
The Afghanistan Engineering Support Program assembled this deliverable. It is an
approved, official USAID document. Budget information contained herein is for
illustrative purposes. All policy, personal, financial, and procurement sensitive
information has been removed. Additional information on the report can be obtained
from Firouz Rooyani, Tetra Tech Sr. VP International Operations, (703) 387-2151.



 
 

 
 

 
September 21, 2011 
This publication was produced for review by the United States Agency for 
International Development. It was prepared by Tetra Tech, Inc. 
 

AFGHANISTAN

ENGINEERING SUPPORT 
PROGRAM 
WO-LT-0021  
Selected NEPS Electrical Transmission Line Field 
Investigations 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This report was prepared for the United States Agency for International Development, 
Contract No. EDH-I-00-08-00027-00, Task Order 01, Afghanistan Engineering Support 
Program. 
 
 
Principal Contacts: 
 

            
VP International Operations Senior Vice President  Project Manager 
Tetra Tech, Inc.       Tetra Tech, Inc.   Tetra Tech, Inc. 
Washington, DC  Framingham, MA  Framingham, MA 

          
  

 
 

Chief of Party 
Tetra Tech, Inc.  
Kabul, Afghanistan 

 
 





 

 

 
 

 
 
 
 
 
AFGHANISTAN ENGINEERING 
SUPPORT PROGRAM 
DRAFT 
WO-LT-0021 
Selected NEPS Electrical Transmission Line Field 
Investigations 
 
 
 

 
September 21, 2011 
  
 
 
 
 

 

 

 

 
 
 
 
 
 

DISCLAIMER 
The author’s views expressed in this publication do not necessarily reflect the views of the 
United States Agency for International Development or the United States Government. 



 

Tetra Tech 
i 

Table of Contents 

1.0 EXECUTIVE SUMMARY .................................................................................................................................. 1 

 1.1  AMU River Crossing .................................................................................................................................... 2 

2.0 INTRODUCTION ............................................................................................................................................... 3 

3.0 PRESENT SITUATION ...................................................................................................................................... 3 

 3.1  Pul-e-Khumri Substation (N35.974554, E68.713788) .................................................................................. 3 

 3.2  Naibabad Substation (N36.817042, E6767.378855) ..................................................................................... 9 

 3.3  Mazar-e-Sharif Substation (N36.735043, E67.146710) .............................................................................. 13 

 3.4  Chimtala Substation (N34.612010, E69.081809) ........................................................................................ 18 

 3.5  Sheberghan Substation (N36.554632, E65.714817) ................................................................................... 22 

 3.6  Thermal Power Plant Interconnection (N36.63818 E66.95239) ................................................................. 31 

 3.7  AMU River Crossing (N37.22758, E67.44004) .......................................................................................... 38 

4.0 CONCLUSIONS ................................................................................................................................................ 44 

APPENDICES 



 

Tetra Tech 
i 

List of Figures 

FIGURE 1 - AERIAL VIEW OF PUL-E-KHUMRI SUBSTATION. 3 
FIGURE 2 - SINGLE LINE DIAGRAM DEPICTING ELECTRICAL CONFIGURATION OF PUL E KHUMRI 

SUBSTATION 5 
FIGURE 3 -  CONDUCTOR 6 
FIGURE 4 – KABUL CONDUCTOR 7 
FIGURE 5 - TYPICAL CONDUCTOR DEAD-ENDS 8 
FIGURE 6 – AERIAL VIEW OF NAIBABAD SUBSTATION 9 
FIGURE 7 – SINGLE LINE DIAGRAM DEPICTING ELECTRICAL CONFIGURATION OF NAIBABAD 

SUBSTATION 10 
FIGURE 8 – HAIRATAN CONDUCTOR 11 
FIGURE 9 – PUL E KHUMRI CONDUCTOR 12 
FIGURE 10 - MAZAR E SHARIF CONDUCTOR 12 
FIGURE 11 – AERIAL VIEW OF MAZAR E SHARIF SUBSTATION 13 
FIGURE 12 – SINGLE LINE DIAGRAM DEPICTING ELECTRICAL CONFIGURATION OF MAZAR E  

SHARIF SUBSTATION 15 
FIGURE 13 -  MEZ CONDUCTOR 16 
FIGURE 14 – AERIAL VIEW OF CHIMTALA SUBSTATION 18 
FIGURE 16 – CHIMTALA SINGLE LINE ELECTRICAL DIAGRAM 20 
FIGURE 17 – AERIAL VIEW SHEBERGHAN SUBSTATION 22 
FIGURE 18 - MAZAR TO SHEBERGHAN TRANSMISSION ROUTE (9KM) 24 
FIGURE 19 - MAZAR TO SHEBERGHAN TRANSMISSION ROUTE (20KM) 25 
FIGURE 20 - MAZAR TO SHEBERGHAN TRANSMISSION ROUTE (113KM) 26 
FIGURE 21 - TYPICAL MONO POLE STRUCTURE 27 
FIGURE 22 - TYPICAL THREE-POLE DEAD-END STRUCTURE 28 
FIGURE 23 - TYPICAL STRUCTURAL ASSEMBLIES 29 
FIGURE 24 - TYPICAL STRUCTURE HEIGHT AND CLEARANCE 30 
FIGURE 25 – AERIAL VIEW THERMAL POWER PLANT INTERCONNECTION 31 
FIGURE 26 -  SINGLE LINE DIAGRAM MAZAR-E-SHARIF SUBSTATION 32 
FIGURE 27 - KUD-BERGH TO MAZAR-E-SHARIF 35KV TRANSMISSION LINE 34 
FIGURE 28 - KUD-BERGH TO BALKH 35KV TRANSMISSION LINE 35 
FIGURE 29 - TYPICAL KUD-BERGH35KV TRANSMISSION LINE TANGENT STRUCTURE 36 
FIGURE 30 - KUD-BERGH TO BALKH 35KV & SHEBERGHAN INTERSECTING TRANSMISSION LINES 37 
FIGURE 31 – AMU RIVER CROSSING 38 
FIGURE 32 - AMU RIVER CROSSING (UZBEKISTAN SIDE) 39 
FIGURE 33 - AMU RIVER CROSSING STRUCTURE (AFGHANISTAN SIDE) 40 
FIGURE 34 - AMU RIVER CROSSING DEAD-END STRUCTURE (AFGHANISTAN SIDE) 41 
FIGURE 35 - AMU RIVER CROSSING CONDUCTOR CONNECTOR 42 

 

Appendices 

Appendix A  Midal Catalog Conductor  Sheets



 

Tetra Tech  
1 

1.0 Executive Summary 

This report documents the findings of the Field Investigations as directed under Task 2 of WO-
LT-0021 Statement of Work (SOW).  The Field Investigations were conducted by a field 
electrical engineer with support from Afghan engineering staff in early July 2011.  Under Task 2 
the Field Investigations were to include the following: 
 

A. Assessment of destroyed Sheberghan to Mazar-e-Sharif 110 kV line 
B. NEPS connection to the Mazar-e-Sharif Fertilizer Plant 
C. Pul-e-Khumri to Chimtala 220 kV transmission line conductor type verification 
D. Naibabad to Pul-e-Khumri 220 kV transmission line conductor type verification 
E. Hairatan border to Uzbekistan 220 kV transmission line conductor type 

verification 
 
The inspection started in the Pul-e-Khumri (PeK) substation up to the source of the 220kV 
through Uzbekistan. The inspection continued west from Naibabad to Mazar-e-Sharif and 
surrounding substations and transmission facilities. 
 
A summary of the observations and findings are as follows: 
 

A. Assessment of destroyed Sheberghan to Mazar-e-Sharif 110 kV line 
The Sheberghan 110kV transmission system was visited and data was collected 
concerning visible conductor size, structure type and visible condition of insulators.  The 
transmission line between the Mazar-e-Sharif substation and the Sheberghan substation 
is not in use, but the concrete structures are still in place. The conductor is broken and 
down in practically every span, and the supporting hardware is in poor condition. 
However, a portion of the transmission structures and insulators are currently in use to 
provide distribution voltage to the northern section of Mazar-e-Sharif. 

 
B. NEPS connection to the Mazar-e-Sharif Fertilizer Plant 

The Kud Bergh thermal power plant substation and associated transmission system was 
investigated for incorporation of surplus generation into the NEPS system. The 
recommendation of a new substation constructed into the existing crossing of the 
Sheberghan 110kV system and the 35kV system to the town of Balkh is recommended. 

 
C. Pul-e-Khumri to Chimtala 220 kV transmission line conductor type verification 

The purpose of the field investigation of the NEPS 220kV system and substations was to 
de-energize the in-service transmission lines to measure the outside diameter of the 
installed conductor while inspecting the ends of the conductors to determine stranding 
composition.  This is the most reliable method for determining the physical diameter and 
the stranding characteristics of the installed conductor. 

 
Unfortunately, the transmission system was not able to be de-energized and there was 
no equipment nor trained personnel available to physically measure the size of the 
installed conductor. Furthermore, the conductor dead-ends used to terminate the 
conductor to the towers at the substation entrance are closed, compression type fittings. 
These fittings completely cover the conductor ends therefore, the conductor stranding of 
the installed conductor could not be verified.  However, scrap conductor from the PeK to 
Chimtala transmission line was located at the PeK substation and confirmed by the 
substation engineer that this was the conductor installed on the line.  The line was field 
measured and verified that it was made up of 54 aluminum strands and 7 steel which 
indirectly confirms that the conductor is indeed Zebra type. 
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D. Naibabad to Pul-e-Khumri 220 kV transmission line conductor type verification 

As was the case of the PeK to Chimtala line, the field engineer was not able to arrange 
for a shutdown of the line to directly measure the conductor size.  A piece of scrap 
conductor was located at the Naibabad substation and confirmed by the substation 
engineer that it was the conductor type installed on the transmission line.  The conductor 
was measured and found to have 26 aluminum strands and 7 steel strands and equates 
to a Squab type which is listed on the Plan and Profile drawings for this line.  This 
confirms indirectly that the transmission line has been constructed with the Squab 
conductor. 

 
E. Hairatan border to Uzbekistan 220 kV transmission line conductor type 

verification 
A piece of scrap conductor was located at the Naibabad substation and confirmed by the 
substation engineer that it was the conductor type installed on the Naibabad to Hairatan 
transmission line.  The conductor was measured and found to have 26 aluminum 
strands and 7 steel strands and equates to a Squab type which is listed on the Plan and 
Profile drawings for this line.  This confirms indirectly that the transmission line has been 
constructed with the Squab conductor. 

 
 

1.1 AMU River Crossing 

One additional request was received from USAID to include assessment of alternatives for a 
new 110 kV transmission line crossing over the AMU River.   As a result, the river crossing was 
investigated to develop alternatives for this additional high voltage river crossing of the Amu 
River. Two approaches were investigated. The first approach would be to design a new aerial 
crossing east of the existing river crossing. The second option would be to install underground 
cable from a new tower location on the Afghanistan side of the river west to the rail bridge 
(Friendship Bridge) attach conduits to the bridge and then east from the Uzbekistan side of the 
river crossing to the substation. 
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2.0 Introduction 

POWER Engineers operating under a subcontract with Tetra Tech has been tasked with an on-
site field review of the transmission facilities, lines, and structures in the northern area of 
Afghanistan and to verify conductor sizes for each of the transmission lines associated with the 
substations investigated in the region. 

 
After a 7-day field visit of multiple substations, transmission line inspections, and conductor 
analysis between July 1st and July 7th by one of POWER Engineers’ Professional Engineers it 
was clear that the physical inspection of the installed transmission conductors was not going to 
be possible. The lack of aerial equipment, journeymen linemen, and adequate grounding 
jumpers would not allow the safe physical measurement of the installed conductors.   However, 
it was possible to identify scrap aerial cable located within the substations and close proximity of 
the transmission circuit in question for the purpose of conductor measurements and 
identifications.  These were also verified by substation operations and maintenance staff to be 
the conductors in use. 
 

3.0 Present Situation 

3.1 Pul-e-Khumri Substation (N35.974554, E68.713788)  

 

Figure 1 – Aerial View of Pul-e-Khumri Substation. 

 
The substation is a 220kV main and transfer high voltage bus scheme complete with bus 
coupler and a single 220kV tap to a 220kV to 20kV power transformer. The substation appears 
to be in good working order and condition. 
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Notable conditions: 
 
Kunduz 220kV transmission circuits #1 and #2 are open in the substation. There is no electrical 
energy being received from or delivered to Kunduz over these 220kV transmission lines. 
  
Naibabad 220kV transmission lines are installed over two 220kV lines identified as circuits #1 
and circuit #2. Each circuit is double conductor per phase. Circuit #2 is energized and delivering 
electrical energy from Naibabad over this circuit at 220kV. However, Circuit #1 is not connected 
to the 220kV switchgear bus system inside the substation. The Naibabad transmission circuit 
#1, physically disconnected from the 220kV system, is energized at 20kV and being used as a 
distribution feeder for the Samangan Province. The source for the 20kV circuit is provided 
through the Pul-e-Khumri 220/20kV power transformer. 
 
Kabul 220kV transmission circuits #1 and #2 are single conductor per circuit and both circuits 
are closed and delivering electrical energy to the Chimtala substation. 
 
The single line diagram depicts the electrical configuration of the substation, as configured 
during the substation inspection on July 2nd, 2011. 
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 Figure 2 - Single line diagram depicting electrical configuration of the Pul-e-Khumri substation. 
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3.1.1 Pul-e-Khumri Transmission Conductors 

The goal of the field investigation to the Pul-e-Khumri substation was to have the in-service 
transmission lines de-energized, grounded, and then physically measure the outside diameter of 
the installed conductor while inspecting the ends of the conductors for the stranding 
composition. Unfortunately, the transmission system was not able to be de-energized and there 
was no equipment nor trained personnel available to physically measure the size of the installed 
conductor. Furthermore, the conductor dead-ends used to terminate the conductor to the towers 
at the substation entrance was a closed, compression type fitting. These types of fittings 
physically cover the conductor ends and the conductor stranding of the installed conductor 
could not be verified (see Figure 5). 
 
Fortunately, there was a hand reel of scrap conductor under, or next to, some of the substation 
terminal towers for each transmission circuit entering the substation. Each scrap conductor was 
documented by photographs and the diameter of the scrap conductor physically measured with 
a micrometer. The substation Engineer, Nemat Sherzab, confirmed the scrap conductor is the 
same conductor used for each transmission line.   
 
Naibabad Scrap Transmission Conductors  
 

Measurement #1 28.72mm 

Measurement #2 28.72mm 

Measurement #3 29.26mm 

 
Physical counting of the steel and aluminum  
composition of the conductor was the following: 
 7 Strands Steel 
 54 Strands Aluminum      
      Figure 3 - Conductor 

Based upon the physical diameter measurement of the conductor and the steel-aluminum 
stranding composition, the most probable transmission conductor type for the Naibabad two 
conductors per phase, two circuit transmission line, is the British conductor, code name ZEBRA 
aluminum conductor steel-reinforced, 54 strands aluminum to 7 strands steel, overall diameter 
28.62mm, according to the Midal Catalog Conductor Data Sheet (see appendix A). 
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Kabul Scrap Transmission Conductors 
 

Measurement #1 28.65mm 

Measurement #2 28.62mm 

Measurement #3 29.32mm 

      Figure 4 – Kabul Conductor 

Physical counting of the steel and aluminum 
composition of the conductor was the following: 
 7 Strands Steel 
 54 Strands Aluminum 
 
Based upon the physical diameter measurement of the conductor and the steel-aluminum 
stranding composition, the most probable transmission conductor type for the Kabul single 
conductor per phase, two circuit transmission line, is the British conductor, code name ZEBRA 
aluminum conductor steel-reinforced, 54 strands aluminum to 7 strands steel, overall diameter 
28.62mm, according to the Midal Catalog Conductor Data Sheet (see Appendix A). 
 
Kunduz Scrap Transmission Conductors  
 
There was no available scrap transmission conductor under the Kunduz transmission line into 
Pul-e-Khumri. No data was available to collect on the Kunduz transmission line. 
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Figure 5 - Typical Conductor Dead-ends 

 
3.1.2 Pul-e-Khumri Transformers 

The transformer nameplate data collected: 
Manufacturer: ABB, 2007 
Capacity: 13/16MVA ONAN/ONAF 
Frequency and temperture rise: 50Hz and 55°C 
Voltages: 220kV/20kV/10kV (HV/LV/TV) 
Taps and Impeadance: Tap 1 – 10.91%Z, Tap 7 – 10.70%Z, Tap 13 – 10.65%Z 
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3.2 Naibabad Substation (N36.817042, E6767.378855)  

 

Figure 6 – Aerial view of Naibabad Substation 

The Naibabad substation is a transmission switchyard with a 220kV main and transfer high 
voltage bus scheme complete with bus coupler. There is no power transformation within the 
switchyard. The substation appears to be in good working order and condition. There is on-
going substation construction for the addition of three reactors. The sizes of the reactor are 25, 
25, 10 MVAR and were scheduled to be online by the end of July 2011. 
 
Notable conditions are the following: 
 
Naibabad 220kV transmission switchyard single source is from the Hairatan transmission circuit 
that is through a substation in Uzbekistan. The lines are installed over two (2) 220kV single 
conductor per phase circuits identified as circuits A and circuit B. There are four (4) 220kV 
transmission circuits leaving the substation. Two circuits provide electrical energy to the Mazar-
e-Sharif substation and two circuits to Pul-e-Khumri substation. Mazar-e-Sharif transmission 
circuits are single conductor per phase. Mazar-e-Sharif circuit B is not physically connected to 
the switchgear and is not energized and open in the substation. Pul-e-Khumri transmission 
circuits are double (2) conductors per phase for each circuit. Pul-e-Khumri circuit B is not 
physically connected to the switchgear and is not energized and open in the substation. The 
single line diagram shows the electrical configuration of the substation, as configured during the 
substation inspection on July 3rd, 2011. 
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Figure 7 – Single Line Diagram depicting electrical configuration of the Naibabad substation. 
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3.2.1 Naibabad Transmission Conductors 

The goal of the field investigation to the Naibabad substation was to have the in-service 
transmission lines de-energized, grounded, and then physically measure the outside diameter of 
the installed conductor while inspecting the ends of the conductors for the stranding 
composition. Unfortunately, the transmission system was not able to be de-energized and there 
was no equipment nor trained personnel available to physically measure the size of the installed 
conductor. The conductor dead-ends used to terminate the conductor to the towers at the 
substation entrance at Naibabad are identical to the dead-ends used in Pul-e-Khumri. Thus, the 
conductor stranding of the installed conductor could not be verified. 
 
Fortunately, there was scrap conductor under, or adjacent to, the substation terminal towers for 
each transmission circuit entering the substation. Each scrap conductor was documented by 
photographs and the diameter of the scrap conductor physically measured with a micrometer. 
The substation Manager Edi Muhammad confirmed the scrap conductor is the same conductor 
used for each transmission line.   
 
Hairatan Scrap Transmission Conductors  
 

Measurement #1 26.57mm 

Measurement #2 25.00mm 

Measurement #3 24.80mm 

 
Physical counting of the steel and aluminum  
composition of the conductor was the following: 

 7 Strands Steel 
 26 Strands Aluminum      
      Figure 8 – Hairatan Conductor 

 
Based upon the physical diameter measurement of the conductor and the steel-aluminum 
stranding composition, the most probable transmission conductor type for the Hairatan single 
conductor per phase, two circuit transmission line is code name SQUAB aluminum conductor 
steel-reinforced, 26 strands aluminum to 7 strands steel, overall diameter 24.51mm, according 
to the Midal Catalog Conductor Data Sheet (see appendix A). 
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Pul-e-Khumri Scrap Transmission Conductors  
 

Measurement #1 24.89mm 

Measurement #2 25.17mm 

Measurement #3 25.09mm 

      Figure 9 – Pul e Khumri Conductor 

Physical counting of the steel and aluminum 
composition of the conductor was the following: 

 7 Strands Steel 
 26 Strands Aluminum 

 
Based upon the physical diameter measurement of the conductor and the steel-aluminum 
stranding composition, the most probable transmission conductor type for the Pul-e-Khumri 
double (2) conductor per phase, double (2) circuit transmission line, is code name SQUAB 
aluminum conductor steel-reinforced, 26 strands aluminum to 7 strands steel, overall diameter 
24.51mm, according to the Midal Catalog Conductor Data Sheet (see Appendix A). 
 
 
Mazar-e-Sharif Scrap Transmission Conductors 
 

Measurement #1 24.53mm 

Measurement #2 24.38mm 

Measurement #3 24.59mm 

 
Physical counting of the steel and aluminum  
composition of the conductor was the following: 
 7 Strands Steel 
 26 Strands Aluminum      

Figure 10 Mazar e Sharif Conductor 

 
Based upon the physical diameter measurement of the conductor and the steel-aluminum 
stranding composition, the most probable transmission conductor type for the Mazar-e-Sharif 
(MeZ) single conductor per phase, two circuit transmission line is code name SQUAB aluminum 
conductor steel-reinforced, 26 strands aluminum to 7 strands steel, overall diameter 24.51mm, 
according to the Midal Catalog Conductor Data Sheet (see appendix A). 
 
Although the diameter of the cables measured varies with the inconsistencies within the scrap 
conductor, the measurements were not taken at the same location on the cable. The diameter 
measurements were taken at approximately 1 meter intervals when enough scrap conductor 
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was available. Nevertheless, in all instances the conductor measurements were taken at 
different locations on the scrap cable. 
 

3.2.2 Naibabad Transformers 

There are no power transformers installed at the Naibabad substation. 

 

3.3 Mazar-e-Sharif Substation (N36.735043, E67.146710)  

 

Figure 11 – Aerial view of Mazar e Sharif substation 

The substation is a 220kV main and transfer high voltage bus scheme complete with bus 
coupler. There are two power transformations within the substation; the first transformation is 
from 220/20kV and used for the local distribution system, the second transformation is from 
220/110kV transformation that feeds the existing/old MeZ substation. The new substation 
appears to be in good working order and condition. There is on-going substation construction for 
the addition of an additional 50MVA power transformer from 220/20kV.  
 
Notable conditions are the following: 
 
The existing 110kV MeZ substation receives its source through the 220kV system that is step-
down through the 50MVA 220/110kV transformer. The 110kV source then runs through a 
convolution of old switchgear that is in disrepair and eventually to two parallel 16MVA 
110/35/6kV transformers. There are two circuits of 35kV sub-transmission system that deliver 
power to the inner city substation Shadiam and the outlying town of Balkh. All three substations 
(MeZ, Shadiam, and Balkh) have distribution networks operating at 6kV for localized power 
delivery.  
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Mazar-e-Sharif 220kV transmission lines are installed over two 220kV lines identified as Circuit 
A and Circuit B. Each circuit is single conductor per phase. Circuit A and is energized and 
receiving electrical energy from Naibabad substation over this circuit at 220kV. However, Circuit 
B is physically connected to the 220kV bus system inside the substation, and the line 
disconnects are open. 
 
The single line diagram shows the electrical configuration of the substation, as configured 
during the substation inspection on July 4th, 2011. 
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Figure 12 – Single Line Diagram depicting electrical configuration of Mazar-e-Sharif substation



 

Tetra Tech  
16 

3.3.1 Mazar-e-Sharif Transmission Conductors 

The goal of the field investigation to the Mazar-e-Sharif (MeZ) substation was to have the in-
service transmission lines de-energized, grounded, and then physically measure the outside 
diameter of the installed conductor while inspecting the ends of the conductors for the stranding 
composition. Unfortunately, the transmission system was not able to be de-energized and there 
was no equipment nor trained personnel available to physically measure the size of the installed 
conductor. The conductor dead-ends used to terminate the conductor to the towers at the 
substation entrance at MeZ are identical to the dead-ends used in Pul-e-Khumri & Naibabad. 
Thus, the conductor stranding of the installed conductor could not be verified. 
 
Fortunately, there was scrap conductor under, or adjacent to, the substation terminal towers for 
each transmission circuit entering the substation from Naibabad. Each scrap conductor was 
documented by photographs and the diameter of the scrap conductor physically measured with 
a micrometer. The substation Manager,  confirmed the scrap conductor is the 
same conductor used for each transmission line.   
 
MeZ Scrap Transmission Conductors  
 

Measurement #1 24.99mm 

Measurement #2 25.32mm 

Measurement #3 25.41mm 

 
Physical counting of the steel and aluminum  
composition of the conductor was the following: 
 7 Strands Steel 
 26 Strands Aluminum 

Figure 13 -  MeZ Conductor 

Based upon the physical diameter measurement of the conductor and the steel-aluminum 
stranding composition, the most probable transmission conductor type, from the Naibabad 
substation, single conductor per phase, two circuit transmission line is code name SQUAB 
aluminum conductor steel-reinforced, 26 strands aluminum to 7 strands steel, overall diameter 
24.51mm, according to the Midal Catalog Conductor Data Sheet (see appendix A). 

3.3.2 Mazar-e-Sharif Transformers 

The transformer nameplate data collected: 
 
16MVA-220/20kV Transformer 
Manufacturer: ABB, 2007 
Capacity: 13/16MVA ONAN/ONAF 
Frequency and temperature rise: 50Hz and 55°C 
Voltages: 220kV/20kV/10kV (HV/LV/TV) 
Taps and Impedance: Tap 1 – 10.82%Z, Tap 7 – 10.59%Z, Tap 13 – 10.54%Z 
On-Load Tap Changer – 13 position 
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50MVA-220/110kV Transformer 
Manufacturer: ABB, 2007 
Capacity: 40/50MVA ONAN/ONAF 
Frequency and temperature rise: 50Hz and 55°C 
Voltages: 220kV/110kV/20kV (HV/LV/TV) 
Taps and Impedance: Tap 1 – 9.86%Z, Tap 7 – 10.10%Z, Tap 13 – 10.49%Z 
On-Load Tap Changer – 13 position 
 
New 50MVA-220/20kV Transformer 
Manufacturer: Cromton Greaves Ltd. India, 2010 
Capacity: 30/50MVA ONAN/ONAF 
Frequency and temperature rise: 50Hz and 50°C 
Voltages: 220kV/20kV/10kV (HV/LV/TV) 
Taps and Impedance: Tap 1 – 11.26%Z, Tap 7 – 10.8%Z, Tap 13 – 10.4%Z 
 
Old 16MVA-110/35/6kV Transformer #1 
Manufacturer: Russian, 1983 
Capacity: 16/16MVA ONAN/ONAF 
Frequency and temperature rise: 50Hz 
Voltages: 110kV/35kV/6kV (HV/LV/TV) 
Impedance: HV-LV – 10.45%Z, HV-TV – 17.34%Z, LV-TV – 6.34%Z 
 
Old 16MVA-110/35/6kV Transformer #2 
Manufacturer: Russian 
Capacity: 16/16MVA ONAN/ONAF 
Frequency and temperature rise: 50Hz 
Voltages: 110kV/35kV/6kV (HV/LV/TV) 
Taps and Impedance: HV-LV – 10.56%Z, HV-TV – 17.54%Z, LV-TV – 6.36%Z 
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3.4 Chimtala Substation (N34.612010, E69.081809)  

 

Figure 14 – Aerial View of Chimtala Substation 

The Chimtala substation is a 220kV main and transfer high voltage bus scheme complete with 
bus coupler. There are two 220kV taps to 160MVA 220/110kV power transformers and a 
25MVAR reactor. The substation has existing bus and switchgear installed for five (5) 110kV 
sources and has installed two (2) 40MVA 110/20kV power transformers feeding multiple 
distribution feeders. The substation appears to be in good working order and condition. 
 
Notable conditions are the following: 
 
There are two (2) 220kV circuits entering the Chimtala substation. There were no other 220kV 
circuits entering or leaving the substation at the date of inspection (July 10th, 2011). 
 
The single line diagram depicts the electrical configuration of the substation, as configured 
during the substation inspection on July 10th, 2011. 
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Figure 15 – Chimtala Single Line Electrical Diagrams 
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Figure 16 – Chimtala Single Line Electrical Diagram 
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Chimtala Transmission Conductors 
The goal of the field investigation to the Chimtala substation was to have the in-service 
transmission lines de-energized, grounded, and then physically measure the outside diameter of 
the installed conductor while inspecting the ends of the conductors for the stranding 
composition. Unfortunately, the transmission system was not able to be de-energized and there 
was no equipment nor trained personnel available to physically measure the size of the installed 
conductor. Furthermore, the conductor dead-ends used to terminate the conductor to the towers 
at the substation entrance was a closed, compression type fitting. These types of fittings 
physically cover the conductor ends and the conductor stranding of the installed conductor 
could not be verified. 
 
Unfortunately, at Chimtala, there were no hand reels of scrap conductor anywhere inside the 
substation and thus the conductor could not be verified. 
 
3.4.1 Chimtala Transformers 

The transformer nameplate data collected: 
 
T#1 – 220/110kV 
Manufacturer: Bharat Heavy Electrical Limited, India  
Capacity: 160/128/96MVA OFAF/ONAF/ONAN 
Frequency and temperature rise: 50Hz and 47°C 
Voltages: 220kV/110kV (HV/LV) 
Taps and Impedance: 12.5% + 10% tolerance Tap #9 
 
T#2 – 220/110kV 
Manufacturer: Bharat Heavy Electrical Limited, India  
Capacity: 160/128/96MVA OFAF/ONAF/ONAN 
Frequency and temperature rise: 50Hz and 47°C 
Voltages: 220kV/110kV (HV/LV) 
Taps and Impedance: 12.5% + 10% tolerance Tap #9 
 
Reactor 
Manufacturer: Bharat Heavy Electrical Limited, India  
Capacity: 25MVAR ONAN 
 
T#1 –110/20kV 
Nameplate is missing and not physically attached to transformer. Reasonable assumption can 
be made that the two transformers could be treated as identical. 
 
T#2 – 110/20kV 
Manufacturer: Bharat Heavy Electrical Limited, India  
Capacity: 40/24MVA OFAF/ONAN 
Frequency and temperature rise: 50Hz and 47°C 
Voltages: 110kV/20kV (HV/LV) 
Taps and Impedance: 14.16% + 10% tolerance Tap #10 
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3.5 Sheberghan Substation (N36.554632, E65.714817) 

 

Figure 17 – Aerial View Sheberghan Substation 

The Sheberghan substation is a 110kV substation. The inspection of the Sheberghan substation 
could not be performed during the field visit to the area due to security reasons.  
 
3.5.1 Sheberghan Transmission System 

The goal of the field investigation for the Sheberghan Transmission System was to inspect the 
routing of the transmission poles and lines between Mazar-e-Sharif and Sheberghan substation. 
It was known prior to the start of the field investigation that the transmission line was no longer 
in service and in disrepair. Furthermore, the investigation team understood the line had been 
vandalized and items removed from the towers to include the conductor. Additionally, the team 
had received information that the transmission system was built on lattice structures. 
 
The field investigation started within the Mazar-e-Sharif substation, where there were 110kV 
towers used in the old portion of the substation that were still in use to route the 110kV 
transmission from the new station into the adjacent old substation. All the towers are in good 
structural condition and the foundations appear to be sound. 
 
The transmission route, supporting structures, insulators, and conductor are no longer in use to 
support 110kV transmission; however, they are in use to support a 6kV distribution into the 
North end of Mazar-e-Sharif.  The usable distribution extends into the city approximately 6kM 
and then terminates to a dead-end structure. The remainder of the old transmission line 
continues to Sheberghan. 
 
The investigation was not able to inspect the entire length of the transmission line between 
Mazar and Sheberghan; however, was able to inspect approximately 27km of the line. In the 
section inspected, the route consists of single concrete poles with metal hardware supporting 
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bell-type suspension insulators. The majority of the mono-pole structures are in good and 
serviceable condition and the three pole dead-end structures are also in good and serviceable 
condition. 
 
The first 8km of the transmission route (Figure 18) begins at the Mazar-e-Sharif substation in 
the northeast portion of the town of Mazar-e-Sharif. The transmission line proceeds westerly 
along the northern boundary of town, but travels through residential areas, homes, and within 
residential perimeter walls. There were on a number of occasions areas where clearance and 
right-of-way issues would create difficulties in repairing and rebuilding the transmission line 
using the existing route. 
 
The next section of transmission route (Figure 19) inspected approximately 19km transverse 
open farmlands and accessible right-of-ways that would be conducive to the reconstruction of 
the transmission line. This section of route would be ideal for transmission line construction.  
 
The remaining transmission route was not inspected due to security concerns (Figure 20). From 
GPS location #37, there was clear right of way for as far as the team could see to the west on 
the day of inspection (July 6th,2011). The visibility to the west was approximately 10km. 
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  Figure 18 - Mazar to Sheberghan Transmission Route (9kM) 
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 Figure 19 - Mazar to Sheberghan Transmission Route (20kM) 
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Figure 20 - Mazar to Sheberghan Transmission Route (113kM) 
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3.5.2 Evaluation of the Sheberghan Transmission System 

The Mazar-e-Sharif to Sheberghan transmission system was inspected for approximately 25km 
from the Mazar substation towards the Sheberghan substation. The transmission line is 
constructed from concrete mono-pole structures for tangent structures (Figure 21). Angle and 
dead-end structures are three mono-pole structures that have each individual phase attached to 
each structure (Figure 22). 
 
Steel brackets that attach to the pole and provide the structural support for the insulators are 
used in all inspected structures. Porcelain suspension bells are used to support and insulate the 
conductor (Figure 23). 

 

 
 

 Figure 21 - Typical Mono Pole Structure 
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 Figure 22 - Typical Three-Pole Dead-end Structure 
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 Figure 23 - Typical Structural Assemblies 

 
The first section of the Mazar-Sheberghan transmission route from the substation until GPS 
location #34 travels through the northern section of Mazar-e-Sharif (Figure 18) and has multiple 
clearance and access issues. However, using the existing route, with possible minor 
modifications, would prove to be the most beneficial since new right-of-way acquisition and 
easements would not be required. 
 
Unfortunately, the pole height used in the original construction is estimated to be a 15.25m 
(50ft) pole (see Figure 24). The type of construction used for the 110kV and pole height will not 
meet National Electrical Safety Code for most obstructions built under the transmission line in 
residential areas. 
 
The next two sections of transmission route (Figure 19 & Figure 20) traverses agricultural lands 
and clearance and right-or-way access would not be a major concern. These sections of line 
could be easily accessed and reconstructed.   
 
.   
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Figure 24 - Typical Structure Height and Clearance 
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3.6 Thermal Power Plant Interconnection (N36.63818 E66.95239) 

 

Figure 25 – Aerial View Thermal Power Plant Interconnection 

The objective for the inspection of the Kud-Bergh substation and 35kV transmission system was 
to develop and assess the power requirements of the system and interconnection of the surplus 
generation into the NEPS System. 
 
The Kud-Bergh thermal power plant has a nameplate capacity of 48MW generation capacity 
across four steam driven generators. The output voltage from the generators is 6.3kV at 50Hz. 
The generator output terminals connect to the thermal power plant step-up substation located 
within the facility grounds of the plant. The step-up substation consists of two parallel power 
transformers each of a rated capacity of 10MVA and a step-up voltage characterization of 
6.3/35kV. The 6.3kV sides of the transformers are connected in delta to the output of the 
generators and the 35kV is connected in Wye. 
 
Unfortunately, the impedance of the step-up transformers do not match.  The first transformer 
(T#1) has a nameplate impedance value of 13.6% and transformer #2 (T2) has an impedance 
value of 7.93%. The mismatch in impedance values of the two paralleled transformers 
decreases the available connected output capacity of the substation.  The transformer bank has 
a maximum capacity of 20MVA if the impedances matched, but since there is a mismatch of 
impedances, the total bank must be de-rated by 0.79. Therefore, the paralleled capacity of the 
transformer back is not 20MVA but de-rated to 15.8MVA. This is the maximum amount of power 
that can be delivered into the NEPS system from the Thermal Power plant. The limiting factor is 
the step-up transformer located within the Thermal Power Plant facility. 
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Figure 26 - Single Line Diagram Mazar-e-Sharif Substation
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3.6.1 Kud-Bergh Transmission System 

There are two 35kV transmission lines that exit the Thermal Power Plant substation. One 35kV 
line interconnects to the Mazar-e-Sharif substation and the second 35kV line provides electrical 
energy to the town of Balkh. The Mazar and Balkh lines are both constructed using lattice 
towers of the same configuration, foundation footprint, and strength. Both lines are in 
serviceable condition and currently energized at 35kV and in use. 
 
Mazar-e-Sharif Line Section 
The route for the Mazar line section is along the southern portion of the city and then turns 
North just before the airport (see Figure 27). The transmission line is approximately 26km and 
route is open and crosses agricultural land for approximately 15km and then enters congested 
residential areas. There are some clearance concerns where the transmission line travels 
through the southern area of town, but generally the line is clear of obstructions. If the line was 
to be reconstructed or the right of way used for a larger circuit, the agricultural area would pose 
little difficulty for reconstruction, but the portion of line through the residential areas would be 
difficult.   
 
At tower number 4 (see Figure 27), the 35kV line is jumpered across the phases. The 35kV line 
from MeZ to the Kud-Bergh substation jumper is open, and the MeZ line is directly connected to 
the Balkh 35kV line. The Balkh 35kV line provides the source to Balkh and also the Kud-Bergh 
plant.  
 
Balkh Line Section 
The 35kV line section from Kud-Bergh thermal power plant to the town of Balkh is identical steel 
lattice type construction and is approximately 14km in length (see Figure 28). The actual length 
of the transmission line is estimated as the investigation did not extend to the Balkh substation. 
 
The insulators are bell type suspension insulators and the line is energized at 35kV (see Figure 
29). The portions of the line inspected appear to be in serviceable condition with no clearance 
issues noted. The complete line section was not inspected, but the line was inspected up to the 
intersection of the Sheberghan 110kV transmission line. 
 
Recommendation 
 
The most feasible engineering solution, based upon the maximum power output of available 
generation of 15.8MVA (see introduction of Section 3.6) would be to use the existing 35kV 
system in place and interconnect to a new 35/110kV substation and switchyard at the 
intersection location of the Balkh 35kV and Sheberghan 110kV transmission lines (see Figure 
30). The coordinates for this intersection is (N36.67622 E66.91479). 
 
The installation of a new substation at this location would provide a short interconnection 
location for the surplus generation into the 110kV NEPS system, provide a strong source to the 
town of Balkh, and provide an additional source to the Shadiam Substation (35kV) in the 
southern portion of Mazar-e-Sharif (see Figure 27). The existing conductors and structures 
would be sufficient to carry the additional generation at the calculated surplus capacity.
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Figure 27 - Kud-Bergh to Mazar-e-Sharif 35kV Transmission Line 
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Figure 28 - Kud-Bergh to Balkh 35kV Transmission Line  
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Figure 29 - Typical Kud-Bergh 35kV Transmission Line Tangent Structure  
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Figure 30 - Kud-Bergh to Balkh 35kV & Sheberghan Intersecting Transmission Lines  
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3.7 AMU River Crossing (N37.22758, E67.44004) 

 

Figure 31 – AMU River Crossing 

 
The objective for the inspection of the AMU River Crossing was to develop alternatives for an 
additional high voltage river crossing. Two approaches were investigated. The first approach is 
to design a new aerial crossing east of the existing river crossing. The second option is to install 
underground cable from a new tower location on the Afghanistan side of the river west to the rail 
bridge (Friendship Bridge), attach conduits to the bridge and then east from the Uzbekistan side 
of the river crossing to the substation. 
 
The existing crossing is a double circuit 220kV transmission system that connects into the 
Naibabad substation. The Uzbekistan tower (Figure 32) appears to be the same type and style 
as the Afghanistan structure (Figure 33). The dead-end structure (Figure 34) is assumed to be 
of the same style as on the Uzbekistan side of the river crossing. 
 
Recommendation 
 
The structures and foundations appear to be in serviceable condition and there does not appear 
to be any major structural issue with the Afghanistan tower or dead-end structure. However, the 
transmission conductor jumper across the dead-end is not a suitable connector for the 
transmission system (Figure 35). It is highly recommended that all the transmission conductor 
connectors across this dead-end be changed out to properly rated compression type connectors 
rated for the maximum current flow across the transmission line.  
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Figure 32 - AMU River Crossing (Uzbekistan side) 
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Figure 33 - AMU River Crossing Structure (Afghanistan side)  
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Figure 34 - AMU River Crossing Dead-end Structure (Afghanistan side)  
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Figure 35 - AMU River Crossing Conductor Connector  
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3.7.1 AMU River Crossing Options 

A. The additional aerial overhead crossing consists of new towers and dead-end structures 
on each side of the river crossing. There would also be requirements to interconnect into 
the existing Uzbekistan substation.  
 

B. Underground crossing of the AMU River using a conduit system attached to the existing 
railway bridge.  
 
This option for crossing the AMU River, consists of installing a single dead-end tower on 
the Afghanistan side for the take-off of a new transmission system to Mazar-e-Sharif, but 
no structures further than this initial dead-end start point of the new transmission line. 
Additionally, there would also be requirements to interconnect into the existing 
Uzbekistan substation. The report does not include the development of interconnection 
into the substation nor the reconstruction of a transmission line to Mazar-e-Sharif.  
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4.0 Conclusions 

The 220kV transmission system and associated substation are in excellent condition. The 
investment into the electrical infrastructure is demonstrated through the excellent conditions of 
the electrical system inspected.  
 
The goal of the field investigations of the NEPS 220kV system and substations was to have the 
in-service transmission lines de-energized, grounded, and then physically measure the outside 
diameter of the installed conductor while inspecting the ends of the conductors for the stranding 
composition.  Unfortunately, the transmission system was not able to be de-energized and there 
was no equipment nor trained personnel available to physically measure the size of the installed 
conductor. Furthermore, the conductor dead-ends used to terminate the conductor to the towers 
at the substation entrance was a closed, compression type fitting. 
 
The conductor diameters do not directly correspond to the values provided for the diameters of 
cables listed in the Midal catalog data sheets. However, due to the inconstancies in the 
measurements, a reasonable assumption has to be postulated. It is plausible that 
measurements taken would be greater in diameter than the actual conductor diameters listed in 
the Midal catalog data sheets and only on rare instances would the diameter of the cable be 
less than stated values. This is the case for the measurements taken in the field. 
 
Although the actual installed conductor could not be verified, the inspection, verification, and 
recording of the scrap conductor size near and adjacent to the installed transmission dead-ends 
in the substation provides better information of the installed conductor size. At a minimum, it 
increases the confidence of the size and type of conductors that were installed on the 
transmission lines. 
 
The investigation of the Sheberghan 110kV transmission system found that it is not in service, 
nor in good condition, but the concrete mono-pole structures are in place. The conductor is 
broken and down in practically every span, and the hardware is in poor condition. However, a 
portion of the transmission structures and insulators are currently in use to provide distribution 
voltage to a portion of the northern section of Mazar-e-Sharif. 
 
The mono-pole structures appear to be in good condition and could be used to reconstruct the 
transmission line provided the conductor tension and design loading factors do not exceed the 
safety margins of the calculated pole strength. If 200MW are to be carried over this transmission 
route at 110kV, the pole lines are grossly inadequate for strength requirements due to the 
required conductors size and the poles would be too short to provide adequate clearance 
(Figure 24). 
 
The Kud-Bergh thermal power plant substation and associated transmission system was 
investigated for incorporation of surplus generation incorporated into the NEPS system. The 
recommendation of a new substation constructed into the existing crossing of the Sheberghan 
110kV system and the 35kV system to the town of Balkh is recommended. 
 
Unfortunately, the impedance of the step-up transformers do not match.  The first transformer 
(T#1) has a nameplate impedance value of 13.6% and transformer #2 (T2) has an impedance 
value of 7.93%. The mismatch in impedance values of the two paralleled transformers 
decreases the available connected output capacity of the substation.  The transformer bank has 
a maximum capacity of 20MVA if the impedances matched, but since there is a mismatch of 
impedances, the total bank must be de-rated by 0.79. Therefore, the paralleled capacity of the 
transformer back is not 20MVA but de-rated to 15.8MVA. This is the maximum amount of power 
that can be delivered into the NEPS system from the Thermal Power plant. The limiting factor is 
the step-up transformer located within the Thermal Power Plant facility. 
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The most feasible engineering solution, based upon the maximum power output of available 
generation of 15.8MVA (see introduction of Section 3.6) would be to use the existing 35kV 
system in place and interconnect to a new 35/110kV substation and switchyard at the 
intersection location of the Balkh 35kV and Sheberghan 110kV transmission lines (see Figure 
28). The coordinates for this intersection is (N36.67622 E66.91479). 
 
The installation of a new substation at this location would provide a short interconnection 
location for the surplus generation into the 110kV NEPS system, provide a strong source to the 
town of Balkh, and provide an additional source to the Shadiam Substation (35kV) in the 
southern portion of Mazar-e-Sharif (see Figure 25). The existing conductors and structures 
would be sufficient to carry the additional generation at the calculated surplus capacity. 
 
An additional AMU river crossing is possible. At the date of inspection, July 3rd, 2011, there was 
adequate room east of the existing crossing to install an additional aerial river crossing. 
Unfortunately, it was not possible to travel into Uzbekistan to physically inspect the substation 
and route for an additional circuit into the existing substation. 
 
The structures and foundations appear to be in serviceable condition and there does not appear 
to be any major structural issue with the Afghanistan tower or dead-end structure. However, the 
transmission conductor jumper across the dead-end is not a suitable connector for the 
transmission system (Figure 35). It is highly recommended that all the transmission conductor 
connectors across this dead-end be changed out to properly rated compression type connectors 
rated for the maximum current flow across the transmission line.  
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