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Abstract 
An elaborately designed grounding system has been 

installed under the TPS construction site. The ground grid 
was installed sector by sector to comply with the building 
construction schedule. The ground resistance 
measurement of each sector was carried out right after the 
grid installation. The final ground resistance measurement 
for the whole grounding system was performed also right 
after its completion. The measured ground resistance of 
each sector was used to estimate the final ground 
resistance, and its result was compared to the final ground 
measurement result. Also, the theoretical calculation is 
used to justify it. The low impedance of TPS grounding 
system, < 0.14 ohm, is to insure the safety of TPS 
personnel and instrumentation, also, to reduce the noise of 
electronic devices. 

INTRODUCTION 
To cope with the need for a highly brilliant x-ray source 

for multidisciplinary research, the construction of a 3.0 ~ 
3.3 GeV low emittance synchrotron radiation source, 
Taiwan Photon Source (TPS), is underway at NSRRC 
now. The accelerator has a circumference of 518 m and is 
designed to have an emittance of 1.7 nm*rad. It has a 24-
cell DBA lattice and 24 straight sections for insertion 
devices. In order to deliver a high quality synchrotron 
light, a reliable electric power is important. A good 
electrical grounding system is thus essential, too. To fulfil 
this requirement the grounding system of TPS was 
designed to have a ground resistance less than 0.2  [1]. 
This should be able to stabilize the voltage to earth during 
the normal operation and provide the fault current path at 
fault condition, also provide the safety environment for 
the personnel, protect against lightning. In addition, a 
good ground for the electric process control and all the 
electronic instruments used for the data acquisition is 
important in reducing the electronic noise to obtain high 
grade data in the accelerator laboratory. To guarantee the 
constructed ground grid will meet the requirement, the 
ground testing is also very important. Due to the limited 
space for the ground testing, several different methods 
have been used for the testing of TPS ground grid in order 
to guarantee it meeting the designed goal. 

THE CONSTRUCTION OF GROUND 
GRID 

The schematic layout of TPS ground grid can be seen in 
Fig. 1. The structure of TPS ground grid consists of 4 
horizontal rings and 64 vertical electrodes. These four 
horizontal circular rings which are made of 250 mm2 bare 
copper wires having diameters of about 200 m, 160 m, 
150 m and 128 m. They are interconnected by the same 
type of bare copper wire in radial direction. The 64 
vertical electrodes have 30 m in length each and are 

copper tubes having outside diameter of 54 mm and wall 
thickness of 1.78 mm. In order to accommodate the 
higher ground current RF system might produce, there 
were 3 vertical ground rods specially installed under the 
ground of RF transmitters for RF system to use. Among 
all these vertical electrodes, there were 12 Ionic Earthing 
Array (IEA) chemically charged rods which were 
dispersed at the designed positions. These IEA rods give 
chemical charge of 60% sodium chloride and 40% 
calcium chloride [2]. When this charges release into the 
surrounding soil, it will decrease the ground resistivity 
greatly. In order to guarantee a good mechanical strength 
and excellent corrosion resistance, the exothermic 
welding was used to join the copper conductors used in 
the ground grid. 

 

 

Figure 1: The TPS construction site and the layout of 
ground grid. The number outside the grid shows the pillar 
position. The blocks and the numbers inside indicate the 
order of ground resistance measured. The pink dash line 
extends to the north is the route for the final ground 
testing. 

The Utility Building III is located away from the TPS 
Building about 45 m. It will provide the utility, such as 
the electricity and water to the TPS building, so it was 
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constructed at the beginning of construction project in 
January 2010. Therefore, its ground grid was installed 
first.  This ground grid is mainly for the local utility of the 
Utility Building III, thus, a conventional grid design was 
used. It is a 42 m x 36 m rectangular horizontal grid of 
wire pattern of 7 x 6 and 42 copper-clad steel vertical rods 
of 3 meters located under the grid. After the completion of 
the main ground grid of TPS, this grid was connected to 
the TPS ground grid with two channels. Each channel has 
two 250 mm2 bare copper wires. 

The construction of TPS main building in which the 
accelerator will be installed is divided into 6 sections. Its 
construction was done one after another. Thus, the 
excavation was done at 6 different time periods. The 
installation of the ground grid required the complete 
excavation of construction area to the elevation below the 
level of TPS foundation which is at sea level of 110 m. 
The installation of ground grid was eventually divided 
into 8 times. In order to match the construction schedule, 
the ground grid of each section was installed a few days 
after the excavation. So, the construction of the building 
foundation could be started on schedule. 

The installation of horizontal ground electrode begins 
by digging a trench about 30 cm * 30 cm. After installing 
the horizontal ground wire the bentonite was added in 
surrounding the ground wire for further decreasing the 
earth resistivity. Each 30 m vertical electrode was 
installed in the designed position where a 4” hole was 
drilled by the drilling jumbo. After installing the vertical 
electrode, the bentonite was added into the empty space 
surrounding the electrode for further reducing the ground 
resistance, too. Eventually the ground grid was connected 
to the grounding box which located in the ground level of 
TPS. There are also connections from the reinforcing steel 
of the foundation of TPS building to the grounding box. 
This will allow one to connect the ground grid to the 
reinforcing steel of the TPS building if one finds it can 
reduce the ground resistance without producing any noise 
or signal interference to the experimental equipment 
inside TPS building  later. 

THE GROUND TESTING 
The ground testing for each section was performed a 

few days after the installation of grid of that section. 
Because the ground grid was connected directly to the 
grounding box in the ground floor without connected to 
the reinforcing steel of the building directly, in principle, 
the construction of the foundation of building does not 
have any influence on the ground testing result. The 
ground tester used was Megger’s DET2/2 auto earth tester 
[3], which was designed to be able to operate in the most 
difficult and electrically noisy environment and with 
resolution to 0.001  on reading. The test frequency used 
was 128 Hz. Other frequencies have been used also, they 
gave the same result. Other ground tester UNILAP GEO 
X [4] from LEM Instruments was also used side by side 
for comparing the measurement result. The TPS 
construction site is in the hillside and there are residential 

area and many factories nearby. The open area is in the 
north which is the campus of a local university, and it was 
just prepared as lawn recently.  There are also 2 small 
streams pass by to the north in this area. For the previous 
ground testing of each section, the testing was only 
performed mainly within the range of NSRRC site. Due 
to the limited space, four ground testing methods have 
been studied. These methods are the fall-of-potential 
method, the slope method, the intersecting curves method 
and the test-current-reversal method [5, 6, 7]. The 
differences obtained with these methods were generally 
within 10%, which should be reasonable in the ground 
testing. Eventually, the slope method and intersecting 
curves method were selected as the major testing methods. 
The ground resistances of each section measured are 
summarized in Table 1. For the final whole ground grid of 
TPS, it required longer distance for the ground testing. 
Thus, the ground testing must be performed with the test 
leads extended to the campus of the local university. The 
longest distance which was used to locate current 
electrode for the ground testing is 450 m. It is just enough 
for the slope method and the intersecting curves method. 
The existence of roads and buildings also posed some 
difficulties during the measurements. A final ground 
testing for the whole grid was also performed a few days 
after the completion of the whole TPS ground grid. Four 
sets of data were taken, Fig. 2. With the slope method the 
ground resistance of the grid is about 0.14 , and the 
intersecting curves method gives it between 0.14  and 
0.16 . The slightly larger uncertainty appears in the 
intersecting curves method is the result of the data taken 
close to the road. 

 

 

Figure 2: Four ground resistance curves for different 
distances of E electrode to C electrode. 

COMPARISON AND ANALYSIS  
Using the measured ground resistance of each section, 

one tried to deduce the ground resistivity at the site of 
each section with the computer software CYMGRD [8] to 
find the resistivity of that section. Since all these grids of 
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each section were installed within the area of diameter of 
200 meters and the geological condition was not much 
different, the resistivity obtained from all these sections 
should be very close.  For the foundation of TPS, the 
construction site was dug more than 10 m in depth from 
the original ground surface. During the further digging of 
30 m holes for the vertical electrodes, one saw some wet 
soil dug out and also some groundwater coming out from 
some holes, especially at the southeast side. Due to the 
confliction with the construction schedule, the ground 
testing was not done completely at the southeast area.  
But, it should indicate the resistivity is slightly lower at 
this area. Taking this phenomenon into consideration the 
estimated resistivity of each section from each measured 
ground resistance is also shown in Table 1. From these 
estimated values of resistivity, we take 90 m for the top 
layer of 15 m and 50 m for the lower layer of 15 m to 
calculate the ground resistance of the grid with “two-
layer” soil model. The calculated ground resistance of 
TPS grid is 0.13 . Compare this result with the 
measured ground resistance of whole TPS grid, which is 
about 0.14 . We believe that the ground resistivity of the 
TPS grid should be around 0.14 . If we check this result 
with the previous geological survey [9], it suggested the 
resistivity of 100 m for the top layer and 60 m for the 
lower layer in this area. The smaller value obtained from 
the field measurement should be the result of treating the 
soil with the bentonite and using 12 IEA chemical rods, 
which can reduce the soil resistivity. After combining the 
ground grid of TPS building with the ground grid of 
Utility Building III, which has measured ground 
resistance of 1.19 , the total ground resistance should be 
around 0.13 . In the future if the grid for TPS is 
connected with the TLS ground grid, which has ground 
resistance about 0.2 , we believe that the whole ground 
grid at NSRRC should be around 0.1  or even smaller. 

 
Table 1: The measured ground resistances at each section 
of TPS construction site. The estimated ground 
resistances with “two-layer” soil model analysis are show 
in the last two columns. 

 

CONCLUSION 
The TPS ground grid has been constructed with a low 

ground resistance < 0.2 ohm in mind. Before the design 
stage, the geographic data of construction site has been 
investigated. Using the geographic information, we have 
designed the ground grid which best fit our purpose with 
self developed programs and commercial computer 
software. During the construction stage, the construction 
hardware has been carefully selected and installed. The 
ground testing has also been done right after the 
installation of grid of each sector, and also the complete 
final grid. The result shows that the final ground grid 
matches our original design goal. This will insure the 
safety of the personnel and guarantee the stable operation 
of the accelerator and the experimental electronics. 
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