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Abstract— Water treeing has been studied for a long time ago. It is the cause of aging in Cross-Link Polyethylene 

(XLPE) insulated underground cable. The failure was mostly associated with the presence of ionic solutions in water 

treeing. The characteristics of ionic solutions that catalyzed the pre-breakdown in XLPE cable have not known well. Six 

of the ionic solutions, i.e.NaCl, Na2SO4, K2SO4, Cu(NO3)2, CuSO4, and FeSO4,  having a concentration of 0.1 mol/L 

were used in this study.  The experiment was carried out under three different temperatures of ionic solutions; room 

temperature, 50
o
C, and 70

o
C. A single core 22 kV XLPE cable in the distribution system of Provincial Electricity 

Authority (PEA) of Thailand has applied the voltage in the laboratory at 24 kV 50 Hz for testing. The effects of pH and 

conductivity of ionic solutions to the expansion of water treeing were elucidated. The experimental results showed that 

the fast propagation and most extended size of water treeing occurred at room temperature in CuSO4 ionic solution. 

For all ionic solutions, the trend of water treeing propagation was not different between 1000 hours and 3000 hours 

testing period. However, the parameters of water treeing testing should be more for analyzing. 
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1. 
INTRODUCTION 

Water treeing has been the main effect to degradation of 

cross-linked polyethylene insulated underground cable 

(XLPE cable) [1]. In Thailand, XLPE cables were 

increasingly used in underground power distribution 

system. However, wet and hot of the underground 

environment in Thailand may initiate the degradation on 

XLPE cables. Water treeing occurs when a voltage is  

applied to the XLPE cable with the place that moisture 

present [2]. Moreover, water treeing may fast growing up 

when the XLPE insulation degenerated until it 

completely breakdown [3]. 

Many researched papers described the phenomena of 

water treeing, but it has been not knowing well. 

Reference [4] proposed the testing of water treeing in 

chemical solution with temperatures. Their results 

showed that fast propagation of water treeing grew at 

low temperature but as in [5] said that fast propagation of 

water treeing grew at high temperature.  Moreover, as in 

[6] told that slow propagation of water treeing did not 

grow at low or high temperature, but it grew slowest 

between low and high temperature. Maybe the published 

papers of their experiments were tested in short times 

and fewer conditions. 

Some research papers showed the trend of water 

treeing size was long as more time as in [7,8]. There 

have two types of water treeing including the vented type 
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and the bow-tie type. Both water treeing types grew to 

belong to the electric field as in [9]. For the vented type, 

the direction of water treeing propagation started at the 

pinned-hold tip of XLPE insulator to a copper conductor. 

Some XLPE cable, water treeing propagation starts from 

copper conductor to pinned-hold tip of the XLPE 

insulator as in [10]. For the bow-tie type, the direction of 

water treeing started inside of insulator void and grew 

opposite direction from the void that belongs to electric 

field. Usually, the water treeing starts from XLPE 

insulator to the copper conductor of XLPE cable. 

However, there still are others water treeing types such 

as water treeing can grow after electric treeing occurred 

as in [11,12], and electric treeing can grow after water 

treeing occurred. 

In Thailand, water treeing in the XLPE cable for 

distribution system has been not studied well yet. 

Therefore, this paper was studied to clarify the effects of 

ionic solution in temperatures on XLPE cable for 

Provincial Electricity Authority (PEA) distribution 

system in Thailand. The experiment was conducted by 

the parameters of ionic solutions including pH and 

conductivity. The organizations of the paper are as 

follows; Simulation which includes the equation of the 

electric field, modeling of underground cable, simulation 

procedure is given in the second section. Simulation 

results and discussion are given in the third section. 

Next, the experiment preparation includes sample 

preparation, experimental setup, the condition of the 

experiment are illustrated in the fourth section. The 

experimental results were explained in the fifth section. 

The discussion which includes the effect of the ionic 

solution temperature, the effect of ionic solution type, pH 

and conductivity to the propagation of water treeing, is 

given in the sixth section. Finally, the Conclusion of this 

paper is given. 
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2. SIMULATION 

The simulation was conducted by assuming the crack 

started from the insulation screen to XLPE insulation 

layer. The pinned-hole shape was used to represent the 

crack of XLPE insulation.  The electric field stress at the 

tip of pinned- hole initiated water treeing. 

For the study of the roles of the ionic solutions, the 

simulation was done by assuming an XLPE cable 

immersed in the ionic solution which having the 

difference in conductivity and pH. The dimensions of 

XLPE cable is illustrated in Fig. 1. The role of the ionic 

solution to accelerate the expansion of water treeing was 

evaluated by electric field stress at the tip pinned-hole. 

This is the preliminary study for the propagation of water 

treeing. Highest electric field stress may lead to the 

fastest propagation of water treeing. However, it was not 

easy to simulate water treeing because many parameters 

must concern. 

 

 

Fig.1.  Underground cable model for simulation. 
 

The Electric Field Equation  

To determining electric field stress, ANSYS Maxwell 2D 

software was used to the electric field stress. The 

software was used as a tool to solve the electric field 

problem based on finite element analysis (FEA) method 

[13,14]. The equation for the electric field stress is 

shown in Equation (1). 
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where ε is the dielectric constant of media, μ and σ are 

the magnetic permeability and the conductivity of 

conductors, respectively.  

Underground Cable Model  

The vented type water treeing with pinned-hole length L0 

(0.1 mm, 0.5 mm, 1.0 mm, and 1.5 mm) was considered 

in the simulation. The cross-section model of 

underground cable was shown in Fig. 1. 

The dielectric constant and the conductivity of 

underground cable components are shown in Table 1. 

Furthermore, the dielectric constant and the conductivity 

of the ionic solution are shown in Table 2-3. The 

measuring of the dielectric constant (Relative 

permittivity) and conductivity (Bulk conductivity) was 

described in [15]. 

 

Table 1.  Electric properties of the underground cable and 

ground 

List 
Dielectric 

constant 

Conductivity 

(S/m) 

Semiconductor 100 2 × 10
-3

 

XLPE 2.3 1 × 10
-17

 

Conductor 1 5.8 × 10
7
 

Ground 1 2 × 10
6
 

Vacuum 1 0 

 

Table 2.  Dielectric constant of the ionic solutions at room 

temperature, 50oC, and 70oC 

List 
Temperatures 

Room 50
o
C 70

o
C 

NaCl 30.23 0.02 1.88×10
-3

 

Na2SO4 56.96 3.28×10
-4

 4.52×10
-3

 

K2SO4 80.97 0.01 1.98×10
-3

 

Cu(NO3)2 77.66 7.83 3.72 

CuSO4 24.5 5.64 5.22 

FeSO4 46.19 15.56 7.74 

 

Table 3.  Conductivity (S/m) of the ionic solutions at room 

temperature, 50oC, and 70oC 

List 
Temperatures 

Room 50
o
C 70

o
C 

NaCl 1.049 0.676 1.77×10
-3

 

Na2SO4 1.405 0.848 1.771×10
-3

 

K2SO4 1.609 0.739 1.762×10
-3

 

Cu(NO3)2 1.391 0.130 1.778×10
-3

 

CuSO4 0.535 0.136 1.769×10
-3

 

FeSO4 1.036 0.558 1.774×10
-3

 

 

Simulation Procedures 

Assume that the voltage was applied to the copper 

conductor and XLPE cable immersed in the ionic 

solution. The boundary conditions of the simulation 

chamber include applied voltage 24 kV, 50 Hz at the 

copper conductor and applied voltage 0 kV at the ground 

electrode as shown in Fig. 2. The simulation conditions 

are shown in Table 4. 
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Fig.2. Boundary conditions of the chamber and XLPE 

cable. 

 

Table 4.  Conditions of simulation procedure 

Parameter Value 

Voltage (V) 24 kV, 50 Hz 

Radius of water 

treeing (r0) 

0.1mm, 0.5 mm, 1.0 mm, and 

1.5 mm 

Ionic solutions 
NaCl, Na2SO4, K2SO4, 

Cu(NO3)2, CuSO4, and FeSO4 

3. SIMULATION RESULTS AND DISCUSSION 

As illustrated in Fig. 3, the maximum of electric field 

stress 10 kV/mm at 0.5 mm of the pinned-hole tip was 

obtained from the simulation results at room temperature 

and 50
o
C. The maximum of electric field stress is not 

over than the rated maximum of the electric field 

strength of XLPE underground cable [16]. Therefore, the 

breakdown of XLPE cable may not occur for all of the 

pinned-hole sizes when testing in the real experimental. 

Next, in order to accelerate the occurrence of water 

treeing, the pinned-hole size 0.5 mm was selected to use 

in the experiment. However, this pinned-hole size (0.5 

mm) initiated a small size of water treeing; it is difficult 

to observe. Therefore, the pinned-hole size was a shift to 

0.6-0.8 mm.   

 

 

Fig.3.  Electric field stress of XLPE cable in different size of 

pinned-hole. 

4. EXPERIMENTAL 

Sample Preparation 

A single core–XLPE cable for 22 kV distribution system 

in Thailand. Reference [17] showed the constructions of 

this cable including conductor (circular compact stranded 

annealed copper), conductor screen (semi-conductive 

cross-linked polyethylene compound), insulation (cross-

linked polyethylene compound), metallic screen (copper 

wires with copper contact tape), binding tape (polyester 

or spun bond tape), and sheath (black polyvinyl chloride: 

PVC). The cross-section area of the cable is 50 mm
2
 with 

5.5 mm thickness of the insulation layer. The cable was 

cut in 2 m length. Then, it was peeled cover out by 

remaining of the conductor, conductor screen, insulation, 

and insulation screen as shown in   Fig. 4. 

Reference [18]-[20] showed the acceleration of 

degradation of XLPE cable with the making of damage 

point by steel needles. The steel needles were used for 

the making of pinned-hole in XLPE insulator as shown 

in Fig. 5. 

 

 

Fig.4.  22 kV XLPE underground cable with includes a) full 

XLPE cable b) XLPE cable for testing. 

 

 

Fig.5.  Pinned-hole dimension for XLPE insulated cable. 

 

Experimental Setup 

Fig. 6 showed an experimental setup to study the 

propagation of water treeing in XLPE cable. The testing 

circuit to applying voltage on XLPE cable showed in 

Fig. 7. 

 

 

 

Fig.6.  A schematic of experimental setup. 
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Fig.7.  Circuit diagram to apply the testing voltage. 

 

The Experimental Conditions 

The conditions for study water treeing in XLPE cable are 

as follows. 

1) Applied voltage: 24 kV 

2) Applied Frequency: 50 Hz 

3) Ionic solutions: 0.1 mol/L (NaCl, Na2SO4, K2SO4, 

Cu(NO3)2, CuSO4, and FeSO4) 

4) Temperatures: Room temperature, 50
o
C, and 70

o
C. 

5. EXPERIMENTAL RESULTS 

After tested for 1000 hours and 3000 hours, XLPE cable 

was sliced by a microtome to become a thickness of 400 

– 600 µm to observe the occurrence of water treeing. 

Then the slices were stained with methylene blue 

solution at 80
o
C for 2 hours. After that, the slices were 

dried for 3 hours. The proportion of solution for staining 

is shown in Fig. 8. 

 

 
Fig.8.  The proportion of solution for staining. 

 

The occurrence of water treeing was observed by a 

stereomicroscope (Olympus BX51M). The measuring 

position of water treeing showed in Fig. 9 (R0=Length of 

Water Treeing). The vented type was observed. The 

morphologies of water treeing are shown in Fig. 10-15 

for the 1000 hours Testing Period, and Fig. 16-21 for 

3000 hours of testing period, respectively (a = room 

temperature, b = 50
o
C, and c = 70

o
C). The averages of 

the maximum size of water treeing are shown in Table 5 

for the 1000 hours Testing Period and Table 6 for the 

3000 hours Testing Period, respectively. 

 

 

Fig.9.  Measuring direction of the vented type water 

treeing. 

 
Fig.10.  Morphology of the Vented Type in NaCl for 1000 

hours Testing Period at (a) Room Temperature, (b) 50oC,  

(c) 70oC. 

 

 

 

 

 

 

 

 

 

 



 

 N.  Promvichai, T. Boonraksa, and B. Marungsri / GMSARN International Journal 13 (2019) 12 - 25  

 

16 

 
Fig.11.  Morphology of the Vented Type in Na2SO4 for 1000 

hours of Testing Period at (a) Room Temperature, (b) 50oC, 

and (c) 70oC. 

 

 

 

 

 

 

 

 

 
Fig.12.  Morphology of the Vented Type in K2SO4 for 1000 

hours of Testing Period at (a) Room Temperature, (b) 50oC, 

and (c) 70oC. 
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Fig.13.  Morphology of the Vented Type in Cu(NO3)2 for 

1000 hours of Testing Period at (a) Room Temperature,        

(b) 50oC, and (c) 70oC. 

 
Fig.14.  Morphology of the Vented Type in CuSO4 for 1000 

hours of Testing Period at (a) Room Temperature, (b) 50oC, 

and (c) 70oC. 
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Fig.15.  Morphology of the Vented Type in FeSO4 for 1000 

hours of Testing Period at (a) Room Temperature, (b) 50oC, 

and (c) 70oC. 

 
Fig.16.  Morphology of the Vented Type in NaCl for 3000 

hours of Testing Period at (a) Room Temperature, (b) 50oC, 

and (c) 70oC. 
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Fig.17.  Morphology of the Vented Type in Na2SO4 for 3000 

hours of Testing Period at (a) Room Temperature, (b) 50oC, 

and (c) 70oC. 

 
Fig.18.  Morphology of the Vented Type in K2SO4 for 3000 

hours of Testing Period at (a) Room Temperature, (b) 50oC, 

and (c) 70oC. 
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Fig.19.  Morphology of the Vented Type in Cu(NO3)2 for 

3000 hours of Testing Period at (a) Room Temperature,          

(b) 50oC, and (c) 70oC. 

 
Fig.20.  Morphology of the Vented Type in CuSO4 for 3000 

hours of Testing Period at (a) Room Temperature, (b) 50oC, 

and (c) 70oC. 
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Fig.21.  Morphology of the Vented Type in FeSO4 for 3000 

hours of Testing Period at (a) Room Temperature, (b) 50oC, 

and (c) 70oC. 

 

Table 5.  The Average of Maximum Size of Water Treeing 

for   1000 hours of Testing Period 

Ionic 

Solutions 

Size (µm) 

Temperature 

Room 50
o
C 70

o
C 

NaCl 174.37 174.71 119.24 

Na2SO4 67.90 193.48 143.04 

K2SO4 86.26 119.92 79.62 

Cu(NO3)2 136.62 116.29 139.89 

CuSO4 1271.44 266.34 239.15 

FeSO4 46.58 58.15 148.17 

Table 6.  The Average of Maximum Size of Water Treeing 

for 3000 hours of Testing Period 

Ionic 

Solutions 

Size (µm) 

Temperature 

Room 50
o
C 70

o
C 

NaCl 286.01 289.54 278.20 

Na2SO4 223.84 291.99 316.80 

K2SO4 201.62 168.06 158.40 

Cu(NO3)2 535.61 453.64 185.95 

CuSO4 2878.01 1989.70 262.36 

FeSO4 96.40 150.15 238.56 

 
Table 7.  The pH of Ionic Solutions at Room Temperature 

Time 
Ionic Solution 

*
S1 

*
S2 

*
S3 

*
S4 

*
S5 

*
S6 

**
P 6.49 7.67 6.84 3.94 4.04 2.63 

1 6.44 7.65 6.82 3.91 3.99 2.61 

2 6.40 7.62 6.80 3.90 3.85 2.60 

3 6.37 7.60 6.79 3.89 3.82 2.58 

4 6.34 7.56 6.79 3.87 3.80 2.55 

5 6.29 7.51 6.65 3.85 3.73 2.54 

6 6.25 7.49 6.51 3.82 3.69 2.51 
**P=primary or first time of solution measuring 
*S1 = NaCl, *S2 = Na2SO4, 

*S3 = K2SO4, 
*S4 = Cu(NO3)2, 

*S5 = CuSO4, and *S6 = FeSO4 

 

Table 8.  The pH of Ionic Solutions at 50oC 

Time 
Ionic Solution 

*
S1 

*
S2 

*
S3 

*
S4 

*
S5 

*
S6 

**
P 6.74 7.44 7.24 3.43 3.70 2.40 

1 6.68 7.42 7.21 3.42 3.66 2.39 

2 6.63 7.32 7.21 3.40 3.65 2.36 

3 6.57 7.30 7.20 3.39 3.64 2.32 

4 6.51 7.28 7.17 3.37 3.61 2.33 

5 6.45 7.15 7.15 3.31 3.58 2.30 

6 6.42 7.01 7.13 3.31 3.52 2.30 
**P=primary or first time of solution measuring 
*S1 = NaCl, *S2 = Na2SO4, 

*S3 = K2SO4, 
*S4 = Cu(NO3)2, 

*S5 = CuSO4, and *S6 = FeSO4 
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Table 9.  The pH of Ionic Solutions at 70oC 

Time 
Ionic Solution 

*
S1 

*
S2 

*
S3 

*
S4 

*
S5 

*
S6 

**
P 6.77 7.23 7.52 2.97 3.37 2.15 

1 6.75 7.19 7.51 2.95 3.36 2.06 

2 6.72 7.15 7.49 2.95 3.34 2.10 

3 6.67 7.12 7.46 2.95 3.34 2.05 

4 6.62 7.09 7.45 2.93 3.33 2.07 

5 6.59 7.03 7.25 2.92 3.29 2.06 

6 6.54 6.91 7.21 2.91 3.25 2.04 
**P=primary or first time of solution measuring 
*S1 = NaCl, *S2 = Na2SO4, 

*S3 = K2SO4, 
*S4 = Cu(NO3)2, 

*S5 = CuSO4, and *S6 = FeSO4 

 
Table 10.  The Conductivity (S/m x10-3) of Ionic Solutions at 

Room Temperature 

Time 
Ionic Solution 

*
S1 

*
S2 

*
S3 

*
S4 

*
S5 

*
S6 

**
P 1.40 1.40 1.60 1.39 0.53 1.03 

1 1.50 1.50 1.69 1.41 0.81 1.05 

2 1.50 1.50 1.72 1.42 0.89 1.10 

3 1.53 1.53 1.73 1.62 0.99 1.18 

4 1.59 1.59 1.79 1.62 1.02 1.19 

5 1.66 1.66 1.83 1.77 1.20 1.22 

6 1.77 1.77 2.01 1.82 1.40 1.28 
**P=primary or first time of solution measuring 
*S1 = NaCl, *S2 = Na2SO4, 

*S3 = K2SO4, 
*S4 = Cu(NO3)2, 

*S5 = CuSO4, and *S6 = FeSO4 

 
Table 11.  The Conductivity (S/m x10-3) of Ionic Solutions at 

50oC 

Time 
Ionic Solution 

*
S1 

*
S2 

*
S3 

*
S4 

*
S5 

*
S6 

**
P 0.67 0.84 0.73 0.13 0.13 0.55 

1 0.69 0.89 0.75 0.19 0.15 0.59 

2 0.71 0.99 0.84 0.19 0.20 0.60 

3 0.75 1.09 0.97 0.20 0.31 0.68 

4 0.77 1.18 0.99 0.22 0.35 0.70 

5 0.78 1.21 1.00 0.32 0.70 0.75 

6 0.79 1.29 1.10 0.35 0.86 0.78 
**P=primary or first time of solution measuring 
*S1 = NaCl, *S2 = Na2SO4, 

*S3 = K2SO4, 
*S4 = Cu(NO3)2, 

*S5 = CuSO4, and *S6 = FeSO4 

 

 

 

The concentration of the ionic solution at 0.1 mol/L 

was used. Due to the long testing period, the 

concentration of the ionic solution may be changed. So, 

the electrical parameters of the ionic solution were 

measured, and the concentration was adjusted every 500 

hours for the concentration control.  The concentration 

adjustments were three times for the 1000 hours Testing 

Period and six times for the 3000 hours Testing Period, 

The electrical parameters, i.e., conductivity and pH were 

measured, and the results are shown in Table 7 - Table 

12. 

 
Table 12.  The Conductivity (S/m x10-3) of Ionic Solutions at 

70oC 

Time 
Ionic Solution 

*
S1 

*
S2 

*
S3 

*
S4 

*
S5 

*
S6 

**
P 1.77 1.77 1.76 1.77 1.76 1.77 

1 1.93 1.87 1.77 1.80 1.78 1.79 

2 2.00 1.90 1.79 1.81 1.80 1.80 

3 2.21 1.98 1.81 1.89 1.83 1.85 

4 2.35 2.01 1.85 1.92 1.86 1.88 

5 2.51 3.85 1.99 1.97 1.99 1.89 

6 2.83 4.02 2.10 2.00 1.96 1.99 
**P=primary or first time of solution measuring 
*S1 = NaCl, *S2 = Na2SO4, 

*S3 = K2SO4, 
*S4 = Cu(NO3)2, 

*S5 = CuSO4, and *S6 = FeSO4 

6. DISCUSSION 

The Effect of Ionic Solution Temperatures on the 

Propagation of Water Treeing 

For 1000 hours of the tested period, the difference in the 

effect of ionic solution temperature on the propagation of 

water treeing was obtained. Fast propagation of water 

treeing occurred at 50
o
C was obtained when using NaCl, 

Na2SO4, and K2SO4 solution. In the case of Cu(NO3)2 

solution, no difference in the propagation of water 

treeing was obtained at room temperature, 50
o
C, and 

70
o
C. In the case of a CuSO4 solution, fast propagation 

of water treeing occurred at room temperature. 

Moreover, in the case of FeSO4, the fast propagation of 

water treeing occurred at 70
o
C. 

For 3000 hours of the tested period, no evidence 

different in the effect of ionic solution temperature was 

obtained. However, In the case of K2SO4, Cu(NO3)2 and 

CuSO4, the fast propagation of water treeing occurred at 

room temperature. In the case of NaCl, the fast 

propagation of water treeing occurred at 50
o
C. 

Furthermore, in the case of Na2SO4 and FeSO4, the fast 

propagation of water treeing occurred at 70
o
C.  

The Effect of Ionic Solutions on the Propagation of 

Water Treeing 

Six of ionic solutions with the concentration 0.1 mol/L 

including NaCl, Na2SO4, K2SO4, Cu(NO3)2, CuSO4, and 

FeSO4 were used in this study for elucidating the effect 



 

N.  Promvichai, T. Boonraksa, and B. Marungsri / GMSARN International Journal 13 (2019) 12 - 25 

 
23 

of the ionic solution to the propagation of water treeing. 

As shown in Table 5, after the 1000 hours Testing 

Period, the fastest propagation of water treeing occurred 

in CuSO4, NaCl, Cu(NO3)2, K2SO4, Na2SO4, and FeSO4, 

respectively. As shown in Table 6, after the 3000 hours 

Testing Period, the fastest propagation of water treeing 

occurred in CuSO4, Cu(NO3)2, NaSO4, NaCl, K2SO4, and 

FeSO4, respectively. Therefore, the CuSO4 solution is the 

most effect ionic solution to the propagation of water 

treeing in XLPE cable. For all ionic solutions, A 

comparison of the average of the maximum size of water 

treeing after 1000 hours and 3000 hours of testing 

periods are shown in Fig. 22 and Fig. 23, respectively. 

 

 
Fig.22.  A Comparison of the maximum size of water 

treeing for the 1000 hours testing period. 

 

 
Fig.23.  A comparison of the maximum size of water treeing 

for the 3000 hours testing period. 

 

The effect of the pH Rate on the Propagation of Water 

Treeing 

During the testing period, the ionic solution was checked 

and was changed every 500 hours to control the ionic 

solution concentration. For the 1000 hours Testing 

Period, all of the ionic solutions were changed two times. 

For the 3000 hours Testing Period, all of the ionic 

solutions were changed six times. The pH rate was 

calculated from “The last measuring of pH value 

(pHlast)” and “Primary value of pH (pHprimary)”.  The 

pHlast is the last measuring of pH value. The pHprimary is 

the original pH value of the ionic solution. The 

calculation of pH rate was computed with “Grow Rate 

equation” as shown in Equation (2) by modifying as in 

[21]. As illustrated in Fig. 24, the pH rate at the 3000 

hours Testing Period is more than the pH rate at the 1000 

hours Testing Period. For NaCl, Na2SO4, and Cu(NO3)2 

solutions, the maximum of the pH rates are 4.75%, 

5.78%, and 3.50%, respectively. For K2SO4 and CuSO4 

solutions, the maximum of the pH rate is 4.82% and 

8.66%, respectively. Moreover, the FeSO4 solution, the 

maximum of the pH rate is 5.12%.  

 

100%
last primary

primary

pH pH
pH rate

pH


 

 (2) 

 

As illustrated in Table 5 and Table 6, the maximum 

expansion of water treeing agrees with the maximum of 

the pH rate of Na2SO4 and Cu(NO3)2 solution. 

 

 
Fig.24.  pH Rate for all ionic solutions. 

 

The Effect of Conductivity Rate on the Propagation of 

Water Treeing 

According to all of the ionic solutions were changed 

every 500 hours for pH rate controlling. Also, the 

solution conductivity was measured every 500 hours too. 

Calculation of the conductivity rate is shown in Equation 

(3) by modifying as in [21].  For the Equation 3, this 

paper gave the short word of conductivity = “Con.”. The 

conductivity rate was calculated from “The last 

measuring of conductivity value (Conlast)” and “Primary 

value of Conductivity (Conprimary).” The Conlast is the last 

measuring of conductivity value. The Conprimary is the 

original conductivity value of the ionic solution.   

 

. 100%
last primary

primary

Con Con
Con rate

Con


 

 (3) 

 

As shown in Fig. 25, the highest conductivity rates 

were calculated from Cu(NO3)2 (532.35%) and follow 

with CuSO4 ( 173.85%) at the 3000 hours Testing 

Periods, respectively. It means that the fastest 

propagation of water treeing occurs when testing with 

Cu(NO3)2 and CuSO4 solutions more than the other ionic 

solutions.  
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Fig.25.  The conductivity rate for all ionic solutions. 

The Extra Type of Water Treeing 

Mainly the vented type of water treeing was observed 

after complete the experiment. However, a combination 

of the other types of water treeing was observed.  

The first type, water treeing can be transformed into an 

electrical treeing, for instance under overvoltage. This 

type of water treeing was called “combination of water 

treeing and electrical treeing” as shown in Fig. 26. In this 

study, the occurrence of a combination of water treeing 

in the environmental setup of CuSO4 was observed. 

 

 
Fig.26.  A Combination of Water Treeing and Electrical 

Treeing 

 
The second type, it seems the palm tree. It called 

“palm-crack shape water treeing” as shown in Fig. 27. 

For this study, palm-crack shape water treeing in the 

environmental setup of FeSO4 was observed. 

Last type, the first part intensive clearly water treeing 

was observed near the tip of pinned-hole, and a second 

part, dissolved water treeing was observed. It is named 

“combination of intensive water treeing and dissolve 

water treeing” as shown in Fig. 28. In this study, a 

combination of intensive water treeing and dissolve 

water treeing in the environmental setup of FeSO4 was 

observed. 

 

 

Fig.27.  Water treeing in palm-crack shape. 

 

 

Fig.28.  A combination of intensive water treeing and 

dissolve water treeing 

7. CONCLUSION 

The propagation of water treeing caused by various ionic 

solution on XLPE insulated underground cable was 

studied. The propagation of water treeing depended on 

pH and conductivity levels of ionic solution. The vented 

type water treeing was considered to study. Precisely in 

the 3000 hours testing period, the propagation of water 

treeing is faster than in the 1000 hours testing period. 

The CuSO4 ionic solution is the most effective to 

accelerate the propagation of water treeing in XLPE 

insulated cable when compared with the other type of 

ionic solutions in the experiment. The explanation may 

be due to the high pH rate and high conductivity rate. For 

the term of ionic solution temperature, no evidence 

propagation trend of water treeing was observed for all 

ionic solutions. It was found that fast propagation 

occurred at a low temperature and also, fast propagation 

occurred at a high temperature too. In addition, a 

combination type of water treeing was observed. 

Therefore, in the underground environment, the ionic 

solution having high pH level and high conductivity may 

fast accelerate to gain the damage of XLPE cable.  
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