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ECONOMIC AND TECHNICAL FACTORS OF THE KAZAKHSTAN
PETROLEUM REFINING INDUSTRY

EXECUTIVE SUMMARY

I. INTRODUCTION

The overall document titled ECONOMIC AND TECIINICAL FACTORS OF THE
KAZAKHSTAN PETRQT,El,JM REFINING INDUSTRY, contains this Execu~

SummatY along with the detailed sections of the report. Included is a review of the
current Kazakhstan economic situation, a discussion of the specific economic conditions
of the Petroleum Sector and an economic overview or characterization of the country's
three oil refineries.

FUi-ther, there is a review of Technical Refinery Operaticns, including a summary and
listing of operational, energy efficiency, and environmental improvements av:illable to
three specific refineries. Detailed evaluation information collected during the refinery
visits is presented along with subsequent analysis and rationalization of the data and the

. Appendices for this report.

This report describes the work performed for the U.S.AID NIS (Newly Independent
States) Petroleum Refinery Program for Kazakhstan. It details the results of an economic
analysis of the Kazakhstan petroleum sector, including a characterization and evaluation
of individual refineries located in Shymkent in the south central region, Pavlodar in the
northeast, and Atyrau in the west part of the country. The overall goal of the work was
to assist in the privatizatiol' of the petroleum sector by:

• Providing informatil)n for preliminary investment decisions.

• Providing an understanding of needed improvements for the existing installations
that will increase technical and financial performance.

• To support and assist the lending appraisals of intcmationallending institutions,
such as the World Bank and EBRD.
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A team of John Brown refinery specialists visited the existing three refineries and
collected data from other sources (such as Kazakhstanmunaygaz and Ministry officials)
within the country during N01aember 1993.

The team included refinery process, mechanical/electrir-al/instrument, environmental
engineers and a petroleum economist to evaluate related economic and marketing issues.
The objectives of this team were to:

• Characterize the current operating status (including energy consumption.
operational and environmental improvement potential) and economic performance
of t!le petroleum refining industry.

• To review the broader economic parameters of the petroleum sector in the context
of suggesting factors that should be considered by others to identify the
privatization alternatives.

The field activities consisted of process ana visual inspection reviews of selected units
with members of the refinery engineering, operations, and management staff. Kazakhstan
refinery counterparts participated in these activities. In addition to a "process unit", or
systems approach to analysis, the team viewed the refinery from an overall mechanical,
elec:trical and instrumentation perspective. The team acquired process data needed fer
further evaluation in the Joh~ .. Brown Chicago office. Opportunities for energy efficiency
and operational improvements, and reduction cfemissions for the three audited refineries
were developed. The report further classifies potential modifications in accordance with
the magnitude of effort and capital requirements anticipated.

The selection of the Shymkent in the south, Pavlodar in the northeast, and Atyrau in the
west, which are the three refineries in the country considered in the study, was set by
agreement among U.S.AID, The National Oil Company, Kazakhstanmunaygaz, and John
Brown in October 1993. Based on a national Kazakhstan nominal crude processing
capaci~ of 20 million mta, the Shymkent and Pavlodar enterprises process 37.5 percent I
each and Atyrau 25 percent of the total material refined in the country. The three
refineries cumulatively supply over 70 percelil( of the country's petroleum needs. Atyrau
receives crude oil from local oil fields in western K'Uakhstan, while Pavlodar and
Shymkent are supplied with westerr; Siberian crude oil via pipelines from Tyumen in
Russia. Shymkent also processes 1 million tom,es of erode oil from the Kumkol Region
in Central Kazakhstan, which is received from th~ same pipeline that provided the
western Siberian feedstock.
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D. ECONOMIC ANALYSIS OF THE PETROLEUM SECTOR

While Kazakhstan is a net exporter of crude oil, the domestic refineries have been facing
crude oil supply problems at the time of the visit. The use of Kazakhi crude oil in the
domestic refineries is severely limited by the geographi.cal structure of the crude oil
pipeline system that the country inherited with the dissolution of the Former Soviet Union
(FSU). The major oil fields, situated in the northwest region of Kazakhstan, are linked
by pipeline to the refinery at Atyrau and to the crude oil pipeline system which is
connected directly to the north in Russia. The two eastern refineries at Pavlodar and
Shyrnkent are linked by pipeline access to the western Siberian oil fields and are not
directly linked to the western Kazakhstan fields. This limitation has led to a trade
agreement between Russia and Kazakhstan, whereby Kazakhstan crude oil from the
western oil fields is exchanged for Siberian crude oil in the east. This inter-republic
agreement, however, has not worked as smoothly as expected, and the two eastern
refineries have been facing Russian crude oil import disruptions. This has resulted in
temporary shutdowns at both Pavlodar and Shymkent. These disruptions were reported
to have been triggered by the inefficiencies in the banking system which resulted in delays
of payment between Kazakhstan~ the Central Bank in Moscow and the oil producing
agencies in Siberia. The expectations are that with the improvement of the banking
system in both countries, this problem should disappear over time after conversion by
Kazakhstan to a National currency (which occurred in November 1993).

Apart from the crude oil disruptions, the refineries appear to be fiscally sound, though
operating in a very high inflation environment. The refineries are operating under a
standardized cost-plus product pricing system and appear to be able to pass through crude
oil and operating cost increases on a routine and expeditious manner. The current cost
plus product pricing system does not provide incentives for improvements in refinery
efficiency, nor does it allow the optimization of production economics based on market
consideration.

Whatever the shortcomings of the current system in providing pricing incentives for
operating efficiency improvements the refineries appear to be well served by the system
in providing an operational structure during the highly volatile transition period that the
petroleum sector is currently facing.

All three refineries currently have low operating costs due to low crude oil prices and
appear to have operating costs well in line, proportionally, with similar refineries in the
west.
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Manpower· utilization by the refineries is only slightly higher than would be expected in
international operations and at current wage rates does not pose an economic burden.
Taking into consideration the future refinery expansion needs of the country will, in all
probability, result in an increasing demand for qualified experienced labor. This potential
labc,1' shortage would suggest that personnel training in refinery operation skills
(especially economic and planning disciplines) should be a near-term priority.

Specific training and exposure that is needed as the petroleum sector moves to market
economics, for both refinery and ministry staff, include:

• Economics and Planning

• Operations planning, including use of Linear Program Analysis.

• Investment planning, capital budgeting.

• Price setting in the free market economics.

• Product Profitability Analysis.

• Technical and Operations

• Efficient operation of fired heaters.

• Application, selection and maintenance of steam traps.

• Effective use of insulation: its economics and applications.

• Computer simulation of distillation, unit operations and refinery operations.

• Environmental sendtivity.

• Exposure to western refining technology.

• Operatt)r and management training for future growth. (The refineries are doing
much of this themselves.)

Il
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Additionally, as the refining sector moves to a more integrate-d competitive free-market
structure, it will be imperative that petroleum refinery operations be more cognizant of
the downstream markets for their products and l'ecognize the competitive forces from
alternative energy sources such as coal and natural gas. An integrated resource plan,
taking into account the many options facing the petroleum sector and the other energy
alternatives under free-market conditions, is urgently needed to guide both current
operations and future investment needs.

The current institutional structure ofthe industry, which separates the refineries under one
company, K".iZalchstanmunaygaz (KMG), from the marketing and distribution which is
under another organization, Kazakhstaneftcproduct (KNP), and the overall planning
functions at the Government level, impedes the efficiency of the sector as a whole. This
horizontally segregated structure probably leads to substantially larger inefficiencies than
are to be found at the technical operational level of the refineries.
FrJr eXaml?le, all three refineri~~ ~~ress the need for minimizing the quantity of heavy
fuel oil (m~t) produced ?dld have installed, or are planning to install, bottoms upgrading
facilities. :Meanwhile, th,.,: marketing company and the power sector (the major consumer
of mazut) are predicting In::reased mazut demand and are currently resorti~1g to imports
of mazut from Russi~.

Current marketing and disfribution margins are very high amounting to about 200 percent
of ex-refinery prices, wh.ich is well out of line with most market-oriented countries and
with international markets. This apparent inequity between refining and marketing
margins is of concern to the refineries. It would appear that this inequity results from
several factors. Ex-refinery prices are relatively low due to low crude oil acquisition
costs. Market prices, on the other hand, are high due to the inclusion of high-priced
imports in the national average price and high distribution expenses. These disparities
should decrease as crude oil prices increase to world levels and when price controls are
eliminated.

Kazakhstan's cros!t order trade in crude oil and petroleum products currently amounts
to over 200 percent \If domestic petroleum consumption and is likely to increase in the
future. This high trade level, made up of both imports and exports of crude oil and
products, results from a number of factors. These are a) the direct allocation of expert
permits to the refiners as a means of generating hard currency for current operational
needs; b) quota import agreements from Rus~ia; c) additional imports to satisfy
immediate shortages; d) the pledging of crude oil and products in payment for
investments; and e) crude oil swaps for logistic reasons. This increasing cross-border

-,
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trade has both positive and negative implications. On the one hand, thr special interest
and/or barter deals lead to hidden transactions and inefficiencies that may not always be
in the national interest. For example, the export of products by rail into western Europe
and the export of coke at below production cost may generate foreign capital for the
refineries, but may be a less than efficient utilization of natural resources.

On the other hand, the large cross-border trade is ili'eady leading to defacto liberalization
of the domestic petroleum markets and leading to synergies through integration with
Kazakhstan's neighbors.

The experience in many countries in transition to a free-market structure has been a
marked reluctance to open the domestic petroleum markets to international trade. This
is not the case in Kazakhstan.

While the current refinery pricing policy based on the production cost pass-through seems
to be serving the refineries well, it results in disincentives to cost-driven improvements.
With profits fixed at a fixed percentage of operating cost and employees wages and
bonuses coming out of profit, there is little incentive to reduce costs. Obviously, the
current pricing system of refinery cost pass-through does not foster efficient economic
operation of the refineries.

The National Privatization Program is well under way and has entered the third phase of
privatization of larger enterprises having under 5 000 employees. In parallel with this
effort, special attention is being given to the refining industry as a whole and also to the
Pavlodar Refinery Enterprise specifically. Current considerations are for the initial
privatization of the refineries as subsidim-y joint stock companies under
Kazakhstanmunaygaz as the sector's State Holding Company. The separate privatization
of the Pavlodar Refinery Enterprise as a subsidiary of a diversified State Holding
Company (KRAMBS) is und.er con~ideration. The final structure of the sector, however,
has not yet been decided upon. Some factors currently under consideration are: a) the
need for a strong National Oil Company with international presence in view of
Kazakhstan's future oil e'1>ort potential; and b) the need for vertical integration between
production, refining and marketing.

Kazakhstan • Introduction Page 6
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Future Objectives

Prior to independence, Kazakhstan had very ambitious expansion plans for new refinery
capacity and ancillary equipment based on a strong forecasted growth rate for petroleum
pnxlucts. A number of major projects were already under construction and new
refineries were under consideration. During the last two years, domestic consumption
has declined significantJy due to the economic downtunl, and is not likely to return to
previous levels before the end of the decade. At the same time, independence has
redefined the natural markets for the existing refineries and a refinery overcapacity
situation has developed to the north in Russ!4i. These changes give Kazakhstan a respite
from the immediate need for new capacity and should allow the country to re-evaluate
and prioritize the future investment needs. Current in-"estment plans of
Kazakhstanmunaygaz plus observations related to energy savings, based on this report for
the refining and marketing area, are estimated to exceed US $6 billion as shown in the
following table.

CAPITAL INVESTMENT REQUIREMENTS ESTIMATE! .•
DEmCATED

COST mL SALES
PROJECT MlLLlONUSS '~lI)USANDMTA

A. TRANSPORTATION AND LOGISTICS 1915

Ten2izlNovorossivk Crude Line 1500

B. REFINERIES

Man2istau Heavv Oil Refincrv 1 SOO 1000

Atyrau Refincrv 1 S60 900

Shvmkcnt Refincrv 430

Pavlodar Caoacitv F.xnansion 280

Crude Stabilization - Janiorski 270 510

C. MARKETING AND DISTRIBUTION 230

D. 011lER INVESTMENTS NEEDS

Refincrv Storal!e (Crude) (60-90 davs) 180

TOTAL 6360 2410

IThe majority of these projects are pre-independence related. A re-e"/aluation of these proposed acuvitiell ill needed.

A re-evaluation of the supply and demand balance, including the potenJa! of imports and

exports, is urgently needed to justify investment needs. The role of mazut, a key product

=
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in the overall energy picture, should be carefully re-evaluated due to the current
divergence of opinion on its demand by the refiners who expect future demand to drop,

and the consumers (primarily the power sector) who expect demand to increase.

It is g~nerally recognized by both the Government and the refiners that petroleum prices,

margiIw and other Government controls should be liberalized to result in a free market

driven petroleum economy. Decontrol of fuel prices by January 1994 was a

conditionality of the IMF agreement, which was postponed due: to Kazakhstan's current

economic difficulties. The rate at which petroleum price can be decontrolled will depend

in a large measure on the rate of price libe!a1ization of the petroleum industry to the

D\,rth in Russia, with which the Kazakhstan industry is intertwined. The existing cost

pllJS pricing system may have to be retained until the country is ready for decontrol of

the whole system, especially at the retail level.

The privatization of State controlled oil conlpanies are being carried out in a number of

countries around the world today. The most often cited examples are that of Argentina,

Chile and Peru (in Latin America); Britain and France (in Europe); Morocco and

Pakistan. While each of these countries has specific considerations, they all share a
common objective of lestructuring their petroleum sector companies in order to increase

the efficiency of their domestic industries, so as to give the least cost supply ofpetroleum

products for the domestic market. Kazakhstan is fairly unique, in addition to th,~ need

to restructure the existing industry it is also in the early stages of the development of a

rapidly growing oil industry based on expanding domestic oil production. The objectives

of the privatization ill addition to increasing the efficiency of the domestic industry,

should thus be to huildup an international perspective and expertise commensurate with

its future oil exports, and to attract capital for sizable expansions in production, refining

and marketing.
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The experience with privatization programs in other countries suggest a number of factors
that may be applicable to the Kazakhstan situation.

Experience indicatee that a careful preparation of the whole petroleum sector for
privatization is needed to avoid costly mistakes, especially as far as the refining industry
is concerned. The recent experience of thP, successful privatizati.on of Yaciementos
Petroliferos Fiscales (YPF) in Argentina is a positive example of the preparation needs;
as opposed to the difficulties being experienced with ad hoc privatization in other
countries such as Morocco. The development of a well thought out stoltegy for the
privatization for b'1e whole petroleum sector and the preparation of the individual
enterprises to be privatized is deemed to be extremely important. The question of
whether the individual enterprises need to be restructured, upgraded, or otherwise
improved prior to privatization or left to the privatized company is an important
consideration especially for a capital intensive industry such as refining.

Equally important is the definition of the Government's role after privatization and the
creation of an environment conducive to market driven competition. This includes the
liberalization of price controls and margins, opening of access to foreign and domestic
markets, definition of access and control of the natural monopolies such as the pipelines
and other distribution infrastructure, definition of special subsidies and/or taxes. All of
these are prerequisites for attracting foreign capital and participation.

There are a number of national issues (both polic)' and economic) that will influence the
privatization route to take the eventual structure of the industry. Among these are a) the
desirability of building up a strong Kl:zakhstan oil company as a means of leveraging the
exploitation of the country's oil resources internationally, and b) the choice of whether
or not to geographically integrate the domestic petroleum sector which today is, in reality,
made up of three distinct geographical regions.

,I

K,
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International on Industry Facrors

Many of the oil producing countries have historically established National Oil Companies

(NOC) to exploit their domestic oil reserves. Today there are close to 100 NOCs, and

27 of the top 50 oil and gas companies in the world are NOCs. The economic efficiency

of most of these NOCs has been poor and has led to the current round of oil sector

privatization worldwide. The major problems are that the NOCs in many countries have

~een considered as a cash generator by the Government and/or a vehicle for social and
political agendas. This generally conflicts with the efficient management of oil resources

and results in the accumulation of debt by the companies; the imposition of subsidies,

protection mechanisms, bloated labor forces and other distortions, all ofwhich contribute

to higher costs to the consumer. On the positive side, the NOCs do, if properly used,

facilitate the exploitation and export of the country'g crude oil into an international

market. Many of the NOCs are currently using their strength to integrate downstream

into refining and marketing in foreign markets. Examples of this are the push

downstream by Saudi Arclbia through the Star joint venture with Texaco and with joint

ventures in Japan and the Philippines, Venezuela's acquisition of refining capacity on the

U.S. Gulf Coast; and the Kuwait National Oil Company expansion into marketing in

Europe.

The other extreme to the establishment of an NOC is the complete privatization of the

petroleum sector, which can lead to the entry and domination of the sector by the

international oil companies, unless protected by adequate antitrust ~aws. An intermediate

route between these two extremes, having both private and state controlled companies

working in tandem, is difficult to conceive and operate. There are, however, a number

of examples where this has worked successfully. The establishment and growth of Elf

Aquitaine in France is one such example. From its origins as the operator of the modest

Lacq gas fields in southern France in the 1960s, Elf has grown to a major international

oil company under Government tutelage. Another example of joint state and private
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enterprise development of major oil resources is the example ofStaatoil in Norway. Both

of these examples of concurrent state and private enterprise development of oil resources

may be pertinent to the Kazakhstan situation.

Domestic Industry Structure

Even though the Kazakhstan petroleum sector is currently integrated and under Central

Government control, there are a number of distinct divisions in the petroleum sector.

Firstly, the country is made up of three distinct and distant geographical markets served

by its own refineries - Atyrtu in the northwest, Pavlodar in the northeast and Shymkent

in the south central region. Secondly, there is no linkage between the major oil fields in

western Kazakhstan and the eastern refineries and markets (accounting for 70 percent of

the total). Thirdly, the current institutional structure divides the petroleum sector

horizontally between exploration and production, and refining under

Kazakhstanmunaygaz, and marketing and distribution under Kazakhstanefteproduct. The

question of whether this structure should be perpetuated, or whether the industry should

be restructured and integrated, is a major factor to be considered.

The decision on whether to link the western oil fields to the eastern refineries with a

crude oil pipeline (currently under consideration) is a major fundamental factor. Linkage

would have a number of advantages including: a) the removal of the disruptions and

uncertainties of relying on Siberian oil imports, b) maximize the use of domestic crude

oil resources, c) utilization of refining capacity currently under construction, and

d) allowing national geographical integration of the petroleum sector.

Experience in other countries has shown that most companies are either already vertically

integrated or are moving in that direction, where possible. The major oil exporting

NOCs are moving downstream, integration into refining and marketing as a means of

moving their crude oil. In some cases they are even integrating, more closely, their

production and marketing sectors as demonstrated by the recent merger ofARAMCO and

Samarec in Saudi Arabia.

Kazakhstan - Introduction Page 11
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Most major western oil companies are already integrated to the extent possible. While

there are numerous examples of oil production companies and a few examples of pure

marketing companies of any significance, stand-alone refineries are very rare. Thelre are

a number of reasons for this. In the international petroleum industry, the tax treatment

of profits is usually more favorable at the wellhead than for processing or marketing of
oil products, which has resulted in the movement of profits to the wellhead. The

resulting low profitability combined with the very high capital requirements for refining,

make the stand-alone refinery a relatively high risk commercial venture. Refining, even

when integrated with oil production and/or marketing is currently viewed as a necessary

evil for moving crude oil to market. Many of the integrated major oil companies have

closed down or divested their marginal refineries.

In Kazakhstan today, the profitability of oil production, refining and marketing are

centrally dictated through the application of the cost··plus pricing system. Under this

system, refining and marketing are attractive low-risk operations. However, under a free

market pricing system, prices would tend toward international prices, putting pressure on

refining and marketing profits. A number of countries (Morocco, Pakistan, Chile) have

stand-alone State refining companies and are currently facing the difficulties of the
transition to free market economics. In Argentina during the recent privatization, there

was great difficulty in attracting participation in the refineries, even though the

Government had spent a significant amount in capital improvements prior to privatization.

The experience with the transition of the marketing and distribution sector from a state

controlled monopoly to private participation, has been an excess rather than a lack of

private interest, especially on the part of the major international companip,s. This has not

been a major problem if properly managed through the limitations of market share and

the qualification of participant.

I.
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The Kazakhstan refinery industry differs from most of the other eastern European and
'NIS countries in a number of important aspects.

• The refineries are relatively modem having been built in the 1970s and 1980s.

(With the exception of the original crude unit Atyrau, most of which has been

shutdown.)

• The refineries have no apparent serious environmental problems, which could pose

clean-up costs and liability risks. (The remediation of surface ground
contamination at Atyrau has yet to be quantified monetarily.)

• The country is short of refining capacity (for the future) and the existing refineries

have potentially low-cost expansion facilities under construction.

• The refineries are part of rapidly expanding domestic oil industry based on

expanding crude oil production.

• The refineries have access to crude oil at prices substantially below world market

prices, which give the refiners a temporary window of opportunity until

Kazakhstan oil prices rise to world levels.

The refinery industry is, however, facing very significant capital investment requirements

in the near term. These capital needs cannot be met from refinery revenues neither under

the current pricing system nor under a free market system, hence they will bave to attract

capital resources either from the State or from private sources. Given the range of

expansion plans and major investment requirements, the current privatization plans are

critical to setting a proper foundation for the future expansion of the industry.

In summary, there are a number of national issues (both policy and economic) that must

be dealt with to optimize the privatization process. In particular, Kazakhstan needs to

define whether it wants to be a factor outside its borders through the development of a
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significant Kazakhstan Oil Company with international ambitions. This will require

significant capital and manpower resources. Secondly, domestically Kazakhstan should

first decide whether it wants to integrate the three regional markets and to what extent

it ~,houldbe involved supplying its immediate neighbors. Thirdly, the domestic petroleum

sector must b~ optimized in an integrated manner with the alternative energy sources

(coal, gas, and other power sources).

m. CRUDE SUPPLY SITUATION

Kazakhstan produce.d 25.7 million tonnes in 1992 from indigenous oil fields h! western

Kazakhstan and Central (Kumkol) regions of the country. Total domestic c0nsumption

amounted to 15.6 million tonnes per year of petroleum products. Prior to the dissolution
of the Former Soviet Union (FSU), the western Kazakhstan oil fields were totally

integrated with the Russian oil markets to the north. Meanwhile, the two refineries

(pavlodar and Shymkent) in the east of Kazakhstan, which supply about 70 percent of the

Kazakhstan market, were directly tied into the Siberian oil fields to the north, with no

access to the western Kazakhstan oil fields. This logistical transportation infrastructure

and shortages of refining capacity, resulted in Kazakhstan exporting 23.6 million tonnes

of crude oil in the west; and importing 11.3 million tonnes of crude oil and 4.2 million

tonnes of product in the east. Thus, net oil exports in 1992 amounted to some

8.1 million tonnes.

The Ministry of Energy and Fuel Resources forecasts that crude oil production will

increase to 33.5 million tonnes by 1995 and 51.4 million tonnes by the year 2000. The

net export of crude oil is only forecast to increase to 11 million tonnes by the year 2000.

This figure is, however, predicated on the basis of a high domestic consumption pattern.

The Kazakhstan petroleum sector currently obtains about 75 percent of its crude oil

supply from Russia. The other source is from indigenous oil fidds in western

(4.5 million mta to Atyrau) and Central Kazakhstan (1 million mta to Shymkent).

..
Kazakhstan • Introduction Page 14



Kazakhstan and other former Soviet Union oil markets were totally integra..ed prior to the
dissolution of the U.S.S.R. The 1993 supply interruptions of Russian crude to
Kazakhstan was the result of monetary exchange issues between the two nations. The
growing Kazakhstan availability of local crude oil supply and the resulting economic
advantage strongly support the installation of a pipeline from western Kazakhstan to the
refineries and larger markets in the east.

Kazakhstan produces crude oil at several locations, although the predominant oil pro
ducing region is in the western part of the country. The Atyrau Refinery processes this
material. Additional crude oil production originates from the Kumkol field in the Central
Region, which is processed by the Shymkent refinery. Approximately 5.5 million metric
tonnes per year of Kazakhstan crude is .:~fined nationally. Indigenous Kazakhstan crude
represents about 25 to 30 percent of the total crude refined over the past several years.
Domestic oil production has been increasing steadily and this trend is likely to continue
with development of the western Kazakhstan oil fields.

Crude oil is supplied by Russia from western Siberia and constitutes the major source of
oil (70 percent) processed by the Kazakhstan refineries. The pipeline enters Kazakhstan
from the north and feeds the Pavlodar refinery. This pipeline combines with a spur line
from the centrally located Kmnkol field and continues on to the Shymkent Refinery. At
this point in time, the Kazal:hstan petroleum sector is dependent on Russia to supply the
majority of its domestic oil needs.

The development of the western Kazakhstan oil fields coupled with disruptions of supply
from Russia, along with other economic factors and National Policy regarding the future
configuration of the petroleum industry, most likely will lead to a pipeline connection
from western to eastern Kazakhstan.
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IV. FUTURE OIL PRODUCT DEMAND PROJECTIONS

Due to the uncertainty of the future Kazakhstan economic situation, it is impossible to

accurately predict long-term demand patterns at this time. However, local Ministry staff

feels that 1993 levels reflect a bottom out of the demand and a moderate growth back to

former demand by the end of the century.

Total domestic consumption of petroleum products amounted to 19.6 million tonnes in

1990. With the post independence economic slowdown consumption dropped 7 percent

in 1991 to 18.3 million tonnes, and a further 15 percent to 15.6 million tonnes in 1992.

In 1993 while the GDP declined by 15 percent, fuel consumption did not decline

appreciably. The Ministry of Energy staff feels that consumption levels have bottomed

out as most of nonessential uses have now been curtailed, and that a large percentage of

current consumption is tied into nonelastic agricultural uses.

Prior to the current economic downturn, a healthy consumption growth rate of 8 percent

per year was being projected for the rest of this decade. The Ministry of Energy was

forecasting total domestic consumption to increase from 15.6 million tonnes in 1992 to

18.1 mi1Iion tonnes in i995 to approach 36.8 million tonnes by the year 2000. After

current downturn, the current feeling is that near-term growth will be very modest, only

coming back to 1992 levels by the year 2000.

It should be noted that there exists considerable uncertainty in the petroleum sector

forecasts, which is to be expected with an uncertain outlook for economic growth and the

many structural changes taking place as far as supply and demand is concerned.
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v. TECHNICAL REVIEW OF CURRENT OPERATIONS

INTRODUCTION

The Kazakhstan refining industry has been in operation for nearly 50 years. The industry
consists of three refineries located throughout the country. The Atyrau facility, located
in the western part of the country, l~ the oldest that was built near indigenous Kazakhstan
crude sources. The Pavlod9I and Shjmkent refineries are located in the northeast and
south central east, respectively. The origEnal Atyrau facility was commissioned in 1945
as part of the World War IT era Lend Lease Program, with current operating units
commissioned between 1968 and 1989. Pavlodar was commissioned jn 1978 and
Shymkent in 1985.

The Pavlodar and Shymkent refineries are generally in good condition, with Atyrau most
in need of modernization.

The Kazakhstan refint;'r~s generally consist of two units, one a simple, hydroskimming
type process configurution, including Crude (some including Vacuum Distillation), Semi
Regenerative Catalytic Reforming (with upstream Naphtha Hydrotreating capability), and
Distillate Hydrotreating Units. The second unit, a heavy oil combined unit, consists of
a Vacuum Gas Oil Hydrotreater, FCC and Gas Concentration Sub-Units. Pavlodar's
Heavy Oil Unit is operating and Shymkent's is partially built and is under a feasibility
study for possible completion. Atyrau contains only the first type, oil hydroskimming,
however, w:th no desulfth"ization capability. ..4\ll facilities have Delayed Cokers, with
only Atyrau and Pavlodar having calcining capability; also, Pavlodar does have a
Visbreaker. The Kazakhstan refineries \~tilize no Hydrocracking, Alkylation, Catalytic
Polymerization, or Merox (mercaptan oxidation I sweetening) technologies.

With the exception of Atyrau, with two Crude Distillation Units, there are no other
duplicate processing units, thus limiting, in general, operating tlexibility in this respect.
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The refining units are reported to have tested operating turndown ratios in the 50 to 110

percent range. The Pavlodar Crude Unit was running at 40 percent of rated capacity

during our visit.

Equipment limitations further contribute to refinery operating problems. Crude oil

storage capacity is 6-7 days (rated at capacity), at most, per refinery. There were

minimal on-line process analyzers observed. Certain major equipment installations are

unlike those found in most modern refineries. For example, stcam furbine drivers are

not generally used and were only noted in isolated services. Minimal use of centrifugal

compressors was also evident. Reciprocating compressors, with their more frequent

maintenance requirements, are typically utilized. Compounding the problem is a severe

shortage of spare parts. Most of the installed equipment was manufactured in the Soviet

Union. Since the dissolution of the U.S.S.R. and discontinuation of certain Soviet

manufacturing operations, Kazakhstan has had to look elsewhere for spare parts. These

items require foreign exchange and/or long delivery schedules, therefore, many of the

critical parts are manufactured by the machine shops within each individual refinery.

These "home-made" parts, while a credit to the refineries ingenuity, in many cases do not
have the operating life of original components, which leads to production loss from

increased downtime.

The installation and maintenance of modern mass flow measurement instrumentation is

needed to collect reliable and consistent operating information, such as specific process

unit yields and utility consumptions. Analysis of this type of detailed information would

allow the refineries to determine the impact of potential upgrading decisions, or to

compare operating information to similarly configured market-driven facilities. The

operating staff at the refineries clearly recognize the need for better instrumentation but

lack the funds or motivation to effect a change. It should be stated that we did see cases

of excellent flow measurement systems, the Pavlodar Crude Oil Transfer Station for

example.
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The Kazakhstan petroleum sector is in need of restructuring. Centrally planned decisions

have put the current oil refining industry at a competitive disadvantage compared to

market-driven facilities. Capital infusion is necessary to bring the petroleum refining

industry to modern, western standards. Currently, neither centrally-planned nor market

driven decisions are being made.

Kazakhstan does have the natural resources to generate the capital needed for its

expansion or modernization plans. However, these resources need to be developed. The

country is predicted to have a future excess of crude oil. Additionally, Kazakhstan has
identified gas fields, coal, iron, copper, gold and other developable mineral resources.

Chev:' ~n, Mobil and other Western oil companies are working on a major

explo~ation/production project in the western Kazakhstan oil fields. Crude oil production

is expected to satisfy internal demand and result in export of significant excess by the

year 2000. As is well known, a pipeline to move this oil to the west is planned as part

of this activity, with the exact routing as of yet unspecified.

Significant savings in energy can be achieved through modification and installation of

equipment, which would require moderate capital and have excellent payback. The

addition91 fuel made available as a result of implementing these changes can be sold,

either internally within the country (which would reduce heavy fuel oil imports and costs)

or exported for hard currency (recall that mazut is of relatively good quality, low sulfur

in nature).

Pavlodar and Shymkent are newer facilities, generally in better condition than Atyrau.

All three locations can benefit from implementing energy saving projects. Shymkent's

movement to complete its FCC installation is a positive step to putting ~t on a competitive

plz eau when viewed on a world price basis. Pavlodar, with its operational Heavy Oil

Combined Unit, is in the best position in this respect. All facilities can benefit from

installation of advance control instrumentation schemes.
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Environmentally, if there is desire/mandate to move to current Western environmental

standards, all facilities need to pay attention to hydrocarbon gas emissions, reUuction of

502 emissions and maintenance and operation of their waste water treatment facilities.
Atyrau faces possible ground-waste oil burial remediation corrective activiHes.

Elimination of Tetra-Ethyl Lead in gasoline at Atyrau and reduction of benzene in fuels

at all locations, is a goal that should be implemented.

With respect to the issue of either modernizing Atyrau or building a new facility at Aktau

(the Japanese and Kazakhstan governments announced a new billion dollar grass roots

plant at this location in February 1993). The following observations are relative to this

issue:

• Western Kazakhstan has existing and developing gas and oil fields.

• The western area of the country has good potential for future industrial/economic

growth and, thus, demand for refined product.

• The existing refinery at Atyrau has in place the infrastructure to support

expansion.

• The Atyrau Refinery has the land for expansion along with trained staff.

• The Atyrau Refinery area is the focal point for existing major crude oil pipelines

and potentially future pipelines.

Foreign funds reportedly have not yet come into Kazakhstan for the Aktau project,

although use of local funds have resulted in some site development at the new location.

An unbiased, comparative financial analysis of the two possibilities is needed.

The east/west pipeline to bring western Kazakhstan Crude Oil to the eastern refineries and

markets should be (and is) strongly considered.
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In summary, while modernization and additions are needed, and cost-saving projects exist

that should be implemented, the oil industry is generally in a healthy economic/technical

state with good, competent, qualified staffand management. Individual refinery operating

and engineering management is aware of the need for modernization, improvement and

energy reduction. To the extent practical, and with funds available, positive changes are

being implemented.

CRUDE THROUGHPUT

The Kazakhstan refining industry has a nominal crude processing capability of rougllly

20 million metric tonnes per year. There is some variance with the crude throughput

capacities reported by the various departments of the individual refineries. However, a

reasonable breakdown of the refinery capabilities is shown in the following two tables,

titled "Nominal Refinery Capacity" and "1992 Major Project Slate Comparisons."
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KAZAKHSTAN REFINERY
PROCESSING UNITS

REPORTED CAPACITY. MTA

UNITS ATYRAU SHYMKENT PAVLODAR

Crude Atmospheric - 3000000 - --
Vacuum Uni~

Crude Atmospheric - 2000000 7500000 7500000
Unit

Vacuum Unit -- 4000000 4000000

Catalytic Reformer 300000 1 000000 1 000000

Coking Unit (Feed 600000 600000 600000
Basis)

Calcined Coking Unit 140000 --- 120000
(Feed Basis)

"

Gas Fractionation -- 470000 400000

Diesel -- 2000 (,\00 2000000
Hydrodesulfurizer

Kerosene - 600000 600000
Hydrodesulfurizer

Sulfur Plant (Product) -- 5000 20000

Vacuum Gas Oil 2200000
111

2200000-
Hydrodesllifurizer

Fluid Catalytic 2000000
(1)

2000000--
Cracker

Gas Concentration 1 350000
111

1 350000--
Visbreaker -- --- 1 600000

Bitumen (Feed Basis) -- -- 1 400000

Hydrogen Unit --- Planned for the 150000
Future

NOTE: 111 Under Construction
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Western Kazakhstan facilities (Atyrau) refine about 25 percent of the total crude

processed in country; and eastern refineries (pavlodar and Shymkent) the balance of 75

percent. Nationally, adequate crude distillation capability is available for the near future.
However, there is a minimum of downstream, intermediate product upgrading capacity.

1992
MAJOR PRODUCT SLATE COMPARISON

KAZAKHSTAN REFINERIES

REFINERY

NATIONAL
ATYRAU PAVLODAR SHYMKENT AVERAGE

PRODUCT % % % %

LPG 0.30 3.0 0.9 1.5

Gasoline 11 30.5 18.3 21

Kerosene 1.4 8.5 8.3 6.6

Diesel and Light Fuel Oil 32.6 29.6 26.1 29

Heavy Fuel Oil (Mazut) 44.9 19.7 42.0 34.5

Coke 1.7 1.0 - 0.8

Bitumen - 4.5 - 1.6

Others 0) 4.1 3.2 4.4 3.9

Vacuum Gas Oil 4.0 -- - 1.1

100.0 100.0 100.0 100.0

Total Tonnes 4433045 6160350 6048170

PRODUCT YIELD STRUCTURE

The product slates, as shown in the previous tables are indicative of the uncomplicated

processing schemes found in these facilities. A lack of heavy oil conversion capacity

exists. Although there appears to be satisfactory crude distillation capacity for the

foreseeable future, there is minimal downstream conversion and upgrading capability.
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The Pavlodar and Atyrau refineries were the only facilities in Kazakhstan with operational
heavy oil processing capacity (FCC, Visbreaking and Coking Units at Pavlodar and

Coking at Atyrau) at the time of the refinery audits. The Shymkent refinery is seriously
undertaking the completion of a partially completed FCC unit through conversion to

western technology. The Vacuum Distillation Unit at Shymkent, while completed, has

only operated for a short time in 1993. The delayed Coking Unit at Shymkent is a few

months away from operability and there is no market for the product. Completion and

operation of these units, along with development of markets for the products, would

dramatically improve Shymkent's product slate and profitability.

As mentioned above, the Shymkent Refinery is moving forward to complete the

construction of the partially installed FCC Unit. The following chart shows, on a world

price basis, using a very simplistic financial model, the difference in cash flow between
Shymkent as it is now and as it could be with an Operating FCC Unit.

At 7.5 million tonnes per year, with Crude Oil at US $100 per metric tonne and taking

operating cost at 10 percent of total cost, the total cost at Shymkent would be US $833

million per year.

CURRENT CASE CASE WITH FCC""

QUANTITY VALUE REVENUE QUANTITY REVENUE
PRODUCT MTA S/MTIl) MILLION S MTA MILLIONS

LPG, Fuel 43as 232500 100
(2)

23.25 627 ()()() 62.70

Gasoline 1402500 170 238.43 2794 ()()() 474.98

Kerosene 637500 175 111.56 450 ()()() 78.75

Diesel, Heating 2002500 165 330.42 2024 ()()() 333.96
Oil

Heavy Fuel Oil 3225000 70 225.75 1 605 ()()() 112.35

TOTAL 7500000 929.41 7500 ()()() 1062.74

UlFrom Platts oil gram, November 1993, Mediterranean Area.
CZ>tJ.S. Natural Gas Heating Value Equivalent.
C3>rhe conversion shown is approximate and will vary in actual operating conditions.
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The example clearly indicates, relatively, the advantage of bottom of the barrel

proressing. Current case profit is ($929.41 - 833.00 or $96.4 million dollars) and in this

simple FCC case, profit would be ($1062.74 - 833 or $229.74 million dollars).
Shymkent is in the process of evaluating the economics, both present and future, that
apply to its specific set of circumstances.

Gasoline production, as a percentage of crude oil processed, is significantly lower than
found in most market-driven refineries. As noted above, a shortage of heavy oil

conversion processes (to lighter, more valuable products such as gasoline) exists within

the industry. The Kazakhstan refining industry gasoline yield averaged about 21 percent
in 1992. This compares to modem refinery gasoline yields in the range of 45 - 50
percent. Further, the gasoline produced by the refineries is, on average, of rather poor
quality. The (R+M)/2 octane ratings for the majority of the gasoline produced were
noted to be between 78 and 80. Atyrau with 14% of the country's 1992 gasoline market,
produces leaded gasoline while the other two refineries do not utilize Tetra-Ethyl Lead

additives.

The crude oil used is of generally low sulfur content. The kerosene desulfurizers were

generally not operative in 1993 as the refineries were able to meet local specification
without them (0.2 wt% sulfur). For comparison, the specification for U.S. ASTM

regular grade burner fuel as well as aviation turbine fuel is 0.3 wt% sulfur.

The Kazakhstan diesel fuel produced in the refineries is primarily a distillate cut from the

crude fractionation columns. In Pavlodar and Shym1cent refineries the material is

desulfurized to produce improved product qualities. In Atyrau, no further treating is

done as no desulfurization units exist. On the average, diesel sulfur content is in the

range ofO.IS to 0.18 wt%. Total middle distillate products represent about 29 percent
of the crude processed in the refineries compared to approximately 20 percent in market

driven systems. Current diesel fuel specifications limit the sulfur concentration to 0.6 or

0.2 percent. The majority of the diesel produced is closer to 0.17 percent sulfur.
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Western European and American on-road diesel products are limited to 0.05 percent

sulfur at this time. Addition of distillate desulfurization capacity is under consideration

at th~ Atyrau refinery.

Heavy fuel oil constitutes the largest product of the Kazakhstan refineries. It amounted

to 34.5 percent of the total crude processed in 1992. This contrasts to less than 15

percent in western, market-driven plants. The lrigh percentage of heavy fuel oil product

could reflect either high demand or lack of conversion capacity; high fuel oil imports

suggest high demand. The heavy fuel oil is of low sulfur concentration, generally

between 0.66 and 1.2 wt%. This material is burned in the majority of the Kazakhstan

National Power Plants for electricity generation and with some lower sulfur material

exported to the west.

OPPORTUNITIES FOR ENERGY EFFICIENTLY IMPROVEMENT

The US Petroleum industry accomplished a 25 percent reduction energy consumed per

metric tonne during the 1973 to 1983 time frame. This was done through energy

improvements in the following areas:

• Furnace Efficiency 65 %
• Insulation Improvements 25 %
• Other Savings 10%

The table on the next page shows the energy consumption for the Kazakhstan crude oil

distillation units compared to a U.S. 1983 basis. On average, the US crude distillation

units consume 18 percent less energy per tonne of crude oil proposed.
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TABLE

COMPARATIVE CRUDE UNIT UTILITY CONSUMPTIONS

., I" I". I. I biI

KAZAKHSTAN

EASTERN

UKRAINIAN U.S. CRUDE EUROPEAN ATYRAU PAVLODAR SHYMKENT
UN..r u UNI'JC31 UNIy<41 CRUDE UNIT CRUDE UNIT CRUDE UNIT

Feedstock, Sp. Gravity 0.88 0.825 0.865 0.858 0.836 0.834

Fuel, Kcallmt Crude 219113
121

153650 153000 139300 182249 158170

Steam, Kcal/mt Crude 24964 14545 28140 70823 24029 30352

Cooling Water, m3/mt Crude 12.2 20.8 0.4 N/A 0.96 N/A .-
Electricity, kWh/mt Crude 8.84 2.38 5.0 8.99 8.61 6.03

TOTAL. as Kcallmt 272613 186400 193400 231 699 227518 202994
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The following table contrasts the potential monetary savings in energy available by

improving furnace efficiency, as a function of percent improvement and fuel oil prices.

It can be seen that there is significant monetary savings potential by achieving only a
moderate improvement in efficiency.

1992 REFINERY FURNACE ANALYSIS

ATYRAU PAVLODAR SHYMKENT TOTAL

Fuel Oil, mt 110267 111 651 35021 256939

Fuel Gas, mt 48551 262425 146994 457970

TOTAL, mt 158 818 374076 182015 714909

FUEL COST

A) World Price $/mtl1l 70.00 70.00 70.00

B) Refinery Price $/mt 20.00 20.66 14.20

POTENTIAL YEARLY SAVINGS

A) World Price and Save 10% $1 111 726 $2618532 $1 274 105 $5004363

B) World Price and Save 20% 2223452 5237064 2548210 10008,726

C) Refinery Price and Save
10% 317636 772841 258461 1 348938

0) Refinery Price and Save

20% 635272 1 545682 516923 2697877

111 Set at 80% of Crude Oil Cost

Atyrau is the only refinery where it was evident that past practices (burial of waste oils

on site) dictate the need for remediation. As the soil is clay-like, it is possible that the

problem (leaching) may not be severe. Additional investigation is needed.
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In most cases, at all of the refineries Wastewater Treatment facilities would be adequate
if the equipment had been properly maintained. In many cases, the equipment can be
brought up to operation with a moderate expenditure. In the three refineries that were

eval\!ated in some detail, the recovery of sulfur removed in the Naphtha and Distillate

Hydrotreating Units is very small. Approximately 9 percent of crude sulfur was

recovered in the Pavlodar and Shymkent refineries in 1992; at Atyrau, there are no sulfur

recovery facilities. The major proportion of the crude sulfur remains in the products

(primarily di,esel and fuel oil). About 74 000 tonnes of sulfur went out in product in

1992 and when burned, found its way to the atmosphere. The lower sulfur content of the

crude results in flow rates of high sulfur content refinery streams that are very much

below the effective operating capacity of the sulfur recovery units. As a first step in

sulfur emission control, a redesign of the sulfur dioxide and sulfur recovery system to
operate at lower capacity would seem to be in order here if the country wishes to reduce

its contribution to the world's S02 emissions.

Environmental issues fall into several categories, within remediation ofpast problems and

changes required to me.et likely future regulations. These are:

• Air Quality
• Waste Water Quality

• Solid Wastes

The burial of oily wastes over the past years at Atyrau was the only issue that surfaced

during our data gathering visit. Before specific remediation actions can be made, it is

first necessary to determine the extent of the problem, an activity which h recommended

within this report.

It is not clear at this time as to the extent of future environmental regulations and,

therefore, the degree of modification and investment required to adhere to these

re,gulations. It can be said that currently the amount of volatile organic chemical and

sulfur dioxide emissions, contaminants in waste water, and quantity of sulfur and

aromatics in fuels is in excess of that allowed in the west. A clear policy by regulatory
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officials on environmental standards needs to be set forth. This policy/regulation will

drive the investment required to achieve environmental improvement in the petroleum
refining sector.

At a meeting in late November 1993 the Kazakhstan President's advisor on the

environment indicated that the government policymakers are acutely aware ofthe situation

and are promulgating regulations to address the issue.

Neglect of past "non-essential" operations has resulted in current and future

environmental difficulties. The environmental control units (e.g. Wastewater Treatment

Plants) are in need of repairs and renovation. A clear direction with respect to national

environmental discharge standards and policies is needed in order to make process

upgrading decisions. Removal of TEL, and reduction of aromatics and sulfur from

refined products will not occur until Kazakhstan environmental regulatory authorities

enact appropriate legislation with enforceable penalties for non-compliance. Further,

national environmental discharge standards and requirements must be redefined and
enforced so that environmental emission and discharge improvements can be instituted.

Environmental control opportunities are categorized as follows:

• Development of comprehensive environmental control programs that stress

emissions awareness and responsibility. The control programs should emphasize

monitoring of specific emissions from the refinery (both air and water), cessation

ofemissions currently released to the environment, and aggressive cleanup ofpast

pollution.

• Improvement of product desulfurization and refinery sulfur recovery capabilities.

• Improvement in water treatment operations by diligent monitoring of water

emissions, repair and maintenance of existing pollution control equipment and

remediation of ground contamination resulting past waste disposal practices.
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VI. GENERAL OBSERVATIONS AND OPPORTlJNITIES FOR ENERGY

EFFICIENCY AND ENVIRONMENTAL IMPROVEMENTS

The major operational and energy improvement opportunities fall into the following
categories:

• Implementation of comprehensive energy conservation policies and programs
justified with world energy prices.

• Improvement of furnace combustion efficiencies by addition of monitoring
equipment (e"g. flue gas oxygen analyzers and fuel flow meters), utilization of
improved waste heat recovery technology, replacement of equipment where

necessary (e.g. burners and instrumentation), and development ofoperator training
courses and incentives in efficient furnace firing techniques.

• Improvement in heat conservation by improving equipment insulation practices.

• Improvement in steam system operating efficiencies by adding steam traps,
collecting and reprocessing condensate, and better utilizing the steam system,
where warranted, by using steam turbine drivers and/or steam reboilers.

• Utilization of computer simulations in order to m~derstand bottlenecks and

deficiencies in fractionation/unit operations so that proper corrective action can be

taken.

INDUSTRY INCENTIVES

This industry requires an impetus to improve the operations and upgrading decisions of

the individual refineries. Currently, specific processing, upgrading, or major

improvement decisions are Centrally Planned, not governed by Market Forces.

Institutional Reform (remove disincentive to reduce costs) is needed to drive energy and

other cost-saving projects.
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At present, there is no economic incentive (that is to n~uce costs) to improve the

operating efficiencies of the Kazakhstan refineries. This results in poor energy utilization

and conservation practices. Furnace or boiler combustion efficiencies are low compared

to what could be achieved. Furnaces are operated to achieve required process conditions

without regard for energy consumed. Steam, an important utility in any operating

refinery, is poorly utilized and managed. Few, if any, steam traps are used in any of the

refineries evaluated. A re--evaluation of the steam/condensate system is needed; it is

believed a greater percentage of steam can be returned to the system as condensate.

Insulation, a low cost energy conservation element, is inadequate or missing in many

important areas. Clear incentives to improve the operating energy efficiency of the
refining industry are needed.

The disincentive to improve efficiency and reduce energy use through economically

driven cost-saving activities must be removed Jr abated in order for the local operating

staff to seek out and implement cost-reduction projects.

Institutional changes are needed in business practices to procure the economic driving

force to minimize cost and maximize profits (in the western sense of the word). Funding

mechanisms must be developed to help the industry realize and implement projects that

are needed to place it in a competitive position with market-driven refineries.
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I. INTRODUCTION

A. THE NIS PETROLEUM REFINERY PROGRAM - KAZAKHSTAN

This report and the work entailed to produce it were performed as part of the
USAID NIS Petroleum Refinery Program for Kazakhstan. It details the results of
an economic cmalysis of tho Kazakhstan petroleum refinery sector and an
overview, or characterization and summary evaluation, of the country's three
refineries which are located in Atyrau, Sh~/r.\kent, and Pavlodar. The overall goal
of the work is to assist in the privatization (,f the petroleum sector by providing
salient information for preliminary investment decisions, and to enhance
privatization opportunities by recommending improvements for the existing
installations that will increase technical and financial performance. Further, it is
intended to catalyze and focus the lending efforts of international financial
institutes, such as the World Bank and EBRD.

John Brown would like to acknowledge the excellent cooperation and assistance
provided by the following people in Almaty.

Victor I. Begin

Jury N. Lavreshin

B. OBJECTIVES AND SCOPE

Vice President
Kazakhstanmunaygaz
National Oil Company

Deputy Chief
Department of Oil Gas
Refining and Oil Chemistry
Kazakhstanmunaygaz

Specific USAID objectivet; of this study are:

• To identify changes in operating practices and low-cost modifications to
equipment that can be immediately implemented to increase the efficiency
of energy utilization, to conserve energy by avoiding unjustified energy use,
and to reduce, as far as practical, undesirable gaseous, liquid, and solid
effluents.

• To identify, characterize, and recommend more extensive changes in
operating and maintenance practices, equipment, ancl physical modifications
to the process units. These should be justifiable, but at the same time may
require further study, possibly with inputs that may not yet be available.
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• To develop focus on areas that require further in\it~ tigation or study before
specific recommendations or opportunities for improvement can be made.

• To compile available data relevant to crude oil supplies in terms of historical
patterns and future options.

• To characterize the operations of the petroleum refining industry in terms
of processing capability, adaptability to changing crude slates, adaptability
to changing product slates, efficiency of energy consumption, and
environmental impact.

• For the country's three refineries, to audit the energy consumption,
environmental emissions, mechanical condition, processing effectiveness,
controllability, and reliability and to evaluate the results to identify
opportunities for improvement.

• To compile available data relevant to national markets for petroleum
products in terms of historical patterns and future demand, including
compilation of data and information with respect to the pricing of petroleum
products at the ultimate consumer level and with respect to actions to
privatize the industry.

• To review economic and financial results, based on privatization policies, to
recommend the viability of individual components of kazakhstan's petroleum
sector.

C. METHODOLOGY AND ACTIVITIES

A single team was established by John Brown to visit and collect data relating to
oil refinery operations, supply and markets from the existing three refineries, and
other sources (local government offices and ministry officials within the country).
The visits took place during November, 1993. The "Characterization and
Evaluation Team" consisted of Robert Jurish, the overall ProjsctlProcess Manager;
Bronek Dutkiewicz, the Economist, from J.S.T.I. (International Science and
Technology Institute, Inc.), Thomas Dempsey, the Instrumentation/Electrical
Engineer and Charles Best, the Environmental Engineer.

In addition to the above, Ivan Lisin, Natalya Molchanova, Tania Proshina,
Or. Alexander Danielenko, and Raushan Aldabiyeva provided local technical
consultation and interpretation services. The objective of this team was to
characterize and perform a summary analysis of the current operating status and
economic performance of the petroleum refining industry in Kazakhstan.
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The field activities consisted of a review of general refinery operating parameters
followed by process reviews of selected units with members of the refinery
engineerirg, operations, and management staff. Additionally, the units were
visually inspected. Kazakhstan refinery counterparts were made available to each
of the team members as needed. In addition to a "process unit" or systems
Rpproach to analysis, the team viewed the refinery from an overall mechanical,
electrical, instrumentation and environmental perspective. Opportunities for
energy efficiency and operational improvements, and reduction of emissions for
the three refineries were developed.

BASIS FOR REFINERY SELECTION

The review of the Atyrau, Shymkent, and Pavlodar facilities considered in this
study was set by agreement between U.S. AID, Kazakhstanmunaygaz, and John
Brown in October, 1993 based on a national Kazakhstan crude processing
capacity of 19.5 million mta, the Pavlodar and Shymkent enterprises process
nearly 40 percent each and Atyrau over 20 percent of the total material refined.
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II. PETROLEUM REFINING INDUSTRY·OVERVIEW

A. ~HE REFINERY INSTALLATIONS

Table" A-1 lists the reported nominal capacity of each of the refining units in the
country. Based on a national Kazakhstan crude processing capacity of 20 million mta,
the Pavlodar and Shymkent enterprises have the capability to process nearly
40 percent each and Atyrau over 20 percent of the total crude oil refined.

Table" A-2, provides a comparison, by refinery, of the 1992 major product slate,
along with the national average of those products.

Table " A-3, shows a Summary Comparison of Kazakhstan crude unit energy
utilization with selected other worldwide facilities. Refer to Appendix E for
additional worldwide refinery unit energy use comparisons.

TABLE II A-'
KAZAKHSTAN REFINERY

PROCESSING UNITS

REPORTED CAPACITY, MTA

UNITS ATYRAU SHYMKENT PAVLODAR

Crude Atmospheric - 3000000 -- ---
Vacuum Unit

Crude Atmospheric - 2000000 7500000 7500000
Unit

Vacuum Unit - 4000000 4000000

Catalytic Reformer 300000 1 000000 1 000000

Coking Unit (Feed 600000 600000 600000
Basis)

Calcined Coking Unit 140000 - 120000
(Feed Basis)

Gas Fractionation - 470000 400000

Diesel - 2000000 2000000
Hydrodesulfurizer

Kerosene -- 600000 600000
Hydrodesulfurizer
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TABLE II A-1 (continued)
KAZAKHSTAN REFINERY

PROCESSING UNITS

Sulfur Plant (Product) - 5000 20000

Vacuum Gas Oil 2200000 111 2200000-
Hydrodesulfurizer

FCC 2000000
111

2000000-
Gas Concentration 1 350000

111
1 350000-

Visbreaker - _.. 1 600 000

Bitumen (Feed Basis) -_. - 1 400000

Hydrogen Unit _. Planned for the 150000
Future

NOTE: 111 Under Construction
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III. ECONOMIC ANALYSIS OF THE KAZAKHSTAN PETROLEUM SECTOR

A. INTRODUCTION

1. SCOPE OF WORK

The generic goal of this study is to enhance the process of change that will
ultimately lead to the rationalization of the petroleum sector in Kazakhstan.

Kazakhstan has three existing refineries located at Atyrau, Shymkent and
Pavlodar. The Kazakhstan Government and the State Oil Company 
Kazakhmunaygaz (KMG) have plans to modernize these refineries; improve
operational efficiency, energy conservation and pollution control measures.
Plans are also under consideration for the privatization of the petroleum sector
in accordance with the National Mass Privatization Plan.

These changes are being undertaken at a time when a) the market demand for
petroleum products is likely to change both in quantity and quality; b) the
characteristics of the crude supplies could change with the development of
domestic crude oil reserves; c) increasing awareness of environmental quality
will put pressure on product quality and refinery operations; and d) shortages
of foreign exchange and the desire for new investments could accelerate the
need to attract private investment capital.

With this in mind, the Scope of Work entailed two distinct tasks. Firstly, a
detailed technical characterization of the individual refineries was performed
as described in the introduction to this report. The second task, was to review
the economic and financial aspects of the refineries individually, and to review
the overall economics of the petroleum sector. The overall goal of the second
task was to assist in the privatization of the petroleum sector by providing
salient information for preliminary investment decisions and follow up, and to
enhance privatization opportunities by recommending improvements for the
existing installations in the sector that will increase technical and financial
performance.

The scope of work for the economic evaluation included the following:

• A review of the policies, methods, and history of product pricing, including
the relationship between oil product prices, the organization receiving the
revenues and the impact on the refining industry's financial position.

• Analysis of the existing taxation system applied to the petroleum sector and
recommend preferential changes.
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• Review of financial practices including an analysis of major cost components
in the operation 'Jf each refinery, including salaries and fringe benefits,
taxes, subsidies, ,~x-refinery pricing, crude oil procurement and payment.

Overview of critical elements which have lead to successful privati:J;ation of
the petroleum sector in other countries and their potential use in
Kazakhstan.

• Identification of options that could be considered for the privatization of the
industry.

2. METHODOLOGY

The specific intent of the work in this area, set under the original terms of
reference, was to avoid efforts to compile data of a statistical nature in order
to permit analysis and evaluation, but rather to base such analysis on data
already available. USAID made available to the team data that had been
prepared on Energy Pricing and Taxation in Kazakhstan in June 1993.

Further information was obtained through participation in a fact finding
Mission in Kazakhstan in October/November 1993. During this Mission
"interviews were held with the senior management of two of the three
refineries in Shymkent and Pavlodar, with data only Supplied by Atyrau, and
with members of various State Ministries and Agencies in Almaty. These
included the Ministry of Energy and Natural Resources; the Ministry of
Economics; The Committee of State Property; and the Cabinet of Ministers.
Discussions were also held with the State Companies responsible for the
operation of the petroleum sector in Kazakhstan i.e. Kazakhmunaygaz and
Kazakhnefteproduct, (KNP).

Extensive and effective meetings were held at both Pavlodar and Shymkent
Refineries. The fact finding efforts in Almaty however, were severely
hampered by the dislocations that were taking place associated with the
conversion of the country from the Ruble to a National Currency - the Tenge.

Discussion with the refineries were primarily with the economic and planning
divisions and centered on the past and current economic performance of the
refineries. The main objective was to obtain a thorough understanding of the
methodology of establishing prices of petroleum products at the ex-refinery
level; and the cost structure of the refining sector. While the focus was
primarily the economics of the refining operation, discussion was held with
local representatives of the marketing and distribution company KNP in an
attempt to obtain a better understanding of the interface between refining and
their petroleum product markets.
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The review of historical refinery economic operating data was originally
intended to cover a five year period on an annualized basis. Preliminary
analysis however indicated that annualized data was at this stage largely
meaningless, due to the very rapid price escalations; high inflation rate and
widely fluctuating exchange rates. To obtain a more accurate assessment of
how the refineries were coping with the then volatile economic environment
more frequent data was needed. Both refineries were most helpful in
preparing and reviewing their monthly operating experiences and the problems
that were being encountered. This exercise highlighted the danger of using
current economic data to draw comparisons on any longer term trends or inter
refinery/regional comparisons.

Throughout this study care has been taken to differentiate between the
changes that are currently taking place in what is an unstable transitionary
period in Kazakhstan and the longer term expectations and aspirations for the
petroleum sector.

During the last three years the ruble exchange rate increased from 1.75
rubles/$ in 1991 to 5000 rubles/US$ in late 1993. This volatile exchange rate
when coupled with rapidly changing domestic prices makes the comparisons
of the petroleum sector economics on a foreign hard currency extremely
difficult, and has been avoided as far as possible in this report. Where
necessary, comparisons between Kazakhstan and World prices have been
made using instantaneous prices and conversion rates in effect during the
Mission visit in November of 1993. These are gross estimates that should be
treated with caution.

The basic statistical data available on petroleum product production;
consumption and imports and exports show various inconsistencies. It became
evident early on in this study that this was due to the volatility of the current
markets, and to differences in reporting and standardization of statistical data.
This is especially true of import and export current and past export figures,
which are generally recognized to be under-reported. No extended effort was
made to reconcile these differences in this analysis, however these differences
were factored into the observations and conclusions reached.

Similarly, there was a large spread in magnitude and opinions as to the future
expectations for petroleum consumption. The differences were factored int~

the analysis qualitatively where they would impact the conclusions.

The structure, logistics and economics of the petroleum sector in Kazakhstan
is, and will be, influenced by the geography of the country and regional
dictates on the petroleum markets. Neither current regional petroleum market
data, nor future expectations were made available for this study. The
observations and conclusions presented are thus based on a national
perspective, and it should be recognized that the regional requirements do
need to be factored into any final analysis.
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B. PETROLEUM SECTOR OVERVIEW

1. CRUDE OIL AND REFINED PRODUCT SUPPLY

8. Crude 011 Supply

Kazakhstan is a country rich in energy and especially petroleum
resources. In 1992 the country produced 26 million tonnes of crude oil,
including 3.8 million tonnes of condensate. An active exploration and
development program currently underway is expected to result in oil
production to rise to over 50 million tonnes per year by the year 2000.
Geographically, the major production comes from on-shore reserves in
the northwest Caspian Sea area of the country. A small but declining
production of crude oil from the Central Kumkol Region is also
produced. In the Caspian region, six major production regions produced
over 90 percent of the country's oil. The Manguyshlak area is the major
producer accounting for half (11 million ::onnes) of the total, followed
in size by the Tengiz area (4.4 million tonnes). Current expoctations are
that the Manguyshlak production will in essence stay at current
production levels through the rest of this decade, while major new
production expansion is expected from the Tengiz area, where
production of 29 million tonnes per year could be expected by the year
2000.

In addition to the development of current proven reserves, major new
exploration initiatives are being undertaken offshore in the Caspian Sea
in conjunction with an international consortium of oil companies.

Crude Oil Disposition

The location of the oil production regions in the west; the major
refineries and product markets in the east; and a pipeline system that
runs north in Russian leads to logistic difficulties and a distorted
disposition of Kazakhstan crude oil. In 1992, 4.6 million tonnes of
domestic oil was refined primarily at the Atyrau refinery with a limited
amount at the Shymkent refinery. Under an 1992 Inter-Republic Trade
Agreement with Russia a further 13 million tonnes was exported to
Rl.:. ..;sia in the west in exchange for Siberian oil imports into the Pavlodar
and Shymkent refineries in the east. The balance of 6 million tonnes
was exported outside the Former Soviet Union (FSU). The
Kazakhstan/Siberian Oil exchange was originally envisaged as a parity
exchange with adjustments being made for quality differences between
the crudes. This has run into some difficulties in pr&":tice, and have
resulted in short term shortages in crude oil availability for Pavlodar and
Shymkent. Current expectations are that oil imports from Russia will
decline to 10 million tonnes in 1994.
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3. DOMESTIC REFINED PRODUCT MARKETS

Domestic Consumption of petroleum products has declined from 18.3 million
tonnes per year in 1991 to 15.5 million tonnes in 1992, and i~ not expected
to drop significantly below this figure in 1993. General expectations are that
consumption has now bottorr.ed out and could remain at this level for the re~,

of the decade. The decline in demand has been spread evenly over all
products and most sectors of the economy.

Sectorial consumption of petroleum products is skewed largely towards
agriculture which accounted for 36 per~~nt of total consumption in 1992.
Automobile usage accounts for 8 percent and rail transportation accounts for
a similar amount of 7 percent. The Ministry of Energy purchases, mazut
primarily, for power generation, accounts for 15 percent of total consumption.
Other consumptions amounting for 32 percent of consumption, represent to
a large extent mazut f or industrial purposes.

TABLE III·B·1
SECTORIAL DISTRIBUTION OF PETROLEUM PRODUCT CONSUMPTION

CONSUMPTION
SECTOR THOUSAND TONNEIYR PERCENT

Agriculture 5572 38

Ministry of Automobiles 1 182 8

Rail Trainsport 1 071 7

Health Care 44 0

Ministry of Energy 2174 15

Other 4820 32

TOTAL 14863 100

SO\Jrce Kazakhnefteproduct, Oct. 1992, IRG

Mazut use for power generation, district heating and industrial uses is a major
factor accounting for over one third of total petroleum consumption in
Kazakhstan. The need for mazut usage is not altogether clear. Tho refiners
complain of excess mazut production calling for deeper bottoms upgrading.
Both KNP and the major consumer Kazenergo point to increased demand for
mazut and point to current importation of mazut. In the power sector, mazut
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b. Product Supply

The total consumption of products prior to independence in 1991
amounted to some 18.7 million tonnes per year. In 1992 demand
declined by approximately 15 percent to a level of 15.8 million tonnes.
In 1993 while the gross domestic product (GOP) declined by 15
percent, the demand for energy had not decreased appreciably. It is
generally considered that consumption has now bottomed out, as thf)
current level of consumption is representative of basic nocessitif'ls
(especially agricultural needs which is a major consuming area). Pri(lr
to 1991, the domestic refining capacity was inadequate to suppl'.'
domestic demand, necessitating the import of products, primarily from
the north. In 1991, net imports of petroleum products amounted to 5.5
million tonnes per year, which declined to 3.4 million tonnes per year
in 1992.

c. Future Outlook

Prior to the current economic downturn Kazakhstan had very ambitious
plans for refinery expansion through the construction of new refineries
and expansion of the existing three refineries. Refinery capacity was
slated to increase from 17.6 million tonnes in 1992 to 26.5 million
tonnes in 1995 and exceed 40 million tonnes by the year 2000. At the
same time domestic consumption was expected to increase to 27
million tonnes per year. This major expansion in refining capacity
would have turned Kazakhstan into a major exporter of refined products
by the end of the decade.

The current situation, however, will necessitate a reappraisal of future
plans. The present thinking of the Ministry of Energy is that domestic
petroleum consumption will remain flat for the foreseeable future and
that consumption in 2000 will not be substantially different from today,
either in total quantity or product spectrum. At the same time the
development of severa refining over capacity to the north in Russia, will
raise doubts on the viability of building export oriented refineries in
Kazakhstan, (at least in the north). Under this scenario Kazakhstan
would be essentially in domestic refining self-sufficiency depending on
the quant ~y of product exported.

2. GEo-EcONOMIC CONSIDERATIONS

Geographically, the Kazakhstan petroleum sector can be considered to be
made up of three distinct regions (Figure III-B-1) with distinctly different
characteristics, located one thousand to fifteen hundred miles apart.

Kazakhstan· Part III - Economic Analysis of the Kazakhstan Petroleum Sector Page 5 ~'



JOHNBRONN

• The northwest area round the Caspian Sea is crude oil and gas rich, sparsely
populated with a limited marl<at, and located closer to the major markets in
Russia than to eastern Kazakhstan. The logistics; both rail and pipeline
traverse this 'region froln north to south. The region has access to
international markets through the Russian pipeline system, but anticipated
future crude oil export expansion iustifies the construction of a dedicated
pipeline to international markets; amajor project currently under negotiation.
The Atryau refinery with a capacity of 4.6 million tonnes per year was
originally constructed in 1945, is a hydroskimming operation that will
require substantial investment to bring i~ up to modern standards. A major
grassroots refinery in the Manguyshlak area is reportedly under negotiation
with a Japanese consortium•

• The northeastern area centerfld on Pavlodar, Samipalati"sk and Karaganda;
while anergy rich in the form of coal deposits, is devoid of oil and natural
gas; it is the major industrial area and the major petroleum market; and is
connected logistically by rail and pipeline to Siberia in the north. The
Pavlodar refinery with a current capacity of 7.5 million tonnes per day is a
relatively modern refinery commissioned in 1984, and has a catalytic
cracker and other bottoms upgrading capabilities (coker and visbreaker).
The area is a net importer of petroleum products primarily from the Omsk
region of Russia to the north. A 6 million tonne per year capacity expansion
at the Pavlodar refinery is partially completed but is currently on hold.

• The southern region encompassing the Shymkent, Sarya Dar, Djambu area,
has no oil resources, receiving Siberian crude oil via pipeline; has a limited
local predominately agricultural market; and is linked by rail to the north
with Almaty and the Pavlodar region. It is linked to southern markets in
Uzbekistan, Kyrgyztan and Turkmenistan by rail and limited petroleum
product pipeline connecting to Tashkent. The Shymkent refinery is a
relatively modern hydroskimming refinery built in 1978 with a current
nominal capacity of 7.5 million tonnes per year. A partially completed FCC
unit is currently on hold pending re-evaluation of the economics.

The evolution of these three regions has resulted in petroleum refining and
marketing sectors that have more in common with their now foreign
neighboring areas than with the other areas within Kazakhstan. From a
refining perspective the Atryau and Pavlodar refineries are overshadowed by
the refinery centers of central Russia and western Siberia to the north.
Shymkent on the contrary, is the dominant source of petroleum product supply
for the southern neighbors.
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is used to cofire with coal which is of low quality having very high
ash content. As new coal facilities come on stream, and with an increased co
firing needs for older power stations with declining efficiencies, more rather
than less mazut will be needed in future. There are, however, programs under
study to improve the quality of the coal at the source.

Geographical Distribution

This data was requested, but not made available.

Export Markets

The amount of petroleum product consumpticn actually consumed within the
Kazakhstan borders, and how much is exported either to satisfy neighboring
markets and/or exported into the international market to generate· hard
currency, is not altogether clear based on available data. The refineries are
allocated an export allowance of 5 to 10 percent of their production to
generate currency for thek current operating financial needs. Furthermore, the
Government of Kazakhstan estimates that exports of all commodities,
presumably also including petroleum products, are currently under reported by
at least 40 percent. The actual amount that is exported has considerable
bearing on the short term need for additional refining capacity and/or
upgrading capacity.

4. INSTITUTIONAL FACTORS

Industry Structure

The downstream segments of the petroleum sector - refining and marketing 
are in the hands of two state companies with distinct responsibilities:
Kazakhmunaygaz is responsible for refining, while Kazakhne'iteproduct has the
responsibility for marketing and distribution of both domestically refined
products and imported finished products. Up to the present the dividing line
has been very rigorously drawn at the bulk loading facilities at each refinery.
While there appears to be some linkage and cooperation between these two
entities, the dividing line of responsibility apears to be much wider than usually
encountered in the west.

The petroleum sector was in the initial throes of restructuring and
privatization. The question of whether, and to what extent, the refining and
marketing activity needs to be integrated is receiving some attention.

II.

p

IF
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Kazahkmunaygaz

Kazakhmunaygaz (KMG) has direct responsibility for the operation of the
refining sector in Kazakh~ltan. In Se~tember 1993, KMG was reorganized into
a State Holding Company, with the following subsidiary companies:

• Six Oil Fields/Productllon companies,

• The Atyrau and Shyrnkent refineries,

• A Geophysicall Exploration Company,

• Two pipeline companies with facilities in western Kazakhstan and into
Russia,

• Several Service and Infrastructure Companies.

The Supervisory Board of KMG set up by the Cabinet of Ministers will have the
following representation:.

Ministry of Energy and Fuels
Committee of State Pro1perty
Kazakhmunaygaz
Ministry or Finance
Service Bank

Percentage
35
35
10
10

...1Q.
100

Currently the managemel,1t structure of KMG is being reorganized and the
necessary data is being put together for presentation to the Committee of
State Property and the Cabinet of Ministers. As presently envisaged KMG will
consist of about 10 to '12 main companies with about twenty subsidiary
companies. The holding company will have a minimum state ownership of
51 percent; 10 percent will be owned by the employees; and the balance will
be determined by coupon stock oxchange by the Investment Funds. Direct
individual investment if foreseen later.

Future plans call for KMG to integrate downstream into marketing and
distribution through participation in KNP and direct expansion into retail sales.
It is anticipated that KNIP will primarily still be responsible for domestic sales
while KMG will diversify into an international oil company.
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KazakhneftQDroduct

Kazakhnefteproduct has virtually the sole responsibility for the marketing and
distribution of petroleum products in the country. It purchases all the refined
products directly from the refineries in bulk and has the responsibility for
loading, transportation and distribution of domestically refined products. It is
also responsible for the importation of products as needed to supplement
domestic production.

KNP operates bulk distribution terminals in each of the nineteen Oblasts, and
has three subsidiaries operating at each of the three refineries. Approximately
80 percent of products are supplied through these terminals with about
20 percent going directly to the end consumers.

Central State Control Structure

In addition to the two operational state companies KNP and KMG, the
respol1sibiiity for the day to day management of the petroleum sector is shared
by the Ministry of Energy and Natural Resources, the Ministry of Economics
and the supervision of the Cabinet of Ministers.

The Ministry of Energy and Natural Resources is responsible for the balance
of supply and demand throughout the country using both domestic and foreign
imported products. The Oivision of Balances, which is a Division of the
Ministry of Energy, supervises the supply and distribution of petroleum
products and dictates the imports of foreign products according to need. The
operational execution of this is done by KNP.

The Committee of Pricing in the Ministry of Economics is responsible for
determining unified national costs to be applied at the wholesale and retail
levels. The Committee bases pricing decisions on total cost of supply
considerations taking into account the cost of crude oil production in
Kazakhstan, refining costs and the cost of importing product!!' from abroad.

=
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C. REFINERY FINANCIAL OPERATIONS

During the period of this study the Kazakshtan economy in general and the
refining sector in particular, were going through some very difficult changes. On
the economic level, the country experienced a period of rapid inflation; unstable
foreign exchange ratl); shortages of foreign exchange and a currency conversion
from the old Ruble to.8 new National currency - the Tenge. The petroleum sector
at the same time has experienced very large increases in raw material (crude oil)
costs; major disruptions in supply patterns and shortages of crude oil and product
supplies. Under thesll conditions any comparisons; whether they be between
refineries, regions or with similar int'.:lrnational operations is extremely difficult if
not impossible.

For this study, the analysis of current refinery operations and economics was
directed at identifying major trends and practices that significantly impact the
future development of the industry, rather than any quantitative analysis of
current operations.

1. CRUDE OIL PRICES

Over the last two years refinery crude acquisition prices have increased very
dramatically. This has baen true for both domestically produced oil and crude
imported from the Former Soviet Union (FSU). The monthly crude oil
acquisition costs reported by the three refineries for the last two years is
shown in Figure III-C-1. During this period Pavlodar and Shymkent were
running primarily on imported crudes with minor inputs of domestic Kumkol
Crude, while the Atyrau refinery processed domestic crude oils exclusively.
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Figure III-C-l

Refinery Crude 011 Aqulsltion Prices
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During this period, the quantities of crude oil exported by Kazakhstan to Russia
in the west were approximately equal to the quantity of FSU oil imported into
the east to supply the Pavlodar and Shymkent Refineries, and the pricing of
domestic and imported crudes were linked in what was originally an exchange
agreement between Kazakhstan and Russia.

Under the terms of the Inter-Republic Trade Agreement with Russian in 1992,
the prices of crude oil traded between Kazakhstan and Russia were in principle
set at parity with appropriate quality corrections. The higher sulfur metals
and wax content of the Kazakhstan crudes relative to the FSU crudes resulted
in a quality discount for Kazakhstan crudes being reportedly demanded by the
Russians of the order of 1500 to 3000 rubles/tonne. This differential was not
immediately translated into a comparable spread in crude prices for the
Kazakhstan refineries which treated domestic and Siberian crudes. For most
of 1992, both domestic and imported prices were virtually identical.

In October of 1992, Russia decentralized negotiations on inter-republic oil
agreements, resulting in a rapid escalation of both domestic and imported
crude oil prices and a widening of the spread between crude oil prices. The
spread between domestic and imported crudes has opened to substantially
more than the quality differential mentioned above. During the latter part of
1992 and the whole of 1993, the spread has averaged close at 10 000
rubles/tonne. It would appear that this spread can be attributed to the pricing
lag between domestic and imported crudes pricing mechanisms.

Directionally it would be expected that Atyrau should have lower crude
acquisition costs than Pavlodar or Shymkent based on domestic crude oil
quality and location factors. The current stability of prices is too volatile to
draw any meaningful conclusions from existing figures.

The important factor impacting crude oil prices in the near term will be the
rate at which Russian and Domestic Kazakhstan crude oils will escalate relative
to world oil prices. As shown in Table III-C-1 the Kazakhstan crude oil
acquisition prices for all three refineries are still considerably below even the
current depressed crude oil price levels. The average 1993 crude prices were
approximately one quarter of world prices, though by the end of the year
imported crude prices had risen to about 50 to 60 percent of world prices,
depending on exchange rate used.
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TABLE 1II-e-1
REFINERY CRUDE OIL ACQUISITION COSTS

REFINERY YEAR 1990 1991 1992 1993111

Pavlodar Rsrronne121 32.00 75.00 3407 29299

Shymkent Rsrronne 32.50 74.50 4412 29850

Atyrau Rsrronne 31.50 70.00 3596 19853

Average Rsrronne 32.00 73.17 3805 26334

$/Mt 18.29 41.81 38.05 23.74

$/Bbl 2.46 5.63 5.12 3.19

Exchange Rate Rs/US$ 1.75 1.75 100 1 109

111 Based on Average of 10 month period
121 Rubles per metric tonne

Future Outlook for Crude Oil Prices

Considering the longer term outlook (2 years and beyond time frame) for crude
oil prices for the refining sector in Kazakhstan a number of factors should be
considered:

• Because of the existing transportation infrastructure the price of crude will
continue to be dependant to a very large degree on the pricing policy of
crude oil to the north in Russia. As long as the Russian producers make
crude oil available to their refineries at below world prices, then Kazakhstan
may need to follow the Russian price leads.

• Price differentials between Kazakhstan and Russian crudes will continue to
depend on the quality differentials. The valuation may be determined more
by international oil price spreads rather than the existing pricing structure.

• Over valuation of the bottom-of-the-barr£l today is caused by the use of
high mazut/crude oil proportional factors used in the current product pricing
methodology. This tends to favor heavy crude oil prices. In the future,
when crude oil and product prices approach world prices, the price spread
between light and heavy crude oils can be expected to increase.
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2. OPERATING COSTS

The refinery operating cost are calculated by the accounting department of
each refinery using a standard format developed by Moscow in the early
1970s. These cost figures are used for planning purposes and for
determination of petroleum product prices. Direct operating costs are
computed for each individual processing unit and combined for the total
refinery.

A typical breakdown of refinery operating cost computation for the Shymkent
Refinery is shown in Table III-C-2 which shows the planning cost figures for
November 1993.

Kazakhstan • Part III - Economic Analysis of the Kazakhstan Petroleum Sector Page 16



TABLE III-C-2
SHYMKENT REFINERY OPERATING COSTS

NOVEMBER 1993

..:

•

COST
THOUSAND RUBLESI

ITEM U~lT&111 QUANTITY PRICE RUBLESIMONTH TON PERCENT

FEEDSTOCK

Crude Oil Thousand 580.00 53436.74 30993309
MT

Losses Thousand 4.09 53436.74 218556
MT

Sub-Total j'hQusand 575.91 30774 "153 53436.74 76.2%
MT

OTHER RAW MATERIALS

Catalyst and 111 669
Chemicals

Other Materials 2000

Sub-Total 113669 2 193.90 0.3%

ENERGY COSTS

Electric Enerav RSIKWH 12999 24.6 319781

Base Charae 23300 69900

Thermal Power

Steam 40 bar RS/Gcal 21 300 23345 497249

Steam 16 bar RS/Gcal 14434 21020 303403

Hot Water RS/Gcal 2052 19460 39932

Sub-Total 2 136.21 2.1%

UTILITIES

Demineralized RSfT 28000 2443.46 68417
Water

Condensate RSfT 37799 2443.46 92360

Fresh Water RS/M3 316.5 206.75 65436

Industrial Water RS/M3 26.6 32.00 851

Sub-Total 394.27 0.6%

OTHER

Waaes 43575

Social Insurance 16 123
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TABLE III-C-2
SHYMKENT REFINERY OPERATING COSTS

NOVEMBER 1993

II
;

-=

COST
THOUSAND RUBLESI

ITEM UNITSl1I QUANTITY PRICE RUBLESIMONTH TO~ PERCENT

Employment 1 014
Fund

Maintenance 287933

Safety and 7400
Protection

Uniforms, etc. 206

Highway Tax 370566

Deoreciation 27031

Other Expenses 9 116

Investment Fund 1 655436

Production Cost 34764150 603li3.86 86.0%

PERCENT

Allowable Profit 16 5649 174 9809.13 14.0%

Tax on Profit 25 1 412294

Investment 35 1 977 211

Social Benefits 25 1 412294

BonuslWaaes 15 847376

100

TOTAL PRODUCTiON COST (ex Texes) 40413325 70172.99 100.0%

111 RS = rubles

••
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The operating costs shown in Table III-C-2 include : raw material; purchased
energy and utilities; wages and al;sociated cost; maintenance; and other
miscellaneous costs generally associated with refining operations in the west.
Certain differences from westorn practices in calculating operating cost should
be noted.

Profit Margin. The total production cost is taken as the sum of raw
materials, primarily crude oil, energy and utility costs, wages and other
expenses. The refiner is then allowed a fixed percentage mark-up or
"profit" on top of these expenses to arrive at total production costs. The
allowable profit margin for refining was 20 percent until recently when it
was reduced to 16 percent for Shymkent. This "profit" is subject to a profit
tax amounting to 25 percent on the profit. The rest of the profit is used for
refinery capital investments (35-45 percent), and the balance distributed as
bonuses, wages and other social benefits.

• Capital Related. The refining operation is subject to an investment fund
contribution of 5 percent to the state. In the past major capital expansions
were funded out of this Government investment fund, by applying to the
state for funds for major projects. No capital expense or interest charge are
charged against these investments and do not appear as a capital related
expense in current operating costs.

• Depreciation charges are computed for individual equipment and appear to
be lower than for similar operations in the west. The Shymkent refinery
was fully depreciated in 1992, which could explain the very low
depreciation charges.

• A special fund payment for paying off the non-operating processing units is
included in both Pavlodar and Shymkent's operating costs. Both refineries
have major construction expansions under construction but currently in
limbo. Tlo"ese are the second distillation train at Pavlodar and the FCC unit
at Shymkent.

• Wages. Labor costs appear both in the direct operating costs and as
distributed profits as mentioned above. Base wages; a tax on wages for
social benefits (37 percent) and a 2 percent unemployment tax all appear
as a direct operating cost. Bonuses, extra wages and benefits (vouchers for
labor unions, vacation allowances etc.) are paid out of "profits", and can
account for a major part of labor related costs. At Shymkent the average
base salary was reported to be of the order of 20 000 rubles per month,
while total renumeration was of the order of 100 000 rubles per month.

A summary of recent refinery operating costs for the Pavlodar, Shymkent and
Atyrau refinery are shown in Table III-C-3. In this summary the capital, labor
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and tax component of the allowable profit has been combined with the similar
line item component in the cost computation. Detailed operating cost
computations for each of the three refineries is shown in Tables 1 through 4
in Appendix III.

TABLE m-C·3
COMPARISON OF REFINERY COSTS

ATYRAU SHYMKENT PAVLODAR

RSlTonne RSrronne RSrronne $rronno $/BBL

Raw Materials 30509 53256 11459 25.82 3.46

Energy Related 1119 2121 5856 1.95 0.26

Utilities ~21' 391 290 0.10 0.01

Maintenance 901 496 2451 0.82 0.11

Labor Related 3391 4001 1816 2.63 0.35

Capital Related 2580 6310 1839 2.61 0.35

Taxes 1 843 3014 4658 1.55 0.21

Other 2892 29 5363 1.19 0.24

TOTAL 44228 69619 111 191 31.26 5.00

Gross Margin 13118 16423 34333 11.44 1.53

RS = Rubles: A value of 3 000 RS/$ is used as a conversion factor, which was the
value in early November 1993.

The major difference between the refineries is in the crude 011 cost, which
varies from 30 509 rubles per tonne for Atyrau and 17 459 rubles per t?nne
in the case of Pavlodar. This wide difference in feedstock cost translates in
further distortion by taking a fixed profit on total expenses.

The escalation of crude 011 prices over the last two years has been the major
concern for all three refineries. Some figures for the Shymkent Refinery
indicate that the other expenses have increased faster than crude all prices,
with the possible exception of base wages. Between 1992 and 1993
Shymkent's crude oil acquisition costs have increased at an annual rate of
550 percent. Other operating expenses have increased by 800 percent, while
base wages have increased by 480 percent.

I•
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3. EX-REFINERY PRICES

All three refineries use the standardized calculation system developed in Russia
in the early 1970's for calculating ex-refinery prices of individual petroleum
prices. The system allows for the calculation of the cost of production for
each individual product based on production cost assessments made for each
individual processing unit and the intermediate transferred processing stream
prices.

The method of price determination is basically a cost plus method which
allows the refiner to recover all production costs, and a fixed percentage
premium or "profit" on top of direct expenses. Inter-fuel price differentials are
determined by production economics for the major products, while a fixed
ratio, or differential to crude oil is used for determining secondary products.
Mazut, a major product in all three refineries is considered a secondary
product, and it is assigned a fixed price ratio to crude oil.

In the past, ex-refinery prices were changed infrequently, and quarterly price
determinations were usual. Due to the current inflation pressures and rapid
rise in crude oil prices, ex-refinery prices are readjusted frequently. In recent
months ex-refinery prices have been readjusted several times in the quarterly
planning cycle, primarily in rnsponse to crude oil price escalations. The
frequency and magnitude of the changes taking place are well illustrated in
Figures III-C-2

Determination of ex-refinery prices is the responsibility of the Planning Division
in the refinery, which is tasked with thl.1 responsibilities of developing quarterly
production and pricing projections, and modifying the price computations as
needed. Price changes require the approval of the Chamber of Ministers in
Almaty.

The pricin~g s"/stem has been computerized at the Pavlodar Refinery, and plans
are under way to install a similar computerized system at Shymkent.

Individual Product Prices

Individunl end product and intermediate stream prices are determined for each
processing unit in the refinery by accounting for all production expenses for
each individual unit in the refinery. The raw material/and feedstock costs, and
operating expenses are passed through to products on each processing unit.

The price of certain secondary products are fixed relative to crude oil prices.
These ratios. are fixed, having been determined by Moscow prior to
independence. The same ratios have been used since. A few products are
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fixed at a subsidized level for social reasons. Some examples of these fixed
price relationships in current use are shown in the following Table III-C-4.

TABLE III-C-4
PRODUCT PRICE RATIOS RELATIVE TO CRUDE Oil

PRODUCT RATIO FIXED RStlonne .
Mazut 0.80

Bitumen 0.50 - 0.75

Residue 0.80

Fuel Gas 0.80

Coke 1.00

Coka Fines 0.65

Butane 1.0

Propane 93917

Light Naphtha 69672

..

..

The co~t of production is distributed equally acro!;s all the main ~.J

productslintermediate streams produced, with the exception of the fixed •
secondary products.

Ex-refinery produr.t pricer:; for the last two years for the Pavlodar and _.
Shymkent refineries are shown in Figures III-C-2 and 1II-C-3 respectively.
These figures show the close relationship between crude oil and product prices
and indicate that the refineries have been very effective in passing through
crude oil and operating costs.

,
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Figure III-C-2
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Figure III-C-3

Product Prices - Shymkent Refinery
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D. MARKETING AND DISTRIBUTION

1. STRUCTURE AND OPERATIONS

The main concentration of this study was the economics and structure of the
Kazakhstan refining sector. Since it is impossible to divorce the future of the
refineries from the markets they serve, some time and effort was devoted in
putting together a profile of the Kazakhstan petroleum demand structure. This
overview was of necessity limited due to time availability and the difficulties
encountered during the currency transition disruptions encountered during the
in country visit.

The obtain an oversight of the marketing activities, discussions were held with
the local KNP marketing staff at the two refineries visited (Shymkent and
Pavlodar) as well as with the headquarters staff in Almaty. Market related
discussions were also held with several sections of the Ministry of Energy, as
well as the Ministry of Economics.

Market Structure

Prior to independence the total Kazakhstan consumption of petroleum products
'amounted to some 23 million tonnes per annum of crude oil and products.
Between 1991 and 1992 the consumption of the major petroleum products,
declined by approximately 15 percent from 18.7 million tonnes to 15.7 million.
Consumption of the major products were not expected to further declinp.
significantly, even though GOP declined by about 15 percent from 1992.

It is generally considered, that the petroleum product consumption decline has
now bottomed out and that further erosion will be limited by the basic needs
oj: the agricultural (a major consuming sector) and industrial sectors,
irrespective of the outlook for the economy. The short term outlook for
petroleum product apparent consumption may be somewhat clouded by a
growing inter-republic trade and the export of products into the west in an
effort to gener'lte hard currency.

The longer term outlook for petroleum product consumption is unclear. Some
Government planning forecasts are looking at rapid resurg9nce in demand to
pre-independence levels. Morc conservative forecasts of demand, remaining
at today's levels past the turn of the century, are considered to be more
realistic. The current level of consumption is anticipated to remain flat both
in absolute quantity and in relative consumption of individual products.
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TABLE 11I·0·1
ESTIMATED NATIONAL CONSUMPTION

1991 1992 1993 2000E

PRODUCT THOUSAND TONNES PER YEAR

Gasoline 4144 3448

Kerosene 1070 1 000

Di60el 6953 5788

Mazut 5970 5186

lubes 82 62

aitumen 519 320

Others

TOTAL 18738 15804

111 Not including Refinery Fuel and losses

Source: Kazakhnefteproduct, IRG

Sectorial Distribution

Agricultural fuel use is the major demand area for petroleum fUf'ls accounting
for approximately forty percent of total demand, as shown in Table 111-0-2.
This is followed by Ministry of Energy uses of mazut (1 5 percent) for power
and district heating. Retail sales of transportation fuels appear under the
Ministry of Automobiles amounting to 1.2 million tonnes per year in 1992,
approximately eight percent of total petroleum production today. Diesel fuel
for rail and jet fuel for air transportation purposes amounted to similar amounts
of 1.1 million and 1.0 million tonnes per year respectively.

Agglomerated other uses, consisting of a major proportion (60 percent) of
mazut; account for the remaining 3C percent of consumption.

I
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TABLE 11I·0·2
SECTORIAL CONSUMPTION OF PETROLEUM PRODUCTS

GASOLINE DIESEL MAZUT TOTAL

sr.£CTOR THOUSAND TONNES PER YEAR
Il~

IltTURE

1991 1 648 2685 0 433~

199' 1 552 2629 0 4181

1993

MINI:li I KY OF UJ.I IMI IKILES

1991 513 536 0 1048

1992 440 447 0 886

1993
RAIL T-- it

1991 0 1 075 0 1075

1992 0 803 0 ~03

...I:.&tTH CARE -
1991 32 0 0 32

1992 33 0 0 33

1993

MINI:li I KY OF Y

199'1 0 0 1989 1 989

1992 0 0 1630 1 630

1993-_._-
UI"~"

1991 1 077 1 053 2 451 4580

1992 799 799 2 017 3 615

TOTAL

1991 3 269 5 349 4440 13058

1992 2824 4678 3647 11 149

1993
Source: Kazakhnefteproduet, IRG.
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Fuel Type pistribution

Mazut accounts for 5.2 million tonnes in 1992 or approximately one third of
major products consumed. It is not clear whether this heavy mazut use
pattern is demand driven or whether it is production dictated. Two of the
three refineries, Shymkent and Atyrau, lack bottoms upgrading capacity, and
refinery management indicated a need for residual fuel upgrading to optimize
their product slates. KNP and Kazakhenergo, conversely expressed the opinion
that mazut use would be increased if it were available. This appears to be
substantiated by the reported significant current import of mazut from Russia.

Diesel fuel, the main petroleum product accounted for 40 percent of total
petroleum product demand. Diesel fual accounts for 60 percent of the
agricultural market and fifty percent of automotive and other fuels market and
the whole of the rail transportation market.

Other petroleum products, especially the production and sale of coke have a
significant impact on overall refinel'Y profitability. Insufficient data on these
products was available to include them in the overall assessment of the market
structure. One point that must be noted, is that unlike some of the other
countries in eastern Europe and NIS countries, petrochemicals and
petrochemical feedstocks do not playa major role in the Kazakhstan refinery

.product slates. Some excess naphtha is exported by Shymkent.

Petroleum Product Profile

While the geographical location of the Kazakhstan market is relatively isolated
from world markets the relative product refinery slates and market
consumptions are of major importance. If Kazakhstan petroleum prices were
to be allowed to approach international levels, then the relative product
distribution would have a profound impact on refinery revenues and
profitability. Figure 111-0-1 shows a graphical comparison of the Kazakhstan
market profile with that of Europe and the United States. The market profile
for Turkey is also shown for comparative purposes. This figure shows the
consumption of automotive gasoline relative to the total distillates (gasoline,
diesel and kerosene); plotted against the relative amount of mazut use relative
to the total petroleum consumption. This simplified graphical comparison
shows the following:

Pistillate Ma[km - The Kazakhstan distillate market is substantially less
gasoline oriented than the US market which is heavily driven by automobile
requirements. The relative gasoline demand however is similar to that in
western Europe. The major differences are that the Kazakhstan market is
highly diesel oriented for agricultural purposes and rail use. This will probably
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change as personal automotive consumption increases in the future. By
contrast western Europe although it has a higher automobile component has
historically forced it's market in the direction of diesel and away from gasoline
through heavy differential taxation.

Heavy Oil Consumption - The consumption of mazut in Kazakhstan accounts
for 30 percent of total major product consumption which is greater than that
of Europe (18 percent) and substantially larger than in the US (8 percent). The
consumption of mazut in the US and more recently in western Europe has
declined to these low levals through the conversion of power generation
facilities to gas, as a result of increasing availability of gas in Europe; and as
a result of more rigorous environmental pressures.

The quantity of mazut consumed in Kazakhstan in the future will have very
significant investment and profitability implications for the refining sector.
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Figure III-O-l

Petroleum Product Profile
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Geographical Market Distribution

While the above market profile considers the national market as a whole the
regional differences in market profile are expected to be substantial. These
regional differences are what will drive the operations of the individual
refineries optimum production slates and the inter areas logistics of supply.

Supporting statistics for regional consumption have not been made available.

Imports/EXPQrts of Products

Historically the major trade of petroleum products has been with Russia, with
Kazakhstan being a net importer of products. Net imports of product from
Russia amounted to 5.5 million tonne in 1991 and 3.4 million tonnes in 1992.
In 1993 the imports of products is most probably substantially higher due to
shortages of crude oil supply to the refineries and increased export of
dompstically refined products. In the past level of imports was driven by the
insufficiency of domestic refining capacity. With the current downturn in
demand domestic consumption should more closely match domestic r.~fining

capabilities and on a national basis the country should be self-sufficient.
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TABLE 11I-0-3
PETROLEUM PRODUCT TRADE WITH RUSSIA

GASOLINE DIESEL MAZUT TOTAL

THOUSAND TONNES PER YEAR

1991

Imports from 1 581 3132 1 341 6054
Russia

Exports to Russia 38 43 470 551

Net Trade 1 543 3089 871 5503'......
Domestic 4144 6953 5970 17067
Consumption

Russian Imports 37% 44% 13% 32%

1992

Imports from 1024 2124 241 4089
Russia

Exports to Russia 35 34 292 361

Net Trade 989 2090 649 3728

Domestic 3448 5788 5186 14422
Consumption

Russian Imports 29% 36% 13% 26%

In the short term, there appears to be :some distortion in the petroleum trade
pctterns as increasing exports of products are made to generate hard currency
reserves, and to take advantage of low crude oil prices. Under current
regulations the refineries are allowed to trade or barter up to 5 to 10 percent
of their production for their own account. This allowance is destined to allow
the refiners to satisfy their immediate needs for spare parts, supplies and other
short term investments needs. The Shymkent refinery is currently exporting
petroleum products, including naphtha and mazut, to markets in Sweden and
Switzerland by rail; in addition to increased exports to its traditional markets
to the south (Uzbekistan, Kyrgyztan and Turkmenistan). Direct exports by the
Shymkent refinery are reported at approxin ,ately 100 thousand tonnes in
1993. A significant quantity of the product transferred to KNP is however
also exported. Shymkent estimates that approximately 50 percent of its
distillate fuels are destined for the southern NIS of Uzbekistan, Tazikistan and
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Kyrgyztan. In November 1993 approximately 85 thousand tonnes went by
pipeline to Uzbekistan, with a further 54 thousand going to the other NIS by
rail.

Operational Strycture

KNP has the exclusive rights to the distribution and ~ale of petroleum products
in Kazakhstan. As such the company takes delivery of all refined products
from the refineries in bulk at the refinery and is responsible loading and
dispatch of products at each refinery. The company is also responsible for
external trade of petroleum products with the NIS and other international
markets.

KNP operates regional bulk distribution terminals in each oblast, as well as the
crude oil and the product pipelines in Kazakhstan. Current product pipelines
are limited, the major line running from the Shymkent refinery south to
Tashkent. Most of the bulk products are moved by rail.

While KNP has the operational responsibility for petroleum product distribution
and marketing this is done under the direction of the Ministry of Energy which
supervises and directs overall supply and demand of products and regional
needs.

2. PRODUCT PRICING

The current petroleum pricing system is a cost plus system that allows for a)
the pass through of all operating costs; b) a fixed profit for the operating
companies (refineries and distribution); c) uniform national costs for individual
products and d) cross subsidization of certain fuels (kerosene and home
heating oil) and the collection of revenue for other social purposes.

The determination of wholesale petroleum prices involves the following steps:

• Transfer prices between the refineries and the distribution company KNP are
determined by the refineries as described in Section III-C. allowing pass
through of refinery operating costs and profit margin. Price changes ( which
can occur several times a month at present) must be authorized by the
Committee of Ministers in Almaty.

• The Committee of Prices (COP) in the Ministry of Economics determines
uniform national product prices based on all product supplies (domestically
refined and imported); and allowing a pass through of marketing and
distribution expenses and fixed profit margin.
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KNP makos regional adjustments to the national allowed prices, to
accommodate local conditions.

• Product exports are valued at intf.lrnatlonal prices in hard currency through
brokered transactions.

• In 1993, agreements with Russia called for the quota delivery of certain
petroleum products to Kazakhstan at a fixed price.

• Pass through of price escalations allow& recuperation of any product losses
in a ~ubsequent period and retroac1:ive 1rice adjustments of customers
billings.

• Subsidization of Kerosene and Home heating oil.

Details of pr~ce levels and the expense in operating the marketing and
distribution system is shown in Table 11/-0-4, for the major petroleum products
- Gasoline, Kerosene, Diesel and Mazut. Details of the computations leading
to these results are shown in Appendix F and Table 111-0-4.
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TABLE III-D-4
PETROLEUM PRODUCT PRICING STRUCTURE

4TH QUARTER 1993

..:

GASOLINE JETFUEL DIESEL MAZUT

PURCHASE PRICF.C1I RUBLES PER TONNE

KAZAKHSTAN REFINERIES

Atyrau 98750 80000 35400

Pavlodar 124750 114 120 114250 76920

Shymkont 123945 99169 111 728 62546

Avg. Ex-Refinery Price 121 019 107258 104439 58396

IMPORTS

State Resourcos 324676 166376 174188

Quota Imports - Russia 236400 111 900

Other Imports - Russia 289000 284000 115600

Average Purchase Price 209553 126261 182310 90363

MARKETING AND DISTRIBUTION

Expenses 135 103 114436 95409 54857

Pro~it 27021 22886 19082 10971

Adjust. Previous Period 2319 19643 16378 9416

SUBSIDIES

losses 2350 0 0 0
KerosenelHeating

Regulation Fund 19385 0 0 0

Sales PriceC1l 454550 314621 339635 180654

111 VAT included
121 Allowable Profit - 20 perceilt
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Observations

During our visit, the question was raised as what the relative price differantials
were appropriate for refining and for distribution rl3spectively, since the
refineries considered that the cost of marketing to be excessive relative to that
for refining. It would appears from the figures shown in Table 111-0-4 that the
gross marketing margir. (wholesale minut ex-r,'ifinery price) of 200-300,000
rubles per tonne is four to six times the ().Ie-refinery price margin. By
comparison in the west, wholesale prices should be less than 50 percent
above ex-refinery prices (excluding taxes).

Some of this large difference lnay be attributed to a) the impact Cif thA high
priced products imports on wholesale price, b) the current very low cost of
crude oil which accounts for a major part uf refining costs and c) a high
transportation component in the marketing expen-:;e figure. Nevertheless, the
marketing costs (and profit) appear to be relatively high by western standards.
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IV. PRIVATIZATION ASPECTS

A. SECTOR RESTRUCTURING

1. CURRENT MASS PRIVATIZATION PROGRAM

The privatization program undar direction of the Committee of State Property
started in the 1991-1992 time period, and envisages four separate steps:

a. Pl'ivatization of Small Enterprises having less than two hundred
employees, comprising mostly shops and restaurants.

b. Agriculture, Collective Farms, Food processing and Distribution
Companies

c. Mass Privatization - Privatization of companies having up to five
thousand employees.

d. Individual Large Projects and Industrial Sectors.

The first stage of privatization of small companies is currently under way and
should be completed by mid 1994. Similarly the second phase of the
conversion of agricultural enterprises to joint stock companies is in progress.
The mass privatization of the larger companies has begun with the
identification of the enterprises involved and the conversion of these
companies to wholly owned state companies which will be slJbsequently
privatized.

In parallel with the Mass Privatization scheme, studies are currently underway
for the accelerated privatization of certain industrial sectors. Three sectors
have been chosen for special considerations. These are: a) the oil/gas and
petruchemical sector; b) the non ferrous metal sector; and c) the mAchir"~ t')ol
companies.

Another parallel initi~tive is the targeting of specific companies for
privlltization. Ten companies have been chosen for consideration. 01 these,
thrl: :# companies will be short listed for accelerated preparation for
priw,ltization. The Pavlodar refinory has been included in this list.

Privatization Mechanism

The first step in the privatization !Jrocess is the formation of a State Holding
Company for each sector. This company will be initially wholly state owned.
The individual enterprises in the sector are then turned into Joint Stock

'-lo.

Kazakhstan· Part IV • Privatization Aspects Page 1



'I

companies, with the employ~es of the enterprise retaining 10 percent of the
shares while the state holds the balance.

The next stage will be the exchange of the state's holding against privatization
coupons. Each citizen in Kazakhstan will be issued privatization coupons,
(These will be agglomerated through Private Investment Funds still to be
formed), which will then exchange their coupon holdings against sharbs of
companies being privatized. Eventually private investment and trading of
shares will be allowed through the Investment Funds.

In the case of the oil and gas industry, the holding corr ,.,any is
Kazakhmunaygaz which was turned into a State Holding Company in
September 1993. The KMG holding includes six oil production '9nterprises,
two refineries - Shymkent and Atyrau; two pipeline companiee; and several
other infrastrlJcture and service companies.

The marketing and distribution enterprise Kazakhnefetproduct is not included
in this structure. The status of the Pavlodar refinery enterprise weJ unclear
at the time of the visit in Novemher 1993. It was reported that the Pavlodar
refinery would not be included unrJAr the Kazakhstanmunaygaz holding
company; but would become a subsidiary holding of KRAMBS.

.KRAM.B$ Holding Company

KRAMES a National Stock Company, is a holding company with major financial
activities both domestically and internationally. KRAMBS Bank, in addition to
its domestic activities has commercial banking activities in Russia, Turkey and
other FSU countries KRAMB3 has about forty-five companies outside of
Kazakhstan, primarily in the FSU.

In the past KRAMBS was a private company which was nationalized, and is
now a wholly owned state company. It's holding prior to nationalization
consisted ·")f some forty-seven subsidiary companies. Recently under the
current pri"atization program a further forty enterprises have been added to
it's holdings.

In the petroleum and chemical sector KRAMBS will have two main holdings;
Neftchem (NC) and KRAMBSMunaygL~. NC will have two major facilities; the
Pavlodar refinery and the Atyrau polypropylene production facility. The
requirements for converting Pavlodar into a KRAM8S joint stock subsidiary
have been completed but not signed. KRAMBSmunaygaz will be an
agglomeration of seven companies including oil production (Manguyshlak,
Aktubinsk and Embaneft), conversion companies and small distribution
companies.
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The plans for these two c.ompanies are to turn them into an integrated oil
company, from oil defJosit to final consumer. The plans call for expansion
through back integration into oil production both domestically and in Russia
(Tymen); expansion of the conversion capacity at Pavlodar; and downstream
integration into further transportation and distribution.

2. MAJOR FACTORS INFLUENCING PRIVATIZATION

a. Objectives: The objectives of the privatization of the petroleum sectoiT
are many and varied, and some of them are sometimes contradictory.
It is therefom important to clearly define the real objectives and to
develop a stnJtegy to achieve these objectives. Generally the objectives
in the privatization of the petroleum sector are llnderstood to include:

i. the impm"ement in overall economic efficiency o'f the sector,
resulting inih3 least cost supply of petroleum for the domestic
consumer;

i1. the distribution of the wealth from direct state control to private
enterprise and the individual citizen;

iii. attracting foreign capital to accelerate the development of the
sector;

iv. the liberalization of control arId restrictions, consistent with the
national nead for stability and security of supply.

v. develop the necessary oversight and regulatory State Institutions
to safeguard the Nations interestl;; regulate the natural
monopolies; and manage the nations n~tural resources.

In this study it is assumed that these all of these are the goals of the
current privatization program.

b. Issues

Sector Efficiency

The main factors in a free market economy influencing overall efficiency
are generally impacted by a) the extent of government regulation of the
sector, and b) the extent of competition. Both of these factors are
inter-related 1nd must be considered for any sectorial efficiency
improvement to be effective. Currently the management of the
petroleum soctor is directly controlled by "State Order" through the
Gov\3rnment in Almaty or indirectly through the two organizations KMG
and KNP, who only have minor discretion on their operations. Prices
and profit margins are also centrally controlled through out the

ii..
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petroleum sector. Hence any restructuring of the petroleum sector that
does not at the same time include the liberalization of government
controls may only have marginal or no impact on overall sector
efficiency.

Competition

The Kazakhstan petroleum sector is already successfully working with
the major foreign oil companies (Chevron, Mobil, BP, Total et al) in the
upstream areas of exploration and drilling of the domestic oil resources.
It is generally recognized that these companies will be involved in the
future in the down stream operations of refininu and marketing and will
.,e a serious comr et,i'~~~ for any domestic company. In addition; a very
strong petroleum sector to the immediate north in Russia; which has
excess crude oil production and refining capability; already provides
serious competition for the Kazakhstan petroleum sector. The import
of excess products from Russia is already causing dislocations in
several NIS countries including Kazakhstan. Because of the relatively
small domestic market (when compared to the petroleum industry in the
adjacent territories), future competition domestically and from imports,
while desirable, could be of some concern.

Capital Needs

Prior to independence, Kazakhstan was forecasting very rapid
consumption growth rate~ which translated to an increased need for
new refinery capacity. The plans called for refinery capacity addition
and replacements of 18 million tonnes per year by the end of 1:he
decade (Table IV-A), on top of an ambitious plan for oil field and
infrastructure development. A conservative estimate of total funding
requirements facing the downstream industry is of the order of
$6 billion, if all the projects "Vere to go ahead. The current down turn
in absolute petroleum demand and growth rate should afford
Kazakhstan the respite to reassess the future needs of the country and
to set up the priorities.

Present thinking on many of the projects being considered is that they
will be paid by the export sales of crude oil production and/or products.
If this avenue is taken then domestic reform and restructuring is not
that important for capit,1J1 generation. On the other hand if these
projects are to be funded by foreign debt or equity, then a liberalized
pricing and trade struc;ture "Jm be required to attract foreign
investments. In which ca,se, particular importance would be actions to
create an open and com,oetitive crude oil and petroleum products
market.

L
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TABLE IV·A·'
CAPITAL INVESTMENT REQUIREMENTS

DEDICATED OIL
CAPACITY MM SALES

PROJECT TIYR COSTMM US$ THOUSAND TIYR
-~.

m,\NSPORTATION AND LOGISTICS

TengizlNovorossiyk Crude Una 1 500

West East Crude Oil Pipeline 14 315

Product Pipeline Semipalatinsk 50

Product Pipeline Southern 50

REFINERIES

Manguyshlak Heavy Oil Refinery 6 1 500 1 000

Atyrau Refinery 900

Moderni"lJtion of Existing 0 150
Products

Construction of New Units 3 1 000

Revamp of Lube Unit 1.5 400

Energy and Environmental Issues 10

Shymkent Refinery

FCC Unit 120

Expansion 1.5 300

Energy and Enviromental Issues 10

Pavlodar Crude Expansion 6 270

Enargy and Environmental I~sues 10

Crude Stabilization • Janjorski 3 I 270 510

MARKETING AND DISTRIBUTION

Storage 30 days 180

Infrastructure (Filling Stations) ?

DTHER INVESTMENT NEEDS

Refinery Storage 180

TOTAL 63f:0 2410
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Price and Supply Stability

Liberalization of energy prices was a stated objective of the Kazakhstan
Government and was a conditionality imposed by the IMF last year.
The intended decontrol of energy prices by January 1994, however did
not Ololcur as planned due to inflationary pressures. Petroleum prices
continue to be controlled 8t the production, ex-refinery and wholesale
levels. As discussed in Section III ex-refinery prices appear to track
crude oil prices as a result of the current pricing mechanism. While
domestic crude oil prices are in line with Russian Concessionary prices
they are still at about 30 percent of world prices, 8 ~ are ex-refinery
prices. Prices at the retail level, however, are somewhat higher, about
70 to 80 percent of world prices as a result of the inclusion of high
priced imports.

The decontrol of petroleum prices is always a sensitive issuE' due to
high consumer visibility of gasoline/diesel prices and also because of oil
price volatility (even under normal conditions). In the case of
Kazakhstan the advantages of oil price decontrols are somewhat
clouded by the influence of foreign prices both in Russia and in World
Markets. Excess crude oil and products are already being c:Aported at
world prices, and are thus domestic price neutr(jl. Similarly, from a
national viewpoint domestic crude oil prices, while they appear to
follow Russian oil prices, have no impact on national revenue as long as
Kazakhstan crude oil is traded for Russian oil on an essential even
exchange basis. Maintaining crude oil prices below world market prices
will, however, put pressure on imported product prices, which must be
imported due to lack of domestic refinery capacity.

The current refinery pricing system controls ex-refinery prices and profit
margins. This cost pass through system perpetuates the lack of
incentive for improving operational efficiency. On the other hand, it
does protect the economic viability of the refineries during high inflation
periods, a problem experienced in many free market drh;en refineries.
Refineries, because of their rels:tively low profit margins and high
operating cost volatility (crude oil prices over 90 percent of cost
structure) are ill equipped to survive large feed/product perturbations.
Overall, during this period of rapid crude oil price escalation. the

refineries are probably bettel' served by having the securiN of the pass
through contpls than reaping marginal rewards from short term pr:~,

improvement'$.

In some privatization attempts currently in progress, (Pcru, Morocco,
Pakistan, etc.) advo~ates for pric.e liberalization suggest the adoption of
a border price panty mechanism as a means of Iiber"Uzation of
petroleum prices. For Kazakhstan this may be inappropriate if not
impossible given the country's extensive landlocked borders.
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Furthermore, it should be recognized that Kazakhstan's current
international trade is already extensive. International crude oil and
product trade currently is aba~.;t 175 percent of domestic product
consumption, and international prices are already setting the price of
the marginal product. Thus while eventual total price decontrol should
be the target in the shortest time possible; the implementation of a
border price system to replace the current refinery pricing system may
be inappropriate.

B. ISSUES AND OPTIONS FOR PRIVATIZATION

1. HORIZONTALIVERTICAL INTEGRATION

The issue of whether refineries must btJ forward integrated into the market
and/or backward integrated to crude oil supplies is much debated and without
any single simple answer. Tile overwhelming majority of refineries in the west
are integrated downstream to marketing and distribution, upstream with crude
oil supply, or both. In fact there are proL~l\ly less than a dozen privately
owned stand alone refineries in the world tha( are not integrated, excluding
state owned refineries which protect them from competition.

There is a simple reason for this. Traditionally, the major oil producers and the
major oil companies have tended to arrange their transfer prices to take profits
either at the well head where tax treatment is more favorable than at the
refinery level, or at the marketing level. The refinery operation profits have
been squeezed and the refining operation considered a necessary evil to move
crude oil to the consumer. Historical refining margins have seldom reflected
the true replacement cost pricing for the refining process. Full cost accounting
for refinery operations were attempted by the OPEC oil producers for a period
of time after the collapse of crude oil prices in 1986, through a netback pricing
mechanism without much success. This did not last for long and today
refineries cl"'\ntinue to be marginally attractive at best, on the basis of world oil
prices. At 'l Ie same time refineries requires a very large investment which,
combined with tight and volatile margins make for a risky financial investment.
"urrent experience indicates that it will be extremely difficult to sell (or attract
foreign investment) to a stand alone refinery without it being integrated either
upstream with oil production or downstream with marketing facilities.
Examples of this are many; the difficulty of '~rivatization of the refineries in
Argentina (even after an upgrading investment of $800 million); the problems
being faced in the privatization of the Moroccan refineries where the marketing
and distribution facilities were privatized ahead of the other petroleum sector
companies.
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2. COMPETITIVE POSITION Of REFINEPI£S

As mentioned in Section 11I-0 the primary consideration in determining refinery
profitability (under international prices) is the product mix produced. In general
with mazut selling at a discount to crude oil; the higher the percentage of
mazut produced the lower of the total product revenue. Figure IV-B-1 sho...JS
the petroleum product profile for the Atyrau, Pavlodcu and Shymkent
refineries; and for the Kazakhstan market as a whole and also compares them
with international markets. All three refineries produce significantly more
mazut than international refineries. Furthermore, both Atyrau and Shymkent
produce a significantly larger proportion of mazut than does Pavlodar. Thus
under free !Tlarket prices both Atyrau and Shymkent would be at a significant
economic disadvantage on product revenue ~Ione. This may be somewhat
mitigated by logistic and other considerations, but would leave them
economically tenuous.

iii
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Petroleum Pr:>duct Profile
Flgln IV B-1
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C. PRIVATIZATION IN OTHER COUNTRIES

For most of the earlier part of this century, the oil industry was dominated by the
major international oil companies both in thair home markets (US and Eut\)pe) and
internationally. In the post World War period, however, more countries decided
to take control of their domestic oil resources through the establishment of
National Oil Companies. They perceived the establishment of National Oil
~ompanies (NOC) as a means of extending the state ownership of their mineral
Nealth through production to refining and then marketing and distribution. By the
mid 1970's there were more than 90 NOCs throughout the world primarily in the
developing countries, but also in such countries as Canada, the United Kingdom,
France, The Netherlands an~ Norway. Today twenty seven of the top 50 oil
companies are NOCs.

A few NOCs, that have solid crud9 oil reserves and a financial base, have taken
an expansive posture through the integration downstream into foreign refining and
marketing positions. Examples of this are the expansion of the Kuwait National
Petroleum Corportion into refining and marketing in Europe (prior to the Gulf War):
the Saudi Arabians joint venture with Texaco in the Star Corporation: and the
Venezuelan acquisition of US based refining capacity. In fact some NOCs
maintain today that the integration into foreign downstream activities is essential
for establishing markets for their crude oil in a crude oil excess world.

On the other hand, soms other countries have taken a less favorable outlook on
their NOes and are looking at restructuring their involvement .,1 the petroleum
sector. This change was caused by a number of factors. After the Oil Embargos
in the 19705, the international oil industry became more complex than in the pre
embargo days and became considerably more volatile. This required a level of
sophistication and technical expertise that was not readily available to countries
not involved in the international oil marketplace. Also, the debt crisis of the
1980s and the high oil prices meant that countries had to take a more critical look
at the efficiency of their petroleum sector and the ability of the sector \,) respond
to changing times. The changes taking place in eastern EUl'ope and the FSU have
further added to the inventory of countries looking at the restructuring of their
petroleum industries.

While there is considerable activity in economic restructuring and privatization in
many countries, the petroleum sector tends to be the last to be restructured. This
is especially true for the refining subsector. Some reasons for this are: the
strategic nature of the industry: the petroleum sector is generally a significant
source of Government revenue: and the sensitivity and high visibility of petroleum
product prices on the every day standard of living of the population. It is thus
underetandable that while there is considerabla lip service being pa'~ to
privatization there are only a few concrete examples of completed privatization,
at this time. This could change in the near future.
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II

Restructuring and Privatization is going on in both western and eastern Europe;
Latin America; Africa and Asia. Some of these activities are relevant to the
activities curnmtly proposed In Kazakhstan.

Europe

France- Elf Aquitaine Is a fully integrated oil company that was started in the
1950s to exploit the newly discovered lacq gas reserves in the southwest r<3010n
of France. Since it's origin it has grown into a multi-billion international oil
company under the tutelage of the state. The French Government recently sold
off a major portion of its shares, decreasing Its participation from 51 percent to
14 percent raising a total of 5.61 billion dollars from international investors.

East Germany- Prior to the unification of East and West Germany the petroleum
sector consisted on two companle!:; one (Intrac) was responsible for production
refining and exports , while storage transportation and distribution was handled
by a separate company (MinaI). The country had two major refineries at Schwedt
and Leuna and two smaller plants with a total capacity of 20 million tonnes per
annum. The Schwedt refinery was privatized in July 1991 by the Trehand which
is responsible for German unification. The Leuna Refinery took consider'ably
longer to privatize due to a number of environmental hurdles. The refinery was
finally acquired by a consortium headed by Elf Aquitaine in July 1992. In both
cases the driving force behind tho acquisition of the two refineries was the access
to a large and expanding petroleum product market. Since unification there has
been a upturn in petroleum consumption in the former German Democratic
Republic (GDR) rising from 14.7 million tonnes in 1990 to 17.5 million in 1393,
as a result of a dramatic increase in automobiles (which increased from 4 million
to 6.3 million during this period) and an increase in fuel oil use for heating
purposes replacing lignite. The decontrol of the petroleum market has also
attracted investment by the major companies in marketing and distribution,

Eastern Europe- Deregulation and Privatization of the refinery sel tor in eastern
and central Europe is still in the initial stages and much effort is still being
expended in trying to decide on the best way of deregulation of the markets and
in setting up the structure of the refineries for eventual privatization. Major
stumbling blocks that remain to be resolved are the question of environmental
clean-up wh'ch in some cases will be severe, and the establishment of liability
laws. Another problem is unrealistic expectations by some refinel's who do not
see the regional overcapacity facing the region as a whole. It would appear that
it will be sometime before eastern European governments deregulate their
petroleum sactors, and provide a suitable environment for attracting privat6
investment in the sector.
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Latin AllW.i.~

In line with the overall economic liberalization and restructuring taking place In
Latin America, the petroleum Industry is on a fast truck to privatization in a
number of countries. Me'3t note worthy is the long-term decontrol that has been
In effect In Chile for the last twelve years; the recent successful privatization of
Yacimlentos Petroliferos Fiscaies (YPF) and Gas del Estado (GdeE) in Argentina;
and the current privatization plans in Peru.

Cb.iW.- Thf:t Chilean experiet1ce with the liberalization of prices and the absence of
margin controls either at the refinery or retail level is frequently pointed to as an
example of the advantages of free market forces. Chila abolinhed price controls
and liberalized the access of foreign crude oil and products to thta Chilean market
in the late 1970's. To prevent excessive market price swings in response to
international or other price perturbations a system of border p3rity prices was
implemented. Petrolel!m product landed costs (world market prices with the
associated freight, handling and other associated import expenses included) were
used as a target price for ex-refinery sales prices. The actual transfer price
between refinery and marketer were left to market forces with the refiner free to
set plrices and the marketer to import product as deemed fit. Major deviations
from the target price (in excess of 6 percent) requires Gov~rnmental approval.
The Government has reportedly also established a stabilization fund to moderate
fluctuations in product prices.

It should be noted that although anyone can import products and market
petroleum products the refineries, while autonomous are still majority state
owned. Also, it should be noted that the two refinc,ies are both complex
refineries, both having catalytic cracking and the refineriel:f have the logistical
advantage of being removed from competition from the major world markets.

Arae.rW!JiL- The recent successful privatization of {aciementos Petroliferos
fiscales (YPF) in the summer of 1993 is the most recent and most noted
e:<an1ples of the privatization trend extending to countries outside the OECD
(;ountrie~ .

YPF was founded in 1922 as a public enterprise responsh....l for the development
of the oil industry in Argentina. Initially YPF was tasked to develop the
Argentin!an petroleum sector and develop the self-sufficiency of the country in oil
and products. But over the years YPF became the cash generator for the
government, the vehicle ~or sLi:bsidizing special segments of the economy, and the
source of special privilt...,Js for the labor sector. In 1977, YPF was converted to
a wholly owned state company in an attempt to make it more efficient while
decreasing its dependence on the State Budget.

Over the YEJars, however, the financial structure of the company continued to
deteriorate :II) the extent that in 1989, YPF had accumulated a debt of US$4.5
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billion to forei"n banks, mostly Incurred on behalf of the Government for balance
of payment pUrpO!l98. Argentina was also beginnil1g to run out of proven oil
reserves, being faced with either accelerated exploration and development or the
need for Increased foreign exchange payments for oil imports.

The deteriorating position was attributed to the monopolistic position of YPF in
oil pUirchaslng and sales and distribution; the role of VPF 9S the regulator of
private sector competitors; the Governments fixing of refinery profit margins
resulting In losses for YPF; unrealistic product price controls by the Government;
and the imposition large and excise tuxes destined for various subsidies. Finally
YPF was not profit oriented and did not have access, nor was it allowed to
accumulate the finances needed to invest in the needed expansions programs.

The decision was made by the Menem Government in 1989 to reform the Public
Enterprise's with the objective of reducing the role of the state; increase sector
efficiency; and to promote private sector investment. Tax reforms were
implemented, the fiscal deficit was reduced sharply and the financial system was
rehabilitated. Foreign trade restrictions were largely eliminated.

In 1991 , the new policies brought about large capital inflows. Some of the capital
inflow was in the form of debt/equity exchanges in the privatization of some of
the major public enterprises i.e the airlines, the railroads, tele-communication
companies.

YPF accounted for almost all of the crude oil production in Argentina; 80 percent
of natural gas production and reserves; all transportation infrastructure; about 70
percent of the refining capacity in the country (30 percent controlled by Shell and
Exxon); Half of all the Marketing and Distribution; and all exports of crude oil and
products.

The Menem Government. dec!dad that tho deregulation of the Petroleum sector
and the privatization of YPF were needed to be able to attract the necessary
investments that were needed. The Government decided on a four step
approach. This included:

• Liberalization$ of Petroleum prices to allow the market place to balance
supply and demand;

• Remove barriers to the import and export of crude oil and products allowing
access to the world markets and increasing competition;

• Allow the patticlpation of the private sector in exploration and development;
and

• Restructuring and Privatization of YPF.
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The first three steps address the changes needed in government policy and
regulation requirEi to establish an environment conducive to efficient participation
by private and state companies alike, while at the same time safeguarding the
interests of the state. In matters of policy, the Government relinquished control
of prices, profit margins and corporate subsidy; while maintaining control on
taxation of the $ector, and the ~;upervision of exploration and development
activities. Three maJor Government decrees dealing with Crude Market
Competition, Product market competition and Import/Export Trade were enacted
in 1989, which allowed a transition period of approximately two years for the
decontrol of the petroleum sector.

In matters of regulation, the Government established responsibility for a)
monitoring of common carrier regulations over the natural monopolies such as
pipelines, transportation and shipping, etc.; b) regulation of safety and
environmental standarcs; and c) standardization and certification of installations.
In ~ 990, the Government enacted decrees establishing new taxation regime for
petroleum products; and the regulation of oil pipelines under YPF monopoly.

Privatization- In December 1990, the Government prepared a decree converted
YPF into a fully autonomous state owned corporation required to operate in
competition with the private sector. This decree was enacted two years later,
establishing YPF as an integrated oil company, with an open capital structure,
with a majority state ownership blJt with a management independent off state
control. Stock ownership in the company was through four classes of shares:
Class A shares representing the 51 percent state ownership; Class B share
amou~ting to 39 pArcent of the total that may be purchased by the oil producing
Provinces; Class C share allocated for purchase by the employees of YPF
amountint1 to 10 percent of the total; and the remaining balance being Class 0
sh~res that could be sold to the private sector. Furthermore the state and
Provinces were required to jointly sell at least 50 percent of the shares of YPF
within three yp.ars of distribution.

As part of the privatization process, a major restructuring was undertaken and
resulted in the divestiture of non-core assets consisting of approximately twenty
properties and subsidiaries for a total sum of US$ 1.6 billion. In the summer of
1993, a public offering of YPF share listed on the New York and other foreign
stock exchanges took place raising a further US$ billion.

The priv2tization effort was carried out under the direction of a Government
appointed external chief executive servinJ as a Director ot' Privatization. The
World Bank provided the financing for the support, organization, and technical
assistance of the privatization which amounted to some US$ million.
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TABLE II A-2
1992

MAJOR PRODUCT SLATE COMPARISON
KAZAKHSTAN REFINERIES

REFINERY

ATYRAU PAVLODAR SHYMKENT NATIONAL
AVERAGE

PRODUCT MT % MT % MT % %

LPG 13060 Q.30 183700 3.0 54931 0.9 1.5

Gasoline 488922 11 1 875800 30.5 1 106733 18.3 21

Kerosene 63434 1.4 525600 8.5 503620 8.3 6.6

Diesel and light Fuel Oil 1 443438 32.6 1 824900 29.6 1 578821 26.1 29

Heavy F'Jel Oil (Mazut) 1 991 192 44.9 1 212500 19.7 2539578 42.0 34.5

Coke 77444 1.7 63800 1.0 --- -- 0.8

Bitumen --- --- 275800 4.5 --- --- 1.6

Others \11 179902 4.1 198250 3.2 264487 4.4 3.9

Vacuum Gas Oil 175653 121 4.0 --- --- --- --- 1.1

4433045 100.0 6160350 100.0 6048170 100.0 100.0

l1JSulfur, Fuel Gas, Losses, Etc.
12}Atyrau VGO now sent to Heavy Fuel Oil Pool.
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TABLE II A·3
COMPARATIVE CRUDE UNIT UTILITY Cm.SUMPTIONS

KAZAKHSTAN

EASTERN
UKRA.NIAN U.S. CRUDE EUROPEAN ATYRAU PAVLODAR SHYMKENT

UHlrttl UNIT"I UNlrt41 CRUDE UNIT CRUDE UNIT CRUDE UNIT

Fe.Jdstock, Sp. Gravity 0.88 0.825 0.865 0.858 0.836 0.834
---

Fuel, Kcallmt Crude 219 113
121

153650 153000 139300 182249 158170

Steam, ~cal/mt Crude 24964 14545 28140 70823 24029 30352

Cooling Water, m3/mt Crude 12.2 20.8 0.4 N/A 0.96 NiA

Electricity, kWh/mt Crude 8.84 2.38 - 5.0 8.99 8.61 6.03

TOTAL, 8S Kcal/mt 272613 186400 193400 231 699 227518 202994

I1ICrude and Vacuum Distillation
121As Diesel Fuel
131From Appendix E
C4ICrude/Unit

:!:!. .. Itjll
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1992 REANERY FURNACE ANALYSIS

ATYRAU PAVLODAR SHYMKENT TOTAL

FU91 Oil, mt 110267 111 651 35021 256939

Fuel Gas, mt 48551 262425 146994 457970

TOTAL, mt 158818 374076 182015 714909

FUEL COST

A) World Price $/mtl1l 70.00 70.00 70.00

B) Refinery Price $/mt 20.00 20.66 14.20

POTENTIAL YEARLY SAVINGS

A) World Price and Save 10% $1 111 726 $2618532 $1 274 105 $5004363

B) World Price and Save 20% 2223452 5237064 2548210 10008,726

C) Refinery Price and Save
10% 317636 772841 258461 1 348938

D) Refinery Price and Save
20% 635272 1 545682 516923 2697877

111 Set at 80% of Crude Oil Cost
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Recent studies on continuing energy efficiency efforts in the United States show
approximately 1% to 2% per year efficiency improvements over the past five
years, and over one third since the energy reduction efforts began in the early
1970's. A program to reduce energy consumption in Kazakhstan should easily
approach the U.S. experience.

BASIS FOR REFINERY SELECTION

The review of the Atyrau, Shymkent, and Pavlodar facilities considered in this
study was set by agreement between U.S. AID, Kazakhstanmunaygaz, and John
Brown in October, 1993.

1. ATYRAU REFINERY

The Atyrau Refinery is located in the Western part of Kazakhstan in the city
of Atyrau (formerly Guryev) at the north end of the Caspian Sea on the Ural
River. The town is reported to have a population of over 158000 people.
The refinery is ideally situated to take advantage of the large oil deposits found
in the nearby Western Kazakhstan region. The facility was orig;; .'=IIIy
constructed in 1945 as a Lend/Lease refinery. The majority of the older,
original units have been shutdown, with newer processing units placed in
service in the 1968-1989 time frame. The current capacity of the refinery is
in the 4.5 million mta range. Processing units include atmospheric crude and
vacuum distillation, a catalytic reformer, a delayed coker and ,lJ calcined coking
unit.

The other industry in the Atyrau area is reported to consist of machine building
and metal working, the largest of which is involved in repairs of crude oil and
natural gas producing eQuipment. There is also a chemical industry based on
borates, salt and gypsum as well as polyethylene and propylene production.

2. THE FAVLODAR REFINERY

The Pavlodar Refinery is located in the North Eastern Region of Kazakhstan,
close to the Siberian border. The population of Pavlodar approaches 500 000
people. Crude oil supply is obtained via pipeline from the West Siberian oil
fields. The same pipeline continues through to Shymkent in Southern
Kazakhstan. The configuration of this line Southwest to the Chardzhou
Refinery in Northern Turkmenistan is not complete. The refinery became
operational in 1978 and is relatively modern from a CIS viewpoint. Processing
units include crude atmospheric and vacuum distillation, catalytic reforming,
k9rosene and diesel hydrosulfurizers. gas fractionation and separation, a

,

Kazakhstan - Petroleum Refining Industry Overview - The Refinery Installations Page 6



visbreaker, avacuum gas oil hydrodesulfurizer, a FCC, a gas concentration and
a hydrogen plant. The output capacity of the refinery is on the order of 7.5
million mta.

The Pavlodar Oblast produces over half of the country's output of electric
energy. There are major areas of coal fields and future plans call for expansion
of the power plants for the generation and export of electrical power. Ferrous
alloy production is also a significant part of the Oblast's industrial base.

3. THE SHYMKENT REFINERY

The Shymkent Refinery is located in the Southern part of Kazakhstan. in the
city of Shymkent (Chimkent on older maps) with a population approaching 500
000 people. Crude oil used is obtained via a leg of the Siberian Pipeline
system and consists of a 90/10 mixture of low sulfur, West Siberia~ and
Central Kazakhstan Kumkol crudes.

The refinery became operational in 1985 at 6 million mta and is relatively
modern from a CIS viewpoint. Processing units include atmospheric and
vacuum distillation and '1as fractionation (presently idle), a catalytic reformer,
kerosine (idle) and diesel hydrodesulfurizers, a delayed coker and a sulfur plant.
The current capacity of the refinery through a ievamp program, is reported to
be a nominal 7.5 millio,. mta.

The area is rich in mineral deposits including zinc, lead, barium and silver.
Other industry in the nrea consists of non-ferrous metallurgy (based on lead
zinc ores). There are olSO machine building and metal working industries as
well as agricultural machinery production. The chemical industry includes
yellow phosphorous and related compounds, tire manufacturing, cement plants
and related construction components.
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V. TECHNICAL REFINERY· OPERATIONS

A. INTRODUCTION

In May of 1993, The United States Agency for International Development (USAID)
awarded a contract to a consortium of firms headed by Camp, Dresser, and
McKee in Cambridge, Massachusetts.

The delivery order for this work was made through an "IOC", type of contract for
which the consortium was the successful entity, based on a competitive bidding
process. Participants in this delivery order, or work assignment, included Camp,
Dresser, McKee, as the prime contractor, the Chicago office of John Brown as
the lead firm in this work, and International Science and Technology, Inc. (CIST!)
as the source of Technical Economists specializing in petroleum refining. John
Brown was selected based on its experience in oil refining, prior similar work in
the refining industry of the Central and Eastern countries of Bulgaria,
Czechoslovakia, Romania, and Poland, and extensive background in the former
USSR and Eastern block countries.

The Chicago office of the John Brown organization wa~ assigned to conduct a
techno/economic study of the petroleum refining industry for the Republic of
l<azakhstan. This section of the report covers the technical review and
characterization of the countries three refineries; Atyrau, Pavlodar and Shymkent.
'rhe objective of this technical work was to review refining operations for the
purpose of not only characterizing individual refineries, but also to audit and
evaluate in order to present opportunities for improvements in operations,
reductions of energy use and alleviate emission problems.

B. ATYRAU REFINERY

1. SUMMARY DESCRIPTION OF THE REFINl'RY

a. Refinery Descriptions

The Atyrau Refinery is located in Western Kazakhstan on the Northern
edge of the Caspian Sea and covers an area of 2 400 000 square
meters. The City of Atyrau, formerly named Guyrev, is a town of about
158 000 people. The refinery was originally constructed in 1945 under
the U.S. Lend-Lease program and has a name plate capacity of 5 million
mta of crude oil throughput, although the local staff rates the facility
closer to 4.5 million mta. The original and current refinery configuration
and nameplate capacities of individual units is shown on Table V B1a-1.
As can be seen from this table, the refinery has been modernized over
the years, with many of the original, older units since shutdown.
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Geographically, Atyrau is ideally situated for further expansion and
modernization. The refinery is located next to the major oil fields in
Western Kazakhstan, is the focal point for crude oil pipelines in the area
and has a qualified staff and infrastructure in place to use as a basis for
an expanded higher capacity modorn refining complex. Two thousand
one hundred and eighty people are reportedly employed in the larger
complex, with thirteen hundred in the refinery.

Atyrau management has requested funds to add units and modernize
the existing plant; an activity which we strongly encourage. The future
plans section of this report outlines these plans.

Atyrau has already been organized into a joint stock company, along the
following ownership lines:

• State Government
• Refinery
• Foreign Investors
• Joint Venture Partners
• Individuals and Others

31%
37%
10% (None, as of November 1993)
10%
12%

A block flow diagram for Atyrau is shown on Drawing No. 2287-22-10
40. The 1992 product slate and overall material balance is shown in
Table V B1 a-2. Processing unit operating data for 1992 is contained in
Table V B1a-3.

The John Brown team would like to acknowledge the excellent
cooperation and assistance provided by the Atyrau refinery staff,
especially the following people and those in their departments:

• Vladimir V. Gafner - General Director
• Galymzhan Zh. Amanturlin - Chief Technologist
~ Saduokhas A. Meraliev - Chief Engineer
• Temirgali I. Bekesov - Deputy Chief Engineer
• Valdimir A. Serdyuk - Deputy Chief, Capital Construction
• Boris H. Zagumenov - Deputy Chief-PTD
• Nikolay P. Panchenko - Chief, Instrumentation

The John Brown visit to Atyrau took place between 16 and 19
November 1993.

Kazakhstan - Part V· Technical Refinery - Operations Page 2
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b. Crude Oil and Othor Feedstt'ck Supply

There are two pipelines that serve the refinery, one from the Emba field
to the Northeast of Atyrau and the other from the East and South from
Tengiz and the other fields along the West Caspian Sea. The Atyrau
area is also the focal point for the export pipelines, one Northward
along the Ural River to Uralsk and Samara in Russia and the other
Eastward to Astrakhan and Grozny, as well as to the proposed
expansion to Novorossiysk on the Eastern Black Sea. At capacity,
crude storage at Atyrau equates to 4 days supply of feedstock.

The major crudes presently in use are Martishy from the Emba area and
Mangyshlak from the oil field South and East of the city. The crude
split is as follows:

• 2 million mta crude unit; not more than 10 percent Martishy
• 3 million mta crude unit; not more than 15 percent Martishy, with

the remaining amount for both units from the Mangyshlak field.

The Tengiz crude is not in use, although it is available; expectations are
that future use will be up to 10 percent of crude oil throughput. The
Tengiz crude supply line is reported to be 1 000 mm, in diameter.
Crude analysis data is shown in Tables V B1 b-1, 2,3, and 4.
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TABLE V 81a-1
REFINERY UNITS AT ATYRAU

_'JI_.

...:

THE ORIGINAL REFINERY

CAPACITY START SHUT
UNIT NAME UCENSOR MTA UP DOWN

Atmospheric Badger 550000 1945 -
Distillation

Thermocracker Badger 340 000 1945 1986

FCC Unit Houdry 313 000 1945 1979

Gas Fraetionator Badger 300 000 1948 1988

Alkylation Unit N/A 60000 1948 1988

THE CURRENT OPERATING SITUATION

Atmospheric Distillation Badger 2000 000 1945 -
AtmosphericNacuum Azgiproneftechin, 3000 000 1968 -
Unit Baku

Catalytit: Reformer Lengiproneftechin 300 000 1971 -
Coking Unit Bushgiproneftechin 700000 (feed) 1980 -
Calcined Coke N/A 140 000 (feed) 1989 -
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TABLE V 818-2
ATYRAU REnNERY

OVERALL MATERIAL BALANCE, 1992

..

DESCRIPTION WT% MTA

INLETS

Desalted Crude Oil Including 99.2 4 3S9 001

Mangyshlak (84.4) (3739878)

Martyshi (13.6) (602425)

Emben (0.3) (15767)

Tengiz (0.5) (23014)

Kentau (0.1 ) (3500)

Stetlan (0.2) (8007)
'"

Makat (0.1 ) (6410)

Waste Oil - 99 -
Tetraethyl Lead Solution 0.05 404

Gasoline from Uzen 0.35 15702

Losses from Desalting 0.4 17839

TOTAL 100.0 4433045

OUTLETS - PRODUCTS

Premium Gasoline B 91/115 (Aviation) 0.005 213

Regular Gasoline A·· 72 2.1 95109

Regular Gasoline A·76 7.5 333817

Premium Gasoline AU-93 1.3 59783

Diesel Oil TOTAL 29.0 1 286743

Low Sulfur Content Diesel Oil, High (643917)
Quality

Heavy Diesel Oil (640918)

Winter Diesel Oil (1908)

Fuel Oil for Home Use 3.5 156695

Kazakhstan - Part V - Technical Refinery - Operations Page 6
/



TABLE V 818-2 (continued)
ATYRAU REFINEAY

OVERALL MATERIAL BALANCE, 1992 ..

DESCRIPTION WT% ·MTA

White Spirits 1.4 63434-
Vacuum Gafit Oil (Export) 0.6 24811

WMazutW(Heavy Fuel Oil) 44.9 1 991 192
TOTAL Includin~:

Mazut with Sulfur Content :S 0.5wt% (665554)

Mazut with Sulfur Content :S 1wt% (1 325 638)

LPG 0.3 13060

Coke TOTAL Including: 1.7 77444

Raw Coke (2836)

Calcined Coke (74608)

Vacuum Gas Oil 3.4 150842

Semi-Produet~ -0.7 - 32839

Fuel Consumption, TOTAL Including: 3.8 1 66966

Fuel Gas (85707)

Mazut (81 258)

Losses 1.0 45775

TOTAL 100.0 4433045
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TABLE VI 818-3
PROCESSING UNIT OPERATING DA1"A

1992

UNIT FEED ON-8TREAM
THROUGHPUT DAYS

TONNES

Desalter for Atmospheric 1 732071 341
Crude Unit

Atmospheric Crude Unit 1 725 165 341

Desalter .;"r 2 739014 332
AtmosphericNacuum Unit

AtmosphereNacuum Unit 272.8081 332

Ca;al\1ic Reformer 277022 320
f---.

DelaYb~1 Coking Unit 662279 317

Calcined Coker 95876 311
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TABLE V B1b-1
MANGYSHLAK CRUDE OIL SPECIFICATION

DISTILLATION TEMPERATURE, °C VOL% DISTILLED

IBP - 120 5.25

120 - 150 3.32

150 -170 2.7
~

170 - 180 1.24

180 - 190 1.0

190 - 200 0.96

200 - 210 0.38

210 - 230 1.28

230 - 300 13.86

300 - 320 3.95

320 - 330 0.92

330 .. 340 1.37

340 - 350 2.2

350 - 360 1.65

360 - 370 3.09

370 - 380 2.65

CumulativE. Vol% to 380°C 45.82

Density @ 20°C, kg/m3 858.2

Sulfur Content, wt% 0.45

Chloride Content, mglliter 118

Water Content, wt% 0.14

Freezing (Solidification) Point, °C 26

Viscosity at 50°C, cs 17.0 .-
Ash Capacity, wt% 0.028

Coking Capacity, wt% 3.8

Sediment (Inert) Content, wt% 0.020

,,-
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TABLE V Bb1-2
MARTISHI SPECIFICATION CRUDE OIL

DISTILLATION
TEMPERATURE.oC VOL % DISTILLED

IBF' - 120 0.49

120 - 150 4.8

150 - 170 3.18

170 - 180 1.22

180 - 190 1.43

190 - 200 1.78

200 - 210 0.49

210 - 230 2.98

230 - 300 19.2

300 - 320 5.74

320 - 330 1.82

330· ~40 1.75

340 - 350 3.73

350 - 360 1.83

360 - 370 2.0

370 - 380 1.7~

Cumulative Vol% to 380°C 54.19

Density at 20°C, kg1m3 840.0

Sulfur Content, wt% 0.26

Chlorine Content wt% 1.08

Water Content, wt% 0.04

Freezing (Solidification) !'oint, °C -42.0

Viscosity at 50°C. cs 1.0

Ash Capacity, % 0.013

Cokina CapacitY, Wt% 1.1

Sediment (Inert) Content. wt% 0.012
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TABLE V 91b-3
TENGIZ CRUDE OIL SPECIFICATION C1I

Density at 20°C, kg/m3 800

Viscosity at 50°C, cs 1.2

Wa.'l.er Content, wt% Trace

Chloride Content, mgll 63

Sulfur Content, wt% 0.63

H2S Content None

Mercaptan Sulfur, wt% 0.006

~Acidity. rng KOH/g crude oil 0.10

\;ediment (Inert) Content, \/'!t% 0.05

Freezing (Solidification) Point, °C -40

Paraffins Content, wt% 2.9

Asphaltenes, wt% 0.148

Silica-Gel Resins, wt% 4.33

Light Products to 180°C 35.22%

Light Products to 380°C 79.61%

1111988 Analysis
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TABLE V B1 d-4·(1)
TENZIG CRUDE OIL SPECIFICATION

1991 ANALYSIS

PROPERTY

Density, kg/m3, 20Co 790.0

Sulfur Content, wt% 0.559

Chlorides, mg/decimeter 18

Water, wt% 0.03

Freezing (Solidification) Point, Co -11

Viscosity, cs 50Co 1.7

H2S, wt% None

Mercaptan Sulfur, wt% 0.0735

Ash, wt% 0.015

Coking Capacity, % 0.365

Sediment (Inert), wt% 0.016

Acidity, mg KOH/g 0.16

ENGLER DISTILLATION CUMULATIVE AMOUNT %

IBP- 42 Co 22.-
ro 150 Co 33

To 180 Co 41

To 200 Co 47

To 250 Co 60

To 300 Co 72
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TABLE V B1b-4·(21
TENGIZ CRUDE OIL

SPECIFICAT.ON • 1991 ANALYSIS

DISTILLATION CUMULATIVE
TEMPERATURE RANGE· °C VOLUME % VOLUME %

29·100 14.58 14.58

100·105 1.52 16.1

105·110 1.33 17.43'

110-115 1.57 19.0

115-120 1.24 20.24

120·130 3.66 23.9

130·135 1.46 25.36-
135·140 1.38 26.74

140·150 3.91 30.65

150-160 2.9 33.55

160-170 2.92 36.47

170-175 1.63 38.1

175-180 1.44 39.54

180·190 3.75 43.29

190·200 2.66 45.95

200-300 22.36 68.31

300·310 Ln9 70.3

310·320 1.62 71.92

320-330 1.78 73.7

330·340 2.22 75.92

340·350 1.88 77.8

350-~60 1.58 79.38

3RO·370 .,M3 81.81

370-380 ~r1 83.91

Residue from Volume 14.2 Wt%
Distillation of Above

Losses 1.89%

I
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TABLE V B1b-4-(3J
TENZIG CRUDE OIL SPECIFICATION

1991 ANALYSIS
DATA FOR THE DISTILLATION

OF THE FRACTION FROM IBP TO 17OCo

DISTILLATION TEMPERATURE

IBP, °C 42°C

10% Vol 72°C

50% Vol 114°C

90% Vol 157°C

E.P. 184°C

Acidity, mg KOH/g 0.21

H2S, wt% 0.00061

Octane, MON 49.5

Density, 20/4 DC, gm/cm3 0.726

Mercaptan Sulfur, wt% 0.0659

Paraffins, wt% 71.57

Napathenes, wt% 23.16

Aromatics, wt% 5.27-'
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TABLE V B1b-4-(4)
TENGIZ CRUDE OIL SPECIFICATION

1991 ANALYSIS
FOR THE FRACTION 170 TO 370°C

DISTILLAliON TEMPERATURE Co

IBP 198

10% Vol 206

50% Vol 256

90% Vol 338

96% Vol 356

Freezing Point, °C -14

Density, 20/4, gm/cm3 0.826

Acidity, mg KOH/l00cm3 4.76

Sulfur, wt% 0.505

Mercaptan Sulfur, wt% 0.0566

H2S, wt% 0.000058

Aromatics, wt% 26.49

Paraffins, wt% 63.22

Napthenes, wt% 10.29

Residue Above 370 Co, wt% 16.3

Sulfur, wt% 1.34

Coking Capacity 3.4

Ash, wt% 0.021
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Approximately 1.1 percent of the 1992 feed was from a mixture of
other crudes (see Table V 81 a-2) which was processed for outside
clients.

In the pact, the Mangyshlak crude was exported, which at times meant
reduced crude flow to the Atyrau refinery; this resulted in a 10 percent
shortfall in operating capacity. Further, the Mangyshlak crude shares
the same pipeline with a 8uzachi crude, in a block flow configuration,
which has caused momentary shortfalls in crude supply to the refinery.
The Buzachi crude is viewed as undesirable by Atyrau because of a
higher than desired metal and sulfur content.

Table V B1a-4 shows the historic crude oil sulfur content for the 1981
to 1991 time period. It can be seen that, in this time frame, the
Mangyshlak sulfur content had increased over 40 percent while the
sulfur content of the heavy oil product (Mazut) has increased over 20
percent.. There is the observation at Atyrau that this increase in sulfur
levels indicates th~ need for Mid-distillate Desulfurization Units
(Kerosene & Diesel).
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TABLE V B18-4
INCREASING SULFUR CONTENT - WT%

IN CRUDE OIL
1981-1991

.....

CRUDEI WEIGHT % SULFUR MAZUT
YEAR (HEAVY FUEL

MAIIiGYSHLAK MARTYSHI EMBENSK OIU

1981 0.32 N/A 0.91 0.41

1982 0.33 0.32 1.07 0.42

1983 0.28 0.32 1.35 0.39

1984 NOT AVAILABLE

1985 0.33 0.28 N/A 0.41

1986 0.35 0.30 N/A 0.42

1987 0.36 0.36 N/A 0.45

1988 0.40 0.32 N/A 0.47

1989 0.41 0.23 N/A 0.50

1990 0.41 0.33 N/A 0.50 ..
0.49

1991· 0.46 0.30 0.94 ...
0.63

Two Quarters of 1991
For Mazut with sulfur up to 0.5wt%
For Mazut with Sulfur up to 1.0wt%
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At the present time, Mangyshlak crude is not exported and the crude
supply is vrewed as adequate.

The Tengiz field crude is available and desired, but the price (rel=orted
to be $84 per mt compared to other crudes at $25 to $30 per mt,
November 1993) is viewed as too high. The Atyrau refinery
engineering staff reports that the Tengiz crude is available in a de
mercaptanized state, with RSH less than 20 ppm.

•

c. Impact Qf Crude Oil Changes

The Tengiz crude has been used at Atyrau in the past, but the refinery
staff commented that its distillation characteristics were such, that the
greater amount of light ends were undesirable.

Changes in crude oil characteristics and, in fact, changes in the crude
oil supply are inevitable. We recommend that Atyrau utilize refinery
based computer simulation services to better understand and identify
equipment bottl~necks resulting from changes in crude. Further,
computer simulation studies can easily be used to determine optimum
crude blending mixtures to maximize effectiveness of the existing
equipment.

2. DESCRIPTION OF PROCESS UNITS

a. Crude Units

As mentioned previously in this report, there are two crude distillation
units in operation at the Atyrau refinery. The original, circa 1945, an
atmospheric crude distillation unit and the atmospheric/vacuum unit
which began operation in 1968.

The older unit was originally rated at 550 000 mta and has since bl3en
upgraded to 2 million mta. The op,~ration consists of a set of par2111el
spherical desalters, a heat exchange train, a 29-tray preflash tower, 2
parallel fired heaters, a 40-tray atmospheric tower with two side-cut
strippers. Both sidecut streams flow into the diesel pool. There is no
stabilizer or Naphtha Rerun column in this configuration. The main
distillation column is supplied with steam, however the side-cut
strippers are neither heated (reboilers) or stream stripped. Operating
pressure at the top of the main atmosphere tower is 1.0 to 1.2
(winter/summer)kg/cm2

• A redu.:tion to 0.7kg/cm2 is under
consideration. The top of column reflux temperature is reported at
47°C summer and 37°C winter.
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The desalter outlet runs about 100oe, with temperatures around the
fired heaters running at 220°C inlet and 380°C outlet. One of the
crude furnaces, P-2, was recently rebuilt and a replacement for the
other, P-5, is currently under construction.

The normal operating rate is 6 500 mt per day with a maximum of
7000 mt/day possible and a minimum of 5 000 mt/day reported.
Quality of product deteriorates if crude or feed rate drops below the
5 000 mt/day minimum rate. The following Table V 82a-1 shows 1992
production rates for this unit.

TABLE V li2a-1
ATMOSPHERIC CRUDE UNIT OPERATING RATE

1992 - METRIC TONNES

FEED-DESALTED CRUDE

Mangyshlak 1330573

Martyshi 299851

Kentau 3500

Tengiz 14780

Misc. Other 76461
Crudes

TOTAL 1 725165

PRODUCTS

Dry Gas 3766

Gasoline 175702

Diesel Type 244355
"L"
Heavy Diesel 278258

Mazut 1 012496

Losses 10588

TOTAL 1 725 165

The newer crude atmosphericlvacuum distillation unit was built in 1968
with a 2 million mta capacity and has u:nce been increased to 3 million
mta. This unit began operating in 1968 and consists of a heat
exchange train, a parallel, 3-stage spherical desalter, preflash column,
parallel furnaces, an atmospheric column, with three side draws and
side-cut strippers. The side draws are a "white spirit" product and two
diesel streams. The side-cut strippers are neither heated (reboilers) nor
steam stripped, although provisions exist for steam injection. The main
column does have steam injected at the base. The "white spirit"
stream flows to a column where the overhead cut goes to the catalytic
reformer and the bottom stream is taken as a 180 to 250 0 C "white
spirit" product. Refer to Product Specifications for additional details
regarding the white spirit characteristics.
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The atmospheric column bottom product (mazut) is sent to the vacuum
column where cuts are obtained for the diesel pool, delayed coker feed
(gl:ydron, or vacuum column bottoms), a 500 to 520°C heavy fuel oil
product and a 350 to 500°C vacuum gas oil. The vacuum column
was made operational in 1979. 1992 operating data for this unit is
shown in Table V 82a-2.

TABLE V B28-2
ATMOSPHERIC CF1UDENACUUM UNIT OPERATING DATA

1992 MT

FEED DESALTED eRUCIc:.

Matyshi 302574

Mangyshlak 24093,05

Emben 7 £168

Tengi:z 8 :l34

TOTAL 2 72E1 081

PRODUCTS

Dry Ga~ 15 107

Gasoline 252601

White Spirits 62985

Diesel Total 771 862

Vacuum Unit 606752
Bottoms
(Guydron)

Vacuum Gas 149297
Oil

Heavy Fuel Oil 847550
(Mazut)

Losses 21 927

TOTAL 2728081
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DISTILLATION CHARACTERISTICS
OF ATMOSPHERIC COLUMN BOnOMS

OISTILLATION VOLUME
"MAZUT" FROM ATMOSPHERIC COLUMN

IBP 276°C

<300°C 1%

<350°C 9%

<360°C 10%

There have been some problems in cleaning the heat exchange train;
ol1ly one major cleaning has taken place in the last 12 years.
Temperature measurements are not normally taken around the heat
exchanges. Effective cleaning of the heat exchangers to maintain
designed outlet can yield substantial fuel oil savings. Currently there is
a 30°C shortfall between design and actual fired heater inlet
temperatures. At 75 percent fired heater efficiency, a savings of $16
000 per year for each degree celsius the heater inlet temperature raised.
Refer to the section of this report entitled "Cost Effectiveness of
Increasing Heat Transfer Surfaces" for calculation details.

Operating rates are reported at 8 500 mt/day nominal,
9 000 mt/day maximum and 6 500 mt/day minimum. They have run
as low as 6 000 mt/day, but significant changes in operating
procedures are required.

A new atmospheric column i3 planned which will have a smaller
diameter top section, (the existing column has 50 percent of the top
trays blocked oft) with corrosion resistant metallurgy. Flash zone
conditions are 375°C at 2 kg/cm2

•

There is a plan under consideration to inject sodium hydroxide for ph
control into the crude stream just prior to the last exchanger before the
desalter. A demulsifier is added with desalter water inlet.

Gasoline and diesel product is caustic washed for neutralization
purposes. Up to 6 mtlhour of steam is injected into the atmospheric
column and 25 mtlhour of steam to the vacuum column. None of the
sidecut strippers utilize steam, although provision exists to do so.
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Column trays are a combination of valve, "5" valve and an elongated
sawtooth design (similar to old style bubble caps).

The refinerv recognizes that its older pneumatic instrumentation needs
to be modernized and is working with Western firms to move to DCS
control of this unit.

b. Catalytic Refo"mer

The catalytic reformer began its operation in 1971; design was by
Lengiproneftechin in St. Petersburg. Capacity is listed as 300 000 mta.
Nominal feed rate is 37.5 mtlhour (50 m3/hr) with a maximum of 56 m3

per hour (at 40 0 C) and minimum at 60 to '10 percent of nominal rates.
Table V 82b-1 shows the 1992 operating material balance for this unit
while Table V 82b-2 provides specifications for the intermediate
reformer product.

If reformer distillate end product is more than 180°C, it is recycled back
to storage for rework. Additionally, if sulfur content of product is
greater than 0.001 wt percent, rework is required.

TEL is added in the gasoline pool to enhance gasoline octane rating.

c. Other Units

The delayed coking and calcined coking units, which began operation
in 1980 and 1989, respectively, were not reviewed from a process or
operational viewpoint. The mechanical, electrical and instrument
section of this report, however, does cover these units. Intermediate
and final product specifications were made available and are contained
in paragraph "en of this section.

Tables V 82c-1 and 2 show the 1992 material balances for the delayed
,coking and calcined coke units. Ths gas fractionation unit is not
operational and is being demolished.
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TABLE V B2b·1
1992

CATALYTIC REFORMER MATERIAL B.ALANCE

p-o-

PRODUCT QUANTITY-MT

Reformate 235701

Fuel Gas 13060 (Stabilizer Overhead Receiver Gas)

Dry Gas (To Fuel) 12623 (From De-Ethanizer)

....~ LPG 9820 (Stabilizer Overhead Receiver
Liquid)

Losses 5818

TOTAL 277022
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TABLE V B2b·2
SPECIFICATION FOR

CATALYTIC REFORMER GASOLINE

LOWER HIGHER
ITEM SEVERITY SEVERITY

Octane number, not less than

MON 76 85

RON - 93

Lead Concentration gm/dm3 of 0.7 0.37
gasoline, not more than

Fraction composition

IBP, °C not lower than 35 35

10%, °C not higher than 70 70

50%, °C not higher than 115 115

90%, °C not higher than 180 180

EP, °C not higher than 195 195

Vapor Pressure (mm Hg) 500 500

Tar concentration, mgl1 00 cm3 of 5.0 5.0
gasoline, not more than

Sulfur, wt%, not more than 0.1 0.1 --
Copper Strip Test Satisfied Satisfied

Water Soluble Acids and Alkalis None None

Water and Sediment Content None None

Color Yellow Orange-Red

Density at 20°C, kg/m3 Net Not Regulated
Regulated
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TABLE V B2c-1
1992 DELAYED COKING MATERIAL BALANCE

FEED-MT PRODUCT-MT

(Guydron) 606752 Gas 38170
Vacuum Column
Bottoms

(Mazut)-Atm. Col. 55527 Gasoline Cut 82560
Bottoms

Export Fuel Oil 195378

Mazut (Hvy Fuel 198828
Oil to Power
Station)

Coke 98690

Losses 23842

TOTAL 662279 TOTAL 662279

TABLE V B2c-2
1992 CALCINED COKING UNIT MATERIAL BALANCE

PRODUCT QUANTITY-MT

Calcined Coke 74306
.~

NCI': Identified 8148

Losses 13422

TOTAL 95876
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d. Future Plans

Modernization and expansion plans at Atyrau are as follows:

a) Modernize the existing newer 3 million rnta atmospheric/
vacuum crude and coking units.

b) Construct a new 3 million mta atmospheric/vacuum crude oil
complex, including:

• Catalytic reforming at 1 million mta

• FCC Unit at 2 million mta

• Isomerization :.!nit

• MTBE Plant

• Gas Fractionation

• Propylene Concentration Unit

• Coke and Calcined Coking Units

• Hydrodesulfurizers for kerosene, diesel and vacuum gas oil
for FCC feed

c) Revamp the older, existing 2 million mta crude unit into a
1.5 million mta lube oil train, including the following processes:

• Vacuum Distillation Unit

• Solvent Extraction

• Dewaxing

• Hydrofinishing

• Lube Oil Blending

• Change the existing Catalytic Reformer to a Diesel
Hydrodesulfurizer
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As stated previously, the refinery is ideally situatC3d for
modernization and expansion, with close proximity to crude oil
and a growing industrial markets, an existing infrastructure of
trained staff and services (utilities and support organizations).
Further, it is the geographical focal point of major export
pipelines.

e. Product Specifications

Refinery product specifications, along with actual 1993 measurements,
as shown in the following tables. Products included are:

• LPG

• Gasoline, Standard A-76

• Gasoline, Premium, AI-93

• White Spirits

• Diesel Fuel

• Low Sulfur Diesel

• Heavy Diesel Oil

• Light Gas Oil (Fuel Oil for Export)

• Vacuum Gas Oil

• Heavy Fuel Oil (Mazut)

• Calcined Coke

Where available, the associated former USSR standard (GOST) for
refined products is provided.
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DOMESTIC LPG
STANDARD SPECIFICATION

GOST 20448·80

I

ACTUAL· 1993

PROPERTY STANDARD APRIL MAY JUNE

Sum .,f C" C2, = C2, wt% Not Limited 1.78 3.83 2.30

Sum of C3 , = C3, wt% Not Limited 47.36 45.24 45.64

Sum of C4 , = C4 , wt% 60.0 50.29 49.27 51.89

Pentane & Heavier, wt% 1.6 1.26 5.57 0.46

Saturated Vapor Pressure
45°C, kg/cm2

16 11 12 11

H2S- % 0.003 0.001 0.001 0.001

H2~ + RHS, % 0.013 0.002 0.001 0.002

Water % None None None None

Alkali None None None None
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GASOLINE STANDARD 8& SPECIFICATION
GOST 2084-77

A-76 GASOLINE (SUMMER) AI 93 (SUMMER)

1993 ACTUAL 1993 ACTUAL

PROPERTY STANDARD APRIL MAY JUNE STANDARD MAY JUNE

Octane-MON 76 76 16 76 85 87 87.,
Octane-Number RON --- --- --- --- 93 93 93

Lead, glliter, Max 0.17 0.17 0.14 0.14 0.37 0.23 0.21

DISTILLATION

IBP-oe, Min 35 43 44 44 35 43 44

10%-Oe, Max 70 67 71 71 - 70 65 65

50%-OC, Max 115 104 115 115 115 109 109

90%-Oe, Max 180 155 159 162 180 157 155

EP-oe, Max 205 182 183 187 205 181 186

Residue, %, Max 1.5 1.0 1.0 1.0 1.5 1.0 1.0

Residue & Losses, 4.0 2.0 2.0 2.0 4.0 2.0 2.0
% Max

Saturated V.P. of Gas, 500 450 434 440 500 407 440
mmHg, Max
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GASOLINE STANDARD & SPECIFICATION (CONT.)
GOST 2084-77

J

A-76 GASOLINE (SUMMER) AI 93 (SUMMER)

1993 ACTUAL 1993 ACTUAL

PROPERTY STANDARD APRIL MAY JUNE STANDARD MAY JUNE

Acidity, mg KOHll00 3.0 0.9 0.3 0.2 3.0 0.26 0.15
cm3, Max

Tar, mgll00g, Max 5.0 2.6 2.9 3.2 5.0 3.3 2.4-

Sulfur, % Wt, Max 0.1 0.056 0.053 0.053 0.10 0.044 0.048

Water Soluble Acids & None
Alkalines Content

Water Sediment None
Content

Color Yellow Yellow Yellow Yellow Orange-Red Orange-Red Orange-Red

Density 20°C, g/cm3 Not 0.736 0.735 0.736 Not 0.746 0.743
Regulated Regulated

Copper Strip Satisfied
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STANDARD SPECIFICATION
WHITE SPIRITS FOR VARNISH PRODUCTION

GOST 3134-78

ACTUAL - 1993

PROPERTY STANDARD APRIL MAY JUNE

Density 20°C, g/cm3 0.790 0.770 0.770 0.770

DISTILLATION

IBP - °e, Max 160 149 149 150

10% - °e, Max 170 155 155 157

90% - °e, Max 195 181 184 182

>200oe, % Volume, Min 98 98 98 98

Residue, % Volume 2.0 2.0 2.0 2.0

Flash Point, °e 33 35 35 35

Volatility (in Xylene Units) 2.5 to 4.5 3.0 3.0 3.0

Aromatics, wt%, Max 16 12.9 12.8 12.9

Sulfur, wt%, Max 0.04 0.026 0.026 0.032

Copper Strip Satisfied -- --- --
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DIESEL FUEL GOST 305·82 VS. STANDARD SPECIFICATION

, •• i1

L.o,.iHMMER GRA'p~.__. ----- -- CD",.. HlIN

--- !~fJ~. ,..... ACTUAL 1gg~~ A~IUML

PROPERTY ~ APRil MAY .
- . 45 52 45 f\7 f\7 1:i7

Djst~~tifnor- M:lY 2RO 260 7AO 7RR 774 271

QROJ. "C. M:lY ~RO 354 ... ... . -
... 700 r. r.~ 3.0 to RO 4.0 ~ to Rf\ 44 4.7 4.R

C::nl' •• P.niot or- M:lY -10 -12 ... -4 _'J .7

1=1:I~h Point or- Min 40 54 40 F\4 COR F\7

C::lllfllr wtCll. M:lY 07 0.1F\ 0.7 o 1" 01R 0.1R

wtCll. M:lY 0.01 0.009 0.01 0007 O.OOR O.OOA

I·U:: NonA NonA

- Strio TA~t - .. - .
W~tar'" .• A"itf!: R. R:I!:A!: NonA NonA

- "__-..\ NOOA Nona

W:ltar q{. Non rlnna

T:lr mnr- 3 MllIX 75 12.0 I
... •..,,~ mo j( jiM 3 M:lY 5.0 3.4 5 ~.7 ~.7 ~.~

lottinA Nr ['- -- M~y 5.0 1.7 5 'J 7 'J1 7~

A!:h wtOJ. OOOR O.OOR O.OOR OOOR o OO&:> 000"

- nf 10Cll. - 0.2 0.06 0.2 OOR O.OR O.OR

DEmsjtv 20°r. n/r.m3 M:lY 0.860 0.820 0.860 0.R20 0.822 0.R20
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STANDARD SPECIFICATION
HEAVY FUEL OIL· M·100
(MAZUT). LOW SULFUR

GOST 10585·75

ACTUAL· i 993

PROPERTY STANDARD APRIL MAY JUNE

Viscosity, 80°C, cs, Max 16 4.4 5.0 4.8

Ash Content, %, Max 0.05 0.044 0.045 0.045

Inerts %, Max 1.0 0.036 0.036 0.036

Water, Wt%, Max 1.0 0.09 0.09 0.09

Sulfur, Wt%, Max 1.0 0.65 0.67 0.65

Flash Point, °C, Open Cup, 110 146 176 177
Min

Solidification Point, °C, Max 42 30 36 36

Heat of Combustion Kcallkg, 9681 10162 10 162 10 162
Min

Densit'{, 20°C, a/cm3 --- 0.893 0.901 0.904

Water Soluble 'Acids & Bases None

SPECIFICATION
LIGHT GAS OIL (FUEL OIL EXPORT)

Sulfur, wt%, Max 0.4

Flash Point, °C, 45
Max

Solidification Point, ·5
°C, Max

Iodine Number 7 to 65

Distillation

IBP,oC 160-200

EP,oC 300-360

Density g/cm3, No Consistent Test Required
20°C
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STANDARD SPECIFICATION
DOMESTIC FUEL OIL FOR HEATING

TU. 38 10/656-76

ACTUAL - 1993

PROPERTf STANDARD APRIL MAY JUNE

DISnLLATION

10%. °C. Min 160 209 210 209

90%. °C, Max 360 327 315 303

Viscosity - 20°C, cs, Max 8.0 3.9 3.5 3.1

Solidification Point. °C. Max -15 -11 -14 -15

Flash Point - Closed CUD 0 C 45 71 72 72

Sulfur. %. Max 0.5 0.34 0.39 0.39

H,S None

Copper Strip Test Satisfied

Acids & Bases Dissolved in None
Water

Acidity. mg KOHll00g, Max 5.0 4.8 4.6 3.1

Ash Content. %. Max 0.02 0.009 0.009 0.009

Coking Capacity 10% of 0.35 0.12 0.13 0.12
Residue. Max

Water Content. %. Max Tr Tr Tr Tr

Sediment (Inert) None

Color Lt Brown to Brown Brown Brown
Black

Lower Heat of Combustion 41 000 --- --- --
KJlka

Density - 20°C. g/cm3 Not 0.826 0.819 0.818
Regulated
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STANDARD SPECIFICATION
VACUUM GAS Oil (HI-WAX CONTENT)

FOR SOLID PARAFFIN PRODUCTION
TU 38, 30124-06

ACTUAL· 1993

PROPERTY STANDARD APRIL MAY JUNE

DISTILLATION

IBP - °C, Min 250 277 279 284

350°C - % Min 12 14 13

400°C - % Min 40 45 44 42

440°C - % Min 60 81 78 75

480°C - % Min 90 96 95 94

Flash Point °C, ODen CUD Min 130 175 179 176

Water Content, % None

Sediment (Inerts) None

Color Brown

Density, 20°C, g/cm3 0.87 - 0.89 0.881 0.882 0.881

Solidification Point °C Not Regulated 36 36 36
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STANDARD SPECIFICATION
CALCINED COKE FOR ALUMINUM INDUSTRY

FOR ALUMINUM INDUSTRY
TU-38-1011341-90

STANDARD ACTUAL - 1993

KP-1 KP-2 TYPE KP-2

PROPERTY APRIL MAY JUNE

Water Content, % wt, 0.5 0.5 0.11 0.12 0.59
Max

Bulk Density, a/cm3
, Min 0.86 0.86 0.87 0.86 0.86

Ash Content, %, Max 0.6 0.6 0.38 0.50 0.43

Sulfur, % Wt, Max 1.5 1.5 1.43 1.47 1.44

Pieces 6 mm or larger 30 30 56 53 55
%, Min

Density a/cm3 2.02 - 2.06 2.06 - 2.09 2.08 2.07 2.07

Silicon - wt%, Max 0.08 0.08 0.058 0.058 0.058

Iron - wt%, Max 0.08 0.80 0.019 0.019 0.052

Vanadium, wt%, Max 0.02 0.02 0.02 0.02 0.02

Lubricating Agent
Content, wt%, Max 0.5 0.5 0.33 None None

3. UnUTY SERVICES AND OFF SITES

a. Utility Consumption

Table V 83a-1 shows 1992 utility consumption by process unit while
1994 planned consumptions of chemicals and additives is in
Table V 83a-2. Table V 83a-3 shows 1992 consumption of chemicals
on a kilogram per metric tonne of fuel basis.
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TABLE V B3a-1
ATYRAU UTILITY CONSUMPTION

1992

~

FUEL

COOLING
WATEil- AIR-

THOUSAND THOUSAND ELECTRICITY
THROUGHPUT STEAM FUEL OIL FUEL GAS CUBIC CUBIC THOUSAND

UNIT MT (;IGACAUYR (MAZUTJMTA MTA METERSIYR METERSIYR kWHIYR

Atmosphere
Distillation 1 725 165 122 182 16252 8279 --- 3556 15508

Atmospherel
Vacuum 2728081 182746 23467 15273 7572 3014 21 692

Catalytic
Reformer 277022 33485 7541 4757 4365 --- 23070

Delayed Coking
662279 92330 21 461 --- 2847 2981 11 985

Calcined Coke
95876 55665 7547 -- 138 4281 6581

Refinery Power
Station --- 440396 33999 20242 --- - :±::15604

TOTAL --- 926804 110267 48551 14922 13 83~' 94 440

~

~
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TABLE V 83a-2
NAMES AND CONSUMPTION

QUANTITIES OF VARIOUS CHEMICALS
1994 PIAN

MTA COMMENTS

Ammonia 360 --
Caustic Soda (100%) 150.76 --
Corrosion Inhibitor (EKB-2-2) 5.78 --
Deemulsifier 160 -

Neonol 56

Ethylene Glycol 24 These chemicals

TrisodiulT. and/or 8 are necessary to

Tripotassjum Phosphate produce
Deemulsifier

Carbamide (g23) 4.8

DichlorCiethane 0.615 --
Pigment: ---

For Regular Gasoline, A-76 2.74 --
For Premium Gasoline, 0.306 ---
AU-93

Green Anthra - 8 For 0.090 -
Premium Gasoline 911115

Monoehtylamine (MEA) 6.3 --
Tetraethyl Lead Solution --

For Premium Gasoline, 36.75 --
8951130

For Premium Gasoline, AU- 92.72 ---
93

For Regular Gasoline, A-76 344.7 --
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TABLE IV A4·b
STANDARD CONSUMPTION QUANTITIES

OF VARIOUS CHEMICALS

CHEMICAL KINDS OF FEED KGIT FEED

Ammonia Desalted Crude 0.06

Mazut (Heavy Fuel 0.03
Oil)

Caustic Soda Crude Oil 0.009

Diesel Oil 0.05

LPG 0.12

Gasoline 0.08

Coking Unit Gasoline 0.08

Domestic Fuel Oil 0.05

Corrosion Inhibitor Gasoline· Reflux 0.01
EKB-2-2

Deemulsifier Crude Oil 0.032

Dichloroethane Catalytic Reformer 0.002
Feed

Pigments Regular Gasoline A-76 0.006

Premium Gasoline AU- 0.005
93

Green Anthra-quino Premium Gasoline 0.006
82hA 8-91/115

Monoehtylamine Catalytic Reformer 0.02
Feed

Tetraethyl Lead Premium Gasoline 1.52
Solution AU·93

Regular Gasoline A-76 0.75

Premium Gasoline 2.45
8-91/115

lonol Premium Gasoline 0.001
8-91/115

b. Fuel system
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Table V B3b-1 indicates comp'.'''',nts of refinery fuel gas. Each unit in
the refinery that generates fuel gas is connected to the main fuel gas
header. All units, except the catalytic reformer draw gas for their fired
heaters directly from their own unit. Due to its high hydrogen content,
the fuel gas from the reformer is sent to the header where it is mixed
with gas from the other units. Reformer fuel gas needs are met by
drawing gas from the fuel gas header.

Excess gas is not sent to flare, but instead goes to the refinery power
station. All furnaces in the complex have combined burners, (using fuel
gas and heavy fuel oil), except the delayed coker, which uses only fuel
gas. Fuel mixtures are approximately 70 wt% heavy fuel oil and 30
wt% fuel gas, except for calcined coke which uses a 50/50 mixture.

TABLE V 83a-'
REFINERY FUEL GAS

VOLUME %

Fuel Gas Used for Catalytic Fuel Gas
Reformer & Atmosphere and Used in the

Vacuum Distillation Coking Unit

H2S 0.53 0.23%"-

H2O 0

CO 0.85

CO2 1.38

O2

N2

H2 26.11

C, 14.75 12.45

C2

C2 18.14

C3 = 72.44

C3 15.68

C4 =

C4

iC4 4.90
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Fuel Gas Used for Catalytic Fuel Gas
Reformer & Atmosphere and Used in the

Vacuum Distillation Coking Unit

nC.. 6.95

C6

iC6 5.94

nC6 4.77

Ca+

Ce

TOTAL 100% 95.12%-
'Data furmsned by refinery Cloes not ada up to 100%.

c. Steam System

i. Steam Generation, Balance and Utilization

There are six boilers in the two power stations. One of the stations was
built in 1946-1947 as part of the post World War II Lend/Lease Program.
One of these boilers is presently down for relining and tube replacement.
The boilers have a design rating of 30 mtlhour of 30 kg/cm2 steam for a
total capacity of 180 mtlhour for the six boilers. The waste-heat boilers
have a total design capacity of about 60 mtlhour but actually produce
about 40mtlhour. One power station boiler is usually down. At the time of
the John Brown visit in mid-November, 1993, two boilers are down as one
is being relined and retubed. The additional steam demand is supplied by
the district power station. It usually varies from 20 to 30 mtlhour of 12
kg/cm2 at 250°C (482°F).

a) Steam Pressure Levels

The refinerV utilizes steam at the following levels:

• 38 kg/cm2 (540 psi)

• 10 kg/cm2 (142 psi)

• 1.7 kg/cm2 (25 psi)
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Some of the 10 kg/cm2 steam is desuperheated to feed the 3 kg/cm2
steam system.

b) Steam Users

The turbo generator at the power station is the main refinery user of 38
kg/cm2 steam. The 10 kg/cm2 steam is used for stripping, reboilers,
duplex steam reciprocating drivers, heat tracing, steam atomizing of fuel
oil at burners and heavy product storage heating. The 1.7 kg/crn2
steam/condensate system is used for building heating, plant hot water
and to help supply and heat the boiler feedwater.

The blowdown rate for the power station boilers is 10%.

ii. Condensate System

The plant condensate system runs throughout the refinery. Liquid from
local condensate stations is pumped to a main condensate station. Fifteen
to thirty per cent of the total plant condensate is fed to the waste-heat
boilers. No steam traps were observed and no steam trap repair facilities
were observed in the main mechanical shop. A cracked valve was the main
method used for draining condensate.

iii. Impact of Potential Energy Saving Projects on Steam Balance

Since the refinery is only steam self-sufficient when all six power stations
and waste-heat boilers are on line, it obviously needs more steam
generation. The current upgrade debottlenecking of the boilers should make
the refinery steam self-sufficient even with one boiler off line.

If the second new turbo generator for the power station, besides inleiting
at 36 kg/cm2 and back pressuring at 7.7 kg/cm2 also was capable of
admitting/extracting at 10 km/cm2, it would help balance the 10 kg/cm2
system. If a new power station is built, consideration should be given to
generating high-pressure steam and using it for the turbine inlet pressure.
Then one turbine could admit/extract at 36 kg/cm2 and back pressure at
10 kg/cm2, while the other turbine admitted at 38 kg/cm2, extracted at 10
kg/cm2 and back pressured at 3 kg/cm2. This type of system would help
to make the refinery electrical/power self-sufficient while minimizing
condensing and maintaining a steam system that is easily balanced.
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d. Electric Power Systems

i. Electricity Sources and Generation

The refinery only generates about 4 MW of its normal 18-19 MW demand.
The remaining 14-15 MW is supplied by the district power station (245
MW thermal powered) via two 35 kV lines. The two 35 kV circuits are
both mounted on the same steel overhead towers for the approximate five
kilometer distance from the district power station to the refinery service
entrance substation. The 4 MW is produced from a 47-year-old GE turbo
generator (nameplating 6 MW) which is probably nearing the end of its
useful life. Two other turbo generators (6 MW and 4 MW) have been
dismantled. A new 6 MW Russian built turbo penetrator is presently being
installed. When this is finished, plans are to install another 6 MW Russian
unit. Present plans call for two additional 6 MW units to then be built in a
new power station.

Ii. Electric Distributing System

At the service entrance substation, the two 35 kV feeders from the city
power station are brought to the substation's two 25 MVA, 35 kV/6 kV,
6 kV transformers. The two transformers feed from their dual secondary
windings two split 6 kV buses, each split bus having a tie breaker. At the
refinery power station's main substation, the generator is fed to one side
of a split bus while the other ~:t!.e is fed from one of the service entrance
substation's 6 kV split buses through a feeder-breaker and reactor.

From the service entrance substation, 6 kV feeders are brought from each
side of the split buses to six main substations, serving the process units,
the cooling water station and the air compressor house. All of these
substations are of "split bus with tie breaker" architecture. The
transformers that supply five small 0.4 kV substations are also fed from
the service entrance substation.

The power station's 6 kV split bus feeds one station's 6 kV split bus and
one 3.15 kV single ended bus. Also fed by the station bus is the water
treating substation, the transformers for twelve 0.4 kV single
ended-substations and two 0.4 kV double-ended substations.

Most 6 kV feeders are underground but the refinery is engaged in a
program to gradually replace underground feeders with overhead lines.
Most of the underground feeders are aluminum while all the new overheads
are aluminum.
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iii. Electric Power Users

Most of the refinery's electrical energy is used by the refinery's electrical
motors. Other users are electric desalters, lighting, instrument air dryers,
welding and electronic equipment.

The refinery has three large motors, a 3 000 kW driver for the Catalytic
Reformer's Recycle gas compressor and 2 000 kW driver for the coking
units' decoking water cutting pumps and its 2000 kW spare. The refining
is only allowed a 2 MW additional demand draw over their normal 15 MW
draw.

Over the past five years, during each six month period, the refinery has an
average of 10 outages in the power received from the district power
station; with most of the outages lasting 2 to 5 minutes

e. Refinery Utility Systems - Plant Air

Five compressors supply plant air to the refinery, one 320 kW and four 400 kW.
All are two stage reciprocating machines with a water cooler intercooler. The
operating data for the compressors is 320 kW, 883 rpm, 8 kg/cm2 discharge 
pressure and a 50-cubic-meter per minute flow.

There are two sets of instrument air dryers, both having twin drums, filled with
silica gel beads. Both have electrical drum heaters and operate on an 8-hour 
cycle. The actual instrument air dew point was 56°C (-68°F), specifications
called for -40°C. There were large dust filters located downstream of each
dryer.

4. ENVIRONMENTAL CONSIDERATIONS

a. Fresh Water Supply

The refinery sanitary and drinking water is provided by the city of Atyrau. The
source for the city is the Ural River. The only water treatment information
available at the refinery is that the city does chlorinate the water supply.

The refinery process water is taken directly and separately from the Ural Rivvr
and piped to the refinery. The capacity of the intak,e is 17.1 cubic-meters per
minute (9 million cubic meters per year).

See Table V A4a-1 for the water quality of the city and process water.
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TABLE V A4a-1
WATER QUALITY

-
WATER COOLING TOWER EFFLUENT

ITEM UNITS DRINKING PROCESS STANDARD ACTUAL CHEMICAL OILY

Source --- Ural - City Ural River --- --- --- ---
Total Solids mgll --- 2000 838 410 1 155

Volatile mgll --- --- --- 146 390
Solids

Suspended mgll 5.5 25 46 51 81
Solids

Dissolved mgll Refinery -- --- 792 359 1074
Solids

Ca++ mgll Does Not --- --- 70 108 150

Ma+ mgll -- --- 29 35 121

Fe+ + mgll Test or 1.0 --- 0.028 3.5 4.7

SO.= mgll -- 500 302 169 320

CI" mgll Have -- 300 200 68 384

Hardness as 576 --- 640 418 884
Total CaC03 DDta

Bicarbonate -- - 300 2-4 --- -
Fixed -- - 1 500 3.00 --- ---
COD mgll 4.3 25 22.4 12.8 204

pH -- 7 - 8.5 8.0 --- --
Phenols mgll Trace --- -_. Trace 3.6

Zn++ mgll 0.035 -- --- -- ---
Dispersant -- -- - 0.028 --- ---
NH. --- --- - --- 6 2.1

H2S. -- -- -- -- 0.03 2.4

N03 - --- --- --- --- 2.1 3.4

Oil --- --- --- -- 0.2 57
-2nd Quarter 1993, Average.
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b. Water Treatment and Distribution

The sanitary water is treated and chlorinated by the City .of Atyrau. The
refinery people did not know what water treatment is provided by the
city. The sanitary water is distributed in an independent, separate
system to the various points of use. In an emergency, this water can
be used as a process water.

Process water is taken directly from the Ural river without any
pretreatment. During the months of April and May, the Ural River water
is extremely high in suspended and settleable solids. The high solids
content causes operational problems at the cooling towers and heat
exchangers.

Untreated river water is also used for fire protection. The fire loop and
firewater storage tanks are a separate system. Surface ponds are also
provided for the fire truck suction hose. Steam is injected into the
ponds to prevent freezing.

The wastewater collection system is divided into two systems. System
I for the old refinery and System II for the new refinery. The oily
process and salty water are commingled in a common sewer to both
plants.

The old plant wastewater passes through a 1945 vintage 3 bay Rex oil
separator. The Rex unit is not equipped with mechanical oil or sludge
removal mechanisms. The floating material is removed by a manually
tipped pipe skimmer. The skimmed oil is pumped to a fourth Rex unit.
The oil sk!mmed from the bay is treated in heated, aboveground steel
tanks to separate the oil from the water. The oil is returned to crude
storage and the water is drained to the Rex oil separator.

The discharge from the Rex unit is pumped to a ditch leading to the
local area absorption/evaporation ponds. The absorption/evaporation
ponds cover approximately 27 square kilometers. The ponds also
receive the partially treated wastewaters from the City of Atyrau and
the local industry (fish canning plant, cast concrete material plant,
plastics manufacturing, steel fabrication shop and the District Power
Plant). The only pretreatment by all the contributors to the pond is
simple primary solids removal. District plans have been developed for
a combined wastewater treatment plant (WWTP) which includes
biological treatment by use of the activated sludge method.

The combined Waste Water Treatment Plant (WWTP) was not built
because a method of sharing the costs of construction and operation

=
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between the various contributors could not be resolved. The
construction drawings are currently being revised in anticipation that
the cost sharing details can be agreed upon.

The wastewater flow from the new refinery, System II, is treated in a
separate WWTP consisting of a sand trap, oil trap, secondary settling
and dissolved air floatation (OAF) unit. The oil collected in the oil traps,
secondary settling and OAF is pumped to the same heated oil treatment
tanks as oil from System 1. The WWTP effluent is mixed in the open
ditch from the refinery to the local area absorption/evaporation ponds.

The oily sludges from any storage tanks, oil trap clean outs, secondary
settling tanks and contaminated soil from spills or excavations is buried
on site. There are no special liners at the sludge burial site. If any free
oil is observed, the oil is pumped to the heated oil treatment tanks for
processing. It was estimated that the refinery generates 1 000 to 1
200-cubic-meters per year of oily sludge. Typically, the sludge is
collected and bur:vd every two years.

c. Cooling Towers

The cooling tower water is treated with a dispersant agent. No biocides
or corrosion inhibitors are added. It was reported that because of the
high blow-down rate (approximately 10% of the cooling tower recycle
rate) chemicals are not required for biological or corrosion control.

There are five cooling towers. All are equipped with non-reversing fans.
The wood packing in all five has failed. One tower was being rebuilt and
plastic media installed. There appeared to be an excessive amount of
ice building up due to the short circulating of the water and inability to
reverse the fans. It was reported that there is a 1SoC temperature
across the cooling tower in the winter and between 5-10 oC during the
summer. An improvement in the temperature differences is expected
when the cooling towers are rebuilt.

d. Tank Farm

It was reported that there are 27 storage tanks on site and all are
covered with a. fixed roof. See Table V A4d-1.

The crude oils and residual product tanks are not equipped with floating
roofs. The eight-light fraction tank units are interconnected to a
common tank equipped with a floating roof. This does not prevent
hydrocarbon losses but controls the normal daily breathing of the tanks.
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The tanks are contained within nominal containment dikes 01' walls. The
earthen dikes have eroded or been lowered to allow truck passage.
Some dike walls are constructed of bricks or concrete blocks. In both
cases much of the cement mortar and numerous bricks/blocks have
failed. The wall or dikes could contain a slow loss of product but could
not hold a major tank failure.

Numerous storage tanks had oil streaks at various levels of the welded
seams and near roof vents. It was not known how often there is an
overflow or seam failure and how much oil has been lost.

TABLE V A4d-1
PRODUCT STORAGE TANKS

-

'I

PRODUCT NO. DIAMETER HEIGHT VOLUME CUBIC GALLONS ROOF LOSS
M M METERS MTA

EACH TOTAL

Crude Oil 8 34 12 10000 80000 21 100000 Fixed 9600

Light 8 15 12 2120 16960 4480000 (1 ) 8000
Fractions

Oils 4 20 12 3700 14800 3910000 Fixed 200

Residue 7 3" 12 10900 76300 20 140000 Fixed 1400

ESTIMATED LOSS 19200

(1) The a-tank breather vents are interconnected with one vent to the atmosphere. Each tank has
a floating internal roof.

121 The refinery estimate did not allow for any miscellaneous losses at the flanges, valve stems, pump
seals or at the wastewater treatment plant area. It is estimated that these losses would be at least
2 800 mta - giving a total estimated hydrocarbon loss of 22000 mta.

e. Quality of Local Environment

In the October 7, 1993 local newspaper, Prikasspiiakaya Kommuna, the
Oblast manager of environment Vu. G. Vikoulou made the following
observations:

• There are over 6 000 sources of pollutant in the district.

• Only 10% are being treated or controlled.
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• Ranking of pollution sources in the city of Atyrau

• 60% from refinery

• 10% from District Power Station

• 12% from automobile

• 10% Other

• 90% of all the pollution in the Oblast is from oil refinery related
activities .

End of quote.

During the refinery visit, the local weather was cold (freezing or below)
and with a gentle breeze from the north. Because of these conditions,
it was not possible to confirm air pollution by smelling.

During the walk-throughs, the opportunities for excessive hydrocarbon
release were noted, i.e., leaky valve stems, leaking pipe seals, open oily
pits, uncovered oil separators, oil covered pump sumps and oil floating
on wastewater to the absorption/reed pond.

The only fact that can be extracted from the newspaper article is that
the refinery is a source of both air and water pollution. The refinery
must start to control its air, water and solid waste pt>lIution.

f. Current Emission Controls

The re1inery is not equipped with any air pollution control systems for
the Power Plant or fired process heaters.

The refinery has an overloaded and poorly maintained wastewater
treatment system.

The refinery does not have a solid waste control program. The simple
burying of oily sludge is not an acceptable control.

The refinery is not monitoring the groundwater quality in and/or around
the refinery.

The refinery maintains a coke dust minimization system for the coke
conveyors.
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g. Recommendations

During the site visit, on:y three actions were noted which could be
pr'sformed with little capit~1 expenditure that would improve the
environment. These actions are ( 1 ) more frequent skimming of floating
oil in the oil traps, (2) optimize the operation of the air flotation unit, (3)
and install an oil boom in the effluent ditch.

At both the old and new plant, the oil traps had ,':In excessive surface
accumulation of oils and wax. The accumulation is '~!Je to the infrequent
skimming operation. The skimming operation is ole-nual, therefore to
improve the skimming would only require additional manhours of
operators time. The additional skimming would help to reduce the
excessive amount of floating oil in the effluent ditch.

The second involves the optimization of the dissolved air flotation
system. Little or no floc was observed during the walk-through. The
lack of floc causes a lack of oily float on the surface of the flotation
clarifier. It appeared that the chemical feed rate was too low and the
amount of compressed air to the dissolution tanks was insufficient.
Therefore tests should bE; conducted in which the flocculent is added
to levels between 6-10 mgll. Consideration should also be given to
adding 0.5 to 2.0 mgll of polyelectrolyte.

The third action would be to install a floating oil boom and oil skimmers
in the effluent ditch. During the walk-through, an extensive oil slick was
noted in the effluent ditch. It was not determined what the specific
cause was, but from the oily condition of the ditch and banks, it was
evident this oil slick is a common occurrence. To capture the oil, a
floating type oil boom could be installed. To increase the boom
effectiveness, a small pond should be excavated to cause the water
flow to slow down and give the oil time to float. Also the floating oils
should have a larger area to accumulate. The accumulated oil slick must
be removed frequently or the oil accumulated will exceed the oil boom
depth and allow for the oil to under flow the boom and to continue to
flow in the ditch.

There are numerous medium term or cost actions that we've observed.
These are:

• Treat the raw process water;

Start a Pollution Control Education program;
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Monitor each process unit to determine the amount of pollution
from each unit;

Survey for the sources of hydrocarbon losses and develop a
schedule of correction;

Cover the wastewater treatment plant;

Install combustion controls on the Power Plant and Process
Heaters;

Upgrade the Reformer catalyst to improve the octane level thereby
eliminating the need for lead.

The Ural River periodically has a very high suspended solids content.
Currently the refinery uses the untreated Ural River for process water
and the suspended solids create operational problems. The
recommended system would be to install two circular clarifiers with
continuous sludge removal and a flocculent addition. The size required
would be approximately 20-meters diameter by 3-meters water depth.
Again, two units are required.

If funds are not available for the construction of the clarifiers, two earth
lagoons could be constructed more economically. The piping
arrangements must allow either/or both lagoons to be bypassed. The
lagoons could normally work one at a time. During the idle time, the
lagoons could be dewatered and the silt removed to a storage pile for
drying. Each lagoon should be about 30m long x 1 Om wide x 2m deep.

Many Western refineries attribute a significant pollution reduction to
introducing an ongoing education program. The education program must
be designed to overcome the attitude that, "pollution control is the
responsibility of just certain people or departments." The program
teaches the management &nd operation people that they all are
responsible to minimize thA amount of pollutants being released. The
responsibility extends to the point that knowingly allowing a pollution
discharge without taking corrective action is reason for suspension or
loss of job for the employee. Willfully causing a release of pollutants
can alsa result in refinery closure and/or a monetary fine. Therefore, it
is recommended that an educational progr&in be implemented that could
teach refinery employees to recognize pollution releases, the damage it
can cause and what individuals can do to help minimize tho pollution
releases. Typically a reward program works in conjunction with the
education program. Rewards are given for stopping or recommending
changes which can minimize future losses caused by pollution.
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To make the education program works it is necessary to have a baseline
pollution control survey. It is necessary to know specifically how much
pollution comes from each process block and which piece of equipment
or unit is causing the loss of product. With this data, everyone will
know where the losses are, how much is being lost and what can be
done to minimize the loss. Therefore, it is recommended an
investigation and sampling program be undertaken to collect sewer flow
and pollution levels for all of the process blocks. With the wastewater
flow balance and pollution levels known, then the improvements in
either the water flow rate or lost product can be measured. Also, an
equipment replacement or revamp schedule can then be developed.

The air pollution releases can be reduced by replacing leaking valves,
gaskets and seals and installing storage tank vent controls. Before
starting to repair or replace valves and seals or constructing vent
collection systems, it is necessary to determine an order of priority of
repair or replacement. To do this the use of an organic vapor analyses
(OVA) can be used to sniff all potential sources, valve stems, flanges,
seals, vents. With the data collected a schedule of repair/replacement
can be developed. Of course, if a bad leak is noted during the survey,
it should be fixed immediately. The sniffing should be conducted every
three to four months until all sources have been repaired/replaced.

Because of the large number of small hydrocarbon sources and the
frequency of inspection, it is recommended a Personal Computer with
a spreadsheet capability be made available to the environmental
personnel. Data from the wastewater survey can also be entered into
the PC for data logging and program control.

In conjunction with controlling the volatile organic losses within the
process block, it will be necesse.ry to control the losses at the
wastewater treatment plant. Therefore, the sand traps, oil traps,
intermediate settling and dissolved air flotation unit will need to be
covered. A fan to induce a slig~t negative pressure under the cover
must be installed to prevent any leakage around the cover. The fan can
discharge to vapor recovery, a treatment system or to the flare system.

The vents at the light fraction storage tanks should be scheduled for
control when the wastewater treatment plant is controlled.

The power plant and the process heaters are not equip.1ed with
combustion control systems. ihis allows for the potential of eJCcess CO
or NOx due to inefficient use of fuel. To increase the efficient use of
fuel and the control of COINOx it is recommended that low NOx lmrners
be installed with automatic O2 analysis and combustion air control.
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The octane content level for the gasoline pool is too low. To raise the
level to A-76 or AU-93, excessive amounts of tetraethyllead is added.
Thereafter, for air pollution control reasons, it is recommended that the
existing reformer system be upgraded or replaced to allow for a high
octane unleaded-gasoline pool.

h. Summary of Environmental Survey

Currently the refinery is running at 4.5 million mta (nominal capacity 5
million mta) and is processing 0.45 percent sulfur crude oil. The
refinery is not equipped to recover any sulfur. The general sulfur
balance at 4.5 million mta is estimated to be:

Sulfur in Crude
Sulfur from Process Heater Stacks
Sulfur from Power Plant Stacks
Sulfur in Water Effluent
Sulfur in Product

20250.0 mta
300.0 mta
700.0 mta

4.2 mta
19245.8 mta

A more detailed Sulfur Balance based on 1992 operating data is shown
in Table V A4b-1 .
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TABLE V A4b-1
ATYRAU

SULFUR BALANCE - 1992

CRUDE OIL MTA WT % SULFUR MTA SULFUR

INLET

Mangyshlak 3739878 0.45 16829

Martishy 602425 0.26 1 566

Other Misc. Feeds 90742 0.45 (Est.) 408

TOTAL 4433045 18803

OUTLET

Gasoline 488922 0.001 5

Diesel 1 286743 0.14 1 801

Domestic Fuel Oil 156695 0.40 627

White Spirits 63434 0.011 7

Export Fuel 24811 0.40 99

Heavy Fuel Oil 1 991 192 0.74 14778

Coke 77444 1.5 1 162

Vaculim Gas Oil 150842 0.41 618

Semi-Protit.ets (32 839) 0.45 (Est.) (148)

LPG 13060 - -
Internal Fuel Gas 85707 0.50 428

Heavy Fuel Oil 81 258 0.6 488

Losses 45775 0.45 (Est.) 206

TOTAL 4433045 18803
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It was stated that refinery could not process the newly extracted oil
from the Tengiz Oil Field becausA of the higher (0.63 wt%) sulfur
content. The existing refinery would require desulfurizers and a Claus
Unit.

i. The storage tank breather vents and product loading storage area
are not equipped with hydrocarbon recovery systems. The control
valves, flanges at metering devices, pump seals and the
wastewater collection and treatment plant are not covered. All of
these points allow hydrocarbons to be lost to the atmosphere. It
is estimated that approximately 22 000 mta of hydrocarbons are
lost.

NOTE: The Power Plant boilers and the process fired heaters do
not have any combustion controls installed. Both units fire fuels
containing sulfur burning fuels. Neither type of unit has any stack
gas controls.

ii. The chemical content of the process water is moderately high in
dissolved salts. The suspended solids content is variable with
April and May having the highest value. The process water should
be treated for suspended solids before use.

The water quality of the treated wastewater is less than
acceptable. It is reported that the effluent contained an average
of 57 mgtl of oil in the treated oils effluent. During the plant walk
through at the effluent ditch to the absorption/evaporation ponds,
the flow looked like the flow to the forbay of a Western API
separator that was receiving a flow from an upset condition. From
the visual inspection, it is estimated that the oil content during the
walk-through was more than 500 mgll - which is excessive.

iii. The solid wastes from tank bottoms are currently being buried on
site. The burial sites do not have special groundwater protection
liners. The coagulated wax on the surface of the oil traps is also
buried. Groundwater testing has not been done in order to
determine the magnitude of ground pollution and location.

iv. The lack of sufficient funding for preventative maintenance
impacts upon the environmental control in two adverse ways. The
first is at the process block. The lack of preventative maintenance
allows an excessive amount of product to be lost to the
wastewater sewer. The second is the lack of preventative
maintenance at the overload wastewater treatment plant which
prevents the equipment from preforming near design capabilities.
In order to meet Western standards of operation, most of the
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existing process equipment must be upgraded or replaced along
with the replacement of the oil sludge handing equipment.

i. Handling of Materials

i. The straight run crude and reformed gasoline pool is relatively low
in octane value. Therefore, the refinery is adding tetraethyl lead
(TEL) to obtain A-76 or AU-93 ratings.

•
NOMINAL OCTANE RATING

A-76
AU-93

LEAD ADDED

150 mg/l as Pb.
300 mg/l as Pb.

The TEL arrives in a specially designed tank on a flatbed rail car.
The shipments are from England &the Netherlands. The "Greens"
have closed the Russian TEL plant which was used to supply TEL.

The TEL tank car is unloaded into horizontal steel tanks located
under a sun roof. Unloading is by compressed air. Nitrogen is
used to blanket the tanks.

The TEL and gasoline coloring is added to a gasoline recycle line
located adjacent to the TEL storage tanks. The gasoline recycle
pumps are located at the tank farm area.

Even though the national policy is to eliminate TEL addition, there
are currently no plans to eliminate the use of TEL at this refinery.
See however, the future plans section of this report (Section V A)

ii. Currently the control of aromatics is of little concern to the
refinery. If a new refinery is built, the control of aromatics will
become part of the design.

iii. It was reported that solvents are not used at the refinery.

iv. The chloride ion used for activation of the reformer catalysts is
dichloroethylene. The chlorinated hydrocarbon is received in
drums. The material is pumped with a hand drum pump to an
elevated blend tank. The drum storage and the overhead blend
tank areas are not installed with spill and containment protection.

v. The heavy metals content of the crude products and by-products
is not monitored.

ii

Kazakhstan - Part V • Technical Refinery - Operations Page 56



vi. Sulfur is not removed from the crude oil. The estimated amount
of sulfur in the product is 20000 mta. (At 4.5 million mta crude
throughput.)

vii. Sulfuric or Hydrofluoric acids are not used at the refinery. The
"old" refinery did have an alkylation unit, but they experienced an
explosion and fire after 40 plus years of operation. The unit was
not rebuilt.

viii. The on-site power plants and the process furnaces use a mixture
of residual oil and wet refinery fuel gas. There are no combustion
controls on any of the units. During the walk-through it was
noted that the two power plant stacks were spewing black smoke.
Two of the three boilers were firing, the third was being
revamped. The District Power Plant had requested that the
refinery raise more of their own steam. With only two boilers
operating, the refinery started over firing to raise the extra steam.
This over firing caused the black smoke. It was reported that
under normal operating conditions, there is a little black smoke.
New boiler/burners are scheduled to be installed as money
becomes available.

Periodically the local Sanitary District contracts to have the
ambient air sampled and analyzed for hydrocarbons, H2S, NH3,

S02' NOx CO benzene and phenol. See Table V A4i-1, Ambient
Air Quality.

TABLE V A4i-1
AMBIENT AIR QUALITY

REFINERY (ma/m31 RESIDENTIAL (mg/m3
)

POLL~!TANT ALLOWABLE MAX AVG ALLOWABLE MAX AVG

Hydrocarbons 90 12 5.5 5 5.0 38

H~S 3 0.02 0.0027 0.008 0.006 0.001

NH.. 6 0 0 0.2 0 0

SO., 3 1.7 0.26 0.5 0.47 0.13

NOv 1.5 0.02 0.004 0.085 0.02 0.004

CO 6 2.0 0.77 3 3.0 1.4

Phenol 0.01 NO ND -- NT NT

Benzene 4.5 0.015 0.005 --- NT NT
Jata: 3 Qtr. 199;)
NO: Not Detected
NT: Not Tested

••
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ix. The refinery does not produce any asphalt; residual is coked. The
coking system has a calcining rotary kiln. The raw coke is
confined on a concrete slab with the cutting water flowing to a
wastewater treatment sewer. The coke cutting water is not
cleaned and recycled. Originally, the cutting water was part of the
cooling tower system. Abrasion of the cooling tower recycling
pumps and the coke buildup in the cooling tower basins caused
the refinery to route the cutting water to the oily water sewer.
The coke dust is causing problems at the wastewater treatment
plant, but not as severe as at the cooling tower.

The raw coke is belt conveyed to either the calcining kiln or to
overhead hoppers for railcar loading. The calcined coke is belt
conveyed to the overhead hoppers. The belt conveyors are
enclosed to prevent fugitive emissions.

The refinery does not have any continuous monitoring systems of
air or water emissions. The Sanitary District periodically samples
the ambient air and the refinery lab samples and analyses the
water effluent to the absorption evaporation ponds.

5. THE OPPORTUNITIES FOR IMPROVEMENT

The overall goals of this work are to assist in the privatization of the petroleum
sector by providing salient information for preliminary investment decisions,
and to enhance privatization opportunities by recommending improvements for
the existing installations that will increase technical and financial performance.

The work undertaken to meet the goals are part of the U.S. AID NIS Petroleum
Refinery Program for Kazakhstan. The purpose of the program is to:

• Identify changes in operating practices and low-cost modifications to
equipment that can be immediately implemented to increase the efficiency
of energy utilization, conserve energy by avoiding unjustified energy use,
and reduce undesirable gaseous, liquid, and solid effluents.

• Identify and characterize more extensive changes in operating and
maintenance practices, equipment, and physical modifications to the
process units.
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The results of the field work are presented in a one-volume report. This volume
of the report details the results of the evaluation and audit study of three
refineries in Kazakhstan at Atyrau, Pavlodar and Shymkent.

a. Operation Improvement Opportunities

The recommendations of this study to improve energy utilization and
operations (yields, practices, etc.) are categorized in terms of
immediate, medium-term, and long-term opportunities.

i. Immediate Opportunities

These opportunities require changes in operating conditions with
or without nominal equipment modifications, those which appear
implementable within the staff resources of a refinery, and at a
cost of less than the equivalent of approximately U.S. $100,000.
This category covers zero to low cost modifications to the refinery
that will be relatively easy to implement. The refinery should be
able to execute these modifications with its own internal
resources.

ii. Medium-Term Opportunities

These opportunities require formal justification, infusion of capital
from external sources, and possibly the services of externally
obtained experienced resources for implementation.

iii. Long-Term Opportunities

These opportunities involve abandonment of major processing
units, major modernization (or revamping) of existing units, or the
construction of new processing units. The justification would
occur through market analyses, rather than technical analyses, of
crude supply and product slates.

b. Energy Improvement Opportunities

The major energy improvement opportunities were summarized by the
Evaluation Team and fall into four major areas: energy conservation,
furnace combustion, heat conservation, and steam system
improvements.
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i. Energv Conservation Improvement Opportunities

Implementation ofcomprehensive energy conservation policiesand
programs. Economic evaluation of energy conservation programs
should be based on world energy prices.

ii. Furnace Combustion Improvsment Opportunitias

Improvement of furnace combustion efficiencies by:

• Addition of monitoring equipment, e.g. flue gas oxygen
analyzers, fuel flow meters, and associated controls.

• Use of improved waste heat recovery techniques such as
additional steam generation, convection section process
reboiling, and combustion air preheat.

• Recovery of low level heat in boiler feedwater and
combustion air preheat.

• Replacement of equipment where necessary, e.g. burners
and instrumentation.

• Operator training in efficient furnace firing techniques.

iii. Heat Conservation Improvement Opportunities

Improvement in heat conservation practices focused on the
selected upgrade o.f insulation (repair, replacement, and addition)
as warranted.

iv. Steam System Improvement Opportunities

Improvement opportunities in the area of steam system operating
efficiencies included:

• Adding steam traps.

• Collecting and reprocessing condensate.

• Considering additional utilization of steam (e.g. steam turbine
drivers with admittance/extraction nozzles and steam
reboilers) •
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c. Emissions Control Opportunities

While a few of the environmental improvements can be implemented
quickly, a considerable amount of capital must be invested for the
majority of the needed work. The balance of capital investment versus
environmental goals and improvements must be considered in the
future.

In summary, the potential emission control opportunities include:

• Develop a comprehensive environmental program that stresses:

• emissions awareness and responsibility.

• monitoring of specific emissions from the refinery, both air and
water.

• termination of eXisting emissions to the environment.

• aggressive cleanup of past pollution.

• Enhance product desulfurization and refinery sulfur recovery
capabilities.

• Improve water treatment operations by:

• diligent monitoring of water emissions.

• determined repair and maintenance of existing pollution and
control equipment.

• remediation of lagoons and ponds that have accumulated past
pollutants.

The recommendations of opportunities to improve environmental
conditions are categorized into immediate, medium-term, and long-term
opportunities.

i. Immed;ate Opportunities

The immediate emission control opportunities require changes in
operating practices with or without nominal equipment
replacement, those which appear manifestly in the public interest,
and those which appear implementable within the staff resources
of the refinery for the equivalent of approximately U.S. $100 000.
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n. Medium-Term Opportunlt;,es

The medium-term emission control opportunities require infusion
of capital from external sources, possibly the services of
externally-obtained experienced personnel for implementation.

Iii. Long-Term Opportunities

The long-term emission control opportunities are high cost and
represent substantial clean-up of accumulated pollution from past
neglect.

d. Operation And Energy Efficiency Improvements

Prior to implementation of any refining improvements (either energy
efficiency or equipment replacement/revamp), a comprehensive
strategic investigation and evaluation of the Atyrau Refinery long term
operating plans should be conducted. Based on the results of the
evaluation, some or all of the following recommendations could be
implemented.

The energy efficiency improvement opportunities described is this
section are not given in any special order. However, these
opportunities are organized in terms of Immediate-, Medium- and Long
Term Opportunities. Cost shown are on a U.S. Golf Coast basis. Many
of the potential improvements require the refinery to develop a history
of specific causes of unscheduled downtime, and resultant loss of
product and profit as a basis for justifying the suggested project.

i. Immediate Opportunities

Below is a listing of the Immediate, Minimum Cost Opportunities
for energy efficiency or operational improvements. For purposes
of classification, Minimum Cost Opportunities will be defined to
include expenditures below $ 100 000.00 U.S. Dollars.

a) The Atyrau refinery must develop and implement
comprehensive energy conservation philosophies and policies.
A formal program should be established and monitored. We
suggest that the refinery raises its consciousness level and
sensitivity to the energy costs involved in processinc crude oil.

b) Appoint a refinery ~ner9Y and material control team for
evaluating the potential energy savings on each unit.
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cj Investigate the use of and install mechanical gas seals on
centrifugal compressors.

d) Initiate a detailed program that regularly monitors, calculates,
and evaluates product yields and utility consumptions. The
program must be designed and operated such that regular
energy conserving and/or product quality adjustments are
sanctioned and encouraged.

Launch an extensive equipment insulation program to repair
and replace existing insulation in poor condition, supplement
existing insulation in good condition (as necessary), and add
insulation to currently exposed equipment items based on
economics related to world energy prices and heat losses of
equipment.

f) Invest in education programs or courses for the following
topics:

• Overall fired heater operations, with specific focus on
proper air/fuel ratios, burner operations, and maintenance.

• Steam trap selection and maintenance.

• Major process equipment inspection and recertification.

• Overall refinery energy efficiency improvement programs.

• Engineering design and operations course.

g) Audit the steam generation, distribution, utilization, and
condensate return equipment and balances in detail. Develop
a comprehensive plan to upgrade the steam system(s).

• Add, repair and replace insulation as necessary based on
world anergy prices and heat losses from various sources.

• Design and implement new steam trap selection and
maintenance programs.

• Consider utilization of steam turbine drivers, particularly
for critical services. Since the refinery may operate at
reduced throughputs in the foreseeable future, steam
turbine drivers may afford some operating flexibility along
with improved utility efficiencies at turndown conditions.

I'
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• Consider replacing steam tracing PiPing with stainl13ss
steel tubing. Ensure proper installation and insulation of
steam traced lines.

• Consider the use of steam turbines with admittancel
extraction nozzles at thfl low or medium steam system
pressure to minimize condensing and regulate and balance
the steam system.

h) Conduct regular heat exchanger evaluation audits. Cleaning
schedules and anti-foulant injection procedures should be
based on audit results.

i) Develop process optimization strategies and procedures based
on economic and safe operations. Specifically; reduce
Catalytic Reforming Unit operating pressure to improve yields.

j) Conduct "Test Runs" of individual process units to determine
ba~eline process operations and yields. Accumulation of Test
Run data would require:

• Calibration of Instruments (and replacement, if necessary)

• Complete feedstock and product analyses.

• Complete temperature and pressure surveys.

• Specific material balance development with the goal to
quantify "losses".

k) Provide, evaluate, and r9place as necessary utility monitoring
instrumentation and confirm its accuracy. Process unit utility
consumptions per mt of product should be calculated with
yearly goals set to reduce utilities, so far as practicable.

I) Evaluate Ilew and improved catalysts for the Catalytic
Reforming Unit that may provide yield and energy efficiency
advantages. It is highly probable that the old catalysts can be
traded for the new catalyst and in addition a hard currency
payment will be made to the refinery, due to the higher
platinum content of the old catalyst.

m) Develop a detailed maintenance history and data logging
program.
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n) Installation of a mechanical integrity program for the refinery,
such as identifying on a computer system every piece of
rotating equipment, (make, model number, type of, seal, motor
horsepower, etc.).

0) Other recommendations are as follows:

• Investigate the use of structured paci.dng as appropriate in
capacity limited towers.

• Install steam traps on all steam users.

• Install permanent vibration and temperature monitors and
shutdown devices on the refinery's critical compressors
and air blowers.

• Investigate and install canned or magnetic drive pumps in
dangerous chemical or acid service.

Consider using a computer program for analysis and
design of heat exchangers such as HTRI for designing
new and rerating existing heat exchangers and look at
pinch analysis of crude heat exchange train.

• Perform monthly flue gas analysis on each furnace and
adjust burners accordingly.

• Install oxygen analyzers on furnaces in the major refinery
units. Preferably, install automatic fuel controls on all
fired heaters in conjunction with nin·~itu"Oxygen/flue gas
analyzers.

• Purchase portable hand-held infrared digital thermometers
for maintenance group for checking bearing housing
temperature and insulation heat loss.

• Purchase a computer aligning m'lchine to achieve more
accurate machine alignment, hence, lowering rotating
equipment failure rate.

Investigate the installation of remote control of air
dampers on furnaces.
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I. IMMEDIATE OppORTUNmES

DESCRIPTION COST BENERT

Develop and implement a comprehf3nsive energy conservation program. This Insignificant if all the Significantly lower
could include: energy is now metered refinery energy costs.

on the process units.
• Formation of an energy audit team. Otherwise, the cost of Provides a baseline for
• Purchase of publications (magazines, books, periodicals) related to installing those meters. further yearly

specific energy conservation practices. improvements.
• Attendance at AIChE, API, NPRA seminars related to energy efficiencies.
• Precise monitoring of all utility consumptions for each process unit. MC'jor U.S. refine!"s
• Calculation of energy consumed per unit of feed or product, and h~ve redUCod their

comparison to Western standards. energy usage per barrel
• AUihority to make changes to improve overall refinery energy efficiency. of crude run b'; over
• Hold the unit manager responsible for ep.ei"9Y consumption. one third dUring the

past 17 Y6ars. They
By: Atyrau Refinery are now averaging

about a 1 percent
reduction per year.

DESCRIPTION COST BENERT I
Develop and implement a program to frequently monitor product yields and Minimum Variable Immediate improvement
qualities along with utilities consumptions. Adjustments to process operating in profitability.
conditions would be recommended to optimize product values vs. feed and utility
costs. This type of program could minimize lower value and maximize higher
value product manufacture, and optimize product qualities (e.g., eliminate octane
"giveaway").

By: Atyrau Refinery

--
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I. IMMEDIATE OPPORTUNITIES

DESCRIPTION COST BENERT

Attend education/training seminars related to firec" heater operations and To be Determined Immediate energy
optimization with specific ~ocus on optimum air to :uel ratios, and burner savings in the fired
operations & maintenance. The training representative should conduct the heater sections of the
seminar at the jobsite if at all possible. plant.

Result will be immediate improvement in fired heater operations and energy
consumption.

Supplier: John Zink or equiv"lent, or furnace combustion specialist or consultant.

DESCRIPTION COST BENEFIT

Attendance at steam trap selection and rr.aintenance education/training seminar $5000 Immediate steam
with special emphasis on reduced steam consumption. consumption reductions

Wes~..::'! firms may be resulting in lower
Result will be IClwer ove~all steam consumption. willing to ~!1 this no overall energy

charge. expenditures.
Supplier: Spirax Sarco, Inc.

2806 Center Circle Dr.
Downers Grove, Illinois 6051 5

or
Armstrong International
1081 East Ocean Blvd.
Stuart, Fl 34996
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I. IMMEDIATE OppORTUNmES

IJESCRIPTION COST BENEFIT

Attendance at a refine~· equipment inspection, evaluation, and recertification To be Determined Improved process unit
training seminar. on stream time.

Result will be ability to enact an approved preventative maintenance program to
improve turnaround maintenance efficiency, equipment failure rates, and overall
safety aspects of tha complex.

DESCRIPTION COST BENEFIT

Attendance at AICHE, API or NPRA seminars regarding refinery operations energy $3 000 (Estimate) Improved refinery
efficiency. per person energy expenditures

per rnt of crude
Results will be better understanding of modern refinery energy efficiency processed.
improvement practices.

Supplier: AICHE, API, NPRA or European Equivalent.

/.

">0
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I. IMMEDIATE OpPORTuNmes

I. I , • II • I I,

DESCRIPTION COST BENEFIT

Attendance at petroleum engineering design and operating course. $3 000 (Estimated Undetermined
Course Cost)

Results will be improved understanding of modern basic engineering design per person
practices that can stimulate future process unit revamp options.

Supplier: UOP or Equivalent

DESCRIPTION COST BENEFIT

Purchase one thickness gauging system (e.g. sonogram, audiogram). $3 000 Undetermined

Allows maintenance crews to accurately determine process equipment metEJ
thickness to efficiently monitor equipment corrosion, schedule turnaround
maintenance and preclude equipment failures.

Vendor: Krautkramer Branson
P.O. Box 350
lewistow, PA 17044
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I. IMMmlATE OpPORTUNmE8
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DESCRIPTION COST BENEFIT

Conduct "Test Runs" of individual process units to determine baseline process Variable Provides an operations
operations and yields. Accumulation of Test Ru'l data would require: baseline for future

1. Calibration of instruments.
process unit
evaluations.

2. Complete feedstock and product analyses.

3. Complete temperature and pressure surveys.

4. Specific material balance development with the goal to quantify "losses".

By: Atyrau Refinery

DESCRIPTION COST BENEFIT

Provide, evaluate, and/or replace the utility consumption monitoring Variable Provides concrete
instrumentation and confirm its accuracy. Evaluate overall Atyrau refinery utility consumption
balances and utility system capabilities. numbers for each

process unit. This will
Allows refinery staff to: allow accurate

evaluation of the
1. Qualitatively determine the capacity, reliability and future capability of the efficiency of each

utilities sy~.ems. Results will determine if future utility adjustments (e.". process.
replacement of electric motors with steam turbine drives) could be justified.

2. Determine energy consumptions per unit of feed charged or product
produced. Results will allow operating staff to adjust process conditions to
improve overall energy efficiencies.

By: Atyrau Refinery
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I. IMMEDIATE OPPORTU~ITIE8
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DESCRIPTION COST BENEFIT

Purchase portable hand-held thermometer for maintenance group for checking Budget Cost: Improved on-stream time
bearing housing temperature. $2000 due to prevention of

unscheduled
Note: Select one (1) unit and utilize thermometer for furnace and bearing maintenance.

housing monitoring.

DESCRIPTION BUDGET COST BENEFIT

Perform monthly flue gas analysis on each Equipment has Immediate, in addition to environmental improvement. It is
furnace and adjust burner controls to minimize been supplied by believed that a 10 to 15 percent improvement in fired heater
excess air. Attention to flue damper operation John Brown efficiency is easily achievable. In 1992, Atyrau reported fuel
and burner air registers is also suggested. through this U.S. usage of 158 818 metric tonnes. At $70fmt and 10 percent

AID program. efficiency improvement, this equates to a savings of
$1.1 million a year.

)
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DESCRIPTION COST BENEFIT

Consider using Western firms when it is Minimal At design operating rates for the crude units an increastl in crude
necessary to replace heat exchangers, heat exchanger efficiency is worth $14 400 per year per degre~
as they use computer programs for centigrade. That is, getting ~ oae more out of the heat exchange
analysis and design of heat exchangers train will save $144 OOO/yr in fuel loss. It should be noted that
such as HTRI for designing new and part of the short-fall is due to fouling and the need for improved
rerating existing haat exchangers. The cleaning regimen, however, improved heat exchangers and system
resultant new designs are more efficient analysis is a necessary part of the energy improvement process.
and cost effective.

DESCRIPTION COST GENEFIT

Conduct regular heat exchanger operating audits. Exchanger cleaning MinimalNariable Energy savings due to
schedules and anti-foulant injection procedures should be based on alldit improved heat
results. exchanger operation.

By: Atyrau Refinery
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I. IMMEDIATE OpPORTUNmES

DESCRIPTION COST BENEFIT

Evaluate refinery hydraulic loops to determine if excessive pre$sure drops are Minimal Reduced electrical
taken across fluid flow system control valves. Trim pump impellers to meet energy consumption.
actual system requirements.

DESCRIPTION COST BENEFIT

Purchase a computer aligning machine to achieve more accurate machine Budget price for one Improved on-stream time
alignment; hence lower failure rate. computer = $5 000 and, thus, improved

plant profitability due to
prevention of
unscheduled downtime.

v .........
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I. IMMEDIATE OPPORTUNITIES

I
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DESCRIPTION COST BENEFIT

Purchase and install a computer with proper software for the Budget price for Improved on-stream time as a result of
maintenance group for monitoring, controlling, scheduling and computer and decreased amount of unscheduled downtime,
tracking the refinery maintenance management system. software =

$201)00

DESCRIPTION COST BENEAT

The refinery is experiencing frequent rotating equipment seal 1 set of seals - Average cost to repair pump for M-seal failure -
failures. It is suggested that installation of a double $30000 $10 000 estimating three failures per year
mechanical seal in a cartridge mount with more exotic cost = 10 000 x 3 = 30 OOO/yr.
metallurgy, such as in Monel or Hastelloy, bellows with Kalrez
or Graffoil a-rings. Savings = $30 OOO/year

This seal will be able to withstand temperatures in excess of Payout = $30000 + 30000 = 1 '{r.
BOOoe.

Reduced vae emissions will also be a benefit
Select a unit multi-stage charge pump. of this change.

DESCRIPTION COST BENEFIT

. Install "in situ" oxygen analyzers on furnaces $14000 each Refer to "Flue Gas" analysis recommendation. This project
on major the refinery units. contributes significantly to the overall fuel savings.
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I. IMMEDIATE OPPORTUNITIES

DESCRIPTION COST

I I I I"

BENEFIT

ii, ~ . .1 ~ II. I I I ,

~

Develop an extensive equipment insulation
program to repair and replace existing insulation
in poor condition, supplement existing insulation
in good condition as necessary, and add
insulation to currently exposed equipment items
based on world energy prices and heat losses of
equipment. Improve insulation practices, for
example, insulate bare pumps, valves, piping, and
jacket with aluminum or galvanized sheet metal
where process temperature exceeds 65°C.

Kazakhstan - Part V - Technical Refinery - Operations

Approximately
250 parts at 1.0
m2 each.

Installed cost at
$210/m2 =
$52500

At average process temperature = 150°C, heat loss with a
3m/sec wind, approximately 3 200 Kcallm2 = 800 000
Kcallhr

Approximate value:

800 000 Keal Kg tolJM 7920 fir ~u.s toIUIa
-:X :X :X .. U'9U --

hr 9 800 K£al 1 000 kg yr yr

646.5 toMa $70 1$_;;.;S6:-,S7;...;,.;;1----x--x =-
yr W1I1W 0.80 EFF yr

Payout:

$S2 SOO .. 0.93 years
56 S71
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I. IMMEDIATE OPPORTUNITIES

DESCRIPTION COST BENEFIT

Install permanent vibration and temperature Budget cost: Based on refinery experience. it is reasonable
monitors and shutdown devices on refinery's to assume 2 failures/yr. Cost of failure =
critical compressors. $2 OnO/point. Estimate $10000.

a pts/compressor. Cost =
$2 000 x a = $16 000 Total cost $10000 x 2 = $20000.

Payback = Less than 1 yr.

DESCRIPTION COST BENEFIT

Investigate steam and condensate recovery system operations and 1 trap = $200 Savings of $1 OVO to $3 000 per year
options. Current lack of steam traps and condensate recovery systems Installed = per application are possible• .if steam is
result in inefficient utilization of the steam source. Audit the steam $400 now allowed to blow through
generation. distribution. utilization. and condensate return equipment and unchecked in heating unit.
balances in detail. Develop a comprehensive plan to upgrade the steam Total cost =
system(s). $400 x 100 = Potential Payback. per trap

$40000
1. Add. repair. or replace insulation as required.

$4002. Implement complete steam trap selection and maintenance program. = 4.8 months
3. Consider utilization of steam turbine drivers. partiCUlarly for critical $1 OOO/yr

services. This type of driver can provide improved utility efficiencies
at turndown operations.

4. Replace steam tracing piping with stainless steel or copper tubing.
Ensure proper installation and insulation of steam traced lines.

For example. install steam traps on steam condensate lines in the
refinery's tank farms.
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I. Il.MEDIATE OPPORTUNITIES

DESCRIPTION COST BENEAT

Investigate and install a canned or magnetic drive Budget Cost: Personnel safety and environmental benefits through
pump in LPG dangerous chemical or acid service. $15000 reduced voe emissions.

DESCRIPTION COST BENERY

Action: Provide a review of and training in cCipitai budgGting practices. $25 OOC Estimated Improved fet\!:ii ~~
invested capital e.nd

Benefit: Allocations of capital funds in a business must be based on Follow-up $15 000 proper associa!ion of
maximizing financial return. A portion of available funds are needed limited funds.
for maintenance, environmental and safety purposes. However,
discretionary capital should be allocated on a sound
technical/economic basis. Refinery managemer.t needs the tools and
understanding to recognize and support projects that minimize costs
(in many cases energy savings) and thus maximize profits. Yield
improvements, labor reduction, new products, new business lines,
etc., also fall into this category.

Supplier: To be determined. Business schools or individuals from project
justification/financial analysis areas are possible sources. Groups
specializing in management training, such as the AMA, are another
source.

-
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I. IMMEDIAtE OppORTUNmes

I,.

DESCRIPTION COST BENEFIT

Repair broken and damaged cooling tower Budget prictj per A tower cooling water supply temperature can be translated
sheathing to allow better cooling tower tower - $5 000 to reduced water flow and lower pumpin~ costs.
efficiency.

DESCRIPTION COST BENEAT

Investigate and install a lube oil analysis maintenance By refinery staff. A full analysis of lubrication requirements and
program to reduce equipment failure. implementation of resulting insights will aid in reducing

equipment failure and resulting loss of product due to
unscheduled downtime.

DESCRIPTION COST BENEFIT

Action: Consider installation of variable frequency drives Varies with Reduce energy consumption, improve product quality,
in selected applications. application 2nd product quantity.



II. Medium-Term Opportunities

Deiow is a listing ot medium term, intermediate capital cost
opportunities (approximately $100000 to $5 000000) for anergy
efficiency or operational improvements:

a) Improve fired heater (.verall operations and efficiencies.

Add advanced process control of combustion air & fuels.

• Replace or repair of burners as necessary.

• Replaco heater3 with steam reboilers where feasible.

• Consider incorpore-tion of a Hot Oil System if replacement
of fired heaters (e.g. reboilers) and/or exchangers
becomes necessary. '

b) Invest .;'1 computer software as follows:

i) Simulation program(s) for Crude / Vacuum Distillation,
Reforming, al/d Distillate Hydrotreating and FCC Unit
operations.

ii) LP Model for profit analysis based on alternate feedstocks
and the resulting product slate.

c) Commission SOI ..e or all of the following studies intended to
improve the energy efficiency, operability, and/or product yields
of the refinery:

• Installation of Advanced Control Instrumentation,
particularly fer combustion control.

• Modification / revamp of existing Catalytic Reforming Unit
equipment (re~c::ors, fired heater tubes, piping, etc.) for
suitability to hinher temperature (> 1 000 OF) operations
for increased gasoline octane ca'pabilities.

• Improve Vacuum Fractionation potential by modification
of the current column configurations and/or internals.
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d) Upgrade Steam Generation Systems

• Upgrade condensate recovery systems such that
condensate is recovered and returned to the steam
system.

• Consider Steam Turbine Drivers to improve efficiency of
turndown operations. Investigate the econumics of
adding a turbine nozzle for steam admittance/extraction to
minimize condensing and help to balance the steam
system.

• Consider steam heated reboiler exchangers to replace fired
heaters, where feasible.

• Investigate the installation of a flame guard system on
burners.

• Study the addition of a vacuum pump ~o rel=:ace the
steam vacuum jets in the normal operation of the vacuum
unit.

• Investigate the installation of condensate collection drums
at the condensate collection stations. Allowing low
pressure steam to flash off and used in storage tanks
heating.

Repair broken and damaged cooling tower sheathing to
allow better cooling tower eificiency.
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II. MEDIUM-TERM OPPORTUNITIES

DESCRIPTION COST BENEFIT

Commission a comprehensive study to investigate how best to improve overali To be lJetermined Immediate energy
fuel fired efficiencies considerinQ: savings expected. The

fired heaters are the
a) Additicniutilization of Advanced Process Control of combustion air and most energy intensive

fuel(s). equipment items in the
refinery. They also

b) Replacement or repair of burners as necessary. appear to have the
most potential for

c) Replace fired heaters with steam reboilers. where feasible. improved energy
efficiency.

d) Consider incorporation of a Hot Oil Syittem if replacement of fired heaters
(e.g. reboilers) and/or exc~angers becomes necessary.

'.
~
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II. MEDIUM-TERM OPPORTUNITIES

II

DESCRIPTION COST BENEFIT

Invest in computer so;tware as follows: $20 000 (0 $250 000 Improved refinery
Depen~;ng on program {\oeration and their

a) Simulation program(s) for Fractionation, Crude and Vacuum Distillation, selectlfd and training profitability.
Catalytic Reforming, and Distillate Hydrotreating. required.

b) LP model for prOfit analysis based on variable feedstocks and resultant
product slates.

Allows systematic approach to operations and yields predictions.

Simulation Program Suppliers:

Hyprotech - "Hysim"
Sim-Sci - "Process", "PRO"''', "ASPEN/SP"
Chem Share - "Design II"
AspenTech - "ASPEN PLUS"

or equivalent

.. Kazakhstan - Part V - Technical Refinery - Operations
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II. MEDIUM-TERM OPPORTUNITIES

DESCRIPTION COST BENEFIT

Commission a study to evaluate best implementation of advanced control $250 000 (Est.) To be determined
instrumentation for optimized process operations.

Results in improved energy efficie.1cies, product quantity and/or product quality
that are generally paid-off in less than one year.

See future work sactioli of this report for additional estimate details regarding
DeS/advance controls.

DESCRIPTION COST BENEFIT

Commission a study to evaluate revamping of the existing Catalytic Reforming $250 000 (Est.) Improved yields and
Unit to higher temperaturellower pre~"ure operations for increased octane and product qualities of a
yield benefits. high value product. Is

needed to improve
overall refinery
profitability.

/

P
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I~. MEDIUM-TERM OppORTUNmES

I, • I .111

DESCRIPTION COST BENERT

Upgrade the steam generation, distribution, and condensate recovery systems to To Be Determined Reduced steam
improv9 utility efficiency. consumptions resulting

• Upgrade conddnsate recovery systems such that conC:ensate is recovered in improved refinery
and returned to the steam system. utility efficiency.

• Consider Steam Turbine Drivers to improve efficiency of turndown
operations. Investigate use of admittance/extraction nozzle.

w Consider steam heated reboiler exchangers to replace fired heaters, where
feasible.

DESCRIPTION COST BENEFIT

Study the addition of a vacuum pump tG replace 10kw Material = Ability to obtain tower vacuum and more efficient
the steam vacuum jet in the normal operation of $20000 operation of the vacuum system. Current low energy
the vacuurr towe•. costs may not, at this time, justify the copier expenditure

Installed = $30 000 require.

~)
()
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II. MEDIUM-TERM OPPORTUNmES

DESCRIPTION COST BENEFIT

Investigate the installation of a flame guard Material - $1 000 for 28 Combination of safety (prevent fire or explos;,Jn) and
system on furnace bume":J. burners = 28 x 1 000 = savings in excessive fuel usage should a burner fail.

$28000

Installed = $G6 000

DESCRIPTION COST BENEFIT

Action: Consider installation of two- $160000 Reduced energy consumption. and maintenance (due to
speed/reversing motors/controllers on reduced icing).
all cooling towers

An economic justification of this recommendation should be
, undertaken, considering reduced energy consumption and
i maintenance costs.

~-~
,/
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Iii. Long-Term O'pportunitlos

Below i~ a Usting of long-term, significant capital investment
(greater than $5 000000) opportunities for greater energy
efficiency or operational improvements. Implementation of these
projects should be considered following a detailed evaluation of
long range plan of the Atyrau refinery operations.

a) Consider increasAd usage of indigenous or imported Natural Gas
as a primary refinery fuel. Decisions should be based upon
internal production of refinery gases, internal production of Fuel
Oil, pricing of Natural Gas and Fuel Oil, export demand for Fuel
Oil, and environmental regulations both, present and future.
Gas pipalines do pass through and near to Atyrau.

b) Proceed with plans to modernize and add process units to the
Atyrau refinery. Potential process additions should be appraised
with the reah' ation that the refinery will process heavier, higher
sulfur content crude oils in the future.

c) The refinery must acknowledge strict adherence to Kazakhstan
st&te and world standard product specifications will be required
in the future. Improved production quality standards may
become necessary. Consideration should be given to:

• Merox treating of LPG, Gasoline, and Jet Fuel products.

• Higher octane requirements of the gasoline pool.

• Future reduction or removal of lead from the gasoline
pool.

• Lower sulfur requirements of heavy fractions.

• Fuel Oil desulfurization.

Additio'aal elemental Sulfur Recovery.

d) Incorporate Advanced Process Control or Distributed Control
Systems into the refinery. This will require replacement of the
majority of the refinery instruments. If decided, consolidation
of Control Rooms should be considered.
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e) We support ,the refinery's efforts in installing a new steam
driven generation equipment as it will provide more non
interruptible power and reduce the cost of electricity.

f) Invss~igate and install a lube oil analysis pr06. am to reduce
equipment failure.

g) Engage in change out of single mechanical seals to double
mechanical seals to reduce emission levels.
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1Ir.. LON~·\~a11 OppORTUNmES

DESCRIPTION COST BENEffi-

Proceed with plans to modernize and add process units to the Atyrau refinery. If the refinery feels Improved heavy oil
Consider the following units for bottom of the barrel processing. that additional processing will result in

~tudies are improved overall refinery
• FCC Unit necessary to profitability.

secure finailcing, a
• RCC unit (similar to FCC technology - for processing of atmospheric reduced budget cost of

crude). $350000 to
$500000 is

• Hydr~,,(acking Unit. suggested.

• Visbreaking Unit.

Potential process additions should be appraised with the realization that the
refinery ; ..1 process heavier, higher sulfur content crude oils in the future.

By; Atyrau Refinery

0-
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III. LONG-TERM OPPORTUNITIES
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DESCRIPTION COST BENEAT

The refinery must acknowledge that future strict adherence to Kazakhstan state To be determined Indeterminate at this time,
and world st3ndard product specifications will be required. Improved production but see narrative discussion
quality standards may become necessary. Consideration should be given to: on these topics.

. Merox treating of LPG, Gasoline, and Jet Fuel products•

• Highs!' octane requirements of the gasoline pool.

0 Future reduction or removal of lead from the gasoline pool.

• Lower sulfur requirements of heavy products which could require:

a. Fuel Oil desulfurization
b. Additional elemental sulfur recovery

By: Atyrau Refinery

./
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e. Environmental Emissions Reductlona

i. Immediate Opportvnltles

There were no observed situations in which field changes could be
made during the site vl~lt which would reduce the refinery
environmental emissions. There are, however, some low-cost
activities that can be undertaken.

•
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I. IMMEDIATE OpPORTUNmes

I. I.

DESCRIPTION COST BENERT

The following environmental activities could be undertaken with little capital Improved environmental
e:xpenditure. conditions through

reduction of oil outflow
1. More frequent skimming of floating oil in the traps. Additional man-hours of in \Yaste ¥Vater.

existing staff.

2. Optimize operation of the Air Floatation Unit. Add more flocculent and Cost of chemicals and
increase amount of compressed air fed to the unit. Consider adding 0.5 to power from Air
2mgll of polyelectrolyte. CompressDr.

3. Install Floating Oil Boom and Oil Skimmers in the effluent ditch. Excavate $5000 to $10000
a small pond to increase residenco time. Remove oil frequency.

..
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t IMMEDIATE OPPORTUNmES

I I I, I~ _
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DESCRIPTION COST ~

The fqllowing environmental activities have been identified but not evaluated Undetermined.
with rest:;act to implementation cost. They are, however, believed to fall into
the imm~diat3 (less than $100 000) cost range.

a) I \;S '~reatmentof incoming process water. Reduce fouling of
• Cooling Watec Heat

Transfer Surfaces.

b) Cover the Waste Water Treatment Plan and Install a Vapor Recovery Reduction of vae
System. emission.

c) Upgrade the Waste Water Treatment Plant to eliminate system Improvement in quaity of
overloading. wasta water discharge.

Improvement in Waste
d) Evaluate coke cutting water fines removal. Water Treatment

System.
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I. IMMEDIATE OPPORTUNITIES

DESCRIPTION COST BENEFll

a. Supply the plant with stack [,las anal'{zers which wi!1 allow them $15000 • Reduction of air
to optimize combustion to minimize the release of NO. and CO. emissions.

b. Provide an ambient air organic vapor analyzer so survey~ of $10000 • Generate an em-
pumps, flanges, valves and vents can be con~ucted. With these ployee awareness of
data, a program of volatile organic emission reduction could be pollution control
developed. activity.

c. Provide a potable construction-type mud pump to allow the Material: • Quick temporary
removal of the collected oil at tha oil traps. This pump could (Wood) $ 1 000 solution for oil and
also be temporarily used to remove settled solid in the oil traps. sludge removal until

labor $25000 oil traps are repaiied.

Repair chains: $ 6 000
Total $32000

DESCRIPTION COST BENEFIT

Investigate the environmental benefit of converting existing burners Estimate cost low NOx burners at Immediate,
to lower NOx type. $1 OOOlburner. environmental benefits.

"
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ii. Medium-Term Opportunities
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II. MEDIUM-T~M ENVIRONMENTAL

- --
DESCRIPTION COST ~ENF:FIT

The refinery hafl. a significant problem of the loss of an excessive $100 000 for an outside • Identify specific sources of
amount of oil from the process units. service; alternately, refinery waste and waste water.

staff could be used to
A two-step program of waste reduction is required. One is to perform the work. • Obtain the dllta for cor-
initiate an education program for the operators to make them more rectiva ~ction decision
aware as to the actual loss of oil. making.

The first is to determine tht! source of waste water and pollutants • Create an awareness of the
from each process block. source and amount of

product loss.
The second is to determine the process efficiency of each unit at
the WWTP.

The data from tl,e two studies will highlight the magnitude of loss
and allow for prioritizing the corrective action.
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II. MEDIUM-TERM ENVIRONMENTAL

DESCRIPTiON COST BENEFIT
A

Install a storage tank vent collection system on the S tanks storing 5 000 x 8 tanks = $40 000 • Recover about 8 000 mt of
volatile products. product per year.

Install three vapor condensing systems on the vent system above. $160/mt of diesel is
2 at $15 000 = $30 000 appropriate local price of

product in early 1993.
Total = $70 000

At $160/mt, this is a
$1.28 million or a 3-week
payback.

DESCRIPTION COST BENEFIT

The contamination of the ground water is 200 wells at $400 each = $80 000 • Identify the location and
unknown. amount of ground water

Soil Analysis 400 at $100 each = $40 000 pollution.
Need to identify the location and amount
of underground pollution. 20 Monitoring Wells at $600 each - $12 000 • Data to I::e used to

determine oil clean-up
Drill Mobilization 1 at $2 000 = $2 000 program

Report Preparation - 1 at $7 000 = $7 000

Total = $141 000
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iii. Long-Term Environmental Opportunities

If the National environmental direction of Kazakhstan becomes
similar to that currently found in the West, it is suggested that the
refinery participate in an area study with the other major emission
sources as part of an overall effort. An estimate cost to conduct
such an overall study through installation of a meteorological
station ambient air monitoring stations, based on Western
experience, is as follows:
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III. LONG-TERM ENVIRONMENTAL

DESCRIPTION COST BENEFIT

Remediation of past oil waste site burial. Clean- Cost dependent upon results of ground water Improved environmental quality.
up of old disposal site. contamination study and extend (quantity) of

contaminated soil.

DESCRIPTION COST BENEFIT

Improve ambient air quality through reduction of Dependent upon changing crude oil sulfur Improved quality.
sulfur in fuels; use of desulfurization technology. content and new environmental regulations.
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iv. Further Work Required

GASOLINE OCTANE/LEAD REDUCTION

The need for unleaded, higher octane gasolines will be driven by
demand resulting from an increase in the number of newer motor
vehicles coupled with changes in environmental regulation. Given
the current and projected economic structure in the country, the
local population, in the near future, may be able to create a
significant demand in this area. Improvements/modernization in
Catalytic Reformer Operations can help Atyrau move to reduce
TEL addition in gasoline. The use of oxygenates (MTBE, TAME,
etc) may be necessary. The refinery should initiate a study on how
to best accomplish this.

v. Further Environmental Work Required

The recommendation for further environmental work transcend the
refinery. A state effort must be put forth to develop a viable body
of laws, rules, regulations, inspection, and state-wide
inspection/enforcement procedures. This effort must involve the
local District political and industrial representation plus interface
with adjacent Districts or countries, as well. This effort will be
required over a period of 5- 10 years. The cost cannot be
estimated at this time.

6. SUPPORTING PLANT DATA

a. Thermal Energy

i. Heat Transfer Equipment

a) Fired Heaters

Atmospheric Desulfurizing (AO) Unit

On the AD unit one of the two down draft side-fired heaters
has been replaced by a new bottom fired heater. The
replacement for the other down draft side-fired heater is now
under construction. A new steel stack with supporting structure
has been built. The two operating heaters (new and old) both
duct into it. The foundation and flue ducting for one new air
preheater have been installed. Those for the second new air
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preheater, flue ducting and foundations are now being worked
on. The combination burners were firing about 90% refinery gas
and 1 0 0 /0 mazut.

AtmosphericNacuum Desulfurizing (AVO) Unit

The flue gas from both the atmosphere and vacuum heaters is
used to supply heat to two small waste heat boilers. 80th
hoaters are the conventional Russian designed downdraft side
fired units. A third heater parallelling the atmosphere heater
was installed during a previous bottlenecking revamp.

The coking unit has four side-fired updraft heaters; N-1, N-2,
N-3 and N-4. N-1 and N-4 are identical heaters, as are N-2 and
N-3 each being part of semi-parallel trains. The heater flue gas
is collected in a common duct installed above the heaters and
supplies the heating media to two waste heat boilers. N-2 and
N-::I are built on a common structure. The burners fire only
refinery fuel sas.

Reformer

The reactor heater has three horizontal rows of side burners and
is down drafted with the flue gas going through an underground
duct to the air preheater. The burners are furnished with heated
ducted air from the preheater. The heater sits in a structure that
supports both the furnace and reactors leading to short transfer
!;'~e:;.

The reboiler heaters are each bottom fired by two gas burners.
Combustion air is provided by the air preheater.

b) Heat Exchange

Most heat exchangers are of the shell and tub~ variety. Product
cool down is achieved by first cooling through shell and tube
exchangers, by heat exchanging with other process streams,
then further cooling with forced air cooling exchangers and then
trim cooling with cooling water in shell and tube exchangers.
On the coker, some of the final cooling was done in condenser
boxes.
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Exchanger insulation is generally mineral wool covered w!th
aluminum or galvanized sheet metal. On the exchangers, the
bonnets, flanges, and channel section were generally not
insulated.

c) Waste Heat Recovery

Six energy recovery systems were seen in the refinery:

• Air preheater on the catalytic reformer furnac .J.;>

• Two 3 mtlhour (actual) 10 kg/cm2 waste-heat boilers, one
on N-1 furnace and one on N-2 furnace at the AVO

• Two 7 mtlhr (design) 12 kg/cm2 waste heat boilers on the
coker calcining unit.

• One 40 mtlhr (design) 12 kg/cm2 waS1:d-head boiler in the
coker calcinin# unit.

Actual total nteam made from the waste heat boilers is about
40 mt/hr#.

The foundations and flue ducting have been installed for a new
air preheater on the AVO and for a second air preheater.

d) Cost Efficiency of Increasing Heat Transfer Surfaces

When the refinery has reasonable figures for its present and
future projected energy costs, it should strongly consider doing
"pinch" analyses on the heat exchangers for it's major process
units. Other factors in considering whether a pinch analysis
needs to be done me: has the refinery unit been modified since
the original design and is the crude being processed the original
design crude.

e) Cost Effectiveness of Increasing Heat Tra~lsfer Surfaces

Economic Analyses

Crude Heat Exchanger Train

The economic driving force to improve heat transfer within the
crude heat exchange train is as follows:
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Basis: Design Unit Feed Rate
Enthalpy of Crude
Fuel Oil Heating Value (minimum)
Heater Efficiency
Fuel Cost World Price Basis

354 tonnes/hour
0.6 kcal/kg- °C

9 800 kcal/kg
90%

$70/mt

354 mt x 2Ahr x 0.6 Ia:sI x 1 000 leg • 5:1 x 10' kcsJ
hr. day Kg - ·C mt ·0 - day

330 days
At 90 percent furnace efficiency and an operating time of yr

5.1 x 10' IccsJ x leg x $70 x _1_ x 330 days = $13 357
·C - day 9800 kcsJ 1 000 kg 0.90 yr yr - ·C

Achievement of these savings may be possible through
improved heat exchange design, minimization of fouling and
optimization of the heat exchange train system.

i.e. The operating cost reduction, due to a decrease in the
amount of fuel fired, is $13 357/yr. per °C rise in crude
temperature as a result of improved heat recovery in the
crude heat exchange train. At 75% heater efficiency, the
savings becomes $16 029/yr. for each °C the heater inlet
temperature is raised.

The refinery reported that the inlet to the newer crude unit
heater was 30°C below design. If a 30°C improvement in the
heat exchange train can be achieved, fuel savings of $480850
per year would result. (At 75% heater efficiency.)

f) Tracing and Temperature - Maintenance Systems

Stream tracing for freeze protection and temperature
maintenance is minimal. No electrical tracing was observed.
Instrument cabinets had steam coils but many were not
insulated. Steam tracing utilized welded tubing, some tubing
fittings were observed. The feed tanks at the coker are partially
insulated and steam heated. The mazut tanks at the power
station are similarly treated.
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ii. Heat Rejection Systems

a) Cooling Water

No chilled water systems are used in the plant process. Cooling
water is provided by cooling towers. Five tower units are on
site and their conditions range from not-in-service to not very
good. The inside wood is rotting. The tower that is out of
service is being stripped of its rotting wood slats. It will be filled
with plastic spiral packing. The other four towers will similarly
be treated as funds become available.

The cooling tower pump station is in good repair. On 17
November 1993, the temperature across the tower was 1 5ac.
For further cooling water information see the environmental
consideration section.

The main uses for cooling water in the refinery are:

• For final trim cooling of product and rundown streams in
shell and tube exchangers;

• For final product cooling at the coker in condenser boxes;

• Inter and after coolers on the plant air compressors;

• Intercoolers on the reformer H2 compressors;

• Lube/seal oil cooler on the reformer recycle compressor.

b) Air Cooling System

The air coolers noted were in two general sizes. Both the
smaller and larger size units are of updraft design and
configured as vane axial/units with shaped inlet bells. The
smaller size has an a-bladed manually fixed foil fan about 2.5
meters in diameter and is powered by a direct drive 30 kW
motor. The larger size had an S-bladed manually fixed foil fan
about 4-meters in diameter and 'i,:; powered by a direct drive 55
kW motor.

The smaller unit has 6 finned tube flat sections about a meter
wide and 5-meters long arranged in three horizontally paralleled
inverted vees. The larger unit has finned tube flat section, each
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about 7-meters long, arranged in four horizontally paralleled
inverted vees. For additional cooling, the units are paralleled in
varying configurations.

c) Equipment Piping and Steam Heat Losses

Compared to most Western refineries, Atyrau's heat losses to
the atmosphere are high. There are three main reasons for this.

The first is that in the past with the very low price of crude oil,
there was very little economic incentive for waste heat
recovery, such as spending extra funds to put tubes in the
convection section of a furnace to make cmd/or superheat
steam.

The second reason is that more insulating needs to be done and
that a higher quality insulation needs to be used. The only r,olid
high temperature insulation seen in the CIS was on the GE
turbogenerator and that was installed as part of the Lend/Lease
program in 1946-1947. Mineral wool is generally used as high
temperature insulation and is very inadequate. The organic
binder gets burnt off and the insulation then deteriorates. Also,
mineral wool is soft and provides poor backing for the sheet
metal covering.

The thlrd reason is the lack of combustion controls resulting in
high excess air which, in turn, leads to larger quantities of
heated air losses to the atmosphere.

Numerous examples were observed where insulation had been
removed to make repairs and then never replaced. As the cost
of energy keeps escalating, the refinery will, hopefully, give this
type of energy savings the priority that is needed to do the job,
as it recognizes the high price it is paying for its neglect. Other
similar items were uninsulated valves, flanges, flue ducting to
air preheaters and waste-heat boilers and air dueting from air
preheaters.

The only centrifugal compressor in tt-'3 refinery is the recycle
gas compressor at the catalytic reformer. The 3 000 kW recycle
gas compressor is rated for 243-1670 m3/min and boosts the
gas stream from 20 kg/cm3 (284 psi) inlet pressure to 36
kg/cm2 (511 psi) discharge pressure. The compressor was built
in the OCR (East Germany) during 1968.
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Mounted next to the recycle gas compressor are two hydrogen
compressors. The second machine is a spare for the first. The
500 kW two-stage reciprocating machines are each rated at
49.5 kg/cm2 discharge pressure with a capacity of 447
m3/min. In another building there is a 200 kW 489 rpm
reciprocating compressor that supplies the catalyst regeneration
air.

All the air compressors are five 2-stage reciprocating machine
.compressing air to 8 kg/cm2. Four of the machines are 600 rpm
400 kW machines with a capacity of 63 m3/min. The fifth
machines is a 833-rpm 320 kW compressor with a capacity of
50 m3/hr.

Compressor station housekeeping is good. Units are installed
with adequate space for servicing and routine maintenance.
Overheard cranelhoists are installed for major repairs,
equipment is painted and foundations are adequate. Compressor
identification tagging is done on only a few units.

There are two fo·ced draft fans on the reformer air preheater.
Also, there is one forced draft fan on each of the two heaters
on the AVO. There will be two additional forced draft fans
when the two air preheaters on the AD are finished. Induced
draft fans are installed on each of the six power station boilers,
the two cokerwaste heat boilers and the coker calciner rotary
kiln waste heat boiler.

iii. Pumps

Pump stations were generally well· maintained regarding
housekeeping. The pumps are installed with adequate space for
servicing ~nd routine maintenance. Foundations are poured
concrete ::Ind the pumps are elevated. Equipment was generally
painted, c\')upling guards are in place and painted with safety
colors. Uni'ts are not identified with equipment numbers or tags as
is common practice in the West. One annoying habit is the
painters' tendency to paint over manufactuier's nameplates.

Piping practices are poor and would be unacceptable by Western
standards. Pump inlet and outlet flanges are used as pipe supports
and as anchor points. Some piping is run along at grade to pumps,
eXChangers, etc. forming tripping hazards. Pump casing and
impeller condition ig unknown. The unit's mechanic engineer
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maintains passbook type repair logs of the unit's equipment. The
average pump age in the refinery is over 30 years.

Most of the refinery pumps are centrifugal pumps with single
mechanical seals. Some pumps on the coker have double seals.
Duplex steam pumps are used on the crude units, coker and
loading station. They are use(j a lot as emergency spares for heavy
product such as mazut, especially during start-up and on the
coker. Some belt-driven (electrical motor) three-stage reciprocating
pumps and gear pumps were observed at the coker.

iv. Electric Motor~

Except for the Catalytic Reformer whose motors were mostly DDR
built and the power station and water treatment plants which
contained U.S. built Lenci 'Lt.'ase motors, the motors in the refinery
were USSR built. Outdoo(c; and on the process unit the motors
were TEFC-X? (totally enc~osed, fan cooled-explosion proof)
induction motors. The largest motor is the 3 000 kW recycle
compressor driver on the catalytic reformer. The other very large
motors are the heavy duty 2 000 kW 186 kg/cm2 coker cutting
water pump and its spare. There are about 40 other 6 kV motors
varying in size from 200 kW to 630 kW. In addition, in the power
station thet .. ' are twelve 3.12 kV motors varying from 147 kW to
222 kW.

At the air cor..pressor house there are five synchronous motors,
four 400 kW and one 320 kW. With the relatively low refinery
power factor of 0.7, consideration should be given to buying 108
synchronous motors for all future and replacement compressor
drives.

With the refinery's present electrical cost~~, the use of high
efficiency motors at the refinery would be too cost prohibitive at
this time. They would also have to be purchased with hard
currency and have only a nominal efficiency advantage over USSR
built motors.

Atyrau should inV6'ltigate, especially as their electrical costs
escalate, the use ot two spel'd motors for cooling tower fan
drivers. This feature would not only save power in the winter
season and during the other cold weather, but would make the
cooling tower operations more manageable in very cold weather
by decreasing tower icing. By also installing reversing motor
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starters, an iC9d up tower could be melted by reversing, for a
short period, the fan rotation.

v. Stearn Turbines

The only steam turbine operating in the refinery at the present
time is the 6 MW electrical generator's driver. This turbine was
u.s. built by General Electric and furnished as part of the post
World War II Lend/Lease program. A sister turbine and generator
have been dismantled and removed from the refinery. However, a
new Russian built turbine is in the power station awaiting the 6
MW generator it will drive.

vi. Special Equipment

The coke from the coker is calcinated in an approximately 100
meter-long rotary kiln at 1400 0 C (225°F). The flue gas from the
kiln is fed into a 40 mtlhr waste heat boilor generating 10 kg/cm2
steam. The kiln's yearly output is 140 000 mta.

Another item of special mechanical equipment i:l the Atyrau
refinery is the hydraulic decoking system used to remove coke
from the ccking drums. The hydraulic decoking system consists of
the following:

• Decoking water pumps.

• Boring tool. Hydraulically cuts a pilot hole (approx. 1-meter
diameter) through the filled coke drum.

• Cutting tool. Hydraulically cuts the coke from the drum.

• Drilling assembly - air motor, power swivel, rotary drilling
hose, crosshead guide and hoist assembly.

The only other special mechanical equipment noted was the 3
stage steam ejector pulling the vacuum on the AVD vacuum
column.

~-

b. Energy Loss Monitoring

There is essentially no energy loss monitoring being done in the Atyrau
refinery. Missing and needed are the following:
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i. Combustion controls on boilers and heater. No "in-situ" oxygen
analyzers have been installed in the refinery to monitor excess air;
this is the first step in combustion control.

ii. Temperature surveys to monitor heat exchanger and compressor
after and inner cooler efficiencies to determine exchanger and
cooler cleaning schedules and heater stack temperatures to
monitor excess air and other pOJsible heater problems.

iii. Perform "Pinch Analyses" to determine if more heat transfer could
economically be made by the use of more exchangers and/or
changing the heat transfer configurations.

iv. Modulating controllers on boiler and heater fan dampers.

c. Refinery Maintenance Practices

i. Policies

There are approximately 2200 persons in the Atyrau refinery. The
mechanical group comprises 134 people plus another 80 people in
the electrical group. There are 114 people in the electrical group
(operations and maintenance) of which 70 people are in the
electrical shops. The instrumentation group comprises 78 people
which includes 2 instrument engineers, 8 supervisors, 5 computer
engineers and a 5-person analyzer group.

Mechanical

The refinery has problems getting stainless steel and high alloy
piping such as a furnace and boiler tubes. Also, spare parts from
Russia and the CIS are hard to come by. Parts for the coker unit
have been especially difficult to obtain along with pump impellers
and seals. The coke cooler on the cok3ng unit is down because
spare parts ':ire not available.

The mechanical engineer assigned to each unit keeps the passport
(history log) for each item of the unit's mechanical equipment,
including relief valves. The mechanical engineer also makes-up the
110 mechanical equipment TAR (turn around) work list. A special
team does the relief valve testing and repair. There are small
mechanical, instrument and electrical shops at each unit.

-
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There are also compressor and pump repair teams. TwentY-eight
persons plus supervisors compfi::e these teams. To fill positions on
these teams, prospective r.andidates are interviewed am': their
workbook (experience record, all workers have one) is examined.
Those selected are given a two month trial. No new people h,JVe
been added to the teams during thtt past 18 months. Small, daily,
low capital rp,pairs generally are done in the field. Large, non-
routine, capital intensive work is generally done in the main shops
(mechanical. instrumental and electrical).

Welders are retested every year on all the procedures that they are
qualified for. The welding on code vessels, whether for repair or
manufacture, is 100% radiographed. Vessels operating with partial
hydrogen pressures and high temperatures are guaranteed for 20
years. After 20 years service, to continue use of the vessel
requires that a special test be done on it each year b.y the
Lenniftetchlm Institute of St. Petersburg. The Institute has three
options: r1dcertify the vessel for operation at the existirlg pressure
and tumperature rating, recertify the vessel for operation at a
lower pre:,~ure and/or temperature, or decertify the vessel. The
Catalytic neiorrn~r vessels are due to be retest(ld in February of
1994.

The new mechanical main shop was occupied. in 1990. The shop
has three main areas; an office building, shop building and outside
storage area. The shop building is divided into three main areas, an
80-meter by 20-meter well equipped machine shop and a 40meter
by 20-meter pump/compressor shop and a 40-meter by 20meter
weld shop. All three shops have overhead bridge cranes. The
outside SO-meter by 20-meter storage area is also serviced by an
overhead bridge crane.

lnte' ';ews are held when obtai/ling instrument, electrical and
mech.lical craft apprentices. Preference is usually given to
vocational school graduates. Apprenticeships last a minimum of
three years and maximum of five. There is ongoing training and
yearly testing for advancement. The remark was made that the
refinery was now getting a higher level of apprentice candidates
than previously. It was thought that this was due to the higher
wages that had been authorized at the refinery and a higher rate
of unem;Jloyment in the community.
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'I,. ~ . JlIS !mprossiom'

1£jpt ~or the very widely spaced process units, walking through the
AtYi"8U refinery was like walking through a 90 000 barrel/day U.S.
I'e ,16ry in the early 1970s. This impression probably results from the
reality that except for the coker along with its r:alcining unit, the
process units fit this time frame. The coker (built in 1980) resembled
cokers built in the U.S. during the late 1960s or early 1970s.

While U.S. refineries have been forced to continuallv upgrade and !!:

modernize their process units and equipment by their competitors,
high energy prices, EPA, OSHA and market economics; Atyrau
appears to have been maintained and debottlenecked in kind. It was
able to serve its market and meet its quotas without having a
competitive marketplace forcing it to do better.

There did seem to be a consistent and/or overall guiding philosophy
in the maintenance effort. Considering the age of the equipment and
the operating environment, the maintenance and housekeeping at the
process units, power station and auxiliary facilities was good to very
good. Looking at some of the 1946 Lend/Lease equipment that was
still being used, one wondered if it had been repaired beyond it's
economic life. Considering the local equipment and labor costs, this
probably was not the CCise.

The maintenance force while small, has done a commendable job of
maintaining equipment with limited e'1uipment and tools, and a
scarcity of spare parts. In fact, an inordinate amount of maintenance
man-hours are spent fabricating spare parts due to their
unavailGbility.

Atyrau, like the other CIS refineries visited, is spread out. The
process units appear to be at least 200-meters apart to reduce
possible fire and explosion damage and makes TAR work easier. It
does, however, increase piping lengths and incr~ase pumping costs
and heat losses. This spre..:.d-out effect was also evident on the
process units. Inquiry abolJt this elicited the response that "this was
done on the advice of the Russian military to reduce possible
bombing damage."

The use of foam nozzles for fire fighting was very much in evidence
in the refinery. Besides elevated foam nozzle monitors, air coolers ~--

had foam nvzzles ,,,stalled that could rapidly flood the coolers with
foam. The araa under bottom fired furnaces is similarly protected as
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were pump shelters. The fire fighting brigade, part of the Kazakhstan
Army, were very professional, and had good equipment which is
kept in first class condition.

iii. Process Unit R6view

a) AV() - AtmosphericNacuum Distillation Unit

The AVO was built in 1968 of Azgipaneftechim, Baku license
with a capacity of 3 mta,' eo 000 Bbllday. There are two tower
groupings; the preflash towers, atmospheric tower and its
strippers and the vacuum tower and its strippers. A staircase
extends to the top of the atmospheric tower and another to the
top of the vacuum column. All the strippers were full length
columns. Platforms were about 3-meters apart and there were
manways at each platform for almost all the r.olumns. All the
columns, except for two vacuum column strippers, had
insulation covered with sheet metal for skirt fire protef:tion. The
two vacuum strippers had their skirts brick,~aced for
fireproofing. The units' piping supports were ccmctete
fireproofed.

The atmospheric and vacuum furnaces are both downdraft
design. The burners are duel fuel type with steam atomization
on the fuel oil side. At the time of this visit, the burners were
firing 90% refinery gas and 10% mazut (heavy fuel oil). The
flue gas from each furnace was fed underground to a small 3
mt/hr, 10 kg/cm2) waste heat boiler.

It was evident that the refinery's insulation practice had been
based on the cheap energy. Insulation thickness and usage was
less than normal U.S. practices. Fiberg1as5 and mineral wool
covered with sheet metal or aluminized fiberglass sneeting were
used throughout the unit. The exception was small piping that
had been wrapped with asbestos tape. When lines are
insuleted, valves and flanges generally are not. Most pumps are
not insulated, a major exceptioTl being the steam chests on
duplex steam pumps.

Most exchangers are of the shell and tube variety. Air coolers
are mostly in four unit arrays with eight,1-meter by i-m&ter fin
tube exchanger sections per unit. The tube and shell
exchangers were mounted singly in long banks, no stacked
exchangers wer~ seen. The tendency is to parallel many small
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exchangers (four to six) rather than use larger units. Exchanger
channels and bonnets were not insulated,

The motors on the unit were all TEFC XP Russian manufactured
motors. There were four 6 kV powered motors; two 400 kW,
a 320 kW and a 31 5 kW. Most motors are fed by underground
cable. These are gradublly being replaced by overhead cable
mounted in new overhead cable racks. Unit lighting is by
incandescent lamps mounted in explosion-proof fixtures;
lighting levels are considerably below Western standards.

The AVD pump house is configured of prestressed concret9
columns and beams with a corrugated transit roof. All of the
6-meter-high sides are left open except for the top one meter II.

which is enclosed with transit panels. The pumps are
centrifugal except for some duplex steam pumps used to pump
heavy products. Throughout the unit, the piping practice is to
use equipment to support piping and valvos. Equipment is also
used as pipe anchors. This conflicts with Western practice
which isolates the equipment from piping reactions. Seal
lubrication fluid is supplied by a manifold system. Spacing
between the pumps was adequate for operator and
maintenance access. However, piping is a different matter with
lines often strung into place between equipment or run along
the ground creating tripping hazardous with headers and valves
ins,;talled in awkward locations. None of the valves noted were
painted or tagged.

The control room was very large by U.S. standards and had a
5-meter high ceiling. The control board was non-graphic and
"un shaped with the base of the "un 12-meters long and sides
4-meters long. The control room lighting was fluorescent and
the lumens were well below U.S. standards. The control
instrumentation is the standard Russian 15 cm by 17.5 cm
frontal footprint pneumatic two-pen recorder with control on
one pen. The plug-in controllers were P!C for tempel'ature
service and PI for the others. EMF to plessure converters were
used to provide a pneumatic analogue signal to the temperature
controllers. The multipoint temperature recorders were
potentiometric and resembled the old Honeywell "Browns."
Mounted in the control board were digital LEL (lower explosive
limit) alarms. There were six units with five alarms points per
unit. The units had digital readouts with audible and vis Jal
alarms. The units were installed this year replacing old Russian
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LEL alarms which had become unreliable and high maintenance
items. Instrument mounting details resembled a U.S. Crude unit
built in late 1950s and not upgraded. No close coupling of DPs
or use of manifold valves and/or heat-packs were noted.

Four electric desalters are used. Operator protection from the
high voltage equipment inst?lIed on top of the desalter is by use
of a high fence surrounding the equipment and an interlocked
gate.

b) Catalytic Reforming Unit

The Catalytic Reforming unit is a Soviet design with mostly East
Gf'rman (DDR) equipment and is rated at 300 000 mtCl (6 000
Sol/day). The reformer's reactors and furnaces are built on a
common structure leading to short piping runs between the
furnaces and reactors. The furnace has four tiers of burner,
downdrafting into an underground duct to the air preheater.

The air preheater section consists of two forced draft (F.D.)
fans, a heat exchange section using the reformer furnace flue
gas on the hot side, two induced draft fans and a 70-meter high
welded steel exhaust stack. Operating positions are controlled
by manual dampers on the fan suction and discharge. Dampers
on the preheater provide additional control. Thermocouples
(TCs) are installed in the duct section to provide temperature
readings. In addition to the five reformer furnace sections, the
F.e. fans also provide combustion air to the two reboiler
furnaces.

Unit lighting uses incandescent lamps mounted in explosion
proof lamps. Lighting levels were well below present U.S.
standards. The motors were mostly DDR built, TEFC XP
induction type. There are five 6-kV motors: one 3 000 kW
machine driving the recycle gas centrifugal compressor, two
500 kW hydrogen reciprocating compress-Jrs, one 200 kW
motor driving the regeneration air reciprocating compressor and
a 31 5 kW motor driving the reactor charge pump. The
switchgear for these machines is metal clad general purpose
and is located off-site in the 6 kV section of the reformer
substation.

The control room is very spacious with a long semigraphic
panel. This board contains pneumatic recorders and process
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indicators, but no controllers. The temperature indication and
control, with manual-to-auto switching, was done on a long
operator's console located about 3-meters in front of the
control board. The instrumentation is pneumatic. The plug-in
controllers were PID for temperature loops and PI for all other
contre! loops. Temperature control uti:ized TICs for
measurement, EMF-to-pneumatic (potentiometric) converters
and pneumatic controllers.

Instrument field mounting details are similar to those used in
U.S. refineries during the 1950s and early 1960s. Flow
measurement is generally by orifice plate but turbine meters are
also used on some charge and product streams. A typical orifice
installation used orifice blinds to hold the orifice plate.

The orifice blinds were mounted between pipe flanges. Nipples
from the orifice blinds are welded to single block valves and
then generally condensate pots with welded steel (carbon)
tubing run down to a large heated cabinet. The cabinets
probably sized originally for mercury meters, hold a small DP
transmitter modelled after the Foxboro 13A and three valves
manifolded to form blocking and a bypass valve.

Gauge glasses are reflex type about 0.3-meters long with
multiple units assembled to cover the needed level sight range.
Gauge piping was welded but with only single black valves
installed. Level measurement is by displacement float, no DP
level measuring systems were observed. Bi-metallic
thermometers are used for local temperature indication. The
reactors have both skin TICs and three zones of bed TICs.
Pressure transmitters are force balance, diaphragm type,
resembling Foxboro 11 GMs, and are mounted in the same large
sheet metal enclosures that house the DP transmitters. Pressure
gauges are Bourdon-tube type mounted on pig tails. All the
transmitters and gauges have only single black valves on the
process connection. The control valves are mostly of OOR
manufacture and are dual seat valves. Their manifolds have
gate block valves and globe bypass valves.

c) Delayed Coker and Calciner Unit

The delayed coker was started-up in 1980 and designed to
process 600 000 mta. The unit is presently capable of
processing 700000 mta. The calcining addition was brought on
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stream in 1989 and can process 140 000 mta. Both coker
sections are of Soviet design.

The coker control room is spacious, about 25-meters by 20
meters with a 4-meter height. The semi-graphic control board
is nun shaped with the bottom of the "un about 15-meters long
on the sides and about 5-meters long. The board instruments
are the same Russian built miniature (15cm x 17.5cm footprint)
two-pen recorder with control on one pen. The tAmperature
multipoint and single pen round chart recorders are
potentiometric type. Both resemble the old Honeywell-Brown
type that were used in most U.S. refineries. Temperature
control utilizes a T/C as the measuring device, an EMF-to
pneumatic converter and a pneumatic controller. The
temperature controllers were PIO while the remaining controllers
were PI. The visual alarm indicators are mounted on the semi
graphic panel. The board was lit by overhead fluorescent lights.
The control room and lighting levels are below that seen in U.S.
refineries.

The back of the board was enclosed with doors at the top part
of the "un sections. Plastic tubing and plastic sheathed cables
are the tubing and wiring methods used on the back-of-the-
board. Fifty settleable receiver gauge type switches were
mounted back of the board to provide alarm signals from the
pneumatic analog processsignals. About 25 recorder/controllers
were neatly racked in the backboard area as spares. Two filters,
control valves and controllers make-up a system and a spare to
provide clean regulated instrument air to the control building.

The fireproofing, except for three tower skirts which are brick
faced, is poured concrete. Insulation is basically blanket
fiberglass or mineral wool covered with sheet metal. Both the
thickness coverage and quality of the insulation are below
Western standards. Piping is mostly overhead, but some piping,
mostly small sizes, is run on the deck providing tripping
hazards. Most of the piping on the coke drum structure is
uninsulated.

The four-drum coking structure has the bottom 7-meters of the
drilling section part of the structure enclosed. On one side of
the structure, a staircase runs from grade to the top of the
enclosed section. On the other side of the structure an elevator
covers the same distance. A 500-cubic-meter capacity concrete
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bin extends under the four drums with a sloped side under the
drums. A bridge crane rUIlS the length of the concrete bin and
is used to move the coke after it has been cut and fallen out of
the drum bottom into the concrete bin.

Unit lighting is incandescent with explosion~prooffixtures. Open
area lighting is done with incandescent floodlights mounted on
15-meter high lighting towers. The units lighting level are well
below that found in equivalent Western units. The unit's motors
are TEFC XP induction motors. The motor starters are located
in an air purged substation building located just outside the
unit's battery limits.

The majority of the pumps on the unit are centrifugal, mostly
with single mechanical seals and the remaining having double
seals. The 2 000 kW decoking water pump and spare have a
discharge pressure of 186kg/cm2 (2646 psi). Besides the
centrifugal pumps, some large duplex steam pumps, some
electric driven reciprocating pumps and a gear pump were also
noted.

There are four large side-fired up-draft furnaces. The furnaces
form two identical sets and are mirror imaged. The furnace
burners are gas fired only and are set at about a 45 ° angle to
the horizontal. There are two 7-mt/hour (design) 12 kg/cm2
waste heat boilers using the furnace's flue gas as a heating
media. Actual production during the unit visit was about 8
mtlhour.

The calcinating unit consists of the following: 8 conveyer belt
system from the concrete raw coke storage bin, a coke
cruncher, another conveyor belt system, three intermediate
storage bins, a conveyor belt system, a feeder system, a
combination rotary kiln and waste heat boiler, a concrbte stack,
an induced draft fan, an ash separator, ~conveyor belt system
and two calcined coke, 4 concrete hopper bin storage units for
trial hopper-car loading. The calciner kiln runs at 1 400°C (2
552°F). The 40 mtlhour waste heat boiler was making 35 mt.
hour.

·'

F•
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c. PAVLODAR REFINERY

1. SUMMARY DESCRIPTION OF THE REFINERY

8. Refinery Description

The Pavlodar Refinery is It'cated in the northeastern part of the country,
near the Siberian border, on the Irtysh River. The facility began
operation in 1978, with start-up of the combined unit (Atmospheric
Crude Distillation, Kerosene and Diesel Hydrodesulfurizers, Gas
Fractionation and Catalytic Reformer). Nominal capacity is 7.5 million
mta of West Siberian Crude Oil. The heavy oil combined unit (Vacuum
Distillation, Vacuum Gas Oil Hydrodesulfurization, Fluid Catalytic
Cracker, Gas Concentration and Visbreaker) began operation in 1983.
Other units were started up from 1978 through 1990, see Table V C1 a
1 for a list of all refinery units, their design capacities, 1992 actual
throughput and start-up dates.

A newer, Second Combined Unit, rated at 6 million mta is in place,
partially constructed. Progress on completion is reported to be
extremely slow, due to lack of funding. About 60 percent of the
equipment is in place, however, there is no piping, electrical, or
instrumentation installed. Equipment that W8S delivered to the refinery
but not erected at the time of the cessation of work, has been sold and
moved off site.

Five Year Historical Production related data for the Pavlodar Refinery is
shown in Table V C1a-2.

The 1992 Product Slate is shown in Table V C1 a-3.
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TABLE V C1s-1
PAVLODAR REFINERY

REFINERY CONFIGURATION

DESIGN ACTUAL
THOUSAND CAPACITY 1992 YEAR DESIGN

UNIT MTA THOUSAND MTA START-UP ORGANIZATION

Atmospheric 7500000 6448.1 -Desalter 1978 LGNH
Crude Distillation (6434.8) -Crude Unit ~. Petersburg

Kerosene 600000 344.1 1978 LGNH
Hydrosulfurization St. Petersburg

Diesel 2000000 1485.7 1978 LGNH
Hydrosulfurization St. Petersburg

Gas Fractionation 400000 324.0 1978 LGNH
St. Petersburg

Catalytic Reformer 1 CDO 000 996.7 1978 LGNH
St. Petersburg

Vacuum Unit 4 000000 1993.1 1983 Grozny

FCC 2000000 966.3 1983 Grozny

Visbreaker 1 600000 580.6 1983 Grozny

Vacuum Gas Oil 2200 000 1262.0 1983 Grozny
Hydrodesulfurizer

Gas Concentration 1 350000 596.7 1983 Grozny

Bitumen Unit 1 400000 645.6 (Feed) 1979 Rostovvnipineft
(Feed) 277.6 (Product)

500000
(Bitumen)

Delayed Coking 610000 324.0 (Feed) 1986 Bashgipronefteckin
(Feed) 74.0 (Product)

120000
(Coke)

Calcined Coke 120000 -- 1990 L'vov Institute

Sulfur 20000 7.65 (Product) 1979 Moscow Institute
(Product)

Hydrogen 150000 9.7 (Product) 1983 Grozny
(100% H,)

MEA - -- 1978 ---

Kazakhstan - Part V • Technical Refinery - Operations Page 119



TABLE V C1a-2

PAVLODAR REf~NERY HISTORICAL
PRODUCTION LEVELS

YEAR CRUDE THROUGHPUT MTA

1988 7 ::-26804

1989 7539000

1990 7 390 90~

1991 7 149300

1992 6434850

1993 5500000 (plan)
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TABLE V C1a-3
PAVLODAR

1992 PRODUCT SLATE

PRODUCT QUANTITY METRIC TONNES

Propane/Propylene 7900

Butane/Butylene 56200

LPG 1'19600

Regur",r Gasoline 1 808200.
Premium Gasoline 67600

Kerosene 525600

Oiesel Oil 1 705700

Fuel Oil 119 200

Heavy Fuel Oil (Mazut) 1 212 500

Feed to Carbon Plant 37400

Bitumin 275800

Road Building 142900

Construction 41 600

Roofing 91 300

Sulfur 7650

Coke 63 fi\JO

losses 153 ~OO

Total Reported Product 6160350

Unaccounted for Difference 274450

Crude Feed from Desalter 6434800-
b. Crude Oil and Other Feedstock Supply

Crude oil is supplied to the refinery through a pipeline via Omsk from
the Western Siberian oil fields. Table V C1 b-l, shows characteristics
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of crude oil currently in use, as obtained from the Pavlodar Refinery
staff.

c. Impact of Crude Oil Changes

The refinery staff is sensitive to the potential that a pipeline may be
in!ltalled to bring Tengiz, or other Western Kazakhstan crude oil to the
Pavlodar facility. While the decision to build such a line is still in the
planning stage, the refinery is considering plans to modify the pre-flash
column and top section of the main atmospheric crude column to
accommodate the new feedstock.

The use of a computer orientated refinery simulation program would
greatly facilitate the impact of the re-design process resulting from
r.hanging crude oil feedstock. It is strongly recommended that such
analysis be undertaken in order to determine the extent of equipment
modifications necessary. For example, the Tengiz crude is lighter,
which means that equipment loading in the pre-flash tower, top section
of the new column, and associated ancillary equipment, (piping,
instruments, pumps, heat exchangers) may be undersized and require
replacement. Further, downstream processing units may be effected
in that they may be undersized form a hydraulic, or fluid throughput
viewpoint.
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TABLE V C1b·1
PAVLODAR REFINERY
CHARACTERISTICS OF

WEST SIBERIAN CRUDEI1I

PROPERTY

Density @ 20°C, g/cm3 0.8406

Distillation

IBP 46°C

IBP To 100°C 8.5% Vol.

100°C to 130°C 8.5% Vol.

130°C to 160°C 7.0% Vol.

160°C to 180°C 4.5% Vol.

180°C to 250°C 12.5% Vol.

250°C to 3'.JOoC 12.0% Vol.

Chloride Contont, mg/cubic decimeter 5.1

Water Content, Wt% 0.04

Sulfur C~ntent, Wt% 0.58

Sediment (Inert) Content, Wt% None

Ash Capacity, Wt% 0.026

Viscosity at 20°C, cs 6.94

Coking Capacity, Wt% 2.99

GASOLINE FRACTION, IBP to 180°C

Vol %, Yield 26.36

)ulfur, Wt% 0.02

Density, 20°C, g/cm3 0.739

LIGHT GAS OIL, 180 to 350°C

Vol %, Yield 28.39

Sulfur, Wt% 0.45

Density, 20°C, g/cm3 0.841

l1'Third Quarter, 1993

-
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Tengiz crude is also higher in sulfur; the desulfurization philosophy and
operation of units or addition units required for sulfur removal of also
needs to be re-evaluated in context with this potential change.

2. DeSCRIPTION OF PROCESS UNITS

a. Crude Unit

The nominal capacity of the crude unit is 7.5 million mta. Operating
history and start-up date information is shown in earlier parts of this
report. At the time of the John Brown visit, the crude unit WAS

operating at 40 percent of capacity, or 9 000 metric tonnes per day,
due to crude oil supply problems with Russia. Nominal feed rates are
reported to be 75 to 80 m3/hr, with minimum at 55 m3/hr and maximum
at 90 m3/hr, measured at 90°C, after the desalting process.

The crude column side cut strippers are not steamed, although the
potential exists to do so. Main column bottoms are steam stripped.
The atrtnc.\!spheric column top pressure is reported to be up to 1.0
kg/cm2 in the summer months. Pre-flash column feed varies between
190 to 240°C with crude furnace outlet at 350 to 370°C. At. capacity,
(7.5 million mta), the transfer line to the pre-flash column is limiting.

Value trays are used in the distillation columns. Some corrosion has
been observed in the atmospheric column and all trays in the stabilizer
have been replaced. Column shells are of carbon steel with some
internals of 8 percent chr()me, 13 percent nickel. Anti-corrosion
inhibitor (purchased from Russia) is added to the top of the main
column, and ph target is 7.5.

Optimization of the crude heat exchange train should be considered
using pinch analysis and/or HTRI programs. The savings potential in
efficient heat exchange train operations can be significant.
Table V C2a-1 shows the 1992 material balance for the unit.

The overall block flow diagram is shown in Figures 2287-22-10-39,
while Figures 2287-22-10-41 and 42, show the Light Oil and Heavy Oil
Combined Unit block flow scheme.
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TASLE V C2e·1
PAVLODAR REFINERY

MATERIAL BALANCE 1992
ATMOSPHERIC DISTILLATION UNIT

Working Days • 342

ITEM WT% MTA

INLETS:

Crude Oil (100.0) (6448 119)

Desalted Crude Oil (99.8) (6434877)

Losses (0.2) (13242)

TOTAL 100.0 6448 119

PRODUCTS:

Cut From 35·120oC 4.49 288745

Cut From 62·180oC 16.47 1 060006

Cut From 140·240oC 8.60 553351

Cut From 180-350oC 21.38 1 375909

Cut From 180·360oC 2.0 127051

Cut From 230-350 oC 2.12 136462

LPG 3.83 246241

FR > 350°C 39.89 2566913

Lt. Gases 0.52 33698

Losses 0.70 46501

TOTAL 100.00 6434877
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b. Catalytic Reformer

The Catalytic Reformer, with a capacity of one million mta, has a
nominal feed rate of 175 to 178 m3/hr (with feed conditions measured
at 40°C and 20 kg/cm2

). Minimum feed rate is not less than 140 m3/hr
and maximum reported at 178 m3/hr.

A fourth reactor was added in 1992 to increase conversion of
Napthenic hydrocarbons in order to improve the octane of the
reformate. This enabled the refinary to eliminate TEL addition to
gasoline. The first reactor in the system uses an AI-Pt catalyst, with Pt
Rh catalyst used in the last three reactors. Catalyst life for the AI-Pt is
5.5 years and seven years for the Pt-Rh. Catalysts wei'e developed by
the Leningrad Institute. Regeneration takes place once a year and
requires five days downtime. Product octane is reported to be in the 79
plus range.

The refinery has been working for a year and a half to get permission
to send their spent catalyst to the west in exchange for newer,
improved material, but they have run into government approval
obstacles. It is expected that a French Catalyst, RG-482, will be
installed in reactors two and three by 1995.

The 1992 catalytic reformer material balance is shown in Table V C2b
1, while Tables V C2b-2 through 4 show feed and product
specifications.
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TABLE V C2b·1
PAVLODAR REFINERY

MATERIAL BALANCE. 1992
CATALYTIC REFORMER UNIT

1992 OPERATING TIME· 332 DAYS

ITEM WT% MTA

INLETS

62·180o C Fraction 96.6 962841

Lt. Naphtha 3.4 33905

TOTAL 100.0 996746

PRODUCTS:

Reformer Gasoline 84.0 837267

LPG 2.8 27834

Gas From Stabilizer 5.0 49946

Lt. Gases 3.4 33839

Hydrogen Rich Gas 3.6 35829

Losses 1.2 12031

TOTAL 100.0 996746
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TABLE V C2b·2
SPECIFICATION

CATALYTIC REFORMER FEED

PROPERTY

Density @ 20°C, g/cm3 0.740

Sulfur, Wt% 0.02

DISTILLATION, VOLUME

IBP 79°C

10% 94°C

50% 117°C

90% 155°C

EP 175°C

Light Products 98% Vol

Octane Number 50.01

TABLE V C2b·3
SPECIFICATION CATALYTIC REFORMER PRODUCT

PROPERTY

Density @ 20°C, g/cm3 0.763

Corrosion, Copper Strip Satisfied

DISTILLATION VOLUME

IBP 51°C

10% 78°C

50% 115°C

90% 162°C

EP 185°C

Light Products 98% Vol

Octane Number 79.4

Aromatics Content, Wt% 54
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TABLE V C2b-4
PAVLODAR REFINERY

SPECIFICATION
HYDROGEN RICH GAS FROM REFORMER

ACTUAL
UNITS SJ'ECIFICATlfJN 1992

Chloride Content mg/m3 Not more than 1.0 0.00017

Methane % Vol Not less more than 30 13.01

Ethane % Vol 8-20 4.95

Propane % Vol Not more than 8 2.94

Iso-Butane % Vol Not more than 5 0.62

Normal-Butane % Vol Not more than 5 0.53

ISO-Pentane % Vol Not more than 2 0.14

Normal-Pentane % Vol Not more than 2 0.05

Hydrogen % Vol 40-70 76.45

Oxygen % Vol Not Regulated 0.28

Nitrogen % Vol Not Regulated 1.03

Hydmgen Sulfide g/m3 0.05 0.001

Mercaptan Sulfur -- None None
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c. Other Units

The FCC unit, part of the Heavy Oil Combined Unit is rated at two
million mta. Nominal feed rate is 300 to 330 m3/hr, measured at 280
to 300°C, at the entrance to the riser, when crude feed is 6.5 million
mta. Minimum rate is 100 m3/hr with maximum reported to be 340 to
350 m3lhr. A W.R. Grace catalyst is in use. Operations are structured
to maximize gasoline conversion, 60 to 65 percent wt.

This FCC unit was the second to be built in the former USSR, after a
unit near Moscow. In 1990 this unit was modified by changing the top
of the riser distribution system and the separator. The air distribution
system in the regenerator was changed by removing the distribution
gratings.

Table V C2c-1 shows the 1992 material balance for the unit and Table
V C2c-2 provides specifications for the desulfurized FCC feedstock.
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TABLE V C2c-1
PAVLODAR REFINERY

MATERIAL BALANCE, 1992
FCC UNIT

ACTUAL WORKING DAYS· 326

ITEM WT% MT

INLETS:

Hydrotreated Vacuum Gas Oil 96.31 930608

FRI1I 450·500oC 2.67 25753

FR C6-160oC 1.00 9703

Hydrotreated 180-350oC Fraction 0.02 200
From Diesel Oil HDS Unit

TOTAL 100.00 966264

PRODUCTS:

Wet Gas To Gas Concentration 22.95 221 772
~

FCC Gasoline 37.50 362364

195-270oC Fraction 12.43 120 149

> 420°C Fraction 10.85 104866

270·420oC Fraction 9.33 90 171

Coke Burned 5.18 50010.,

Losses 1.75 16932_.
TOTAL 100.00 966264

111Fr. = Fraction
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TABLE V C2c-2
PAVLODAR REFINERY

SPECIFICATION OF FCC FEED
HVDROTREATED VGO

LATEST
PROPERTY 1992 OBSERVATIONl1I

Density @ 20°C, g/cm3 0.885-0.907 0.900

DISTILLATION, VOLUME

IBP 185-310oC --
10% 285-360oc --
30% 345-390 oC -
50% 370-410oC --
70% 400-435°C ---
90% 425-480oC --
EP 465-520oC --

Ught Products to 350°C 4 to 33 Vol% 10

Products to 360°C 14.8 Vol% ---
Characterization Factor 10.88 to 11.12 ---
Molecular Weight 304 to 352 ---
Sulfur Content, Wt% 0.23 to 0.43 0.32

Ash Capacity, Wt% 0.05 to 0.38 --
Aniline Point, °C 83 to 87 --
Viscosity @ 20°C, cs 16 to 27 --

l1IDate not prQ'.'ided, Late 1993 assumed.
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Additionally, 1992 material balance data is also included for the
following units, ;,n Table V C2b-5 through V C2b-14.

• Gas Frac'donation

• Diesel Hydrodesulfurization

• Visbreaker

• Gas Concentration

• Vacuum Gas Oil Hydrodesulfurization

• Delayed Coking

• Bitumen

Sulfur

• Hydrogen Plant
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TABLE V C2b·5
PAVLODAR REFINERY

MATERIAL BALANCE 1992
GAS FRACTIONATION UNIT

WORKING DAYS - 342--
Wr% MT

INLETS

LPG From Crude Oil Distillation 76.0 246241

LPG From Catalytic Reformer 8.6 27834

Gas After Stabilizer from Catalytic 15.4 49946
Reformer

TOTAL 100.0 324021

PRODUCTS

Propane 12.7 41 339

Butane 21.2 68589

Iso-Butane 3.2 10416

Lt. Naphtha 48.1 155806

Dry Fuel Gas 14.1 45786

Losses 0.7 2187

TOTAL 100.0 324 123
C1I

I1IDoes not balance, data as reported.
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TABLE V C2b-6
PAVLODAR REFIN~RY

MATERIAL BALANCE, 1992
KEROSENE HYDRODESULFURIZER

WORKING DAYS - 350

WT% MTA

iNLETS:

140-240oC Fraction from Crude 99.0 340713
Distillation Unit

H2 Rich Gas from Catalytic 1.0 3410
Reformer

TOTAL 100.0 344123

PRODUCTS

Hydrotreated 140-240oC Fraction 97.5 335601

Lt. Naphtha 1.3 4414

Hydrogen Sulfide 0.1 321j

Lt. Gases 0.6 2057

Losses 0.5 1723

TOTAL 100.0 344123

:..
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TABLE V C2b·7
PAVLODAR REFINERY

MATERIAL BALANCE·1992
DIESEL OIL HYDRODESULFURIZATION UNIT

WORKING DAYS· 326

WT% MTA

INLETS

180·350oC Cut From Crude Dist. 88.4 1 313062
Unit

180-360oC Fraction 8.5 127051

Pentane to -180°C From Coking 2.0 29354
Unit

H2 Rich Gas From Catalytic 1.1 '16205
Reformer

TOTAL 100.0 1 485672

PRODUCTS

Hydrotreated 180·350oC Fraction 88.0 1 307615

Hydrotreated 180·360oC Fraction 8.5 126584

Lt. Naphtha 2.0 29491

Hydrogen Sulfide 0.2 2841

Lt. Gases 0.8 11 910

Losses 0.5 7231

TOTAL 100.0 1 485672

Kazakhstan - Part V • Technical Refinery - Operations Page 139



TABLE V C2b·8
PAVLODAR REFINERY

MATERIAL BALANCE. 1992
VISBREAKER UNIT

WORKING DAYS· 272

--

.-

WT% MTA,
".~

INLETS:

Asphalt From Vacuum Cist. Unit 96.8 562255

Waste Oil 3.2 18390

TOTAL 100.0 580645

PRODUCTS:

Fraction Greater than 350°C 98.67 572914

Visbreaker Gasoline 0.95 5513

Losses 0.38 2218

TOTAL 100.0 580645
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TABLE V C2b·9
PAVLODAR REFINERY

MATERIAL BALANCE. 1992
GAS CONCENTRATION UNIT

ACTUAL WORKING DAYS· 314

WT% MTA

INLETS:

Wet Gas From FCC 37.16 221 772

Hydrotreated Gasoline From 2.11 12581
Vacuum Gas Oil Hydrodesulfurizer

FCC Gasoline 60.73 362364

TOTAL 100.0 596717----
PRODUCTS:

Gasoline 77.57 462860

Propane/Propylene 1.66 9925

Butane/Butylene 10.14 60484

Dry Fuel Gas to Vacuum Gas Oil 8.71 5~ 005
Hydrodesulfurizer Unit

Losses 1.92 11 443

TOTAL 100.0 596717
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TABLE V'C2b·10
PAVLODAFi REFINERY

MATERIAL BALANCE, 1992
VACUUM GAS OIL HYDRODESULFERIZATION UNIT

ACTUAL WORKING DAYS- 326

ITEM WT% MTA

INLETS:

350·450oC Fraction 15.20 191 783

Diesel Oil from Vacuum Distlllation 2.36 29747
Unit

180·350oC Cut From Coking Unit 5.39 68071

195-270oC Fraction 1.76 22247

Vacuum Gas Oil 55.02 694290

230-350oC Fraction 10.81 136462

Fuel Oil From Coking Unit 3.58 45125

Pentane to 160°C 0.10 1 210

H., From H? Unit 0.76 9643

H., From Catalytic Reformer 0.01 190

Dry Fuel Gas 4.18 52742

Propane/Propylene 0.79 9925

Visbreaker Gasoline 0.04 551

TOTAL 100.0 1 261 986

PRODUCTS:

Hydrot,eated Vacuum Gas Oil 73.77 930970

Hydrotreated 180·350oC Fraction 18.79 237 131

Hydrotreated Visbreaker Gasoline 1.00 12581
to Gas Concentration Unit

Propane/Propylene 0.77 9739

Fuel Gas 4.25 53602

Hvdroaen Sulfide 0.41 5160

Losses 1.01 12803

TOTAL 100.0 1 261 986
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TABLE V C2b·11
P~\VLODAR REFINERY

MATERIAL ~~!ANCE. 1992
D7:LAYED COKING UNIT

WORKING DAYS· 261

WT% MT

INLETS:

Asphalt 99.5 322702

Fraction> 350°C (Mazut) 0.5 1 500

TOTAL 100.0 324202

PRODUCTS:

Coke 22.8 74023

Large Size Coke (9.6) (31 302)

Small Size Coke (13.2) (42 721)

Pentane to 160°C; to Diesel Oil 12.7 41 166
HDS Unit

180-350oC Fraction 22.4 72733

Fuel Oil 28.8 93278

Hydrogen Sulfide 0.3 874

Dry Fuel Gas 8.7 28340

Losses 4.3 13788

TOTAL 100.0 324202
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TABLE V C2b-12
PAVLODAR REFINERY

MATERIAL BALANCE, 1992
BITUMEN UNIT

WORKING DAYS - 336

WT% MT

INLETS:

Fraction> 350°C 71.7 462917

Asphalt 28.3 182 718

TOTAL 100.0 645635

PRODUCTS:

Bitumen, including: 43.0 277681'

Road-Building Bitumen (22.5) (145 550)

Construction Bitumen (6.5) (41 598)

Roofing Bitumen (14.0) (90483)

350-450oC Fraction 31.52 203534

450-500oC Fraction 15.93 102877

Asphalt 7.50 48347

Oxidation Gases 0.5 3096

Losses 1.55 10 100

TOTAL 100.0 645635
..
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TABLE V C2b-13
PAVLODAR REFINERY

MATERIAL BALANCE, 1992
SULFUR UNIT

WORKING DAYS - 321

L: J
-~

WT% MT
i

INLETS:

H2S From Diesel & Kerosene HDS 35.1 3 169.0
Units

H.,S From Heavv Oil Unit 55.2 4974.0

H,S From Coking Unit 9.7 874.0

TOTAL 100.0 I 9017.0

PRODUCTS:

Sulfur 84.8 7650.0

Losses 15.2 1 367.0

TOTAL 100.0 9017.0

TABU: V C2b-14
PAVLODAR REFINERY

MATERIAL BALANCE. 1992
HYDROGEN UNIT

ACTUAL WORKING DAYS - 267

WT% MT

INLETS:

Hydrogen Rich Gas 16.15 14406

Water 83.85 74815

TOTAL 100.0 89221

PRODUCTS:

Technical H2 To Vacuum Gas Oil 10.84 9673
Hydrodesulfurizer

Water 47.00 41 937

Losses 42.16 37611

TOTAL 100.0 89221
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d. Product Specifications

Refinery Product Specifications are as shown in Tables V C2d-1 through
V C2d-14 , for the following products:

• LPG

• Gasoline, Regular and Premium

• Jet Fuel

Kerosene

• Diesel Oil

• Home Heating Fuel

• Vacuum Gas Oil

• Straight Run Heavy Fuel Oil (Mazut)

• M-100 Mazut

• Gas Oil for Carbon Black Production

• Heavy Gas Oil

• Asphalt (Guydron)

• Bitumen

• Coke, Large & Small Sized

• Sulfur
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TABLE V C2d-1
LPG (L1QUIFIED PETROLEUM GASES)

COMPOSITION PROPANE BUTANE LPG

Vapor Pressure Min. 0.16 0.52 1.08
at 20°C

Volatile Residue, Max. 0.7 0.67 0.01
LV%

Butane and -- 7.81 46.43
Heavier, LV%
(Max)

Pentane and -.. 91.39 51.68
Heavier, LV%
(Max)

H2S, ppmw Max. 0.003 0.0021 0.0041

H2S plus Max••013 0.0002 1.08
mercaptan

Free Water None None None
Content

Bottled at No No No
Refinery?
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TABLE V C2d·2
GASOLINE

TYPE REGULAR PREMIUM

Density @ 20°C, g/cm3 0.736 0.731

Octane Numbers

RON 91

MON 76.5 80 to 81.5

Distillation Volume

10% 61°C 60°C

50% 100°C 107°C

90% 162°C 173°C

EP 197°C 199°C

Distillation Residue, Wt% 1 1.1

Distillation Residue plus 2.67 3.0
Losses

RVP KPa 42.87 43.19

Sulfur Content, Wt% 0.025 0.022
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TABLE V C2d·3
PAVLODAR REFINERY

JET FUEL SPECIFICATION
GOST 10227·86

ACTUAL 1992 1993

3rd
4th QUARTER

PROPERTY STANDARD QUARTER AUGUST A~TUAL

Density, 20°C, g/cm3 0.775 !".793 0.792 0.791

Distillation Volume, IBP, Min. 135°C 144°C 144°C 139°C

10%, Max. 175°C 165°C 164°C 161°C

50%, Max. 225°C 193°C 191°C 188°C

90%, Max. 270°C 218°C 219°C 217°C

98%, Max. 280°C 235°C 237°C 237°C

Viscosity· 20°C, c~, Min. 1.25 1.54 1.52 1.544

Viscosity· 40°C, cs, Max.
16.0 7.0 6.8 6.97

Heat of Combustion, KJlkg, Min. 43120 43212 43220 433i4

Smoke Point, mm, Min.
25 26 25.5 25.0

Acidity "'I rOB
100 ml Jet Fuel 0.4 - 0.7 0.51 0.54 0.247

IodiDe Nr. 11- Max
100 "" Jet Fuel 0.5 0.23 0.26 0.30

Flash Point, Closed Cup, Min. 28°C 40°C 38°C 33°C

Crystallization Point -55°C -57°C -56°C -58°C

Aromatics - Wt%, Max. 22 19 19 18
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TABLE V C2d·3 (continued)
PAVLOC."R REFINERY

JET FUEL SPECIFICATION ::.

ACTUAL 1992 ':993

3rd
4th QUARTER

PROPERTY STANDARD QUARTER AUGUST ACTUAL

Actual Resins Content
mgl1 OOml Fuel, Max. 4.0 None None ~.-

Total Sulfur, Wt%, Max. 0.10 0.017 0.018 0.0303

Mercaptan Sulfur 0.001 0.0001 0.0001 None

Copper Strip, 100°C, 3 hours Satisfied Satisfied Satisfied Satisfied

Ash Capacity, Wt%, Max. 0.003 0.0016 0.0019 0.0017

Water Soluable Acids None None None None

Hydrogen Sulfide None None None None

Water & Sediment None None None Nona

Naphthenes ~ Wt%, Max. 1.5 1.14 1.22 ~--

THERMAL STABILITY DATA. 5 HOUR TEST

~esidue mgll00ml Fuel 6.0 None None None
Max.

Soluable Resins mglt OOml
Fuel, Max 30.0 8.5 12.2 --
Unsoluable·Resins.
mal1 OOml, Max. 3.0 None None ~-
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TABLE V C2d-4
PAVLODAR REFINERY

DIESEL OIL SPECIFICATIONSI1I

PROPERTY 3rd QUARTER 1993. ACTUAL

Cetane Rating 50.4

Distillation, Volume 50% 277°C

Distillation, Volume 96% 360°C

Viscosity, cs 5.544

Solidification -10°C

Flash Point, Closed CUD 63°C

Sulfur Content, Wt% 0.171

Mercaptan Sulfur, Wt% 0.00054

I-',S Content None

CODDer StriD Satisfied

Water-Soluable Acids and Alkalis None
Content

Resins Cootent,
mg

100 em3 Diesel Oil 5.3

Acidity, mgKOH
100 em3 Diesel Oil 1.090

IoctineNumber, g iot1iM
l00g Diuel Oil 0.82

Ash Capacity 0.82

Coking Capacity of 10% of Residue, 0.0045
Wt%

Filtration Number 0.024

Sediment (Inert) Content, Wt% 1.40

Water Content, Wt% 0.000

Density @ 20°C, g/cm3 0.839
'''Standard not made available.
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TABLE V C2d-5
PAVLODAR REFINERY

FUEL OIL SPECIFICATIONS FOR DOMESTIC USE(1)

STANDARDS ACTUAL

MIN MAX APRIL MAY JUNE

10% Dist. °C 160°C 226 221 222

90% Dist. °C 360 311 306 300

Viscosity, 8.0 4.400 4.150 3.250
20°C - cs

Solidification -15 -20 -15 -15
Point, °C

Flash Point, 45 91 82 79
°C closed
cup

Sulfur, Wt% 1.1 0.70 0.58 0.74

H2 S, Wt% Neg --- --- ---
Copper Strip Satisfied --- --- ---
Test

Acidity 5.0 2.140 1.850 1.855

Ash Capacity 0.02 0.0011 0.0000 0.0113

Coking 0.35 0.165 0.130 0.250
Capacity Final
10% Residue

H20 - Vol % Trace 0 0 0

Sediment Neg 0 0 0
(Inert), Wt%

Color Lt. --- --- ---
Brown/Black

Density, g/m3
No~ Regulated 0.921 0.921 0.921

'-

...
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TABLE V C2d·6
PAVLODAR REFINERY

SPECIFICATION VACUUM GAS OIL

PROPERTY

Density at 20°C, g/cm3 0.9074

Distillation

IBP 216°C

Fraction < 350°C 16 % Vol

Fraction < 360°C 19 % Vol

Fraction < 500°C 97 % Vol

EP 502°C

Products 98 % Vol

Viscosity, cs, 50°C 23.3

Coking Capacity, Wt% 0.14

Sulfur, Wt% 1.09

TABLE V C2d·7
PAVLODAR REFINERY

HEAVY FUEL OIL SPECIFICATION
(STRAIGHT RUN MAZUT)

ACTUAL,
PROPERTY UNITS STANDARD 1992

Density g/cm3 Max. 1.015 0.933

Flash Point, °C 170 Min. 192
Open Cup

Distillation Volume

IBP °C Not Regulated 262

Products to Vol% 8.0 Max. 6.8
350°C

Lower Heat of KJlkg 40530 Min. 46394
Combustion

Sulfur Content Wt% 2 Max. 1.26
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TABLE V C2d-8
PAVLODAR REFINERY

HEAVY FUEL OIL SPECIFICATION (MAZUT)

M-100 M-40
FOR SALE FEED TO VAC.

DIST. UNIT

Viscosity - 80°C - m2/Sec 73.93 39.35

Ash Content Wt% 0.0710 0.0681

Sediment (Inert), Wt% 0.069 0.074

Water Wt% 0.24 0.30

Water Soluable Acids and None ---
Alkalais

Total Sulfur Wt% 1.293 1.423

Flash Point - Ooen CUD. °C 155 143

Solidification Point °C 25 10

Lower Heat of Combustion, 46262 45806
KJlka

Densitv, 20°C, a/cm3 0.970 0.959

TABLE V C2d-9
PAVLODAR REFINERY

SPECIFICATION FOR FEED TO TECHNICAL
CARBON PRODUCTIONI1I

(FCC GAS OIL)

PROPERTY STANDARD ACTUAL, 1992

Densitv. 20°C a/cm3
• Min. 0.995 1.020

Correlation Index. Min. 95 107.2

Di!;tillation - 50% Max. 410°C 337°C

Sulfur Wt% Max. 3.0 1.77

Coking Capacity, Wt%, 2.0 1.11
Max.

Viscosity - 50°C cs Max. 25 7.44

Water ::Wt% Max. 0.2 Trace

Solidification Point, °C, 25 25
Max.

Sediment (Inert), Max. 0.01 0.0088
'This product sent to Russia for processing.
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TABLE V C2d·10
PAVLODAR REFINERY

SPECIFICATION
HEAVY GAS OIL

STANDARD ACTUAL

PROPERTY MAXIMUM MINIMUM SEPT. 1993

Density, g/cm3 1.000 1.006

SulfurWt% 3.0 1.73

Coke Capacity, Wt% 2.0 1.900

Viscosity· 50° C cs 25 7.27

Water - Vol% 0.2 Traces

Solidification Point, 25 25
°C

Sediment (Inert) - 0.03 0.030
Wt%

TABLE V C2d·11
PAVLODAR REFINERY

ASPHALT SPECIFICATION (GUDRON)

PROPERTY

Density at 20°C, g/cm3 0.9893

Viscosity at 80°C, mm2/sec 28

Sulfur, Wt% 1.55

Distillation:

IBP 282°C

Fraction < 350°C 0.5% Vol

Fraction < 360°C 1.0% Vol

Fraction < 500°C 22% Vol

End Point 536°C

Light Products 35% Vol
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TABLE V C2d-12
PAVLODAR REFII\JERY

BITUMEN SPECIFICIATIONS

-
PROPERTY ACTUALI1I STANDARD

CONSTRUCTION BITUMEN

Penetration Needle Depth 14 Max 40
at 25°C, mm Min 5

Softening Temperature, °C 92 Max 105
Min 70

ROOFING BITUMEN

Penetration Ne9dle Depth 185, Max 220
at 25°C, mm Min 160

Softening Temperature, 0(; 40 Max 50
Min 37

ROAD-BUILDING BITUMEN

Penetration Needle Depth 80 Max 130
at 25°C, mm Min 40

Softening Temperature, °C 4!~ Min 43

Stretchability at 25°C, cm 76,.3 Min 40

111 Date basis not provided. 3rd Quarter 1993 most likely.

TABLE V C2d-13
PAVLODAR BEFINERY

SPECIFICATION LARGE SIZE COKE

ACTUAL, 1993

STANDARD
PROPERTY MAXIMUM J~PRIL MAY JUNE

Moisture, Wt% 3.0 3.47 5.21 8.69

Volitile Matter, 9.0 7.70 7.54 6.91
Wt%

Ash, Wt% 0.5 0.26 0.265 0.3067

Sulfur, Wt% 3.00 1.67 1.57 1.433.

=
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TABLE V C2d-14
PAVLODAR RF.FINERY

SULFUR SPECIFICATIONS

STANDARD ACTUAL, 1993

PROPERTY MIN. MAX. MAY JUNE

Sulfur, Wt% 99.98 --- 99.990 99.990

Ash, Wt% - 0.02 0.0079 0.0068

Acids, Wt% --- 0.0015 0.000780 0.000620

Organic -- 0.01 0.001 0.003
Products, Wt%

Water, Wt% -- 0.2 0.03 0.01

3. UTILITY SERVICES AND OFF SITES

a. Utility Consumption, including Chemicals &. Catalysts

Utility consumption by process unit, for the year 1992 is shown in
Tables V C3a-1, 2 and 3 include data relating to chemical and cetalyst
consumption and general catalyst data.

b. Fuel System

Fuel gas specifications are shown in Table V C3b-1. Unrecovered gas
flows to flare, estimated at 900 cubic meters per hour. Furnace
burners in the combination unit are, capable of using both fuel gas and
oil. The crude atmospheric unit burns a mixture of approximately 50
percent gas, 50 percent fuel oil. The heavy oil unit is designed for 100
percent gas, but normaqlly runs a 70 percent/30 percent gas/oil
mixture. The calcined coking and sulfur units use only fuel gas.

c. Steam System

i. Steam Generation, Balance and Utilization

The refinery does not have a power station. Steam is both
purchased from the district power station and generated in the
refineries in waste heat boilers. About 70 percent of the 280 to
300 mtlhour of 12 kg/cm2 steam demand is purchased from the
district power station, and 90-100 •ntlhour of steam is obtained
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from the waste heat units. Also, 25 mt/hour of 40 kg/cm 2 is
purchased. The district power station also supplies the refinery
with up to 200 mt/hour of chemically treated water for the waste
heat boilers and the H2 plant.
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TABLE V C3a·1
PAVLODAR REFINERY

UTILITIES CONSUMPTION IN 1992

COOLING AIR INERT GAS
WATER FUEL TriOUSAN THOUSAN

THOUSAND METRIC TONNES DNORMAL o NORMAl
CUBIC ELECTRICITY STEAM. CUBIC CUBIC

METERS FUEL OIL FUEL GAS THOUSAND KWH Gcal METERS METERS

AtmosDheric Distillation 5859.3 42385 71 174 53040 146730 1 277 -
Catalytic Reformino 21 459.0 34047 26465 24325 228968 9022 39

Diesel 2479.5 13503 10651 13594 45323 13925 60
Hvdrodesulfurization

Kerosene 573.8 2750 2785 6602 7841 4128 65
Hvdrodesulfurization

Gas Fractionation Unit 5015.6 --- -- 7755 128970 7815 281

Vacuum Distillation 2382.4 8678 19276 8392 84270 6951 -
Unit

Visbreaker 752.6 3193 12804 4926 15402 2465 -
Vacuum Gas Oil '~ 767.7 -- 15341 26341 42441 26843 163
Hvdrodesulfurization --
FCC 3 3~1.2 Coke 50010 48642 78883 4158 13

Gas Concentration 3080.8 ... ... 32725 12004 3758 16

Hvdrogen Unit 6343.1 - 14685 14666 83001 1 385 718

Bitumen 5646.0 7095 9270 15255 70011 14816 -
Delavsd Coking Unit 5684.6 --- 23733 16820 76654 9011 .-
Calcined Cokina Unit 15.9 ..- 3662 2874 4206 515 ----.

Sulfur Unit .~,-,,,, 2 228.5 - 2 564 2 240 51 445 4104 137
:.;m

TOTAL 66640 111 651 26242:: 278197 1 076 149 110173 1 492
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TABLE V C3a-2
PAVLODAR REFINERY

NAMES AND MONTHLY (AVERAGEt CONSUMPTION QUANTITIESclI
OF VARIOUS CHEMICAL AND CATALYSTS

MONTHLY CONSUMPTION
DESCRIPTION MT/MONTH

Calcined Soda 6.8
(Atm. Dist. Unitt

Caustic Soda - 100% 13.5
(Atm. Dist. Unit, Atm. Vacuum
Unit)

De-Emulsifier 10.2
(Atm. Dist. Unit)

Corrosion Inhibitor 1.7
(Atm. Dist. Unit)

Dichloroethane 0.3
(Cat. Reformer)

Ethyl mercaptan 0.02
(Cat. Reformer)

MEA (100%) 15.9

Activated Carbon (H2 Unit) 0.1

Borax 0.3

Potash (H2 Unit) 2.4

Va20 6 (H2 Unit) 0.02

Antioxidant Addition 19
(Gasoline Blending)

Naphthenic Acids 2.3
(For Jet Fuel)

Jet Fuel Additives 0.3

Aluminum Sulfate 65
(Waste Treatment)

Polyacrylamide 1.5
(Waste Treatment)

Double Superphosphate 1.1
il/Based on a crude oil throughput of .5 million metric tonnes per year.
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.:: TABLE V C3a-3
PAVLODAR REFINERY

CATALYSTS

CATALYST
CATALYST WHERE CHARGE, LIFE

TYPE MT YEARS

GP-534 Diesel Oil HDSlll Unit 45 6

GKD-202N Catalytic Reformer 44 6
(Pre HDS Gasoline)

GKD-202 Kerosene HOS Unit 8.5 6

AP-64 Catalytic Reformer 43 6.5
Unit

KR-108 -- 40 (R-204) 7

OA-250 or FCC 700 Continuous
MAG-360

GP-534 VGO-HOSI21 40 4

KNG-1 Hydrogen Unit 20 2

0-49 Hydrogen Unit 30 2

CTK-1-5 Hydrogen Unit 15 3

NKM-1 Hydrogen Unit 7 2

NTK-4 Hydrogen Unit 22 2

GGV Hydrogen Unit 5 2

TOK-2 Sulfur Unit 24 3

Zeolite Nax Catalytic Reformer 35 4

Zeolite Nax Air Drying 0.4 1

I1IHDS-Hydrodesulfurizer
12IVGO-Vacuum Gas Oil

I
~
!
a
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TABLE V C3b·1
PAVLODAR REFINERY

1992 FUEL GAS SPECIFICATIONS

UNITS STANDARD 1992 ACTUAL

ATMOSPHERIC DISTILLATION UNIT

C, Wt% No Standard i 12.46

C2 Wt% No Standard 7.69

C3 Wt% Not more than 25 19.10

iC4 Wt% No Standard 11.11

nC4 Wt% No Standard 17.08

iCG Wt% No Standard 5.47

nCG Wt% No Standard 5.05

ICe + Wt% No Standard 0.08

H2 Wt% No Standard 18.51

O2 Wt% No Standard 0.61

N2 Wt% No Standard 2.84

H2S Vol% l\O02 0.008
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TABLE V C3b-1
PAVlOOAR REFINERY

1992 FUrl GAS SPECIFICATIONS (CONT.)

UNITS STANDI-RD 1992 ACTUAl

CATALYTIC REFORMER

C, Wt% No Standard 13.72

C~ Wt% No Standard 13.91

C3 Wt% No Standard 1tJ.21

iC4 Wt% No Standard 4.02

nC4 Wt% No Standard 3.12

iCs Wt% No Standard 0.75

nCIl Wt% No Standard 0.57 ,.-
IC8 + Wt% ~~o Standard 0.01

IC3 +C4 Wt% Not more than 30 25.35

H2 Wt% No Standard 43.05

O2 Wt% No Standard 0.35--
N2 Wt% No Standard 1.69

H2S VoI% Not more than 0.0014
0.002

Heat of KJlkg 47280 --
Combus.tion

--
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TABLE V C3b-1
PAVLODAR RE:FINIt:R.V

1992 FUa GAS SPECIHCA'rlOl\fS (CONT.)

UNITS STANDARD 1992 ACTUAL

VACUUM DISTILLATION UNIT -
C1 Wt% No Standard 21.73

C2H.. Wt% No Standard 8.63

C2 Wt% No Standard 8.74

C3He Wt% No Standard 10.51

C3 Wt% No Standard 5.94

iC.. Wt% No Standard 1.25

nC.. Wt% No Standard 0.89

iC.. Wt% No Standard 1.61

nCG Wt% No Standard 0.82

I=C.. Wt% No Standard 0.79

CO2 Wt% No Standard 0.99--'....

H2 Wt% No StanJard 28.11

O2 Wt% No Standard 0.03."-- .
N2 Wt% No Standard 8.60

H2S Vol% Not more than 1.36%
0.002
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TABLE V C3b-1
PAVLODAR REFINERY

1992 FUEL GAS SPECIFICATIONS (CONT.)

UNITS STANDARD 1992 ACTUAL

BITUMEN UNIT
1----

C, Wt% No Standard 20.67

C2H4 Wt% No Standard 1.11

C2 Wt% No Standard 8.56

C3 Wt% No Standard 10.15

C3He Wt% No Standard 1.97

iC4 Wt% No Standard 2.47

nC4 Wt% No Standard 2.53

iC6 Wt% No Standard 0.80

nC6 Wt% No Standard 0.78

I=C4 Wt% No Standard 1.79

ICe+ Wt% No Standard 0.12

CO2 Wt% No Standard 0.33

H2 VVt% No Standard 44.03

O2 Wt% No Standard I 0.19

N2 Wt% No Standard 3.98

H2S Vol% Not more than 0.52
0.002
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TABLE V C3b-1
PAVLODAR REFINERY

1992 fUEL GAS SPECIFICATIONS (CONT.)

UNITS STANDARD 1992 ACTUAL

DELAyeO COKING UNIT

C, Wt% No Standard 32.25

C2H. Wt% No Standard 3.90

C2 Wt% No Standard 11.80

C3 Wt% No Standard 19.11

C3He Wt% No Standard 6.73

iC~ Wt% No Standard 1.20

nC. Wt% No Standard 6.67

I-C. Wt% No Standard 4.30

IC6 + Wt% No Standard 2.80

C06 Wt% No Standard 2.20

H2 Wt% No Standard 5.23

N2 Wt% No Standard 0.60

H2S Vol% Not more than 3.21
0.002

Heat of KJlkg 47300
Combustion
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ii. Steam Pressure Levels

The refinery uses steam at the following nominal pressures and
temperatures:

• 35-40 kg/cm2 (497-597 psi) @ 3S0-400oC (716-752°F)

• 12-16 kg/cm2 (171-228 psi) @ 260-290 oC (500-554°F)

• 3-4 kg/cm2 (43-57 psi) @ 143-152°C (290-306°F)

iii. Steam Users

The only user of the 38 kg/cm 2 steam is the 6 000 kW steam
turbin.'3 driving the reformer unit's recycle gas compressor. Th~

1/,. kg/cm2 steam is used on the process units for stripping steam,
raboiler heating media, steam pump drivers, atomizing steam for
oil burning, heating heavy product storage and heat tracing. The
4 kg/cm 2 steam is used for building heating, plant hot water
heating, steam tracing and heating boiler feed water.

iv. Condensate System

There are two plant condensate systems; one for clean
condensate and the other for dirty condensate. There are two
clean condensate gathering drums and three dirty ones. The
condensate from the 6 MW steam turbine comprises a good
portion of the clean condensate. The clean condensate is gent to
the power station and the dirty condensate is sent to waste water
treatment.

The refinery by contract nveds to return 33 percent of the
condensate back to the power station. At present it is returning
31.5 percent. There is a penalty for each 0.1 percent under the
33 percent of "5 x" the contract price of condensate.

Boiler blow down is both intermittent and continuous. The
blowdown goes to a low pressure flash drum with the flashed
steam going to the low pressure steam system and the liquid to
the waste water treatment system.

No steam traps are used by the refinery. It was reported that
traps did exis" at one time, however, they didn't work and were
removed.
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v. Impact of Potential Energy Savings Projacts on St~am Balance

Since the only use of 38 kg/cm2 steam is the recycle gas
(,ompressor, in the combination unit's reformer section, no change
in this steam system's demand (not related to unit feed) can be
expected. Installation of combustion controls on furnaces will
reduce excess air and result in less flue gas. It can be expected
that waste hfJat steam generation will decrease by about a third of
the gross heat savings. Other heat savings that reduce fuel fired
in furnaces equipped with waste heat boilers, will see the same
one-third gross heat savings reduction in waste heat generation.

Insulation heat savings will decrease the amount of refinery steam
used by lowering the heat losses in steam lines, reboilers and
vessels using steam as a. heating media. The savings should
show-up as a decrease in steam purchases. The refinery balances
its steam system by purchasing steam and by desuperheating.
Waste steam heat is now being made at Pavlodar in most of the
areas where it is economically practical. The increasing cost of
fuel will change the present equations and make the recovery of
low level heat more fSE:sible. This will be accomplished mostly by
combustion air pre-heating or generation of low level steam.

d. Electric Power Systems

i. ElectrJcity Sources and Generation

No power is generated in the refinery. Two 110 kV overhead
transmission lines are brought to the refinery's service entrance
substation. One of the 110 kV feeders comes from the local
power district's two generation stations. The other 110 kV feeder
comes from the state power grid. One of the district power
stations is located across the road from a corner of the refinery.

During our visit, the refinery was drawing about 29 MW. Its usual
draw is about 40 MW. Demand charge is based on 50 MW.
Power factor is 0.89. Present power costs are 24 rubles per kW
hr. At 3 000 what was then rubles to the dollar, the equivalent
dollar cost was $0.008/kW-hr. The refinery's power costs were
about 900 million rubles per month or US $300000.
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Ii. Electric Distributing System

The 110 kV switching equipment for the refinery service entrance
in outdoor utility-type equipment installed in a fenced-in araa at the
refinery's service entrance substation. Each 110 kV feeder is
brought through a disconnect switch and lightning arrester to a 40
MVA 110 kV/6.3, 6.3 oil insulated transformer. Each of the
transformer's secondary winding feed one side of two 6 kV split
buses. Both split buses have tie breakers.

The service entrance substation (GPP) is a simple one story
concrete building. The split 6 kV buses are composed of Polish
manufactured 6 kV switchgear. The busbar is aluminum and the
breakers are metal clad, high pressure air break with arc chutes
and are withdrawable. The feed from the service entrance
transformer's secondary windings is cabled to a reactor and then
to a section of one of the two split-busr.ls. A graphic of the
service entrance to the split-bus is drawn on three switchgear
sections with breaker switches and indicator lights in the graphic
along with pertinent meters. The switching and metering
equipment for the substation is also in the switchgear lineup.

Feeders from the two 6 kV split-buses are run to 22 main
substation split buses. These split buses are all equipped with tie
breakers. Adding to the refinery's flexibility in the refinery's
distribution system (and complexity) is a separate substation
(TZTS-3) with three independent sets of buses. Each of these
independent buses are fed from the GPP. These buses in turn
provide feeders to some of the main substations. The major
substations have two sets of feeders to each split-bus side.

The typical unit substation is a two story building, force ventilated
from 15 meter high stacks and located just outside a unit's battery
limits. The first floor contains the 6 kV split-bus with service
entrance, metering and relaying equipment and breakers. Also, on
the first floor in concrete vaults with outside metal doors are the
6 kV/380 volt transformers. On the second floor is the 380 volt
metal clad drawout type switchgear and the 220 volt (phase-to
ground of a 380 volt center grounded wye) lighting switchgear.
Most of this metal clad switchgear is of Polish manufacture.

The refinery is fairly well into a program of installing overhead
racks for future overhead cable installation.

:.-
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ill. Electric Power Users

Most of the refinery's electrical energy is used to power electrical
motors. Other users of electric power are; the electric desalters,
lighting, welding equipment, regenerating the instrument air dryers
and electronic equipment.

The largest refinery motors ~re the three 4 000 kW motors driving
the regeneration air blowers on the FCC. All three of the blower
drivers have series reactors in their starting circuits to limit starting
current.

e. Other Utilities

The other utilities furnished in the refinery are: plant air, instrument air,
cooling water, drinking water, demineralized water, hot water and
nitrogen.

4. ENVIRONMENTAL CONSIDERATIONS

a. Fresh Water Supply

The refinery has four sources of water:

(1) Two on-site wells
(2) City of Pavlodar water system
(3) The Irtysh River
(4) Treated wastewater is recycled for cooling tower make-up.

The two on-site wells are approximately 430 meters deep. They are
protected and constructed in a sanitary manner. The wells provide 25
percent of the sanitary watelr requirements for the refinery. No
chemical/physical water treatment is required before mixing the well
water with the City of Pavlodar drinking water.

It was not known what treatment, other than chlorination, the City of
Pavlodar provides for the water distribution system.

The Irtysh River is used as the source of process water and make-up
water for the cooling tower.
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TABLE IV C4-a
WATER QUALITY

IRTYSH RIVER
ON-SITE CITY

ANALYSIS mg/l WELL SPRING WINTER SUPPLY

Smell None

pH (Units) 8 7.3 8.4 6.7-7.1

COD 1.4 2 5 114-1.9

Hardness 120 60 95 60-95

Alkalinity 370 --- --- ---
Total Solids 1 450 --- --- ---
Ca+ + 36 --- --- ---
Mg+ + 7 --- --- ---
Fe (Total) 0.45 0.04 0.3 0.08

CI- ~.66 5 9 ---
S04= 4.56 12 ~1 25-53

Fl- 0.6 -- --- ---
Mn+ + 0.08 - --- --- -
Nitrogen NH4 0.95 0.05 0.11 ---

N02 <0.1 - 0.03 0.013-
0.017

N03 <0.003 0.44 2.87 0.35-2.5

Coiiform per <3 --- --- ---
100ml

Suspended Solids --- 300 12 None
Detected

BOD --- 1 24 1-2.4

Oil --- 0.002 0.006 None
Detected

C---) = Not Reported
The city and on-site well water is disinfected by use of ultraviolet lights.

::..

Kazakhstan - Part V - Technical Refinery - Operations Page 172



b. Water Treatment and Distribution

The combined sanita.:' water, c:ity and well water, is mixed and is
treated by an ultraviolet light disinfection unit. The disinfected water
is pumped through the refinery to the various points of use.

The Irtysh River water is used untreated as cooling tower make-up.
The river is always fed to the cooling tower sump that cools the gas
and air compressor systems, Loop 2-A. The river water can also be
used, during emergency conditions, when the flow of treated refinery
wastewater is insufficient to satisfy the make-up requirements of the
other cooling tower loops, Loop 1 and Loop 2. See Table IV-C-4-a, for
water quality.

..
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The refinery wastewater is collected in two separate :sewer systems.
System I collects the wastewater from general washdown rainfall Bnd
tank. bottom water. System n collects the wastewater from desalterr

sour water stripper, rail car loading area, and tlla tank car washing
operation.

The two sewers terminate at separate wastewater treatment plants
(WWTP). Tha two WWTP's have the same basic treatment units, but
the size or Ilumber are different.

The WWTP's consist of:

• Sand Traps

• Oil Traps

• Intermediate Settlers

• Dissolved Air Floatation Units

• Activated Sludge Aeration Units

• Secondary Clarifiers

• Emergency Holding Ponds

• A Sludge Lag,con

The two WWTP's share a common set of heated aboveground steel
tanks used for skimmed oil/water separation. The oil is returned to the
crude unit, the water to the WWTP inlet and any sandy bottoms is
routed to a sludge lagoon.

The effluent from the secondary clarifier of System I is filtered in a
pressurized mechanical filter before being recycled for cooling tower
make-up. Excess flow is routed to a holding pond.

The effluent from the secondary clarifier of System n is routed to the
holding pond. The excess water in the holding pond flows to Lake
Sarymsak, 15 kilometers away. The closest residence to the lake is 3
kilometers. The refinery is currently under orders to use 500 cubic
meters per day of the 600-630 cubic meters per day flow to the lake.

-
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See Table IV C4b·1 for the wastewater quality at selected points and
Table IV C4b-2 for the current water quality of Lake Sarymsak.

TABLE IV C4b·1
WASTEWATER QUALITY

r---

ArJALVSIS CIRCULAR FLOATATION EFFLUENT
mgn RAW SETTLER

I II I II I II I II III

Oil 10200 38900 20 17.5 22 26 N 15 10
0

Chemical ._- --- 204 178 200 326 D 170 170
Oxygen A
Demand T

A

Bio Oxygen ._- --- 108 I 92 105 151 100 91
Demand (5) "

•... ~..~,~-- ..

Sio Oxygen --- _.- 1n>. ! ~90 147 177 138 148
Demand 1
(20)

Suspended 62 121 26 25 35 47 20 14
Solids

Total Solids 392 445 --- ._- 344 380 _.- 344

Hardn6ss 160 180 -- -- 162 180 -- 165

Alkalinity 185 185 --- -- 175 185 --- 150

cr 194 115 -- -- 90 50 .-- 75

SO.- 97 122 -- -- 70 80 --- 88

Mg+ 40 39 19 60 40 32 65 38

N02- 0.01 0.005 0.03 0.05 0.0006 0.0003 0.003 0.003

NOa- 0.24 0.22 0.16 0.17 0.16 0.14 0.3 0.16

Phenol 7.2 9.3 --- --- 5.3 8.13 --- 0.17

H2S 0 0.2 -- --- -- -- ---
(---) = Not Reported
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TABLE IV C4b-2
LAKE SARYMSAK QUALITY

.-
OPPOSITE LEFr RIGHT

ANALYS~S CANAL INLET BANK BANK

pH 8.55 8.9 8.6 8.9

011, mgll -- 2.0 2.5 2.0

Ammonia, mgll 52 6.8 7.0 7.1

Nitrites, mgll 0.02 0.06 0.05 0.05

Nitrates, mgll 0.16 0.26 0.21 0.22

Phosphates, mgll Total 0.06 0.08 0.02 CI.06

Sulfides, mgll 225 550 525 575

Chlorides, mgll 106 195 195 198

Alkalinity, mgll as CaC03 155 90 90 95

Hardness, mgll as CaC03 180 320 325 322

Dissolved Solids, mgll 605 1018 918 1092

Suspended Solids, mgll 36 11 9 9

Chemical Oxygen Demand, mGll 456 120 152 120

Dissolved Oxygen, mg/l ND 7.9 5.3 9.4

Phenols, mgll 0.4 ND ND ND

Biochemical Oxygen Demand, (5 day) 180 14 18 16
mgll

Biochemical Demand, (20 day) mgll 230 18 24 24

Hydrogen Sulfide, mgll ND NO ND NO

(--) = Not Tested
ND = Not Detected
Analysis for sample collected June 3, 1993.
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c. Cooling Towers

The refinery has three cooling tower loops. Loop 1 serves the sulfur
plant, coker and calciner, Loop 2 serves the technical process units and
Loop 2A serves the gas and air compressor units.

The hot side oil traps FAre concrete covered and had a minimum of
floating oil. The siding and fan units look well maintained. The pump
room was well maintailled.

The make·up water for Loops 1 and 2 come from multiple sources. The
priority of use is:

(1) treated effluent
(2) river water and
(3) drinking water

Loop 2A was provided with river water or condensate.

The blowdown is diverted to Wastewater System n. See Table IV C4-c
for water quality data.

TABLE IV C4-c
COOLING TOWER WATER QUALITY

(mgll)

HARDNESS
WATER pH OIL COD SS T'DS CI- S04= Fe++

PERM. TOTAL Fe+++

Cooling Tower 7.8 9.5 ... 21 362 14 82 150 152 0.4
System I

Cooling Tower 7.9 14.5 _. 19 374 11 78 155 160 0.25
System II

Cooling Tower 7.8 Trace ... 5 154 14 33 122 138 ...
System IIA

Fresh Water 8 NO ... 1.4 100 14 22 70 88 0.5
Make-Up

Treated 7.8 23 204 26 386 25 80 158 160 0.15
Wastewater
Make-up

(--) - No Data
NO = Not Detected

Kazakhstan· Part V. Technical Refinery· Operations Page 176

~.,\~



d. Tank Farm

The tank farm c:nsists of £:19 aboveground steel storage tanks and 28
compressed gas storage bullets. The four crude storage tanks have
uninsulated floating roofs. The 25 gasoline or intermediate gasoline
tanks are equipped with conr.ervation valves but not floating roofs. See
Table IV C4-d.

TABLE IV C4·d
TANK FARM

TOTAL
VOLUME

DIAMETER HEIGH1' (CUBIC ROOF
PRODUCT NUMBE'1 (METERSI (METERSI METf.R51 FLOAT/FIX

Crude 4 60.7 18 200000 Float

Gasoline- 4 34 J2 40000 Fixed
6 45.6 12 120000 Conservation

Type Valve

G~solino, 3 6000
Interrr.ediate 6 1C 000

6 6000

Diesel, 4 45.6 12 80000 Fixed
Intermediate 3 6000 Fixed

Kerosine, 4 45.6 12 80000 Fixed
Intermed. 2 4000 Fixed

Fuel Oil 2 20000 Fixed
3 45.6 12 60000 Fixed

Mazut 2 45.6 12 .4/.0000 Fixed

VGO 1 5000 Fixed

Bitumen/ 10 4 (JOO Fixed
Road

Bitumen/ 3 ~ ~OO Fixed
Construct1on .,

Bitumen/ 4 2 JOO Fixed
Roofing .-
Bitumen/ 2 800 Fixed
Roofing .,
Compression 22 4400 Fixed
Gas 6 3600

Estimated Volatil6 ':'rganic Loss 14357 mta
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All of the tanks except the compressed gasses, are within containment
dikes. Most of the dikes are concrete and are designed to hold the
largest tank volume within the dike.

There is no vent collection system.

e. Environmental Considerations

Thf.l refinery is workin'1 to minimize their impact upon the water
environment. By sslectively blending the city supply, the untreated
river water and the deep well water an acceptable chemistry is achieved
with a minimal use of the fresh water.

Also, to protect the ground water from contamination, the refinery is
doing three specific things. First, they have constructed an undercrain
system under a portion of the wastewater treatment plant and the
coking area. The underdrain water is collected and pumped to the
WWTP.

Secondly, the plant has installed 19 ground water sampling wells. The
wells are 5 to 32 meters deep. The wells are sampled on a scheduled
basis and if pollution is found the wells are pumped with the water
being routed to the WWTP.

,-

The third activity involves the sludge pits. The sludge is removed each
year, processed to remove much of the oil content before using the
sand. The oily sludge is pumped from the sludge lagoons through an
emulsifying centrifuge. The frothy oil is routed to the mazut storage
tank and the cleaned wet sand is stored until dry. T!le dry sand is used
~or construction. A rotary drier was planned but funds ran out before
it could be built. The refinery people do not know if it will ever be built.
By using this sludge cleaning system, the amount of oily sludge s\ored I'·
in the open pits is minimized.

See Table IV C4e-1 and IV C4e-2 for water quality of the ground water
and underdrain water.

To date, little effort has been made to control the air pollution
emis·f~ions.
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TABLE IV C4fi-1
GROUND WATER SAMPLE WELLS

ANALYSIS LOW HIGH COMMENTS

pH 7.2 9.65

Oil, mgll None Detected 2 one@ 6.8

cr, mgll 100 2500 one @ 49

SOI.-' mgll 70 5200

Hardness, mgll 145 2500

Phenol, mgll None Detected None Detected

COD, mgll 4 48 one @ 272

Total Dissolvl3d Solids, mgll 360 6000 one @ 30 000

Depth, meters 5 32-
There are 19 wells being use'd for periodic sampling. The locations and depths were determined
by the process unit potentiai of loss product and the geological conditions.

TABLE IV C4e-2
UNDERDRAIN WATER QUALITY

LOCAnON BOD
OF DISSOLVED

UNDERDRAIN OIL COD 6 20 SOUDS CL- SO'"'4 ALKAUNITV HARDNESS pH

Pumps at 197 314 57 106 340 22 93 207 186 8.2
Bio·Unit

I Activated 6.5 86 16 27 749 65 171 373 333 8.5
I ~Iudge

Tanks

Coke Plant NO 28 4 a 890 54 207 284 216 8.6

All measurements in mgll except pH.
NO = None detocted.

f. Quality of Local Environment

The geology and weather have a predominate impact on 1'le
environment. The total annual precipitation is reported to be 0.352
meters. Most of the precipitation falls in ,~pril, May and September.
The low precipitation and unequal distribution lead to excessive dust
particles becoming wind blown.

-,

::.

t
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The second major impact is the District Power Plant which burns a high
ash coal (Approx. 50 percent) and a high sulfur (1 - 8 percent) content.
The power plant uses 8 flooded low energy venturi for both particulate
and S02 scrubbing. The venturi flooding water is a mixture of lime and
water. The typical particulate removal efficiency for a low energy
venturi is between 30 and 50 percent. The efficiency of 502 removal
is also low, approximately 25-40 percent.

Another major source of air pollution is a local cement manufacturing
plant. It was not known what fuel is fired at the cement plant.

No data was available of the actual environmental quality.

g. Current Emission Co~trol:&

The only emission contrfJis are the two wastewater treatment plants
and the sludge oil removul system. Both of these units are used for the
recovery of product or rlscycling of water.

h. Recommendations

Recommendations that. require little or no capital investments:

• Increase the frequency of oil skimming at the intermediate settlers.

• Optimize the operation of the dissolved air flotation system (OAF).

Recommendations that require a moderate amount of investment:

• Establish an employee environmental education program.

• Determine the source of the excess WGst~water flows.

Survey the valves, flanges and vents for hydrocarbon loss.

Recommendations that require significant capital expenditure:

• Install combustion controls on the process heaters.

• Revamp the oil traps.

• Install a hydroc~rbon vapor control system.

• Separate the salty wastewater from oily wastewater.

• Install additional desulfurizing capacity.
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During the walk through it was noted that an excessive amount of oil
was being discharged in the final effluent. The amount of oil removed
in the wastewater treatment plant can be improved by more frequent
removal of oil from the intermediate settler. This would minimize the
amount of oil that gets dragged under the oil baffle. A discrete oil
sheen was noted at the effluent of the settler, indicating oil carryover.
Reducing the thickness of the accumulated oil layer by more frequent
oil skimming will reduce the carryover.

It was also observed the OAF was not producing sufficient floc for the
removal of oil. This was confirm~d by the oil concentration noted in the
lab reports. rime and instrun'#lntation was not available to determine
if the pH was proper, if the concentration of flocculent was high
enough or if the proper amolLnt of air is being added. Therefore, a
treatability study needs to be conducted to determine the optimum pH
for the emulsion breaking and floc formation.

The lack of a significant bubble cloud indicated a deficiency of the OAF.
Additional dissolved air must be introduced. This can be accomplished
by increasing the systems air pressure and volume of compressed air
supplied to the dissolution tank.

Many western refineries attribute a significant pollution reduction to
introducing an ongoing education program. The education program
must be designed to overcome the attitude that pollution control is the
responsibility of just certain persons or departments. The program must
teach the management and operating staff that they are all responsible
for minimizing the amount of pollutant being released. This
responsibility is enforced by such measures as administrative
punishment of having knowledge of a pollution discharge without taking
corrective action. The punishment may be suspension or tlJrmination.
Willfully causing a release of pollutants can also result in refinery
closure and/or severe monetary fine. In addition, education programs
typically reward efforts that stop pollution losses or recommend
changes which can minimize future losses. It is recommended that an
education program be implemented that would motivata efh1h employee
to recognize what pollution releases are, what damag.;j they can cause,
and what they can do to help minimize the pollution releases.

To monitor the education programs progress, it is necessary to have a
base line pollution control survey. It i~"\ necessary to know specifically
how much pollution comes from each process block and which piece of
equipment or unit is causing the major loss of ~roduct. With this data,
everyone will know where the losses are, how much is being lost and
what can be done to minimize the loss. Therefore, it is recommended
an investigation and sampling program ue undertaken to collect sewer
flow data and pollution levels for all of the process blocks. WifJ- tl";is
wastewater flow balance and pollution loading, the improvements in

!!!!".
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either water flow or loss of product can be measured. Also an
equipment replacement or revamp schedule can be developed.

The air pollution released can be reduced by replacing leaky valves,
gaskets and seals and installing storage and WWTP tank vent collector
sy&tems. It is necessary to determine an order or priority for future
repair/replacement work. To do this an organic vapor analyzer (OVA)
can be used to sniff all potential sources, valve stems, flanges, seals
and vents. With the data collected a schedule of repair/replacement
can be developed. Of course, if a bad leak is noted during the survey,
it should be fixed immediately. The sniffing should be conducted every
three or four months until all sources have been repaired/replaced.

Because of the large number of small sources and the recommended
frequency of inspection, it is recommended that a Personal Computer
and a program with spread sheet capability, be made available to
environmental personnel. Data from the wastewater survey can also
be entered into the PC for data and program control. As the sampling
program is repeated over the years, the progress can be trackea and
time comparisons can be easily and economically performed.

The following recommendations require a mere significant expenditure
of capital:

• The process heaters are currently operating without continuous
control of the combustion air. As the fuel value or firing rate
change, there is no auto adjustment to tl:e amount of combustion
air at the burners. This causes inefficierri: combustion and may
allow excessive emission of carbon monoxide, unburned
hydrocarbons, or nitrogen oxides. An oxygen analyzer and
automatic inlet air valve should be installed to automatically
control the amount of air allowed in the heating zone. The
product exit temperature should automatically control the fuel
firing rate. These automatic controls will improve the fuel
efficiency and reduce and limit the amount of carbon monoxide,
nitrog19n oxide and un-burned hydrocarbons.

• The existing oil traps, both System I and System II, do not
function as an oil trap. They should be replaced with a Western
API type design separator. Automatic operating control should be
provided to maximize the removal of both the floatables and
sludges. The automatic API type system will significantly reduce
the oil load to the int~rmediate settler. This also will lower the oil
load to the OAF and ~ctivated s!:.;dge units. If funds are not
available for a new API Separator, the oil traps shoula at least be
revamped with new oil skimming and oil skimming pumping
devices.
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• The next recomn.'endation concerns reducing the amount of
hydrocarbons released from the refinery. Based upon the VOC
sniffing program, above, a schedule of repair, replacement or
collection can be developed. It is not possible to say now which
activity should be done first. The result of the sniffing will show
which emit the most and should be fixed first.

• For the valves, a simple replacement of the seal material may be
satisfactory. Some cases may require an upgrade in the seal
material. Others may require complete replacement of the v~lve.

• The vents on storage tanks and the covers of the wastewater
treatment plant may require a vent collection system and either a
vapor combustion or an absorption unit. The tanks used for
product storage could use a vapor balancing line to/from the
tank/railroad car or tank truck. This vapor balancing would
eliminate a part of the excess VOC's lost. Also, a vent collection
system could interconnect tanks of the same product. The vent
collection system would terminate at a vapor recovery or
incineration device.

• Tha revamped sand and oil traps (or new API) need to be (Jquipped
wi ~h a vent control similar to the product storage tank vent control
sy~tem.

The Almaty Institute of Health Tasks for 2005, set fOl1h goals of
reducing the salt content in Lake Sarymsak and the refinery reuse of
500 cubic meters of water per day. To accomplish this requires the
separation and collection of all salt waters. Thl:! prime candidates are
the desalter water, cooling tower blowdown and wasteheat boiler
blowdown. The process wastewater survey previously discussed will
identify what process units must be collected and treated separately.

When the flows are identified, the quantity and quality determined, the
methods of treatment can be determined. Options available are; a
separate evaporation lagoon, heat evaporating/condensing or a reverse
osmosis membrane system. The system must be evaluated as to cost,
capital/operation, need of the fresh water and final salts disposal.

With respect to refining process recommendation which could improve
the ent/ironment by reducing the air, water or solid waste release, a
major processing suggestilJI: would be to redlJce the sulfur content in
all of the products. This recommendation must be in conjunction with
a country wide program of sulfur dioxide reduction and not a refinery
specific action.

L
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i. Summary of Environmental Survey

i. Refinery Sulfur Balance

The refinery is equipped with an operating Claus Sulfur Plant, at
20 000 mta capacity. The design basis was a crude with 1.5
percent sulfur cC'ntent. Today they process 0.5 percent sulfur
"rude. The plant is over sized for the amount of sulfur being
removed. In 1992 of the 37 322 mt of sllifur arriving in the
crude, only 7 372 mt were recovered, 24 188 mt are in the coke
and product with the balance being emitted to the atmosphere.

See Table IV C4i·1

TABLE IV C4i·1
SULFUR BALANCES

ITEM 1S~:? SULFUR, MT

Crude in @ 0.58% Sulfur 37322
x 6 434 800 Metric Tonnes

in Products 22281

Process Heater 5610

Coke 1 907

Sulfur Recovered 7372

Miscellaneous 152

Sulfur Out 37322

ii. Air Er, issions

The refinery maintains two c:ir monitoring systems, (1) employee
exposure, especially in welding or closed areas and (2) ambient air
in both the refinery and off-site. The ambient monitoring is for
hydrocarbons, hydrogen sulfide, carbon monoxide, benzene and
toluene. Data show there are a few oc':asions when the ambient
level exceeds the standards. When this occurs, a concerted effort
is made to identity the causa and correct the release.

It was reported tl-:at the District Sanitary Inspector has not
established any fines for the few violations the refinery had.

See Table IV C4i·2 for the estimated emissions.
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TABLE IV C41-2
AIR EMISSIONS

ESTIMATED
EMISSIONS

COMPOUNDS MTA TOTALS

Hydrocarbons 13732

Benzene 128

Toluene 212

Xylene 279

Phenols 6

SUB-TOTAL VOLATILE ORGANICS 14357 MTA

Carbon Monoxide 905

Sulfur Dioxides 12452

Nitrogen Oxides 638

Hydrogen Sulfide 10

SUB-TOTAL 14005 MTA

Particulate -

Vanadium 8

FCC Dust 459

Other 66

SUB-TOTAL ALL DUST 533 MTA

TOTAL EMISSION 28895 MTA

iii. Water Quality

The water quality of the City and Irtysh River supply is quite
satisfactory for refinery use. The mixing of the on-site deep wen
water for drinking supply is acceptable except when the mixture
is used for cooling tower make-up. The high hardness and
dissolved salts of the on-site well water can cause operational
problems.

The qualit~ I)f the treated wastewater for reuse is unacceptable for
System I due to the high salt content and marginal for System II
because of thd moderately high salts and high oxygen demand. -:
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The high oxygen demand at present is due to the ineffective
wastewater tmatment plant operations.

The requirements that by 2005 some of the water from Lake
Sarymsak must be used will have both good and bad impacts upon
the water quality. The biological oxygen demand will be lower
because of the continued pollution treatment in the lake.
However, the hardness and salts content will be higher than the
use of only System II effluent.

Pre-treatment for the combined lake water may be required to
reduce the operational problems. Treatment such as softening,
flocculation, clarification and filtration should be considered.
Reverse OSI\ ,osis should be investigated but may not prove to be
cost effective.

iv. Solid Waste DispOSf,1

By western standards, the storage and decanting of the oil in open
lagoons is unacceptable. The refinery is instamng additional sludge
handling equipment that will minimize the length of time the oily
sludge is in the lagoons. The ground water is being monitored to
insure that no ground water pollution occurs. Eventually the
l.egoons shou!d be covered or replaced to minimize the amolmt of
organic material evaporatinrJ from the lagoons.

The catalytic cracker catulysts are collected from the cyclones and
electro-static precipitator and shipped with other spent catalysts
to a metals recovery plant~1.

v. Impact of Maintenance Practices on Generating Emulsions

The lack of sufficient funds for preventative maintenanc~ im~~cts

upon the environmental control in two adverse ways. The first is
at the process block; the lack of preventative maintenance causes
an excessive amount of product to be lost to the wastewater
sewer. The second is the lack of preventative maintenance at the
overloaded wastewater treatment plant prevents the equipment
from performing at design capabilities. In order to meet western
standards of operation, systems must be upgraded or replaced ar. 'l

the v:1 sludge handling equipment will have to be replaced.

vi. Non-Aqueous Evaporation Loss

The refinery does not currently have access to newer valves, seals
ami flanges that are designed to prevent hydrocarbon loss. During
tile .. ,'alk through numerous varves, seals or flanges showed
e, oiL ,.ce of product loss.
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The vent system for the light product storage and loading needs
to be improved. A vent collection and treatment/recovery system
could be installed. As a minimum a vent equalization system
between the storage tonks and the railroad tank car or truck
loading should be considered.

, I Loss of Product to Solvents

No large "«llvent system on sito.

j. Handllnl1 of Material

i. Tetraethyl Lead (TEL)

The use of TEL was discontinued in 1991.

Ii. Aromatics

No special processes to remove or systems to provide any control
of aromatics were observed.

iii. Solvents

It wes reported that th3 refinery did not ust! any process tn~t. used
a significant quantity of solvents; small quantities are use... in the
repair shops.

iv. Ualogenated Hydrocarbons

The only process chlorinated hydrocarbon noted is the use of tri
chlorethylene (TeE} for chloride activation of the catalyst. The
TeE storage, mixing and feedinc system was not observed. The
TeE is received in drums.

v. Heav~ Metals

The refinery does not fJnalyze or track heavy metals.

vi. Sulfur

The liquid sulfur is pumped to a railroad tank car or to a concrete
above ground slab to allow it to harden and be scooped to one end
for dry storage.

The raw sulfllr is shipped to a sulfuric acid plant or to an
agricultural chemical manufacturer. It was reported the refinery
does not have any problem selling the sulfur.
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vII. Sulfuric und Hydrofluoric Acids

The refinery does not use a significant quantity of any acid. The
chemical unloading areas, bulk shipment and drums were visited.
The unloading areas are curbed and drained to containment
sumps. The storage tanks are insulated and heated and located
within containment dikes.

vIII. Combu~tion Products

The process heaters are not equipp&d with any stack gas analyzers
and air cnlet control valves to optimize the combustion excess air
content, therefore there is a potential for excess CO or NOli'

The heaters normally fire a low sulfur fuel oil/refinery gas mix.
The heaters are not equipped with any stack-gas clean-up system
for 502 , NOli or CO control.

ix. Tars

The refinery is equipped with e 5 reactor bitumen plant. They
make 3 grades of product - construction, asphalt and roofing or
bitumen.

The bitumen is stored in elevatad insulated storage tanks sitting on
a platform above a railroad siding. The bitumen tank cars are
positioned under the storage tanks and filled by gravity.

5. OPPORTUNITIES FOR IMPROVEMENT

The overall goals of the work are to assist in the privatization of the petroleum
sector by providing salient information for preliminary investment dl ~isions,

and to enhance privatization opportunities by recommending improvemdnts for
the existing installations that will increase technical and financial perform&nce.

The work undertaken to meet the goals are part of the IJSAID NIS Petroleum
Refinery Program for Kazakhstan. The purpose of the program is to:

• Identify changes in operating practices snd low-cost modifications to
equipment that can be immediately implemented to increase the efficiency
of energy utilization, conserve energy by avoiding unjustified energy use,
and reduce undesirable gaseous, liquid, snd solid effluents.

• Identify (:td characterize more extensive changes in operating and
maintenance practices, equipment, and physical modifications to the
process units.

....

i-.

I"'"'!'- __
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8. Operation Improvement Opportunltlos

The recommendations of this study to improve energy utilization and
operations (yields, practicbS, etc.) are categorized in term~ of
immediate, medium-term, and long-term opportuniti~~.

I. Immediate Opportunities

These opportunities require changes in operating conditions with
or without nominal equipment modifications, those which appear
implementable within the staff resources of a refinery, and at a
cost of less than the equivalent of approximately US $100,000.
This category covers zero to low cost modifications to the refinery
that will be relatively aasy to implement. The refinery should be
able to execute these modificatiorls with its own internal
resources.

Ii. Medium-Term Opportunities

Theue opportunities require fcrmal justification, infusion of capital
from external sources, and possibly the services of externally
obtained experienced resources for implementation.

iii. Long-Term Opportunities

These opportunities involve abandonment of major processing
units, major modernization (or revamping) of existing url:'s, or the
construction of new processing units. The justification would
occur through market analyses, rather than technical analyses, of
crude supply and product slates.

b. EnfJrgy !mprovement Opportunities

'ihe rnajor energy improvement opportunities were summari~'ed by the
EvahJation Team and fall into four major areas: energy con~",rvation,

furnace combustion, heat conservation, and steam system
improvements.

i. Energy Conservation Improvement Opportunities

Implementation ofcomr 'ehensive energy conservation policiesand
programs. Economic s'o'dluation of energy conservation programs
should be based on world energy prices.

-.•
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II. Furnace Combustion Improvement Opportunities

Improvement of furnace combustion efficiencies by:

• Addition of monitoring equipment, e.g. flue gas oxygen
analyzers, fuel flow meters, and associated controls.

.:-
• Although Pavlodar was quite proficient in this respect, the

use of improved wasta heat recovery techniques such as
additional steam generation, convection section process

.. reboilin", and combustion air preheat, should be re-evaluated
in terms of rapidly increasing energy prices.

• Replacoment of equipment wherp necessary, e.g. burners
and instrumentation. ~

• Operator training in efficient furnace firing tf'Jchniques.

iii. Heat Conservation Improvement Opportunltl~s

Improvement in heat conservation practices focused on the
selected upgrade of insulation (repair, replacement, and addition)
as warranted.

.J

:.. Iv. Steam System Improvement Opportunities

Improvement opportunities in the area of ,steam system operating
efficiencie~ included:

• Adding steam traps.

• Collecting and reprocessing condensate.

• Considering additional utilization of steam (e.g. steam turbine
drivers with admittance/extraction nr;zzles and steam
reboi'",rs).

c. Emissions Control Opportunities

The recommendations of opportunities to improve environmental
conditions are categorized into immediate, medium-term, and long-term
opportunities.

I. Immediate Opportunities

The immediate emissio" '; mtrol opportunities require changes in
operating practices " :~ or without nominal equipment
replacement, those Wil )ear manifestly in the public interest,
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and those which appear implementable within the staff resources
o,f the refinery for the equivalent of approximately U.S. $100 000.

ii. Medium-Term Opportunities

The medium-term emission control opportunities require infusion
of capital from external sources, possibly the services of
externally-obtained experienced personnel for implementation.

iii. Long-Term Opportunities

The long-term emission control opportunities are high cost and
represent substantial clean-up of accumulated pollution from past
neglect.

While a few of the environmental improvements can be implemented
quickly, a considerable amount of capital must be invested for the
majority of the needed work. The balance of capital investment v~rsus
environmental goals and improvements must be considered in the
future.

In summary, the potential emission control opportunities include:

• Develop a comprehensive environmental program that stresses:

• emissions awareness and responsibility.

• monitoring of specific emissions from the refinery, both air and
water.

• termination of existing emissions to the environment.

• Enhance product desulfurization and refinery sulfur recovery
capabilities.

• Improve water treatment operations by:

• diligent monitoring of water emissions.

• determined repair and maintenance of existing pollution and
control equipment.

d. Operation and Energy Efficiency Im~rovements

Prior to implementation of any refining improvements (either energy
efficiency or equipment replacement/revamp), a compr~'lensive

strategic investigation and evaluation of the Pavlodar Refinery long term
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operating plans should be conducted. Based on the results of the
evaluation, some or all of the following recommendations could be
implemented. '

The energy efficiency improvement opportunities described is this
section are not given in any special order. However, these
opportunities are organized in terms of Immediate-, Medium- and Long
Term Opportunities. Cost shown are on a U.S. Golf Coast basis. Many
of the potential improvements require the refinery to develop a history
of specific causes of unscheduled downtime, and resultant loss of
product and profit as a basis for justifying the suggested project.

i. Immediate OPf,ortunities

Below is a listing of the Immediate, Minimum Cost Opportunities
for energy efficiency or operational improvements. For purposes
of classification, Minimum Cost Opportunities will be defined to
include expenditures below $ 100 000.00 U.S. Dollars.

a) The Pavlodar refinery must develop and implement
comprehensive energy conservation philosophies and policies.
A formal program should be established and monitored. We
suggest that the refinery raises its consciousness level and
sensitivity to the energy costs involved in processing crude oil.

b) Modify the existing program that regularly monitors, calculates,
and evaluates product yields and utility consumptions. The
program must be designed and operated such that regular
energy conserving or product quality adjustments are
sanctioned and encouraged. Further, source of losses mus1-: b'3
identified and minimized.

c) Launch an extensive equipment insulation program to repair and
replace existing insulation in poor condition, supplement
existing insulation in good condition (as necessary) I and add
insulation 1:0 currently exposed equipment items based on
economics related to world energy prices and heat losses of
equipment.

d) Invest in education programs or courses for the following
topics:

• Overall fired heater nperations, with specific focus on
efficiency, proper air/:'uel ratios, burner Jperations, and
maintenance.

• Steam trap selection and maintenance.

• Major process equipment inspection and recertification.

..
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• Overall refinery energy efficiency improvement programs.

• Engineering design and operations course.

e) Audit the steam generation, distribution lltilization, and
condensate return equipment and balancer I ~ etail. Develop
a comprehensive p'''n to upgrade the steam s'~stem(s).

• Add, repair, & replace insulation as necessary based on
world energy prices and heat losses from various sources.

• Design and implement new steam trap selection &
maintenance programs.

• Consider utilization of steam turbine drivers, particularly
for critical services. Since the refinery may operate at
reduc~d throughputs in the forseeable future, steam
turbine drivers may afford some operating flexibility along
with improved utility efficiencies at turndown conditions.

• Consider replacing steam tracing piping with stainless
steel or copper tubing. Ensure proper installation and
insulation of steam traced lines.

• Consider the use of steam turbines with admittance
extraction nozzles at the low or medium steam system
pressure to minimize condensing and to help r~gulate and
balance the steam system.

f) Conduct regular heat exchanger evaluation audits. Cleaning
schedules and anti-foulant injection procedures should be based
on audit results.

g) Develop process optimization strategies and procedures based
on economic and safe operations. Specifically; reduce
Catalytic Reforming Unit operating pressure to improve yields.

h) Conduct "Test Runs" of individual process units to determine
baseline process operations and yields. Accumulation of Test
Run data would require:

• Calibration of Instruments.

• Complete feedstock and product analyses.

• Complete temperature and pressure surveys.

• Specific material balance development with the goal to
quantify "losses".

..
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i) Provide, evaluate, and replace as necessary utility monitoring
instrumentation and confirm its accuracy. Process unit utility
consumptions per tonne of product should be calculated with
yearly goals set to reduce utilities, so far as practicable.

j) Evaluate new and improved catalysts for the Catalytic
Reforming Unit that may provide yield and energy efficiency
advantages. It is highly probable that the old catalysts can be
traded for the new catalyst and in addition a hard currency
pavement will be made to the refinery, due to the higher
platinum content of the old catalyst. The refinery is working to
achieve these goals.

k) Develop a detailed maintenance history and data logging
program. Significant downtime data can justify equipment
replacement.

I) Other recommendations are as follows:

• Investigate the use of structured packing as appropriate in
other capacity limited towers, to improve fractionation
and product quality.

• Install properly selected steam traps on all steam users.

Where not already in place install permanent vibration and
temperature monitors and shutdown devices on the
refinery's critical compress\;.. s and air blowers.

• Investigate and install canned or magnetic drive pumps in
dangerous chemical or acid service.

• Utilize a service for analysis and design of heat
exchangers such as HTRI for designing new and rerating
existing heat exchangers al,d look at pinch analysis of
crude heat exchange train.

• Perform mo",thly flue gas analysis on each furnace and
adjust burners accordingly. Preferably, go to automatic
control, as suggested next.

• Install oxygen analyzers on furnaces in major refinery
units. Preferably, install automatic fuel controls on all
fired heaters in conjunction with "in-situ" Oxygen/flue gas
analyzers.

• Purch:lse portable hand-held infrared digital thermometers
for maintenance group for checking bearing housing
temperature and insulation heat 10$s.
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• Investigate the installation of remotely control of air
dampers to furnaces.

• Investigate the installation of a flame guard system on
burners.

• Study the addition of a vacuum pump to replace the
steam vacuum jets in the normal operation of the vacuum
unit. This will also improve environmental.

• Investigate the installation of condensate collection drums
at the condensate collection stations; allowing low
pressur~ steam to flash off and used in storc:ge tanks
heating.
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I. i~~!DIATEOPPORTUNmES

DESCRIPTION COST BENEFIT

Develop and implement a comprehensive energy conservation program. This Insignificant if all the Significantly lower
could include: energy is now metered refinery energy costs.

on the process units•
• Formation of an energy audit team. Otherwise, the cost of Provides a baseline for
• Purchase of publications (magazines, books, periodicals) related to installing those meters. further yearly

specific enGrgy conservation practices. improvements.
• Attendance at AIChE, API, NPRA seminars related to energy efficiencies.
• Precise monitoring of all utility consumptions for each process unit. Major U.S. refiners
• Calculation of energy consumed per unit of feed or product, and have reduced their

comparison to Western standards. energy usage per barrel
• Authority to make changes to improve overall refinery energy efficiency. of crude run by over
• Hold the unit manager responsible for eneru', consumption. one third during the

past 17 years. They
By: Pavlodar Refinery are now averaging

about a 1 percent
reduction per year.

DESCRIPTION COST BENEFIT

Develop and implement a program to frequently monitor product yields and Minimum Variable Immediate improvement
qualities along with utilities consumptions. Adjustments to process operating in quantity of higher
conditions would be recommended to optimize product values vs. feed and utility quality product.
costs. This type of program could minimize lower value and maximize higher
value !lroduct manufacture, and optimize product qualities (e.g., eliminate octane
WgiveawayW).

By: Pavlodar Refinery
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I. IMMEDIATE OppORTUNmES

DESCRIPTION COST BENEFIT

Attend education/training seminars related to fired heater operations and $10000 to $15 000 Immediate energy
optimization with specific focus on optimum air to fuel ratios, and burner for 1 person for 1 savings in the fired
operations & maintenance. The training representative should conduct the week. heater sections of the
seminar at the jobsite if at all possible. plant.

Result will be immediate improvement in fired heater operations and energy
consumption.

Su~plier: John Zink or equivalent, or furnace combustion specialist or consultant.

DESCRIPTIO&\! COST BENEFIl"

Attendance at steam trap selection and maintenance education/training seminar $5 OOO/person Immediate steam
with special emphasis on reduced steam consumption. consumption redL'ctions

Western firms may be resulting in lower
Result will be lower overall steam consumption. willing to present a overall energy

seminar at no charge. expenditures.
Supplier: Spirax Sar,;;o, Inc.

2806 Center Circle Dr.
Downers Grove, Illinois 60515

or
Armstrong International
1081 East Ocean Blvd.
Stuart, FL 34996
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I. IMMEDIATE OPPORTUNITIES

DESCRIPTION COST BENEFIT

Attendance at a refinery equipment inspection, evaluation, and recertification $5 000 per person Improved process unit
training seminar. on stream time.

Result will be ability to enact an approved prev~ntative maintenance program to
improve turnaround maintenance efficiency, equipment failure rates, bnd OVf~mll

safety aspects of the complex.

DESCRIPTION COST BENEFIT I._""".
Attendance at AICHE, API or NPRA seminars regarding refinery operations energy $5 000 (Estimate) Result will be better
efficiencv. per person understanding of

modern refinery energy
Supplier: AICHE, API, NPRA or European Equivalent. efficiency improvement

practices which will
vield improved refinery
energy expenditures
per mt of crude
processed.
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I. IMMEDIATE OPPORTUNITIES

DESCRIPTION COST BENEFIT

Attendance at petroleum engineering design and operating course. $3 000 (Estimated Result will be improved
Course Cost) understanding of

Supplier: UOP or Equivalent per person modern basic
engineering design
practices that can
stimulate future
process unit revamp
options.

DESCRIPTION COST BENEFIT

Purchase one thickness gauging system (e.g. sonogram, audiogram). $3 000 to $5 000 Allows maintenance
crews to accurately

Vendor: Krautkramer Branson determine process
P.O. Box 350 equipment metal
lewistow, PA 17044 thickness to efficiently

monitor equipment
corrosion, schedule
turnaround
maintenance and
preclude equipment
failures.
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I. IMMEDIATE OPPOR7UNmES

.. . ~. I ...

DESCRIPTION COST BENEFIT

Conduct ·Test Run~· of individual process units to determine baseline process Variable - By refinery Provides a firm
operations and yields. Accumulation of Test Run data would require: staff. operations baseline for

1. Calibration of instruments.
future process unit
evaluations.

2. Complete feedstock and product analyses.

3. Complete temperature and pressure survey~.

4. Specific material balance development with the goal to quantify ·Iosses·.

By: Pavlodar Refinery

DESCRIPTION COST BENEFIT

Provide, evaluate, and/or replace the utility consumption monitoring Variable - By refinery Provides concrete
instrumentation and confirm its accuracy. Evaluate overall Pavlodar refinery staff. utility consumption
balances and utility system capabilities. numbers for each

process unit. This will
Allows refinery staff to: allow accurate

evaluation of the
1. Qualitatively determine the capacity, reliability and future capability of the efficiency of each

utilities systems. Results will determine if future utility ad.iustments (e.g. process, and thus lead
replacement of electric motors with steam turbine drivest could be justified. to identification and

implementation of
2. Determine energy consumptions per unit of feed charged or product energy savings

produced. Results will allow operating staff to adjust process conditions to activities.
improve overall energy efficiencies.

By: Pavlodar Refinery

,
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I. IMMEDfATE OPPORTUNITIES

DESCRIPTION COST BENEFIT

Purchase portable hand-held infrared thermometer for maintenance group for Budget Cost: Improved on-stream time
checking bearing housing temperature and checking for insulation problems. $2000 due to prevention of

unscheduled
maintenance; reduction
of heat loss through
Door insulation.

DESCRIPTION BUDGET COST BENEFIT

Perform monthly flue gas analysis on each Equipment has Immediate, in addition to environmental improvement. It is
furnace and adjust burner controls to minimize been supplied by believed that a 10 to 15 percent improvement in fired heater
excess air. Attention to flue damper operation John Brown efficiency is easily achiovable. In 1992, Pavlodar reported
and burner air registers is also suggested. through this U.S. fuel usage of 374 000 metric tonnes. At $70/mt and 10

AID program. percent efficiency improvement, this equates to a savings of
$2.6 million dollars a year•

.;t
-o~
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I. IMMEDIATE OppQRTUNmea

Df~CRIPTION COST BENEFIT

Install ·in situ· oxygen analyzers on furnaces $14000 each Refer to ·Flue Gas· analysis recommendation above. This
on major the refinery units. plus installation project contributes significantly to the overall fuel savings.

labor

DESCRIPTION COST BENEFIT

Consider using Western firms wh~n it is Minimal At design operating rates for the crude units an increase in crude
necessary to replace heat exchangers, heat exchanger efficiency is worth $35 700 per year per degree
as they use comliuter programs for centigrade. That is, getting 10°C more out of the heat exchange
analysis and design of heat exchangers train will save $357 OOO/yr in fuel loss. It should be noted that
such as HTRI for designing new and part of the short-fall is due to fouling and the need for improved
rerating existing heat exchangers. The cleaning regimen, however, improved heat exchangers and system
resultant n&w designs are more efficient analysis is a necessary part of the energy improvement process.
and cost effective•

'~ ,
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I. IMMEDIATE OPPORTUNITIES

II

"

DESCRIPTION COST BENEFIT

CO'lduet regulc:r heat exchcm~er operating audits. Exchanger cleaning MinimalNariable By Energy savings due to
schedules and antifoulant: injecti!ln procedures should be based on audit refining staff. improved heat
results. exchanger operation.

By: Pavlodar Refinery

DESCRIPTION COST BENEFIT

Evah;:-:":e refinery hydraulic loops to determine if excessive pressure drops are Minimal by refinery staff. Reduced electrical
taken across fluid flow system control valves. Trim pump impellers to meet energy consumption.
actual system requirements.

DESCRIPTION COST BENEFIT

Purchase a computer aligning machine to achieve more accurate machine Budget price for one Improved on-stream
alignment; hence lower failure rate. computer = $5000 time, and thus improved

plant profitability due to
prevention of
unscheduled downtime.

h.".
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I. IMMEDIATE OppO!'ITUNmes

II I. i

DESCRIPTION COST BENEFIT

Purchase and install a computer with proper software for the Budget price for Improved on-stream time as a result of
maintenance group for monitoring, controlling, scheduling and ccmputer and decreased amount of unscheduled downtime
tracking the refinery maintenance management system. software = through improved planning.

$20000

DESCRIPTION

Develop en 'Jxtensive equipment insulation
program to repair and replace existing insulation
in poor condition, supplement existing insulation
in good condition as necessary, and add
insulation to currently exposed equipment items
based on world energy prices and heat losses of
equipmont. Improve insulation practices, for
example, insulate bare pumps, valves, piping, and
jacket with aluminum or galvanized sheet metal
where process temperature exceeds 65°C.

Kazakhstan - Part V - Technical Refinery - Operations

COST

Approximately
250 parts at 1.0
m2 each.

Installed cost at
$210/m2 =
$52500

BENEFIT

:\t average process temperature = 150°C, heat foss with a
3m/sec wind, approximately 3 200 Kcallm2 = 800 000
Kcallhr

Approximate value:

800 000 Kcal Kg tollM 7920 fir ~~II:. ~ tOIlM.J
--x " x • V09U"> --

hr 9 800 Ke4l 1 000 kg yr yr

646-' toMU" $70" 1 = $S6 $71
yr toMU 0.80 EFF yr

Payout:

$S2 500 • 0.93~
S6571
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I. IMMEDIATE OpPORTUNmES

DESCRIPTION COST BENEFIT

Where not already in place install permanent Budg'lt cost: Based on refinery experience, it is reasonable
vibration and temperature monitors and shutdown $2 OOO/point. Estimate to assume 2 failures/yr. Cost of failure =
devices on refinery's critical compressors. 8 pts/compressor. Cost = $10000. Total cost $10000 x 2 = $20

$2 000 x 8 = $16 000 000.
Payback = Less than 1 yr.

DESCRIPTION COST BENEFIT

Investigate steam and condensate recovery system operations and 1 trap = $200 Savings of $1 000 to $3 000 per year
options. Current lack of steam traps and condensate recovery systems Installed = per application are possible, if steam is
result in inefficient utilization of the steam source. Audit the steam $400 now allowed to blow through
generation, distribution, utilization, and condensate return equipment and unchecked in heating unit.
balances in detail. Develop a comprehensive plan to upgrade the steam Total cost =
system(s). $400 x 100 = Potential Pay-back, per trap

$40 000
1. Add, repair, or replace insulation as required.

$400 - 4.8 months2. Implem9nt complete steam trap selection and maintenance program.
3. Conside!' utilization of steam turbine drivers, particularly for critical $1 000fyr

services. This typs of driver can provide improved utility efficiencies
at turndown operatiol1s.

4. Replace steam tracing piping with stainless steel or copper tubing.
Ensure proper installation and insulation of steam traced lines.

For example, install steam traps on steam condensate lines in the
refinery's tank farms.

'\
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I. IMMEDIATE OppORTUNmES

DESCRIPTION COST BENEFIT

Action: Provide a review of and training in capital budgeting practices. $25000 Improved return on
Estimated/person invested capital and

Benefit: Allocation of capital funds in a business must be based on proper allocation of
maximizing financial return. A portion of available funds are needed Follow-up limited funds.
for maintenance, environmental and safety purposes. However $15 OOO/person
discretionary capital should be allocated on a sound
technical/economic basis. Refinery management needs the tools and
understanding to recognize and support projects that minimize costs
(in many cases energy savings) and thus maximize profits. Yield
improvements, 13bor reduction, new products, new business lines,
etc., also fall into this category.

Supplier: To be determined. Business schools or individuals frem project
justification/financial analysis areas are possible sources. Groups
spec!alizing in management training, such as the AMA are anothe,
source.

DESCRIPTION COST BENEFIT
"

Repair broken and damaged cooling tower Budget price per A tower cooling water supply temperature can be translated
sheathing to allow better cooling tower tower - $5 000 to reduced water flow and lower pumping costs.
efficiency.

Kazakhstan - Part V - Technical Refinery - Operations
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I. IMMEDIATE-TERM OpPORTuNmes

il.'

I
DESCRIPTION COST BENl=f!T

Investigate and instail a lube oil analysis maintenance By refinery staff. A full analysis of lubrication requirements and
program (0 reduce equipment failure. implementation of resulting insights will aid in reducing

equipment failure and resulting loss of product due to
unscheduled downtime.

DESCRIPTION COST BENEFIT

Action: Consider installation of variable frequency drives Varies with Reduce energy consumption, improve product quality,
in selected applications. application and product quantity.
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I. IMMEDIATE-TERM OppORTUNmES

DESCRIPTION COST BENEFIT
~,~

Investigate the installation and justification Material and labor cost for 20 Allowing low-pressure steam to flash off and >A used I
of condensate collection drums at' the foot high x 10 foot diameter. in storage tank heating.
condensate collection stations. drum = $50 000.

.~ -_ .

. _.,_ ..~-, ~
DESCRIPTION COST BENEFIT

Study thEi addition of a vacuum pump to replace Installed = $30 000 Ability to obtain tower vacuum and more efficient
the steam vacuum jet in the normal operation of operation of the vacuum system. Current low energy
the vacuum tower. costs may not at this time justify the cost ey.penditure

required would also reduce waste water contaminlltion.

DESCRIPTION COST BENEFIT

Investigate the installation of a flame guard Material - $1 000 for 28 Combination of safety (prevent fire or explosion) and
system on furnace burners. burners = 28 x $1 000 savings in excessive fuel usage should a burner fail.

= $28000

Installed = $56 000

Kazakhstan - Part V - Technical Refinery - Operations
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ii. Medium-Term Opportunities

Below is a listing of medium term, intermediate capital cost
opportunities (approximately $100 000 to $5 000000) for energy
efficiency or operational improvements:

a) Improve fired heater overall operations and efficiencies.

• Add advanced process control of combustion air & fuels.

• Replace or repair of burners as necessary.

Replace heaters with steam reboilers where feasible.

• Consider incorporation of a Hot Oil System if replacement
of fired heaters (e.g. reboilers) and/or exchangers
becomes necessary.

b) Invest in computer software as follows:

n Simulation program(s) for Fractionation, Crude / Vacuum
Distillation, Reforming, and Distillate Hydrotreating and
FCC Unit operations.

ii) LP Model for profit analysis based on alternate feedstocks
and the r~sulting product slate.

c) Commission some or all of the following studies intended to
improve the energy efficiency, operability, and/or product yields
of the refinery:

• Installation of Advanced Control Instrumentation,
particularly for combustion control.

• Modification I revamp of existing Catalytic Reforming Unit
equipment (reactors, fired heater tubes, piping, etc.) for
suit.ability to higher temperature (> 1 000 OF) operations
for increased gasoline octane capabilities.

• Improve Vacuum Fractionation potential by modificatil :l

of the current column configurations and/or internals.

-
I
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d) Upgrade Steam Generation Systems

• Upgrade condensate rec(;very systems such that
condensate is recovered and returned to the steam
system.

• Consider Steam Turbine Drivers to improve efficiency of
turndown operations. Investigate the economics of
adding a turbine nozzel for steam admittance/extraction to
minimize condensing and help to balance the steam
system.

• Consider steam heated reboiler exchangers to replace fired
heaters, where f~asible.

I.

•
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II. MEDIUM-TERM OPPORTUNITIES

DESCRIPTION COST BENEFIT

Commission a comprehensive study to investigate how best to improve overall A comprehensive study Immediate energy
fuel fired efficiencies consideriiig: I is est!mated to cost savings expected. The

between $1 "0 000 to fired heaters are the
a) Addition/utilization of Advanced Process Control of combustion air and $200000. most energy intensive

fuel(s). equipmtOnt items in the
refinery. They also

b) Replacement or repair of burners as necessary. appear to have the
most potential for

c) Replace fired heaters with steam reboilers, where feasible. improved energy
efficiency.

d) Consider incorporation of 3 Hot Oil System if replacement of fired heaters
(e.g. reboilers) and/or exchangers becomes necessary.

\f
Kazakhstan - Part V - Technical Refinery - Operations Page 211

n' ,



~
-:i:-

.lCB'1IRONN

II. MEDIUM-TERM OPPORTUNIT1£S

DESCRIPTION

Invest in computer software as follows:

a) Simulation program(s) for Fractionation, Crude and Vacuum Distillation,
CatalYtic Reforming, and Distillate Hydrotreating. .

b) lP model for profit analysis based on variable feedstocks and resultant
product slates.

Allows systematic approach to operations and yields predictions.

Simulation Program Suppliers:

Hyprotech - "Hysim"
Sim-Sci - "Process", 'PROm", "ASPEN/SP"
Chem Share - "Design II"
AspenTech - "ASPEN PLUS"

or equivalent

Kazakhstan - Part V - Technical Refinery - Operations
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I COST

$20 000 to $250 000
Depending on program
selected and training
required.

BENEffi

Improved refinery
operation and their
profitability•
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II. MEDIUM-TERM OppORTUNmES

DESCRIPTION COST BENEFIT

Commission a study to evaluate best implementation of advanced control $250 000 (Est.) Results in improved
instrumentation for optimized process operations. energy efficiencies,

product quantity and/or
product quality that are
generally paid-off in
less than one year.

DESCRIPTION COST BENEFIT

Commission a study to evaluate revilmping of the existing Catalytic Reforming $250000 (Est.) Improved yields and
Unit to higher temperaturellowar pressure operations for increased octane and product qualities of a
yield benefits. high value product. Is

needed to improve
overall refinery
profitability•

;-v, Kazakhstan - Part V - Technical Refinery - Operations
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II. MEDIUM-TERM OPPORTUNITIES

I ,
, I

DESCRIPTION COST BEP~EFIT

Upgrade the steam generation, distribution, and condensate recovery systems to To Be Determined Reduced steam
improve utility efficiency. consumptions resulting

• Upgrade condensate recovery systems such that condensate is recovered in improved refinery
and returned to the steam system. utility efficiency.

• Consider Steam Turbine Drivers to improve efficiency of turndown
operations. Investigate use of ',.,dmittance/extraetion nozzle.

• Consider steam heated reboiler exchangers to replace fired heaters, where
feasible.

DESCRIPTION COST BENEFIT
-

Action: Consider installation of two- $160000 Reduced energy consumption, and maintenance (duff to
speed/reversing motors/controllers on reduced icing)
all cooling towers

An economic justification of this recommendation should be
undertaken, considering reduced energy consumption and
maintenance costs.

,)
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iii. Long-Term Opportunities

Below is a listing of long term, significant capital investment
(greater than $5 000 000) opportunities for greater energy
efficiency or operational improvements. Implementation of these
projects should be considered following a detailed evaluation of
long range plan of the Pavlodar refinery operations.

a) Proceed with plans to complete the partially completed
Combined Unit. Potential process additions should be appraised
with the realization that the refinery may process heavier,
higher sulfur content crude oils in the future.

b) The refinery must acknowledge that strict adherence to
Kazakhstan state and world standard product specifications will
be required in the future. Improved production quality
standards may become necessary. Consideration should be
given to:

• Merox treating of LPG, Gasoline, and Jet Fuel products.

• Higher octane requirements of the gasoline pool,
Alkylation Unit.

• Lower sulfur requirements of heavy fractions.

• Fuel Oil desulfurization

• Additional elemental Sulfur Recovery

c) Incorporate Advanced Process Control or Distributed Control
Systems into the refinery. This will require replacement of the
majorit.,. of the refinery instruments. Consolidation of Control
Rooms should be considered.
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III. LONG-TERM OppoRTUNmES
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DESCRIPTION COST BENEFIT

Proceed with plans to complete the partially completed Combined Unit. For the If the refinery feels Would place a partially
future, consider the following units for bottom of the barrel processing. that additional completed asset in

studies are operation to meet projected
• RCC Unit (similar to FCC technology - for processing of atmospheric necessary to future growth.

reduced crude. secure fim~ncing, a
budget cost of

• Hydrocracking Unit $350000 to
$500000 is

Potential process additions should be appraised with the realization that the sugaested.
refinery will process heavier, higher sulfur content crude oils in the future.

DESCRIPTION COST BENEFIT
-

The refinery must acknowledge that future strict adherence to Kazakhstan state To be determined To meet future product
and world standard product specifications will be required. Improved production quality and market
quality standards may become necessary. Consideration should be given to: demands.

• Merox treating of LPG, Gasoline, and Jet Fuel products.

• Higher octane requirements of the gasoline pool.

• Future addition of an Alkylation Unit.

• Lower sulfur requirements of heavy products which could require :

a. Fuel Oil desulfurization
b. Additional elemental sulfur recovery
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, I I



e. Environmental Emissions Reductions

i. Immediate Environmental Opportunities

There were no observed situations in which field changes could be
made during the site visit which would reduce the refinery
environmental emissions. There are, however, some low-cost
activities that can be undertaken.
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I. IMMEDIATE ENVIRONMENTAL OPPORTUNITIES

DESCRIPTION COST BENEFIT

The following environmental activities could be undertaken with little capital Improved environmental
expenditure. conditions through

reduction of oil outflow
1. More frequent skimming of floating oil at the intermediate settlers. Additional man hours of in waste Welter.

existing staff.

2. Optimize operation of the dissolved Air Floatation Unit. Add more Cost of chemicals and
flocculent and increase amount of compressed air fed to the unit. power from Air

Compressor.
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I. IMMEDIATE ENVIRONMENTAL OpPOR1UNmES

DESCRIPTION COST BENEFIT
-

Investigate and install a canned or magnetic drive pump in LPG dangerous Budget Cost: Pe!'sonnel safety and
chemical or acid service. ~15 000 environmental benefits

through reduced voe
emissions.

DESCRIPTION COST BENEFIT

a. Supply the plant wii~ stack gas analyzers which will allow them $15000 • Reduction of air emissions.
to optimize combustion to minimize the release of NO. and CO.

b. Provide an ambient air organic vapor analyzer so surveys of $10000 • Generate an employee
pumps, flanges, valves and vents can be conducted. With these awareness of pollution con-
data, a program of volatile organic emission reduction could be trol activity.
developed.

DESCRIPTION COST BENEFIT

Investigate the environPlental benefit of converting existing burners Estimate cost low NOx burners at Immediate,
to lower NO. type. $1 000lburn9r environmental benefits
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I. IMMEDIATE ENVIRONMENTAL OpPORTUNmes

DESCRIPTION COST B~NEFIT

a) F.stablish an Employee Environmental Education Program. Cost cf refinery manpower Improved environmental
assigned or cost of outside conditions through education and
consultant, estimated at $25 000. resultant actions.

b) Determine the source of excess waste water flows. Refinery manpower. Improved environment through
rem~dial actions.

c) Survey the valves, flanges, and vents for hydrocarbon Refinery manpower. Reduced VOL emisson thiough
losses. In conjunction with acquisition of an Organic corrective actions.
Vapor Analyzer.

\
,~
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Ii. Medium-Term Environmental Opportunities
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II. MEDIUM-TERM ENVIRONMENTAL

DESCRIPTION COST BENEffi

Inst~" a storage tank vent collection system on the 38 tanks storing 5 000 x 38 tanks • Recover about 8 300 mt of
volatile products. = $190000 product per year.

Install three vapor condensing systems on the vent system above. 2 at $15 000 = $30000 $160/mt or diesel is
appropriate world price of

Total = $220 000 product in Fall 1993.

At $160/mt, this is $1.33
million savings or a 2 month
payback.
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Iii. Long-Term and -Further Environmental Work Required

The recommendation for further environmental work transcend the
refinery. A state effort must be put forth to develop a viable body
of laws, rules, regulations, inspection, and statewide
inspection/enforcement procedures. This effort must involve the
local District political and industrial representation plus interface
with adjacent Districts or countries, as well. This effort will be
required over a period of 5-10 years. The cost cannot be
estimated at this time.

The results of this activity will provide the direction for future
technical changes in refinery configuration and operations.

/
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III. LONG-TERM ENVIRONMENTAL

DESCRIPTION COST BENEFIT

The following activities will require additional
studies and/or significant expenditures.

a) Install combustion controls on the process Previously suggested under energy saving Reduction in emissions as well
heaters. section of this report. reduced fuel usage.

b) Revamp or replace oil traps with an API Minimal to $100 000 plus if replacement Improved waste water quality
Type Separator. needed. and increased recovery of waste

oil.

c) Separate salty from oily waste water. Study needed - $25 000 estimated. Improved waste water·
conditions.

d) Modify sulfur plant so that it operates Engineering Study $50 000 10 $100000. Implementation of results of
efficiently at the reduced feed rates now study would reduce 502
seen in refinery. emissions significantly.
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6. SUPPORTING PLANT DATA

a. Thermal Energy

i. Heat Transfer Equipment

a) Fired Heaters

The crude section atmospheric charge furnaces P-101 and P
101/1 are side-fired updraft with the flue gas collected and fed
to a large 10 meter diameter 160 meter high stack. A small
reboiler heater P-102 for K-104, the debutanizer tower, is
bottom fired and feeds its flue gas into the P-101 header. The
stack contains two waste heat boilers. The diesel desulphurizer
P-301 lies on the opposite side of the stack. It is bottom fired
updraft with its flue gas feeding into a top-mounted flue gas
header which discharges into the stack, 180 0 opposite to crude
furnaces' discharge. The kerosene desulphurizer furnace P-302
lies next to P-301, it also is a bottom fired updraft unit with its
flue gas being collected by the same header.

The next furnaces in the line-up are the reformer furnaces. P
201 is the desulphurizer charge furnace and P-203/1 ,2,3 heats
the last three reformer reactor feeds. These furnaces are side
fired updraft with the flue gas being collected in the same top
header as P-301. P-202, P-204 and P-205 are fired tower
reboiler heaters.

The vacuum tower furnace poGO 1 in the FCC complex is bottom
fired with the flue gas collected in a top header. Into this same
header is collected the flue gas from the visbreaker furnaces N
701 and the Vacuum Gas Oil Hydrosulfurizer (VGO HDS)
furnace P-101. The heat is extracted from the flue gas in two
waste heat boilers before being discharged into a 10 meter
diameter by 160 meter high concrete stack.

The furnaces on the hydrogen unit for methane steam reforming
are two tall adjacent side-fired top draft furnaces with a waste
heat boiler built across their tops. Time did not permit
observation of the delayed coker, sulphur plant and bitumen
unit furnaces.

Burners on the fired furnaces on the light oil and heavy oil
combination units are combination burners. They can fire on
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100 percent oil, but not 100 percent gas. On the light oil
combination unit, at the time of our visit, they were firing 50
percent mazut and 50 percent fuel gas. On the heavy oil
combination unit, they were firing 30 percent mazut and 70
percent fuel gas. The furnaces at the delayed coker, sulphur
plant and bitumen unit are fired on fuel gas only.

The heat content of the mazut vari,ss somewhat while that of
the fuel gas can change drastically at a rapid pace. To
compensate for this, the operaters open the air registers on the
burners to the wide open position to prevent smoke formation.
It also makes the furnaces easy to control. This also makes for
high excess air in the flue gas and lower furnace efficiencies.

b) Heat Exchange

Most of the refinery's heat exchangers are of the shell and tube
variety. Product cooldown is normally achieved by first cooling
the product down, by heat exchanging .with other process
streams, in shell and tube exchangers. When a temperature is
reached where further product cooling with process streams is
not practical then further cooling in forced air cooling
exchangers is done. The final trim cooling is done with cooling
water in shell and tube exchangers.

Exchanger insulation is generally mineral wool covered with
galvanized sheet metal. On the light oil and heavy oil
combination units, most of the exchanger bonnets, nozzles and
channel covers are not insulated.

c) Waste Heat Recovery

The refinery has the following wa~te heat recovery systems:

• Light oil combination unit - Two boilers (12 kg/cm2 and 36
kg/cm2) generate 30 mtlhour of steam from the
atmospheric crude, kerosene and diesel desulphurizers
and reformer furnaces' flue gas.

• Heavy oil combination unit - Two boilers generate steam
from the vacuum distillation, visbreaker and VGO HDS
furnaces. One boiler generates steam from the
regenerator flue gas. There are also small heat generators
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on the diesel and asphalt streams of the vacuum
distillation unit and two on the visbreaker quench.

• Hydrogen unit - A boiler using the furnaces flue gas as
heating media.

• Sulphur plant - A boiler and two steam generators.

• Delayed Coker - Two boilers using furnace flue gas as
heating media plus one boiler using the flue gas from the
rotary kiln on the coker calciner.

• Bitumen plant - A boiler using the oxygen exit gas as
heating media.

The waste heat boilers supply about 100 mtlhour which is
about 30 percent of the refinery steam demand of 300-320
mt/hour.

The light oil combination unit's two waste heat boilers are an
unusual design. The accumulators, deaerators, boiler feedwater
pumps and the other boiler appurtances are housed in a two
story donut shaped brick building. Occupying "the hole-in-the
donut" is a 10 meter diameter, 160+ m~\ter high concrete
stack. The mud drum, steam drum, boiler tubAS and super
heating tubes of the 12 kg/cm2 and 36 kg/cm2 boi:,~~rs are in the
concrete stack.

The final flue gas temperature standard is no more than 195°C
(383°F) after steam generation. But as a practical matter the
refinery runs closer to 220°C (428°F). The refinery has noted
that as they approach 195°C, corrosion greatly increases.
They have needed to retube the light oil combination unit waste
heat boilers due to corrosion, more than once a year. The use
of 18-8 58 tubes has been suggested to the refinery.

d) Cost Effectiveness of Increasing Heat Transfer Surfaces

When the refinery has reasonable figures for its present and
future projected energy costs, it should strongly consider doing
"pinch" analyses for the heat exchangers on its major process
units. Other factors that favor preforming a pinch analysis are;
has the refinery been modified since the original design and is
the crude being run the original design crude. The analysis
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would help determine the economics of adding more
exchangers to increase heat transfer and/or changing the heat
exchange configurations. It will also help the refinery to set
economic priorities in increasing heat transfer surfaces and/or
changing heat exchange configurations.

As a rough example, the economic driving force to improve heat
transfer within the light oil combination crude heat exchange
train is as follows:

Basis: Design Unit Feed Rate
Specific heat of crude oil
Fuel Oil heating valve (minimum)

Heater Efficiency
Fuel Cost, World Price Basis

947 tonnes/hour
0.6 kcal/kg - °C

9 800 kcal/kg

90%
$70/mt

.2!!.! % 24hr % 0.6 Aral % 1 000 1:;J ... 13.63 x 10' Jral
hr. day kg_·C t DC - day

At 90 percent furnace efficiency and an operating time of

330 days
yr

i.e. The operating cost reduction, due to a decrease in the
amount of fuel fired, is $35 715/year ?er °C rise in crude
temperature, as a result of improved heat recovery in the
crude heat exchange train. At 75 percent furnace
efficiency, the savings becomes $42 860/year for each
°C the furnace inlet temperature is raised.
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Achievement of these savings may be possible through
improved heat exchange design, minimization of fouling and
optimization of the heat exchange train system.

e) Tracing and Temperature Maintenance Systems

All heat tracing and temperature maintenance is done with
steam. The gas lines to the flares are steam traced for freeze
protection. Some of the instrument cabinets are steam heated
for freeze protection and/or heat maintenance. All hot product
lines are steam traced for heat maintenance.

Carbon steel tubing is used for most of the tracing. Most of the
tubing joints are made-up by welding. A minor use of tubing
fittings was observed.

ii. Heat Rejection Systems

a) Cooling Water Systems

Cooling water is furnished to the process units from packed
cooling towers. For further information on cooling towers see
"Environmental Considerations" - Cooling Towers, paragraph
IV.C.S.c.

At Pavlodar, the main uses for cooling water are:

• Final trim cooling of product and rundown streams in shell
and tube exchangers.

• Provide cooling media for the inner and after coolers of
the instrument and plant air compressors.

• Provide cooling media for the inner coolers of the
reciprocating compressors in the light and heavy oil
combination units.

• Provide cooling media for the heat exchangers cooling the
air in large synchronous and induction motors.

• Provide cooling media for the lube/seal oil coolers of the
centrifugal compressors.
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Total cooling water circulation capacity is 7 200 cubic meters
per hour. Evaporation losses make-up is about 350 m3/hr. This
make-up is untreated river water, which is reported to be very
soft. The temperature difference of the heat exchanger
approach is normally 12° to 15°C (22 ° to 27° F). As energy
costs rise toward world prices the refinery will be able to justify
more exchanger surface area to get smaller temperature
differences.

b) Air Cooling System

The air coolers observed at Pavlodar were of two general sizes.
Both sizes were of updraft design and configured as vane axial
units with shaped inlet bells. The smaller size has an eight
bladed manually fixed-foil fan about 2.5 meters in diameter. It
is powered by a direct 30 kW vertically mounted motor. The
larger size has an eight-bladed manually fixed-foil fan about 4
meters in diameter. This larger unit is directly powered by a 55
kW vertically mounted motor.

Both units are built of flat exchanger sections which are
composed of rows of finned tubes rolled at each end into
header plates and covered by a cast bolted header cover. The
smaller unit's sections are about one meter wide, five meters
long and one-third of a meter deep. The small units have six
sections mounted in three horizontally paralleled inverted "Vs".
The larger unit's sections are seven meters long and are
mounted in four horizontally paralleled inverted "Vs".

The air coolers themselves are used singly and in paralleled
arrays. The most common array seen was a two section by
two section square. At the light oil combination unit, most of
the air coolers are mounted on a roof structure that covers the
pump alleys. The roof structure extends about one-third of a
kilometer.

c) Equipment, Piping, and Steam Heat Losses

The Pavlodar refinery's relative heat losses are higher than
those now normally seen in Western refineries. There are four
main reasons for this:

• The first is that more insulating, using better insulation,
needs to be done. The only high temperature solid
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insulation seen in Kazakhstan was that installed on a GE
turbogenerator during the Post WW II Lend/Lease Plan at
Atyrau. Fiberglass and mineral wool are used in blanket
form for insulating. The mineral wool where used as high
temperature insulation is not very adequate. The organic
binder burns off and the insulation then rapidly
deteriorates. Also, blanket mineral wool and fiberglass
are 50ft and provide poor underlayment for sheet metal or
aluminum covering.

The refinery needs to do a better job of weatherproofing its
insulation. Both fiberglass and mineral wool wick and absorb
moisture reducing the insulating efficiency and leading to
possible pipe corrosion.

• The second is that with the very low previous price of
Soviet crude oil and gas, there was very little economic
incentive for refinery designers to spend extra capital
funds to make equipment and/or units more energy
efficient.

• The third reason is the longer piping runs due to the
spread out process units and the greater distances
between process units compared to Western refineries.

• The fourth is the lack of combustion controls and thG
wide open air registers seen on almost all furnaces and
heaters that lead to the high excess air noted. This in
turn leads to higher heated air losses to the atmosphere.

Valves, pumps, exchanger bonnets and other items that are
tirr I intensive to insulate were generally left uninsulated. As
crude and natural gas prices rise to world market levels,
economics will more forcibly dictate more and higher levels of
insulation.
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b. Mechanical Energy

i. Compressors and Fans

The light oil combination unit has two centrifugal compressors,
both located on mezzanines in the unit's compressor building. The
first is the steam turbine driven reformer gas compressor, UK-201.
The 6 000 kW machine boosts the recycle gas stream from 20
kg/cm2 inlet pressure to about 36 kg/cm2 discharge pressure. The
second centrifugal compressor is the 2 000 kW electric motor
driven diesel desulphurizer's recycle gas compressor, UK-301. For
both machines, the lube oil pumps, filters and coolers are located
below the mezzanines.

Also located in the compressor building are four 1 200 kW
reciprocating compressors. One (PK-301) plus a spare (PK·302)
are the Kerosene Desulphurizer recycle gas compressor. The 'other
two machines (PK-303 and FK-304) are the hydrogen
compressors. All four are driven by low speed synchronous
motors.

There are two sets of centrifugal compressors at the FCC
complex. The first set are the three 4 000 kW FCC regeneration
air compressors. The drivers are 3 000 rpm synchronous motors.
The second set are the three 3 200 kW FCC wet gas
compressors, with induction motor drivers.

The complex also has three 2000 kW reciprocating compressors
for the vacuum gas oil hydro-desulphurizer section with 1 000 r~m

synchronous motors.

The plant air compressor station is a two story building. The
compre!;sor room area is two stories high and has an overhead
travelling crane. The five plant air compressors are reciprocating
machines with two twin parallel stages sharing a single interstage
cooler. Each compressor is rated at 100 m3/min at 8 kg/cm2

• The
compressors are driven by 630 kW synchronous motors with drip
proof enclosures. The nameplate ratings are: 630 kW, 50Hz, 30,
±0.9PF, 500 rpm, 6kV, 71.5 A, field voltage 35 volts, field
current 262 A, efficiency 93.4 percent, weight 3835 kg and built
1976 in the USSR.

There are two instrument air compressors in the compressor room.
Each of the compmssors is rated at 20 m3/min. at 4 kg/cm2

•
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There are six large instrument air dryers which are operated on
eight hour cycles. Following the dryers are large dust filters.
Design dew point is minus 40°C, while the actual dew point is
close to minus 60°C (-76°FI.

Adjacent to the compressor room, occupying the first floor are a
workshop and electrical equipment room with the compressor
building control room on the second floor. The recorders used are
the miniature Russian built units seen throughout the refinery.
There are cC''!''ltrols to start, stop, load, and unload th~~

compressors. Loading of the compressors is d:me in 25 perC'l·~nt

steps. Also located on the board were emergency stops ior ali. the
compressors.

There were other compressors in the refinery th,'::It were not
observed due to time limitations such as those st t~,e hydrogen
plant and the bitumen unit.

Their are induced draft fans on all the large furnaces on the
combination unit and in the FCC complex.

The housekeeping in the compressor buildings was good to very
good. The foundations all appeared to be adequate, there was no
evidence of vibration problems. The buildings were spacious and
plenty of room has been left for compressor maintenance. All the
compressor buildings had bridge cranes installed.

Bentley-Nevada vibration monitors are installed on the two Light
Oil combination unit's centrifugal compressors, the 6 000 kW
reformer recycle gas compressor and the 2 000 kW diesel recycle
gas compressor.

ii. Pumps

The housekeeping in the pump areas varied from good to very
good. Th€o pumps are installed with very adequate space for
servicing and routine maintenance. The pumps are elevated on
poured concrete foundations and were generally painted. Coupling
guards were in place, painted in safety colors and had the pump
number stenciled on them.

Some piping practices are poor and would be unacceptable by
Western standards. Pump inlet and outlet flanges are used as pipe
supports and as anchor points. Some piping on the units is run

J
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along at grade to pumps, exchangers, and sewel'S providing
tripping hazards. Pump casing and impeller condition is unknown
but no evidence of malfunctions due to these conditions were
seen. The unit's mechanical engineer maintains a passport type
repair log for eAch of the unit's mechanical equipment. The
average pump chronological age is about 15 years.

Most of the refinery's pumps are centrifugal with single
mechanical seals. Some of the heavy oil pumps on the delayed
coker, bitumen unit and heavy oil combination unit have double
mechanical seals.

iii. Electric Motors

Most of the refinery motors are Soviet built TEFC-XP (totally
enclosed fan-cooled-explosion proof motors). Motors 200 kWand
over are powered at 6 kV; 160 kW and below, 380 volts is used.

At the present time, the largest motors in the refinery are the
three 4 000 kW 3 000 rpm synchronous motors driving the three
regeneration air blowers in the FCC section of the heavy oils
combination unit. The next largest motors are the three 3 200 kW
induction motors driving the three FCC wet gas compressors. The
three 4 000 kW motors have air reactors in their starting circuits
to reduce their starting currents to within acceptable limits for the
refinery electrical systems.

Besides the three 4 000 kW machines, all of the reciprocating
compressor drives are synchronous motors. Th~re is in the
refinery over 25 MW of connected synchronous motor load. This
helps explain the refinery's excellent 0.89 power factor. The large
synchronous machines on the process units are air cooled
machines with the internal circulating air cooled by a water cooled
heat exchanger.

With the refinery's present electrical costs, the use of high
efficiency or variable speed motors in the refinery would seem to
be a very low priority energy saving projects. They would have to
be purchased with hard currency, have only a nominal efficiency
advantage over Russian built motors and would have a long
payout time.
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iv. Steam Turbines

The only steam turbine in the refinery at the time of our visit is the
6 000 kW 7 500 rpm Soviet manufactured steam turbine driver for
the catalytic reformer recycle gas compressor. Steam is admitted
to the turbine at 38 kg/cm2 at about 390°C. The condensate is
returned to the district power sta1tion to help meet the 33 percent
condensate return requirements.

v. Special Equipment

The coke from the delayed coker is calcined in an approximately
100 meter long rotary kiln at 141:>OoC (2552°F.) The flue gas
from the kiln supplies the heating media to a waste heat boill:.:(.
The kiln's design production is 120 000 mta. Actual present
yearly tonnage is about 74000.

Another item of special mechanic:al equipment on the delayed
coker is ihe hydraulic decoking system used to remove coke from
the coking drums. The hydraulic de,coking system consisted of the
following.

a) Two high pressure (1808 kg/cm2) decoking water pumps.

b) Boring tool. Hydraulically cuts a pilot hole (approximately one
meter diamet~r) through the filled coke drum.

c) Cutting tool. Hydraulically cuts the coke from the drum.

d) Drilling assembly. Air motor; pClwer swivel, rotary drill hose,
crosshead guide and hoist assembly.

The vacuum in the vacuum tower of the Vacuum Distillation
section of the Heavy Oil Combinatilon Unit is generated by three
parallel, three stage steel steam ejectors.

c. I;nergy Loss Monitoring

Pavlodar has a new computer system, "Energy". All energy usage is
monitored and sent back digitally to a Hyundai HDP-920 computer
located in the refinery office building.. The computer monitors,
calculates and prints out all energy usage, peaks, changes, etc. It is
furnished with a CRT display and a teletype printer.
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Whiie the refinery i~ monitoring energy usage, it is not monitoring
energy losses. Missing and needed are the following:

• Temperature surveys to monitor heat exchangers and compressor
after and intercooler efficiencies to determine exchanger and
cooler cleaning schedules. Also, surveying heater stack
temperatures to help monitor excess air and possible heater
problems.

• "Pinch analyses" of the various process unit's heat exchanger
trains to determine if more heat recovery could economically be
made by the use of more exchangers and/or changing the heat
transfer configurations.

• Combustion controls on boilers and furnaces. No oxygen
analyzers, either sampling or "in situ" types, where observed
monitoring excess air. This is the first step in implementing
combustion control.

d. Refinery Maintenance Practices (Miscellaneous Elect.I'nstr. & Mech.
Details)

i. Policies

Besides the main maintenance shops (see section d.iv), there are
small mechanical electrical and instrument shops located at the
process units. There is a supervisor at each shop. The refinery
policy in general is that small, daily, low capital work and/or
repairs are done in the field. Large, non-routine, capital intensive
work is done in the main mechanical, electrical and instrument
shops. Large electrical equipment, such as a very large motor or
transformer, is generally sent to an outside repair shop, which has
a contract agreement with the refinery.

Each unit has its own mechanical engineer. The bigger units, such
as the combination units can have four or five additional engineers
while small units may have one. The mechanical engineer handles
scheduled maintenance and equipment history. The engineers also
provide technical assistance to the 5-20 unit maintenance
personnel.

The welding on code vessels, whether for repair or manufacture,
is 100 percent radiographed. Welders are retested each year in all
the procedures for which they are qualified. Vessels operating
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under partial hydrogen pressures and high temperatures are
guaranteed for twenty years. After 20 years service, continued
use of the vessel requires that a special test be performed on it,
each year, by the Lenneftetchin Institute of St. Petersburg. The
Institute then sets a maximum temper&ture and pressure the
vessel may be operated at for the coming year. The reactors in
the reformer diesel desulphurizer and the kerosene desulphurizer
are first due to be tested in 1998.

The electrical department uses staff selection for their apprentice
program. Promotion is by testing and training and is done at the
local university. The mechanical group's staff sends prospective
machinists to the shop head. He interviews them and then makes
the hiring decision. Those hired are given two weeks of basic
training and then put into the machinist apprentice program.
Outside help is used for training and examinations.

ii. Overall Impressions

While the Pavlodar refinery is spacious with the various units well
spread out, it does represent a change in design philosophy from
a "just single units" philosophy to a more modern energy efficient
combination unit philosophy. This change was first seen at
Lysychansk in the Ukraine, a combined FCC/Gas Oil desulphurizer.
Then at Shymkent in Kazakhstan, a light oil combination unit
consisting of an atmospheric crude, catalytic reformer, kerosene
and diesel desulphurizers and a vapor recovery unit. Now here at
Pavlodar, besides a Light Oil Combination Unit, that is a fraternal
twin to the one at Shymkent, there is a heavy oil combination unit.
It consists of a vacuum distillation unit, a visbreaker, a Vacuum
Gas Oil Desulphurizer, a FCC unit and a vapor recovery unit.
Combination units are being built to gain the heat integration
savings, lower'capital costs, and possible lower personnel
operating costs.

By U.S. standards, this is a new refinery. The light oil
combination unit started up in 1978, the sulphur and bitumen
units in 1979, the heavy oil combination and hydrogen units in
1983, the delayed coker in 1986 and the coker calciner in 1986.
However, the technology on the units is generally a generation
older than the units, 1960s or early 1970s technology.
Compounding the j;Jeneration gap is that the constant upgrading
seen in U.S. refineries is being done at Pavlodar to a much lesser
extent. The refinery is not being forced to improve its technology
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by its competitors, high energy prices, EPA, OSHA and a dynamic
highly competitive petroleum products market. Pavlodar has been
able to serve its market, meet its quotas without having to worry
about outside forces, (excepting crude supply).

The fire brigade is composed of special troops of the Kazakhstan
army under the command of an army Captain. There are two fire
stations, the smaller one was visited by John Bmwn. Its mobile
equipment consisted of a large ladder truck, a pumper and a foam
truck with spray nozzle. The small station's personnel
complement was 11 men per shift and the large station 27 men
per shift. Our overall impression was that the fire brigade was
very professional, has good equipment which it keeps in first class
condition.

The Heavy Oil combination unit and delayed coker/calciner have
made Pavlodar into a fairly complete refinery. The one process
unit that seems to be missing in the refinery is an alkylation unit.
The refinery already has the isobutane and butylene/propylene
feedstock for a new alkylation unit. The alkylate product can then
provide the necessary octane boost without lowering the RVP of
the gasoline that will be needed to fuel the more energy efficient,
less polluting gasoline engines that will be used in the coming
years.

The refinery needs to upgrade its process control by installing
distributed control systems (DCS) on the process units. With the
implementation of the DCS, the refinery needs to implement
advance controls, so as to start generating the cost savings and
profits that these controls can bring. Some advance controls that
should be considered for use with the start-up of the DCS or
shortly thereafter are:

• Atmospheric Crude Section

• Decoupling the side draws - This control allows the board
operator to increase/decrease a side product draw (changing
that product's IBP and EBP) without upsetting the other
product side draws.

• Cutpoint Calculation - This control replaces an ex'pensive
high maintenance analyzer. It calculates and infers boiling
point measurements such as 95 percent point from tower
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measurements. These measurements can then be used for
tower controls.

• Pump-around-Control -This control looks at the pump-around
flows, temperature, energy use and heat transfers and then
determines the economics of increasing/decreasing pump
around to increase/decrease product flows.

• Reformer Section

Reactor Optimization - Controls reactor temperature to
optimize catalyst life versus octane number of the reactor
outlet.

• Prefractionator Control - Sharpens fractionation so as to
minimize catalyst poisoning heavy ends and non-reactable
Hunt components in the reactor feed, thereby increasing the
reformer's octane-tonne output.

• Desulphurizers

• H2/feed ratio control - smooths flow, enhances the
desulphurization reaction and extends catalyst life.

• FI'Jid Cat Cracking (upon FCC completion)

• Reactor/regeneration optimization controls
reactor/regenerator parameters to optimize the reactions,
decrease energy usage and enhance the product split.

One U.S. major refiner who decided to convert all of its refinery
process controls to DCS, confirmed that their experience was that
it normally took four to twelve months of the new controls
operations to recover the DCS/advance controls costs for almost
all of the process units converted.

When starting an advance control project, a "process audit"
covering those areas that the process control will impact, needs
to be made. This audit should show all pertinent data, such as
flows, process conditions, energy usage, product quality and
stream values. This establishes the baseline. Later, three to four
months after the implementation of the advance controls, a final
process audit also needs to be taken. This audit COl/acts the same
data as that taken for the starting audit. With the data from the
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two audits, a final report can be issued showing the actual savings
versus the estimated savings and the reasons for any differences.
Besides establishing credibility for the project estimate and payout,
it also provides the feedback necessary to improve the savings
estimating.

Some ideal members of the audit team are the advance control
engineer, the process unit's operations engineer and one of the
consulting engineers, if used. The refinery will need to establish
an advance control group to maintain and troubleshoot existing
advance control schemes, evaluate possible future advance
controls, design new advance control systems and implement and
monitor their installations. With the high degree of savings seen
on advance control projects, there is usually a push for their rapid
implementation. This push, plus generally a lack of availability of
suitable in-house expertise, generally makes it prudent to hire
outside expertise. This expertise can be the advance control
group of the DeS manufacturer being used (such as a Foxboro or
Honeywell) or a consulting firm specializing in advance controls.
This provides an opportunity to upgrade the refinery's staffs
expertise. An engineer from the advance control group should be
assigned to work with and monitor the consultant. On similar later
projects, this will normally allow more (or sometimes all) of the
same type of control work to be done in-house.

iii. Process Unit Review

a) Light Oil Combination Unit

The light oil combination unit consists of an atmospheric
distillation unit, catalytic reformer, diesel HOS, Kerosene HOS
and a gas fractionating unit. Their is also an ammonia-based
refrigeration section for ethane recovery that is not used. The
original capacity of the crude unit was six million mta, it has
since been debottlenecked to seven to seven and one-half
million mta (about 140000 to 150 000 bbl/day.)

The two story control building is located about ten meters from
the battery Iimit$ of the atmospheric crude section of the
combination unit. The control room, along with the back of the
board area and a control equipment room occupies the upper
floor (30 meters long by 15 meters wide and a 5 meter ceiling).
The control board is nun shaped with the sides being about 8
meters long and the base being about 16 meters long. The
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board is semigraphic with built-in alarm indicators, about U.S.
technology circa mid - 1960's. Overhead lighting is fluorescent
with lighting levels below U.S. Standards.

Control is done with the same Soviet built two-pen miniature
recorder (15 cm x 17.5 cm), with control on one pen, that we
found in all the Kazakhstan refineries. The pneumatic
controllers plugged into the back of recorders; PIO for
temperature loops and PI for all other control loops.
Temperature control utilizes thermocouples as sensing devices,
potentiometric emf-to-pneumatic converters and pneumatic
controllers. Multi-point temperature indicators and multi-point
recorders are potentiometric and resemble the old Honeywell
"Browns". In front of the control board are three operator
consoles containing multi-point temperature indicators, motor
ammeters and emergency motor shutdown switches. One
console is for the crude unit, one for' the
reformer/desulphuri~(>r$and one for the gas fractionating unit.

The back of the board area is enclosed. The control board
tubing is plastic and the electrical wiring utilizes plastic
insulated cah;es. Power is supplied from constant voltage
transforme: s.

The board tubing to field tubing cables splices are neatly
mounted and labeled in termination cabinets. Also mounted in
this area are two instrument air filters and regulators, one
controls while the other is a redundant spare. Behind the back
of the board room, there is a control equipment room. In this
room are mounted the receiver gauge switches for the alarms,
emf-to-pneumatic convertors, analyzers and other auxiliary
instruments for the control board.

The process sections are laid out in a row starting with the
atmospheric crude, the two desulphurizers, the raformer and
ending with the gas fractionation section. Starting at the crude
end there is a wide pump alley that extends through all the
process sections blending from one to another. Over the pump
alley, five meters above the concrete deck is a concrete roof.
Mounted on the roof are an acre or two of air coolers and some
shell and tube exchangers. On each side of the pipe alley is a
row consisting of towers, exchangers, and drums. On the left
of the left hand row is a 10 meter wide concrete paved access

. way. On the other side of that accessway, is the furnace row
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containing the furnaces, heaters, waste heat boilers, and the
stack.

On the right of the right hand row there is also a ten meter
wide access way. On the other side of the access way are
buildings. The first building is an electrical substation, then the
control building, followed by the compressor building and
ending with another substation.

Fireproofing of the columns and vessel skirts is done with brick.
All the exchanger, tower, and drum sections have raised curbs
around them to contain possible spillage. Fire monitors are
mounted five meters in the air usually on a concrete column,
with a hand railed platform and a caged ladder leading up to the
platform.

The eight electrical desalter drums have their high potential
transformer and drum bushings mounted on one side of the
drum topside. The high potential wiring is not insulated but the
high voltage equipment is roofed over and enclosed with a
chain link enclosure with an interlocked door that removes
power from the desalter if it is opened. Unit lighting is
incandescent in explosion proof fixtures. Lighting levels are
well below those found in U.S. refineries. Motor feeds are
generally underground while the rest of the electrical wiring is
in overhead racks. The electrical cables are non-metallic plastic
sheathed. The 380 volt motors have a small rocker-type
explosion proof stop/start button. The 6 kV motors have a cast
iron pedestal stop/start switch station with an ammeter.

The instrument field installation details approximate those of
U.S. major refiners for the mid-1960's except for single process
block valves. Pressure gauges are Bourdon tube type, mounted
on pigtails but with only single block valves. Local temperature
indicators are bi-metallic dial thermometers. For pressure and
differential pressure transmitters, close coupling with heat
packs and manifold valve mounting is not used but these
transmitters are mounted like the old mercury meters at grade
in large sheet metal boxes.

The furnace row starts with the crude furnaces followed by a
donut shaped waste heat boiler building. Occupying the donut
hole is the 160 meter-high concrete stack. For further
information on the waste heat boilers see section V C6aHa),
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Waste Heat Recovery. Right between the desulphurizer
furnaces and the waste heat boiler building are the diesel and
kerosene desulphurizer reactors. Immediately after the
desulphurizer furnaces is the reformer furnace. The reformer
desulphurizing reactor is located on the furnaces access way
side adjacent to the first furnace box section, which is used to
heat the reactor's charge. Immediately following the reformer
furnace is the structure holding the three reformer reactors.
After the structure is a ten meter wide paved access way and
then a side-by-side structure and compressor building. This
process section was for ethane recovery but has never been
used.

Across from the ethane recovery section next to the pipe alley
is the gas fractionation section. Four of the six towers in the
section have vertical reboilers. These reboilers are directly or
through a short spool piece bolted to the tower nozzles.

b) Heavy Oil Combination Unit

The heavy oil combination unit consists of a four million mta
vacuum distillation unit, a visbreaker, a 2.4 million mta gas oil
desulphurizer, a 2.0 million mta FCC unit and a gas
concentration unit. The Heavy Oil Combination Unit along with
the hydrogen unit was brought on stream in 1983.

During our visit to the unit, the outside temperature was minus
31°C (-24°F) and a good number of the operators and
maintenance personnel were engaged in keeping the unit from
succumbing to the cold weather. The ends of steam and water
lines appeared to be particularly vulnerable to the cold. Since
there were no steam traps, the line ends were checked, at
approximate 15 minute intervals by feeling the line to determine
relative temperature. The drain valve was then further opened
or closed to bring about the desired temperature change. Some
areas had heavy frost build-up from the condensing and freezing
of blowing steam from drains. Also, some local areas were
noted with 2 to 6 cm of ice on the paving walkways and stairs.
No major freeze-up problems were noted.

The control building for the Heavy Oil Combination Unit is
located just outside the unit's battery limits. The control room
is spacious with a five meter high ceiling. The control board is
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"un shaped with 15 meter sides and a 20 meter width. Into
the board, for each of the process units are inserted multiple
sections of special panels built by Zntik in Moscow. These
special panels are one meter wide and about 2.5 meters high.
In the top half meter of each panel are installed six 2-pen
pneumatic recorders and a square root scale and linear scale
indicator. The next meter down is composed of 6 cm square
tiles. Green tiles are used against a black tile background to
form a rough graphic of the section of the process being
controlled. In appropriate sections of the graphic are pneumatic
controller adjustment knobs, manual-auto switches and alarm
lights. The FCC takes up five of these panels as does the
vacuum distillation unit. Between the unit control panel on the
board are mounted multi-point recorders and other
miscellaneous instruments. Over the control panels are graphic
displays of the units.

The three 4 000 kW regeneration air and the three 3 200 kW
wet gas centrifugal compressors are installed in a semi-open
building. Condensing steam had parts of the building in a light
fog and some of the lines had a frost/ice coating. The
compressors were well spaced out with a lot of room to do
preventive maintenance. An overhead bridge crane serviced the
area. Lighting was incandescent lamps mounted in explosion
proof fixtures and was below the level found in U.S. refineries.
The three 2 000 kW reciprocating recycle gas compressors are
located in an enclosed heated forced air ventilated building.
The compressors are driven by 1 000 rpm, 6 kV powered
synchronous motors. The enclosed circulating air is water
cooled.

The furnaces observed are bottom fired updraft with gunited
interiors, combination burners, induced draft fans and waste
heat boilers. The combination burners were using 70 percent
gas and 30 percent Heavy Fuel Oil.

The waste water from the unit is collected in one tank. It is
then pumped to a tower packed with titanium rashig rings. The
waste water is introduced into the upper part of the tower.
Water and stAam are introduced into the bottom of the tower.
The top of the column runs about 90°C (194°F) and the
bottom about 80°C (176°F). H2S is taken off overhead, the
small amount is burnt in the flare. Sulphates are dissolved in
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the bottom water product which is sent to the biological water
treatment system.

The unit superintendent noted that because gasoline was in
short supply in Kazakhstan, the FCC is run in the maximum
gasoline mode make year round. Also noted, was that the
Vacuum Gas Oil Desulphurizer was running at only 60 percent
capacity.

c) Crude Station/Pipeline Station

The crude station for the Pavlodar refinery is located about 10
km from the refinery et the main station for the Pavlodar
section of the pipeline (P/L) bringing Siberian crude from Omsk,
Russia. Within the Pavlodar area there is about 600+ km
(373 + miles) of pipeline with four additional stations
approximately 130 km (81 miles~ apart. The line is cathodic
protected, and is pigged twice a year.

ThE- crude station section has three parallel lines, each with
filters and a turbine meter for measurement. Crude density is
also measured. The pH of the crude is controlled. There is a
relatively new permanent mounted prover loop for calibrating
the turbine meters. In the crude station control room there is
a Schlumberger LT 3065 computer and a Solartron Mass Flow
Meter. This "Automotina Moven" automated oil movement
system is two years old.

Electrical power is brought to the station on two 110kV
overhead transmission lines. At the service entrance, are two
11OkV/1 OkV, 10kV 35 MW transformers. The dual secondary
windings feed two 10kV split buses.

The station has eight 20 000 m:i cone roof crude storage tanks,
with flame arresters. The t~nks he:iVe an elaborate lightning
protection system, including 40 mt3ter high towers and 15
meter lightning rods on top of the buildings. There are two
water tanks and both are mounded over with earth. This gives
freeze protection in the winter and protection from the sun in
the summer.

The pumping station is built like the old U.S. pipeline stations,
a building with a center wall separating the pump::: from the
drivers. This allows general purpose electrical equipment to be
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used while the pump side is Div. I CJr Div. II requiring explosion
proof equipment. There are four 3 600 m3/hour centrifugal
pumps with a suction pressure of 7.1 kg/cm2 (101 psi) and a
discharge pressure of 26.5 kg/cm2 (716 psi). The drivers are 2
500 kW synchronous motor. The pump side is protected by an
automatic foam system. Two TV cameras monitor each side.

The P/L station is quite large with offices, workshops and
facilities to house the personnel. The administration building
contains the equipment for remotely operating the P/L. If the
line is damaged their damage control software and equipment
will spot the damage site to within ,one kilometer. There was
a small computer center. We observed seven IBM compatible
PC's, all with color monitors, with all seven on a network.
Variable monitored at the P/L station, il"lclude such things as
pump flow and pressures, tank level, crude density, etc.

The station can pump over 8 million mta to the Pavlodar
refinery and 17 million mta south on the line to Shymkent. The
two main items on the stations wish list are:

• An internal P/L inspection system.
• A geod new plane to do P/L inspections, their present

aircraft flies too fast and is too fuel hungry.

iv. Shops. Spare Parts and Inventory Control

The refineries main shops are located in the SW corner of the
refinery. The mechanical shop presently has 220 persons of
which 14 are engineers and eight are supervisors. The shop
building consisted of:

A large welding shop. During our visit the shop was bending
and welding 2.5 cm diameter 12 meter long pieces of carbon
steel tubing while fabricating serpentine coils for the Light Oil
Combination Unit's Waste Heat Recovery Units.

• A large blacksmith shop with a good size stress relief furnace
(about 3 meters wide by 5 meters long by 3 meters high).
Other equipment noted was rollers for bending plate and a
sheet metal brake. They were cutting 300 mm diameter
blanks out of 5 cm plate to make pipe flanges.

Kazakhstan· Part V - Technical Refinery· Operations Page 246

.7'-t~



• Good size machine shop. Equipment noted were boring
mills, surface grinders, shapers, radial arm drill press and
lathes including some with at least 90 em swings and long
beds. They were turning a !arge long pump shaft on one of
the lathes.

• Small shop section for testing and repairing relief valves. It
had three pressure testing static;.ns.

• Small shop for fabricating gaskets, seals and "0" rings.

• A vAry elaborate metalizing unit with vacuum chamber.
Besides the normal metalizing mett:s such as steel, nickel
.:md stainless steel it also allows for metalizing bronze, silver
and gold.

• A special lab where welding procedures for alloys are
developed. It is equipped to bend and pull apart welding
coupons and to radiograph.

There are 140 personnel in the electrical group of which 22 are
electrical engineers and 14 are supervisors. The main electrical
shop is located in the same building as the mechanical shop. The
shop does some armature winding on both 380 volt and 6 kV
motors. Most of the winding work is on small random-wound
motors. The shop has drying ovens, varnish dip tanks and coil
winding facilities. The shop has four female electrical employees
doing electrical meter repair. Most of the meters had mechanical
jewel bearing type movements such as ammeters, voltmeters, kW
meters, VAR meters and Cos 0 (power factor) meters. There was
a small caged area where they did hi-pot testing. There was also
a one tonne balancing machine, which allow rotors for up to
400 kW motors to be balanced.

During our visit, the outside temperature was minus 31°C (-24°F),
the armature winding shop was damn cold and nobody was
working in it.

The ll"'strumentation group is composed of 135 people of whom
11 ate instrument engineers. Its numbers are divided
approximately as follows:

• Central maintenancl.:! - about 30

• Unit maintenance - about 70

• Engineers auxiliary - about 30

Il
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Controller tuning is done by the instrument engineers and unit
technician. Cascade control is used, mostly for furnace transfer
line control. No advance controls are used and no DCS's are used
for process control. The instrument main shop is located in a two
story building and has offices for the instrument grou,Y ;.;,-,·1 a small
machine shop. It has separate shops for controi'/ii/ve repair,
pneumatic recorder and controller repair, pressure and differential
pressure repair and electronic repair. There is also a shop for
repair and calibration of temperature instruments including
potentiometric, thermocouples and RTD's. This shop is equipped
with constant temperature baths and two muffle furnaces.

The refinery has a problem obtaining stainless steel and high alloy
piping such as furnace and boiler tubes, and plate. Also, spare
parts from Russia and the other former parts of the USSR are hard
to obtain, with some being impossible. Pump impellers and
mechanical seals have been an especially difficult problem.
Quality is a very real problem. Parts when recetved must be
inspected to determine if they are fit to use. An inordinate amount
of spares must be manufactured by the refinery. The new shop
machinery for fabricating "0" rings and seals along with the
vacuum metallizer reflect their desperate need to be able to
fabricate their own spare parts.

For general information, the following data regarding
meteorological data at Pavlodar is included.

METEOROLOGICAL DATA

• Prevailing wind direction southwest, 80 percent of the time.

• Mean wind velocity.
• Summer - 26 m/sec. prevailing direction southwest, 80

percent of the time.
• Winter - 26 m/sec. prevailing direction southwest, 80

percent of the time.

• Maximum wind velocity - 151 km/h (42m/sec).

• Design wind velocity .. 94 kmlh (26m/sec).

• MCiximum temperature +42°C.
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• Design Maximum Ambient Temperature +27.5 °C.

• Design temperature fol' storage of volatile liquids - minus
37°C.

• Relative humidity.
• 82 percent for the coldest month.
• 45 percent for the warmest month.

• Cooling tower design infol'mation.
Maximum allowable cooling water return temperature - plus
45°C.

• Average year rainfall and snowfall - 352 mm.

• Site elevation above sea level 127.00 m.

• Special precautions: sandstorms, temperature inversions.

• Nearest weather station for which statistics are published:
Pavlodar.
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D. SHYMKENT

1. SUMMARY DESCRIPTION OF THE REFINERY

Our thanks to the following people at Shymkent for their cooperation and
assistance during our visit to their refinery.

Serik Zh. Asilbekov
Viktor S. Pak
Artur E. Bauman
Baurjen Zh. Kusynboev
Vjatcheslav G. Kosivtsev
Akilbek E. Tazhibaeu
Yuri I. Tabakov
Albert R. Zubko
Paul A. Gunin

Director
Chief Engineer
Chief Technologist
Deputy Director
Deputy Director
Chief Economist
Chief Mechanic
Chief Instrumentation Engineer
Chief Power Engineer

The John Brown field visit to this facility took place from 1 November to 5
November, 1993.

a. Refinery Descriptions

Shymkent is amajor industrial center in South-Eastern Kazakhstan, with
a population of around 500000. Refinery construction began in 1969.
The atmospheric crude distillation unit's construction began in 1972,
proceeded slowly until 1976, with start-up occurring in 1984.

A segment of the waste water treatment plant (WWTP) was completed
in 1978 and was used to clean water for the nearby power station.
The tank farm biological and mechanical units for the WWTP were
constructed in 1982.

The first crude oil from the West Siberian oil fields was received via
pipeline in 1983. At that time the facility began loading crude oil into
rail cars for shipment to the Fergana Refinery in Eastern Uzbekistan. In
1984, utility and support systems were completed along with the;
steam-air supply, nitrogen station, central condensate station, the air
compressor unit and the central plant laboratory. The electric desalters
were completed in December of 1984, with the remaining original
process facilities completed in 1985 and 1986. Crude processing
capacity at that time was six million mta.

Kazakhstan - Part V • Technical Refinery· Operations Page 250



The vacuum distillation unit became operational in 1993, but operation
is limited due to a steam and electric utility shortfall. The main power
station which supplies steam to the refinery is constructing additional
facilities to alleviate this problem. The delayed coking unit, which is
mechanically complete, has yet to undergo acceptance testing, which
is expected to take several months. The additional steam and electrical
generation facilities under construction will also be able to support the
Delayed Coking Unit.

Table V 01 a-1 shows the current refinery configuration, nominal
capacity and 1992 production data. The 1992 Product Slate is shown
in Table V 01 a-2.

The total number of employees at Shymkent is reported to be 1775,
with 1585 employed by the refinery. Block flow diagram, figure 2287
22-10-38, depicts the relationship of the respective units within the
refinery complex.

=
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TABLE V D18-1
SUMMARY OF OPERATING UNITS AND NOMINAL CAPACITY

NOMINAL START-UP 1992
CAPACITY YEAR PRODUCTION

UNIT MTA MTA

LIGHT OIL COMBINED UNIT. LK-6U

Atmospheric Crude 7500000 1984 6090670
Unit 100

Catalytic Reforming 1 000000 1985 1 074700
Unit 200

Diesel 2200000 1985 1 613830
Hydrodesulfurization
Unit 300/1

Kerosene 600000 1985 513480
Hydrodesulfurization
Unit 300/2

Gas Fractionation 470000 1986 276706
Unit 400

Sulfur Plant 5000(41 1985 50.9

HEAVV OIL COMBINED UNIT

Vacuum Distillation 4000000 1993121 None Reported

Delayed Coking 600000
131

None Reported

FCCl1I 2000000 Future ---
Vacuum Gas Oil 2200000 Future ---
Hydrodesulfurizerlll

Gas ConcentrationC1l 1 440000 Future ---
Hydrogen Plant 10000 Future -_.

111

121

131

141

Under construction, capacity based on 6 million mta crude throughput
Reported to have operated only four months in 1993, due to limitation
of steam and electricity availability.
Unit mechanically complete in 1993; reported to need several months of
commissioning before start-up can occur.
The environmental section of this report indicates the existance of two
Sulfur Units, one at 5 000 mta, the other at 20 000 mta.
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V D10-2
SHYMKENT REFINERY

SUMMARY PRODUCT SLATE
1992

PRODUCT QUANTITY - MT

Premium Gasoline 3972

Regular Gasoline 1 102 761

Diesel - 0.06% S 1 371 576

Diesel - 0.17% S 207245

Kerosene 503620

Fuel Oil 2539578

LPG 54931

Sulfur 51

Fuel Gas 125552

Losses 111 798

Unaccounted for Difference 27086

TOTAL 6048170·

• Crude Feed to Desalter
Desalter losses
Feed to Unit
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b. Crude Oil and Other Feedstock Supply

Crude oil is supplied to the Shymkent refinery via pipeline from the
West Siberian oil fields. Additionally, about 10% of the refinery's feed
comes from the Kumkol oil fields in central Kazakhstan. The crude oil
line size at Shymkent is 1 200 mm in diameter. The crude line
continuing to the Chardzhou refinery in Turkmenistan is not complete;
it is only partially built. Crude oil storage capacity at Shymkent
consists of four tanks with a total capacity of 120 000 cubic meters,
or about seven days supply when the refinery is operating at capacity.
Crude oil feed stock and waste oil properties, as supplied by the
refinery, are shown in Tables V 01 b1, 2, 3, and 4. The Oil and Gas
Journal, page 82 and 83 of 6 September 1993 also has Assay data
relating to these crudes.

The Russians reportedly shut down the crude oil pipelines to Shymkent
and Pavlodar during the time of our visit, as a result of international
banking transaction issues.
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TABLE V D1b-1
SHYMKENT REFINERY

CRUDE OIL PROPERTIES

WEST
CRUDE NAME SIBERIAN WEST

SOURCE CRUDE OIL SIBERIAN KUMKOIL CRUDE
(COUNTRY) BLEND CRUDE OIL OIL

CRUDE INSPECTION

Density, @ 834 835.8 813
200C, kg/m3

Sulfur, wt% 0.4 0.42 0.07

Pour Point, ° C -15 -17 +10

Viscosity, cs 6.7 6.37 3.71 cs at, 50°C
at 20°C 7.14 cs at, 30°C

Conradson 2.8 1.08
Carbon, wt%

Metals, Ni + --- Ni-4.6 ppm
Va, PPM Va-0.2 ppm

GASOLINE. (CI -180°C)

Yield, wt% 22 --- ---
Sulfur. wt% 0.01 - --
Octane 76.0 --- --
Density, @ 728 - --

20oC, kg/m3 --
LIGHT GAS OIL. 1180 - 350°C)

Yield, wt% 3.15 -- ---
Density, @ 872 --- ---
200C, kg/m3

Sulfur, wt% 0.62 --- ---
Pour Point, °C +17 --- ---
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TABLE V D1b·1
SHYMKENT REFINERY

CRUDE OIL PROPERTIES

WEST
CRUDE NAME SIBERIAN WEST

SOURCE CRUDE OIL SIBERIAN KUMKOIL CRUDE
(COUNTRY) BLEND CRUDE OIL OIL

HEAVY GAS OIL, (350· 520°C)

Yield, wt% 46.4 --- ---
Density, @ 890 --- ---
200C, kg/m3

Sulfur, wt% 0.6 ._- ---
Viscosity, cs 26.47 --- ---
at 50°C

RESIDUUM, (520°C PLUS)

Yield, wt% 49.05 --- ---
Density, @ 978 --- ---
20°C

Viscosity, cs 180 --- ---
at 60°C

I
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TABLE V D1b·2
SHYMKENT REFINERY

WEST SIBERIAN CRUDE Oil SPECIFICATION 37.8° API

GAS GASOLINE KEROSENE DIESEL Oil MAZUT
CHARACTERISTICS CRUDE OIL C.·C.. 62·180oC 120·250oC 180·350oC >350oC

Distillation. wt% -- 1.4 22.44 25.42 32.06 43.75

Densitv. a/cm3 0.8358 -- 0.728 0.787 0.839 0.934

Total Sulfur wt% 0.42 -_. 0.01 0.02 0.2 0.9

Mercantan Sulfur oom _.- ... --- None ..- -
Octane Number 'MON) -- -- 54 --- - -
Freezino Point °C ·17 --- -- -- -14 +19

Temnerature of Turbiditv. °C ... ... ... ... ·3 --
Crvstallization Point °C .-- --- --- -55 - -
Aromatics % --- --- 8.5 16 - -
Paraffins. % .-- --- 54 --- - -
NaDhthenes % ... ... 37.5 _.. .- _..
Resins ma ._- _. Nt'ne None 5.0 -
Aniline Point .-. -- --- 63.9 - -
Cetane Ratina ._- --- --- _.. 59 --
Viscosity at 20°C cs 6.37 --- --. 1.38 4.94 ---
Viscosity at 50°C cs 3.67 - -- -- -- -

Acidity Iff' KUH
0.78 --- None 0.49 0.17 --

100 em'

· I " ,I.,
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V D1b-3
SHYMKENT REFINERY

KUMKO'.. CRUDE OIL SPECIFICATION

CRUDE GAS GASOLINE KEROSENE DIESEL OIL MAZUT
CHARACTERISTICS OIL C.· C.. 62·180oC 120·240oC 180·350oC >350oC

Distillation wt% 1.7 24.0 18.5 29.6 44.4

Density. alr.m3 0.813 - 0.729 0.7742 0.8093 0.9048

Total Sulfur wt% 0.07 - 0.007 0.023 0.037 0.16

Mercaotan Sulfur oom - - - None None -
Octane Number (MON) - - 56 - - -
Flash Point, DC, Open 15 - - - 84 237
CUD

Flash Point, DC, -35 - - >28 - -
Closed CUD

Freezing Point, °C 10 - - - -3 +40

Temperature of - - - - 0 -
Turbidity. 0':

Crystallization Point, - - - -48 - -
°C

Aromatics wt% - - 8.1 <22 - --
Paraffins. wt% - - 30.9

Naohthenes wt% - - 61.0 - - -
Aniline Point °C - - - 65 - - .-
Cetane Ratina - - - - 62 -
Viscosity at 20°C. cs - - - 1.41 4.16 -
Viscosity at 30DC cs 7.14 - - - - -
Viscosity at 50°C, cs 3.71 - - - - 3.34 at

80°C

0.05 - 0.27 0.7 1.13 -
Acidity Mg KOB

100 c:M'

Cokina CaDacitv, % 1.08 - - - - 2.32

Height of Nonsmoking - - - 29.1 - -
Flare mm

ASDhaltenes % traces - - - - -
Silica Gel Resins. % 10 - - - - -
Paraffins % 15 - - - - -
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V D111-3
SHYMKENT REFINERY

KUMKOL CRUDE OIL SPECIFICATION

CRUDE GAS GASOLINE KEROSENE DIESEL OIL MAZUT
CHARACTERISTICS OIL C, • C. 62·180oC 120·240oC 180-350a C >350oC

Distillation wt% 1.7 24.0 18.6 29.6 44.4

Paraffins Melting Point, 49 - - - - -
ac

Vanadium micro -ala 0.2 - - - - -
Nickel micro -ala 4.6 - - - - -
Nitroaen % 0.1 - - - - -
Oxvaen, % 0.18 - - - - -

..
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TABL!!': v D1b-4
SHYMKENT REFINERY

WASTE OIL SPECIFICATIONS

1988 1991

DDSnUATlON, ac VOL % VOL %

IBP-62 1.40 0.49

62-70 2.18 1.68

70-80 3.45 2.28

80-90 6.81 3.17

90-100 7.48 4.63

100-110 8.27 6.40

110-120 9.01 8.70

120-130 9.62 11.36

130-140 10.20 14.90.

140-150 11.45 16.99

150-160 13.42 20.55-
160-170 15.13 24.2~

170-180 16.81 28.66

180-190 19.77 31.41

190-200 21.16 34.97

200-210 22.08 38.33

210-220 23.10 41.79

220-230 25.86 44.55

230-240 29.02 47.15

240-250 33.8'.5 48.61

250-260 38,48 50.21

260-270 4'1.72 52.27__.:Y.

170-280 44.07 54.64

280-290 46.50 56.10..-
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TABLE V D1b-4
SHYMKENT REFINERY

WASTE OIL SPECIFICATIONS

1988 1991

DISTILLATION, °C val % VOL %

290-300 49.28 57.75

300-310 52.43 58.99

310-320 56.06 61.39

320-330 59.58 64.47.
330-340 62.41 65.73

340-350 5~.07 68.23_.
350-360 67.76 71.30

360-370 70.47 76.34

370-380 72.64 --

-
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c. Impact of Crude 011 Changes

Kazakhstan is considoring construction of a pipeline from their Western Oil
fields, connecting to the existing pipeline from Siberia, (at the Kumkol oil field)
to bring crude oil to the Shymkent and Pilvlodar refineries. It is reported that
fruition of this plan is five to seven years in the future. As this concept comes
closer to reality, we suggest that Refinery Simulation Studies be performed in
order to optimize an effective mix of crudes and identify equipment
bottlenecks. It is likely that different cl'ude characteristics will result in
changes in product rates and quality, with resultant modifications to
equipment sizas and configuration.

For example, both the Shymkent and Pavlodar Refineries were originally
designed to process a 0.856 gravity, 1.15 wt% sulfur, Western Siberian crude
and now run a 0.84 gravity, 0.40 wt% sulfur, blend of West Siberian and
Kazakhstan Kumkol crudes. (Original crude specifications may be found in the
Pavlodar section of this report). Shymkent reports that they now produce only
70% of the diesel oil (compared to the original design), as a result of the
change in crude oil characteristics.

2. DESCRIPTION OF PROCESS UNIT~

8. Crude Unit

The crude unit was originally rated at 6 million mta, and began
operation in 1985. Modifications to this unit began in 1987, were
completed in 1992, and capacity is now reported to be 7.5 to 8 million
mta. Neutralizing additives, such as sodium hydroxide are not used, as
the pH is reported at a value of six to seven. They have in the past,
injected ammonia hydroxide into the overhead of the pre-flash and
atmospheric column. Top of crude column pressure in summer months
is reported as 1.2 to 1.3 kg/cm2 and 0.9 kg/cm2 in the winter. The
higher pressure in summer is used to compensate for high summer
temperatures in order to condense as much overhead gas as possible.
Summer ambient air temperatures are reported to reach 45°C and the
crude unit reflex drum reaches 40°C. Feed rates in the summer are
reduced to minimize vaporization losses due to this problem.

Operating rates are 800 cubic meters per hour in June, July, and
August and 1 100 cubic meters per hour in cooler times. Operating
flexibility is stated to be 60 to 110% of design operating rate, although
these limits have not been tested.

Although side-cut strippers, with provision for steam injection exist for
all crude unit side draws, diesel oil is the only product that is steam
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stripped. Stripping steam quality, for the atmospheric column and
diesel oil, is 5 kg/cm2 at 420°C. Steam is superheated by heat
exchange with flue gas from the crude unit heaters.

The crude unit consists of eight electric desalter vessels in a multi-stage
parallel flow configuration, a heat exchange train, a pre-flash column,
fired furnaces (2), the crude atmospheric column and three side cut
strippers and a Naphtha stabilizer with a fired reboiler.

The crude charge pump maximum pressure is listed as 25 kg/em2
, ~ith

temperature/pressures of 120oC/14.0 kg/cm2 at the first stage of
desalting and 115°C/12.5 kg/cm2 at the second stage of desalting. At
this point, the refinery staff observed that during construction, the
crude charge pump was selected from what was available at the time,
its characteristics did not necessarily match process unit design
operating conditions.

The pre-flash column inlet temperature varies between 210°C and
250°C, with a nominal inlet to the crude unit furnaces of 240°C. The
atmospheric column fired heater outlet design is 370°C, actually
running at 360°C. The 240°C inlet to the crude furnace is at design,
which is the first heat exchange train system of 14 Central and Eastern
European and CIS Refineries evaluated by the John Brown team, that
have not reported a significant shortfall between design and actual fired
heater inlet temperature. Our compliments to the Shymkent Operating
and Engineering staff. This does not mean that improvements are not
possible, we do recommend process analysis and review of heat
exchanger cleaning/fouling issues.

Cooling water exchangers are reported to have a fouling problem; the
refinery is working on both means to clean salts from the existing units,
as well as eliminate the salts causing the fouling. Other modification
activities include optimization of the light end recovery system and
improving (decreasing) crude column product overlaps. Table V D2a-1
shows the Atmospheric Distillation Unit intermediate product
specifi,~ation while Tables V D2a-2 through 4 provides material balance
information.

...
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TABLE V D28-1
SHYMKENT REFINERY

SUMMARY FEED/PRODUCT SPECIFICATIONS
INTERMEDIATE PRODUCTS

ATMOSPHERIC DISTILLATION UNIT

FEED PRODUCTS

DESALTED GASOLINE KEROSENE DIESEL MAZur HEAVY
PROPERTY CRUDE OIL CRUDE OIL 62 -180°C 140 - 230°C 180 - 350°C FUEL OIL

Density 20
/., g/cm3 0.832 _.. ... --. -- -

Chlorides, mgll 39.65 4.40 - -- - -
Water, wt% 0.48 0.08 --- --- - -
Distillation

IBP - °C 62 141 184 -
10% - °C 87 160 217 --
50% - °C 109 180.5 274 ---
90% - °C 144 208.3 341.4 -
96% - °C -- --- 358 -
98% - °C ... 228 --- --
FBP - °C 169 - - -

Distilled %, Vol 98 --- - -
Flash Point, ° C _.. 34 70 184

Sulfur, wt% 0.01 0.02 0.21 0.8

~

~
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TABLE V D28·2
MATERIAL BALANCE

ATMOSPHERIC DISTILLATION UNIT (UNIT 100)
DESALTING SECTION 1992 AVERAGE

Working days/336 year

WT% MTA

DESALTNG OF CRUDE OIP. BLOCK

INLET:

Crude Oil Blend 99.30 6048 170
-~

West Siberian Crude Oil (98.48) (5998343)

Gas Condensate (0.82) (49827)

Slops (from cleaning) 0.7 42501

TOTAL 100.0 6090671

OUTLET:

Desalted Crude Oil 99.03 6031 681

West Siberian Crude Oil (98.22) (5981 977)

Gas Condensate (0.81 ) (49701)

Slops 0.7 42501

Losses 0.27 16489

TOTAL 100.0 6090671

i
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TABLE V D2a·3
ATMOSPHERIC DISTILLATION U!'!"" (100)

1992 MATERIAL BALANCE

WT% MTA

ATMOSPHERIC DISTILLATION BLOCK

INLET

West Siberian Crude Oil 99.2 5998343

Gas Condensate 0.8 49827

TOTAL 100.0 6048 180

OUTLET

LPG After Stabilizer 3.52 212 941

Straight Run Naphtha 17.77 1 074719

Straight Run Jet Fuel Fraction 8.28 501 059

Straight Run Diesel Oil 26.68 1 613829...
Straight Run Kerosene 0.21 12424

(Total Lt. Products) (56.46) (3414972)

Heavy Fuel Oil (Mazut) 41.99 2539578

Lt. Ends (Hydrocarbon Gases) 0.44 26372

Losses 1.11 67248

TOTAL 100.0 6048 170

II'
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TABLE V D2a-4
MATERIAL BALANCE

VACUUM DISTILLATION UNIT

INLET: PROJECTED ACTUAL

~El9d 100% wt 100% wt
Mazut including fraction

< 350°C (6.5%)

OUTLET PROJECTED ACTUAL

Fraction < 350°C 2.5 wt% 2.0 wt%

Vacuum Gas Oil 52.8 wt% 46.6 wt%

Heavy Gas Oil 3.0wt% 2.6 wt%

ItGuydronlt
; Vac. Unit Bottoms 41.2 wt% 48.0 wt%

losses 0.5 wt% O.8wt%

TOTAL 100.0 100.0

,.
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b. Catalytic Reformer

The Cat,~lytic Reformer is part of the LK-6U combined unit, and is rated
at 1 000 000 mta input capacity. Mate~ial Balanca, feedstock and
product specifications are as shown in T21bles VD2b-1, 2 & 3.

Operating flexibility. with respect to feed to the pre-treatment section,
is between 140 to 174 .......3Ihr (measured at 20°C) and between 160 to
199 m3lhr reformer feed (measured at 200°C). Nominal operating rates
are 140 m3lhr to pre-treatment and 153 m3/hr to the reformer.
Reformer design operating pressure is 34 kg/cm2 at 490°C; current
operating pressure is 29 kg/cm2•

The Reformer Catalyst is the Soviet AP-64, of aluminum-platinum; pre
treatment catalyst is of aluminum, cobalt, and molyboimum. These
catalysts have been in use since start-up in 1985. The currer ',,_
regeneration process occurs once a year with a one week duration.
According to local standards, the AP-64 life expired in 1991. The
refinery staff is reviewing catalyst replacement proposals from western
firms, which would provide an improvement in yield and catalyst life,
compared to the AP-64 material now in use.

Additionally, the Technical Institute has suggested use of another
Soviet catalyst. The refinery is leaning toward UOP R-56. The value
of the platinum in the spent catalyst is sufficient to pay for replacement
western catalyst, transportation changes and return a profit to the
refinery.

With respect to capacity, the system is in balance at one million mta
feed to the unit. If, however, the crude oil throughput reaches eight
million mta, which the refinery believes is possible, the catalytic
I'sformer is reported to be undersized by 600 000 mta.

A portion of the Straight Run Naphtha is exported. Aromatic content
of the gasoline is reported to be in the 45 to 52% range, with benzene
running at 5 to 6% (compared to 1% or less in the U.S. gasoline
formulation). TEL is not used to enhance octane rating. Gasoline
product is subject to analysis three times a month.
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TABLE V D2b-1
CATALYTIC REFORMER UNIT - (UNIT 200)

MATERIAL BALANCE
(AVERAGE FOR 1992)

Working Days/333

WT% MTA

INLET:

Straight Run Naphtha 99.1 945636

Naphtha From Kerosane Hydrotreating Unit 0.2 2258
(Number 300/2)

Naphtha From Diesel Oil Hydrotreating Unit 0.7 6682
(Number 300/1 )

TOTAL 100 954676

OUTLET:

Premium Gasoline 0.4 3972

Reformate 81.6 778737

Hydrogen 3.6 34893

Lt. Ends (Hydrocarbon Gases) 6.6 63463

LPG 6.7 63766

Losses 2.1 19744

TOTAL 100 964676
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TABLE V D2b·2
CATALYTIC REFORMER (Unit 200)
FEED/PRODUCT SPECIFICATIONS

.J

STABILIZED
FEED HYDROTREATED GASOLINE

PROPERTY 62·180oC CUT NAPHTHA COMPONENT

Density 20/4 • g/cm3 0.730 N/A 0.754

Distillation

IBp·oC 73 74 59

10% - °C 87 95 78

50%·oC 109 109 105

90%·oC 145 141 150

FBP - °C 171 163 178

Naphthenes, % 31.9 33.1 4.9 I
Aromatics, % 9.0 10.6 50.6

Paraffins, % 59.1 56.3 44.5

Sulfur, % 0.01 0.000069 _.-
OetanolNr, MON 50.2 _.. 77.3

~

Kazakhstan - Part V - Technical Refinery - Operations Page 271

... .r ~



TABLE V D2b·3
CATALYTIC REFORMER (Unit 200)

PROPERTIES OF GAS STREAMS

HYDROGEN PRODUCT PRODUCT
FROM LIGHT STABILIZER STABILIZATION

DESULFURIZER GASES OVERHEAD OVERHEAD
nEACTOR~1 FROM MEA HYDROGEN RECEIVER RECEIVER

PROPERTY SEPARATOR SCRUBBER RECYCLE LlQUIOC1K21 GAS'21

CHEMICAL COMPOSITION VOL %

N2
... 2.22 ... ... 0.33

C, 8.69 33.68 7.61 0.26 32.65

C2 1.23 10.90 1.56 1,'!4 14.42

C3 0.33 10.67 1.19 21.04 26.28

iC. 0.20 2.83 0.39 41.28 12.43.'_.'.1
nC. 0.51 2.51 0.30 ... 6.32

iC6 0.01 0.28 __L 0.05 ... 0.17

nCs .- 0.16
_. .- ...

ICe -_. - - .- --
Density g/cm3 0.174 0.824 0.202 ... 1.439

H2S, vol% Negative Negative .- ... _..

Hydrogen, vol% 89.37 36.75 88.9 .- 7.40

(1 ) Data As Reported· Does not add to 100%.
(2) These streams flow to the Gas Fractionation Unit, No. 400.
(3) This stream flows to the Kerosene Hydrodesulfurizer Unit.

Kazakhstan • Part V • Technical Refinery • Operations Page 272



-
..JI

•

c. Othor Units

The refinery reports the number of rail cars that can be loaded
simultaneously as follows:

• 30, for gasoline and heavy fuel oil

• 60, for kerosene, diesel, jet fuel

Loading rack velocities are:

• 7.8 meters/sec., gasoline

• 9.6 meters/sec., kerosene, diesel, jet fuel

• 9.8 meters/sec., heavy fuel oil

Note that the term "jet fuel" was taken by refinery staff to mean
"military jet fuel", it does not necessarily refer to commercial jet fuel.

Chemical consumption, nominal rates, for a crude throughput of
7 000000 mta, is reported as follows:

II

• De-emulsifier

• Sodium Hydroxide

• Calcium Hydroxide

• MEA

93 mta

4mta

7 mta

30 mta

1992 operating material balances for the other refinery operating units
are as shown in tables VB2c-1 through 5.

The vacuum unit, rated at 4 million mta, w~s recently completed in
1993, and at the time of our visit in November 1993 was not operating.
It did however, run for four months in 1993. The delayed coker is
reported to be mechanically complete, with only a few months of
commissioning and start-up required to be fully operational.
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There is, howover, a utility shortfall at present, and there is insufficient
steam and electricity to operate the vacuum unit, let alone the vacuum
unit and coker, when the other plant facilities are running. The steam
and electric power station is reportedly erecting new units to overcome
this shortfall. Completion is ambiguously reported to be "in time for the
FCC and coker IInits."

In 1993, the kerosene hydrotreater is reported to have been shut down;
as current regulatory product sulfur levels were being satisfied. The
diesel hydrotreater as well as the entire facility was originally designed
based on a different crude oil than is now processed. As a result, at
crude unit capacity, feed to the Diesel HDS Unit is 70% of design.
Based on 0.45% wt. sulfur in the crude oil, the Diesel Hydrotreater can
produce 0.05% wt. sulfur at a 94% yield, according to refinery
estimates. Actual sulfur levels of the 0.06% sulfur diesel were reported
to be between 0.06 and 0.10% wt.

The sulfur plant is normally not operated and has not in the last three
years, as the sulfur levels in the incoming crude is low. High H2S
content gas is now sent to flare, since th~ s:..ilfur plant is designed for
a feed rate of 800 to 1150 m3/hr, and '.>Illy 150 m3/hr is currently
available.
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TABLE V D2c·'
MATERIAL BALANCE IUNI1' 400)

GAS·FRACTIONATION UNIT
AVEi\AGE FOR 1992

Working DayslYear· 334

WT% MTA

INLET:

LPG From Atfr10spheric Dictillation 76.96 212941
Unit

"

LPG From Catalytic Reformer Unit 23.04 63766

I TOTAL 100.00 216707

OUTLET: '

Propane/Butane 19.85 54931

C6 Plu~ 70.45 194940

Hydrocarbon Gases 6.55 18114

Losses 3.15 8722

TOTAL 100.00 276707
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TABLE V D2c-2
KEROSENE HYDROTREATING UNIT (UNIT 300/2)

1992 MATERIAL BALANCE

Working DaysNear - 319

WT% MTA

INLET:

Straight Run Fraction for Jet Fuel 99.27 496455

Hydrogen from CatalYtic Reformer 0.73 3630
Unit

TOTAL 100.00 500085

OUTLET:

Jet Fuel 97.30 486592

Lt. Ends (Hydrocarbon Gases) 1.39 6915

Naphtha 0.45 2258

H2S 0.04 190

Losses 0.82 4130

TOTAL 100.00 500085
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TABLE V D2c-3
DIESEL OIL HYDROTREATING UNIT

(UNIT 300/1)
1992 MATERIAL BALANCE

Working DayslYear - 296

WT% MTA

INLET:

Straight Run Diesel Oil From Unit 99.58 1 445176
100

Hydrogen frDm Catalytic Reformer 0.42 6104
Unit

--

TOTAL 100.00 1 451 280

OUTLET:

Hydrotreated Diesel Oil 2.66 38592
(Sulfur < 0.2 wt%)

Hydrotreated Diesel Oil 94.51 1 371 576
(Sulfur = 0.06 wt%)

Naphtha 0.46 6682

Lt. End (Hydrocarbon Gas) 1.43 20688

H2S 0.12 1 822

Losses 0.82 11 920

TOTAL 100.00 1 451 280
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TABLE V B2c-4
SULFUR UNIT

1992 MATERIAL BALANCE

'!Iorking DayslYear - 14

-
!'

WT% MTA

INLET:

H2S 100.00 84.9

TOTAL 100.00 84.9

OUTLET:

Sulfur 59.95 50.9

Losses 40.05 34.0

TOTAL 100.00 84.9
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TABLE V B2c-5
MATERIAL BALANCE (PROJECT)

DELAYED COKING UNIT

FEED WT% MTA

Feed· "Guydron"l1J 100% 600000

PRODUCTS

Coking Gas 12.2% 72800

Gasoline (C pentane to 1800 e) 12.7 76400

Light Gas Oil (180 to 300°C) 28.3 169800

Heavy Gas Oil (> 300°C) 21.9 131.4-
H2S in MEA 1.1 6800

Coke 22 132000

Losses 1.8 10800

TOTAL 100.00% 600000

ltlVacuum Unit Bottoms

The Gas ~ractionation Unit 400, with a design capacity of 400 000
mtar does have facili'~y to scrub and remove H2S with MEA, but is not
operated due to 1-f2S levels considerably lower than design. Refer to the
overall sulfur balance in the environmental section of this report for
comments relating to resultant 502 emissions.

F~":ul'S plans call for addition of a visbreaker, polyproplyene unit and
plastics plant. Crude oil storage capacity is 120 000 m3 in 4 tanks, or
7 days supply at capacity. The refinery has plans to add and chsnge
tankage configuration concurrent with the FCC complex construction.
Diesel and gasoline product are exported to Tashkent in Uzbekistan via
pipeline, other products are transported by railroad car and truck in t'""le
Shymkent Region and to Almaty.

PROPOSED FLUID CATALYTIC CRACKER COMPLEX

Several year~ ago, (1987) the refinery began construction of a two
million rnta FCC and associated units. With the break-up of the former
Soviet Union, work was stopped, and only minimal construction activity
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has taken place since. in late 1993, the refinery,and
Kazakhstanmunaygaz entered into a contract with a U.S. firm to
complete the project utilizing western (UOP) technology. The full
complex when completed, will consist of a Vacuum Gas Oil
Desulfurizar, the FCC Unit, a Gas Concentration Plant, a Hydrogen
Plant, and in the future a MTBE Unit.

The completion of the FCC Complex is strongly recommended. When
refinery economics are viewed based on a world price basis, as per the
following example, it can be seen that refinery profitability increases.

The following chart shows, on a world price basis, using a very
simplistic financial model, the difference in cash flow between
Shymkent as it is now and as it could be with an Operating FCC Unit.

At 7.5 million metric tonnes per year, and taking Crude Oil at $100 per
metric tonne and taking operating cost at 10% of total, the operating
cost at Shymkent would be 830 million dollars per year.

CURRENT CASE CASE WITH FCCl31

QUANTITY VALUE REVENUE QUANTITY REVENUE
PRODUCT MTA $/M,.e1l MILLION $ MTA MilLION $

LPG, Fuel 232500 100
121

23.25 627 000 62.70
Gas

Gasoline 1 402500 170 238.43 2794000 474.98

Kerosene 637500 175 111.56 450000 7e.75

DieseL 2 002 500 165 330.42 2024000 333.96
Heating Oil

Heavy Fuel 3225000 70 225.75 1 605000 112.35
Oil

TOTAL 7500 000 929.41 7500000 1 062.74

I1IFrom Platts oil gram, Nove~nber, 1993, Mediterranean Area.
12IU.S. Natural Gas Heating Value Equivalent.
13'The conversion shown is 6;.-:"oximate and will vary in actual operating conditions.
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d. Product Specifications

Specifications are shown in tables VD2d-1 through 5 for the ttl.' 'ling
products:

• l.iquified Petroleum Gases (LPG)

• Gasoline

• Jet Fuel

• Diesel

• Fuel Oil

TABLE V D2d-1
LPG (UQUEFIED PETROLEUM GASES)

SPECIFICATIONS

lCOMPOSlnON PROPANE BUTANE LPG

Vapor Pressure at 38°C -- 0.82 0.99

Composition, Liq. Vol. % -- IC,C2 =0.86 IC,C, =2.6
(Max) C3 =34.97 IC3 =53.3

Butane and Heavier, Uq. - IC4 =64.17 IC4 =44.1
Vol.% (Max)

Pentane and Heavier, --- -- ---
Liq. Vol.% (Max)

Residual Matter - None None

Mecaptan Sulfur, wt% - 0.001 0.0001

Moisture Content - -- -
Free Water Content None None None

Bottled at Refinery" No No No
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TABLE V D2d-2
GASOLINE SPECIFICATIONS

SPECIFICATION
TYPE A·76 REGULAR STANDARD

Density @ 20° C, g/cm3 0.729 _.-
Octane Number

MON Not less 76.0 Not Ip:;s 76

Distillation Volume

10% 60°C Not more 70

50% 93°C Not more 115

90% 144°C Net more 180

EP 174°C Not more 195

Distillation Residue, 1 --
wt%

RVP 380 Not more 500 mm Hg

Sulfur Content, wt% 0.01 Not more 0.02

MTBE Content, vol% - ---
TEL Content (if any) Not used -
Naphthenes, wt% 3.66 to 9.64

Aromatics, wt% 45 to 52
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TABLE V D2d-3
JET FUEL (AVIATION FUEL)

S~ "':CIFICATIONS

SPEICIFICATION
TYPE JET FUEL STANDARD

Density @ 20°C g/cm3 0.785 Not less 0.775

Distillation, Volume

ISP 147°e Not less than 135°C

10% 159°e Not more than 155°C

50% 1800 e Not more than 175°e

90% 208°e

EP 227°e Not more than 280°C

Distillation Residue, -- --
wt%

Viscosity @ 20oe, cs 1.36 Not less than 1.25

Aniline Point °C - ---
Freeze Point °C -55 Not more than -60

Flash Point °C 38 Not less than 28

Total Sulfur, wt% 0.02 Not more than 0.25

Mercaptall, wt% None Not more than 0.001

Aromatic Content, 15 Not more than 22
vol%

Copper Strip Satisfied

Smoke Point 25.4

Resins, mgt100 ml None

Net Heat of 43281 Not marc than 43 120
Combustion kJlkg
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TABLE V D2d-4
DIESEL FUEL SPECIFICATIONS

TYPE ULECH-V rJL-G2-61

Density @ 20°C, g/cm3 0.832 0.836

Distillation Volurrle

50% 277°C 273°C

94% --- 340°C

96% 360°C ---
Viscosity @ 20°C, cs 4.61 4.88

Pour Point °C -11 -2

Flash Point °C 73 68

Sulfur Content, wt% 0.06 0.17

Carbon Residue 0.024 0.022

Ash None None

Water ~nd Sediment, None None
vol%

Corrosion Copper Strip Satisfied Satisfied

Cetane Number, Min. 50 49
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TABLE V D2d-6
FUEL, OIL SPECIFICATION

,--
TYPE MAZUT. M-10011l

Dellsity @ 200C, g/cm3 0.927

Distillation Volume

10% ---
90% ---

Viscosity @ 20°C, cs 35

Flash ,Point °C 186

Pour Point °C +25-
Sulfur, wt% 0.89

Carbor. Residue % (on 10% bottoms) --
Ash, wt% 0.03

"

Corrosl ., Copper Strip --
111 Mazut = Heavy Fuel Oil.

Heating value reportea at 9 650 kcallmetric tonne
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3. UTIUTV SERVICES AND OFF SITF.S

8. Utility Consumption

Table V 03a-1 shows utility consumption for the 1992 operating year,
while Table V 03a-2 provides data regarding consumption of chemicals
and catalysts.

;
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TASLEV D3.1
1992 UTILITIES CONSUMPTION

SHYMKENT

STEAM FUEl.

~ NITROGEN
FUEL THOUSAND TIWUSNtD

THROUGHPUT OIL aECTRICfTY NORMAL NORMAL
TUOUSAND t..~ERATING FUEL IMAZUTI THOUSAND CUSIC CUBIC

MTA DAYS GCAL MT GAS MY KWH M~ METERS
NT

~ .-
Atmospheric Distillation Unit 6048.17 336 183573 262247 80137 17~l 36475 6191 -
Vacuum Distillation Unit NOT IN OPERATION

Kerosene Hydrodesulfurizer 500.09 319 3222 4603 5847 1 388 7088 5134 2580
Unit

~iesel Oil Hydrodesulfurizer 1451.28 296 32855 46936 16597 4507 9261 4662 2850
Unit

Catalytic Reforming Ur.it 954.58 333 116191 251 701 44413 11 642 9367 4964 3104
Ii ~as Fractionating Unit 276.71 334 3541 5059 - - 5847 3325 1 659

.<.
r.

Sulfur Plant 84.9 14 N/A ?,f..\ N/A NJA N1A N1A NJA
·.c'-'.'t<y:.

TOTAL - - 399382 5';'" 546 146904 35021 68038 24278 10193

"
~,;.--
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TABLE V 03.2
NAMES AND MONTHLY (AVERAGE) CONSUMPTION QUANTITIES

OF VARiOUS CHEMICALITREATING, PROCESS CORROSION INHIBITORS, ETC.) AND CATALYSTS

2. There are no Pub-eons,-therefore~ there-are no "additives for lube oils.
3. T = metric tonnes
4. Catalyst quantities shown are charge amounts - d2tes shown are year of initial charge and thus reflects age of catalyst.

ATMOSPHERIC CATALYTIC HDS DIESEL I HDS GAS

CHEMICALS (3)
DISTILLAlION REFORMER OIL UNIT KEROSENE FRACT.

UNIT UNIT UNIT UNIT TOTAL

De-emulsifier IKT1wo~~d) 1~:~2) - - - - 7.30

• Caustic Soda T/rlfPr\h ,g:i\1, - - .- - 3.34-

Calcined Soda T/r~J¥ih I~'~~"\ - - - - 0.63

Ammonia Water T/2ifFt\h IR'~~?' - - - - 0.79

MEA T/rcfPr\h - ,R·~g7' I~'~~A\ IR'A~1\ 18:g~Rl 2.34

Dichloroethane T/~R-\h - IR'~~~' - - - 0.28

L;A.AL.. ~TS~

GO-70 ,-<41 - - 43.48 - - 43.48
Frnm '\9B9

GS·168 SHT:J·2 T - - 13.4 - - 13.4

From 1QA~

Al-Ni-Mo T - - - 7.2 - 7.2

Frnm 19R~

Al-Co-Mo (HDS) T - 48.0 - - - 48.0

F~nm 1QR~

AP-64 (Cat. Ref.) - - 78.7 - - - 78.7

From 1985
--- --- -

"'-.,,;

~o
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b. Fl!el Syntem

Table V D3b-1 indicates composition of the refinery fuel gas. All
refinery burners are of the combination type and generally burn a 70/30
mixture of gas and heavy fuel oil. Tog vacuum unit uses a 50/50
mixture of gaslheavy fuel oi. No natural gas is used, although it does
exist at ithe nerby electric power stat.ion.

Both thEI fuel gas and heavy fuel oil are. distributed in the refinery
through ;3 "closed" ring system. A unit will preferentially burn its own
gas, with the excess flowing to the "ring", thus the differing
compositions shown in Table V D3b-1.

TABLE V D3b-1
REFINERY fUEL GAS COMPOSITION

SHYMKENT

-
FOR CATALYTIC FOR ATMOSPHERIC

COMPONENT REFORMER DISTILLATION UNIT

N2 35.1 -
H2 42.0 --
C, 20.4 71.52

C2 0.2 3.43

C3 0.7 7.4

C4 -- 12.68

iC4 0.5 --
hC4 0.8 -
t.L- - 2.08

i~ 0.2

hCs 0.1-
TOTAL 100.00 97.11·

• As Report&d

Average calorific heatin~ value of the atmospheric unit fuel gas is reported to
be 11 500 kcallkg.
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Fuel gas pressures vary from 3 kg/cm2 to a maximum of 6 kg/cm2
•

Pressure at the furnaces is 1.2 to 1.5 kg/cm 2 • Excess gas is routed to
the flare. The safety relief valve system also vents to the flare. Note
that there is a special flare for H2S bearing gases.

Heavy fuel oil is pumped via steam traced pipeline to the power station,
a distance of 7 km.

c. Steam System

i. Steam Generation, Balance and Utilization

The refinery does not have a power station. Stream is both
purchased from the district power station and generated in the
refineries waste heat boilers. About half the normal 90 mtlhour
refinery steam demand is purchased with the other half being
gen~rated in the waste heat boilers.

The district power station has three 500 mtlhour boilers
generating 140 kg/cm2 (1991 psi) steam at 570°C (1058°F).
New construction at the station will duplicate the present system.
For winter hoating use the station also has two 100 giga
calorielhour hot water boilers.

ii. Steam Pressure Levels

The refinery uses steam at the following nominal pressure:

1. 38 kg/cm2 (540 psi) @ 370°C (696°F)
2. 13 kg/cm2 (185 psi) @ 194°C (381°F)
3. 6 kg/cm2 (85 pSi) @ 154°C (309°F)

The refinery receives steam from the district power station at 40
kg/cm2 and 16 kg/cm2• The 16 kg/cm2 steam is desuperheated
into the 13 kg/cm2 system. The 6 kg/cm2 steam is obtained by
desuperheating 13 kg/cm2 steam and from waste heat boilers.

iii. Steam Users

The main user of the 38 kg/cm2 steam is the 6 000 kw steam
turbine driving the reformer unit's recycle gas compressor. The 13
kg/cm2 steam is used on the process units for stripping steam,
reboiler heating media, steam pump drivers, atomizing steam for ~;

burners, heating heavy product storage and heat tracing. The 6
kg/cm2 steam is usee! for building heating, plant hot water heating
and heating boiler feed water.
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iv. Condensate S,'stem

There are two plant condensate systems; one for the 13 kg/cm2

steam arid onEI for the 6 kg/cm2 steam. The higher pressure
condsnsate is sent to a central condensate system. At that point
it is filtered and mixed with chemically treated water and used in
the waste heat boilers as boiler feed water.

The refinery's condensate recovery is about 20%. No condensate
is sent back to the district power station.

v. Impact of Potemaa. Energy Saving's Projects on Steam Balnnce.

Since the only u:ser of 38 kg/cm2 steam is the refo,rmer's recycle
gas compressor'~s driver turbine no change in this steam system'::.
demand can be expected. Installation of combustion controls will
reduce excess air and result in less flue l~as. It can be expected
that waste heat steam generation will decrease by about a third of
the gross heat savings.

In~ulation heat savings will decrease the amount of steam used by
lowering heat losses in steam lines and vessels using steam heat
such as reboilers. These savings should show up as a decrease in
stearn purchases.

The refinery balances its steam system by purchasing steam and
by desuperheating steam. Waste heat steam is melde to the
maximum extent practical. When the coking units and FCC come
on stream the amO!.mt of steam purchased should dllcrease as
both units usually are gross producers of steam. If the refinery
should get to tho position of having surplus steam generation, it
could consider installing a turbcgenerator with an
admittance/extraction nozzle to minimize condensing and help
balance the stoam systems or installing steam turbine drives back
pressuring on the 6 kg/cm2 system.
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d. Electric Power System

i. Electricity Sources and Generation

The Shymkent refinery imports all its power. Two 110 kV lines
are brought to the refinery. The first line is from the district power
station and is normally the refinery's main power source. The
second 110 kV line is usually the back-up or reserve line and is
from the state power grid and usually supplies a smaller share of
the load.

The refinery during normal crude processing operations averages
about a 15 MW draw. Its maximum allowable power draw is 60
MW. However, the demand charge is "times 5" for that power
drawn during a demand period that is over the contract draw. The
demand periods are each half hour during the 0800 thru 1600
hour period and each hour during the rest of the day. In
November, the refinery paid 24 rubles per kWIhr (0.8 cents per
kW/hr.) for its power.

When both the coker and FCC complex come on stream the
refinery power draw will more than double. The district power
station present electrical generation is supplied by two 80 MW
turbines. New construction is on-going that will duplicate the
present station. We were told that this construction would be
completed in time to supply the new units. At present, the state
grid is tight on power as Uzbekistan is now not supplying power
to the grid.

ii. Electric Distributing System

The 110 kVswitching "boneyard" for the refinery service entrance
is outdoor utility type equipment installed in a concrete-vault type
building. Air reactors are installed on the incoming lines. The
11 0 kV leads thru bushings are brought back outside through the
rear of the building and fed overhead to two 40 MVA 110
kV/6 kV-6 kV transformers. Each transformer's secondary
winding feeds one side of two 6 kV split buses. Both split buses
have a fire breaker.

The service entrance substation's 6 kV split buses are composed
of 6 kV Polish manufactured switchgear. The busbar is aluminum
and the breaker9 are metal clad, air break with arc chutes and
withdrawable. The switching and metering equipment for the
substation is also in the switchgear line-up.
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Feeders from the two 6 kV service entrance bus are run to unit
substation's split buses; one feeder from a corresponding section
of each service entrance split bus. The unit station's split bus also
comes with a split bus. The two feeder breakers and tie breaker
are interlocked so that only two of the three breakers can be
closed at the same time. The typical unit substation is a two story
building, force ventilated from 15 meter high stacks and is located
just outside the battery limit of the unit it serves. The first floor
contains the 6 kV split bus with service entrance, metering and
relaying equipment and breakers. Also, on the first floor in
concrete vaults with an outside door are the 6 kV/0.4 kV
transformers. On the second floor is the 0.4 kV metal clad draw
out type switchgear and the 220 volt lighting switchgear. Most
of this metal clad switchgear is also of Polish manufacture.

The 6 kV feeders are both underground and overhead. The
refinery has an on-going program to replace underground feeders
with overhead lines.

iii. Electric Power Users

Most of the refinery's electrical energy is used to power electrical
motors. Other users are the electric desalters, lighting, welding
equipment and electronic equipment. The refinery's power factor
at the present time varies from 0.90 to 0.92, 0.80 is the minimum
seen during the year.

e. Other Utilities

The other utilities furnished in the refinery are: plant air, instrument air,
cooling water, industrial water, nitrogen (at 40 kg/cm2 and 6 kg/cm2),

hot water, demineralized water and drinking water.

4. EMVlRONMENTAL CONSIDERATIONS

8. Fresh Water Supply

The refinery process and sanitary water supply is from the District
Water System. The District uses the artesian well, Badam-Sairamski as
the source of supply. The water at the well is of sanitary quality,
therefore the District only provides chlorination for disinfection.

The dissolved solids content, partially the hardness at 450-500 mg/L,
cause operating problems in the cooling tower and heat exchanger
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loops. A water treatment study was conducted by The Institute of
Problems - Petro Chemical, Ufa City, Russia. The reported
recommended plan would involve the installation of reverse osmosis
units on both the incoming water and the treated effluent. The treated
effluent would be recycled. The estimated cost in mid 1993 was 1.6
Billion Rubles. Plans have been made for the installation but
construction is being delayed due to availability of money.

Limited chemical data w~s available. See Table V D4a-1.

TABLE V D4a-1
WATER QUALITY

COOUNG TOWER

DISTRICT
FRESH POWER

TEST UNITS WATER LOOP 2 LOOP 2 STATION

pH Unit 7.6 8.3 8.2 -
HARDNESS

Carbonate mglL as 235.0 ! -
Non- CaCO, 475-500 468 439 --
carbonate

S04 mglL 250 315 240 -
CI mglL 51.5 52 -
Si mglL - - - 0.5

Fe plL - - - 30
(TOTAL)

COD mglL 17.1 12.5 8.7 -
Conduct- mvc/cm - - - 2.0
ivity

b. Water Treatment and Distribution

The water supply to the fire loop, process use and sanitary purposes is
from the same source. Therefore, there is only one distribution system
within the refinery. No additional treatment is provided for the water
before use.
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The refinery does not have its own power plant. The process steam
and electricity i& imported from the nearby District Power Plant. The
power plant provides the refinery with deionized water for the refinery
waste heat boilers. The refinery does not return the steam condensate
to the power plant. The condensate is added to the cooling tower
loops to help to control the hardness and solids content.

The refinery has two sewer systems. System I collects the waste
water from those units that have the potential of being high in oil
content. System II collects the waste water from those units which
would be less likely to contain large quantities of oil. A storm water
sewer system was designed, but due to the lack of funds, the system
was not constructed.

The stormwater within the process units flows into the regular waste
water sewer in the process area. Excess water flows, during times of
rainfall, can be directed to three emergency lagoons. The collected
water is returned to the waste water treatment plant for processing.

System I and II have identical types of treatment unit processes. The
only difference is in the number or hydraulic sizes. The treatment units
are:

• Circular Sand Traps

• Rectangular Oil Traps

• Intermediate Sr:tttiers

• Dissolved Air Floatation

• Activated Sludge Aeration

• Secondary r;Iarifiers

• Activated Sludge Reaeration

System I also has three equalization lagoons. Water from these lagoons
is used in the cooling tower make-up or pumped to the gravity pipe to
the evaporation lake in the desert. The gravity pipe to the lake is 97
kilometers long. See Table V D4b-1 for water analysis.
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TABLE V D4b-1
WASTEWATER QUALITY

II .1 ~ ,I .n

SYSTEM 1 SYSTEM 2

COMB.
ANALYSIS RAW SAND TRAP OIL TRAP CLARIFIER RAW SAND TRAP OIL TRAP CLARIFIER EFFLUENT

Temp••oC 28 27 32 35 32

pH-Units 7.9 7.8 7.9 7.6 7.9

BOD... 137 124 19 11.4

BOD" 6.8/60 19.4

Oil 4182 12.4 820 42 566 94 13.1 5.8/60 5.4

SusP. Solids 64 32 168 40 56 39.2/56 23.7/46 23.9

TOS 956 38.06 875 1030

Hardness Non- 490
carbonated .
Biocarbonated 285

Permanent 205

Sulfur 3.6

so.
CI 362

S03 2.3

PO. 0.1 0.2 0.05

NH. 3.1 6.7 5.9

NO,. 0.0136

N03 5.9

~
~

d)
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System I water is being considered for treating with the reverse osmosis
(RO) unit and then re-using the treated water. The RO reject water would
flow to the desert lake for evaporation.

System II was also provided with a secondary dissolved air floatation unit
after the secondary clarifiers. This unit was being by-passed and the
secondary clarifier overflow was being pumped to the sewer line and then
to the desert IEjke.

The oil collected in System I or II is treated in common oil treatment tanks.
There are four heated above ground steel tanks to allow for gravity
separation of the oil, water and sludge. The oil is pumped to the crude oil
storage tanks for reprocessing, the water is routed to the head end of the
System I waste water treatment plant and the sludge routed to the sludge
dewatering/oil skiml'i"'ling pits.

The sludge from the oil traps, intermediate settling and the secondary
clarifiers is processed in two sludge lagoons. The free oil (md water floating
in the lagoons is pumped to the oil treatment tanks for proi:9ssing.

The compacted and partially dewatered sludge is excavated from lagoons
1 and 2 and placed in covered lagoon #3; when the sludge dried to a
consistency of soft asphalt it is excavated and used for road sub-base,
containment dikes walls and engineered fill for construction projects. Any
excess sludge is sold locally.

iiii

c. Cooling Towers

The cooling tower, hot side oil traps and recycle pump station for all the
process units are located in one area. The towers are packed with spiral
plastic tube bundles. The non-reversing fans are mounted and operating.
The cement asbestos siding is tight and well maintained. The hot side oil
traps are covered with loose fitting cement asbestos corrugated sheets.
The oil traps are manually operated for oil skimming and sludge removal.
Very little oil was on the surface and sludge is removed about every two
years. The pump room was clean and well maintained.

During the walk through it was noted the water distribution at the bottom
of the tower was near uniform. A 10 to 17°C temperature drop across the
towers was reported.
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The make-up water is from the refinery fresh water supply. The blow down
is routed to System I for treatment and disposal.

See Table V 04a-1 for typical water quality.

Corrosion inhibitors are added manually. The addition is determined by
periodic laboratory analysis. The concentration of the inhibitor is maintained
within 5-1 5 mg/L in the recirculating water.

d. Tank Farm

The refinery tank farm consists of 64 tanks, 54 for liquids and 10 for
liquified gas, with capacities ranging from 20 to 25 000 cubic meters. Of
the 54 above ground steel tanks, 17 are equipped with floating roofs and
37 are fixed roofs. None are blanketed with nitrogen or are equipped with
vent conservation valves or vent collection piping.

It is estimated thlJt 2 100 mt/yr. of volatile organics are lost through the
tank vents.

See Table V 04d-1.
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TABLE V D4d-1
PRODUCT STORAGE TANKS

CAPACITY CUBIT ROOF
METERS

#
UNIT # TANKS PRODUCT TOTAL EACH FIXED/FLOAT

303 6 Gasoline 20000 3300 Rxed

304 4 Diesel 20000 5000 Fixed

304 2 Crude Oil 20000 10000 Rxed

301 2 Crude Oil 50000 25000 Rxed

305 3 Kerosene 5000 1 670 Rxed

306 3 Gasoline 5000 1670 Float

307 4 Gasoline 10000 3300 Float

308 3 Kerosene Rxed

313 2 Crude Oil 201000 10000 Rxed

313 2 Crude Oil 20000 10000 Rxed

311 4 Mazut 5000 1 250 Rxed

311 1 Mazut 1 000 1000 Fixed

316 6 Gasoline 1 000 167 Float

229 2 Gasoline 3000 1 500 Float

230 2 Kerosene 3000 1 500 Float

231 2 Oil 3000 1 500 Fixed

232 2 Diesel 3000 1 500 Rxed

217 2 Mazut 3000 1 500 Rxed

236 2 Asphalt 1000 500 Rxed

317 10 liquid Gas 200 20 ---
TOTAL 64 17 Aoat

37 Fixed

Estimated Hydrocarbon Loss: 2 100 mta.
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e. Environmental Considerations

The refinery processed 6 048 170 mt of 0.4% sulfur crude in 1992.
This relates to 24 192.7 mt of sulfur arriving with the crude oil. The
refinery removed 84.9 mt of sulfur from the products and recovered
50.9 mt in 1992. This equates to a 0.3% removal and a 60%
efficiency of the sulfur recovery unit.

The refinery has two Claus Units, one rated at 5 000 and one at
20000 mta capacity. The 5 000 mta unit was built in 1992 and the
20 000 mta unit was built in 1986. Both units were down for
maintenance during the walk through. The hydrogen sulfide was being
burned in the flare system.

Serious operation problems exist due to the low gas flow rate. The
hydrogen sulfide design gas flow rate for the 5 000 mt unit is 200
cubic meterslhour and for the 20 000 mt unit is 500 cubic meters per'
houl·. The flow rate during the visit was only 60-70 cubic meterslhour.
The low flow rate is a function both lower __ design crude oil sulfur
content and shutdown of the kerosine HDS unit. Environmental
regulations regarding kerosine sulfur levels are reportedly not with the
kerosine HDS shutdown due to lower inlet sulfur levels.

They tried to operate at their low flow rate and the catalyst froze up
with sulfur. A resulfuration/redesign of the sulfur pumps in content
with future environmental regulation changes is strongly recommended,
especially when operatkirJ of the VGO HDS unit is started.

See Table V 04e-1 for estimated sulfur balance.

r
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TABLE V 048-1
1992 SULFUR BALANCE

SULFUR

PRODUCT PRODUCED MT % MT
~....

LP<:i 54 93~ 0.0001 ---
~

Fuel Gas 125552 0.0001 0.1
'"

Gasoline 1 106733 0.01 111

Kerosene, Jet 503620 0.02 100.7
Fuel

Diosel1 1 371 576 0.06 823

Diesel 2 207245 0.17 352

Mazut 2539578 0.89 22602.2

Sulfur 50.9 -- 50.9

Sulfur Plant Sulfur 34.0
Stack

Losses and 138884
Misc.

TOTAL 6048170 24073.9

Crude Processed
Average Sulfur Content
Estimate Sulfur to Refinery
Miscellaneous Loss/Sampling Error

6048 170 mt
0.4%

24192.7 mt
118.8 mt

The refinery obtains its electrical, steam and boiler feed water from the
local District Power Plant.

The refinery process, fired heaters are designed to fire refinery gas or
heavy fuel oil (mazut). The heaters are not equipped with either
combustion air controls or any gas clean-up devices. The heater stacks
are not equippad with oxygen analyzers to optimize the combustion
efficiency.

The control valves, flanges and seals show evidence of product loss.
The storage tanks are equipped with fixed roofs or floating roofs and
vents. No vent controls ar~ installed.
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The waste water treatment plant tanks are partially covered. No
ventilating and recovery system is instal:ed to capture the volatile
organics.

The oily sludge lagoon air is allowed to evaporate water and oil
products. The residual oil in the treated final effluent is allowed to
collect and evaporate at the desert lake. The estimated 1992
hydrocarbon loss for the refinery is 13 030 mta. See Table V 04e-2.

TABLE V 048·2
HYDROCARBON LOSS

ESTIMATED LOSS MTA

COMPONENT 199? 1991....
Saturated 10367 10045
Hydrocarbons

Benzene 141 144

Xylene 110 11 ~

Toluene 212 215

Refinery Process 10830 10515
Loss

Tank Farm Loss 2200 2100
estimated @ 20%
of refinery process
loss

TOTAL LOSS 13030 12615

The raw water is high in both carbonate and bi-earbonate hardness.
This high content requires significant chemical addition to prevent
deposition of the calcium carbonate. '\.ppropriate chemicals, chemical
metering and monitoring equipment are not available. The refinery is
experimenting with using a permanent magnet in cIJoling tower recycle
lines. It was reported the p(. manent magnet has cut down on the
deposition of solids in both the heat exchangers and cooling tower
basis. No other or better source of wat6~ is available. Therefore a
pretreatment system should be provided in the form of softening or de
ionization. See Tab'e V 04a-1 for chemical quality of fresh water.
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The treated waste water is acceptable for discharge to the evaporation
lake in the desert. A problom exists because of the 97 kilometer
pipeline to the desert evapmation lake. Some of the farmer and
herdsman have knowledge of the pipeline and have tapped the pipe for
irrigation or stock drinking w,ater. One commercial activity, a car and
truck washing company, also tapped the pipe line for a source of water.
The washing operation was discovered by the local inspector and the
refinery was assessed a fine for the problem.

The solid waste from the storage tank, oil trap, intermedliate tank
cleaning and waste biological and floatation sludge is currently n(]it
being disposed of in an acceptable manner. The free oil should biB

recovered before the sand is used for fill material.

The lack of sufficient funding for preventative maintenancE! impacts
upon the environmental control in two adverse ways. The fir!lt is at the
process block - the lack of preventative maintenance c;auses an
excessive amount of product to be lost to the waste water sewer. The
second is the lack of preventative maintenance at the overloacled waste
water troatment plant prevents the equipment from performing near
design capabilities. In order to meet western standards of operation,
many existing processes or process equipment must be upgraded or
replaced and the oil/sll~dge handling equipment will have to be replaced.

Tetraethyllead is not added to the gasoline.

The refinery dnes not remove or provide any special control for
aromatics.

It was reported that no significant quantities of solvent are used in the
refinery.

Tri-chloroethylene is used as the sourc~ of Chloride Ion for the
continuous reactivation of the reformer catalytic. The trichlor is
received in cubical containers, 1 met~r x 1 meter x 1 meter. The box
is provided with fork lift slots on the base. The tri-chlor is removed
from ~i13 shipping container by a hand pump to a hand held bucket.
The bucket is carried to the top of the dry tank for mixing with
gasoline. The mixture of tri-chlor and gasoline is fed by chemical feed
pumps to the reformer system.

The shipping tar.ks and the dry tank are not contained. Any spill or leak
could flow into the sewer inlet or spread and evaporate. No hazardous
warning sign was noted.
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The refinery does not analyze for or track the presence or deposition of
heavy metals.

The recovered sulfur is shipped by railroad tank to a local lead/sulfuric
acid production plant.

It was reported that the refinery does not use any significant quantity
of either sulfuric or hydrofluoric acids; there c.re no alkylation units.

The refinery does not have its OW;l steam/electrical power plant. The
only fuel comb' Istion unit~ are the process fired heaters. The heaters
are equipped to fire refinery gas or heavy fuel oil. The heaters are not
equipped with flue gas analyzers or automatic control valves on the
combustion air inlet. Therefore the combustion efficiency can not be
automatically controlled.

The refinery does not have a bitumen process.

f. Quality of Local Environment

The refinery does monitor the ambient air quality in both the refinery
and the nearby residential areas. The laboratory is equipped with gas
chromatagraphs to analyze the gas samples. The air in the residential
areas are sampled weekly. The samples are collected down wind from
the refinery. The data indicate the refinery does not exceed the
allowable limits except in very unusual conditions. The standards used
are reported to be the Moscow Standards developed before the break
up of the Soviet Union. Kazakhstan adopted the Moscow Standards as
temporary standards until they have time to analyze them and
determine if and what modifications are needed to make the Moscow
Standards a permanent standard.

g. Current Emission Controls

The refinery partially contl'ols the release of product to the atmosphere
by using floating roofs in the light fraction storage tanks and by having
oil skimming and biological treatment of the waste water. No other
emission controls are provided.

h. Refinery Specific Potential and Opportunity for Improvement

During the refinery visit two items were observed that could reduce the
emission with little or no capital excess. Th~ two are: (1) increase the
frequency of oil skimming in the intermediate settle and the oil traps,
and (2) optimize the operation of the diffused air floatation unit.
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During the walk through, excess oil on the surface of the oil traps in ttIe
intermediate settling was noted. The tot!il amount of closed product
could be reduced if the accumulated oil were removed more frequently
and the free oil in the sludge lagoon be skimmed more frequently.

The dissolved air floatation clarifier was not operating properly. The
amount of flocculent and ~he free air bubbles was less than desirable to
develop an effective float. The flocculent feed and the amount of air
applied to the dissolution tanks shc.luld be increased.

There "Rere numerous medium term or cost actions that were observed
during the walk through. These are:

• t'rovide pre-treatment to the raw process water.

• Initiate an employee pollution prevention program.

• 1.1etermine thA water pollutlon sources.

• De~ermine s;oumt:ls of hyd.ocarbon releases.

• Cover the waste water treatment plant.

• Install combustic.'n controls on the fired heaters.

The public water supply to the refinery is from an artesian well. The
well water is high in hardness, both carbonate and bicarbonate.
Methods of softening are lime softening, resin softening, and deionizing
by absorption or reverse osmocis (RO). It was reported that a 60
Million Ruble U993} study was performed and RO was recommended.
The recommended RO project was estimated to cost 1.6 Billion rubles
(1993).

Many western relll.aries attribute a significant pollution reduction to
introducing an ongoing education program. The education program
must be designed to overcome the attitude that, pollution control is the
responsibility of just certain people or department. The program
teaches the management and operating people that they are all
responsible to minimize the amount of pollutants being released. Their
responsibility extends to the extent that observing a pollution discharge
without taking corrective action is reason for suspension or job loss for
the employee. Willfully causing a release of pollutants can also result
in the refinery closure and/or a severe monetary time. Therefore it is
recommended that an educational program be implement~rl that would
cause each refinery employee to recognize what pollution releases are,
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what dam&ge ~hey can cause and what they can per,J(,,1aily do 1;0 help
minimi:i::e tha pollution releases. Typically a reward program works in
conjunction with the education program. Rewards are given for
stopping pollutional losses or recommending changes which can
minimize future losses.

To monitor the effectivenati3 of the education program it is necessary
to have a base line pollution control survey. It is necessary to know
specifically how much pollution comes from each process block and
which piece of equipment or unit is causing the loss of product. With
this data everyone will know where the losses are, how much is being
lost and what can be done to minimize the loss. Therefore it is
recommended that an investigation and sampling program be
undertaken to collect sewer flow data and pollution levels for all of the
process blocks. With this waste water flow balance the improvements
in eithor water flow or lost product then can be measured. Also an
equipment replacement or revamp schedule can be developed.

The air pollution releases can be reduced by replacing leaking valves,
gaskets and seals and installing storage tank vent controls. Before
starting to repair or replace valves and seals or constructing vent
collection systams it is necessary to determine an order of priority. To
do this, an organic vapor analyzer (OVA) can be used to sniff at all
pt'~antial sources - valve stems, f[\lnges, seals, vents. With the data
collected a schedule of repair/replacement can be developed, of course,
if a bad leak is noted during the survey, it should be fixed immediately.
The sniffing survey should be conducted every three to four months
until all sources have been repaired/replaced.

Because of the large number of small sources and the recommended
frequency of inspection, it is recommended that a PC computer with
spread sheet capability be made available to the environmental
personnel. Data from the vvCi:lite water source can also be entered into
the PC for data and program control.
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In conjunction with controlling the volatile organic losses within the
process blocks, it will be necessary to control the losses at the waste
water treatment plant. Therefore the sand traps, oil traps, intermediate
settling and the dissolved air floatation unit will need to be covered. A
fan to induce a slight negative pressure under the cover must be
installed to prevent any J~akage around the cover. The fan can
discharge to a "l.,por recovery or treatment system or to the flare
system. The vants at the light fraction storag~ tanks should be
scheduled for control when the waste water treatment plant is
controlled.

The process heaters are not equipped with combustion control systems.
This allows for the potential of excess CO or NOx and an inefficinnt use
of fuel. To increase the efficiency of fuel use and the control of
CO/NOx it is recommended low NOx burners be installed with -automatic
O2 analysis and combustion air control.

5. OPPORTUNITIES FOR IMPROVEMENTS

The overall goals of the work are to assist in the privatization of the petrolm:m
sector by providing salient information for preliminary investment deciskms,
and to enhance privatization opportunities by recommending improvements for
the existing installations that will increase technical and financial performance.

The work undertaken to meet the goals are part of the USAID NIS Petroleum
Refinery Program for Kazakhstan. The purpose of the program is to:

• Identify changes in operating practices and low-cost modifications to
equipment that can be immediately implemented to increase the efficiency
of energy utilization, conserve energy by avoiding unjustified energy use,
and reduce undesirable gaseous, liquid, and solid efflue,ts.

• Identify and characterize more extensive changes in operating and
maintenance practices, equipment, and physical modifications to the
process units.

8. Operation Improvement Opportunities

The recommend8tion~, of this study to improve energy utilizatior. emu
operations (yields, practices, etc.) are categorized in terms of
immediate, medium-term, and long-term opportunities.
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i. Immediate Opportunities

TheRe opportunities require changes in operating conditions with
or without nominal equipment modifications, those which appear
implflmentable within the staff resources of a refinery, and at a
cost of less than the .aquivalent of approximately US $100,000.
This category covers zero to low r Jst modifications to the refinery
that will be relatively easy to implement. The refinery should be
able to execute these modifications with its own internal
resources.

ii. Medium-Term Opportunities

These opportunities require formal justification, infusion of capital
from external sources, and possibly the services of externally
obtained experienced resources for i:nplementation.

iii. Long-Term Opportunities

These opportunities involve abandonment of major processing
units, major modernization (or revamping) of existing units, or the
construction of new processiJlg units. The justification would
occur through mark(~t analyses, rather than technical analyses, of
crude supply and product slates.

,
,!

b. Energy Improvement Opportunities

The major energy improvement opportunities were summarized by the
Evaluation Team and fall into four major areas: energy conservation,
furnace combustion, heat conservation, and steam system
improvements.

i. Energy Conservation Improvement Opportunities

Implementation ofcomprehensive energyconservation policiesand
programs. Economic evaluation of energy consewation programs
should be based on world energy prices. ...

Ii. Furnace Combustion Improvement Opportunities

Improvement of furnace combustion efficiAncies by:

• Addition of monitoring equipment, e.g. flue gas oxygen
analyzers, fuel flow meters, and associated controls.
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• Use of improved waste heat recovery techniques such as
additional steam generation, convection section process
reboiling, and combustion air preheat, especially need to be
evaluated in terms of rapidly increasing energy prices.

• Replacement of equipment where necessary, e.g. burners
and instrumentation.

• Operator training in efficient furnace firing techniques.

iii. Heat Conservation Improvement Opportunities

Improvement in heat conservation prac~tices focused on the
se!i:lcted upgrade of insulation (repair, replacement, and addition)
a~ warraNtld.

iv. Steam System Improvement Opportunities

Improvement opportunities in the area of steam system operating
efficiencies included:

• Adding steam treps.

• Collecting and reprocessing condensate.

., Considering additional utilization of steam (e.g. st!3am turbine
drivers with admittance/extraction nozzles and steam
reboilers).

c. Types of Emissions Control Opportunities

The recommendations of opportunities to improve environmental
conditions are categorized into immediate, medium-term, and long-term
opportunities.

i. Immediate Opportunities

The immediate emission control opportunities require changes in
operating practices with or without nominal equipment
replacement, those which appear manifestly in the public interest,
and those which appear implementable within the staff resources
of the refinery for the equivalent of approximately U.S. $100000.
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Ii. Medium-Term OJ:!lOrtunities

The medium-term emission control opportunities require infusion
of capital from external sources, possibly the services of
externally-obtained experienced personnel for implementation.

iii. Long-Term Opportunities

The long-term emission control opportunities are high cost and
represent substantial clean-up of accumulated pollution from past
neglect.

While a few of the environmental improvements can be implemented
quickly, a considerable amount of capital must be invested for the
majority of the needed work. The balance of capital investment versus
environmental goals and improvements must be considered in the
future.

In summary, the potential emission control opportunities include:

• Develop a comprehensive environmental program that stresses:

• emissions awareness and responsibility.

• monitoring of specific emissions from the refinery, both air and
water.

• termination of existing emissions to the environment.

• Enhance product desulfurization and refinery sulfur recovery
capabilities.

• Improve water treatment operations by:

• diligent monitoring of water emissions.

• determined repair and maintenance of exist.ing pollution and
control equipment.

d. Operation and Energy Efficiency Improvements

Prior to implementation of any refining improvements (either energy
efficiency or equipment replacement/revamp), a comprehensive
strategic investigation and evaluation of the Shymkent Refinery long

Kazakhstan - Part V - Technical Refinery - Operations Page 310

\ v



term operating plans should be conducted. Based on the results of the
evaluation, some or' all of the following recommendations could be
implemented.

The energy efficiency improvement opportunities described is this
section are not given in any special order. However, these
opportunities are organized in terms of Immediate-, Medium- and Long
Term Opportunities. Cost shown are on a U.S. Golf Coast basis. Many
of the potential improvements require the refinery to develop a history
of specific causes of unscheduled downtime, and resultant :oss of
product and profit as a basis for justifying the suggested project.

i. Immediate Opportunities

Below is a listing of the Immediate, Minimum Cost Opportunities
for energy efficiency or operational improvements. For purposes
of classification, Minimum Cost Opportunities will be defined to
include expenditures below $ 100 000.00 U.S. Dollars.

a) The Shymkent refinery must develop and implement
comprehensive energy conservation philosophies and policies.
A formal program should be established and monitored. We
suggEiat that the refinery raises its consciousness level and
sensitivity to the energy costs involved in processing crude oil.

b) Initiate a detailed program that regularly monitors, calculates,
and evaluates product yields and utility consumptions. The
program must be designed and operated such that regular
energy conserving or product quality adjustments are
sanctioned and encouraged. Further, source of losses must be
identified and minimized.

c) Launch an extensive equipment insulation program to repair and
replace existing insulation in poor condition, supplement
existing insulation in good condition (as necessary), and add
insulation to currently exposed equipment items based on
economics related to world energy prices and heat losses of
equipment.

d) Invest in education programs or courses for the following
topics:

• Overall fired heater operations, with specific focus on
proper air/fuel ratios, burner operations, and maintenance.
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• Steam trap selection and maintenance.

• Major process equipment inspection and recertification.

• Overall refinery energy 4 fficiency improvement programs.

• Engineering design and operations course.

e) Audit the steam generation, distribution, utilization, and
condensate return equipment and balances in detail. Develop
a comprehensive plan to upgrade the steam system(s).

• Add, repair, & replace insulation as necessary based on
world energy prices and heat losses from various sources.

• Design and implement new steam trap selection and
maintenance programs.

• Consider utilization of steam turbine drivers, particularly
for critical services. Since the refinery may operate at
reduced throughputs in the forseeable future, steam
turbine drivers may afford some operating flexibility along
with improved utility efficiencies at turndown conditions.

• Consider replacing steam tracing piping with stainless
steel or copper tubing. Ensure proper installation and
insulation of steam traced lines.

" Consider the use of steam turbines with admittance
extraction nozzles at the low or medium steam system
pressure to minimize condensing and to help regulate and
balance the steam system.

f) Conduct regular heat exchanger evaluation audits. ClealJng
schedules and anti·foulant injection procedures should be based
on audit results.

g) Develop process optimization strategies and procedures based
on economic and safe operations. Specifically; reduce
Catalytic Reforming Unit operating pressure to improve yields.
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h) Conduct "Test Runs" of individual process units to determine
baseline process operations and yields. Accumulation of Test
Run data would require:

• Calibration of Instruments.

• Complete feedstock and product analyses.

• Complete temperature and pressure surveys.

• Specific material balance development with the goal to
quantify "losses".

i) Provide, evaluate, and replace as necessary utility monitoring
instrumentation and confirm its accuracy. rrocess unit utility
consumptions per tonne of product should be calculated with
yearly goals set to reduce utilities, so far as practicable.

j) Evaluate new and improved catalysts for the Catalytic
Reforming Unit that may provide yield and energy efficiency
advantages. It is highly probable that the old catalysts can be
traded for the new catalyst and in addition a hard currency
pavement will be madti to the refinery to reflect the highe!"
platinum content of the old catalyst. The refinery is working to
achieve these goals.

k) Develop a detailed maintenance history and data logging
program. Significant downtime data can justify equipment
replacement.

I) Other recommendations are as follows:

• Investigate the use of structured packing as appropriate in
other capacity limited towers, to improve fractionation
and product quality.

• Install steam traps on all steam users.

• Where not already in place install permanent vibration and
temperature monitors and shutdown devices on the
refinery's critical compressors and air blowers.

• Investigate and install canned or magnetic drive pumps in
dangerous chemical or acid service.
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• Installation of double mechanical seal in a cartridgf mount
with more exotic metallurgy such as inconel, hastelloy and
ceramic with Kalrvez and Graffoil-type o··rings to
withstand fluid temperature in oxcess of 800 0 e (high
temperature products).

• Utilize a service for analysis and design of heat
exchangers such as HTRI for designing new and rerating
existing heat exchangers and look at pinch analysis of
crude hea~ exchange train.

• Perform monthly flue gas analysis on each furnace and
adjust burners accordingly. Preferably, go to automatic
control, as suggested next.

• Install oxygen analyzers on furnaces in major refinery
units. Preferably, install automatic fuel controls on all
fired heaters in conjunction with "in-situ" Oxygen/flue gas
analyzers.

• Purchase portable hand-held infrared digital thermometers
for -maintenance group fo,' checking bearing housing
temperature and insulation heat loss.

Investigate the installation of remotely control of air
dampsrs to furnaces.

• Investigate the installation of a flame guard system on
burners.

• Study the addition of a vacuum pump to replace the
steam vacuum jets in the normal operation of the vacuum
unit. This will also improve environmental.
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I. IMMEDIATE OPPORTUNITIES

DESCRIPTION

Develop and implement a comprehensive energy conservation program. This
could include:

• Formation of an energy audit team.
• Purchase of publications (magazines, books, periodicalst related to

specific energy conservation practices.
• Attendance at AIChE, API, NPRA seminars related to energy efficiencies.
• Precise monitoring of all utility consumptions for each process unit.
• Calculation of energy consumed per unit of feed or product, and

comparison to Western standards.
• Authority to make changes to improve overall refinery energy efficiency.
• Hold the unit manager responsible for energy consumption.

By: Shymkent Refinery I
I

COST

Insignificant if all the
energy is now metered
on the process units.
Otherwise, the cost of
installing those meters.

I ,

BENERT

Significantly lower
refinery energy costs.

Provides a baseline for
funher yearly
improvements.

Major U.S. refiners
have reduced their
energy usage per barrel
of crude run by over
one third during the
past 17 years. They
are now averaging
about a 1% reduction
per year.

DESCRIPTION COST BENEFIT

Develop and implement a program to frequently monitor product yields and Minimum Variable Immediate improvement
qualities along with utilities consumptions. Adjustments to process operating in quantity of higher
conditions would be recommended to optimize product values vs. feed and utility quality pr"duct.
costs. This type of program could minimize lower value and maximize higher
value product manufacture, and optimize product qualities (e.g., eliminate octane
..giveaway" t.

By: Shymkent Refinery

'
~
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I. IMMEDIATE OPPCmTUNITIES

~.

DESCRIPTION COST BENEFIT

Attend education/trainin~seminars related to fired heater operations and $10000 to $15 {l00 Immediate energy
optimization with specific fo~us on optimum air to fuel ratios, and burner for 1 person for 1 savings in the fired
operations & maintenance. The training representative should conduct the week. heater sections of the
seminar at the jobsite if at all possible. plant.

Result will be immediate improvement in fired heater operations and energy
consumption.

Supplier: John Zink or equivalent, or furnace combustion specialist or consultant.

DESCRIPTION COST BENEFIT

Attendance at steam trap selection and maintenance education/training seminar $5 OOO/person Immediate steam
with special emphasis on reduced steam consumption. consumption reductions

Western firms may be resulting in lower
Result will be lower overall steam consumption. willing to present a overall energy

seminar at no charge. expenditures.
Supplier: Spiral< Sarco, Inc.

2806 Center Circle Dr.
Downers Grove, Illinois 60515

or
Armstrong International
1081 East Ocean Blvd.
Stuart, FL 34996

L..
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I. IMMEDIATE OppORTUNmeS

DESCRIPTION COST BENEFIT

Attendance at a refinery equipment inspection, evaluation, and recertification $5 000 per person Improved process unit
training seminar. Oil stream time.

Result will be ability to enact an approved preventative maintenance program to
improve turnaround maintenan«:e efficiency, equipment failure rates, and overall
safety aspects of the complex.

DESCRIPTION COST BENEFIT

Attendance at AICHE, API or NPRA seminars regarding refinery operations energy $5 000 (EstimateJ Result will be better
efficiency. per person understanding of

modem refinery energy
Supplier: AICHE, API, NPRA or European Equivalent. efficiency improvement

practices which will
yield imp(oved refinery
energy expenditures
per mt of crude
processed.
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I. IMMEDIATE OPPORTUNITIES

DESCRIPTION COST BENEFIT

Attendance at petroleum engineering design and operating course. $5000 (Estimated Result will be improved
Course Cost) understanding of

Supplier: UOP or Equivalent per person modern basic
engineering design
practices that can
stimulate future
process unit revamp
options.

DESCRIPTION COST BENEFIT

Purchase one thickness gau.1ing system (e.g. sonogram, audiogram). $3 000 to $5 000 Allows maintenance
crews to accurately

Vendor: Krautkramer Bran"on determine process
P.O. Box 350 equipment metal
Lewistow, PA 17044 thickness to efficiently

monitor equipment
corrosion, schedule
turnaround
maintenance and
preclude equipment
failures.

s:
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I. IMMEDIATE OfItIOATUNmES

.,1

- --
DESCRIPTION COST BENEFIT

Conduct "Test Runs" of individual process units to determine baseline process Variable - By refinery Provides a firm
operations and yields. Accumulation of Test Run data would require: staff. operations baseline for

future process unit
1. Calibration of instruments. evaluations.

2. Complete feedstock and product analyses.

3. Complete temperature and pressure surveys.

4. Specific material balance development with the goal to Quantify "losses".

By: Shymkent Refinery

IOESCRIPTION COST BENEFIT

Provide, evaluate, and/or replace the utility consump~ionmonitoring Variable - By refinery Provides concrete
instrumentation and confirm its accuracy. Evaluate overall Pavlodar refinery staff. utility consumption
balances and utility system capabilities. numbers for each

process un:t. This will
Allows refinery staff to: allow accurate

evaluation of the
1. Qualitatively determine the capacity, reliability and future capability of the efficiency of each

utilities systems. Results will determine if future utility adjustments (e.g. process, and thus lead
replacement of electric motors with steam turbine drives) could be justified. to identification and

implementation of
2. Determine energy consumptions per unit of feed charged or product energy savings

produced. Results will allow operating staff to adjust process conditions to activities.
improve overall energy efficiencies.

By: Shymkent Refinery

~
~
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I. IMMEDIATE OPPORTUNITIES

DESCRIPTION COST BENEFIT

Purchase portable hand-held infra-red thermometer for maintenance group for Budget Cost: Improved on-stream time
checking bearing housing temperature and checking for insulation problems; $2000 due to prevention of

unscheduled
maintenance; reduction
of heat loss through
poor insulation.

-
DESCRIPTION BUDGET COST BENEFIT

Perform monthly flue gas analysis on each Equipment has Immediate, in addition to environmental improvement. It is
furnace and adjust burner controls to minimize been supplied by believed that a 10 to 15% improvement in fired heater
excess air. Attention to flue damper operation John Brown efficiency is easily achievable. In 1992, Shymkent reported
and burner air registers is also suggested. through this U.S. fuel usage of 182 015 metric tonnes. At $70/mt and 10%

A!D program. efficiency improvement, this equates to a savings of $1.3
million dollars a year.

~
~
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I. IMMEDIATE OPPORTUf4ITIES

DESCRIPTION COST BENEFIT

Install ·in situ· oxygen analyzers on furnaces $14000 each Refer to ·Flue Gas" analysis recommendation above. This
on major the refinery units. plus installation project contributes significantly to the overall fuel savings.

labor

DESCRIPTION COST BENEFIT

Consider using Western firms when it is Minimal At design operating rates for the crude units an increase in crude
necessary to replace heat exchangers, heat exchanger effl~iency is worth $35 700 per year per degree
as they use computer programs for centiorade. That is, getting 10°C more out of the heat exchange
analysis and design of heat exchangers train will save $357 OOO/yr in fuel loss. It should be noted that
such as HTRI for designing new and part of the short-fall is due to fouling and the need for improved
rerating existing heat exchangers. The cleaning regimen, however, improved heat exchangers and system
resultant new designs are more efficient analysis is a necessary part of the energy improvement process.
and cost effective•

.s:-
~-,.
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I. IMMEDIATE OppORTUNmES

DESCRIPTION COST BENEFIT

Conduct regular heat exchanger operating audits. Exchanger cleaning MinimalNariable By Energy savings due to
schedules and anti-foulant injection procedures should be based on audit refining staff. improved heat
results. exchanger operation.

By: Shymkent Refinery

DESCRIPTION COST BENEFIT

Evaluate refinery hydraulic loops to determine if excessive pressure drops are Minimal by refinery staff. Reduced electrical
taken across 1:uid flow system control valves. Trim pump impellers to meet energy consumption.
actual system requirements.

DESCRIPTION COST BENERT

Purchase a computer aligning machine to achieve more accurate machine Bt.dget price for one Improved on-stream
alignment; hence lower failure rate. computer = $5 000 time, and thus improved

plant profitability due to
prevention of
unscheduled downtime•

I J . I

.s:;
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I. IMMEDIATE OPPORTUNInES

I'

DESCRIPTION COST BENEAT

Purchase and install a computer with proper software for the Budget price for Improved on-stream time as a result of
maintenance group for monitoring, controlling, scheduling and computer and decreased amount of unscheduled downtime
tracking the refinery maintenance management system. software = through improved planning.

$20000

~"'.

DESCRIPTION

Develop an extensive equipment insulation
program to repair and replace existing insulation
in poor condition, supplement 6"isting insulation
in good conditiol~ as necessary, and add
insulation to currently exposed equipment items
based on world ene~gy prices and heat losses of
equipment. Improve insulation practices, for
example, insulate bare pumps, valves, piping, and
jacket with aluminum or galvanized sheet metal
where process temperature exceeds 65°C.

Kazakhstan - Part V - Technical Refinery - Operations

COST

Approximately
250 parts at 1.0
m2 each.

Installed cost at
$210/m2 =
$52500

'!'

BENEFIT

At average process temperature = 150°C, heat loss with a
3m/sec wind, approximately 3 200 Kcal/m2 = 800 000
Kcallhr

Approximate value:

800 000 Kcal% Kg % tolfM %7 92.0 1tr. 6465 tollM.t
1tr 9 800 Kcal 1 000 kg yr yr

646.5 tollM.t% $70 % 1 = $56571
yr toMt.f 0.80 EFF yr

Payout:

$52 500 • 0.93 yean
56571
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I. IMMEDIATE OppORTUNmES

• .,•••111 , • I

DESCRIPTION COST BENEFIT

Where not already in place install permanent Budget cost: Based on refinery experience, it is reasonable
vibration and temperature monitors and shutdown $2 OOO/point. Estimate to assume 2 failures/yr. Cost of failure =
devices on refinery's critical compressors. 8 pts/compressor. Cost = $10000. Total cost $10000)( 2 = $20

$2 000 x 8 = $16 000 000.
Payback = less than 1 yr.

DESCRIPTION COST BENEFIT
'"

Investigate steam and condensate recovery system operations and 1 trap = $200 Savings of $1 000 to $3 000 per year
options. Current lack of steam traps and condensate recovery systems Installed = per application are possible, jf steam is
result in inefficient utilization of the steam source. Audit the steam $400 now allowed to blow through
generation, distribution, utilization, and condensate return equipment and l,;~checked in heating unit.
balances in detail. Develop a comprehensive plan to upgrade the steam Total cost =
system(s). $400 x 100 = Potential Pay-back, per trap

$40000
1. Add, repair, or replace insulation as required.

$1~=4.8 mollths2. Implement complete steam trap selection and maintenance program.
3. Consider utilization of steam turbine drivers, particularly for critical

services. This type of driver can provide improved utility efficiencies
at turndown operations.

4. Replace steam tracing piping with stainless steel or copper tubing.
Ensure proper installation and insulation of steam traced lines.

For example, install steam traps on steam condensate lines in the
refinery's tank farms.

Q' Kazakhstan - Part V - Technical Refinery - Operations
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I. IMMEDIATE OPPORTUNITIES

DESCRIPTION COST BENEFIT

Action: Provide training in economics and planning, price setting in free A two month list to the Provide knowledge to
market economics, product profitability analysis. This is preferably states would cost refinery management in
extensive exposure in a Western setting for 6 to 7 key refinery and between 12 000 to administration of
ministry people. A second alternative is to bring the training to the 15 000 per person. profitable operations in a
refinery. free market, competitive

economy.

k
<>

"'
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I. IMMEDIATE OPPORTUNITIES

~ iii I • I I •

DESCRIPTION COST BENEAT

Action: Provide a review of and training in capital budgeting practices. $25000 Improved retmn on
Estimated/person invested capital and

Benefit: Allocation of capital funds in a business must be based on proper allocation of
maximizing financial return. A portion of available funds are needed Follow-up limited funds.
for maintenance, environml3ntal and safety purposes. However $15 OOO/person
discretionary capital should be allocated on a sound
technical/economic basis. Refinery management needs the tools and
understanding to recognize and support projects that minimize costs
(in many cases energy savings) and thus maximize profits. Vield
improvements, labor reduction, new products, new busir.ess lines,
etc., also fall into this category.

Supplier: To be determined. Business schools or individuals from project
justification/financial analysis areas are possible sources. Groups
specializing in management training, such as the AMA are another
source.

DESCRIPTION COST BENEFIT

Repair broken and damaged cooling tower Budget price per A tower cooling water supply temperature can be translated
sheathing to allow better cooling tower tower - $5 000 to reduced water flow and lower pumping costs.
efficiency.

~
.~
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I. IMMEDIATE-TERM OPPORTUNITIES

DESCRIPTION COST BENEFIT

Investigate and install a lube oil analysis maintenance By refinery staff. A full analysis of lubrication requirements and
program to reduce equipment failure. implementation of resulting insights will aid in reducing

equipment failure and resulting loss of product due to
unscheduled downtime.

DESCRIPTION COST BENEFIT

Action: Consider installation of variable frequency drives Varies with Reduce energy consumption.
in selected applications. application

Kazakhstan· Part V - Technical Refinery· Operations Page 327



~BRONN

I. IMMEDIATE-TERM OPPORTUNITIES

.1 I JI,

DESCRIPTION COST BENEFIT

Investigate the installation and justification Material and labor cost for 20 Allowing low-pressure steam to flash off and be used
of condensate collection drums at the foot high x 10 foot diameter in storage tank heating.
condensate collection stations. drum = $50 000.

DESCRIPTION COST BENEFIT

Study the addition of a vacuum pump to replace Installed = $30 000 Ability to obtain tower vacuum and more efficient
the steam vacuum jet in the normal operation of operation of the vacuum system. Current low energy
the vacuum tower. costs may not at this time justify the cost expenditure

required would also reduce waste water contamination.

DESCRIPTION COST BENEFIT

Investigate the installation of a flame guard Material - $1 000 for 28 Combination of safety (prevent fire or explosion) and
system on furnace burners. burners = 28 x $1 000 savings in excessive fuel usage should a burner fail.

= $28000

Installed = $56 000
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ii. Medium-Term Opportunities

Below is a listing of medium term, intermediate capital cost
opportunities (approximately $100 000 to $5 000 000) for energy
efficiency or operational improvements:

a) Improve fired heater overall operations and efficiencies.

• Add advanced process control of combustion air &. fuels.

• Replace or repair of burners as necessary.

• Replace heaters with steam reboilers where feasible.

• Consider incorporation of a Hot Oil System if replacement
of fired heaters (e.g. reboilers) and/or exchangers
becomes necessary.

b) Invest in computer software as follows:

i) Simulation program(s) for Fractionation, Crude I Vacuum
Distillation, Reforming, and Distillate Hydrotreating and
FCC Unit operations.

ii) LP Model for profit analysis based on alternate feedstocks
and the resulting product slate.

c) Commission some or all of the following studies intended to
improve the energy efficiency, operability, and/or product yields
of the refinery:

• Installation of Advanced Control Instrumentation,
particularly for combustion control.

• Modification / revamp of existing Catalytic Reforming Unit
equipment (reactors, fired heater tubes, piping, etc.) for
suitability to higher temperature (>, 000 OF) operations
for increased gasoline octane capabilities.

• Improve Vacuum Fractionation potential by modification
of the current column internals.
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d) Upgrade Stf,\am Generation Systems

• Upgrade condensate recovery systems such that
condensate is recovered and returned to the steam
system.

• Consider Steam Turbine Drivers to improve efficiency of
turndown operations. Investigate the economics of
adding a turbine nozzel for steam admittance/extraction to
minimize condensing and help to balance the steam
system.

• Consider steam heated reboiler exchangers to replace fired
heaters, where feasible.
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II. MEDIUM-TERM OrPORTUNmES

DESCRIPTION CO~T BENEFIT

Commission a comprehensive study to investigate how best to improve overall . A comprehensive study Immediate energy
fuel fired efficiencies con:iidering: is estimatad to cost savings expected. The

between $150 000 to fired heaters are the
a) Addition/utilization of Advanced Process Control of combustion air and $200000. r.!lJst energy intensive

fueUs). equipment items in the
refinery. They also

b) Replacement or repair of burners as necessary. appear to have the
most potential for

c) Replace fired heaters with steam reboilers, where feasible. improved energy
efficiency.

d) Consider incorporation of a Hot Oil System if replacement of fired heaters
(e.g. reboilers) and/or exchangers becomes necessary.

.......:l
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II. MEDIUM-TERM OppORTUNmES

DESCRIPTION COST BENEFIT

Invest in computer software as follows: $20 000 to $250 000 Improved refinery
Depending on program operation and their

a) Simulation program(s) for Fractionation, Crude and Vacuum Distillation, . selected and training profitability.
Catalytic Reforming, and Distillate Hydrotreating. required.

b) LP model for profit analysis based on variable feedstocks and resultant
product slates.

Allows systematic approach to operations and yields predictions.

Simulation Program Suppliers:

Hyprotech - "Hysim"
Sim-Sci - "Process", "PROm", "ASPEN/SP"
Chem Share - "Design II"
AspenTech - "ASPEN PLUS"

or equivalent
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II. MEDIUM-TERM OppORTUNmeS

~ ~-

DESCRIPTION COST BENEAT

Commission a study to evaluate best implementation of advanced control $250 000 (Est.) Results in improved
instrumentation for optimized process operations. energy efficiencies,

product quantity and/or
product quality that are
generally paid-off in
less thar. one year.

DESCRIPTION CO$T BENEAT

Commission a study to evaluate revarn;>ing of the existing Catalytic Fi-,10rming $250000 (Est.) Im~roved yields and
Unit to higher temperaturellower pressure operations for increased octane and p~oduct qualities of a
yield benefits. high value product. Is

needed to improve
overall refinery
profitability•

'V'".,\
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II. MEDIUM-TERM OPPORTUNmES

DESCRIPTION COST BENEFIT

Upgrade the steam generation, dist!ibut!on, and condensate recovery systems to To Be Determined Reduced steam
improve utility efficiency. consumptions resulting

• Upgrade condensate recovery systems such that condensate is recovered in improved refinery
and returned to the steam system. utility efficiency.

• Consider Steam Turbine Drivers to improve efficiency of turndown
operations. Investigate use of admittance/extraction nozzle.

• Consider steam heated reboiler exchangers to replace fired heaters, where
feasible.

DESCRIPTION COST BENEFIT

Action: Consider installation of two- $160000 Reduced energy consumption, and maintenance (due to
speed/reversing motors/controllers on retJuced icing)
all cooling towers

An economic justification of this recommendation should be

Iundertaken, considering reduced energy consumption and
maintenance costs•
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iii. Long-Term Op~ortunities

Below is a listing of long term, significant capital investment
(greater than $5 000 000) opportunities for greater energy
efficiency or operational improvements. Implementation of these
projects should be considered following a detailed evaluation of
long range plan of the Shymkent refinery operations.

a) Proceed with plans to complete the partially completed FCC
Unit Complex. Potential process additions should be appraised
with the realization that the refinery may process heavier,
higher sulfur content crude oils in the future.

b) The refinery must acknowledge that strict adherence to
Kazakhstan state and world standard product specifications will
be required in the future. Improved production quality
standards may become necessary. Consideration should be
given to:

• Merox treating of LPG, Gasoline, and Jet Fuel products.

• Higher octane requirements of the gasoline pool,
Alkylation Unit.

• Lower sulfur requirements of heavy fractions.

• Fuel Oil desulfurization

• Additional elemental Sulfur Recovery, tail gas plant and
revamp existing sulfur recovery to enhance recovery.

c) Incorporate Advanced Process Control or Distributed Control
Systems into the refinery. This will require replacement of the
majority of the refinery instruments. Consolidation of Control
Rooms should be considered.
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III. LONG-TERM OPPORTUNITIES

DESCRIPTION COST BENEffi

Proceed with plans to complete the partially completed FCC Unit. In process, cost Would place a partially
estimated by completed asset in

Potential process additions should be appraised with the realization that the refinery at $120 operation to meet projected
refinery will process heavier, higher sulfur content crude oils in the future. million. future growth.

DESCRIPTION COST BENEFIT

The refinery must acknowledge that future strict adherence to Kazakhstan state To be determined To meet future product
and world standard product specifications will be required. Improved production quality and market
quality standards may become necessary. Consideration should be given to: demands.

· Merox treating of LPG, Gasoline, and Jet Fuel products.

• Higher octane requirements of the gasoline pool.

· Future addition of an Alkylation Unit.

· Lower sulfur requirements of heavy products which could require :

a. Fuel Oil desulfurization
b. Additional elemental sulfur recovery

Kazakhstan - Part V - Tectmical Refinery - Operations Page 336



e. Environmental Emissions Reductions

i. Immediate Environmental Opportunities

There were no observed situations in which field changes could be
made during the site visit which would reduce the refinery
environmental emissions. There are, however, some low-cost
activities that can be undertaken.
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I. IMMEDIATE ENVIRONMENTAL OPPORTUNITIES

I. d

DESCRIPTION COST BENEFIT

The following environmc,ntal activities could be undertaken with little capital Improved environmental
expenditure. conditions through

reduction of oil outflow
1. More frequent skimming of floating oil at the intermediate settlers. Additional man hours of in waste water.

existing staff.

2. Optimi2e operation of the dissolved Air Floatation Unit. Add more Cost of chemicals and
flocculent and increase amount of cornpr6ssed air fed to the unit. power from Air

Compressor.
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I. IMMEDIATE ENVIRONMENTAL OPPORTUNITIES

DESCRIPTION COST BENEFIT

Investigate and install a canned or magnetic drive pump in LPG dangerous Budget Cost: Personnel safety and
chemical or acid service. $15 000 environmental benefits

through reduced VOC
emissions.

DESCRIPTION COST BENEFIT

a. Supply the plant with stack gas analyzers which will allow them $15 000 • Reduction of air emissions.
to optimize combustion to minimize the release of NO. and CO.

b. Provide an ambient air organic vapor analyzer so surveys of $10 000 • Generate an employee
pumps, flanges, valves and vents can be conducted. With these awareness of poiiutiorl con-
data, a program of volatile organic emission reduction could be trol activity.
developed.

DESCRIPTION COST BENEFIT

Investigate the environmental benefit of converting existing burners Estimate cost low NOx burners at Immediate,
to lower NO. type. $1 OOO/burner environmental benefits

.,C
.k--
---
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I. IMMEDIATE ENVIRONMENTAL OPPORTUNITIES

I ~ " II III., ,II I " i I I I,
,

" II Ill, 1",

DESCRIPTION COST BENEFIT

a) Establish an Employee Environmental Education Program. Cost of refinery manpower Improved environmental
assigned or cost of outside conditions through education and
consultant, estimated at $25 000. resultant actions.

b) Determine the source of excess waste water flows. Refinery manpower. Improved environment through
remedial actiC'ns.

c) Survey the valves, flanges, and vents for hydrocarbon Refinery manpower. Reduced VOL emisson through
losses. In conjunction with acquisition of an Organic corrective actions.
Vapor Analyzer.
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ii. Medium-Term Environmental Opportunities
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II. MEDIUM-TERM ENVIRONMENTAL

1.1. , " II

DESCRIPTION COST BENEFIT

Install a storage tank vent collection system on the 37 tanks storing 5 000 x 37 tanks • Recover about 2 100 mt of
volatile products. = $185000 product per year.

Install three vapor condensing systems on the vent system above. 2 at $15 000 = $30000 $160/mt of diesel is
appropriate world price of

Total = $215000 product in Fall 1993.

At $160/mt, this is $0.336
million savings or a 8 month
payback.
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iii. Long-Term and Further Environmental Work Required

The recommendation for further environmental work transcend the
refinery. A state effort must be put forth to develop a viable body
of laws, rules, regulations, inspection, and statewide
inspection/enforcement procedures. This effort must involve the
local District political and industrial representation plus interface
with adjacent Districts or countries, as well. This effort will be
required over· a period of 5-10 years. The cost cannot be
estimated at this time.

The results of this activity will provide the direction for future
technical changes in refinery configuration and operations.
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III. LONG-TEAM ENVIRONMENTAL

I ,

DESCRIPTION COST BENEFIT

The following activities will require additional
studies and/or significant expenditures.

a) Install combustion controls on the process Previously suggested under energy saving Reduction in emissions as well
heaters. section of this report. reduced fuel usage.

b) Revamp or replace oil traps with an API Minimal to $100 000 plus if replacement Improved waste water quality
Type Separator. needed. and increased recovery of waste

oil.

c) Cover the Waste Water Treatment Plant. Estimated at $50 000. Reduced VOC emissions.

Implementation of results of
d) Modify sulfur plant so that it operates Engineering Study $50000 to $100 000. study would reduce S02

efficiently at the reduced feed rates now emissions significantly.
seen in refinery.

~
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6. SUPPORTING PLANT DATA

8. Thermal Energy

i. Heat Transfer Equipment

a) Fired Heaters

Combination Unit

The crude section furnace N-1 01 and N-101/1 heat the char~e

to the atmospheric tower and bottom pump around streams fo
the preflash and atmospheric tOVl.srs. The furnace is side-fired
updraft with the flue gas collected and fed to a large 10 mete~

diameter 125 plus meter high concrete sta~k. The stack
contains a 38 kg/cm2 and a 13 kg/cm2 waste heat boiler. The
die!sel desulphurizer furnace N-301 lies on the opposite aide of
thf' stack to the crude furnace and heats the reactor charge. It
ia bottom fired updraft with its flue gas feeding into a top
mounted flue gas header which discharges into the same stack
as the crude furnace. The kerosene desulphurizer furnace N
302 lies alongside N-301, it is also bottom-fired updraft with its
flue gas being collected by the sr.me top header.

The next fllrnaces in the line up are the reformer flJrnaces. N
201 is the desulphurizer charge furnace and N-203/1,1I, III heat
the three reformer reactor feeds. These furnaces are side-fired
updraft with their flue gas being collected by the same top
header as N-301. N-202, N-204, and N-205 are tower reboiler
heaters. There is another reboiler heater N-104 for the crude
unit debutanizer (K-104) on the light oil combination unit.

The vacuum distillation unit's furnace is bottom-fir"',d updraft
with the flue gas collected in a top header and fed to two small
waste heat boilers and then thru induced d~aft fans to a 10
meter bottom diameter 125 meter high concrete stack. Air to
the burners is supplied from two small air preheaters.

All burners except those on the reboiler heaters are combination
burners firing mazut and refinery gas. The reboiler heater
burners fire gas only.
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b) Heat Exchange

Most heat exchangers are of !he shell and tube variety.
Product cooldown is normally achieved by first cooling by heat
exchanging with other process steams through shell and tube
exchangers. Products are then further cooled with forced air
exchangers and finally trim cooled with cooling water in shell
and tube exchangers.

Exchanger insulation is generally mineral wool covered with
galvanized sheet metEJI or aluminum. On the combination unit,
most of the exchanger bonnets and channel covers are not
insulated. On the new vacuum units, ths bonnets are insulated
and installed with sheet metal covers. The almost finished
coker was not observed.

ii. Waste Heat Recovery

Six enGrgy recovery systems were seen in the refinery.

• Two air preheaters on the vacuum distillation unit.

• Two 4 kg/cm2 waste heat steam boilers on the vacuum
distillation unit.

• A 13 kg/cm 2 waste heat boiler utilizing the flue gas from the
combination unit's atmospheric crude furnace N-101 and N
101/1.

• A 38 kg/cm2 waste heat boiler utilizing the flue gas from the
combination unit's desulphurizing furnaces N-301 and N-302
and the reformer furnaces N-201 and N-203/1,1I,1II.

T!"'e waste heat boilers supply about 50% of the refinery steam
dElmand of 90 mtlhour. If the coker is a fraternal twin to the
Atyrau coker, which it appears to be, it would have two 7
tonnelhour 13 kg/cm2 (design) waste heat boilers.

The combination units waste heat boilers are an unusual design.
The accumulators, aerators, boiler-feed water pumps and the other
boiler appurtances are housed in a two story brick building built
around the ten meter diameter 160 meter high concrete stack.
The mud drum, steam drum, boiler tubes and superheating tubes
of the 13 kg/cm2 and 38 kg/cm2 boilers are in the concrete stack.
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The vacuum furnace pre-heaters were built by utilizing three of the
flat finned-tube bundles and header sections utilized in the air
cooler plus two force draft fans, welded enclosures and ducting.
The heat media is hot water. This is a great way to utilize low
level heat.

iii. Cost Effectiveness of Increasing Heat Transfer Surfaces

When the refinery has reasonable figures for its present and future
projected energy costs, it should strongly consider doing "pinch"
analysis for the heat exchangers on its major process units. This
would help determine the economics of adding more exchangers
to increase heat transfer and/or change heat exchange
configurations.

As a rough example, the economic driving force to improve heat
transfer within the light oil combination crude heat exchange train
is as follows:

Basis: Design Crude Unit Feed Rate
Enthalpy of crude
Fuel Oil heating valve (minimum)

Heater Efficiency
Fuel Cost, World Price Basis

947 t % 24IIr % 0.6 kcaJ % 1 000 kg = 13.63 x 1()6 kcaJ
hr. day q_·c t ·C - day

947 tonnes/hour
0.6 kcal/kg - °C

9 800 kcal/kg

90%
$70/mt

•

At 90% efficiency and an operating time of 330 days
yr

13.63 x 1()6 leal % kg JC $70 % _1_ x 330 day.! ... $35 715
·C - day 9 800 kcaJ 1 000 kg 0.90 yr ·C - yr

Achievement of these savings may be possible through improved
heat exchange design, minimization of fouliog and optimization of
the heat exchange train system.
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i.e. The operating cost reduction, due to a decrease in the
amount of fuel fired, is $35 715/year per °C rise in crude
temperature, as a result of improved heat recovery in the
crude heat exchange train. At 75% furnace efficiency, the
savings becomes $42 SBO/year for each °C the furnace inlet
temperature is raised.

iv. Tracing and Temperature· Maintenance Systems

All heat tracing now is done with steam, electrical tracing is being
considered for possible future use. Fuel gas and small water lines
are steam traced for freeze protection. Instrumentation process
leads and cabinets are steam heated for freeze protection and/or
heat maintenance. Mazut lines are steam traced for heat
maintenance. Mazut tanks are steam heated.

Carbon steel tubing is used for most of the tracing. Most of the
joints are made-up by welding, although there is some use of
tubing fittings.

'J. Heat Rejection Systems

a) Cooling Water Systems

Cooling w~ter is provided to the process units from packed
cooling towers. For further information on cooling towers see
Shymkent Environmental Considerations - Cooling Towers, part
4-c.

The main uses for cooling water in the Shymkent refinery are:

For final trim cooling of product and rundown streams in
shell and tube exchangers.

Provide cooling media in the inner and after coolers of the
plant air compressors.

Provide cooling media in the inner coolers on the H2
compressors for the desulphurizer and reformer sections
of the combination units.

Provide cooling media for the lube/seal oil cooler on the
reformer recycle gas compressor.
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The refinery is having problems, especially in the summer, with
the product cooling. The temperatures of the trim water
coolers are eooc instead of the design 40°C. Part of the
cooling problem is due to deposits and scaling on heat transfer
surfaces due to the high mineral content of the cooling water.

b) Air Cooling System

The air coolers noted were in two general sizes, both of updraft
design and configured as vane axial units with shaped inlet
balls. The smaller size has an eight-bladed manually fixed foil
fan about 2.5 meters in diameter and is powered by a direct
drive 30 kW motor. The larger size has an eight-bladed
manually fixed foil fan about 4 meters in diameter and is
directly powered by a 55 kW motor.

Both units are composed of flat exchanger sections which are
comprised of rows of finned tubes rolled at each end into
header plates and covered by a cast bolted header cover. The
smaller units sections are about one meter wide, five meters
long and one third meter deep. The small units themselves
have six sections mounted in three horizontally paralleled
inverted "Vs". The larger units sections are seven meters long
and are mounted in four horizontally paralleled inverted "Vs".

They are used singlely and in paralleled arrays. A two section
by four section array was noted. Most of the air coolers are
mounted on a roof structure that is about five meters above the
combination unit's pump alleys. It extends for almost a third of
a kilometer.

c) Equipment, Piping, and Steam Heat Losses

Shymkent's heat losses are higher than those seen in Western
refineries. There are four main reasons for this:

• The first is that with the very low price of Soviet crude and
gas, there was very little economic incentive for Soviet
designers to spend extra capital funds to make units more
energy efficient.

Kazakhstan • Part V - Technical Refinery • Operations Page 349
.(
> \



• The second is that more and better insulating needs to be
done. The only observed unit whose insulation approached
U.S. Standards was the new vacuum distillation unit. The
only high temperature solid insulation seen in Kazakhstan,
was that installed on a GE turbogenerator at Atyrau during
the post W.W. " Lend/Lease plan. Fiberglass and mineral
wool are used in blanket form for insulating. The mineral
wool is generally used as high temperature insulation and is
very inadequate. The organic binder burns off and the
insulation then rapidly deteriorates. Also, blanket mineral
wood is soft and provides a poor backing for sheet metal
covering. The refinery needs to do a better job of weather
proofing its insulation. Both mineral wool and fiberglass
wick absorb moisture reducing the insulating efficiency and
causing pipe corrosion.

The third reason is the longer piping lengths due to the
spread out process units and the further distances between
process units compared to western mfineries.

• The fourth is the lack of combustion controls resulting in
high excess air. This in turn leads to larger heated air losses
to the atmosphere.

Valves, pumps, exchanger bonnets, and other items that are
time intensive to insulate were generally left uninsulated. As
gas and crude prices rise to free market levels, economics
will dictate more and better insulation.

b. Mechanical Energy

i. Compressors and Fans

The refinery has two centrifugal compressors, both located in the
combination unit's compressor building. The first is the steam
turbine driven recycle gas compressor. The 6 000 kW gas
compressor boosts the reformer's recycle gas stream from
20 kg/cm2 inlet pressure to about 36 kg/cm2 discharge pressure.
The machine is controlled with a Hartman and Braun, DeS utilizing
an H & 8 compressor prlJgram with graphics. The CRT display can
also be brought up in the control room. The second is the
2 000 kW electric motor driven diesel desulphurizers recycle gas
compressor.
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Also located in. the compressor building are four 1 200 kW
reciprocating machines. One of the machines, (PK-301) plus a
spare (PK-302) is the kerosene desulphurizer recycle gas
compressor. The other two machines, PK-303 and PK-304 are
hydrogen compressors. All four are driven by low speed
synchronous meters.

There are two induced draft fans on the combination unit one on
the crude furnace flue gas and the other on the
reformer/desulphurizer furnaces flue gas. At the vacuum
distillation unit there are two induced draft fans each drawing on
the furnace flue and discharging into a waste heat boiler. There
are also two forced draft fans on each of the two vacuum
furnaces air preheaters.

When the FCC complex is completed both the centrifugal and
reciprocating compressor kW load will more than triple.

The compressor building housekeeping is good. The compressors
are installed with adequate spacing for servicing and routine
maintenance. Overhead craneslhoists are installed for repairs.
Equipment is painted and the foundations appear to be adequate.
The compressor number is stencilled on the body of the machine.

ii. Pumps

Pump areas are generally well maintained regarding housekeeping.
The pumps are installed with adequate space for servicing and
routine maintenance. Foundations are poured concrete and the
pumps are elevated. The pumps were generally painted. Coupling
guards were in place, painted with safety colors and had the pump
number stencilled on them. Unfortunately, painters tended to
paint over manufacturer's nameplates.

Piping practices are poor and would be unacceptable by western
standards. Pump inlet and outlet flanges are used as pipe
supports and as anchor points. Some piping in the pump alley is
run along at grade to pumps, exchangers, and sewers providing
tripping hazards. Pump casing and impeller condition is unknown
but no evidence of malfunctioning equipment was seen. The
unit's mechanical engineers maintains passport type repair logs of
the unit's mechanical equipment. The average pump age (running)
is about 10 years. Chronological age is probably about five years
older.
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Most of the refinery's pumps are centrifugal pumps with single
mechanical seals. It was mentioned that some of the heavy oil
pumps on the delayed coker and the vacuum distillation unit had
double mechanical seals.

iii. Electric Motors

The refinery's motors are mostly USSR built TEFC-XP (totally
enclosed fan cooled - explosion proof) induction motors.
Synchronous motors are used for reciprocating compressor drives.
On the process units, the synchronous motors are TEFC-XP with
top mounted water coolers to cool the circulating air. In the air
compressor house they are general purpose enclosures.

At present the largest motors in the refine:"y are a 2 000 kW
synchronous motor coker cutting water pump and it's spare and
the diesel desulphurizer's recycle gas compressor driver. Motors
200 kW and over are powered at 6 kV; from 0.37 to 160 kW,
380 volts is used.

The new FCC complex would add over 30,000 kW of connected
motor rated load. Among the motors that would be added are:
three 4 000 kW 3 000 < pm synchronous motors that drive the
three regeneration air blowers, three 3 200 kW induction machines
that drive the centrifugal wet gas compressors and three
2 000 kW synchronous motors that drive the Vacuum Gas Oil
desulphurizers recycle and hydrogen reciprocating compressors.

With the refinery's present electrical costs, the use of high
efficiency or variable speed motors in the refinery would seem to
be very low priority energy saving projects. They would have to
be acquired from the West with hard currency, have only a
nominal efficiency advantage over Russian built motors and have
a very 10nQ time to payout.

iVa Steam Turbines

The only steam turbine operating in the refinery at the present
time is the 6 000 kW 7 500 rpm Soviet manufactured steam
turbine driven for the catalytic reformers recycle gas compressor.
Steam is admitted to the turbine at 36 kg/cm 2 (515 psi) and
380 c C (716°F). The condensate is used in the light oil
combination unit's waste heat boilers.

Kazakhstan - Part V • Technical Refinery - Operations Page 352



v. Special Equipment

Vacuum in the vacuum column of the Vacuum Distillation Unit is
generated by three parallel, three stage stainless steel steam
ejectors.

Another item of special mechanical equipment in the Shymkent
refinery is the hydraulic decoking system used to remove coke
from the coking drums. The hydraulic decoking system consists
of the following:

a) Decoking water pumps.
b) Boring tool. Hydraulically ~uts a pilot hole (approx. 1 meter

diameter) through the filled \Joke drum.
c) Cutting tool. Hydraulically cuts the coke from the drum.
d) Drilling assembly - air motor, power swivel, rotary drilling hose,

crosshead guide and hoist assembly.

c. Energy Loss Monitoring

There is essentially no energy loss monitoring being done in the
Shymkent refinery. Missing and needed are the following:

i. Combustion controls on boilers and heaters. No oxygen analyzers,
either sampling or in-situ types were observed monitoring excess
air. This is the first step in implementing combustion air control.

ii. Temperature surveys to monitor heat exchangers and compressor
after and intercooler efficiencies to determine exchanger and
cooler cleaning schedules. Also, heater stack temperatures to help
monitor excess air and possible heater problems.

iii. "Pinch analyses" of the process units heat exchanger trains to
determine if more heat recovery could economically be made by
the use of more exchangers and/or changing the heat transfer
configurations.

d. Refinery Maintenance Practices
(Miscellaneous Electrical/Instrumentation & Mechar.;~al Details)

i. Policies

There are approximately 1 800 people employed by the refinery.
About 1 600 actually work in the refirlery. The energy group
(eiectricallsteam) has about 130 persons. There are ten engineers
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and about 55 maintenance personnel with the rest being operators
and supervisors. The mechanical group has 123 persons including
twenty engineers. Ten of the engineers are instrument engineers.

The re1inery has a problem obtaining stainless steel and high alloy
piping such as furnace and boiler tubes. Also, spare parts from
Russia and the other CIS are difficult to get. Pump impellers and
seals have been especially difficult to obtain. Quality is also a
problem, parts when received must be inspected to determine if
they are suitable for use. An inordinate amount of spare parts
must be manufactured by the refinery.

Besides the main shops, there are small mechanical, electrical and
instrurnerjt shops located at the units. Small, daily, low capital
repairs generally are done in the field. Large, non-routine, capital
intensive work is generally done in the main shops (mechanical,
electric,al and instrument.)

Welders are retested every year on all the procedures they are
qualified for. The welding on code vessels, whether for repair or
manufacture, is 100% radiographed. Vessels operating with
partial hydrogen pressures and high temperatures are guaranteed
for 20 years. After 20 years service, continued use of the vessel
requires that a special test be preformed on it, each year by the
Lenneftetchin Institute of St. Petersburg. Since the catalytic
reformer and the desulphurizers were started up in August of
1985 their vessels are not due for testing before August 2005.

ii. Overall Impressions

Walking through the refinery gate and looking out across the
refinery and you immediately know you are not in a U.S. refinery.
Its the spaciousness, the way the refinery is spread out, the large
distance between units and the relatively large areas occupied by
the process units themselves. This type of construction, at least
200 meters between process 'Jnits, does increase piping costs and
heat losses. It also makes fire fighting easier and reduces the risk
of major fire damage. Maintenance is also enhanced, with more
than adequate room around equipment to do preventative
maintenance and easy accessibility to equipment and site working
space during turn around work.

The process units are fairly new; the combination unit brought on
stream during 1984 and 1985, the coker and vacuum distillation
were completed in 1993. However, the unit's technology is a
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generation older, late 1960's and/or early 1970's. Compounding
this technology gap is that during its nine years of operation,
unlike U.S. refiners, the refinery has not been forced to improve its
technology by competitors, high energy prices, government
regulations, such as; EPA, OSHA and market economics.
Shymkent was able to serve its market and meet its quotas
without having market forces and a competitive marketplace
forcing it to do better.

The fire fighting brigade is part of the Kazakhstan army. It is very
professional, has good equipment which it keeps in first class
condition.

Shymkent is rapidly changing from a hydroskimming refinery,
which could only process the "top-of-the-barrel," to a much more
complete refinery with the addition this year of the Vacuum
Distillation Unit and the Delayed Coker. It will be further rounded
out with the addition of the Fluid Catalytic Cracking Unit and Gas
Oil Desulphurizer that are now under construction. The next unit
logically that needs to be built is an Alkylation Unit. With the
completion of the FCC the refinery will have the isobutane and
butylene/proplyene feed stock for this new unit. The alkylate can
then provide the necessary octane boost, without lowering the
RVP of the gasoline, that will be needed to fuel the more energy
efficient, less polluting gasoline engines in the coming years.

With the implementation 01 the DCS on the combination unit the
refinery should start installing advance controls to start generating
the cost savings and profits that these controls can bring. Some
advance controls to be considered for the combination unit are:

• Atmospheric Crude Section

Decoupling the side draws - This control allows the board
operator to increase/decrease a side product draw
(changing that product's IBP and EBP) without upsetting
the other product side draws.

Cutpoint Calculation - This control replaces an expensive
high maintenance analyzer. It calculates and infers boiling
point measurements such as 95% point from tower
measurements. These measurements can then be used
for tower controls.
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Pump-around-Control - This control looks at the pump
around flows, temperature, energy use and heat transfers
and then determines the economics of
increasing/decreasing pump-around to increase/decrease
product flows.

• Reformer Section

Reactor Optimization - Controls reactor temperature to
optimize catalyst life versus octane number of the reactor
outlet.

Prefractionator Control - Sharpens fr~ctionation so as to
minimize catalyst poisoning heavy ends and non-reactable
light components in the reactor feed, thereby increasing
the reformer's octane-tonne output.

• Desulphurizers

Hydrogen/feed ratio control - smooths flow, enhances the
desulphurization reaction and extends catalyst life.

• Fluid Cat Cracking (upon FCC completion)

Reactor/regeneration optimization - controls reactor/re
generator parameters to optimize the reactions, decrease
energy usage and enhance the product split.

One U.S. major refiner who decided to convert all of its refinery
process controls to DCS, confirmed that their experience was that
it normally took four to twelve months of the new controls
operations to recover the DCS/advance controls costs for almost
all of the process units converted.

When starting an advance control project, a "process audit"
covering those areas that the process control will impact, needs
to be made. This audit should show all pertinent data, such as
flows, process conditions, energy usage, product quality and
stream values. This establishes the baseline. Later, three to four
months after the implementation of the advance controls, a final
process audit also needs to be taken. This audit collects the same
data as that taken for the starting audit. With the data from the
two audits, a final report can be issued showing the actual savings
versus the estimated savings and the reasons for any differences.
Besides establishing credibility for the project estimate and payout,
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it also provides the feedback necessary to improve the savings
estimating.

Some ideal members of the audit team are the advance control
engineer, the process unit's operations engineer and one of the
consulting engineers, if used. The refinery will need to establish
an advance control group to maintain and troublEfshoot existing
advance control schemes, evaluate possible future advance
controls, design new advance control systems and implement and
monitor their installations. With the high degree of savings seen
on advance control projects, there is usually a push for their rapid
implementation. This push, plus generally a lack of availability of
suitable in-house expertise, generally makes it prudent to hire
outside expertise. This expertise can be the advance control
group of the DCS manufacturer being used (such as a Foxboro or
Honeywell) or a consulting firm specializing in advancB controls.
This provides an opportunity to upgrade the refinery staff's
expertise. An engineer from the advance control group should be
assigned to work with and monitor the consultant. On simil&r later
projects, this will normally allow more (or sometimes all) of the
same type of control work to be done in-house.

iii. Process Unit Review

a) Light Oil Combination Unit

The Light Oil Combination Unit consists of an atmospheric
distillation unit, catalytic reformer, diesel hydrodesulfurization
(HDS), Kerosene HDS and a gas fractionating unit. There is
also an ammonia-based refrigeration section for ethane recovery
that is not used. The original capacity of the crude unit was six
million mta, it has since been debottlenecked to seven to seven
and one-half million mta (about 140 000 to 150 000 bbllday.)
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The two story control building is located about ten meters from
the battery limits of the atmospheric crude section of the light
oil combination unit. The control room, along with the back of
the board area and a control equipment room occupies the
upper floor (30 meters long by 15 meters wide and a 5 meter
ceiling). The control board is "un ahaped with the sides being
about 8 meters long and the base being about 16 meters long.
The board is semigraphic with built-in alarm indicators, about
U.S. technology circa mid - 1960's. Overhead lighting is
fluorescent and the lighting levels are well below U.S.
Standards.

Contrell is done with the same USSR built two-pen miniature
recorder (15 cm x 17.5 cm) with control on one pen that we
found in all the Kazakhstan refineries. The pneumatic
controllers plugged into the back of recorders; PID for
temperature loops and PI for all the other control loops.
Temperature control utilizes thermocouples as sensing devices,
potentiometric emf-to-pneumatic converters and pneumatic
controllers. Multipoint temperature indicators and multipoint
recorders are potentiome+.ric and resemble the old Honeywell
"Browns". In front of the control board are three operator
consoles containing multipoint temperature indicators, motor
ammeters and emergency shutdown switches. One console is
for the crude unit, one for the mformer/desulphurizers and one
for the gas fractionating unit.

The refinery is now implementing a Hartman and Braun DCS
(Distributed Control System) for the combination unit. The
reformer's, diesel HDS's and the Kerosene HDS's systems are
finisben and are presently under DCS control. Electronic
transmitters are being installed on the crude and gas
fractionating sections. There is ('ne operator's CRT with
keyboard for each of the five process sections plus an
additional CRT/keyboard controlling the reformer's recycle gas
compressor and steam turbine driver. The DCS has a controller
tuning program. Normally the instrument el'lgineers do the
tur:ing. The control board is being kept as back-up for the DCS.
The UPS battery pack will run the DCS for 15 minutes.

The back of the board area is enclosed. The control board
tubing is plastic and the electrical wiring utilizes plastic
insulated cables. Power is supplied from constant voltage
transformers.
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The board tubing to field tubing cables are neatly spliced,
mounted and labeled in termination cabinets. Also mounted in
this area are two instrument air filters and regulators, one
system controls while the other is a redundant spare. Back of
the back-of-the-board room is a control equipment room. In this
room are mounted the receiver gauge switches for the alarms,
emf-to-pneumatic convertors, analyzers and other auxiliary
instruments for the controi board.

Also in the control room is a NEe "Multisyncz An octane
analyzer with a color monitor and graphics on the reformer's
last reactors outlet. On the crude unit are IBP and ESP
analyzers. There are about 50 analyzers in the refinery,
including pH and gas chromatographs. The refinery totals about
1037 measurements and 424 controllers.

The process sections are laid out in a row starting with the
atmospheric crude, the two desulphurizers, the reformer and
ending with the gas fractionation section. Starting at the crudE',
end there is a wide pump alley that extends through all the
process sections blending from one to another. Over the pump
alley, five meters above the concrete deck is a concrete roof.
Mounted on the roof are an acre or two of air coolers and some
shell and tube exchangers. On each side of the pipe alley is a
row consisting of towers, exchangers, and drums. On the left
of the left hand row is a 10 meter wide concrete paved access
way. On the ether side of that, is the furnace row containir.g
the furnaces, heaters, waste heat boilers, and the stack.

On the right of the right hand row is a ten meter wide access
way. On the other side of the access way are buildings. The
first building is an electrical substation, then the control
building, followed by the compressor building and ending with
another substation.

Fireproofing of the columns and vessel skirts is done with brick.
All the exchanger, tower, and drum sections have raised curbs
around them to contain possible spillage. Fire monitors are
mounted five meters in the air usually on a concrete column,
with a hand railed platform and a caged ladder leading up to it.

n· . eight electrical desalter drums have their high potential
tr&, .Jformer and di urn bushings mounted on one side of the
drum topside. The hiljh potential wiring is not insulateJ but the
high voltage equipment is roofed over and enclosed with e
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chain link enclosure with an interlock(jrj gate that removes
power from the desalter if the gate is 'Ormnod. Unit lighting is
incandescent in explosion proof fixtur£ll3. Lighting levels are
well below those found in U.S" rcfi'lqries. Motor feeds arc
generally underground while tho i"odst of the electrical wiring is
in overhead racks. The electrical clJbles are non-metallic plastic
sheathed. The 380 volt motors have a small rocker-type
explosion proof stop/start button. The 6 kV motors have a cast
iron pedestal stop/start switch station with an ammeter.

The instrument field installation details approximate those of
U.S. major refiners for the mid-1960's except for single process
block valves. Electronics transmitters are being installed for the
DCS system. PI! convertors are used where its impractical to
replace the present pneumatic transmitter such as some
displacement - type level transmitters. Pressure gauges are
Bourdon tube type, mounted on pigtails but with only single
block valves. Local temperature indicators are bi-metallic dial
thermometers. For pressure and differential pressure
transmitters, close coupling with heat paks and manifold valve
mounting is not used. The transmitters are mounted at grade
in large sheet metal boxes like the old mercury meters that
were used in the U.S.

The furnace row starts with the crude furnace followed by a
donut shaped waste heat boiler building. Occupying the donut
hole is the 160 meter-high concret3 stack. rm further
information on the waste heat boilers see d~ctl':;,1 V C6ai-a,
Waste Heat Recovery. Right between the desulphuri:zer
furnaces and the waste heat boiler building t'it"f;. the diesel and
kerosene desulphurizer reactor.s. Immediately after the
desulphurizer furnaces is the reformer furnace. The reformer
desulphurizing reactor is located on the furnaces access way
side adjacent to the first furnace box section, which is used to
heat the reactor's charge. Immediately following the reformer
furnace is the structure holding the three r~'rormer reactors.
After the structure is a ten meter wide paved access way and
then a side-by-side structure and compres~lJr building. This
pro\;cs~ section was for ethane recovery but has never been
used.

Across from the ethane recovery section next to the pipe alley
is the gas fractionation section. Four of the six towers in the
section have vertical reboilers. These reboilers are directly, or
through a short spool piece, bolted to tower nozzles.

(. ..
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b) Crudo Transfer Station

The crude station Is located across the road from the refinery
and about 1 km from the crude tankage. The station is owned
and operated by the state pipeline company. The station
housekeeping is very good. All equipment appeare~ to be
freshly painted, well identified with stenciled lege.~:.f~. The
equipment is installed with more them adequate spacing for
servicing and maintenance. Overhead beams are provided for
hoists where necessary.

The crude is received from the same pipeline that provides
Pavlodar with its crude. A pigging station is located on thfl and
of the receiving line. The crude is manifolded into three lines
where it is coarse filtered, then fine filtered and measured by
turbine meter. Crude oil flow measurements using turbine
meters needs to be done at high Reynolds numbers and hence
depending upon the refinery's demand; one, two or three of the
metering lines might be in service.

Next to the metering runs, is a first class permanently installed
meter prover. In the stations control buildings is the electronic
equipment for the prover. Also, located in the building is the
station operator, the control and communication equipment, and
station's maintenance shop. The electronics appear to be card
mounted with discrete solid state componer ~s. A density mEter
with Nixie tube read out; :as among the f. ... lipment present.

The refinery's crude storage consists of meter floating roof
tanks. The bottom course of the tanks is insulated. The tanks
themselves appear to be in excellent condition. No mixers are
mounted on any of the tanks. The tanks are protected from
lightning by steel towers whose lightning rod tips are over twice
the height of the tanks. They are equipped with firefighting
foam lines that can be fed from the firewall.
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S-O-W.Kaz
Scptombol' 30, 1993

NIS PETROLEUM REFINERY PROGRAM
KAZAKHSTAN

STATEMENT OF WORK
28 september 1993

BACKGROUND

Twelve newly independent states (NIS) emerged from the collapse
of the former Soviet Union in late 1991. These are Armenia,
Azerbaijan, Belarus, Georgia, Kazakhstan, Kyrgyzstan, Moldova,
Russian Federation, Tajikistan, Turkmanistan, Ukraine, and
Uzbekistan. The u.s. Agency for International Development
CUSAID) is addressing and managing the assistance and collabora
tion needs of these countries through special administrative unit
called the NIS Task Force (NIS/TF). currently, only the needs of
six of these countries are being addressed. They are Armenia,
Belarus, Kazakhstan, Kyrgyzstan, Russian Federation, and Ukraine.
The needs of the three Baltic states are currently addressed and
managed by USAID's Europe Bureau.

USAID's program of assistance and collaboration in the NIS
addresses a~umber of sectors of the national economies, inclu
ding energy, environment, housing, agriculture, health, and
education. For these sectors, activi'ties are directed, as
appropriate, toward conversion from centrally-planned to market
driven economics, privatization of industrial and commercial
activities, and the promotion of democratic institutions.
Funding of activities is limited to the cost of the technical
assistance and .collaboration efforts. Funding can cover limited
capital assistance and collaboration efforts. Funding can cover
limited capital assistance, when this is clearly needed in order
to support the technical assistance and collabora. -'ion activities.
The activities are selected and designed to be catalytic in
nature, in terms of supporting the capital lending efforts of the
World Bank and the European Bank for Reconstruction and
Development (EBRD).

The USAID NIS Task Force has delegated responsibilities i~ the
energy and environmental sectors, and for industrial technologies
in general, to its office of ,Energy, Environment and Technology
(NIS/TF/EET). NIS/TF allocates funds each fiscal year to NISI
TF/EET'S Energy Efficiency and Market Reform (EEMR) Project,
through which needed activities are identif~ed, discussed with
host-country governments, and implemented. TheEEMR Project has
three primary objectives:
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to assist the NIS, through energy sector activities, to
achieve viable economies while converting from centrally
planned to market-oriented economic systems;

to assist in achieving as high a level of safety as possible
in the operations of existing nuclear power plants; and

to foster strong u.s. and NIS trade and comm~rcial ties in
the area of energy and environmental compliance, which
assures a level playing field for American bus~ness.

The scope of the EEMR Project covers the energy sector in ea~h

NIS in two major respects: nuclear power plant safety and
regulation; and c6al, natural gas, petroleum, and electricity
production and delivery systems (fossil energy area). This
statemen~ of work addresses petroleum product production and
delivery systems. The scope of work is confined to the operation
of the petroleum refining industries in Kazakhstan.

In general, the intent of the activities in the petroleum refin
ing area is to promote reforms that balance cupply and demand
through (a) improved production from existing facilities, (b)
development of additional capacity, (c) conservation and effi
ciency driven reductions in demand, and (d) improving environmen
tal practices to reduce pollution. Activities to be undertaken
in this area will be essentially analytical, developmental, and
engineering in nature; and will support capital lending efforts
of deveiopmental or commercial banks that may follow the comple
tion of the work.

To provide services for effactively discharging its responsibili
ties, HIS/TF/EET has arranged, or is arranging, through coopera
tive agreements for the participation of a number of organiza
tions. The organization that appears appropriate to complement
the work. to be undertaken in the petroleum refinery industries of
the country is the United states Energy Association (USEA).

USAID has negotiated a cooperative agreement with USEA, a not
for-profit organization whose membership comprises a large number
of u.s. private-sector firms, trade associations, educational
institutions, and government organizations concerned with energy
development and utilization. The USEA represents the United
states on the World Energy Council.

The purpose of the agreement with USEA is to facilitate energy
industry "partnerships" between u.s. and host-country energy
oriented organizations under an Energy Sector Partnership
Exchange Program (EIPP). Specific EIPP activities can include
organizing and conducting seminars; technical exchanges, visits,
and stUdy tours by HIS energy personnel in the United states;
information dissemination; and internships for HIS personnel in
U.s. energy installations. They can also include the promotion
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of sister-relationships between u.s. and NIS organizations haviLg
similar functions and interests.

USEA's,executive director is Barry Worthington. USEA's offices
are located at 1620 Eye street, NW, Suite 210, Washington, D.C.
20006; telephone number 202-331-0415; fax number 202-33,1-0418.
The USEA will coordinate, as appropriate, their activities with
those to be undertaken under the contract to result from this
procurement, such'that mutual reinforcement of t~e efforts will
result and duplication of efforts will be avoided. The USEA
already has a number of activities under way.

During August and S~ptember 1992, NIS/TF/EET organized three
energy mission to the six NIS countries for the purpose of
identifying with energy organizations in these countries, further
activities which both sides could consider useful and worth of
consideration for funding. This statement of work addresses the
procurement of services which have been identified for the
petroleum refini.ag industries of Kazakhstan.

INTRODUCTION

The petroleum refining sector of Kazakhstan is emerging from a
75-year period of membership as a republic in the former Soviet
union and of~development, technologically and institutionally,
through centrally-planned crude supplies, centrally-planned
refinery design, and centrally-planned markets originating from
the polfcies formulated by a single source in the government of
the former soviet Union. Now, as an independent country
dedicated toward change to market-driven economy, toward
preservation of the environment, and toward remedy of past
environmental deterioration, the three refineries in Kazakhstan
face major technical and financial upheavals in their operations.

Total consumption of major petroleum products in Kazakhstan in
1990, a year not affected by the recent political changes, was
about 19.5 million metric tonnes (MMT), of which gasoline was
about 4.3 MMT, jet-kerosene about 1.0 MMT, diesel oil about 7.5
MMT, and fuel oil ~bout 6.2 MMT. Due to the restructuring of the
economy and subsequent decline in industrial output, as well as
the realignment of domestic prices to reach international price
levels, the consumption of oil· has declined about 20 percent
since 1990 and is not anticipated to reach 1990 level again
before the end of the decade. The consumption of fuel oil in
partiCUlar, used in home heating, and electric power generation,
is expected to decline significantly.

Kazakhstan has three existing refineries located at Atyrau,
Chimkent and Pavlodar with a total capacity of 17 MMT per year.
The Chimkent refinery has an on-going program to install a new
vacuum distillation unit, fluid catalytic cracking (FCCU), and
delayed coking unit. Pavlodar has also a program to add 7 MMT
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per year distillation capacity with catalytic reforming, and
desulfurization facilities for kerosene and diesel. The
Government and the state oil company, Kazakhmunaygas, have plans
to modernize the Atyrau refinery (built in 1945) by closing down
one of the old distillation units (2.0 MMT per year) and
replacing by a new 3 MMT per year unit with FCC, catalytic
reforming and related facilities to make it an efficient 5 MMT
per year refinery. In Chimkent and Pavlodar refineries there is
considerable scope for improving overall operational efficiency,
energy conservation, safety requirements, product loading and
measurement systems, and pollution control 'measures.

The Government and Kazakhmunaygas intend to improve ~ne

operational efficiency and reduce cost of operation in Chimkent
and Pavlodar refineries by way of technological upgrading in the
existing processing facilities, introduction of advanced
instrument control system, ener~J conservation and pollution
control measures.

The thrust of this additional information is to obtain services
to carry out on site engineering inspection and preinvestment
engineering studies to evaluate the extent of modifications and
additions required to these refineries and to estimate the cost
of implementing the recommendations.

First, the nature of market demand is likely to change both in
quantity and quality. The country could adopt policies which aim
at grea~~r independence in the supply of petroleum products.
Such policies can act to change trade patterns which existed
among the repUblics when they were part of the former soviet
Union, which in.turn could act to reduce or increase demands for
all or some of the products from existing refineries. Legisla
tion in the country concerned with emissions from the use of
petroleum products could serve to change product specifications
such as lead, aromat~cs, or sulfur content.

Second, the characteristics of the crude supplies could change
now that the Kazakhs have independence in determining the source
of crllde supplies, or when new fields are developed. Changes in
crude slates could be major or minor.

Third, greater public awareness of preserving environmental
quality and of the ,environmen~al deterioration that has occurred
during the past seventy-five years are likely to force major
changes in refinery design and operating practices to reduce
noxious gaseous, liquid, and solid waste emissions. This aware
ness is likely to emphasize production of unleaded gasolines and
alcohol and compressed natural gas alternatives. At the same
time changes in ref~nery operations can be demanded to reduce
noxious emissions to the extent practical.
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Finally, tightened economic conditions will force refinery man
agements to improve operations through introducing more effi
cient internal utilization of energy and through implementing
oppo~tunities for energy conservation. These improvements will
have to occur while anticipating changing crude and product
slates, and with an inventory of processing units in the refiner
ies that in all likelihood has a limited flexibility to adapt to
changes. The roles for alternative fuels could emerge here also.

Compounding the problem of managing changes are shortages of
foreign exchange and the desire for new investment and for

= privatization of their production facilities. Foreign investment
by international oil companies in petroleum refining sector
opportunities could bring needed foreign exchange and could
potentially lead to new refinery construction in strategic
locations and the scrapping of some existing refineries.

Obviously, managing the process of change will take some time.
The inputs for analysis are not yet completely available.
Economic benefits will depend on national policies, formed or as
yet unformed. The current crude supply and pricing picture is an
unstable one. Foreign investor interest probably varies among
the NIS countries and perhaps is not yet well-focused on the
petroleum refining sector. Nevertheless, a start in an analysis
to improve the situation can be made, provided the focus of
initial efforts is on rationalization of the petroleum refining
system situation. Rationalization intends (a) energy efficient,
effective, and environmentally acceptable imprqvement in the
production of petroleum products to serve current domestic and
export markets, (b) adaptation of current operating practices to
serve the markets from expected, cost attractive crude oil
slates, and (c)· identification of the improvements in terms of
consistency with the energy pricing and ,privatization policies in
the country.

GOALS, OBJECTIVE, AND SCOPE

Accordingly, the generic goal of the work is to be a process that
ultimately can lead to such rationalizatiqn of the petroleum
sectors in the country. The results shall be disseminated with
respect to" the Petroleum Sector, to enhance efforts underway in
Kazakhstan aimed at privatization of the economy.

organized technical data coilection for the petroleum refining
industry in the country. This data may be computerized if
warranted, and should comprise available data and information,
relevant to producing inputs for later use by others.

organized financial data collection for the petroleum refining
industry in the country. This data will appear in the final
reports, organized as indicated by the report outlines in the
annexes.
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process mix in each refinery, the technical capabilities of
the prooess mix to adapt to changing crude and product
slates, and current operating practices in a form that (a)
provides a data base for undertaking further and future work
by others aimed at optimizing the petroleum refining sector
and (b) more specifically for the present, enables at least
qualitative, if not quantitative, jUdgements to be made of
effects of identified crude slate changes and expected
product slate changes on refinery operations and processing
limitations.

2•. for the Pavlodar and Chimkent refineries, and to a lesser
extent, and as appropriate for the Atyrau refinery, address
as far as practical the following specific features:
engineering inspection of the facilities; review operations
of the crude distillation units; review operations of the
catalytic reformers; review the design and engineering of
the FCCU under construction in the Chimkent refinery; review
the design and operation of the FCCU at Pavlodar; review
mercaptan sulfur removal for the gasoline product; review
pr~Juct hlending operations; review energy efficiency;
review control inst~umentation systems; review bulk products
and c~ude measurement facilities; review refinery
maintenance practices and inventory control; review safety
procedures and practices; review waste-water and fuel-gas
treatment; review product dispatch facilities; and review
prqduct quality control facilities.

3. organize and conduct seminars or conferences that will
disseminate to a national audience in the host country the
results of the work and that will encourage emulation in
other petroleum refineries and energy-intensive industries
in the country.

APPROACH

This work statement is intended to be generic. The intent is to
undertake the work with field teams of qualified personnel,
essentially simultaneously. The field teams will be supported as
appropriate by a home office team. The work of the teams will be
coordinated by a program director, who also will be responsible
for the production of the fina~ reports in a homogenous fashion
and for the dissemination of ~he results.

In order to permit pragmatic planning for efficient accomplish
ment of the work, the first activity will be a reconnaissance
visit, probably lasting one week, during which needed technical
and administrative inputs will be developed and needed local
support arranged for. In order to gauge the effectiveness of the
work and to permit the dissemination of the reSUlts, submit final
reports in draft to the host-country government for review and
comment.

7



Furthermore, in the identification of energy consumption and
environmental impact improvement opportunities, expectations are
that benefit/cost estimates will be prepared and/or evaluations
performed as far ~s practical. Calculations and estimate prepa
ration wlll likely require assumptions to fill in for lack of
data. These assumptions shall be clearly stated with suggestions
for their resolution.

Portable equipment purchases needed for testing or measuring
operating conditions during the field work shall be defined and
justified for pur9hase. A brief report, including summaries of
competitive bids, shall be submitted for USAID approval before
committing to purchase.

DEFINITION

Petroleum refineries may be closely linked both physically and
through refinery products that become feedstocks to downstream
petrochemical complexes. The work shall be confined to petroleum
refineries only. For this purpose, the refinery shall be defined
as comprising all installations that pertain-to the supply and
transport of crUde oil and distribution and marketing of the
refinery products, receipt of the crude oil through the
processing to the storage of the refineries' primary products. A
primary product shall be defined as one that has been fully
processed as to be marketable. On-site facilities that blend
different gasoline streams and process them to final
specifications are refinery units. Refinery gas and/or liquid
streams that are delivered to other units for further processing,
such as to ethylene, ammonia, or aromatic extractions, are to be
considered as finished products.

The following definitions shall apply to "immediate," to "medium
term," and to "long-term" as modifying improvement opportunities.

For energy consumption reduction:

"immediate" opportunities are those which require changes in
operating conditions with or without nominal equipment
modifications, those which appear manifestly justified, and
those Which appear implementable within the staff resources of
a refinery and at a cost of less than the equivalent of, say,
in the vicinity of u.s. $100,000.

"medium-term" opportunities are those which require formal
justification, infusion of capital from extern~l sources, and
possibly the services of externally obtained experienced
personnel for implementation.

"long-term" opportunities are those involving abandonment of
major processing units, major modernization (or revamping) of

8
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existing units, and/or the construction of new processing
units. The justification would occur through market, rather
than technical, analyses of crude supply slates and product
slates.

For environmental impact reduction:

"immediate" opportunities are those which require changes in
operating practices with our without nominal equipi~p-nt changes,
those which .appear manifestly in the pUblic interest, and those
which appear implementable within the staff resources of the
refinery for the equi.valent of, say, in the vicinity of U. S.
$100,000.

"medium-term" opportunities are those which require ·infusion of
capital from external sources, pos9ibly the services of
externally obtained experienced personnel for implementation,
and the exercise of some balance between allocating costs
between pUblic agencies and the refinery, if the refinery is to
remain viable.

"long-term" opportunities are those in which the opportunity is
high cost and represents "clean-up" of accumulated pollution
from past neglect, or those representing a "high-cost clean-up"
where the~refinery is a minor member in a group of neighboring,
high-polluting industries. '

TASKS

The first task shall be to undertake the reconnaissance visit by
the Contractor to Kazakhstan, collect all relevant information,
establish contacts with prospective loc~l personnel who can
assist the Contractor's field team, arrange for local cooperation
from the government ministries and counterpart p~rsonnel

(inclUding the release of all relev~nt information), and other
such facilities.

The results shall be organized as a ~itten work plan for the
tasks specified below and submitted fQr USAID approval before
subsequent work is undertaken. The work plan shall emphasize
cost effective travel and contain a detailed schedule to be
followed to accomplish the tasks. As quickly as practical at the
beginning of the work, produce the outlines in detail expected
for the final reports. Disseminate the outline to
USAID/Washington, and USAID/Almaty.

Upon approval, the Contractor shall, with one team visiting all
three refineries, undertake and complete the tasks relating to
the following, inclUding the dissemination of the results.

1. Refining Industry Privatization options

9



The following tasks are currently foreseen to eJ~lore

privatization options for the country's petroleum refining
industry. The intention is to avoid efforts to compile data
of a statistical nature in order to permit analysis and
evaluation. Instead, the contractor's efforts in these
respects shall be analyses and evall1ations of relevant
existing statistical compilations. USAID will make
available to the contractor data compilations which have
resulted from current or past USAID funded activities. The
contractor should obtain other relevant data compilations as
far as is practical to do'so.

~a)

(b)

(c).

(d)

Refinery History: Narrate the history and performance
of each refinery during the last five years.

Eroduct Slate Demand Conditions: Compile as far as
practical, up to the previous five years, the market
able products produced by each refinery. Review and
describe governmental environmental protection policies
and actions and the economic condition in each country
which can affect the proparties of refinery products to
be produced in the future. Assess as far as practical,
up to five years into the future, the products, product
specifications, and quantities to be produced by the
refineries.

Product Pricing: Review and present as far as practi
cal, the policies, methods, and history of product
pricing. Analyze the relationships between oil product
pricing, the organizations receiving the revenues, and
the impact on the refining industry's financial
positlon. The data evaluation should foresee their
ultimate usefulness in implementing privatization
pOlicies for the refining industry.

Crude Supply Conditions:

(1) Compile as far as practical, up to the previous
five years, the sources, properties, and
quantities of crude oil charged by the refineries.
Assess as far as practical, up to five years into
the future, the prospective sources, properties,
and.quantities of crude oil to be charged by the
refineries. Review and report on the ,crude
pricing pOlicies that have been followed in the
past and what these policies might be in the
future.

(2) Review current crude supply agreements to analyze
current and potential payment and supply problems
for refineries, and recommend feasible
alternatives.

10
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(e) ~axatiQn: Analyze the existing taxation system applied
to the petroleum sector and make recommendations on
preferential tax treatment.

(f) lfAtiona1 Environmental Protection Policy: Review and
identify as far as practical the country's existing
laws and regulations protecting the environment, espe
cially as these will affect the operations of petroleum
refineries arid the use of the refinet'Y..products. Assess
the possible changes that appear on the horizon that
can further affect refinery operations and product
utilization.

(g) Refining Industry Capabilities: Prepare by refinery a
summary technical description of the refining
capabilities. The work should include a block flow
diagram showing the processing units and the support
facilities between receipt of' the crude oil and the
dispatch of the product slate to the markets. The.
depth of detail for this element of the
characterization shall provide, but not necessarily be
limited by:

(1) a description, as far as practical, of the capa
bility of selected important processing unit in
terms of feedstocks and feedstock variability and
product yields and specifications; of the
operating conditions, age, and mechanical
condition of the processing units; of the
consumption of utilities (electricity, water,
catalyst.s, chemicals, etc.); and the quantities
and characteristics ~f the effluents.

(2) a description, as far as,practical, of the support
facilities in·terms of crude and product storage
capacity, fire protection and personnel $afety
provisions, and.methods--for···segrefgation, collec
tion, treatment, and disposal of solid, liquid,
and qaseous wastes.

(3) a written operating history of each refinery for
the p~evious 12-month period emphasizing crude oil
receipts and specifications, product slates pro
duced, unusual operating experiences, routine
maintenance performed, and emergencies encountered
during operations.

(4) a description of the method of utility supply;
whether entir.e1y purchased, self-generated, or a
combination of both;

(h) Refinery Financia1s: Provide a description of the

11



financial practices that have been followed in the
past, and which appear to be the practices to be
followed in the future. The dercription should address
such items as the identification and analysis of
important cost componer:'ta in the operations of each
refinery, including salaries and fringe benefits,
taxes, and subsieies; how the refinery products are
p~iced at the plant gate; how the reve~ues are managed;
crude oil p~~curement and payment policies; the degree
to which refinery management can be independent tn
manaqirj finances; what procedures might be followed to
:~inance and implement major and minor changes to
refinery installations; and wage and salary policies.
Describe the relationships among petroleum product
pricing, the organizations receiving the revenu~s, and
impacts on refinery financial positions. Included
should be assessments needed regarding changes in
product pricing and in filaanclal management, if the
refir.&ing en'cerprises are to be amenable to
privatization of the ownership.

(i) comnarison Overvjew: Describe the crj;ical elements
which led to successful privatization of the petroleQ~
sector i.n other countries, including the importance of
an" attractive ir,Nestment climate for foreign investors.
Analyze the managerial organization of Kazakh oil
-'efineries t compare with world experience, and make
recommendations. Analyze salaries and wages, and taxes
acd tax preferences, in oil refineries, compare with
world experience, and make r~commendations. Review
produQt pricing by \~~ch refinery 'and comparp ~esults

with internation~lly-postedproduct prices (including
the effect~s of freight charges). Given the forc..:!going
&nd results of the above, present a comparison between
the results for the Kazakhstan and the corresponding
practices followed in Western refineries, particularly
those in the united states.

(j) Observations: Present a series of obs~~ations that
outline and define problems in the refineries in each
country for which, in the opinion of the Contrac'tor ,I s
teams, .short-term, med~:~-term, and long-term solutions
should be found. Includ' ~robleMs that are operational
nature, that relate to pparent opportunities to red~~e_

ene.~ consumption in tbe operatiol.'.·, that rela"Ce ~o

opportunities to. reduce: environmenta1 impact, and that
relate to obstacles to be overcome in financial manage
ment which can restrict implr:mentation efforts for
~roblem solving.

(k' Privatization optirng: Based on the above observa
tions, identify op' ;ions that should be considered in

12
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planning for the privatization of the industry, such as
employee ownership, integration with privately owned
crude oil production or procurement and/or product
marketing, or combinations of these. 'Provide an evalu
ation of the options in terms of problems and obstacles
to their implementation. There is no requirement to
recommend an option.

2. Energy Conservation, Operations and Enviror~ental Audit and
Evaluation

The following tasks are currently foreseen to enable the
audit and evaluation for the three refineries for energy
conservation, operations and environmental impact, as far as
practical.

(a) Refinery Energy Balance and consumption: The work
involves analysis of the flows of energy among the
different processing units comprising each selected
refinery, as well as within the process units
themselves, in order to identify opportunities for
energy efficiency improvement in the short, medium, and
long t£~~ to the extent practical.

The analysis should attempt to provide data to assist
others to foresee the longer-term opportunitie~ for a
more efficient energy balance through a future review
of the market dEdDand, crude oil supplies, and the
design and applicability of the processing units
themselves. Ultimately, the product of such analyses
by others could be decisions to abandon certain units " .
modif¥ oth~rs, or add new units, all providing for
greater thermal efficiency.

Accordingly, the Contractor shall attempt to foresee,
as far as practical, that his identification of a 10ng
term energy reduction or environmental improvement
opportunity for a p~rticular processing unit might be
invalidated at a later date. The reason would be that
a unit could b~ abandoned before full benefits from the
cost of the iD'W_'"vement have been obtained.

(b) Procass unit Dr'!scription& Operating Conditions:
Describe each refinery's process units j.n terms of
feedstocks, processing, technologies, and product
yields; compile operating conditions, a ~anical-) -
conditions of the processin 'n refi~ie~'

utility consumption data r eac.:h..-r~~ .YT"ffie method
of electricity supply to e h4'e .,' l·e~..; ~nd the design .~.(;.

and operatinn of the refinerNawer1J,ouse. The work ,~.
invalves analyzing the operating'-6ond~:t-i:tfiis"and-COiifu-oJ
systems installed for each processing(_~nit i~~~-
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selected refinery in order to determine whether these
are appropriate for the products from the feedstock.
This analysis can be particularly significant if
current feedstocks and/or product slates have changed
from the conditions for which the original design of
the process unit was based.

The Contractor is not required to analy~e every process
unit within the refinery no matter how sma1l in its
function. Instead, he shall rank all discrete
processing units within the refinery in order of their
importance in the refinery operations, stating the
criteria (which should be relevant to the objectives of
the work) he has employed for such ranking. He shall
then employ best efforts to evaluate each process unit
from top down to the extent time availability of
refi.nery cooperation permits. If he jUdges non
evaluated process units as worthy of evaluation, he
shall make such r~commendations in his report.

(c) Heat Conservation: The work involves observations over
a period of time to evaluate the adequacy of provisions
to recover heat that otherwise is wasted. The best
example is a lack of combustion air preheaters to
recover heat from hot chimney gases in refinery furnace
installations. Another example is to review the design
of feedstock preheat heat-exchange trains for an
opportunity to introduce an additi~ilal heat exchanger,
or exchangers, that can be justified now because of
higher €nergy prices.

Cd) Refinery Housekeeping: The work involves observation,
over a period of time, of the refinery operations, in
order to detect opportunities to improve operating and
maintenance practices, by:

(1)

(2)
(3)

(4)

(5)

eliminating the presence of leaky valve-stems and
~team traps.
incrementally inSUlating excessively hot surfaces
avoiding peor combustion conditions (high oxygen
content in chimney gases because of excessive
combustion air and/or leaky furnace settings).
increasing the frequency with which heat transfer
surfaces are cleaned of fouling deposits.
reviewing whether plant instrum~ntation is
adequate and/or well enough maintained to provide
accurate readings of operating conditions, and is
appropriately configured to permit efficient
operation.
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(e) Fuel Switching: The work shall include comment and
expert.opinion on the practicality of replacing petro
leum hydrocarbon fuels with indigenous coal in firing
refinery furnaces. Refinery furnaces have in the past
been fired with coal. Fuel switching to coal to in
crease the availability of oil for export or to reduce
the need to import could be a viable option.

In this context, Russia has been a leader in commercial
production and utilization of "liquid" coal/water 1:-
suspension fuels, although the present status of this
technology is not well known. Consideration of such an
option should be limited to assessing its practicality
in terms of coal supply and characteristics, the state
of-the-art of fuel formulation, and the adaptability of
existing combustion equipment.

(f) Refinery Emissions: The work shall involve preparing a
survey of all solid, liquid, and gaseous refinery
effluents in terms of sourcing, probable quantities,
characteristics, and chemical analyses; existing
methods for segr~gating, collection, treating, and
disposing solid, liquid and gaseous wastes; and of
suggesting practices to be employed in the refinery for
control to reduce such emissions. The practices
suggested shall reflect experiences elsewhere where
strict environmental emissions controls laws are in
effect.

SCHEDULE

The work shall be completed with final reports submitted and
final presentations and dissemination conferences completed on or
before February 30, 1994, inclUding the period for SUbmission of
the work plan.

COUNTERPART PERSONNEL

During the reconnaissance period, the Contractor shall identify
or arrange for categories of counterpart personnel to participate
in the work as follows:

(a) By the Host country .
Counterpart personnel are expected to be provided, in order
tc provide for continuity for future work within each
selected refinery (and for other refineries in a country
that h~ve not been selected for detailed audit and
evaluation). Each refinery management is expected to
appoint a cadre of approximately four persons matching the
skills of the Contractor's field team to serve as
counterparts. The intention is for the counterparts to be
fully involved in the work, inclUding the collection of data
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and information and their evaluation.

The refinery's counterpart team, as far as practiDal, is
expected to remain available to implement, for this
particular refinery, opportunities for energy efficiency and
e~vironmental-impact improvement that can be immediately
justified. This team is also expected to participate in
future efforts to implement those opportunitjes that are
considered to be medium or long term. The Contractor is not
required to undertake any efforts to bring counterpart
personnel to' the United states for any purpose. If he
determines that such a visit can be F~oductive, especially
if this could help in th~ implementacion of his results, he
shall describe such an effort and make this a recommendation
from his work.

During the period for performance of the work, this team
shall be the primary focus for training or e~~osure to
practices in U.s. refineries. The Contractor shall consult
with the United states Energy Association with respect to
arranging the invitational travel to the United states and
the refineries to be visited.

(b) By the Contractor
To the ~xtent practical, in each country the Contractor
shall retain the services of qualified consultants to assist
in the work. The prospect that the Contractor can
supplement his field team with local conSUltants, who could
begin advance field work as well as extend the efforts'
during the Contractor's field work, should increase the
cost-ef~~ctivenessof the efforts.

TEST EQUIPMENT

As part of the activities during the reconnaissance period, test
equipment shall be identified that will be necessary to accom
plish the work specified in the Tasks. The equipment sha~l b~

the minimum required for one refinery and of a portable nuture.
Upon completion of the work in each country, this equipment will
be granted to th~ appropriate host-country organization. The
Contr~ cor shall be responsible for the competitive procurement
o~ the equipment and its maintenance in an operable condition for
the duration of the work.

16
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REPORTS

The Contractor shall prepare a written work plan based on the
results of his reconnaissance visit and submit this report to
USAlD for comment and approval before continuing with the work.

A single, stand-alone report shall be prepared for Kazakhstan
covering the details and the results of the work for the
petroleum refining industry. The format for this report and
organization of its content shall be agreed to with USAlD during
the course of the work. Upon completion of the data and
information collection and their evaluation, the Contractor shall
prepare a draft version of the final report, complete in all its
detail, and submit this for review and comment by the host
country organization and by USAlD.

After submittal of the final report, the Contractor shall make an
eral presentation of his results to a Washington audience that
can include representatives from the World Bank, USAID, and
representatives from private firms having a potential interest in
investment in Kazakhstan's petroleum sector. The Contractor .
shall prepare a ~ummary report of his findings for this purpose.

The Contractor shall incorporate comments and suggestions
received, as appropriate, in producing the final report. The
final report shall be available before the conferences/seminars
organized for disseminating the results. At least the Executive
Summary·shall have been translated into the local l~nguage and
incorporated in the final report.

A separate, stand-alone shall be prepared. The format for this
report and organization of its content shall follow the
specifications in Annex 2 to this statement of Work. Upon
completion of the data and information collection and their
evaluation~ the Contractor shall prepare a draft version of the
final report, complete in all its detail, and submit this for
review and comment by the host-country organization and by USAlD.
The Contractor shall incorpr~ate comments and suggestions
received, as appropriate, in producing the final report. The
final report shall be available before the conferences/seminars
organized for disseminating the results. At least the Executive
summary shal1 have been translated into the local language and
incorporated in th~ final r~port.

The Contractor shall SUbmit, and orally present in Washington: a
letter report to USAlD after th~ conClusion of each
conference/seminar containing an overview description of the
proceedings, appropriate observations of its effectiveness,
conclusions that may have been reached, and a list of
participants and their affiliations.
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If the Contractor undertakes computerized process simulation
work, this shall be based on the refinery providing the
appropriate refinery operating data from recent operations. If
data available are found to be inadequate, and the Contractor
believes the simulation work to be critical for improving
refinery operations, he shall recommend a data acquisition .
program, and the method for utilizing the resul.t~, in his final
reports.
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1. ~ENERAL

1.1 ,~ME AND l.QCATION

Name:
Location:

1.2 CORRESPONDENCE

Correspondence relating to this project shall be directed os follows:

To the Refiner:

Name:
Address:

Attention:
Telephone No:
Ext.: TWX:
Telecopier Modal:
Telecopier No.:

To John Brown

Telex No.: _

Name:
Address:

John Brown E&C
300 S. Riverside Plaza
Suite 1800
Chicago. Illinois 60606 USA

Attention:
Telephone No: (312) 669-7000 Telex No.: 190146

(FAX)Telecopier No: (312) 902-1236
Telecopier Model.:

In operation 24 h,:"urs per day
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1.3. s.c.QPE OF FACILITIES

Provldo 8 general overall description Including Infrastrucwre • a history of
operations, year originally built, type of facilities (fuel, lube oil) fully Integratod
Into petrochemicals, etc.) year of major revamps, location, number of
employoos.
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,- 1.4 SYSTEM OF MEASUREMENT

Indicate from the following, the units being followed by the refinery.
ENGLISH MKS SI

Temperature of °C °C
Pressure psi kg/cm2 kPa
Mass Ib kg kg
Length ft-in m-mm m-mrn
Relative Density Spec Gravity Spec Gravitv Spec Gravity

TOF/60oF TOC/15°C TOC/15°C
Absolute Density °API or Ib/gal kg/m3 kg/m 3

at flooF at 15°C at 15°C
Flowing Density Ib/ft3 kg/m3 kg/m 3

Flowing Quantities
Mass Ib/hr kg/h kg/"
Vapor ft 3 /sec m3 /h m3 /h
Liquid U.S. gal/min m3 /h m3 /h

Standard Quantities
Vapor 108 std ft~/day normal m3/h std m3 /h

at 60°F at OOC at 15°C
Liquid bpd std m3 /h m3 /h

at 60°F at 15°C at 15°C
Enthalpy Btu/lb kcal/kg kJ/kg
Heat Rate 106 Btulhr 106 kcal/hr MW

It will be assumed that all data provided by refinery will be in the above
units, unless noted otherwise .

..

..
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2. REFINERY CONFIGURATION

2.1 . REFINERY BLOCK FLOW DIAGRAM

Provide a Block Flow Diagram similar to Figures 2.1 or 2.2.

Figure 2.1 is a generic Block Flow Diagram for a very simple refinery,
with the exception of a TOPPING UNIT or a LUBE OIL REFINERY.

Figure 2.2 is generic Block Flow Diagram for a fully integrated refinery.
This figure is only for reference, not many refineries consist of that many
units.

The Desalter is not shown on the Block Flow Diagram. However, it ~.
should be shown if it does exist. r~

2.2 OVERALL MATERIAL BALANCE

Show design basis, tonnes/per year:

Crude oil throughput:
Imported Blending Stocks:

Products:

LPG:
Regular Gasoline:
Premium Gasoline:
Solvents:
Feeds to Aromatic Complex:
Feeds to Petrochemical Complex:
Aviation Fuels:
Diesel Fuels:
Heating Oils:
Lube Oils:
Grease~:

AsphaltC):
Industrial Fuels:
Coke:
Sulfur
Etc.:
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2.2.1 Provide the names and monthly (average) consumption quantities
of various chemicals (treating, process, corrosion inhibitors, etc.)
and catalysts. Include gasoline additives such as MTBE, TEL,
etc., and additives for lube oils.

3.0. PROPERTIES AND SPECIFICATIONS OF FEEDS AND PRODUCTS

3.1 Feeds to Refinery

3.1.1 For Crude Oil (or oils) processed, provide properties for each of the
crude oils processed as indicated in Table 3-1 .

In addition to Table 3-2, the following would be required (for each
crude oil) to perform an analysis of atmospheric crude distillation:

1. TBP Curve, with mid-volume plots of gravity, viscosity, and
sulfur.

2. Light ends analysis up through hexanas.

3. Characterization factor (UOP or Watson k) for the whole
crude.

4. For vacuum unit (if it exists), provide vacuum distillation (0
1160) for residua.
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TABLE 3-1 CRUDe OIL PROPERTIES

Crude Name
Source (Country)

Crude Inspection
Gravity, °API or Sp. Gr. at 20°C
Sulfur, wt%
Pour Point, °C
Viscosity, cs at 20°C.
Conradson Carbon, Wt%
Asphaltenes & Resins, vol%
Metals, Ni +Va, PPM

Gasoiine. C1 - 405 of (C5 - 207 °C)111
Yield, Vnl%
Sulfur, Wt%
Octane, F-1, 3 ml TEL
Gravity, 15°C

Light Gas Oil, 405 - 650 of (207 - 344 °C)111
Yield, Vol%
Gravity, °API or Sp. Gr. at 20°C
Sulfur, Wt%
Pour Point, °C
Characterization Factor

Heavy Gas Oil, 650 - 1000 of
(344 - 538 °C)111
Yield, Vol%
Gravity, °API or Sp. Gr. at 20°C
Sulfur, Wt%
Viscosity, cs at 50°C
Wax Content, Wt%
Characterization Factor

Residuum, 1000 of Plus 111 (5380C)
Yield, Vol%
Gravity, °API or Sp. Gr. at 20°C
Sulfur, Wt%
Viscosity, cs at 50°C

~iscosity Index of Dewaxed
Lubricating Oil

NOTE 1: Temperature range of product CUI:S is only an example. The refinery may use
temperature ranges mote appropriate for their produl:ts.
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3.1.2
(Rework, slops, intermediate feeds from other sources)
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Indicate the following properties of various products:

TABLE 3-2 LPG (LIQUEFIED PETROLEUM GASES)

Composition PROPANE BUTANE LPG

~apor Pressure at 38 ° C

~olatile Residue

Butane and Heavier, LV% (Max)

Pentane and Heavip.r, LV% (Max)

Residual Matter

Corrosion, Copperstrip, Max.

Total Sulfur, ppmw

Moisture Content

Free Water Content

Bottled at Refinery? YES/NO YES/NO YES/NO

TABLE 3·3 GASOLINE

Type Regular Premium

Gravity @ 20°C

Octane Numbers
RON
MON

Distillation, Volume
10%
50%
90%
EP

Distillation Residue,%Wt

RVP

Sulfur Content, %Wt

MTBE Content, vol%

h"EL Content (if any)
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Type

Gravity @ 20°C

Distillation, Volume
IBP
10%
50%
90%
EP

Distillation Residue, % Wt

Mscosity @ 20° C

IAniline Point DC

Freeze Point °C

Flash Point DC

Irotal Sulfur, Wt. %

Mercaptan, Wt. %

IAromatic Content, Vol %

Doctor Test

Smoke Point

Gum, mgt100 ml

Net Heat of Combustion
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lType

Gravity @ 20DC

Distillation, Volume
IEP
10%
50%
90%
EP

Mscosity @ 20 DC

Pour Point DC

Flash Point DC

Sulfur Content, ppmw

Carbon Residue

Ash

Water and Sediment, % Vol.

Corrosion, Copper Strip

Cetane Number, Min.
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rrype

Gravity @ 20°C

Distillation, Volume
10%
90%

Viscosity @ 20° C

Flash Point °C

Pour Point °C

Sulfur, % Wt.

Carbon Residue %

(on 10% bottoms)

Ash, % Wt.

Corrosion, Copper Strip

3.3.6 Provide properties and specifications of any other products from the
refinery; such as, sulfur, lube oils, pitch, greases, coke, asphalts, road
oils, tars, solvents, petrochemicals and aromatic feed stocks produced
in the refinery, etc.
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5.0 UTILITY INFORMATION

5.1 Steam System (and Hot Oil System, if it exists)

Provide details of on-site steam generation, i.e., type of boiler (gas, oil, or coal
fired).

Provide Boiler Capacity and steam quality.

Provide details of Boiler Blowdown disposition.

5.1.1 Systems may be identified in general terms su.::h as High Pres~ure,

Medium Pressure, Low Pressure, etc.• or as nominal pressure levels such
as 600 PSIG, 150 PSIG, etc.

Minimum steam pressures and temperatures are the lowest
pressures and temperatures which may be expected at any point
in the area header.

Normal steam pressures and temperatures are the pressures and
temperatures which may be expected at any point in the area
header.

Maximum steam pressures and temperatures are the highest
pressures and temperatures which may be expected at any point
in the area header.

Design pressures and temperatures arIJ the conditions specified
for the mechanical design of piping and equipment.

TABLE 5-1 STEAM SYSTEMS

system Pressure Temperature
Identification

Min Norm Max Design Min Norm Max Design
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If there are more than one condensate systems, describe each
separately.

The typical condensate system may contain a drum or receiver
anywhere in the refinery.

5.1.3 Hot Oil System

Provide details of the Hot Oil System(s) (or belt), if used in the
refinery,.

Provide specifications of the hot o:~ used.
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5.2.1 Is untreated surface water used directly as cooling tower make-up
water?
YESI NO

5.2.2 Describe the treatment of raw water for the following uses and
provide generic names of chemicals l,Jsed:

(1) potable water,
(2) water used for purposes other than BFW and cooling tower.

5.2.3 Boiler Feed Water (BFW)

Provide the following information about the chemical treating used
in steam generators and corrosion control treatment for steam and
cc. ,densate systems.

TABLE 5-2 WATER TREATMENT

System Method of Feeding An~1 Chemical
Identification Location of Febd Point Used

..
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Describe the Cooling Water System. If more than one, describe
each system and identify the units it serVElS. For each system,
provide the following:

If It is a once through type system, provide the source of the
cooling water. Describe the type of water treatment and the
chemicals used.

It it is a closed cooling water system, provide the type and
number of cooling towers. Identify the generic names of
chemicals used for treatment,

Provide the destination of the cooling tower blowdown.

Provide the capacity of the cooling water pumps and indicate
number of operating and spare pumps. Indicate, if any, steam
turbine driven pumps are installed.

5.2.5 Provide following information on water system

TABLE 5-3 WATER SYSTEMS

DESCRIPTION

REFINERY
RAW

WATER
SUPPLY

ONCE
THROUGH
COOLING
WATER

CIRCULATING
COOLING
WATER

TREATED
BOIl.ER

FEEDWATER

Source

Supply Temperature, 0 __ C

Supply Pressure, __
At battery Limits et Grade

Return Pressure, """"""::---:'_
At battery Limits et Grade

Exchanger Inlet Water
emperature, 0 __ C

Exchanger Outlet Water
emperature, 0 C (Max)

Exchanger Water Side Design
emperature. 0 _ C"__

Exchanger Water ::ld., Design
Pressure, __

Fouling Resistance
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TABLE 5-4 WATER ANALYSIS

De:;crlption Refinery Once Clrculatin Treated
Raw Through 9 Cooling Boiler

Water Cooling Water Feedwater
Supply Water

pH

~ot.al Hardness as CaCo3, mg/c

Calc~ium as Ca<:':?3, mg/c

Maonesium as CaCo 3 , mg/c

[rOti31 Alkalinity llS CaCo3 , mg/c

"P" Alkalinity a~ CaCo3, mg/c

Sulfate as S04, mg/c

Chloride as CI, mg/~

Silica as Si02, mg/c

Iron as Fe, mg/c

lTotal Dissolved Solids, mg/c

Suspended Solids, mg/c

lTurbidity, rng/c

Conductivity, pmhos
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Provide a description of the refinery fuel system. Indicate the amount
and type of fuel being imported into the refinery.

5.3.1 Coal as Fuel

If coal (or coals) is used as a fuel, provide complete
analysis and net heating valuo. Describe current coal
receiving, storage, handling and preparation systems.
Indicate if coal is the primary or supplemental fuel.

5.3.2 Liquid Fuels

If Iir.juid fuels, such as, LPG, Naphtha, Fuel Oils, etc., are
uS'.d as fuels, provide descriptions of the systems. The
system may include receiving, storage, pumping and
distribution. Provide analysis, including heating valve.

5.3.3 Fuel GelS

Provide a description of tt,e fuel gas system, Le., fuel gas
drum, operrrci.'g conditions and distribution. Provide
analysis includill!=j heating v3lve. See Table 5.5

Indicate tile properties of pilot gas if not supped from the
refinery fuel gas header, !Le., imported into the refinery).

A. Is the existing fuel gas system steam traced?
YES/NO.

B. Is the existing fuel gas system provided with
liquid knockout drum? YES/NO

5.3.4 Show quantity of coal, liquid fueh and fuel gas actually burned in
the last two (2) '; "'rs.
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TABLE 5-5 FUEL GAS DATA

PROPERTY SOURCE~
REFINERY IMPORTED--

Composition (Volume *)

H2S

H2O

CO

CO2

O2

N2

H2

C,

C2 =

C2

C3 =

C3

C4 :.:

C4

iC4

ilC4

Cs

iCs

nCs

Ce +
TOTAL 100% 100 %
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Describe the on-site power generation, i.e. type of turbo-generator and
its driver.

If electrical power is imported, indicate the source.
Desr.ribe the overall electrical system, including stepdown, distribution,
load shedding, power factor, grounding system, reliability, (in terms of
ratio of blackout time to the total time) etc.

Prcwide information on emergency f)lactrical power generation.

Provide the following information relating to the electrical power system:

TABLE 5-6 ELECTRICAL POWI::R
.::

Service Horsepower Range Name Plato Frequency
Voltage Phase (Hertz-Hz)

From To

Motors

Instruments

Lighting
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Provide the capacity and type of air compressors, coolers and driers.
Indicate the sparing policy.

Does system furnish oil free air?

Indicate dew point for instrument air:

Indicate system header pressure:

5.6 REFRIGERATION SYSTEM

YES/NO

o

Provide the type, capacity and purpose of any refrigeration system.

Indicate the refrigerant used.

5.7 INERT GAS SYSTEM

Indicate the source of inert gas and its quality.

If on-site inert gas generation is available, provide details of the
equipment, capacity, etc.
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The refinery off-site facilities utility system normally consists of the following:

6.1 Flare and Blowdown Systems.

Provide size (Tip Diameter) and height of flare stack (or stacks) and
knock-out drum size(s).

Provide the size of the condensate return system including pump,
hydrocarbon knockout drum, etc.

Provide sizes of ground flares, if any.

6.2 Flue Gas Treatment (if any). (see section 8.10.4)

Provide description and capacity of the unit. If it is a licensed unit,
provide the name of licensor.

6.3 Waste Disposal. (see section 8.0)

Provide description of waste disposal in terms of solids, liquid and
gaseous streams.

If coal is used as fuel, describe treatment and disposition of ash.

6.4 Storage. Blending and Transfer (see section 8. 10)

6.4.1 Provide storage capacities of all feeds into the refinery. Major
feeds to th~~ refinery are crude oils from various sources. In
addition, the refinery may have feeds in terms of treating
chemicals, catalysts, corrosion inhibitors, inert gases, methanol,
MTBE, fuel oil, fuel gas, solvents, etc.

5.4.2 Provide storage capacities of all products, including all
intermediate storage. Products from an integrated refinery may
include: LPG, gasolines, kerosene, jet fuel, diesel fuel, aromatics,
lube oils, fuel oils, etc.

6.4.3 Besides capacities, provide the type of storage vessels and tanks.
For example, LPG storage could be in bullets, spheres, or
atmospheric (refrigerated) tanks; gasoline could be in fixed or
floating roof tanks.

6.4.4 Provide the description and capacities of various blending units,
i.,e., gasoline, fuel oil, etc.
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6.5

pipe ne, truc <, or ral

Fire Protection Equipment

'.

Provide details of fire pro~ection equipment

For example, the number of fire trucks, monitor stations, existence and
availability of foam, existence and Capacity of Diesel Booster Pumps,
source of fire water, etc.
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Provide estimated variable costs of the following: (Note 1)

Electrical Power

Fuel

Raw Water

Treating Chemicals (Boilers, Cooling Water etc.)

Catalysts

Steam

Cooling Water

Additivesfor Gasolines

Additives for Lube Oils

Crude Oils

Products

Other Chemicals

Etc.

NOTE 1: At least some cost data, in appropriate units, is required in order to
conduct any techno-economic evaluation. This information may be
coordinated and combined with the Economic Section of this
questionnaire.
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8. 1 Prll~ess Water

Source _

Capacity: cubic meters/hr

Chemical Quality - as used:

TEST
Dissolved & Solids (TDS)
Settled Solids (TSS)
Chern. Oxygen Demand (COD)
Biological Oxygen Demand (BOD)
Organic Carbon (TOC)
pH
Iron( Fe)

TEST
Oil/Grease
Phenol
Ammonia
Chromium
Zinc
Sulfites
Hardness

Pretreatment before use: (Yes or No)

pH Control.
Settling. _
Flocculation/Sedimentation ----
Filtration ----Other. ___

8.2 Drinking Water.

If drinking water is from a different source other than (8.1) above,
complete the same information as requested in test above.

Source --------------------

Capacity: cubic meters/hour.

Chemical Quality • as used:

TEST
Dissolved & Solids (TDS)
Settled Solids (TSS)
Chem. Oxygen Demand (COD)
Biological Oxygen Demand (BOD)
Organic r.arbon (TOC)
pH
Iron (Fe)

TEST
Oil/Grease
Phenol
Ammonia
Chromium
Zinc
Sulfites
Hardness
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8.3

pH Control. _
Settling. _
Flocculation/Sedimentation _
Filtration _
Other. ___

Cooling Tower Water.

Source of Water _
If same as (8.1) or (8.2) above:

Once through. _
Cooling tower loop. _

Additional pretreatment other than provided in *8.0) or (8.2)
above. Define. _

Recycle water treatment:
Corrosion control. _
Biocides. _
Total Dissolved Solids of recycle/blowdown _

Recycle rate cubic meters/hr

Make-up rate cubic meters/hr

Slowdown rate _ cubic meters/hr

Slowdown discharge to: _

8.4 Boiler Feed Water.

Source: _

Boiler Feed Water Treatment:

Softening: Resin Lime _
Reverse Osmosis _
Ion Exchange _
Waste Heat Distillation _
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H2S04
Hel
NaOH
Na2S03
H2NNH2
Phosphates
Other

Ion Exchange Regenerant Discharge:
___ cubic meters __ cycles/day.

Discharge to: _

Boiler Slowdown discharce rate: cubic meters/min.---
Discharge to: _
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8.5.1 Tanl<age Areas:

Are tank areas diked to prevent the spread of oil leaks?
Yes No. ---

Capacity of the diked area verses the capacity of largest tank?
1:1 1:1.1 1:1.25 other _

-

~

Inside of dike: earth: concr6te: rl~stic liner.

Method of removing the trapped oil/water?

Is oil skimming provided?

8.5.2 Process Block Area.

Yes No.--- ---

Is the block area curbed to prevent :ain water run7
Yes No

Is there a separate sewer system for the rain water falling on the
process block area?

Are the following leaks/drains controlled to allow recovery of oil?

• Pump seals: Yes No.
Valve stems: Yes No.
Flanges: Yes No. --
Sample line drain: Yes No. --
Tank Overflow lin,~s: Yes No. --
Pump casing drains: Yes No. --
Control valve drains: Yes No. --
Heat exchangers: Yes No.

8.5.3 Roadways, Parking Lots & Roof Drains.

Are these rain water flows separated from (8.5.1 and 8.5.2)
above?
Yes No.

If no, are there any plans to separate the storm water flow?
Yes No.
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Area and the roadway/road drain.

No treatment. --------
Flow from (8.5.1, 8.5.2 and 8.5.3) above treated? (circle which).

Treatment:

Lagoon with oil skimming. __, _
Chemical/biological treatment. _
Stored for Plant water supply. _
Other - describe on separate page.

Chemical quality of outlet water.

Suspended Solids _
Dissolved Solids -------Fats/Oils/Grease _
Biological Oxygen Demand __
Chemical Oxygen Demand __
pH _
Discharged to _

(river, lake, sea)

8.6. ON-SITE WATER SYSTEM

8.6.1 Attach a site plot plan showing the location and routing of the
following:

Roof drain sewers
Roadway and Parking lot sewers.
Open area rainwater catch basins and sewers.
Storage tank area drains and sewers.
BS&W drain/sewers.
Process water drain/oily sewers.
Process area stormwater sewers.
Sour water piping and sewers.
Wastewater treatment units, Process and Sanitary.
Solid waste storage/disposal sites.
Wr~ter supply and water treatment.
B~rometric condenser drains.
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systems on any of the above sewers or combinations of sewers.

Show

Pump stations.
Flow balancing basins.
Flow regulating devices.
Chemical additions.
Oil skimming.
Settled solic.:s removal.
Air/steam stripping.
Aeration area for chemical oxidation.
Biological treatment system.
Effluent balancing
Points of water disGharge to off-site.
Locations of flow rneaHurements and sampling.

Flow rates.
Chemical quality. (8.1)

Any currGnt or planned water recycle system.
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8.7.1 For each major water treatment unit show on the block flow
diagrams (8.6.2) give the critical data:

Volume. ------------------
Length, width & liquid depth. .;....-__

Pump rates.

Water quality in/out (I-A-3) _

Chemical added. ----------------
Method of sludge disposal _

...

a.
b.

Quantity
Frequency

cubic meters---

Method of skimmed oil disposal _

Design flow rates. _

Energy consumed at each unit. _

8.7.2 Provide process flow diagrams showing the typical Chemical
Engineering parameters. (If available).

8.8 NOISE LEVEL

8.8.1 During the Characteri:!:Jtion, t:~'aluation and the Environmental
visits, those areas observed with excessive noise levels will be
noted. No field measurements are to be made at this time. If a
simplified and economical method of a control is evident to the
Team, this will be noted and defined. I'(the excessive noise is due
to a complex of sources, this will be noted for potential future
study.
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8.9.1 Crudr. tankage silt.

Quantity and frequency of removal. _

Method of disposal.

8.9.2 Atmospheric./Vacuum still bottoms.

How used? -------------------
How disposed? _

~.9.3 FCr fines/spent catalyst.

How collected? -----------------
How disposed? _

Quantity? , _

8.9.4 Spent caustic.

Quantity? . _

How disposed? _

8.9. j Water treatment sludge.

Quantity? _

How disposed? _
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Quantity of oil and how disposed? _

Quantity of sludge anu how disposed? _

8.9.7 Wastewater treatment sludge.

Quantity? _

How disposed? _

8.9.8 Boiler System.

Fly ash quantity and how disposed? _

Bottom ash quantity and how disposed? _

8.9.9 Spill Clean-up

How are spilled liquids handled? _

How are contaminated soils handled?
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8.10.1. Benzene and other aromatics.

Benzene has been defined in various countries as a carcinogenic
substance. If the Evaluation Team suspects the presence of
Benzene, those a.reas suspect shall be noted.

...

8.10.2 Storage tanks: Complete a form for each tank larger than 400
metric tons volume.

8.10.2.1. Crude: (Vapor pressure) ______ mm

••
Covered Uncovered---- ----
Capacity metric tonnes

Diameter meters
Height meters

Number----
Vent control:

None._-:-_
Conservation valve. ---
Carbon adsorption. _
Flare system. _

Estimated vapor loss metric tonnes/year

8.10.2.2 Light ends: (Vapor pressure) mm

Covered Uncovered---- ----
Capacity metric tonnes

Diameter meters-----
Height meters

Number----Vent control:

Conservation valve. ---Carbon adsorption. _
Flare system. -
Other Define _

Estimated vapor loss metric tonnes/year
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Covered Uncovered _
Capacity metric tonnes----

Diameter meters
Height meters

Number----
Vent control:

Conservation valve. ---Carbon adsorption. _
Flare ::ystem. _
Other Define _

Estimated vapor loss metric tonnes/year

Resid: (Vapor Pressure) _______ mm

Covered Uncovered---- ----
Capacity metric tonnes

Diameter meters
Height meters

Number----
Vent control:

Conservation valve. _
Carbon adsorption. _
Flare system. _
Othr~r Define _

Estimated vapor loss metric tonnes/year

8.10.3 Fired heaters (complete for each process heater & boiler):

Identification. -------------
Fuel. ----------------
Fuel composition - attach a copy.

J/gm HHV
Sulfur content. %
Ash content %
Moisture content. %
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Air pollution control: device for control of:

Particulate:
Type
Efficiency %

Sulfur:
Type
Efficiency %

NOx

Type
Efficiency %

CO:
Type
Efficiency %

8.10.4. Sulfur Balance

Sulfur Input
Typical annual crude throughput
Typical sulfur content
Tota! sulfur input

SulfLlr Distribution - annual basis:

Shipped in product
Process heater stacks
Power plant stacks
To sulfur Recovery*
Recovered and shipped as S
Sulfur Recovery System Stack
Discharge
In Sourwater to Wastewater
Treatment Unit

TOTAL

___ tonnes/year
%---___ tonnes/year

___ tonnes
___ tonnes

tonnes---___ tonnes
___ tonnes

___ tonnes

___ tonnes
___tonnes

* Sulfur Recovery System Type _
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If a sulfur tail-gas clean-up is not installed, is one being
considered? Yes No

If yes, which system.? _

8.10.4.4 Power Plant Stacks

If high sulfur fuel is currently being fired at the power plant

Is the fuel high sulfur refinery product? Yes No

If yes, are you currently planning

to install fuel desulfurization?
Yes No Date _

to install flue gas desulfurization?
Yes No Date _

•

--
Coal --

Yes No---change fuels?
fuel gas _

Fuel Quality - attach a copy of the ultimate
analysis. This response may be coordinated
with the Technical portion of the
Questionnaire.

Is the fuel a high sulfur coal or peat?
Yes No---

If yes, are you currently planning

to install fuel desulfuration?
Yes No Date _

to install flue gas desulfuration?
Yes No Date _

Yes No---
Coal --

change fuels?
fuel gas _
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8.10.5

G

with the Technical
questionnaire.

Other Potential Environmental Releases.

8.10.5.1 Chemicals added or used In refining:

..
portion of the

Is TEL (Tetruethyl Lead) added? ___ Yes ___ No

Briefly describe how the TEL is received, stored, mixed and
blended to the products. Attach a Block Flow Diagram.

Estimate use per year

Are acids used in the process?

Tonnes.

Yes No

Briefly describe how the acids are received, stored, mixed
and used in the process. _

How is the spent (used) acid disposed? _

Attach a Block Flow Diagram for each acid used.

Are solvents used in the process of refining?
Yes No

What solvent and process? _

Briefly describe how the solvents are received, stored,
mixed, used, reclaimed or disposed? _

Attach a Block Flow Diagram for eaGh solvent used.

8.10.5.2 Asphalt

Is asphalt a product of this refinery?
Blown? Yes No
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8.10.5.3 Heavy Metals (Cu, V, Fe, Co, Nil

Metals are found in crude oil. Some heavy metals are used
as a catalysis.

Crude Heavy Metals Balance.
Metals in Crude Tonnes/year
Metals in Product Tonnes/year
How is the difference in Tonnes/year disposed of?

Catalyist (Metal)

In new catalyist
Recycled to supplier
Disposal on-site

___ Tonnes/year
___ Tonnes/year
___ Tonnes/year

Describe how the metals are prevented from becoming air
borne or flow to the surface or groundwater.

8.10.5.4 Halogenated Hydrocarbons

Are hydrocarbons halogenated in the process?
Yes No

How are they prevented from being released into the
environment?

8.10.6 Process losses.

8.10.6.1 Define the Process Flows to the flares. -------

8.10.6.2 Define the type of flare. (uncontrolled, steam) _

8.10.6.3 Flare burning control (Automatic, on/off) _
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determine excessive hydrocarbon loss?

8.10.6.5 Define other hydrocarbon vent losses not routed to carbon
absorber or the flare.

8.10.6.6 Estimate the number of each of the following:

All process streams:

That end at pipe valves without blind flanges
attached. --------------
Process drains. ------------

Gas streams:

That end at pipe valves without blind flanges
attached.

Process drains. ------------

Light liquid & gas/liquid:

That end at pipe valves without blind flanges
attached.

Process drains. ------------
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That end at pipe valves without blind flanges
attached .

Process drains. _

Hydrogen stream:

That end at pipe valves without blind "flanges
attachmi.

Process drains. _

8.10.7 Fuel Costs at the refinery, if not provided elsewhere:

Fuel gas: _
Natural gas: _
LNG: -------------LPG: _
Brown coal: _
Soft coal: _

8.10.8 Solid fuels:

Attach a copy of a "typical" ultimate fuel analysis.
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JOHN BROWN
USAID NIS REFINERY PROGRAM

QUESTIONNAIRE
ECONOMIC AND FINANCIAL EVALVATlON

I. Economic and Energy Trends

1.1 Economic Trends

a) What are the chief characteristics of the economy that are relevant for
energy growth, particularly the oil sector ( e.g., energy intensive industries, lack of oil/gas
reserves, low per capita energy consumption, etc.)?

b) How has independence affected the economy?

c) Annu21 real Gross Domestic Product growth rates (discounted for inflation)
for the past five years; estimate for this year; forecast of the average annual Gross
Domestic Product growth rate for the next five years. Brief rationale for expected different
trend.

d) Annual rates of inflation and devaluation during the past five years;
estimates for this year; forecasts for next five years.

e) Show crude oil and petroleum products and other energy products in the
composition of imports or exports and relative importance in loreign exchange flows and
the balance of payments.

1.2 Energy Trends

a) For each year during the past five years as well as an estimate for this
year and forecast for next five years, show

-- energy demand by source; oil, gas, coal, hydropower, nuclear, wood/other, total,
expressed in metric tons (oil equivalent);

1
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-- energy demand by sector; transportation, lesi,dential/commercial, industrial. non
energy. generation & transmission losses, total

b) Identify the chief relevant factors that have influenced the energy pattern
in the past and how will these and new influences affect the future energy pattern and
trend.

c) 'What have been the main factors responsible for the level and trend in the
rati,on of Gross Domestic Product to energy consumption?

1.3 Petroleum Trends

a) For each year during the past five years as well as an estimate for this year
and forecast foi' the next five years, show

-- oil product demand; L!'G. premium gasoline. regular gasoline. Naphtha Feedstock.
kerosene. Jet Fuel. Aviation Gasoline. Diesel. Heating Oil. residual fuel oil. asphalt.
lubricants. other oil products (specify)

-- production: crude oil, natural gas. natural gas condensates. coal. nuclear electricity.
shale oil. alcohol for energy use. other energy (specify)

-- refinery pro~uction: breakdown as oil product demand above plus butane, petroleum
coke. sulphur

-- imports/exports: detailed breakdown as above for different energy forms. including
types of crude oil. and petroleum products.

b) What have been the main factors responsible for the trends in energy and
oil product demand. supply. exports. and imports? How are these trends and underlying
factors expected to change?

2



II. Energy Policy

2.1 Energy Control Agencies

Give details of the agencies that exercise control over the operations, planning,
trade, transportation, production, financing, pricing, and other activities of the petroleum
sector. What has changed since independence?

2.2 Energy Policies

What are the government's main energy policies as regards:

oil imports/exports;
exploration activity;
consequences of Chernobyl nuclear disaster (for the Ukraine);
favoring developm€mt/consumption of energy over another;
subsidization of certain activities or oil consumers;
matching crude slate or refinery output to demand;
regulating transportation or investments in energy;
developing electricity from alternative energies;
introducing or improving environmental regulations
providing tax incentives for energy savings projects
other issues affecting the refinery industry

2.3 Hydrocarbon Legislation

Summarize briefly and highlight the main aspect of legislation affecting petroleum
sector. What changes are programmed or planned for the near future?

3



2.4 Pricing Policy

Show a detailed current price build-up in local currency per metric ton and per liter,
roughly as follows:

•.,
..
III

average crude oil price FOB or at wellhead;
any taxes or margins or price differentials added;
actual cost of freight and insurance to the refinery;
any taxes or margins or commissions added;
actual delivered crude oil price charged refinery;
energy costs and losses in refining;
refinery operating, financing and other costs
refinery margin;
taxes paid by the refinery;
aver"ge product price charged by the refinery;
transportation/insurance from refinery to retailers and large consumers;
sales and other taxes on oil products;
margins, commissions to marketers, dealers, retailers;
average product price paid by non-subsidized consumers.

Describe the mechanisms and calculations for establishing the prices of

crude oil imported
crude oil purchased by the refineries
products leaving the refineries (ex-refinery prices)
products sold wholesale
products sold retail

A similar price break-down from the refinery to the consumer as above is needed
for individual oil products.
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2.5 Operational Planning and Control

Give details of the planning and decision making process for determining crude oil
sources and slates at individual refineries. investments and production and sales of
petroleum. Who determines crude runs and product slates and how often are they
reviewed and revised? Describe refinery cost accounting practices and capital budgeting
and decisions.

Develop a break-down for each refinery. showing the volumes and delivery cost of
crude inputs and the product slate output and revenues collected for each product output
by the refinery.

2.6 Import/Export Policy

Give details of the controls. restrictions. and pricing of imports and/or exports of
crude oil and products.

Indicate the sources ofcrude oil imports. quality. quantities. prices, tariffs and other
surcharges. Similar detail for product imports and crude and product exports.

Comparison of ex-refinery product prices with Cost, Insurance, Freight (CIF) prices
of comparable imported products. What are the factors accounting for price differences
imported and locally refined products.

2.7 Financial Policies

What is the source and disposition of:

profits or losses from refinery operations importing or exporting
transportation marketing or retailing?

What are the sources and cost of investment capital for refineries?

5
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III. Composition and Structure of the Petroleum Sector

Describe the relative importance, size, investments, sales, or revenues, and
ownership of the different functions or composition of the petroleum sector:

Exploration and Production;
Refining;
Transportation/Pipelines;
Import/Export Terminals;
Bulk Plants/Blending Plants;
Marketing/Retail ing.

How do these components interact in moving, dispatching, receiving the product
and in making payments and collecting tax revenues or disbursing subsidies?

What reforms ofthis system have been implemented since independence and further
changes are being programmed or planned?

How will the private sector, including foreign investors, be permitted to enter the
petroleum sector? Will some areas be restricted to private or to foreign participation?
Have decisions been made in the Legislature and laws or decrees passed or being
discussed?

IV. Duties. Taxes. and Subsidies

Show the rates and application of current import duties and other surcharges on
imported crude oil and products; royalties, taxes, and other levies on crude oil production;
taxes and surcharges paid by the refineries or charged to or paid by the marketing
companies and retailers.
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If not done earlier in this questionnaire, the tax components in the price build-ups
from refinery or import terminal to the consumer for individual products in local currency
per metric ton should be shown.

Similarly, show the incidence of subsidies within the price structure of individual
products as well as the sources of financing these subsidies, for example, cross
compensation by taxes on other products.

Describe the underlying reasons for the establishment of special taxes or subsidies
targeted for specific uses or consumers.

The tax and subsidy structure in other energy areas (gas, coal, hydro, nuclear) should
also be highlighted and described, particularly as it affects the price, demand, supply, or
competitiveness of petroleum products or the policies toward refining.

V. Operational Economics - Refineries

5.1 Input

Provide annual or average quantities, sources, prices, and values of raw materials
purchased by each refinery and for the country as a whole:

crude oil;
reconstituted distillates and other feedstocks;
catalysts and chemicals;
other materials.

What are some major problems with these supplies for the refineries?

Has the refinery supply situation changed in some respect since independence?
Have supply prices changed significantly causing changes in supply sources?

7



5.2 Operating Costs

Provide details about refinery costs:

Manpower
Number
Salaries
Fringe benefit costs;

Purchased Fuels (oil. gas, coal);
Purchased Utilities (power, water. steam. other);
Insurance;
Mainte;lance;
Transportation and Refinery Distribution Costs;
Local Taxes.

5.3 Financial Charges

Provide details of the indebtedness of each refinery and its annual financial burden

Interest and Amortization;
Depreciation;
Income taxes;
Special disbursements.

Net gains or losses at each refinery

5.4 Output and Revenue

Provide quantity. destination. price, and value of the individual products sold at
each refinery. by year for last five years.

What major problems have been encountered in connection with refinery product
sales and what changes are being contemplated?

Describe and provide details of product exports by any refineries. At what prices
are products exported. to where, how?

8



What quantities, at what price and value are specific feedstocks transferred for
chemical production?

Show a comparison of the annual total revenue stream with total costs at each
refinery.

9
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I.

ENVIRONMENTAL POLICY ISSUES
CHARACTERIZATION SURVEY

The purpose of completing this Evaluation Survey is to define the level of National
Policy for the protection and clean-up of the, environment.

II. National Policy

A. Is there National Policy Legislation. which states that the discharge of
pollutants shell be limited. when standards are to be established. how the
discharges of pollutants are to be monitored and how corrections are to be
made when the discharges exceed the standards?

B. Status as of June 1993

1. Legislation - is a specific law for the control of:

Pollutant

Air Emissions
Water Discharge
Solid Waste Disposal
Ground Water

Yes No Proposed
(Yes/No)

Actual or
expected
approval
date

2. Regulations/Standards 
Allowable levels of pollution:

Pollutant

Air Emissions
Water Discharge
Solid Wastt: Disposal
Ground Water

Yes No

1

Proposed
(Yes/No)

Actual or
expected
approval
date

'r I



3. Printed Data

If standards for allowable pollutant discharge or emissions have been
developed, please attach a copy of the tables showing the allowable
levels of discharge or emissions.

·
i..

III. Responsibilities

A. Is the authority and responsibility to control the pollutant discharges (air,
water, solid waste and ground water) assigned to just ~administrative
government unit? Yes No

:.

If yes: Name: _
Address: _

Telephone No. _
Fax No. _

:...

If no, who is responsible for:

Air pollutants: Name: _
Address: _

Telephone No. _
Fax No. _

Waste pollutants: Name: _
Address: _

Telephone No. _
Fax No. _

Solid Waste: Name: _
Address: _

Telephone No. _
Fax No. _

2
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Ground Water: Name: _

Address: _

Telephone No. ~

Fax No. _

B. Is your government a part of a multi-national agreement, pact or an
association for environmental control?
______ Yes No

Name other countries:

•

IV. Existing Environmental Conditions

Does any government agencies have in progress or completed a technical
evaluation of the current status of the air, water, solid waste, or ground water
contamination problem?

Yes No

If yes, is a summary of the report(s) available for use?
Yes No

Attach a copy of the "Summary" if available.

V. Petroleum Refining

It may be likely that if there are environmental changes required, then the clean-up
may require many types of activities, many areas of work and the establishment of
priorities.

If this is the case, please rank the following in the order which you and local
population consider the most important to the least important. (Number 1, the
highest and number 4 the lowest priority):

PollutioQ. Controls Needs
Air Emission
Water Emissions
Solid Waste Disposal
Ground Water

3

1
1
1
1

Rank
2 3
2 3
2 3
2 3

4
4
4
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JOHN BROWN

Ta6JIHQa CTp

3-1 XapaKTepHCTHKH CblpOH He<l>TH 6

3-2 CJKIDKeHHbIH He<l>nIHoH fa3 8

- 3-3 lieH3HH 9
--

3-4 TonJIlmo }lIDI peaKTHBHbIX ,UBHfaTeJIeH 10
I:

3-5 ,l(H3eJIbBOe TOIIJIHBO 11

3-6 Heq>TeTOIIJIHBO 12

5-1 CHCTeMa napa 14

5-2 XHMH'IeCKag no,nrOTOBKa BO,nbI 15
.

5-3 CHcTeMbI Bo,UocHa6)KeHHg 17.

5-4 XHMWlecKHH aHaJIH3 BO,UbI 18

5-5 ,l(aHHble TOIIJIHBHOfO faJa 20

5..6 3JIeKTpH'IeCKHe MOIQHOCTH 21 -

nPlfJIO)I{EHI1E

2.1 THIIOBag TeXHOJIOfH'IeCKag 6JIOK-CXeMa (IlpoCToii HIl3)

2.2 THIIOBag TeXHOJIOfH'IeCKag 6JIOK-CXeMa (KOMIIJIeKCHbIH Hn3)
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CO)];EP:>KAHME

CTp.

1. 06maR qaCTb 1

2. Cl'pyKTypa HecPTeneperoHHoro 3aBO,ll;a

(BKJnOtIaR MaTepHa.T.IbHbIH 6anaHc) 4

3. XapaKTepHCTHKH H napaMeTpLl CblpbR H HecPTenpo,ZJ;yKToB 5

4. TeXHOJIOrHtIeCKHe 6JIOKH npe,ll;IIpHRTHR

5. ,[(aHHble CMCTeM 3Hepro-, TenJIO- H BO,ll;OCHa6)KeHHH

6. EJIOKH, BbIHeceHHble 3a npe,ll;eJIbI npe,ZJ;fipHRTHH

7.. ,[(aHHble 0 npOH3BO,ll;CTBeHHblx pacxo,D;ax

8. OKpy)l(aromaH cpe,ll;a
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JOHN BROWN

1. OEIllAJl QACTb

1.1 HA3BAI-rnE l1PE,lUlPVIJffI1JI MMECfOnOJIO)I{EHME

Ha3BaHHe
MeCTOnOJIOiKeHHe _

1.2 IIEPErrnCKA

IIepenHcKa, CBSl3aHHaSi CHaCToSimeif pa6oTo:u, ~OJDKHa H&,j,,_paB
JISlTLCSI B COOTBeTCTBHH CHHiKeCJIe~YlOmHM:

Heq>TeneperOBHOMY IIpe,unpHSITHIO:

Ha3BaHHe npe~pHSITHSI _

Mpec ------------------

BuHMaHHIO _
TeJIecI>oB NQ TeJIeKC NQ _
,[(o6aBO"iilLI:U TeJIeTaiin NQ _
cI>aKcHMHJIe NQ _
Mo~eJIb H H3rOTOBHTeJIb cI>.A. _

<I>HpMe JOHN BROWN:

Ha3BaHHe npe~pHSITHSI John Brown E & C
Mpec 300 S. Riverside Plaza

Suite 1800
Chicago, Illinois 60606, USA

BHHMaHHlO . _

TeJIecI>oH NQ (312) 669-7000 TeJIeKC NQ 190146
cI>aKcHMHJIe NQ (.....3,;;;;,;;12.....)....9.._02_..-.._12;;;;;.;;3-.;;6 _
Mo.n;eJIb H H3rOTOBHTeJIb cI>.A. _
(Pa6oTaeT KpyrJIble CYl'KH )
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JOHN BROWN

1.3 MACllITAE IIPE)l;I1PI1JITIDI

KpaTKO onHWHTe o6lUHe ,naHHbIe npe.lUlpHHTHH, BKillOlJaH uH<ppacTpyKTyPY: .

HCTOpHlJeCKaH cnpaBKa 0 npe.nnpHHTUH, .naTa nepBOHalJaJIbHOrO CTpOHTeJIb- =-

CTBa, TlfilbI YCTaHOBJleHHbIX TeXHOJIOrHlJeCKIIX 6JIOKOB (TOMHRO, CMa30lJHbIe; .

nOJIHOeTbro JIH KOMnJIeKCHpOBaHbI B ne<l>TexHMHqeCKHH IJ;HKJI H T.,n.), TaK)JCe,

YKaiKHTe ,naTbI OCHOBHbIX MO,lJ;epHH3aUHU, MeCTOnOJIO)l(eHHe, KOJIHlJeCTBO

pa6oTarolUHX.
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JOHN BROWN -
1.4 BAHHMUbIH3MEPBHM~

, Cpe,D;H YKa3aHHbIx HH)Ke BbI6epHTe enHHHUbI H3MepeHuSI, UCIIOJIb3yeMble Ha --HII3. (06BenuTe Kpy)KKOM Ka)K.n;ylO H3 e,D;HHHU).

AHrJI. en. MKC CH

TeMnepaTypa of °C °C

)l;aBJIeHUe psi kG/cm2 /cPa

Macca lb (AH2/l. rPYHm) kg kg

)l;JIHHa It - in m,mm m,mm

OTHOCUTeJIbHaSl Yo. 6eC npu tfn Yo. Bee npu tfCl Yo. 8ee npu trq
IIJIOTHOCTb Yo. BeC 800bl npu 60P Yo. BeC 800bl npu 15°C Yo. BeC 800bl npu15°C -

A6coJIlOTHaSl °API UJIH kg/m3 kg/m3

IIJIOTHOCTb /b/gaI npu 6fl'F npu 1SOC npu lSOC

Y,!(eJIbHbIH Bec B IIOTOKe lb/ff kg/m3 kg/m3

H3MepeHHSI IIOTOKa
Macca lb/hr kg/llac kg/llac
ITapoBaSl <pa3a If/sec m3/11ac m3/11ac
)l(H,ZJ;KOCTb u.s. 2aAOH/ llac m3/11ac m3/11ac

CTaHnapTHbIe BeJIHlIHHbI

ITapoBaSl <pa3a 1(1 CmaHc>. jf/OeHb HopM. m3/ttaC 0naJ.0. m3/tiac
npu6fJOC npu(f'C npulSOC

)l(H,ll;KOCTb 6appe;reiV0eHb 0rzaHc>.m3/t{(Jf; m3/llOl:
npu6fJOC npulSOC npu lSOC

3HTaJIbDUSI Btu//b kcal/kg kJ/kg
TenrroBWI MOII(HOCTh 1()6Btu/Hr 106kcal/Hr MW

ITpe.n;nOJIaraeTCSI, liTO Bce naHHbIe 6yny BbInaBaTbCSI HIT3 B Tex e.n;UHunax,
KOTopbIe HIT3 OTMeTUT B naHHOH Ta6JIuue. ECJIH )Ke OT.n;eJIbHbIe llH<PPbI 6Y,l{yT
BbIL(aHbI B ApyrHX enUHuuax, HIT3 L(OJDKtiH ICa)KL(bIH pa3 AaBaTb COOTBeTCTByIOmyIO
oroBopKy.

-3-
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JOHN BROWN

2.0 CTPYKTYPA HEcI>TEIlEPErOHHOrO 3ABO.llA

2.1 TEXHOnOrMQECKAJI EnOK-CXEMA 3ABO,[(A

IlpHJIo:>KHTe K BonpocHHKy TeXHOJIOrHtIecKyIO 6JIOK-cxeMy 3aBo,na, ona
.n;OJDKHa 6LITL BLltIeplfeHa no 06pa3UY, I10Ka3aHHOMY Ha cI>m. 2.1 H 2.2.-

Ha cI>Hr. 2.1 I10Ka3aHa THIlOBaSl 6JIOK-CXeMa OlfeHL npOCToro HTI3; HC-.
KJIIOtIeHHSI - EJIOK OTfOHKH JlefKHX <ppaKUHu (oT6eH3HHHBaHHe) H HTI3
CMa30tIHLIX MaCeJI.

Ha cI>Hf. 2.2 I10Ka3aHa THIIOBaSl 6JIOK-CXeMa KOMnJIeKCHOro, HJIH nOJI
HOCTLIO HHTerpHpOBaHHoro, HIl3. OHanpHBe.ueHa TOJILKO Jl:JISI HHcl>opMa
UHH, TaK KaK Ha npaKTHKe TOJILKO OlfeHL HeMHorHe HIl3 HMeIOT TaK
MHoro TeXHOJIOrHtIeCKHX 6JIOKOB. . ..-

2.2 OEITII1Vf MATEPI1An:bHbI:R liAflAHC ..
I1POH3Bo,nHTeJILHOCTL I1epepa60TKH CLlpOU Heq>TH:
BB03HMLle KOMIIOHeHTLI CMeweHHSI:

I1pO.n:yKTLI

C:>KIDKeHHLlu He<l>TSlHoH ra3 (CHr):
CTaH.n;apTHLlu 6eH3HH:
EeH3HH BLlcwero KalfeCTBa:
PaCTBOpHTeJIH:
CLlpLe ,Z:VISI apOMaTHlfeCKoro KOMnJIeKca:
CLlpLe ,Z:VUI He<l>TexHMHlfecKoro KOMnJIeKca:
ABHan;HoHBLle TOnJIHBa:
,[(H3eJILHLle TOnJIHBa:
He<l>TeTOIIJIHBa:
CMa30lfHLle MaCJIa:
KOHcHCTeHTHLle CMa3KH:
Ac<l>aJILTLI:
IlPOMLIWJleHHLle TOIlJIHBa:
KOKC:
Cepa
TIpOtI.:

2.2.1 YKa:>KHTe Ha3BaHHSI H cpe,UHeMecSllfHoe nOTpe6JIeHHe Pa3J1HlfHLIX
XHMHKaJIHeB (}:{JISI o6pa60TKH, ,nJISI TeXHOJIOrH1JeCKHX npOI(eCCOB,
HHrH6HTopOB KOPP03HH H T.I1.). BKJIlOtIHTe TaK:>Ke .n06aBKH H
npHca.nKH, TaKHe KaK MTBE, TEL H T.I1., a TaIOKe,ll.IDl CMa301JHLD
MaCeJI.

-4-
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JOHN BROWN

3.0 XAPAKTEPl1CTl1Kl1 11 ITAPAMETPbI CbIPbJl 11
HE<lJTETIPOLIYKTOB

3.1 CbIPbE

3.1.1 3anOJIHHTe Ta6JlHUY 3-1 xapaKTepHcTHKaMH KaJlc):(oro B OT):(eJIb

HOCTH BH):(a CblpOH He<}>m, nOcryIlmomeii Ha HTI3.

TIOMHMO ):(aHHbIX, BBe,neHHbIX Eo Ta6JIHUy 3-1, ,l(JIg npoBe,neHHSI

aHaJIH3a pa60TbI 6JIOKa aTMOC~)epHOH neperoHKH, Heo6xo):(HMO

cne,nyromee:

1. KpHBag HCTHHHOH TeMnepaTYpbI KuneHlllSl COBMeCTHO Crpa<}>HKaMH

y):(eJIbHOrO Beca, BSl3KOCTH H cO,1J;epJICaHHg cepbI.

2. AHa..Jrn3 nerKHX KpaiiuHx <ppa.KUHH ):(0 H BKJIIOqaSl Bce reKcaHbI.

3. XapaKTepHCTHqeCKHH <l>aKTop (UOP HJlH k BaTcoHa) ):(ng Bceii

CblpOH He<pTH.

4. ,[(ng BaKyyMHoH yCTaHoBKH (ecJlH HMeeTCg) YKaJICHTe BaKyyMuyIO

neperoHKy (D-1160) ,l(JISi OCTaTKOB.

-5-
, .



...:

•

JOHN BROWN

TAEJll1[(A 3-1. XAPAKTEPHCfHKH CbIPOI1 HE<I>TII

H33B3lDle uecJ»m
Mecropo~euue

KOHTpOJIbHbIH aUaJIH3 Ue<}>TH
Bee, B°API H.JnI Y.n;. Bee np" 20°C
Cepa, % (Bee)
TeMIIepaTYPa nOTepH TeK}'llecTH
B}nKOCTb, BCaHmUCmOKC npH 20°C
YrJIepo.ll no KOHPa,llCOny % (Bee)
Ae<l>aJIbTeHbI HCMOJIbI, % (o6'beM)
MeTaJIJlbI, Ni+Va, ttacmei:l/MWlAUOH

EeH3HH, C1 - 405 OF ~Cs - 2070C)*
BLIXO.n;, % (o6'beM
Cepa, % (Bee)
OKTaHOBOe 1JHCJlO, F-l, 3 Mil T3C

I

Y.ll. Bee npH 15°C
-

JIen<Hii ra3OiiJIb, 405 - 650 OF (2Q70 - 344 C)*
BLIXO.n;, % (o6'beM)
Bee, °API H.JnI Y.ll. Bee npH 20°C
Cepa, % (Bee)
TeMIIepaTYPa nOTepH TeK}'llecTH
XapaKTepHC'IWleeKHii cPaKTOp

TIDKeJIbm raJOH.nb, 650 - 1000 of (344 -538 0C)*
BLIXO.n;, % (06'LeM)
Bee, °API HJlH Y.ll. Bee npH 20°C
Cepa, % (Bee)
B~KOCTb, BCaHmUCmOKC npH 50°C
IIapacPHHLI, % (Bee) ..
XapaKTepHC'IWleeKHii cPaKTOp

OcTaToK, 1000 of (538 OC)* HBbnne
BLIXO.n;, % (o6'beM)
Bee, °API HJlH Y.ll. Bee np" 20°C
Cepa, % (sec)
B~KOCTb, BCaHmUCmOKC np" 50°C

l1H.n;eKc B~KOCTH .llenapacPHHH3HpOBaH-
Boro CMa30tIHOrO MacJIa

• TeMnepaTypHble .llHana30Hbl BbIXO,llHbIX lPpaKUHH yKaJaHbl TOJIbKO ,llIDI npHMepa. Hn3 MO)KeT YKa3bIDaT:

TeMnepaTypHble ,WfanaJOHbJ, KOTopble HaH60Jlee xapaKTepHbI ,nIDI BblDYCKaeMblX Hn3 npO.llyKTOB.
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3.1.2 XapaKTepHcTHKH .npyrHx BH,l(OB ChlphH (KpoMe Chlpoii He<pTH), TaKHX,

HanpHMep, KaK B03BpaT, npOMe)KyTOqHOe Chlpbe H3 ,l(pyrHx HCTOqHH

KOB, OCTaTKH H T.rr.

llO)KaJIYHCTa nepeqHCJIHTe, YKa3aB Bce cymecTBeHHhle napaMeTphI.
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3.2 XAPAKTEPI1CTI1KI1 HEcDTEIIPO,[(YKTOB

IIoiKaJIYucTa, 3anOJlHHTe HUiKeCJle,nYlOmue Ta6J1ul(bI.

TA6JII1QA 3-2 C)I(li)JKEHHbIVI HE<I>T5IHOI1 r A3 (CHr)

COCTaB IIPOTIAH EYfAH CfIT'

,[(aBJIeHHe napOB npu 38° C

JIeTyquii OCTaTOK
~

Eyrau II TIDKeJIee, IKlI,l:U(Hif 06'beM, %(MaKc.)

TIeHTaH u TIDKeJlee,~ 06'beM, %(MaKC.)

rOCTaToK, Macca

KOpp03USl, Me,uHaSl nOJIOCKa, MaKC. -
I

TIoJIHall cepa, llacm.lMUIlIlUOH (6ee)
-

Co,nepiKuHue BJlarIl -
Co,nepiKaHue CBo6o.llHOii BO,nbI

Pa3JmBaeTcSI no 6aJIJIOHaM? ,[(a/HeT ,[(a/HeT ,[(a/HeT

- 8 -
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JOHN BROWN

TAliJII1~A 3-3 liEH3I1H
...:

Jj

....
.-

THn

-
Y.n;eJlbHbIU Bec UpH 20°C

OKTaHoBble lJHCJIa

).];OpOJKH. o.tI.
MOTOpH.O.tI.

TIeperoHKa,06'beM

10%

50%

900/0

KOH. TOlJKa

OCTaToK neperoHKH, %(Bec)

YnpyrocTb napoB no Peii.n;y

Cepa, %(Bec)

MTBE, %(06'beM)

TEL (ecJIH co.n;epJKHTcH)
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TAEJII1QA 3-4 TOllJII1BO JJ:JIJ( PEAKTI1BHbIX ,[(BMrATEJlE:A

THII

Y.n;eJIbHbIU Bec npu 20°C -

TIeperoHKa, 06'beM -

Half. TOtIKa IatIIeHIDI
100/0
500/0
900/0

KOB. TOtIKa
.

OCTaToK neperOHKU, %(Bec)

BSI3KOCTb, B CaHmUCmOKC npH 20°C

A.munmOBaSl TO'lKa, °C

TOt.IKa 3aMep3aHUSI, °C
I

TeMnepaTYPa BCfIbIWKH, °C ,

Cepa, %(nec)

MepKanTaH, %(Bec)

Co.n;ep:>KaHHe apOMaTU'IeCKUX
coe.nHHeHuu, %(06'beM)

I-

,[(OKTopcKaSI npo6a

MaKc. BbICOTa HeKOnTm.I(erO IIJIaMeHH

CMOJIbI, Mz/100 Mil -

Pe3YJIbTHpyrolIlaSI TeIIJIOTa crOpaHIDI

- 10 -
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TAEJII1QA 3-5 ,L(l'I3EJIbHOE TOnJIMBO

Tun·

y ~eJlbHblU Bec nplf 20°C

IIeperoHKa, 06'beM

Ha"l. TOtIKa KlfIIeHIDI
10%
50%
900/0

KOH. TOtIKa

BmKOCTb, B CaHmUCmOKC nplf 20°C
'.

TeMllepaTYPa nOTeplf TeK)'llecTH

TeMllepaTYPa BCllblWKlf, °C

Cepa, %(Bec)

KOKCOBblU OCTaTOK
':

30Jla

BOLla u OCa,llOK, % (o6'beM)

KOPP03HSI, Me,l(HaSl nOJlOCKa

I(eTaHoBoe tIlfCJlO, MHHHMyM

- 11 -
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TAliJII1I(A 3-6 HE<I>TETIJIMBO

THn

Y.n;eJILHbIH Bec npH 20 °e

TIeperoHKa, 06'beM
100/0 -
90% :

BSI3KOCTb, B CaHmucmOKC npH 200e

TeMIlepaTYpa BCIlbIlUKU, °C -

TeMIlepaTYpa nOTepH Te~ecm:

Cepa, %(Bec)

KOKCOBbm OCTaTOK (B 10 % OClaTKe), %

30Jla, %(Bec)

KOPP03HSI, Me.nuaSl nOJIOCKa
.

3.3 BKJIIOlfHTe B nepelfeub HaHMeUOBaUHSI H xapaKTepHCTHKH Bcex .upyrH
uecl)Tenpo.uyKToB HTI3, HanpHMep: cepa, CM30lfUble Macna, neK, ry.a
pOD, KOUCHCTeDTUble CMa3KH, accl>aJlbTbI, pacTBOpHTeJIH, uecl>TexHMH
lJeCKHe H apOMaTHlJeCKHe nonynpo.nYKTbI H T. n.

- 12 -
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4. TEXHOJIOrMQECKME EJIOKM HTI3

5. ,L(AHHbIE CMCTEM 3HEPfO-, TETIJIO- M BO,[(OCHAE)I{EHMJI

5.1 TIAP (a TaK iKe CHCTeMa fopHlfero MacJIa, eCJIH HMeeTcH)

YKaiKHTe .D;aHHbIe BHyTpH3aBo.n;cKoH CHCTeMbI reHepHpOBaHHH napa:
THIlbI KOTJIOB H TOnJIHBa - raJ, )l(u.n;Koe TOnJIHBO, yrOJIb.

YKaiKHTe naponpoH3Bo.n;HTeJIbHOCTb KOTJIOB H napaMeTpbI napa.

OnHwHTe cHcTeMy npo.n;yBKH KOTJIa (KOTJIOB).

5.1.1 CHTCTeMbI MoryT 6bITb 0603HaQeHbI JIH60 CJIOBaMH: nap BbICOKoro
,QaBJIeHHH, Ilap Cpe.D;HerO .D;aBJIeHHH, IIap HU3Koro ,QaBJIeHHH, Jm60
C YKa3aHHeM HOMUHaJIbHbIX ,naBJIeHHH, HanpHMep, 600 PSIG, 150PSIG
H T •.n;. HJlH iKe B MerpHtJecKUX e,lUfHHIJ;ax.

IIo,nMHHUMaJIbHblM 3HaQeHHeM .D;aBJIeHIDI UJIH TeMIIepaTYPbl nOHllMa
eTCH HaJmU3IIIHe ,QaBJIeHHe HJIH TeMIIepaTYPa, KOTopbIe MOryT 6bITb'
OiKH,UaeMbI B mo60H TOlfKenapoBoro KOJlJIeKTOpa .D;aHHoro HOMHHa.T.Ib
Horo .D;aBJIeHIDI Ha ,l(alIHOM yqaCTKe.

IIo,nHOPMa.T.IbHblM 3HaQeHHeM,naBJIeHIDI HJIHTeMnepaTYPbl nOHHMaeT
CHTaKOe.l(aBJIeHHe HJlH TeMIIepaTYpa, KOTopble MOryr6blTb OiKH,l(aeMbI
B mo6oii TOtIKe napoBoro KOJlJIeKTOpa ,mumoro HOMHHaJIbHOrO .D;aB
JIeHHH.

TIO,n MaKCUMaJIbHbIM 3HalfeHHeM ,naBJIemm HJIU TeMIIepaTYpbI nOHH

MaerCH HauBbICIIIHe,QaBJIeHUe HJIH TeMIlepalypa, KOTopble MOryT 6bITb
OiKH,llaeMbI B mo60H 'fOlfKenapoBoro KOJlJIeKTOpa ,namlOro HOMHHa.T.Ib
Horo .D;aBJIeHIDI Ha mumOM yqaCTKe.

TIo,n npoeKTHbIM3Ha'leHHeM,l(aBJIeHIDIHJlHTeMIIepaTYPbIIIOHHMaIOTCH
HCXO,ZJ;Hble 3Ha'ieHIDI .l(aBJIeHHH H TeMIIepaTYPbI, KOTopble HCITOJIb3Y
IOTCH IIpHnpoeKTHpOBaHHH MeXaHHtJecKoro o6opy,nOBaHHH U cucreMbI
Tpy6onpOBO,QOB.

- 13 -
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TAliJIM[(A 5-1 CI1CTEMA nAPA

0603HaQeHHe ,n;aBJleHUe TeMnepaTypa
CUCTeMbI

MInI HOPM MaKe npoeKlll. MmI HOPM MaKc llpoeICIll..

..

.

-

-

,..

I I
5.12 CHcreMa KOHlleHal::ra

fum HMeeICSi 5o.nee QeM omm CHcreMa Kou,neHca:ra, OIlUllIHI'e I<IDK,ll,YIO B .

OT.D:eJlbHOCllf.

TUIJHlIIIajJ m;TeMaKOImeHca::ra MO:>KeT BKJJlOtIaTh B cOOH 6apa6an, HJJU IIpH
eMBUK, paaIOJlO)l(OOHLm Ha TeJ.iPHfOpHU HII3.

5.1.3 CHcreMaropWlero MaCJla

Onmmrre ~eraJnf aICTeMbI ropWlel"O MaCJJa, ecJnI'I'aKCJBWI HCIIO.Jlb3YercsI H

lill3.
YKIDKHTe xapucrepHCIllKH ucnOJlb3yeMoro ropHtlero MaCJla.

- 14 -
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5.2 BO,ll;A

5.2.1

5.2.2

5.2.~

MCnOJIL3yeTcH JIll lIe06pa6oTaHHaH Bo,ua lIa3eMHLIX Bo.uoeMOB
):(JIH BOCnOJIHeHHH BO):(LI B rpa):(HplUlx - ,[(A/HET?

YKa)KHTe ToproBLle Ha3BaHIUI XIfMHKaJIHeB, HCDOJIL3yeMI:>lX DllH
06pa6oTKe BO,LlLI ,!(JIH CJIe):(yromHX HyJK,u:
1. ITuTLeBaH Bo):(a,
2. Bo):(a ,!(JIH Bcex ):(pyrHx HyiK):(, HCKmoqaSl nHTaTeJIblIYlO BO):(y

AJISI KOTJIOB H BO):(y ,!(JISI rpa):(upHH (rpa):(HpeH).

ITHTaTeJILHaSl Bo):(a ,uJIH KOTJIO£

3anOJIHHTe Ta6JIHUy, CJIe,uyroIUYro HIfJKe, npHBe,l(H ,uaHHLle 0 XH
MH'leCKOii o6pa60TKe BO,ubI ,l(JIH naporeHepaTopoB, a TaKJKe 06
aHTHKopp03HOHHOH BO,l(Ono):(rOTODKe ):(JlSl CHCTeMLI napa If CHC
TeMLI KOH,l(eHcaTa.

i

TAEJIM[(A 5.2 XMMMQECKAJI ITO,nrOTOBKA BO,11bI

-
0603HaQeHIfe MeTo,u DHTaHHSI If MeCTOHaXO)K,l(eHlfe XHMHKaJIHH

CHCTeMLI TO'leK nO):(DHTKH (ToproBoe Ha3BaHlfe)

~- -

]
.----
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5.2.4 CucTcMa (cuCTeMbI) OXJlaIK,uaIOmcU BOJJ:bl

TIplfBeJlIfTe onucaHue clfcreMbI OXJlIDKl~aIOU(e;"BOJlbl. ECJlIf UMeeTCSI

60Jlee lJeM o,uHa CIfCTeMa, OnUWIfT(~ :Ka?KJlYiO D OTJleJlbHOCTU U YKa-r

)l(UTe TeXHOJlOrHlJecKue 6JlOKU, 06CJI;y)KHJ3aeMble KaJK,noii U3 cHcreM.

l(IDI KaIKJlOH U3 CH",7eM yKaJKUTe CJlC~YlOmee:

-

EcJIU 3TO cHcreMa CO,lUlOKpaTHblM HCnOJlb30BaHUeM BO)lbI, yKIDKuTe

UCTO'lHHK, U3 KOToporo OHa IJ;OCTaBJUleTCH. TaK)l(e onUWIfTe THII

XIfMUqeCKOH no,urOTOBKU U UCnOJlb3yeMble XUMHKaJlHU.

Ecnu CUCTeMa pa60TaeT no npUHI~lII1Y3aMKHyroro nUKJla, yKIDKUTe

Tun: U KOJllflJecTBO rpa,uupeH. YKaJKUTe ToprOBDle Ha3BaHHSI XlfMII-_

KaJlUeB.

YKaJKlfTe Ky,ua c6pacbIBaeTCSI npOJlYBKa rpaJlUpeH.

YKaJKlfTe npOH3BOllHTeJlbHocrb HaCOCOB OXJlaiK,ll;alOmeH BOAhI, a 

TaKJKe KOJlUlJecTBO pa60TaIOmux If pe3epBHblX HaCOCOB. YKIDKUTf

TaKJKe UMeIOTCSI JlU HaCOCbl C napOBblM npUBo,uOM If UX KOJlUqecTBC

H r,ue YCTaHOBJleHbl.

- 16 -
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11'--

5.2.5 3ano.TnulTc HIDKCCJle.uYIOmYIO Ta6JlHUY.

TAEJII1[(A 5-3 CllCTEMbI BO,n:OCHAli)l(EHI1R

HA3BAHHE CHCTEMLI HEOJjPAOOTAHH.

DOM
Ox.JlA)K,lWOIl(.
O,nI-IOKPA1lIAJI

BOoM

OXJlA)l(',C(AIOII(. OJjPAroTAmI.
DOoM D3AMKH. I1IITATEJlbHMI

UUKJIE KOlEJIbHMI
BOoM

1--:-cr-M-~-::-A-TYP--A-M-cro--lIHUKA----_-_-_-_-O-C--f------+------I~II~f~iil-------I

rIPOEKllIAJI TEMIIEPATYFA 1E1JIo.
OJjMEHH. HA BO):UIHoR croPOHE__OC

TEMnEPATYPA BO.zg,1 HA BXO,rm
TElIJJOOEMEIDIHKA °t,'

COIlPOIllBIDIEMOCTL K YXY.lJ,IlIEHHIO
TEI1JI09JjMEHA

lj/.BJIEmIE MCfOllHUKA
"rPAlIlmA EATAPEH, HA YPO=n=HE=-3=EMJlU

---;.~~~~ .......----+----;~~~~
B03BPAnIOE,nABJIEHME _
rPAlIlmA EATAPEH, HA YFOBHE 3E:rfJrn'

TEMIlEPATYPA BO,lJ,l-1 HA BLIXOJIE
TEIUlOOEMEIDIMKA oc

rIPOEKTHOE ,l1.ABJIEHHE 1EI1JIo.
OJjMEHH. HA BO)VIHoR CIOPOHE__

- 17 -
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TAEJIMQA 5-4 XI1MMl.JECKl1fI AHAJIM3 BO,lJ;bI

HA3BAHHE CHCrEMbI HE06PAOOTAHH. OXJIAJK,.UAIOm, OXJIAJKJWOll(. 06PAEOTAIDt
DO,llA O,nHOKPAnJAJI DOMD3AMKH. mlTATEJlLHAJI

DO,llA umum KOTEJILHAJI
BO)lA

pH

noJIHASI iKECTKOCTL
no CaCo" MZ/A

KAJILuuR
no caCo" MZ/A

MAf1llIR
no caCo" MZ/A

nOJIHAJI mEJlOllHOCfL
:

no caCo" MZ/A

''P'' IllEJIOl.JHOCfL
no caCo" MZ/A

OiJIbcllAT
noso~,MZ/A

XJIOP~

nOCI,MZ/A

KPEMHH:A:
no Si02, MZ/A

)I(EJIf3()

no Fe, MZ/A

PACfBOPEHHLIE tJAC'I'H:UbI
nOJIHOE K·BO, MZ/A -

B3BECb, MZ/A

MYIHOCTL, MZ/A
~

3JIEKrPOOPOBOjJHOCTh,
MKMo

- 18 -



JOHN BROWN

5.3 TOIIJIMBHAJI CMCTEMA Hn3

OnHIIUITe TOfiJIHDHyro CHCTeMY H1l3. Y KaJKHTe KOJDflJeCTnO Ii TOObI Pa3JDflJHbIX
THfiOB TonnHBa nOCTaBnSleMblX Ha H1l3.

5.3.1 YronbHoe TOnJIHBO

Ecnlf yronb (HJIH HeCKOJJtbKO pa3HbIX BH~OB yrnll) HCnOJIb3yeTcSI B.
KaqeCTBe TOnJIHBa Ha HI13, npHBe~HTe~aHHble nonHoro aHaJIH3a
H pe3YJIbTHpYIOmyIO TennoTBopHyIO cnoco6HOCTb (~nSl KaJK~OrO

H3 BH,nOD). OnHWIfTe CYll~eCTBYIOmyIOopraHH3aUHIO yronbHoro
CKJIa,l:(a, norpy30lfHO-paJrpy30tIHble CHCTeMbI, CHCTeMbl BuyrpeHHero
TpaHcnopTa H yrJIeno,UrOTOBKH. YKaJKltTe lIBJISleTCSI nH yrOJIb OC
OCHOBHblM HJIH JKe BcnOMOraTeJIbHbIM TOnJIHBOM.

5.3.2 )l(H,UKOe TOnJIHBO

ECJDf )y'H~Koe TonnHBO (HJIH HeCICOJIbKO pa3HblX BH,nOB )KH,ZJ;Koro
TOfiJIHBa), TaKoe KaK CHr, uacl>Ta, Hecl>TeTOnJIHBO H T.n. HCnOJIb
3yroTCSI Ha HII3, npHBe.z:urre OIllfcaHlie TOIUnlBHOH CHCTeMbI (CHCTeM).
CHCTeMa MO)KeT BKmotIaTb B ,ce6S1 npHHHMaIOIQHe yCTpoHcTBa, pe
3epByapbl, HacocHble CTamurn Ii Tpy60npOBO~bIHTpaHCDOpT. IIpo
aHaJIH3lipyHTe cHcTeMy, YKGlJKHTe TenJIOTBopHyIO cnoco6HOCTb
JKH,nKOrO TOnJIHBa (Tonmm).

5.3.3 ra3

IIpHBe~HTeonHcaHHe TOfiJIHBHOH CHCTeMbl Ha ra3e, BKJnOtIaSi xpa
HeHHe, TpaHcnopT, pacnpe,ueJIeHHe H pa60tIHe yCJIOBHSI. TIpoaHa
nH3HpyHTe cHcTeMy, YKa)KHTe TenJIOTBopHyIO cnoco6HoCTb
ra30BOrO TOfiJIHBa (TOnJDfB). 3anOJIHHTe Ta6JIHUy 5-5.

ECJDf 3aDaJIbHH ra3 He oT6HpaeTCSI H3 HTI3 KOJIJleKTOpa TOfiJIHBHOrO
ra3a, a ,nOCTaBJISleTCSI Ha H1l3 H3 ~pyrHX HCTOlJHHKOB, YKa)KHTe
CBOHCTBa 3anaJIbHOrO ra3a.

A. MMeeTCSI JIH napOBOH no,UorpeB CHCTeMbl cHa6)KeHHSI
TODJDfBHOrO ra3a? ,[(a HeT? _

E. MMeeTCSI JIH B cymecTByIOmeH CHCTeMe TOnJIHBHOrO raJa
JKH~KOCTHbIHcenapaTOp? ,lJ;a HeT? _

5.3.4 YKaiKHTe KOJIUtIeCTBa yrJISI, JKH,UKoro TODJIHBa H ra3a cPaKTHtIeCKH
HCnOJIb30BaHHbIX JlJISI CJKHraHHSI B TeqeHHe nOCJIe.nHHX ,llBYX JleT.

- 19 -
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TAliJI11QA 5-5 ,[(AHHbIE TOTIJIMBHOrO r A3A

MCTOl.J:HMK
CBoflcTBA I

HIT3 ,llOCTABJI. HA HIT3
I

CocTaB (06'beM)

H2S

H2O --

CO -

CO2

0,
N2

H2

C1

C= -2

C2

C=3
C3

C=4
C4

iC4

nC4

Cs
iCS

nes
C6+

C6

HToro 100% 100%
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5.4 3JIEKTPOCHAE)I(EHI1E

TIpHBeAHTe OnHcaHUe BHYTPU3aBo,ncKoH CUCTeMbI reHepupOBaHIDI 3JIeKTpo

3HeprnH - yKaJKUTeTun reHepaTopa, TYp6HHbI, B036y,rUfTeJIH U peryJIHTOpa.

ECJIU 3JIeKTp03HepnUI nOCTaBJIHeTCH CO CTOpOHbI, YKaiKHTe HCTOt.lHUK.

TIpHBe,nHTe 06mee onHcaHHe CUCTeMbI 3JIeKTpOCHa6iKeHuH, BKJllOt.laH no

HUiKaromyro no.nCTaHnmo H pacnpe.neJIHTeJIbHyIO cHcTeMy, rpa<pHK c6po

ca HarpY3rn~,K03<P<PHnHeHT MomHOCTH, cHcTeMy 3a3eMJIeHUH, H3,l(e)K

HOCTh (KaK OTHoweHHe cyMMapHoro BpeMeHH nOTepH 3JIeKTpOcHa6iKeHHH

K nOJIHOMy BpeMeHH) H T.n.

Coo6mHTe .n:aHHble CHCTeMbl aBapHHHoro HCTOt.lHHKa 3JIeKTp03HeprHH.

3anoJIB:;.ne HHiKeCJIe.nyromylO Ta6JIHUy.

TAEJIHQA 5-6 3JIEKTPJiItIECKME MOInHOCTJiI

CJIYiK6a ).:(Hana30H MOmHOCTU HOMUHaJIhHOe cI>a3 qacToTa

HanpHiKeHHe

OT ).:(0

MOTOpbl

JiI3MepHTeJlbHbIe npH60pbI

OCBemeHHe
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5.5 3ABO,gCKOi1: M TIPMliOPHhIVI B03,ll;YX

YKaIKUTe Tun U npOIl3BO,UUTenhHOCTh B03,nYIllHbIX KOMnpe('"copOB, xono

):(unhHUKOB, cywIIJlOK. OxapaKTepuxyHTe cHcTeMy pe3epBHpOBaHIISI U

aBapUHHoro cHa6)J(eHIISI.

-
CHa6JKaeT nil ClfcreMa B03~OM,cno6o,nHbIM OT MaCJJa? ,ga:...--_ HeT__=

Y Ka)J(UTe TOqKY poeM ,nnSl npu60pHoro B03,nyxa: °C
YKa)J(uTe ):(aBJleHUe B KOJIJIeKTOpe MaKc.lMHH.: _

5.6 XOn0,ll;MnbHAJI CMCTEMA

YK~UTeHa3HalfeHHe, THII If npoH3Bo):(HTeJlhHOCTh uMeroIUlIXcH xonO,UIDIb

HbIX CHCTeM.

5.7 CMCTEMA HHEPTHOrO rA3A

YK~UTe HCTOlfHHK uHepTHoro raJa U KalfeCTBO raJa.

Ecnu HMeeTCSI BHyTpH3aBo,ncKoH HCTOlfHHK HHepTHoro ra3a, onHillHTe

UCnOJlh3yeMoe o6opy,lJ;OBaHUe, YKa)J(HTe npOH3BO,lJ;HTenhHOCTh H T.n.
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6.0 EJIOKH, BbIHECEHHbIE 3A TIPE,[(EJ1bI llPE,nllPH5ITM5I

06LItfHO B HX '"IHCJIO BXO,lVIT CJle,uywmMe:

6.1 ClJAKEJI 11 CHCTEMA llPOJ(YBKI1

YKa)KHTe pa3Mep (BbIXO,l(UOH ,l(HaMeTp) H BblCOTY Tpy6bl cPalCeJIa HJIH ;;..

cl>aKeJlOB H pa3MepLI cenapaTopuoro 6apa6aHa (OB).

YKa)KHTe ,l(aHUble CHCTeMLI B03BpaTa KOH,neucaTa, BKmoqaSl ,llaHUhle
..

HacoCOB, cenapaTopUblX (.rvm y)laJleHIDI yrJIeBo,n0pO,l:(OB) 6apa6auoB H T.n.

ECJlH HMeIOTCS!, YKa)KHTe ,l(aUHble HaJeMHblX cl>aKeJlOB.

6.2 OtIMCTKA ):(bIMOBbIX rA30B (CM. 8.10.4)

- ECJlH HMeeTCSI CHCTeMa OtIHCTKH ,l(bIMOBbIX ra30B, npHBe,l(HTe ee onHcauHe,-

YKa3aB npOH3BO,l:(HTeJlbHOcTb. ECJIH CHCTeMa JIHueU3HpoBaHa, yKaJKHTe
cl>HpMy-,l(ep)KaTeJlH naTeHTa.

6.3 Y):(AJIEHHE OTXOJ(OB (CM. 8.0)

IIpHBe,l(HTe onHcaHlle CHCTeM y,l:(aJIeUHS! OTXO,uB B OT,neJIbHOCTH ,llJIS! TBep,l:(bIX,
)KH,l:(ICHX H ra3006paJHblX OTXO,l:(OB.

ECJIH HcnoJlb3yeTcSI yroJlbuoe TOITJIIIBO, onHlllIITe cHcTeMy o6pa6oTKH II
30JIoy,naJIeUHH.

6.4 XPAHEHHE, CMEillEHHE, TPAHCIIOPT

6.4.1 YKa)KIITe eMKOCTH xpaHeuIISI ,lUUI Ka)K,l:(OrO B OT,l(eJlbHOCTH BH,l(a
CblpbH, nOCT}'lIaIOmero Ha HTI3. OcHOBHOH BH,D; CbIpS! - CbIpaSI HecI>Th,
KOTOpH MOJKeT nocTynaTb H3 Pa3JIHtfHbIX HCTOtIUHKOB. Kpo~e TO
ro, HaHTI3 nOCTaBJISIIOTCH TaKHe nonynpO,l:(yKTbl, lCaK cneUHaJlliHbIe
XHMHKaJIHH, KaTaJIH3aTOpLI, HHrH6HTopM KOpP03"", HHepTHLIe
ra3bl, MeTaHOJI, MTBE, ue<pTeTOnJlIIBO, raJ, paCTBOpHTeJIH H T.n.

6.4.2 YlCaiKIITe eMKOCTH xpaHeHIISI ,lUUI KaiK.noro B OT,l(eJlbHOCTH BH.n;a
npO,l(yICToB, BKJII01faH Bce eMKOCTH ,ZlJIH xpaHeHHH npoMeiKyTO'lUblX
cy6npO,l:(yKToB. B tIlICJlO npO,l:(yKToB KOMnJleKCHOro HTI3 MoryT
BXO,l:(IITb TaKHe, HanpllMep, KaK JIHr, PaJJIHqHbIe copTa 6eH3HHa,
KepOCHH, TOnJIHBO ,llJIS! peaKTHBHblX ,l(BuraTeJleH, .nH3eJIbHOe Ton
JIHBO, apOMaTHtfeCKHe COe,l:(HUeHHH, CMa30qHOe MaCJIO, He<l>TeTon
JIHBO H T.n.
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6.4.3 Hapw C AaHHbIMO 0 eMKOCTH YKIDlnrre THlIbI pe3epByapon 0 c6op- ~

HOKOB. TaK HanpHMep, ,WISI xpaHeHHSI CHr MoryT ynoTpe6J1S1TbcSI:

ICallJleBHAHbIe 0 c¢epOtIeCKHe pe3epnyaphI a TaKJlCe u aTMoccI>ep- =

HbIe (OXJIa:>KAaeMbIe) pe3epByapbI; )J;JlSl xpaHeHoH 6eH3uHa OCnOJIb-

3YlOT pe3epnyapbI KaK C ¢UKcupoBaHHoH KpbIweH, TaK U C nJIana

IOmeH KpbIlueH.

6.4.4 TIpHBe,nuTe onucaHue u eMICOCTH pa3JIHtIHbIX 6JIOKOB CMeweHIISI ~

MH 6eH3HHoB, HecPTeTOIlJlUBa U T.n.

6.4.5 YKaJlCHTe nHAbI TpaHCnOpTa,WISI AOCTaBKU ChIpMI If oTnpaBKH He<l>-~

TenpoAyKTon-Tpy60npoBoAbI,aBToTpaHcnopT(rpy30BIIKu,aBTo-

nUCTepHbI) U JlCeJIe3Ho,U0pOJICHbIH TpancnopT. ~
~

6.5 OliOPyp;0BAHHE TIPOTI1BOTIO:>KAPHO:A 3AII(HTbI

TIpHBeAIITe onHcaHue 060pY'uOBHIISI npoTHBonoiKapHoH 3amllTbI.

B 3TO onHcaHHe CJIenyeT, HanpoMep, BKmotIHTL YKa3aHUe KOJlUtIecTBa

IIoiKapHbIx MaWUH, IIUCJla KOHTpOJILHbIX cTaHuuH, HaJIHtIUe U npoll3Bo

,UUTeJILHOCTL neHoraweHIISI, HaJIH'IUe ,UU3eJILHbIX YCKopHTeJILHblx Haco·

COB, Ha..JlU'IUe u npOU3BO,llUTeJILHOCTb HCTOtIHUKOB BO,lJ,bI AJISI raweHUH II T.,n:.,-
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7.0 ,[(AHHbIE 0 TIPOM3BO,l(CTBEHHbIX PACXO,[(AX

~pHBe,nHTe oueHKy KOMnOHeHTOB npoH3Bo.n;cTBellHblx pacxo.n;oB. lie

3JIeKTpo::mepnm

TOnJIHBO

Bo,na (ue BKmoqaH no,nroToBKY)

XHMHKaJlHH .n;JlH no,nrOTOBKH BO.n;bl (nHTaHHe KOTJIOB, OXJIa'l<.n;aIOmaH

Bo.n;a H T.n.)

KaTaJIH3aTOpLI

TIap

OXJIa'l<.n;aIOmaH Bo,na

TIPHCa,IJ;KH,IJ;.JUI 6eH3HHoB

TIpHCa,IJ;KH ,IJ;.JUI CMa30lfHbIX MaCeJI

CLIpaH He<l>Tb (He<l>TH)

TIpO.n;yKTLI

.l(pyrHe XHMHKaJ.!HH

TIpoqee

* QTo6LI npoBecTH TexHHKo-3KOHOMHqeCKHH aUMH3, ueo6xo.n;HMO XOT.sI 6LI qaCTL

.n;aHHLIX 0 CTOHMOCTH BLlp33HTL B no,nxo.n;HIIlmte,l(HHHuaX CTOHMOCTH. 3Ta HU<l>OP

MaUHH MO'l<eT 6LITL KOOp,l(HHHpOBaHa H o6be.n;HueHa C .n;aHULIMH B pa3.n;eJIe

3KOUOMHKH HaCTO.sIIllerO BonpocHHKa
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8. OKPY)l{AlOmMI CPEllA

8.1 TEXHOJIOrl1QECKAJI BO)];A

I1cTolfHHK ---------------------

IlpoH3Bo~HTenbHocTb IIIMUH--------

XHMHlfeCKHe ,n:aUHble - KaK HCnOJlb3yeTcSI:

A.HAJIH3

PaCTBopeHUble H B3BemeUHble tIaCTHnbI
OCa)K,n:euHble lfaCTlfnbI

XHM. nOTpe6uocTb BO~bI B KHcnopo~e

EHOJl. nOTpe6HoCTb BO,nbI B Klfcnopo,ne

OpraHHtIeCKHU yrJlepo~

pH
)l(eJle30

Macno/)l(up

<I>eHon
AMMHaK

XpOM
[(UUK

Cynb<}>HTbI
)l(eCTKocTb

E,[(I1HI1[(

IIpe,n;BapUTeJIbuaSi no,nrOTOBKa (nepe,n: UCnOJlb30BauHeM)

KOHTpOJlb pH
OTCTaHBaHHe --------------------
<I>JloKYIDInuSl/BbIBe,l(eHue B Oca;:J;OK _
<I>HJlbTpanHSI _

IlpotIHe MeTO,l(bI _
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8.2 TII1TbEBAJI BOllA

. ECJIn no.o:a ,WUI nlfTbSl 6epeTcH lf3 p;pyroro nCTOlJHUKa, lJeM Ha3naHHbIH

n 8.1, nHeCHTe COOTBeTcTBylOmne .n:aHHbIe B rp<Pb1, CJIe.n:ylomne HnJKe:

I1CTOQHlfK--------------------

TIpo1f3Bo.n:nTeJIbHOCTb A/MUH--------

AHAJI1II3

PaCTBopeHHble If B3BeweHHb1e lJaCTnUbI

OCaJK.n:eHHb1e lJaCTHUbI

XlfM. nOTpe6HocTh BO.o:b1 B KlfCJIOpO~e

liHOJI. nOTpe6HocTb BO.o:b1 B KlfCJIOpo.o:e

OpraHnlJeCKHii yrJIepo.o:

pH

)l(eJle30

MaCJIo/)l{HP

<l>eHOJl

AMMHaK

XpOM

l(HHK

CYJlh<pHTbI

)l(ecTKocTb

IIpe.o:BapHTeJlbHaH no.n:rOTOBKa (nepe.o: HCnOJIh30BaHlfeM)

KOBTpOJlb pH

OTCTaHBaHHe---------------------
~JIOKyJIHnHH/Bb1Be.n:eHlfeB OCa,nOK _

WHJlhTpaUHH _

IIpolJHe MeTo.n:b1 _
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8.3 BO,l(A nJIjI rPA,l(I1PEli

I1CTOQHHK BO,[(bI _

ECJlU TOT iKe, 'ITO H 8.1 lInIl 8.2,

O,l{HOICpaTHoe HCnOJlh30BaHHe _

PeUHpICYJlSllUOI BO,l{bl,[(JISi rpa,nHpeH _

IlpoBOAHTCSI JIB ,[(onOJlHHTeJIbHaSi XHMHqeCKaH 06pa60TKa, He ynoMH- .

HyTa.Sl B 8.1 UJIH 8.2? OnHlllHTe.

06pa60TKa peuupKyJlHUHoHHOH BO)];bI:
KOHTpOJlb I(0PP03HH _

~ EHon~M-----------------
IloJIHoe I(-BO paCTBopeHHbIx qaCTHU B npo.nyBKe peuupKyJIH-
IUIOHHOH BO,[(bI _

PeuupKyJI.SIUHSI,paCXo)]; AIMUH

BocnonueHue, pacxo,[( AIMUH

llpo,[(yBKa, pacxo,[( AIMUH
Ky,[(a C6paCl:IlB~.eTCHnpO):(yBKa? _

8.4 lll1TATEJIbHMI BOllA lIIDI KOTJIOB

I1CTOqHHK BO,[(bI -----------------

llO)J;rcnOBlca nHTaTeJlbHOH BO,[(bl

YMSlrq{~Hue: CMOJIa H3BeCTb-----
06paTuLIH OCMOC _

110HHLIH 06Meu ----------------
,[{HCI'HJlJISIUWI IIpU nOMOlUH o16pocHoro TeWIa _

XHMuxarnm .n.rm nOJ.{fOTOBKH InrraTeJlbHOH BO,ll;bI:

~S04
Hel
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J

NaOH
Na2S03
H2NNH'~2~ ' _
<I>oc<}laTbI _

TIpO'l.

C6poc pereHepa:i'opa HOWIOrO 06MeHa
Ky.na c!5pacLIBaeTCSl? _

TIpO,l(y£Ka KOTJIa (KOTJIOB), paCXO,l( A/MWl

KYJJa c6pacomaercSI? _

...
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8.5 ;PEfYJII1POBAHI1E JII1BHEBbIX CTOKOB

8.5.1 Pe3epByapHLle napKH:

CoopY)KeHLI JlH BaJILI B pe3epByapHLlx napKax C :ueJlblO npe,n;oTBpaJJ.()HU ~
pacTeKaHUH He<l>THHLlx TeqeH?

,Z:(a HeT _

OTHOllieHue eMKOCTH 06BaJIOB&i,HOH nOBepxHocTH K eMKOCTH caMoro "

60JILllIOrO pe3epByapa?
1:1 1:1,1 1:1,25 ,npyroe _

BHyTpU BaJIa: 3eMJlH 6eTOH ruIaCTHKOBaSI nO):(JIo)J(lCa.

MeTO,n y,n;aJIeHUH 3aXBaqeHHOii He<l>TH/Bo,n;LI _

ITPOH3BO.QHTCH JIB c60p He<l>Tu C nOBepxHocTHoro CJIOg?
,Z:(a HeT _

8.5.2 TexHOJlOrHQeCKHH 6J10K

06HeceH JIH yqaCTOK TeXHOJlOrHQecKoro 6JIOKa 60pTOBblM KaMHeM
c neJILIO J/.pe,nOTBpameHun pacTeKaHHSI ,noJK,neBoii BO,n;LI?

,Z:(a HeT _

MMeeTClI OT,n;eJIbHag CUCTeMa JIUBHeBOH KaHaJIU3aUHH B npe,n;eJIax
TeXHOJIOrHtJeCKoro 6J1OIca?----._---------

•,

KOHTpOJIUpylOTCH JIH C ueJILIO yJIaBJIHBaHHH HeqlTH CJIe,n;yrolIlHe TeQH
CJlHBHble CTOI\H'? to.

CanbHMKH:1aCOCOB
illTOKH BeHTRJIeii

cI>JlaHULl
CTOKH JIUHuii oT6opa npo6
ITepeJIHBHLle Tpy6LI Ha eMKOCTgX
CTOKH HaCOCHLlX KOpnyCOB

CJIHBHble CTOKH Ha per. KJIanaHaX

Tennoo6MeHHuKH

- 30 -
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8.5.3 )J;OpO)KHLle CTOKH, CTOICH CTOSIHOlfHLIX nJIOIQa.n;oIC H KpLIW

OT,D;eJleHa JlH JlHBHeBaSI ICaHaJIH3auUSI C YKa3aHHLIX CTOKOB OT CTOKOB,

YKa3aHHLIX B 8.5.1 H 8.5.2?

,l(a HeT---- -

ECJlH HeT, TO HaMelfaeTCSI JlU Ha 6YAymee pa3,D;eJlUTL YKa3aHHLle nOTOICU

JlU.BHeBOH UO,D;LI?
,l(a;.....-.__ HeT----

8.5.4 OlfHcTICa JlHBHeBOH BO.n;LI. YICa)KHTe B OTAeJlLHOCTU.n;JISI 8.5.1; 8.5.2

U 8.5.3

OtJHCTICa He npOH3Bo.n;HTCH _

06Be,D;UTe ICPY)KKOM ylfacToK, CTOtJHLle BOALI XOToporo OlfHII.J;aIOTCSI:

8.5.1; 8.5.2; 8.5.3

MeTO,D; OtJUCTKU:

liacceHH + c60p C nOBepXHOCTHoro CJlOSl _

XHMHKO-6uoJlorU1IeCKag OlfUCTKa-----------
COXpaH>1eTCH ICaK HCTOlJHUK 3aBO,D;CKOrO BOAOCHa6:>ICeHUH __

npO'i~e - npHBeAHTe onHcaHHe Ha OTAeJILHOH CTpaHUI(e.

XUMHlfeCICHe nOKa3aTeJIH BOULI nocJle OtJHCTICU

B3BeJ1leHHLle tJaCTHI(LI

PaCTBopeHHLle ~!aCTHI(LI

MaCJlo/)I(Hp/CMa3KH

XliM. IIOTpe6HOCTL BOALI B KHCJIOpo.n;e

bHOJl. IIOTpe6HOCTL BO,D;LI B KUCJlOpOAe

pH
C6pacLIBaeTcSI B _

(peKy, 03epo, Mope)

..
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8.6 BHYTPM3ABAllCKAJI KAHAJIM3AUMR

8.6.1 TIpHJIo)JQ{J'e IUIaH 3aBOACKOHIUl0~ CparoOJlO)KeHHeM H COO)J;UHeHIDIMH

nepelJHCJleHHblX HH)Ke CHCTeM:

KaHaJlH3a:O;HSI CTOKOB C KpbIW;

KaHaJIH3a:O;HSI· CTOKOB C .o;opor H CTOHHOllHblX nnOma~OK; Ii

C60PHO-OTCToHHble 6acceHHLI ~O:>K):(eBOHBO~IC OTKpLITLIX nnoma.nei.

H KaHaJIH3anHH;

CTOKH H KaHaJIH3anHSI pe3epnyapHLlx napKoB;

CTOKH Bo.o;Ho-rpSl3enoro OTCTOSI H KaHaJlH3anHSI;

CTOKH TeXHOJIOfH\feCKOii BO,D;bI, co~ep)KamHe He<l)TenpO~KTLI;

JIHBHeBaSl KaHaJIH3a:O;HSI C TeXHOJlOfHlIeCKHX 6J10KOB;

Tpy6LI H KaHaJlH3a:O;HH MH BO,D;LI C cepoco~ep)KamHMH KHCJlOTaMI

[(exa BO,lJ;OOllHCTKH - TeXHOJlOfHlJeCKOH H caHHTapHoH

TIJlOma.o:KH mISI xpaHeHHSI H Y~aJIeHHSI TBep~blx OTXO~OB;

BO,l(OCHa6)KeHHe H Bo~ono.o:rOTOBKa;

CJIHBHLle CTOKH 6apoMeTpHlIecKHX KOH~eHcaTopoD.

8.6.2 TIpHJIo)Klfie TeXUOJlOrlfllecme 6J10K-cxeMLI mo6oii H3 CHCTeM Bo.o;ono~

fOTOBKH HJIH BO.o;OO1DlCTKH, HcnOJIL3yeMoH COBMecTHO Cmo60H H3 )'K33aI

HLJX KaHaJIH3a:o;HOHHLIX CHCTeM HJIH KOM6HHanHH CHCTeM. Ha :lToii cxeM

C.JIe,nyer nOKa3aTL:

HacocHLle CTaH:O;HH;

PacxO,lJ;oypaBHHBaIOII.:(He 6acceiiHLI;

PeryJISITopLI pacxo~a;

BBe,lJ;eHHe XHMHlfeCKHX peareHToB;

C60p Hect)Tenpo~YKoTBC nOBepxHocTHoro CJlOSl;

y ~aJIeHHe OTCTOSl;

B03.llY1llHyro/napoByro oTroHKy;

TIoBepxHoCTL a3panHH MSI XHMHlIeCKOfO OKHCJleHHSI;

CHCTeMY 6HOJlOfHIJeCKOH O'lHCTKH;

lianaHcHpoBaHHe CTOKOB;

TOlfKH BLIBe,neHHSI CTOKOB 3a npe,n(~JlLI rrpe.nnpHSlTHH;

MeCTOpaCnOJlO)KeHHe nyHKToB 3a6opa rrpo6 H H3MepellHH pacxo.n:

BeJIH'IHHbI pacxo,noB

XHMHlIecKHH aHaJIH3 (CM. 8.1)
.1II<>6yro cymecTByroIllYlO HJIHBaMe'laeM)'IOna6y.nymeeCHCTeK,;' peInlPI<

.mnnm: BO~I.
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8.7 BO,l(OOQHCTKA

8.7.1 ,l(JUI 6JIOKOB Bo.o;ono,n:rOTOBKH (HJIH BO,n:OOIJHCTKH), nOKa3aHHblX Ha
TeXHOJlOrHIJeCKOH 6JIOK-CXeMe (III-E), npHBe~HTe cJIe,n:yIOmHe nOKa
3aTeJ1H:

OO'LeM ----------------------

,l(JIHHa, WHpHHa, rJIY6HHa _

IIpOH3BO~lfTeJIbHOCTb Hacoca (HacocoB) _

AHaJIH3 BO~bI BXO~HOHH BMXO,n:HOH ------------

,l(06aBIDIeMble XHMHKaJIHH _

MeTo,n y~aJIeHHgWJlaMa _

a. KOJIHIJeCTBO M 3

6. KaK qaCTO -------'

MeTO,ll Y~aJIeHHS: He<l>Tenpo,nyKToB, c06paHHblx C nOBepXT£OCTHoro
CJIoa

IIpoeKTHble 3HaIJeHHg pacxo.n;OB _

3aeprHg, nOTpe6JISIeMaSl KIDK~bIM 6JIOKOM _

ECJIH HMelOTCS:, npHJIO)KHTe nOJIHble TeXHOJIOrHIJeCKHe cxeMbI, Ha
ICOTOpbIX HaHeceHbI HH)KeHepHbIe ,llaHHble H napaMeTpbI npOllecca.

- 33 -
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8.8 YPOBEHb lliYMOB

8.8.1 Do BpeMSI nocew;emm HTI3, nOCB~eHHbIX xapaKTepHCTHKe, oueHKe H yCTa·

HOBneHHlO eOCTOjJHHSI MeTO}:(OB 3amHTbI oKpyJKaIOmeH cpe}:(bI, yqaCTKH e

IIOBbDlIeHHbIM ypOBHeM wyMa 6y,[l}'T OTMeqeHbI. O.u;uaKo cneI(HanbHbIX H3Me·

peuHH wyMa BO BpeMSI 3THX noeemeHHH BbInOJIHSlTbCjJ He 6y}:(eT. Eenl

rpynna Haii,neT jJBHble H npOCTbIe MeTO}:(bI CHHJKeHHSlllIyMa, 3TO 6y}:(e~

e<popMynHpoBano H OTMeqeno. EenH x<e nOBbIllIeHHbIH ypoBeHb myM.

SlBnjJeTCjJ pe3ynbTaTOTM CnO)KHOrO B3aHMo,neHCTBHSI MHorHX HCTOqHHKO.

wyMa, 3TO 6y}:(eT OTMeqeHO, KaK npo6neMa, 3aeJIYX<HBaIOIllaSl,naJIbHeiiwen

o6ene,nOBaHHSI H H3yqeHHSI.
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8.9 TBEP,[(bIE OTXO,[(bI

8.9.1 I1JI n pe3epnypax Cblpoii Hecl>T:H

KOJlHlfeCTno, KaK IfaCTO y.naJI9:eTCH _

MeTO,n y.naJIeHIUI _

8.9.2 OCTaToK ATMoe<1>epHoii/BaKyyMHoH neperoHKH

KaK HCnOJIb3yeTcH? _

KaK y,naJllleTcH? _

8.9.3 MeJlOlfb/oTpa6oTaHHblH KaTaJlH3aTOp cl>mou,nH3HpoBaHHoro KaTaJIH-
. THlfeCKoro KpeKHHra.

KaK co6HpaeTcH? _

KaK y,lJ;aJllIeTcH? _

KOJIHlfe"''TBO---------------------

8.9.4 OTpa6oTaHHblH KaycTHK

KO,JlHlfeCTBO ---------------------
KaK y,lJ;aJllIeTcH? _

8..9.5 I1JI BO.n;OOlfHCTKH

KOJIHlfeCTBO ---------------------
KaK y,naJllleTcH? _
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8.9.6 CenapaTop Macno - BO,l(a

KOJlH'IeCTBO MaCJla H MeTO,l( y.naJJeHHSI

KOJIH'IeCTBO nXJlaMa H MeTO.n y,l(aJJeHun _

8.9.7 BO.nOO'lHCTHOH HJl

KOJUllJeCTBO ------------_._-------

KaK y.naJJSleTcSI? _

8.9.8 KOTeJIbUaSl CHCTeMa

KOJUllJecTBO JIeTyIJeH 30JIbI H MeTO,l( yJIaBJlHBaUHSI _

KOJIHIJeC.l.dO "KOJIOCHUKOBOi{" 30JILI H MeTO,l( y.naJJeuHSI -----

8.9.9 C60p npOJIr'TLIX )KU,l(KOCTeii

KaK co6upaIOTcSI npOJIHTLIe )KU,l(KOCTU? _

qTO .nenaeTCSI C 3arpSl3HeHuoii nOIJBoi{? _

- 36 -
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8.10.2.3 Cpe.nHHu ,uHCTHJIJ1HT (.naBJICHHe napa): ,MM Hg

C KpbIweu Ee3 KpbIWH _
EMKOCTb m

)l;HaMeTp M

JBbIcoTa M
KOJlHtIeCTBo

-~-----

,LI;bIxaTeJlbHblH KJlanaH
KOHcepBaU;HoHHLIH KJIanaH _
YrJIepo,ulJliH a,ucop6UHH _
CHCTeMa <!>aKeJIa =- _
llpotI. llOHCHHl'e .,.-__

lloTepH Ha ucnapeHHe (oueHO"lHo) in/200

8.10.2.4 OCTaToK (.naBJleHHe napa): MM Hg

C Kpblweu Ee3 KpblWH _
EMKOCTb m

,LI;HaMeTp M

BblcoTa M

KOJlHtIeCTBO -------
,LI;bIxaTeJlbUblU KJlanau

KoucepBaUHouHbIU KJlanaU _
YrJIepo,uHaH a,uCOp6UHH _
CHcTeMa <!>aKeJIa
llpotI. lloHcHHTe ~--:----

lloTepH Ha HcnapeHHe (oueuotIuo) m/200

8.10.3 HarpeBaTeJlbUble ne"lH (3anOJlUHTe <l>OpMy ,[(JlH Ka)l(.nou TeXUOJIO
rH"IeCKOU netIH H ,[(JIH Ka)l(,uoro KOTJIa):

0603HatIeUHe---------------------
TOnJlHBO ----_.-----------------
AUaJIH3 TODJIHBa (npHJlO)l(HTe KonHIO)

TenJlOTBOpUagcnoco6HOCTb ~O~/2

Co.nep)l(aUHe cepbl %
30JlbUOCTb %
BJla)l(UOCTb %

CKOpOCTb C)I(HraUHH KG/nomoK x q-
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8.10 3ArPJI3HEHl1E B03nYXA

8J0.1 EeH30Jl If .n:pyrlfe apoMaTHlfecKlfe nemeCTna

Bo MHorlfX CTpaHax 6eH30Jl nplf3HaH KapUlfHoreHHblM nemeCTBOM. B
cnylfae, eCJIH rpynna OueHKH 3ano.o;o3pHT HaJIlfqHe 6eH30Jla Ha onpe.ne
JIeHULIX yqaCTKaX, 3TO 6y.n:eT OTMeqeUO n OTqeTe.

8.10.2 Pe3epByapLI. ,n;JlH KaiK.o;oro pe3epnyapa eMKOCTblO 400 m If 60Jlee
3anOJIHHTe UHJKeCJle.n:YlOmylO <lJopMy: r-

8.10.2.1 CLlpaSl ue<IJTb (.~aBJIeHHe napa): MM Hg

C KpLIIlleH lit::~i KphIWU _
EMKOCTb m

,n;HaMeTp M

BblcoTa M

KOJIHlfeCTBO -------
,n:blxaTeJlLUb~HKJIanaU

He npHMeHHeTcSI _

KoucepBIlUHoUHLIH KJIanaH
YrJIepo.o;HaH a.o:COp6UHSI
CHCTeMa <lJaKeJla _

IIoTepH Ha HcnapeuHe (oueuoquo) m/zoo

8.10.2.2 JIerKHe KpaHuHe <ppaKUHH (.n:aBJIeUHe napa): ,MM Hg

C xpLIIlleH lie3 KPbIWlf _
EMhOCTb m---------

,n;HaMeTp_. M

BhlcoTa M

KOJIHlfeCTBo -------
):(blxaTeJILUblH KJIanaa

Koucepaal1lfouuhIH KJIanaH _
YrJIepO:l' ,4 a.n:COp6UHH _
ClfCTeMa <!>aKeJIa
IIpoq. IIoHcuHTe - _

IloTepH ua HcnapeUHe (oueUOqHO) m/zoo
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KOllTPOJlJ.- DLI6poca D aTMoc<l>epy. Y CTaHOBJleH Ha

l.J:acTH~LI

THn ;:

')clJclJeKTHDHoCTb %

Cepa
THn ----
3clJ<l>eKTHBH(,;'CTb 0/0

OKHCJlLI a30Ta (N0x)
THn
3clJ<I>eKTHBHoCTb 0/0

CO :...

THn
3clJ<I>eKTHBHoCTb %

8.10.4 lianaHc cepLI

8:10.4.1 Cepa, BXO,n
THIIoBoe KOJIHqeCTBO CblpOH He<pTH, nponycKaeMoH qepe3 cHcTeMy
3a O,nHH 10,n m/zoo
THlIoooe 3BatIeHHe OOAq»KaHIDI cepbI 0/0
IIoJIHoe KOJIHtIeCTBO cepbI, BXO,n m/zoo

8.10.4.2 Pacnpe,neJIeHHe GepbI
BbIXO,n B BH,Z:(e cOCTaBHoH tIaCTH npo,nyKToB m/zoo
Yxo.znrr B aTMoof>epy m TeX.HOJlOmqOCKHX neqeH m/zoo
YXOAHT B aTMocclJepy H3 KOTeJIbHbIX TonOK m/zoo
B cHcTeMy H3BJIetIeHHSI cepbI* m/zoo
OtIHIr(eHHaSI cepa, KaK BblXOAHOH npO~KT m/zoo
Yxo.znrr B aTMoof>epy m CHCfeMbI lOBJIellemm: cepLI m/zoo
Bcepoco,n~eH BOAe ECHCreM)' OtIHCI'KH
crOtIHLIX BO,n -----:m/zoo
F.[f()r() m/zoo

* YKa:lKHTe THD CHCTeMbI H3BJleqeHHJI cepbI _

"
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8.10.4.3 01JHCTlCa OCTaTOtlUOro OTxo.n:Hw,cro rtt3a
,....

Ecn" ccpHaH OtlllCTiCa OTxo.n:Slw;ro ra3a HC npou3Do,rU.fTCH D lIacTOSImC(

DpCMSI, naMCqaCTCH nH YCTalloBKa CHCTCMbl OtIHCTKH OTXO,l:(HI~cru fa3f
D 6y,nYW,CM? ,[(a HCT .

EcnH ,Qa, 1'0 KaKaH CHCTCMa naMCqaCTcR? _

8.10.4.4 Tpy6bI KOTJIOB (cTaHUHSI, KOTenhHaH)

C:>KHraeTCSI JlH Ha CTanQHH TOIDIHBO C B:bICOKHM cO,Qep:>KaHHeM cepbl

ECJIH ,Qa, TO HBJISIeTCSI JIM 3TO TOnJIHBO O.QHUM 113 npO.QYKTOB Hn3~

,l];a HeT _

ECJlH Aa, TO nJlaHHpyeTcSI JIB

yCTaHoBUTh CUCTCMY YAaneHUS! cephI U3 TOWlHBa?

_ ,[(a, B rOAY. CpOK He yCTaHoBneH __

YCTaHOBHTh cHcTeMy 01JHCTKH TOn01JHbIX ra30B?

_ ,[(a, B rOAY. CpOK He yCTaHoBneH __

nepeHTH Ha ,npyrue TODJIHBa? J(a__ HeT _
:>KH.QKOe __ raJ yrOJIb _

TIOIC3JaTeJlH TOrunma - IIpHnO:>KHre KOmno 3JIeMeHTapHOrO amunoa.

HcnoJlh3yeMoe BbICOKocepHHcroe TOIUlHBO - yroJIb (HJlH TOM»?
J(a HeT _

ECJlH .T.(a, TO nrraHHpyeTcSI JIO

YCTaHOBOTh CHCTeMY y,n;aneHHSI cepbI 03 TOnJIHBa?

_ ,[(a, B rOAY. CpOK He yCTaHoBneH __

YCTaHOBHTh CHCTeMY 01JHCTKH TOn01JHbIX ra30B?

_ ,[(a, B ro.I:{y. CpOK He yCTaHoBneH __

nepeHTH Hti .npyroe TODJIOBa? J(a__ HeT _

:>KH.QKOe raJ yroJlh _

IIOKa3arenH TOrunma - IIpHnO:>KHre KOmno 3JICMemapHoro amunoa.

-40-

I'



•

-j

JOHN BROWN

8:10.5 ;::(pyrHc B03MOJKHbIC HCTO'UlHKH 3arpH311cIUUI

8.10.5.1 PcareHThl, ,no6aDJUICMbIC Hnll :IKe HCnO.Tlh3yeMble UP" neperoJllcc:

,n;o6aBJUleTC~11" TEL (TCTpa3THJI CDHHQa)?

tJ;a HCT

TIpHBe,nHTe r.paTKoe onHcaHlie KaK TeTpa3THlI npHHHMaeTc~na

HTI3, XpaHIITCSI, CMeWHBaeTCSI H ,no6anPJIeTcSI JC HC<}>TOnpo,nyKTaM.

IIpHJloJICHTe TeXlIOJlOrH'ICCKIO 6JIOK-CXCMy.

YKa:>ICHTe npHMcpHblU rO,QoBH pacxo,n: TeTpa3TBJIa CBBana:

m/zoiJ--------
KHCJIOTbl ( HF, He], H2S04 )

HCnOJIh3YIOTCSI JlH KHCJIOThl B TeXHOJIOrH'IeCKOM nponecce?

.ll;a HeT

ITplfBe~HTeKpaTlCOe onHcaHHe KaK KlfCJIOTbl npHHHMalOTCSI Ha HTI3,

XpawrrCSI, CMeWHB3lOTCH H HCllOnh3YIOTCH B TexaOJIOmqecKOM nponecce.

KaK y.z:(a.JIHeTCH OTpa60TaHHaH KHCJlOTa? _

ITpHJlOJICHTe TeXBOJlOrH'IeCKlO 6JIOK-CXCMy )J)lSl Ka:>IC,QOH KHCJIOThI.

HCnOJlh3yroTCg JlH paCTBopliTeJIH B TeXHonor:a'leCKOM npon;er.ce?

,Lla HeT

YKa)KHTe pUCTBOpHTeJIH H npou;eCChl, B KOTOphlX OBH HCnOJIl YIOTCH.

ITpHBe.z:lIlTe KpaTKoe OnHcaHHe KaK pat TBoplITemt: DpHHHMaIOTCg Ha Hll3,
xpamrrcSI, CMeWHBaIOTCH H lfCllOnh3YfOTCSI B TeXHOJIOm'lecKoM npon;ecce.

KaK npOH3BO,rnrrCSI pereaepanHSlll YmL'IeHHe pa.cTBOpHTeJIeii?

---_., ._-----------------
ITPlfJlOjICllTe TeXHOJlOrM'IeCKIO 6JIOK-cxeMy ,QJlSI lCaJK,n:oro paCTBopHTena.
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8.10.5.2 Ac<l)aJIbT

TIPOH3BO,uHT JIB Hll3 ac(~aJIhT, leaK rOTOBhlM npo,nYKT'l

,[(a HeT

TIPOAyThlii? ,[(a HeT

Oonunue npol(~CC nepcpC160TKH e xpaHeHHSI.

TIpHnOiICHTC TeXHOnOrHtICCKyro CXCMy npoI(eC\;a.

8.10.5.3 TSI:>ICenhIe MCTaJIJlbI (Cu, ~ Fe, Co, Ni)

MCTaJlJlbI npHcyTcTBylOT B ChIPO" HCcI>TH, a HCKOTOphIC TIDKCJIhIe

MCTaJJJlhI Hcnonb3YlOTcSI B KatlCCTBC KaTaJIH3aTopoB.

IiaJJaHC T~J)KCJlhIX MCTaJIJlOB ChIPO" HC<l>TH

MCTaJIJIhI B chlpoii He<l>TH m/200
MeTaJIJIhI B npo,nyKTax m/zoo
KaK pa3HOCTh, BbIpa:>KeHHag B m/200, Y.rlangeTCg,?

KanUlH3aTOp (MCTaJIJI)

B HOBOM KaTaJIH3&TOpe m/200
B03BpameHHhIH: H3rOTOBHTeJIlO m/200
Y,l(aJICH Ha HII3 m/20iJ

OmllIIHTC MephI no npC.uOTBpameHHIO BbI6poca MOTaJIJlOB BaTMoc4>ep

B nOBepxHoCTHylO H rpyHToBylO ~o.uy.
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8.10.5.4 rai10H.nHpOBaHublH yrJIeBo.Qopo,n

IIpoH3o,z:urrCSI JlH ra.rrOH.QHpOBaUHe yrJleBO~op0.QOB BTeXUOJlOrHtleCKOM
nponecce? ,[(a HeT _

KaKnpe.n;oTBpamaeTCHIW:r.Ia,naUHera.rrOH):(HpOBauublx yrJIeBo.n;0po~OB

B oKpY)lCalOInYIo cpe.n;y?

8.10.6 IIoTepH B npouecce npoH3Bo.QCTBa

8.10.6.1 YKa)I(HTe pacxo.n; H2. <l>aKeJle (<paKe.rrax) _

8.10.6.2 YKroRRTe TOO <paKeJla (ueperYJlHPyeMbIH, CHU)lCeKUHeH napa, H T.n.)

8.10.6.3 MeTo.n; peryJIHpoBauHH eJ.>aKeJIa (aBToMaTHqeCKHH, OTKp.-3aKp.)

8.10.6.4 KaK qaCTO npoH3Bo,rxHTcSl3aMepbI TeqH KnanaHublxwTOKOB, eJ.>JlaHueB,
uaCOCOB, KOMnpec-.copubiX y:rmoTueuHH H~aBJIeHHHuaperyJDlpYlOmUX
KJIanauax C neJIhIO onpeXJ;eJIeUHH nOTepb yrJI~BO.QOPO.n;OB?

8.10.6.5 YKa)I(HTe OCTaJIbHhle nOTe·pH yrJIeBo.Qopo,rxOB Ha "CTpaBJIHBaUHe",
nOMHMO nOTepb B eJ.>aKeJIe HJlH )ICe B yrOJIbHOM nOrJIOTHTeJIe.
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8.10.6.6 YKaJlCHTe npHMepHoe KOJIHtIeCTBO:

Bee TeXHOJIOrHtIeCKHe nOTOKH:

3aKaBtnmaroJUHecg Ha 3a,D;BIDKKaX, He HMeIOIUHX rJIyxHX <l>JJallQeB

TeXHOJIOrHtIeCKHe CJIHBHLle CTOKH ---------

ra30BLle nOTOKH:

3aJcaB:lmBaroIUHecg Ha 3a,1J;BmKKaX, He HMeIOIIJ;IIX rJIYXHX <l>.r.mmeB

TeXHOJIOrHtIeCKHe CJIHBHLle CTOKH ---------

IIoTOKH JIerKHX :>ICH,llKOCTeii H cMeeeii )KH):(KOCTL-ra3:

TeXHOJIOrHtIeCKHe CJIHBHLIe CTOKH _

IIoTOKH TR:>ICCJIbIX :>ICH,llKOCTeii:

TeXBO.Jl0rHtIeCKHe CJIHBHLle CTOKH ---------
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TIOTOKH Bo~opo):(a

TeXHOJIOrHqeCKHe CJlHBHble CTOKH ---------

8.10.7 YKIDKHTe CTOHMOCTb Ha HII3 CJle.nyroIllRX BH):(OB TOIU~Ba (onyCTHTe,

ec.JIH 3TH AaHHble 6bIJIH y:>Ke YKaJaHbI B KaKRX-JIH60 .npyrRX qaCTHX

BOnpOCHHKa):

TOnOqHbIH raJ----------
TIPHPO.nHbIR raJ _

C)KIDKeHHbIH npHpOAHbIH raJ _

C)KIDKeHHbIH HecPTllHOH raJ _

EYPbIH yrOJIb _

MllrKHH yrOJIb _

8.'10.8 TBepAble TOnJLlfBa:

IIpHJloiKHTe KonHlO TIDlOBoro 3JleMeHTapHoro aHaJIH3a TOnJIHBa.
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2.1 TlfiIOBag 6noK-cxeMa npoCToro HII3

2.2 THIIOBag 6JIOK-CXeMa KOMn....JeKCHOro HII3
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<l>I1PMA ,WKOH BPAYH

ArEHTGfBO COE,[UlliEHHbIX lllTATOB AMEPHKH
no MEJKL{YHAPO):(HOMY PA3BI1THIO

IlPOrPAMMA no HE<I>TEIlEPEPABATbIBAIOI.ID1M 3ABO,£lAM B CHl
oonpOCHHK

3KOHOMI111ECKMII1 <l>I1HAHCOBMI OUEHKA

I. TeHneHUlul pa3BHTHR 3KOHOMHKH H 3HepreTHKH

1.1 TeH,neHUHH pa3BHTHSI 3KOHOMHKH

a) B t.leM 3aKllIOt.lalOTCSI OCHOBHble XapaKTepHCTHKH 3KOHOMHKH, CBSl3aHHble

C yaeJIHtIeHHeM npOH3BOJlCTBa 3HeprHH, B tIaCTHOCTH, He<pTSIHoH ceKTop (HanpHMep, OTpaCJIH

npOMbIWJIeHHOCTH C HHTeHCHBHblM nOTpe6JIeHHeM 3HeprHH, OTcyrcTBHe pe3epBoB He<pTH Ii

(HJIH) raJa, HH3KHH ypoBeHb nOTPe6neHHR 3HeprHH Ha JlYillY HaCeJIeHHSI 1'1 TOMy nOJl06Hoe)?

6) KaKoe BJIHSlHHe YCTaHOBneHHe He3aBHCHMOCTH OKa3aJIO Ha COCTOSlHHe

3KOHOMHKH?

B) <I>aKTHtIeCKHH e>Kero,nHbIM TeMn pOCTa BaJIOBOrO npon)'KTa CTpaHbI (C

nOnpaBKOH Ha HHcPJIRUHIO) B TetIeHHe nOCJIeJlHHX nSiTH neT; oueHKa Ha TeJ<Yij,1HH rOJl; npOrH03

no cpe,ZlHero,nOBOMY TeMny pOCTa BaJIOBOrO npOJlYKTa CTpaHbI Ha nOCJIeJIYlOI,W1e nRTb JIeT.

KpaTKoe nOrHtIeCKOe 060CHOBaHHe npennOJIaraeMOH TeHJleHUHH pa3BHTHSI HHoro xapaKTepa.

r) E>KerOnHbIH POCT HH<pnRUHH H JleBaJIbBaUHR B Tet.leHHe nOCne,llHHX nSiTH

JIeT; npensapHTeJIbHaR oueHKa Ha TeKYl:lJHH rOJl; nporH03 Ha nOCJIe,nYJOlYHe nSlTb neT.

Jl) npenOCTaBbTe HHcPOPMauHIO 0 CbIPOH HecPTH 1'1 HecPTenpOJlYKTax, a TaJOKe

JlPyrnx HCTOtIHHKaX 3HepmH B CTPYKType HMnopTa 1'1 3KcnopTa, HHcPOPMaQHlO 06 HX

OTHOCHTeJIbHOM 3Hat.IeHHH B nOTOKax 06MeHa HHoCTpaHHoH BaJIIOTbI 1'1 6aJIaHca nJIaTe>KeH.

1.2 TeHJleHUHH P33BHTHSI 3HepreTHKH

a) 3a Ka>KllblH rOJl B Tet.leHHe npOWeJlWHX nRTH JIeT, a TaK>Ke B Kat.leCTBe

npelIBapHTeJIbHOM oueHKH Ha TeKYI1lHH rOJl 1'1 nporH03a Ha nOCJIelIYlOlYHe nSlTb neT

npelIOCTaBbTe HH<popMaUHIO no CJIeJlYIOlYHM BOnpOCaM:

nOTpe6HOCTb B 3HeprHH C J<JIaCCH<pHKauHeH no ee HCTOt.lHHKaM; He<pTb, ra3, yrOJIb,

rHJlp03HeprHSI, aTOMHaR 3HeprnR, JlpeBeCHHa H(HJIH) JlPyrHeBHJlbI3HeprHH, 061J,lHe KOnHtIeCTBa,

BbIpa>KeHHbIe I? MeTpHtIeCKHX TOHHax (He<pTRHOH 3KBHBaJIeHT);

1
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nOTpe6HOCTb B 3Hepnm C KJIaCCl-i<pHKaUHeH no ceKTopaM; TpaHCnOpT, >IG1J10H H (HJlH)

KOMMep4eCKHH ceKTOp, npOMblWJleHHblH ceKTOp, He3HepreTH'l.leCKHH ceKTOp, nOTepH npH

npOH3BOltCTBe H nepelta'l.Ie 3HeprnH, 061llHe KOJIH4eCTBa.

6) Onpe,neJleHHe OCHOBHbIX, OTHOCHIllHXCH K ,naHHOMy Bonpocy <paKTOPOB,

KOTopbIe OKa3aJIH BJIHHHHe Ha HanpaBJleHHH pa3BHTHH 3HepreTHKH B npOWJlOM, a TaK>Ke BJlHHHHH

KaK YKa3aHHblX, TaK H HOBblX <paKTOPOB B03,neHCTBHH Ha HanpaBJleHHH H TeH,neHUHH pa3BHTHH

3HepreTHKH B 6yltYllleM.

B) B 'l.leM 3aKJIlO'l.IaJIaCb CYIUHOCTb OCHOBHbIX <paKTOPOB, onpelteJIHBWHX

ypoBeHb H TeHneHUHID H3MeHeHHH pacxo~a BaJIOBOrO npo,nYKTa CTpaHbI no nOTpe6J1eHHID

3HeprnH?

1.3 TeH~eHUHH i>a3BHTHH He<pTHHoro X03HHCTBa

a) 3a Ka)KJlbIH ro,n B Te4eHHe npow~~HX nHTH JleT, a TaK>Ke B l<a4eCTBe

npe.nsapHTeJlbHOH oueHKH Ha TeKYIUHH rolt H npOrH03a Ha nOCJle,nYWijJHe nHTb JleT

npe~OCTaBbTeHH<popMaUHlo no CJleltYlOlllHM BonpocaM:

nOTpe6HOCTb B He<pTenpo~YKTax: C>KH>KeHHbIH He<pTHHoH ra3 (LPG), npeMHaJIbHblH

6eH3HH, cT~apTHbIHMOTOPHbIH 6eH3HH, JIHrpOHHOBblH cblpbeBoH MaTepHaJI, KepOCHH, TOnJIHBO

ltJIH peaKTHBHbIX ~BHraTeJleH, aBHaijHOHHbIH 6eH3HH, J:tH3eJlbHOe TOnJIHBO, TOnJIHBO

KOMMYHaJIbHO-6bIToBoro Ha3Ha4eHHH, OCTaT04Hoe KOTeJIbHOe TOnJIHBO, ac<I>aJIbT, CMa30'l.lHble

BellleCTBa H .npyrHe He<pTenpOltYKTbI (onpelteJIHTe);

npOH3BOltCTBO: CbIPCUI He<pTb, npHpOltHblH ra3, KOH.neHCaTbI npHpOltHOrO ra3a, yrOJIb,

aTOMHCUI 3J1eKTp03HeprHH, CJlaHueBOe MaClIO, cnHpT, HcnoJlb3yeMblH ltJIH 3HepreTH4eCKHX

ueJleH, ltPyrHe BH.I1bI 3HeprHH (onpelteJlHTe);

npOltyKUHH HeQ>Tenepepa6aTbIBalllHx 3aB0.l10B: yKa>KHTe nOTpe6HocTH B

He<pTenpoltYKTax, nepe4HcneHHbiX BbIwe, a TaY.>Ke npe.l10CTaBbTe HH<popMaUHID no 6YTaHY,

He<pTHHoMY KOKCy H cepe;

HMnopT/3KcnopT: lteTaJIbHaH K1IaCcH<pHKaijHH no YKa3aHHbIM Bblwe npoltyKTaM JlJlH

pa3JIH4HbIX $OpM 3HeprHH, BKJIIO'l.IaH THnbI CblPOH He$TH H He<pTenpOltYKTbl.

6) B 'l.IeM 3aKJIIO'l.IaJIHCb OCHOBHbIe <paKTOPbI, BJIHS!Bume Ha TeHlteHUHH

pa3BHTHH nOTpe6HocTeH B 3HeprnH H He<pTenpOltYKTax, cHa6>KeHHe, 3KcnopT H HMnopT? B 4eM

CYlWiOCTb O>KH.I1aeMbIX H3MeHeHHH YKa3aHHbIX TeH.I1eHUHH H OCHOBHblX <paK'X'OPOB?

2
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2.1 AreHTcTBa, J<OHTpOJIl1pYIOJ,ijl1e ·l1CTO~IHl1J<l1 3Heprl1l1

npl1BeLll1Te nOLlP06HYlO l1H<popMaUl1lO no areHTCTBaM, J<OHTPOJIHPYIOI,Ul1M onepaUl1H,

nJIaHHpOBaHl1e,TOprOBJIIO,TpaHCnOpTl1pOBJ<y,np0113BOLlCTBO, <pl1HaHcl1pOBaHl1e,YCTaHOBJIeHHe

ueH H LlPyrl1e Lle~cTBHH B He<pTHHoM ceKTope. KaKl1e np01130lliJIH H3MeHeHl1R nOCJIe

YCTaHOBJIeHl1H He3aBl1Cl1MOCTl1 B CTpaHe?

2.2 3HepreTl1tIecJ<l1e nporpaMMbl

B tleM 3aJ<JIlOtlaIOTCR OCHOBHble nOJIO>KeHHR 3HepreTHtleCJ<l1X npOrpaMM npaBl1TeJIbCTBa

OTHOCHTeJIbHO:

•

2.3

l1MnOpTa 11 (l1JIH) 3KcnopTa He<pTH;

pa3BeLlJ<l1 MeCTOpO>K.lleHH~;

nOCJIeLlCTBH~ aTOMHO~ KaTacTpo<pbI B lIepH06blJIe (LlJIH YKpaHHbI);

npeLlnOtITHTeJIbHOe pa3BHTHe H (HJIH) nOTpe6JIeHHe 3HeprnH no CpaBHeHHIO C

LlpyrnMH BHLlaMH pa3BHTHR H (HJIH) nOTpe6JIeHHR;

cy6cHLlHPOBaHl1e onpeLleJIeHHblX MeponpHHTH~l1JIl1 nOTpe6l1TeJIe~ He<l>Tl1;

npHBeLleHHe B COOTBeTCTBHe YPOBHR Ll06bltIH Cblporo CJIaHua HJIl1 BbmYCKa

npOLlYKUHH He<pTenepepa6aTbIBalOI,UHX 3aBOLlOB C ypoBHeM nOTpe6HocTe~;

pa3pa60TKa 3aJ<OHOB l1 nOCTaHOBJIeHH~ no TpaHCnOpTl1pOBJ<e l1nH

KanHTaJIOBJIO>KeHl1HM B 3HepreTHtIecJ<y1O npOMbIWJIeHHOCTb;

npOH3BOLlCTBO 3JIeKTp03HeprHH Ha OCHOBe aJIbTepHaTHBHblX HCTOtIHHJ<OB;

BBeLleHHe HJIH COBepweHCTBOBaHl1e nOCTaHOBJIeHl1~ no oxpaHe OJ<PY>KaIOlUe~

cpeLlbI;

06eCnetIeHHe JIbrOTHblX HaJIOrOBbiX nporpaMM LlJIH npOeKTOB, n03BOJIHI01WfX

3KOHOMHTb 3Heprl1lO;

LlPyrl1e BonpOCbl, BJIl1HIOI,Ul1e Ha He<pTenepepa6aTblBaIOI,UYIO npOMbIWJIeHHOCTb.

3aKOHOLlaTeJIbCTBO no yrJIeBOLlopOLlY

BbILleJIl1Te l1 J<paTKO Onl1Wl1Te OCHOBHO~ acneKT 3aJ<OHOLlaTeJIbCTBa, BJIHHIOI,UerO Ha

He<pTHHoR ceKTOp. Kal<l1e l13MeHeH~IH3anporpaMMl1POBaHbI l1JI113anJIaHHpOBaHbI Ha 6JIl1>KaRwee

6YJIYijlee?

3



2.4 nOJU1Tl1Ka ueHo06pa30BaHl1Sl

npellOCTaBbTe l1H<popMaUl11O no lleTaJIbHOMY <pOPMl1POBaHHIO ueHbI B HaCT05lijJee BpeMSl

B MeCTHO" BaJIIOTe 3a OllHY MeTpl14ecKylO TOHHY 11 Olll1H JIH rp, npl16JI113l1TeJlhl-.l0

npHllep>KHBaHSlCb Hl1)KeCJIellYlOlllero:

cpellHSlSl ueHa <1>06 CblpoA HecPTI1 l1JIl1 HecPTl1 HenocpellcTBeHHo Ha 6YPOBOH

CKBa>KHHe;

1l06aBKa JII06bIX HanorOB HJIH 1l0XOllOB HJIH pa3JIH4Hii B ueHe;

Q>aKTH'·IecKaSl CTOHMOCTb llJISl HecPTenepepa6aTbIBaIOij1erO 3aBOlla llOCTaBKH H

CTpaxOBKH npOllYKTa;

1l06aBKa JII06blX HanorOB, 1l0XOllOB HJIH KOMHCCHOHHbIX B03Harpa>KllCHHi1;

<l>aKTH4e~KaSl CTOHMOCTb llOCTaBJIeHHOii cbIpoii HeQ>TH llJIH

He$Tenepepa6aTbIBalOij1erO 3aBOlla;

CTOl1MOCTb 3HeprHH H nOTepH B npouecce nepepa60TKH HeQ>TH;

CTOHMOCTb 3KCnJIyaTaul1H HeQ>Tenepepa6aTbIBaIOij1erO 3aBOlla, Q>HHaHCHpOBaHHe

H llPyrHe CTOHMOCTH;

llOXOllbI HeQ>Tenepepa6aTbIBaIOlllero 3aBOlla;

HanorH, BbInJIatIHBaeMble HeQ>Tenepepa6aTblBaIOlllHM 3aBOllOM;

cpellHHSI npOlla>KHaSl ueHa npo.uyKUHH, yCTaHaBJIHBaeMaH

HeQ>Tenepepa6aTblBalOlllHM 3aBOllOM;

CTOHMOCTb TpaHcnopTHpOBKH H (HJItt) CTpaxOBKH npH 1l0CTaBKe npOllYKUHH C

HeQ>Tenepepa6aTbIBalOlllero 3aBOlla opraHH3auHHM P03HHl:!HOM TOprOBJIH H

KpynHblM nOTpe6HTeJISlM;

HanorH C o6opoTa H llPyrne HaJIOrn npH npOlla>Ke HeQ>THHbIx npOllYKTOB;

npoueHTbl H KOMHCCHOHHble B03Harpa)KlleHHSI, BbIrIJIa4HBaeMble C6bITOBHKaM,

nocpellHHKaM Me)Klly npOH3BOllHTeJISlMH H nOTpe6HTeJIHMH H OpraHH3aUHHM

P03HH4HOA TOprOBJIH;

cpellHSlH ueHa npollyKUHH, OnJIa4HBaeMoii nOTpe6HTeJIHMH, He nOJIyqaIOijlHMH

Cy6CHLlHH.

OnHWHTe MexaHH3MbI H paC4eTbI, npHMeHHeMble llJIH YCTaHOBJIeHHH H

:,,6pa30BaHHl1H ueH Ha:

CbIPYIO HeQ>Tb, nOJIY4aeMyIO no HMnopTy;

CblPYIO HeQ>Tb, npH06peTaeMYIO HeQ>Tenepepa6aTbIBaIOI,UJ1MH 3aBOllaMH;

npOLlYKUHIO, OTnpaBJIHeMYIO C HeQ>Tenepepa6aTbIBaIOI,UJ1X 3aBOllOB (H3 paC4eTa

HaXO)KlleHl1S1 npOLlYKUHH Ha TeppHTopHH He<pTenepepa6aTbIBalOlllero 3aBOlla);

npOLlYKTbI, peaJIH3yeMble B CHCTeMe onTOBoJ;{ TOprOBJIH;

npOLlYKTbl, peaJIH3yeMble B CHCTeMe P03HH4HOJ;{ TOprOBJIH•

.IJ:JlSI OTlleJIbHbIX HeQ>Tenpo.nYKTOB TaK)Ke He06xOLlHMa aHaJIOrH4HaH pa36HBKa no ueHaM

npH TpatJcnopTHpOBKe OT HeQ>Tenepepa6aTblBalOlllero 3aBo.na LlO nOTpe6HTeJIH.
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2.5 OnepaTI1BHOe nJIaHl1pOBaHl1e 11 KOHTPOJIbHbIe MepOnpl1HTI1R

npI1F,e.l1I1Te n0.l1p06HYIO I1H<PO{JMaIJI1IO OTHOCI1TeJIbHO npouecca nJIaHl1pOBaHl1R 11

npl1HRTI1R peWeHI1H no onpe.l1eJIeHI1IO I1CTOl.JHI1KOB CbIpOH He<pTI1'~ CJIaHueB JlJ1H OTJlenbHbIX

He<pTenepepa6aTbIBaIOIijI1X 3aB0.l10B, a TalOlce OTHOCI1TeJIbHO Kanl1TaJIbHbIX BnO>KeHHH,

npOH3BOJlCTBa H c6blTa HeQ>TI1.. Onl1llll1Te npai·~I1l.JeClGIe MeTOJlbI, I1cnonb3yeMbIe JlJIR

onpeJleneHI1R . CTOI1MOCTeH Hel HeQ>Tenepepa6aTbIBaIOlJ1eM 3aB0.l1e, a TaK>l<e MeTOJlbI

COCTaBnJIeHI1R 61OJl>KeTa Kanl1TaJIbHblX BnO>KeHI1H 11 npOue.l1ypbl npl1HHTI1R peweHl1it

C.l1eJIaHTe pa3611BI<Y no Ka>I\.l10MY HeQ>Tenepepa6aTbmarolJ1eMY 3aBOJlY, YKaabIBaR 06beMbi

H CTOHMOCTb .l10CTaBKH npHB03HMOH CblpOH HeQ>TI1, BbmycK CnaHueBblX npOJlyKTOB, a TaK>I<e

rOJlOBble .l10XOJlbl no Ka>K.llOMY npO.l1yKTy, BbmycKaeMoMy HeQ>Tenepepa6aTblBaIOIijHM 3aB0.l10M.

2.6 I1MnopTHo-3KcnopTHaR nOJII1TI1Ka

npHBe.l1I1Te n0.l1p06HbIe CBe.l1eHI1R OTHOCH~enbHO KOHTPOJIbHbIX MepOnpI1HTI1H,

orpaHHl.JeHI1M H 06pa30BaHI1H ueH no I1MnopTy 11 (I1JIH) 3KcnopTy CblPOH He<pTI1 11 npO.l1YKTOB ee

nepepa60TKH.

YKa>KJ1Te I1CTOl.lHI1KI1 HMnopTHpyeMoH. CblPOH HeQ>TI1, KaqeCTBO, KOnHqeCTBa, ueHbI,

TapHQ>bI H JlPyrl1e JlOnOnHI1TeJIbHbIe HaJIOrH. npl1Be.l1I1Te aHaJIOrl1l.JHble nOJlP06HbIe CBeJleHHSI

OTHOCI1TenbHO nporpaMM I1MnopTa HeQ>TenpO.l1yrcroB 11 3KcnopTa CblpOH HeQ>TH 11

He<pTenpOJlYKTOB.

npeJlOCTaBbTe CpaBHI1TenbHble C I1MnopTl1pyeMblMH HeQ>TenpOJlYKTaMl1 JlaHHbIe no HX

ueHaM HenOCpe.l1CTBeHHO Ha HeQ>Tenepepa6aTbIBaIOlJ1eM 3aBOJle 11 no ueHaM, BKJIlOqaIOlUI1M

CTOI1MOCTb He<pTenpoJlYKTOB, HX CTpaxOBKY 11 TpaHcnopTl1poBKy (CI1<1». KaKl1e <paI<TOPbI

onpe.l1enHIOT pa3HHUY B ueHax He$TenpOJlYKTOB, l1~nopTHpyeMbIx H nepepa6aTbIBaeMbIx

HenOCpe.l1CTBeHHO Ha MecTe?

2.7 OCHoBHbIe nOJIO>KeHI1H Q>HHaHCOBOH nOJIHTI1KI1

'4TO npe.l1CTaBJInHeT C060H I1CTOQHHK 11 B l.IeM 3aKJIIOQaeTCH xapaKTep:

npl16bIneH 11 nOTepb, npOI1CXOJlHlJ1I1X B npouecce npOBeJleHHH onepauHH Ha

HeQ>Tenepepa6aTblBaIOlUeM 3aBOJle, BO BpeMH I1MnopTa 11 3KcnopTa npO.l1YKTOB,

I1X TpaHcnOpTHpOfJt<I1, MapKeTHHra HJIH P03HHl.JHOH ToproBnH?

KaKOBbI I1CTOl.JHI1KI1 11 KaKOBa CTOI1MOCTb KanHTanbHblX BnO>KeHHA Ha

He<pTenepepa6aTblBalOlueM 3aB0.l1e?
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III. COCTaB M CTPYI<Typa Hed>THHoro Cel<TOpa

OnMWMTe OTHOCMTeJIbHOe 3Hat.leHMe, pa3Mep, l<anMTaJIOBJImKeHM>l, 06beMbi npO.lla>KM UJIM

MCTOt.JHMKM .llOXO.lla, a TaK>Ke yKa>KMTe opraHbl, BbInOJIHHIOIllMe pa3JIMt.JHble <pyHKUMM MJIM

BXO.llHIJ,lJ.1e B COCTaB He<pTHHoro ceKTopa:

a

III

III

III

Pa3Be.llKa M npOM3BO.llCTBO;

He<pTenepepa60Tl<a;

TpaHcnopTHpOBKa/Tpy6onpoBOLlbl;

I1MnopTHo-3KcnopTHble TepMMHaJIbl;

npe.nnpHHTHH no BbInyCKy npOLlYKUHM HaBaJIOM/npe.llnpHHTMH no CMeWHBaHMIO

npOLlYKUHM;

MapKeTHHr/p03HMt.IHaH TOprOBJ1H.

KaK YKa3aHHble KOMnOHeHTbI B3aHMOLlei1cTBYIOT npH nepeMeIJ,leHHH, OTnpaBKe H

nOJIyqeHHM npoLlyKTa, a TaK>Ke B .lleJ1e BbinOJIHeHMH nJ1aTe>KHbIX onepauMU H c60pa ltaJIOrOBbiX

.llOXO.llOB HJ1H pacnpe.lleJ1eHMH Cy6CM.llMU?

KaKHe pe<popMbI 3TOU CHCTeMbI 6bIJ1M BBe.neHbl nOCJ1e YCTaHOBJ1eHHH He3aBMCMMOCTM H

KaKHe .llaJIbHeUWHe M3MeHeHMH nporpaMMMpyIOTCH MJ1M nJIaHMpYIOTCH?

KaK 6y.neT OCYIJ.leCTBJIHTbCH BHeLlpeHMe t.IaCTHoro ceKTopa, BKJ1IO"IaH HHOCTpaHHbIX

EKJIa.llt.JMKOB KanMTaJ1a, B HeQ:>THHoi1 ceKTOp? BY.llYT J1M OT.lleJIbHble 06J1aCTH 3aKPbITbI LlJlH

"IaCTHOrO ceKTopa MJ1M MHOCTpaHHbIX yt.JaCTHHKOB? EbIJ1M J1M npMHHTbI peweHMH B

3aKOHo.oaTeJ1bCTBe,3aKOHax HJIH LleKPeTax H paCCMaTpMBaIOTCH J1H TaKHe peweHHH B HaCTOHIJ,lee

BpeMH?

IV. nOwmiHbl. HaJ10rM M Cy6CMlIMM

npe.llOCTaBbTe MH<popMaijMIO no TapMQ:>aM H o6beMY npMMeHeHHH cOBpeMeHHou

MMnopTHoi1 TaMO>KeHHoi1 nOWJIHHbl M LlpyrHx .llOnOJ1HMTeJIbHblX HaJIOrOB Ha MMnopTMpyeMYIO

CblPYIO He<pTb M He<pTenpoLlYKTbI, no nJ1aTe 3a npaBO pa3pa60TKM He.op, HaJIOraM ~1 .llpymM

Hanoro06J10>KeHHHM, CBH3aHHbIM C .ll06blt.Iei1 M nepepa60TKou CblPOi1 He<pTM; no HaJIOraM M

.llOnOJIHMTeJ1bHbIM 06J10)KeHMHM, BbInJ1at.JMBaeMbiM HecPTenepepa6aTblBalOIJ.lMMM 3aBo.oaMH MJ1M

HanoraM M .nonOJ1HMTeJIbHblM 06J10)KeHMHM, OnJ1at.IMBaeMbIM <pMpMaMM, 3aHMMaIOIJ,lHMMCSI

MapKeTMHrOM, M opraHH3aijHSlMM P03HM"IHoi1 TOprOBJ1M.
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ECJlH 3TO He 6b!n0 OTM e~leHO paHee B HaCTOSllJ,leM BOnpOCHI1Ke, TO He06xo.ol1MO nOl<a3aTb

COCTaBHbIe "IaCTI1 HaJlOra, 06YCJlaBJlHBaIOI1ll1e nOBblWeH1111 ueHbI Ha Yl.JaCTKe Me>KJlY

HecPTenepepa6aTblBalOl1l~M 3aBo.oOM 11J111 I1MnOpTHblM TepMI1HaJIOM 11 nOTpe611TejleM Ha

OT.oeJlbHbie npo.ayKTbl a MecTHoi1 BaJllOTe 3a O.aHy MeTpH~IeCKYIO TOHHy.

AHanon1~IHbIM06pa30M, npe.llOCTaBbTe I1HcPopMaU111O 0 pa3Mepe cy6CHoOHi1 B CTPYI<Type

ueHbl Ha OT.lleJlbHbie npo.ayKTbl, a TalOKe HCTO~IHI1KI1 cPI1HaHCHpOBaHl1S1 TaKI1X Cy6CI1.oHH,

HanpHMep, nepeKpeCTHaH KOMneHCClUI1S1 3a C4eT HaJIOrOB Ha .llpyrHe npo.oyI<TbI.

Onl1WI1Te OCHOBHble ntJl1~IHHbl BBO.llaoc06bIX HaJIOrOB I1J1H Cy6CH.oHH, HanpaaneHHblX Ha

onpe.lleJleHHble 06J1aCTH npHMeHeHI1S1 I1J1H onpe.oeJleHHbIX nOTpe6HTeJleH.

He06xol111MO TaI<>Ke Bbl.oeJlHTb H onHcaTb HanoroBylO H Cy6CH,ouOHHYIO CTPYI<TYPY B

.opyrnx 3HepreTH4eCKHX 06naCTRX (ra3, yrOJlb, rH.ap03HeprHR, aTOMHaR 3HeprHR), B 4aCTHOCTH,

eCJUI TaKOBaR OKa3blBaeT BJlI1RTHe Ha ueHy, nOTpe6HOCTb, cHa6>KeHHe liJlH

KOHKYpeHTocnoc06HOCTb HecPTenpo.oYI<TOB 11J111 Ha nOnI1TI1KY, npOBO.llHMylO no OTHoweHHIO K

HecPTenepepa6aTbiBalOI1leMY 3aBO.oy.

v. OnepamtOHHble 3KOHOMH"IeCKHe nOJIO>KeHI1S1 BJIHSlIOWHe Ha Hed>Tenepepa6aTblBalOWHe

3aBOlIbi

5.1 BBo.ol1Mbie peCYPCbI

TIpe.oOCTaBbTe e>KerO.llHble HJIH cpe.aHHe KOJIH"IeCTBa, HCTOtIHHKH, ueHbI H CTOHMOCTH

CblPbR, npH06peTeHHoro Ka>K.llbIM HecPTenepepa6aTbIBaIOI,UHM 3aBo.oOM H .llJIR Bcei1 CTpaHbI B

ueJIOM:

CblpaH HeQ>Tb;

npe06pa30BaHHbIe .oHCTHJlJlRTbI H .opyrue HCXO,oHbIe CblpbeBbIe MaTepHaJIbI;

KaTaJIH3aTOpbl 11 XHMH"IeCKl1e BeQ.leCTBa;

.opyrHe MI1HepaJIbl.

B tIeM 3aKJ1lOt ialOTCR OCHOBHbIe np06neMbl B .oene ilOCTaBKH YKa3aHHbIX MaTepHaJlOB

HeQ>Tenepepa6aTblBalOl1ll1M 3aBO.lla1l1?

M3MeHHnaCb JlI1 KaKHM-TO 06pa30M cHTyaUHR cHa6>KeHHH He4>Tenepepa6aTbIBaIOIJ1HX

3aBO.oOB nocne YCTaHOBJleHI1R He3aBHcHMoCTH? 3HatIHTenbHo nH 113MeHHJlHCb ueHbI Ha

npoLlyKTbI, nOCTynalOQ.lHe no CHCTeMe cHa6>KeHI1R, "IT06bI 06ycnoBHTb cMeHy HCTOtIHHKOB

CH36>KeHHa.
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5.2 OnepaU110HHble paCXO,llbl

npe,llOCTaBbTe nO,llp06HYID l1H~OpMaUHID OTHOCl1TenbHO paCXO,llOB Ha

HeQ>Tenepepa6aTblBaIDllleM 3aBO.lle:

PI

Pa604aH Cl1na

Komf4eCTBo;

3apa60THaH nnaTa;

CTOHMOCTb ,llOnOJlHHTenbHbIX JlbrOT;

Bl1,llbI npHo6peTaeMoro TOnnl1Ba (He~Tb, ra3, yronb);

Bl1,llbl npHo6peTaeMbIXHCTOtIHHKOB3Hepnm(:meKTpl1tIeCTBO, BO,lla, nap,11Pyrl1e);

CTpaxoBKa;

TexHHt.lecKH~YXO.ll H nO.ll.llep>KaHHe;

CTOl1MOCT"f TpaHcnopTHpOBKl1 11 .aOCTaBI<l1 Ha pa3J1Ht.IHble yt.IaCTI<l1

He~Tenepepa6aTbIBalOl!lerO 3aBO,lla;

MecTHble HaJIOrH.

I

5.3 <I>l1HaHCOBble paCXO,llbl

npe,llOCTaBbTe nO,llp06HYID HH<.,boPMaIJHIO OTHOCy.TenbHO 3a,uOJl>K:eHHOCTl1 Ka>KllOro

HeQ>Tenepepa6aTbIBaIDlllerO 3aB011a Hero e>K:erO,llHbIX 06111l1X npoH3Bo11cTBeHHblx ~l1HaHCOBbIX

3aTpaT:

npoueHTbl H aMop. 113aIJl1H;

HatIl1CJleHl1e H3Hoca;

HanorH Ha ,llOXO,ll;

Oc06ble H3,llep>K:l<H

YHcTaH np116bInb H nOTepl1Ka>l<LlOro He<pTenepepa6aTblBaIDlllerO 3aBO.lla.

5.4 06beM npOH3BO,llCTBa H HCTOtIHl11<l1 ,llOXO,llOB

-1

npe,llOCTaBbTe HH~opMaW1IDOTHOCl1TeJlbHO KOJlHt.IeCTBa, nyHKTa Ha3Hat.IeHl1H, ueHbl 11

CTOl1MOCTl1Ka>K:./lOrO OTllenbHoro npo.llyKTa, npO.llaHHOro Ha Ka>K:,llOM He<pTenepepa6aTbIBaIDl1leM

3aBO.lle 3~ i<a>K:./lbIH ro.ll B Tet.leHHe nOcne,llHl1X nHTH neT.

KaKHe BCTpetIaJlHCb Ba>KHble np06J1eMbI, CBs:f3aHHble co C6bITOM npO.llYKUHH

HeQ>Tenepepa6aTbIBaIDlllero 3aBO.lla, 11 KaKHe HaMe"laIDTCH H3M~HeHHH?

Onl1WHTe CYijJHOCTb H npe.llOCTaBbTe nOAP06HYID HH~OpMaijl1ID OTHOCl1TeJlbHO

3KcnopTHblX onepaUH~no npO.llyKUHH JlID6oro He~Tenepepa6aTbIBaIDlllero3aBO,lla. YKa>K:l1Te

ueHy 3KcnopTHpyeMoro npO,llYl<Ta, nyHI<T ero Ha3Hat.leHHSJ 11 MeTO.llbl ero .Il0CTaBKH?

8



Kal<He KOJI11'·leCCTBa CneUl1cPH1.JeCKOrO HCXO,nHOrO CblPbH nepe.nalOTCH .nJIH XHM11'·leCKOrO

npOH3BO,nCTBa. ero ueHa 11 CTOI1MOCTb?

npQll13Be,nI1Te cpaBHeHHe e>Kero,nHoro o6l1Jero nOToKa ,nOXO.110B C 06IJ.lHMH CTOI1MOCTHMH

.LlJlH KIDK.llOrO HecPTenepepa6aTbIBalOIJ.leI'O 3aBo,na.
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BOnpOCHI1K no MCCnE,llOBAHI1IO npOBnEM
OXPAHbI OKPYJKAIOlUEI1 CPE,llbI

I. Uenb HaCTOSllLlero BOnpOCHl1l<a 3aKJUO"laeTCSI B onpe,neneHI1I1 HanpaBneHI1H

HaUl10HanbHOH nOnl-tTMKM OTHOCHTenbHO oxpaHbl H O"lI1CTKM OKPY)I(alOlLleiii cpe,nbl.

II. HaUI10HanbHaH nOJlMTMKa

A. I1MeeTcSI nM 3aI{OHo.oaTenbCTBO, onpe.oeJlSleMOe HaijMOHaJIbHOH nOnI1TI1KOH, B

KOTOpOM YI<a3blBaeTCSI, "ITO C6POCbl 3arpSl3HSlIOlLlMX BeijlecTB ,non)l(Hbl 6blTb

nI1MI1Tl1pOBaHbl, Kal<l1e CTaH.oapTbl .oomKHbl 6blTb pa3pa6oTaHbl, KaK

KOHTpOnl1pOBaTb c6pocbI 3arpSl3HHIOWl1X BewecTB 11 KaKHM 06pa30M BHOCI1Tb

nonpaBKM K ycnoBI1S1M B CJlY"l~.SlX, Kor,na ypoBHM C6POCOB npeBblW3.IOT

.oonycTI1Mble HOpMbl?

E. COcToSlHMe Ha I1IOHb 1993 rOlla

1. 3aKoHo.oaTeJlbCTBO - 3TO cneijl1<pI1"1eCKI1" 3aKOH no KOHTpOJiIO:

3aroH3HHIOwee BeweCTBO HeT

B03.oYWHbie 3arpSl3HeHI1H

C6poc CTO"IHbIX Bon

C6poc TBep,nbiX OTXOD.OB

rpYHToBbie BO,nbl

npenno

)l(eHl1e

(lIa/HeT)

$aKTI1QeCKCUI

O)I(H,naeMaH

,naTa

YTBep?KlIeHI1H

2. nOcTaHOBneHI1H/HopMbl - .oonYCTI1Mble ypOBHM 3arpR3HeHI1R:

3aroR3HHIOwee BeweCTBO HeT

B03lIYWHbie 3arpR3HeHHR

C6poc CTO"lHbIX Bon

C6poc TBep.oblX OTXO.aOB

rpYHTOBbie BOlIbl

1

npe,rr.lIO

)l(eHl1e

(lIa/HeT)

$aKTHQeCKCUI

O)I(HlIaeMaH

naTa

yrBep?KlIeHI1S1



3. Ony6mll<osaHHblP llaHHble

Ecmt 6bIJU1 YCTaHOBJIeHbl HOpMbl .LlOnYCTMMbIX c6pocos Y..JIIif BbmYCl<a B

B03.llYX 3arpR3HRIOijlMX BemecTB, npe.rtOCTaBbTe, nO>KaJIy~cTa,KonliflO Ta6JIlifU, B

I<OTOPblX YI<a3aHbl .llOnYCTMMble YPOBHIif c6poca MJIIif BbmyCy.:.l B B03.llYX

3arpR3HRIOI.1!MX BellleCTB.

III. OTBeTcTBeHHocTb

A. B03JIO>KeHbl JIM nOJIHOM01.Jl1R Iif'llif OTBeTCTSeHHOCTb 3a KOHTpOJIb c6poca HJIH

BbmycKa 3arpR3HRIOIJJHX BemeCTB (B03.llYX, BC.lla, TBep.llble OTXO.LlbI Iif rpYHTOBble

BC' .'lbl) TOJlbKO Ha M!!Y: aoMIifHHcTpaTHBHYIO npaSHTeJIbCTseHHyIO CJIy)K6y?

---__ ,Ila HeT

ECJIH .Lla: MMR 11 <l>aM11JIHR

A.apec

TeJIe<l>oH

<I>aKc

ECJi.~ HeT, T';) 1<1'0 OTBe"l".eT 3a:

B03.llYWHble 3arpS::3HeHHR:

MMR H <l>aM11JIHR

ft,.,npec

TeJIe<l>oH

<I>aKC

C6poc CT01.IHbIX BO.ll: I1MR H <l>aMHJIHR

A.apec

TeJIe<l>oH

<I>aKc

C6poc TBep.llblX OTXO.LlOB:

MMR H <l>aMHJIHR

Anpec

TeJIe<l>oH

<I>aKc

2
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rpYHTOBble BO,nbl:

I1MH 11 <jlaMl1JIl1H

Anpec

TeJIe<jloH

<I>aKc

E. npl1.o.ep>KJllSaeTCH JIl1 npaaHTe.nbCTBO sameH CTpaHbI nOmUHIG1, npHHSlTOH

MHOrOHaU110HaJIHbiM .norOBopOM, naKTOM HJIH aCCOUHaUHeH no 1<0HTpOJIIO

oKpy>KalOl!1eH cpe,nbl? __ ,Ua __ HeT

,Upyrue CTpaHbl:

IV. CospeMeHHoe nO.l!O>KeHHe no BonpocaM oKpy>KalOWeH cpelIbl

PaccMaTpHBaeTcH JIH B K3.l<OM-JIH60 npaBHTeJIbCTBeHHOM opraHe HJIH y>Ke 3aBepweHa

TeXHHQeCKaH oueHKa COBpeMeHHoro nOJIO>KeHHH np06JIeM 3arpH3HeHHSI B03.o.yxa, BO,nbI,

TBep,nblx OTXO.nOB HJIH nO"lBeHHblX BO.n? ,I:\a HeT

ECJIH .na, TO HMeeTCH JIH CBO.nHaH HHQ>opMaUHH no OTt.leTy

,Ua _._HeT

npH HaJIl1\.IHI1 npl1J10>KHTe Komno TaKOH I1HcPopMaUHH.

V. Hednenepepa60TKa

B CJIyt.lae Heo6xOlll1MOCTH H3MeHeHHH COCTOHHHH OKpY)l~aroIJ.1eH cpe,nbI, O"lHCTHTeJIbHble

onepaUHH MoryT nOTpeOOBaTb BbInOJIHeHHe pa3JIViQHbIX BH,nOB ,lleHTeJIbHOCTH,

npOBe.neHl1e pa60T B pa3JIHt.IHbIX 06JIaCTHX H yCTaHOBJIeHHe onpe,lleJIeHHoro nopSI,lll<a

Ol.lepe.nHOCTH.

ECJIH 3TO TaK, nO>KaJIyHcTa, onpe.o.eJIHTe CTeneHb Ba>KHOCTM B HHmenpHBe.neHHbIX

KaTeropJ!!SlX, KOTOPYIO Bbl H MeCTHoe HaCeJIeHl1e C"IHTaIOT HaH6'"'>JIee H HaHMeHee

He06xo,llHMb1M (HoMep 1 . MaKCHl.IaJIbllbIH npHopHTeT, HOMep 4 - MHHI1MaJIbHbIH

npHOpI1TeT):

r,--

He06xOlIHMOCTb KOHTpOJIH 3aroH3HeHI1H

B03,llywHble 3arpH3HeHHH

C6poc CTOt.IHbIX BO,ll .

C6poc TBep.nbiX OTXO.o.OB

rpYHToBble BO,llbl

3

CTeneHb BamHOCTH

1 2 3 4
123 4
1 2 3 4
123 4
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Appendix C

C. COAL AS AN ENERGY SOURCE

1. GENERAL REVIEW OF POTENTIAL REFINERY USE FOR COAL

The availability of native coal makes a review of coal as an energy source of
interest to the national economy. A study on the use of coal as an adjunct 0:'

sl''1stituta for hydrocarbon fuel streams is, therefore, included in this
evaluation.

Thl~ refining of crude petroleum in the USA typically reQuires 380 000 BTU per
barrel (crude feed) of fired fuel. Heat is provided by burning a variety of fuels
in directly fired heaters. Generally the fuels are a collection of effluent streams
in both gaseous and liquid forms from the various operations around the
refinery complex.

Coal is frequently used in industry as a fuel source. Generally it is used on
large capacity boiler units. There are significant base investment and
operating costs and activities associated with feed and ash handling
equipment, sulfur removal, etc. that CS!'l be charged out over large installations
but prove too inhibitive ir, the economics of small units.

There are many ways to utilize coal as a fuel. Those most applicable to the
situation at hand are discussed below. The first two, direct coal firing and
coal gasification, are discussed in some detail. Several others, such as coal
liquefaction, coal-oil mixtures, coal fired gas turbines are touch9d upon briefly.

The use of coal in the existing refinery process heaters would most likely be
restricted to one of the methods in which a product fuel can be produced in
one location and piped to the various users. Plot space in the vicinity of the
existing furnaces along with safety considerations typically does not allow for
coal and ash storage and handling facilities within the refinery processing area.
Also existing equipment is not designed for the particulate loading experienced
in the flue gas with coal firing. In addition, any required sulfur removal
equipment would have to deal with flue gas clean-up en an individual process
heater basis if there were not a central coal processing facility.

2
D:\USAIDUCAZAKSTAMCOAL M8rch 7. 1994



:.J

Appendix C

The entire refinery energy and equipment picture dictates if coal could be
incorporated into the refinery as a acceptable energy source. If a new process
heater :>r utility boiler would be needed and the fuel balance allows for another
fuel source, then the use of coal may be justified and the new coal
technologies would be worth looking at. If the residual fuel picture changes
because of modifications to the refinery, coal usage may be justified.

2. DIRECT COAL FIRING

Coal usage is not a simple thing anymcre. Gone ar~ the days (>,f stoking the
fira by shovelful of run-of-mine coal and just letting it burn. Coal may need to
go thro';~ah physical cleaning, sizing, and drying just to get it to the furnace.
Burne,s are specially designed to achieve optimum efficiency and low nitrogen
oxide emissions. Additives are injected to reduce ash sticking to heater tube
walls, reduce sulfur dioxide in the flue gas, etc. Flue gas may be subjected to
further treatment such as wet scrubbing to reduce sulfur dioxide to meet
tighter levels of environmental acceptance.

Traveling grate burners bring the coal automatically to the burning chamber
where the coal is burned. Coal with a moisture content much above 30
percent must be dried before burning, so lignite/brown coals would most likely
need pre-combustion drying. Hot under grate air can be used for this purpose.
Ash builds up on the grate until it drops i.lto a hopper. The ash is later
removed from the hopper. Sulfur, however, must typically be dealt with after
combustion where it is removed as sulfur oxides. Add- on sulfur dioxide
removal equipment adds significantly to the cost of a unit.

Modern direct coal burning systems include atmospheric and pressurized
fluidized b~d combustion (AFBC and PFBC) units that provide for gas burning,
clean-up, and heat recovery all in one unit. Limestone is used as part of the
fluidizing medium and the calcium present in it reacts with the sulfur dioxide
before it is able to escape from the combustion chamber. The result is a non
toxic disposable by-product.

FBC technology is applicable to a wide variety of fuels including a wide range
of coals, residual oil, and petroleum coke. AFBC technology for boilers is
available commercially from a large number of licensors, while PFBC
technology is still considered to be in the development stages. The application
of FBC technology to a process heater may be possible, but it would require
extensive pilot test runs and special considerations in equipment design.

3
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3. COAL GASIFICATION

Coal gasification has been utilized for a long time and there are several
companies (Texaco. Lurgi. IGT, KRW) that have commercialized processes.
The products from the gasification, hydrogen, carbon monoxide, carbon
dioxide, and others, can be used as a chemical feedstock or a fuel gas. To
produce a fuel gas of medium range heating value (9.3 - 18.6 Mj/m3 or 250 -
500 Btu/SCF) suitable for burning in a process heater, oxygen must be used

in the gasification. Becouse of the reducing conditions present in the gasifiers,
most of the sulfur in the coal is converted to hydrogen sulfide. Hydrogen
sulfide can be removed from the gas stream by using a number of available
processes. In addition, it can be turned into elemental sulfur.

Development work is being done for in-situ desulfurization in a fluidized bed
coal gasifier. This process is much the same as the PFBC except that the
product is a gas with a heating value instead of combustion product gases.
It is also similar to the FBC technology in that it can utilize a wide variety of
fuels, such as the sour residual oil produced within the refinery.

Fuel gas produced in this way can be piped into a plant fuel header and used
.anywhere around the facility. The attractiveness of this option is that the coal
usage would be in one central location, while the fuel users could be in many
different locations.

Another possible use of the gas produced via gasification could be as a fuel
for a gas turbine. The gas turbine could be used to generate electricity or to
provide a direct large capacity mechanical drive such as a compressor. The
thermal efficiency of a gas turbine is typically raised by using the turbine
exhaust gas to raise steam in a waste heat boiler in a co-generation process.

Given the availability of coal in Kazakhstan, coal gasification technology should
be watched closely and given full consideration at such time that energy
economics dictate its use. The selection of the proper technology to best fit
the local brown coal characteristics should be kept in mind. Initial investment
cost is high and although a project may be justified from a DCF or NPV basis,
a shortage of hard currency may delay or defer action.

4
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4. OTHER TECHNOLOGIES

Coal liquefaction

Production of liquid fuels from coal can be either indirect or direct. In indirect
liquefaction, the synthesis gas produced in a gasification step is further
reacted to produce a readily burnable fuel (i.e., via the Fischer Tropsch process
to naphtha, diesel and waxes or via syngas to methanol to gasoline). Since
the gasification product would be an adequate fuel for the heaters in the
refinery, there would be no need to go beyond that step to liquid fuels.

Direct liquefaction producing a Number 2 type fuel oil would be more
applicable to the fuel needs in the refinery. Several processes have been
developed since the 1960s including H-Coal, SRC-I, Exxon Donor Solvent, and
SRC-II (in the USA). The high cost and inefficiency associated with these
proce~ses led to the cutback of further development of the technologies as
they stood. The early processes have been modified and further developed by
the United States Department of Energy (US DOE) and industrial partners into
two-stage liquefaction processes. These processes are still not available on
a large commercial scale. Estimates are that the cost of a barrel of oil
produc3d by coal liquefaction using such methods might approach $25 per
barrel by the late-1 990s.

Coal oil I water mixtures

The use of coal slurried with oil or water to produce a usable fuel is also the
subject of numerous studies and optimizations. There are even annual
conferences on "Coal & Slurry Technology" sponsored by the Coal & Slurry
Technology Association and the U.S. DOE's Pittsburgh Energy Technology
Center (PETC). Coal water mixtures can be prepared with up to 70 percent
sOlids, while current technologies and pilot plant results show coal oil mixtures
are limited to 30 to 50 percent solids. Coal-oil mixtures could be prepared in
one location and pumped around the plant to the various process heaters,
however, emissions in terms of sulfur dioxide, NO. and particulates would be
a problem at each furnace.

5
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CQal-fired gas turbines

Direct cQal-fired gas turbines are t...:ting develQped and improved by General
Electric, WestinghQuse, and United TechnQIQgies. The use of gas turbines in
this manner on the refinery WQuid mQst likely be restricted tQ electricity
generation. SQlids and impurities depQsitiQn on blades and casing~ WQuid
likely require frequent cleaning and duplication Qf equipment to keep an
optimal amount of equipment "Qn-line". EnvirQnmental contrQI requirements
WQuid alsQ likely limit the applicatiQn Qf this technQIQgy to high quality cQals.

Fuel cel~

The cQmbination Qf cQal gasificatiQn and emerging fuel cell technQIQgy
presents an attractive high efficiency electrical and heat energy generatiQn
PQssibility. Current projectiQns, based Qn wQrk sPQnsQred by the US DOE,
indicate an efficiency level between 45 and 55 percent in cQnverting
hydrQcarbQns directly tQ electricity. The hydrQgen and carbQn mQnQxide rich
fuel from coal gasificatiQn is suited tQ fuel cell use, with carbQn diQxide used
in the cathQde side Qf the cell.

Of the four majQr fuel cell technQIQgies, tWQ are WQrthy Qf mentiQn here 
phosphQric acid and molten carbQnate. PhQsphQric acid fuel cells are at a more
advanced state; hQwever, they Qperate in the range Qf 200°C cQmpared to
molten carbonate cells that Qperate at 650°C.

The molten carbonate fuel cell is best suited for use with coal gasification in
applications where good quality heat is needed. The exhaust gas temperature
of 650 °C is useful in the generation of high quality steam for process
purposes. The use of bottoming cycles further enhances the system.

Overall efficiencies including electrical and recovery of exhaust {'as heat to
generate steam are in the order of 80 percent. The US DOE is sponsoring sub
megawatt tests of commercial sized units. These te~ts are scheduled for the
1993 calendar year. While the technology is not ready for commercial use, it
is potentially attractive and should be watched closely.
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5. COAL IN KAzAKHSTAN

In the future, the use of coal within the refineries is -not feasible. Some
reasons include:

• Kazakhstan coal is mainly high ASH, approximately 50%

Refinery furnaces are designed for fuel gas and fuel oil. Conversion to coal
burning will require replacing or revamping the existing furnaces. F,easibility
and economic analysis studies of furnace technology and waste heat
recovery are required before considering conversion.

• Burning coals with high ash and sulfur cootent and metallic contaminants
can result in unscheduled furnace shut-downs and clean-up problems.

• Coal use may pose special environmental considerations such as the
application of advanced technologies for flue gas treatment and cleaning,
ash disposal, and waste heat recovery.

6. COAL IN THE KAzAKHSTAN REFINERIES

At this time no coal is used in any of the Kazakhstan refineries.
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°API
°C
of
%
I
A
ACFM
AFBC
API
ASTM
BACT
BFW
BOD
BPCD
BPSD
BS&W
BTX
Btu
C.F.
CCR
CIS
COD
CRT
CRU
CT
CV
DAF
DCF
DCS
DEA
DP
EP
EPA
FBP
FCC
FGD
FOE
FOG
G
GCV
GDR
GJ
HC
HDS

APPENDIX 0

ABBREVIATIONS

deg API (gravity of oil fractions, defined by API)
degree Celsius
degree Fahrenheit
per cent
per (e.g., tonnes/day)
ampere
actual cubic feet per minute
Atmospheric Fluidized Bed Combustion
American Petroleum Institute
American Society of Testing Materials
best available control technology
boiler feed water
biological oxygen demand
barrels per calendar day
barrels per stream day
Basic, Sediment and Water
benzene toluene xylene
British thermal units
characterization factor
continuous catalyst regeneration
confederation of independent states
chemical oxygen demand
cathode ray tube (television monitor)
catalytic reforming unit
current transformer
calorific value (heat of combustion)
dissolved air flotation unit
discounted cash flow
Distributed Control System
Diethanolamine
differer.tial pressure
end point
Environmental Protection Agency (U.S.)
final boiling point
fluid catalytic cracking
flue gas desulfurization
fuel oil equivalent
fats, oils, & grease
giga(109 )

gross calorific value
German Democratic Republic (formerly East Germany)
giga joules
hydrocarbons
hydrodesulfurization



HOT
HP
Hg
Hz
IBP
IGT
ISBl
J
KRW
KVAR
LHSV
LP
Lube
M
MEA
MEK
MHC
MON
MOV
MPa
MSW
MTA
MTBE
MTBF
MVA
MVAR
MW
NAAQS
NCV
NHT
NIS
NOx
NPDES
OEM
OSBl
OSHA
OVA
P
PFBC
PI
PID
PLC
PONA
?T
Pa
RCC
RI
RON
RTD
RVP
S.R.
SCFD
SCFH

hycJrotreating
high preBsure
mElrcury
hertz
initial boiling point
Institute of Gas Technology
inside battery limit
joultt
Kellcgg Rust Westinghouse
Kilovolt-Amperes Reactive
Liquid Hourly Space Velocity
linear programmingnow pressure
LUbricating
mega(10cs)

Morl(lothanolamine
me,~~ 'Vi ethyl ketone
mild hydrocracking
motor octane number
motor operated valve
Megapascal, a unit of pressure
municipal solid waste
metric tons per annum
methyl tertiary butyl ether
mean time between failures
mega volts ampere
mega voltampere reactive
mega watts
National Ambient Air Quality Standards
net calorific value
Naphtha Hydrotreating Unit
newly independent states
Oxides of Nitrogen
National Pollutant Dischargo Elimination System
original equipment manufacturer
outside battery limit
U.S. Occupational, Safety, & Health Agency
Organic Vapor Analysis
Proportional Control
Pressurized Fluidized Bed Combustion
Proportional/Integral Control
Proportional/Integral/Derivative Control
Programmable LoOic Controller (part of DeS)
Paraffins, Olefins, Naphthanes and Aromatics
Potential Transformer
pascal, a unit of pressure
reduced crude conversion
Refractive Index
research octane number
Resistance Temperature Detector
Reid Vapor Pressure
Straight Run
standard cubic feet per day
standard cubic feet per hour



SCFM
SG
SOX
SRC
T
TAR
TBP
TIC
TDS
TEFC
TEL
TOC
TSS
UOPK
V
VGO
voe
WATSON K
WWTP
XP
atm
bar
cP
cSt
cal
cm
cps
day
ft3
ft
g
gal
gpm
h
hp
in
k
kA
kPa
kV
kWh
kcal
kg
kg/cm2

Ib
I
m
max.
mg
mi
million
min
min.

standard cubic feet per minute
specific gravity
Oxides of sulfur
solvent refined coal
tera (1012

)

turn around
true boiling point
Thermocouple
total dissolved solids
totally enclosed fan cooled
tetraethyl lead
total organic carbon
Total Suspended Solids
UOP Characterization Factor
volt
vacuum gas oil
volatile organic compound
Watson Characterization Factor
wastewater treatment plant
expk1sion proof
atmosphere or atmospheres
bar
centipoise
centistokes
calorie
centimeters
cycles per second
day
cubic feet
feet or foot
gram
gallons
gallons per minute
hour.
horse power
inch or inches
kilo
kiloamperes
kilo pascal, a unit of pressure
kilovolts
kilowatt hour
kilo calories
kilogram
kilogram per square centimeter
pound or pounds
liter or litre
meter or metre
maximum
milligram
mile
million(106)

minute
minimum

=-



mm
mol
n
ohm
pH
percent
phase
ppb
ppm
ppmv
ppmw
psi
psia
psig
ptb
rpm
sec
tonne
tor"I,es
vo.
wt
y

D:\USAID\ABBRVTNS

millimeters
mole
normal
ohm'
pH, a measure of acidity,or strength of a base.
percent(or %)
phase (electrical)
parts per billion
parts per million
parts per million (volume)
parts per million (weight)
pounds per square inch
pounds per square inch absolute
pounds per square inch gauge
pounds per thousand barrels of oil
revolutions per minute
seconds
metric ton
metric tons
volume
weight
year
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REFINERY ENERGY BALANCE AND "ENERGY DEMAND" CRITERIA

To properly undertake an appraisal of the energy efficiency of Eastern European
refinery operations, it was epparent that some standard measure of the
performance of typical modern US refinery installations was essential. A literature
search revealed two documents describing typical energy consumptions in the US
refining industry based upon surveys and energy audits as follows:

R.V. Elshout, Barnard and Bunk ~ngineers and Constructors Inc., Pasadena,
California, Hydrocarbon Processing, July 1982, Pg. 109.

R.O. Pelham and R.D~ Moriarty, Profimatics, Inc., Thousand Oaks,
California, Hydrocarbon Processing, July 1985, Pg. 51.

The 1982 article Hsts typical .utility requirements for a range of common refinery
prDcessing units, whereas the 1985 article analyzes the thermodynamic elements
of energy usage for a typical 80 000 BPSD fuels refinery. These two references
assessed US refinery energy performance from 1972 through the early 1980s. This
is the period during which the US refining industry had recorded energy utilization
improvements of about 25 percent.

By convention, the volumetic based English system of measurements (Barrels, API,
BTU's, etc.) is still preferred by US refineries whereas mass and the metric or
System International units (grams, metric tons, specific gravity, joules, kilocalories,
etc.) are commonly used in Europe. Therefore,. it is· necessary to establish
equivalent values between the two methods cif measurement so that equi'cable
comparisons can be made. The typical US refinery unit energy dempnds provided
by Elshout have therefore been transformed from American to EurlrjJean practice
as shown in the following Tables 1-3 by the provision of typical API gravities
(where ,appropriate) for the unit feedstocks.

Direct and positive comparison of total energy demands between similar unit
operations is still not possible; however, due to the individual refiner's selection of
electric or motive steam for the provision of mechanical power land also to the
selection of cooling water or air as the sink for rejected heat. Consequently,
suitable conversions to the basic fuel oil energy source were required and are
shown in Table 4 in both the European and American usages. DMC believes that
its selected efficiency factors of 80 percent for steam generation; 35 percent for
power generation; and 60 percent for combined pump with motor driver are
reasonable or conservative in deriving the selected conversion to fuel oil
equivalence to obtain a common, simple, and effective measure of total energy
demand.
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In a further attempt to extend and update the validity of these data. the most
recent publication of refinery unit licensors' information (Refiner's Notebook 
-Hydrocarbon Processing. - November 1990) was selected to :,eflect technical and
economic trends. together with other available information. to supplement lube oil
energy demands. A consolidate.d listing of the results is shown in Tables AP-E.1
through AP-E.13.

Finally. Table AP-E.14 attempts a reconciliation of the -Unit Total Energy
Requirements- chosen from the above-cited development and based upon Elshout.
with the overall typical fuels refinery energy usage reported in the Profimatic5
survey. The predicted results of 378 455 BTU per barrel versus 380000 BTU per
barrel required by the -reasonably efficient fuels refinery" cited in the Profimatics
example provides reasonable assurance for the general validity of the methodology
even though it is claimed that improvements are continuing at the rate of 1 to 2
percent per year.

For convenience. Table AP-E.15 summarizes the -Refinery Unit Energy Demand
Criteria- selected as best representing expected and obtainable refinery practice
under current technical knowledge and economic pressures. These values were
used for the overall assessment of the Eastern European energy efficiency of
refinery operations.

In conclusion. it is Vlell to recognize that in these se~ected energy demands. the
potential for a further 15 to 20 percent reduction in energy usage could be
technically/economically tt;c;::!:"le by prudent retrofitting in existing plant but more
likely in applying modern design techniques to future energy efficient installations
where proper long term economic criteria are both encouraged and applied.
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TABLE AP-E.l - TYPICAL REFINERY UTILITY USAGI::
••••••••••••••••••• e ••••••••••••••••••••••••••••••

PER 1000 BPSD CAPACITY EXCEPT AS NOTED

7YPICAL °API FUEL FIRED 18 of AT CW POWER KWH/H STEAM LB/H EXCH
M BTU/H GPM SURFACE FT2

CRUDE 26.0 2600 376 10 333 ·1200

40.0 3330 600 13 260 1000

VAC DISTILLATION 16.0 2100 410 16 1 260 2000

V1SBREAKER 9.0 8000 240 16 1260

THERMAL CRACKER 9.0 20000 2000 31 1900

DELAYED COKER 9.0 9120 830 60 1460

FLUID COKER III 9.0 -260 830 176 -3300 ,

PROPANE CEASPHAt.TING 9.0 16200 1000 40 2100

HYCROTREATING NAPHTHA 12) 46.0 2760 160 60 700 900

GAS OIL 26.0 3600 260 eo 700

CAT REFORMING (90 RON) 46.0 18000 660 160 1800

CAT CRACKING Fce (3 & 4) 20.0 800 800 276 660..
Tce 20.0 2000 I 800 226 -660

HYDROCRACKING III 20.0 '. 8 oeo 760 200 aoo 2100

CAT POLYMERIZATION 110.0 3EO 21eo 8000

SULFUR PLANT (10 TPC 5) 1600 46 ·2800

MEA UNIT (10 TPD S) 220 12.6 4200
--Hz PLANT (10 MM SCFC) (6 & 7) 200 200 . 1400 1800

III

~--

111 IINCLUDES AI
121 COMPRESSO
131 POV ICI
141

1111

161

171

161

-IWER FOR AVERAGE 15% PRODUCTION COKE BURNING
VEA: COULD BE SUPPLIED FROM ASSOCIATED CAT REFORMER

;ENERATOR BLOWER BUT NO CREDIT FOR LETDOWN TUR
)ILER WASTE HEAT RECOVERY
: H2 MAKE-UP COMPRESSOR
- STEAM METHANE REFORMING
JSTER COMPRESSOR TO 1750 PSIG

, 1982, PG 109
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•••••••••••••••• ** •••••• *•••••• ,
PER 1.0 BBl CAPACITY EXl

~GIE 11/

*••• *•• ***
:>

~

TYPICAL °API FUEL FIRED 18°FATCW PO\VER KWHIH STEAM LBIH EXCH
M BTU/H GPM SURFACEFT2

CRUDE 26.0 60000 640 0.24 7.992 28.8

40.0 79920 720 0.312 6 24.0

VAC DISTILLATION 16.0 60400 690.4 0.36 30 48.0

V1SBREAKER 9.0 192000 346.6 0.38 30

THERMAL CRACKER 9.0 480000 2880 0.744 46.6

DELAYED COKER 9.0 216880 1 196.2 1.2 34.8..

FLUID COKER m 9.0 ·8000 1 196.2 4.2 -79.2

PROPANE DEASPHALTING 9.0 364800 1440 0.96 60.4

HYDROTREATING NAPHTHA t:II 46.0 66000 216 1.2 16.8 21.6

GAS OIL 26.0 84000 380 1.44 115.8

CAT REFORMING (90 RON) 46.0 384000 792 3.8 43.2

CAT CRACKING FCC (4 & 6) 20.0 248848 1 162 8.8 16.8

TCC 20.0 277 646 1 162 6.4 -16.8

HYDROCRACKING III 20.0 192000 1080 4.8 14.4 60.4

CAT POLYMERIZATION 110.0 0 604 3.B 192.0

SULFUR PLANT (1.0 TONNE S) 3600000 108.0 -6720

MEA UNIT (1.0 TONNE 5) 31 680 30.0 10080.0

H2 PLANT (1000 SCF) (7 & B) 480 28.8 3.4 4.3

~

~
I'

11/

12/

13/

(4)

16)

Ie)

(7)

(8)

REF: HYDROCARBON PROCIESSI
INCLUDES AIR BLOWER FOil A\
COMPRESSOR POW D I
I

.Y,
:5

12, I'G'
FtO

9
ION COKE BURNING
:QCIATED CAT REFORMER
NO CREDIT FOR LETDO

FOR CO BOILER WA

I fr II I"~~" ,. I I
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TYPICAL 5P GR FUEL FIRED 10°C 6T CW POWERKWH/H EXCHANGE
KCAL M3 STEAM KG SURFACEm2

CRUDE DISTILLATION 0.9042 105284 14.2 1.67 26.3 18.6

0.8261 163660 20.8 2.38 20.8 17.0

VAC DISTILLATION 0.9693 83337 14.6 2.36 89.4 29.3

VISBREAKER 1.0071 302407 8.2 2.25 85.1

THERMAL CRACKER 1.0071 766017 27.2 33.77 -44.3

DELAYED COKER 1.0071 344 744 28.3 7.60 98.7

FLUID COKER 12I 1.0071 ·9450 28.3 26.26 ·224.7

PROPANE DEASPHALTING 1.0760 637768 31.9 6.62 133.8

HYDROTREATING NAPHTHA l:Il 0.8017 130688 6.4 9.43 69.9 16.8

GAS OIL 0.9042 147369 9.6 10.03 53.1

CAT REFORMING (90 RON) 0.8017 769784 23.6 28.28 164.0

CAT CRACKING FCC (4 & 6) 0.9340 422627 29.4 44.60 47.7

TCC 0.9340 471 639 29.4 36.41 -47.7

HYDROCRACKING Ill! 0.9340 326083 27.6 32.27 44.1 31.6-
CAT POLYMERIZATION 0.6869 20.6 41.27 936.3

SULFUR PLANT (1.0 TONNE S) 999295 119.02 ·3380.0

MEA UNIT (1.0 TONNE 5) 132.0 33.06 6040.0

H2 PLANT (1000 SCF) (7 & 8) 4038 3.6 112.22 '136.6

111 REF: HYD'ROCARBON PROCESSING JULY, 1982, PG 109
121 INCLUDES AIR BLOWER FOR AVERAGE 15% PRODUCTION COKE BURNING
13) COMPRESSOR POWER COULD BE SUPPLIED FROM ASSOCIATED CAT REFORMER
14) . NOTE: POWER INCLUDES REGENERATOR BLOWER BUT NO CREDIT FOR LETDO
1111 NOTE: 5 WO/O COKE BURNING INCLUDED BUT NO CREDIT FOR CO BOILER WA
IS) POWER EXCLUSIVE OF H2 MAKE-UP COMPRESSOR
111 '. .FUEL INCLUDES FEED - STEAM METHANE REFORMING
181 POWER INCLUDES BOOSTER COMPRESSOR TO 120 BARG

I.. I •
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TABLE AP-E.4 - TYPICAL REFINERY UTILITY USAGE 111
•••••••••••••••••••••••••••••••••••••••••••••••••••••

PER 1.0 TONNE CAPACITY EXCEPT AS NOTED

I I , . I,

m

TOTAL SAY USE SAY USE
TYPICAL FUEL FIRED 10 °C 4T CW POWER ENERGY TOTAL TOTAL

SPGR - KCAL KCAL KCAL STEAM KCAL KCAUM.T ENERGY f:NERGY
MKCAUM.T MBTUlBbl

CRUDE
DISTILLATION 0.9042 106284 8632 4012 17 697

0.8261 163660 12467 6716 14646
VAC DISTILLATION 0.9693 83337 8786 6672 62647
VISBREAKER 1.0071 302407 4908 6402 69678
THERMAL CRACKER 1.0071 766071 16341 81037 -30981
DELAYED COKER 1.0071 344 744 16961 18008 69111
FLUID COKER .... 1.0071 -9460 16961 tS3029 -167287
PROPANt:
DEASPHALTING 1.0780 637788 19118 13484 93680
HYDROTREATING
NAPHTHA C3l 0.8017 130688 3849 22623 4191
GAS OIL 0.9042 147369 6688 24071 37163
CAT REfORMING
(90 RON) 0.8017 769784 14113 67868 107715
CAT CRACKING FCC
(4& 6) 0.9340 422627 17621 106800 33406
TCC 0.8340 471 638 17 621 87382 -33406
HYDROCRACKING .a, 0.9340 326083 16620 71673 30837
CAT
POLYMERIZATION 0.6869 a 12289 99062 666404
SULFUR PLANT (1.0
TONNE S) 999296 0 286638 -2362000 -1067067 -1070 -1070
MEA UNIT (1.0
TONNE S) 0 79200 79344 3628000
H2 PLANT 11 000
SCF) (7 & 8) 4038 2182 2693S1 46826

~~

111
(21

(31

(41

(6)

(el

(71

(81

DCA! Be tOl ; f)G t
ON COKE BURNING
DCIATED CAT REFORMER
NO CREDIT FOR LETDO
- FOR CO BOILER WA

G

o = 57~ :A _- SA
,u~, _':::',0
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TABLE AP-E.5 - TVI :::A.......................' .
PER 1.0 BBl CAI~ACITVEXl

V USAGE
•••••••••••••••••••
~ AS NOTED

IIII

.:."

us Of AT
UNIT REF HDBK TYPICAL FUEL CW POWER STEAM LB

1990· °API FIRED BTU US GAL KWH

CRUDE DISTILLATION TECHNIP LO 4TWR 34.0 40000 68 1.10 6.0
- TECHNIP HI4TWR 34.0 60000 90 1.60 12.0
H PROC JU...Y '82 HV 26.0 60000 640 0.24 8.0
H PROC JULY '82 Lt 40.0 79920 720 0.31 6.0
GDANSK 32.0 20 0.60 24.0

CRUDENAC DISTILLATION fWLORANGE 8.7 80000 20 0.60 24.0
- FWHI RANGE 8.7 120000
PLOCK LO RANGE 1&2 32.6
PLOCK HI RA;.,GE 3&4 32.6

VAC DISTILLATION • SHELL - LUBES 22.0 690 0.36 30.0
H PROC JULY '82 16.0 60400
GDANSK 20.0

VAC FLASHER
LTENDS FRACT'N (USE)

LPG 130.0 260 0.30 40.0
NAPHTHA SPLITTING 50.0 460 0.30 70.0

H'TREATING· NAPHTHAS H PROCJULY '82 46.0 66000 216 1.20 16.8
GDANSK 46.0

H'TREATING - GAS OILS H PROC JULY '82 26.0 84000 360 1.44 16.8
PLOCK 26.0
GDANSK 26.0

H'TREATlNG - ~I:SID -IFP- RESID 16.0 62600 28f) 8.f)0 74.0
• CHEVRON

REFORMING • CHEVRON + HT 48.0 286000 160 0.70 -40.0
• ENGELHARD-l00 RON 48.0 260000 40 2.00 -12.6
• IFP-l00 RON 48.0 66000 1.00 43.2
H PROC JULY '82 46.0 384000 792 3.60
PLOCK + HT (AVG) 48.0
GDANSK 46.0

...........
1'1 . I " I
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TABLE AP-E~6 - TYPICAL REFINERY UTILITY USAGE
•••••••••••••••••••••••••••••••••••••••••••••••••••••

PER 1.0 BBl CAPACITY EXCEPT AS NOTED

.1 ,J I •

Co

,

18 ufO ~T
UNIT REF HDBK TYPICAL FUEL CW POWER STEAM LB

1990· °API FIRED BTU US GAL KWH

FCCU MWKELLOGG 20.0 229646 0 0.90 -100.0
H PROCJULY '82 20.0 248846 1 162 6.60 16.6
PLOCK I 20.0
PLOCK II 20.0

TCCU H PROC JULY '82 20.0 277 646 1 162 6.40 -15.6
ALKYLATION· PRODUCT STRATCO H2SO. 60.0 2060 13.60 180.0

PLOCK 60.0
OLIGOMERIZATION - PRODUCT MOBIUBADGER 60.0 160 10.00

IFP 60.0 1 316 1.90 64.0
CAT POLYMERIZATION H PROCJULY'S2 110.0 604 3.84 192.0
PROPANE DEASPHALTING IFP 12.0 23760 1.40 7.0

KERR-McGEE 12.0 96000 0 2.00 12.0
• FWLUBE 12.0 89000 0 2.00 60.0
H PROC JULY 'S2 9.0 364 SOO 1440 0.96 60.'1-

LUBES· PDA FWLUBE 12.0 86000 416 2.10 116.0
SHELL 12.0
GDANSK 16.0

- FuRFURAUNMp SHELL 26,0
• EXXON NMp· 103 VI 25.0 202000 200 1.40 64.3
PLOCK 26.0
GDANSK 26.0

- DEWAXING SHELL MEK 27.0
PLOCK ACETONE/BENZ 27.0
GDANSK OJ-ME 27.0

- H'FJNISHING SHELL 27.0
PLOCK 21,0
GDANSK 27.0

GREASE· PER TONNE STRATCO
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TABLE AP-E.7 - TYPICAL REFINEIAY UTILITY USAGE
•••••••••••••••••••••••••••••••••••••••••••••••••••••

PER 1.0 BBl CAPACITY EXCEPT AS NOTED
18 uF 4T

UNIT REF HDBK TYPICAL FUEL CW POWER STEAM LB
1990· °API FIRED BTU US GAL KWH

12.4
H'CRACKING • LUMMUS/OXY/AMOCO - 783 SCF Hz 66100 64 8.40 -36.6

4.7 -
720 SCFH2 69800 164 16.60 -97.0

• CHEVRON 23.0 143000 330 7.00 -60.0
• IFP 21.6 40000 2.80 12.6

• LINDE 21.6 60000 180 1,60

· lin", 8.4 130000 10,00
H PROC JULY '82 20.0 192000 1080 4.80 14.4

THERMAL CRACKER H PROC JULY 82 20.0 48000 1 162 6.40 -16.6
VISBREAKING • LUMMUS· 366'FFEED 8.2 76000 270 0,60 46.0

·,FP 115.0 22800 0 1.80 10.6
H PROC JULY '82 9.0 192000 346 0.36 30.0

COKING • LUMMUS - DELAYED 7.4 146000 180 3.90 20.0
• EXXON - FLEXI 3.1 400 13.00 -100.0
·FW 2.8 120000 38· 3.80 -40.0
tt PROC JULY 82 DE 9.0 218880 1 196 1.20 34.8
H PROt; JULY '82 FL 9.0 -6000 1 196 4.20 -79.2

COKE CALCINING·PER TONNE • GKT - W GERMANY
ASPHALT BLOWING • SNAM - 80/1 00 PEN 6.9 89336 0.81 6.07

40/60 PEN 6.1 67869 2.73 30.76
PLOCK 8.0
GDANSK 8.0

MTBE - PRODUCT • CD TECH 46.4 1380 1.00 296.0
• PHILLIPS 46.4 1870 1.10 224.0

MEA uNIT (1.0 ToNNE S) • H PROC JULY '82 31680 3(\.00 10080.0
GDANSK

SULFUR PLANT (1.0 TONNE 51 • H PROCJULY '82 3600000 108.00 -6720.0
PLOCK
GDANSK

H2 PLANT (1000 SCF) (6 8c 7) 480 29 3.36 -4.3

,
,I, ~
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TABLE AP-E.8 - TYPICAL REFINERY UTILITY USAGE
•••••••••••••••••••••••••••••••••••••••••••••••••••••

PER 1.0 TONNE CAPACITY EXCEPT AS NOTED

I. I ... I

..;.
o

10"C AT
UNIT REF HDBK TYPICAL FUEL CW POWER STEAM LB

1990· SPGR FIRED M3 KWH
KCAl

CRUDE DISTILLATION TECHNIP LO 4TWR 0.8660 74212 1.9 8.10 20.1
TeCHNIP HI 4TWR 0.8660 111 317 2.6 11.06 40.1
H PROC JULY '62 HV 0.8042 106264 14.2 1.67 26.3
H PROCJULY '82 Lt 0.8261 163660 20.8 2.38 20.8
GDANSK 0.8864 163 COO 0.4 6.00 40.2

CRUDENAC DISTILLATION FWlORANGE 1.0093 126734 0.6 3.74 67.9
• FWHI RANGe 1.0093 188601 0.6 3.74 ~7.9

PLOCK LO RANGE 1 8& 2 0.8628 180380 8 4.80 66.0
PLOCK HI RANG!: 3 & 4 0.8828 ~06 680 8 8.20 139.0

VAC DISTILLATION • SHELL - LUBES 0.9218 174000 14.2 3.40 731.0
H PROC JULY '82 0.9693 83337 14.6 2.36 89.4
GDANSK 0.9340 122000 8.7 6.80 138.0

VAC fLASHER 0.0000 a
LTENDS fRACT'N (USE)

LPG 0.6411 0 11.4 3.49 211.2
NAPHTHA SPLITTING 0.7796 a 13.7 2.42 266.6

HYDRoTREATING - NAPHTHAS H PROC JULY '82 0.8017 130688 6.4 9.43 69.9
GDANSK 0.8017 178000 1.3 12.80 4.8

- eAs OILs H PROCJULY '82 0.8042 147368 8.6 10.03 63.1
PLOCK 0.8984 61000 14.0 14.00 66.6
GDANSK 0.8984 131000 1.4 2.40 3.1

- RESID -IFp· RESID 0.8669 86221 7.0 66.42 218.9
• CHEVRON 0.0000 0 o.u 0.00 0.0

REFORMING • CHEVRON + HT 0.7883 673487 4.8 6.69 -146.0
. • ENGELHARD·1oa RON 0.7883 603068 1.2 10.88 0.0

• IFp· 102 RON 0.7883 130 78& 0.0 7.88 -46.3
H PROC JULY 82 0.8017 769784 23.6 28.28 164.0
PlOSK + HT (AVG) 0.7883 760000 16.0 42.00 13B.8
GDANSK 0.8071 657000 6.7 7.80 621.2

-



iiABLE AP-E.S
•••••••••••••••••• .1' •••• , •••• ,

PER 1.0 TO : CAIPAC 'N EXl
••••
• AS I

I ••••••••

)
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I 10"C lH
UNIT REF HOBK TYPICAL FUEL CW POWER STEAM LB

1990· SPGR FIRED M3 :<WH
KCAL

FCCU MWKELLOGG 0.9340 390019 0.0 6.07 -306.9
H PROCJULY '82 0.9340 422 627 29.4 44.60 47.7
PLOCK I 0.9340 601 930 32.0 62.00 66.6
PLOCK /I 0.9340 80S 770 17.0 2S.00 47.1

TCCU H PROC JULY 'S2 0.9340 471 t)39 29.4 36.41 -47.7
ALKYLATION· PRODUCT STRATCO H2SO4 0.7796 0 62.6 109.05 669.7

PLOC~ 0.1796 386680 116.0 41.00 1.30.0
OLIGOMERIZATION - PRODUCT MOBIUBADGER 0.7796 0 4.6 SO.78 0.0

IFP 0.7796 0 40.2 16.36 197.9
CAT POLYMERIZATION H PROC JULY'82 0.6869 0 20.6 41.27 936.3
PROPANE DEASPHALTING IFP 0.9861 38206 'J.O 8.94 20.3

KERR-McGEE 0.9861 162823 0.0 12.77 34.8
• FW LUBE 0.9861 143171 0.0 12.77 173.9
H PROC JULY '82 1.0071 674673 34.0 6.00 143.0

LUBES· PDA FWLUBE 0.9861 138346 10.0 13.41 333.2
SHELL 0.9861 61:0000 26.3 10.90 26B.0
GDANSK 0.9669 298600 9.t) 31.60 147.0

- FURFURAUNMP SHELL 0.9042 414000 27.9 9.90 137.0
• EXXON NMP • 103 VI 0.9042 364 389 . 6.3 9.76 171.6
PLOCK 0.9042 463860 30.0 20.00 333.3
GDANSK 0.9042 281 600 8.0 3.13 134.8

• DEWAXING SHELL MEK 0.8927 440 36.1 27.40 1 233.0
PLOCK ACETONE/BENZ 0.8927 0 49.0 110.00 1463.0
GDANSK DI·ME 0.8927 0 19.4 36.13 1 693.7

- H'FINISHING SHELL 0.8927 160000 4.1 9..20 106.0
PLOCK 0.8927 162400 26.0 8.60 148.1
GDANSK 0.8927 160000 11.1 3.96 141.0

GREASE· PER TONNE STRATCO 0.0000 646000 660.0 Sl.60 0.0

'I I I
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TABLE AP-E.10 - TYPICAL REFINERY UTILITY USAGE
•••••••••••••••••••••••••••••••••••••••••••••••••••••

PER 1.0 TONNE CAPACITY EXCEPT AS NOTED
10 "C.o.T

UNIT REF HDBK TYPICAL FUEL FIRED POWER STEAM
1990· SPGR KCAL CWM3 KWH LB

H'CRACKING • LUMMUS/OXY/AMOCO 0.9833 90498 1.6 63.80 -103.2
1.0389 106673 3.8 100.02 -266.8

• CHEVRON 0.9169 247673 8.6 48.13 -166.0
• IFP 0.9248 68607 0.0 19.07 38.6
• LINDE 0.9248 86768 4.9 10.21 0.0
• UNOCAUUOP 1.0114 211 722 0.0 62.26 0.0
H PROCJULY '82 0.9340 326083 27.6 32.36 44.1

THERMAL CRACKER H PROCJULY '82 0.8340 81621 29.4 36.41 . -41.7
V1SBREAKING • LUMMUS - 366'FFEED 1.0129 117466 6.3 3.11 126.9

• IFP 0.9669 37444 0.0 12.39 31.4
H PROCJULY '82 1.0071 302407 8.2 2.26 86.1

COKING • LUMMUS - DELAYED 1,0187 226779 4.2 24.11 66.1
• EXXON - FLEXI 1.0613 0 9.1 7-:.87 -271.8
·FW 1.0662 180396 0.8 21.49 -108.3
H PROCJULY '82 DE 1.0071 344 744 28.3 7.60 98.7
H PROC JULY '82 FL 1.0071 -Q460 28.3 26.26 -224.7

COKE CALCINING·PER TONNE • GKT - W GERMANY 0.0000 270000 0.0 64.00 1 960.0
ASPHALT BLOWING • SNAM - 80/100 PEN 1.0300 66000 0.0 4.00 20.0

40/60 PEN 1.0360 66000 0.0 10.00 ~O.O

PLOCK 1.0143 139700 0.0 1:1.00 18.6
GDANSK 1.0143 90166 0.0 16.96 86.6

MTSE - PRODUCT • CO TECH 0.1&99 0 66.4 7.87 1067.3
• PHILLIPS 0.7999 0 66.7 8.66 800.1

MEA UNIT (1.0 TONNE S) • H PROC JULY '82 0.0000 0 132.0 23.06 6040.0
GDANSK 0.0000 0 0.0 0.00 6292.0

SULFUR PLANT (1.0 TONNE S) • H PROCJULY 82 0.0000 999296 0.0 119.02 -3360.0
PLOCK OOסס.0 1397000 0.0 68.00 -6 181.0
GDANSK OOסס.0 33 36.0 11.90 -, 076.0

H2 PLANT (1000 NM3) (6 & 7) 0.0000 4038 4.1 112.22 66.6

--
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10°C .o.T TOTAL SAY USE SAY use
UNIT REF HDBK TYPICAL FUEL FIRED CW POWER STEAM ENERGY TOTAL TOTAL

1990· SPGR KCAL KCAL KCAl KCAL KCAUT ENERGY ENERGY
M KCALlT MBTUIBbI

CRUDe DISTILLATION TECHNIP LO 4TWR 0.8550 74212 1 138 19445 14038 108829 110 58.7
TECHNIP HI4TWR 0.8660 111 317 1604 26616 28072 167409 170 90.2
H PROC JULY '82 Hv 0.9042 106264 8632 4012 17697 135605 135 77.0
H PROC JULY '82 Lt 0.8251 153660 12467 6715 14646 188377 186 98.9
GDANSK 0.8654 153000 240 12000 28140 193380 195 105.5

CRUDENAC
DISTILLATION FWLO RANGE 1.0093 126734 283 8986 47681 182683 186 118.2

• FW HI RANGE 1.0093 188801 283 8986 47661 246430 246 166.2
PLOCK LO RANGE 1 a 2 0.8828 180380 4800 11620 39200 235900 236 128.3
PlOCK HI RANGE 3 • 4 0.8828 205580 4600 19680 97300 327080 325 177.9

VAC DISTILLATION • SHELL· LUBES 0.9218 174000 6620 8180 91700 282380 280 164.1
H PROC JULY '82 0.9693 83337 8788 6672 62647 HIO 341 160 97.0
GDANSK 0.9340 122000 6820 16660 98600 240980 240 141.9

VAC FLASHER 0.0000 0 0 0 0 0
LT ENDS FRACT'N (USEI 0.0000 0 0 0 0 0
LPG 0.6411 0 6864 8379 147860 183094 HI5 65.6
NAPHTHA SPLITTING 0.7796 0 8248 6818 179683 193846 195 96.2
HYOROTREATING •
NAPHTHAS H PROC JULY '82 0.8017 130688 3849 22623 41913 198972 200 100.6

GDANSK 0.8017 178000 780 30240 3360 2123BO 210 107.S
• GAS OILS H PROC JULY '82 0.9042 147389 6888 24071 37163 214292 215 122.1

PLOCK 0.8984 61000 8400 33600 38920 141920 140 80.4
GDANSK 0.8984 131000 840 6760 2170 139770 140 79.2

• RESID • IFp· RESID 0.9659 86221. 4116 133006 163236 376678 375 229.4

• CHEVRON 0.0000 0 0 0 0 0
REFORMING • CHEVRON + HT 0.7883 673487 2900 13421 ·101488 488319 490 242.7

• ENGELHARD-l00 RON 0.7883 603068 726 38346 0 642 U8 640 269.4
• IFp· 102 RON 0.7883 130796 0 19173 -31 716 118253 120 6S.8
H PROC ,jULY '02 0.8017 .769784 14 113 67868 107176 849640 960 479.9
PlOSK + HT (AVG) 0.7883 ·760000 9000 100800 97160 966980 986 480.6
GDANSK 0.8071 657000 3420 18720 364840 1043980 1045 527.7

I "1
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TABLE AP-E.12 - TYPICAL REFINERY UTILITY USAGE
•••••••••••••••••••••••••••••••••••••••••••••••••••••

PER 1.0 TONNE CAPACITY EXCEPT AS NOTED

...

.;..

~-

~

10·C JH TOTAL SAY USE SAY USE
UNIT REF HDBK TYPICAL FUEL CW POWER STEAM KCAL ENERGY TOTAL TOTAL

1990· SPGR FIRED KCAL KCAL KCAUT ENERGY ENERGY
KCAL MKCAUT MBTU/Bbl

FCCU MW KELLOGG 0.9340 390019 0 14664 ·214143 190404 190 112.1
H PAOC JULY '82 0.9340 422621 11621 108800 33408 680454 680 341.8
Pf.OCK I 0.9340 601930 19 ~OO 148800 38920 808 S60 810 416.3
PLOCK II 0.9340 80a 110 10200 61200 61810 938040 940 662.3

TCCU H PROC JULY '82 0.9340 411639 11621 87382 ·33408 643136 646 319.8

ALKYLATION· STRATCO ~S04 0.1196 0 37666 261713 461786 781064 760 374.1
PRODUCT

PLOCK 0.7796 385880 69600 98400 91000 644680 646 318.9
OLIGOMERIZATION· MOBIUBADGER 0.7798 0 2749 193882 0 198611 196 98.6
PRODUCT

IFP 0.1198 0 24097 38834 138638 199466 200 98.0
CAT H PAOC JULY '82 0.6859 0 12289 99062 666404 766746 766 283.2
POLYMERIZATlor~

PROPANE IFP 0.9B61 38206 0 21468 14198 73863 76 46.9
DEASPHALTING

KERR·McGEE 0.9861 162823 0 30666 24340 207818 210 129.2
• FW CRACKED 0.9861 143 111 0 30666 121 101 296621 296 183.7
H PAOC JULY '82 1.0071 614673 20421 14407 100092 709498 710 460.6

LUBES· PeA FW LUBE 0.9861 138346 6013 32187 233260 409808 410 264.8
SHELL 0.9861 660000 16780 26160 181600 119640 180 464.6
GDANSK 0.9669 298600 6700 16840 102900 483040 486 294.1

·FURFURAL/NMP SHELL 0.9042 414000 16740 23760 96900 660400 660 313.7

• EXXON NMP ·103 0.9042 364389 3160 23402 120 117 6010eB 600 286.6
VI
Pf.OCK 0.9042 463880 18000 48000 233310 163110 166 429.3
GOANSK 0.9042 zal'6(1~ 4782 1612 94380 388164 390 221.3

·DEWAXING SHELL MEK 0.8927 440 21660 66760 863 100 9609150 960 636.2
Pt.OCK 0.8927 0 29400 2C4000 1 024 100 1 317 ~OO 1320 741.6
ACETONE/BENZ
GDANSK DI·ME 0.8927 0 11 622 84312 1 116690 1211624 1210 881.9

• HYDROFINISHING SHELL 0.8921 160000 2460 22080 14200 248740 260 140.0
PLOCK 0.8927 162400 16000 20400 103 fl70 291470 290 -"4.0

ODAN8~ 0.B927 160wa D DQ4 94BO 9B700 ZD4 634 zeo - ~;T...VI

GREASE· PER TONNE STRATCO 0.0000 645000 396000 196600 0 1 136600 1 136

'"1"-' 1- 11"1' 'I I



TABLE AP-E.13 • TYPICAL REI UTILITY USAGE
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PER 1.0 TONNE CAPACITY EXCEPT AS NOTED
10°C AT TOTAL SAY USE SAY USE

UNIT REF HDBK TYPICAL FUEL FIRED CW POWER STEAM ENERGY TOTAL TOTAL
1990· SPGR KCAL KCAL KCAL KCAL KCAUT ENERGY ENERGY

MKCAUT MBTU/Bbl

HYDROCRACKING • LUMMUS/OXY/AMOCO 0.9833 90498 933 129109 ·12201 148332 150 92.0
1.0389 106673 2266 240036 ·186741 162123 160 106.2

• CHEVRON 0.9159 241613 6148 116616 ·109 192 268146 260 148.6

• IFP 0.8248 68601 0 46168 21033 141391 140 82.4

• LINDE 0.9248 85168 2936 24513 0 113206 115 66.0

• UNOCAL/UOP 1.0114 211722 0 149428 0 361160 360 230.3
H PROC JULY '82 0.9340 326083 16620 77 673 30837 461112 460 266.6

THERMAL CRACKER H PROC JULY '82 0.9340 81621 17621 87382 -33406 153117 155 90.2
VISBREAKING • LUMMUS • 366'FFEED 0.0129 111466 3808 7461 88869 211683 220 138.9

• IFP 0.9669 37444 0 29731 21960 89 l~e 90 64.3
H PROC JULY '82 1.0011 302401 4908 6402 59618 3122116 310 236.4

COKING • LUMMUS • DELAYED 1.0181 226779 2524 57861 39267 326431 326 209.0
• EXXON· FLEXI 1.0613 0 6436 186898 ·190266 2019 2 1.4

• FW 1.0662 180396 481 61564 ·16819 156621 165 104.2
H PROC JULY '82 DE 1.0011 344744 16961 18008 69 111 448814 460 286.0
H PROC JULY '82 FL 1.0071 ·9460 16961 63029 ·167281 -86767 -86 -56.1

COKE CALCINING • PER • GKT • W GERMANY 0.0000 210000 0 129600 1366000 1764600 1166
TONNE
ASPHALT 8LOWING • SNAM ·80/100 PEN 1.0300 66000 0 9600 14000 18600 80 61.0

40/60 PEN 1.0380 66000 0 24000 14000 103000 106 67.3
PLOCK 1.0143 139100 0 12000 12960 164 660 166 105.3
GDANSK 1.0143 90166 0 40682 60634 191481 190 122.4

MTBE • PRODUCT CD TECH 0.1999 0 33220 18896 140 134 182249 190 399.6
• PHILLIPS 0,1999 a 33399 20184 660102 614286 616 309.8

MEA UNIT (1.0 TONNE 8) H PRoe JULY 82 0.0000 0 7i :ZOO 78344 OJ D:ZB 000 OJ elBel D44 OJ el8D ·
GDANSK 0.0000 0 0 0 4404400 4404400 4405 ·

SULFUR PLANT n.o H PRoe JULY '82 0.0000 999296 0 286638 -2362000 ·1061061 ·1010 ·TONNE S)

PLOCK 0.0000 1397000 0 163200 ·3626700 ·2060600 ·2006 ·
0.0000 33 21000 28 B60 ·1152 1500 ·702801 ·7015 ·

H2 PLANT (1000 NM3) 0.0000 4038 2438 269331 46826 321633 320 ·(6&7)
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TABLE Ap·E.14 • TYPICAL REFINERY UTILITY USAGE
•••••••••••••••••••••••••••••••••••••••••••••••••••••

COMPARISON OF TYPICAL REFINERY UNIT TOTAL ENERGY REQUIREMENTS
AGAINST A REASONABLY EFFICIENT 80 000 EPSD USA FUELS REFINERY

(ENERGY REQUIREMENT =380 000 BTU/BBl CRUDE FEED)

REF: PELHAM & MORIARTY, PROFIMATICS INC, HYDROCARBON PROCESSING, JULY 1985 Po 51 - TABLE 1

UNIT CAPACITY BPSD TOTAL ENERGY CAlC'D TOTAL REPORTED TOTAL TOTAL ENERGY
DEMAND BtulBbL ENERGY DEMAND ENERGY DEMAND DEMAND %

M BtuJD M BtuJD

CRUDENAC UNIT 80000 133700 10696.0 247592.6

LT ENDS 1000 56300 56.3 1 303.2
FRACTINATION

NAPHTHA HDS 16000 101 iOO 1 617.6 37·444.4

CATALYTIC 16000 480200 7683.2 177851.9
REFORMER

ALKYLATION UNIT 5500 368600 2027.3 46928.2

FCC UNIT 24000 .341 500 8196.0 189722.2

TOTAL PROCESS 378455 30276.4 700 842.6
UNITS

TOTAL REFINERY 378455 30276.4
PREDICTED

TOTAL REFINERY 80000 380000 30400.0
REPORTED

TOTAL CRUDE FEED 480000.0 480000
@ 6.0 MM BTUlBbL

ENERGY EFFICIENCY 6.31 6.33
- % ON CRUDE

NOTE: THE CLOSE CORRESPONDENCE OF THESE RESULTS Aj)PEARS TO JUSTIFY THE GENERAL VALIDITY OF THE RTOTAl ENERGY DEMANDR

FACTORS IN REPRESENTING REASONABLE ENERGY EFFICIENCIES IN A MODERN REFINERY CONTEXT.

HOWEVER, IT SHOULD NOT BE OVERLOOKED THAT THE CONCLUSIONS OF THIS PAPER WITH THERMODYNAMIC AND PROTOCOL
CONSIDERATIONS OF REFINERY ENERGY LOSSES WAS TO SUGGEST THAT GIVEN THE CURRENT REFINERY CONFIGURATIONS AND
TECHNOlOGIE$, CONCEIVABLE FURTHER IMPROVEMENTS COULD APPROXIMATE 23 PERCENT.
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TABLE AP-E.15
USA

TYPICAL REFINERY UTILI.{ USAGE
•••••••••••••••••••••••••••••••••••••••••••••••••••••

SELECTED SPECIFIC ENERGY DEMANDS

-~

UNIT BASIS FEED/PRODUCT FEEDSTOCK SPECtRC ENERGY SPECtRC ENERGY
DEMAND KCAUT OEMAND BTU/BBL

°API Sp Gr

DISTILLATION ·,0A 3 ·'0"3

ATMOSPHERIC FEED 25.0 0.9042 136 77.0

ATMOSPHERIC FEED 40.0 0.8261 186 96.2

ATMOSPHERIC/ FEED 32.0 0.8654 306 166.4
VACUUM LUBES

ATMOSPHERIC/ . FEED 32.0 0.8654 246 133.7
VACUUM FLASH -
VACUUM· FUELS FEED 18.0 0.9593 160 96.8

LPG FEED 130.0 0.6411 165 56.3

NAPHTHA SPLITTING FEED 60.0 0.7798 196 96.8

FCC GAS PLANT FEED 0.0000

CRACKING:

FCC FEED 20.0 0.9340 680 341.6

TCC FEED 20.0 0.9340 646 320.9

VISBREAKING FEED 9.0 1.0071 360 222.2

DELAYED COKING FEED 9.0 1.0071 460 286.7

FLUID COKING FEED 9.0 1.0071 ·85 ·64.0

FLEXI COKING FEED 0.0000 -.
HYDAOTREATING:

"100.:-0:

NAPHTHA FEED 45.0 0.8017 200 101.1
-~-

GAS OIL FEED 215.0 0.9042 2115 122.8

RESID FEED 0.0000

HYDAOCRACKING:

GAS OtlS FEED 20.0 0.9340 400 235.5

RESID FEED O.O\)()()

'II I " I
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TYPICAL REFINERY UNIT ENERGY USAGE

••••••••••••••••••••••••••••••••••••••
SELECTED SPECIFIC Il:NERGY DEMANDS

UNIT BASIS FEED/PRODUCT , FEEDSTOCK SPECIFIC ENERGY SPECiFIC ENERGY
DEMAND KCAL/T DEMAND BniIBBl

°API Sp Gr

lUBES

VACUUM - LUBES FEED 22.0 0.9218 750 466.2

PDA· LUBES FEED 12.0 0.9861 250 145.3

FURFURAUNMP FEED 26.0 0.9042 526 299.3

DEWAXING • MEKJDI·ME FEED 27.0 0.8927 950 534.7

H·FINISHING FEED 27.0 0.8927 200 1!2.6

8LENDING PRODUCT 27.0 0.8927 30 16.9

REFORMING FEED 45.0 0.8017 950 480.2

TREATING

MEROX FEED 35.0 0.8498 20 10.7

PDA· FUELS PRODUCT 9.0 1.0071 250 168.7

AMINE PRODUCT PER TONNE 3660 3660.0

SULFUR PlANT PAODUCT PER TONNE -1000 -1000.0

HYDROGEN PLANT PRODUCT 1000 NM3 320 320.0

GENERAL

ALKYLATION PRODUCT 50.0 0.7796 760 368.6

-
POLYMERIZATION FEED 110.0 0.6869 760 277.0

OLIGOMERIZATION PROCUCT 60.0 0.718a 200 88.3

MTSE PRODUCT 46.0 0.8017 700 363.8

GREASE PRODUCT PER TONNE 1150 1 150.0

COKE CALCINING PRODUCT PER TONNE 17150 17150.0

ASPHALT BLOWING FEED PER TONNE 100 100.0

BLENDING • FUELS FEED 35.0 0.8498 20 10.7
1

1
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PAYLODAR REFINERY - KAZAKHSTAN
OPERATING COSTS PLANNED FOR 4TH QUARTER 1993

.: j , - II I" ~ II •

~
~

1000 AMOUNT 1000
QUANTITY PRICE RUBLES/QUARTER RUBLESIMONTH RUBLESITON

,-

INPUTS

Crude Oil 1 700000 77414.00 131 603827 43867942 77414

EXDenses 26767259 8922420 15745

Total 158371 086 52790362 93159

PRODUCTS

Fuel Gas 29070 86139.20 2504066 834689 1473

C3/Proovlene 6718 93280.24 626657 208886 369

C4/Product 17013 112738.94 1 918028 639343 1 128

Gasoline 76 479102 107684.73 51 591 984 17 197328 30348

Kerosene 138776 102938.83 14285436 4761 812 8403

Diesel 473334 99212.64 46960719 15653573 27624

Heatina Oil 36595 115958.94 4243519 1 414506 2496

Mazut 327789 68033.70 22300706 7433569 13 118

Bitumen Do 29115 80001.32 2329238 776413 1 370

Bitumen Ct 9500 103395.66 982259 327420 578

Bitumen Ko 9500 80003.06 760029 253343 447

Sulfur 1 676 316247.60 530031 176677 ·312

Coke 7678 341 274.74 2620307 873436 1 541

Coke Fines 11 519 50367.17 580179 193393 341

1 577385 152233 158 50744 386 89549

OPERATING COSTS

Raw Materials I '131 603827 43867942 77414

If I I ,.
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Catalvst/Chemicals 76104 25368 45

Utilities

Power 2 199355 733 118 1 294

Steam 2448644 816215 1 440

Air 129857 43286 76

Cooling Water 201 714 67238 119

Waste Water - 119807 39936 70

Steam Return (518075) (172692) (305)

Inert Gas 41 645 13882 24

Fuel 5734891 1 911 630 3373

Gas 90833 30278 53

Reaeheratzva 110 175 36725 65

Ytnl teDDa 162 174 54058 95

Ov.lwm.aas 247 82 0

Waaes 525308 175 103 309

Social Insurance 194364 64788 114

Maintenance 2811 688 937229 1 654

DeDreciation 49169 16390 29

Current ReDairs 1 354481 451 494 797

CaDital Investment 1 160428 386809 683

1 030779 343593 606

Shop Expenses 178740 59580 105

Total Refinerv 8664929 2888310 5097

---
D:IUSAIDIlCAZAItSTANlCOSTTBl1
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PAV
OPERATING COSlrs PILAI

IV -I
lFOI 1(1 rER 1993

TOTAL 1158371 086 52790362 93159

Percent

Allowable Profit 20 31674217 105&8072 18632

Tax on Profit 25 7918554 2632518 4658

Investment and develoDU 35 11 085976 3695325 6521

Social Benefits 25 7918554 2639518 4658

Wages 15 4751 133 1 583711 2795

100 31 6742'i7 10 5> ,;~ , If --2

3
D:IUSAIDIUZAKSTANlCOSTTPl1 M.ch 7.1994

~o

. , I I I • Ii i . ,



I.

SHYMKENT REFINERY· OPERATING COSTS
NOVEMBER 1993 PLANNED FIGURES

COST 1000
ITEM UNITS QUANTITY PRICE RUBLES/MONTH RUBLESITON PERCENT

FEEDSTOCK

Crude Oil 1 000 MT 580.00 53436.74 30993309

Losses 1 000 MT 4.09 53436.74 218556

1 000 MT 575.91 30774753 53436.74 76.2%

OTHER RAW MATERIALS

Catalyst and Chemicals 111 669

Other Materials 2000

113669 2 193.90 0.3%

ENERGY COSTS

Electric Enerav R/KWH 12999 24.6 319781

Base Charae 23300 69900

Thermal Power

Steam 40 bar R/Gcal 21 300 23345 497249

Steam 16 bar R/Gcal 14434 21020 303403

Hot Water R/Gcal 2052 19460 39932

2 136.21 2.1%

UTILITIES

Demineralized Water RIT 28000 2443.46 58417

Condensate RIT 37799 2443.46 92360

Fresh Water R/M3 316.5 206.75 65436

Industrial Water R/M3 26.6 32.00 851

394.27 0.6%



• I 1,1

COST 1000
ITEM UNITS QUANTITY PRICE RUBLES/MONTH RUBLESITON PERCENT

OTHER

WaDes 43575

Social Insurance 16123

Emolovment Fund 1 014

Maintenance 287933

Safety and Protection 7400

Uniforms. etc. 206

Highwav Tax 370566

Deoreciation 27031

Other Exoenses 9 116

Investment Fund 1 655436

Production Cost 34764150 60363.86 86.0%

Percent

AllowQble Profit 16 5649174 9809.13 14.0%

Tax on Profit 25 1 412294

Investment 35 1977211

Social Benefits 25 1 412294

Bonus\Waces 15 847376

TOTAL PRODUCTION COST (ex Taxes) 40413325 70 172.99 100.0%

-~
~
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A.TYRAU REFINERY
OPERATING COSTS PLANNED FOR 4TH QUARTER 1993

, I
- I •

I
1.1, • II ~

AMOUNT

QUANTITY
1000 METRIC 1 000 RUBLES 1 000 RUBLESI

TONNES PRICE QUARTER MONTH RUBLESITON
~

INPUTS

Crude Oil

Unit 1 613.4 30495.00 18705633 6235211

Unit 3 764.4 30495.00 23310378 7770 126

EXDenses 8764966 2921 655

Total 1 377.8 50780977 16926992 ..
PRODUCTS

Fuelaas

C3/Propvlene 3.3 7833.00 25849 8616

C4/Product

Gasoline 93 14.0 76014.00 1 064 196 354732

Gasoline 76 - 123.7 61 106.01 7558813 2519604

White SDirits 17.5 53970.67 941 788 313929

Diesel 392.9 52749.04 20725098 6908366

Heatina Oil 63.3 45833.00 2901 229 967076

Vacuum Distil/ate 99.0 27440.00 2716560 i 905520

USAIOIKAZAKSTANlCOSTTBl.3
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ATYRAU REFINERY
OPERATING COSTS PLANNED FOR 4m QUARTER 1993

I.

AMOUNT

QUANTITY
1000 METRIC 1000 RUBLES 1 000 RUBLESI

TONNES PRICE QUARTE'R MONTH RUBLESITON

Mazut 564.3 22400.34 12 6~,O 512 4213504

Sulfur

Cake 22.7 19977913 659304

Other 1 128601 376200

T~:al Products 1 300.6 51 680559 17226853

Services

Steam 86120 28.707

Power 5820 1 940

Water 1 309 436

TNP

White Soirits 0.2 964582.00 144687 48229

Washinos? 0.3 705258.33 211 577 70526

Foam Washinos? 0.2 254439.50 50888 16963

Products and Services 52 180960 17393653

OPERATING COSTS

Raw Materials

2

-
.t:-.
~
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ATYRAU REFINERY
OPERATING COSTS PLANNED FOR 4m QUARTER 1993

AMOUNT

QUANTITY
1000 METRIC 1000 RUBLES 1 000 RUBLESI

TONNES PRICE QUARTER MONTH RUBlESITON

Feedstocks ~1 016011 14005337

Catalvst/Chemicals 19 S~~ 6611

Ut'~~ties
I

.....=.:c .

Fuel 622482 - 207494

Steam 1 133216 :117739

Water 401 313 133771

Power 695577 231 859

Other 48949 16316

Waoes 404598 134866

Extra Waaes 39729 13243

Social Insurance 164290 54763

EmDlovee's Fund 8880 2960

TransDortation Tax 45588 15 196

34101 11 367

Maintenance 1 241 387 413796

Total Refinerv EXDenses 910173 303391

3

~

c;....
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ATYRAU REFINERY
OPERATING COSTS PLANNED FOR 4m QUARTER 1993

II, II, II.

AMOUNT

QUANTITY
1000 METRIC 1 000 RUBLES 1 000 RUBLESI

TONNES PRICE QUARTER MONTH RUBLESITON

Unit Exoenses 479581 159860

2515268 838423

Total Ooeratino Exoenses 8764966 2921 655

TOTAL PRODUCT COSTS 50780977 16926992

Percent

Allowable Profit 20 10156195 3385398 7371

TAX on Profit 25 2539049 846350 1 843

Investment and Develon 35 3554668 1 184889 2580

Social Benefits 25 2539049 846350 1 843

Waoes 15 1 523429 507810 1 106

100 10156195 3385398 7371

4

~c

• I
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ATYRAU REFNERY
PLAN FOR 4TH QUARTER 1993

,III. III "" I l". II

UNIT NUMBER 1 2 3 6

ATMOSPHERIC DISTILLATION STABIUZER WHITE ATMOSPHERIC CATALYTIC DELAYED CALCINER TOTAL
UNIT NAME SPIRITS. DISnLLAnON REFORMER COKER RERNERY

DESALTER FRACnON THOUSAND RUBLES FOR THE QUARTER

RAW MATERIALS

Tot.1 F••dnocb

LOIMI

Total Feedl 18971649 19671 178 1239748 7463 23310318 4038094 467604 910159

Expenses 699629 1058912 197 151 137235 262406 2929442 1019165 1463868 &97159 8764 968

Total 19671 178 20730090 1436899 144687 262406 26239760 5057260 1931372 1907318

Products

MaIn Products 19405262 11711776 1397859 14766340 4866731 910159 1876.762

Alloclated Products 266916 9016800 39040 11483480 201629 6228749 30559

Total 19671 178 20727675 1436899 0 0 26239820 5057260 6138908 1907321

OPERATING COSTS

Catalvlt/Chemlc.11 5064 3646 10214 137 872 19833

Utilities

Fuel 273608 85616 197294 66164 622482

Steam 68603 219479 79028 11 106 27762 364604 85136 146443 131056 1 133216

Water 70666 321990 2509 1884 1885 1716 176 612 78 401313

Power 55436 113985 1077 1456 2328 176404 195 174 92567 67152 695577

Other 11 273 2147 2334 9395 10021 13779 48949

Waoes 9744 21788 34993 46626 80439 44 '-33 41 169 72019 63597 404593

Extra Wages 1 113 2466 4001 6181 8938 5080 4727 8233 39729
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UNIT NUMBER 1 2 3 5

ATMOSPHERIC DISTILLATION STABILIZER WHITE ATMOSPHERIC CATALYTIC DELAYED CALCINER TOTAL
UNIT NAME SPIRITS DISTILLATION REFORMER COKER REFINERY

DESALTER FRACTION THOUSAND RUBLES FOR THE QUARTER

Social Insurance 4017 8859 14428 19168 33070 18246 16978 29693 19831 164 290

Employee'. Fund 217 479 780 1036 1788 988 918 1605 1072 8880

Transportation Till( 652 662 2340 22840 5363 2959 2753 4816 3216 45688

34101 34101

Malr.tenance 172001 262268 11467 22434 59810 91734 137801 80267 414004 1 241 387

Total Refinerv Expenses 302909 24815 3108 4640 376691 40934 98241 58936 910173

Unit Expenses 9306 77 323 46628 260 160 49830 40324 80849 175421 479581

Other Costs 1604143 387836 840837 2854 2615268

TOTAL OPERATINO COSTS 699628 1068912 197 161 137235 262406 2929442 1 019 165 1483868 997159 8764966

2

k
<P.

USAIDlICAZAICSTANlCOSTTBL4

I';' I'iiPI I 1 I I I I II " I" I II I II "I

M.cll7.1994

1 Il' '1'"



...:

...

APPENDIX G

PROCESS SIMULATION ADVANTAGES
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APPENDIX G PROCESS SIMULATION

The general overall benefit of process simulation is that it is the most cost
effective approach to process prediction and evaluation. Refiners can evaluate
process changes without physically doing it in the plant.

Process simulation can be done on virtually any process. However, the following
are common examples.

Tower and flash drums

Distillation towers are probably the most frequent simulated process. Commercial
simulation programs such as Simulation Sciences-PROCESS/PRO-II, Chemshare,
HYSIM, and Aspen all have elaborate thermodynamic data bases and prediction
procedures to yield accurate vapor and liquid separation and therefore, distillation
results. Examples of common owner simulation are as follows:

Crude atmospheric and vacuum towers

These simulations can determine the expected yields from various crude blends.
These crude change simulations can highlight areas of concern in downstream
processing. Many times these simulations not only include pumparounds, but also
side steam strippers so detailed product specifications and tower loadings can be
accurately checked. With an anticipated crude blend andlor rate change, the
refiner can determine:

• Product yields
• Pumparound duty requirements
• Flash zone temperatures
• Column section loadings
• Vacuum system requirements
• Stripping steam requirements (in the main column and side stream

strippers)

Since these variables can affect each other, the simulation allows the refiner to
recheck and reoptimize all variables simultaneously.

The tower simulation can also be used to evaluate possible cost effective
efficiency improvements (even if crude rates and/or blends remain the same). For
example, the economics of adding a preflash tower (the preflash tower vessel and
main fractionator costs versus energy savings) can be evaluated. Another
example is a vacuum tower transfer line redesign and its energy and yield
benefits.
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Fluid catalytic cracking unit columns

The FCCU main fractionator tower and Vapor Recovery Unit towers: Absorber
Stripper, Depropanizer, etc., are simulated for similar reasons as crude unit
towers, but not as often. Pumparound duties are once again important variables
in determining absorption & product yields and tower loadings.

Other product separation and stabilization

There are many other refinery columns that frequently can be simulated to
determine tower capacity, separation effectiveness, en~rgy improvements, control
optimization, etc. These include:

• Lube Oil Vacuum Towers
• Coking Unit Combination Towers
• Naphtha Splitters
• Gasoline, or other product, Stabilizers
• Debutanizers
• Depropanizers
• Deethanizers
• Propane-Propylene Splitters

Many times these columns have stringent separation requirements necessitating
high reflux ratios to achieve product specifications. Simulation models can assist
in balancing these reflux ratios with condenser duties, reboiler duties, tray/packing
loads, intermediate heat removals, and tower hydraulics.

Often, tower pressure drops can markedly affect K-valves. Thus, the tray-by-tray
calculations of a tower simulation program not only achieve accurate separation
results, but also can be used tl> predict tower delta P effects.

If these tower simulations show an area of concr" 'tower loading, product
specification, etc.), the refiner can again use the towel ~;.f1ulationprogram to see:

1) if any adjustment in pumparound duties, tower conditions (pressure and
temperature) stripping steam, and/or product yields and specifications can
be used to solve the problem

2) how much reduction in capacity WOliid be required to remove the
problem(s).

3) the effect of a possible capital addition, such as more pumparound duties,
bigger columns, deeper vacuums, and/or a change in tower internals.

'I

=-



•
Many times refiners see a range of possible tower feeds. The simulation model
can be used to evaluate the extremes. Perhaps, the simulation results may
highlight ways to improve day-to-day operations. For example, this approach may
show the refiners the best tray (the tray with greatest temperature change) to
control1ho tower heat balance (i.e., reboiler duty).

Heat exchange network

Heat exchange network units are prime candidates for frequent simulations to
evaluate:

1) the most efficient way to exchange heat between streams in new
processf's, and;

2) heat integration improvement ideas in existing processes.

Examples of these heat exchange networks are:

• Crude Unit Preheat Trains
• FCCU Main Fraction Pumparound Circuits
e Coking Unit Combination Towar Pumparounds

. Simulation Sciences HEXTRAN program and the Linhoff-March Pinch Technology
(available in the Aspen simulation program) are used for this purpose.

It is important to note that these heat exchange network simulations should be
used along with the main tower simulation until duties, rates, and temperatures
are consistent in both models (to accurately evaluate the process).

Many times refiners monitor heat exchange performance with/against network
simulations on a regular basis to establish exchanger cleaning schedules and
benefits.

Reactor simulations

Simulations to predict reactor yields are being used more often these days. These
reactor models include: Hydrotreaters, Cokers, FCCU~s, Reformers, Alkylation
Units, and Sulfur Plants. Although the catalyst and/or technology companies still
provide the expected and guaranteed yields, refiners are seeing the need to
evaluate day-to-day changes in feed rate and composition in these reactors to
anticipate problems and operate efficiently.



For example, several factors affect the amount of propylene to alkylate, if any.
These factors include:

1) The market for chemical-grade and polymer-grade propylene.

2) The propane/propylene yield.

3) The propane/propylene splitter capacity.

An alkylation model would allow the refiner to evaluate the effects before doing
it in the field. Another example is the expected FCCU yields from varying
amounts of residual cracking.

The Simulation Sciences-PROCESS/PRO-II and Chemshare programs allow users
to specify reactors in different ways:

• plug flow and stirred-tank models, with in-line Fortran for the kinetics;

• equilibrium reaction equations and approach to equilibrium relationships,
and;

• simpler conversion versus temperature relationships.

Refiners are also using reactor model simulations to more accurately time and
justify catalyst change outs.

Pieing networks

Piping network simulations are used to determine new and/or evaluate existing
system hydraulics. This is especially important when evaluating/designing unit
expansions.

It is often wise to use a piping network simulation program along with a heat
exchange network for complex preheat trains with multiple parallel paths.
Inaccurate pressure designations on streams in heat network programs will
produce inaccurate heat network solutions.

Detailed equipment programs

Simulation Sciences-PROCESS/PRO-II, Chemshare, Aspen, and HYSIM programs
all have equipment modules that allow users to model: pumps, compressors, heat
exchangers, coolers, heaters, drums, etc.

I



These models afford accurate heat exchange, pressure drop, heat of compressicm,
energy usage, etc., process calculations. One such example is interstage coolUng
economics for multi-stage compressors. A simulation model can be Llsed to
determine the heat exchange, knock out drum, and piping requirements (capital
costs) of interstage cooling/separation versus compressor horsepower savings to
determine an I.':Jnergy efficient compressor design or revamp.

These equipment modules, however, are not made for detailed mechanical design
of equipment. There are many separate detailed equipment design programs that
exist. These Rating and/or Design Programs include:

• Tower Trays and/or Packing
• Fired Heaters and Boilers
• Heat Exchangers
• Shell & Tube
• Plate & Frame
• Core
• Air Coolers
• Cooling Towers
• Pumps and Compressors
• Relief Valves

These can be accessed, if needed for specific problems.

Other uses

These simulation models are also used for non-simulation tasks, as well. For
example, stream heating/cooling curves and physical properties can be generclted
for input to detailed equipment sizing software and/or specifications. Another
common use is reconciling inconsistent field data by the use of material and
energy balance algorithms.

SummarY

The keys to using a simulation program effectively are:

• Understand how equipment is modelled in the program.

• Know that the simulations results are only as accurate as the input
information (feed characterization and process specification).

• Confirm the model with existing operation, if possible.

• Invest the time to develop a model for future, as well as current studies.
An accurate model is always used for more than its original intention.
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