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SUMMARY
As part of the Cable Aging Task within the Material Aging and Degradation (MAaD) pathway of the 
DOE Light Water Reactor Sustainability (LWRS) program, ORNL is collaborating with Pacific 
Northwest National Laboratory (PNNL), the Electric Power Research Institute (EPRI), and the U.S. 
Nuclear Regulatory Commission (NRC) to study cable-aging mechanisms. Understanding cable aging 
mechanisms in cable insulation and jacket material of power and instrument and controls (I&C) cables 
will provide existing nuclear power plants (NPPs) with needed information as they seek plant life 
extensions to 80 years of operations. Systematic accelerated aging at elevated temperatures and dose rates 
are needed in order to determine remaining useful life and fundamental aging mechanisms of cable jacket 
and insulation materials for cables currently in use. NPP cable aging management personnel will use this 
data and supporting models to determine steps required to monitor cable conditions and schedule possible 
cable removal during maintenance periods if necessary.

This report provides a technical update on the activities that are related to accelerated aging with 
combined thermal and radiation of harvested I&C cable jacket and insulation at the High Flux Isotope 
Reactor Gamma Irradiation Facility (HFIR GIF). The study of combined thermal and radiation 
accelerated aging of I&C cable jacket is important to determine the influence of radiation on remaining 
useful life and possible influence of temperature on its enhancement. Over the course of a 21-day 
campaign, 60 Chlorosulfonated Polyethylene (CPSE) Hypalon jacket samples were exposed to gamma 
irradiation at a temperature of 80°C, three dose rates of 250 Gy/hr to 350 Gy/hr, and total accumulated 
doses up to 180 kGy (18 MRad). For these conditions, gradual degradation as measured by elongation at 
break was observed. However, when gradual degradation was compared to degradation observed from 
thermal aging at 80°C only, the trends were similar. With respect to dose rate dependence of degradation 
at this temperature, no discernable difference was observed within the limited scope of the data presented. 
Additional irradiation characterization at lower dose rates (10-
Gy/hr) were planned for January 2017 before facility issues at HFIR GIF delayed this until summer 2017. 
A discussion of these facility issues will be presented as well as alternative irradiation plans to continue 
the combined thermal/radiation work in the near term. 
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IMPORTANCE OF COMBINED THERMAL/RADIATION AGING
For I&C cable jacket and insulation materials that are qualified for use in nuclear reactors, it is assumed 
that degradation from thermal and radiation sources can be treated as independent and additive sources. 
However, it has been suggested in the 2013 Expanded Materials Degradation Assessment (EMDA) 
NUREG-7153 [1] as well as other sources [2,3] that there are instances for polymers that could be used in 
I&C cables where this assumption could be invalid. For example, materials like neoprene and CSPE are 
dominated by thermal aging, while thermally robust materials like ethylene propylene rubber (EPR) and 
cross-linked polyolefin (XLPO) could be impacted by accumulated dose and/or dose rate. Knowledge of 
the behavior of I&C cables in response to combined thermal/radiation aging is important to determine 
where the thermal/radiation dominant boundaries are and verify the cases where the original assumption 
of additive degradation is valid.

ACCLERATED THERMAL/RADIATION AGING AT HFIR
To provide data with the desired dose rates between 10 Gy/hr and 1000 Gy/hr at temperatures of interest 
between 40°C and 120°C, a test assembly has been developed for use in the High Flux Isotope Reactor 
Gamma Irradiation Facility (HFIR GIF). This configuration has been covered in greater detail elsewhere
[4], but a brief description of the configuration is provided for clarity. 

The HFIR GIF consists of several used fuel elements from the HFIR operations that are stored in a pool 
and allows for a 24” (61.0 cm) long by 3” (7.6 cm) sample canister to be inserted in the center of the spent 
fuel column and exposed to gamma irradiation as pictured in Figure 1. The position of the sample holder 
within the canister and the age of the spent fuel determine the dose rate profile for each sample location. 
For the 18 year old fuel element that was utilized for these irradiation, the dose rate at three sample 
positions, 8.5” (21.6 cm), 14” (35.6 cm), and 19.625” (49.8 cm) from the bottom of the sample heater that 
are shown in Figure 2, was 360 Gy/hr, 330 Gy/hr, and 250 Gy/hr respectively. In other words, the dose 
rate dropped as the distance from the bottom of the fuel assembly increased.

For the combined thermal/radiation aging, 60 CSPE/Hypalon jacket samples were prepared according to 
IEC/IEEE 62582-3 [5] for elongation at break (EAB) characterization and distributed equally between the 
three sample locations. Once the sample holders with the control heater were inserted into the canister and 
the canister inserted into the HFIR GIF, the control heater was tuned so that the average temperature of 
the sample holders were 80°C ± 2°C. The combined thermal/radiation aging was carried out over a period 
of 21 days with periodic sample removals at 2 days, 7 days, and 14 days. This period was selected to 
allow for the comparison of dose rate and accumulated dose on cable degradation. Table 1 shows the 
resultant accumulated dose as a function of dose rate and time for this test campaign. At each removal, 15 
cable jacket samples were removed (five from each sample location) and after allowing the samples to 
equilibrate to ambient conditions for a period of 24-48 hours, EAB and Fourier transform infrared (FTIR)
spectroscopy measurements were measured to correlate mechanical changes with the changes in the 
chemical structure of the cable jacket.

The CSPE/Hypalon jacket samples were created from a cable used in an auxiliary space outside the 
missile barrier of the NPP to control the control rod function of the nuclear reactor. This cable, which had 
an overall diameter of 25.4 mm, consists of a 2.74 mm thick jacket of Hypalon™ - a chlorosulfonated 
polyethylene (CSPE) - a thin foil ground shield, and multiple conductors with EPR insulation of 
thicknesses between 1.1 mm to 1.3 mm. 
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Table 1. Comparison of accumulated dose with respect to dose rate for combined thermal/radiation 
of CSPE/Hypalon jacket at 80°C.

Dose Rate [Gy/hr] Aging time [days] Accumulated Dose 
[kGy]

250

2
7
14
21

12
42
84

126

330

2
7
14
21

16
55

110
166

360

2
7
14
21

17
60

121
181

RESULTS AND ANALYSIS
Figures 3 and 4 show the average EAB as a function of accumulated dose for three dose rates. At the 
maximum accumulated dose of 180 kGy, the average EAB drops to 300% or 50% of its original value. 
When the different dose rates are shown in Figure 4, there is not sufficient data to determine a functional 
dependence of the degradation. However, this lack of dependence could be consistent with thermal 
degradation only. From previous accelerated thermal aging study of this specific CSPE/Hypalon jacket, 

Figure 1. Overhead view of spent fuel pool 
at HFIR GIF (top) and canister (bottom) 
that is utilized for sample exposure in the 
facility.

3” ID by 24” height

Figure 2. Schematic of HFIR sample assembly (left)
and HFIR sample assembly prior to insertion into 
HFIR GIF (right). 
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Figure 4. EAB as a function of accumulated dose and dose rate for CSPE/Hypalon jacket 
irradiated in air at a temperature of 80°C.
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Figure 3. EAB as a function of accumulated dose for CSPE/Hypalon jacket irradiated in 
air at a temperature of 80°C.
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the EAB was 432 ± 57% for 80°C after 28 days. This compares well with the EABs of 409 ± 56%, 491 ± 
57%, and 326 ± 96% for dose rates of 250 Gy/hr, 330 Gy/hr, and 350 Gy/hr respectively. The incremental 
change in the jacket material is also observed in the FTIR spectra in Figures 5 and 6, which are snapshots 
of the CSPE/Hypalon jacket surface at different points during the irradiation. For both figures, the 
differences between each spectrum is small but is consistent with the small amount of change observed in 
EAB over the course of the irradiation. Additional data within this dose rate range as well as additional 

dose rate and/or accumulated dose becomes a measurable issue or if the thermal degradation is the 
primary degradation mechanism for CSPE materials as suggested earlier.
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Figure 5. FTIR spectra for CSPE/Hypalon jacket irradiated at different accumulated doses 
from 60 to 180 kGy at a dose rate 360 Gy/hr at a temperature of 80°C.
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Figure 6. FTIR spectra for CSPE/Hypalon jacket irradiated at a fixed accumulated 
dose of 120 kGy at dose rates of 250 Gy/hr and 360 Gy/hr at a temperature of 80°C.
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FUTURE IRRADIATION ISSUES AND PLANS
The intended goal was to obtain data on combined thermal/radiation aging at five dose rates for a given 
jacket and insulation material. Unfortunately, due to unavailability of the HFIR GIF, only three dose rates 
and a single jacket material could be completed. The lack of availability was primarily due to leaks within 
the umbilical cord that connects the thermometry, heater, and air supply from outside the pool to the 
canister with samples. The leaks presented procedural and stability concerns that resulted in cessation of 
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the HFIR GIF operation with this configuration in February 2017. An effort is underway to redo the 
fixtures and the umbilical cord to improve long-term reliability and the insertion of the canister in the 
HFIR GIF, which can be time consuming due to the use of indium o-rings in the high radiation 
environment. These changes are expected to be completed by June or July 2017. 

Alternative and temporary options outside ORNL are currently being discussed to ensure that acquisition 
of data on combined thermal/radiation aging continues. The first option is to work with PNNL to use their 
irradiation facility to test ORNL prepared cable jackets and insulation samples. The irradiation facility 
dose rate profile and subsequent costs are knowns that would accelerate planned irradiations. The second 
option under consideration is to work with the Armed Forces Radiobiology Research Institute (AFRRI) 
Radiation Science Department in Bethesda, MD. The facility has a Co-60 source and dose rates that are 
like the PNNL system and is much closer geographically to ORNL. The main question would be 
availability with respect to their current work in the AFRRI. Each of these options is a temporary solution 
to ensure that the combined thermal/radiation aging knowledge gaps are addressed in the timely manner.
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