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2. OBJECTIVE 

The objective of this test program is to qualify a new MV (5/8 kV) in-line heat shrinkable splice to 

the requirements of Class 1E circuits for nuclear Power Stations as outlined in the relevant 

sections of IEEE 323, and IEEE 383  

3. SUMMARY 

This qualification test program of Raychem Nuclear Medium Voltage splice (NHVS) was driven by 

market need for such a splice for safety related circuits in nuclear power plants outside 

containment.  A total of 4 splices were tested in this program.  Two splices were aged to an 

equivalent service life of more than 5 years and the others were not aged.  All of the samples 

were then exposed to accident radiation and environmental exposure to simulate a Loss Of 

Cooling Accident on the first day of installation and after 5 years of installation.  All the samples 

passed the test requirements and qualified for the conditions intended by the test.  Additionally 

the test specimens were taken to failure under AC voltage conditions to demonstrate the 

additional margin after the LOCA exposure. 

All testing, heat aging and irradiation was done by an independent test lab 

(WYLE project #43854) 
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4. SAMPLE DESCRIPTION 

4.1 Materials  

All Raychem Nuclear Products were manufactured with components controlled by 10 CFR 50 

Appendix B requirements.  All components were taken from normal Tyco Electronics Corporation 

production runs.  The polymeric splice materials met the requirements of Tyco Electronics 

Corporation internal specifications PPS 3010/7, PPS 3010/40 or PPS 3012/19.  All 

components conformed to the applicable Raychem specifications. 

4.2 Specimen Preparation 

The splice configuration represented a well-defined application and applies to the anticipated 

field installations.  Samples were installed on Class 1E LOCA rated cable of commonly used 

conductor size and diameter.  The entire program (sample preparation and tests) was performed 

in accordance with 10 CFR 50 Appendix B quality assurance requirements.  The hardware (crimp 

connectors, copper mesh, etc.) used was appropriate and generally approved or certified for use 

in the respective application.  All samples were mounted on trays (Figure 1).  Each splice loop 

was identified individually for purposes of data recording.  All samples were prepared by Tyco 

Electronics Corporation.  Table 1 gives the details of the cable used to construct the samples. 

 

 

Figure 1: Specimen loops installed in trays. 

Reel # Manufact. Insulation 
material 

Insulation 
Diameter 

(in) 
Nominal 

Insulation 
thickness 

(in) 
Nominal  

Wire 
AWG 

# of 
Conductors 

307322-B4 Okonite EPR 0.68 0.117 2/0 1 

Table 1: Cable specifications 
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4.3 Sample Construction 

Figure 2 illustrates the general construction of the specimen loop for each of the aged and non-

aged samples.  Each of the specimen loops contained two High Voltage Splices (NHVS).  Each of 

the two High Voltage Splices were constructed on a branch of the V-type splice (NMCK8-4V-A) 

and connected to the external circuit via a NMCK8-1L splice and a non-shielded 8kV, 4/0 cable. 

 

NMCK8-4V-A(NS)

High Voltage Splice

High Voltage Splice

Shielded Cable

Shielded Cable

Shielded CableUnshielded
Cable

NMCK8-1L

NMCK8-1L
 

Figure 2: Schematic diagram for the specimen loop construction 

The high voltage splice for the 2/0, 5/8kV shielded cable is based on an HVS-822S (See 

Appendix 1 for the standard HVS-822S Installation Instructions) with the following changes: 

• The outer jacket is changed from MWTM 50/16 to WCSF-650-50/17-N. 

• The connector’s Stress Relief Mastic, S1189, is replaced with S1119. 

• The semi-con cutbacks are filled with Discharge Control Compound, DCC, in place of the 

S1189. 

• The connector is a tin plated copper crimp type (Richard’s Mfg pn. 926919). 

• The S1251 sealant is changed to S1119. 

Two loops were constructed, each containing two splices.  One loop was aged to more than 

5 years equivalent life (90°C) and ambient radiation (Loop #21) and the other was not aged at all 

(Loop #22).  All samples were subjected to accident radiation and LOCA environmental exposure 

conditions. 
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5. TEST PROCEDURE 

The type test samples were subjected to the test sequence shown in Table 2.  The procedure 

used for each sequence is described in the applicable portion of this section.  

Sequence Test Test report 
Section 

1 Initial functional tests  5.2 

2 Sample heat aging (where needed)  5.3.1 

3 Post-Heat aging functional tests  5.2 

4 Sample Irradiation  5.3.2 

5 Pre-exposure functional tests  5.2 

6 LOCA & MSLB environmental exposure  5.4 

7 Post-exposure functional tests  5.2 

Table 2: Type test sequence. 

5.1 Hold Points: 

In addition to the functional tests, the following hold points were enforced to track the test 

progress and document the samples’ status during the test sequence: 

1. Sample set-up. (Inspect setup of samples.) 

2. After heat  aging. (Visual inspection, document review and calibration.) 

3. After radiation. (Visual inspection, document review and calibration) 

4. After Environmental exposure. (Visual inspection, document review and calibration, Functional 

Tests) 

5.2 Functional Tests 

The following tests and methods were performed for each of the functional test sequences. The 

tests were performed with the specimens mounted on the cable trays. 
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5.2.1 Insulation Resistance 

Test samples were immersed for 24 hours in tap water at room temperature, 25±5°C.  All 

configuration assemblies were at least 12 inches (300 mm) below water surface.  The insulation 

resistance of all samples was measured after 24 hours of water immersion while they remained 

in the water.  DC voltage of 500 volts was applied for 1 minute while the measurement was 

taken.  The conductivity of the water bath was measured and documented 

(Ref. ASTM D257-1992).  The water bath was used as the ground plane for the insulation 

resistance test.   

5.2.2 AC Voltage Withstand 

An AC voltage withstand test was performed to test samples based on the guidance of IEEE 383.  

Specifically, while still immersed from the insulation resistance test, the specimens were 

energized at a potential of 80 V/mil of cable insulation thickness for 5 minutes.  The AC 

withstand voltage amounted to 9360 V. 

5.3 Sample Preconditioning 

The aged samples were preconditioned with exposure to heat and radiation according to the 

requirements of the test plan. 

5.3.1 Temperature Aging  

Two samples were aged to an equivalent service life of 38.75 years for the WCSF tubing used as 

an outer jacket and 46 years of an equivalent service life of the molded parts used for the 

NMCK8-4-A at an operating temperature of 90 °C as calculated from an Arrhenius aging analysis 

performed on the tubing as described in Tyco Electronics reports EDR 5331 and EDR-5332.  The 

equivalent service life of the CICM-N tubing is conservatively estimated to be more than 5 years.  

The specimens were thermally aged while mounted on the cable trays.  
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5.3.1.1 Thermal Aging for tubing 

Specimen #21 was aged in a circulating air oven for 72.51 hours at a temperature of 180 °C.  

This accelerated thermal aging corresponds to 38.75 years life at 90 °C for the WCSF tubing, 

46 years life at 90 °C for the molded parts and estimated to be at least 5  years life at 90 °C for 

the CICM-N tubing. 

5.3.2 Radiation 

The specimens were exposed to a total cumulative exposure representing the radiation dose 

expected over the installed lifetime (0 to 40 years) plus the accident radiation dose.  All radiation 

exposure was derived from a Co60 source.  The radiation dosage rate did not exceed 

1.0X106 rads per hour and did not fall below 5.0X105 rads per hour for all exposures.  The 

specimens were irradiated while mounted on the test mandrels or cable trays, as applicable.  

Appendix 4 

 

 Irradiation Logs, shows the irradiation logs for each sample. 

5.3.2.1 Aged Specimen Accumulated Dose and Design Basis Events (DBE) 

The planned exposure for the specimen #21 was to a nominal air gamma radiation dose 

equivalent to 2.15X108 rads.  This corresponds to a 40 year accumulated dose at an ambient 

cumulative radiation exposure of 5.0X107 rads (IEEE 383) and a design basis event exposure of 

1.65X108 rads (1.50X108 rads plus 10% Margin). 

5.3.2.2 New (un-aged) Sample Design Basis Events (DBE) 

The planned exposure for the un-aged specimen #22 was to a nominal air gamma radiation dose 

equivalent to 1.65X108 rads. (1.50X108 rads plus 10% Margin). 
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5.4 LOCA Environmental Exposure 

5.4.1 Environment Conditions 

The planned time/temperature/pressure profile for all type test sample configurations is shown 

in Figure 3.  Appendix 2 shows the actual time/temperature/pressure graphs as measured 

during the environmental exposure.  

 

 

Figure 3: LOCA profile 

 

 

5.4.2 Chemical Spray 

No water or chemical spray was used during this accident simulation. 
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5.4.3 Mounting 

Type test samples remained mounted on the trays during the environmental simulation.  Test 

sample trays were fixed within the LOCA test vessel and located horizontally with respect to the 

earth.  The sample trays were solidly grounded to the mounting frame, which was electrically 

grounded to the test chamber.   

5.4.4 Test set-up 

5.4.4.1 Accessory connections and Marking 

Test vessel penetrations used 8kV, 4/0 unshielded cable connected to the terminated ends of 

each of the test loops using two hole lugs and suitable hardware.  The connection was then 

insulated using NMCK8-1L kits.  All sample test leads were individually identified. 

5.4.4.2 Equipment Sources, Fusing, and Monitoring 

Two sample circuits with independent voltage and current sources were utilized to energize and 

monitor the test samples.  Each test circuit was independently fused for its applied circuit voltage 

and rated current.  Applied voltage, circuit current and leakage current-to-ground were monitored 

continuously throughout the environmental exposure.  The schematic diagrams of the 

monitoring circuits are shown in Appendix 3. 

5.4.4.3 Voltage and current requirements 

During the LOCA simulation, the applied voltage for each sample circuit was 8000Vac to ground.  

Each test sample circuit carried rated current at a 25°C ambient temperature based on wire size 

(Table 3).   

SPECIMEN CONNECTION Tray AGING TIME RADIATION DOSE (rads) APPLIED CURRENT 
NO. WIRE (AWG) NO. & TEMP. Target Actual DURING LOCA (AMPS) 

21 4/0 4 72.51 hr @ 356°F 2.15E+08 2.15E+08 195 
22 4/0 5 N/A 1.65E+08 1.65E+08 195 

Table 3: Test conditions 
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Unless otherwise noted, voltage and current were applied continuously during the environmental 

simulation.  Each current source was appropriately fused based on required current; all voltage 

sources used ½ amp fuses to interrupt excessive ground leakage current. 

5.4.4.4 Monitoring 

Calibrated monitoring test equipment was used to detect changes in variables monitored against 

a change in time.  During the LOCA test, temperature, pressure, voltage, circuit current and 

leakage current were monitored at one second intervals during the peaks, one minute intervals 

during the short plateaus and every 15 minutes otherwise. 

5.5 ACCEPTANCE CRITERIA 

Electrical Integrity of the test specimens at room temperature after the LOCA exposure was 

based on: 

1. Insulation resistance measurements at 500 Vdc (IR > 2.5X106 Ohms). 

2. Voltage withstand tests (5 minutes withstand at voltage level listed in Section  5.2.2). 

Performance of the test specimens during the environmental simulation was based on the ability 

to maintain electrical loading at rated voltage and current during the environmental simulation. 

5.5.1 Insulation performance 

During environment exposure, Insulation Resistance measurements were taken to ensure 

insulation performance.  The voltage was applied for 1 minute to insure reading stability.  

IR measurements were performed on all monitored samples prior to transient 1, at the end of 

transient 1, at the 4-hour point, the 24-hour point, the 55-hour point (at transient 2), the 144-hour 

point, the 380-hour point and at the 790-hour point (the end of the exposure) with the specimens 

still at temperature. 
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6. RESULTS AND DISCUSSION 

6.1 Deviations from test plan 

6.1.1 Thermal Aging 

The samples were aged for 72.25 hours instead of 72.51 hours at the target temperature of 

356°F.  However, the specimens were in the thermal aging chamber at approximately 350°F for 

1 hour and 20 minutes prior to the temperature reaching 356°F. 

6.1.2 Radiation Exposure 

The specimens were irradiated in two stages.  The first stage was carried out in the year 2000 

and the samples actually received 195.2Mrads and 148.9Mrad (aged and non-aged 

respectively) due to a reporting error from Georgia Tech where the samples were irradiated.  

Subsequently, the samples were irradiated again in the year 2004 to complete the target total 

irradiation dose of 215Mrads and 165Mrads.  Appendix 4 contains the radiation certifications.  

Table 4 shows the target and the actual radiation doses for the aged and unaged samples.  

 Aged Samples  
Cumulative Dose (rads) 

Unaged Samples  
Cumulative Dose (rads) 

Target Dose  2.15E+08 1.65E+08 
Stage 1 1.952E+08 1.489E+08 
Stage 2 1.98E+07 1.61E+07 Actual Dose  

Total 2.15E+08 1.65E+08 

Table 4: Target and actual irradiation doses. 

6.1.3 LOCA simulation  

Transient 1: 

The test chamber was filled with room-temperature tap water to completely submerge the test 

specimens contained within. Following a 24-hour wait, an Insulation Resistance test was then 

performed on the specimens.  The test chamber was then drained and the test chamber average 

temperature was increased to approximately 120°F and held for approximately 57 minutes prior 

to the start of the Accident Simulation.  The ramp up in temperature from 120°F to 325°F was 

performed on a best-effort basis using superheated steam.  The time to reach an average 
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chamber temperature of 325°F for the initial transient was approximately 26 seconds.  The 

highest temperature recorded by an individual thermocouple during the first transient was 

359°F.  The time the average chamber temperature was above 325°F was approximately 42 

minutes.  The average chamber temperature was then gradually reduced to approximately 

212°F.  The time the average chamber temperature was above 212°F was approximately 5 

hours and 47 minutes.  The average chamber temperature was then reduced to approximately 

175°F.  The time the average chamber temperature was above 175°F was approximately 42 

hours and 31 minutes. 

The test chamber temperature was reduced to approximately 120°F per the environmental 

profile.  The test chamber temperature was held at approximately 120°F for 3 hours and 31 

minutes prior to the start of the second transient of the Accident Simulation. 

Transient 2: 

The time to reach an average chamber temperature of 240°F for the second transient was 

approximately 11 seconds.  The highest temperature recorded by an individual thermocouple 

during the second transient was 308°F.  The time the average chamber temperature was above 

240°F was approximately 6 hours and 8 minutes.  The temperature was then lowered to 

approximately 150°F and held for approximately 734 hours and 6 minutes.  Note that each 

temperature plateau was extended to account for the time the specimens were not energized 

due to Insulation Resistance testing or specimen troubleshooting.   

The full LOCA exposure profile is presented in Appendix 2 and a chronological account of the 

events during the LOCA exposure is presented in Appendix 5. 
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6.2 LOCA simulation Vessel  

Figure 4 shows a schematic diagram of the LOCA test chamber. 

 

(A) 

Side View Front View
Steam manifold

Chemicla Spray manifoldThermocouples

Frame with trays and mandrels
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(B) 

Figure 4: LOCA pressure vessel and auxiliary equipment. 

Figure 5 shows a picture of the LOCA simulation chamber after the conclusion of the test. 
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Figure 5: LOCA simulation test chamber after the test. 

6.3 Sample Analysis 

Table 5 shows a list of the samples and a summary of the qualification test results. 

SPECIMEN 
NO. 

TRAY NO. AGING TIME 
& TEMP. 

RADIATION 
DOSE (rads) 

Test 
Circuit 

Time Energized 
Trans1/Trans2 

RESULTS 

21 T4 72.25 hr @ 356°F 2.15E+08 195A(1) 792.5 hrs Qualified 
22 T5 Not Aged 1.65E+08 195A(2) 792.5 hrs Qualified 

Table 5: NHVS splices qualification results.  Radiation doses represent (accident 

+ ambient) for aged samples or accident only for un-aged samples. 

The test specimens were inspected for evidence of damage and proper installation and 

mounting before the start of the test sequence.  There was no visible evidence of damage.  All 

specimens and mounting conformed to Tyco Electronics requirements.  The test specimens were 

visually inspected and subjected to the functional tests described in Section  5.2 before thermal 

aging, irradiation and the environmental exposure.  After thermal aging the endcap component 
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of the NMCK-8 of specimen #21 milked off due to an improper installation.  This anomaly is 

unrelated to the NHVS other than it was installed on the same cable/specimen loop. The 

specimen was then repaired and put back to complete the test sequence with no further 

anomalies.  The functional tests were also performed on the samples after the LOCA simulation 

as part of the post LOCA evaluation.  Additionally, at the end of the test program, each sample 

was tested for AC dielectric breakdown to demonstrate margin.  The results of the functional 

tests are given in Table 6. 

Initial Base Line Post Heat Aging Post Irradiation Post LOCA Sample 
IR, Ω W/S, V Ileak, mA IR, Ω W/S, V Ileak, mA IR, Ω W/S, V Ileak, mA IR, Ω W/S, V Ileak, mA 

21 1.8E10 9360 6.8 2.5E10 9360 7.6 4.0E10 9400 0.72 6.4E10 9400 9.1 

22 2.0E10 9360 6.6 n/a n/a n/a 4.0E12 9400 0.78 5.0E10 9400 8.9 

Table 6: Functional tests at Program Sequence points for test specimens 

Table 7 shows the IR measurements performed on the monitoring circuits during the LOCA 

exposure at 500 volts DC (unless otherwise noted). 

. Specimen 21 Specimen 22 

Prior 1st peak (submerged in chamber) 1.4E10 4.0E07 

At 1st Peak 325°F (30 minutes point) 4.5E07 6.5E07 

At 214°F (4-hour point of test) 2.5E08 3.5E08 

At 178°F (24.5-hour point of test) 7.0E08 1.0E09 

At 240°F (2 hours of 2nd peak – 
55-hour point of test) 1.5E08 1.4E08 

At 155°F (144.5-hour point of test) 1.7E09 1.2E09 

At 152°F (382.5-hour point of test) 1.4E09 2.1E09 

At 153°F (792.5-hour point of test) 1.5E09 8.4E08 

Destructive Testing Dielectric 
Breakdown 

41,000 v 
breakdown at tip of 
endcap of V-splice 

36,000 v 
breakdown at 

splice  

Table 7: IR measurements during LOCA simulation. 
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7.  CONCLUSION 

Samples of Raychem’s Nuclear Medium Voltage splice (NHVS) were type tested in applications 

that are common and specific to Class 1E environment as outlined in the relevant sections of 

IEEE 323-1974, IEEE 323-1983 and IEEE 383-1974.   Both aged (thermally aged and exposed to 

radiation aging) and unaged samples were exposed to accident radiation before they were 

exposed to a LOCA simulation. 

The test results described in this report demonstrated: 

1. The qualification of the NHVS splice with a service life of more than 5 years (based on a 

DBE of 150 Mrads, plus 10% margin, and life aging of 50 Mrads for a total dose of 215 

Mrads). 

2. The NHVS splices demonstrated a comfortable margin after passing a LOCA simulation 

by withstanding an AC voltage of more than 7 times the phase to ground voltage. 
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LOCA Profile (First Transient) 
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LOCA Profile (First Transient) 
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LOCA Profile (First Transient) 
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LOCA profile for the bending sample (Second Transient) 
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CHRONOLOGICAL SUMMARY OF DEVIATIONS FROM PLAN  
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Date Time Circuits/Specimens Action 
6/23/04 09:39-09:48 All circuits  Loading interrupted for IR measurements during the 325°F transient. 

6/23/04 13:09-13:17 All circuits Loading interrupted for IR measurements at 212°F plateau 

6/24/04 09:38-09:43 All circuits Loading interrupted for IR measurements at 178°F plateau 

6/25/04 16:13-16:18 All circuits Loading interrupted for IR measurements at 240°F transient 

6/25/04 18:19-19:00 All circuits Data acquisition glitch 

6/29/04 09:29-09:34 All circuits Loading interrupted for IR measurements at 150°F plateau 

7/05/04 04:53-09:11 All circuits Power out and data acquisition computer malfunction 

7/08/04 21:27 Circuit 195A(2) Loading interrupted 

7/09/04 07:32-9:34 All Circuits IR measurements at 150°F plateau 

7/13/04 13:32-16:07 All Circuits Problems with the HV transformers – circuit currents were not interrupted 

7/26/04 04:52-05:46 All Circuits Power interrupted 

7/26/04 09:48-09:53 All Circuits Loading interrupted for IR 
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CIRCUIT VOLTAGE AND CURRENT PLOTS 



EDR-5391, Rev.0 
 06/15/05 

44 

 

 
 



EDR-5391, Rev.0 
 06/15/05 

45 

 

 
 



EDR-5391, Rev.0 
 06/15/05 

46 

 

 
 



EDR-5391, Rev.0 
 06/15/05 

47 

 

 
 



EDR-5391, Rev.0 
 06/15/05 

48 

 

 
 



EDR-5391, Rev.0 
 06/15/05 

49 

 

 
 
 


