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Subject: Contract CCN-0002-Q-00-3 154-00 
Delivery Order No. 25 - Georgia 
Zugdidi Geothermal District Heating System 
EBRD Reconstruction Proposal - Preliminary Draft .Report 

Dear Mr. Chaudhry: 

The Government of the Republic of Georgia has requested that the EBRD assist in preparing a 
district heating project for Zugdidi to utilize geothermal energy. USAID has agreed to fund a 
preloan project assessment and provide the services of Burns and Roe Enterprises to undertake 
the tasks specified in Delivery Order No. 25. 

Attached is a copy of the preliminary report on the Zugdidi Geothermal Assessment prepared in 
Tbilisi by ARCI Consulting under the direction of Burns and Roe Enterprises, Inc. This report 
covers about 60% of the ARCI work required for preparation of the EBRD Pre-Loan 
Assessment. 

The work remaining for completion of the Delivery Order includes, but is not limited to, the 
following: 

1. Limited testing of the resource/wells (May 1997) 

2. Privatization and Ownership Proposal 

a. Development of a program of institutional reforms for the Government of Georgia 
to privatize the geothermal production and district hgating systems by means of a 
joint stock company. 

b. Recommendations on a company ownership structure, legal framework and 
management requirements for implementing and operating the Zugdidi 
geothermal production and district heating distribution system, maintenance 
practices, staffing and training needs, etc. 

c. Description of the legal requirements and fixmework for company relationships 
with local authorities, the Government of Georgia, international business and the 
EBRD. 
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3. Preparation of tender documents if project is approved by EBRD. 

4. Preparation of Final Report. 

Also attached is a translation from Russian of a report titled "Assessment of Operation4 . . 
ter in Zupd Reserves fcapacitv) of Thermal Wa idi-Tsasshl Deposit (Republic of Georgia)" 

published October, 1984. This report provides a great deal of history on the development of the 
resource, the geology and geochemistry up to that time. 

We have also included about thirty pages of miscellaneous documents previously prepared over 
the past year which we hope you will find of interest to point out the importance of the success of 
the Zugdidi project to Georgia. Some of this information has been provided to Ambassador 
Courtney. 

Zugdidi is about 2 Km from the border to Abkazia and the Inguri hydro power plant and is of 
political importance for maintaining stability in the region. Zugdidi is economically important 
because of the large number of commercial enterprises located in the region. These enterprises 
are key elements in implementing the institutional reforms necessary for privatization and 
developing a strong free market economy. Already there is strong interest by German companies 
in forming joint ventures with these enterprises. 

The success of these reforms, encouraging foreign investment and redevelopment of the 
hfhmtmcture, will strengthen the ability of the local government to provide the cash flow 
necessary to repay the EBRD loan. 

If you have any questions, please. call me at (202) 408-683 1, x14. 

Prepared by: 
John E. Hallberg, P.E. 
Task Manager 

Attachments 
c: P. Feeney, USAID, (T) 

J. Hallberg, BREI (NJ) (w/o attach) 
L. Hultin, EBRD (UK) 

Douglas D. Tuckhom 
Project Director-Caucasus 

Z. Menteshashvili, BR (T) 
W. Smith, USAID (Y) 
G. Weynand, USAID P C )  
Pf: 5924:2.1.2 
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ATTACHMENT 

(ZUGDIDI INFORMATION) 

Memo Re: Zugdidi, to Doug Tuckhorn, copy Gordan weyna&or Ambassador Cortney 

Memo Re: Geothennia, Ltd., to Doug Tuckhorn, copy Gordon Weynan for Ambassador 

Cortney 

Diagram of Zugdidi Infiacture Development 

List of Commercial Enterprises in Zugdidi 

USAIDBREI Exit Interview, Friday, 9 August 1996 

Zugdidi Geothermal Assessment Status for EBRD, 30 July, 1996 

Meeting Notes - EBRD, Tuesday, 30 July, 1996 

Article in Tbilisi Newspaper "Droni" (Times) About USAID 

List of Work Tasks for Zugdidi Study 

Lists of Zugdidi Data and Heat Consumers 

Certificate on Zugdidi Water Supply System 

Geothermex Preliminary Report (March 1996) 



To: Mr. Douglas D. Tuckhorn 
Bums and Roe Ent. Inc. 

From: Alexander Arobelidze 
ARC1 Consulting 

In reply to your request concerning possibilities of solvency demands of Zugdidi 
district thermal resource, we would like to inform you of the following: 

Taking into account traditional way of economy development in the region, it should 
be noted, that the significant gross weight of the private sector ( it can be proved by 
the fact, that 7580% of the population is private single familica with a small land site 
for agricultural production. 

This very part, according to solvency, is ready to purchase thermal energy in 
beneficial sales terms for their own green houses heat supply. 

Zugdidi industrial sector is in acute state due to power defficiency, however, 
privatization procedures and active work can turn it into solvent consumer of the heat 
supply. It concerns such prospective enterprises, as: Paper Mill, Two Tea Factories, 
Chicken Farm, Preserves (conserves) Factory, Pig Farm, Ceramics Factory. Atso the 
consumers are supposed to be Dairy, Hospital and Bakeries. 

It should be noted, that the resourt potential of the region, particularly, the existing 
climate resort Tsaishi, which uses the heat and medicinal qualities of the existing 
geothermal waters. 

In view of prospective investment improvements, the transit-geographical location of 
Zugdidi near the main highway co~ecting Georgia with Russia should also be 
mentioned. After the stabilisation of the situation in Abkhasia, Zugdidi will again 
acquire the feature of main commercial centers with appropriate hfktructure and 
services like restaurants, small motels, etc. 

However, taking into account priority rating, we could mention, that the most 
prospective directions of utilising of thermal energy in the region will be private 
green houses, both individual and corporate for vegetables, fruit and citroses. These 
facilities and also the residential sector in the nearest future will determine the 
solvency demand on thermal energy. 



To: Mr. Douglas D. Tuckhorn 
"Burns and Roe Ent. Inc." 

From: Alexander Arobelidze 
ARC1 Consulting 

MEMO 

In reply to your request regarding legal status of the company "Geothermy, Ltd" 
activity, we want to inform the following: 

We contacted the company representatives and they gave us the information we 
enclose below: 

It is a private company, the founders of which are the physical persons, specialists 
with long experience in the point-inquestion, i.e. geothermy and geology. 

The company was set to develop and utilise geothermal rtsources of Georgia based on 
the existing wells. 

Under the Municipal order of 1989, the company "Geothermy Ltd." was granted the 
right to rent Lisi deposits for the period of 20 years to develop it more efficiently in 
the market economy situation. 

Based on the above mentioned rights, the company performed minor repair work of 
the system and utilisation, also, it signed agreement with the Municipal Heat 
Department to use district hot water and heat network and thermal substations for hot 
water supply management for the consumers. 

By now, the company has entered into several agmments with the residents, as well 
as with commercial consumers. The self-financed works are being performed for 
technical testing of the project hydrosyphon, the price of which amounts to $45.000, 
which is 50% of the costs required for carrying out the testing. 

At the moment, under the legislation, the company submitted the documents again to 
gain the license h m  the Ministry of Environmental Protection on Lisi geothermal 
deposit utilisation. The decision on granting licenses will be issued on March 1, 1996. 

Another such license is supposed to be obtained for Zugdidi deposif too. 







Laa3aqayo3m (Gab.) 
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POTENTIAL COMMERCIAL CONSUMERS OF HEAT & POWER 

FOOD TECHNOLOGY INFORMATION 

1. Greenhouses - products, tomatoes, strawberries, cucumbers, citrus, beans, etc. 

2. Mushroom Production - technology, equipment 

3. Drying - vegetables, fruits, papaya, onions, garlic, etc. 

4. Chicken - meat and egg production, refrigeration, heat and hot water 

5. Silviculture - fish ponds 

6 .  Refrigeration - ice making, cold storage 
- 

7. Bakeries - 
8. Dairy Products - Heat and Power, Refrigeration, Cheese Making 

9. Meat Processing & Storage 

10. Food Processing - cooking, canning, freezing 

Other 

Laundries, Bath houses, Manufacturing, etc. 



USAID Exit Interview 
Friday, 9 August 1996 

A trip to Tbilisi, Georgia began on Tuesday, 23 July 1996 for 17 days to work with 
ARCI Consulting, the Burns and Roe local subcontractor on the following delivery 
orders: 

D.o. No. 1 1 - Tbilisi District heating System Improvement Program 
D.o. No. 25 - Zugdidi Geothermal assessment 

The purpose of this trip was to meet with EBRD to present findings of Zugdidi 
Geothermal Phase I preliminarl assessment, discuss EBRD loan requirements, and 
continue preparing Tbilisi District Heating rehabilitation proposals. 

Other than preliminary data gathering and preparation of a testing cost estimate, ARC1 
has not yet been authorized to work on Zugdidi. However, ARCI has been released to 
prepare design and cost estimates for three =5si di&t heatkg t h e d  station 
rehabilitation projects. Main focus has been directed to develop aunual electrical and 
thermal load profiles and obtain vendor data and budgetary cost estimates and prepare 
conceptual designs and space layout requirements. 

Technical reports and drawings containing original data and design idonnation 
describing the Zugdidi geothermal resource and distribution systems were obtained 
from Sakburgeothermia during the last trip and translated fiom Russian to English. 
Based on review of this information, discussions with Georgian geologists and visual 
inspection of wells, GeothermEx submitted a partial preliminary 'report on 25 July. 

A very important recommendation is that flow and injection testing should be 
conducted in order to make a realistic assessment of the potential magnitude and life 
of the geothermal resource. About $250,000 is estimated for the program of which 
more than half will be for permanent installed materials and equipment. If this testing 
cannot be done for the EBRD pre-loan assessment, then the Zugdidi project may have 
to be extended in two or more phases with some of testing being included during a 
limited first phase utilization of hot water for schools and residential consumption. 
Burns and Roe and ARCI will evaluate and present by mid-September a strategy for 
development of project. 

As soon as ARCI starts working on the Zugdidi project, specialists will gatha local 
information required as part of market survey to determine residential and commercial 
demand forecasts for thermal energy and revenue requirements. This will include 
determination of ownership structure and relationship for institutional and commercial 
enterprises. 

A specification and requisition for purchase of a computer and "Heatmap" software 
program for modeling the Zugdidi wells and district heating distribution system has 
been prepared. 



USAID Delivery Order No 25 
Zugdidi Geothermal Assessment 

Status 30 July, 1996 

Introduction: 

The government of the Republic of Georgia has requested that the EBRD assist in 
preparing a district heating project for Zugdidi to utilize geothermal energy. 
The EBRD funded a study "Geothermal Resources in the Republic of Georgia" 
by the Icelandic firm of Virkir-Orkin* Consulting Group Ltd. of Reykjavik 
which included a discussion of the resource at Zugdidi. 
USAID has agreed to h d  a pre-loan assessment by Burns & Roe Enterprises Inc. 
and its subcontractors to undertake specified tasks. 

S c o ~ e  of Work - Phasd 

Review existing documentation 
QuantifL geothermal resource 
Prepare district heating system design 
Residential and commercial demand forecast 
Conduct market survey 
Preliminary financial analysis 
Ownership structure - institutional and commercial 
Preliminary risk analysis 

Two trips were made to Zugdidi (October, 1995 and February 1996) by Burns & 
Roe, ARC1 and Geothennia. 
Geothermal wells were visually inspected. 
Technical reports and drawings were obtained and translated into English. 
Meeting were held with government, municipal and commercial enterprise 
officials. 
Preliminary data was submitted by entities. 
Preliminary report prepared by GeothennEx. 
Flow test design and cost estimate prepred. 

There is great potential for developing the resource. 
There is great potential for developing the commercial enterprises as thermal 
consumers to financially support the financing. 
A testing program as recommended by Geothermex must be implemented to 
quantify the resource before continuing with the detailed assessment. 



M e e m  Notes 
Tuesday, 30 July, 1996 

A meeting was held at the Metekhi Hotel at 7 PM to discuss status of USAID Delivery 
Order No. 25 - Zugdidi Geothermal Project assessment for EBRD financing. 

Lars Hultin European Bank for Reconstruction and Development 
John E. Hallberg Bums and Roe Enterprises 
Alexander Arobelidze ARC1 Consulting 
Ivane Zazashvili SAKTRANSGAZ 
David Bakashvili SAKBURGEOTHERMIA 

The purpose of the meeting was intended to present to EBRD our findings during the first 
phase assessment. However, ARCI has not yet been authorized to proceed with their scope of 
work. Therefore, a brief s-j of prelirmnary work accomplished to date was presez?ed. 
The preliminary report for EBRDIUSAID review will have to be submitted later this year. 

We first discussed the problem of trying to determine the present oqaubitional structure and 
chain of command of various departments involved in geothermal energy. ARC1 Consulting 
will describe the ownership structure and institutional reforms in the prelimhay report. As 
understood at this time, ownership is primarily state, with division of responsibility indicated 
as follows: 

30% 
Exploitation 
Care of 90% of geothermal wells 
Own two drilling rigs 

50% 
. .  . 

Distribution 

20% G e o m  (Quasi-private) 
Operation 

As discussed during this meeting, the following EBRD criteria and suggestion should apply 
to the Zugdidi geothermal district heating project: 

I .  Financing is for public project ($10 million minimum) 

2. Loan is to the Government with guarantees through Minister of Finance. 

3. The Ministry of Energy shall declare the Zugdidi geothermal district heating rehabilitation 
project as a priority. 



4. It is suggested to incorporate the majority of resource testing expenses within the project 
cost as  part of normal startup testing. 

5. It is suggested to propose ownership structure by means of Joint Stock Company with 
51% minimum government ownership. It will be advantageous to include the thermal 
recipient commercial enterprises to participate. An example is the joint venture German- 
Georgian tea factory. 

7. A business plan with thorough market research as backup shall be submitted. 

8. Some terms of the loan: 
Interest rate - 1% above LIBOR, variable 
One percent fiont end fee 
One percent interest on unused funds 
Period of loan - 15 years 
Interest payment due immediately upon signing 
Up t~ WG ysz p e  period for principal payments while project iis ccxzpleted, ready - -- - 

to operate. 

9. If project is not selected for public h c i n g ,  a backup strategy shall be investigated to 
seek private project financing h m  EBRD and other sources. EBRD will only provide 
35% financing with $10 million minimum loan for private projects. This means a $30 
million private development project possibly incorporating secondary financing for the 
large thermal host enterprises. It would help to find foreign investment through joint 
ventures of a large holding company to secure this sum of investment. However, the 
potential returns fiom the enterprises revenues could be very attractive to investors, and 
export of quality food products could secure badly needed hard currency for Georgia. 



I ; .  

USA Humanitarian Aid to Georgian Energy System 

Energy deficiency in Georgia turned into an unsurpassable problem. During summer, 
when there is heat and floods, the country has some hydro power supply, but as soon 
as the flood is over and winter comes, electricity is supplied to the population during a 
few limited hours. Nobody knows for how long this situation is going to last, nobody 
knows when to expect a significant change. 

Though it is well known that a lot of money (loans and humanitarian aid) has been 
spent for energy purposes during the last few years, if we consider only sums granted 
by the US government, it is already a considerable amount. 

USAID, Agency for International Development is the general coordinator of 
American humanitarian aid. The Agency employed a US company "Burns and Roe" 
to accomplish a program of studies and some part of rehabilitation work. In 1994 aid 
of 4,s million dollars- was assiyed for the assistance program a part of which was 
used to purchase materials and equipment, while the rest of the sum was used to 
prepare tender documents for three projects: 

1. Water Treatment Facility for Tbilisi Power Plant; 
2. Condenser Tube Cleaning System for Tbilisi Power Plant; 
3. Replacement of turbine and govemor at Rioni Hydro Power Plant. 

The tender documents were prepared in accordance with the rules of European Bank 
and World Bank and include technical and legal parts. 

The program financed by 1995 budget included a study of Tbilisi district heating 
system. "Burns and Roe" repaired boilers for Maternity Hospitals N 4 and N5, City 
Mental Hospital and Burns Center. This program is planned to be continued in 1996: 

The company also studied the possibilities of heating Tbilisi residential districts by 
means of geothennai energy. There is an opinion that this way it is possible to heat 
region with 120 000 population in Tbilisi. 

Similar studies were carried out in the city of Zugdidi. Zugdidi municipality is ready 
to direct some h d s  to heat Zugdidi schools and hospitals by means of geothermal 
water. It is even more promising to use geothermal water for industrial purposes. 

"Burns and Roe" specialists will also study the gas supply system (condition of the 
pipeline and the pump stations) and prepare technical documentation. This problem is 
common for Georgia and Armenia 

The company performed inspection and verification program and prepared inspection 
documents for Unit N 10 at Tbilisi Thermal Power Plant. 



At present the issue of allocation of large loans for Georgia by World Bank and 
European Bank is being discussed. The loans will be used for rehabilitation programs 
of Unit N 10 (Tbilisi Thermal Power Plant) and hydro power stations. The hydro 
power plants selected for rehabilitation program are: Khtarni 2, Tkibuli, Lajanuri and 
Vartsikhe. "Burns and Roe" specialists worked out several options of the projects. 

There are also plans to rehabilitate Georgian power network. The Feasibility Report 
for this project was also prepared by "Burns and Roe". And even this is not a 
complete list of "Bums and Roe" activity in Georgia 

Galya Gotoua, Reporter 

"Droni" (Times) -Tbilisi, Georgia 
Article published 23-26 July, 1996 







I. Existing Data on Zugdidi Thermal Water Deposit 

Importance of geothermal energy in fuel-energy balance of Georgia 
Organization structure of using geothermal energy supply 
History of exploration and operation of Zugdidi thermal water deposit 
Physical & geographic and climate conditions of Zugdidi region 
Short geological description of the depbsit 
Heo-geological and geothermal conditions of Zugdidi region 

I 

Aggressive properties of Zugdidi thermal water and methods of suppressing them 
Necessity of carrying out reinjection tests 
Prognosis of reinjection test results 
Estimation of environmental results of using geothermal resources 
Making a h$ro geological map (1:25 000) 
Making a plan of the location of wells, substations and pipelines bused on 
topographic data 
Making drawings of well sections 
description of the present day condition of wells and buildings ( Drills, pipelines. 
pump stations, electric circuits etc.) 
Making tables of the main parameters of wells 
Study of project proposals of using Zydidi deposit geothermal resc~urces that have 
been worked out previously 



11. Development of Zugdidi Geothermal 
Heat Supply Project 

Making of questionnaires and collection of data on possible consumers. f---------- $ 
Making schemes of possible consumers in t.Zugdidi with a table of main t, 
technological characteristics, indicating number and periods of collsu~nptio~l during 
different months of the year (m 1:5000). 
Making maps of I and 11 priority pipelines and equipnlent, iudica~ing the esis!liny 
and designed pipelines, equipment and power circuits. 
Technological calculation for the two systems of heat supply: 
a) without using heat pumps 
b) using heat pumps 

Comparison and choice of a heat supply scheme for two systems. iudicuriny 
consumers and technical characteristics of the equipment (putllps. heat cxchlulycrs. 
heat pumps,transfomers, generators, contml-measuring equipment. meters etc. ) 
Working out draft projects of specific cons&wtions: 
a) civil work 
b) technological part 
c) electric part 

Working out specifications of the equipment, materials and types of work. incltding 
prices. 
Calculsltio~l of capital costs for technical and refrigentiny facilities (per arc3 and rt, 
output unit). 
Calculatioll of operation costs in different months, indicating pcuk loads. a 
Structure of the organization which will operate: the geothen~lul Ilealing systt.111 
Calculation of cost and p"ce of heating energy unit and determination of Pl(yhilck 8 
terms of capital expenses. 
Working out of a calendar plan. 
Determination of geothermal system efficiency compared to organic fuel. 
Caiculiltions and choice of heat pumps and refrigerating equipment. - ?k 
Estimation of expenses for reconstruction of the inner system of hear supply in one of - $& 
high building, including installation of metcrs in every flat. 
Environmental study connected with thc construction and operation of geothermal 
system of heat supply. 



111. Preliminary Financial Analyses and Proposals 
According to the Type of Property 

Estimation of expected earnings and transition of tunds based on tarifti and 
solvency of consumers (residential, commercial, municipal and industrial). 

* Estimation of operation expenses taking into consideration perrniulen~ and variablc 
costs in different months. 
Analyses of financial risk connected with the accuracy of calculated nrdded 
investments and estimation of income, importance of accurate infornlation. 
Working out a characteristics of a private company that wants to ow11 the operation 
system of Zugdidi geothermal heat supply. 
Working out recommendations of improving legal structure and adn~inistrati\.s 
demands necessary for operation and the start-up of geothermal hentiny system. 

From: Zugdidi Unified Multibranch Enterprise of Communal-Utility Services 

To: Arsi Studio manager Mr. Alexander Arobelidze 

A list of documents: 

1. Certificate on power supply condition 
2. Certificate on water supply condition 
3. Certificate on Poultry Farm condition 
4. Certificate on possible heating area =about 100 000 rn' - residential. 

90 m2 state buildings 

5. Tea Factory N 1 f a  heating and hot water supply 
6. Clinical Hospital 10 000 mZ 
7. Central Municipal Hospital 5600 m2 
8. Tuberculosis Hospital 
9. Wine Factory for technological process 
10. Bakery for beating 
1 1. Tea Weighting Factory "Odishi" 8410 m2 36 800 m3 
12. Repair-Mechanical Plant 450 m2 

13. Machine Construction Plant 21.154 8120 



From: Zugdidi Unified Multibranch Enterprise of Communal-Utility Services 

To: Arsi Studio manager Mr. Alexander Ambelidze 

March 21,1996 

Data Concerning Thermal Water Supply to Zugdidi Schools, 
Collages and Other Budget Organizations # 

There m 15 schools, 28 nurseries, two universities (one commercial and o~ic slalc) 
and one coilagc in the city. They were heated automatically but now. nci1hc.r of them is 
supplied with hot water. 

After the discussions with you we think it is reasonable to use therinai water for 
heating and hot water supply and according to the preliminary data the pipeline shoulcf 
be connected to: 

1. University on King D. Agmashenebeli st. 
2. Military unit 
3. N 62 School of Professional-Technical Traiaing 
4. Schools N 1,2,4,10 
5. Nursery N 1. Nursery of Engury Power Plant 
6. Military ofice 
7. Financial office 
8. Tax department 
9. Zugdidi City Trade Department 
10. Sakeneryo Zugdiidi Office 
1 1. Building of Communal-Utility Service -rise etc. 

According to the preliminary data the above mentioned organizations will be able lo 
pay the hot water and heating charges. Besides during the design work it must be 
taken into consideration that outer piping for hot water supply to the buildings will 
need rehabilitation, whiie the inner piping has to be totally replaced. 

Manager of the Enterprise 



Supply System 

- Zugdidi is supplied drinking water fiom 3 head smctures. Water is supplied to the 
town by Rechkho-Tskivi pipeline, the wlumc was 400 literlsec. This pipcline is on 
Abkhazian territory, Gali region. The head s t n r f u m ,  pump station aid 3516 kv power 
substation artt also located there. 2 pumps are W e d  at the pulllp sh~ion instead of' 
3. Power of tach pump is 800 kw. During winter, when thcrc was powcr Jciicicncy, 
problem, the pun~p station owrated with intenuptiom due to the I i ~ w  iic.qucnc.y. 

Because of thc poiiticd situation in Abkhazia Rechkho-Tsiiiri pilk.li~~c'  docs not 
operate now and thew is no way to protect tbe equipment h n l  robbcry. 3316 kv 
substation. 2500 kW transformer, 12 oil circuit h&xs a n  out of clrdcr at t11c ~UIIIP 

' 

station. The cables and controlling equipment arc d e n .  

The second source of water supply is Rukhi head a t u r e  at river Enguri. Its capacity 
is 30-40 L/sec. and it does not supply the town, but only vil1i.tgc.s Kuklli ;urJ 
Abastumani. Rukhi pipeline consists of h d  str~hms, carchmcnr ulCl pu~l lp  statiol~ 
with 2 installed pumps, 200 kwt each. 

The third source of water supply is Olori head mwtam. Its capacity wries from 60 to - 
150 Wsec. The pipeline supplies water to Jinguri Power station srttkment. village 
Jvari and almost all the villages located along r.Enguri bids  up to w\sn Zugdidi. 
Consequently this source is insignificant for the towa 

In order to save the s i tdon  the authorities of thr: town twk timcly stcps 10 supply 
residential houses with water. 1 1  wells opcratc in the town with ;m rrvcrayc' capxily 
70-80 Usec. 'I'his completely settled the p m b b  of supplying L(Tilljiiilg wtcr to tllc 
residential huusrs of thc: town. Artesian depth pumps are installrd at drc wclls. 'Iluc's 
why in winter, whun power frequency is low, the motors olisn get out of' ordcr. 
Besides the residentid houses, enterprises and private conlpiiirs ol' the \ o ~ n  have 1 U 
their own wclls, total capacity of which is 70 Uw. So there are 21 *ells in the 
whole, their total capacity is 1 50- 160 L/sec. 

In order to solve the problem of supplying Zugdidi with water, consrruction of 30 km 
pipekine, connected to Jvari reservoir, including cleaning suucturcs, st;utcJ in 1988. 
The pipeline will operate at gravity flow, that will make it possible ro supply tlrc town 
with drinking water during power deficiency penads. 

According to the preliminary estimates 5 miUioa US dollm art: ~ ~ e c e s w y  lo finis11 lhr 
construction. Some part of the work 2 km is alrr;ldy finislrccl. ,,\I prcscnt ~Iic 
construction works are stopped, becaw there is no funding. 

It is impossible to solve the problem of water supply w the tow11 irr thc ncarcsi tuturc 
without rehabilitation of Recckho-Tsaishi pipJirv d u r  thr: exisring pn~blcms rbf tllc 
political stabilization in Abkhazia settled. It ia imposib1c: to find ilil LYUJ debit wltil 

' i -- Jvari-Zugdidi pipeline is built. According to (td'm c r h W  7D8U thousand 
US dolars are needed for the rchabilitath $,b also necessary to tind a wily of 
f w c i n g  the construction of Jvari pipeline, *:will bring us closer to the solution of 
the problem. As to the drinking water supply tg village Tdshi the problem can bc 
srttied by means of wells and installation of equipment on river Jwni. 
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GEOTHERMAL DISTRICT HEATING 
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3.0 ASSESSMENT OF THE ZUGDIDI GEOTHERMAL RESOURCE 

3.1 Regional Googqhy and Climate 

The city of Zugdidi is located in the western pan of the Republic of Geaxgia, some 25 
lcilometets from the Black Sea coast. and aver 200 kilometers west of the national capital, Tbilisi. 
Zugdidi and its suburban district of Tsaishi are between 30 and 100 meters in elevation above sea 
level. Generally, the region is Oat to gently roiling in topography. However, inunedidy to the 
north rise the majestic peab of the Great Caucasus mountains, reaching over 3,000 metes in 
elevation at a distance less than 50 kilometers from the city. At a much greater distance to the 
south, across the valley of the Rioni River, rise the Lesser Caucasus mountains. 

Climatobgically. the area is characterized by cold winters and hot summers, the coldest 
month? January, averaging a b u t  5°C in temperature, and the hottest months, July and August, 
averaging about 22°C to 23°C. Maximum temperature during summer days may reach N°C, or 
even 40°C under extreme conditions. Winter nightime lows, typically in December, Jan- and 
Febxuary , may be -5°C to - 10 "C. with the lowest temperatwe recarded as-WG--Mean mail air- - 

temperature is 14°C. 

Precipitation is moderate to abwdaut, usually varying between about 500 and 1 .OW mm per 
year, aad occutring on an average of 160 days per year. This precipitation if moEt abuadans between 
the months of November through March. with a p m u n d  drier season during April though 
October. However, in some years, individual momhs of the drier seasan may have greater 
precipitation than individual months of the wetter season. it is rare for any winter month to have less 
than 70 mm of rain or snow, or for any dry season month to have less than 50 mm of rain. 
Maximum monthly ptecjpitation in any season can exceed 200 rnm in certain years, and on rare 
occasions 300 mm. 

W i d  direction in winter typically is from the east (continental wind), whereas summer wind 
direction is from the west (marine wind). The climate year-round is humid, with high relative 
humidity increasing the sense of discomfort in both the hottest and the coidest periods. 

3.2 Regional and Local Geojogy 

The east-west trending valley of the Rioni River is a stmcturai basin that is believed to widen 
and deepen tw the west. Zugdidi lies along the northwestern margin of this basin. The basin is 
underlain by an essentially sedimentary suite of hlesozoic and Cenozoic rocks to a depth of at least 3 
kilometers, and perhaps to much greater depth in the west beneath the Black Sea. 

Xn the Zugdidi area, Jurassic claystone, marl. sandstone and dolomite, M d e d  with 
basaltic lava flows and gypsite lenses. all of an unknown maximum thickness, are overlain by a 2- 
kilomehr thick sequence of Cretaceous limestone, claystone, marl and dolomite, with rare intervals 
of volcanic tuff debtis. This, in turn, is overlain by a sequence of Paleoms to Pliocene mads and 
clays, to a maximum of about one kilometer in thickness. This entire sequence has b e a  folded 
lightly and faulted in places, and then planed off by erosion. Tbe result is that, in drilling, individual 



, rock units may be missing or repeated. The truncated Pliocene surface is coveted by a thin veneer of 
Quaternary alluvial and fluvial deposits, mostly unconsolidated mds, gravels? s ib  and clays. 

On the flanks of the Great Caucasus mountains: north of Zugdidi, are exposed Precambrian, 
Palwzoic and Early Mesozoic metamorphic and igneous rocks of widely varied composition, along 
with Late Mesozoic and Cenozoic igneous rocks. Quaternary volcanism is present much farther to 
the south in the Lesser Caucasus mountains. 

3.3 Regional Hydrological and Geothermal Systems 

Precipitation, as mentioned earlier. is plentiful in the Zugdidi area, and is very abundant in 
the Great Caucasus mountains to the north. As a result. surface moff of rainfall ad snow melt 
gives rise to numerous year-round rivers and streams. The west-flowing Rioni River, the largest in 
the region, originates high in the Caucasus mountains. and is supported by numerous tributary 
streams that flow from the north. In the immediate vicinity of Zugdidi, the Xnguri River is the 
principal s u h c e  stream. It flows southward from the high Caucasus, entering the Black Sea 
dimly ,  without joining the Rioni River. Wi& 20 or 30 kilometers of Zugdidi, numerous -- - - smaller - -  
streams flow in c o t ~ ~  paraIIe1 to the inguri Rivei; most go* directly b the Black Sea, while a few 

- 

unite with the Rioni River en mute. Thus, the entire region bas abundant surface water flow. 

The Inguri River has a total length of 200 kilometers, and drains an area of some 4,000 
square kilometers. It flows all year. However, flow is at a maximum during June and Juiy, fed by 
snow melt in the Great Caucasus. The season of low flow is winter, through about March. despite 
Iocally abundant winter rains. This shows the imponance of the Great Caucasus mountains as a feed 
source for surface water. 

The same scheme is observed in the subsurface water regime. Subsurfaa water flow 
parallels the surface stteams, from the nonh to south and from east to west. Recharge to aquifem, 
both shallow and deep. is believed to come from water that infiltrates on the mountain slopes of the 
Great Caucasus. It is reported that karst tenain is present I d l y .  which greatly aids in this 
subsurface recharge. Water produced from deep wells at Zugdidi, and elsewhere, flows under an 
artesian head. This strongly suggests hydrauIic contrnuity between the deep sedimentaty basin and its 
recharge ateas in the Great Caucasus mountains. As additional evidence of this deep recharge of 
water beneath the basini chemical analyses of water: from d w  wells in the Zugdidi region show 
increasing mineralization with increased distance from the Great Caucasus mountains. This suggests 
that waer slowly moves downgradient into the deep basin. becoming more mineralisxi with time as a 
result of watcr-rock hiemaion. 

Subsutface water temperature, however, decreases towards the center of the Rioni River 
basin; and the depth to a given isotherm increases basinward. This suggsrs several things about the 
naarre of the them1 system. Fint. there appears to be ao hcat source beneath rhe basin. Instead, 
the source of heat appears to be associated with the flab& of the Great Caucasus mawtains. fhis 
source may be one or more cooling intrusive bodies at depth, or highly radiogenic igaeous rocks 
(granitic rocks?) within the Caucasus block. Second. it appears either that the heated fluid from the 
Caucasus margins does not move basinward rapidly. and thus cools by conduction, or that this fluid is 
diIuted by larger quantities of cold subsurface water moving downgradient from the east within the 



bash. Finally, the thermal gradients calculated from measurements made in deep wells in Zugdidi 
and the s u m d h g  areas are not representative of magmatic heat sowces, ?hey are, instead, more 
typical of deep circulation under conditions of 'normal' regional heat flow or only slightly greater 
than 'normal. ' 

The entire zone along the Caucasus font, from northwest of Suhumi, southeast into the 
center of the mtxy, is characterized by them1 springs and artesian thermal water wells. Zugrfidi 
is a parr of this trend. Viewed overall, this pattern supports a model in which there is very deep 
circulation of meteoric water along the ftont of the Great Caucasus, either within highly folded rocks 
or along faults that cut these racks. Tbe warer is hated uuder conditions of near-normal thermal 
gradient, and then rises towards the surface because of its lowered density. 7 3 s  water then flows 
basinward within aquifers of Mesozoic age, cooling by conduction or by diiution. The water 
interacts with its host rocks, thereby becoming increasingly mineralized with time. 

This appeals to be the provenance of the Zugdidi geothermal waters. The same mechanism 
may apply to most of the Georgian thermal waters. Based on this model, the most atuactive targets 
for geaoit,e:~d cfeve10pmeut are to be found near the Win mar& h sedimentary aquifers that 
exbibit hydraulic cmthuity with the recharge areas of the Great Caucasus. Zugdidi appoan to be 
one of the most favoxable representatives of these conditions. 

Several government organizations drilled at least 23 thermal-water wells in the Zugdidi- 
Tsaishi area of the s t r u c b d  basin, b q h h g  in 1950 and continuing into the 1Ws.  Well depths 
varied greatly, between about 600 meters aad 3,728 meters. Most, if not dl, of the wtlb pexefrared 
tfiennal-water-baring strata of Lawet Cmtacems (Neocomian) age. These strata are formed of 
fractured. occasionally vuggy. and possibly cavernous limestone, doiomite and marl, up to 865 
mesers in thiclcnss. 

Depth to the themi reservoir ranges from as shallow as 750 meters to as much at 2.450 
meen, reflecting the stmmral complexity of tbe Cretaceous section beneath the basin floor. 
Similarly, dfilled thic- of the resexvoir rack bas varied greatly, exceeding 1,240 meters in one 
hole, this also being a function of rock folding and fault offset. and subsequent erosion. Some holes 
penetrated through the reservoir into Jurassic sedimentary and volcanic rock: others were completed 
in the resentoit. Capping the resentoit is  an impermeable chalky limestone of Upper cretaceous and 
Paleocene age. 

Temperatures measured in the Zugdidi-Tsaishi thermal system are reported to be between 81" 
C and IO2'C. It is unclat which measurements were made downbole in the cese~oit. and which 
represent watet discharge at the surface. Most (perhaps all) welb flowed under artesian pressure, at 
least immediately after being drilled and in some cases are still capable of flowing. Fluid chemistry 
was reparted to be mainly Calcium-Sodium-Sulfate-Chloride in composition, with total dissolved 
solids ranging up to 24,000 mg/fiter. 

Wells were tested immcdiateiy after being drilkd and comp1eted, and at various intemals 
subsequently. However, there have been no measurements made in recent years, and most. if not all, 
wells have been damaged during that time. Test data can be said to represent an initial condition in 
what probably were undamaged wells. Because of damage to the weIIs, probably not one today can 



t- perform comparably to the test data. 

3,4 Aggressive Behavior of the Thermal Water 

Wells at the Zugdidi-Tsaishi geothermal field presentIy show extensive evidence of sale 
deposition and conosion. However, it is uncertain whether this fepreseaats a true p i a r e  of wdl 
performance under preferred conditions of production: or whether the scaling and corrosion represent 
the results of well damage and/or a lack of routine well maintenance. 

Total dissolved solids W S )  have been measured for produced waters from many Zugdidi 
and Tsakhi wells. These analyses show 9,000 to 24.000 mg/liter IDS, mainly SO, and Ca, followed 
in abundance by Cl and Na. and then by Mg and HCO, ions. This is f3iriy typical of low-enthalpy 
waters derived fmm a wn-magmatic regime, usually from a resuvoir in older basaltic rock andlor 
organic-rich sedimentary rock. However. it is not known when or under what conditions the 
sampling and analyses were performed, or if they are truly reprewatative of the geothermal resentoit 
fluid. 

Gas cuncentratio~ also are reported for selected wdfs I b t h  Zugdidi aad-TsaW. fhey 
range from 20 to 33 cm3/liter by volume (approximately 2.0 to 3.3 volume-%). In compositicm, the 
gases prhipdly are N, and CO,, No analysis is provided for H$. c;rrtrrmefy high 
concentzation of N, suggests that corn- by admixture of air is occmhg in tb shalhf 
subsurface or in the well bores. Here, again, the conditions under wbich sampliag ~OIS uc not !\ 

ktxbwn. nor are the conditions of sample ptcdcmtion and chcmiui analysis. 

Deposition of calcium carbonate scale can be expected from waters of this genual chemistry 
(assuming that the analyses are approximately accurate). Such scaling typically takes p b  where the 
fluid undergoes a pH change and/or where there is a sudden decrease in fluid flowing pressure, Most 
OM this occurs at or near the wellhead. This is especially the case where fluid is discharged to the 
atmosphere without confmement, such as in a flowing artesian welt, or in a well whose surfaa 
valves have been removed or damaged. Both sezs of conditions occur at Zugdidi-Tsaishi. 

There i s  no indication of silica scale formation. or of other lesscommon scales. However, 
rkrnical analyses of the c d o  dopooita at Zugdidi and TuhL w J b  will LF -wry In order LO 
determine the actual scale composition. 

Calcium carbonate scale can either be removed or prevented, depnding upon field 
conditions. Removal can be by mecbaniai scraping, which is practicai and h x p s i v e ,  and is 
carried out at many gcotkxmal fields worldwide: or by acidization of the wellbore, which is more 
expensive aad more likdy to damage the well casings, and which therefore is less comm~nly used. 
Prevention of scaling is done by hjection of chemicals downhale to cbange fluid pH or to otherwise 
modify fluid behavior, and thus to retard to even eliminate scale precipitation. This is often do% in 
geothermal wells, but requires the availabitity of suitable chemical additives, which may not be the 
case presently or in the near future in Georgia. 

Well design alsa can be modified to reduce scale formation by eliminating abrupt C h g e s  in 
well diameters or drops in pressure. The prhxipal pressure drop is associated with unconfined 



discharge at the surface in an artesian well. T h i s  may be an argument in favor of installing pumps on 
wells in the future. 

In any case, scale deposition can be suppressed by one means or another, after chemical 
mlyses of well fluid and scale have been made anew and studied. The occurrence of calcium 
carbonate scale should not be wnsidered a limiting factor on rhe development and utilization of the 
Zugdidi-Tsaishi geathermai reservoir, 

Corro$ion typically takes pIace where air is allowed to mix with the geothermal fluid, causing 
oxidation of 4 s  (where present) to &SO4, and of various other gases (if present) to such other acids 
as HCI. No reliable analyses of H,S ate presented. Therefire, careful sampling and analyses of 
am-condensible gases in the geothermal fluid is a necessary f ist  step in the &&tion of the 
corrosion poteatial. One report states that steel corrosion rates are Ween 0.14 and 0.16 d y e r  
at Zugdidi-TsaisM. Here, again, it i s  not known whether this represents laboratory tests, or actual 
downhole or wellhead measurements, or under what conditions. 

If wells can be collswcted at Zugdidi-Tsaishi to prevent air admixaue with the thermal fluid. 
as is commonly done in geoth-1 fields woridwide, the potathi for cornsion can be ttduced 
significantly, and perhaps even avoided completely. ' If corrosion cannot be eliminazuf or kept to 
acceptable levels. the use of soft s e e k  for casings and valves, W o r  the injection of pH ~ i + n  
(neumliziqg solutions) m y  be useful, although potentially costly. 

To summarize, there appears to be a potential for both scale deposition and corrosion at 
Zugdidi-'hishi. The intensity of these potentW carrnoc be dcternrinsd at this time, because of the 
lack of suitable chemical analyses and because of uncertainties regardiog well c01)strucsion and 
operating conditions. Scaling most certainly can be containad or even eliminated at relatively low 
cast if proper well wmuuction and opetatiDg practices an followed. C o d o n  also can be reduced 
or eliminated if the mixing of air witb geothermal fluid can be avoided. This should not be too great 
a problem, if proper practices are folfowed. Because the fluid is of relatively low eathalpy, and 
appears to be of relatively benign composition, scale control and miaimitation of corrosion should be 
possible at the Zugdi-Tsaishi fieid. 

3.5 Resule of Previous Well Testing 

Data are available for the discbarge of brmai  fluid h m  various wells at Zugdidi and 
Tsaishi wer time ad under various flow conditions. Mass Row rates of up to 6,000 cubic meter per 
day are repaned (well IO-T), md the average for 9 Tsaishi praduCtiox1 wells ( I N ,  8-T, l ap .  14-T, 
17-T, 1-T, 16-T, 13-T and 2-T) is approximately 3.000 m3/day. Tmsmissivity bas been CaIculated 
in previous reports by Georgian scientists as 400 to 500 d/day, with a drawdown of less thau 1 
kg/cm2, which k attractive for exploitation. Total sustainable yield from the Zugdidi-Tsithi 
reservoir is estimated in various reports to be between 60,000 and 120,000 m3/day of w?ter at an 
average temperature of about 90'C. This picture is favorable for wmmexkd utilization in space 
heating and industrial applications. Injection testing also has b#n carried out, apparently under 
conditions of gravity feed (zero wellhead pressure), which again is higbly atuactive? as it eliminates 
the need for pressurized pumping during disposal of residual fluids after utilization. 



However, the actual conditions under which these measurements and calcuiatians were made 
am unknown. Further, mass flow rates are reported to decrease signifiamiy with time for several 
wdls. Some wells reportedly have ceased to flow. It is not known why these declines have 
occurwd, although several expIanations (and possible remedies) can be suggested. 

Individual wells may be interfering with each other, as a result of being spaced too closely 
together. This can be avoided or minimized by using a wider spacing. Unfommtely. the optimum 
well spacing cannot be calculated at present, given the uncertainties rtgardii the field data. 
Altemtively, the use of pmps rather than allowing artesian flow caxl maintain mass flow, even 
while allowing fluid levels to be drawn down in the reservoir, This, again, can be c l e w e d  only 
a h  extensive well testing. It is also possibie that total memoir storage is limited. at least locally or 
within specific reservoir rock units, in which case sustainable yield may be less tban the estimated 
60,000 &day. This seems less likely, given the high mass flow rates reported initially, the 
relatively good ttansmissivity, the small pressure drawdown, and the gravity feed acceptance in 
hjection tests, 

Another possibility, perhaps mote likely, is that individual weils have beea reduced in 
diameter by scale deposition, or have suffered mechicaEdamage such as casing collapse. This can - 

easily explain a decrease in mass flow, or an abrupt cessation in flow, for individual wells, but 
usually does not affect an entire wellfield. However, it has been observed that alamt all. if not all. 
wells at Z u g d i  and Tsaishi have beea~ damaged or exhibit scaling in surfaa piping. This m y  
support the idea of scaling and well damage as a major cause of pawsure and flow duction. 
Scaling, as described ekewhere, can be coptrolled mechanically and chemically. 

Given these conditions, it is not possible at this time to decide either the cause of mass flow 
declints or the optimum conditions unda which these wells crrn be produced. Further c e ~ Z h g  is 
necessary, including both flow and injection tests, with and without pumps, acmapmied by fluid 
sampling and chemical analysis of dissolved solids and non-ccmdensible gases. It may ultimately be 
necessary to install pumps in various wells in order to maintain a desired production rate. The future 
pressure drawdown that would result from this is unhown at tbis time, and can be calculated only 
after well testing has been accomplished. 

3.6 Recommended Testing Programme 

A multi-step programme is recommu1ded for the Zugdidi-Tsaishi wells, in order to determine 
the potential for commercial utilization of the thermal fluid. These tests are designed to be carried 
out in stages, using simple equipment in the initial steps, and invo1vhg more complcx operations as 
warranted by the results of tbe initial steps. In this way. the expenditure can be mhimized initially, 
until it is amfirmed that a resource of potential value is present at the Zugdidi-Tsaishi geothefmal 
field. 

3.6.1 Survey of Existing Conditions 

This should consist of three steps. carried out simu1taneously. These are: 



A physical inventory of wells: how many wells are there; exactly where are they; what is 
their present condition; what equipment is present on-site: is the equipment in operating 
or repairable condition. A map and tables should be compiled show exact location and 
status. No specialid equipment is requid for this survey. 

Samples of scale should be collected from each wellhead and/or surface discharge pipe 
for chemical analysis in a laboratory very experid in such analyses. Sterile sample 
vials, preferably of piypropylene or polyurethane, should be used ot prevent sample loss 
during tZmspo~tion. %mple size should be a minimum of several grams for each well. 

Attempts shouId be made to pass a metal bar (*sinker bar') down each well, to determine 
if blockages exist, and at what depth; if possible. sinker bars of varying diameter should 
be used, to obtain precise infoxmation on well diameter and blockages. Because several 
wells are capable of flowing high-temperature water, precautiops must be taken agaiost 
suddea eruptions; this may involve w i n g  a metal or wooden screen around the 
wellhead during probing. A truck-mounted winch, preferably motor driven, with an A- 
frame and up to 3,000 m of cable is required, along with the weighted ban. Meter - 
inremais s b 1 d  be marked on the cable for ease of m d b g  depth. -hta should % 
compared with original &ta an wdi depth, diameter and casing conditiops for each well, 
in order to determine which wells are still in comWcation with the reservoir. 

This work should be done by a Georgian crew under the direction of an h e r d 0 ~ 1 l  expert, 
experienced in geothefmaf well drilling and testing activities. Approximately 3 weeks of field work 
is  anticipated. 

3.6.2 Analysis and Design of Well Tests 

Baed on thio infomucisa, it skbld k J d ~ r ~ u i ~ i d  wlrkdi wells (ti anyj are avauaoie tor 
immediate production testing, and which must be reconditioned or repaired before tosting can be 
carried out. A detailed list of necessary equipment and supplies must be prepared, both for testing of 
the immediately available welL, and for reconditioning or repair of the damaged (but ultimately 
usable) welb. Along with this there must be a detailed estimate of cost and time required for the 
operations. As part of the testing programme, assuming that some weli(s) can be used, an injection 
well must be identified and specifications given for injection testing, If no well(s) can be used or 
salvaged, it must be decided whether to drill new wells for testing and field development purposes. 
Hem, again, an injection we11 must be identified for fluid disposal. This work should be done by a 
combined group of Georgian and international geothermal expem. Up to one calender month effort 
is anticipated. 

Welt testing should consist of the following elements: 



e Downhole logging of temperature, pressure, and well diameter, under flowing and shut-in 
cgnditions. This is necessary in order to determine the stabilized  re profile, and 
the precise points of fluid entry into the well, as well as fbr use later in reservoir 
modeling. Several suites of measurement will be needed for each well until we 
stabilized conditions are reached. 

Short-term discharge tests, to determine whether long-term testhg is useful (that is. does 
the well flow, and can it be kept discharging). This test may be 3 days to one week in 
duration. 

6 Long-term flow tests, with or without pump assistance, to d e t a m b  well production 
c h m d d c s .  This test may follow immediately after the short-~erm test if results are 
satisfactory (the well continues to flow witbout mccepble decline in prwsure or mass 
flow rate). Test duration may be several weeks to several mon* for eacb well. Wells 
may be tested individually in sequence, or in same time-stepped or overlapping pattern, to 
obtain data on individual well performance with aad without interfixmce from nearby 
wells, 

.A - - -  - - - 

6 hjection testing of selected welb as possible long-tcrm disposal wells. This should be 
done initially without a pump, to determine if gravity flow b sufficient w a- all 
produced fluids, and later under pump pressure to obtain data on the number of wells 
needed ftw disposal during comxnesial operation. Mom than one dis@ well probably 
will be needed u l b t e l y .  

C k d c a l  sampling and analysis of water and n o n . c o ~ i b l e  gases. This should be done 
on several occasions for each well, throughout the couxse of the well tests, to determine 
true m i r  fluid chemistry. Care must be taken to avoid contamhation, loss of species 
by precipitation, or loss of nm-condensible gases during sampling, sample storage and 
 ion to laboratory. A laboratory experienced in such work should be selected. 
and results monitored through the subminal of doctored blank samples. 

Such testing will probebly require several months in total, including mobilization of equipment. actual 
test and sampling operations, chemical anaiyses, and data transnhd and compilation. An 
international expert in &eathema1 well testing should be on site for at least the start up and 
completion of activities. This would involve at minimum the brainiog of Georgian counterpart sraff. 
installation and calibration of equipment, collection of at least the first suites of data. preliminary 
dataqua1ity analyses, and finally mobillation. An inspection trip midway i0 the well testing 
operatioas may also be required. 

3.6.4 Modeiing of Optimum Field Performance 

&fore a decision c9n be taken to proceed commercially with f a d  development 
utilitation, there must be a serious analysis of the collectad 'data. This probably will involve a 
wellbore and wellfield simulation. and the co~stmction of a field model. The model and simulation 
will be used to piedict resource size. long-term well behavior, well spacing, well maintenance 
fquiremcnts, and optimum production levels through time. Such matters as scaling, scale control, 



and cornion and cornsion conttol can be evaluated, as a pan of field optimization. An inspection 
trip midway in the well testing opetatiaps may also be required. 

3.6.5 Planning of Future Wells 

A fml step in the piocess will invoiye plans for additional ptoduaion or iajectioa wells. 
This will invalve well design, well location, costing of drilling, logging and testing, prepamtion of 
drilling specifications, and possibly the preparation of tender documents. This s t e ~  will d w ,  of 
course, on the justification that a cornmenially viable geothermal resource exists at the Zugdidi- 
Tsaishi fteid. 


