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Foreword  
 
 
This report was prepared by USAID’s Georgia Power and Gas Infrastructure Project (PGIP) 
under Contract Number AID-EDH-I-00-08-00027-AID-114, Task Order 10-00003. Tetra 
Tech, Inc. is the prime contractor on PGIP. 
 
The authors gratefully acknowledge the support of the United States Agency for International 
Development’s Georgia Mission (USAID/Georgia) for this project.  
 
This report was made possible through the support of the American people through 
USAID/Georgia. Its contents are the sole responsibility of Tetra Tech, Inc. and do not 
necessarily reflect the views of USAID or the United States Government.  
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1. Background  
 
 
The Georgia Power and Gas Infrastructure Project (PGIP) provides resident professional 
engineering and other technical services to support power and gas transmission 
improvements that USAID is undertaking on behalf of the Government of Georgia. PGIP’s 
activities support USAID’s objectives of promoting energy security through greater access to 
electricity and natural gas supplies for households in western Georgia, promoting the 
development of the Poti Free Industrial Zone on the Black Sea, and securing power exports 
through domestic reliability-related infrastructure improvements. The activities under the 
PGIP task order support USAID’s larger goal of fostering sustainable development.  
 
This report was prepared in support of USAID’s third objective of securing power exports 
through domestic reliability-related infrastructure improvements. It traces the decisions made 
on the Dissolved Gas Analyzer Project from the summer of 2011 to the present.  
 
The dissolved gas analyzer (DGA) units in the field measure the quantities (expressed in 
parts per million) of nine gases and water that are dissolved in the oil of large power 
transformers. The concentrations of these gases and water, and their relative ratios, tell 
much about the health of the transformers. The early detection of problems in the 
transformers enables the electric utility to take actions to prevent, or at least lessen, 
damages to the transforms, power outages, and the curtailment of power exports. 
 

The figure at the left shows how the 
DGA field units are connected directly to 
the transformer.  There is no piping that 
transports the oil to a remotely located 
analyzer, and return piping to take the oil 
back to the transformer.   
 
When the transformer consists of one 
three-phase transformer in one tank 
there will be one DGA field unit 
connected to the tank.  When the 
transformer bank is made up of three 
single-phase transformers each in a 
separate tank, there will be on DGA filed 
unit connected to each tank.  GSE 
transformers do not have load tap 
changers as shown in the figure at the 
left.   
 
  Figure courtesy of LumaSense Technologies web site. 
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2. System Monitoring Sub-component 
 
 
Page 5 of the PGIP Task Order presents the rationale for the project’s monitoring 
component: 
  
System monitoring sub-component: USAID intends to provide assistance to GSE on preventive 
maintenance regimes to optimize the productive life of critical substation equipment through the 
procurement and installation of sensors and associated computer software and networking 
equipment. The purpose of this pilot activity is to optimize the service life of electricity transmission 
assets by monitoring gas concentrations in dielectric transformer fluids in real time across the network 
and benchmarking those concentrations against industry standards to predict catastrophic failure 
before it happens. Failure rates for transformers and other critical substation equipment increase 
dramatically with age, and the increasing presence of certain gas concentrations in dielectric fluids 
has been shown to be indicative of imminent failure. By identifying and subverting potential failures, 
explosions that destroy transformers and associated equipment can be substantially avoided, and the 
productive life of the equipment can be vastly prolonged. Specifically, the intent is to purchase and 
install dissolved gas analysis technology and associated IT assets in a number of GSE substations to 
optimize the productive life of critical substation equipment (e.g., transformers). 
 
The DGA Project represents the implementation of this sub-component of the Task Order.  
 
 

3. Expansion of the DGA 
 
 
The installation of additional DGA units was one of the items considered in the July 12, 
2011, meeting of GSE and PGIP staff (see Annex A, item 6). However, item 6 was not 
selected for implementation because the initial Dissolved Gas Analyzer Project will not be 
completed until the end of October 2012. The meeting participants considered it premature 
to expand the use of DGA field units until the basic system is operational. 
 
 

4. Initial DGA 
 
 
The decision was made to proceed with the initial DGA project. This is reported in item 1 of 
Annex B, which contains the notes of the Steering Committee meeting of November 21, 
2011.   
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5. Benefits to GSE and Georgia 
 
 
The DGA will enable GSE to quickly detect problems developing in large power 
transformers, which can result in a catastrophic failure of the transformer.     
 
The failure of a transformer in the transmission system would have major impacts on 
Georgia.   
 
a) Outages for some customers in Georgia   

The average capacity of the transformer banks being monitored in the DGA Project is 
337.8 MVA.  At a residential peak demand of 3 kVA per household and a residential 
distribution diversity factor of 4, the loss of a 337.8 MVA transformer could result in the 
loss of electric supply to about 450,000 customers.1 The actual number of customers 
without power will depend upon which transformer failed, where in the network it is 
located, the time of day, season, weather, and other factors.   
 

b) Reduced net inflow of money to Georgia because of reduced exports of power 
out of Georgia 
Georgia exports power at the 500 kV transmission level.  However, most of the hydro 
plants (Enguri is the exception) generate electricity and inject the power into the 
transmission system at 220 kV and below. The 550/220 kV and the 220/110 kV 
transformers are important avenues for energy to flow from the hydro plants to the 500 
kV level for export. The loss of the 500/220 kV and 220/110 kV transformers can, 
depending upon system conditions, reduce the export of power.   
 
The average size (in MVA) of the transformers to be monitored is 337.8 MVA.  
Assuming an export power cost of USD 50.00 per MWH and a 0.9 power factor at the 
interconnection delivery point, the value of the transferred energy is USD 15,201.00 
per hour. Transformer failure and repair scenarios can be complicated, but two 
scenarios would demonstrate the value of on-line DGA.   
 
Scenario 1:  This scenario entails the loss of a 337.8 MVA transformer, 0.9 power 
factor at the interconnection delivery point, no indications ahead of time of the failure, 
no spare transformer at the site or anywhere in the country, able to repair the 
transformer on-site in three months, exports are reduced by 337.8 MVA for the three 
months.  Estimated lost revenue from exports:  USD 33.2 million.   
 
Scenario 2:  This scenario entails the loss of a 337.8 MVA transformer, 0.9 power 
factor at the interconnection delivery point, no indications a head of time of the failure, 
no spare transformer at the site or anywhere in the country, total destruction of the 
transformer, two years to buy a new transformer (specify, approve funds, tender, 
award contract, fabricate, factory test, ship, install, field test, and commission), exports 

                                                
 
 
1 See Cell R40 in the spreadsheet in Annex D, Tabulation of GSE Network Facilities involved in DGA. 
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are reduced by 337.8 MVA for the two years.  Estimated lost revenue from exports:  
USD 226.3 million plus the cost of buying a whole new transformer.   

 
There may be lost revenue when a transformer with a pending fault is removed from service 
(say, four hours of switching time, USD 60,800 using the above assumptions), but this lost 
revenue will be minor compared to the lost revenue of a three-month or two-year outage.   
 
 

6. Portions of the GSE Transmission 
Network Covered 

 
 
Please refer to the figure in Annex C, and . of 
Annex D, Tabulation of GSE Network Facilities involved in DGA.  
 
When the tender was developed, it was planned to measure all 500/220 kV, 330/220 kV, and 
220/110 kV transformers in the GSE system: 
   

 28 transformer tanks  
 17 transformer banks 
 7 substations.   

 
Transformers at the hydro and thermal generating stations (for example, Enguri, Lajanuri, 
Khrami, Gardabani, and Jinvali) were not included because those transformers are the 
property of the generating companies and not GSE. 
 
When the bids were received and evaluated the cost of the above planned transformers 
exceeded the USAID threshold.  Therefore, the quantity of DGA field units was reduced.  
The following criteria were used: 
 

 330 / 220 kV transformer remains (Gardabani) 
 500 / 220 kV transformers remain (Gardabani, Ksani, and Zestaponi) 
 220 / 110 kV transformers remain (Kutaisi and Batumi)  

 
This resulted in the following inventory of monitored transformers.  These are the quantities 
in proposed system.  See Columns C and Columns P through T of Table D-1 in Annex D for 
a tabulation of the transformer banks, transformer tanks, and substations that are to be 
monitored.   
 

 19 transformer tanks  
 8 transformer banks 
 5 substations.   

 
The quantities of transformers that are not monitored at this time are as follows.  See 
Column C and Columns J through N of Table D-1 in Annex D for a tabulation of the 
transformer banks, transformer tanks, and substations whose monitoring is deferred.   
 

Stephanie.Coulis
Text Box
                                 Table D-1 
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 9 transformer tanks  
 9 transformer banks 
 5 substations.   

 
The three tabulations above add up for the number of tanks (28 = 19 + 9) and for the number 
of banks (17=8+9).  However, the number of substations do not add up because there are 
several transformer banks and tanks at each substation, some of which are to be purchased 
now and some of which are deferred.  See Table D-1 for the details.   
 
A consideration is to reduce the number of DGA field units from 19 to 11 in order to fund the 
EECS project.  Additional DGA field units can be added to the system later without affecting 
the central station equipment in the GSE headquarters in Tbilisi.   
 
These transformers could be monitored in future projects by the purchase and installation of 
additional DGA field units. The central station equipment at GSE headquarters will handle 
the incorporation of these additional units without additional cost.   
 
The transformers associated with the HVDC system are not included in this DGA project 
because they are under Siemens’ warranty and Siemens has not been approached about 
installing GSE DGAs on Siemen’s transformers.  However, there is no technical reason that 
DGA field units could not be installed on the Siemens transformers at Akhaltsikhe at a later 
time.   
 
The order is to include one portable gas analyzer with a portable printer.   
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Annex A 
July 12, 2011 GSE-PGIP Meeting Minutes 
 
 
This annex contains the notes of the GSE - PGIP meeting of July 12, 2011. The minutes were published on July 14, 2011.  
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Annex B 
November 21, 2011 Steering Committee Meeting Minutes 
 
This annex contains the minutes of the November 21, 2011 GSE/USAID/Tetra Tech Steering Committee meeting. The minutes were published 
on November 25, 2011.  
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Annex C 
GSE Transmission Network 
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Annex D 
Tabulation of GSE Transformers  
Involved in DGA  
 
 
This annex lists the GSE transformers that are involved in DGA. 
 
The left-hand portion of the table on the next page lists the transformers included in the 
invitation for proposals: 
 
 28 transformer tanks 
 17 transformer banks 
 7 substations 

 
The middle portion of the table lists the transformers that were not included in the project in 
order to keep the cost below the USAID threshold: 
 
 9 transformer tanks 
 9 transformer banks 
 5 substations  

 
The right-hand portion of the table lists the transformers that are now included in the project: 

 
 19 transformer tanks 
 8 transformer banks 
 5 substations 
 

The DGA field units are all the same and can be assigned to other transformers any time 
before their installation by the selected vendor, and can be moved by GSE from transformer 
to transformer after their installation by the selected vendor.   
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Table D-1. Substations and Transformers Included and Deferred 
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Concurrently, RESET will continue coordination with the USAID Mission Environmental 
Officer, the USAID Ta 

 

 
 

U.S. Agency for International Development 
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The Georgia Power and Gas Infrastructure Project (‘PGIP’ or ‘Project’) provides in-
country professional engineering and other technical services to support power and 
gas transmission improvements being undertaken by USAID on behalf of the 
Government of Georgia.  Activities performed under the PGIP will complement and 
reinforce the activities, project management, and engineering expertise of 
USAID/Caucasus.   
The Georgia Power and Gas Infrastructure Project (‘PGIP’ or ‘Project’) provides in-
country professional engineering and other technical services to support power and 
gas transmission improvements being undertaken by USAID on behalf of the 
Government of Georgia.  Activities performed under the PGIP will complement and 
reinforce the activities, project management, and engineering expertise of 
USAID/Caucasus.   
 
USAID will be undertaking work from 2010 to 2013 in the energy sector in 
collaboration with the Georgian Oil and Gas Company (‘GOGC’) and the Georgia 
State Electrosystem (‘GSE’) to upgrade, replace, and install critical selected gas and 
power transmission infrastructure.  These companies are state-owned entities 
charged with the import and transit, and in the case of GSE, dispatch of electricity 
throughout the country.   
 
The activities under this Project will support USAID's objective of promoting energy 
security through greater access to electricity and natural gas supplies households in 
Western Georgia, promote the development of the Poti Free Industrial Zone (FIZ) 
on the Black Sea, and secure power exports through in-country reliability related 
infrastructure improvements.  The activities assigned are managed by Tetra Tech 
and support USAID’s objective of fostering sustainable development.   
 
The PGIP project includes the following infrastructure projects: 
 

• Construction of a new 31 kilometer, 700 mm gas pipeline from Senaki to the 
Poti FIZ;  

• Construction of a new 76 kilometer, 700 mm gas pipeline from Kutaisi to 
Senaki;  

• Replacement of 58 kilometers of 220 kV transmission lines (referred to as 
Senaki I and II) which were dismantled in 1992 during Georgia’s civil war; and,  

• Restoration of the power substations in Tskaltubo and Menji to support the 
Senaki I and II 220 kV transmission lines.   

 
 

              
            

            
         
               

     
 

            
            
            

http://www.usaid.gov/
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