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1. INTRODUCTION I 

1.1 PURPOSE 

The Report which analyzes the present general condition of the Unified Gas Supply System 

(EGS) in Russia, and the h c i a l  priority of its rehabilitation requirements, has been prepared for 
GAZPROM by thirteen specialist international gas codtancies,  together with Russian specialists 
nominated by GAZPROM through the firms of lKEM and ENGO. This team was engaged by the 
EBRD and funded by their National Governments, NOVA Corporation and other individual 
sources. 

The Report sets out to provide an independent Western assessment of the present status of the 
EGS, reviewed in close association with the Russian specialists and GAZPROM senior central 
and regional staE The Report's conclusions could only be based on the information, meetings 
and site visits made available through TKEM as well as to generalized data on the EGS as a 
whole. These site visits were limited to sample sections of the pipeline system which were chosen 
as representative sections of the EGS and of the various climate zones. They were built at 
different periods of time and serve different specific purposes within the EGS. The conclusions in 
the Report were based on the information thus provided and supplemented by information in the 
public domain. 

In addition the Report has specifically developed a number of individual projects, some of a pilot 
nature, which are recommended for rapid advance to the financing stage, and which may be seen 
as falling within GAZPROM's present international commercial h d i n g  capacity. 

This Summary reflects the general contents and conclusions of the fdl Report. 

This summary sets out in sequence: 

the principles which guided the writing of the Report. 
individual summaries of the main sections of the Report. 
the main conclusions drawn in the Report. 

It lists the specific recommended investment projects; other urgent projects for which sufficient 
data is not yet available; recommendations on how GAZPROM could improve its operations and 
September 5.1995\bat 
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investment planning; and particular subjects requiring firther urgent study. There are also general 
recommendations. 

The origin of present problems within the EGS is that in the course of its development and growth 
the access to the newest technology, equipment and "know how" was limited. As well, the rapid 
construction and implementation methods used, which were common in the past when the major 
goal was to increase the volume of the gas production, transportation and distribution to the 
customer (in the event by 7-10% annually), led at times to serious deficiencies in quality. 

The EGS exists and works as it was initially constructed and it has to be operated in the context 
of present-day conditions in Russia. This Study was initiated by the new economic environmental 
and market system conditions in Russia, the new opportunities in accessing Western technology 
and "know how" and by GAZPROM's determination to increase its own effectiveness. 
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MAIN PRINCIPLES USED IN THE PREPARATION OF THE( 
I REPORT 1 

1. GAZPROM was origmdly the Gas Ministry, and at that time acting as a state corporation, 
GAZPROM supported the growth and the development of the EGS with the fhancial 
assistance of the central government. GAZPROM's obligations were to meet overd 
domestic gas supply targets, and to meet export targets in order to generate hard currency 
income for the state. GAZPROM did not own its own facilities at that time. This meant 
that it had allocated the finances, services and the materials to achieve its targets as these 
were set by the central government authorities. 

At that time, GAZPROM applied economically effective solutions on the basis of 
governmental optinkation of the national he1 and energy balance. Meeting the system 
development requirements set by government plans was done making use of such 
possibilities as existed at that time, regardless of the limited access to advanced technology 
and equipment. 

To meet the required very rapid development process of the gas industry, a major research 
and development effort was needed which mainly had to rely on domestic equipment. The 
high rate of development caused a number of problems, which have now .resulted in very 
noticeable maintenance and rehabilitation costs. 

2. GAZPROM is no longer driven by centrally planned volumetric targets. It is now the 
owner as well as the operator of the EGS. GAZPROM no longer is state funded to 
achieve its supply objectives, and it now has the obligation to identrfl and to obtain all the 
financial resources that it requires. Furthermore, GAZPROM is facing a severe shortfall in 
cash availability as the result of the prolonged non-payment for gas it has delivered within 
Russia and the CIS; the price levels in domestic gas sales; the stagnant international price 
levels for exported gas which limit the increase of export earnings; and the push fiom 
transit countries for higher charges. 

With the beginning of the market economy, the priorities of GAZPROM have changed. 
GAZPROM is now forced to look for economically effective solutions to meeting its 
operating and increasing development requirements. GAZPROM strives to have its gas 
production levels respond to market demand and be profitable. The main concern of 
GAZPROM is the availability of cash. This is a necessity because GAZPROM must now 

Sentember 5,199s-t 
s:\mss~a\final\laterr\hs.aoc 



B TOT nepmA ra3np0~ n p m a r r  ~ K O H O M E ~ ~ ~ C K E  ~ @ Q ~ K T H B W I ~  p e m e m  H a  
OCHOBe 0-4EIEI CTpaHbI. ~ o c T H X ~ ~ E I ~  ~pe6ye~oro  r0CyAapCTBeHHbIM 

IIJIaHOM Pa3BHTHR CIICTeM36I 0 6 e c n e ~ o c b  C EICIIOJIb30BaHHeM BO~MOXHOCT~~~,  

KOTOpbIe MOXHO 6 ~ 1 0  EICIIOJIb30BaTb B TOT IIePkIOA C YgeTOM EIMeBIIlEIXCX 

o r p a m e d  Ha nepeAoBHe Texmnom H 060py~ommfe. 



@ ,EGS Reconstruction Study Final Report Summary 

rely entirely on its i n t e d y  derived cash flow; on external third party credit sources; and 
on sales of equity in GAZPROM itself or in its peripheral operations. 

The present cash shortage can only be overcome by cost savings and by increased 
revenues fiom improved operational efficiencies and from improved market returns; by 
borrowing funds to invest in improved economics as well as in technical performance; by 
enforcing payment of overdue accounts; and by higher market price realizations when they 
occur. The internal generation of more cash and the improvement in operational 
efficiencies can be achieved by the application of stronger internal management controls 
and incentives. 

- . In these changed conditions, GAZPROM has to rank its expenditures based on further 
enhancement of system analysis in accordance with economic parameters in order to 
secure its financing requirements. Like any major international company, GAZPROM 
must however be carefbl to achieve a balance in the allocation of its funds. Despite the 
inherent strength of the EGS, h d i n g  must go in d c i e n t  balance to all its business 
sectors if it is to maintain the overall system, for unbalanced allocation would lead to the 
over-strengthening of one sector and the consequential inability of other sectors to provide 
matching performance. 

This means that not only has GAZPROM to make its future individual investment 
decisions based on economically driven assessments, but that the follow-on effects of 
those decisions on its other operations must also be carefully assessed in economic terms 
to ensure that overall economic benefits flow through. For example, as can be seen fiom 
the methodology used to screen and justify the projects recommended in Section 5.4 of 
the Report, there is iittle purpose in developing a new source of production, or in 
rehabilitating or expanding a transmission line, if fbrther downstream in the system a 
transmission bottleneck constrains that new supply; or if the supply problem could be 
more cheaply solved by i d e n w g  a number of less expensive solutions such as in storage, 
contract flexibility or in investment in minor facilities rather than in one major project. 

In this connection, GAZPROM will need to set up procedures to address more 
comprehensively its information requirements to support economic decision-making, both 
at the regional level and particularly at central group level, thus to ensure that the limited 
group financial resources achieve the best results for the system as a whole. 
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In order to back this up, GAZPROM should also regularly be carrying out more 
systematic technical and economic audits of past capital expenditures. For if it has buiit 
assets on the presumption that they will perform as designed and as planned, and if in fact 
they do not, then the outcome of GAZPROM's investment planning strategy will be put at 
risk. For example, if capital expenditure is going to be incurred at Medvezhye to restore 
production levels, the results ultimately achieved must be compared in detail with the 
estimated results prior to that expenditure being approved, and an analysis undertaken to 

measure a .  deviation from the forecast numbers and whether such deviations might have 
been predictable. Similarly post-construction analysis of actual versus planned 
performance of pipelines, compressor stations, storage and processing must all be 
undertaken, for GAZPROM cannot afford inefficiently to utilize internally generated or 
borrowed funds. 

Further investment efficiency can also be obtained by such means as more comprehensive 
procurement methods. For example, bids can be solicited from suppliers which leave open 
any concepts they might have on more effective technical solutions or which call for 
greater post delivery services. The question also arises on the extent to which the 
commitment of future gas deliveries to pay for required equipment supplies achieves the 

most economical return. 

In assessing potential new investment in facilities, GAZPROM is only addressiig a portion 
of its cash problem. The EGS is massive and therefore the consequences of any 
inefficiency in its utihation and economic operation can be equally massive. The existing 
EGS should be thoroughly and systematically re-analyzed to minimize the leakage of 
financial resources that codd be used for system improvements. 

4. AU major international gas companies have their own business criteria, and none are the 
same as they each reflect the conditions in wbich the different companies operate. 
GAZPROM is a Russian company and Russian conditions impact strongIy on how it can 
function. The EGS is as it exists today, and cannot be redesigned or rebuilt. The 
application of Western economics to the EGS must therefore be cognizant of such 
differences. 

To take an obvious example which is discussed more in Section 3.1.1.1, GAZPROM has 
to provide from within its own organization both a range of social services it needs to 
maintain its operations, and also its own supply of particular equipment and services which 
cannot be procured reliably from external sources. A W e r  but more acute example of a 

social nature, is the very heavy pressure on GAZPROM to maintain gas deliveries to 
customers who do not or cannot pay for them. , 
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The more that political and social considerations ovemde commercial judgment, the more 
dBicult it will be to run the EGS efficiently. To the extent that GAZPROM management 
is thus prevented from achieving economically satisfactory results, the more difficult it will 
be for GAZPROM to h d  the hance it needs, and the more its facilities risk deteriorating. 

In the absence of financial subsidy from the State budget, which would currently be very 
diEcult, it will be the gas consumers who will suffer, and Russia's economic recovery 
along with them. 

Nevertheless the existence of social and political pressures do not by themselves always 
mean that the resulting response by GA2PROM cannot also be economically justified. 
For example, environmental protection measures can be economically justified, whether 
the pressure comes from internally in Russia or internationally, if such measures would 
also enhance GAZPROM's commercial position. The securing of large international 
foreign credits will require internationally acceptable and enforceable environmental 
impact assessments of the projects to be financed, while an environmentally criticized 
system will reduce customers' confidence in the Russian gas supply. 

5 .  AU capital expenditures can only be economically justified if they increase overall 
economic cost efficiency either by reducing risk or by enhancing performance. This is a 
relative evaluation, with the net benefit to be achieved being estimated by whether it 
exceeds the overall costs sufficiently so as to justi@ the expenditures and investments. 

The efficiency of this approach depends on how widely a particular proposal should be 
examined. Thus looking at a comparatively small expenditure - say on a particular 
compressor unit - one must not only calculate the direct return on such an investment in 
isolation, but also see whether it would trigger off the need for much greater expenditures 
through a wider section of the system if it is to be effective. Alternatively, such an 
investment may not by itself be justified but if it is undertaken in conjunction with wider 
expenditures which are essential and beneficial then the incremental benefit - say in 
improved unit performance - could be impressive. It is important to consider, therefore, 
whether comparatively small expenditures should be postponed, or may even be "put on 
the shelf', until circumstances change when the need for much larger proposed 
investments will arise. Expenditure thus postponed is benefit gained. 

Such consideration can be illustrated by way of the compressor replacement project that 
has been developed in Section 5.4. These units must be replaced anyway to assure gas 
delivery ,levels throughout the system. The replacement of these machines gives the 
opportunity not only to get rid of their unreliability but at the same time to install hel  /' 
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efficient machines and to ensure that the installation reflects the most economically 
efficient maintenance and operation. However, fuel saving and the benefits accruing from 
more eEcient operations themselves may not always provide adequate economic 
justification for the replacement of the machines. The economic justiiication for that 
expenditure comes &om the consequences of the demonstrated unreliability of the existing 
equipment. 

The approach to reconstruction of the EGS must therefore be based on improving 
reliability in the most cost effective way, once weaknesses have been determined or when 
high impact areas have been pinpointed. This might be achieved either by &st looking to 
improve the economic effectiveness of the existing facilities, or by making new capital 
investments to reinforce only smaller portions of the system in a way which might still 
ensure that greater overall system benefit can be achieved. Considering major expansion 
should be a second stage approach. In addition, it is critical to ensure that reconstruction 
and modernization of the EGS facilities, in order to restore the original design parameters, 
is implemented as soon and as cost effectively as possible. 

This methodology does not eliminate the consideration of major expansion projects such 
as the Yamal. Instead it seeks to ensure that the overall system first reaches the stage 
where there is already a clear and economically justified system requirement for the fidl 
output of the major new project as compared to alternatives before its implementation 
starts. Then the new kcilities can become rapidly loaded, thus demonstrating greater 
economic justification, as opposed to them being put in place and their capacity being only 
slowly utilized thereafter. This emphasizes the importance of the changes in how 
GAZPROM now approaches new investment decisions, and how individual new projects 
are monitored and managed, in order that they can all be better integrated into the overail 
system. 

A fbrther related important point to consider is the extent to which GAZPROM could 
exercise demand side management. Although GAZPROM has now to be driven by 
considerations of market demand, that does not mean GAZPROM cannot influence the 
degree, the timing and the location of such demand and its price expectations. This can be 
achieved in a number of ways, especially when a more fiee market in gas is established as 
is already the case for exports. Such initiatives could include sectoral and regional pricing 
policies, seasonal or tiered pricing, a policy of when and when not to meet competition 
from alternative hels and improved contractual flexibility. 
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Enhanced system analysis to obtain the sought after improvements in system reliability and 
in economic returns on assets requires, however, that a more comprehensive and 
constantly updated inventory of the EGS is available. This is needed both to enable an in- 
depth and authoritative examination to be made of the causes of operational problems and 
the risks they pose to system integrity; and to enable management investment decisions to 
be based on as comprehensive and integrated a factual foundation as can be assembled. 
And it is needed if only to just@ GAZPROM's funding requirements. The necessary 
technology and equipment for this purpose is available today. 

Such a greatly enhanced database should cover the installed facilities, operating 
procedures, management responsibilities, staffing levels, realistic costs and actual 
operating results in much greater detail than would appear to be presently available, and in 
an integrated fashion. To be effective, it must be comprehensive across the range of 
GAZPROM's main functions as otherwise it cannot form the basic tool for central 
management decision-making. It should also be made available to regional management 
so that they too can improve their contributions to GAISPROM's overall efficiency. It is 
more fully discussed in Section 8.4 (a). 

AUied to the need to establish a greatly expanded central database for planning and 
investigation purposes, is the question of how to improve immediate on-line access to 
operating data so that day-to-day management of the gas flows within the EGS, the 
controI over revenues and costs, and the general anticipation of problems can be 
enhanced. This is discussed in Section 3.1.3.4 of the Report. 

All data now collected, however, still appears to be given the same degree of 
confidentiality whether of real commercial importance or not, and that restrictive outlook 
is damaging to GAZPROMYs economic management. What in Western terms would be 
regarded as excessive data secrecy may create obstacles to GAZPROM's access to 
international finance, and may place limits on the value to foreign consumers of taking 
increasing quantities of Russian gas. Foreign consumers in particular are concerned about 
the reliability of their gas deliveries and what technical reasons they should have for their 
confidence, or their doubts; and lenders to GAZPROM will want to know in some detail 
how their funds will be used and how reliable are their forecasts that GAZPROM can 
service its debts. 
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7. It is clear that the most critical objective for GAZPROM is to increase the EGS' long tenn 
system integrity, which may or may not require system expansion, while still utilizing the 
minimum amount of funds. This ensures that maximum net value for its gas can be 
achieved in the marketplace and gives the potential for increasing sales, particularly into 
the export market, at the lowest achievable cost. 

A number of general requirements which are variously described in the Report come 
directly into focus in this regard: 

improved utilization and effectiveness. 
reconstruction and modernization. 
rerating derated facilities where economic. 
identification of bottlenecks and the  corresponding debottlenecking to achieve 
homogeneity in the system. 
extension of the supply (and the recoverable reserves) fiom already depleted fields. 
ehination of high impact points in the transmission. 
elaboration of methods to cope with potential "disaster" scenarios. 
progressive elimination of mechanical failures or potential failures in the system. 

In addition, there are a number of questions arisiig as to how gas can be better sold to 
consumers, and the interrelationship between marketing policies and the system supply. 

In this connection, two important relevant points should be mentioned: 

The system information on capacity at the present time cannot adequately, either 

by measurement or calculation, provide information on the current status of a gas 
line. Its information precisely characterizes yearly feasible planned capacity of the 
system. The detailed hydraulic analysis of the separate sections of the system 
would indicate the actual "capacity", and this would be more helpll because the 
actual flow parameters would be available. Integration system-wide of this 
hydraulic analysis with market and supply data may permit optimization of 
throughput to meet export or other demand. 
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Such additional throughput may require developing new interlinks in addition to 
those already in the currently extremely robust system, and may also need 
incremental strategic storage, and greater contract flexibility. On the other hand, 
they could lead to the deferral of expenditures on expansion, and thus be cost 
effective. 

The concept of creating incremental gas delivery capacity by uhlizing standby capacity 
emphasizes the Western approach where full collection and analysis of available data 
which might have an economic impact is undertaken to permit a range of scenarios to be 
developed, and to permit the economic and technical consequences to be measured over a 
wide scale. 

8. Areas of further potential business expansion for GAZPROM or improved financial 
returns to be examined can be illustrated thus: 

In the West, efficiencies are tested by &g sectoral activities as distinct 
"business" units, so as to establish better regional or functional responsibility for 
results, and to create greater overall economic efficiency. This is illustrated in 
Section 3.1.1.1. A greater extension of individual management financial 
responsibilities should be considered within GAZPROM. 

GAZPROM might increase the number of joint operations with Western 
companies in such areas as service industries or in gas utilization, as in 
petrochemicals or power generation, which would lead to a greater understanding 
in the West of how the EGS works, and could increase the comfort level of 
Western lenders and buyers. Such joint operations would also relieve pressure on 
GAZPROM's finances and could expand its markets. 

The provision of gas transmission services to third parties can be hancially 
rewarding without prejudicing GAZPROM's primary role in the Russian economy. 
This can be seen from experience in North America and Western Europe. In the 
future, an economic assessment should be made of what benefits might be achieved 
under these activities, and whether they could be applicable to GAZPROM. 
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9. Two fkther aspects of the need for better public understanding of how the EGS operates 
are as follows: 

• At a time when the EGS is becoming an economically driven system, the 
development of the EGS in the foreseeable future will, to a large degree, depend 
on how it is perceived in the world at large. Unless the users of gas and the 
suppliers of b d s  have faith in GAZPROM and the EGS, they will not invest in 
the ever increasing capital sums that may be required by GAZPROM either as 
financiers to GAZPROM or in their own downstream facilities that depend on 
Russian gas suppiy. 

Moreover, the more the export markets depend on one particular source of gas, 
the more concerned they become regarding the potential for long term 
interruptions in that supply, however unlikely the seller believes this to be. Only 
open disclosure of the measures to provide for a reliable gas supply chain can help 
allay the concerns of the buyers. 

Environmental considerations play an increasingly important role in determining 
the location, the economics and the financeability of new international investments 
generally. GAZPROM has approved and is introducing to the public a 
documented environmental policy to strengthen its environmental standards. It is 
most important that the policies and their implementation in practice are generally 
made known and properly discussed. Otherwise, it may become increasingly 
difEcult to overcome environmental opposition to GAZPROM's proposed 
investments, however misguided such opposition may be in the concerns on which 
it is based. 

September 5,1995\ba? 
s:\mssia\finaRlalen\~s.aoc 
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13. SUMMARIES OF REPORT CONTENT I 

GAZPROM's management and organizational structure evolved fiom its original status as the 
Soviet Gas Ministry but it has adjusted toward a Western pattern. 

The GAZPROM group has to maintain a range of support services and specialist professional 
skills which normally would be outsourced in the West and the social infktructure throughout its 
system has to be maintained. 

The Study concluded that because of its history of development and design criteria, the EGS is a 
bdamentally strong system. The EGS started with small local systems, followed by the 
Stavropol-Moscow-St. Petersburg system and the Central Asiatic Republics to Moscow system. 
The development of huge resources in Siberia and the rapidly expanding FSU gas market resulted 
in a system of pipelines .from Western Siberia through four major transmission corridors to the 
FSU and export markets. 

The multiplicity of lines, strengthened by the presence of major cross-connections and the 
integration of excess capacity Iead to a strong system, capable of withstanding normal outages 
which would adversely impact on Western-designed systems which rely on high integrity and 
efficiency to achieve xninimum downtime. Despite the integrity and inherent strength of the EGS, 
the Study suggests the need to undertake the prior identification of high impact points in the 
system so as to progressively take measures to reduce the perceived risk at those points, such as 
at corridor crossovers, and at all river and other crossings; in the concentration of compressor 
units in a single building; where lines are too close to population centers; and in areas of 
permafrost instability or of floating pipe or slope instability. 

The dictionary dehition of integrity is "unimpaired condition7' or "soundness". Integrity 
assessment determines the confidence one should have in a pipeline's ability to transport gas given 
its technical condition and operating requirements for the foreseeable future. 

Integrity assessment is an analytical process that evaluates the condition of pipeline system 
components (i.e., pipeline sections and compressor stations), their probability of failure and the 
likely consequences if failure occurs. This analysis is used to determine the reliability of 
components within a system. In a Western system, component reliability is often nearly 
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synonymous with the reliability of the system as a whole. In the system operated by GAZPROM, 
this is clearly not the case due to planned backup. The failure of an individual pipeline or 
compressor unit(s) may not sigtllficantly impact gas delivery to the primary customers due to the 
ability within the EGS to use standby units, reroute flow and use backup storage, if necessary. 
However, the assessment of reliability of components within the system is still important because 
the consequences of their unplanned loss may include: 

safety risk to the local population 
safety risk to staE working at the compressor stations 
environmental impact 

• adverse publicity 
lost business opportunity 

These consequence concerns are in addition to the overall concern with reliable gas delivery. 

Pipelines are never in perfect condition, but normally it is not necessary or realistic to plan to 
prevent all possible failures or to mitigate all consequences by either building to a very high and 
costly quality standard or by providing extensive backup facilities at high cost. However, there 

are exceptions. A sour gas line is an example where the former may be appropriate due to the 
concern for public safety and the EGS may be an example where the latter was historically 
appropriate. Russian experts have advised this Study that the EGS pipelines and compressor 

stations are over designed by 12% and 40% respectively to compensate for quality and 
maintenance shortfalls. 

The integrity assessment of the EGS is, therefore, the basis of determining an effective long term 
maintenance and rehabilitation strategy, and the rehabilitation strategy must take this into account 
in future plans. One step to determine the technical condition of the system is to analyze failure 
history; failure data for only small sections of the EGS system were provided, and therefore 
extrapolation was based on related experience from other systems. 

The EGS like any other pipeline system is subject to failures. The Study concludes it cannot say 
that the frequency of failure in the EGS is proportionaly higher than in the West on a km/year 
basis. Nevertheless, as a consequence of the size of the EGS the number of fdures per year 
needs to be reduced. 

September 5 ,  19Oflboi 
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The main reasons for Mures are: 

inadequate quality control during installation and operations. 
external conosion 
stress corrosion cracking (SCC) 

SCC is the most serious concern and the least understood cause of failure. According to 
GAZPROM they are devoting a large amount of time and effort to address this issue. Reliable 
methods of detecting and monitoring SCC in gas pipelines are not yet available worldwide. 

Tape coating disbandment, insufficient cathodic protection, lack of automatic or remote control 
valving and lealdng valves have been noted. It is understood that GAZPROM is addressing this 
problem by implementing rehabilitation programmes. 

Only 30% of all the EGS pipelines are piggable which indudes the main portion of the 1420 mm 
trunkiines. 

The main drives in compression stations in the EGS are gas turbine engines. EGS's turbine units 
indicate a reliaility of 93.8% compared to 97 to 99% in the West. Due to lack of maintainance, 
parts and repair facilities, the availabiity is only 85.1% as compared to 93 - 95% in the West. 
However, to compensate for quality and maintenance shortfalls and to achieve satisfactory 
reliability of the system, compression station spare capacity was set in the 12 - 40 % range. 

Compressor efficiency and reliability appears to be better than for gas turbines but damage occurs 
due to a lack of surge protection. Despite good gas quality, each compressor station has six 
scrubbers for every 1420 mm line and fan coolers without bypass. As a result , suction and 
discharge pressure losses are 50 - 100% more than in Western stations. 

Metering in the EGS is operational and accuracy at the automated hard currency export stations is 
1.2 to 1.5 %. For inland stations the accuracy may be up to 3 - 4%. 

GAZPROM controls the EGS by dispatching high level decisions by telephone to the regions 
which is passed to compressor stations, who run the units needed to meet the flow. The 
GAZPROM control center is kept updated the same way. Enhanced kcilities to suppiy more 
current and accurate information are needed. 
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The overall conclusion is that while there are a wide range of matters to be addressed in regard to 
the current condition of the Unified Gas System, due to its size and multiplicity of facilities, 
together with excess capacity in lines and at compressor stations, the system can - in most 
instances - withstand normal outages of a line or station by rerouting gas or increasing flow in 
other facilities, and can be considered a strong system in an overall sense. 

3.2 DETAILS OF RECOMMENDED IMPROVEMENTS TO THE OPERATIONS AND 
PRINCIPAL CONDITION OF THE UNIFIED GAS SYSTEM 

GAZPROM should put in place a system-wide database of the EGS, including hydraulic and 
operational analysis reflecting the current status of the system. This wiU assist in the restoration 
of segments of the system to bring them back to design levels, and will permit the potential 
utilization of additional capacity by pipe design, the efficient use of compressors, the development 
of maintenance programs and the routing of gas to ensure the most reliable and cost effective 
solution. Portions of the system that might impact on supply must be analyzed and reconstructed, 
to ensure disruptions do not occur. 

The availability of easily accessible data on current operations and real time data on the system 
will assist at both the Center and at the regional level. 

It is recommended that in order to improve Operations and Maintenance effectiveness, 
GAZPROM should ensure that: the cathodic protetion be restored or replaced and pipeline 
coating repaired; a planned programme of in-line inspection should be implemented to monitor 
corrosion; a valve inspection programme together with replacement of inoperable valves should 
be put in place including establishing criteria for automation and operating valves dependent on 
location, flow and failure consequence. 

It is recommended that GAZPROM develop an improved turbine maintenance system using on- 
line condition monitoring to trigger maintenance actions; develop more comprehensive monthly 
compressor reliability and availability reports, including a 12 month rolling trend; a list of critical 

units/stations should be compiled and updated regularly. To decrease outage hours and cost, 
replacement engines from storage should be used instead of a standby compressor unit; and 
metering and instrumentation to monitor flow and gas quality should be enhanced. 
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For construction practices, since the Study did not have an opportunity to explore past and 
present practices, field observations and failure history have had to be used. The poor welds, 
installations not meeting code, absence of as-built idonnation and environmental impacts are 
assumed to reflect past practices. Today's construction practices within the EGS are not known. 
However, appropriate quality control would have to include 100% weld inspection, as-built 
survey notes and drawings and commissioning records. 

The primary effort should be to increase all facets of reliability by moving redundant capacity into 
normal working capacity, and debottlenecking as needed. This will lead to additional capacity, 
additional ability to deal with n o d  and exceptional Mures should they OCN, and a greater 
confidence in the market, leading to higher returns on the gas and also assist in optimal timing on 
new projects. 

It is fUrther suggested that the installation of additional facilities in the field may permit the 
maintenance of deliverability and recovery of additional gas resources in fields such as 
Medvezhye. 

The Report's recommendations treat the EGS as a total system and not as W e n t e d  parts. It is 
dearly understood that GAZPROM, as a primary industry within Russia, is in transition with 
respect to how it does business and funds its operations. The EGS is a unique system and the 
simple application of 'Western" practices and procedures and management guidelines is not 
appropriate. Each recommendation must be carefidly considered for its application and its 
benefits and costs to GAZPROM, the EGS and also to Russia. 

The Study has suggested a series of projects that may directly impact or improve the operations 
of the EGS and its physical condition . These are shown in the subsequent prioritized list of 
projects. 

3.3 ESTIMATES OF THE PRESENT TRANSMISSION CAPACITY OF THE NETWORK 

Forecasts of overall demand and supply were made available for the years 1995, 2000, 2005 and 
2010 under two different scenarios: a moderate export-high domestic demand case, and a high 
export-low domestic demand case, together with general flow figures. Historical data for the test 
period 1992 to 1993 was unavailable. Pipe and section flows were developed for the forecast 
years. 
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Additional supply will be needed in the system afker the year 2000, and connecting fields, 
improving delivery and reserves &om existing fields, developing fields in the vicinity of the maln 
pipeline corridors, and developing the fields on and offshore the Yamal Peninsula are all likely 
approaches to meet future supply. 

Generalized and detailed hydraulic analyses were undertaken in the Study, and the Base Case, 
with detailed hydraulics, was developed for the four Object areas: Nadym to Punga, Tula 1 and 2, 
Ostrogozhsk to Yelets and Medvezhye surface facilities; the extent of the areas was expanded 
where data permitted. 

The Base Case considered a range of effects under hydrauIic conditions on the capacity of the 
various portions of the system where detailed data was available; these studies indicated the levels 
of additional or redundant capacity in the system, together with spare horsepower at the stations. 
A range of scenarios were studied including the impact of removing facilities &om service, the 
utilization of cross-valving and other matters. 

The overall conclusion is that a sigruficant quantity of spare capacity (up to some twenty percent 
dependent on location) is available if it could be utilized on an ongoing basis. In addition, certain 
bottlenecks and operating procedures, together with equipment configurations in the system were 
identified for W e r  study and analysis. Lack of actual flow and pressure data did not permit 
comparison of theoretical studies with actual performance. 

A generalized hydraulic model was prepared for the major portion of the system under 
consideration and analysis undertaken of the current status of the system, which indicated 
siguficant additional capacity - if it could be utilized - and confirmed a number of potential 
bottlenecks including the Punga-Ukhta section. The results from the overd analysis have to be 
considered directional due to the limited database, but confirm the general strength of the system 
due to the presence of redundant capacity. 

The flow of gas Erom Western Siberia is through four major corridors of varying throughput 
capacity. The capacity on the system can likely be maintained during normal outages though 
rerouting of gas may have to occur. 
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For example, the Northern Lights Corridor @ga-Tonhok-Smolensk) has two 75 bar lines 
which can be interconnected. A failure of one of these lines could impact the movement of gas in 
the Corridor but gas can be moved by alternate routing through the Central Corridor. 

The Central Comdor, on the other hand, can probably handle outages due to individual line losses 
or compressor station losses, by the use of other stations or transfer between lines due to the 
multiplicity of facilities. 

The Southern Central Corridor has limited multiple facilities, but problems in meeting throughput 
due to outages may be met by ease of access to the Central Corridor. 

It is understood that the renovation of the Southern Comdor is under consideration due to the 
age of the system. However, reinforcement of the Polyanskaya-Orenburg corridor and the ability 
to move gas via a number of routes should pexmit the movement of gas to be maintained. 

The Study also in a general way considered the capacity improvements or enhancements needed 
to permit the forecast volumes to be transmitted thmugh to the year 2010 including integration of 
new supplies including those f?om the Yamal. These indicated substantial reinforcement to the 
Northern Lights conidor, Ukhta to Tonhok and on, with limited reinforcement in the balance of 
the system. 

Future overall system analysis may indicate variations in specific expansions, for access to 
additional data may change assumptions and timing. Economics of specific portions of the system 
may change priorities and necessitate deferment or acceleration. The integration of storage will 
clearly have sipficant impacts. 

This b h e r  reinforces the recommendation of a centralized database to permit GAZPROM to 
accumulate additional data to undertake further system-wide studies, to lead to the most 
economic movement of gas by the use of redundant capacity without adversely impacting on the 
reliability of supply. 
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The Study considered for investment: 

6 projects for immediate implementation, 
9 projects for subsequent priority implementation, shortlisted fiom 42 early possibilities, 
a further project regarding the Medvezhye field. 

The immediate projects, which have each been described in detail in separate reports are: 

supply of two types of mobile compressor units in Tyumentransgaz, costing around US 
$1 1 million. 
selected metering stations at export points fiom Russia, at inter-regional points and at 
compressor stations costing around US $36 million. 
replacing faulty valves in compressor units costing around US $37 million. 
preparing line sections for intelligent pigging in the Tyumen region, including procuring 

the necessary equipment, costing up to US $1 00 million. 
Medvezhye field compression requirements (see below). 
Ob river crossing. 

The recommended longer tenn projects which now need fbrther detailed feasibility study fall into 
4 categories: 

1 .  Comvressor Station Replacement 
• replacing 20 GPA-25/76 compressors in Tyumentransgaz by 20 modem units, 

costing US $18 million per unit for a total of US $360 million. 

• recodguration of an existing station at Ivdelskaya on the Nadym-N. Tura line to 
serve as a model, costing US $70 million. 

2. Major Pipeline Reinforcement 
strengthening the Punga-Vuktyl section of the Northern Corridor to provide an 
additional 10 BCM a year capacity, with subsequent increase to an additional 30 
BCM, costing around US $450 rising to $700 million. 
strengthening the Polyanskaya-Orenburg section of the Southern Corridor, in 
conjunction with new storage being constructed, costing around US S700 million. 
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3. A Number o f  S d e r  Proiects to Improve System Reliability and Operatinn Costs 
replacing a second line on the Volga River crossing, costing US $9 million. 
installing isolation joints at a trial number of points and other test measures to 
improve cathodic protection, costing US $2 million. 
establishing 2 field plants for triple coating of new pipe to be installed, costing US 
$43 million. 

4.  Uraent Further Studies Rewired 
W e r  joint investigation into the causes of stress corrosion cracking which are 
presently not dear but which could cause increasingly expensive pipe replacement 
problems, costing US $4 million 
the evaluation of potential high impact points in the Tyumen, such as at pipeline 
crossover points, and to consider what reconfiguration may be necessary, costing 
US $5 million. 

In addition: 

5 .  Restoration o f  Production Levels at the Mehezhve Field 
first requiring additional studies on improved surface facilities (partially already 
done as an immediate project above) and full subsurface studies covering in-ill 
drilling, proposals for which have been already sought by the European Bank. 
Subsequent investment cost to restore production levels could be around US $250 
million. 

The individual projects above have each gone through a process to reach the required pre- 
feasibility stage of: 

technical evaluation 
economic evaluation 
and where appropriate, financial evaluation 
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The financial evaluation has to date considered the Punga-Vuktyl pipeline reinforcement project 
and the 20 compressor replacement project. The financial evaluation demonstrates the strength of 
the pipeline reinforcement project based on the criteria used. The financial viability of the 
compressor replacements, however, will depend on the evaluation of the degree of system supply 
interruption which would arise if the replacements did not take place. 

In addition to the further studies above, the Report also recommends that studies be undertaken 
on: 

8 GAZPROM's requirements for the design and implementation of a new comprehensive 
database on the EGS facilities and related economic hct ions of the system. 

Identification and assessment of modifications required to the GAZPROM system that will 
enhance the perceived reliability of the system leading to increased potential sales and 
prices in export markets. 

The detailed potential for improved system utilization levels within the EGS and the 

consequent release of retained space capacity without damaging system reliability. 

More detailed evaluation of the structure of future market demand for Russian domestic 
and export gas sales, and how best to meet such demand as economically as practical. 

Other potential studies could include: 

ways to improve the use of in-line inspection capability. 
ways to improve the use of on-line information systems. 
how to develop a more consistent record of outages in the system, and their causes. 
how to develop improved maintenance procedures and forecasts of rehabilitation needs. 
the likely requirements for further developing the management structure within the 

GAZPROM group. 
the potential for more cost effective procurement procedures. 

The Report lists three principle methods of funding recommended to GAZPROM which might 
best be implemented within a funding programme over a number of years to cover as much as 
possible of the EGS' immediate requirements. 
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1 .  Corporate Loans to GAZPROM 
This is the simplest form of financial structure if it can be put in place, to be provided by a 
consortium of international and Russian banks with the European Bank itself providing 
some 3 5%. These loans would be used to h d :  

the additional study work now needed, including bringing the longer term projects 

listed above to the stage of being h c e a b l e .  
B the system improvement projects; the projects which do not have a readily 

identified additional cash flows, and small projects for which other hance  would 
not be easily found. 

The key benefit to GAZPROM of the corporate loan is that it will fbrther establish the 
name of GAZPROM as a creditworthy entity in the international capital markets and thus 
aid GAZPROM's hture access to potentially substantial amounts of private sector 
finance. An information memorandum on the GAZPROM group which includes financial 
information in a form acceptable to the Western lenders will enable such loans to be 
arranged quickly. 

2. Proiect Finance L o r n  

These would be loans to special purpose companies set up to implement specific projects 
and would be based on the future cash flow fiom such projects. They would not cany a 
corporate guarantee as such &om GAZPROM, although these cash flows will need 
additionally to be secured against corresponding export sales revenues. This hance  could 
be suitable for individual large projects such as compressor station replacement 
programmes and major line reinforcements. This is a complicated form of hance, which 
can take considerable time to put into place, but could in each case amount to US $500 
million or larger which would be considerably more than GAZPROM might initially be 
able to raise through an individual corporate loan; and be for a much longer term. 

Both of the above methods could be additionally supported by collaborating with national 
government export i3nance agencies. 

-, 
J .  Finance Provided Direct to Service Companies 

Such companies would provide specific services to GAZPROM working under long term 
contract, and would raise equity hnds and loans in their own name and credit to enable 
them to finance the purchase of their required equipment and other fixed assets. This 
finance can be suitable for up to US $40 or $50 million, for financing such facilities as 
pipe coating plants and maybe metering stations where future income can be dearly 
ident5ed. The service can be performed either under commercial contract or a joint 
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venture with GAZPROM. Such finance would cause the least burden to GAZPROM 
where it is suitable. 

The requirements for each of these types of funding are somewhat different, but they all require 
that: 

1.  GAZPROM can demonstrate a d ic ien t  level of creditworthiness to ju* lenders 
advancing h d s  over the term of the loans 

2. GAZPROM has and will retain sufticient foreign currency earnings, with a suitable mar-& 
in hand, which will. not be committed to other lenders, to pay back with interest the 
foreign currency debt. 

3. Sufficient foreign currency earnings will go directly to the lenders outside any tax or other 
claims by the Russian government or other countries (e.g. for transit dues). 

4. GAZPROM is properly authorized to undertake its commitments. 

5 .  Confirmation can be shown that GAZPROM will be able to maintain its relevant gas flows 
and can secure sdicient lirm market outlets to generate the required income. 

6.  A number of relevant performance commitments are in place within the GAZPROM s o u p  
to ensure that aIl internal and external GAZPROM commitments will be met. 

The above need to be supported by satisfactory independent legal and other opinions to validate 
conformity to ail relevant law and regulations. 

It is for GAZPROM and the European Bank to determine: 

the total amounts of funding which codd be available in the period of any h d i n g  
programme, and the phasing of its likely requirements. 
the kanceability of each individual project under whichever of the three categories above. 
the precise terms and conditions of each h d i n g  and whether such conditions can be met. 
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Environmental protection to mitigate environmental impact of a gas supply system, its various 
stages of construction, reconstruction and opearations, involves solving the following problems. 

GAZPROM considers Western and Eastern Siberian construction zones, as well as that of the Far 
East, as the most vulnerable regions. The presence of p e d o s t  covering some parts of those 
regions is the main reason for their extreme environmental unstableness and sensitivity to 
industrial activities. These activities can cause the destruction of unsteady environmental 
equilibrium and the development of geocryoiogical processes like soil heaving, new perma£kost 
formation, thermokarst, erosion and thennoerosion, bogging and flooding. 

Environmental Protection measures must be taken so that pipeline construction methods 
minimize the impact on the vegetation and the destruction of the vegetation and upper soil hyer. 

These effects, if not limited, could resuk in reduction of biological proriuctiviiy followed by 
destruction of ground water regzmes, changrng temperature conditions, erosion and fill 
distruciion of the vegetation layer. These changes could result in thawing of the pemcIfrost 
causing formation of new lakes and marshes. During this process "the environment strikes 
back", because it causes floating of the pipeline. Once the pipeline is abouve the ground 
temperature chmrges and radiation of sunlight destroy the coating and cathocdic protection does 
not@nction anymore. 
The chances of pipeline failures will increase rapidly, which can result in small leakages or even 
ruptures. Repair or reconstruction is needed which can impact the sensitive areas. 

The main environmental impacts during operation are as described in the following sections. 

The main sources of atmospheric pollution are the compressor stations, failure gas emissions and 
gas emission during transportation. The pollution from compressor stations are: nitrogen oxides 
(NO,), carbon monoxide (CO), carbon dioxide (COz) and unburned hydrocarbons (UHC). The 
most significant atmosphere emission is the emission of methane. It not only effects the 
environment (global warming) but also creates a risk (hazard) and causes loss of a valuable energy 
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source and therefore loss of money. The total amount of gas losses and methane emission are still 
uncertain and therefore subject to discussion. 

Estimates of methane losses fiom some sources vary fiom 1 to 7% of the annual capaciry. 
GAZPROM is estimating the leakage rate at 1.25 %. The main causes of gas losses are : 

1. operation of the system (e.g., s tds tops  of compressors, unburned hydrocarbons, control 
valves, depressurisation, and maintenance. 

2. leaking components (valves, flanges, welds, etc.) 

3. fdures (ruptures). 

Noise pollution is caused by compressor units and transport activities (road transport, 
helicopters). The noise levels exceed the standards for occupational health posing problems for 
workers. Domestic areas are only ai3ected if the distance away from compressor stations and 
settlements is less than two or three kilometers. 

The main causes of water pollution are: 

run-off of non-purified liquid industrial waste fiom compressor stations and settlemenrs 
oil and oil products fiom pipeline leakages, pipeline ruptures and pig traps 
construction activities at river crossings causing silting and pollution of the river bed 

Three types of soil pollution are mentioned: e n e r a  che~~$cal and mechanical pollution. Energy 
pollution is caused by the addition (or withdrawal) of heat in pennafiost ground, which causes 
thawing of the permafrost. Sources of heat input are: 

solar radiation after removal of the top layer by construction activities. 
transportation of warm gas. 

construction with heat release without sufficient insulation or coolers. 
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Chemical pollution includes condensate released from scrubbers and pig traps. In areas with low 
temperatures, the evaporation and (biological) decomposition of condensate is very slow, so the 
impact can be sigillficant. 

Solid waste disposal can be considered as mechanical pollution of the soil. Solid waste is usually 
dropped or disposed around construction sites, settlements and pipeline facilities and consists of 
pieces of pipe, broken materials and construction waste. 

Conclusion 

The combination of the following have created the present situation: 

development of gas fields. 
vulnerable permafrost areas. 
lack of sufficient attention and perhaps of regulation. 
lack of money. 

Solving the main environmental problems of the EGS requires a changed environmental attitude, 
increased environmental training and quality management dong with generous economic 
assistance. 
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1 4. MAIN CONCLUSIONS OF THE REPORT 1 

The overall conciusion of the Independent Study is that there are no grounds for the perception in 
the West of the EGS as a vast gas supply system being on the verge of collapse. 

On the other hand there are requirements within the EGS for increasing the effectiveness of 

operations. 
maintenance. 
investment utilization and planning. 

These are in order to prevent deterioration of system reliability over a period of time to the point 
when this could cause serious financing problems. 

The Western Condtants stress in particular the following important concerns: 

The need to expand and establish within GAZPROM a centralized, detailed, 

comprehensive, integrated and constantly updated data base on the past and present status 
of all the physical facilities in the EGS. This requirement should be examined urgently so 
that such a data base can be progressively built up to cover all the physical assets of the 
EGS to be available in one place in GAZPROM. 

At the same time, the database should be extended to cover all the main economic aspects 
of the EGS, such as costs, prices and market demand figures, so that it can also be used 
as the foundation for management decisions on new investment planning and to provide 
the justification for seeking specific external funding. Such a data base is now commonly 
available within Western companies, though in each case designed to meet individual 
company objectives. 

Given such a database, it can support diagnostics and planning of maintenance based on a 
consistent recorded history of all failures on the EGS system. In this way, for example, 
any generic deficiencies on the system can more easily be defined and evaluated; such as 
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the incidence of corrosion, SCC and HIC failures, specific equipment failures related to 
equipment models and batches (not just types), pipe batches, types of locations, 
operational modes (e.g. rapid pressure changes) etc. This wodd not only assist in 
planning the maintenance procedures, and thus enable GAZPROM better to anticipate 
failures and to take precautionary measures, but it would also improve the consideration 
on how such failures arise. 

In turn this approach would support the need to install much more proactive management 
in GAZPROM of quality control procedures throughout the main functions in the group, 
particularly in construction, procurement, rehabilitation and maintenance, as well as in the 
application of approved operating procedures, environmental controls, reporting 
requirements and inspection methods. Enforcement is more important than just setting the 
applicable standards. 

A long period of rapidly expanding gas demand in previous years has now moved into a period of 
rapidly decreasing or at best stagnant gas demand within GAZPROM's markets. The consequent 
severe cash squeeze has emphized GAZPROM's need to focus increasingly on the economic 
rather than just the technical rationale for its activities. This economic priority has to cover both 
the operation of the EGS and GAZPROM's investment policies, as well as GAZPROM's 
willingness in future to accept, or not, new gas delivery obligations ifnot fully economic. 

The Report therefore highlights such issues as the need to review all GAZPROM's operations to 
see how better value for money can be achieved: it quotes as examples the urgent need for much 
more effective on-line information equipment to improve gas flow and cash flow controls, as well 
as more accurate metering at all transfer points in the system; it provides details of the 
advantages of standardizing new equipment being used to ensure system wide compatibiIity of 
supporting facilities and easier replacement and maintenance; such standardization should for 
example also cover new compressor equipment to improve on reliability and on maintenance costs 
as well as on the length of out of service time: equipment choice in procurement can thus be more 
closely aligned to future maintenance and operating costs; it questions the now standard use of 
1420 mm pipe given the difficulty of sourcing ancillary pipeline equipment and handling 
machinery at that size. In more general terms it emphasizes the importance of changing the focus 
in system reliability when rehabilitation is undertaken, fiom keeping in place expensive high levels 
of equipment redundancy to ensuring much greater individual equipment reliability as in the West; 
this potentially can both save on stand-by equipment capital costs and can improve the system 
throughput capacity. GAZPROM should also in future seek to massage market demand, for 
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example by wider sales contract flexibility, perhaps by installing more system interconnections, by 
regional pricing incentives, and by greater use of storage, so as to limit maximum peaks in the 
EGS capacity requirements. 

On new investment the economic emphasis should &st be on improved utilization of existing 
assets, including applying small investments to existing assets to increase their productivity or to 
improve their reliability. This can often save or at least postpone the need for substantial new 
investment projects which might anyway take time to load £idly, and therefore which could offer 
only small initial returns. Until then, time saved is money saved. 

Particular issues calling for attention, on which several of the recommended projects are based, 
include valve uiiljzation policies to curtail the length of pipe shutdown and venting after a failure; 
prior identification of high impact points (locations transporting high percentages of total market 
supply) in the system so as to progressively take public measures to reduce the perceived risk at 
those points, such as at corridor crossovers and at river and other crossings; the concentration of 
compressor units in a single building; where lines are too close to population centres; areas of 
permaf?ost instability or of floating pipe and slope instability. Inadequate pigging capability is 
another issue because of in-pipe constraints, as is the general concern over the deterioration of 
cathodic protection. 
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EGS Reconstruction Study Final Report Summary 

Undoubtedly such concerns will lead to changes in emphasis in the GAZ9ROM management 
structure. Reference has been made to the need for increasing coordination of internal 
information on the EGS, which in turn means increasing coordination of management functions 
both within the Centre and with the regions. Economic prioritization cannot easily be segregated 
between regions, and this in turn will call for increasing importance being paid to the functional 
responsibilities over the technical responsibilities. Greater standardization should lead to more 
system coordination, and this in turn will need closer management cooperation and increased 
information sharing between the Centre and those in the field - which the Study noted did not 
appear at present always to be very close. 

There is a need for regular post-audits of past investments to ensure that planned performance is 
achieved, and if not why not. 

Areas of management responsibility which are likely to grow in importance are the marketing 
h c t i o n  in all its aspects, such as market strategy, market analysis and intelligence and market 
demand control, as well as market forecasting, sales management and gas trading: all of which 
will need to be fed backwards in the planning process so that it is market fkctors which set the 
required levels of short term and long term production and transmission capacities. Only then will 
the system be properly market and therefore economics driven. Government and public relations 
will be increasingly important, particularly in export markets, to satisfy market buyers on the 
quality and reliability of their Russian gas supplies, which can only be done by a policy of 
openness of information on the EGS. 

Quality control is a philosophy that has been getting considerable attention in the West. It is 
recognized that whereas corrosion, for example, is a symptom, lack of adequate quality control is 
the disease. To be effective, strategy to improve the system should treat the disease that is the 
root cause not just the symptoms. This requires a change in management philosophy and a 
commitment of resources to benefit future operations. 

The interests of quality control are better served if the owner company is t d y  separate from the 
contractors assigned to cany out the construction work and the inspection companies assigned to 
check the quality of the work are truly "third parties" separate from the other two. A version of 
this arrangement can be created in the future to suit GAZPROM's particular needs. 

Close attention to environmental performance will become a condition of many loans becoming 
available, especially from the international financial institutions. 
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EGS Reconstruction Study Final Report Summary 

GAZPROM has informed the Western Consultants that they have recently developed and are 
implementing an Environmental ~ o l i c ~ l  in compliance with International Standards. The 
establishment of this corporate policy is considered to be of great value. It is recommended also 
to develop such corporate policies on Quality and Safetymedth. 

RAO GAPROM policy in the field of environmental protection. dated April 14, 1995 and Basic Rules of the 
ecological monitoring on RAO GAPROM's facilities dated June 8. 1995. 
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