTION RESULTS/REMARKS NOA 
8. Buff the cable jackets and wire insula

tions circumferentially with a 240 grit 
aluminum-oxide coated abrasive cloth.  

9. Wipe the cable jackets and wire insula
tions with a clean, lint-free cloth 
dampened with solvent.  

10. Allow the cables to air dry for at least 
10 minutes.  

11. Slide one piece of Raychem WCSF-200-N 
3" long over each of the two Dekoron 
cables.  

12. Slide one piece of Raychem WCSF-500-N 
12" long over each of the two Dekoron 
cables.  

13. Slide one piece of Raychem WCSF-115-N V 
5" long over each of the four Dekoron 
cable insulated wires.  

14. Remove the insulation from 6 Amp 53548-1 / 
pre-insulated butt splices.  

Crimp procedure for Step 15: 

A. Slide the non-insulated butt splice 
into the holding jaw of the blue
color-coded die of the Amp 59250 
T-Head hand crimp tool.  

TESMD B; - OA' DT E: 

SHEET NO.: 2 OF s 

APPROVED:
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co.. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 

S/N: 1 END DATE: 

Test Title: Cable Splicing of 2-Conductor Shielded PVC Cable onto Extension Cables Using 

the Raychem Splice Procedure 

STEP 
NO. DESCRIPTION RESULTS/REMARKS NOA 

14. (Continued) 

B. Insert the wire fully into the splice 

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

15. Crimp a butt splice onto each of the six.  
wires of the test specimen.  

Crimp procedure for Steps 16 and 17: 

A. Slide the uncrimped end of the butt / 
splice into the holding jaw of the 
blue-color-coded die of the Amp 59250 
T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp has been 
completed.  

16. Crimp one of the Dekoron cables onto one 
end of the test specimen, matching color 
for color.  

17. Crimp the other Continental cable onto 
the other end of the test specimen, 
matching color for color.  

TEST7D B:AE 

SHEET NO.: __ OF 

APPROVED:
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WYLE LABORATORIES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co.. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 
S/N: 1 END DATE: 

Test Title: Cable Splicing of 2-Conductor Shielded PVC Cable onto Extension Cables Using 
the Raychem Splice Procedure 

STEP 
NO. I DESCRIPTION RESULTS/REMARKS NOA 

18. Photograph the cable splice assembly.  

19. Center the four pieces of shrink tubing 
over the crimp splices.  

Shrink procedure for Steps 20 and 23: 

Use a heat gun as a heat source. Shrink 
the tubing by starting the shrinking 
action at the approximate center of the 
sleeve. Work the heat gun from the 
center toward each end, using a waving 
action of the tool. Continue until the 
sleeve is smoothly shrunk onto the cable 
surface and a visible flow of adhesive is 
evident from each end of the sleeve.  

V 
20. Shrink each of the four pieces of shrink 

tubing.  

21. Photograph the cable splice assembly. V 

22. Position the four 3" nieces of shrink 
tubing to cover 2.2" of each cable 
jacket.  

23. Shrink the shrink tubing over the cable 
jackets.  

24. Photograph the completed cable splice 
assembly.  

TESTED BY: DATE 
SHEET 11O.: O5 

APPROVED:
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WYLE LABORATORIES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Soecimen: Cable Splice Assembly START DATE: 

S/N: 1 ~~~~ENO DATE:____ _______ 

Test Title: Cable Splicing of 2-Conductor Shielded PVC Cable onto Extension Cables Using 

the Ravchem Solice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

25. Insert the completed cable splice 
assembly into the cable tray.  

TSET NO: S5BY -O1 s 

SHEET7 nO.: 5______ OF5 

APPROVED: A
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WYLE LABORATORrES 
CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co.. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: ' ' 

S/N: 2 END DATE: 1 -- d- c 

Test Title: Cable Splicing of 4-Conductor Shielded PVC Cable onto Extension Cables Using 
the CP&L Splice Procedure 

S TEPI 
NO. DESCRIPTION RESULTS/REMARKS NOA 
1. Cut two 12-ft lengths of Continental 

ERCP-5600-16-4S 4-conductor, shielded 
instrument cable.  

2. Select a 4-conductor PVC test specimen V 
cable.  

3. Inspect the test specimen.  

4. Strip the test specimen and Continental 
cables per Splice Configuration No. 2.  

5. Slide one piece of Raychem WCSF-200-N 
12" long over each of the two Continental 
cables.  

Crimp procedure for Step -6.  

A. Slide one Amp 53548-1 pre-insulated V 
butt splice into the holding jaw of 
the blue-color-coded die of the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

6. Crimp a butt splice onto each of the ten 
wires of the test specimen.  

TSED NO: ES" OF 
SHEE-T NO.: OF 
APPROVED:
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WYLE LABORATORIES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 

5/N: 2DATE 

Test Title: Cable Splicing of 4-Conductor Shielded PVC Cable onto Extension Cables Using 

the CP&L Splice Procedure 

STEPV 
NO. DESCRIPTON RESULTS/REMARKS NOA 

6. (Continued) 

Crimp procedure for Steps 7 and 8: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the V 
blue-color-coded die of the Amp 59250 
T-Head hand crimp tool.  

B. Insert the wire fully into the pre
insulated butt splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

7. Crimp one of the Continental cables onto 
one end of the test specimen, matching V 
color for color.  

8. Crimp the other Continental cable onto 
the other end of the test specimen, 
matching color for color.  

V 

9. Photograph the cable splice assembly.  

10. Center the Raychem shrink tubings over 
each of the splices.  

11. Using a heat gun for a heat source, cure 
each shrink tubing. The cure must be 
started from the center of the splice an 

TES .; B2 $> 3 
SHEET NO.: 2 3F 

APOVED:
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co.- Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: ~ 

S/N: 2 END DATE: 8 ~ / 
Test Title: Cable Splicing of 4-Conductor Shielded PVC Cable onto Extension Cables Using 

the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

11. (Continued) 

worked out to one end. Return to the 
center of the splice and work out to the 
other end. Using this method, no air 
pockets shall be trapped within the 
splice.  

12. Insert the completed cable splice 
assembly into the cable tray.  

TESTED BY:/~E A 
SHEE7 NO0.:- 3______ OF 3_______ 

APPROVED:
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WYLE LABORATORIES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. job No.: 45307 

Specimen: Cable Solice Assembly START DATE: 

5/N: 3 END DATE: _3-3/_-_F/ 

Test Title: Cable Splicing of 4-Conductor Shielded PVC Cable onto Extension Cables Using 

the Raychem Splice Procedure 

STEPI 
NO. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 12-ft lengths of Continental v 
4-conductor shielded instrument cable 
ERCP-S600-16-4S.  

2. Select a 4-conductor PVC test specimen V 
cable.  

3. Inspect the test specimen. / 

4. Strip the test specimen and Continental 
cables per Splice Configuration No. 3.  

5. Mark each of the Continental cables and 
the test specimen with tapes or cable 
markers 3" from the end of the jacket to 
define the surface to be cleaned.  

Use 1,1,1, trichlorethane as the solvent 
during Steps 6 through 9.  

6. Scrub each of the cable jackets and wire 
insulations with a solvent - dampened 
nylon scratch pad backed with a cloth.  

7. Wipe the cable jackets and wire insula
tions with another clean cloth several 
times.  

TIESTE BY: DA7AT : 

SHEE-T 10. : 1 05 

APPROVED:
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WYLE LABORATORrES 
CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 3 
3/N: 3 END DATE: _ 3 - / _ 

Test Title: Cable Splicing of 4-Conductor Shielded PVC Cable onto Extension Cables Usina 
the Raychem Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS ' NOA 

8. Buff the cable jackets and wire insula
tions circumferentially with a 240 grit 
aluminum-oxide coated abrasive cloth.  

9. Wipe the cable jackets and wire insula
tions with a clean, lint-free cloth 
dampened with solvent.  

10. Allow the cables to air dry for at least 
ten minutes.  

11. Slide one piece of Raychem WCSF-200-N 
3" long over each of the two Continental 
cables.  

12. Slide one piece of Raychem WCSF-500-N 
12" long over each of the two Continental 
cables.  

13. Slide one pieH'e of Raychem WCSF-115-N 5" 
long over-each of the four Continental 
cableinsulated wires.  

14. Remove the insulation from 6 Amp 53548-1 
pre-insulated butt splices.  

Crimp procedure for Step 15: 

A. Slide the non-insulated butt splice 
into the holding jaw of the blue
color-coded die of the Amp 59250 T
Head hand crinm tool.  

2 IF 5 

SHEET NO.: 2 OF 

APPROVED:
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WYLE LABORATORIES 

CHECKLIST/DATA SHEET 

Carolina Power & Light Co.. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE.  

S/N: 3 END DATE: 3 

Test Title: Cable Solicing of 4-Conductor Shielded PVC Cable onto Extension Cables Using 

the Ravchem Splice Procedure 

STEP 

NO. DESCRIPTION RESULTS/REMARKS NOA 

14. (Continued) 

B. Insert the wire fully into the splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

15. Crimp a butt splice onto each of the six 
wires of the test specimen.  

Crimp procedure for Steps 16 and 17: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the Amp 59250 
T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp has been 
completed.  

16. Crimp one of the Continental cables onto 
one end of the test specimen, matching 
color for color.  

17. Crimp the other Continental cable onto 
the other end of the test specimen, 
matching color for color.  

TESTED BY / . 0DATE: 

SHEET NO.: 3 OF s 

APPROVED 1
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WYLE LABORATORUES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co.. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 

5/N: _END DATE: 

Test Title: Cable Splicing of 4-Conductor Shielded PVC Cable onto Extension Cables Using 

the Ravchem Splice Procedure 

STEP 
NO. DESCRIPTION RESULTS/REMARKS NOA 

18. Photograph the cable splice assembly.  

19. Center the four pieces of shrink tubing 
of each splice assembly over the crimp 
splices.  

Shrink procedure for Steps 20 and 23: 

Use a heat gun as a heat source. Shrink 
the tubing by starting the shrinking 
action at the approximate center of the 
sleeve. Work the heat gun from the 
center toward each end, using a waving 
action of the tool. Continue until the 
sleeve is smoothly shrunk onto the cable 
surface and a visible flow of adhesive 
is evident from each end of the sleeve.  

20. Shrink each of the four pieces of shrink 
tubing.  

21. Photograph the cable splice assembly. (1-0r0 NT C 

22. Position the four 3" pieces of shrink 
tubing to cover 2.2" of each cable 
jacket.  

23. Shrink the shrink tubing over the cable 
jackets.  

T.EST7D BY: ''>'' DATIE: ______ 

SHEET '1O.: 4O5 

APPROVED
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WYLE UMBORATORIES 

CHECKLIST/DATA SHEET 

Carolina Power & Light Co. Job No.: 45307 
CUSTOMER: 
Specimen: Cable Splice Assembly START DAT: 

S/N: 3 END DATE: / 

Test Title: Cable Splicing of 4-Conductor Shielded PVC Cable onto Extension Cables Using 

the Raychem Splice Procedure 

1O. DESCRIPTION RESULTS/REMARKS NOA 

24. Photograph the completed cable splice 
assembly.  

25. Insert the completed cable splice 
assembly into the cable tray.  

TESTED BY: J!~7/'--ZT 

SHEET NO.: 5 OF 

APPROVED: lll ~p~q~E U
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUS7OMER: Carolina Power & Light Co*. Job No.: 45307 

SOecimen: Cable Splice Assembly START DATE: 

5/N: 4_ _END DATE: 

Test Title: Cable Splicing of 2-Conductor Shielded PVC Cable onto Extension Cables Using 
the CP&L Splice Procedure 

1 

NO. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 12-ft lengths of Dekoron 2
conductor shielded instrument cable 
Type 1952.  

2. Select a 2-conductor PVC test specimen 
cable.  

3. Inspect the test specimen.  

4. Strip the test specimen and Dekoron 
cables per Splice Configuration No. 4.  

5. Slide one piece of Raychem WCSF-200-N 
9" long over each of the two Dekoron 
cables.  

Crimp procedure for Step 6: 

A. Slide one Amp 53548-1 pre-insulated 
butt splice into the holding jaw of 
the blue-color-coded die of the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

SHEET NO.: 1 OF 3 

APPROVED:
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WYLE LABORATORIES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co.. job No.: 45307 

Specimen: Cable Splice Assembly TR5T- AE: 

5/N: 
ENO DATE: 3 -3_ _7 

Test Title: Cable Splicing of 2-Conductor Shielded PVC Cable onto Extension Cables Using 

the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS N4OA 

6. Crimp a butt splice onto each of the six 
wires of the test specimen. ' 

Crimp procedure for Steps 7 and 8: 

A. Slide the uncrimped end of the butt 

splice into the holding jaw of the 
blue-color-coded die of the Amp 59250 
T-Head hand crimp tool.  

B. Insert the wire fully into the pre
insulated butt splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com

pleted.  

7. Crimp one of the Dekoron cables onto one 
end of the test specimen, matching color 
for color.  

8. Crimp the other Dekoron cable onto the 
other end of the test specimen, matching 

color for color.  

9., Photograph the cable splice assembly. LX 

10. Center the Raychem shrink tubings over 
each of the splices.  

SHETNO:2 3
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WYLE LABORATORES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 

S/N: 4 END DATE: - ' 

Test Title: Cable Splicing of 2-Conductor Shielded PVC Cable onto Extension Cables Using 
the CP&L Splice Procedure 

STEP 
NO. DESCRIPTION RESULTS/REMARKS NOA 

11. Using a heat gun for a heat source, cure 
each shrink tubing. The cure must be 
started from the center of the splice 
and worked out to one end. Return to 
the center of the splice and work out 
the other end. Using this method, no 
air pockets shall be trapped within the 
splice.  

12. Insert the completed cable splice 
assembly into the cable tray.  

TESTED BY: 3 TOF 
SHEET1 AO.: 3 OF 3_______ 

APPROVED:
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CHECKLIST/DATA SHEET 

C'-IS : Carolina Power & Light Co. jot No.: 45307 

Szec ien: Cable Solice Assembly START DA E:73, 37- 

S/N: 5 END DATE: -__-3_/ 

Tes Title: Cable Splicing of 2-Conductor Shielded PVC Cable onto Extension Cables Using 

the Ravchem Slice Procedure 

NO. DESCRIPTION RESULT5/REMARKS NOA 

1. Cut two 12-ft lengths of Dekoron 2
conductor shielded instrument cable, 
Type 1952.  

2. Select a 2-conductor PVC test specimen 
cable.  

3. Inspect the test specimen.  

4. Strip the test specimen and Dekoron 
cables per Splice Configuration No. 1.  

5. Mark each of the Dekoron cables and the 
test specimen with tapes or cable 
markers 3" from the end of the jacket 
to define the surface to be cleaned.  

Use 1,1,1, trichlorethane as the solvent 
during Steps 6 through 9.  

6. Scrub each of the cable jackets and wire 
insulations with a solvent - dampened 
nylon scratch pad backed with a cloth.  

7. Wipe the cable jackets and wire insula
tions with another clean cloth several 
times.  

APRGVE7-:
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WYLE LABORATORrES 
CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Splice Assembly START DAT/ 

S/N: 5 END DATE: 3 

Test Title: Cable Splicing of 2-Conductor Shielded PVC Cable onto Extension Cables Using 
the Raychem Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 
8. Buff the cable jackets and wire insula

tions circumferentially with a 240 grit 
aluminum-oxide coated abrasive cloth.  

9. Wipe the cable jackets and wire insula
tions with a clean, lint-free cloth 
dampened with solvent.  

10. Allow the cables to air dry for at least 
10 minutes.  

11. Slide one piece of Raychem WCSF-200-N 
3" long over each of the two Dekoron 
cables.  

12. Slide one piece of Raychem WCSF-500-N 
12" long over each of the two Dekoron 
cables.  

13. Slide one piece of Raychem WCSF-1l5-N 
5" long over each of the four Dekoron 
cable insulated wires.  

14. Remove the insulation from 6 Amp 53548-1 
pre-insulated butt splices.  

Crimp procedure for Step 15: 

A. Slide the non-insulated butt splice 
into the holding jaw of the blue
color-coded die of the Amp 59250 
T-Head hand crimp tool.  

TESTED BY 6  . ~ ~ T : 33-Y 

SHEET NO.: 2 0 5 

APPROVED:
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

fUSTOME: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Splice Assembly SA DATE: 

5/N: 5 END DATE: 

Test Title: Cable Splicing of 2-Conductor Shielded PVC Cable onto Extension Cables Using 
the Raychem Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

14. (Continued) 

B. Insert the wire fully into the splice 

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

15. Crimp a butt splice onto each of the six 
wires of the test specimen. V 

Crimp procedure for Steps 16 and 17: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the Amp 59250 
T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
solice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp has been 
completed.  

16. Crimp one of the Dekoron cables onto one 
end of the test specimen, matching color 
for color.  

17. Crimp the other Continental cable onto 
the other end of the test specimen, 
matching color for color.  

1_7 D 3 Y: ~~A7E 3 

5HEET NO.: 3 OF s 

APPROVED:
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

USTOME.: Carolina Power & Light Co. Job No.: 45307 

Soecimen: Cable Splice Assembly START DATE: 

S/N: 5_END DATE: 

Tast Title: Cable Splicing of 2-Conductor Shielded PVC Cable onto Extension Cables Using 
the Raychem Splice Procedure 

DESCRIPTION RESULTS/REMARKS - NOA 
18. Photograph the cable splice assembly. V 

19. Center the four pieces of shrink tubing V 
over the crimp splices.  

Shrink procedure for Steps 20 and 23: 

Use a heat gun as a heat source. Shrink 
the tubing by starting the shrinking 
action at the approximate center of the 
sleeve. Work the heat gun from the 
center toward each end, using a waving 
action of the tool. Continue until the 
sleeve is smoothly shrunk onto the cable 
surface and a visible flow of adhesive is 
evident from each end of the sleeve.  

20. Shrink each of the four pieces of shrink 
tubing.  

21. Photograph the cable splice assembly. f "' 

22. Position the four 3" pieces of shrink 
tubing to cover 2.2" of each cable 
jacket.  

23. Shrink the shrink tubing over the cable 
jackets.  

24. Photograph the completed cable splice 
assembly.  

TESTED BY: DATE

SHEET NO.: 4 OP 5 

APPROVED:
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WYLE LABORATORIES 

CHECKLI ST/DATA SHEET 

UST7MER: Carolina Power & Liaht Co. Job No.: 45307 

Speci.men: Cable Splice Assembly 7ART DATE: 

5/N: 5 ENO DATE: ___ DA 

T- . Cable Splicing of 2-Conductor Shielded PVC Cable onto Extension Cables Using 

the Ravchem Smlice Procedure 

NO. DESCRIPTION RESULT5/REMARKS NOA 

25. Insert the completed cable splice 
assembly into the cable tray.  

SHEET NO.: OF 
APPROVED:F
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WYLE LABORATORES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Licht Co.. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 

5/N: 6 END DATE: 
Test Title: Cable Splicing of 4-Conductor Shielded PVC Cable onto Extension Cables Using 

the CP&L Solice Procedure 

LES . imIO 

NO. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 12-ft lengths of Continental 
ERCP-S600-16-4S 4-conductor, shielded 
instrument cable.  

2. Select a 4-conductor PVC test specimen 
cable.  

3. Inspect the test specimen.  

4. Strip the test specimen and Continental 
cables per Splice Configuration No. 2.  

5. Slide one piece of Raychem WCSF-200-N 
12" long over each of the two Continental 
cables.  

Crimp procedure for Step 6.  

A. Slide one Amp 53548-1 pre-insulated 
butt splice into the holding jaw of 
the blue-color-coded die of the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

6. Crimp a butt splice onto each of the ten 
wires of the test specimen.  

TESTED BY: ,~< Z~ A 
SETNO.: ______ P_______ 

APPROVED:
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WYL=E LABORATORIES 

CHECKLIST/DATA SHEET 

Carolina Power & Licht Co. Jo NC.: 45307 

Specimen: Cable Splice Assembly TART DAT-: > - -8 

S/N:6 30 DAE-3/-?! 

Test Title: Cable Splicing of 4-Conductor Shielded PVC Cable onto Extension Cables Using 

the CP&L Splice Procedure 

NO. DESCRIPTION RESULT5/REMARKS NOA 

6. (Continued) 

Crimp procedure for Steps 7 and 8: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the Amp 59250 
T-Head hand crimp tool.  

B. Insert the wire fully into the pre
insulated butt splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

7. Crimo one of the Continental cables onto 
one end of the test specimen, matching 
color for color.  

8. Crimp the other Continental cable onto 
the other end of the test specimen, 
matching color for color.  

9. Photograph the cable splice assembly.  

10. Center the Raychem shrink tubings over 
each of the splices.  

11. Using a heat gun for a heat source, cure 
each shrink tubing. The cure must be 
started from the center of the splice an 

3'rHET 2 3
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WYLE LABORATOR IES 
CHECKLIST/DATA SHEET 

CUSTCMER: Carolina Power & Light Co. job No.: 45307 

Specimen: Cable Splice Assemblv -

Sz/'hJ: 6END DATE-:____________ 

Test Title: Cable Splicing of 4-Conductor Shielded PVC Cable onto Extension Cables Using 

the CP&L Solice Procedure 

NO. DESCRIPTION RESULTS / REMARKS NOA 

11. (Continued) 

worked out to one end. Return to the 
center of the splice and work out to the 
other end. Using this method, no air 
pockets shall be trapped within the 
splice.  

12. Insert the completed cable splice 
assembly into the cable tray.  

SHEET7 NO.: 3/_______ 

A PORO V E-7:
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co., Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 

S/N: END DATE: 

Test Title: Splicing 1-Conductor Wires Together Using the CP&L Splice Procedure 

STEP 
NO. DESCRIPTION RESULTS/RE.MARKS NOA 

1. Cut two 13-ft lengths of 1-conductor 
wire.  

2. Strip the wires per Splice Configuration 
No. 5.  

3. Slide a piece of Raychem WCSF-115-N 6" 
long over one of the wires.  

4. Slide one Amp 53548-1 pre-insulated butt 
splice into the holding jaw of the blue
color-coded die of the Amp 59250 T-Head 
hand crimp tool.  

5. Insert one wire fully into the butt 
splice.  

6. Crimp the splice. The tool will not 
reverse until a full crimp is completed.  

7. Slide the uncrimped side of the butt 
splice into the holding jaw of the crimp 
tool.  

8. Insert the other wire into the butt 
splice.  

TESTED BY: ' 2 DATE: 

SHEET NO.: 1 OF 2 

APPROVED: 
LI
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Liqht Co. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: e 

S/N:7 END DATE: 

Test Title: Splicing 1-Conductor Wires Together Using the CP&L Splice Procedure.  

STE P 
NO. DESCRIPTION RESULTS/REMARKS NOA 

9. Crimp the splice. The tool will not 
reverse until a full crimp is completed.  

10. Center the Raychem shrink tubing over 
the splice.  

11. Using a heat gun as a heat source, shrink 
the tubing by starting the shrinking 
action at the approximate center of the 
sleeve. Work the heat gun from the 
center toward each end, using a waving 
action of the tool. Continue until the 
sleeve is smoothly shrunk onto the cable 
surface and a visible flow of adhesive 
is evident from each end of the sleeve.  

12. Insert the completed cable splice 
assembly into the cable tray.  

TESTED BY:/ ' DATE: 

SHEET NO.: 2 OF 2 

APPROVED:
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

JST70M E: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 

S/N: END DATE: I 

Test Ti e. Splicing 1-Conductor Wires Together Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 13-ft lengths of 1-conductor 
wire.  

2. Strip the wires per Splice Configuration 
No. 5.  

3. Slide a piece of Raychem WCSF-115-N 6" 
long over one of the wires.  

4.- Slide one Amp 53548-1 pre-insulated butt 
splice into the holding jaw of the blue
color-coded die of the Amp 59250 T-Head 
hand crimp tool.  

5. Insert one wire fully into the butt 
splice.  

6. Crimp the splice. The tool will not 
reverse until a full crimp is completed.  

7. Slide the uncrimped side of the butt 
splice into the holding jaw of the crimp 
tool.  

8. Insert the other wire into the butt 
splice.  

TESTED BY: "", DATE: 

SHEET NO.: 1 OF 2 

APPROVED:
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WYLE ULA0RATORrES 

CHECKLIST/DATA SHEET 

U5TMER: Carolina Power & Licht Co. Job No. 45307 

Specimen: Cable Splice Assembly START DATE: 

S/N: 8 ~~~~END DATE: ___________ 

Test Title: Splicing 1-Conductor Wires Together Using the CP&L Splice Procedure.  

3mu 

NO. DESCRIPTION RESULT5/REMARKS NOA 

9. Crimp the splice. The tool will not 
reverse until a full crimp is completed.  

10. Center the Raychem shrink tubing over 
the splice.  

11. Using a heat gun as a heat source, shrink 
the tubing by starting the shrinking 
action at the approximate center of the 
sleeve. Work the heat gun from the 
center toward each end, using a waving 
action of the tool. Continue until the 
sleeve is smoothly shrunk onto the cable 
surface and a visible flow of adhesive 
is evident from each end of the sleeve.  

12. Insert the completed cable splice 
assembly into the cable tray.  

SHEET NO.: 2 OF 2 

-APPROVED:
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WYLE LA3ORATORTES 
CHECKLIST/DATA SHEET 

USCOMER: carolina Power & LightCo. Job No. 45307 

Specimen: Cable Splice Assembly START DATE: 

S/N: 9 END DATE: - 3 

Test Title: Splicing 1-Conductor Wires Together. Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS /REMARKS NOA 

1. Cut two 13-ft lengths of 1-conductor 
wire.  

2. Strip the wires per Splice Configuration 
No. 5.  

3. Slide a piece of Raychem WCSF-115-N 6" 
long over one of the wires.  

4. Slide one Amp 53548-1 pre-insulated butt 
splice into the holding jaw of the blue
color-coded die of the Amp 59250 T-Head 
hand crime tool.  

5. Insert one wire fully into the butt 
splice.  

6. Crimp the splice. The tool will not Lx 
reverse until a full crimp is completed.  

7. Slide the uncrimped side of the butt 

splice into the holding jaw of the crimp 
tool.  

8. Insert the other wire into the butt 
splice.  

TEST73D BY: L2 O <-AT 

SHEZET NO.: OF 

APPROVED- 2 
(I
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WYLE LABORATOR:ES 

CHECKLIST/DATA SHEET 

USTOMER: Carolina Power & Liaht Co. job No.: 45307 

Specimen: Cable Splice Assembly START DATE: ' 

S/N: END DATE: 

Test Title: Splicing 1-Conductor Wires Together Using the CP&L Splice Procedure.  

NO. DESCRIPTION RESULTS/REMARKS NOA 

9. Crimp the splice. The tool will not 
reverse until a full crimp is completed.  

10. Center the Raychem shrink tubing over 
the splice.  

11. Using a heat gun as a heat source, shrink 
the tubing by starting the shrinking 
action at the approximate center of the 
sleeve. Work the heat gun from the 
center toward each end, using a waving 
action of the tool. Continue until the 
sleeve is smoothly shrunk onto the cable 
surface and a visible flow of adhesive 
is evident from each end of the sleeve.  

12. Insert the completed cable splice 
assembly into the cable tray.  

TESED O: 2 OAT 

SHEET1 NO.: 2 OF2 
APPROVED: 

V,
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WYLE LABORATORTES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Soecimen: Cable Splice Assembly START DATE: ' / 

/N: 10 END DATE: - 9 

Test Title: Splicing 1-Conductor Wires Together Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS N1OA 

1. Cut two 13-ft lengths of 1-conductor 
wire.  

2. Strip the wires per Splice Configuration 
No. 5.  

3. Slide a piece of Raychem WCSF-115-N 6" 
long over one of the wires.  

4. Slide one Amp 53548-1 pre-insulated butt 
splice into the holding jaw of the blue
color-coded die of the Amp 59250 T-Head 
hand crimp tool.  

5. Insert one wire fully into the butt 
splice.  

6. Crimp the splice. The tool will not 
reverse until a full crimp is completed.  

7. Slide the uncrimped side of the butt 
splice into the holding jaw of the crimp 
tool.  

8. Insert the other wire into the butt 
splice.  

'HEET NO: 7 OF 2 

SHEET7 O0.: OF 2 

APPROVED:
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WYLE LA3ORATOR1ES 

CHECKLI ST/DATA SHEET 

CUS7OMER: Carolina Power & Liaht Co. Job No.: 45307 

* Soecimen: Cable Splice Assembly START DATE:  
S/N: 10 END DATE: __ ___--2 

Test Title: Solicina 1-Conductor Wires Together Using.the CP&L Splice Procedure.  

NO. DESCRIPTION RESULTS/REMARKS N A 

9. Crimp the splice. The tool will not 
reverse until a full crimp is completed.  

10. Center the Raychem shrink tubing over 
the splice.  

11. Using a heat gun as a heat source, shrink 
the tubing by starting the shrinking 
action at the approximate center of the 
sleeve. Work the heat gun from the 
center toward each end, using a waving 
action of the tool. Continue until the 
sleeve is smoothly shrunk onto the cable 
surface and a visible flow of adhesive 
is evident from each end of the sleeve.  

12. Insert the completed cable splice 
assembly into the cable tray.  

TEST-ED BY: 7~,/-' ~cA7E 

L/
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. job No.: 45307 

SoeciLmen: Cable Splice Assembly START DATE: 

S/N: END DATE: a 

Test Title: Splicing 1-Conductor Wires Together Using the CP&L Splice Procedure 

STEP 
NO. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 13-ft lengths of 1-conductor 
wire.  

2. Strip the wires per Splice Configuration 
No. 5.  

3. Slide a piece of Raychem WCSF-115-N 6" 
long over one of the wires.  

4. Slide one Amp 53548-1 pre-insulated butt 
splice into the holding jaw of the blue
color-coded die of the Amp 59250 T-Head 
hand crimp tool.  

5. Insert one wire fully into the butt 
splice.  

6. Crimp the splice. The tool will not 
reverse until a full crimp is completed.  

7. Slide the uncrimoed side of the butt 
splice into the holding jaw of the crimp 
tool.  

8. Insert the other wire into the butt 
splice.  

ESED O: BY O AT: 

SHEET1 NO.: 1 OF 

APPROVED:
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WYLE LABORATORIES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Licht Co. Jo No.: 45307 

Specimen: Cable Splice Assembly START DATE: 

S/N: 11 END DATE:
Test Tile: Splicing 1-Conductor Wires Together Using the CP&L Splice Procedure.  

40. DESCRIPTION - RESULTS/REMARKS NOA 

9. Crimp the splice. The tool will not 
reverse until a full crimp is completed.  

10. Center the Raychem shrink tubing over 
the splice.  

11. Using a heat gun as a heat source, shrink 
the tubing by starting the shrinking 
action at the approximate center of the 
sleeve. Work the heat gun from the 
center toward each end, using a waving 
action of the tool. Continue until the 
sleeve is smoothly shrunk onto the cable 
surface and a visible flow of adhesive 
is evident from each end of the sleeve.  

12. Insert the completed cable splice 
assembly into the cable tray.  

TESTED NY: 2O 2A 

SHEETi NO.: 2 O2 

APPROVED:
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WYLE LABORATORTES 

CHECKLIST/DATA SHEET 

C*570MER: Carolina Power & Liaht Co. job No.: 45307 

Soecimen: Cable Splice Assembly START DATE: -

S/N: 12 END DATE: 

Test Title: Splicing 1-Conductor Wires Together Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 13-ft lengths of 1-conductor 
wire.  

2. Strip the wires per Splice Configuration 
No. 5.  

3. Slide a piece of Raychem WCSF-115-N 6" 
long over one of the wires.  

4. Slide one Amp 53548-1 pre-insulated butt 
splice into the holding jaw of the blue
color-coded die of the Amp 59250 T-Head 
hand crimp tool.  

5. Insert one wire fully into the butt 
splice.  

6. Crimp the splice. The tool will not 
reverse until a full crimp is completed.  

7. Slide the uncrimped side of the butt 
splice into the holding jaw of the crimp 
tool.  

8. Insert the other wire into the butt 
solice.  

TESTED BY: AW;4-7 D$~, -- fATE 

SHEET NO.: 1 OF 2 

APPROVED:
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CHECKLIST/DATA SHEET 

*JSTOMER: Carolina Power & Liaht Co.. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 

S/N: 12 END DA7E: 
Test Title: Splicing 1-Conductor Wires Together Using the CP&L Splice Procedure.  

NO. DESCRIPTION RESULTS/REMARKS NOA 

9. Crimp the splice. The tool will not 
reverse until a full crimp is completed., 

10. Center the Raychem shrink tubing over 
the splice.  

11. Using a heat gun as a heat source, shrink 
the tubing by starting the shrinking 
action at the approximate center of the 
sleeve. Work the heat gun from the 
center toward each end, using a waving 
action of the tool. Continue until the 
sleeve is smoothly shrunk onto the cable 
surface and a visible flow of adhesive 
is evident from each end of the sleeve.  

12. Insert the completed cable splice 
assembly into the cable tray.  

ET D BY: 2AE 2 

S HEET'- NO.: 2 OF2 

APPOVED: Q.LA&nAyynA 
C,
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CHECKLIST/DATA. SHEET 

CUSTOMER: Carolina Power & Light Co.. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 

S/N: 13 END DATE: f 

Test Title: Cable Splicing of 2-Conductor Shielded Cables Using the CP&L Splice Procedure 

STEP 
40. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 13-ft lengths of Dekoron 2
conductor shielded instrument cable, 
Type 1952.  

2. Strip the cables per Splice Configura
tion No. 4.  

3. Slide one piece of Raychem WCSF-200-N 
9" long over one of the cables.  

Crimp procedure for Step 4: 

A. Slide one Amp 53548-1 pre-insulated 
butt splice into the holding jaw of 
the blue-color-coded die of the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 

reverse until a full crimp is com
pleted.  

4. Crimp a butt splice onto each of the 
three wires of one of the cables.  

Crimp procedure for Step 5: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the crimp 
tool.  

TES'TED BY: _________DATE.2 

SHEET NO.: 1 OF 2 

APPROVED:
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WYLE LABORATORrES 
CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 
13 S/N: END DATE: 

Test Title: Cable Splicing of 2-Conductor Shielded Cables Using the CP&L Splice Procedure 

STEP 
NO. DESCRIPTION RESULTS/REMARKS NOA 

4. (Continued) 

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

5. Crimp the second cable onto the first 
cable, matching color for color.  

6. Center the shrink tubing over the splice.  

7. Using a heat gun for a heat source, cure 
the shrink tubing. The cure must be 
started from the center of the splice and 
worked out to the other end. Using this 
method, no air pockets shall be trapped 
within the splice.  

8. Insert the completed cable splice 
assembly into the cable tray.  

TESTED BY:k' 3'~' ATE:__ ___ 

SHEET NO.: 2 OF 2 

APPROVED:
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CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Liaht c. Job No.: 45307 

Specimen: Cable Solice Assembly START DATE: 

5/N: 14 EN D DATE: _ 

Test Title: Cable Splicing of 2-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 13-ft lengths of Dekoron 2
conductor shielded instrument cable, 
Type 1952.  

2. Strip the cables per Splice Configura
tion No. 4.  

3. Slide one piece of Raychem WCSF-200-N 
9" long over one of the cables.  

Crimp procedure for Step 4: 

A. Slide one Amp 53548-1 pre-insulated 
butt splice into the holding jaw of 
the blue-color-coded die of.the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

4. Crimp a butt splice onto each of the 
three wires of one of the cables.  

Crimp procedure for Step 5: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the crimp 
tool.  

TEzSTED By:<4i . "> ATE: 

SHEET NO.: _Z70OF 2 

APPROVED:
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WYLE LABORATORtES 

CHECKLIST/DATA SHEET 

S carolina Power & Light co. job No.: 45307 

Soeciznen: Cable Sclice Assembly START DATE: 

5/N: 14 END D__ 

Test TiLe: Cable Splicing of 2-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

4. (Continued) 

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

5. Crimp the second cable onto the first 
cable, matching color for color.  

6. Center the shrink tubing over the splice. V 

7. Using a heat gun for a heat source, cure 
the shrink tubing. The cure must be 
started from the center of the splice and 
worked out to the other end. Using this 
method, no air pockets shall be trapped 
within the splice.  

8. Insert the completed cable splice 
assembly into the cable tray.  

Tzs~~ -1- BY 

__ 2 SHEET NO.: 2 OF 

APPROVED:
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Solice Assembly START DATE: ' 

S/N: 15 END DATE: 

Test TiTo- Cable Splicing of 2-Conductor Shielded Cables Usinc the CP&L Solice Procedure 

NO. DESCRIPTION RE5ULTS/REMARKS NOA 

1. Cut two 13-ft lengths of Dekoron 2
conductor shielded instrument cable, 
Type 1952.  

2. Strip the cables per Splice Configura
tion No. 4.  

3. Slide one piece of Raychem WCSF-200-N 
9" long over one of the cables.  

Crimp procedure for Step 4: 

A. Slide one Amp 53548-1 pre-insulated 
butt splice into the holding jaw of 
the blue-color-coded die of the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

4. Crimp a butt splice onto each of the 
three wires of one of the cables.  

Crimp procedure for Step 5: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the crimp 
tool.  

SHEET NO.: oF 2 

APPROVED:
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Liaht Co. job No.: 45307 

Specimen: Cable Solice Assembly START DATE: 
15 S/N: END DATE: 

Test Title: Cable Splicing of 2-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

4. (Continued) 

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com

pleted.  

5. Crimp the second cable onto the first 
cable, matching color for color.  

6. Center the shrink tubing over the splice.  

7. Using a heat gun for a heat source, cure 
the shrink tubing. The cure must be 
started from the center of the splice and 
worked out to the other end. Using this 
method, no air pockets shall be trapped 
within the splice.  

8. Insert the completed cable splice 
assembly into the cable tray.  

TEESTNED BY: 2 2 

SHE-ET NO.: 2 OF2
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WYLE LA30RATORIES 

CHECKLIST/DATA SHET 

USTOMER: Carolina Power & Light Co. Job No.: 45307 

Soecimen: Cable Solice Assembly START DATE: 
S/N: 16 END DATE: 

Tes mtitle Cable Splicing of 2-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REIMARKS NOA 

1. Cut two 13-ft lengths of Dekoron 2
conductor shielded instrument cable, 
Type 1952.  

2. Strip the cables per Splice Configura
tion No. 4.  

3. Slide one piece of Raychem WCSF-200-N 
9" long over one of the cables.  

Crimp procedure for Step 4: 

A. Slide one Amp 53548-1 pre-insulated 
butt splice into the holding jaw of 
the blue-color-coded die of the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

4. Crimp a butt splice onto each of the 
three wires of one of the cables.  

Crimp procedure for Step 5: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the crimp 
tool.  

TESED BY: O'~~' / A7E ____:__ 

SHEET NO_4 ___.___ OF2 

APPROVED: ~
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Splice Assemblv START DATE: 
16 

5/N: END DATE: 

Test Title: Cable silicing of 2-Conductor Shielded Cables Using the CP&L Splice Procedure 

DESCRIPTION RESULTS/REMARKS NOA 

4. (Continued) 

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com

pleted..  

5. Crimp the second cable onto the first 
cable, matching color for color.  

6. Center the shrink tubing over the splice.  

7. Using a heat gun for a heat source, cure 
the shrink tubing. The cure must be 
started from the center of the splice and 
worked out to the other end. Using this 
method, no air pockets shall be trapped 
within the splice.  

8. Insert the completed cable splice 
assembly into the cable tray.  

TESTED 2 /4KZ-DATE: '/ 

SHEET NO.: 2 OF 2 

APPROVED: -
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WYLE LUBORATORTES 

CHECKLIST/DATA SHEET 

ZUSTOMER: Carolina Power & Licht Co. Job No.: 45307 

Specimean: Cable Solice Assembly START DATE:  

S/N: 17 END DATE: 

Test Title: Cable Splicing of 2-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 13-ft lengths of Dekoron 2
conductor shielded instrument cable, 
Type 1952.  

2. Strip the cables per Splice Configura
tion No. 4.  

3. Slide one piece of Raychem WCSF-200-N 
9" long over one of the cables.  

Crimp procedure for Step 4: 

A. Slide one Amp 53548-1 pre-insulated 
butt splice into the holding jaw of 
the blue-color-coded die of the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

4. Crimp a butt splice onto each of the 
three wires of one of the cables.  

Crimp procedure for Step 5: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the crimp 
tool.  

TEESTED BY:7' 7  O ATE: 

SHEET i O.: 1 OF2 

APPROVED: ~~e Ysts'~
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Slice Assembly START DATE: 

S/N: 17. END DATE: 

Test Title: Cable Splicing of 2-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

4. (Continued) 

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted. A 

5. Crimp the second cable onto the first 
cable, matching color for color.  

6. Center the shrink tubing over the splice.  

7. Using a heat gun for a heat source, cure 
the shrink tubing. The cure must be V 
started from the center of the splice and 
worked out to the other end. Using this 
method, no air pockets shall be trapped 
within the splice.  

assembly into the cable tray.  

TESTED BY: O 2

SHEET NO.: 2 2 

APPROVED: 
4,
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WYLE UABORATORTES 

CHECKLIST/DATA SHEET 

U5TOMER: Carolina Power & Licht Co. Job No.: 45307 

Specimen: Cable Solice Assembly START DATE: 

S/N: 18NO A7 ___________ 

Test Tite: Cable Splicing of 2-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 13-ft lengths of Dekoron 2
conductor shielded instrument cable, 
Type 1952.  

2. Strip the cables per Splice Configura
tion No. 4.  

3. Slide one piece of Raychem WCSF-200-N 
9" long over one of the cables.  

Crimp procedure for Step 4: 

V, 
A. Slide one Amp 53548-1 pre-insulated 

butt splice into the holding jaw of 
the blue-color-coded die of the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

4. Crimp a butt splice onto each of the 
three wires of one of the cables.  

Crimp procedure for Step 5: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the crimp 
tool.' 

TESTED BY: D0ATE: 

SHEET NO.: 1 OF 2 

APPROVED: U
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. job No.: 45307 

Specimen: Cable Solice Assemblv START DATE: 

S/N: 1.ENO 0ATE:____________ 

Test Title: Cable Splicing of 2-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

4. (Continued) 

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

5. Crimp the second cable onto the first 
cable, matching color for color.  

6. Center the shrink tubing over the splice. V/ 

7. Using a heat gun for a heat source, cure 
the shrink tubing. The cure must be 
started from the center of the splice and 
worked out to the other end. Using this 
method, no air pockets shall be trapped 
within the splice. , 

p hofwph 

8. Insert the completed cable splice 
assembly into the cable tray.  

SHEET NO.: 2 OF 2 

APPROVED:
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WYLE, LABORATOR1ES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Solice Assembly START DATE: 

S/N: 19 END DATE: 

Test Title: Cable Splicing of 4-Conductor Shielded Cables Using the CP&L Splice Procedure 

STEP DE C I T O 
NO. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 13-ft lengths of Continental 4
conductor shielded instrument cable ECRP
S600-16-4S.  

2. Strip the cables per Splice Configura
tion No. 2.  

3. Slide one piece of Raychem WCSF-200-N , }.,; (2 ice 

9" long over one of the cables. s c conficer jn 2 

Crimp procedure for Step 4: 

A. Slide one Amp 53548-1 pre-insulated 
butt splice into the holding jaw of 
the blue-color-coded die of the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

4. Crimp a butt splice onto each of the 
five wires of one of the cables.  

Crimp procedure for Step 5: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the crimp 
tool.  

TESTED SY: - DATE: 

SHEET NO. 1 OF 2 

APPROVED:
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WYLE LABORATORrES 
,CHECKLIST/DATA SHEET 

Carolina Power & Light Co. Job No.: 45307 CUSTO0MER: 

Specimen: Cable Splice Assembly START DATE: 

S/N: 1END DATE: 

Test Title: Cable Splicing of 4-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

4. (Continued) 

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

5. Crimp the second cable onto the first 
cable, matching color for color.  

6. Center the shrink tubing over the splice.  

7. Using a heat gun for a heat source, cure 
the shrink tubing. The cure must be 
started from the center of the splice 
and worked out to one end. Return to 
the center of the splice and work out to 
the other end. Using this method, no 
air pockets shall be trapped within the 
splice.  

8. Insert the completed cable splice 
assembly into the cable tray.  

TESTEED : DATE:

SHEET NO.: 2 OF 2 

APPROVED:



Page No. 1-108 
. Report No. 45307-1 

WYLE. LABORATORrES 

CHECKLIST/DATA SHEET 

'JSTOMER: Carolina Power & Liaht Co.. Job No.: 45307 

Specimen: Cable Solice Assembly START DATE: - I 

s p; 20 S/N: 20ENO 0ATE=: ___________ 

Test Title: Cable Solicina of 4-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 13-ft lengths of Continental 4
conductor shielded instrument cable ECRP
S600-16-4S.  

2. Strip the cables per Splice Configura
tion No. 2.  

3. Slide one piece of Raychem WCSF-200-N tU5o 1,:ZQJ Rlq/67 ptece / 
9" long over one of the cables. SP//c comvifuCeviw * 2 

Crimp procedure for Step 4: 

A. Slide one Amp 53548-1 pre-insulated 
butt splice into the holding jaw of 
the blue-color-coded die of the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice. / 

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

4. Crimp a butt splice onto each of the 
five wires of one of the cables.  

Crimp procedure for Step 5: 

A. Slide the uncrimved end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the crimp 
tool.  

HE.T O:DATE.  

SHEET7 no.: 1 OF 2
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WYLE LA3ORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: < 

5/N: 20 EN -DATE. 

Tes Tile: Cable Splicing of 4-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS jNOA 
4. (Continued) 

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

5. Crimp the second cable onto the first 
cable, matching color for color.  

6. Center the shrink tubing over the splice.  

7. Using a heat gun for a heat source, cure 
the shrink tubing. The cure must be 
started from the center of the splice 
and worked out to one end. Return to 
the center of the splice and work out to 
the other end. Using this method, no 
air pockets shall be trapped within the 
splice.  

S. Insert the completed cable splice 
assembly into the cable tray.  

7HETO NY: DAT: 
SHEET7 NO.: 2 ________ 

APPROVED-
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WYLE.LABORATORIES 

CHECKLIST/DATA SHEET 

US7OMER: Carolina Power & Light Co.. Job No.: 45307 

Specimen: Cable Slice Assembly START DATE* 

S/N: 21 END DATE: 

Test Title: Cable Splicing of 4-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. OESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 13-ft lengths of Continental 4
conductor shielded instrument cable ECRP
S600-16-4S.  

2. Strip the cables per Splice Configura
tion No. 2.  

3. Slide one piece of Raychem WCSF-200-N 7 ",an K / '// 
9" long over one of the cables. _ ,ur aWE " 

Crimp procedure for Step 4: 

A. Slide one Amp 53548-1 pre-insulated 
butt splice into the holding jaw of 
the blue-color-coded die of the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

4. Crimp a butt splice onto each of the 
five wires of one of the cables.  

Crimp procedure for Step 5: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the crimp 
tool.  

TESTED BY: / ' -- '<DA : 

SHEET NO.: 1 OF 2 

APPROVED: 
U'
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: j 

S/N: 21 END DATE: 

Test TitIe: Cable Splicing of 4-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS JNOA J 

4. (Continued) 

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

5. Crimp the second cable onto the first 
cable, matching color for color.  

6. Center the shrink tubing over the splice.  

7. Using a heat gun for a heat source, cure 
the shrink tubing. The cure must be 
started from the center of the splice 
and worked out to one end. Return to 
the center of the splice and work out to 
the other end. Using this method, no 
air pockets shall be trapped within the 
splice.  

8. Insert the completed cable splice 
assembly into the cable tray.  

EED BY: 2Y>/s ' DATE: 

SHEET NO.: 2 2 

APPROVED:
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WYLE.LABORATORIES 
CHECKLIST/DATA SHEET 

-M Carolina Power & Liaht Co.. job No.: 45307 

Specimen: Cable Solice Assembly START DATE: 

S/N: 22 END DATE: _ 

Test Title: Cable Splicing of 4-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 13-ft lengths of Continental 4
conductor shielded instrument cable ECRP
S600-16-4S.  

2. Strip the cables per Splice Configura
tion No. 2.  

3. Slide one piece of Raychem WCSF-200-N US'J / "n '<'y~n 6 iece 
9" long over one of the cables. / r S, , < uP'b 

Crimp procedure for Step 4: 

A. Slide one Amp 53548-1 pre-insulated 
butt splice into the holding jaw of 
the blue-color-coded die of the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

4. Crimp a butt splice onto each of the 
five wires of one of the cables.  

Crimp procedure for Step 5: 

A. Slide the uncrimoed end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the crimp 
tool.  

SHEET NO.: OF 2 

APPROVED:
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WYLE LJBORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Solice Assembly START DATE: -a 

S/N: 22 END DATE: 
Test Tite: Cable Splicing of 4-Conductor Shielded Cables Using the CP&L Splice Procedure 

STE? 
NO. DESCRIPTION RESULTS/REMARKS NOA 

4. (Continued) 

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

5. Crimp the second cable onto the first 
cable, matching color for dolor.  

6. Center the shrink tubing over the splice.  

7. Using a heat gun for a heat source, cure 
the shrink tubing. The cure must be 
started from the center of the solice 
and worked out to one end. Return to 
the center of the splice and work out to 
the other end. Using this method, no 
air pockets shall be trapped within the 
splice.  

8. Insert the completed cable splice 
assembly into the cable tray.  

SHEET NO. 2 OF2 

APPROVED: -aLCvv2
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WYLE. LABORATORIES 

CHECKLIST/DATA SHEET 

USCOMER: carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Solice Assembly START DATE: 

S/N: 23 END DATZ: 

Test Title: Cable Splicing of 4-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

1. Cut two 13-ft lengths of Continental 4
conductor shielded instrument cable ECRP
S600-16-4s.  

2. Strip the cables per Splice Configura
tion No. 2.  

3. Slide one piece of Raychem WCSF-200-N j9 

9" long over one of the cables. 2 -. u 

Crimp procedure for Step 4: 

A. Slide one Amp 53548-1 pre-insulated 
butt splice into the holding jaw of 
the blue-color-coded die of the Amp 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

4. Crimp a butt splice onto each of the 
five wires of one of the cables.  

Crimp procedure for Step 5: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the crimp 
tool.  

TSED BY: OF 2ATE: 

APPROVED- dAn ?d~cy
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 

S/N: .23 END DATE: 
Test Title: Cable Splicing of 4-Conductor Shielded Cables Using the CP&L Splice Procedure 

DE km. -,O 

NO. DESCRIPTION RESULTS/REMARKS NOA 

4. (Continued) 

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

5. Crimp the second cable onto the first 
cable, matching color for color.  

6. Center the shrink tubing over the splice.  

7. Using a heat gun for a heat source, cure 
the shrink tubing. The cure must be 
started from the center of the splice 

- and worked out to one end. Return to 
the center of the splice and work out to 
the other end. Using this method, no 
air pockets shall be trapped within the 
splice.  

8. Insert the completed cable splice 
assembly into the cable tray.  

SE2D BY: ,' OAT: 

SHEET7 "10. 2 OF2 

APPROVED.-~ YgcL-i~-4-
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WYLE. LABORATORrES 

CHECKLIST/DATA SHEET 
Carolina Power & Liaht Co.. Job No.: 45307 

Specimen: Cable Solice Assembly START DATE: ? 

3/N: 24 END DATE: 

Test Title: Cable Solicing of 4-Conductor Shielded Cables Using the CP&L Splice Procedure 

S T7 
NO. DESCRIPTION RESULTS/REMARKS - NOA 

1. Cut two 13-ft lengths of Continental 4
conductor shielded instrument cable ECRP
S600-16-4S.  

2. Strip the cables per Splice Configura
tion No. 2.  

3. Slide one piece of Raychem WCSF-200-N , 7 / re-.' e 
9" long over one of the cables. . ,, 

Crimp procedure for Step 4: 

A. Slide one Amp 53548-1 pre-insulated 
butt splice into the holding jaw of 
the blue-color-coded die of the Amy 
59250 T-Head hand crimp tool.  

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

4. Crimp a butt splice onto each of the 
five wires of one of the cables.  

Crimp procedure for Step 5: 

A. Slide the uncrimped end of the butt 
splice into the holding jaw of the 
blue-color-coded die of the crimp 
tool.  

TEST7D BY: DATE: 

SHEET NO.: 1 OF 2 

APPROVED:
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WYLE LABORATORrES 

CHECKLIST/DATA SHEET 

CUSTOMER: Carolina Power & Light Co. Job No.: 45307 

Specimen: Cable Splice Assembly START DATE: 

S/N: 24 END DATE: 

Test Title: Cable Splicing of 4-Conductor Shielded Cables Using the CP&L Splice Procedure 

NO. DESCRIPTION RESULTS/REMARKS NOA 

4. (Continued) 

B. Insert the wire fully into the butt 
splice.  

C. Crimp the splice. The tool will not 
reverse until a full crimp is com
pleted.  

5. Crimp the second cable onto the first 
cable, matching color for color.  

6. Center the shrink tubing over the splice.  

7. Using a heat gun for a heat source, cure 
the shrink tubing. The cure must be 
started from the center of the splice 
and worked out to one end. Return to 
the center of the splice and work out to 
the other end. Using this method, no 
air pockets shall be trapped within the 
splice.  

8. Insert the completed cable splice 
assembly into the cable tray.  

SHEET N1O.: 2 2 

APPROVED:
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INSTRUMENTATION EQUIPMENT SHEET 

Date __ _ _ _ _ _ _ _ _ _ _ _ _ Job No. __ _ _ _ _ _ _ _ _ _ _ _ Test Area 

Technician /q~Customer Type Test e/' 'c'#/ 

Model Serial Wyle or Calibration 

No. Instrument Manufacturer No. No. Gov't No. Range Accuracy On Due 

2 1)6.ef- MT LA 9-%NLY I (P4 11I~305 01"L-T I rMP6~ec 10 '- 80 14 

J Ac UYPor fre9 e 4030 41(0 ( -~o~1( 125b vIA t3 0  3-31-91 ( 31~? 

(D J 

0 ( 

t z0 
z 

U1I! 

Instrument Test Engineer Checked & Received ByQ*,te2'?4cvv 

WM- 102 9
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SECTION II 

RADIATION EXPOSURE 

1.0 REQUIREMENTS 

The radiation requirement for the cable and cable splice assemblies is 
the accident and normal total ihtegrated dose of 1.54 x 107 rads (a 10% 
conservatism margin has been included).  

The cables shall be placed in a Wyle Laboratories-supplied steel cable 
tray 5 feet long, 6-1/2 inches deep, and 12 inches wide. The cables 
shall not be stacked or restrained to the cable tray except by gravity.  
Placement of the cables shall be such that the cable splice assemblies 
are parallel to the floor of the cable tray. Following irradiation, 
particular care must be taken to ensure the cables are transported in 
the same spatial orientation as they were irradiated.  

2.0 PROCEDURES 

The cable tray with cable splice assemblies were crated and shipped to 
Parsippany, New Jersey by common carrier. The cable splice assemblies 
and cable tray unit were irradiated in a hot-cell facility at Isomedix, 
Inc., with Cobalt 60 (gamma) in a field of 9 x 105 rads per hour for 
18.9 hours for a total integrated dose of 1.7 x 107 rads (air). The 
cable tray was rotated 1800 approximately halfway through the exposure 
period for improved uniformity of dose. The cable tray with cable 
splice assemblies was recrated and shipped to Wyle Laboratories by 
common carrier.  

3.0 RESULTS 

The test items were subjected to the radiation level specified above.  
The test items were visualy inspected at the completion of the radia
tion testing and no visual degradation was noted.  

A certification letter and Irradiation Data Sheet are presented in 
Appendix I of this section.  

Photograph II-1 is presented in Appendix II of this section.  

WYLE LABORATORIES 
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ISOIVIED IX 

A. Irradiation Performance: 

1. Start date(s), end date(s)- April 18, 1981 - April 19, 1981 

2. Cumulative dosage (air) - 15.4 Mrads 

3. Irradiation geometry 
c. Dosimetry location(s) - See attached sheet 

B. Nomenclature: 

1. Wyle Purchase Order Number - 4-8843-S 

2. Your Job or test number - 45307 

3. Test Specimen description: 
a. Manufacturer: Unknown 
b. Specimen name(s) Unknown 
c. Model Number Unknown 

C. Irradiation Source: 

1. Type of Source 
Isotope 

2. Isotope - Co-60 

3. Type of Radiation 
Gamma 

4. Energy of Radiation 
2.5 MEV/dis.  

5. Source quantity or power used - 1.3Mci 

Isomedix Inc. * 25 Eastmans Road, Parsippany, New Jersey 07054 * (201) 887-2666
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ISIVIED IX 

CLIENT: .46 /' DATE EXPOSURE BEGAN:3V -4 / 
PURCHASE ORDER: '-ff4/- DATE EXPOSURE COMPLETED: 'I-1Y PROJECT NO. 0/30-of TOTAL ITOURS .OF EXPOSURE: 49 
TEST ITEM(S) 

.DISTANCES: Source guard to midpoinL of test item: 26 in.  
Source gjuard to clclpoin "t of toot itomn: 20in.  
Source guard to farthou;t poinpt of test item: in.  

.Number of times that test item was rotated for improved uniformity 
of dose:.  

(Calculated) 
Distance Exposure measured. Average DOSIMETRY RESULTS Dosimeter To Guard Time Doso Dose. Rate Total Type. No. (i jn) (hours) (Med) (Mrd/hr) Mrd VHarwell Red A/.0 

AECL Perspex C 
D 

REPARD B3y: DT'IE
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(To be returned to Wyle Laboratories) 

REQUEST (To be completed by Wyle Laboratories) 

Date: -3-Wyle Job No. 1 307 Wyle P.O. No. q-}k43-F 

Specimen: CObk Thf wilk !T* Sf4Imes C4beS Part No. PIA 
Air Equivalent 5 7 o 
Required Dose: Min. ____X ___Max. Rate not to exceed rads/hr 

Source Type: Cobalt-60/gamma Specimen rotation required: Yes No . times 

Sketch required: Yes NoE 

Post irradiation contamination check required: Yes No 

Dosimeter Standard (min. and max. Other (sketch attached) 
Locations: expected locations) 

Comments 

DATA (To be completed by performing lab) 

Facility: _ZSomEYX Tr , Technician: 

Total Dose (air): Min. .6pArads); Max./2. Trads) 
Rate: 0, 9 rads/hr Sketch (if required): Please show 

source size, curies; distances, 
Number of dosimeters used: 7specimen, and dosimeter placement.  

Dosimetry: .4 LuLie :,6 Oc W'i fs s -3 

Contamination Check Results (if required): 

Specimen rotation description: e 

Comments: &77Y/ p.tiU.~/~ 

Date and Time In: Out: A ( / (99'/ 

hereby certifies that the above information is the re
sultof complete and carefully conducted tests and is to the best of his knowledge true and 
correct in all respects. ! , - . / 
Datec in 11 Sup'r Signature jaZ'< - Title /tdz~ad , -4 

Form No. W908 QA Form Approval
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PHOTOGRAPH II-1 

CABLE TRAY WITH CABLE SPLICE ASSEMBLIES IN SHIPPING 

CRATE PRIOR TO SHIPMENT TO THE IRRADIATION FACILITY
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SECTION III 

POST-IRRADIATION FUNCTIONAL TESTS 

1.0 REQUIREMENTS 

Functional tests shall be performed as specified in Paragraph 1.3 of 
Section I.  

2.0 PROCEDURES 

The test specimens were subjected to the functional tests specified in 
Paragraph 1.0 of this section.  

3.0 RESULTS 

The test specimens successfully met the requirements as specified in 
Paragraph 1.0 and as described in Paragraph 2.0 of this section.  

Data Sheets showing the data recorded in this test sequence are presented 
in Appendix I-:of this section.  

Equipment used in recording data is shown on the Instrumentation Equip
ment Sheet presented in Appendix II of this section.  

WYLE. LABORATORIES 
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SECTION IV 

THERMAL AGING 

1.0 REQUIREMENTS 

1.1 PVC Cables 

The PVC cables and cable splice assemblies shall be thermally aged to 
the following equivalent ages.  

Test Specimen No. Equivalent Age (years) 

1 10 
2 10 
3 20 
4 20 
5 40 
6 40 

The PVC cables and cable splice assemblies, which require accelerated 
aging to 40 years, shall be thermally aged for 382 hours at 100 0C with 
uncontrolled relative humidity.  

The PVC cables and cable splice assemblies, which required accelerated 
aging to 20 years, shall be thermally aged for 128 hours at 1000C with 
uncontrolled relative humidity.  

Because these cables have been in service at the H. B. Robinson Nuclear 
Power Plant for 10 years, the aging temperature and durations equate to 
the required life goal minus 10 years. For example, the cables and 
cable splice assemblies with a 40-year life goal are thermally aged for 
382 hours at 100C, which equates to an equivalent 30-year life. When 
combined with the 10 years of natural aging, a 40-year equivalent life 
is reached for the PVC cables.  

1.2 Cables for the Optional Aging Program 

The cables and cable splice assemblies, which were added to the Quali
fication Program to provide for potential qualification of the CP&L 
cable splice(s) in the event of failure of the PVC cable, require less 
than 100 hours at 1001C to equate to a 30-year life at the specified 
basleine operating temperatures. These cables and cable splice assem
blies shall be thermally aged for 382 hours at 1000C. By doing this, 
the cable splice assembly could be utilized at an operating baseline 
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1.0 REQUIREMENTS (Continued) 

1.2 Optional Aging Program Cables (Continued) 

temperature of 1520F for 84% of its qualified life and 880F for 16% of 
its qualified life. This would be significant for other applications 
where the heat rise in the cable could cause the baseline temperature 
to exceed 1201F.  

2.0 PROCEDURES 

Test Specimen Nos.. 1 and 2 were removed from the cable tray prior to 
the Thermal Aging Test.  

The cable tray holding the cable splice assemblies was placed in an 
environmentally-controlled chamber. The chamber temperature was con
trolled at 1000C (212oF) for 128 hours.  

Test Specimen Nos.. 3 and 4 were removed from the cable tray.  

The chamber temperature was controlled at 100 0C (2120F) for 254 hours 
for a total thermal aging time of 382 hours.  

Test Specimen Nos.. 1, 2, 3, and 4 were reinstalled in the cable tray.  

.3.0 RESULTS 

The test specimens successfully met the requirements as specified in 
Paragraph 1.0 and as described in Paragraph 2.0 of this section.  

A photograph of the test setup is presented in Appendix I of this 
section.  

Equipment used in recording data is shown on the Instrumentation Equip
ment Sheet presented in Appendix II of this section.  
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04 

PHOTOGRAPH IV-1 

CABLE TRAY WITH CABLE SPLICE 

ASSEMBLIES IN THERMAL AGING CHAMBER
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SECTION V 

POST-THERMAL AGING FUNCTIONAL TESTS 

1.0 REQUIREMENTS 

Functional tests shall be performed as specified in Paragraph 1.3 of 
Section I.  

2.0 PROCEDURES 

The test specimens were subjected to the functional tests specified in 
Paragraph 1.0 of this section.  

3.0 RESULTS 

The test specimens successfully met the requirements as specified in 
Paragraph 1.0 and as described in Paragraph 2.0 of this section.  

Data Sheets showing the data recorded in this test sequence are presented 
in Appendix I of this section.  

Equipment used in recording data is shown on the Instrumentation Equip
ment Sheet presented in Appendix II of this section.  
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SECTION VI 

LOSS OF COOLANT ACCIDENT (LOCA) QUALIFICATION 

1.0 REQUIREMENTS 

1.1 Test Specimen Mounting and Orientation 

The cables and cable splice assemblies shall be placed on a Wyle
supplied steel cable tray and inserted into a Wyle LOCA chamber.  
The cables shall be located in such a manner as to ensure the 
cable splice assemblies are parallel to the floor of the cable tray.  
Penetrations shall be utilized along the LOCA chamber wall to allow 
for passage of the cables. All penetrations shall be potted with 
Scotchcast 9 epoxy.  

1.2 Electrical Powering 

Electrical powering of 48 VDC (+ 10%) (this was changed.from 480 VAC 
by Mr. Robert Schwager of CP&L) shall be provided to power the cables.  
This input voltage shall be wired in parallel to the cables. Each 
conductor shall be wired in-series with the other conductor(s) in 
the individual cables. The current within an individual cable shall 
be limited 20 mA (+ 10%) through the use of current-limiting resistors.  

1.3 Electrical Monitoring 

Twenty-five (25) electrical monitoring channels shall be recorded on a 
datalogger to monitor the electrical operation of the test items.  
These channels shall be utilized to monitor the input voltage (1 channel) 
and the current of each cable (24 channels).  

1.4 Instrumentation 

The chamber pressure shall be measured with a pressure transducer in 
combination with a pressure gauge. The temperature of the chamber 
shall be measured through the use of three (3) thermocouples connected 
in parallel located inside the LOCA chamber. The thermocouples shall be 
positioned in the chamber in such a way as to be within 2 inches of 
the test specimens. Paralleling means taking an average of three (3) 
thermocouples so that a single chamber temperature can be utilized for 
recording purposes.  

Two (2) channels on the datalogger shall be used for recording chamber 
pressure and temperature. These readings shall be recorded at 30-minute 
intervals, except during the ramps, when the datalogger shall be operated 
at its peak rate. A pen chart recorder shall be used to continuously 
monitor chamber temperature.  

WYLE LABORATORIES 
Huntsville Facility



PAGE NO. .VI-2 

TEST REPORT NO. 45307-1 

1.0 REQUIREMENTS (Continued) 

1.5 Chemical Spray 

Chemical spray shall be initiated within 5 seconds into the second 
ramp and continue for the remainder of the test. The composition of 

the chemical spray shall be as follows: 

o Boric Acid (.28 molar) 

o Sodium Thiosulphate (.064 molar) 

o Sodium Hydroxide (as required to make a pH of 10.5 at 770 F) 

The chemical spray shall be sprayed vertically downward at a rate of 

0.15 (gal/min)/ft of area of the test chamber projected onto a hori

zontal plane.  

The chemical spray flow rate shall be recorded daily by measuring 

the differential pressure across the spray nozzle. The pH of the 
chemical spray shall be recorded prior to each ramp and on a daily 
basis therafter.  

1.6 LOCA Profile 

The cables and cable splice assemblies shall be subjected for a 

period of 30 days to the LOCA profile of Figure VI-1 on a best
effort basis.  

1.7 Periodic Insulation Resistance Tests 

An insulation resistance test between the conductors of each cable 

and ground (reference Paragraph 1.3.1 of Section I) shall be per

formed at each temperature peak and every week until termination of 

the LOCA test.  

2.0 PROCEDURES 

2.1 Test Specimen Mounting and Orientation 

The wooden mandrels were removed from the steel cable tray and the 

cables were straightened out, leaving the cable splices in the 

approximate center of the cable tray. The cables and cable tray 

were moved as a unit into a 30-inch diameter by 10 feet long 

LOCA chamber. The cable tray was supported on blocks within the 

chamber to isolate it from the LOCA chamber floor. The cables 

were parallel to the floor of the cable tray. The ends of each 

cable were routed through the chamber end flange penetrations consist
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2.0 PROCEDURES (Continued) 

2.1 Test Mounting and Orientation (Continued) 

ing of piping that was filled with a two-part electrical insulating 
potting compound (Scotchcast No. 9) that provided a pressure seal.  
Since the cable tray was shorter than the LOCA chamber, the cables 
were supported on wooden blocks between the ends of the cable tray 
and the ends of the chamber. Reference Photograph VI-1 presented 
in Appendix III of this section.  

2.2 Electrical Powering 

Each conductor of each individual cable was wired in series with 
the other conductor(s) of that individual cable. A 0.5 amp fuse, 
a 1000 ohm potentiometer, a 680 ohm resistor, and a 1000 ohm preci
sion resistor were wired in series with each cable splice assembly.  
The cables were connected in parallel to a 48 VDC power supply. The 
current in each cable was adjusted to 20 mA (+ 10%) by adjusting the 
appropriate potentiometer. The potentiometers were then locked for 
the duration of the test.  

2.3 Electrical Monitoring 

The 48 VDC input voltage was recorded as 24 VDC, using a pair.of 
5000 ohm precision resistors as a voltage divider. The 20 mA cable 
currents were recorded as 20 volts across the 1000 ohm precision 
resistor wired in series with each cable. A datalogger was used to 
record these 25 channels of data.  

2.4 Instrumentation 

The chamber pressure was indicated with a pressure gauge and recorded 
with a pressure transducer connected to the datalogger.  

The temperature of the chamber was recorded with three (3) electrically 
paralleled thermocouples located within the LOCA chamber within 2 inches 
of the test specimens.  

Photograph VI-1,. presented in Appendix.III of this.section, shows the 
location of the thermocouples.  

2.5 Chemical Spray 

The chemical spray solution was prepared by mixing together the following: 

- 50 gallons of tap water 

- 7.6 pounds of 95% H 3BO3 - 4.4 pounds of 95% Na 2 S 20 
- NaOH as required for a p of 10.5 
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2.0 PROCEDURES (Continued) 

2.5 Chemical Spray (Continued) 

The chemical2spray was sprayed vertically downward at a rate of 0.15 
(gal/min)/ft of area of the test chamber projected onto a horizontal 
plane. Photograph VI-2 shows 2 of the 3 spray nozzles located along 
the top center of the LOCA chamber. The chemical spray flow rate was 
recorded daily by measuring the differential pressure across the spray 
nozzles. The pH of the chemical spray was adjusted to 10.5 prior to 
the first ramp. The pH was measured prior to each ramp and on a daily 
basis thereafter. The chemical spray solution was recirculated through
out the LOCA test.  

2.6 LOCA Profile 

The cables and cable splice assemblies were subjected for a period of 
30 days to the LOCA profile of Figure VI-1 on a best-effort basis by 
injecting saturated steam and shop air into the LOCA chamber. Tempera
ture reductions were at the chamber's thermal recovery rate.  

2.7 Periodic Insulation Tests 

The steel cable tray was grounded to the LOCA chamber. Insulation 
resistance tests were performed between the conductors (all conductors 
of a cable connected in series) of each cable and ground at 500 VDC 
for 1 minute minimum. These tests were performed at each temperature 
peak and every week until the termination of the LOCA test. An addi
tional test was performed prior to the second temperature peak.  

3.0 RESULTS 

The test specimens, except Specimen Nos. 5 and 6, successfully met the 
requirements as specified in Paragraph 1.0 and as described in Para
graph 2.0 of this section.  

Five (5) anomalies, consisting of two (2) test specimen anomalies and 
three (3) test equipment malfunctions, occurred during the performance 
of this test.  

At the first temperature peak (2860F), insulation resistance measure

ments of the six (6) single-conductor cables were below the acceptance 
criteria of 1 megohm. Prior to the second temperature excursion, the 

insulation resistance measurements were repeated at room ambient 
temperature. During this test, it was discovered that the extension 

leads used with the six (6) single-conductor cables had a low insula
tion resistance. This invalidated the insulation resistance measure
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3.0 RESULTS (Continued) 

ments performed on these six (6) cables at the first temperature peak.  
The insulation resistance measurements at room ambient temperature were 
all greater than 1 megohm. Reference Notice of Anomaly No. 1 presented 
in Appendix I of this section.  

At the first temperature peak (286 0F), the insulation resistance of 
Test Specimen No. 6 was 0.8 megohm. Prior to the second' temperature 
excursion, the insulation resistance was greater than 1 megohm.  
Reference Notice of Anomaly No. 2 presented in Appendix I of this 
section.  

At the second temperature peak (286 0F), the insulation resistance of 
Test Specimen No. 5 was 0.76 megohm and that of Test Specimen No. 6 
was 0.50 megohm. After the chamber temperature was reduced, the insula
tion resistance of these cables was greater than 1 megohm. Reference 
Notice of Anomaly No. 3 presented in Appendix I of this section.  

A momentary ppwer outage and later a malfunctioning redundant temperature controller caused the LOCA chamber'temperature to fall below the required temperature for a total of 2 hours and 45 minutes during the.  30-day test. The test was extended for 2 hours and 45 minutes. Reference Notices of Anomaly Nos. 4 and 5 presented in Appendix I of this section.  

Figures VI-1 through VI-5, showing -the required and actual LOCA. test 
temperature/pressure/time profiles, are presented in Appendix II of 
this section.  

Photographs VI-1 through VI-3 are presented in Appendix III of this 
section.  

Data Sheets, showing the data recorded in this test sequence, are 
presented in Appendix IV of this section.  

Equipment used in recording data is shown on the Instrumentation 
Equipment Sheets presented in Appendix V of this section.  
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WYLE LABORIORES (Eastern Operations) 

NOTICE OF ANOMALY DATE: 6/16/81 

NOTICE NO: P.O. NUMBER: HBR- 01616 CONTRACT NO: N/A 

CUSTOMER: (',rnl i n; Pnwtar and Ti qht- rn WYLE JOB NO: 4530l7 

NOTIFICATION MADE TO: Bob Schwacer NOTIFICATION DATE: - /1 6/A1 

NOTIFICATION MADE BY: James Marconnet VIA: Telephone 

DATE OF 
CATEGORY: E( SPECIMEN 0 PROCEDURE X9CTEST EQUIPMENT ANOMALY:. 6/15/81 

PARTNAME: In-Containment Cabl Splice Assembly PARTNO. N/A 

TEST: Insulation Resistance Test during first LOCA pealq.D.NO. 7, 8, 9, 10, 11, 12 

SPECIFICATION: Wyle Laboratories Oual. Plan 45307-1 PARA.NO. 3.4.1.4 

REQUIREMENTS: 

During the LOCA Test, an insulation resistance test between the conductor of each 

cable and ground, as described in Paragraph 3.1.2.2, shall be performed at each temp

erature peak and every week until termination.  
(3.1.2.2) Measure insulation resistance between each conductor and ground (plane) 

at 500 VDC for 1 minute (minimum).  
The insulation resistance shall not be less than 1 megohm.  

DESCRIPTION OF ANOMALY: 

An insulation resistance test was performed on each cable test specimen at the 

first LOCA temperature peak (2860F). The insulation resistance of test specimens 

No. 7 through 12 measured less than 0.5 megohm.  

DISPOSITION - COMMENTS - RECOMMENDATIONS: 

At the direction of the Customer, an insulation resistance test was performed on 

all 24 specimens at ambient temperature prior to the second temperature excursion.  

During these measurements, it was discovered that the extension leads used with test 

specimens 7 through 12 had a low insulation resistance which invalidated the insula

tion resistance measurements performed during the first temperature peak. After re

moving the extension leads, the insulation resistance measurements were all greater 

than 1 megohm. LOCA testing was continued.  

VERIFICATION: PROJECT ENGINEER: 

TEST WITNESS: PROJECT MANAGER: 44
INTERDEPARTMENTAL 

REPRESENTING: COORDINATION: 

QUALITY ASSURANCE:_ /__ _ _A'_., 

WYLE Form WH 1066, Rev. Jan, 81 Page of
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WYLE LABORAIES (Eastern Operations) 

NOTICE OF ANOMALY DATE: 6/17/81 

NOTICE NO: 2 P.O. NUMBER: HBR-01616 CONTRACT NO: N/A 

CUSTOMER: Carolina Power and Light Co. WYLEJOB NO: 45307 

NOTIFICATION MADE TO: Bob Schwager NOTIFICATION DATE: 6/17/81 

NOTIFICATION MADE BY: James Marconnet VIA: Telephone 

DATE OF 
CATEGORY: G&GPECIMEN O PROCEDURE O TEST EQUIPMENT ANOMALY: F /1 C irn 

PARTNAME: Tn-Containmpnt CablLe Spline A-stzmhly PARTNO. N/A 

TEST: Tnsulat-ion RPesi-tncp Tpet- during firqt- T.nrA peak.D.NO. 6 

SPECIFICATION: Wls Taharatoris rjnAl C Pla;n 4rfn7-1 PARA.NO. 4 1 4 

REQUIREMENTS: 

During the LOCA Test, an insulation resistance test between the conductor of each 
cable and ground, as described in Paragraph 3.1.2.2, shall be performed at each temp
erature peak and every week until termination.  
(3.1.2.2) Measure insulation resistance between each conductor and ground (plane) at 
500 VDC for 1 minute (minimum).  
The insulation resistance shall not be less than 1 megohm.  

DESCRIPTION OF ANOMALY: 
An insulation resistance test was performed on each cable test specimen at the first 
LOCA temperature peak (286 0 F). The insulation resistance of test specimen No. 6 was 
0.8 megohm.  

DISPOSITION - COMMENTS - RECOMMENDATIONS: 
At the direction of the Customer, an insulation resistance test was performed on all 
24 specimens at ambient temperature prior to the second temperature excursion. The 
insulation resistance measurements were all greater than 1 megohm. LOCA testing was 
continued.  

VERIFICATION: PROJECT ENGINEER: 

TEST WITNESS: PROJECT MANAGER: L 4 .. e*, A4-A 
INTERDEPARTMENTAL 

REPRESENTING: COORDINATION: 

QUALITY ASSURANCE: 

WYLE Form WH 1066, Rev. Jan, 81 

Page of
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WYLE LABORATOIES (Eastern Operations) 

NOTICE OF ANOMALY DATE: 6/17/81 

NOTICE NO: 3 P.O. NUMBER: HBR- 01616 CONTRACT NO: N/A 

CUSTOMER: Carolina Power and Light Co. WYLEJOB NO: 45307 

NOTIFICATION MADE TO: Bob Schwager NOTIFICATION DATE: 6/17/81 

NOTIFICATION MADE BY: James Marconnet VIA: Telephone 

DATE OF 
CATEGORY: [R SPECIMEN O PROCEDURE O TEST EQUIPMENT ANOMALY: 6/16/81 

PARTNAME: In-Containment Cable Splice Assembly PART NO. N/A 

TEST: Insulation Resistance Test during second TOCA pe a.NO. 5, 6 

SPECIFICATION: Wyle Laboratories Qual. Plan 45307-1 PARA.NO. 3.4.1.4 

REQUIREMENTS: 

During the LOCA test, an insulation resistance test between the conductor of each 

cable and ground, as described in Paragraph 3.1.2.2, shall be performed at each temp

:erature peak and every week until termination.  
(3.1.2.2) Measure insulation resistance between each conductor and ground (plane) at 
500 VDC for 1 minute (minimum).  
The insulation resistance shall not be less than 1 megohm.  

DESCRIPTION OF ANOMALY: 

An insulation resistance test was performed on each cable test specimen at the second 
LOCA temperature peak (2860F). The insulation resistance of test specimen No. 5 was 
0.76 megohm. The insulation resistance of test specimen No. 6 was 0.50 megohm.  

DISPOSITION - COMMENTS- RECOMMENDATIONS: 

At the direction of the Customer, LOCA testing was continued.  

VERIFICATION: PROJECT ENGINEER: 

TEST WITNESS: PROJECT MANAGER: 4 r

-... INTERDEPARTMENTAL 
REPRESENTING: COORDINATION: .  

QUALITY ASSURANCE _ / _ _ _ 

WYLE Form WH 1066, Rev. Jan, 81 
Page of
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W4YLE LABORATORES (Eastern Operations) 

NOTICE OF ANOMALY DATE: 7/14/81 

4 HBR-Ol616 N/A NOTICE NO: P.O. NUMBER: - CONTRACT NO: 

CUSTOMER: Carolina Power and Light Co. WYLEJOBNO: 45307 

NOTIFICATION MADE TO: Bob Schwager NOTIFICATION DATE: 7/13/81 

NOTIFICATION MADE BY: James Marconnet VIA: Telephone 

DATE OF 
CATEGORY: O1 SPECIMEN O PROCEDURE ,9EST EQUIPMENT ANOMALY: 6/30/AT 

PARTNAME: Tn-Containment Cable Splice Assembly PARTNO. N/A 

TEST: Accident (T.OCA) I.D.NO. 1-24 

SPECIFICATION: Wyle abo~ratorip, nal.- Plan 4.307-1 PARA.NO. 3-4-1 

REQUIREMENTS: 

The cables and cable splice assemblies shall be subjected for a period of 30 days to 
the LOCA profile of Figure 1 on a best-effort basis. From Figure 1, the temperature 
shall be 152 0F from the second day to the 30th day of the LOCA test.  

DESCRIPTION OF ANOMALY: 
A momentary power outage caused the redundant temperature controller to shut off the 
steam supply to the environmental chamber. The chamber temperature went below the 
specification for 1 hour and 45 minutes. The minimum chamber temperature reached 
was 80aF.  

DISPOSITION - COMMENTS - RECOMMENDATIONS: 

At the direction of the customer, the LOCA test will be extended 1 hour and 45 
minutes.  

VERIFICATION: PROJECT ENGINEER: 

TEST WITNESS:NE S _ R J CT MANAGER: 
INTERDEPARTMENTAL 

REPRESENTING: _COORDINATION: 

QUALITY ASSURANCE~j ~Oqlb.  

WYLE Form WH 1066, Rev. Jan, 81 

Page of
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WYLE LABORATORIES (Eastern Operations) 

NOTICE OF ANOMALY DATE: 7/14/81 

NOTICE NO: 5 P.O. NUMBER: HBR-01616 CONTRACT NO: N/A 

CUSTOMER: Carolina Power and Light Co. WYLEJOB NO: 45307 

NOTIFICATION MADE TO: Bob Schwager NOTIFICATION DATE: 7/13/81 

NOTIFICATION MADE BY: James Marconnet VIA: Telephone 

DATE OF 7/10/81 
CATEGORY: (I SPECIMEN ElPROCEDURE JiGcTEST EQUIPMENT ANOMALY: 

PART NAME: In-Containment Cable Splice Assembly PART NO. N/A 

TEST: Accident (LOCA) I.D. NO. 1-24 

SPECIFICATION: Wyle Laboratories Qual. Plan 45307-1 PARA.NO 3.4.1 

REQUIREMENTS: 

The cables and cable splice assemblies shall be subjected for a period of 30 days to 

the LOCA profile of Figure 1 on a best-effort basis. From Figure 1, the temperature 

shall be 152 0F from the second day to the 30th day of the LOCA test.  

DESCRIPTION OF ANOMALY: 

The redundant temperature controller malfunctioned several times, shutting off the 

steam supply to the environmental chamber each time it malfunctioned. During the 

times the steam was shut off, the chamber temperature went below the specification 

for a total of one (1) hour. The minimum chamber temperature reached was 92oF.  

DISPOSITION - COMMENTS - RECOMMENDATIONS: 

The redundant temperature controller was replaced. At the direction of the customer, 

the LOCA test will be extended one (11 hour.  

VERIFICATION: PROJECT ENGINEER: 

TEST WITNESS: PROJECT MANAGER: 

INTERDEPARTMENTAL 
REPRESENTING: COORDINATION: 4I 

QUALITY ASSURANCE: 

WYLE Form WH 1066, Rev. Jan, 81 Page of
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FIGURE VI-5 

TYPICAL LOCA TEST TEMPERATURE CHART FROM DAY 2 TO DAY 30 

(PRESSURE WAS 5 PSIG)



PAGE NO. VI-19 

TEST REPORT NO. 45307-1 

APPENDIX III 

PHOTOGRAPHS 

WYLE LABORATORIES 
Huntsville Facility



Page No. VI-20 
Report No. 45307-1 

PHOTOGRAPH VI-1 

TEST SPECIMEN CABLES AND CABLE TRAY IN LOCA CHAMBER 

(VIEW 1) AFTER LOCA TEST
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PHOTOGRAPH VI-2 

TEST SPECIMEN CABLES AND CABLE TRAY IN LOCA CHAMBER 

(VIEW 2) AFTER LOCA TEST
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PHOTOGRAPH VI-3 

TEST SPECIMEN CABLES DURING INSTALLATION IN LOCA CHAMBER
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DATA SHEET 

Customer Carolina Power & Light Co.  
WYLE LABORATORIES 

Specimen In-Containment Cables 

Part No. Below Amo. Temp. Job No. 45307 

Spec. WLTP 45307-1 Photo --

Para. 3 4 4 Test Med. --- Start Date 6 -75- / 

S/N --- Specimen remp. z 
GSI 

Test Title 4lhY 4 7ow CS7 C ( 2-0S0P PLT LE4 

INSULATION RESISTANCE TESTS AT 500 VDC FOR 1 MINUTE MINIMUM BETWEEN THE CABLE 

G-NCUr=CI0IS -tHP THEf er2LZE Y (GO RiU:' E AN).  

TEST SPECIMEN I.R. TEST SPECIMEN I.R.  

2 Z2. s x1 t MEco04MS 14 3.5 X1o' MErvOg~M 

3 2.0 KleMcaowai5, 15 3.ox ,f6 E A s 

4 90 'IO' ME&oWMS 16 4.ov0 McoNM ' 

L5 x oIGpicotans 17 ,54x aME&okm1& 

6 .go A(om om$ 18 2.75 X 10' M E6o"M 

7 5 o 19 .l0x 10 ME2o-mS 

S L.5 MEdtoNNM 20 z.50xO 7 ost5 .oi4 

9 < (MiE.ot-tms 21 Z.5 0 1 ego6M 
10 .22 

11 MZ o0tMM S 23 1.1 xJ10 MEo0mS 

12 < 5'tgoNMv3 24 .X (O oN MS 

The conductors of each test specimen are connected in-series for electrical power

ing purposes.  

Acceptance Criteria: The I.R. shall not be less than 1 megohm.  

Specimen Failed _ __Test ed By Date: 

Specimen Passed __Witness 
Date: 

NOA Written A 9A04 Ao. I Z_ Sheet No. of 

Approved rove d_ 

VH-6 1 4A



Page No. VI-25 

Report No. 45307-1 

DATA SHEET 

Customer Carolina Power & Licht Co.  

Specimen In-Containment Cables 

Part No. Below Amb. Temp. Job No. 45307 

Spec. WLTP 45307-1 Photo --

Para. 3,4,1-4 Test Med. --- Start Date 

S/N --- Specimen Temp. OAlL?16A ..  
GSI 

Test Title I5UL An 1. AESI5744/C - to F 

INSULATICN RESISTANCE TESTS AT 500 VDC FOR 1 MINUTE MINIMUM BETWEEN THE CABLE 

G-NUTeRS A:I THEf GA%3L: TERY (GC2CR P16ANS) 

TEST SPECIMEN I.R. TEST SPECIMEN I.R.  

1 /.7 0 13 I74x Os mrecoget 

2 3.0X10 3 MiEoH'g1 5 14 4.5x lo 5  0Em&owfn.J 5 

3 4.O'IO mEtmoMMS 15 ,( 00S 

417 4.  4 S" id Mj V 16 3.O VIO M~oM 

5 3.5 x10 a Wgy 17 4.0 x ( ' tria4OaNMS 

7 x 10 Mto*.M 19 3.75xIO4 ME4601S 

S 4 
8 /01(10 ITAokMS 20 ,16%O 10 ME(o MS 

9 10x10 ME&OHMS 21 -74-10 4  MEIo /VlHMS 
10 /0 Ket MIo( .0 MS 22 4.5 xto pr o kivs 

11 e 10,5m ME 6 Mms 23 4700o 
12 4,5)(10 SV o AtvM 24 ,&4 X(0 0 MIEcONMS 

The conductors of each test specimen are connected in-series for electrical power

ing purposes.  

Acceptance Criteria: The I.R. shall not be less than 1 megohm.  

Specimen Failed Tested By -Date: ______ 

Specimen Passed Witness Date: 

NOA Written Fe-F. NOA- Mo Z Sheet No. of 

Approved 
W H -6 1 4A
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DATA SHEET 

Customer Carolina Power & Light Co.  
WYLE LABORATORIES 

Specimen In-Containment Cables 

Part No. Below Amb. Temp. --- Job No. 45307 

Spec. WLTP 45307-1 Photo 

Para. 4.1 4 Test Med. --- _Start Date _ _ _ _ _ 

S/N -- Specimen Temp.  

GSi 

Test Title IJ5 L L 1A) ZESiSTC -- rAQC 

INSULATION RESISTANCE TESTS AT 500 VDC FOR 1 MINUTE MINIMUM BETWEEN THE CABLE 

TEST SPECIMEN I.R. TEST SPECIMEN I.R.  

1 4 . oM6rowM5 13 54x10 MusoWRIS 

2 Z.7 5 O0 '1Eoiw m0 14 .56 Xo M9 

3 1 sI 0 1E'1pS-.4r5 15 ~4Z x mT-s4Oi4M5 

4 1.15% 1 oME60HMS 16 .4 x i o maEo1MS 

5 .X71C,1o0tE THm5 17 1.30 x 10o 2 0ME6 M 

7 1.40xo' M6os fM 19 1.o o 0 MSO ,v15 

8 .g'~Jtx to' Eo44MS 20 . Mo Ec(ofivis 

9 to K M 21 .50,<002  M oMS 

10 i.45x o ex cm 22 Z.50)(o E iorq e 

11 , x 10,3 MtEo4.CMS 23 ).L%10 MEG(OiC4RM 

12 0 SO0- Me6oMMS 24 1.15''ov 5ogrS 

The conductors of each test specimen are connected in-series for electrical power

ing purposes.  

Acceptance Criteria: The I.R. shall not be less than 1 megohm.  

Specimen Failed __Tested By , Date:.  

Specimen Passed __Witness - Date: 

NOA Written X A/0A Po. 3 Sheet No. - of 

Approved ______t___ _ _ 

WH-61 4A
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DATA SHEET 

Customer Carolina Power & Light Co.  

Specimen In-Containment Cables WYLE LABORATORIES 

Part No. Below Amb. Temp. --- Job No. 45307 

Spec. WLTP 45307-1 Photo _ _ _ 

Para. T.4,1,4 Test Med. --- Start Date £-t7-9/ 

S/N --- Specimen Temp. / 

GSI 

Test Title I VSULJIA7)OA) ;E5,4Aj, 1-e4n4 

INSULATION RESISTANCE TESTS AT 500 VDC FOR 1 MINUTE MINIMUM BETWEEN THE CABLE 
GGDDETCRS ANB THEZ GABLE TR.Y (GRGU1:D P!LANE).  

TEST SPECIMEN I.R. TEST SPECIMEN I.R.  

1 k92I0 pesowns 13 R.AS Me m 

2 3. 10' meso S 14 1 09 0 x o Po S 

3 A, 75x)O x ME(oldivi 1 A .SX 10o MEso( m 

47ZX 02 ngic Me oH lG 16.7 5>i 7k1'mE6oqmS 

5 J.70 XIO ME76okMS 17 qx o3  FoHM 

6 .1,10 hleso*4ms 18 2.7 -A o MEGO1ms 

19 .75V00m 

8 1.35x 1 M 4ms (V 5 20 1.05>,10 mEsoMS 

9 110 Xo me vl S 21 1. 0X703 P(Y)(i
o10 x155x o MEsOkMS 22 

11 (.o5xo Me.C*vMs 23 4.50xic mEcobHMS 

12 jq0%1 (4MLC..OMMS 24 3.25x 07o- m'r .oc S 
The conductors of each test specimen are connected in-series for electrical power

ing purposes.  

Acceptance Criteria: The I.R. shall not be less than 1 megohm.  

Specimen Failed Tested By Date: _ /7- / 

Specimen Passed Witness Date: 

NOA Written Sheet No. Iof 
Approved 

WVH-6I 4A
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DATA SHEET 

Customer Carolina Power & Light Co.  

Specimen In-Containment Cables WYLE LABORATORIES 

Part No. Below Amb. Temp. Job No. 45307 

Spec. WLTP 45307-1 Photo --

Para. 4,4 Test Med. --- StartDate 

SiN --- Specimen Temp.  

GSI 

Test Title Ld .y-',-p L-Q5' 2 -'/ o 

INSULATION RESISTANCE TESTS AT 500 VDC FOR 1 MINUTE MINLMUM BETWEEN THE CABLE 

CCRUeCTeflZ AND THE CAB3T TP~A* (GRtOURTD P,~r 

TEST SPECIMEN I.R. TEST SPECIMEN I.R.  

1 ,53' x i3 ME 6o*S 13 10 v 10 3 ivso NM 

2 . A t 0 M :5ofM5 14 4-.o xt3M6ONM!S 

3 1.4o x O otoS 15 f.5xiso 2 ' m o0;MS 

3 .3 
4 a.SoxtO o 4-MS 16 4.oxioQ vnsp4MS 

7 : 0 r4 A 19 .5 o 

a8 p l.oimG-oH S 20 1.O$kicA meTho4S 
19 25 g5 m W 21 gxO4 m00\ii4 

10 3.5<lo to ioi 22 O iO ,1ENF4 
S 4 

11 3.oxi it 1a M G MS 23 , 0 O M E (ON/vig 

12 .0005 24 3.15 1o 

The conductors of each test specimen are connected in-series for electrical power

ing purposes.  

Acceptance Criteria: The I.R. shall not be less than 1 megohm.  

Specimen Failed Tested By e Date: ' 

Specimen Passed W____ ____ Nitness Date: 

NOA Written __Sheet No. __of 

Approved --d 

WH-6 14A
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DATA SHEET 

Customer Carolina Power & Light Co.  

Specimen In-Containment Cables WYLE LABORATORIES 

Part No. Below Amb. Temp. -- Job No. 45307 

Spec. WLTP 45307-1 Photo --

Para. -.. 1 .4 Test Med. --- Start Date _ _z 5-_so 

S/N --- Specimen Temp. /52 of 

GSI 

Test Title X . '. CaOVDC I 

INSULATION RESISTANCE TESTS AT 500 VDC FOR 1 MINUTE MINIMUM BETWEEN THE CABLE 
GstaUeTenZ Aim T!Es CG.BLZ T' A (GRGNDu~ PLANE).

TEST SPECIMEN I.R. TEST SPECIMEN I.R.  

1 .52vi o meowS 13 /.31 10 IMEoA//',s 

2 /./o XO piF6o M 5  14 5.5kX0o PIEcoW-MS 

3 .&%103 MZboHMS 1s 2.5 103 Eo: P /iiS 

4 1.5 V-10' EoN(vt 16 . 32 

5 4-.0 ) tc 6,4S 17 0 

6 x i 'E6o/M5 18 3.ox -5-A 
Zwd-4.ox o s5 

7 19 3.0 Y,/0 6C 7vM'--, 

8a o'f) 20 .?~I 4 ,749/.  

9 4.000 insc'H45 21 .74 x O) M o S 

10 4.0 xA 1s 184-own5 22 8!<1O4  M 4E OA4,V75 

11 3.5kio t 23 .74 4

12 4.X1.Sx os E&,) qS 24 .5 to mE6oHq/nS 

The conductors of each test specimen are connected in-series for electrical power

ing purposes.  

Acceptance Criteria: The I.R. shall not be less than 1 megohm.  

Specimen Failed Tested By WM .. Date: 6-25-_/ 

Specimen Passed Witness Date: 

NOA Written Sheet No. - of 

Approved 19mii'l 

WVH-614A
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DATA SHEET 

Customer Carolina Power & Light Co.  

Specimen In-Containment Cables 
L 

Part No. Below Amb. Temp. --- Job No. 45307 

Spec. WLTP 45307-1 Photo --

Para. 3.4 1 4 Test Med. --- Start Date 7 - 2 

S/'N --- Specimen Temp. 15Z OF 

GS1 

Test Title 

INSULATION RESISTANCE TESTS AT 500 VDC FOR 1 MINUTE MINIMUM BETWEEN THE CABLE 

CONBUeTeZ AND !3 HEi GABL3 TRAY (Cfl0L'IO 1AE 

TEST SPECIMEN I.R. TEST SPECIMEN I.R.  

1 (XIO C2 13 C.. )( i2

2 I. . ocl-(.. 14 )( Io0..

3 2.x o 's 2.4) t.fl.  

4 3;X 10" 16 3.5 x 1or.l 

5 x o..-- 17 2x 

6 2 x o0 .c) 18 3 X 1ot 

7 Z x) o . . 19 I X 
8 2 20L 20 

9 2 x o"J.i 21 7A \ Oe J 

0 2 x 3 o X _(2 22 x 

a 2xio". 23 7 ) 109 

12 24 x 0 

The conductors of each test specimen are connected in-series for electrical power

ing purposes.  

Acceptance Criteria: The I.R. shall not be less than 1 megohn.  

Specimen Failed 
ale:Tested By <a 

Specimen Passed __Witness 
- Date: 

NOA Written __Sheet No. of 

Approved 1.tim6 

WH-614A
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DATA SHEET 

Customer Carolina Power & Light Co.  

Specimen In-Containment Cables WYLE LABORATORIES 

Part No. Below Amb. Temp. --- Job No. 45307 

Spec. WLTP 45307-1 Photo --

Para. 4 1 4 Test Med. --- Start Date 7 -2? 
S/N - Specimen Temp.  

GSI 

Test Title IN)j5ULtATIOAj RF_(JtrA)C CAe,4 e. hec 

INSULATION RESISTANCE TESTS AT 500 VDC FOR 1 MINUTE MINIMUM BETWEEN THE CABLE 
CCUDUCTORS AD THE G'.DLE TRAY (CGRUlD PL15i).  

TEST SPECIMEN I.R. TEST SPECIMEN I.R.  

q q 
3. (O 2.. 13 0.7 X 10 J.  

2 1I.4X 10q 1 14 2.4 xio _1.  

3 1.0X 10 . 15 x o .l 
4 0 0x1 .  

LI.X I J 1 16 2) 
5 3. 5 .X 10 .1 17 X 10 

6 2 X 10 q 18 x 10 .  

7 1.ly19 2 X -to 
8 20 

9 1. 4..)Io"..11~ 21 X io..2 

10 (.7X012 22 x 1o...L 

11 ( .4 Y,01 23 Co x (64 

12 .(x io" _2 24 4 o 
The conductors of each test specimen are connected in-series for electrical power

ing purposes.  

Acceptance Criteria: The I.R. shall not be less than 1 megahm.  

Specimen Failed Tested By Date: 7-ff- 9/ 

Specimen Passed Witness Date: 

NOA Written Sheet No. Io 

Approved 9&dV 

WH-6 I 4A
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DATA SHEET 

Customer Carolina Power & Light Co.  WYLE LABORATORIES 
Specimen In-Containment Cables 

Part No. Below Amb. Temp. --- Job No. 45307 

Spec. WLTP 45307-1 Photo 

Para. .4.1 .4 Test Med. --- Start Date 7 5 I 

S/N --- Specimen Temp. 2-F 
GSI 

Test Title w.Aee-l 7  27 ?.Ch 

INSULATION RESISTANCE TESTS AT 500 VDC FOR 1 MINUTE MINIMUM BETWEEN THE CABLE 

TEST SPECIMEN I.R. TEST SPECIMEN I.R.  

1 3.5 X 10 .2 13 0.5x 0
9 ql 

2 1.7 X 10. 14 2-.2 X 10 12

3 2 X Io c. 15.  

4 2.Zx o.- 16 2. X 1o.121 

5 xio a2 17 !g2. a 
2 XI 2 qjX 

i.2 
6 2 x 1o 1 .5 x18 o 

7 x 10 11.1 19 x 

8 x ioo2. 20 

\x Id'1. 21 5 x 0 .12 
10 I.5 X 1--fl 22 10 i.x dzl(2 2 7X Ic'.  

11 1.5 x to23 (0 IO 

12 1 - x ( 24 X 167i2 

The conductors of each test specimen are connected in-series for electrical power

ing purposes.  

Acceptance Criteria: The I.R. shall not be less than 1,megohm.  

Specimen Failed Tested By 14'/'Date: 7-5 

Specimen Passed Witness Date:

NOA Written Sheet No. _ _of__ 

Approved 

WH-6 i 4A
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INSTRUMENTATION EQUIPMENT SHEET Pageiof 

Date /S Job No. g30 7-01 Test Area - _ 

Technician . d Y4 Customer - Type Test 

Model Serial Wyle or Calibration 
No. Instrument Manufacturer No. No. Gov't No. Range Accuracy On Due 

Ii,4 , '? /F 575 1, 3 f5osi Pt 77 /-;- F 

7 v PN /1(4 9'/7 //777 ZMAH 7_/ / 

//1_ zr/g 420 hu// {YLF 6/-21 10-/- ( 
5 a -' /P //bb a~f -to3 'lf q- 09 - 17-f I 

r- F C/ V' 07 1 D 

.a1 E 0,S-n2T 1-23 19 30,57 o ;qtS9,0 

.t 1 

REVII WED BY QA 

ILIt_ /

INITIALS 

Instrument Test Engineer Z Checked & Received By 
WH-1029



INSTRUMENTATION EQUIPMENT SHEET Pageffof/ 

Date 6- ' #/Job No. - 0/ Test Area locA 47~5' 

Technician elno Customer __ _ _ _ _ _ _ _ _ Type Test _ _ _ _ _ _ _ _ _ 

Model Serial Wyie or Calibration 
No. Instrument Manufacturer No. No. Gov't No. Range Accuracy On Due 

~~~~-~~~ Z//-,r 6  r' t4/v ; I1-1, - _,0 /-9, ' _ __ 1177 -,P/ 9? - CP Z 

71po 

71 /47d.-Julc /0,/ ~P'1
06 0.(166),1,a45 ;. r9, ' v ±All - ___ __ 

rt 

w uL 

~~ /1 

Instrument Test Engineer /§Checked & Received By 9'24t5 YLcdvr7' 
WH-1029V



INSTRUMENTATION EQUIPMENT SHEET 

Date __ -_/5- ___/_Job No. 4530-7 - f Test Area ZocA? 

Technician 7>.1. YOOPER Customer .0. . L* Type Test/4Suptno#/ESCE5 5CCE4 5 0' 

Model Serial Wyle or Calibration 
No. Instrument Manufacturer No. No. Gov't No. Range Accuracy On Due 

10WEEK 541PPLY KEPCo sm1io-7 c-25'1 449055 o-iov-xtd4es. 4-14-V1 to-14-?1 

2 MErecaiMETR. c6qUK Ro (17'6Rc. 74 Z3-949719Z ,ot4L-ri t3ofo 5-o-? It/- -/ 

0(D 

11 
0 

O 
H 

Ufl 

0 

Instrument Test Engineer Checked & Received By 
wn-I4 1n? 9



INSTRUMENTATION EQUIPMENT SHEET 
Page I of 

Date _ _ _ _ _ _ Job No. 4 3 7 Test Area _ __r_ 

Technician MI (1M t\) C, LEE Customer C- P A - Type Test /A12l/tA7/dlk) fes/,iv6 Som/PC 

Model Serial Wyle or Calibration 
No. Instrument Manufacturer No. No. Gov't No. Range Accuracy On Due 

I. fM~EG-OiIitVmPTE rzENROJ~L KJAoo 19 (o t 3190 11 ?clW O.Sw~~ 'A 1> r $P~C. (pIF 12

~dO 
___ _____ __ ___ __ __ __ ___ _ (D 0 

WH0 102D 

rt z 
0 

wI -1 

3

Instrument Test Engineer Checked & Received By %l
WH- 102 9



PAGE NO. VII-1 

TEST REPORT NO. 45307-1 

SECTION VII 

POST-LOCA FUNCTIONAL TESTS 

1.0 REQUIREMENTS 

Functional tests shall be performed as specified in Paragraph 1.3 
of Section I.  

2.0 PROCEDURES 

The test specimens inside the LOCA chamber were subjected to the 
functional tests as specified in Paragraph 1.0 of this section.  

3.0 RESULTS 

The test specimens successrully met the requirements as specified 
in Paragraph 1.0 and as described in Paragraph 2.0 of this section.  

One (1) procedural anomaly occurred during the performance of this 
test.  

Notice of Anomaly No. 6 is presented in Appendix I of this section.  

Data Sheets showing the data recorded in this test sequence are 
presented in Appendix II of this section.  

Equipment used in recording data is shown on the Instrumentation 
Equipment Sheet presented in Appendix III of this section.  

WYLE LABORATORIES 
Huntsville Facility
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NYLE LABORATORIES (Eastern Operations) 

NOTICE OF ANOMALY DATE: 7/20/81 

NOTICE NO: 6 P.O. NUMBER: HBR-01616 CONTRACT NO: N/A 

CUSTOMER: Carolina Power and Light Co. WYLEJOBNO: 45307 

NOTIFICATION MADE TO: James Marconnet NOTIFICATION DATE: 7/17/81 

NOTIFICATION MADE BY: Bob Schwager VIA: Telephone 

DATE OF 
CATEGORY: C3 SPECIMEN EXPROCEDURE 0 TEST EQUIPMENT ANOMALY: 7/17/81 

PARTNAME: In-Containment Cable Splice Assembly PART NO. N/A 

TEST: Functional Test and Post-Test Inspection I.D. NO. 1-24 

SPECIFICATION: Wyle Laboratories Qual. Plan 45307-1 PARA.NO. 3.4 

REQUIREMENTS: 
N/A 

DESCRIPTION OF ANOMALY: 

The Post-Accident Functional Test and Post-Test Inspection paragraphs were inadvert

ently omitted from Qualification Plan 45307-1.  

DISPOSITION - COMMENTS - RECOMMENDATIONS: 

At the direction of the customer: The Baseline Functional Tests of Paragraph 3.1 

shall be repeated after the Accident (LOCA) Test. Upon completion of the qualifi

cation program, the equipment shall be visually inspected. The equipment shall be 

disassembled to the extent necessary to perform the inspection. The condition of the 

equipment shall be recorded. These procedure changes shall be incorporated in 

Qualification Plan 45307-1. The revised Qualification Plan shall be included .in the 

Qualification Test Report.  

VERIFICATION: PROJECT ENGINEER: 

TEST WITNESS: _ ___ PROJECT MANAGER: 

INTERDEPARTMENTAL " g / 
REPRESENTING: _ _ _ _"_ _ COORDINATION: 

QUALITY ASSURANCE: 

WYLE Form WH 1066, Rev. Jan, 81 
Page Iof1
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C~s:.rner Caxrclina ? :wer & Light Co.  
W WY LA 3 0RA TO R E S 

-cecimern Zn-Cctaimel, Cables 

Part No. __ _ _ _ _ _ _ _ _ _ AmO.T. _ _ _ _ __ _ _ cc No._ _ _ _ _ _ _ _ _ 

Soec. VWL 450 - '-oto ____________ 

Para. 1. Test Mec. __ ________ Start Date 7 - 17- 3 
Specimenrno min 

GSI __ _ _ _ _ _ _ _ _ _ 

est Title !Pos+- LOCA Ts-+ Fw~nc+-r, 7es± 

7.es- Sptc-irnn AJ0,0

-er( -Ma m VA 

V) 5 44 Iq Irh'.) R es1s-ce T5+-s q-F 500 UD~C -(r .i ru e, rA~nimqhi 

4v 49,rI4 214ne - I x 101 Lu~lk 4D 51j01) 

S)i~1d+ ~ o~~ie - 3x 0o~ L ~ q- ~,&i~ .3 X 101f..L 

. - em t-tti7 Tes) w/4 ohw, mejr.  
ujYI-c~~ 9e - .j n-..  

~h,~4 -D. 12, 

.~cc~en -aie ____________________ eszec Ev 'are: -7 2-~ ate 

Socec-rnem ~s et ________________ Witness C ate: 

/v Wr: r-,e n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ he o



Page No. VII-7 
Report No. 45307-1 

DATA SHEET 

:uwszomner Carolina -mower & Lih Co.  

Szec~rmer 7---Contaim .ment CahbJles Y EL S R 7 IS 

Par, No. 3lwArnc. 7Temp. Joo Nc. 4-307 
Scec. WLT 4.3 7-hcto ____________ 

Para. 4.0~ _______ _ Tesz Mvea. ___________ Star-, Dare 7 1-7 - I 
S N _____________________ Soecimen Temp. mi t 

GS; --- _ __ _ _ __ _ _ 

i est 7fle - S L OCA res# F -iA KT*n es# 

\Jis&t Tvispec.+h - VA 

L~,~l~i~g esisivnee T7es+s 4# '500 vDC. -rlv, .Z 7,i + mJnir~m 

1A)h,4.P 4 raaen04 piqpne -xoof WZh(4-e 216 9134d - 3 X lO' 02 
31r__4v ~J~p4 ne -x I O'Il Whi -, - ,q 14 3 X.  

4SI1 ~rn pq ne--2-x IOJ Whi~f 4 R~h~4- 3.5X o"'-CL 

6,ree, 4z Irdun4d plaie-2 x ( -LJA e -, gree.- x io in 

6i-eemv, + sfie 4- 3 x i c"j -,It~+ 6reabj- X4, i)Oi 

iocOVC 04 f-N-I muJ2- .  

IWh+ ut "- 0. 1 0.&Z.. Luure - 0.10 7 _2.  

Bhe44 - 0. 10c~ o.io 

Scec:men Fatiec _________________ T Stec A ar :7 / 
Szcec~rrer =ssa _________________ _Aitress _____________Dare: 

NC ~~rten_______________________ heeE INC. 2 -,it 24
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DATA SHEET 

ustomer Carolina Pcwer & Li;ht Cc.  

Scecmen In-Cntainment C-= as WY. E LA30RATORIE3 

Se'zw e--- 4-3 e0 '7 
Part No. e Amc. amp. Jce No.  
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SECTION VIII 

POST-TEST INSPECTION 

1.0 REQUIREMENTS 

Upon completion of the qualification program, the equipment shall be 
visually inspected. The equipment shall be disassembled to the extent 
necessary to perform the inspection. The condition of the equipment 
shall be recorded.  

2.0 PROCEDURES 

The cables were cut at the LOCA chamber penetrations, the test speci
mens and cable tray were removed from the LOCA chamber as a unit and 
a visual inspection was performed. No test specimen disassembly was 
performed at this time.  

3.0 RESULTS 

The visual inspection.revealed a surface crack in the cable jacket of 
Test Specimen No. 1. This crack does not appear to extend completely 
through the cable jacket. Reference Notice of Anomaly No. 7 presented 
in Appendix I and Photograph VIII-1 presented in Appendix II of this 
section.  

The test specimen cables and cable tray located underneath the chamber 
steam inlet were coated with rust deposits.  

The PVC cables were noted to be more brittle than the other cables 
in this test program.  

The PVC cables had deformed slightly and stuck to each other. When 
these cables were gently separated from each other, the previous 
points of contact were visible. The Raychem splicing sleeves all 
shrunk slightly longitudinally, leaving a small gap between the 
adhesive and the end of the sleeve.  

Photographs of the test specimens are presented.in Appendix II of this 
section.  
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WYLE LABORAURI (Eastern Operations) 

NOTICE OF ANOMALY DATE: 7-28-81 

NOTICE NO: 7 P.O. NUMBER: HBR-01616 CONTRACT NO: N/A 

CUSTOMER: Carolina Power and Light Co. WYLE JOB NO: 45307-01 

NOTIFICATION MADE TO: Bob Schwager NOTIFICATION DATE: 7-28-81 

NOTIFICATION MADE BY: James Marconnet VIA: Telephone 

DATE OF 
CATEGORY: E3SPECIMEN EPROCEDURE O TEST EQUIPMENT ANOMALY: 7-27-81 

PART NAME: In-Containment Cable Splice Assembly PART NO. N/A 

TEST: Post-Test Inspection I.D. NO. 1 

SPECIFICATION: WLQP 45307-1 PARA.NO N/A 

REQUIREMENTS: 

Upon completion of the qualification program, the equipment shall be visually 

inspected.. . The condition of the equipment shall be recorded.  

DESCRIPTION OF ANOMALY: 

Test Specimen No. 1 has a surface crack in the cable jacket. The crack is 

approximately 5/8" long. It does not appear to extend completely through the 

cable jacket.  

DISPOSITION - COMMENTS- RECOMMENDATIONS: 

The Customer was notified of this anomaly.  

VERIFICATION: PROJECT ENGINEER: 

TEST WITNESS: PROJECT MANAGER: 

INTERDEPARTMENTAL 
REPRESENTING: COORDINATION: KM 

QUALITY ASRURANCF 

WYLE Form WH 1066, Rev. Jan. 81 P O 
Page..I. of ___
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PHOTOGRAPH VIII-1 

TEST SPECIMEN NO. 1 

AFTER LOCA TEST
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PHOTOGRAPH VIII-2 

CABLE SPLICE ASSEMBLIES IN CABLE TRAY 

AFTER LOCA TEST (VIEW 1)
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PHOTOGRAPH VIII-3 

CABLE SPLICE ASSEMBLIES IN CABLE TRAY 

AFTER LOCA TEST (VIEW 2)
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SECTION IX 

MANDREL BEND TEST 

1.0 REQUIREMENTS 

1.1 Purpose 

This test is to further demonstrate the operability of the cables and 
splice assemblies following a LOCA simulation.  

1.2 Test Specimens 

The test specimens shall be as follows: 

o One (1) 4-conductor Wyle-supplied cable with the 
CP&L-approved splice 

o One (1) 2-conductor PVC-insulated, PVC-jacketed 
cable with the Raychem-approved splice 

1.3 Functional Test 

The following functional tests shall be performed on the subject 
cables.  

1) Coil the cables around a metal mandrel with a diameter 
of approximately 40 times the overall cable diameter.  

2) Immerse the cable in tap water at room ambient temperature.  

3) Measure the insulation resistance between each conductor 
and ground (plane) at 500 VDC for 1 minute (minimum).  

4) Measure the dielectric strength between all conductors 
and ground at 1250 VDC, 60 Hz, single-phase, for 1 minute.  
Record the current.  

5) Verify the continuity of each conductor, using an ohmmeter 
or equivalent.  

1.4 Acceptance Criteria 

The acceptance criteria for the instrumentation cables and cable splice 
assemblies are as follow: 

1) The insulation resistance shall not be .less than 1 megohm.  

WYLE LABORATORIES 
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1.0 REQUIREMENTS (Continued) 

1.4 Acceptance Criteria (Continued) 

2) There shall be no breakdown or flashover during the 

dielectric withstand.  

3) The cable must be continuous.  

2.0 PROCEDURES 

2.1 Test Specimens 

The following test specimens were selected for the test.  

- Test Specimen No. 1, 2-conductor, PVC cable with 

two (2) CP&L-approved cable splices, age 10 years.  

- Test-Specimen No. 23, 4-conductor, Continential 

Cable with one (1) Raychem-approved cable splice, 

equivalent age: greater than 40 years.  

2.2 Functional Tests 

The test specimens were subjected to the functional tests as described 

in Paragraph 1.3 of this section. A 15-inch diameter mandrel was 

used for these tests. Non-metallic cable straps were used to hold 

the test specimen on the mandrel.  

Additional dielectric strength tests were later performed on Test 

Specimen 23.  

3.0 RESULTS 

The test specimens successfully met the requirements as specified in 

Paragraph 1.0 and as described in Paragraph 2.0 of this section, except 

for one (1) anomaly.  

The leakage current during the' first dielectric strength test of Test 

Specimen No. 23 exceeded the test equipment current limit. Additional 

dielectric strength tests were performed later without anomaly. Refer

ence Notice of Anomaly No. 8 presented in Appendix I of this section.  

Photographs of the test setup are presented in Appendix II of this sectic 

Data Sheets showing the data recorded in this test sequence are presente 

in Appendix III of this section.  

Equipment used in recording data is shown on the Instrumentation Equip

ment Sheets presented in Appendix IV of this section.  

WYLE LABORATORIES 
Huntsville Facility



PAGE NO. IX-3 

TEST REPORT NO. 45307-1 

APPENDIX I 

NOTICE OF ANOMALY 

WYLE LABORATORIES 
Huntsville Facility



Page No. IX-4 
Report No. 45307-1 

WFYLE LABORATORIES (Eastern Operations) 

NOTICE OF ANOMALY DATE: 10-15-81 

NOTICE NO: 8 P.O. NUMBER: HBR-fil 616 CONTRACT NO: N/A 

CUSTOMER: Carolina Power and Light Co. WYLEJOB NO: 45307-01 

NOTIFICATION MADE TO: Bob Schwager NOTIFICATION DATE: 9-8-81 

NOTIFICATION MADE BY: David Stinson VIA Telephone 

DATE OF 

CATEGORY: 30 SPECIMEN 0 PROCEDURE 0 TEST EQUIPMENT ANOMALY 9-4-81 

PART NAME: In-Containment Cable Splice Assembly PART NO. N/A 

TEST: Mandrel Bend I.D.NO. 23 

SPECIFICATION: WLTP 45307-2 PARA.NO. 4.0 

REQUIREMENTS: 

Measure dielectric strength between all conductors and ground at 1250 VAC, 60 Hz, 

for one minute. Record the current.  

DESCRIPTION OF ANOMALY: 

The current was 5 milliamps at 825 volts. The specified voltage could not be 

reached because the test equipment current limit is 5 milliamps.  

DISPOSITION - COMMENTS - RECOMMENDATIONS: 

At the direction of the Customer, additional dielectric strength tests were 

performed on this test specimen on 10-2-81 before the cut-apart inspection was 

performed. There was no breakdown or flashover during these dielectric strength 

tests at 1250 VAC.  

VERIFICATION: PROJECT ENGINEER: 

TEST WITNESS: PROJECT MANAGER: 

INTERDEPARTMENTAL 0 
REPRESENTING: COORDINATION: 

QUALITY ASS1RAN CF 9 

WYLE Form WH 1066, Rev. Jan, 81 Page Of
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PHOTOGRAPH IX 1 

TEST SPECIMEN NO. 1 MOUNTED ON MANDREL
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PHOTOGRAPH IX-2 

TEST SPECIMEN NO. 1 MOUNTED ON MANDREL
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PHOTOGRAPH IX-3 

TEST SPECIMEN NO. 1 ON MANDREL 

IMMERSED IN TAP WATER
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PHOTOGRAPH IX-4 

TEST SPECIMEN NO. 23 ON MANDREL 

IMMERSED IN TAP WATER
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SECTION X 

POST-TEST INSPECTION 

1.0 REQUIREMENTS 

Following completion of the functional tests, the test items shall be 
examined and color photographs taken. Additionally, an internal visual 
inspection shall be made of the CP&L and the Raychem-approved cable 
splice assembly. The Raychem material shall be dissected so that the 
insulated butt connector can be viewed. Color photographs shall be 
taken and the condition of all components documented.  

2.0 PROCEDURES 

The test specimens were inspected as specified in Paragraph 1.0 of 
this section.  

3.0 RESULTS 

The Raychem splice sleeving shrunk circumferentially and conformed to 
the cables, splices, and wires. Reference Photographs X-2, X-3, X-4, 
and X-9 of this section.  

Raychem adhesive flowed into and conformed to the cable jackets, wire 
insulations, pre-insulated butt connectors, uninsulated butt connectors 
wire, and Raychem splice sleeving. Reference Photograph X-8, which 
shows the adhesive which flowed inside the pre-insulated butt splices.  
Reference also Photographs X-5 and X-10.  

The field-bond of the Raychem adhesive was weaker than the factory bond 
of the adhesive to the inside of the splice sleeving. When the adhesive 
was peeled off the outside of the splice sleeving, the cable jackets, 
and the wire insulation, there were few-instancesf fstructural failure 
of the adhesive and no adhesion failures of the factory bond. Reference 
Photographs X-1, X-5, X-7, X-8, and X-10 of this section. Some of the 
factory-applied lettering on the outside of the Raychem splice sleeve 
was transferred to the adhesive. Reference Photograph X-5 of this 
section.  

When the adhesive was peeled off the bare wires, the adhesive itself 
failed in places. Reference Photographs X-1 and X-6 of this section..  

WYLE LABORATORIES FORM 1054-2 Rev. Oct 79 
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3.0 RESULTS (Continued) 

One bare ground wire of Test Specimen No. 23 was bright blue from 
the crimp connector 2 inches along the wire. Reference Photograph 
X-6 of this section. No other unusual colors or discolorations were 
observed. No moisture nor indications of the presence of moisture 
were noted in the dissected cable splices.  

Photographs of the dissected cable splices are presented in Appendix 
I of this section.  
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1.0 SCOPE 

This document is prepared by Wyle Laboratories for Carolina Power and 
Light Company, hereinafter referred to as the customer, for equipment 
used in the H. B. Robinson Nuclear Power Generating Station.  

1.1 Objectives 

The purpose of this Qualification Plan is to present the approach, 
methods, philosophies, and procedures for qualifying in-containment 
cables and cable splice assemblies for use in Nuclear Power Generating 
Stations.  

Nuclear environmental qualification of any safety-related device to meet 
the intent of IEEE 323-1974 is usually a three-step process, i.e., 1) 
radiation exposure; 2) aging; and 3) design basis event qualification 
(seismic, and for equipment inside containment, LOCA). The purpose of 
the first two steps is to put the sample equipment to be used for 
qualification into a condition that represents the worst state of deter
ioration that a plant operator will permit prior to taking corrective 
action, i.e., its end-of-qualified-life condition. The next step demon
strates that it still has adequate margin remaining to withstand the 
added environmental stresses of specified design basis events and still 
perform its safety-related functions.  

It is incumbent on the equipment supplier to assure that the components 
and materials contained in the equipment actually placed into service 
are the same as those qualified.  

The specific details of the qualification are defined herein.  

1.2 Applicable Qualification Standards, Specifications, and Documents 

o IEEE 323-1974, "IEEE Standard for Qualifying Class IE Equip
ment for Nuclear Power Generating Stations" 

1.3 Test Item Description 

Matrix 
Item No. Description 

1.0 2-Conductor, #16 AWG, Shielded Instrumentation 
Cable, approximately 30 inches long 

4-Conductor, #16 AWG, Shielded Instrumentation 
Cable, approximately 30 inches long 

2.0 Cable Splice Assembly 

The cables have been in service in the H. B. Robinson Nuclear Power Plant 
for 10 years.  
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1.0 SCOPE (CONTINUED) 

1.3.1 Test Item Selection 

Three (3) samples of each in-containment instrumentation cable, as iden
tified in Paragraph 1.3, shall be utilized for the purposes of this 
Qualification Program. The intent is to use one (1) sample as a control, 
one (1) sample to demonstrate 20-year qualification, and one (1) sample 
to demonstrate a 40-year qualification. The purpose of the cable sample 
identified as a "control" is to determine the worst-case condition. The 
"control" cable shall be subjected to postulated radiation and design 
basis event conditions, but not to thermal aging. The "control" cable's 
performance throughout the Qualification Program shall then be analyzed 
against the cables which are subjected to accelerated aging to determine 
the effect of time in service, if any, on the cable's ability to perform 
its safety-related function.  

Two (2) configurations of cable splice assemblies shall be utilized. A 
Raychem splicing procedure which has previously demonstrated an ability 
to perform its safety-related function under postulated accident condi
tions shall be utilized to configure one (1) cable splice assembly. A 
Carolina Power & Light-approved cable splice procedure shall be utilized 
to configure the second cable splice assembly. Since no known data is 
available which demonstrates the CP&L-approved cable splice assembly's 
capability to perform its safety-related function under the postulated 
accident conditions, it is necessary to introduce the Raychem-approved 
splice assembly to minimize the possibility of the CP&L-approved cable 
splice assembly jeopardizing the cable Qualification Program.  

Utilizing the two (2) cable splice assemblies and the three (3) cable 
samples of each identified cable, the program design shall be based on 
the following table.  

Equivalent Life 
of Cable Configuration 

A B 

10 2 4 

20 4 2 

40 2 4 

where, 

A = Raychem Splicing Procedure 
B = CP&L Splicing Procedure 
2 = 2-Conductor #16 AWG Shielded Instrumentation Cable 
4 = 4-Conductor #16 AWG Shielded Instrumentation Cable 
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1.0 SCOPE (CONTINUED) 

1.3.1 Test Item Selection (Continued) 

Splices shall be applied to both ends of the test specimen. The splice 
shall join the customer-supplied cable (specimen) to the Wyle-supplied 
test cable. The Wyle-supplied test cable shall be previously qualified 
to IEEE 383 and certified as such by the supplier (reference following 
paragraph). Wyle test cables shall be long enough to penetrate the LOCA 
chamber (reference Paragraph 3.4).  

The possible outcomes are: 

1) All cables and splices pass.  

2) Some or all cables with Raychem's splicing procedure pass.  

3) Some or all cables with CP&L splicing procedure pass.  

4) All cables fail, which also invalidates the cable splice 
qualification.  

This program design does not, however, provide for the possibility of the 
instrumentation cables failing and jeopardizing the cable splice assem
bly qualification. To provide for this potential, additional cables 
shall be utilized to test the capability of the CP&L-approved cable 
splice assembly to perform its safety-related function. The cables 
shall have previously successfully completed a Qualification Program 
whose environmental parameters meet or exceed the CP&L profile. It is 
judged that certification to IEEE 383-1974 successfully fulfills this 
requirement. CP&L shall provide the 2-conductor cable and Wyle Labora
tories shall provide the single-conductor and 4-conductor cable. Six 
(6) single-, 2-, and 4-conductor cables shall be utilized for the pro
gram. The radiation and thermal aging program shall not be influenced by 
the inclusion of these cables. A splice shall be used per cable. The 
cable shall be long enough to penetrate the LOCA chamber of Paragraph 
3.4.  

1.4 Qualification Sequence 

Qualification shall be performed in the following sequence. It is con
sidered that the radiation exposure and the aging effects on the equip
ment are cumulative and result in the same effects as simultaneous expo
sure experienced while operational in a nuclear power plant.  

0 Baseline Functional Test 
o Radiation Exposure 
o Functional Test 
o Thermal Aging 
o Functional Test 
0 Accident (LOCA) Qualification 
0 Functional Test 
o Post-Test Inspection 
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2.0 QUALIFICATION REQUIREMENTS 

2.1 Definition of Service Conditions 

As directed by Carolina Power and Light, a 10% conservatism margin, as 
specified in Paragraph 6.3.1.5 of IEEE 323-1974, shall be added to the 
accident radiation dose.  

2.1.1 Normal Conditions 

The following normal service conditions are as specified by Carolina 
Power and Light: 

.o Temperature: 1150F (average) 
(880F to 120OF range) 

o Relative Humidity: 40% 

o Voltage: 480 VAC ( + 10% 

o Current: 20 mA ( + 10% ) 

o Radiation: 2.3 x 103 rads gamma, 
air equivalent dose, for 
a 40-year qualified life 

2.1.2 Design Basis Event (DBE) Conditions 

2.1.2.1 Accident (LOCA) 

The accident time, temperature, and pressure parameters are as specified 
in Figure 1. The LOCA simulation shall be performed as specified in 
Paragraph 3.4.  

o Radiation: 1.4 x 107 rads gamma, 
total integrated dose 

2.2 Safety-Related Functions 

The safety classification of this equipment is Class IE. The subject 
equipment provides essential services in support of emergency reactor 
shutdown, containment isolation, reactor core cooling, and containment 
and reactor heat removal, or is otherwise essential in providing support 
to prevent significant release of radioactive material to the environ
ment. The safety-related functions are described in the following para
graphs.  
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2.0 QUALIFICATION REQUIREMENTS (CONTINUED) 

2.2.1 Description 

The equipment performs the following functions: Transmits signals 
between Class IE equipment located in the containment building and the 
control room.  

2.2.2 Acceptance Criteria 

The acceptance criteria for the instrumentation cables and cable splice 
assemblies are as follows: 

1) The insulation resistance shall not be less than 1 megohm.  

2) There shall be no breakdown or flashover during the dielectric 
withstand.  

3) The cable must be continuous.  
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3.0 QUALIFICATION PROGRAM

3.1 Baseline Functional Tests 

3.1.1 Visual Inspection 

A visual inspection of the equipment will be performed by Wyle Labora
tories. This inspection will assure that the equipment has no obvious 
visible damage. Equipment identification will also be verified.  

3.1.2 System Level Tests 

The subject equipment shall be functionally tested on the system level.  
A system is defined as a cable and its associated cable splice assembly.  

NOTE: Paragraph 3.1.2.1 is included to provide for the initial splicing 
of designated cables. After the Baseline Functional Tests, this para
graph is not applicable.  

3.1.2.1 Cable Splicing Procedure 

The CP&L-approved cable splice procedure is as follows: 

1) Strip approximately 3 inches (this number may vary, depending 
on the number of conductors being spliced) of the cable jac
ket, shielding tape, fillers, and binder tape to expose the 
conductor(s) and associated insulation.  

2) Cut the conductor(s) in such a manner as to stagger the spacing 
of the connectors.  

3) Ensure the wire is in the AMP 53548-1 preinsulated butt splice 
fully.  

4) Using the AMP crimping tool, crimp the splice. The tool will 
not reverse until a full crimp is completed.  

5) Place Raychem shrink tubing over the cable. Ensure that 
enough tubing is used to allow for a minimum of a 3-inch 
overlap on the cable jacket.  

6) Using a mini-torch for a heat source, cure the shrink tubing.  
The cure must be started from the center of the splice and 
worked out to one end. Return to the center of the splice and 
work out the other end. Using this method, no air pockets 
shall be trapped within the splice.  
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3.0 QUALIFICATION PROGRAM (CONTINUED) 

3.1.2.1 Cable Splicing Procedure (Continued) 

7) While curing the shrink tubing, work the torch around the 
splice for an even cure.  

8) The red nuclear adhesive shall protrude from the end of the 
splice when the cure is complete.  

The Raychem-approved cable splice procedure is as follows: 

1) Strip approximately 3 inches (this number may vary, depending 
on the number of conductors being spliced) of the cable jac
ket, shielding tape, fillers, and binder tape to expose the 
conductor(s) and associated insulation.  

2) Cut the conductor(s) in such a manner as to stagger the spacing 
of the connectors..  

3) Using uninsulated butt connectors, crimp one end to the con
ductor.  

4) Cut the Raychem shrink tubing so that the sleeve has a 2-inch 
(minimum) seal area at each end.  

5) Abrade cable, if required, per cable manufacturer's or engi
neering information.  

6) Mark an area on each end of the cable which defines the surface 
to be cleaned, using any type of tape or cable marker. These 
marks should extend 1/4" to 1/2" past the end of the sleeve 
when the tubing is centered on the splice.  

7) Clean all surfaces thoroughly, using a good commercial clean
ing solvent or 1.1.1 Trichloroethane.  

8) Position the shrink tubing onto the cable and complete the 
crimping operation.  

9) Center the shrink tubing, using the previously installed tape 
or other locating marks.  

NOTE: If the cable construction is dual type (i.e., the outer layer is 
cross linked but the inner is not), then Step 10 is not applicable.  

10) For noncross-linked or nonvulcanized insulating material, 
position a glass heat shield cloth over the exposed cable when 
shrinking.  
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3.0 QUALIFICATION PROGRAM (CONTINUED) 

3.1.2.1 Cable Splicing Procedure (Continued) 

11) Shrink the tubing by starting the shrinking action at the 
approximate center of the sleeve. Work the heat gun or torch 
from the center toward each end, using a waving action of the 
tool. Continue until the sleeve is smoothly shrunk onto the 
cable surface and a visible flow of adhesive is evident from 
each end of the sleeve.  

12) Repeat Steps 3 through 11 for each conductor. When all conduc
tors have been spliced, go to Step 12.  

13) Repeat Steps 4 through 11 for the cable jacket. Raychem shrink 
tubing will now be shrunk over the spliced conductors and the 
cable jacket, as applicable, for an outer seal.  

3.1.2.2 Functional Tests 

The following functional tests shall be performed on the subject equip
ment: 

1) Insulation Resistance 

Measure insulation resistance between each conductor and 

ground (plane) at 500 VOC for 1 minute (minimum).  

2) Dielectric Withstand 

NOTE: Subsequent to the Baseline Functional Tests, all dielectric 
withstands shall be performed at 80% of the initial value.  

Measure dielectric strength between all conductors and ground 

at 1,250 VAC, 60 Hz, single-phase, for 1 minute with tester set 
at 0.5 milliamperes.  

3) Continuity 

Verify the continuity of each conductor using a ohm meter or 
equivalent.  
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3.0 QUALIFICATION PROGRAM (CONtINUED) 

3.2 Radiation 

3.2.1 Radiation Exposure 

Each component in the equipment has been reviewed in order to ascertain 
all materials. Evaluation has been made of the function of the component 
materials. This information has been compared to auditable data to 
determine the susceptibility of the material in its application to the 
radiation exposure level specified.  

The radiation requirement for the cable and cable splice assembly is the 
accident and normal total integrated dose of 1.54 x 107 rads (a 10% 
conservatism margin has been included).  

Table I defines the nonmetallic materials in the cable and cable splice 
assembly.  

Radiation damage threshold levels for the polyvinyl chloride (PVC), 
Mylar, and Kynar are lower than the predicted radiation requirement of 
1.54 x 107 rads. Because of the radiation damage threshold levels, a 
minimum radiation exposure of 1.54 x 107 rads gamma, air equivalent, 
using a Cobalt 60 source, is warranted to confirm the capability of the 
cable and cable splice assembly to perform their safety-related 
function. The radiation dose rate shall not exceed 1 x 106 rads per 
hour.  

The cables shall be placed in a Wyle Laboratories-supplied steel cable 
tray 5 feet long, 6-1/2 inches deep, and 12 inches wide. The cables 
shall not be stacked or restrained to the cable tray except by gravity.  
Placement of the cables shall be such that the cable splice assemblies 
are parallel to the floor of the cable tray. Following irradiation, 
particular care must be taken to ensure the cables are transported in the 
same spatial orientation as they were irradiated.  

3.2.2 Functional Test 

The Baseline Functional Tests of Paragraph 3.1 shall be repeated.  
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3.0 QUALIFICATION PROGRAM.(CONTINUED) 

3.3 Aging 

The desired qualified life of the subject equipment is 40 years. The 
desired qualified life for components is also 40 years. Where 40-year 
qualified life for components is not demonstrated during the test pro
gram, a shorter qualified life shall be established and the component 
assigned a maximum maintenace-replacement interval no greater than its 
qualified life.  

Each component in the subject equipment has been reviewed for function 
and age-related failure mechanisms which could affect its function. A 
matrix, Table I, has been prepared which defines the components, manu
facturer ratings, materials, service conditions, aging mechanisms, and 
qualified life. A literature search of Wyle's Aging Library has been 
utilized to obtain auditable aging data. This data has been used to 
exempt aging, as well as to define artificial aging procedures. When no 
applicable data existed, engineering judgment was utilized for the defi
nition of artificial aging procedures. These are noted as assumptions.  
The aging mechanisms to be addressed for this equipment are time-temper
ature effects and humidity.  

3.3.1 Time-Temperature Effects 

The present state-of-the-art shall allow acceleration of the time-temp
erature aging effects artificially by increasing the temperature. Most 
components of the subject equipment contain metallic, as well as nonme
tallic, materials. The deterioration due to these effects is judged to 
be insignificant for metallic materials. Therefore, the aging of these 
components shall be based on their nonmetallic materials.  

For many nonmetallic materials, it is known that the degradation process 
can be defined by a single temperature-dependent reaction that follows 
the Arrhenius equation (References 1 and 2): 

k = A exp (-(Ea/kB T)) (1) 

where, 

k = reaction rate 
A = frequency factor
exp = exponent to base e 
Ea = activation energy 
kB = Boltzmann's Constant 
T = absolute temperature 
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3.0 QUALIFICATION PROGRAM (CONTINUED) 

3.3.1 Time-Temperature Effects (Continued) 

It is further noted that, for many reactions, the activation energy can 
be considered to be constant over the applicable temperature range.  
Equation (1) can be transformed into a form which yields an acceleration 
factor.  

The acceleration factor is defined as t2/tl.  

The equation is: 

t2/tl = exp (-(Ea/kB)(1/T1 - 1/T2)) (2) 

where, 

ti = accelerated aging time at temperature Ti 
t2 = normal service time at temperature T2 

exp = exponent to base e 
Ea = activation energy (eV) 

kB = Boltzmann's Constant (8.617 x 10-5 eV/OK) 
= accelerated aging temperature (OK) 

T2  = normal service temperature (OK) 

The transformation of the reaction rate form of the Arrhenius equation to 
an acceleration form is accomplished as follows: 

Life is assumed to be inversely proportional to the chemical reaction 
rate (References 1 and 2). In terms of life, and after converting to 
Napierian base logarithms, Equation (1) becomes: 

ln (life) = (Ea/kB)(1/T) + Constant (3) 

Equation (3) has the algebraic form: 

y = mx + b (4) 

where, 

y = ln (life) 
x = 1/T 
m = Ea/kB, constant for single dominant reactions 
b = constant 

The constants, m and b, can be estimated by fitting the experimental data 
in the form of ln (life) versus 1/T ito the above simple linear relation
ship.  
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3.0 QUALIFICATION PROGRAM (CONTINUED) 

3.3.1 Time-Temperature Effects (Continued) 

The derivation of an acceleration factor is accomplished by taking the 
difference between any two points of the linear relationship.  

Thus, if we substitute t for life into Equation (3), we obtain: 

In t = (Ea/kB)(1/T) + Constant (5) 

For the set of points (ti, Ti), Equation (5) becomes: 

ln t1 = (Ea/kB)(1/T1) + Constant (6) 

For the set of points (t2, T2), Equation (5) becomes: 

ln t2 = (Ea/kB)(1/T2) + Constant (7) 

Subtracting Equation (6) from Equation (7) yields: 

ln t2 - ln ti = (Ea/kB)(1/T2) + Constant 
- (Ea/kB)(1/T1) - Constant (8) 

Simplifying and rearranging of Equation (8) yields: 

ln (t2/tl) = -(Ea/kB)(1/T1 - 1/T2) (9) 

Taking antilogarithms yields: 

t2/t1 = exp (-(Ea/kB)(1/T1 - 1/T2)) (10) 

Equation (10) is the same as Equation (2).  

The acceleration factor (t2/tl) is the reciprocal of the time compres
sion factor, (tl/t2). Taking the reciprocal of Equation (10) yields: 

tl/t2 = exp ((Ea/kB)(1/T1 - 1/T2)) (11) 

Solving Equation (11) for t1 yields: 

t t2 exp ((Ea/kB)(i/T1 - 1/T2)) (12) 
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3.0 QUALIFICATION PROGRAM (CONTINUED) 

3.3.1 Time-Temperature Effects (Continued) 

Equation (12) can be used to derive the accelerated aging times for 
materials with known activation energies. In many cases, it is not 
practical to independently accelerate the time-temperature effects of 
each nonmetallic material. In this case, a determination is made as to 
which material has the lowest activation energy. The time-temperature 
effects are accelerated based upon the lowest activation energy for 
conservatism. This assures that the degradation of each age-sensitive 
material is accelerated to at least the equivalent degradation as that to 
be encountered during the qualified life.  

The conservatism of basing accelerated aging on the lowest activation 
energy is demonstrated as follows: 

The acceleration factor (t 2/tl) of Equation (10) is greater than 1, for a 
constant activation energy, when the accelerated aging temperature Ti is 
greater than the normal service temperature T2* 

With Ti greater than T2, the term (1/Ti - 1/T2) is negative. This 
negative multiplied by the negative in the exponent results in a positive 
exponent. A positive exponent, in turn, results in an acceleration 
factor greater than 1.  

The acceleration factor versus (1/T) for various activation energies is 
plotted in Figure 2. Since the slope of each plot is proportional to the 
activation energy, per Equation (4), it is shown that a lower activation 
energy causes a lower slope. Thus, for a given accelerated aging temper
ature, different activation energies cause different acceleration fac
tors, assuming that the normal service temperature is the same. This is 
demonstrated in the following example.  

EXAMPLE: Assume that a system consists of four (4) materials which have 
activation energies of 0.4, 0.8, 1.0, and 2.0 eV. It is assumed that 
each material is normally at a service temperature of 300C for a quali
fied life of 40 years. It is further assumed that accelerated thermal 
aging shall be performed at 500C.  

If the accelerated aging program is based upon the material with an 
activation energy of 1.0 eV, the following results: 

The relationship for the curves of Figure 1 is generated from Equation 
(10) and is defined as: 

t2/t1 = exp (-(Ea/kB)(1/T1 - 1/T2)) (13) 
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3.0 QUALIFICATION PROGRAM (CONTINUED) 

3.3.1 Time-Temperature Effects (Continued) 

Substituting Ea = 1.0 eV, Ti = 3230K, T2 = 3030K, into Equation (13) 
yields an acceleration factor of approximately: 

t2/tl = 11 (14) 

Thus, for a normal service time of 40 years (t2 = 40), the accelerated 
aging time from Equation (14) is: 

t1 = 40/11 = 3.64 years (15) 

Therefore, using the accelerated thermal aging program of 500C for 3.64 
years, the equivalent demonstrated normal service times at 300C for the 
other materials with activation energies of 0.4, 0.8, and 2.0 eV can be 
calculated using Equation (13).  

Thus, for Ea = 2.0 eV, 

t2= 3.64 exp (-(2.0/8.617-5)(1/323 - 1/303)) (16) 

t2 -418 years (17) 

For Ea = 0.8 eV, 

t2 3.64 exp (-(0.8/8.617 x 10-5)(1/323 - 1/303)) (18) 

t2 =24.3 years (19) 

For Ea = 0.4 eV, 

t2= 3.64 exp (-(0.4/8.617 x 10-5)(1/323 - 1/303) (20) 

t2 = 9.4 years (21) 

Thus, it is seen that materials with activation energies less than 2.0, 
upon which the aging program was based, are underaged by the accelerated 
aging of 500C for 3.64 years.  

In order to assure the demonstration of a 40-year service time for all 
materials, the lowest activation energy should be chosen.  

Basing the accelerated aging program on the lowest activation energy of 
0.4 eV results in the following: 
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3.0 QUALIFICATION PROGRAM (CONTINUED) 

3.3.1 Time-Temperature Effects (Continued) 

Substituting Ea = 0.4 eV, T1 = 3230K, T2 = 3030K, into Equation (13) 
yields an acceleration factor of approximately 

t2/t1 = 2.6 (22) 

Thus, the aging time is: 

t1 = 40/2.6 = 15.4 years (23) 

Rechecking the other materials for adequate aging results in the follow
ing for an accelerated aging program of t1 = 15.4 years, T1 = 3230K, T2 
3030K.  

For Ea = 0.8 eV, 

t2 = 103 years (24) 

For Ea = 1.0 eV, 

t2 = 165 years (25) 

For Ea = 2.0 eV, 

t2 = 1,768 years (26) 

Thus,-it has been-demonstrated that basing an accelerated thermal aging 
program on the lowest activation energy, when the baseline temperatures 
are common, provides the conservatism desired.  

END OF EXAMPLE 

For components with time-temperature-related aging mechanisms, the aging 
was based upon available auditable aging data.  

Where adequate information was available, a determination of age sensi
tivity was performed to determine the qualified life goal. Those items 
found to be age insensitive are noted in the column entitled "Aging 
Mechanisms, Time-Temperature Effects," Table I. A reference was made 
for the conclusion of age insensitivity. These references are to para
graphs in this document which justify the conclusion, reference docu
ments, or other basis, such as metallic materials.  
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3.0 QUALIFICATION PROGRAM (CONTINUED) 

3.3.1 Time-Temperature Effects (Continued) 

For nonmetallic materials, a determination was made as to whether the 
material can be qualified for a 40-year life. This was done by using the 
worst-case normal service temperature for the baseline temperature.  
Raychem WCSF shrink tubing and Mylar insulation were found to have an 
expected life of greater than 1 x 104 years and 3.1 x 107 years, 
respectively, at the predicted baseline temperature and can be con
sidered age insensitive.  

The applicable Arrhenius equation was evaluated, using the baseline 
temperature, as demonstrated by the following example: 

EXAMPLE: The Arrhenius equation, Equation (3), is repeated: 

ln (life) = (Ea/kB)(1/T) + Constant (27) 

A substitution shall be made for the applicable slope and constant and 
the equation evaluated, e.g., for glass-filled nylon (Zytel 70G33L), for 
mechanical properties, the Arrhenius curve is: 

ln (life) = 9969.197026 (1/T) - 14.71269763 (28) 

For an assumed baseline temperature of 37.8 0C: 

T = 37.80C + 2730C = 310.80K (29) 

ln (life) = 9969.197026 (1/310.8) - 14.71269763 (30) 

ln (life) = 17.26 (31) 

life = greater than 3,900 years (32) 

It is concluded that this glass-filled nylon can be qualified for 40 
years at a baseline temperature of 37.80C. END OF EXAMPLE 

The applicable Arrhenius equation refers to the equation which is most 
appropriate to the material application when more than one equation is 
known.  

For components with time-temperature-related aging mechanisms, the aging 
was based upon available auditable aging data, as noted in Table I.  
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3.0 QUALIFICATION PROGRAM .(CONTINUED) 

3.3.1 Time-Temperature Effects (Continued) 

The baseline operating temperature has been defined by Carolina Power 
and Light Company to be: 

Temperature Percentage of Qualified Life 

1200F 84% 

880F 16% 

It is assumed that any heat rise in the cable has been included in the 
operating temperatures.  

3.3.2 Relative Humidity 

Relative humidity is not considered to be an aging mechanism for the 
cables and cable splice assemblies. For insulating systems, its effect 
is usually not the primary failure mechanisms, as noted in Reference 3, 
with respect to motor insulations: "However, in most cases, moisture 
plays only a secondary role in the failure. It does not produce the 
damage in.the insulation--the insulation wears away or cracks for other 
reasons. Moisture merely provides a direct electrical pathway between 
these matured devices and ground.  

Therefore, the ability of the cables and cable splice assemblies to 
perform within their relative humidity environment shall be demonstrated 
during Functional Tests at room ambient and when the safety-related 
characteristics are tested during the design basis event.  

3.3.3 Aging Summary 

The PVC cables and cable splice assemblies which require accelerated 
aging to 40 years shall be thermally aged for 382 hours at 1000C with 
uncontrolled relative humidity.  

The PVC cables and cable splice assemblies which require accelerated 
aging to 20 years shall be thermally aged for 128 hours at 100 0C with 
uncontrolled relative humidity.  

Because these cables have been in service at the H. B. Robinson Nuclear 
Power Plant for 10 years, the aging temperature and durations equate to 
the required life goal minus 10 years. For example, the cables and cable 
splice assemblies with a 40-year life goal are thermally aged for 382 
hours at 1000C which equates to an equivalent 30-year life. When 
combined with the 10 years of natural aging, a 40-year equivalent life is 
reached for the PVC cables.  
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3.0 QUALIFICATION PROGRAM (CONTINUED) 

3.3.3 Aging Summary (Continued) 

The aging temperature was based on the manufacturer's lowest maximum 
temperature and engineering judgment. The aging duration was based on 
the aging temperature and the lowest activation energy. For the cables 
and cable splice assemblies, this was 1.29 eV, which was the activation 
energy for the polyolefin (Raychem WCSF shrink tubing). Polyolefin is 
not considered age sensitive at the predicted baseline temperatures and 
would not normally be utilized to base an aging program. This lower 
activation energy was used to account for any potential synergism 
between polyvinyl chloride and polyolefin.  

3.3.3.1 Optional Aging Program 

The cables and cable splice assemblies which were added to the 
Qualification Program to provide for potential qualification of the CP&L 
cable splice(s) in the event of failure of the PVC cable require less 
than 100 hours at 100 0C to equate to a 30-year life at the specified 
baseline operating temperatures. To optimize the Qualification Program, 
it is recommended that these cables and cable splice assemblies be 
thermally aged for 382 hours at 1000C. By doing this, the cable splice 
assembly could be utilized at an operating baseline temperature of 152 OF 
for 84% of its qualified life and 880F for 16% of its qualified life.  
This would be significant for other applications where the heat rise in 
the cable could cause the baseline temperature to exceed 1200F.  

3.3.4 Functional Test 

The Baseline Functional Tests of Paragraph 3.1 shall be repeated.  

3.4 Design Basis Event 

3.4.1 Accident (LOCA) 

The cables and cable splice assemblies shall be subjected for a period of 
30 days to the LOCA profile of Figure 1 on a best-effort basis. The 
chemical spray shall be initiated within 5 seconds into the second ramp 
and continue for the remainder of the test. The composition of the 
chemical spray is as follows: 

o Boric Acid (.28 molar) 

o Sodium Thiosulphate (.064 molar) 

o Sodium Hydroxide (as required to make a pH of 10.5 at 770F) 

The chemical spray shall be sprayed vertically downward at a rate of 0.15 
(gal/min)/ft 2 of area of the test chamber projected onto a horizontal 
plane.  
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3.0 QUALIFICATION PROGRAM (CONTINUED) 

3.4.1.1 Test Mounting and Orientation 

The cables and cable splice assemblies shall be placed on a Wyle-supplied 
steel cable tray and inserted into a Wyle LOCA chamber. The cables shall 
be located in such a manner as to ensure the cable splice assemblies are 
parallel to the floor of the cable tray (refer also to Paragraph 1.3.1).  
Penetrations shall be utilized along the LOCA chamber wall to allow for 
passage of the cable. All penetrations shall be potted with Scotchcast 9 
epoxy.  

3.4.1.2 Instrumentation 

The chamber pressure shall be measured with a pressure transducer in 
combination with a pressure gauge. The temperature of the chamber shall 
be measured through the use of three (3) thermocouples connected in 
parallel located inside each LOCA chamber. The thermocouples shall be 
positioned in the chamber in such a way as to be within 2 inches of the 
test specimen. Paralleling means taking an average of three (3) thermo
couples so that a single chamber temperature can be utilized for record
ing purposes.  

The flow rate of the chemical water shall be recorded daily by measuring 
the differential pressure across the spray nozzle. The pH of the 
chemical spray will be recorded prior to each ramp and on a daily basis 
thereafter. The chamber temperature and pressure shall be recorded on a 
datalogger at 30-minute intervals, except during ramps, when it shall be 
operated at its peak rate. The chamber temperature shall be continuously 
recorded, utilizing a pen chart recorder.  

3.4.1.3 Electrical Powering 

Electrical powering of 480 VAC ( + 10% ), 60 Hz shall be provided to 
power the cables. This input voltage shall be wired in parallel to the 
cables. Each conductor shall be wired in series with the other 
conductor(s) in the individual cables. The current within an individual 
cable shall be limited to 20 mA ( + 10% ) through the use of current
limiting resistors.  
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3.0 QUALIFICATION PROGRAM 

3.4.1.4 Electrical Monitoring 

Twenty-five (25) electrical monitoring channels shall be recorded on a 
datalogger to monitor the electrical operation of the test items. These 
channels shall be utilized to monitor the input voltage --480 VAC + 10%, 
60 Hz--(1 channel) and the current (20 mA + 10%) of each cable (24 
channels).  

Two (2) channels on the datalogger shall be provided for recording cham
ber pressure and temperature. These readings shall be recorded at 30
minute intervals, except during the ramps, when the datalogger will be 
operated at its peak rate. A pen chart recorder shall be used to 
continuously monitor chamber temperature.  

An insulation resistance test between the conductor of each cable and 
ground, as described in Paragraph 3.1.2.2, shall be performed at each 
temperature peak and every week until termination.  

3.5 In-Process Inspection 

The test items shall be examined for possible damage following all severe 
tests. All important test effects shall be logged.  

Photographs shall be taken of any noticeable physical damage that may 
occur.  

All instrumentation to be used in the performance of this test program 
shall be calibrated in accordance with Wyle Laboratories' Quality Assur
ance Policies and Procedures Manual, which conforms to the applicable 
portions of ANSI N-45.2, 10 CFR 50/Appendix B, and Military Specifica
tion MIL-C-45662A. Standards used in performing all calibrations are 
traceable to the National Bureau of Standards.  

3.6 Report 

Ten (10) copies of the test report shall be issued, describing the quali
fication requirements, procedures, and results. The report shall also 
include rationale and justification required for the qualification. The 
report shall be prepared in accordance with the requirements of IEEE 323
1974.  
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3.0 QUALIFICATION PROGRAM .(CONTINUED) 
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AGING MECHANISMS 
TABLE I. AGING MATRIX MANUFACTURER'S 

RATING 
(CONTINUED) ENVIRONMENTAL ACTIVATION TIME/ RADIATION CYCLIC ' 

Item AND ENERGY TEMPERATURE DAMAGE LIFE 0 M 
No. ITEM AND MANUFACTURER OPERATIONAL MATERIALS (eV) APPLICATION EFFECTS THRESHOLD GOAL z z 

0 

2.1.3 Insulator Kynar (Polyvinylidene 2.08 (Ref 1 ) Insulation X 1 x 107 
Fluoride) (Ref 11) 

2.2 Shrink Tubing, Raychem WCSF 900 Cont. Polyolefin 1.29 (Ref 6) NAS Useful up o 
(Para. 3.3.1 2 x 108 

(Ref 5) 

CD 

I 

LEGEND: NAS =Not Age Sensitive,_ X =MI terial is sensi ive to the aging mechanism.
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TEST PROCEDURE NO. 45307-1 

1.0 PURPOSE 

The purpose of this procedure is to define the requirements and test procedure 

for Baseline Functional Tests, Radiation Functional Tests and the Sequence 

of Tests.  

2.0 TEST ITEMS 

2 - Conductor #16, shielded 

4 - Conductor #16, shielded 

3.0 TEST SEQUENCE 

The tests to be performed per this procedure will be performed in the following 

sequence: 

o Baseline Functional Tests 

o Radiation Exposure 

o Functional Tests 

4.0 Baseline Functional Tests 

4.1 Pretest Visual Inspection 

A visual inspection of the equipment will be performed upon arrival at 

Wyle Laboratories. This inspection will assure that the equipment is 

received with no obvious visible damage. Equipment identification will 

also be verified.  

4.2 Insulation Resistance 

Measure insulation resistance between each conductor and ground (plane) at 

500 VDC for 1 minute minimum.  

4.3 Dielectric Strength 

Measure dielectric strength between all conductors and ground at 1,250 VAC, 

60 Hz, single-phase for I minute with tester set at 0.5 milliamperes.  

4.4 Continuity 

Measure continuity of each conductor using an ohm meter or equivalent.  

5.0 ACCEPTANCE CRITERIA 

Acceptance criteria for the cable will be per the following paragraphs.  

5.1 Insulation Resistance 

1 megohm minimum at 500 VDC.  
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TEST PROCEDURE No. 45307-1 

5.0 ACCEPTANCE CRITERIA (CONTINUED) 

5.2 Dielectric Measurement 

1,250 VAC, 60 Hz, single-phase, for 1 minute with tester set at 0.5 
milliamperes. There should be no breakdown.  

5.3 Continuity 

Each cable must be continuous.  

6.0 RADIATION 

6.1 Radiation Exposure 

Each component in the equipment has been reviewed in order to ascertain 
all materials. Evaluation has been made of the function of the component 
materials. This information has been compared to auditable data to 
determine the susceptibility of the material in its application to the 
radiation exposure level specified.  

Radiation damage threshold levels for the pon-metallic materials are: 
Polyvinyl Chloride; 2 x 107; Mylar: 1 x100 

Because of the threshold damage levels that are less than the radiation require
ment of 1.54 x 107 rads gamma, defined by Carolina Power and Light, radiation 
exposure is warranted to confirm the capability of the cables to perform their 
safety-related function after radiation exposure.  

6.2 Procedure for Radiation 

The cables will be placed in a Wyle supplied cable tray and restrained to pre
vent excessive movement. The cable tray will then be placed in a "hot cell" 
and irradiated to the required dose of 1.54 x 107 rads gamma air equivalept 
radiation from a Cobalt 60 source. The dose rate is not to exceed 1 x 100 
rads per hour.  

7.0 FUNCTIONAL TEST 

The Baseline Functional Tests of Paragraph 3.1, except the Pretest 
Visual Inspection of Paragraph 3.1.1, will be repeated.  
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1.0 PURPOSE 

The purpose of this Test Procedure is to further demonstrate the operabi
lity of the Cables and Cable Splice Assemblies following a post-LOCA 
simulation.  

2.0 APPLICATION QUALIFICATION STANDARDS AND DOCUMENTS 

o IEEE 383-1974, "IEEE Standard for Type Test of Class 1E Elec
trical Cables, Field Splices, and Connections for Nuclear' 
Power Generating Stations" 

o Wyle Laboratories Report No. 45307-1, "Final Qualification 
Plan for In-Containment Cables and Cable Splice Assemblies for 
Carolina Power and Light" 

3.0 TEST SPECIMEN DESCRIPTION 

The test specimens are as follow: 

o One (1) 4-conductor Wyle-supplied cable with the 
CP&L approved splice 

o One (1) 2-conductor PVC-insulated, PVC-jacketed 
cable with the Raychem approved splice 

This program design allows for the cables aged to an equivalent 40-year 
life with both types of splice assemblies to be subjected to additional 
testing, if desired.  

4.0 FUNCTIONAL TEST 

The functional tests to be performed on the subject cables are as follow: 

1) Coil the cables around a metal mandrel with a diame
ter of approximately 40 times the overall cable dia
meter.  

2) Immerse the cable in tap water at room ambient 
temperature.  

3) Measure insulation resistance between each conduc
tor and ground (plane) at 500 VDC for 1 minute 
(minimum).  

4) Measure dielectric strength between all conductors 
and ground at 1,250 VDC, 60 Hz, single-phase, for 1 
minute. Record the current.  

5) Verify the continuity of each conductor, using an 
ohmmeter or equivalent.  
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5.0 ACCEPTANCE CRITERIA 

The acceptance criteria for the instrumentation cables and cable splice 
assemblies are as follow: 

1) The insulation resistance shall not be less than 1 
megohm.  

2) There shall be no breakdown or flashover during the 
dielectric withstand.  

3) The cable must be continuous.  

6.0 POST-TEST INSPECTION 

Following completion of the functional tests, the test items shall be 
examined and color photographs taken. Additionally, an internal visual 
inspection shall be made of the CP&L and the Raychem approved cable 
splice assembly. The Raychem material shall be dissected so that the 
insulated butt connector can be viewed. Color photographs shall be taken 
and the condition of all components documented.  
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