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2.

3.

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

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 b 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, PPS3010/40 or PPS3012/19. 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.

g,
2 T

Figure 1: Specimen loops installed in trays.
Reel # Manufact. Insulation Insulation Insulation Wire # of
material Diameter thickness AWG Conductors
(in) (in)
Nominal Nominal
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 NMCKS8-1L splice and a non-shielded 8kV, 4/0 cable.

NMCK8-1L High Voltage Splice
I

Shielded Cable

NMCK8-4V-A(NS)

Unshielded Shielded Cable
Cable |
Shielded Cable
NMCK8-1L High Voltage Splice
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:

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

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

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

S1189.

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

e TheS1251 sealantis changedto 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 #2 1) 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 b4
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 80V/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
NMCKB8-4-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 b 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 (O to 40 years) plus the accident radiation dose. All radiation
exposure was derived from a Co® source. The radiation dosage rate did not exceed
1.0X10° rads per hour and did not fall below 5.0X10° 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 2.1 5X108rads. This corresponds to a 40 year accumulated dose at an ambient
cumulative radiation exposure of 5.0X10’ rads (IEEE 383) and a design basis event exposure of
1.65X10° rads (1.50X10° 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 1.65X1 0% rads. (1.50X1 0% rads plus 10% Margin).



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

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.

325 F
30 minutes
Temperature
B [T
240F
6 hours
] 230 F @ 1 hour
8 psig @ .
10 sec. to
1 min. SIS E 6 hours
- @ €5 min.
175 F
. ;
: 1 day Minimum dwell : 180 F
.2 psigto 1 hour 3hours | maﬁ'\

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 Testset-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 NMCKS8-1L 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 7251 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

10
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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 ¥2 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.

5.6 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 > 2.5X1 0° 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.

11
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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 Unaged Samples
Cumulative Dose (rads) | Cumulative Dose (rads)
Target Dose 2.15E+08 1.65E+08
Stage 1 1.952E+08 1.489E+08
Actual Dose Stage 2 1.98E+07 1.6 1E+07
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

12
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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 b.

13
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6.2 LOCA simulation Vessel

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

@ Burner / Blower
AN

< 150 psig Boiler 5500%hr Spray Solution
Reservoir

Spray Header

Cable Penetration
: {Typical 2 Locations)|

F-—=
!
L
I

@ Circulating Pump

Super Heater

)

<]

Specimen
Mandrel

800°F . 600-700°F |
Exh.

Pressure Vessel

' Auto Pressure Control

Thermocouples Chemicla Spray manifold

N

Front of Chamber

Side View Front View

Steam manifold

Frame with trays and mandrels

(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.

14
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Figure b: LOCA simulation test chamber after the test.

6.3 Sample Analysis

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

SPECIMEN| TRAY NO. AGING TIME RADIATION Test Time Energized RESULTS
NO. & TEMP. DOSE (rads)| Circuit Trans1/Trans2
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 b: 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

15
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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.

Sample Initial Base Line Post Heat Aging Post Irradiation Post LOCA
IR,Q |W/S Vl|lea mMA] IR, Q |W/S V|lea mMA] IR, Q |W/S V |lea MA] IR, Q |W/S, V|lica. mA
21 1.8E10 | 9360 6.8 2.5E10 | 9360 7.6 40E10 | 9400 | 0.72 | 6.4E10 | 9400 | 9.1
22 2.0E10 | 9360 6.6 n/a n/a n/a 40E12 | 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 1* peak (submerged in chamber) 1.4E10 4.0EO7
At 1*'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 2" peak —
55-hour point of test) 1.5808 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 41,000 v . 36.000v
breakdown at tip of breakdown at
Breakdown i )
endcap of V-splice splice
Table 7: IR measurements during LOCA simulation.

16
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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.

17



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

APPENDIX 1

HVS-822S INSTALLATION INSTRUCTIONS

18
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an Product Installation Instructions

HVS-820S Series
8kV Class

Splice for Extruded Dielectric
(Poly/EPR) Power Cables:
Metallic Tape, Wire Shield,
UniShield®, LC Shield, or
Lead Sheath Cables

UniShield is a registered trademark of Cablec Corporation.

Raychem Corporation FII-53383, Rev AD
Electrical Preducts Division DOCR C27029

220 Laks Drive PCH 492431-000

Mewark, DE 19702 Effactive Dats: March 1985

19
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General Instructions

Suggestad Installation Equipment (not supplisd with kit)

+ Cable preparation tools
+ Raychem PE2 cable preparation kit or
cable manufacturer approved solvent

+ Clean, lint-frae cloths

+ Mon-conducting abrasive cloth, 120
grit or finer

« Electrician's tap=s

+ Connectoris) and instal lation tools
* Raychem recommendead torch

Recommeanded Raychem Torches

Install heat-shrinkabls cable accessories
with a "clean burning” torch, i.e., a
propans tarch that does not deposit
conductive contaminants on the product.

Clean buming torches include the
Raychem FH-2608, FH-2629 (usss
refillable propane eylinders) and
FH-2618A1 {uses disposable eylinder].

Safety Instructions

Warning: When installing slectrical
power systemn accessories, failures to
followe applicable personal safsty
requiraments and written installation
instructions coukd result in firs or
explosion and sericus or fatal injuries.

To awoid risk of accidantal firs or
explosion whan using gas torches,
always check all connections for leaks
befors igniting the torch and follow the

torch manufacturer's safety instructions.

Ta minimize any seffect of fumes
producsd during installation, always
provide good ventilation of confined
work spaces.

Az Raychem has no contnol over fisid
conditions which influence product
inataliation, it is understood that the
user must take this inlo account and
apply his own experience and
sxpertize when installing product.

Adjusting the Torch

Adjust regulator and torch as required to
provide an overall 12- inch bushy flame.
The FH-2629 will b= all blus, the other

tarches will have a 2- to 4-inch yellow
tip. Use the yellow fip for shrinking.

Regulator Pressurs

FH-2E61841 Full pressure
FH-2809 5 psig
FH-2629 15 peig

Cleaning the Cable

Usa an approved solvent, such as the
orne supplied in the PG2 Cable Prep Kit,
to clean the cable. Be surs to follow the
manufacturer's instructions. Failureto
follow thess instructions could lead to
product failurs.

Some newer solvents do not eva porate
quickly and nesd to be removed with a
clean, lint-free cloth. Failure to do so
could change the volume resistivity of
the substrate or leave a residus onthe
surface.

Pleass follow the manufacturar's
instructions careful ly.

Ganeral Shrinking Instructions

+ Apply outer 3- to 4-inch tip of the
flame to heat-shrinkable material with a
rapid brushing motion.

+ Keep flame moving to avoid
scarching.

+ Unless otharwise instructed, start
shrinking tube at canter, waorking flams
arourd all sides of the tube to apply
uniform heat.

To determine if a tubs has complately
recoversd, kok for the following,
espeacially on the back and undersids of
the tube:

1. Unifarm wall thickness.

2. Confarmance to substrata.

3. No flat spots or chill marks.

4. Visible sealant flow if the tube is

coatad.

Maota: When installing multiple tubss,
maks sure that the surface of the last
tuksz is still warm before positioning and
shrinking the next tube. If installad tubs
has cooled, re-heat the entire surface.

PlI-53383, Rev AD
DCR C27029

20

FCM 492431-000
Effective Date: March 1995
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Installation Instructions
1. Product selaction. 2. Check ground braid.
Check kit selection with cable Werify that ground braidis) or bond Raycham HYS-EG supplies ground
diameter dimensions in Table 1. wire have equivalent cross-section braid, spring clamp and suggestad
to cable metallic shield. Additional modifications to make an extemal
“If using 5/8kV (115 mils) cable, use  braid may be needed for LT shisld, ground or shield interupt.
AkY selection. lead sheath cables, or if extarnal
grounding or shield interrupting is
recjuired.
Table 1 S5kV BkV Maximum  Insulation  Maximum Connector
Mominal Meominal Jacket Diameater Dimensjions
Kit Cable Range Cable Range Diameter  Range Langth Diametar
Dimensions in inchas
HVS-8215 HE-2/0 AN GT Ho-H2 MNG 0.80 0.250.E65 2.0 0.50
HV5-8225 300300 kemil* H1-400 MNG 1.15 0.550.90 4.25 075
HWS-8235 350-750 kemil* 250350 kemil 1.80 0.80-1.25 6.0 1.10
HWV5-8245 1000-1500 kemil* S00-T50 kemil 2.30 1.00-1.60 2.0 145
HWVS-B255 TEO1000 kemil 245 1.30-2.25 2.0 1.85
Dimensions in millimetars
HVS-8215 #E-2/0 AlVG* #EHEZ AWG 20 o997 76 13
HVS-8225 3A0-300 kemil* #1440 AWG 25 14-23 108 ia
HVS5-8235 350-750 kemil 250-350 komil 46 20-32 152 28
HVS-8245 TO00- 1500 kemil*  500-750 kemil 58 25-47 203 37
HVS-8255 TH0-1000 kemil 64 3357 203 47
3. Prapare cables. Tabkle 2
Jacket Metallic Shield Semi-con
Choose the cable type (Choice 1- ] Cutback Cutback Cutback
3) and use the dimensions shown Kit A B c
in Table 2 to prepare the cabies. HVS-8215 702" (190mm) B (150mm} 3104 (80mm)
HW5-8225 8172 (215mm) ™ {180mm} 4" { 100mimy}
HWVE-8225 9-1/2"  (240mm) a (200 mm} 5" {125mm}
HW5-8245 11" (280mm) 912" {240mmj g" { 15 0mmy)
HWVS-8255 11-12" (280mm) 107 (250mm} g" {15 0mm}

If Metallic Tape Shiald, Lead
Sheath, or LC Shizld Cable

If Drain Wire Shield Cabls

If UniShiald Cabla

BE— |4 A A
|-— G I._ C—l |4— T
106 10a 10
PI-5328%, Rev AD 3 PCM 452431-000

DCR C270249
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06/15/05
Installation Instructions
4. Remove insulation. Table 3
Maximum Connector Dimensions Expansion
Referto Table 2 and Figure 1; Kit Length Diameter Gap "X
cutback the insulation as shown, HVS-2215 30°  (FEmm) 0EQ {13mm) 164" (Smm)
HVS-B225 425" (108mm}  OT5' (19mm) 174" (Smm)
HWV5-8225 6.0 (152mm) 110" (28mm) 12" (10mm)
HVS-B8245 80" (203mm) 148" {3Fmm) 172" (10mm)
HV5-8255 810" {(203mm) 1.85" (47mm) 12" (10mm)
Figure 1: Insulation Cutback
|lt— 7 —]
h [ "z "y e
] o Insulaton = Expansion + 142 Length
Cutback Gap of Connector
--Yi
400
5. Abrade insulation. Abrade ]
Insul ation Abrada
Abrade the insulation, as necessary to Insulation
remove imbadded semi-con, and
clean.
248
6. Clean cable jackets, 30| Claan Claan - 30"
’ (FEOmm) (760 mm)
Clean cable jackets for the length of {7 6umm) ERE
the tubes. m
a1
7. Place splice tubes over cable Black/Red Dual Layer Tube Rejacketing Tube
as shown.
Cable Jackst
Protect tubes from end of conductor
as they are placed over cable end. = ==
128

PII-53383, Rev AD
DCR C27029

FCM 492431-000

Effactiva Date: March 1995
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8. Install connector.
After installation, debumr connector.

UIsing an oil-free solvent, cdean the
insulation as shown.

9. Apply SEM over connector.

Remove backing from one side of the
long sirip of Stress Relief Matarial
(SRM). Rollthe SEM and remaining
backing strip into a convenient size.
Remove the remaining backing strip
and tightly wrap the SR around the
connector and exposed conductor,
Be sure to fill the gaps and low spots
around the connector.

Continue to wrap SREM onto the
solvant cleansd insulation as shown.

Mote: f connector diameter is larger
than insulation diameter, apply two
half-lapped layers of SREM owver the
entire connactor. Discard any excess
SREM (long strips).

10. Apply SEM at semi-con cutback.

Remowve backings from the short
angla-cut plece of SRM. Flace tip of
SRM at semi-con cutback and ightly
wrap to fill semicon step. Overdap
semi-con and insulation as shown.
Taper SEM down to meat insulation.

Meota: [fusing UniShield cable, apply
SREM as shown to fill conductive
jacket step.

06/15/05
Installation Instructions
Clean
== = |
129
Stretch SEM to
172 Original Width
Fill gaps
267
14 _gud
{ammj
e o
|SRM
21z
Stretch SRM fo
14" (5mm) wide
14" (5mm)
104" (Smmyp Semi-con Cwerlap
Insulation Ovardap
284

PII-53383, Rev AD
DCR C27029

3 FCM 492431-000

Effactive Data: March 1995
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Installation Instructions

11. Apply red saalant.

Remove the backing from the red
sealant and place one complete
wrap onto the cable semi-con as
shown.

Red Sealant
{1 complets wrap)

12. Position Blackired dual layear
tube; shrink in placea.

Center tubs over splice as shown.
Baqgin shrinking at canter of tube (1),
working torch with a smiooth, brushing
motion around the tube. After canter
portion shrinks, work torch as before
toward one end (2), then to the
opposite end (3). Apply sufficient heat
to ersure softening of the SEM,
indicated by a smooth surface profile.

Mote: Do not point the lame directly
at the cable semi-con layver.

b |

Z. Black/Red Dual Layer Tube

Canter tube 4

between jacket cutbacks

Mete: If External Grounding or Shield Interrupting

Refer to Raychem HVE-EG, "Guide for Extarnal Grounding and Shigld Interrupting of Power Cable Splices" for

modifications to these instructions.

13, Install ground.

Choose the appropriate cable type
(Choice 1-3) and follow the directions
given.

If Drain Wire or UniShisld Cabla

Pigtail the shield wires on each side.
Crimp the ground braid onto one
pigtail with the connector provided.

Lay braid across splice tubes and
attach to pigtail on the other sida.
Cut off excess braid and frim pig-
tailed wires.

Discard spring clamps and foil tape.

Go to Step 14, page 7.

Drain Wire Connector

Black/Red Dual Layer Tube

Ground Braid

E10

PlI-53383, Rev AD
DCR C27029

[ PCM 4824 31-000
Effective Date: March 1995
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Installation Instructions

If Matallic Tapa or LT Shiald Cable

(1) Flare one end of the ground braid
and place it onto the metallic tape
butted up to the installed splics tube,
(2) Attach the braid to the shield by
placing two wraps of the spring clamp
over the braid. (2) Fold the braid
back over the spring clamp wraps.
Continue to wrap the remaining
clamp owver the braid. Tighten clamp
by twisting it in the direction itis
wrapped and secure with copper foil
tape provided.

E11

{4 Lay the braid across the splice
tube and onto the exposed tape
shield on the other side. (5) Make
twio wraps of tha clamp over the
braid. (&) Fold the braid back
toward the splice and finish
wrapping the cdamp. Tighten and
secure. Cut off excess braid.

Discard connectors.

Go to Step 14.

If Lead Sheath Cal:le

E12

Solder ground braidis) or bonding
wire on to lead sheath, Deburr
connection.

Discard spring clamps, connectors, E

and foil taps.
Go to Step 14.

Black/Red Dual Layer Tube

613

14. Install the shislding mesh.
Wrap a halfdappad layer of the mesh LG
across the entire splice and fie off.

Abrade and solvent clean cable
jackets as shown to provide an oil-
free surfaca.

14

FIl-53383, Rev AD T FCM 492431-000
DCR C2702%9 Effective Data: March 1995
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Installation Instructions

15. Position rejacketing tube.

Remove or tape over all shamp points
to prevent punchure of rejacketing
tube.

Rejacketing Tube

Cantar tubs ovar splica.

16. Shrink rejacketing tube.

Beqgin shrinking at the canterof the Tarch
tube and work toward each end.

This complates the splice.
I & & fﬁ

MNata: Allow to cool before moving or
placing in servica.

Adhesive Flow (Both Ends) —— | G16

Pl-53283, Rev AD ~ 8 @1995 Raychem Corporation
DCR C27029, PCN 492431-000 Frimtad LISA 3590

Effactive Date: March 1995
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APPENDIX 2

LOCA PROFILE
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06/15/056
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06/15/056
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TEMPERATURE (°F)

400 -
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200
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PRESSURE (PSIG)
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TIME {(HOURS)
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LOCA profile for the bending éémple (Second Transient)
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APPENDIX 3

MONITORING CIRCUITS
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IRRADIATION LOGS
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Georgin Instiiuie of Technology
Meddy Nuclear Research Ceater
W Adlantic Dirive, N,W,
Atlamia, GA 303320435
Gomma Irradiation Log and Bose Rate Measarement Shect
Chient: Wile Laboratarics NIRRT Ralergmia: 17
lteferense: HEVIHII K305 Tatal Ihase: G TIEE+OT
[temsz Trayz1,2,4,5 7 hoge Hale: = 1.0ES Radans
Htart Sgart | Ead End Laopsed Dose Rote | Total Dese | Cum Dose
Date Time Date Time Hours Ratls'hr Radlx Ladls
(L 14D 1450 TN 11:20 1405 4. TO6E+0E | 0. TIBEHDT | 6.TIREHOT
Al terininaljon®
| Desimetry Current | Dose Rate Average Dose Bate (Hadsitirk 4.790E+H12

Measuremend | Amipes) [Rads'hr)
B QLY | 47005+
B.ISOE-0Y | 4.706EHH
B.JIGE-ADT | 4.78LE40E
4, 7TTE-IV | 4. 807E+H0S
BEMIE-D] | 4.846E+05 |
A THRE-0T | 4.758E+04 |

ol | s | s | ps =

¥ Do B dersorwndmied B lon lzaibam probes £ ument asing rha Rl bess | ng Ponmalks
i Redvbr = (L& TEDT * JAmpa i + 5. 163E1 1 & (Aonpal - G458 3365 2 DETD

Comnplated: 5#,45? o —— Dute: v
Reviewed: = 7 & Dizte: E:. -1y -2 T
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CGeergin [nstitute of Technology
Wealy Muckar Hesearel Centfer
SO0 Atlandic Drive, NW,
Adlania, GA MEIT-0425

Gannia Irradiatien Log and Dose Bade Measurement Shial

Cliemt: Wyle Laboratories MR Reference: o= 171
Tulerenei; HEWVIHF RIS Total Thedi: |.G52E+OB
liemns: Ty 1, 2,4, 57 Dhovse Rates %1084 Rads'hr
Stari Start End | End Lapswd | Dose Bate | Tolal Dose | Cum Dose
IHaie Time Diadi Thnie Huikrs Fads'lr Hads itads
(R D B0 | 1 H ] 18225 4 527EH5 | 1.27AEHOE | 1.951E+08
Dnse FLate Dater Linm®
Thosimetry Current | Dose Hate Average Tooe Rate (Radsiry: 4. 50TEH03
Meazurcment {Am HadaTar
| BAGZE-07 | 4.511E4DS
1 AZEE-NT | 4.53TE+0%
3 L337E-07 | 4.513B6+05
4 EX02E-07 | 4.511E+05
5 ERFIE-O7 | AS5Z9E-U5
| fi EINAELT | 4535803

*Licgs Rl dabermdresd froon wmiaalion probe curesl aning he Telleoaing Sk
DR Fadwhede (LONTELT ® (hmpald = SI63E11 ® dAmpa) « Sho 52480 * LETT

/&:-?',f""_‘— ' Dwte: o= -013

Comphetal:

R wemed

e

bt 27

Date: fo -0 -G
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Gienrgia Institute of Technalogy
Meely Mughear Heseareh Cenber
DU Adlantic Dirive, N0,
Atlanda, GGA JDIXI-0425

Giammea Irradization Log and Daose Hate Measurement Sheet

Cliemi: Wike Lobs MIRC Relerence: 20002
Reference: HEVDI30546T Total Daose: 1 98ET Rads willn:
Diemus: Tray 4 Dinse Rate: <1 S Radshe
Siart Htart Eml Enl Lapwaid Ihose Rate | Totul Dose | Cum Dose
[rate Thme Thate T Howrs Rads/hr Rads Rads
(3541704 1701 030 1 11:10 42,16 SO12E405 | X 113EHNT 21 13EHT
L]] @ Dederpinalian®
IEnsimetry LCurrent | Dose Rate Average Dose Rote (Rads/hiry: 201 2E+05
Measurement (Amps) | (Ruadshr)
1 4 BSFEAFT | SA020EH03
. 4 B5EAFT | S014EHI3
3 4 HATE-07 | S000E 05
4 G BEAEADT | 500 1 EH)E
5 4 8525407 | 3 A08EHS

Mofe — Tray 4 contains Specimen 21 (phase 1 testing Mo, 130}

*Daiee Fale detersvingd from iorerafion probo cument usiag ihe foll owing frmida:
D Radsfark= 1.206E1 8 * (Awmpsi2 + dJGEETL * (sl + 142531

5 po—

-_?-sﬁ._-‘i}?f

Comnpleted: [rane:

Reviewed: Dags;
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Georgia Institute of Technology
Meedy Nuelear Rescareh Center
00 AdlamiEe Dirive, MY,
Atlanta, A VIE32-0415
Caanenis Irradialion Log and Dose Bate Measurement Sheet
Clienl: Wyle Labaratories MR Hefereme: H-17d
Heferemee: HEVOOIE3IRE Tadal Dose: | ABOE+0R
Tecans: Trays 3 and & Dose Hate: =1.0E6 Radatr
Siarl Start End End Lapsed Doge Wate | Todal Dose | Cwm Dese
Date Thma Ihale Tirme Howrs Radslar Rads Kads
08/ 20,040 [EH b 51 1K g:15 AT IED . E4OEA05 | L 4ROES]R | 148%E+0E

Dose Bate Determination®

Lkoslmneiry Larremi Dose Kate Average Dose Kate (Reds/hr 4 220E+01%
Mleamaremment | Amps] (Hodsr)
! RETIE-DT | 4.BGEEHDS

2 EEFSE-0T | 4.B43E+0S

L] S.EI0E-OT | 4 BIFE+DS

* [ty Footer @t ermeined] M bzninstios prabe cumesl using ihe (el learing, (ormala:
O Rackirbe = [LOLTELT * (Amps |3 + 5300511 * (henas] - 650506} * 0 877

Compleied: ﬁ,—j ,ﬁ-"“‘-.,__- Drafe: i:::-" i; - l:j 1

Reviewed __._dl'f‘l/i‘{wﬁf ' e hoole-p
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Creargia Institute of Technology
Meely Muelear Bescarch Center
WM Adlanmbic Drive, MY
Atlamin, GA 303320425

Giamma Irradiation Log aml Dose Rate Measurement Sheet

Client: Wyle Laks MRC Heferemse: 2004-025
Belerense: HEV 30567 Tuodal Dose: 1.61EY Rads w/linc
liems: Tray 5 Iknse Hote: =106 Radshr
Hiart Siar End Enil Lapsid Dose Babe | Tatal Dose | Cwin Dose
Trane Time Diale Tinse Hours Huilz'hr Rads Hnds
030 10: 2] 03 M 1030 24,10 TAGTEHRS | 1LGSGEH]T 1. GAGE+HT

Mo Bate Deder minslion®

IMsinmeiry Currenl | Dose Rate Average Dose Rate (Rads'hry: TAGTE 05
Measurement {Amaps) {Raals'hr)
1 §,020E-07 | TAR ] E+HBS
2 HUREE-LT | TATREHRS
i 6.022E-07 | T.E5E+05

Mobe — Tray 5 contains Specimen 22 {phase 1 testing Mo, 140)

* Do Barie domsormined Troim seniizebon probe cusmean ugieg the followisg oemmla:
DR{RadMine LLAHGEIE * (Angs 2 + 4 468EL] ¥ [duompa)+ 142511

Campleted: ‘."IIS_‘...—; ;’?‘H_—_ B Lrate: r:"l|r_.'r Ill'ial‘“,lII

Reviswed: = ﬁ-’"k-i.; vl Dt {) - 172 il

=

&
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APPENDIX 5

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 | Al 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 09:48-09:63 | Al Circuits Loading interrupted for IR

42
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APPENDIX 6

CIRCUIT VOLTAGE AND CURRENT PLOTS
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