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Assessment of Export Markets for Kambarata Electricity 

Kyrgyz Republ~c 

Step 2 - Opbmlzation of Naryn-Syr Darya mver System Operabons 

EXECUTIVE SUMMARY 

Background 

Slnce the formal dissolution of the former Sowet Umon m 1991, the Central Asia Republics (CAR) 
of Kyrgyz Repubhc, Kazakhstan, Tajhstan, Turkmemstan, and Uzbelustan have been stnvlng toward 
sustamable and fmible development and use of orl, gas, and hydro resources of the regon For hydro 
resources, the optimal exploitation of the Amu Darya and Syr Darya hver's energy source, wth 
respect to both national and regonal mterest, is of great unportance The cntena and procedure for 
construaon and operahon of regonal energy mfkastructure needs to be prowded through agreements 
among the CAR These agreements are subject to international negotiations and political decision 
malung 

The potential for hydropower-versus-lrrrgat~on confhcts m the regon is caused by a hgh potential 
for hydropower development and production, and a relative shortage of fossil hels m Kyrgyz 
Republic and Tajilustan m the upper reaches of the two nvers The coficts are also caused by 
mompatible-t~rmng of peak demands for power generation m the wnter for the Kyrgyz Republlc and 
Tajilustan, and for irngation in the summer for Kazakhstan and Uzbelustan 

To find a solution to the hydropower-versus-irrigation conflicts in the regon, a two-step study IS 
bemg camed out In Step 1 study, construction of a large storage and hydro project, the 1,900-MW 
Kambarata-1 on a major tnbutary of the Syr Darya was evaluated The Kambarata-1 Project w11 
release water m the wnter for power generation to meet Kyrgyzstan's power demand The exlsting 
downstream Toktogul reservoir wdl provide regulation storage to store the power discharges from 
the Karnbarata-1 in the wnter, and release the water downstream to meet the irngation demands m 
the summer 

ES- 1 



The Present Study 

The present study consists of the Step 2 work whch has been directed towards a more detruled 
evaluation of the operation of the Naryn-Syr Darya nver system wthn the regonal context, and 
specdically duected toward three repubhcs Kyrgyz Repubhc, southern Kazakhstan, and Uzbelustan 
The work performed dunng Step 1 was refined to better evaluate alternative operating scenmos 
These scenmos Include vmous combinations of the demands for power generation, 
mumcipal/mgation water supply, and flows mto the Aral Sea Regional power supply and demand 
were rewewed to assess the unpact of alternative Narya-Syr Darya operatmng scenmos for capacity 
and energy generation 

Data Collection 

Baslc data relatmg to the physical and operational charactenstics of exlsting reservoirs, hydroelectnc 
and thermal power plants, and irngation districts in the regon, and exlstlng and future electnc and 
irrigation demands of the region were complled l3stoncal stream flow data were collected and 
rewewed to develop ldow sequence for each of the exlsting reservoirs in the two nver basins Fuel 
costs, and annual operation and maintenance costs for each of the exlsting thermal plants were 
revlewed and used m development of system marginal costs and production costs for the reglonal 
electnc system 

Hydropower Irrigat~on Simulation Model 

A hydropower tmgation sunulation model was developed for the present study The model simulates 
the operation of the entire Naryn-Syr Darya hver system, and develops a rule curve for operatlon 
of each reservou m the two nver basm to rnaxunrze the firm energy production or firm water supply 
Two system operating modes were considered, and these mclude Power mode and Irngation mode 
The objectives of the Power mode operatlon are to maxlrmze the hydro energy production for 
meetmg the power demand pattern of the Kyrgyz Republic and Tajlhstan wth the developed inflow 
sequence The reservou releases for power generation were used to compute lrngation benefits For 
the Imgation mode, the firm water supply was maxlmzed to meet the mgation demand pattern of 
the repubhcs m the downstream reach of the Naryn-Syr Darya hver system The water releases from 

each reservoir for imgation were used to compute energy production 

In development of the hydropower-irrigation simulation model (Simulation), modeling efforts of the 
Naryn-Syr Darya fiver system performed by others including the Multi-objective Water Resource 



Allocation Model for the Toktogul Reservo~r (Optmzatlon) were assessed The Optirmzation model 
can be used to evaluate potential Impacts of different reservoir operation mode of mgation, power, 
or a combmation of lmgation and power, under vmous combmations of flow condltlons representlng 
dry, normal, and wet years 

The limtations of the Optirmzation model Include relatively short penods of analysis for a large 
system, such as the Naryn-Syr Darya fistoncal long-term stream flow sequence was not used The 
=cult wth the Simulation model approach is that a large number of feaslble plans wrll have to be 
evaluated to select the optimum solutlon The Simulation model is often used when the nver basin 
systems are considered as too complex to be handled by current optlrmzation techruques 

The Optimization model can be used in combination wrth the Slmulatlon model to solve an 
appromQon to the real problem The Optirmzat~on model can greatly narrow down the search for 
the most attractwe plan by identdjmg plans that may be close to the optimum The Simulation model 
will then be used to evaluate the performance of the identified plans under the long-term flow 
conditions 

Estrmates of Irr~gatron and Power Values 

The estimate of the value of irngation is dependent on crop patterns, soil type and conditions, the 
tlmng, methods, and quantity of irngation, water conveyance and application efficlencles, 
climatological conditions, and market pnces of crops Pertinent data of crop patterns, crop 
produmons, crop market pnces, etc were collected and used to develop umt irngatlon water values 
in U S dollars per cubic meters of water 

A commercially avdable computer model, PROSYM, was used to estlmate margmal and production 
costs of the electnc system of the regon The model performed studies for years 2000, 2005, and 
2010, and computed marginal and production costs for both the Power mode and Imgation mode 
wth the hydro energy production values estimated by the hydropower irngation simulat~on model 
In computing the marginal and production costs, physical and operating charactenstlcs of each 
thermal power plant m the region includ~ng generatmg capacity, scheduled and forced outage rates, 
heat rate, etc , and umt cost for each type of fuel were considered 

Alternatrve Scenarros and Results 

A total of six alternative scenarios were evaluated using the hstoncal long-term inflow sequences, 



these include Power mode for the exlsting irngation demands wth and wthout the 1998 release 
agreement among the CAR and fbture irngation demands The other three alternatives are for 
irngation mode 

Benefits associated wth each scenario were esbmated on the basis of the power and mgation values 
A compmson of the benefits for these SIX scenarios indicated that the imgation operation mode of 
the Naryn-Syr Darya Rver system wth the 1998 release agreement would acheve the maxlmum 
comb~ned benefits of energy and irngatlon 

The exlsting Toktogul Reservoir was recently drawn down to a low-level at El 862 4m Six 
additional alternabve scenar~os were formulated to determtne the amounts of Toktogul releases under 
various flow conditions Three 10-year flow sequences representing wet, normal or average, and dry 
flow conditions were selected from the hlstoncal long-term stream flows The six scenmos include 
Power mode with the wet, normal, and dry flow sequences, and Irngation mode under the three flow 
conditions Monthly flows into the Aral Sea for each of the six scenmos were computed These 
monthly flows should be compared mth required inflows to the Aral Sea for meeting the 
envlronrnental water quality requirements 

Conclus~ons and Recommendat~ons 

A hydropower lrngation smulabon model was developed to defhe the operating rules for the exlsting 
reservoirs m the regons, and opt~rnurn release pattern to achteve the maxlmum combined energy and 
rrngation benefits The results denved fiom the outputs of performance runs of the simulation model 
can be used as a basis of negotiation of a multi-year agreement among the CAR 

For CAR'S readily acceptance and apphcation of the model, a transfer of the model to the CAR, and 
trauung sessions for the model application should be held in the near future Engineers and scientists 
fiom the CAR can use the model wth refined mgabon and energy data to evaluate potential mpacts 
on the total combined power and irngation benefits with vmous modes of the reservoir operation 

Ths model can also be expanded or moddied to use m combination wth the PROSYM for red-time 
dispatch of power plants for meet~ng the regional electnc system demands Thts model can also be 
used wth  a nsk analysis model to estimate the expected values of the lrngation and power for 
privatization purposes 



Optimization of Naryn-Syr Darya River System Operations 
Step 2 

(previously, "Assessment of Export Markets 
for Kambarata Electricity: Kyrgyz Republic") 

Chapter 1 

INTRODUCTION 

1 1 Background 

Slnce the formal d~ssolut~on of the Sovlet Umon in 1990, the Central Asian Republics (CAR) of 
Kazakhstan, Kyrgyzstan, Tajihstan, Turkmemstan and Uzbehstan have been s t n w g  toward 
sustainable and feasible development and use of the water resources of the region Since the two 
mam nver basm of the CAR -- the Amu Darya and Syr Darya -- are the pnmary source of all water 
used therem, thex optmil exploitation wth respect to both national and regonal interests is of great 
importance 

Formerly, wth these basms located in one federal state, regonal interdependence was Imposed fiom 
outside the regon, but now the newly independent countnes themselves must coordinate regonal 
issues, and the cntena and procedures for the construction and operation of regional water resources 
mfhstructure have to be provlded through agreements between sovereign nations These agreements 
are subject to mternational negotiations and pohhcal decision malung, and different natlonal pnonties 
make the outcome of these negotiations uncertain Efforts to replace the coordinating role of the 
former Sovlet Union vls-a-vls the comphcated, shared, water resources infrastructure are themselves 



comphcated by energy consumption and hydropower production issues whch were formerly of low 
pnonty relative to mgation, but whch have now become equally important 

The potential for hydropower-versus-irngation conflicts is rooted in the combination of 

a National aspirations to a hgher degree of self-reliance in electncity production 

b The relative shortage of fossil hels and hgh potential for hydropower development 
and production in those countries in the upper reaches of the two major rivers (1 e , 
Kyrgyzstan and Tajihstan) 

c The essentially mcompatible timng of peak customer demands for power generation 
discharges (in the wnter) and for imgation-related releases (in the summer) from 
storage reservoirs upstream 

d The present unavailability and inability of downstream facilities to store or even 
convey hgh wnter outflows fiom the upstream reservoirs 

The resolution of confhcting demands for storage water from the upper reaches of the Syr Darya 
basin has been proposed by some to reside in the construction of the 1,900-MW Kambarata-1 
hydroelectnc project on the Naryn Rver in Kyrgyzstan, a major tributary of the Syr Darya Ths 
large storage Kambarata Project would release power generation discharges m the wmter to the 
existing Toktogul reservoir immediately downstream The Toktogul reservolr wll serve as a re- 
regulatmg reservolr whrch receives the upstream power generation hscharges in the wmter and stores 
them for release dunng the summer irrigation season Consequently, prior to the present Step 2 
assessment, Step 1 had been focused on the evaluation of potential power export markets for the 
Kambarata- 1 Project 

Subsequent to the completion of Step 1, it has become evldent that unplementation of the Kambarata- 
1 Project would require greater levels of financing, regional cooperation, and market comtments, 
and infrastructure and transmssion investments than the region appears presently able to support 
Consequently, the focus of Step 2 is directed towards a more detaled evaluation and optimation 
of the operation of the Naryn-Syr Darya nver system wthn the regonal context, and specifically 
directed toward three republics Kyrgyzstan, southern Kazakhstan, and Uzbelustan 



The Step 2 work has two pnmary objectives 

a Hydrological modeling of the Naryn-Syr Darya nver basin up to the Aral Sea wth 
specfic regard to potabldmumcipal water and environment to support water-sharmg 

agreements among the Central Asian Repubhcs, spec~fically, (I) hydro-cascade 
operabons to optlmze capacity, energy and system reserve requirements wth other 
water uses, and (11) development of operational-level techrucal detals to offer 
refinements to water-shmng agreements 

b Lmted power produmon and system modehg for the Central Asia gnd (specifically 
for Kyrgyzstan, southern Kazakhstan, and Uzbelustan) wth particular emphasis on 
hydroelectnc power study of energy, capacity, and pnces under different scenanos 
Outputs fiom the power production modeling could be used for developing efficrent 
Central Asla dispatch centedpower pool operations leading Into regonal energy 
agreements 

1 3 Scope of Servlces for Step 2 

The Optlrmzation of Naryn-Syr Darya Rver System Operations IS an assimlat~on of several related 
tasks 

Task 1 Refine Generation and Transmsslon Databases - Generation and transrmssion databases 
developed m Step 1 were refined, specifically wth respect to Kyrgyzstan, southern Kazakhstan, and 
Uzbekistan Th~s database conslsts of an Inventory of exlsting and planned generation and 
transrmssion networks in the region The data was used as lnput to Task 5 

T ~ s k  2 Compile Demand and Generation Forecasts - Current load forecasts avalable fiom 
Kyrgyzstan, southern Kazakhstan and Uzbelustan, and the Tashkent dispatch center were compiled 
and revlewed In addition to the most likely forecast, a low and hgh forecast was developed for 
sensltlvity analyses Avalable typical dmly load curves for the mnter and summer seasons were 
collected 



Twk 3 Assess Other Modeling Efforts of the Naryn-Syr Darya fiver System - The nver modeling 
work peIformed by CH2M-Hill and others (e g Austnan consultants, TACIS European Comrmssion 
WARMAP Project, Water Resources Management and Apcultural Production in the Central Asian 
Repubhcs, The World Bank Aral Sea Basin Program) was revlewed Cntena and assumptions used 
m these analyses were discussed wth some of the experts who performed or were farmhar w th  these 
studies, and then used in the formulation of alternative scenanos for Task 7 

The yearly agreements among four of the Central Asian Republics (Kazakhstan, Kyrgyzstan, 
Tqllastan, and Uzbehstan) for the jomt and comprehensive use of water and energy resources of the 

Syr Darya basin were revlewed in the study 

T ~ s k  4 Revlew the Hydrology of the Naryn-Syr Darya hver System - The hydrologic data collected 

during Step 1 was augmented to include more recent data and hstoncal flow data fiom the 
headwaters of the Naryn nver to the Aral Sea 

TBk 5 Rehe  Estmates of Power and Irngation Values - Dunng Step 1, a prelimnary estimate of 
electricity demand, seasonal energy values, irngated areas, alternate and likely cropping patterns, 
irngation water requirements, and irngation net benefits was performed 

These estimates were compared to the results of other current studies, discussed wth  relevant 
agencies and updated or augmented where poss~ble For power values, typical summer and wnter 
daly load curves were analyzed, and marginal costs were developed for years 2000,2005, and 2010 

T ~ s k  6 Enhance Step 1 Naryn hver  Hydropower-Irrigation Simulation Model - The Step 1 model 
was enhanced to mclude the other signdicant reservoir facilities along the Naryn and Syr Darya nvers 
all the way to the Aral Sea The model was also modlfied to include the penod of hydrologic records 
obta~ned in Task 4 

T_ask 7 Run Alternative Scenanos and Analyze Results - Alternative scenarios of power demands, 
mgat~on releases, and water d o w s  rnto the Aral Sea were defined fiom the prewous tasks and fiom 
the mputs of other sources and contractors in the reglon These demand scenanos were run through 
the simulation model, refined under Task 6 The results from the simulation model runs were 
converted mto net econormc benefits mcluding power, irngation, and enwronmental enhancement of 
the Aral Sea These benefits were compared to denve monthly reservoir rule curves for the Toktogul, 
Kayrakkum, and Chardara storage reservoirs 



The above analysis was performed based on long-term monthly flow data The lmpact of normal-,wet- 
and dry-year conditions mthm the hstoncal penod of records was evaluated An additional analysls 
was perfbrmed, startlng mth the currently low level of the Toktogul reservoir and uslng a 10-year 
senes of normal, wet and dry years Ths was done to evaluate the short-term impacts on power 

generation, imgation releases, and water lntlows into the Aral Sea 

In particular, the analys~s evaluated operation of the Kyrgyz and Uzbek cascades wth  objectives to 
maxlrmze nabonal benefits wth lmpact on Kazakh rmgabon and Aral Sea water balances The results 
of the analys~s may support the work bemg done on lmplementatlon of new water shmng agreements 
and regonal power dlspatch 

Task 8 Prepare Step 2 Final Report - A final report was prepared to document the data and 
informatlon obtained, and analyses and evaluations performed dunng the study 

1 4 Acknowledgements 

The Consortmm Team gratewy acknowledges the parbclpabon of the counterpart orgamzatlons and 
mdlvlduals for  the^ respectwe contnbubons of comphg and assembling data, prepmng dormation, 
and translating documentation for the informatlon presented hereln 

L_ocal and Regonal Experts for the Provlslon of Information and Compilation of Data 

Kazakhstan 
(Almat~) 

Kyrgyzstan 
(Bishkek) 

Tajilustan 

Valentina Kolesmkova, Pastushkov, KEGOC 
Senkba Smalov, Project Implementat~on Umt (PIU), Comrmttee for 

Water Resources of the Repubhc of Kazakhstan 
Gennady Dorosh ,  Kazakhstan NII Energet~c 

Valentina Kasymova, Interstate Comrmttee - Kazakhstan, Kyrgyzstan, 
Uzbelustan (ICKKU) 

Alexei Zyr~anov, Kyrgyzenergo 

G Petrov, State Energy Company of Tajllustan 
Anvar Kamolidinov, Mmstry of Water Economy 



I@ernationaVForeign Consultants and Orgamzations Worlung in the CAR 

Uzbelustan 
(Tashkent) 

Technology Project, CAR Regional Office 
Soma Heaven, Kazakh State Academy of Architecture & Construction 
Kadir Tanju Yurukoglu, Senkzhan Mambetalin, The World Bank, 

Anatoliy Ovchtnntkov, Glavgidromet 
Iskander Arnetov, Umted Dispatchmg Center 
Victor Kim, Mmstry of Energetics and Electrrfication 
Victor Dukhovny, Scientific Information Center - Interstate 

Comrmssion for Water Coordination (SIC - ICWC) 
Vadim Sokolov, SIC - ICWC 



Chapter 2 

GENERATION AND TRANSMISSION DATABASES 

2 1 Introduction 

2 1 1 Purpose 

An essential element of the overall optmzation process for the Naryn-Syr Darya nver system 
requires a detemnation of electnc generating costs for the Central Asian Republics under a range 
of nver operatmg modes and study scenanos Electnc generation system costing inputs to the overall 
optimization process were detemned using Henwood Energy Sermces' PROSYM/MUL,TISYM 
utility p l m n g  software Ths  software was used to perform chronologcal production cost and 
marginal cost simulations for Kyrgyzstan, Uzbehstan and South Kazakhstan, under both 
mterconnected and isolated operatmg scenanos The purpose of ths section IS to descnbe the electnc 
generating system databases used in the production costing and margnal costing analyses 

2 1 2 Background 

Henwood Energy Service's PROSYM was developed to perform utility plannmg and operational 
analyses It enables the user to study, on an hourly basis, the operation of utilities m either isolated 
or pooled operation The MULTISYM model is an addition to PROSYM that allows the software 
to expand its mulb-area capabilities to a delta topology Ths allows the user to study power pools, 
shared transmssion lines, transrmssion constrants and lirmtations, and wheeling charges 

In addition to the MULTISYM module, the study enlisted the use of the CHP module Ths  module 
smulates the operation of generating umts that produce both heat and electnc power as output The 
user supplies isofbel curves that depict the relationshp between electnc power and heat based on a 
gven quantity of fuel Ths  enables the user to model distnct heat loads and capture the lmpacts of 
combined production of distnct heat and electnc power on production costs 

The second Henwood model used to supplement PROSYM was the Combined Heat and Power 
Optimization (CHP) model Thls model allows for the simulation of cogeneration units It 
considered the effects of distnct heating, industnal heating, and process steam Heat production 



capacity depends on power generation and wce versa The CHP model considers the constrants of 
the CHP stations when dispatchng generating stations 

Using th s  model, extraction type, back-pressure type, and heat-only boilers can be modeled The 
CHP model dispatches to meet the heat demands whde observing the heat capacity limts as a function 
of power generation 

The output taken fiom the PROSYM runs mclude m a r d  costs (ds/KWh), production costs ($), 

and total energy (GWh) A summary of the output results is presented m Section 5 1 3 

Generating umts are dispatched economcally on an hourly basis Results are tabulated monthly and 

then aggregated and presented seasonally The wmter season is defined as January through Apnl and 

November through December The summer season is defined as May through October 

All cases were run mterconnected where repubhc and Import and export power based on transmssion 
constramts and isolated where no ties to other regions are considered A detaled discussion of the 
cases and scenanos is prowded in Sections 5 1 2 and 7 1 

2 1 3 Data Collection Methodology 

A generation database was compiled for each of the three Central Asian Republics modeled m the 
study The database served as input to the least cost p l m n g  studies To ob tm the electnc 
generatmg and transmssion data required to perform the analyses, an Inqulry Document (Appendur 
A) was prepared and sent to counterpart orgamzations in the three repubhcs These documents 
served as a means to identify and collect the thermal generation data necessary for the margnal 
costing and production costing studies 

In the inquiry, requests were made for data on exlsting combined heat and power (CHP) umts and 
electnc power only units (non-CHP) In addition to the information requested on exlsting umts, the 
republics were asked to prowde information on future umts 

The Inquiry Document consisted of multiple tables wth  instructions, including defimtions of terms 
as they applied to the tables The document was translated and sent to a representative of each of 
the Central Asian Republics 



Appendix B contans the responses obtaned fiom counterparts in each of the republics After the 
responses were revlewed and rationahzed, a complete data set of production modeling data was used 
These modeling data are presented in Appendix C 

Exlstmg u111ts are defined as those whch are currently in operation The follomg ~nformation was 
requested fiom each republic on both CHP umts and non-CHP umts in Tables 3-1 and 3-2 of the 
Inquiry Document 

Plant name 
UmtNo 
Plant location 
Operating entity 
I n - s e ~ c e  date 
Retirement date 
Start-up fkel, typeheat input 

Fuel name 
Design Capacity 
Avalable capacity, fulVmn load 
NPHR, full nun load 
Outage rates, plannedforced 
O&M costs, fixedvanable 
Fuel typelmx (%) 

For CHP plants, the followng additional information was requested 

Net max/rmn electnc output 
Heat input corresponding to net max/mm electnc output 

C o m t t e d  Umts are defined as those umts whlch are not yet in service but wll be installed in the 
fkture Tables 4- 1 and 4-2 of the Inquiry Document requested the followng information 

Plant name 
Unit NO 
Plant location 
Operating entity 
In-semce date 

0 Retirement date 
Start-up %el, typeheat input 

Fuel name 
Design Capacity 
Avalable capacity, filVmn load 
NPHR, full rmn load 
Outage rates, planned/forced 
O&M costs, fixed/vanable 
Fuel type/rmx (Oh) 



For CHP plants, the follow additional mformation was requested 

Net m d m n  electnc output 
Heat input corresponding to net m d m n  electnc output 

2 1 3 4 Load Data 

PROSYM chronologcally dispatches the most efficient umts to meet a region's demand Therefore 
it was necessary for the republics to provlde energy forecasts for the study years Load data was 
requested by the Inquiry Document in Sections 6 0 , 7  0, and 8 0 (Appendix A) 

2 1 3 4 1 Electr~c Load Data 

In the first section, the Central Asian Republics were asked to provlde hstoncal data Indicating 
maxlmum demand, energy supply and disposition instructions (Table 6-1) Table 6-2 l~sts monthly 
demand and energy statistxs, and the last Table 6-3, covers hourly load shape data for a typical week 

in each season in year 1995 

After rationalization of the load data it was detemned that the load shape (profile) provlded by 
Kyrgyzstan did not agree mth the shapes &om other years Summer months were disproportionately 
greater than the wlnter months To remedy ths, PROSYM's LOADFARM was used to re-shape 
Year 2005 to agree mth the shape provlded for 2000 and grown to equal the annual energy for 2005 
(1 1500 GWh) with a maxrmum demand (peak) of 2979MW 

Data provided by the other two republics appeared to be reasonable wth the greater demand 
occumng in the wnter months as expected 

In Section 7 0 of the Inquiry Document, forecasted load data for the penod 1998-2020 was 
requested Section 2 2 of t h s  document provldes a summary of forecasted data and its respective 
growth rates together wth each republics' load factor for the studied years 

2 1 3 4 2 Thermal Load Data 

The repubhcs were asked to provlde maxmum thermal demand and energy m Table 8-1 of the Inquiry 
Document, monthly thermal demand and energy in Table 8-2, and hourly load shapes for a typical 
week m each of the four season for years 1997,2000,2005,20 10 in Table 8-3 Ths  data served as 



the load for the CHP umts Because the total thermal demand provlded by the republics was 
sigmficantly greater than the thermal capacity of the CHP umts, heat-only boilers were added to the 

model to simulate non-electnc producing boilers in the distnct heating systems 

2 1 4 Study Cases 

Vanous scenanos were executed using the product costing software The years 2000,2005, and 
2010 were simulated in an isolated state where there is no exchange of power across mternational 
borders, and m an mterconnected state where power is exchanged based on transmss~on constrants 
as discussed in Section 2 5 

Two modes of operation were used to consider the effects of vanous Naryn-Syr Darya nver flow 
levels, a power mode and an imgation mode Dunng the power mode, hydro plants are dispatched 
based on load demand In the imgation mode, water IS stored in the wnter and released dunng 
growth seasons of the year Hydro units must therefore operate according the lrngation water 
releases Thls results in less hydro production in the wnter season, and more the remamder of the 

year when the power IS not needed The result is "dumped power" in the summer months and 

"energy not served" m the wnter months 

A descnption of the vanous cases modeled in t h s  study is present in Section 5 1 2 

2 2 Load Forecasts 

As mentioned in Sectlon 2 1 3 4, load forecasts are provlded by the Central Asian Republics in 
Sections 6 0, 7 0, and 8 0 of the Inquiry Document Each republlc was asked to provlde the peak 
demand (m MW) dunng the course of a year for each of the requested years and total energy (GWh) 
Load factor was then calculated as follows 

Load Factor = [(Total Energy)/ (Peak Demand * 8760)l * 100% 

Load forecast data for "most probable," "high," and "low" load growth scenanos were compiled 
In add~tion, load shape data representative daly and monthly load patterns were compiled (Section 
6 017 0 of the Inqulry Document) and used for production simulation modeling The follow~ng 
sections dlscuss the "most probable" load growth forecasts for each republic 



2 2 1 Kyrgyzstan 

Kyrgyzstan data was recelved from Mr A~tkulov and Mr Davydov of Kyrgyzenergo Table 2-1 
provides the "most probable" load growth scenmo data for Kyrgyzstan for the years 1998,2000, 
2005 and 2010 As can be seen from the table, maxlmum demand and generation for Kyrgyzstan in 
1998 are forecasted to show the change from 1997 Over the penod 1997 to 2010, maxlmum 
demand and generation are forecasted to Increase of an average annual rate of 2 3% and 1 3% 
respectively The shghtly hgher rate of growth of maximum demand compared wth  generation wll 

result in a decline m load factor fi-om 48 4% m 1997 to about 42 5% by 2010 

Table 2-1 

THE MOST PROBABLE LOAD GROWTH SCENARIO FOR KYRGYZSTAN 

2 2 2 South Kazakhstan 

Kazak data was collect by Mr V N Pastushkov - Chef of Plamng Department and Budgeting and 
Mrs V Kolesnkova - Hydro Data Expert of A 0  KEGOK The "most probable" load forecast for 
South Kazakhstan is presented in the followng table for the years 1998,2000,2005, and 2010 It 
should be noted that maxlmum demand and generation in South Kazakhstan has fallen quite 
precipitously in recent years For example, maxlmum demand for South Kazakhstan had declined 
more then 50% fiom about 4200MW in 1990 to about 1850MW in 1997 Smlarly, generation has 
deched by about 60% from about 26,000GWh in 1990 to about 10,000 GWh in 1997 The "most 



probable" forecast shows maxlmum demand and generation increase at an average annual rate of 
5 4% and 6 3%, respectively Much of ths growth occur m 1998-2000 The forecast predicts that 
by 20 10 maxtmum demand and generation for South Kazakhstan will recover to about 85% of the 
1990 levels 

Table 2-2 

THE MOST PROBABLE LOAD GROWTH SCENARIO FOR SOUTH KAZAKHSTAN 

2 2 3 Uzbelustan 

Year 

1997* 

1998 

2000 

2005 

2010 

1997-20 10 

Key data collectors were Mr V A IQm - Load Data, and T Anarbaev - Generation Data 
Uzbelustan, by far, has largest generating capabilities of the three republ~cs The followng table 
provldes the "most probable" load growth scenarios for Uzbelustan over the penod 1997 to 2010 

As can be seen from thls table, maxlmum demand and generation are expected to grow at annual 
average rates of 1 9% and 2 2%, respectively, over the penod 1997 to 20 10 The somewhat hgh rate 
of growth m generation over maxlmum demand results in a modest improvement in load factor over 
the penod 1997 to 2000 

Max Load 

MW 

1846 

2000 

2750 

3420 

3650 

Load Factor 

% 

61 6 

65 6 

54 0 

59 1 

68 8 

% / y r  

8 3 

17 3 

4 5 

1 3  

5 4 

Generation 

GWh 

9960 

11500 

13000 

17700 

22000 

% / y r  

15 4 

6 3 

6 4 

4 5 

6 3 



Table 2-3 

THE MOST PROBABLE LOAD GROWTH SCENARIO FOR UZBEKISTAN 

2 3 Thermal Generating Resources 

Usmg the mqulry responses, parameter values were denved Ths values are a representation of the 
thermal resources m the PROSYM generation production cost model discussed in Chapter 5 These 
vanables are descnbed below 

TransArea 
Utlllty 
HeatArea 
Plant 
Stat~onGroup 
Units 
Capac~tyMax 
CapacityMln 
Outage 
MaintRate 
Fuel 
FuelRat~o 
FuelCost 

Transmss~on area where statlon is located 
Name of republic (used for reporting purposes) 
Heat area where CHP statlon IS located 
Plant name (used for reporting) 
Group name (type of plant) 
Number of umts at a power station (also used to retlre umts) 
Maxlmum operation level of each umt (MW) 
Mimmum operation level of each umt (MW) 

Equivalent forced outage rate 
Maintenance rate for distnbuted mantenance 
Names of fuels used 
Ratio of each fuel given wth Fuel vanable 

cents/GJ 



F~xedCost 

VOMCost 

StartFuel 
StartFuelName 

StartHours 

CHPIsoFuel 
CHPHeatMax 
CHPHeatMln 
HeatPo~nts 

Fixed operating cost per year ($/year) 
Vanable O&M cost ($/MWh) 

Startup ke l  (GJ) 
Names of fuels used to startup plant 

Hours corresponding to each start point 

Fuel (GJ)-power(MWCJ-heat points(MW& for CHP umt 

Maxlmum operating level for heat (MWd 
Muurnurn operating level for heat @ N t h )  

MW levels for specified heat pornts 

Technical performance parameters (capacity, heat rate, retirement date, O&M costs, etc ) used to 
model exlsting and comrmtted thermal generation umts in each republic are presented in Appendlx 
B The data as it was used by the software is provlded in its entirety in Appendlx C The followng 
section bnefly revlews the thermal generation resources currently installed in each of the republics 

2 3 1 Kyrgyzstan 

Kyrgyzstan's exlstmg thermal generatmg resources are located at two stations - Bishkek and Osh and 
summanzed in Table 2-4 Both stations are composed of combined heat and power umts (CHPs) 
Of the ten exlsting umts at the Bishkek station, eight are extraction type and two (Umts 4&5) are 
backpressure type Total electnc capacity is 630MW and wll increase to 704MW wth  the planned 
addit~on of the 75MW Unit 1 1 in 1999 In 1997, the fuel m x  was approxlmately 70% gas and 30% 
coal 

The Osh CHP station is cornpnsed of two units - one backpressure and one extraction type The 
electnc capacity of the station is 48MW In 1997, approxlrnately 63% of the &el comsumed at the 
station was mazut and the balance was natural gas 

Table 2-4 

THERMAL GENERATION RESOURCES IN KYRGYZSTAN 

Plant Name I Number of Units I Plant Type 1 Electric Capaclty (MW) I Fuel Type 

Bishkek* I 11 I CHP I 705 I codgas 

Osh 

*Indicates Bishkek CHP Unit #l 1 (74MW) planned to be installed in 1999 

2 CHP 
Total 

48 
753 

gaslcoal 



2 3 2 South Kazakhstan 

Existing thermal generating capacity in South Kazakhstan whlch amounts to about 2433MW IS 

located at 11 generating stations as listed in Table 2-5 Nearly 60 percent of the installed electnc 
capacity is located at the Dzhambulskaya and Almatyskaya thermal power stations The balance of 
approximately 1050MW is located at rune combined heat and power stations whch, is addition to 
electnc power, provlde process and distnct heat in the cities of Almaty, Tekeli, Shmkent, Zhanbul, 
Kentau, and Kyrl-Orda 

South Kazakhstan has a sigmficant shortage of electnc capacity and relies on imports from North 
Kazakhstan and rnterconnections with other countries Thls situation is worsened by the fact that a 
sigmficant portion of South Kazakhstan's Installed capacity is expected to be retlred over the next 
ten years 

Table 2-5 

THERMAL GENERATION RESOURCES IN SOUTH KAZAKHSTAN 

2 3 3 Uzbelustan 

Exlstlng thermal electnc generatmg capacity in Uzbelustan totals 9569MW and is located at the mne 
generating stations as shown in Table 2-6 



Table 2-6 

THERMAL GENERATION RESOURCES IN UZBEKISTAN 

The vast majonty of the generatmg capacity, 8999MW, IS located at six thermal power statlons The 
balance, 570MW, is located at three comblned heat and power plants whch serve the cltles of 
Tashkent, Fergana, and Mubarek 

Ferganskaya 

Mubarekskaya 

2 4 Hydroelectric Generation Resources 

Inquiry matenals were prepared to sollc~t lnformatlon from southern Kazakhstan, Kyrgyzstan and 
Uzbelastan pertauung to their exlstlng and potent~al hydroelectnc power resources Appromately 
one month followng the dissemnation of these matenals m the repubhcs, meet~ngs were held wth 
the recipients to offer cladcation where necessary and faclhtate the full and correct completlon and 
return of the inqulnes For all exlstlng hydroelectnc power plants in the three republics, including 

those under construction and c o m t t e d  to completlon, the followng information was requested 

7 
2 

Plant Name Name of the power plant 

Rver Name of the nver fiom whlch water is diverted through the plant If the water IS dlverted to 
another rlver basin (1 e , the diversion is an ~nter-basin transfer), the name of ths  nver is to be 
indicated, as well 

CHP 

CHP 

Total 

Plant Location Name of the clty or town nearest to the plant 

Operating Ent~ty Name of the company whch operates the plant 

445 
100 

9569 

m a . ~ ~ t / g a ~ / ~ ~ a l  
gas 

- 



Installed Capaclty (MW) Installed capacity of the plant 

Available Capaclty (MW) Capacity whch is currently available fiom the plant 

Average Annual Energy Production (GWh) Average annual energy production of the plant 

Type of Operat~on Type of operation of the plant, according to the followmg codes 

SSDP Seasonal Storage wrth Dmly Pealung capabilities 

RORlDP Run-of-Rver wth  storage capacity to provlde Daly Pealung 
capabilities, but not weekly regulation 

ROR/O=I/DP Stnct Run-of-Rver facility where instantaneous Outflow equals 
I d o w  Dady Pealung is possible using peak outflows of an upstream 
project 

ROR/O=I Stnct Run-of-fiver facility where mstantaneous Outflow equals 
Inflow No p-g benefits are denved fiom upstream peak outflows 

Number of Unlts Number of umts in the plant 

Maxlmum Plant Output (MW) The maxlmum output of the plant corresponding to the fill-gate 
discharge of all umts 

Mlnlmum Plant Output (MW) The rmmmum output of the plant corresponding to the rmmmum 
partial-gate discharge of a single umt 

Average Annual Forced Outage Rate Percentage of time dunng the year that umts are out of 
semce due to unscheduled forced outages 

Average Annual Scheduled Malntenance Days Number of days in the year that umts are out of 
semce due to scheduled mamtenance 

Average Annual Cost of Operat~on & Malntenance Average annual cost of plant operation and 
mantenance 



Hours of Peak LoadfD~spatch Zfthe plant provldes dady pealung operation, the hours in whlch the 
plant is generatmg, for example, lf the plant 1s generally loaded to full available capacity between the 
hours of 0600 to 1000 and 1600 to 2200 dunng the month of January, t h s  would be indicated m the 
inquiry response as "0600- 1000 & 1600-2200" for that month 

Firm Energy Production (MWh) The firm energy for each month is defined as the energy that the 

plant can produce over 95% of time (alternatively, the energy production would be equalled or 
exceeded an average of 19 years out of 20) 

Average Energy Product~on (MWh) For each month, the long-term average energy production 
of the plant 

Dependable Pealung Capacity (MW) If the plant provldes d d y  pealung operat~on, the dependable 
pealang capaaty is the capaaty at whch the plant is dispatched in the previously indicated Hours of 
Peak LoadDispatch, reported for each month "Dependable" is defined as the capacity that is 
expected from the plant w th  a 95% probability (alternatively, the capacity that is equalled or 
exceeded an average of 19 years out of 20) 

Dependable Base-Load Capacity (MW) For each month, the dependable base-load capacity 1s 
the capacity at whlch the plant is dispatched continuously through the month "Dependable" is 
defined in the same manner as that for Dependable Peak Capacity 

From the database inquiry responses received, key vanable and parameter values were denved, and 
these values compnse the representation of regonal hydroelectnc resources in the PROSYM 
generation production cost model d~scussed in Chapter 5 These vanables and parameters are 
Introduced below 

Unlts Number of umts at a power station 

CapacityMax Maxlmum operating level of each umt 0 ,  vanable wth  time, if des~red 
Capacity Mln Mmmum operating level of each unit 0, variable w th  time, if desired 

Stat~onM~n Minunurn power stahon operating level 0, variable w th  time, if desired 
EnergyM Monthly energy production of a hydro stat~on (GWh) 
EnergyW Weekly energy production of a hydro station (GWh) 
HydroM~n Muurnurn daly energy production of a hydro station (GWh) 



Outage Equivalent forced outage rate 
MalntDays Number of days annually that a umt is shutdown for scheduled mantenance 
FixedCost Fixed operating cost per umt ($/year) 

Generally, monthly fiddependable capacity values fiom the database are used for the Stat~onMin 
parameter Monthly fiddependable or monthly average energy production from the database is 
used for the EnergyM parameter, depending on the production scenano modeled ("firm" or 
"average" hydro production) When appropnate, an even dispatch of energy from day to day wthm 
a gven month is provlded for the HydroMln parameter whch is simply the EnergyM value for the 

month divided by the number of days in that month 

Storage or p&g fadties whlch are smulated in the Naryn-Syr Darya hver System Hydropower- 

Imgation Simulation Model are generally represented m the PROSYM Model as one-umt facilities, 
with the plants essentially pre-dispatched for PROSYM according to monthly peak and off-peak 
generating capacities denved from the hver System Model's output Another alternative used to 
represent storagejpeakmg fachties involves using time-varymg mmmum and maxunum monthly on- 
peak and off-peak generating capacities These capacities are taken fiom the Simulation Model's 
output and represented by PROSYM's CapacityMin and CapacityMax parameters PROSYM 
dispatches capacity under those constrants, so long as monthly firm or average energy production, 
depending on the scenano, is met The energy production is also denved from the Hydropower- 
Imgation Simulation Model's output and represented by PROSYM's EnergyM parameter 

An example of the hydroelectnc power resources vanables representation in the PROSYM generation 

production costlng model, denved for exlstmg hydroelectnc stations, is shown in Appendix C There 
are m e  hydroelectnc stations m Kyrgyzstan totaling approximately 3500 MW, twelve hydroelectnc 
"complexes" in Uzbelustan totaling 1600 MW, and three hydroelectnc complexes in southern 
Kazakhstan totallng 525 MW 

For the hydroelectnc stations that were modeled m the Hydropower-Imgation Simulation Model, the 
plants are essentially pre-dispatched in that model according to the vanous scenanos (see Chapter 
7) Representation m PROSYM is sunply accomphshed through the CapacityMax vanable, whereby 
the generating capacity in any given time penod is predesignated according to the output of 
Simulation Model for a given scenano For example, the generating capacities of the five exlsting 

hydroelectnc facilities whlch compnse the Naryn Cascade are represented by the time-varymg 

CapacltyMax vanable The aggregate capacity of the facilities in March has been computed to be 



339 MW in the designated "baseload" penods -- 2200 to 0700, and 1200 to 1700 -- and increases 
to 1236 MW in the "peak" penods -- 0700 to 1200, and 1700 to 2200 

A total of ten hydroelectnc facilities are represented in t h s  manner They are the Naryn Cascade 
facilities in Kyrgyzstan (Toktogul, Kurpsa, Tashkumyr, Shamaldysai, and Uch-Kurgan), Andgan, 
Farhad and Charvak hydroelectnc facilities in Uzbehstan, the Kayrakum project m northern 

Tqlktstan, and the Chardara project m southern Kazakhstan Table 2-7 surnrnanzes key parameters 
of these hydroelectnc facihties 

Table 2-7 

KEY PARAMETERS OF NARYN-SYR DARYA HYDROELECTRIC FACILITIES 

2 5 Transm~ss~on Resources 

2 5 1 General 

Reservoir1 
Powerplant 

Toktogul 

Kurpsa 

Tashkumyr 

Shamaldysm 

Uch-Kurgan 

Andljan - 
Kayrakum 

Farhad 

Charvak 

Chardara 

The republics analyzed are all interconnected and have the avalable capac~ty to exchange power 
based on certain power capacity limts These lirmts are provlded in 2 5 3 

Number of 
Generating Uruts 

4 

4 

3 

3 

4 

4 

6 

4 

4 

4 

Installed 
Capacity, MW 

1,200 

800 

450 

240 

180 

100 

126 

98 

600 

100 

Type of 
Operation 

Seasonal 

Run-of-Rver 

Run-of-Rver 

Run-of-Rver 

Run-of-Rver 

Seasonal 

Seasonal 

Seasonal 

Seasonal 

Seasonal 

Active Storage, 
km3 

14 

0 035 

0 01 

0 005 

0 021 

1 64 

2 55 

0 3 

1 6  

4 2 



2 5 2 Descrlptlon of Electr~cal Interconnectron 

The Central Asia Interconnect Power System (CAIPS) geographcally includes the national gnds of 
Kyrgyzstan, Tajilustan, Turkmemstan, Uzbelustan, and South Kazakhstan The interconnections 
consists of 500,220, and 110 kV transrmssion h e s  Operation of the CAIS is supervised by the Joint 
Control Center located in Taskent, Uzbelustan 

The bulk transrmssion gr~d of the CAPS consists of 220kV and 500 kV transrmssion lines The man 
feature of the gnd is a 500 kV, slngle circuit loop wth  major substations m Uzbelustan, Kyrgyzstan, 
and Kazakhstan Radial ties exlst fiom major power plants and load centers in Turkmemstan, 
Tajihstan, and South Kazakhstan The 200 kV network is arranged m both radial and loop 
configurations and operates largely in parallel wth the 500kV gnd The 220 kV network provldes 
a secondary means through whch major power plants and load centers can connect to the 500 kV 

grid 

The connection between the gnd in South Kazakhstan and the grrd of North Kazakhstan consists of 
a 500 kV transmssion line The connection is discussed below in Section 2 5 3 

2 5 3 Transfer L ~ m ~ t s  

In the interconnected study cases the republics were considered wth  the seasonal transrmssion 
capacity limts as listed in Table 2-8 

These h t s  were provlded by Umted Controll~ng Center of Energy Systems of Central Asia (UCC 
Energy) UCC Energy is responsible for the dispatch of energy resources in Central Asia 

Data provlded by UCC Energy listed transmssion losses at 10-1 5% For t h s  study transrmssion 
losses are assumed to be 12 5% for all links 

In addibon to the above, it is Important to note that South Kazakhstan is a heavy Importer of power 
Its at home generation is often not sufficient to meet its own demands Annually dunng 1992 and 
1993 South Kazakhstan imported close to 6000 GWh In 1993, t h s  amounted to 30% of the total 
electricity supphed (Electrowatt Engmeemg Semces, 1995) Exchange between South Kazakhstan 
and Uzbehstan,Kyrgyzstan are accounted for by the above transrmssion values (it is almost always 
lmportlng power fiom the South) Power flow between North and South Kazakhstan is accounted 



Table 2-8 

TRANSMISSION CAPACITY LIMITS 

by modeling 400MW of aviillable power fiom N Kazakhstan to S Kazakhstan all year at a cost of 
3 5#/kWh 

Month 

Jan-Feb 

Mar-May 

Jun- Aug 

Sep-Nov 

Dec - 

These transmssion constrants rrhbit Kyrgyzstan's ability to sell hydro power in the irrigation 

scenanos Thls results in a signtficant amount of 'dumped' power, that is, power generated by the 
hydro stabons, but it does not serve any load Had more transmssion capacrty exlsted, Kyrgyzstan 
would r&e greater sales of power, wMe the other repubhcs would see thew average margnal costs 
lowered 

Transmssion Capacity Lmts, MW 

Uzbelustan 
to 

S Kazakhstan 

1200 

700 

600 

700 

1200 

Kyrgyzstan 
to 

Uzbeksitan 

65 0 

350 

475 

350 

650 

S Kazakhstan 
to 

Uzbelustan 

400 

400 

400 

400 

400 

Uzbeksta 
to 

Kyrgyzstan 

750 

650 

550 

650 

75 0 

Kyrgyzstan 
to 

S Kazakstan 

375 

325 

475 

325 

375 

S Kazakhstan 
to 

Kyrgyzstan 

5 50 

350 

325 

350 

550 



Chapter 3 

REVIEW OF NARYN-SYR DARYA RlVER SYSTEM MODELING EFFORTS 

Sigtllticant efforts have recently been directed at detemnating the water quality and quantity of the 
Syr Darya and Amu Darya nver system, and d e h g  the policies for water management of these two 
river basins The current pattern of excessive water use and reduced inflows to the Aral Sea have 
caused numerous enwronmental and econormc problems in the regon 

A number of computer models have been developed in these recent efforts to evaluate alternative 
water management strateges for meeting the present and projected water and power requirements 

of the regon Reports docurnentmg those modeling efforts were collected, and a rewew of the basic 
data and analyses contmed m those reports were made Ths chapter presents the results of a rewew 
of those modehg efforts for the Naryn-Syr Darya nver system, and yearly water shanng agreements 
among the CAR negotiated over the last several years 

3 2 Collection of Reports of Other Naryn-Syr Darya fiver System 
Modellng Efforts 

The followng reports discussing the recent modeling efforts of the Naryn-Syr Darya nver system 
were collected and rewewed 

(1) P Raslun, E Hansen, Z Zhu, and D Stawsky, "Simulation of Water Supply and Demand 
in the Aral Sea Regon", Water International, Vol 17, pp 55-67, 1992 

(2) International Bank for Reconstruction and Development, "Syr Darya Control and Delta 
Development Project", Appendix 2 Hydrology, and Appendlx 7 Engneermg and Water 
Management, January, 1996 

(3) E Brantly, T Bondehd, P Iliev, and K Choe, "Integrated Data Management for the Syr 
Darya Basm", Research Tnangle Institute, Prepared for Central Asia Mssion, U S Agency 
for International Development, and Prepared by Central Asia Regonal EPT Office in Almaty, 
Kazakhstan, Enwronmental Policy and Technology Project, March, 1997 



(4) D M c h e y  and X Cai, "Multi-objective Water Resource Allocation Model for Toktogul 
Reservoir", Enwronmental Policy and Technology Project, Almaty, Kazakhstan, USAID, 
August, 1997 

( 5 )  J E Keith and D McKmney, "Options Analysis of the Operabon of the Toktogul Reservoir7', 
Enwonmental Poky and Technology Project, Almaty, Kazakhstan, USAID, August, 1997 

3 3 Rev~ew of Prev~ous Modellng Efforts and Analys~s 

Computer models developed or adopted in recent studies of water and energy management of the 
Aral Sea region, and analysis conducted using these models were rewewed as summanzed below 

3 3 1 S~mulat~on of Water Supply and Demand In the Aral Sea Reg~on 

The simulation analysis was performed for the penod of 1987-2020 to evaluate alternative water 
management strategies under vanous water supply conditions for the Aral Sea regon including the 
Syr Darya and Amu Darya nver basins A computer model, Water Evaluation and Planrung System 
(WEAP) was developed to smulate the operation of the nver/reservoir system in the Aral Sea region 
wth considerations of sources of water supply and water distnbution system for meeting water uses 
including irngatlon and hydropower 

To develop a schematic representation of two nver basm, the followrng m n  elements were adopted 

Distnbution Systems A distnbution system represents water uses in a common geograpluc 
area wth shared water sources An irngatlon system is considered as a dlstnbution system 

e Man mver and Tnbutanes These represent pnmary water conveyance system in the regon 
Five types of nver nodes were designated, and they are reservoir, wthdrawal, diversion, 
confluence, and tnbutary Each node is smulated according to its operating rule For instance, 
a reservoir operation takes into account of inflow, reservoir storage capacity, evaporation, 
wthdrawals, hydropower generation, and downstream mmmum release 

• Local Supply Sources These include pumping station, groundwater aquifer, and storage 
ponds 

• L~nks between Distnbution Systems and Supply These include links between supply sources 
and demands sites 



For the simulation analysis, a base-case was defined Thls case incorporated the 1987 trends in 
economc and demographc development, water supply avalablllty, water use efficiency, and water 
pncrng pohcy No new water conservation measures or supply projects are included in the base-case 
The results of the simulation for the base-case was used as the reference to assess the potential 
impacts of alternative water management pohcy scenmos wth projected water demands 

The policy scenanos included actions in three areas These areas include 

Changing m demand patterns through efficiency Improvement and economc re-onentation 
Better managmg the exlstmg system 
Developing new local water sources 

WEAP was des~gned to utilize hstoncal monthly flow sequences for the simulation analysls 
However, a sunple opbon using five water type years, very wet, wet, normal, dry, and very dry was 
adopted for the s d a t i o n  as hstoncal natural flows records were very lirmted in the two nver basins 
Monthly flows for the penod of 1950-1982 at the Tupolang gagmg station on the Amu D q a  nver, 
and Nann station on the Syr Darya were used to develop annual flow frequency curves for these two 
baslns Through frequency analysis, the five water type years were selected These water years wth 
associated probability of occurrence are shown below 

Water Year bobability of Occurrence, % 

Very wet 
Wet 
Normal 

Dry 
Very dry 

3 3.2 Syr Darya Control and Delta Development Project 

The reconnassance study of the project was conducted to detemne the techmcal and economc 
feasibility of increasing water flows of the Syr Darya nver to the Aral sea and restomg the 
agriculture, hvestock, and fishenes production m the Syr Darya Delta and its ecologcal value The 
study area Included the lower part of Syr Darya starting from Chardara reservoir to Delta where the 
nver enters Into the Aral sea The main components of the project ~ncluded the followng 



Augmenting the water supply in the Syr Darya basin by construction of the Chardara dam 
associated works, and reducing the spllls Into the Arnassi depression 

• Increasmg the flow carryrng capacity of the Syr Darya nver below Chardara dam to the Aral 
sea 
Restonng the man hydraulic structures m the delta 

The final report consists of a main report and rune appendices, and contains the conclusive and 
comprehensive finhgs and recommendations of the reconnassance study Data/lnfomation related 
to the present study are discussed below 

Appendlx 2, Hydrology, presents the hydrological analysls conducted for the reconnassance study 
The analysis included 

. Collection and evaluation of available hydrologcal and climatolog~cal data Monthly flows 
for the penod of 1970-1992 from 11 gagng stations in the Syr Darya nver basin were 
collected and analyzed 

• Collection of water quahty data of the Syr Barya and Aral Sea including sediment, turbidity, 
and salts content 

• Assessment of the Syr Darya nver flows and water balances at glven nver segments 
Analysis of the Chardara reservoir operation 
Analysis of the Aral sea water levels 

The monthly flow data of the Arys kver  at the Arys ralway station, evaporation data at Chardara, 
and mean annual precipitation data m the lower Syr Darya basin, were obtaned from the Appendix 
2, and used in the present study 

A nver/reservolr operabon study was performed to sunulate the hydraulic behaviors of the Syr Darya 
nver wth lmplementation of alternative measures to augment the flows into the Aral sea The HEC-5 
computer model, developed by the U S Army Corps of Engneers, was used for the operation study 
The detaled descriptions of the HEC-5 model, and operation study are presented in Appendix 7, 
Engneenng and Water management 

The simulation was conducted for the Syr Darya nver segment starting fiom the Toktogul reservoir 
to the Aral sea Monthly flows for the 20-year penod of 1975-1994 were used for the simulation 
study Two alternative cases were analyzed 

The Toktogul reservoir operating as irrigation onented 



The Tokogul reservoir operating as power onented, producing more power in wmter 

The reservor elevahon, area, and volume, and tadwater elevation data of the Chardara reservoir used 
as the inputs to the HEC-5 model, were adopted for the present study 

3 3 3 Integrated Data Management for the Syr Darya Basln (RIMDESS) 

The principal objective of the study was to develop a mver Management Decision Support System 
(RIh4DESS) for the Syr Darya basin The key elements considered m the study are water pncing and 
water quallty management of a regional strategy 

The RIMDESS can be used for rnanagmg water quahty and water resource data, and evaluating 
exlstmg water quahty problems and developing strateges to reduce pollution, m each of CAR or on 
regional basis The RIMDESS can demonstrate how changes m pohcy, such as water pnce, tax 
unposed on wastewater d~scharges, or in-stream water quality standard can be used to reduce water 
use and improve water quality 

The data base was built on 

Map dellneation 

Water quality and discharge data including dramage area at selected gage station, reservoir 
level and storage volume 
Pollution sources 

Water wthdrawals for mumcipal, industnal, and agtlcultural uses 
Regulation data including standards and perrmts 

The system conslsts of five major modules These modules Include 

Water quallty 

Water and wastewater technologes appropnate for reuse 
Mmeralization prediction 

• Emssion policy 
Economc water pncing 

The flow data collected for use as input to the RIMDESS model was rewewed, and considered to 
be unsuitable for the present study for o p t m g  the operation of the Naryn-Syr Darya nver system 



3 3 4 Multl-objectwe Water Resource Allocat~on Model for Toktogul Reservo~r (GAMS) 

An optmuation model for water allocation of the Syr Darya basin wrth the major focus of Toktogul 
reservoir operation has been developed by Dr D M c h e y  The model was wntten in GAMS 
(General Algebrac Modehg System) language It computes energy generation, and conducts water 
balancing at each node There are five types of node considered in the model, and these include 
reservoir, nver, streamflow source, groundwater, and water demand 

The time increment adopted by the model for the system operation is a month The monthly lnflow 
sequence used in the operation consists of vmous combinations of three representative hydrologic 
condtions dry, normal, and wet Each flow sequence consisted of a total of five years with each year 
representing a flow condition For instance, a flow sequence consists of 2 normal years, 1 dry year, 
and 2 normal years 

The optimzation model adopts a number of objectives, and its objective function is a linear 
combination of these objectives as given below 

Maxlmzing the satisfaction of water demand at all demand sites 
Mmmung the differences of satisfaction of water demand among all demand sites 
Maxlrmzing the mmmum energy generation over the total planmng penod 
Maxlrmzing energy generation for each station and each penod 

The constrants of the model includes 

• Physical constrants Water balances at each water demand, nver, and reservoir node 
powerplant generation capacity, and groundwater pumping limt 

Policy constrants Mimmum flow to the Aral sea, amd mmmum Toktogul releases 
o System control constrants 

The optimzation model can be used to evaluate potential Impacts of different reservoir operation 
mode of ngation, power, or a combination of imgation and power, under v m u s  combinations of 
flow conditions representing dry, normal, and wet years The model IS very flexlble in detemmng 
the effects of varying objective function, and physical and policy constraints 

The limtation of the optimzation model includes 

Relatively short penod of analysis for a large system 



Simphfied representation of constrants, e g interaction of surface and ground water, 
computation of energy generatlon, and representatlon of ~nfiltration and return flows 
Economc evaluation of the objective fbnction not mcluded in the optmation process 
Flow sequence representmg years of dry, normal, and wet conditions, not hlstoncal long-term 
stream flow sequence 

3 4 Summary of Recent Yearly Water and Energy Agreements Among CAR 

Annual agreements for the water shanng and energy exchanges among the CAR were negotiated The 
agreements for the recent three years mcludmg 1996, 1997, and 1998 are summanzed m ths section 

3 4 1 Meeting of Fuel Energy and Water Facilities Representatives of the Republics of 
Kyrgyzstan, Kazakhstan, and Uzbelustan on the Issue of Water Energy Resource of 
Toktogul Cascade In 1996 

Key issues discussed and agreed in the meeting mcluded 

(1) Measures on effect~ve use of water energy resources of Toktogul Cascade taken m 1995 
~mproved the regonal water s~tuation 

(2) Toktogul reservoir volume on January 1, 1996 was targeted at 13 9 km3 The forecasted 
ldow to Toktogul was about 10 km3 m 1996 The releases planned by Kyrgyzenergo would 
be about 12 1 km3 As a result, Toktogul storage would reach about 1 1 8 km3 by January 1, 
1997 Water releases from January to March 1996 would exceed the requirement of BVO 
Syr Darya by 1 5 km3, and water defic~t would be about 3 0 km3 m summer Ths mght cause 
some d~fficulty dumg irrigation 

(3) The agreed releases fiom Toktogul were Apd-230 crns, May-270 crns, June-700 crns, July- 
700 cms, August-375 cms, and September-190 crns The total releases was m the amount of 
6 5 km3 As a result of stnct h ta t ion  of water use and change of crop patterns, the 
reduction of the releases from Toktogul reservoir m summer at the amount of 2 8-3 2 km3 
was achieved m 1995 To comply wth the agreed releases, tt was necessary to release an 
additional amount about 3 km3 to generate 2,200 GWh of energy for Kyrgyzstan 

(4) In order to keep Toktogul above dead storage and avoid slumpmg of the land m the mddle 
and downstream of the Syr Darya, it would be helpful 



1 To provlde Kazakhstan electnc system 1,100 GWh and Uzbelustan electnc system 
1,100 GWh generated by Kyrgyzstan m a total amount of 2,200 GWh 

2 To compensate the 2,200 GWh of power received from Kyrgyzstan 

(a) Uzbelustan was to prowde Kyrgyzstan 600 GWh of energy including 1st 
quarter-200 GWh, 2nd quarter-150 GWh, 3rd quarter-50 GWh, and 4th 
quarter-200 GWh, and also 300 mlllon cubic meter (rncm) of natural gas, 
equivalent to 500 GWh of energy Including 1 st quarter-90 mcm, 2nd quarter- 
60 mcm, 3rd quarter-60 mcm, 4th quarter-90 rncm 

(b) Kazakhstan was to provlde Kyrgyzstan 1,060,000 tons of Karaganda coal 

~nclud~ng 1st quarter-450,000 tons, 2nd quarter-150,000 tons, 3rd quarter- 

200,000 tons, 4th quarter-260,000 tons 
3 Umted Dispatch Center Energa and BVO Syr Darya were to provlde agreed amount 

wth the exception of emergency situation 
4 With the agreements of the Republics, it was necessary to validate the above issues 

by appropnate interstate agreements of the Republics 

3 4 2 Agreement Between the Government of Kyrgyzstan and Government of Uzbehstan on 
the Issue of Use of the Water Energy Resource of Naryn Syr Darya Cascade of 
Hydroelectr~c Powerplant In 1997 

For the purpose of meeting the irrigation demands and ratlonal use of exlsting he1 energy, the 
government of Kyrgyzstan and Uzbelustan agreed on the followng issues 

(1) Uzbehstan would receive 1,100 GWh dunng the penod of Apnl-September from Toktogul 
cascade 

(2) Mutual settlement for 1,100 GWh from Kyrgyzstan dunng summer and payment for power 
flow, translt, and frequency regulation in 1997 were made from the power flow of 400 GWh 
from Uzbelustan to Kyrgyzstan including 1 st quarter-50 GWh, 2nd quarter-200 GWh, 3rd 
quarter-50 GWh, and 4th quarter-100 GWh, and also 500 rncm of natural gas to Bishkek 
thermal powerplant including 1st quarter-200 mcm, 2nd quarter-60 mcm, 3rd quarter-60 
mcm, and 4th quarter-1 80 rncm wth an equal supply on monthly basis 

(3) Dunng the lrngatlon penod of 1997, Kyrgyzenergo would prowde the monthly releases from 
Toktogul Apd-230 crns, May-270 crns, June-650 crns, July-690 crns, August-500 crns, and 
September 190 crns 



(4) If ~t would be necessary to make adjustment of the water releases fiom Toktogul, it would 
be made on proposals of BVO Syr Darya and the Unlted Dispatch Center and the Energa 
mthln the limts not exceed~ng the above indicated amounts 

3 4 3 Agreement Between The Government of Kyrgyz Republic and The Government of the 
Republ~c of Uzbelustan on Jo~nt and Complex Use of Water-Energy Resources of 
Naryn-Syr Darya Cascade of Reservoirs m 1998 

In order for the republics to successfiilly meet the irngatlon requirements dunng the crop growng 
season, and to prowde a ratlonal use of exlstlng fuel-energy resources under the water shortage 
condition, the key issues that were agreed mcluded the followng 

(1) To estabhsh the daly average releases fiom the Toktogul reservoir as follows 
Year 1997 October-185 crns, November-395 crns, and December-460 crns, 
Year 1998 January-495 crns, February-490 crns, March-300 crns, Apnl-230 crns, 

May-270 crns, June-500 crns, July-650 cms, August-600 cms, and September- 
190 crns 

(2) To compensate for the lrngation releases, the Kyrgyz Republlc would prowde power flows 
to the naghbonng repubhcs dumg the crop growrng season (a) 1,100 GWh to the Republlc 
of Kazakhstan, and (b) 1,100 GWh to the Republic of Uzbelustan 

(3) Uzbelustan to transmt 400 GWh of electnc energy to Kyrgyzstan includ~ng 1st quarter-50 
GWh, 2nd quarter-150 GWh, 3rd and 4th quarter-200 GWh, and 600 mcm of natural gas 
lncludrng 1 st quarter-2 10 mcm, 2nd quarter- 100 mcm, 3rd quarter-90 mcm, and 4th quarter- 
200 mcm 

(4) Kazakhstan to transmt 250 GWh of electnc energy to Kyrgyzstan including 1 st half year- 1 50 
GWh, 2nd half year -100 GWh The remaned amount of the recaved energy would be 
compensated by the supply of 566,700 tons of Karaganda coal mcludmg 1 st quarter-220,000 
tons, 2nd quarter-200,000 tons, and 3rd quarter 146,700 tons 

3 4 4 Summary of Recent Water and Energy Agreements 

Based on the three most recent agreements as discussed above, the compmson of the amount of 
water releases fiom the Toktogul reservox, and energy exchanges among the CAR IS shown m Table 
3-1 



Table 3-1 

Summary of Water and Energy Agreements 



Chapter 4 

REVIEW OF HYDROLOGY OF THE NARYN-SYR DARYA RIVER SYSTEM 

This chapter discusses the collection of avilllable hydrologcal data, and analyses conducted to 
develop monthly inflow sequences and evaporation losses at each of the reservoirs in the Naryn-Syr 
Darya basin The inflow sequences and reservoir evaporations were used as Inputs to Harza's 
Hydropower-Imgabon Simulation model to evaluate the performances of alternative scenarios The 
procedures and assumptions used to estlrnate these data are discussed in ths  chapter, and the 
generated flow data and basic hydrometeorological data used in the analyses are presented 
Descnptions of the Hydropower-Imgation Simulation model including its logcs and structure are 
presented in Chapter 6 of ths report 

4.1 Collect~on of Streamflow Data 

The hydrologcal data and reportdstudes related to the Naryn-Syr Darya nver basin and the exlsting 
projects m the basm were collected and rewewed These reports are listed in Chapter 3 of ths report 
Efforts were made to collect hydrologcal data of all avadable penod Regional collaborators played 
a crucial role m o b t m g  the data for the nver system Based on the avadabhty of streamflow data 
at vanous gagmg stabons and the tune required for local agencies to compile the data, a penod from 
1955 to 1997 was selected for the current Step-2 hydropower-lrngation nver basin simulation study 
Th~s 43-year penod Includes the more recent data and is judged to represent the long-term hydrologrc 
condition 

Harza conducted the Step-1 study of the Naryn nver basin in 1996 In that study, monthly flows of 
Naryn nver for the penod of 1937 through 1978 were prewously used to assess the export markets 
for the power produced at the Karnbarata-1 Project A rewew of these data was conducted for its 
accuracy, and some of thls data was selected for use in the present study 

A Harza team conslstlng of a Planmng Engneer and Hydrologist wsited the CAR dunng the penod 
of March 9-26, 1998 They met wth the staffs from the USAID, Burns & Roe, Hagley Badly, and 
World Bank Miss~on offices In the CAR, and government officials of Tajilustan, Kazakhstan, 
Kyrgyzstan, and Uzbehstan Repubhcs, to collect add~t~onal hydrolog~c data of the Naryn-Syr Darya 
nver basin 



4 1 1 Data Collected from the Prevlous Study 

Monthly streamflow data collected from the prevlous study are listed in Appendix D and descnbed 
m ths section Locations of stream gaging, rainfall stations, and reservoirs/powerplants used in the 
current study are shown in Exhibit D-1 

Monthly s t r d o w  data recorded at the Arys h l w a y  Statlon gage on the Arys nver (Table D-1), 
and nine gaging stat~ons on the Syr Darya nver (Tables D-2 to D-10) downstream of Chardara 
reservolr are gven in Annexes A45-A55 of Append~x 2 of the 1996 IBRD report on "Syr Darya 
Control and Delta Development Project" Penods of these flow records vary between about 20 to 

25 years Monthly flow data for the penod of 1971-1994 on the Keles (Table D-11), a major 
tributary, are also collected As discussed In Chapter 3, only the monthly flows at the Arys Wlway 
Stabon on the Arys nver were used m the present study, and the use of these flows is discussed later 
in ths report 

Monthly inflows to the Toktogul reservoir for the penod 1975-1994 were used in the 1996 IBRD 
study, and these data are given in Appendix 7 of the 1996 IBRD report IBRD used these 20 years 
of data (Table D-12) to develop monthly flow sequence for a 40-year penod by repeating the same 
flow data for use in the reservolr operatron study The 1995 WARMAP Project Phase 1 report on 
"Water Resources Management & Agrrcultural Production in the Central Asian Republics" contatns 
a hst of selected gagmg stations (Table D-13) Pertinent information of these gagng stations, located 
on the Naryn-Syr Darya nver system and ~ t s  tnbutanes, Includes statlon name, location, elevation, 
dramage area, lnltial operafion year, and average flow, 1s presented m Table D- 13 These information 
were used to estlmate flows of msslng months as discussed later m ths report 

The Harza's 1996 Step 1 study adopted monthly flows from gagng stations on the Naryn nver for 
the 42-year penod of 1937 through 1978 (Table D-14) These data were used in the present study 
to estimate intervemng flows between Toktogul and Kurpsa, and Kurpsa and Tashkumyr 

Monthly streamflows for the penod of 1950 to 1982 at the Tupolang and Nmn gagng stations were 
used to define flow frequency curves in the 1992 study "S~mulation of Water Supply and Demand in 
the Aral Sea Region" These flow frequency curves were also used m the 1997 EPT study to define 
flows representing normal, dry, and wet year conditions 



4 1 2 Data Collected In the Present Study 

* 
The streamflow data collected by the Harza team dunng their wsit to the CAR m March 1998, and 
in the course of the present study are listed in Appendix E and summanzed below 

1 Monthly streamflows of the Naryn nver provlded by Kyrgyzenergo in the Republic of 
• Kyrgyzstan included 

Monthly lnflows to the Toktogul reservoir Two sets of records are avalable One 
for the penod of Apnl1910 - June 1996 (Table E-1), and the other one for the penod 
of January 1986 - December 1997 (Table E-2) 

a Tributary flows between Toktogul and Uchkurgan Apnl 19 10 - March 1986 (Table 
E-3) 

Tributary flows from Karasu-left January 1976 - December 1997 (Table E-4) 
Tributary flows from Karasu-nght January 1976 - December 1985 (Table E-5) The 
gaging station was inundated after 1985 

2 Monthly inflows to the Chardara reservoir for the perrod of January 1980 - February 1998 
were provlded by the KEGOK in Kazakhstan (Table E-6) 

m 
3 Streamflows from fourteen gaging stations in the Syr Darya nver basin in the Republic of 

Uzbelustan were firmshed by the Hydrometeorology at the Cabinet of Mmsters of 
Uzbelustan These stations include 

Toktogul and Uchkurgan on the Naryn nver (Tables E-7 and E-8) 

Kal, Akdjar, Kzyllushlak, and Chtnaz on the Syr Darya nver (Table E-9 to E- 12) 
Uchtepe on the Karadarya nver (Table E-13) 
Irtash and Soldatskoe on the Akchangaran nver (Tables E-14 and Table E-15) 
M u x  in Chrchk W R (Table E-16) 
Hodjikent on Ugam nver (Table E-17) 

Chrchk downstream of the Charvak reservoir (Table E-18) 
Gazelkent and Chmaz on Chrchk nver (Table E-19 and E-20) 

4 The followng streamtlow data was prowded by the Enwronmental Policy and Techcal 
Project (EPT) regional office in Almaty 



Outflows of Chardara reservoir (Table E-21) 
Flows at Kazalinsk on the Syr Darya nver (Table E-22) 
Flows at Shaulder Village on the Arys nver (Table E-23) 

a Flows at Krasnyy Most on the Bugun nver (Table E-24) 

The penods of records and sources of the collected streamflow data are summanzed m Table E-25 

4 2 Rev~ew of Collected Streamflow Data 

The collected streamflow data was rewewed for its adequacy and consistency 

4 2 1 Inflows to the Toktogul Reservoir 

The Toktogul reservou inflows recently collected from Kyrgyzenergo were compared wth that used 
m Harza's 1993 and 1996 study for the concurrent penod of 193 7- 1978 Mnor differences between 
these two sets of monthly flows were detected for the years pnor to 1960, and flows fiom the two 
data sets match closely for the penod of 1960 -1978 

Flow data for the penod of 1975-1994 was used tn the IBRD study Ths data was compared unth 
that collected from Kyrgyzenergo and In the Harza's prevlous study 

1975-1978 Monthly flows from these three sources are about same 
1978-1986 Flows collected from Kyrgyzenergo appear to be the same as that 

used m the IBRD study 
1987- 1997 Sigdicant merence exlsts between the flows of the IBRD study and 

the Kyrgyzenergo data Set 1- 1910 to 1997, but flows of the IBRD 
study match closely wth the Kyrgyzenergo data Set 2 - 1986 to 1997 
This Kyrgyzenergo Set 2 data IS also consistent wth the data 
obtaned fiom KEGOK m Kazakhstan for the concurrent penod 

Based on the above cornpansons, the Kyrgyzenergo data Set 1 was used to develop the Toktogul 
monthly lnflows for the years pnor to 1987, and Kyrgyzenergo data Set 2 was used for the Toktogul 
lnflows for the penod of 1987 to 1997 



4 2 2 Tributary Inflow Between Toktogul and Uch-Kurgan 

Monthly flows fiom major tnbutanes of the Naryn nver between Toktogul and Uch-Kurgan were 
obtaned from Kyrgyzenergo These flows include 

Tributary flows between Toktogul and Uch-Kurgan for the penod of Apnl 19 10 to 
March 1985 
Flows from Karasu left, a major tnbutary between Toktogul and Kurpsa, for the 
penod of 1976- 1997 
Flows fiom Karasu nght, a mqor tributary between Kurpsa~ and Tashkumyrskaya, for 
the penod of 1976 to 1985 

These data were analyzed The Karasu left and nght are the major tnbutanes Into the area between 
Toktogul and Uch-Kurgan reservoirs, and ths  area 1s pract~cally a non-~mgatlon intervenmg area 
To check the accuracy of the data, the tnbutary flows between Toktogul and Uch-Kurgan and the 
sum of Karasau left and nght flows were compared The differences between two sets of data were 
evaluated They appear to be a -re of pos~tive and negatlve values A mass curve analysis of the 
tnbutary flows between Toktogul and Uch-Kurgan md~cated a s~gdicant change of slope around year 
1976 The cause of ths  inconsistency was not known These tnbutary flows collected from 
Kyrgyzenergo were not used In the present study 

4 2 3 Mid Syr Darya Flow 

Mass curve analyses of the Syr Darya nver streamflow data at the statlons Kal, Akdjar, Kzyllushlak, 
and Chnaz (in an upstream to downstream order), and Karadarya nver streamflow at Uchtepe for 
the available penod were conducted These flows are all subject to the regulat~on provlded by 
upstream reservoirs, and ~rngation diversions along the nver The decreases of monthly flow in the 
mgahon season fiom the stahon Akdjar to Kzyllushlak and C h a z  md~cate the effects of imgation 
diversron Ths also results in the decreases of annual average flow for the penod 1955-1997 from 
the station Akdjar to Kzyllushlak and Chnaz 

The average annual flow increases substantially fiom station Kal to Akdjar Ths indicates that the 
Intervening flow between these two statlons are not subject to sigmficant imgation diversion, or 
possrbly the ~rngatlon diversion is offset by lrngatlon return flow The differences between the Kal 
and Akdjar flows were considered as natural flows for the mtervemng area between these two gage 



stahons Any negahve monthly mtervemg flows between Kal and Akdjar were treated as zero The 
intervemng flows were used for estimating flows for intervemng areas wth simlar hydrologc 
conditions 

Mass curve analyses of monthly streamflows were made for six gaging stations in the Chrchk nver 
basm These stations mclude the Chchlk MUX stahon at the Charvak reservoir, Gazalkent, Chnaz, 
Chrchk, and Charvak reservoir outlet, and Hodjikent on the Ugam fiver, a major tnbutary to the 
Chtrchlk nver The analyses mdlcate that the streamflows of the Chrchtk nver at Chnaz are affected 

by the lrngation diversion, and flows of the Ugam nver at Hodjikent are consistent and wthout effect 

of irngation diversion 

Only average monthly flows are aviillable at the gagng stations on the two major tnbutanes f lomg 
into the Charvak reservoir The stations include Chatkal Rver at Huda~dod, and Pskem fiver at 
Mullala Average flows are avdable at these two stations for the penods of 1932-1 997, 1978-1 997, 
and 1993- 1997 A companson of the average monthly data of the M u x  station in Charvak 
reservolr and the sum at the two major tnbutanes mhcates that the flows at M u x  represent the total 
inflow to the Charvak reservoir 

A mass curve analysis of the flow data of Akchangaran nver at Irtash and Soldatskoe was conducted 
The analysis mdicates that anconsistency of the flow data exlsts, and ths may be caused by imgation 
diversions 

4 2 4 Low Syr Darya Flow 

Monthly Syr Darya streamflow data of the penod of 1970 to 1994 at the rune gagmg stations located 
downstream of the Chardara reservolr are heady regulated by the upstream reservoirs, m particular, 
Toktogul and Chardara The Syr Darya s t r e d o w  of the reach downstream of Chardara decreases 
as gomg downstream, due to imgation diversions and losses These streamflow data were not used 
in the present study as they were affected by the upstream regulation and irngation diversion 

The major tnbutary inflow in ths reach is from the Bugun-Arys fiver Streamflow data of Bugun 
nver at Krasnyy Most was used as inflow to Bugun reservoir, and flows at the Arys railway station 
were used as basis for estimation of intervemng flows between the Chardara reservoir, Bugun 
reservoir and Aral Sea 



4 3 Streamflow 

For the hydropower-lrngation simulation study of the Naryn-Syr Darya nver system, monthly 

streamflow sequence for the 43-year penod of 1955 to 1997 was selected as lt represents long-term 
flow condibons of the basm, and considering the s t readow data avadability Monthly flows for t h s  
penod were developed at each of the upstream reservoirs, and lntervemng flows between two 
reservo~r/powerplant projects located sequentially on the same nver or three projects located 
sequentially on the man stem and ~ t s  tnbutmes The upstream reservoirs include the Toktogul on 
Naryn, hdl jan on Karadarya, Charvak on Chrchk, and Bugun on the Bugun-Arys nvers The 
lntervemng flows were developed for the followng lntervemng areas between (1) Toktogul and 
Kurpsai, (2) Kurpsa and Tashkumyr, (3) Tashkumyr and Shamaldysa, (4) Shamaldysa and Uch- 
Kurgan, (5) Uch-Kurgan, hdijan, and Kayrakum, (6) Kayrakum and Farhad, (7) Farhad, Charvak, 
and Chardara, and (8) Chardara, Bugun, and Aral Sea 

Descnptions of procedures and methodology for computing natural streamflows rnto the upstream 
reservoirs and lntervemng areas are given below These flows are summanzed in Table F-1 of 
Appendix F 

4 3 1 Inflow to Toktogul 

Monthly d o w  to the Toktogul reservou were obtarned from Kyrgyzenergo A mass curve plotting 
of monthly flows IS shown on Ehb i t  F-1 These flows were used as a basis for denvlng intervemng 
flows of areas wth  s~rmlar hydrological conditions 

4 3 2 Intervening Flow Between Toktogul and Kurpsai 

Intervemg flows between Toktogul and Kurpsa used in Harza's 1993 and 1996 study are avdable 
for the penod 1937-1978 The flow data dunng the penod 1955-1 978 are adopted in the present 
study The lntervenrng flows for the penod of 1979-97 were estimated by transposing the Toktogul 
lnflow based on the monthly flow ratios between the rntervemng flow and Toktogul inflow computed 
for the concurrent penod 1955-78 Ths was considered feasible because the hydrologc 
charactenst~cs of the two areas were judged to be simlar Mean monthly flow ratlos were computed 
for the penod 1955-78, and appl~ed to the monthly flows of Toktogul for the penod 1979-97 



4 3 3 Intervening Flow Between Kurpsa~ and Tashkumyr 

Intervemng flows between Kurpsiu and Tashkumyr used in Harza's 1993 and 1996 study are 
available for the penod 1937-1978 The flow data dunng the penod 1955-1978 are adopted in the 
present study The lntervemng flows for the penod of 1979-97 were estimated by transposing the 
Toktogul inflows based on the mean monthly flow ratios as discussed above 

4 3 4 Intervening Flow Between Tashkumyr and Uch-Kurgan 

Slnce no major tnbutanes located between Tashkumyr and Uch-Kurgan, intervemng flows between 
Tashkumyr and Shamaldysa are assumed to be negligible Simdarly, zero intervemng flows were 
assumed for the tnterverung area between Shmaldysa and Uch-Kurgan 

4 3 5 Inflow to Andljan 

For the Karadarya nver, monthly streamflow data are only aviulable at Uchtepe located at 
downstream of the Andqan reservou These regulated flows could not be be used in the hydropower- 
irrigation simulation model By assumng the hydrological simlarity between the Naryn and 
Karadarya nvers, the Andqan lnflows were estimated by transposing the 1955-1997 Toktogul inflows 

wth a factor of 0 38 Ths transposition factor of 0 38 was comptued as a ratlo between estimated 
long-term average flows for Andqan at 137 crns (cubic meter per second) and the Toktogul at 361 
crns The long-term average flow for Andljan was estunated by multiplying the sum of average flows 
of three major tnbutanes wth hlghest inflows into the Andljan reservoir wth the ratio of the 
dramage areas 

The gagmg stations for the major tnbutanes are located at Uzgen of the Karadarya nver, Salamalik 
of the Yassl river and Gulcha of Kurshab nver, respectlvely The long-term average flows and 
drainage areas for these three stations are 67, 22, and 17 crns and 5840, 1180, and 2010 km2, 
respectlvely (Table D-13) The dranage area between these three stations and hdijan was estlrnated 
to be about 2640 km2 Therefore, the long-term average flow for Andijan of 137 crns was computed 
as (67+22+17) * (2640+5840+1180+2010) 1 (5840+1180+2010) 

4 3 6 Intervening Flow Between Uch-Kurgan, And~jan, and Kayrakum 

As discussed in the streamflow data revlew of section 4 2 3, the lntervemng flows (Tables E-9 and 
E-10) between two gaging stations Kal and Akdjar on the Syr Darya nver are considered as natural 



flow and used as a basis for estmatmg intervemng flows of hydrologcally simlar areas Intervemng 
flows between Uch-Kurgan, Andy an, and Kayrakum were estimated by transposing the intervemng 

flows between Kal and Akd~ar usmg a combmed dramage area-mean annual ranfall ratio of 2 54 The 
dranage area ratio was 1 69, while the mean annual ranfall ratio was estimated to be 1 50 

4 3 7 Intervenrng Flow Between Kayrakum and Farhad 

Intervemg flows between Kayrakum and Farhad were estnnated by transposing the intervemng flows 
between Kal and Akaar usmg a dramage area ratio of 0 15 The rainfall was assumed to be same on 
both dranage areas 

4 3 8 Inflow to Charvak 

The long-term monthly average flows for the penod 1937-97 of the two major tnbutanes, Chatkal 
river at Hudadod and Psken nver at Mullala, were obtaned fiom Mr Ovchmkov The 
correspondmg monthly flows are not avalable to Harza However, both the long-term average and 
monthly flow data are avalable for the station Afnux in Charvak W R A compmson of the long- 
term monthly averages at the Atnux m Charvak W R station and the sums of flows at the above two 
tributary stations, Hudadod and Mullala, indicated that the average flows at the Afnux in Charvak 
W R are about 5% more than the sums The flows of Atnux in Charvak W R were considered as 
inflow to the Charvak reservoir A double mass curve of these flows and Toktogul inflows was 
plotted on Exhibit F-2 to check the consistency 

4 3 9 Intewen~ng Flow Between Farhad, Charvak, and Chardara 

Intervemng areas between Farhad, Charvak, and Chardara were separated lnto two parts for 
estmaoon of mtervemng flows The mountainous part includes areas upstream of Almalyk City on 
the Akhaneran hver Intervemg flows of h s  area (about 3,900 kin2) were estimated by transposing 
the Charvak inflows by a dranage area ratio of 0 41 The remamng intervemng flows between 
Farhad, Charvak, Almalyk, and Chardara were estimated by transposing the rntervemng flows 
between Kal and Akdjar using a dramage area ratio of 0 43 

4 3 10 Inflow to Bugun 

Monthly inflows of Bugun nver at Krasnyy Most were used as inflow to the Bugun rersevoir The 
flows are avadable for the penod 1955-1995 It appears that the monthly flow data for year 1988 are 



outhers and were not used Therefore, monthly flow data for the years (1988, 1996 and 1997) were 
estimated based on the regression analysis results of annual flows Lmear regression analysis was 
made usmg the l o g m h c  values of concurrent annual flows of the Bugun nver at Krasnyy Most and 
Ugam nver at Hodjlkent statlon The regression coefficient was computed as 0 78 The regression 
results were used to estimate the annual flows at Krasnyy Most for the years 1988, 1996 and 1997 

The average monthly and annual flows of the Krasnyy Most station were computed based on the 
1955-198'7 and 1989-1995 data The ratio of average monthly to average annual flow was computed 

for each month The monthly flows for the years 1988, 1996 and 1997 were estimated by multiplylng 

the annual flows with these monthly ratios 

4 3 11 Intervenrng Flow Between Chardara, Bugun, and Aral Sea 

A cornpanson of flows at Arys radway and Shaulder stations mhcates consistency The Bugun flows 
at Krasnyy Most has hgher umt yeld when compared to the Arys flows because of smaller area under 
the mfluence of relatively more ranfall Therefore, the intervening flows between Chardara, Bugun, 
and Aral Sea were estimated by transposing the flows of the Arys radway statlon based on the 
combined ratio of dramage area and annual r d a l l  

Monthly flows ofthe Arys rrver at Arys rdway station are avdable for the penods of 1969-1985 and 
1987-1994 and used for estlrnabon of intervemng flows These flows were obtaned from Appendix 
2 of the 1996 IBRD study Monthly flow data for the other penods were estimated based on the 
regression analys~s results of annual flows Lmear regression analysis was made using the loganthrmc 
values of concurrent annual flows at the Arys radway statlon and the Ugam rrver at Hodjikent station 
The regression coefficient was computed as 0 82 The regression results were used to estimate the 
annual flows of the Arys station for the penods 1955-68, 1986, and 1995-1997 

The average monthly and annual flows of the Arys rdway stabon were computed based on the 1969- 
1985 and 1987-1 994 data The ratio of average monthly to average annual flow was computed for 
each month The monthly flows for the mssing penods 1955-68, 1986, and 1995-1997 were 
estimated by multiplylng the annual flows wth these monthly ratios 

The mtervemg area between Chardara, Bugun, and Aral Sea was separated into three parts for the 
estimation of intervemng flows The first part IS the intervemng area between Bugun and Arys 
ra~lway station where the difference between the Arys flows and Bugun idlows were used The 

second part includes intervemng area between Chardara, Bugun, and Tyuman-Aryk The dranage 



area and mean annual ranfall ofthls area were estimated to be 3 1,900 km2 and 230 rnm, respectively 
The dramage area and mean annual r d d  of the t h d  part between Tyurnan-Aryk and Aral Sea were 
estimated to be 47,900 km2 and 145 rnm The dranage area and mean annual ranfall of the Arys 

radway station were about 13,100 la2 and 525 mm The transposition ratios of the first and second 
parts were computed to be 1 07 and 1 01, respectively 

The combined transposition ratio for the two was 2 08 The lntervenlng flows between Chardara, 
Bugun, and Aral Sea were estimated by multiplying the Arys flows wth ths ratio of 2 08 

4 4 Evaporatlon 

Water losses due to evaporation fi-om the natural lakes and man-made reservoirs are quite signrficant 
m the study basm, especially the Chardara reservoir with a huge reservoir surface area A reasonable 
estimate of these losses is required for a realistic estimate of avalable water and consequently, the 
energy generation 

For ths study, the net reservoir evaporation is defined as 

Net Evaporation = ( Pan Coefficient X Pan Evaporation ) - ( hnfa l l  - Runoff lost 
fiom reservoir area ) 

The net evaporation rates are estimated for the Toktogul, Kurpsm, Tashkumyr, Shamaldysa, Uch- 
Kurgan, Andgan, Kayrakum, Farhad, Charvak, Chardara, and Bugun reservoirs 

4 4 1 Pan Evaporatlon 

Pan evaporation data are avalable for the Chardara, Kazalinsk, and Aral Sea fiom the 1996 IBRD 
study The periods of avadable record are about 10 years Monthly and annual data are listed in Table 
D-15 Measurements were taken fiom evaporation pans embedded ~nto the ground and observation 
were made ma~nly dunng the seven-month penod from Apnl to October Average annual pan 
evaporation data does not vary sigmficantly along the Syr Darya Rver between Chardara and 
Kazalinsk but increase at Aral Sea The Chardara data are considered to be representative for the 
study area and used in the estimation of net reservoir evaporation 



4 4 2 Pan Coefic~ent 

Pan coeffiaent is a ratio between the reservolr evaporation and pan evaporation The pan coeffiaent 
for the Colorado sunken pan ranges fiom 0 75 to 0 86 An average coefficient of 0 80 is assumed 
for the study area 

4 4 3 Net Reservoir Evaporat~on 

The net reservolr evaporation was computed as shown in Table F-2 wth  the assumption that the 
amount of r d a l l  on the reservolr would equal to the runoff lost fiom reservoir area Ths  resulted 

m an annual net reservolr evaporation of 1,174 rnm Ths set of monthly net reservolr evaporation 
was used for the Kurpssu, Tashkumyr, Sharnaldysa, Uch-Kurgan, Kayrakum, Farhad, Chardara, and 
Bugun reservoirs The monthly net reservoir evaporation rates for the Toktogul, Andijan, and 
Charvak reservoirs at hlgher elevations were estimated to be 50% of those of Chardara station 



Chapter 5 

ESTIMATES OF POWER AND IRRTGATION VALUES 

5 1 Marg~nal Electric Costing 

5 1 1 Methodology and Assumpt~ons 

A descnption of the operation of the PROSYM software is prowded in Sectlon 2 1 

When load on a gven area Increases by one lulowatt, the increased load must be met by an increase 
m generabon The associated cost ~ncurred to meet that additional demand is defined as the margnal 
cost It is presented m rmllsIkWh (equivalent to $/MWh) PROSYM economcally dispatches umts 
based on supplied load, generation costs and constramts, and transmsslon constrants PROSYM 
detemnes the margnal costs for domestic energy, imports and exports Margnal cost results are 
prowded in Section 5 1 3 

Assumptions for energy not served are d~scussed in Section 5 1 3 and transmssion assumptions 
(losses) are discussed m Section 5 1 4 

5 1 1 1 Reserve Marg~n 

Reserve margm cntena have been assumed for the purpose of de temmg the adequacy of installed 
capacity and the time and capacity of hture generating additions In the case of isolated operation 
a m u m  reserve margln of 15% has been assumed For integrated operation a m m u m  reserve 
margin of 12% is assumed 

5 1 1 2 Retirement Policy 

Many of the generatmg m t s  m each of the repubhcs under study are more than 30 years old Specific 
dates for umt retirements could not be provlded due to the current status of generating planmng 
activities and because of the uncertamhes associated mth financing of replacement capacity For the 
purpose of the production/marginal costing, the follourlng retirement policies have been assumed 

Hydroelectnc Units - No umt retirement through 2010 



Thermal Generatmg Umts - for umts where retirement dates were prowded by local counterparts, the 
dates provlded were assumed For umts where no official retirement date was prowded, whlch is 
essenaal m all cases, m t s  are assumed to retire at ago 40 if they have provlded less than 40 years of 
semce by 1998 and at age 45 othemse 

5 1 1 3 Proxy Units 

For the purpose of production modehng simulations in each case where installed capacity as 
Inadequate to meet reserve margm cntena, natural gas-fked combme cycle capacity has been assumed 

as the proxy unit 

5 1 2 Matrix of Study Cases 

The Central Asian Republics study cases w111 run in an interconnected mode where power is 
exchanged based on exlstmg transmssion constrants and in an isolated mode where no exchange of 
power takes place Additionally, the above cases wll be executed in a power mode where hydro 
stations are dispatched accordmg to energy demand and rn an mgation mode where water 1s released 
according to irrigation needs Ths w11 be done usrng load demands provlded by the respective 
republics for the years 2000,2005, and 2010 A summary matnx of study cases is shown in Table 
5- 1 

5 1.3 Summary of Results 

Tables 5-2 to 5-4 surnmanze the PROSYM results for the study cases These tables include energy 
consumed by a repubhc, nported, exported, dumped, and not served Dumped energy results from 

hydro umts operating because water releases are required, but the energy produced as a result of the 
releases is not consumed It can also result from a CHP umt operating to meet a heat load, but the 
associated electnc output is not consumed 

Definitions of the vanous energy values (all in GWh) 1s as follows 
Domestic - the region's load 
Import - energy Imported the other two regons 
Export - energy exported to the other two regons 
Dumped - energy produced, but not consumed 
ENS - energy not served, demand that a region could not meet 



Energy not served can be a result of havlng insufficient capacity because there is an insufficient 
amount water flow for the hydros, umts may out of semce due to mantenance outages or forced 
outages Energy not served has been assigned a value of 45rmlls/kW Note that if any republ~c 
contains Inefficient umts that produce power at costs greater than 45mlls/kW and those umts are 
avalable, PROSYM wll st111 dispatch them as necessary Therefore it is possible to have margnal 
costs greater than 45mlls/kW Ths usually occurs In the wmter dunng the mgation studies 

The three republics show their greatest energy demands in the mnter Thls IS evldent by the hgher 
marpal costs m the wnter season mgher margnal costs also exlst when movlng from year 2000 
to 2005 to 2010 AU repubhcs realm an mcrease m demand, and accordingly more (expenswe) umts 
must be dispatched to meet the greater demand 

D m g  the Imgabon studies, hydro output is at ~ t s  mmmum in the mnter when water is stored, and 
its m m u m  m the summer when it is released The results according illustrate ths  trend wth hgher 
marpal costs in the wnter and lower costs in the summer months Thls is especially obvlous wth 
the Republic of Krygyzstan Its marginal costs are very low when there are large water releases 
They also have a large amount dumped energy m the summer when all of the energy produced by the 
hydro's is not consumed 

Tables 5-5 to 5-7 contam the total production cost results from the PROSYM runs The cost figures 
are presented In 1000s of dollars These costs consist of fuel cost, vanable operation and 
maintenance costs, and fixed oprat~on and maintenance costs 

Production costs contam electric generation, hydro generation, and therman (steam) generation An 
adjustment is necessary to remove the costs associated wth steam generation from the CHPs Boiler 
efficiency was assumed to be 85% Total thermal energy generated is hvlded by the efficiency and 
multiphed by the fbel cost Ths gves an estlmate of the costs associated wth producing steam Ths 
figure is then subtracted from the total production cost 



Table 5-1 

SUMMARY MATRIX OF STUDY CASES 

Future Case 

Summer 

Toktogul1998 
Agreement 

W~nter 

Toktogul1998 
Agreement 

Summer 

Power 

Imgat~on 

Power 

Imgat~on 

Power - 
ImgatIon 



Table 5-2 

- 
MARGINAL COSTS FOR BASE CASE WITH EXISTING IRRIGATION DEMAND 

Kyr-Domeshc 
Kyr-Import 
Kyr-Export 
Kyr-Dumped 
Kyr-ENS 
SKaz-domeshc 
Skza-Import 
Skaz-Export 
Skaz-Dumped 
Skaz-ENS 
Uzb-Domeshc 
Uzb-Import 
Uzb-Export 
Uzb-Dumped 
Uzb-ENS 

Kyr-Domeshc 
Kyr-Import 
Kyr-Export 
Kyr-Dumped 
Kyr-ENS 
SKaz-domesbc 
Skza-Import 
Skaz-Export 
Skaz-Dumped 
Skz-ENS 
Uzb-Domeskc 
Uzb-Import 
Uzb-Export 
Uzb-Dumped 
Uzb-ENS 

Interconnected - W~nter - Power 

Interconnected - Summer - Power 

2010 2000 2005 

Gwh 

7484 
716 

1702 
135 

1 
12605 
4128 

0 
0 
0 

27461 
64 

3205 
0 
0 

Gwh 

6554 
42 1 

1804 
77 
0 

7952 
1158 

78 
0 
0 

223 15 
914 
61 1 

0 
0 

2010 2000 

Gwh 

6903 
442 

1852 
103 

0 
10544 
2830 

20 
0 
0 

25299 
29 1 

1690 
0 
0 

$/MWh 

23 72 
32 74 
18 41 

29 45 
29 40 
39 07 

25 87 
26 85 
25 71 

$ r n  

21 35 
29 45 
16 90 

25 92 
28 97 
24 28 

24 97 
24 95 
25 24 

Gwh 

5062 
703 

1259 
276 

0 
93 96 
2458 

1 
0 
0 

25635 
23 1 

2133 
0 
0 

2005 

Gwh 

4420 
494 
122 
23 1 

0 
5052 
30 1 
283 

0 
0 

20698 
1043 
334 

0 
0 

$rn 

25 25 
30 65 
18 15 

28 23 
28 69 
26 25 

25 72 
25 52 
25 81 

$/MWh 

23 68 
30 35 
16 56 

28 30 
28 45 
53 85 

25 29 
25 08 
25 42 

Gwh 

4595 
470 

1328 
218 

0 
7161 
800 
147 

0 
0 

22890 
799 
593 

0 
0 

$/MWh 

20 51 
26 88 
14 46 

22 77 
21 71 
23 00 

23 81 
24 60 
22 48 

$/MWh 

22 52 
28 98 
16 72 

25 49 
27 10 
23 90 

25 21 
25 16 
25 58 



Table 5-2 

(Continued) 

Kyr-Domesbc 
Kyr-Import 
Kyr-Export 
Kyr-Dumped 
Ky-ENS 
SKaz-domesbc 
Skza-Import 
Sku-Export 
Skaz-Dumped 
Skaz-ENS 
Uzb-Domesbc 
Uzb-Import 
Uzb-Export 
Uzb-Dumped 
Uzb-ENS 

Kyr-Domesbc 
Kyr-Import 
Kyr-Export 
Kyr-Dumped 
KJT-ENS 
SKu-domesbc 
Skza-Import 
Sku-Export 
Sku-Dumped 
Skaz-ENS 
Uzb-Domestic 
Uzb-Import 
Uzb-Export 
Uzb-Dumped 
Uzb-ENS 

Interconnected - W~nter - Irrlgatlon 

Interconnected - Summer - Irngatlon 

2000 

Gwh 

6554 
2738 
302 
21 
22 

7952 
768 
370 

0 
0 

223 15 
175 

3008 
0 
0 

$IMWh 

31 79 
36 16 
19 14 

29 33 
28 94 
32 40 

27 49 
25 70 
27 56 

2005 

2000 2010 

Gwh 

6903 
1776 
242 

14 
67 

10544 
1045 
133 

0 
0 

25299 
96 

2542 
0 
0 

2010 

Gwh 

4420 
118 

2729 
264 1 

0 
5052 
1017 

5 1 
0 
0 

20698 
1775 
131 
45 
0 

2005 

Gwh 

5062 

2002 

9396 

25635 

9 

$ r n  

33 64 
40 00 
19 52 

31 76 
30 08 
40 08 

29 07 
26 43 
29 29 

Gwh 

7484 
3078 
236 
22 

235 
12605 
2481 

55 
0 

23 
2746 1 

53 
5322 

0 
1 

$rn 

4 96 
28 10 

1 54 

17 51 
15 07 
23 22 

18 16 
20 79 
17 41 

Gwh 

4595 

2373 
0 

7161 

0 

22890 

10 
0 

$rn 

7 92 

25 25 

22 53 

$rn 

37 19 
45 34 
21 11 

37 81 
33 87 
84 71 

33 13 
30 50 
32 44 

$rn 
6 43 

21 65 

22 08 



Table 5-2 

(Contmued) 

Kyr-Domeshc 
Kyr-Dumped 
Kyr-ENS 

SKaz-domeac 
Skaz-Dumped 
Skaz-ENS 

Uzb-Domesbc 
Uzb-Dumped 
Uzb-ENS 

Kyr-Domesbc 
Kyr-Dumped 
Kyr-ENS 

Skaz-domeshc 
Skaz-Dumped 
Skaz-ENS 

b-Domesbc 
Uzb-Dumped 
Uzb-ENS 

Isolated - W~nter - Power 

Isolated - Summer - Power 

2000 

Gwh 

658 1 
949 

7943 
0 
0 

22298 
8 

2005 

$/MWh 

8 17 

29 14 

25 62 

2000 2010 

Gwh 

6905 
85 1 

1 

1053 5 

11 

25306 
0 

2010 

Gwh 

4420 
63 1 

5052 

20698 
8 

2005 

Gwh 

5062 
313 

0 

9310 

25635 
13 
0 

$/MWh 

9 42 

31 19 

26 34 

Gwh 

7489 
54 1 

15 

12550 

376 

2746 1 
27 
0 

%/MWh 

10 06 

23 90 

25 05 

Gwh 

4595 
530 

0 

7161 
1 

22890 

$rn 

14 60 

30 13 

24 74 

$/MWh 

13 44 

39 24 

25 27 

$/MWh 

10 76 

26 69 

25 53 



Table 5-2 

(Continued) 

Kyr-Domeshc 
Kyr-Dumped 
Kyr-ENS 

SKaz-domeshc 
Skaz-Dumped 
Skaz-ENS 

Uzb-Domeshc 
Uzb-Dumped 
Uzb-ENS 

Kyr-Domestic 
Kyr-Dumped 
Kyr-ENS 

Skaz-domeshc 
Skaz-Dumped 
Skaz-ENS 

Uzb-Domeshc 
Uzb-Dumped 
Uzb-ENS 

Isolated - Wlnter - Irrlgatlon 

Isolated - Summer - Irrigation 

2010 2000 2005 

Gwh 

7489 
14 

2608 

12550 

505 

2746 1 
95 
9 

Gwh 

6581 
17 

1902 

7943 
0 
0 

22298 
52 

2000 2010 

Gwh 

6905 
16 

2123 

10535 

15 

25306 
6 

$rn 

42 03 

40 17 

25 91 

$rn 

39 79 

29 64 

25 08 

Gwh 

4420 
5227 

5052 

20698 
6 1 

Gwh 

5062 
4655 

0 

9310 

0 

25635 
3 3 
0 

2005 

$rn 

4072 

31 88 

26 89 

$rn 

2 53 

23 88 

23 23 

$rn 

3 27 

30 30 

23 83 

Gwh 

4595 
507 1 

0 

7161 
1 

22890 
2 

$/MWh 

2 50 

26 63 

25 14 



Table 5-3 

MARGINAL COSTS FOR BASE CASE WITH FUTURE IRRIGATION DEMAND 

Kyr-Domeshc 
Kyr-Import 
Kyr-Export 
Kyr-Dumped 
KJT-ENS 
SKaz-dome&c 
Skza-Import 
Sku-Export 
Skaz-Dumped 
Skaz-ENS 
Uzb-Dome&c 
Uzb-Import 
Uzb-Export 
Uzb-Dumped 
Uzb-ENS 

Kyr-Domestlc 
Kyr-Import 
Kyr-Export 
Kyr-Dumped 
Kyr-ENS 
SKaz-domeshc 
Skza-Import 
Skaz-Export 
Skaz-Dumped 
Skaz-ENS 
Uzb-Domesac 
Uzb-Import 
Uzb-Export 
Uzb-Dumped 
Uzb-ENS 

Interconnected - Winter - Power 

Interconnected - Summer - Power 

2000 

Gwh 

6554 
429 

1812 
122 

0 
7952 
1276 
205 

0 
0 

223 15 
1130 
818 

0 
0 

2000 

2005 

$rn 

21 32 
29 47 
16 85 

25 90 
26 99 
24 44 

24 99 
24 95 
25 24 

GWh 

4420 
478 

1195 
244 

0 
5052 
49 1 
484 

0 
0 

20698 
1042 
332 

0 
0 

Gwh 

6903 
448 

1856 
106 

0 
10274 
2874 

91 
0 
0 

25299 
948 

2322 
0 
0 

2010 

$rn 

20 44 
26 76 
14 24 

22 74 
21 25 
22 96 

23 78 
24 66 
22 22 

2005 

$rn 

22 53 
30 76 
18 04 

28 23 
28 89 
26 54 

25 73 
25 47 
25 82 

Gwh 

7484 
733 

1294 
137 

1 
12605 
4236 

73 
0 
0 

2746 1 
764 

3901 
0 
0 

Gwh 

4595 
448 

1304 
226 

0 
7161 
937 
300 

0 
0 

22890 
828 
609 

0 
0 

2010 

$/MWh 

23 67 
32 64 
18 11 

29 44 
29 38 
39 20 

25 87 
26 85 
25 69 

$rn 
22 54 
29 01 
16 66 

25 53 
27 09 
24 14 

25 21 
25 16 
25 53 

Gwh 

5062 
695 

1233 
285 

0 
9396 
2483 

66 
0 
0 

25635 
369 

2277 
0 
0 

$rn 

23 65 
30 21 
16 26 

28 28 
28 44 
49 68 

25 30 
25 07 
25 40 



Table 5-3 

(Cont~nued) 

Kyr-Domeshc 
Kyr-Import 
Kyr-Export 
Kyr-Dumped 
Kyr-ENS 
SKaz-domeshc 
Skza-Import 
Skaz-Export 
Skaz-Dumped 
Sku-ENS 
Uzb-Domeac 
Uzb-Import 
Uzb-Export 
Uzb-Dumped 
Uzb-ENS 

SKaz-domestlc 

Interconnected - Wlnter - Irr~gatlon 

Skza-Import 
Skaz-Export 
Skaz-Dumped 
Skaz-ENS 
Uzb-Domeshc 
Uzb-Import 
Uzb-Export 
Uzb-Dumped 
Uzb-ENS 

2000 

1450 
529 

20698 
1727 
208 
72 

Gwh 

6554 
2568 

136 
57 
43 

7952 
1338 
1127 

0 

223 15 
167 

3474 
1 

$rn 

33 32 
37 66 
12 38 

30 01 
30 08 
34 10 

28 17 
25 97 
28 15 

2005 

14 29 
23 27 

17 69 
20 84 
17 47 

Gwh 

6903 
3403 

141 
46 

116 
10544 
2222 
11 17 

0 
25299 

119 
4487 

2010 

$rn 

36 60 
43 32 
12 06 

34 11 
27 14 
36 40 

31 66 
30 94 
45 00 

Gwh 

7484 
3450 

143 
5 1 

450 
12605 
3234 
1030 

84 
27461 

58 
5570 

6 

1691 
485 

1 

22890 
1876 
394 

16 

$/MWh 

37 85 
46 37 
12 26 

38 77 
35 52 
53 90 

35 98 
27 85 
34 45 

22 08 
19 96 

21 35 
21 80 
25 77 

3075 
4 1 

25635 
1386 
1744 

13 

24 24 

21 54 
21 92 
23 42 



Table 5-3 

(Cont~nued) 

Kyr-Domeshc 
Kyr-Dumped 
Kyr-ENS 

SKaz-domesbc 
Skaz-Dumped 
Skaz-ENS 

Uzb-Domeshc 
Uzb-Dumped 
Uzb-ENS 

Kyr-Domestlc 
Kyr-Dumped 
Kyr-ENS 

Skaz-domesbc 
Skaz-Dumped 
Skaz-ENS 

b-Domesbc 
Uzb-Dumped 
Uzb-ENS 

Isolated - W~nter - Power 

Isolated - Summer - Power 

2010 2000 

GWh 

7489 
54 1 

15 

12600 

385 

2746 1 
29 
0 

2005 

GWh 

6580 
949 

7943 

22298 
8 
0 

2010 2000 

$rn 

13 44 

39 36 

25 24 

GWh 

6905 
85 1 

1 

10535 

11 

25306 
1 

$rn 

7 54 

29 08 

25 51 

GWh 

5375 
313 

0 

93 96 

25635 
12 
0 

2005 

GWh 

4420 
63 1 

5052 

20698 
8 

$/MWh 

9 42 

31 10 

26 36 

$rn 

14 60 

30 08 

24 74 

GWh 

4595 
530 

0 

7161 

22890 
0 

$rn 

10 06 

23 71 

24 99 

$/MWh 

10 76 

26 93 

25 56 



Table 5-3 

(Continued) 

Isolated - Wlnter - Irrlgat~on 

Kyr-Domestlc 
Kyr-Dumped 
Kyr-ENS 

Skaz-domestlc 
Sku-Dumped 
Sku-ENS 

Uzb-Domestic 
Uzb-Dumped 
Uzb-ENS 

2000 

Isolated - Summer - Irrigation 

$rn ---- 
41 17 

29 78 

24 96 

2005 

Gwh Gwh 

6905 
39 

2956 

10535 

19 

25306 
6 

2010 

Kyr-Domeshc 
Kyr-Dumped 
Kyr-ENS 

SKaz-domeshc 
Skaz-Dumped 
Skaz-ENS 

Uzb-Domeshc 
Uzb-Dumped 
Uzb-ENS 

2000 

$/MWh 

40 92 

32 22 

26 68 

Gwh 

7489 
37 

3461 

12600 

55 1 

2746 1 
98 
9 

6581 
40 

2666 

7943 

22298 
57 

Gwh 

4420 
6003 

5052 

20698 
132 

$rn 

41 68 

40 35 

26 20 

$/MWh 

3 78 

23 42 

21 87 

2005 

Gwh 

4595 
5857 

0 

7161 

22890 
5 

2010 

$/MWh 

3 99 

26 45 

24 99 

Gwh 

5062 
547 1 

0 

9396 

25635 
68 
0 

$rn 

4 74 

30 05 

22 95 



Table 5-4 

MARGINAL COSTS FOR BASE CASE WITH EXISTING IRRIGATION DEMAND 
AND 1998 AGREEMENT TOKTOGUL RELEASE PATTERN 

Kyr-Domehc 
Kyr-Import 
Kyr-Export 
Kyr-Dumped 
Kyr-ENS 
SKaz-domestlc 
Skza-Import 
Skaz-Export 
Skaz-Dumped 
Skaz-ENS 
Uzb-Domesbc 
Uzb-Import 
Uzb-Export 
Uzb-Dumped 
Uzb-ENS 

Kyr-Domestlc 
Kyr-Import 
Kyr-Export 
Kyr-Dumped 
Kyr-ENS 
SKaz-domesbc 
Skza-Import 
Skaz-Export 
Skaz-Dumped 
Skaz-ENS 
Uzb-Domestlc 
Uzb-Import 
Uzb-Export 
Uzb-Dumped 
Uzb-ENS 

Interconnected - Wlnter - Power 

Interconnected - Summer - Power 

2000 

Gwh 

6554 
702 

141 1 
148 

0 
7952 
1230 
26 1 

223 15 
887 

1148 

2000 

$/MWh 

22 21 
30 13 
15 65 

26 35 
27 68 
25 07 

25 22 
25 15 
25 41 

2005 

Gwh 

4420 
537 

1660 
391 

5052 
77 1 
650 

20698 
1460 
457 

1 

Gwh 

6903 
726 

1394 
132 

10544 
260 1 

117 

25299 
665 

2478 

2010 

%/MWh 

17 93 
27 75 
8 93 

22 01 
20 06 
22 75 

23 31 
23 66 
23 93 

2005 

$/MWh 

23 32 
30 80 
16 65 

28 34 
28 90 
26 50 

25 70 
25 49 
25 78 

Gwh 

7484 
1089 
1252 
158 

0 
16869 
3973 

170 

2746 1 
555 

4194 

Gwh 

4595 
495 

1697 
346 

0 
7161 
1169 
440 

22890 
1261 
788 

2010 

$rn 

24 52 
32 41 
16 42 

29 71 
29 63 
32 81 

26 02 
27 05 
25 85 

$/MWh 

20 01 
29 63 
11 84 

24 61 
26 19 
23 32 

24 93 
24 62 
25 59 

GWh 

5062 
728 

1676 
383 

9396 
2569 

72 

25635 
706 

2256 

$/MWh 

21 18 
30 39 
12 33 

27 82 
27 97 
32 13 

24 93 
24 46 
25 33 



Table 5-4 

(Contmued) 

Kyr-Domesbc 
Kyr-Import 
Kyr-Export 
Kyr-Dumped 
Kyr-ENS 
SKaz-domestlc 
Skza-Import 
Skaz-Export 
Skaz-Dumped 
Skaz-ENS 
Uzb-Domestlc 
Uzb-Import 
Uzb-Export 
Uzb-Dumped 
Uzb-ENS 

Kyr-Domestlc 
Kyr-Import 
Kyr-Export 
Kyr-Dumped 
Kyr-ENS 
SKaz-domestlc 
Skza-Import 
Skaz-Export 
Skaz-Dumped 
Skaz-ENS 
Uzb-Domestlc 
Uzb-Import 
Uzb-Export 
Uzb-Dumped 
Uzb-ENS 

Interconnected - Wlnter - Irrlgatlon 

Interconnected - Summer - Irrlgat~on 

2000 

GWh 

6554 
853 

1474 
278 

0 
7952 
1489 
323 

223 15 
914 

1459 

2000 

2005 

$iAflwh 

21 01 
30 70 
12 72 

26 27 
27 52 
24 82 

25 03 
25 04 
25 32 

GWh 

4420 
530 

1736 
544 

5052 
903 
577 

20698 
1359 
479 

16 

2010 

GWh 

6903 
882 

1472 
246 

0 
10544 
301 1 

186 

25299 
743 

2978 

$/MWh 

15 82 
26 99 
7 09 

20 86 
17 44 
22 97 

21 63 
22 52 
22 24 

2005 

GWh 

7484 
1196 
1347 
282 

1 
12605 
4016 

151 

0 
2746 1 

630 
4259 

0 

$rn 

20 69 
31 46 
14 22 

27 88 
28 87 
27 65 

25 54 
25 69 
25 70 

2010 

GWh 

4595 
506 

1789 
469 

7161 
1236 
423 

0 

22890 
1265 
795 

1 

$m 

24 21 
33 65 
15 28 

30 38 
30 18 
36 05 

26 70 
36 19 
26 12 

GWh 

5062 
727 

1746 
477 

93 96 
2626 

80 

25635 
752 

2279 

$/MWh 

18 51 
29 49 

9 92 

24 00 
25 33 
23 65 

24 24 
23 88 
25 49 

$/MWh 

20 09 
30 22 
10 54 

27 51 
27 68 
272 7 

24 67 
24 11 
25 23 



Table 5-4 

(Continued) 

Kyr-Domeshc 
Kyr-Dumped 
Kyr-ENS 

SKaz-domeshc 
Skaz-Dumped 
Skaz-ENS 

Uzb-Domesbc 
Uzb-Dumped 
Uzb-ENS 

Kyr-Domesbc 
Kyr-Dumped 
Kyr-ENS 

Skaz-domeshc 
Skaz-Dumped 
Skaz-ENS 

b-Domestic 
Uzb-Dumped 
Uzb-ENS 

Isolated - W~nter - Power 

Isolated - Summer - Power 

2010 2000 

GWh 

7489 
377 
109 

12600 

389 

2746 1 
27 
0 

2005 

GWh 

6580 
622 
53 

7943 

22298 
8 

2010 2000 

%/MWh 

21 66 

39 49 

25 31 

Gwh 

6905 
572 
30 

10535 

11 

25306 
0 

$rn 

16 43 

29 21 

25 53 

Gwh 

5062 
1291 

15 

9396 

25635 
13 

2005 

GWh 

4420 
1699 

5052 

20698 
8 

$/MWh 

17 36 

31 20 

26 34 

$/MWh 

12 61 

30 19 

24 78 

Gwh 

4595 
1587 

0 

7161 
1 

22890 
0 

$/MWh 

10 19 

23 86 

25 01 

$/MWh 

10 85 

26 64 

25 54 



Table 5-4 

(Contmued) 

SKaz-domestrc 
Skaz-Dumped 
Skaz-ENS 

Uzb-Domestrc 
Uzb-Dumped 
Uzb-ENS 

Kyr-Domeshc 
Kyr-Dumped 
Ky-ENS 

Skaz-domeshc 
Skaz-Dumped 
Skaz-ENS 

Uzb-Domeshc 
Uzb-Dumped 
Uzb-ENS 

0 

22298 
52 

Isolated - Summer - Irrrgat~on 

25 23 

2010 2000 

18 

25306 
6 

GWh 

5062 
1478 

8 

9396 

1 

25635 
36 
13 

GWh 

4420 
1889 

3 

5052 

20698 
60 

2005 

$/MWh 

11 91 

30 27 

23 72 

$/MWh 

9 93 

23 84 

23 19 

GWh 

4595 
1776 

0 

7161 

22890 
1 

26 59 

$/MWh 

10 31 

26 90 

25 24 

548 

2746 1 
100 
45 

25 99 



Table 5-5 

PRODUCTION COSTS OF EXISTING IRRGATION DEMAND CASE 

KY 
Uzb 
S Kaz 

KF 
Uzb 

S Kaz 

KY 
Uzb 

S Kaz 

Interconnected-Wmter-Power 

Kyr 
Uzb 
S Kaz 

2000 

42375 
616538 
175007 

Interconnected-Summer-Power 

Interconnected- Wmter-Irngahon 

2000 

38480 
520939 
1 12770 

2000 

68469 
733132 
201219 

Intercomected-Summer-Imgahon 

Isolated-W~nter-Power 

2005 

52814 
748701 
203769 

2000 

23427 
484750 
104813 

2000 

28040 
622 172 
205 199 

Isolated-Summer-Power 

Isolated-Wmter-Imgahon 

2010 

58121 
866433 
225121 

2005 

45847 
597746 
161662 

2005 

72136 
854642 
253361 

2000 

28476 
534308 
1 12858 

2000 

79585 
656021 
2 12769 

Isolated-Summer-hgahon 

2010 

52363 
739783 
174148 

2010 

75889 
964563 
283213 

2005 

25623 
5481 18 
154634 

2005 

37156 
710336 
287588 

2000 

22426 
5 17937 
114385 

2010 

27 176 
683 146 
160524 

2010 

42993 
786824 
337370 

2005 

30208 
598532 
180662 

2005 

822 10 
744923 
295 160 

2010 

36157 
688720 
241386 

2010 

8426 1 
820 166 
341598 

2005 

22847 
585667 
1821 19 

2010 

24 140 
670 158 
242866 



Table 5-6 

PRODUCTION COSTS OF FUTURE IRRTGATION DEMAND CASE 



Table 5-7 

PRODUCTION COSTS OF EXISTING IRRGATION DEMAND CASE 
WITH 1998 AGREEMENT TOKTOGUL RELEASE PATTERN 

K Y ~  
Uzb 
S Kaz 

K Y ~  
Uzb 
S Kaz 

KV 
Uzb 
S Kaz - 

Inter~o~ected-W111ter-Power 

K Y ~  
Uzb 
S Kaz 

2000 

468 19 
63 1927 
178126 

Interconnected-Summer-Power 

Interco~ected-Wmter-Imgahon 

2000 

3 1889 
5 13607 
11 1559 

Interconnected-Summer-hgahon 

2000 

45070 
669632 
179407 

Isolated-Wmter-Power 

2005 

56008 
760746 
213413 

2000 

31612 
507163 
108922 

2000 

39722 
622406 
205348 

Isolated-Summer-Power 

Isolated-Wmter-Irngabon 

2010 

54508 
786340 
338834 

2005 

37089 
59 1222 
160300 

2005 

54155 
801741 
21 1247 

2000 

34728 
534423 
1 13265 

Isolated-Summer-Imgahon 

2000 

39774 
654382 
213401 

2010 

39716 
688783 
2443 24 

2010 

58596 
910254 
243452 

2005 

36284 
584402 
158765 

2005 

47944 
7 10670 
287893 

2000 

33387 
520292 
112176 

2010 

43006 
7 14905 
171250 

2010 

54508 
786340 
338834 

2005 

36165 
598636 
181 109 

2005 

47432 
743 193 
295784 

2010 

39716 
688783 
2443 24 

2010 

52622 
819948 
342400 

2005 

34863 
589122 
178743 

2010 

38467 
674701 
243383 



5 2 Irr~gat~on Values 

Deternation of the irngation value is a very complex fbnction It is dependent on crop types, soil 
types and conditions, other inputs, including pesticides and fertihzers, land preparation, etc , the 
ttming, methods and quantities of imgation, water conveyance and application efficiencies, 
clunatological factors, and costs of all mputs compared to crop values For t h s  assessment, irngation 
values are limted to plant growng, other values such as cattle breeding and social effects are not 
considered because of limted data avmlability 

For the macroeconomc perspective taken m ths  assessment, a simplified approach is necessary, even 
more so m vlew of the lmted data avadable and obtmnable for the analysis For t h s  assessment, the 
scope has been expanded from Step 1 to encompass the entirety of the irngated areas downstream 
of the Toktogul reservoir to the Aral Sea that are impacted by the regulation and release of water 
fiom the large storage reservoirs upstream in the Syr Darya basin These include areas in six oblasts 
m Uzbelustan Andrzhan, Djizak, Fergana, Namangan, Syrdarya, and Tashkent, northern Lemnabad 
in Tajihstan, and two oblasts in southern Kazakhstan South-Kazakhstan and Kzyl-Orda 

Some of the parameter values employed in Step 1 are used agan m ths  assessment, either because 
no new or updated information could be obtmned or because there were insufficient grounds for 
revislon The simplified approach adopted to derive irngation values in the Syr Darya basin 
downstream of the Naryn Cascade to the Aral Sea is described in the followng section 

The irigation/agncultural data of Uzbelustan and Kazakstan collected in the course of the present 
study are ltsted in Appendices G and H, respectively Notes and comments on these data are also 
included in the appendices 

5 2 1 Steps In the Valuat~on of Irr~gat~on W~thdrawals from the Naryn-Syr Darya f iver 

The values of the irngation wthdrawals were estimated in seven successive steps These steps 
included 

(1) Monthly average water requirement was denved for each crop type in the mne oblasts whch 
receive irngation releases from the Lower Naryn cascade and Syr Darya Rver The crop 

types were consohdated mto sur categones from a water requirements perspective, wth  each 
crop falls under one of the followng categorizations 



• Cotton 
Grans (and Legumes) 
Rce 

8 Pastures (e g , Lucerne/Alfalfa) 
Other (Potatoes, Sugar Beets, Fruits, Vegetables, others) 

(2) The lrngated area whlch IS sown to the vanous crop types m each oblast was established 

(3) The average delivery (or conveyance) effic~encies and field application effic~encies for 
lrngatlon were established for each oblast 

(4) The lrngated areas and mgatron efficiencies denved m Steps (2) and (3) above were grouped 
into five regonal demand sites, corresponding to the demand sites designated ln the Rver 
System Model 

D_em_and Slte Corresponding Oblasts 

FERGANA Namangan, Fergana, Andtzhan 
MID-SYR DARYA 35% of Lemnabad, Sirdarya, Djlzak, 5% of S Kazakhstan 
CHAKIR Tashkent, 5% of S Kazakhstan 
ARTUR 90% of S Kazakhstan 
LOW-SYR DARYA Kzyl Orda 

(5) From the crop water requirements denved m Step (1) and the crop areas and mgation 
efficiencies establ~shed for the demand sites m Step (4), the monthly water wthdrawal or 
abstraction requirements for imgation were denved for each of the demand sites 

(6) Net returns on crop production ($/ha) were extracted from avdable source data (World Bank 
(IBRD), Japan International Cooperation Agency (JICA), Asian Development Bank (ADB), 
Harza) for the crop types designated in Step (1)) 

(7) From the crop areas and crop water requirements denved In Steps (4) and (5) and the net 
crop returns complled m Step (6),  a weighted average value of water ($/m3) wthdrawn for 
each demand site was computed, on the assumption that all monthly water wthdrawal 
requ~rements could be met 



In order for the available water to be hlly credited wth the value denved m Step (7), it is assumed 
that the monthly water requirements must be completely met Othemse, the monthly values of the 
~rrigatlon benefits are adjusted by the welghted average percentage of the monthly requirements 
which are met by the lrngation wthdrawals/abstractlons An example of ths procedure was 
illustrated in Table 3-13 of the Step 1 report, and is repeated below wth the parameters then 
apphcable It is understood that the crop production are not dlrectly proportional to the percentage 
of the monthly water requirements whch are met by the irrigation w~thdrawalslabstractions The 
steps in the valuation of irngation wthdrawals descnbed above are considered to be reasonable 
because actual mgation areas may only be a part of the total irngatlon area dunng penods when the 
imgation wthdrawals can not meet the water requirements for the entlre irngation area 

Table 3-13 from Step 1 Report 
EXAMPLE OUTFLOW VALUATION 

For the hypothetical outflow scenmo shown above, 80 9% of the abstraction requirement was 
assumed to be met for the year, and this was assumed to translate to net returns on crop production 
that would be 80 9% of what would be expected if all of the monthly growng season requirements 

Month 

January 
February 
March 
Apnl 
May 
June 
July 
August 
September 
October 
November 
December 

TOTAL 

Valuabon of 
Hypothebcal 

Outflows 
Accorhg to 
WA % of 

Requzrement 
that is Met, at 

3 19 $/m3 
($ rmllion) 

17 5 
17 5 
17 5 
17 5 
33 3 
49 4 
59 8 
49 4 
39 0 
21 9 
17 5 
17 5 

358 1 

Naryn hve r  
Outflow 

Reqwement 
to Meet 

Downstream 
Abstraction 
Requrement 

(MCM) 

680 
680 
680 
680 

1290 
1915 
2318 
1915 
1513 
847 
680 
680 

13878 

Equivalent 
Valuahon of 

Actual 
Scenario 
Outflows 

(#/m3) 

1 79 
1 96 
2 00 
1 80 
2 03 
3 12 
3 41 
3 55 
3 46 
2 81 
1 98 
1 77 

2 58 - 

Sunulated 
Hypothetical 

Outflow 
Scenwo 
(MCM) 

983 
897 
877 
976 

1641 
1586 
1752 
1394 
1129 
778 
886 
99 1 

13890 

Percentage of 
OuMow 

Reqwement 
Met by 
Outflow 

Scenano m 
the Growmg 

Season 

100 0% 
82 8% 
75 6% 
72 8% 
74 6% 
91 9% 

Weighted 
Average 

Percentage of 
Outflow 

Requrement 
Met m 

Growmg 
Season 

80 9% 



were met Expressed another way, the net returns on crop production would be equivalent to a total 
value of $3 5 8 mllion 

5 2 2 Irrlgatlon Benefits Computation 

Several mostly unsuccessll attempts were made to obtain mgation-related information and data for 
the oblasts of Uzbehstan and Kazakhstan m the Syr Darya nver basin, for each of the last four years, 
1994, 1995, 1996, and 1997 These include all of the types of data that would be utillzed in the 
aforemenboned valuat~on of lrngation benefits irngated areas by type of crop, monthly net irngation 
requirements of each type of crop, overall irngation efficiencies, crop ylelds and net crop values or 
net return Most notably, the WARMIS database -- a major repository of land and water resources 
and management data -- was not made avrulable to the Project Team It is, unfortunately, indicative 
of a larger data accessibility and information exchange problem that continues to persist m the 
reglon 

The data obtruned in Step 1 were pnmanly denved fiom WARMAP Phase I Project Preparation 
Reports [WARMAP, September 19951, for whlch 1994 data were the most recent and most 

1 In 1995 the European Umon s Techcal Assistance to the Commonwealth of Independent States 
flACIS) began m the Central Asian Republics wth the estabhshment of the WARMAP Prqect (Water 
Resources Management and Agricultural Produchon) At that b e  Phase 1 of WARMAP ~denhfied 
poor accessibility of basic data m the CAR as a constra~nt to regonal water and land planrung 

There u a considerable amount of data collected, much of which is maintarned m great 
de tar1 and regularly updated However, since zndependence, the central znstrtutzons rn 
Moscow no longer coordinate data exchange and maiyszs and as a result much data rs held 
rn poorly accessible formats (paper records), and rs scattered through a range of institutrons 
in each of the CAR Furthermore previous arrangements for data exchange between 
mrnisfnes instrtuhons and repubbcs have been raprdly breakrng down Regzonal analysrs 
has thus been hampered by the need to accumulate information from a variety of sources 
much of which data are not provrdedfreeiy - WARMAP Project Formulahon & Analysls 
of Regional Strateges on Land & Water Resources, July 1997 

Consequently a database -- WARMS (Water Resources Managements Informatron System) - was 
conceived as bemg of use to the WARMAP work, to regonal msbtuhons to natronal m s t n e s  and 
thelr design mt~tut~ons or consultants canylng out analyses wth trans-boundary ~mplicabons 
WARMIS is wmpnsed of the collecbon of key mformahon structured to s u ~ t  these h d s  of analyses 

Unfortunately though WARMIS is now up and m g  access thereto appears to be hghtly controlled 
by the reglonal enhty wth pnmary responslbillty for its contmued upkeep and rna111tenance and m fact 
as far as the Project Team was able to learn no one but the Scienhfic Informahon Center of the 
Interstate Comrmssion on Water Coordination (SIC-ICWC) actually has a workmg copy of the 
database 



complete These reports, along wth several other resources, provlde much of the data by whch the 
baslc valuation of regonal rrngatlon benefits is herein performed Other resources included 

Japan International Cooperat~on Agency, "The Study on Kzyl-Orda Irngatlon / 
Dramage and Water Management Project in The Republlc of Kazakhstan", AFA JR 
98-14, March 1998 [JICA] 

Aslan Development Bank, "Water Resources Management and Land Improvement 
Project", TA No 2677-KAZ, March 1997 [ADB] 

International Bank for Reconstruction and Development, "Syr Darya Control and 
Delta Development Project Final Report", January 1996 [IBRD] 

Harza Engmeenng Company International, et al , "Analysis and Improvement of the 
Complex Development Program of Land Amehorabon and Water Economy Complex 
in Agricultural Sector of the Republlc of Kazakhstany', February 1995 [Harza] 

Monthly average crop water reqwements for the five crop-type categories delineated in the prevlous 
chapter are shown m Table 5-8 Total annual requirements are based on lBRD [January 19961 The 
monthly dlstnbutlons for Cotton, Grams and h c e  are based on WARMAP [September 19951, and 
for Pastures and Other they are based on JICA [March 19981 



Table 5-8 

AVERAGE MONTHLY CROP WATER REQUIREMENTS 
(m3/ha) 

The mgated areas whch were sown to the vmous crop types m 1994 are presented m Table 5-9 
Data for the oblasts of South Kazakhstan and Kzyl Orda in Kazakhstan (represented pnmmly by the 
ARTUR and LOW-SYR DARYA demand sites, respectively) are based on IBRD [January 19961, 
the others are from WARMAP [September 19951 * 

Month 

January 
February 
March 
Apnl 
May 
June 
J ~ Y  
August 
September 
October 
November 
December 

Annual 

Another scenano representing the fbture mgation practices was formulated In ths  scenmo, cotton 
and nce produchon was shfied to wheat as man grams A reduction in field and conveyance losses 
was assumed, and thls translates to an overall unprovement in irrigation efficiency The mgated area 

r) representing sown areas to the kture crop patterns are presented in Table 5-10 

Average Monthly Crop Water Requ~rements (m31ha) 

Cotton 

0 
0 
0 
0 

101 
1022 
1708 
223 1 
1856 
88 1 

0 
0 

7799 

Grams 

0 
0 
0 
0 

1626 
2106 
2029 
640 

0 
0 
0 
0 

640 1 

&ce 

0 
0 
0 

78 
1053 
2522 
3822 
3497 
1378 
650 

0 
0 

13000 

Pastures 

0 
173 
665 

1517 
2196 
2500 
2630 
2355 
1575 
636 
202 

0 

14449 

Other 

0 
0 
0 
0 

684 
958 

3381 
3027 

0 
0 
0 
0 

8050 



Table 5-9 

IRRIGATED AREAS SOWN TO VARIOUS CROP TYPES (1994) 
(1000 ha) 

Table 5-10 

Demand 
S~te  

FERGANA 
MID-SYR 
CHAKIR 
ARTUR 
LOW-SYR 

TOTAL 
i 

IRRIGATED AREAS SOWN TO VARIOUS CROP TYPES - FUTURE SCENARIO 
(1000 ha) 

The overall efficiency of water use for ~mgatlon, based pnmmly on WARMAP [September 19951 
and generally corroborated by IBRD [January 19961 and ADB warch 19971, averaged 
approxlrnately 40% for each of the five demand sltes Thls IS denved as the product of conveyance 
efficiency of 56% and field efficiency of 71% 

TOTAL 

702 
588 
276 
66 

215 

1847 

Irngated Area Sown to Crop Types m 1994 (1000 ha) 

Cotton 

346 
327 
109 

8 
0 

790 

Grams 

172 
121 
59 
12 
55 

419 

h c e  

1 1  
1 1  
14 
17 
72 

125 

Pastures 

146 
102 
74 
25 
82 

429 

Other 

27 
27 
20 
4 
6 

84 



Monthly water wthdrawal requirements computed for each demand site on the basis of Tables 5-8 
and 5-9 and the overall effic~encies of water use are presented m Exh~bit 5-1 These may be taken 
to be representative of the year 1994 

Simlarly monthly water wthdrawal requirements computed for each demand site on the basis of 
Tables 5-8 and 5-10 and the overall efficiencies of water use are presented in Exlubit 5-2 Thls may 
be taken to be representative of the fbture condition 

The overall efficiency of water use for h r e  mgaaon scenario, averaged approximately 62% for the 
five demand sites Th~s is denved as the product of conveyance efficiency of 83% and field efficiency 
of 74% 



Monthly Water W~thdrawal Requirements for Irrlgatron "1994 Scenario" 
Mlll~on Cublc Meters (MCM) 

FERGANA 
Demand 
Slte 

J a n w  
February 
March 
Apnl 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Water W~thdrawal Req'ts for Irngat~on "1994 Scenano* (MCM) 

Cotton 

0 
0 
0 
0 

92 
93 1 

1555 
203 1 
1690 
802 

0 
0 

7101 

Other 

0 
0 
0 
0 

49 
68 

240 
215 

0 
0 
0 
0 

572 

Grams 

0 
0 
0 
0 

736 
953 
918 
290 

0 
0 
0 
0 

2897 

TOTAL 

0 
66 

256 
585 

1751 
2986 
3834 
3542 
2335 
1065 

78 
0 

16498 

f ice  

0 
0 
0 
2 

30 
73 

11 1 
101 
40 
19 
0 
0 

376 

Pastures 

0 
66 

256 
583 
844 
96 1 

1010 
905 
605 
244 
78 
0 

5552 



EEh~bit 5-1 
(contmued) 

CHAKIR 
Demand 
S~te  

January 
February 
March 
Apnl 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

ARTUR 
Demand 
S ~ t e  

January 
February 
March 
Apnl 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Water Withdrawal Req'ts for Irngat~on "1994 Scenano" (MCM) 

Water W~thdrawal Req'ts for Irngatron '1994 Scenanon (MCM) 

Other 

0 
0 
0 
0 

34 
48 

169 
151 

0 
0 
0 
0 

402 

Cotton 

0 
0 
0 
0 

28 
278 
465 
608 
506 
240 

0 
0 

2125 

R~ce 

0 
0 
0 
3 

37 
88 

134 
122 
48 
23 
0 
0 

455 

TOTAL 

0 
32 

123 
284 
745 

1188 
1554 
141 1 
845 
381 
37 
0 

6600 

Grams 

0 
0 
0 
0 

240 
311 
299 
94 
0 
0 
0 
0 

944 

Other 

0 
0 
0 
0 
7 

10 
3 5 
32 
0 
0 
0 
0 

84 

Cotton 

0 
0 
0 
0 
2 

2 1 
36 
47 
39 
18 
0 
0 

163 

Pastures 

0 
32 

123 
281 
406 
463 
487 
436 
29 1 
118 
37 
0 

2674 

Bee 

0 
0 
0 
3 

47 
113 
171 
156 
6 1 
29 
0 
0 

580 

TOTAL 

0 
11 
44 

103 
25 1 
374 
479 
410 
203 
89 
13 
0 

1977 

Grams 

0 
0 
0 
0 

51 
66 
64 
20 
0 
0 
0 
0 

20 1 

Pastures 

0 
11 
44 

100 
144 
164 
173 
155 
103 
42 
13 
0 

949 



Exhlblt 5-1 
(contmued) 



Monthly Water Wlthdrawal Requ~rements for Irr~gat~on Future Scenar~o 
Mill~on Cubic Meters (MCM) 

FERGANA 
Demand 
S ~ t e  

January 
February 
March 
Apnl 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

MID-SYR 
Demand 
S ~ t e  

January 
February 
March 
Apnl 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Water Withdrawal Req'ts for Irngat~on "Future Scenario" (MCM) 

Water W~thdrawal Req'ts for Irngat~on "Future Scenanon (MCM) 

TOTAL 

0 
44 
169 
3 86 
1629 
2295 
260 1 
1810 
960 
428 
51 
0 

10373 

Cotton 

0 
0 
0 
0 
26 
264 
440 
575 
479 
227 
0 
0 

201 1 

Cotton 

0 
0 
0 
0 
30 
308 
515 
672 
559 
266 
0 
0 

2350 

Pastures 

0 
44 
169 
386 
559 
636 
669 
599 
401 
162 
5 1 
0 

3676 

Other 

0 
0 
0 
0 
32 
45 
159 
142 
0 
0 
0 
0 

378 

Grams 

0 
0 
0 
0 

1008 
1306 
1258 
397 
0 
0 
0 
0 

3969 

TOTAL 

0 
28 
107 
243 
1163 
1687 
1953 
1384 
734 
330 
32 
0 

766 1 

Grams 

0 
0 
0 
0 

754 
977 
94 1 
297 
0 
0 
0 
0 

2969 

mce 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

b c e  

0 
0 
0 
0 
2 
4 
6 
5 
2 
1 
0 
0 

20 

Pastures 

0 
28 
107 
243 
352 
401 
422 
378 
253 
102 
32 
0 

2318 

Other 

0 
0 
0 
0 
29 
41 
144 
129 
0 
0 
0 
0 

343 



Exh~b~t 5-2 
(contmued) 

ARTUR 
Demand 
S ~ t e  

January 
February 
March 
Apnl 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Water Withdrawal Req'ts for Irngat~on "Future Scenario" (MCM) 

Cotton 

0 
0 
0 
0 
2 

18 
3 1 
40 
3 3 
16 
0 
0 

140 

Grams 

0 
0 
0 
0 

45 
58 
56 
18 
0 
0 
0 
0 

177 

b c e  

0 
0 
0 
1 

15 
37 
56 
51 
20 
10 
0 
0 

190 

Pastures 

0 
7 

26 
59 
86 
98 

103 
92 
62 
25 
8 
0 

566 

Other 

0 
0 
0 
0 
6 
8 

28 
25 
0 
0 
0 
0 

67 

TOTAL 

0 
7 

26 
60 

154 
21 9 
274 
226 
115 
5 1 
8 
0 

1140 



Exh~b~t 5-2 
(contmued) 

LOW-SYR 
Demand 
S~te  

January 
February 
March 
Apnl 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Net returns on crop production for the vanous crop types under "existing conditions", as denved 
from the previously cited sources, are extremely vanable, as shown in Table 5-1 1, reflecting wde  
farm-to-fm and project-to-project vanations m crop production inputs and farmtng practices, farm 

TOTAL 
Demand 
S~te  

January 
February 
March 
Apnl 
May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Water Withdrawal Req'ts for Irngat~on "Future Scenano" (MCM) 

Water Withdrawal Req'ts for Irngatlon "Future Scenanon (MCM) 

Cotton 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

Cotton 

0 
0 
0 
0 

67 
68 1 

1139 
1487 
1237 
588 

0 
0 

5199 

&ce 

0 
0 
0 
7 

91 
219 
33 1 
303 
119 
56 
0 
0 

1126 

Grams 

0 
0 
0 
0 

154 
199 
192 
60 
0 
0 
0 
0 

605 

Grams 

0 
0 
0 
0 

2294 
297 1 
2863 

903 
0 
0 
0 
0 

903 1 

Pastures 

0 
22 
86 

197 
286 
325 
342 
306 
205 

83 
26 
0 

1878 

Rce 

0 
0 
0 
8 

110 
264 
3 99 
365 
143 
68 
0 
0 

1357 

Other 

0 
0 
0 
0 

15 
21 
73 
66 
0 
0 
0 
0 

175 

TOTAL 

0 
22 
86 

204 
546 
764 
938 
735 
324 
139 
26 
0 

3784 

TOTAL 

0 
122 
468 

1076 
4122 
5823 
6767 
4873 
249 1 
1105 
141 

0 

26988 

Pastures 

0 
122 
468 

1068 
1547 
1761 
1852 
1658 
11 11 
449 
141 

0 

10177 

Other 

0 
0 
0 
0 

104 
146 
514 
460 

0 
0 
0 
0 

1224 



implement and equipment conditions, so11 conditions, assumed crop ylelds, commodity pnces, et 
cetera Net returns on crop production under future conditions are shown in Table 5-12 

Table 5-11 

NET RETURNS ON CROP PRODUCTION EXISTING CONDITIONS 

Table 5-12 

NET RETURNS ON CROP PRODUCTION FUTURE CONDITIONS 

All of the sources cited above share the basrc objective of evaluatmg the potenha1 costs and benefits 
assocrated wlth programs of unprovements" m the mgated agriculture sectors of thelr respectwe focus 
areas In all of these evaluabons therefore baselme costs and benefits have been denved, from whch 
net returns are computed that are associated wrth "exlstmg condlhons or no project or ' wthout 
project condihons Then for whatever measures are formulated that consbtute the unprovements 
withm the areas of concern, the associated costs and benefits (and net returns) are computed and 
desrgnated for the 'wth project condlbons In the feasibdity component of these stuhes the difference 
between without project and with project" parameters along wth other economc parameters (e g , 
needed caprtal mvestments, etc ), deterrmnes the extent to whch the measures proposed are feaslble 



The net benefits of irrigation for each of the demand sites may be denved from the net returns of 
Tables 5-1 1 and 5-12, according to the speclfic citatlon of net returns utilued, combined wth the 
actual land areas sown to the associated crop types The net benefits of irngation for each demand 
site, according to the average returns computed m Tables 5-1 1 and 5-12, and assumng all crop water 
requirements are met, are presented in Tables 5-13 and 5-14 for the exlsting and hture conditions, 
respectively 

Table 5-13 

NET BENEFITS OF IRRIGATION 
ASSUMING ALL WATER WITHDRAWAL REQUIREMENTS ARE MET. 

EXISTING CONDITIONS/1994 SCENARIO 

Demand 
S ~ t e  

FERGANA 
MID-SYR 
CHAKIR 
ARTUR 
LOW-SYR 

TOTAL 

s 

Net Benefits of Irngat~on d all Water W~thdrawal Requ~rements Are Met 
"Exlstlng Condlt1onsfl994 Scenanon 

($ Mdhon) 

Other 

20 
20 
15 
3 
4 

62 

Cotton 

26 1 
247 

82 
6 
0 

597 

Grams 

15 
11 
5 
1 
5 

3 8 

Rce  

3 
3 
3 
4 

18 

3 1 

Pastures 

16 
11 
8 
3 
9 

48 



Table 5-14 

NET BENEFITS OF IRRIGATION 
ASSUMING ALL WATER WITHDRAWAL REQ'TS ARE MET: 

FUTURE CONDITIONS 

The associated welghted average values of water as wthdrawn for the demand sltes, again assumng 
all monthly water wthdrawal requirements are met, are computed as gven m Tables 5- 15 and 5- 16 
for the exlst~ng and fbture cond~tlons, respectively 

Table 5-15 

WEIGHTED AVERAGE VALUE OF WATER 
WITHDRAWN FOR DEMAND SITES ASSUMING 
ALL WITHDRAWAL REQUIREMENTS ARE MET 

1994 CONDITIONS 



Table 5-16 

WEIGHTED AVERAGE VALUE OF WATER 
WITHDRAWN FOR DEMAND SITES ASSUMING 
ALL WITHDRAWAL REQUIREMENTS ARE MET 

FUTURE CONDITIONS 

Demand 
S~te  

FERGANA 
MID-SYR 
CHAKIR 
ARTUR 
LOW-SYR 

TOTAL 

Value of Water for 
Irngatlon 

$ M ~ O D  

469 
420 
188 
45 
113 

1 234 

$1m3 

0 0452 
0 0548 
0 0466 
0 0393 
0 0300 

0 0457 



Chapter 6 

ENHANCEMENT OF STEP 1 HYDROPOWER-IRRIGATION SIMULATION MODEL 

6 1 The Model 

6 1 1 Introduction 

The hydropower-imgation simulation model, formerly known as managed operation of nver and 
reservoirs computer model, MORR, has been developed and used by HARZA for planrzlng of 
hydroelectnc development and evaluatmg impacts of the development on operation of other 
reservoirs and powerplants, and instream flow uses m a nver system The model has been refined 
to perform spec& hnmons and obtan needed lnformatron for use in selechon of reservoir storage, 
powerplant installed capacity, generatrng umt sue, lnstrearn flows and reservorr operatrng rules 

The hydropower-irrigation nver system model IS desrgned to be applicable to different nver and 
hydropower systems and operating constramts The model can be used to defhe optrmum operating 
mode, and modewatron and expansion schemes, and to evaluate operating constrants mcludmg 
flow releases for imgation, fishery, water quality and recreation for the exlsting and proposed 
nver/reservolr systems 

A nver system contamng a number of reservoirs and hydroelectnc powerplants is defined in a node 
and lrnk format, where nodes represent reservolr wth or wthout hydroelectnc projects or stream 
junctrons The reservolr can be wth run-of-the-nver pondage or storage L~nks represent stream 
channels between two adjacent nodes Thls format pemts easy apphcatron of the model to any 
nver/reservoir hydropower system 

The model simulates the operations of each project in the system using one of the four follourlng 
operation modes 

Run-of-the -nver 
Maxlmum firm energy production 
User-defined target rule-curve, and 

Water wthdrawal for imgation and other purposes 



The model b e p s  by sunulating the operation of the upstream-most reservoir and powerplant in the 
system accordmg to the firm energy maxmmation rule curve or user-defined operating rule Outflow 
from the upstream-most reservolr and powerplant plus the intervemng flow becomes mflow to the 
next downstream project Ths project w11 also be operated according to the defined rule curves 
This process is continued until all reservoirs and powerplants m the system have been operated 
Reservolrs and powerplants on tnbutanes are operated in a simlar manner, each tributary system 1s 
operated before downstream projects on the man stem are operated 

6 1.2 Program Structure 

The hydropower-lrngation nver system model conslsts of six major modules, each wth spec~fic 
knctions 

Input module characterizes the slrnulation by defimng the reservoir/powerplant systems, the 
tune honzon, and the physical components of the system and their spatlal relationshp via lag 
tune and mflow sequences The input data provides the fkamework for the operation of the 
other modules 

Maxlrmzlng firm energy module defines the maxlrmzed firm energy rule curve by simulating 
reservou operation m sequential order For a specfied annual energy demand, and monthly 
demand pattern, the end-of-month reservoir volumes are computed If they are less than the 
minimum reservoir volume, the model repeats the process wth a lower annual energy 
demand Using a half-interval search techque, the model can quickly detemne the 
maxlrnum firm energy each powerplant mth a storage reservolr can produce The rule curve 
is the upper envelop of these required volumes 

After the maxlmum firm energy rule curve is estabhshed, the model simulates the operation 
of the reservolr according to the rule curve The rule curve controls reservoir releases If the 

reservoir level at the end of a computational Interval is on or below the rule curve level, 
releases are made only to meet firm energy requirements and other water requirements 
including rngation and water supply that have been mcluded In defimng the rule curve If the 
reservolr level is above the rule curve, releases are made to generate additional energy, 
constrained by the powerplant discharge capacity and the reservoir storage between the 
maxlmum reservoir level and rule curve level 



a Target level module uses the target reservoir level defined by the rule curve to schedule 
reservoir releases and to calculate generating capacity and energy production 

Run-of-nver module malntmns the reservoir at the normal maxlmum reservoir level In the 
above mentioned three operating modes, the reservolr operation is c m e d  out using 
sequential reservoir mass balance equations, mcludmg effects of evaporation, mmmum 
downstream releases, and consumptive uses such as mumcipal and industnal water supply 
Power and energy generation estimates are based on head calculated from reservolr 
headwater levels (fbnction of reservolr volume) and tadwater levels (fbnction of flow), and 
powerplant efficiency 

a Irngation wthdrawal module detemnes the mgatlon releases for each demand node A 
fiaction of imgation releases was computed as return flow Ths return flow together wth 
lntervemng flow and the remamng flow from wthdrawal become inflow to the immediate 
downstream node The lmgation wthdrawal shortages are computed m the output module 

Output module provldes detaled charactenstics of the monthly sunulation 

Reservor/powerplant charactenstics and operatmg data are summanzed Monthly results of 
computed plant capacity, efficiency, energy product~on, reservolr level, storage, and releases 
are tabulated 

6 2 S~mulated System 

The hydropower-mgatlon slrnulation model is developed for reservoir/powerplant system operation 

that is mtended to assist rnstltutions m Central Asia m thelr efforts to develop water releasing policies 
in the lower Naryn-Syr Darya basin The Syr Darya nver ongnates m Kyrgyzstan fiom the Tian 
Shan mountams where it is called Naryn and passes through Uzbelustan, Tajhstan, and Kazakhstan 
before flowng into the Aral Sea 

In des~gnating the schematic representation of the lower Naryn-Syr Darya basin, it is amed for as 
much detml as possible m charactemg both power and imgation releases, subject to the avalability 
of field data Refemng to Exhlbit 6-1, the system representation consists of the followng major 
elements 

Reservors In the current representahon, reservoirs are used for allocating water in the basin 
There are 11 reservolrs modeled, ten of them are wth powerplant Only Bugun reservoir is 



wthout powerplant The eleven reservoirs includes five on the Lower Naryn nver, three on 
the Syr Darya nver and three on the tnbutanes of Syr Darya - Karadarya, Chrchk and Bugun 
nvers Water releases from each reservoir are made accordmg to its operating mode 

Local nver and tributary Monthly inflow data is requlred for each upstream-most reservor 
on the maln nver and major tnbutanes and intervemng flow data is required for each 
intervemng area between sequent~al projects These flows were determned based on 
available flow data as discussed in Chapter 4 

• Demand site Water demands have been estunated for each demand site The Syr-Darya basin 
has been hwded Into five major demand sites as discussed in Chapter 5 Water demands are 
dormnated by the irngation requirements, accounting for more than 80 percent of the total 
demand 

6 3 Model Enhancement 

The hydropower-irrigation smulation model used in Step-1 study was modified to ~nclude the 
mgation wthdrawal module and the valuation of lrngation benefits The model was also mod~fied 
to include the slightly longer penod of flow data as discussed in Chapter 4 

The lrngat~on wthdrawal module uses the irngation water requirements to compute the amount of 
water for rngation withdrawal Imgation wthdrawal is defined as the rmmmum of water avadable 
fiom upstream node plus any intervemng flow and the irngation requrement An irngation return 
factor whlch is a specified fraction of irngation wthdrawal was included to account for return flow 
Irrigation return flow was assumed to go to the mmediate downstream node wth the intervemng 
flow and the remarung flow from irngation wthdrawal 

6 3 2 Valuat~on of Irr~gat~on Benefits 

The valuation of irngation benefits were incorporated m the model The valuation of mgation 
benefits was based on a weighted average value of water ($/m3) wthdrawn Ths value was 

computed for each demand site accordmg to procedures dembed m S-on 5 2 1 and assumng that 
all monthly tmgation wthdrawal requirements could be met The computed values are tabulated m 
Tables 5-1 5 and 5-16 for exlstlng and future mgation scemos If the monthly irngation wthdrawal 



requirements are not hlly met, the lrngation benefits are ad~usted by the weighted average percentage 
of the monthly mgation wthdrawal The valuation of irngation benefit was made using the average 
monthly irngation mthdrawal 
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Chapter 7 

ALTERNATJS'E SCENARIOS AND RESULTS ANALYSIS 

7 1 Scenarlos Formulatlon 

7 1 1 Scenarlos Formulatlon 

An assessment of hydropower production and mgation releases for the Lower Naryn-Syr Darya 
fiver hydropower projects 1s necessary to amve at project operation scenanos that represent optimal 
use of the system for power generation and irngation storage and release requirements The mmn 
objective of ths hydropower-versus-irrigation release assessment is the denvation of both power- 
related benefits (including hydro- and non-hydro resources) and mgation-related benefits from the 
river system Ideally, these scenmos d l  be formulated to maxlrmze the total combined power- 
related and mgabon-related benefits for all users m the basin wth the considerat~on of inflow to Aral 
Sea 

The hydropower-imgation simulation model descnbed in Chapter 6 was employed to enable an 
assessment of irngation benefit resulting fiom alternative storage and release scenanos associated 
with power generation and imgat~on requirements to whlch the Lower Naryn-Syr Darya bver 
projects are or may be subject 

There are twelve scenanos of operation evaluated in ths assessment The first six use the long-term 
flow data descnbed m Chapter 4 m the smulabon The other six use the selected 10-year short-term 
flow data to be descnbed m Sechon 7 1 3 m the sunulation A descnption of the formulation of these 
scenmos is given below 

7 1 1 1 Long-term Flow Scenarlos 

There are two Base Case scenanos of operation evaluated in ths assessment using the Hydropower- 
Irrigation Simulation Model These two ental the operation of the eleven exlsting hydropower 
projects, on the one hand is a power-onented mode, on the other m an irngation-onented mode The 
eleven projects includes five on the Lower Naryn nver, three on the Syr Darya nver, and three on 
the tributmes of Syr Darya - Karadarya, Chrchk and Bugun nvers All these projects are wth 
powerplants except the one on Bugun hver 

Two different scenanos entailing different cropplng patterns and irngation efficiencies designated 



as exlsting (1994 condition) and fkture imgation demand have been formulated for ths  study A 
combination of these two irngation demand wth two operation modes constitutes the first four 
scenanos The fifth and sixth scenanos entad the same power- and irngatlon-onented modes of 
operation for the exlstlng lrngatlon demand wth Toktogul monthly firm energy distnbutlon pattern 
defined according to the 1998 agreement set by the Central Republics These six scenmos are all 
based on selected long-term flow data of 1955-97 

7 1 1 2 Short-term Flow Scenarios 

Three scenanos wth exlstmg mgabon demand and operated m power mode were defined using 10- 

year senes of dry, wet, and normal flow conditions Sirmlarly, another three scenmos were defined 
in irrigation mode These six scenmos were all operated using current low level of Toktogul 
reservou, 862 4 m at be-g of 1998 as an mtial elevation of Toktogul These six short-term flow 
scenanos were used to evaluate the short-term impacts on energy production, mgation releases and 
water inflows to the Aral Sea All twelve scenanos are designated as follows 

Scenano Des~gnation Scenano Descnption 

BC-POWER Base Case - Operation of eleven existing Lower Naryn-Syr Darya 
projects wth exlstrng lrngation demand and in power-onented mode 

BC-IRRIGATION 

BC - F-POWER 

Base Case - Operation of eleven exlsting Lower Naryn-Syr Darya 
projects wth exlsting mgation demand and in imgation-onented 
mode 

Operation of eleven exlsting Lower Naryn-Syr Darya projects wth 
future irngation demand and in power-onented mode 

B C-F-IRRIGATION Operation of eleven exlstlng Lower Naryn-Syr Darya projects wth 
fbture imgation demand and in imgatlon-onented mode 

BC - T-POWER Operation of eleven exlsting Lower Naryn-Syr Darya projects wth 
exlsting irngation demand, 1998 agreement Toktogul releasing 
distnbutlon pattern and in power-onented mode 



BC-T-IRRIGATION Operat~on of eleven exlstlng Lower Naryn-Syr Darya projects wth 
exlstlng irngation demand, 1998 agreement Toktogul releasing 

d~stnbution pattern and In ~mgation-onented mode 

Operat~on of eleven exlsting Lower Naryn-Syr Darya projects wth 
exlsimg rmgation demand, 10-year senes of n o d  flow condition and 
in power-onented mode 

BC-N-IRRIGATION Operation of eleven exlstmg Lower Naryn-Syr Darya projects wth 
emstmg mgahon demand, 10-year senes of normal flow condit~on and 
in mgation-onented mode 

BC-D-POWER Operation of eleven exlsting Lower Naryn-Syr Darya projects wth 
emstmg lrngatlon demand, 10-year senes of dry flow cond~tion and m 
power-onented mode 

BC-D-IRRIGATION Operation of eleven exlsting Lower Naryn-Syr Darya projects wth 
exlstmg mgahon demand, 10-year senes of dry flow cond~tlon and m 
~rngatlon-onented mode 

Operation of eleven exlstmg Lower Naryn-Syr Darya projects wth 

exlstlng imgation demand, 10-year senes of wet flow condit~on and 
In power-onented mode 

BC - W-IRRIGATION Operation of eleven exlstlng Lower Naryn-Syr Darya projects wth 
exlsting imgatlon demand, 10-year senes of wet flow condition and 
in ~rngatian-onented mode 

7 1 2 Monthly Production Distr~but~ons 

The hydropower-imgatlon s~mulation model was used to compute average monthly energy 
produchon and system outflows based on pre-spec~fied monthly dlstnbutions of annual firm energy 
or lmgation releases applicable to the storage facdities Annual firm energy 1s itself computed and 
maxlmrzed by the model m accordance wth the des~red monthly dlstnbutions These dlstnbutions 
compnse the key Input parameters by whch the model simulates the operation of the reservoirs m 
the system 



7 1 2 1 Monthly Product~on Dlstr~butions for Irr~gat~on-Or~ented Scenarlo 

The SIX scenanos in irrrgation-onented mode are distinguished in the model input data by the firm 
energy dlstnbution identical to the monthly water wthdrawal requirements shown m Exhlbits 5-1 and 
5-2 The five Naryn facllltles and Andqan are assumed to operate according to the Fergana water 
wthdrawal demand Kayrakum and Farhad are assumed to operate according to the Mid-Syr Darya 
demand Charvak, Bugun, and Chardara are assumed to operate according to Ch&r, Artur, and 
Low-Syr Darya demands, respectively The monthly dlstnbution of reservoir outflows 1s closely 
related to that of energy productton The monthly distnbutlons are presented in Tables 7-1 and 7-2 

for emsting and future irngatlon demands, respectively 

7 1 2 2 Monthly Product~on Distribut~ons for Power-Onented Scenar~o 

The monthly firm energy production dlstnbution employed m the power-onented mode of simulations 
is a dlrect reflection of the monthly pattern of internal electnc energy demands forecast for 
Kyrgyzstan (Harza, 1993) and used in the Step-1 study All reservoirs in power-onented mode are 
assumed to operate according to thls dlstnbution as shown in Table 7-1 

7 1 2 3 Monthly Product~on D~stnbut~ons for Scenano w ~ t h  1998 Agreement Toktogul Release 
Pattern 

Based on the 1998 agreement made between the CAR, the monthly firm energy production 
d~stnbution of Toktogul reservoir are identical to the distnbutlons of monthly water releases shown 
in Table 3-1 The monthly distnbutlons descnbed above are listed in Table 7-1 



Table 7-1 

MONTHLY DISTRIBUTIONS FOR FIRM ENERGY PRODUCTION AND OUTFLOWS 
FOR SCENARIOS WITH EXISTING IRRIGATION DEMAND 

Month 

Jan 
Feb 
Mar 

A P ~  
May 
Jun 
Jul 

A% 
S ~ P  
Oct 
Nov 
Dec 

Irngat~on-onented Mode 
Power- 
onented 
Mode 

all 
reservours 

12 5% 
105% 

9 5% 
8 0% 

70% 
60% 
60% 
5 5% 
60% 

6 5% 
100% 
12 5% 

Power or 
Irngat~on 

Mode 

Toktogul 
(1998 

Agreement) 

9 8% 

8 7% 
13 8% 
4 4% 

5 3% 
9 5% 
12 8% 

11 8% 
3 6% 
3 7% 
7 5% 
9 1% 

Toktogul 
Kurpsa 

Tashkumyr 
Shamaldysm 
Uch-kurgan 

And~jan 

0% 
0 4% 

1 6% 
3 5% 

10 6% 
18 1% 
23 2% 
21 5% 
14 1% 

6 5% 
0 5% 
0% 

Kayrakum 
Farhad 

0% 
0 3% 

1 3% 
3 0% 

9 4% 
17 4% 
23 4% 
22 6% 
15 2% 
7 0% 

0 4% 
0% 

Bugun 

OYO 

06% 
22% 
52% 

127% 
189% 
242% 
207% 
103% 

4 5% 
07% 
0% 

Charvak 

0% 
0 5% 

1 9% 
4 3% 
113% 
180% 
23 5% 
21 4% 
12 8% 

5 7% 
0 6% 
0% 

Chardara 

0% 

06% 

22% 
52% 
138% 
201% 
247% 
198% 

90% 
3 9% 

07% 
0% 



Table 7-2 

MONTHLY DISTRIBUTIONS FOR FIRM ENERGY PRODUCTION AND OUTFLOWS 
FOR SCENARIOS WITH FUTURE IRRIGATION DEMAND 

7 1 3 Select~on of Representative Flow Condrt~ons 

Feb 
Mar 

A P ~  
May 
Jun 
Jul 

A% 
S ~ P  
Oct 

Nov 
Dec 

Toktogul reservoir is currently at a low level manly due to excessive wthdrawals over the recent 
years In order to evaluate the short-term impacts on energy production, imgation releases, and 
water flows mto the Aral Sea, the hydropower-irrigation simulation were performed using a 1 O-year 
series representmg normal, wet and dry flow conhtions and irutial Toktogul reservoir elevation at the 
January 1998 level, 862 4 m 

The 10-year representative periods were selected based on 10-year movlng average senes of 
Toktogul milows used m the current study The selected penods are 1955-64, 1974-83, and 1964-73 

0 4% 
1 6% 
3 7% 
15 7% 

22 1% 
25 1% 
17 5% 
9 3% 
4 1% 

0 5% 
0% 

0 4% 
1 4% 
3 2% 
15 2% 

22 0% 
25 5% 
18 1% 
9 6% 
4 2% 
0 4% 
0% 

0 5% 
2 0% 
4 5% 
15 6% 

21 3% 

24 8% 
17 8% 
8 9% 
4 0% 
0 6% 
0% 

0 6% 
2 3% 
5 4% 
14 4% 

20 2% 
24 8% 
19 4% 
8 6% 
3 6% 
0 7% 
0% 

0 6% 
2 3% 
5 3% 
13 5% 
19 2% 
24 0% 
19 8% 
10 1% 
4 5% 
0 7% 
0% 



for normal, dry, and wet flow conditions, respectively 

7 2 Results 

The hydropower-lmgation simulation model was run for each of the twelve scenmos The results 
of monthly and annual average system energy production quantities and computed outflows for 
demand area lrngation are summanzed m thls section 

7 2 1 Energy Production 

The monthly and annual average system energy production quantltles of the slmulatlon are presented 
m Tables 7-3 and 7-4 and plotted m Exhlblts 7-1 and 7-2 for power and irrigation mode, respectively 

Table 7-3 

COMPUTED ENERGY PRODUCTION FOR LOWER NARYN - SYR DARYA 
HYDROELECTRIC PROJECTS UNDER POWER MODE 

Month 

January 
February 
March 
A pnl 

May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Monthly and Annual Average System Energy Produchon (GWh) 

BC- 
POWER 

2284 

1732 
1354 
1315 
1349 
1164 
1445 
974 

859 
897 
1298 
1554 
16224 

BC-F- 
POWER 

2289 

1732 

1363 
1332 

1371 
1179 
1465 
992 

900 
93 1 
1310 
1568 
1643 1 

BC-T- 
POWER 

2138 

1402 

1741 
956 

1187 
1469 
1974 
1546 

655 
643 
1088 
1271 
16070 

BC-N- 
POWER 

2357 

1525 

1384 
1375 

1357 
1137 
1462 
990 
907 
902 
1332 
161 1 
16338 

BC-D- 
POWER 

1582 

1409 
1348 
1227 

1126 
950 
1042 
874 
797 
853 
1256 
1544 

14008 

BC-W- 
POWER 

1894 

1658 

1596 
1438 
1472 
1415 
1330 
1278 

1110 
1061 
1495 
1852 

17599 



Table 7-4 

COMPUTED ENERGY PRODUCTION FOR LOWER NARYN - SYR DARYA 
HYDROELECTRIC PROJECTS UNDER IRRIGATION MODE 

7 2 1 1 Energy Production for Long-Term Flow Scenarios 

Month 

January 

February 

March 
Apnl 

May 
June 
July 
August 
September 
October 
November 
December 
Annual 

It is evldent that there are more wlnter and annual energy production for the scenanos entaling the 
operation m power mode than those in imgation mode as shown in Tables 7-3 and 7-4 Exh~bit 7-1 

shows that there are more m t e r  than summer energy production for the power scenmos Simlarly, 
Exhibit 7-2 shows that more summer than m t e r  energy production for the irngation scenanos The 
monthly average system energy produmon for power mode scenmos do not vary s~pficantly Ths  
is due to the same monthly firm energy distributions were used for all power-onented scenanos 
except the one wth  1998 agreement Toktogul release pattern 

For both power and imgatlon modes, the annual energy of future imgatlon demand IS hgher than 
that of the base scenmo with exlsting irngation demand 

Monthly and Annual Average System Energy Produchon (GWh) 

From Exh~bit 7-2 and Table 7-4, the irngatlon-onented scenanos wth  Toktogul releases followng 
the pattern of 1998 agreement (BC-T-IRRIGATION) have hlgher winter and annual system energy 

BC- 
IRRIGATION 

1156 
142 
308 
737 
1658 
2445 
2910 
2692 
1859 
924 
205 
149 

15186 

BC-N- 
IRRIGATION 

1318 
96 

248 
63 9 
1638 
2337 
2805 
2633 
1867 
859 
165 
78 

14682 

BC-F- 
IRRIGATION 

1261 
155 

324 
85 1 
2251 
2810 
3095 
2523 
1448 
708 
213 
122 

15761 

BC-D- 
IRRIGATION 

85 
141 

336 
627 
1486 
2238 
2626 
2458 
1626 
777 
142 
90 

12633 

BC-T- 
IRRIGATION 

1927 
1222 
1583 
895 
1181 
1729 
2234 
1809 
804 
590 
810 
92 1 

15703 

BC-W- 
IRRIGATION 

97 
132 
333 
705 
1966 
272 1 
2967 
2879 
2256 
1210 
252 
147 

15666 



production than the base scenano wthout the 1998 agreement pattern (BC-IRRIGATION) 

7 2 1 2 Energy Production for Short-Term Flow Scenarios 

As shown m Tables 7-3 and 7-4, the decrease m annual average system energy production under dry 

flow condtion is about 14% and 17% of base power and irngation scenarros The increase m annual 
average system energy production under wet flow condition IS about 8% and 3% of base power and 
base lmgation scenanos For normal flow conditions, the annual average system energy production 
changes less than 1% and 3% fiom the energy of the base power- and imgation-onented scenanos 

7 2 2 Irrlgatlon Flows 

Monthly average outflows for downstream imgation that were computed for the each demand slte 
of the base scenanos BC-POWER, BC-IRRIGATION, BC-F-POWER, BC-F-IRRIGATION, 
BC-T-POWER, and BC-T-IRRTGATION are presented m Table 7-5 For compmson purpose, 
these results are plotted in Exhlblts 7-3 and 7-4 for each demand site wth the computed monthly 
water wthdrawal requirements shown in Exh~bits 5-1 and 5-2 for exlsting and future imgation 
demands, respectively 

7 2 2 1 Irrigatlon Flows for Long-Term How Scenarios with Exlstlng Irrigatlon Demand 

For exlstlng ~rngation demand, it appears that most of the power onented scenanos fall short of 
summer mgation demands more severe than the rmgabon onented scenarios as shown m Exhibit 7-3 
The computed outflows of the BC-IRRIGATION scenano for the Fergana and Chalur demand areas 
can generally meet the exsting imgation demands For Wd-Syr Darya, Artur and Low-Syr Darya 
areas, the shortage of summer imgation demands are quite sipficant In terms of meetlng exlstlng 
lrngatlon demand, the computed outflows of the BC-T-IRRIGATION scenmo comes second next 
to the first of BC-IRRIGATION scenano However, the BCT-IRRIGATION scenano is much 
better than the BC-IRRIGATION for the Low-Syr Darya demand area as shown in sheet 5 of Exlubit 
7-3 

The 1998 agreement pattern would not affect the results of Chalur and Artur demand areas Thls IS 

because that the lmgation demands m these areas were served by the tributary flows of the Syr Darya 
hver The Toktogul releases wll manly affect the results of projects on the Syr Darya Rver The 
scenanos wth 1998 agreement pattern fall short of summer imgation demands less severe than the 
base power onented scenano Therefore, the BC-T-POWER or BC-T-IRRIGATION is considered 



to serve the rmgatlon requlrement better than the BC-POWER scenano and have hgher wmter and 
annual energy production than the BC-IRRIGATION scenano 

7 2 2 2 Irr~gat~on Flows for Long-Term Flow Scenar~os w ~ t h  Future Irrigation Demand 

For future lmgation demand, the BC-F-IRRIGATION scenario can meet the irrigation demand for 
all areas except the smallest Artur demand area For Artur demand area, the monthly lnflows are 
much htgher m m t e r  than m summer as shown m Tables E-23 and E-24 of Appendix E The relative 
small storage capaclty of Bugun reservoir may result in ~mgation shortage as ~ndicated m sheet 4 of 
Exhlblt 7-4 

The BC-F-POWER scenano falls sllghtly short of summer trngatlon demand but have much hgher 
wtnter and annual energy A scenano wth 1998 agreement Toktogul release pattern may satisfy the 
fbture lrngation demand 

Table 7-5 

COMPUTED OUTFLOWS 

FERGANA 
Demand Site 

January 
February 
March 
Apnl 

May 
June 
July 
August 
September 
October 
November 
December 
Annual 

Computed Oufflows (MCM) 

BC- 
POWER 

2809 
2146 
1800 
1849 
1960 
1704 
2048 
1537 
1282 
1201 
1535 
1879 

21749 

BC- 
IRRIGATION 

1469 
488 
748 
1161 
2350 
3387 
3860 
3493 
2583 
1364 
417 
42 1 

2 1740 

BC-F- 
POWER 

2809 
2146 
1800 
1849 
1960 
1704 
2048 
1537 
1282 
1201 
1535 
1879 

21749 

BC-F- 
IRRIGATION 

1579 
487 
757 
1288 
2983 
3713 
3987 
3166 
1985 
1006 
405 
389 

2 1744 

BC-T- 
POWER 

2644 
1806 
2248 
1482 
1786 
2045 
2660 
2172 
1071 
952 
1315 
1571 

21751 

BC-T- 
IRRIGATION 

2317 
1516 
1998 
1282 
1862 
2597 
2989 
2443 
1429 
1021 
1052 
1242 

2 1748 



Table 7-5 

(Contmued) 

CHAKIR 
Demand Slte 

January 
February 
March 
Apnl 

May 
June 

July 
August 
September 
October 
November 
December 
Annual 

MID-SYR 
DARYA 
Demand S ~ t e  

January 
February 
March 
Apnl 

May 
June 

July 
August 
September 
October 
November 

December 
Annual 

Computed Oufflows (MCM) 

BC- 
POWER 

485 
416 
435 
42 1 
802 

704 
848 
598 
340 
294 
416 
488 
6247 

Computed Oufflows (MCM) 

BC- 
POWER 

265 1 
2952 
2459 
1954 
1557 
1086 

1151 
853 
80 1 
1087 
1872 
1988 

204 1 1 

BC- 
IRRIGATION 

15 
35 
122 
362 
784 

1344 
1382 
1152 
699 
278 
53 
22 

6247 

BC- 
IRRIGATION 

1404 
490 
61 1 
975 
1571 
1858 

1630 
1536 
1322 
990 
63 1 
534 

13551 

BC-T- 
POWER 

485 
416 
435 
42 1 
802 
704 
848 
598 
340 
294 
416 
488 
6247 

BC-F- 
POWER 

485 
416 
435 
42 1 
802 

704 
848 
598 
340 
294 
416 
488 
6247 

BC-T- 
IRRIGATION 

15 
3 5 
122 
362 
784 

1344 
1382 
1152 
699 
278 
53 
22 

6247 

BC-F- 
POWER 

2653 
2912 
2577 
2225 
1752 
1261 
1389 
997 
1115 
1430 
1971 
21 17 
22397 

BC-F- 
IRRIGATION 

15 
35 
125 
372 
957 

1375 
1413 
1107 
567 
207 
53 
22 

6248 

BC-F- 
IRRIGATION 

1469 
55 1 
690 
1560 
2570 
2902 
3090 
2797 
2044 
1230 
666 
498 

20067 

BC-T- 
POWER 

2552 
2131 
2559 
1587 
1492 
11 14 
1181 
872 
810 
989 
1938 
2169 
19394 

BC-T- 
IRRIGATION 

2530 
1945 
2361 
1357 
1278 
1528 
1479 
1269 
998 
726 
584 
476 

16531 



Table 7-5 

(Continued) 

ARTUR 
Demand Slte 

January 
February 
March 
Apnl 

May 
June 
July 
August 
September 
October 
November 
December 
Annual 

LOW-SYR 
Demand S ~ t e  

January 
February 
March 
Apnl 

May 
June 
July 
August 
September 
October 
November 
December 
Annual 

Computed Oufflows (MCM) 

BC- 
POWER 

41 
55 
123 
145 
70 
3 1 
18 
16 
2 1 
25 
23 
37 
603 

Computed Oufflows (MCM) 

BC- 
POWER 

2087 
2075 
2199 
2026 
1334 
774 
694 
625 
71 1 
1041 
1771 
1985 
17320 

BC- 
IRRIGATION 

4 1 
55 
123 
145 
70 
3 1 
18 
16 
21 
25 
23 
37 

603 

BC-F- 
POWER 

41 
55 
123 
145 
70 
3 1 
18 
16 
21 
25 
23 
37 
603 

BC- 
IRRIGATION 

1313 
603 
730 
1158 
1030 
858 
7 54 
62 1 
402 
400 
303 
473 
8642 

BC-F- 
POWER 

2170 
2154 
2432 
2279 
1590 
928 
86 1 
781 
1146 
1484 
1919 
2099 
19845 

BC-F- 
IRRIGATION 

1407 
777 
963 
1798 
1855 
1673 
1716 
1864 
1567 
1052 
668 
63 3 

15975 

BC-F- 
IRRIGATION 

41 
55 
123 
145 
70 
3 1 
18 
16 
2 1 
25 
23 
37 

603 

BC-T- 
POWER 

202 1 
1906 
2070 
1899 
1235 
748 
673 
604 
69 1 
90 1 
1618 
1856 
16220 

BC-T- 
POWER 

4 1 
55 
123 
145 
70 
3 1 
18 
16 
21 
25 
23 
37 
603 

BC-T- 
IRRIGATION 

97 1 
267 
1096 
1084 
1138 
1134 
1476 
1274 
754 
440 
494 
355 

10483 

BC-T- 
IRRIGATION 

4 1 
55 
123 
145 
70 
3 1 
18 
16 
21 
25 
23 
37 
603 



7 2 3 Operating Rules of Toktogul and Chardara Reservoirs 

The optimum monthly reservoir rule curves computed for Toktogul and Chardara reservoirs based 
on 1955-97 flows were plotted in Exhibits 7-5 and 7-6 The rule curves were denved for 
maxlmzation of firm energy of each hydroelectnc project 

7 2.3 1 Toktogul Reservo~r Rule Curve 

For Toktogul reservolr, the reservoir elevation vanes m a range of about 22 m between about 872 
m to 894 m for three power-onented scenanos, and a smaller range of about 11 m between 882 m 
to 893 m for two irrigation-onented scenanos, BC-IRRIGATION and BC-F-IRRIGATION The 
BC - T-POWER and BC - T-IRRIGATION scenarios have the same rule curve denved using the 1998 
agreement Toktogul release d~stnbution pattern The BC-POWER and BC - F-POWER scenarios also 
have the same rule curve because of the same monthly firm energy distributions were used for power 
mode scenanos 

As shown in Exhlbit 7-5, the rule curves for power-onented scenanos are lower than those of 
mga~on-onented scemos m the m t e r  due to hlgher energy demand for power-onented scenarios 
On the contrary, the rule curves for power-onented scenanos are hgher than those of imgation- 
oriented scenanos in the summer imgation season due to summer imgation requirements for 
imgation-onented scenanos 

The recorded Toktogul reservoir elevations for the penod 1990-1997 were plotted as shown m 
Exhib~t 7-7 A companson of Exh~bits 7-5 and 7-7 indicates that the computed rule curves of 
Toktogul reservolr m power-onented scenanos follow the same pattern of lower elevation in wmter 
and hlgher elevation in summer as the recorded elevations 

7 2 3 2 Toktogul Reservo~r Elevations for Short-Term Flow Scenarios 

The computed reservolr elevat~ons of Toktogul reservolr for the six scenanos using representative 
flows conditions were plotted in Exh~bits 7-8 and 7-9 for power- and imgation onented modes, 
respect~vely The reservolr elevations of BC-D-POWER are all lower than those of BC-W-POWER 
However, the reservolr elevations of BC-N-POWER are not all lower than those of BC-W-POWER 
Ths is because the normal flow penod has a few wet years m the begmng and dry years at the end 
of the penod The irngation scenanos have simlar results as shown m Exlubit 7-9 



Exhibit 7-8 also shows the pattern of lower elevations in the wnter and hgher elevation in the 
summer for power mode scenanos The irngation mode scenanos have reverse trend as shown ~n 
Exhlblt 7-9 

The fluctuation of reservorr elevation m a year is smaller dunng dry flow penod than that dunng wet 
or normal flow penod The fluctuation of reservoir elevation in a year is also smaller for irngatlon 
scenmo than that of power scenano as indicated in E b b i t  7-5 

7 2 3 3 Chardara Reservoir Rule Curve 

Generally, the rule curve of Chardara reservolr shows hgher elevahon in wnter than in summer and 
reaches m u m  by the end of mgation season in September or October For Chardara reservolr, 
the rule curves computed for the power-onented scenanos BC-POWER, BC-T-POWER, and BC-F- 
POWER do not vary sigtllficantly As shown m Exhlblt 7-6, the rule curve for BC - F-IRRIGATION 
IS hgher than that of BC-IRRIGATION in summer, due to smaller future irngation requlrements 
The small difference between the rule curves of BC-POWER and BC-T-POWER was caused by the 
Toktogul release pattern The sigmficant difference between the rule curves of BC-IRRIGATION 

and BC - T-IRRIGATION was also caused by the different Toktogul release pattern The rule curve 
of BC-T-IRRIGATION scenano matches closer wth that of the BC-POWER scenmo in the wnter 
season And the rule curve of BC-T-IRRIGATION scenmo becomes much lower than that of the 
BC-POWER In the summer due to irngation requirement Ths effect IS also shown in sheet 5 of 
Exh~b~t 7-3 that the computed outflows of BC-T-IRRIGATION scenano for Low-Syr Darya demand 
area meet the lrngatlon requlrements better than the other scenanos 

7 2 4 Inflows lnto the Aral Sea 

For enwonrnental concern of the reduced Aral Sea elevation, the computed average outflows from 
the Low Syr Darya demand area whch were used as inflow to the Aral Sea are summanzed in Table 
7-7 These flows were compared wth two sets of Aral Sea flows tabulated in Table 7-8 whlch 
represent early and late 1970 cond~tions used by Dr D McEnney In h s  1997 studies descnbed in 
Chapter 3 The early 1970 flows are hgher than the late 1970 flows 



7 2 4 1 Comparrson wlth Early 1970 Aral Sea Flows 

The companson of Tables 7-7 and 7-8 shows that the flows for the BC-F-IRRIGATION are all 
hgher than the early 1970 flows The flows for the BC-F-POWER are hgher than the early 1970 
flows except for the months of June, July, and August The flows for the BC-IRRIGATION are 

higher than the 1970 flows for December and January only The flows for the BC-POWER and 
BC-T-POWER are hgher than the 1970 flows from October to Apnl except the months of May 
through September 

The flows for the BC - T-IRRIGATION have hgher flows than the early 1970 flows in the mnter 
months from November to Apnl and lower flows than the early 1970 flows m the summer months 

@ from May to October 

7 2 4 2 Comparison wlth Late 1970 Aral Sea Flows 

- The compmson of flows at Aral Sea ind~cates that the flows for the BC T-IRRIGATION, BC-F- - 
POWER and BC - F-IRRIGATION scenmos are all hgher than the late 1970 flows However, the 
flows for the BC-POWER and BC-T-POWER are hgher than the late 1970 flows except for the 
month of August The flows for the BC-IRRIGATION are also hlgher than the late 1970 flows 
except for the months of August and September Therefore, for exlsting lrngation demand, only 
flows of BC-T-IRRIGATION scenano are hgher than the late 1970 Aral Sea flows 



Table 7-7 
COMPUTED INFLOWS TO ARAL SEA 

Table 7-8 
1970s ARAL SEA FLOWS 

January 
February 
March 
Apnl 

May 
June 

July 
August 
September 
October 

November 
December - 

Computed Inflows (MCM) 

BC- 
POWER 

2087 
2042 
2076 
1732 
594 
115 
80 
63 
1 96 
817 
1733 
1985 

BC- 
IRRIGATION 

1313 
570 
607 
869 
415 
184 
90 
72 
86 
21 1 
265 
473 

BC-F- 
POWER 

2170 
2134 
2355 
2095 
1098 
285 
193 
159 
855 
1359 
1896 
2099 

BC-F- 
IRRIGATION 

1407 
757 
886 
1614 
1364 
985 
873 
1204 
1275 
928 
645 
633 

BC-T- 
POWER 

202 1 
1873 
1947 
1605 

504 
109 
80 
60 
175 
677 
1581 
1856 

BC-T- 
IRRIGATION 

1373 
817 
883 
1266 

440 
229 
177 
202 
30 1 
325 
668 
562 



7 3 Benefits Evaluat~on 

The s~rnulat~on results were evaluated m terms of outflows s e m g  lrrrgat~on purposes Ths valuation 
of outflow were combined wth the valuation of power based on the PROSYM results listed m 
Chapter 5 as the total benefit The valuation of power, outflows, and total benefit was considered 
in the assessment of scenarios 

7 3 1 Valuation of Outflows 

According to the procedures and assumptions discussed previously m Section 5 2 1, valuat~on of 
outflows were computed using urut water values from Tables 5-15 and 5-16 These outflow 
valuations were presented in Table 7-9 

Table 7-9 

VALUATION OF OUTFLOWS 

January 
February 
March 
Apnl 

May 
June 

July 
August 
September 
October 
November 
December 
Annual 

Values of Outtlows for Downstream Irngat~on ($ mdhon) 

BC- 
POWER 

0 
2 
7 
17 
49 
84 
110 
102 
66 
30 
2 
0 

470 

BC- 
IRRIGATION 

0 
2 
10 
22 
66 
112 
147 
136 
88 
40 
3 
0 

627 

BC-F- 
POWER 

0 
4 
17 
3 8 
152 
215 
249 
178 
92 
41 
5 
0 

99 1 

BC-T- 
IRRIGATION 

0 
2 
9 

20 
58 
99 
129 
119 
76 
35 
3 
0 

549 

BC-F- 
IRRIGATION 

0 
5 

20 
46 
185 
26 1 
302 
216 
11 1 
49 
6 
0 

1202 

BC-T- 
POWER 

0 
2 
7 
17 
5 1 
87 
113 
105 
68 
3 1 
2 
0 

484 



Table 7-9 

(Contmued) 

The value of outflows for the lmgation scenano IS hgher than that of the power scenano For both 
power and mgatlon scenmos, the values of outflow for the future lmgation demand is much hgher 
than that ofthe exlstlng irrigation demand Ths IS mainly due to hgher umt water values for future 
lrngation water 

January 
February 
March 
Apnl 

May 
June 

July 
August 
September 
October 
November 
December 
Annual 

The BC - T-IRRIGATION scenano whlch has Toktogul release follomg the 1998 agreement pattern 
has about 17% hgher outflow values than that of BC-POWER and about 9% lower outflow values 
than that of BC-IRRIGATION The 1998 agreement Toktogul release pattern is a mxture of power 
mode for wmter months and ~rngatlon mode for summer months Therefore, the outflow values for 

BC - T-IRRIGATION is between that of BC-POWER and BC-IRRIGATION 

The outflow values for BC-T-POWER is about 12% lower than that of BC-T-IRRIGATION The 
average annual system energy production for BC-T-POWER IS only about 2% hlgher than that of 
the BC-T-IRRIGATION By considering the factors of energy product~on of lower Naryn - Syr 
Darya hydroelectnc projects and outflow values, ~t appears that the BC-T-IRRIGATION scenano 

Values of Oufflows for Downstream Irr~gat~on ($ maon) 

BC-N- 
POWER 

0 
2 
7 
16 
47 
81 
105 
98 
63 
29 
2 
0 

449 

BC-I% 
IRRIGATION 

0 
2 
9 
21 
63 
108 
141 
131 
85 
3 9 
3 
0 

603 

BC-N- 
IRRIGATION 

0 
2 
9 
22 
64 
109 
142 
132 
85 
39 
3 
0 

607 

BC-W- 
POWER 

0 
2 
8 
18 
53 
91 
118 
110 
7 1 
32 
2 
0 

504 

BC-I% 
POWER 

0 
2 
7 
16 
46 
80 
104 
96 
62 
28 
2 
0 

443 

BC-W- 
IRRIGATION 

0 
3 
11 
24 
71 
122 
159 
148 
96 
44 
3 
0 

68 1 



glve better operation than the BC-POWER., BC-IRRIGATION, and BC-T-POWER scenanos 

7 3 2 Valuation of Power 

According to the marginal and production costs obtaned using PROSYM as described in Section 

5 1 , valuation of power were computed For each interconnected case tabulated m Table 5-1, the 
value of power whlch Include both hydro and non-hydro power was estunated for all three republics, 
three year load demand, two operauon modes, and two seasons by subtract~ng production cost fiom 
energy production benefit 

The energy produrnon benefit is equal to the sum of the benefit fiom domest~c and exported energy 
production mnus the cost of imported energy Each energy benefit is computed by multiplying the 
marginal cost wth the corresponding amount of energy produced The value of power for two 

seasons were combined for each republic, operation mode and load demand The values of power 
for three republics were combined for regional total power value These valuation of power were 
performed for all of the six long-term flow scenanos 

The results of these power valuations were presented in Tables 7-10, 7-1 1, and 7-12 for base cases 
wth  exlsting imgation demand, cases mth 1998 Agreement release pattern and exlstrng mgabon 
demand, and cases wth  future irngation demand, respectively 

7 3 2 1 Compar~son of Values of Power and Irrigation 

The values of power and irngatlon were estimated for each republ~c and the regon The Repubhc 
of Uzbelustan has lugher irngation value than the other two republics The Republic of Kyrgyz has 
hgher power value than the other two repubhcs On the regonal basis, the estimated irngation value 
is much hgher than the power value for all scenanos 

7 3 2 2 Comparlson of Interconnected Cases of Power- and Irrigation-onented Scenar~os 

Republics that have a large amount of hydro generatron relatrve to thermal generatron realize large 
vanations m margnal costs Operatron m the lmgatlon mode results m large quantit~es of avmlable 
energy rn the summer and small amounts rn the mnter Ths is opposrte of the repubhcs' energy 
needs As a result, a republic like Kyrgyzstan w11 see a large Increase in its marginal cost when 
moving from power mode to irngation mode Less hydro energy is avalable in the mnter, so 
Kyrgyzstan is forced to operate its more expensive umts In the summer when less of the power is 



needed, a large quantity energy is 'dumped" (see Section 5 1 3) 

The other repubhcs see less of a vanation between the two modes because a small percentage of their 
generation IS a result of hydro production Note that they often realize a slight increase in marginal 
cost because less energy is avadable for purchase fiom Kyrgyzstan in the wnter dunng the irrigation 

mode of operation 

Table 7-10 

VALUATION OF POWER AND OUTFLOWS FOR CASES WITH 
EXISTING IRRIGATION DEMAND 

- -- -- -- 

Values of Irnmon (S null~on) 

Interconnected-Power 

KY 
SKaz 
Uzb 
Total 

Values of Power *$ mllllon) 

Load Demand 
Year 2000 

Interconnected-Jmgahon 

Total Values ($ rmlhon) 

K yr 
SKaz 
Uzb 
Total 

Load Demand 
Year 2005 

Load Demand 
Year 2010 

Load Demand 
Year 2000 

179 
52 
32 

199 

Load Demand 
Year 2010 

Load Demand 
Year 2005 

69 
41 

-104 
6 

0 
29 
44 1 
470 

233 
66 
-6 

293 

KY 
SKaz 
Uzb 
Total 

219 
99 
-37 
282 

123 
107 
9 

22 1 

0 
32 
487 
519 

* Value of power not including cost of providing distnct heating 

233 
98 
481 
812 

179 
8 1 

409 
669 

106 
243 
92 
442 

0 
39 
594 
633 

219 
139 
557 
914 

0 
25 
602 
627 

69 
66 
498 
633 

123 
135 
656 
914 

106 
277 
903 
1286 

0 
28 
665 
692 

0 
34 
810 
844 



Table 7-11 

VALUATION OF POWER AND OUTnOWS FOR CASES WITH EXISTING 
IRRIGATION DEMAND AND 1998 AGREEMENT TOKTOGUL RELEASE PATTERN 

I I Interconnected-Power I Interconnected-brigahon I 

Year 2000 Year 2005 Year 2010 Year 2000 Year 2005 Year 2010 

I Values of Power *$ rnlll~on) I 

I values of Imgatlon (S rmlllon) I 

KY 
S Kaz. 
Uzb 
Total 

170 
53 
36 

186 

Kyr 
SKaz 
Uzb 
Total 

Total Values ($ rmll~on) 

191 
60 
14 

237 

K Y ~  
SKaz 
Uzb 
Total 

0 
29 

455 
484 

205 
50 
93 

349 

0 
32 
502 
534 

* Value of power not i n c l u d ~ n g  cost of providing distnct heating 

170 
82 

419 
670 

0 
39 

612 
65 1 

145 
40 
-96 
89 

0 
42 

565 
606 

0 
38 
512 
549 

191 
92 
488 
772 

0 
5 1 

689 
739 

158 
44 
56 

146 

183 
93 
50 

226 

205 
89 
706 
1000 

145 
78 
416 
638 

158 
86 
509 
752 

183 
144 
639 
965 



Table 7-12 

VALUATION OF POWER AND OUTFLOWS FOR CASES WITH 
FUTURE IRRIGATION DEMAND 

Values of Power *$ million) 

I values of ~rngatmn ($ rmll~on) I 

Interconnected-Power 

Load Demand 
Year 2000 

Interconnected-Imgahon 

I Total Values ($ mllion) I 

Load Demand 
Year 2000 

Kyr 
SKaz 
Uzb 
Total 

* Value of power not including cost of providing distnct heating 

Load Demand 
Year 2005 

7 3 2 3 Compar~son of Cases of Year 2000,2005, and 2010 Load Demand 

Load Demand 
Year 2010 

Load Demand 
Year 2005 

0 
117 
874 
99 1 

The irngation values for the year 2005 and 2010 load demands were estimated by escalating the 

irrigation value for the 2000 load demand wth an assumed annual factor of 2% On the regonal 
basis, the value of power Increases m the order of year 2000, year 2005, year 20 10 load demand The 
only exception is the case w~th exlsting irngation demand for year 2005 to year 2010 load demand 

Load Demand 
Year 2010 

On the republic basis, the value of power increases from cases wth year 2000 load demand to year 
2005 load demand The only exception is the case wth fbture irngation demand, Interconnected and 
mgation mode However, the values of power for cases wth year 2005 load demand are not always 
lower than the cases wth year 2010 load demand 

0 
129 
965 
1094 

0 
157 
1176 
1334 

0 
126 
1077 
1203 

0 
139 
1189 
1328 

0 
170 
1450 
1619 



7 3.2 4 Comparison of Interconnected and Isolated Cases 

The method used to compare the vanous scenanos m the tnterconnected mode IS not surtable for use 
rn the isolated mode In the interconnected mode, the method considers the effects of imports and 
exports A better method to compare and contrast the mterconnected and isolated scenanos involves 
the companson of margnal costs 

Refernng to Smon 5 1 3, it becomes evldent that the margnal costs m the isolated mode are hgher 
than the marginal costs in the interconnected mode When the regons operate isolated, they are 
forced to &spatch expensive, mefficient umts Ths increases the margnal cost And, m addrtron to 
requinng the dispatch of expensrve umts, it occasionally results m energy-not-served Ths energy 
is dficult to assign a pnce to, but, as explarned m Secbon 5, for the purposes of thls analysrs, a value 
of 45mills/kWh has been used Kyrgyzstan has a very large amount of unserved energy m the 
Imgabon mode (base case and future case) when operatmg rsolated Operating wth mterconnections 
to the other two republics reduces Kyrgyzstan's margnal costs whle at the same time allows it to 
better meet its energy needs 

The benefits of mterconnmon therefore become apparent by the hgher margnal costs in the isolated 
modes and by the amounts of unserved energy 

Comblned mar@ costs of summer and wmter for each case (Tables 5-2 to 5-4) were computed and 
listed in Table 7-13 The above analysis can also be illustrated by use of comblned margnal cost 
Thls table 7-13 compares and contrasts the marglnal costs of the interconnected and isolated modes 
of operations The numbers below lllustrate the benefits of interconnectron over isolatron Countnes 
that are Importers of cheaper hydro power show lower mar& costs when operatrng mterconnected 
South Kazakhstan reahzed a reduction in margnal cost for all of the scenanos and case Because rt 
is a heavy ~mporter, it sees a cost savlng by buylng power from the other repubhcs 

A country such as Kyrgyzstan wll show a hgher margrnal cost when interconnected because it is 
generating more power and selling it to the other republics The rnterconnected margmal cost 
captures domest~c energy, exported and imported energy Kyrgyzstan has a margnal cost as much 
as three tunes hgher when rnterconnected than when Isolated because lt Increases production to meet 
the energy needs of the other repubhcs 

Uzbelustan also reallzes a reduction is its marglnal for all cases and scenanos wth the exception of 
year 2010 Ths is a result in the slpficant Increase m exports for the year 2010 (see tables in 



Semon 5 1 3 Llke Kyrgyzstan, Uzbelustan must dispatch more umts to meet the Increased energy 
needs of the other republics, t h s  results in a hgher marginal cost Therefore, t h s  should not be 
vlewed as a negatlve result of interconnected operation, but rather a positive one The increase in 
exports results in an Increase m revenue for Uzbelustan 

Table 7-13 

Combined Marginal Costs ($/MWh) 

7 3 3 Comb~nation of Values of Power and Outflow for Irrigation 

The combmed values of power and outflow for cases wth  exlstlng lrngatlon demand vary in a small 
range of about 633 to 670 $mllions for Interconnected cases For interconnected cases w th  hture 
lmgation demand, the combmed values are hgher for lmgatlon mode than that for power mode Ths 



is probably due to much hgher unit value of water for lrngatlon for cases wth future lrngatlon 
demand 

7.4 Recommendat~ons for Naryn-Syr Darya Operation Regime 

VIS-A-Va Water Sharing and Power Dispatch 

For Existing imgation demand, the above result analysis indicated that the scenano BC-T- 
IRRIGATION wth 1998 Agreement Toktogul release pattern, and ~mgatlon-onented mode has 
hgher value of mgation than that oftwo power-onented scenanos BC-POWER and BC-T-POWER 
but lower value of lrngatlon than that of the lmgatlon scenmo BC-IRRIGATION However, ~ t s  
computed energy productlon for the lower Naryn Syr-Darya hydroelectnc projects are hrgher than 
those of BC-IRRIGATION Ths scenmo has the advantage of ~mplementmng both the power and 
lrngation need of the region 

Among these four scenmos wth exlstlng irngation demand, ths BC-T-IRRIGATION scenano IS 

the only one wth Aral Sea flows hlgher than the late 1970 flows for each month Based on 
consideration of the factors of power, mgation, and Aral Sea flows, the operation of ths  BC-T- 
BRIGATION scenano appears to be better than the other three scenmos Therefore, the resulting 
rule curve for Toktogul reservoir IS recommended 

The comblned values of power and outflow for ths BC-T-BRIGATION 1s about 5% lower than that 
of power mode scenanos Ths is mthn the accuracy of the estimated umt value of water for 
irrlgatlon presented m Chapter 5 The unit value of water for lmgation was estimated based on 
extremely vanable net return of crop productlon as shown In Tables 5-1 1 and 5-12 A sens~tlvlty 
analysis of imgation values was performed by changing umt value of water for 50% 

For existing irngation demand scenmos, the comblned value of power and outflow IS hgher for 
mgabon mode than of power mode when the umt value was increased 50% Ths may be due to the 
value of lrngatlon is much hgher than the value of power However, the comblned value 1s st111 
hgher for power mode scenmo than that of lrngatlon scenmo when the umt value was decreased 
50% The only exception is the isolated case wth 1988 Agreement Toktogul release pattern 



For future irngation demand scenanos, the combined value of power and outflow is hgher for 
irngatton mode than that of power mode by both decreasing and Increasing the umt value of water 
by 50% Ths is because that the value of mgation IS much hgher than the value of power for fbture 
irngation demand scenanos 

A sensitivity analysis of value of power was performed by changing the value 10% A decrease or 
rncrease 10% of the value of power does not change the trend For rnterconnected cases wth exlsting 
mgabon demand, the comblned value of power and outflow for power mode IS still hgher than that 
for mgation mode For all cases wth future mgabon demand, the combined value is also still hgher 
for mgation mode than that of power mode by increasing or decreasing 10Y0 of the value of power 
Thls is because the value of outflow IS much hgher than the value of power 

7 4 3 Future Work 

For CAR'S readlly acceptance and apphcation of the model, a transfer of the model to the C m  and 
trauung sessions for the model application is hghly recommended Engineers and scientists from the 
CAR can use the model wth refined lrngation and energy data to evaluate potential impacts on the 
total combined power and irngation benefits wth vanous modes of the reservoir operation 

Ths hydropower-irrigation model can also be expanded or modified to use in combination wth the 
PROSYM for real-time dispatch of power plants for meeting the regional electnc system demands 
This model can also be used wth a nsk analysis model to estimate the expected values of the 
irngation and power for privatization purposes 
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Computed Flows vs lrr~gat~on Requ~rement 
FERGANA Demand Area 

0 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Month 

Exlstlng lrrl BC POWER BC IRRIGATION BC-T POWER BC-T IRRIGATION 
gatlon requirement Computed outflow Computed outflow Computed outflow Computed outflow 

Power mode lrrlgatlon mode Power mode lrr~gat~on mode 
Exlstlng demand Ex~stlng demand Exlst~ng demand Ex~stlng demand 

Tok Agreement Tok Agreement 



Computed Flows vs lrr~gatron Requrrement 
CHAKIR Demand Area 
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Computed Flows vs. lrrlgat~on Requirement 
LOW-SYR DARYA Demand Area 

Jan Feb Mar Apr May Jun Jul Aug Sep 
Month 

Exlstlng lrrl BC POWER BC IRRIGATION BC-T POWER 
gatlon requirement Computed outflow Computed outflow Computed oufflow 

Power mode lrr~gat~on mode Power mode 
Exlstlng demand Exlstlng demand Exlstlng demand 

Tok Agreement 

Oct Nov Dec 

- - - 
BCJ IRRIGATION !z 
Computed outflow : I 
lrrlgatlon mode 
Ex~stlng demand 

? 3 
0 9 

Tok Agreement ;n'G 
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Computed Flows vs lrrlgatron Requirement 
MID-SYR DARYA Demand Area 

Jan Feb Mar Apr May Jun Jull Aug Sep Oct Nov Dec 

Month 

Future lrrlgat~on requirement BC-F POWER 
Computed outflow 
Power mode 
Future demand 

BC-F IRRIGATION 
Computed outflow 
lrr~gat~on mode 
Future demand 
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Rule Curve 
Chardara Reservorr 
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INQUIRY DOCUMENT FOR THERMAL GENERATION DATA 



USAID DELIVERY ORDER NO. 7, TASK 3 

Project Optimization 

of 

Naryn-Syr Darya System 

Thermal Generation Model Questionnaire 

for 

Prepared by Burns and Roe Company 
February, 1998 

c kyrg-rnern\desc-gen doc 1211 1198) 



TABLE OF CONTENTS 

- 1 0 INTRODUCTION 

2 0 GENERAL DATA AND INFORMATION 

3 0 EXISTING THERMAL GENERATING UNlT DATA 

Table 3-1 Ex~stlng Thermal Generat~on Unlts - Non-CHP 
lnstruct~ons for Table 3-1 

Table 3-2 Exlstlng Thermal Generatlon Unrts - CHP 
0 lnstruct~ons for Table 3-2 

4 0 COMMilTED THERMAL GENERATING UNlT DATA 

Table 4-1 Commltted Thermal Generatlon Unlts - Non-CHP 
- lnstruct~ons for Table 4-1 

Table 4-2 Commltted Thermal Generatlon Unlts - CHP 
lnstruct~ons for Table 4-2 

8 5 0 (Not used) 

6 0 HISTORIC ELECTRIC LOAD DATA 

Table 6-1 Maxlmum Demand, Energy Supply and Dlspos~tlon 
C lnstructlons for Table 6-1 

Table 6-2 Monthly Demand and Energy Statlstlcs 
lnstructlons for Table 6-2 

I) Table 6-3 Hourly Load Shape Data for a Typlcal Week ~n Each Season ~n Year 
1995 
lnstructlons for Table 6-3 

* 7 0 FORECASTED DOMESTIC ELECTRIC LOAD DATA (1 998-2020) 

Table 7-1 Maxlmum Annual Demand and Energy Consumption by Scenarlo 
lnstruct~ons for Table 7-1 

c kyrg-rnern\desc-gen doc (211 1\98) 



Table 7-2 Forecasted Monthly Demand and Energy Statlstlcs - "Most Probable" 
Load Growth Scenario 

Instructions for Table 7-2 
- 

Table 7-3 Sectorlal Sales (GWh) - "Most Probable" Load Growth Scenarlo 
lnstructlons for Table 7-3 

Table 7-4 Hourly Load Shape Data for a Typ~cal Week In Each Season - "Most 
Probable" Load Growth Scenarlo 

lnstructlons for Table 7-4 

8 0 THERMAL LOAD DATA 

Table 8-1 Max~mum Thermal Demand and Energy 

lnstructlons for Table 8-1 

Table 8-2 Monthly Thermal Demand and Energy Statlstlcs 
lnstructrons for Table 8-2 

9 
Table 8-3 Hourly Load Shape Data for a Typ~cal Week In Each Season In Year 
1997,2000,2005,2010,2015 
lnstructlons for Table 8-3 

0 

c kyrg-rnern\desc-gen doc (21111981 



INTRODUCTION 

The attached sheets ldentlfy the electrrc power system data and lnformatron requlred to 
perform an optrm~zatlon study of the Naryn-Syr Darya Rlver System For the most part the 

I) 
data berng requested IS slmllar to that whlch was requested by Burns and Roe In 1996 

The purpose of thrs questlonnarre IS to complle the electrlc system data for your Republlc 
You wrll note that some data entr~es have been made based on lnformatron previously 
provlded In response to the 1996 questlonnalre It IS necessary that you verify. update, and 
correct thls data and provrde all of the mlsslna data Please revlew the lnstructrons carefully to 
ensure that the data accurately reflects what IS belng requested on the data sheets 

The data requested IS broken down Into nine (9) sectlons as follows 

* Sectlon 2 - General Data and lnformat~on 
Sectron 3 - Exlstlng Thermal Generat~ng Unrt Data 
Section 4 - Commrtted Thermal Generatrng Unlt Data 
Section 5 - (Not Used) 
Sectlon 6 - Hrstror~cal Electrical Load Data 
Sectlon 7 - Forecasted Electrrcal Load Data 
Sectlon 8 - Thermal Load Data 

IF 
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SECTION 2 0 

GENERAL DATA AND INFORMATION 

2 1 What IS the spinning reserve crlterla used for commitment of generating un1ts7 

2 2 What Crlterla IS used to determ~ne the adequacy of Installed capac1ty7 For example, 

reserve margln at the time of maximum demand must be greater than a particular 

percent above demand 
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2 3 Has a least Cost Planning Study been prepared If so, when and by whom was it 

prepared? Please provide a copy of the most recent Least Cost Planning Study 

2 4 Provide a description regarding the manner in which generating units are committed 

and d~spatched to serve load 
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2 5 Are there agreements whlch govern the exchange of electrlclty wlth nelghborlng 

countr1es7 If so, please provlde lnformatlon descrlblng the detalls of such agreements 

2 6 What thermal generat~ng unlt types and fuels are under conslderatlon for meetlng future 
electrlc generat~ng needs7 
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SECTION 3 0 

EXISTING THERMAL GENERATING UNIT DATA 

a 
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INSTRUCTIONS FOR TABLE 3-1 

Exlstlna Thermal Generation Units - Non-CHP 

General 

col 1 

col 2 

col 3 

col 4 

col 5 

col 6 

col 7 

col 7(a) 

col 8 

col 9a & 9b 

col 9c & 9d 

On each lrne of Table 3-1 enter the following data for all unlts (lncludlng auto 
generators) located In the country or region covered by th~s lnqulry 

Plant Name Enter the name of the power plant where the unlt 1s located 

Un~t No Enter the unrt number 

Plant Locatlon Enter the name of the clty or town nearest to the plant 

Operatma Entrtv Enter the name of the company whlch operates th~s unrt 

In-Service Date Enter the monthlyear that the unlt was put Into service 

Retrrement Date Enter the monthlyear In whrch thls un~t IS currently planned 
for ret~rement 

Start Up Fuel. Tvpe In col 7 enter the name of the type of fuel (e g gas, 
mazut, etc ) used for plant start up 

Start Up Tlme (hrs) In col 7a enter the tlme rt takes for the unlt to achleve 
mlnlmum load defined In col 14 dur~ng a cold start, In hours 

Start UD Fuel, Heat Input In col 8 enter the quantlty of fuel In Grgajoules (GJ) 
used for a cold startup of thls unrt Heat Input should be expressed on a lower 
calorlc value basls 

Tvpe 1 Fuel and Cost In col 9a enter the name of the prlmary fuel used durlng 
normal operatlon of thls unlt, (e g , coal, mazut, natural gas, etc) In col 9b 
enter the cost of thls fuel rn January, 1998 US$/GJ 

Tvpe 2 Fuel and Cost If a second fuel type 1s used In the normal operatlon of 
thrs unlt, enter the name of the fuel used In col 9c (e g , coal, rnazut, drstlllate 
011, natural gas, etc ) Enter the cost of thls fuel In January, 1998 US$/GJ In 
col 9d 
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INSTRUCTIONS FOR TABLE 3-1 (cont'd) 

col 9e & 9f 

col 10 

a 
col 11 

col 12 
P 

col 13 

col 13(a) 
8 

col 14 

a col 15, 15a, 
& 16 

col 17 

Tvpe 3 Fuel and Cost If a th~rd fuel type IS used In the normal operat~on of th~s 
un~t, enter the name of the fuel used In col 9e (e g , coal, mazut, d~st~llate 011, 
natural gas, etc ) Enter the cost of thls fuel In January, 1998 US$/GJ In col 9f 

Fuel. MIX (Oh) For each of the fuel types ~dentlfied rn col gal 9c, and 9e, enter 
the percent (%) of each fuel normally consumed on a heat Input bass For 
example, an entry of "50 / 30 120" In col 10 would lndrcate that, on an annual 
bas~s, the first fuel type prov~des 50% of the heat ~nput, the second fuel type 
prov~des 30% of the heat Input and the th~rd fuel type prov~des 20% of the heat 
Input 

Coal Fuel Name For all un~ts whlch are ~dent~fied In col 9 as burn~ng coal, 
enter the name of the coal used 

Des~an Capac~tv (MW) Enter the des~gn net full load capac~ty 

Ava~lable Capac~ty. Full Load Enter the full load net capacrty wh~ch IS currently 
ava~lable from th~s un~t 

Available Capacrty. lntermed~ate Load Enter an ~ntermedrate load between 
mlnlmurn and full load where the un~t typrcally operates 

Ava~lable Capacltv. M~n~mum Load Enter the mlnlmum capac~ty (MW) from th~s 
un~t when the un~t IS operat~ng at ~ t s  lowest stable operat~ng po~nt 

Net Plant Heat Rate (kJ/kWh). Full Load. lntermed~ate Load, and M~nrmum 
Load Enter In col 15 the net heat rate for th~s un~t at the full load capac~ty 
~dentrfied In col 13 Enter In col 15a the net heat rate for thls un~t at the 
~ntermed~ate load capac~ty ~dent~fied In col 13a Enter In col 16 the net heat 
rate for th~s un~t at the mlnlmum load capac~ty ~dent~fied In col 14 All heat 
rates should be on a lower calor~c value bass 

Outaae Rate (%I. Planned Enter the average annual planned outage rate for 
this un~t The planned outage rate (%) 1s calculated as 

= (POH - 8760) x 100 
where POH IS the number of hours In a year where the un~t can reasonably be 
expected to be out of servlce for scheduled maintenance 
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INSTRUCTIONS FOR TABLE 3-1 (cont'd) 

col 18 Outaae - Rate (%). Forced Enter the average annual forced outage rate for thls 
unit The forced outage rate (%) IS calculated as 

= (FOH - (8760 - POH)) x 100 
where, FOH IS the average number of hours per year where the unit can 
reasonably be expected to be out of service as a result of unplanned events, 
and POH IS as defined for col 17 

col 19 O~eratlna and Maintenance Costs. Fixed ($/kW/v) Enter ~n col 19 the portron 
of annual operating and maintenance costs for this unlt whlch do not vary w~th 
unit output The fixed operat~ng and maintenance cost should be expressed In 
January 1998 U S dollars per year per kW of available full load capac~ty (I e 
col 13) 

Flxed operatrng and maintenance costs generally ~nclude 
salaries, lncludlng burdens for operat~ng and malntenance staff 

* fixed portlon of malntenance materlal costs 

All local costs should be converted to U S dollars based on the following 
January, 1998 converslon rates 

Kyrgyzstan 18 Soms = 1 U S $  
Kazakhstan 76 Tenges = I U S $ 
Uzbek~stan 82 Sums = 1 U S  $ 

cot 20 Dperatlna and Ma~ntenance Costs. Var~able ($/MWh) Enter ~n col 20 the 
port~on of annual operat~ng and malntenance costs for thls un~t whlch vary wlth 
net plant output Varlable costs generally rnclude consumables such as, water, 
chemicals and other materials that are consumed In proportion to energy 
output Fuel costs are not Included In Varlable O&M costs Varlable costs 
should be expressed In January 1998 U S dollars per MWh of net output from 
thls unrt The currency converslon rates identified In the lnstructlons for col 19 
should be used 
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INSTRUCTIONS FOR TABLE 3-2 

Exlst~na Thermal Generatron Unlts - CHP 

General 

col 1 

col 2 

col 3 

= col 4 

col 5 

col 6 
8 

col 9a & 9b 
8 

col 9c & 9d 

On each llne of Table 3-2 enter the followrng data for all units (~ncludrng auto 
generators) located In the country or region covered by thls questlonnalre 

Plant Name Enter the name of the power plant where the unrt IS located 

Unit No Enter the unlt number 

Plant Locatlon Enter the name of the clty or town nearest to the plant 

Operatma Entity Enter the name of the company whlch operates thls unlt 

In-Service Date Enter the monthlyear that the unrt was put Into senrlce 

Retirement Date Enter the monthlyear In whlch thrs unlt 1s currently planned 
for retirement 

Start Up Fuel. Tvpe In col 7 enter the name of the type of fuel (e g dlstrllate, 
mazut, etc ) used for plant start up 

Start Up Tlme thrs) In col 7a enter the tlme ~t takes for the unlt to achieve 
mlnlmum load durlng a cold start Mlnrmum load IS defined as the capaclty 
(MW) from thls unrt when the unlt IS operating at its lowest stable operatrng 
polnt 

Start Up Fuel. Heat Input In col 8 enter the quantrty of fuel In Glgajoules (GJ) 
used for a cold startup of thls unlt Heat Input should be expressed on a lower 
calorlc value baas 

Tvpe I Fuel and Cost In col 9a enter the name of the primary fuel used durlng 
normal operatron of thls unlt, (e g , coal, mazut, dlstlllate orl, natural gas, etc) 
In col 9b enter the cost of th~s fuel In January, 1998 US$/GJ 

Tvpe 2 Fuel and Cost If a second fuel type IS used In the normal operation of 
this unlt, enter the name of the fuel used In col 9c (e g , coal, mazut, dlstlllate 
011, natural gas, etc ) Enter the cost of th~s fuel In January, 1998 US$/GJ In 
col 9d 

* 
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INSTRUCTIONS FOR TABLE 3-2 (cont'd) 

col 9e & 9f Type 3 Fuel and Cost If a th~rd fuel type IS used In the normal operat~on of th~s 
un~t, enter the name of the fuel used In col 9e (e g , coal, mazut, d~st~llate 011, 
natural gas, etc ) Enter the cost of th~s fuel In January,1998 US$/GJ In col 9f 

col 10 Fuel. MIX (%I For each of the fuel types ~dent~fied ~n col 9, enter percent (%) 
of each fuel normally consumed on a heat Input baas For example, an entry 
of "50 / 30 / 20" In col 10 would ~nd~cate that, on an annual bas~s, the first fuel 
type prov~des 50% of the heat Input, the second fuel type prov~des 30% of the 
heat Input and the th~rd fuel type prov~des 20% of the heat Input 

col 11 Coal Fuel Name FOP all un~ts wh~ch are ~dent~fied In col 9 as burn~ng coal, 
enter the name of the coal used 

col 12 Des~an / Ava~lable Capac~tv (MW) Enter In col 12 the des~gn and currently 
ava~lable net plant capabrl~ty w~thout d~str~ct heat product~on For example, an 
entry of "300 / 270" would ~nd~cate the un~t was des~gned for a net output of 
300 MW when not produc~ng d~strlct heat and IS currently capable of produc~ng 
270 MW when not produc~ng dlstrlct heat 

col 13 Outaae Rate (%). Planned Enter the average annual planned outage rate for 
th~s unrt The planned outage rate (%) IS calculated as 

= (POH - 8760) x 100 
where, POH IS the number of hours In a year where the un~t can reasonably be 
expected to be out of servlce for scheduled maintenance 

col 14 Outaae Rate (%). Forced Enter the average annual forced outage rate for thls 
un~t The forced outage rate (%) 1s calculated as 

= (FOH - (8760 - POH)) x 100 
where, FOH IS the average number of hours per year where the unit can 
reasonably be expected to be out of servlce as a result of unplanned events, 
and POH IS as defined for col 13 
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INSTRUCTIONS FOR TABLE 3-2 (cont'd) 

col 15 Operatlna and Maintenance Costs. Flxed ($/kW/v) Enter ~n col 15 the portion 
of annual operatlng and rnalntenance costs for thls unlt whlch do not vary wlth 
unlt output The fixed operatlng and rnalntenance cost should be expressed In 
January 1998 U S dollars per year per kW of ava~lable full load capac~ty (I e 
col 12) 

Flxed operating and rnalntenance costs generally Include 
salaries, lncludlng burdens for operatlng and rnalntenance staff 
fixed portlon of rnarntenance materlal costs 

All local costs should be converted to U S dollars based on the following 
January, 1998 conversron rates 

Kyrgyzstan 18 Soms = 1 U S $  
Kazakhstan 76 Tenges = 1 U S $ 
Uzbekistan 82 Sums = 1 U S $ 

col 16 Operatma and Maintenance Costs. Varlable ($/MWh) Enter ~n col 16 the 
portlon of annual operatlng and rnalntenance costs for thls unlt whlch vary wlth 
net plant output Varlable costs generally Include consumables such as, water 
chemicals and other materials that are consumed In proportton to energy 
output Fuel costs are not Included In Varlable O&M costs Varlable costs 
should be expressed In January 1998 U S dollars per MWh of net output from 
thls unlt The currency converslon rates ldentlfied In the lnstructlons for col 15 
should be used 

col 17 CHP Tvpe Enter the type of CHP unlt Enter "EM for an extrachon or "B" for a 
back-pressure type, In col 17 

Operatma Curves In order to model the electrlc product~on assoctated wtth 
CHP plants, the heatlpower characterlstlcs assocrated w~th a unlt must be 
known The heatlpower characterlstlcs are represented using ISO-fuel curves 
for extractlon type unlts (I e , type "En) and as an ~nputloutput line for back- 
pressure unlts (I e , type "B") Flgures A and B Illustrate heatipower 
characterist~cs for these two types of unlts 
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l NSTRUCTIONS FOR TABLE 3-2 (cont'd) 

n s FIGURE A 
EXTRACTION TYPE CHP 

I A  B 
a + 

8 *  
z A 

I 

W 
CI 
0 
C 

IS0  Fuel Curve 2 

I CHP U n ~ t  Heat Output (MWt) 

FIGURE B 
BACK-PRESSURE TYPE CHP 

A 

CHP Un~ t  Heat Output (MW,) 
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INSTRUCTIONS FOR TABLE 3-2 (cont'd) 

EXTRACTION TYPE CHP UNITS 

For extraction type units point A on each iso-fuel curve corresponds to the electric output at 
zero district heat production and point C corresponds to the electric production and thermal 
production which is attained at maximum heat production Point B is an intermediate point on 

- each iso-fuel curve 

col 18, 19, Iso-fuel Curve 1 Iso-fuel curve 1 should be chosen so as to represent the 
20 & 21 maximum operating capacity of the unit (I e , maximum fuel heat input) In col 

18, enter the fuel associated with the maximum operating capacity of the unit in 
GJ In columns 19, 20, & 21 enter the power (MWe)/heat (MW,) associated 
with the heat input of col 18 at potnts A, B, & C, respectively 

col 22, 23, Iso-fuel Curve 2 In col 22 through 25 enter the data associated with ISO-fuel 
24, & 25 curve 2, as shown In the Ftgure A 

J 

Iso-curve 2 should be chosen so as to represent an intermediate operating 
point In col 22 enter the fuel associated with this Intermediate point in GJ In 
columns 23, 24, & 25 enter the power (MWe)/heat (MW,) associated with the 
heat rnput of col 22 at points A, B, & C, respectively - 

col 26, 27, Iso-fuel Curve 3 In col 30 through 33 enter the data associated with iso-fuel 
28 & 29 curve 3, as shown in the Figure A 

Iso-curve 4 should be chosen so as to represent the minimum operating 
capacity of the unit (I e , minimum fuel heat input) In col 26 enter the fuel 
input associated with the minimum operating capacity of the untt In GJ In 
columns 27, 28, & 29 enter the power (MW,)/heat (MW,) associated wlth the 
heat input of col 26 at points A, B, & C, respectively 
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INSTRUCTIONS FOR TABLE 3-2 (cont'd) 

BACK-PRESSURE TYPE CHP UNITS 

For back Pressure Unlts only three pornts are requlred to represent the heaffpower 
character~strcs of the unlts For back-pressure unlts the following entrles are necessary 

col 18 Enter the maximum fuel heat lnput for the unlt ~n GJ 

col 19 Enter the power (MWJ heat (MWJ associated wlth operation of the back- 
pressure unlt at maxlmum fuel heat Input (Polnt A) 

col 22 Enter the fuel heat Input (GJ) corresponding to an lntermed~ate operating polnt 

col 23 Enter the power (MWJ heat (MW,) associated wlth operation of the back- 
pressure unlt at the intermedlate fuel heat Input ldentlfied In column 22 (Polnt 
B 

col 26 Enter the fuel heat input (GJ) corresponding to the rnlnlmum stable operating 
level of the un~t 

col 27 Enter the power (MWe)/ heat (MWJ associated wlth operation of the back- 
pressure unit at the mlnlmum fuel heat Input ldentlfied In column 26 (Polnt C) 
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SECTION 4 0 

COMMllTED THERMAL GENERATING UNIT DATA 
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INSTRUCTIONS FOR TABLE 4-1 

Comm~tted Thermal Generation Un~ts - Non-CHP 

General 

col 1 

col 2 

col 3 

col 4 

col 5 

col 6 

col 6a 

col 7 

col 8a & 8b 

col 8c & 8d 

col 8e & 8f 

On each llne of Table 4-1 enter the follow~ng data for all comm~tted un~ts 
(~nclud~ng auto generators) located In the country or region covered by th~s 
Inquiry 

Plant Name Enter the name of the power plant where the un~t 1s located 

Un~t No Enter the un~t number 

Plant Locat~on Enter the name of the c~ty or town nearest to the plant 

Operat~ng Ent~ty Enter the name of the company whlch w~l l  operate th~s un~t 

Ex~ected Serv~ce Date Enter the monthlyear In wh~ch the un~t IS expected to 
be put Into servrce 

Start Up Fuel. Tvpe In col 6 enter the name of the type of fuel (e g d~st~llate, 
mazut, etc ) expected to be used for plant start up 

Start Up T~me (hrs) In col 6a enter the tlme it takes for the un~t to ach~eve 
mlnlmum load defined In col 12 d u n g  a cold start, In hours 

Start Up Fuel. Heat Input In col 7 enter the quant~ty of fuel In Glgajoules (GJ) 
expected to be used for a cold startup of th~s unit Heat Input should be 
expressed on a lower calor~c value bass 

T v ~ e  1 Fuel and Cost In col 8a enter the name of the primary fuel used dur~ng 
normal operat~on of thls un~t, (e g , coal, mazut, dlst~llate 011, natural gas etc) 
In col 8b enter the cost of th~s fuel In January, 1998 US$IGJ 

Tvpe 2 Fuel and Cost If a second fuel 1s used In the normal operat~on of th~s 
un~t, enter the name of the fuel used In col 8c (e g , coal, mazut, d~st~llate 011, 
natural gas, etc ) Enter the cost of thls fuel In January, 1998 US$IGJ In col 
9 d 

Type 3 Fuel and Cost If a thrrd fuel IS used In the normal operat~on of th~s unlt, 
enter the name of the fuel used In col 9e (e g , coal, mazut, d~st~llate 011, 
natural gas, etc ) Enter the cost of thls fuel in January 1998 US$IGJ In col 8f 
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INSTRUCTIONS FOR TABLE 4-1 (cont'd) 

- col 9 Fuel. MIX (Oh) For each of the fuel types ldentlfied ~n col 8(a)-(f), enter percent 
(%) of each fuel expected to be normally consumed on a heat Input basis For 
example, an entry of "50 / 30 / 20" In col 9 would lndlcate that, on an annual 
basls, the first fuel type would provlde 50% of the heat Input, the second fuel 
type would prov~de 30% of the heat Input and the thlrd fuel type would provlde 
20% of the heat ~nput - 

col 10 Coal Fuel Name For all unlts whlch are Identified In col 8 as burnlng coal, 
enter the name of the coal that IS expected to be used 

q co l11  Deslan Ca~acltv. Full Load Enter the des~gn net full load capacity (MW) 

col I l a  Deslan - Capacity. lntermed~ate Load Enter an lntermedlate load between 
minimum and full load 

a co l12  Des~an Capacltv. Mlnlmum Load Enter the deslgn mlnlmum load capaclty 
(MW) for thls unlt when the unlt 1s operat~ng at ~ t s  lowest stable operat~ng polnt 

col 13, 13a Net Plant Heat Rate (kJ1kWh). Full Load. Intermediate Load. and Mlnlmum 
I) & 14 Load Enter ~n col 13 the net heat rate for thls unlt at the full load capaclty 

ldentlfied In col 11 Enter In col 13a the net heat rate for thls unlt at the full 
load capaclty ldentlfied In col I I a Enter In col 14 the net heat rate for thls 
unlt at the mlnlmum load capac~ty ldentlfied In col 12 All heat rates should be 
on a lower calorlc value basls 

m 
col 15 Outage Rate (%?. Planned Enter the expected average annual planned 

outage rate for thls unlt The planned outage rate (%) IS calculated as 
= (POH - 8760) x 100 

where, POH 1s the number of hours In a year where the unlt can reasonably be 
expected to be out of servlce for scheduled marntenance - 

col 16 Outage Rate (%I. Forced Enter the expected average annual forced outage 
rate for thls unlt The forced outage rate (%) IS calculated as 

= (FOH - (8760 - POH)) x 100 
where, FOH IS the average number of hours per year where the unlt can 
reasonably be expected to be out of servlce as a result of unplanned events 
and POH 1s as defined for col 15 
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INSTRUCTIONS FOR TABLE 4-1 (cont'd) 

col 17 Operatlna and Maintenance Costs. Flxed ($/kW/v) Enter in col 17 the portion 
of expected annual operating and rnalntenance costs for this unlt which do not 
vary wlth unlt output The fixed operating and rnalntenance cost should be 
expressed In January 1998 U S dollars per year per kW of available full load 
capaclty (I e col 1 1 ) 

Flxed operatlng and rnalntenance costs generally include 
salaries, lncludlng burdens for operatlng and maintenance staff 
fixed portlon of maintenance materlal costs 

All local costs should be converted to U S dollars based on the following 
January, 1998 converslon rates 

Kyrgyzstan 18 Soms = 1 U S $  
Kazakhstan 76 Tenges = 1 U S $ 
Uzbek~stan 82 Sums = 1 U S  $ 

col 18 and Maintenance Costs. Varrable ($/MWh) Enter in col 18 the 
portion of the expected annual operating and maintenance costs for thls unlt 
whlch vary wlth net plant output Varlable costs generally Include consumables 
such as, water, chemicals and other materials that are consumed In proportion 
to energy output Fuel costs are not included in Varlable O&M costs Variable 
costs should be expressed In January 1998 U S dollars per MWh of net output 
from thls unlt The currency converslon rates ldentlfied in the lnstructlons for 
col 17 should be used 

col 19 Percent (%) Complete Enter ~n col 19 the percent of the total project 
completed to date 

col 20 Est~rnated Complet~on Cost Enter ~n col 20 the estimated cost to complete thls 
unlt Cost should be provlded In m~ll~ons of January 1998 U S $ (exclus~ve of 
financing costs) Currency converslon rates as Indicated In the instructions for 
col 17 should be used 



INSTRUCTIONS FOR TABLE 4-2 

Committed Thermal Generation Unlts - CHP 

General 

col 1 - 

col 2 

col 3 * 
col 4 

col 5 

w 
col 6 

col 6a 

col 7 

col 8a&8b 

col 8c & 8d 

I 
col Be & 8f 

On each llne of Table 4-2 enter the following data for all committed units 
(lncludlng auto generators) located In the country or reglon covered by thls 
questlonnalre 

Plant Name Enter the name of the power plant where the unlt IS located 

Unlt No Enter the unlt number 

Plant Locatlon Enter the name of the city or town nearest to the plant 

Operatlna Entltv Enter the name of the company whlch will operate thls unlt 

Expected Service Date Enter the monthiyear In whlch the unlt 1s expected to 
be put Into service 

Start Up Fuel. Tvpe In col 6 enter the name of the type of fuel (e g distillate, 
mazut, etc ) used for plant start up 

Start Up Time (hrs) In col 6a enter the trme ~t takes for the unit to achleve 
mlnlmum load during cold start Mlnlmum load 1s the capaclty (MW) from thls 
unit when the unlt IS operatlng at ~ t s  lowest stable operatlng polnt 

Start Up Fuel. Heat Input In col 7 enter the quantlty of fuel In Gigajoules (GJ) 
expected to be used for a cold startup of thls unlt Heat Input should be 
expressed on a lower caloric value basis 

Tvpe 1 Fuel and Cost In col 8a enter the name of the primary fuel used durlng 
normal operat~on of this unrt, (e g , coal, mazut, dlstlllate 011, natural gas, etc) 
In col 8b enter the cost of thls fuel In January, 1998 US$/GJ 

Type 2 Fuel and Cost If a second fuel type IS used In the normal operation of 
thls unlt, enter the name of the fuel used in col 8c (e g , coal, mazut, drstlllate 
011 natural gas etc ) Enter the cost of thls fuel In January, 1998 US$/GJ In 
col 8d 

Type 3 Fuel and Cost If a th~rd fuel type IS used In the normal operat~on of th~s 
un~t enter the name of the fuel used In col 8e (e g , coal, mazut drstlllate or1 
natural gas, etc ) Enter the cost of thls fuel In January,I 998 US$/GJ In col 8f 
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INSTRUCTIONS FOR TABLE 4-2 (cont'd) 

col 9 Fuel. MIX (%I For each of the fuel types ldentlfied ~n col 8(a)-(f), enter percent 
(%) of each fuel expected to be normally consumed on a heat input basls For 
example, an entry of "50 1 30 120" In col 9 would indlcate that, on an annual 
basis, the first fuel type would provlde 50% of the heat Input, the second fuel 
type would provlde 30% of the heat Input and the thlrd fuel type would provlde 
20% of the heat input 

col 10 Besian Capacltv. Full Load (MW) Enter In col 11 the deslgn net full load plant 
capabil~ty w~thout district heat productron 

col 11 Deslan Capaaty. M~n~mum Load (MW) Enter In cot 12 the deslgn net 
mlnlmum load plant capablllty w~thout dlstrlct heat production 

col 12 Coal Fuel Name For all unlts whlch are ldentlfied in col 8 as burning coal, 
enter the name of the coal that is expected to be used 

col 13 Outaae Rate (%?. Planned Enter the expected average annual planned 
outage rate for th~s unlt The planned outage rate (%) 1s calculated as 

= (POH - 8760) x 100 
where, POH 1s the number of hours In a year where the unlt can reasonably be 
expected to be out of servlce for scheduled maintenance 

col 14 Outaae Rate (%). Forced Enter the expected average annual forced outage 
rate for thls unlt The forced outage rate (%) IS calculated as 

= (FOH - (8760 - POH)) x 100 
where, FOH is the average number of hours per year where the unlt can 
reasonably be expected to be out of service as a result of unplanned events, 
and POH 1s as defined for col 13 

col 15 Operatlna and Maintenance Costs. Flxed ($/kWIv) Enter ~n col 15 the portion 
of expected annual operating and maintenance costs for thls unit whlch do not 
vary wlth unit output The fixed operatlng and malntenance cost should be 
expressed In January 1998 U S dollars per year per kW of available full load 
capaclty (I e col 10) 

Flxed operatlng and malntenance costs generally include 
salaries, lncludlng burdens for operatlng and maintenance staff 
fixed portion of maintenance material costs 

All local costs should be converted to U S dollars based on the followrng 
January 1998 conversion rates 

Kyrgyzstan 18 Soms = 1 U S $ 
Kazakhstan 76 Tenges = 1 U S $ 
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Uzbektstan 82 Sums = 1 U S  $ 
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INSTRUCTIONS FOR TABLE 4-2 (cont'd) 

col 16 Operatlna and Maintenance Costs. Variable ($IMWh) Enter ~n col 16 the 
portion of expected annual operating and maintenance costs for thls unit whlch 
vary with net plant output Varlable costs generally Include consumables such 
as, water, chemicals and other materrals that are consumed In proportion to 
energy output Fuel costs are Included In Varlable O&M costs Variable 
costs should be expressed In January 1997 U S dollars per MWh of net output 
from thls unlt The currency conversion rates identified In the instructions for 
col 39 should be used 

col 17 Percent (%) Complete Enter ~n col 17 the percent of the total project 
completed to date 

col 18 Estimated Completion Cost Enter ~n col 18 the estimated cost to complete 
this un~t Cost should be provided In millions of January 1998 U S $ (exclusive 
of financing costs) Currency conversion rates as Indicated In the lnstructlons 
for col 39 should be used 

col 19-30 Operatma Curves In order to model the electrlc production assoc~ated wlth 
CHP plants, the heavpower characterlstlcs associated with a unlt must be 
known The heavpower characterlstlcs are represented using ISO-fuel curves 
for extraction type unlts (I e , type "En) and as an lnputloutput line for back- 
pressure unlts (I e , type "B") Flgures A and B illustrate heavpower 
character~stlcs for these two types of units 
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INSTRUCTIONS FOR TABLE 4-2 (cont'd) 

n 

5 FIGURE A 
EXTRACTION TYPE CHP 

C 4 I *  B a 
C P 
2 A * 
U 
0 B1 - 

W 
C 
P) 
'7 

IS0 Fuel Curve 2 

1 CHP Unit Heat Output (MWt) 

FIGURE B 
BACK-PRESSURE TYPE CHP 

A 

CP Inputloutput Line 

1 CHP Unit Heat Output (MWt) 
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INSTRUCTIONS FOR TABLE 4-2 (cont'd) 

EXTRACTION TYPE CHP UNITS 

For extraction type units point A on each iso-fuel curve corresponds to the electric output at 
zero district heat production and point C corresponds to the electric production and thermal 
production which 1s attained at maximum heat production Point B is an intermediate point on 
each iso-fuel curve 

col 19, 20, Iso-fuel Curve 1 Iso-fuel curve 1 should be chosen so as to represent the 
21, & 22 maximum operating capaclty of the unit (I e , maximum fuel heat input) In col 

19, enter the fuel assoc~ated with the maximum operat~ng capac~ty of the un~t In 
GJ In columns 20, 21, & 22 enter the power (MW,)/heat (MW,) assocrated 
with the heat ~nput of col 19 at po~nts A, B, & C, respectively 

col 23, 24, Iso-fuel Curve 2 In col 23 through 26 enter the data assoc~ated w~th iso-fuel 
25, & 26 curve 2, as shown In Figure A 

Iso-curve 2 should be chosen so as to represent an intermediate operating 
point In col 23 enter the fuel assoc~ated with this intermediate point in GJ In 
columns 24, 25, & 26 enter the power (MW,)/heat (MW,) associated with the 
heat input of col 23 at polnts A, B, & C, respectively 

col 27, 28, Iso-fuel Curve 3 In col 27 through 30 enter the data associated with iso-fuel 
29, & 30 curve 3, as shown in the Figure A 

Iso-curve 4 should be chosen so as to represent the mlnimum operat~ng 
capaclty of the un~t (I e , minimum fuel heat input) In col 27 enter the fuel 
input associated with the minimum operating capacity of the unit in GJ In 
columns 28, 29, & 30 enter the power (MW,)/heat (MW,) associated with the 
heat input of col 27 at points A, B, & C, respectively 
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INSTRUCTIONS FOR TABLE 4-2 (cont'd) 

- 
BACK-PRESSURE TYPE CHP UNITS 

For back Pressure Unrts only three po~nts are requ~red to represent the heatjpower 
character~st~cs of the unrts For back-pressure un~ts the follow~ng entr~es are necessary 

a col 19 Enter the maximum fuel heat ~nput for the un~t in GJ 

col 20 Enter the power (MWe)/ heat (MW,) assocrated w~th operat~on of the back- 
pressure un~t at maxlmum fuel heat Input (Polnt A) 

col 23 Enter the fuel heat Input (GJ) corresponding to an ~ntermed~ate operatrng pornt 

col 24 Enter the power (MWe)/ heat (MWJ assoc~ated w~th operat~on of the back- 
pressure unrt at the lntermed~ate fuel heat Input rdentlfied In column 23 (Po~nt 
B) 

col 27 Enter the fuel heat Input (GJ) corresponding to the mlnrmum stable operat~ng 
level of the un~t 

col 28 Enter the power (MWe)/ heat (MW,) assocrated wrth operat~on of the back- 

* pressure unit at the mlnrmum fuel heat input Identified In column 27 (Pornt C) 
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SECTION 5 0 

(not used) 
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SECTION 6 0 

HISTORIC ELECTRIC LOAD DATA 



INSTRUCTIONS FOR TABLE 6-1 

Maximum Demand, Energy Supply and Disposition 

Line 6 1 Maximum Annual Domestic Demand (MW) Provide maximum annual 
demands for each year, 1989 to 1997 The maximum annual demand should 
be the total coincident generation basis demand for the country or region 
under study, exclusive of exports 

L~ne 6 2 Annual Domestlc Consum~tlon (GWh) Provlde annual domestlc electr~c~ty 
consumpt~on for each year, 1989 to 1997 Annual domestic consumptlon 
should be on a generatlon bass (I e , lncluslve of transmlss~on and 
distribution losses) 

Line 6 3 Gross Generation (GWh) Provide total annual generation (GWh) from all 
domestic generating units on a gross output basis for each year, 1989 to 
1997 

Line 6 4 Station Uses (GWh) Provide total annual energy consumed to serve station 
uses (I e , auxiliary loads) 

Line 6 5 Net Generation (GWh) Provide total annual net generat~on produced by 
electric generating units In the country or region under study for each year, 
1989 to 1997 Note that Line 6 5 = Line 6 3 - Line 6 4 

Lines 6 6-6 10 Imports (GWh) For each year, 1989 to 1997, identify the amount and source 
of electric energy imported ~nto the country or region under study 

Line 6 11 Total Imports (GWh) This Line is the sum of the annual imports of electric 
energy from all sources as identified In Lines 6 6-6 10 

Line 6 12 Total Net Enerav Generated and Imported (GWh) This Line is the sum of 
Line 6 5 (Net Generation) and Line 6 11 (Total Imports) and reflects the total 
annual energy into the electric system of the country or region under study 

Lines 6 13-6 17 Domestic Sales (GWh) Provide historical domestic sales by sector for each 
year, 1989 to 1997 Use Lines 6 16 and 6 17 to report sales for sectors not 
otherwise classified as industrial, commercial, or residential Domestic sales 
do not include exports out of the country or region under study 

Line 6 18 Total Domestic Sales (GWh) This Line is the sum of Lines 6 13 to 6 17 
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INSTRUCTIONS FOR TABLE 6-1 (cont'd) 

- L~ne 6 19-6 23 Exports (GWh) For each year, 1989 to 1997, ~dentrfy the amount and 
purchaser of electr~c energy exported out of the country or reglon under 
study 

L~ne 6 24 Total Exports (GWh) Thls Line IS the sum of the annual exports of electr~c 
energy ~dentrfied rn L~nes 6 19 to 6 23 

- 

L~ne 6 25 Transmrsslon and Drstr~but~on Losses (GWh) Prov~de annual transmrss~on 
and d~str~but~on losses for each year, 1989 to 1997 

Line 6 26 Unaccounted for Losses (GWh) Report any other losses not accounted for In 
L~ne 6 25 for each year, 1989 to 1997 

L~ne 6 27 Total D~spos~t~on of Enerav (GWh) Th~s L~ne IS the sum of L~ne 6 18 (Total 
Domest~c Sales), L~ne 6 24 (Total Exports), L~ne 6 25 (Transm~ssron and 
D~str~but~on Losses) and L~ne 6 26 (Unaccounted for Losses) 

c kyrg-mem\desc-gen doc (211 11981 



INSTRUCTIONS FOR TABLE 6-2 

Line 6 28, 
Line 6 30, 
Line 6 32, 
& Line 6 34 

Llne 6 29, 
Llne 6 31, 
Line 6 33, 
& Line 6 35 

Monthly Demand and Energy Statistics 

Monthly to Annual Maximum Domestlc Demand Ratio Provide monthly to 
annual maximum domestic demand ratios for each month for the years 1989, 
1992, 1995, and 1997 The ratlos should be presented on a generation basis 
using the maxlmum annual domestic demands presented in Llne 6 1 of Table 
6- 1 

Monthly to Annual Domestic Eneray Consumption Ratlo Provide monthly to 
annual domestic energy consumption ratios for each month for the years 
1989, 1992, 1995, and 1997 The rat~os should be presented on a 
Line generation basis using the annual domestic energy consumption 
presented In Llne 6 2 of Table 6-1 
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INSTRUCTIONS FOR TABLE 6-3 

Hourly Load Shape Data for a Typrcal Week In Each Season In Years 1995 and 1997 
- 

Lines 6 36-6 39 Hourlv Load Shape Data Prov~de hourly load shape data for a typ~cal week 
L~nes 6 40-6 43 In each of the four seasons for the years 1995 and 1997 The load shape 

data should be prov~ded on a generat~on bass and expressed as the ratlo 
(dec~mal) of the typrcal hourly domest~c load to the maxlmum annual 
dornest~c demand presented as L~ne 6 I for 1997 In Table 6-1 

1, 
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SECTION 7 0 

FORECASTED ELECTRIC DOMESTIC LOAD DATA 

(1 998-201 5) 
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INSTRUCTIONS FOR TABLE 7-1 

Line 7 1, 
Line 7 5 

A 

- 
& Line 7 9 

Line 7 2, * Line 7 6 
& Line 7 10 

Line 7 3, 
~ i n e  7 7 
& Line 7 11 

* Line 7 4, 
Line 7 8 
& Line 7 12 

Maximum Annual Demand and Energy Consumption by Scenario 

Max~mum Annual Domestic Demand tMW) Provide forecasted maximum 
annual domestlc demands for each year 1998 to 2000, 2005, 201 0, and 
201 5 The foreczsts should be prov~ded on Lines 7 1, 7 5 and 7 9 for the 
"Most Probable", "High" and "Low" load growth scenarios, respectively The 
maximum annual demands should be presented on a generation bas~s for the 
country or region under study 

Domestic Sales (GWh) Provide forecasted domestic annual sales for each 
year 1998 to 2000,2005,2010, and 201 5 The forecasts should be 
provided on Lines 7 2, 7 6 and 7 10 for the "Most Probable1', "High" and "Low" 
load growth scenarios, respectively 

Transmission. Distribution and Unaccounted for Losses (GWh) Provide 
forecasted transmission, distribution and unaccounted for losses for each 
year 1998 to 2000,2005, 2010, and 201 5 The forecasts should be provided 
on Lines 7 3, 7 7 and 7 11 for the "Most Probable", "High" and "Low" load 
growth scenarios, respectively 

Annual Domestic Enerav Consumption (GWh) Provide domestic energy 
consumption for each year 1998 to 2000, 2005,201 0, and 201 5 The 
forecasts should be prov~ded on Lines 7 4, 7 8 and 7 12 for the "Most 
Probable", "High" and "Low" load growth scenarios, respectively Domestrc 
energy consumption should be provided on a generation basis i e , sales plus 
transmission, distribution and unaccounted for losses 
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INSTRUCTIONS FOR TABLE 7-2 

Line 7 13, 
Line 7 15, 
Line 7 17, 
Line 7 19, 
& Line 7 21 

Line 7 14, 
Line 7 16, 
Line 7 18, 
Line 7 20, 
Line 7 22 

Forecasted Monthly Demand and Energy Statistics 
"Most Probable" Load Growth Scenario 

Monthlv to Annual Maxlmum Domestic Demand Ratio Provide forecasted 
monthly to annual maximum domestic demand rat~os for each month of each 
of the years 1998 (Line 7 13), 2000 (Llne 7 15), 2005 (Line 7 17), 2010 (Line 
7 19), and 2015 (Line 7 21) These data should be provided only for the 
"Most Probable" load growth scenario The data should express the ratio of 
forecasted monthly maximum demand to the forecasted maximum annual 
demand presented on Line 7 1 of Table 7-1 

Monthlv to Annual Domestic Eneray Consumption Ratio Provide forecasted 
monthly to annual domestic energy consumption rat~os for each month of 
each of the years 1998 (Line 7 14), 2000 (Line 7 16), 2005 (Llne 7 18), 201 0 
(Line 7 20), and 2015 (Line 7 22) These data should be provided only for 
the "Most Probable" load growth scenario The data should 
be on a generation basis and express the ratio of forecasted monthly electric 
energy consumption to the forecasted annual domestic energy consumption 
presented on Line 7 4 of Table 7-1 



INSTRUCTIONS FOR TABLE 7-3 

Sectorral Sales Forecast (GWh) 
"Most Probable" Load Growth Scenarlo 

1998 to 201 5 

Lrnes 7 25-7 29 Sectorral Sales Forecast (GWh) Provlde forecasted domest~c sales (GWh) by 
sector for the "Most Probable" load growth scenarro for each of the years 
1998,2000,2005,2010, and 2015 Use Llnes 7 28 and 7 29 for sales not 
othennr~se class~fied as commerc~al, resrdentral or rndustrral 

L~ne 7 30 Total Domestlc Sales (GWh) Thrs Llne IS the sum of the sectorial sales by 
year 

* 
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INSTRUCTIONS FOR TABLE 7-4 

Hourly Load Shape Data 
"Most Probable" Load Growth Scenarlo 

Llnes 7 31-7 54 Hourlv Load Shape Data Provide hourly load shape data for a typical week in 
each of the four seasons (wlnter, sprlng, summer and fall) for each year 
1998,2000,2005,2010, and 2015 These data should be provided only for 
the "Most Probable" load growth scenario The hourly load shape data 
should be provided on a generation basis and expressed as a ratlo (decimal) 
of the typical hourly load to the forecasted maxlmum annual domestic 
demands presented on L~ne 7 1 of Table 7-1 
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SECTION 8 0 
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THERMAL LOAD DATA 
(I 997-201 5) 



INSTRUCTIONS FOR TABLE 8-1 

Maximum Annual Thermal Demand and Consumption by Scenarlo 

The purpose of this section IS to compile thermal load data for each of the district heating 
systems In the country which are sewed by the CHP units that were identified in Tables 3 2 
and 4 2 

Table 8-1 should be filled for each dlstrlct heat~na svstem In the country 

line 8 0 District Heatina System Enter the name of the D~strict Heating System for 
which the data is being provlded Please name all CHP units that belong to that 
system 

line 8 1 Maximum Annual Thermal Demand (GJIh) Enter actual maximum thermal 
demand for 1997 and forecasted demand for the years 2000,2005,201 0, and 
2015, corresponding to "most probable", "h~gh", and "low" thermal growth 
forecasts Note, maximum demand (GJIh) should be on a generation basis, 
I e , inclusive of transmiss~on and distribution losses 

col 8 2 Annual Thermal Eneray Consumption (GJ) Enter the actual thermal energy 
consumption for 1997 and forecasted consumption for the years 2000, 2005, 
2010, and 2015, corresponding to the "most probable", "high", and "low" growth 
forecasts Note, consumption (GJ) should be on a generation basis, I e , 
~nclus~ve of transmlsslon and distribution losses 
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INSTRUCTIONS FOR TABLE 8-2 

Monthlv Thermal Demand and Consumptron Statistics - 

- Most Probable Load Growth Scenarro 

Table 8-2 should be filled for each dlstr~ct heatlna system In the country 

lrne8O Distrlct Heatrna Svstem Enter the name of the Drstrrct Heatrng System for 
which the data IS belng provrded Please name all CHP units that belong to that 
system 

lines 8 7, Monthly to Annual Maximum Thermal Demand Ratros Enter Monthly to annual 
8 9, 8 11, maximum thermal demand ratros (decrmal) for each month for the year 1997 
8 13, & 8 15 (actual) and for the years 2000, 2005,201 0, and 2015 (or most probable 

drstrrct heatrng system thermal load growth scenario) For example, if the 
maxrmum annual thermal demand was I00 GJIh and occurred In January and 
the maxrmum demand was 75 GJlh In February, then the February entry would 

• be 0 75 (I e ,751100) and the January entry would be 1 00 (I e , 1001100) 

lrne 8 8, Monthlv to Annual Thermal Enerav Consum~tlon Ratios Enter monthly to 
8 10, 8 12, annual thermal energy consumption ratros (decimal) for each month for the 
8 14, & 8 16 year 1997 (actual) and for the years 2000,2005,2010, and 2015 (or the most 

probable load growth scenario) For example, rf the total monthly consumptron 
was 1000 GJ for January (the maxrmum for all months) and the monthly 
thermal energy consumptron for February was 500GJ, then the February entry 
would be 0 50 (I e , 50011 000) and the January entry would be 1 00 (I e , 
I 000/1000) 

a 
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INSTRUCTIONS FOR TABLE 8-3 

Hourlv Thermal Load Shape Data 
"Most Probable" Load Growth Scenar~o 

Table 8-3 should be filled for each dlstrlct heatma svstem In the country 

l~nes 8 0 D~strlct Heatlna Svstem Enter the name of the D~strlct Heatlng System for 
whlch the data IS belng prov~ded Please name all CHP un~ts that belong to that 
system 

lines 8 17- Hourlv Thermal Load Shape Data Provide hourly load shape data for a typical 
8 36 day In each of the four seasons (w~nter, sprlng, summer and fall) for each year 

1997 (actual), 2000, 2005,201 0, and 201 5 These data should be provrded 
only for the "Most Probable" load growth scenario The hourly load shape data 
should be provided on a generation basis and expressed as a ratio (decimal) of 
the typical hourly load to the forecasted maximum annual thermal demands 
presented on Llne 8 1 of Table 8-1 

c kyrg-mem\desc-gen doc (211 1198) 



APPENDIX B 
RESPONSES OF THE INQUIRY DOCUMENT FOR THERMAL 

GENERATION DATA 



KAZAKHSTAN 



USAID Dellverv Order No 7. Task 3 



Ta6miqa 3 - 1 Cy-rqecmymrq~e Arperaw - TP3C 
M ~ c ~ p y - ~ q m  J+MI Ta6mqa 3 - 1 

Ta6mqa 3 - 2 C y r q e c ~ ~ y m m ~ e  Arperam - T3U 
M H C T ~ ~ K ~ H H  , a p  Ta6miqb1 3 - 2 

Ta6-a 4 - 1 l h a m q y e ~ ~ e  Arperaw - TP3C 
M H C T ~ ~ K ~ H H  P ~ L R  T a 6 q b 1  4 - 1 

T a 6 q a  4 - 2 I X a m p y e ~ ~ e  Arperam - T3U 
M ~ c ~ p y ~ q m  w Ta6m4b14 - 2 

5 0 (He ~ c n o ~ s y e ~ c a )  

TaGmqa ? - 2 E x e ~ e c m ~ o e  noTpe6~eHHe R IIPOSBOACTBO 3AeKTp03HePT?IH ~ak160Aee 
sepomoro  cqeHapHrr pa3s~mis 
M H C T ~ ~ K I J H H  w Ta6mqb17 - 2 

Ta6mqa ? - 3 E x e ~ e c ~ ~ H o e  IIpoAma 3AeKTpo3Hepl3iH no CeKTopaM HaH6onee 
s epomoro  cqeHapm P ~ ~ B I I T I I R  

MHCTPJX~HH P ~ L R  Ta6mqh17 - 3 





Pas~en  2 - OIjWME ,A,AHHbIE M MH@OPMAIJMII 
P a s ~ e n  3 - ,A,AHHbIE lT0 CuECTBYK>uMM TEIIAOBOM ATPErATAM 
Pa3~en 4 - &4HHbIE lT0 IMAHMPEMbIM TEMOBbIM ATPErATAM 
Pa3~en 5 - (He H C I I O A ~ ~ ~ ~ T C R )  

Pa3~en 6 - XPOHOAOrMYECKME ,A,AHHbIE 3AEKTPMYECKMX 
W P Y 3 0 K  

Pas~en  7 - llEPCl7EKTMBHbIE ,A,AHHbIE 3AEKTPMYECKMX HATPY30K 
( 1998 - 2000) 

Pa3~en 8 - XPOHOAOTMqECKME AAHHbIE TEMOBbIX W P Y 3 0 K  











KOA 1 KOA 2 KOA 3 KOA 4 KOA 5 KOA 6 KOA 7 KOA 7a KOA 8 KOA 9a KOA 96 KOA 98 KOA 91- KOA 9p, KOA 9e KOA 10 
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KOA 1 Hassa~xe C T ~ H L I ~  B I I N L Z I ~ ~  H ~ Z B ~ H H ~  ~ e m o ~ o f i  C T W ~ ~ ,  r ~ e  pacno~oxce~ 
arpera-r 

C 
KOA 2 H O M ~ D  A.rpera~a Hmmme ~ o ~ e p  arpera~a 

KOA 3 P a c n o n o x e ~ ~ e  CT~HIIEIH Hmurrrrme H ~ ~ B W H ~  ropo~a ~lllkl M ~ C T ~ ,  

6 ~ ~ e r o  AO CT~HIJHH 

KOA 5 A a ~ a  B B O A ~  B ~ K C M V ~ T ~ L T H I O  Haamme M ~ C R ~ / ~ O A ,  KOrAa a r p e r a T  6b1h 
BBeAeH B 3 K C M Y a T w H E o  

(. 
KOA 6 P a T a  B ~ I B O A ~  kI3 ~ K C I T A V ~ T ~ H H  H m ~ n r r m e  M ~ C S ~ / ~ O A ,  B KOTOPOM B 

H ~ c T o R I I . J H ~ ~  MOMeHT IIAWHPOYeTCR BbIBeCTEI AWH~IB  V e r a T  H 3  3KCMaTalqEIH 

KOA ? P~CTOIIO¶HO~ TO~V~EIBO B KOAOHKe ? H a I I H I I I m e  H a 3 B W H e  TOllAHBa (T 

* WC-, ~ a 3 y ~  EI T A ), E I C ~ O A ~ ~ ~ ~ M O ~  P ~ ~ F I  r r y c K a  a r p e r a T a  

KOA ? (a) B D ~ M ~  ~ V C K ~  B KOAOHKe ?(a) H a I I H l U ~ e  BpeMR (B sacax) H ~ O ~ X O ~ ~ F I M O ~  PjlFI 

n p t i s e A e H H s r  a r p e r a T a  AO M H H H M E ~ H O ~ ~  ~arpy3m n p H  XOAOGOM sarryc~e 

KOA 9(a), (6) OCHOBHO~ TOWBO T m  1 H a n ~ m m e  B K o n o H K e  9(a) ~ a 3 ~ a ~ t i e  n e p B o r o  

o c H o B H o r o  mna T o m u m a ,  H C I I O I L ~ ~ ~ ~ M O ~ O  B AWHOM a r p e r a T e ,  T e y r o ~ ~ b ,  

Ma3yT ,  ~ C T E Z ~ ~ U I T H ~ I ~ ~  H ~ @ T ~ I I P O P , ~ K T ,  n p k 1 ~ 0 ~ b I f i  r83, H T A B KOAOHKe 9(6) 
HalTEILUMTe CTOtiMOCTb 3 T O r 0  TOIyLMBa B AOA C m  3a r&K 
(IJeHa H a  R H B a P b  1998) 

KOA 9 (B) (T) OCHOBHO~ TOWBO THll 2 Hars~rume B KOAOHKe 9 (B) H a 3 B a H M e  ETOPOTO 

b OCHOBHO~O mna TO-a E I C I I O A L ~ ~ ~ M O ~ O  B A ~ H H O M  arpera~e T e FOAL 

M a 3 Y T  A I ~ C T H A M T T H ~ I G  H~@T~IIPoAJ'KT, I I ~ M P o ~ , H ~ I ~ ~  ra3, 13 T P, B KOAOHKe 9 ( T )  

H m x r u m e  CTOHMOCT~ 3~01-o ToI rmiBa  B AOA CLUA 3a r,A,x 
(IJeHa H a  R H B a p b  1998) 



KOA 10 

KOA 11 

KOA 12 

KOA 13 

KOA 17 

TO~VLE~BO C ~ e c b f % )  no KZlX$i,OMY THII-j' TOIyLMBa, OIIpeAeAeHHOMY B KOAOHKe 

9(a) - (e), s a n ~ n u m e  npoqem 1%) K a x q o r o  T o m B a ,  HOPM-HO 

n o ~ p e 6 ~ e ~ o r o  3a rop, Hanpu~ep, CTpOKa X50/30/20" B KOAOHKe 10 
0 3 H a s M  6b1, 9TO exeroj+o F O A h  A a e T  50% IIoABoAE~Mo~~ TeIIAOThI, Ma3YT - 
30% n o ~ o ~ o j j :  T e m o T h I ,  a npqowarfi ra3 - 20% nomom~ofi T e r n o m  

Terurosm M o r u ~ o c ~ b  C T ~ H U E ~ ~ I  (KAx/KBT/P), n o m ~ ,  ~ D O M ~ X ~ J T O P H ~ R ,  Pi 

M E I H E I M ~ H ~ R  H ~ v ~ K ~ I  Hanwme B KOA 15 T e l l k O B P  MOUHOCTb 

A a H H o r o  a r p e r a T a  npri ~ O N I O ~ ~  ~ a r p y s ~ e ,  B KOA 15(a) T e n n o B y m  

MOUHOCTb AAX A a H H O r 0  a I ' p e r a T a  IIPEI I I P O M ~ X ~ T O P H O ~  H q y 3 K e ,  B KOA 14 
TeIIAOByIo MOWHOCTb J&JiA AaHHOrO q e r a T a  n p H  M M H E I M ~ A ~ H o ~ ~  H q Y 3 K e  Bce 
3HaUeHHR T ~ M O B O ~ ~  MOIIJHOCTkl AOlyKHbI 6b1Tb H a  OCHOBaHHEI ~ ~ 1 3 I I I e f i  

T ~ I I A O T B O P H O ~ ~  CCIIOCO~HOCTM 



@ r n c q o ~ a H ~ b I e  3a~pa~h1 H a  T e x  06cnyxma~ae EZ ~ e q q I I i i  p e M O H T  o6w-1~0 
BWPEL~OT B c e 6 ~  saprm~y,  H a m w H e  pacxom p , ~  rzepcosana, 
B b I n o m m o r q e r o  p e M o m  EZ T e x  0 6 c ~ y m m a ~ ~ e ,  a T ~ K  x e  @HKCEI~OB~HHYK) 

¶ a C T b  PaCXOAOB H a  M a T e p H W  IIO PeMOH'T'y 

Bce M a e c T H b I e  s a ~ p a ~ b ~  AO~VKH~I  6b1n n e p e B e A e H b I  B aMepmaHcrwe  ohn nap^, 

O C H O B ~ I B ~ R C ~  H a  q p c e  0 6 M e H a  B s I H s a p e  1998 roAa, K ~ K  I I O K ~ ~ ~ H O  H m e  

K b ~ p r r ~ s c ~ a ~  7 7 7  COM = 1 U S  $ 
K a s a x c ~ a ~  76 ~ e ~ r e  = 1 U S $ 
Y 3 6 e m c ~ a ~  7 7 7  c p  = 1 u s  $ 

~ 0 ~ 2 0  3amam ~a P~MOHT H T ~ X H I ~ ~ ~ C K O ~  O 6 c ~ ~ ~ e  n e p e ~ e ~ s b ~ e  I$Msml 
clr 3an~1mme B KOAOHKY 20 q a c ~ b  e x e r o m  s a ~ p a ~  ~a p e ~ o m  II T ~ X  

06myxma~11e P ~ L R  A m H o r o  a r p e r a T a ,  K O T O ~ W  s a ~ ~ c m  OT ~ a r p y 3 m  a r p e r a T a  

n e p e ~ e ~ ~ ~ e  s a ~ p a ~ b ~  B OCHOBHOM BW~EEL~OT T a m e  I I O T ~ ~ ~ ~ N I ~ M ~ I ~  

M a T e p H W ,  K a K  BOA& XHMEZKaTbI EZ Ap MaTepEZahbI, KOTOPhIe I I O T ~ ~ ~ I L R H ~ T C R  

IIPOIIOPqIIOHaAbHO n o ~ e 3 ~ o f i  llpOH3BOAHTeAbHOCTkI AaHHOrO X ' P e r a T a  



O6rrree B K-~IO nrmm Ta6nuqar 3 - 2 3anmme cneApxque AmHHe no B c e M  arperaTaM (BKA 

aBToreHepaTopar ), pacnonoxeHHare B c?pme m pemoae, o KOTO~MX &i$,eT pesb B A ~ H O M  BOIIPOC 

KOA 1 Hassamie C T ~ H I I ~  B m m e  ~ a 3 ~ a ~ z i e  T ~ M O B O ~ ~  C T ~ H ~ ~ I E I ,  r ~ e  p a c n o ~ o x e ~  
arpera-r 

KOA 2 H O M ~ D  Amera~a H-me ~ o ~ e p  arpera~a 

KOA 3 P a c n o ~ o x e ~ ~ e  C T ~ H L I ~  H a n m e  ~assm~1e ropo~a m M ~ C T ~ ,  

6mmaijnuero AO c~mq~11.1 

KOA 4 Ynpash~lo~uarr Oprmmarrm Hanmme ~ a s s a ~ x e  K o M n a H m ,  ynpa~h~mqe i i  
A ~ H H M  arperaToM 

KOA 5 ,Aa~a B B O A ~  B 3 ~ c m y a ~ a 1 1 m  Hmmme ~ecaq/ropl, ~ o r ~ a  arpera~ 6m 
BBeAeH B 3KCMYaTwMfO 

KOA ? P ~ C T O I I O ~ H O ~  TO~VLMBO B KOAOHKe 7 HXIEILUETTe Ha3BmkIe TOryLIlBa (T e 
W C T ~ U ~ L R T ,  ~ a 3 y ~  EI T A ), I I C I I O I L ~ ~ Y ~ M O ~  m nycKa arperaTa 

KOA 9 (a), (6) OCHOBHO~ TOWBO TkIn 1 Hanxmme B KOAOHKe 9 (a) Ha3BaHkie nepBOr0 

OcHoBHoro mna Tonnusa, ~ c n o ~ ~ b s y e ~ o r o  B A ~ H H O M  arpera-re, T e y ro~b ,  
Ma3)T, # C T M ~ ~ U T T H M ~ ~  H ~ @ T ~ I I P O P , ~ K T ,  npE1~0&,HbI6 r83, E1 T A B KOAOHKe 9(6) 
HanHmme CTOMMOCT~ 3~0ro  ToryLIlBa B AOA CLUA 3a T&K 
( I J ~ H ~  H a  RHBapb 1998) 



KOA 9 ( ~ ) ,  (r) OCHOBHO~ TOIIAUBO T E ~  2 H a m m e  B KOAOHKe 9 (B) H a 3 B m E I e  BTOPOrO 

o c H o B H o r o  m a  T o I m a ,  H C I I O Z ~ ~ ~ Y ~ M O ~ O  B A ~ H H O M  a r p e r a T e ,  T e y r o ~ l b ,  

Ma3YT, #icTHjLMlXb16 H ~ @ T ~ I I ~ o P , ~ K . ~ ,  l'IPHp0AI-IhTfi ra3, H T A B KOAOHKe 9(r) - 

HarrmmTI.e CTOEIMOCT~ 3~0ro  T o w a  B AOA C U  3a rP;FK 
(~l[€?~a H a  R H B a p b  1998) 

KOA 9 (A), (e) OCHOBHO~ TOIIAE~BO TEIII 3 H a n ~ m m e  B KOAOHKe 9 (A) H a 3 B W H e  T p e T b e r O  

O c H o B H o r o  m a  T o m m a ,  M C I I O A ~ ~ ~ ~ M O ~ O  B A ~ H H O M  arperaTe, T e  TOIL^, 
Ma3YT, ~ ~ h I j i  H~@T~IIPOAYKT, I I P E I P o A H ~ I ~  ra3, H T A B KOAOHKe 9(e) 
H a m m e  CTOHMOCT~ 3~0ro T o m a  B AOA CUZA 3a rp;lK 
( 4 e ~ a  H a  RHBaPb  1998) 

KOA 10 T O ~ L ~ B O  CM~CL('& no K w O M y  .Iurry TOIIAElBa, OIIpeAeAeHHOMy B KOAOHKe 

9 (a) - (e) , s a n k u u m e  npoqem (%) K-O~O  omm ma, H O P M ~ H O  

n o ~ p e 6 ~ e ~ o r o  3a rop, Hanpmep, CTpOKa X50/30/2OW B KOAOHKe 10 
03~a9am-i 614 ¶TO e x e r 0 A H O  yrom A a e T  50% IIO,~,BO@MO~~ T e m O T h I ,  ~a3y-r  - 
30% IIo,~,Bo@Mo~~ T e M O T b I ,  a IIPMPOP~I~IB ra3 - 20% I I o ~ o @ M o ~  TeIYLOThI 

w KOA 11 Hassame ~ O A b H O r O  TOrYLkIBa ,&UI BCeX V e r a T O B ,  OIIHCaHHbIX B KOAOHKe 9, 
K ~ K  ~ c n o ~ , b s y m r q ~ a r  yrojs, H a n m w r e  ~ a 3 ~ a ~ ~ e  E I C I I O I L ~ ~ ~ ~ M O ~ O  yrm 

KOA 12 ~ D O ~ K T H ~ R  M o l r r ~ o c ~ b  (MBTI  3a11ame B KOA 12 IIPO~KTHYK)/ 

cyqecmymqym B H a c T o c r a e e  spem M O I ~ H O C T ~  C T ~ ~ H H  6e3 IIPOHSBOACTB~ 

T e m a  PjlR q e H T P W 3 0 B a H H O l ? O  OTOIIAeHEW Hanpmep, 3 m H C b  "300/230" 
0 3 ~ a ~ a a  6b1 TO, wo a r p e r a T  6m paccnmm H a  nacqm ~b1pa60ncy 300 MBT 
6e3 IIPOEISBOACTBa TerYLa A M  qeHTP&iW30BaHHOrO OTOIIAeHEW, a B HaCTORmee  

BpeMII OH M O X e T  IIPOkI3BOAHTb 270 MBT 6e3 npOH3BOACTBa TeIvLa PjlR 

4 e H T p W 3 0 B i i H H O r O  OTOrVLeHElR 

rAe, WIO K o m e c m o  n a c o B  B roA, K o r A a  a r p e r a T  H e  B pa6o~e BBW 

3aIIAiiHHpOBaHHOrO T e W e r O  PeMOHTa 

a 
KOA 14 H O D M ~  O T K N O ~ ~ H E I ~ ~  f%) B b 1 ~ ~ 3 f ~ h e ~ ~ b I x  [ H O B \  3an~rrrme cpewero~o~ym 

HOPMY B b I m e H H b M  O T K N O ¶ ~ H M ~ ~  PJLSI A W H O r O  a r p e r a T a  B b I H y x ( 4 e ~ ~ a ~  

H o p M a  O T K N ~ ~ ~ H H ~ ~  (%) P a c c m n I B a e T c R  T ~ K  
HOB = ( ~ B O  / (8760 - s n o ) )  x loo 
r A e ,  qI70 - K o m e c m o  g a c o B  B c p e m e M  B r o A  K o r A a  o x y q a e T c c r  YTO 
a r p e r a T  6 y ~ e ~  B H e  pa6o~h1, B p e 3 y u ~ a ~ e  ~ e s a ~ a ~ ~ p o ~ a ~ ~ b n r  c n y Y a e B  H 

YnO, KaK OIIpeAeAeHO B KOAOHKe 17 
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Bce MecTHHe s a ~ p a ~ b ~  AOAXHEJ 6m-b IIepeseAeHu B aMepmmcme Aonnapu, 
O C H O B ~ I ~ ~ R C ~  Ha Kypce 0 6 ~ e ~ a  B amape 1998 roAa, K ~ K  no~a3mo Hmce 





M30 -TOWiI-iBHiiSi KpHBiiSi 1 A o m a  ~ 3 0 6 p a ~ a ~ b  pa6o~y IIpH M~KCEIM~ATJHO~~ 

~ a r p y s ~ e  (T e a c n o ~ b 3 o s a ~ z i e  M ~ K C  K o m e c m a  TOMEIB~) To=x~a A 
n p e A c T a 9 m e T  K o m e c m o  sb1pa6amae~oii 3 ~ e ~ ~ p o 3 ~ e p n - i ~  npa 
MaKCElMahbHOM KOhMgeCTBe C X M r a e M O r O  TOlMHBa Pi HYAeBOM IIPOH3BOACTBe 

T e r n  T o n ~ a  C n p e F 4 c T a s M e - r  M a K c m a h b H o e  K o m m e c m o  sb1pa6a~b1sae~oro 
T e M a  I l P H  MaKCEIMahbHOM KOAH¶eCTBe C X E i r a e M O r O  TOlMHBa EI 

CO0TBeTCTBYK)IIJeM IIPOE13BOACTBe 3 A e K T P 0 3 H e p I U E I  To=r~a 5 I I ~ ~ & Z T ~ ~ M ~ T  

npoMexyro.IHyro ~ o s q  T ~ ~ ~ / ~ A ~ K T ~ O ~ H ~ P I U E I  n p ~  M ~ K C H M ~ ~ ~ H O M  

CxWraHNEI  TOIIAEIBa 

KOA 22,23 Pi30 - TOEAMBH~R KPEIB~R 2 A o m a  a306paxa~b pa6ory npa cpeweii 
24,25 HaI"py3Ke (T e HCIIOAb30BaHEle C p e A H e r O  K O M e C T B a  TOIULE.IB~) T O Y K ~  A 

n p e A C T i 3 B M e T  KON19eCTBO sb1pa6a~b1sae~oii 3AeKTpO3HepIWEi  npI? 

c p e j g - r e ~  ~ommecme c m a e ~ o r o  ~ o m a  a H ~ A ~ B O M  IIPOM~BOACTB~ 

T e m a  T o s ~ a  C n p e A c r a 9 m e T  M a K c m a h b H o e  K o m e c m o  sb1pa6amsae~oro 
T e n a  n p H  cpejg-reM K o m e c m e  c m a e M o r o  T o m a  a 
C O O T B e T C T B y I O ~ e M  npoa3~0,qcme 3 A e K T p 0 3 H e p m  T o q ~ a  5 n p e ~ c T a 6 h s r e ~  

I IpOMeXJTO¶HyIO T O ¶ q  T ~ M ~ / ~ A ~ K T ~ O ~ H ~ ~ I ' M H  n p E l  CpeJ ,HeM 

CXMraHEiEI TOIULNBa 

KOA 2 6 , 2 7  M30 - TOIULE.IBHX KpHB- 3 AOlyKHa a306paxa~b pa6ory n p H  ~ a ~ k l ~ a h b ~ o f i  

2 8 , 2 9  H a V y 3 K e  (T e HCnOAb30Bt lHHe MEmHMahbHOrO K O M e C T B a  ~ 0 T Y l k l B a )  T o ¶ K ~  A 
r r p e A c T a s m e T  K o m e c m o  s ~ p a 6 a m s a e ~ o i i  s n e ~ ~ p o 3 ~ e p n - i ~  n p ~  
MHHHMahbHOM KOhI lgeCTBe C X H l 3 e M O r O  TOIULNBa H HYAeBOM nPOH3BOACTBe 

T e m a  T o n ~ a  C n p e A c T a B m e T  M a K c m a h b H o e  K o m e c m o  sh1pa6amsae~oro 
T e m a  n p H  M H H H M ~ H O M  K o m e c m e  C x a r a e M o r o  T o m s a  a 
COOTseTCTByIoIJJeM lIPOkl3BOACTBe 3 A e K T p 0 3 H e p M H  T o s ~ a  5 D ~ ~ A C T ~ ~ N I ~ T  

n p o M e x y - r o ¶ H y m  T O ~ K ~  T ~ I T A ~ / ~ A ~ K T ~ O ~ H ~ P ~ - ~ H  n p ~ 3  M H H H M ~ H O M  

C X H E l H k l H  TOryLEIBa 

B K o n o H K e  22 yKaxme K o n r n e c m o  T o m a  (B Tm) n p ~ 3  pa60l.e a r p e r a T a  

H a  MHH H a V Y 3 K e  B KOAOHKaX 23, 24, H 25 yKaXHTe K O M e C T B O  

3AeKT03HepIWl-i (MBT 3AeKT ) / T e I L M  (MBT T e n  ) PJLR T O q e K  A, B, 
kl C 



KOA 19 B s e ~ e  ~ o m e c m o  s ~ e ~ ~ p o 3 ~ e p r m . i  (B MBT S A ~ K T   em (B MBT  em ) 
n p ~  pa60~e arperaTa npu c x m u m i  MaKc KomecTBa T o m a  

KOA 22 B s e ~ e  n p o ~ e x c y ~ o s ~ o e  s ~ a s e ~ ~ e  ~ o m e c m o  ~ o ~ v u l s a  (B r e )  npu pa6o~e 
arperaTa 

KOA 23 B s e ~ e  ~ o m e c m o  3 ~ e ~ ~ p 0 3 ~ e p n - m  (B MBT ~ A ~ K T  ) / ~ e m a  (B MBT  em ) n p ~  
pa6o~e arperaTa npu cxmmmi npoMex Komecma T o m a  O ~ O ~ H ~ P ~ H H O ~ O  B KOA 22 





n ~ a l l l 3 p y C ~ l  l c  T e l ~ ~ n a l  l c  AI p e t  aT1 I - TP3C 

K ) X I { I  l r r  Ka7axc~a11 

KOA 2 K O \  3 KOA 4 KOA 5 KOA 6 KOA 6a KOA 7 KOA 8a KOA 86 KOA 86 KOA 8r KOA 8~ KOA 8e KOA 9 
Pack J ~ I  *3 
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KOA 1 K O A 2  K O A 1 0  ~ 0 ~ 1 1  K o A 1 1 a  K O A 1 2  ~ 0 ~ 1 3  K 0 ~ 1 3 a  ~ 0 ~ 1 4  ~ 0 ~ 1 5 ~ 0 ~ 1 6  K O A ~ ?  ~ 0 ~ 1 8  K O A 1 9  K O A 2 0  1 

M ~ O ~ H H K  

Y r ~ a  

E k l ~ a s ~ g k l  coal 

Eklb_aasluz~l~al  

Eklbasluzkl coal - - - - 

Shubarkolskl coal .- - 

or -- 
Y u b l l ~ ~ y ~ ~ l  _ 

- -- 

Shlmkenl 

Q n ~ c  nepeu X Jaseprne~an 

l h a ~  BUHYX ($/KBr/ro~) ($/MET qac) Jasepm (na RHB I998 US $L 
I2 I 2  72 0 3 5 5 1470 mln US $ 

12 1 2  72 0 3 5 86 

I2 I 2  72 0 3 5 86 5 
\ 



O6mee B ~arqqy10 ~ L M H M I ~  TaGmqb13 - 1 3mmme cne~pr41ie A ~ H H M ~  110 B C ~ M  

a r p e r a T a M  ( B K M O ~ ~ R  a B T o r e H e p a T o p M  ), p a c n o n o x e H H M e  B c?paHe rn 
pemoae, o KOTOPMX W e T  pesb s ~ a ~ ~ o i i  c n p a B K e  

KOA 1 H a 3 ~ a ~ ~ e  C T ~ H ~ H P I  Bnmme H ~ ~ B ~ H E I ~  T ~ M O B O ~ ~  C T ~ H ~ H E ~ ,  r ~ e  
pacnohoxea a r p e r a T  

KOA 2 H o ~ e p  Arpera~a Hanmme ~ o ~ e p  arpera~a 

KOA 3 P a c n o ~ o ~ e m e  C T ~ H ~ E I E T  Hmmme ~ a 3 ~ a ~ ~ e  K o p o A a  KU~ M e c T a ,  

Gnr;u~&mero AO C T ~ H ~ M M  

KOA 4 Y I I p a B M i m q a ~  OpraHEI3aIJtul  H m ~ m m e  H a 3 B a H H e  KOMIIaHMM, 

y ~ ~ p a ~ m m q e i i  A ~ H H M M  a r p e r a T o M  

KOA 5 O m a e ~ a s ~  ,A,a~a B s o ~ a  B ~ K C I ~ L Y ~ T ~ E I K )  Hmmme M ~ C I I ~ / F O A ,  K o r A a  

a r p e r a T  G ~ U L  B B e A e H  B 3 K C M y a T W H l O  

KOA ? P ~ C T O I I O ~ H O ~  T O ~ B O ,  ~ O A B O A H M ~ R  T e m o ~ a  B KOAOHK~ ? ~a~~~lrrrme 
KOlLMseCTBO TOllAHBa B ~ ~ ~ o Y J W  ( ~ w R ) ,  HCIIOAb3yeMOrO AMi XOAO@OrO 

sarryc~a Aamoro a r p e r a T a  ~ O A B O A H M ~ R  T e m o T a  A o m H a  6 m  B M p a x e H a  H a  

OCHOBaHHM ~kI3II.Iefi T ~ ~ O T B O P H O G  CIIOCO~HOCTII 

KOh 8(a), (6) OCHOBHO~ T O ~ B O  Tun 1 H a n ~ m m e  B KOAOHKe 8(a) H a s B a H k I e  n e p B o r o  

OCHOBHOrO TMIIa TOllAHBa, H C n O h b 3 y e M O r O  B AaHHOM W e r a T e ,  T e JTOhb,  

Ma3YT, AHCTELN)SITH~IG H ~ @ T ~ I I ~ o A ~ K T ,  IIPHPOAH~IG ra3, II T P, B KOAOHKe 8(6) 
H a n s r r r m e  CTOHMOCT~ 3~0ro  TorYLMBa B AOA CLLIA 3a r&K 
( q e ~ a  H a  R H B a P b  1998) 

KOA 8 ( ~ ) ,  (I-) OCHOBHO~ T O ~ B O  T H ~  2 Han~rume B KOAOHKe 8 ( ~ )  H a 3 B a H H e  BTOpOrO 

O c H o B H o r o  mrra TorYLMBa, E I C I I O I L ~ ~ Y ~ M O ~ O  B P ,~HHOM a r p e r a T e ,  T e YO-, 

Ma3YT, A H c w I J I G  H ~ @ T ~ I I P o A ~ K T ,  I I P E I P o ~ ~ I ~  ra3, H T A B KOAOHKe 9(r) 
H a n m u m e  CTOHMOCT~ 3~0ro  TorYLMBa B AOA CLLIA 3a r,4x 
( q e ~ a  H a  I I H B a p b  1998) 

KOA 8 (A), (e) OCHOBHO~ T O ~ ~ L T ~ B O  T k ~ n  3 Hanxurme B KOAOHKe 8 ( ~ )  H a s B a H P i e  T p e T b e r o  

O c H o B H o r o  T x n a  T o m B a ,  I I C I I O I L ~ ~ ~ ~ M O ~ O  B P ,~HHOM a r p e r a T e ,  T e ~TOAT,, 

Ma3YT, AHcT~IR~RTH~I~~ H~@T~IIPoAJXT, I I p E I p 0 ~ b I G  r83, EI T P, B KOAOHKe 8(e) 
H a n m u m e  CTOIIMOCT~ 3~0ro  ToIvlEfBa B AOA CUM 3a r&K 
( q e ~ a  H a  R H B a P b  1998) 



K O A ~  T0ah~s0  CMecb[o/,l no K-OMy TEmy T O I u u l s a ,  OIIpeAeAeHHOMy B KOAOHKe 

8(a) - (e ) ,  3anmmre npoqem (%) K q o r o  T o m a ,  ~ o p ~ a h b ~ o  
n o ~ p e 6 ~ 1 e ~ o r o  3a I'OA Hanpmep, CTpOKa X50/30/20" B KOAOHKe 9 
0 3 H a s a n t I  6b1, ¶TO e X e r O M 0  F O &  A a e T  50% IIO,A,BO&,HMO~~ TeITAOTbI, Ma3YT - 
30% I I O A B O ~ O ~ ~  T e r n o m ,  a n p ~ l p o ~ y l h ~ i ?  ra3 - 20% ~ O A B O ~ M O ~ ?  T e m o T b I  

KOA 10 H a s s m e  v r o l ~ b ~ o r o  T O Z I ~ I ~ B ~  ,&w B C ~ X  a rpera~o~,  
KkICIIOAb3YIO~E;M JTOAb, H a l I I I I L I m e  H a 3 B a H H e  HCIIOILb3YeMOrO PNi 

KOA 1 1 (a) C v r u e c T B m r u a ~  MOIIIHOCT~, ~ D O M ~ ~ K ~ T O ¶ H ~ R  H m v s ~ a  Hm~ume peahbHyIo 
M O I ~ H O C T ~  (MBT) IIPH IIPOMXYTO~HOG ~ a r p y s ~ e ,  KOTOPM s b 1 p a 6 a m ~ a e ~ c ~  B 

A ~ H H ~ I G  MOMeHT 3THM q e r a T O M  

a 
KOA 12 C v r u e c m v ~ o m a ~  M o m ~ o c ~ b ,  M E I H ~ ~ H ~ R  H a r ~ e v 3 ~ a  Hmmme peahbqm 

M O ~ H O C T ~  (MBT) IIPM M ~ H M W H O ~ ~  ~ a r p y s ~ e ,  KOTOPB B M ~ ~ ~ ~ T ~ I B ~ ~ T C R  B 

AaHHbIi? MOMeHT 3THM a T p e r a T O M  

KOA 13, T e m o s a ~  M o r u ~ o c ~ b  CT~HUEII? ( K ~ ) K / K B T / ~ ) ,  noma, ~ D O M ~ ~ O ¶ H ~ R ,  H 
13(a), 14 M N H H M ~ H ~ R  Harpvsm Hanmme B KOA 13 T e M O B p  M O I ~ H O C T ~  P ~ L R  

A S H O r O  q e r a T a  I I p H  IIoAHoG H a w 3 K e r  B KOA 13(a) TeILAOByIo 

MOWHOCTb AaHHOrO al"peraTa IIPM IIPOM~XJTOPHO~ HaI"pY3Kef B KOA 14 
T e m o B y m  MOI~HOCTL P ~ L R  Aamoro a r p e r a T a  IIPH M H H H M ~ ~ ~ H O ~ ~  ~ a r p y 3 ~ e  Bce 
3Ha¶eHH5i T ~ I V L O B O ~  MOIqHOCTk3: AOAXHbI 6h1~b H a  OCHOBaHEIM ~Ei3IIIefi 

T ~ ~ O T B O ~ H O ~  cnoco6~ocm 

KOA 16 H O D M ~  O T K N ~ ~ ~ H ~  f % )  B ~ I H ~ ~ A ~ H H ~ M  (HOB1 3arimme c p e & p e r o ~ o ~ p  
HOPMY B b I m e H H b M  O T K N O ¶ ~ H H ~ ~  PjLR AaHHOrO q e r a T a  B M H Y ~ ~ H H ~ R  
H o p M a  O T K N O ~ ~ H H ~ ~  (%) p a c c ~ r n ~ a e ~ c ~  T a K  

HOB = (9BO / (8760 - WIO)) x 100 
rAe, qn0 - KOAWieCTBO YaCOB B C p e M e M  B rOA, KOrAa O?KEf4a€?TCRI -0 

a r p e r a T  6 y ~ e ~  B H e  pa6om, B p e 3 y l ~ b ~ a ~ e  ~ e s a z l n a ~ ~ ~ p o ~ a ~ ~ b ~ x  c n y z r a e B ,  EI 
qno, K a K  OIIpeAeAeHO B KOAOHKe 15 



@ E I K C ~ ~ O B ~ H H M ~  sa-rpam Ha Tex 0 6 c ~ y x a m a ~ ~ e  H ~e Iqm&i  peMOHT O ~ ~ T P H O  

B K N ~ ~ ~ T  B c e 6 ~  s a p m ~ y ,  Hawwg-me pacxopbr P ~ L R  nepcoHana, 
smnomamqero peMom M Tex 06c~yxmame,  a T ~ K  x e  @I;IKCHPOB~HH~IO 

¶aCTb PaCXOAOB Ha MaTepHahbI 110 PeMOHTY 

Bce MaecTHbIe 3 a ~ p a ~ ~ i t  A O ~ M  6 b 1 ~ b  nepeseAeHu B mepmmcme AomaphI, 
O C H O B ~ I B M C ~  Ha q p c e  0 6 ~ e ~ a  B RHsape 1998 roAa, K ~ K  n o ~ a 3 a ~ o  H m e  

kpI'bX3c~aH 12 COM = 1 u s $ 
Kasaxc~a.~ 76 ~ e ~ r e  = 1 U S $ 
Y36emcTa.H CYM = 1 U S $ 

KOA 20 







KOA 1 



KOA 1 H a 3 ~ a ~ H e  CT~HIIEIEI B I I ~ ~  H a 3 B a H H e  T€?IIAOBO~~ CTaHYMEI, r A e  PaCnOAOlKeH 

arpera-r 

KOA 2 H O M ~ D  Arpera~a H m ~ m m e  ~ o ~ e p  arpera-ra 

KOA 3 P a c n o ~ o x e ~ a e  CT~HUHH Hanvrmme ~ a s s a ~ ~ i e  ropo~a ELAH M ~ C T B ,  

6 ~ ~ m e r o  AO CTWII~EIEI 

KOA 4 YIID~B~RIOIII~SI O~ra~Il3aII1;rrr H a n ~ m m e  H a 3 B W H e  KOMIIaHEIM, JTIpClBAXIOmeG 

A ~ H H M M  a r p e r a T o M  

KOA 5 P a ~ a  B B O A ~  B ~ K C I L A V ~ T U H I O  Hanmme M ~ C R ~ / ~ O A ,  KOrAa a v e r a T  6 y ~ e T  

B B e A e H  B 3 K C I I A Y a T a M o  

KOA 6 P ~ C T O ~ O ~ H O ~  TOIVLUBO B KOAOHKe 6 HaTIMIIIHTe H a 3 B a H M e  T O J U H B a  (T e 
~ C T ~ ~ ~ L S I T ,  ~a3y-r  M T A ), M C I I O A ~ ~ ~ ~ M O ~  P ~ L R  q c K a  a r p e r a T a  

KOA ? P~CTOIIO.IHO~ TOIVLUBO, ~ o A B o A H M ~ R  Termo~a B KOAOHKe 7 HaIIMLIIEITe 

KOlLIlseCTBO TOrYLElBa B ~KT~,~QKOYILSM ( r ~ ) ,  HCllOhb3YeMOrO PjLFI XOAOJQXOrO 

sarryc~a A a H o r o  arpera-ra M A o c m x e H m  M M H R M C ~ H O  ~ o q c m ~ o i i  M O ~ H O C T H  

nopgOAHMCi5i TelTAOTa A O A X H a  6- B b I p a A c e H a  H a  OCHOBaHMM H M ~ L u ~ G  

T ~ ~ o T B o ~ H o ~  CIIOCO~HOCTK 

KoA 8 (a), (6) OCHOBHO~ TOMBO T H ~  1 Hanmme B KOAOHKe 8 (a) Ha3BaHEie  n e p B o r o  

O c H o B H o r o  mna  T o r n m a ,  I ? C I I O A ~ ~ ~ ~ M O ~ O  B A ~ H H O M  a r p e r a T e ,  T e y ro~b ,  
Ma3YT, ,t@icTHAMITHhIG H ~ ~ T ~ I I P o A J X T ,  ~IPMPo&!,H~IG ra3, Ei T A B KOAOHKe 8(6) 
HaTIMLIIIlTe CTOIlMOCTb 3 T O r 0  T O M B a  B AOA C m  3a r&K 

( I J ~ H ~  H a  R H B a P b  1998) 

KoA 8 (B),  (I-) OCHOBHO~ T O ~ B O  T k ~ n  2 Han~rume B KOAOHKe 8 ( ~ )  H a 3 B a H M e  BTOpOrO 

OCHOBHOrO TI;lna TOTyLIIBa, MCIIOAb3YeMOrO B AaHHOM W P e r a T e ,  T e JTOAb, 

Ma3YT, # ~ c T H A M I T H ~ I ~  H~@T~IIPoP,JXT, I I p M p 0 ~ h I f i  T a 3 ,  M. T A B KOAOHKe 8(r) 
H a n E i m m e  CTOHMOCT~ 3~0ro  TOITAE~BB B AOA CUlA 3a T&c 
( I J ~ H ~  H a  R H B a p b  1998) 



KOA 9 TOMEIBO CMecb(o/o) no K q O M y  TE-iIIy TOruLMsa, OlIpeAeAeHHOMj' B KOAOHKe 

8(a) - (e), 3an~rrrme npoqem (%) K-oro T o m m a ,  H O ~ M ~ H O  

I I o T p e 6 m e ~ o r o  3a roA H a n p ~ ~ e p ,  CTpOKa )K50/30/20" B KOAOHKe 9 
0 3 ~ a s a  6b1, mo exerowo y r o l ~ b  A a e T  50% IIOABOAHMOB T e r n o m ,  M ~ S ~ T  - 
30% nowo-oii T e r n o m ,  a n p q o ~ ~ b ~ f i  ra3 - 20% IIO~BOAHMOB T e r m o m  

KOA 10 ~ D O ~ K T H ~ ~  MOIUHOCT~ ~ M B T ~  3 ~ E l r u 1 l ~ e  B KOA 12 I I P O e K m  

MOWHOCTb CTaHqt3.M I IpU M~KCMML~.ALHO~~ H q y 3 K e  6e3 IIPOHSBOACTBa T e M a  AMi 
@ q e H T p ~ 3 0 B a H H O r O  OTOMeHYlR 

KOA 12 H a s s a ~ ~ e  ~ r o m ~ o r o  T O ~ Y L F ~ B ~  P/LR B C ~ X  a rpera~o~ 
H C I I O ~ ~ ~ U J ~  yrom, H a n E l r u m e  ~ a 3 ~ a ~ ~ l e  H C I I O A L ~ ~ ~ M O ~ O  ~ T M  

4 KOA 14 H O D M ~  O T K N ~ ~ ~ H @  (%) B ~ I ~ ~ H H ~ M  (HOB1 3 a n ~ l r n m e  cpewero~osym 
HOPMY BbI-eHHbIX OTKNO¶~H& PjLR AaHHOI'O a r p e r a T a  B b I H y x A e ~ ~ a 3 3  

H o p M a  o n u l I o ~ e ~ k ~ i i  (%) P a c c g m B a e T c x  T ~ K  

HOB = (UBO / (8760 - 9II0)) x 100 
rAe, TI0 - K o m e c m o  g a c o B  B c p e m e M  B roA, K o r A a  o x y q a e T c B ,  a o  
a r p e r a T  6 y ~ e ~  BHe  pa6om, B p e 3 y l ~ b ~ a ~ e  H ~ ~ ~ M ~ H ~ O B ~ H H ~ I X  c n y s a e B ,  H 

WlO, K ~ K  o n p e A e A e a o  B KoAoHKe 13 



Bce MecTHue 3 a ~ p a - r ~  ~o-u 6b1~b nepeseAeHM B m e p m m c m e  AoMapu, 
O C H O B ~ I B ~ F I C ~  Ha Kypce o 6 ~ e s a  B msape 1998 roAa, KaK r r o ~ a s a ~ o  H m e  

KbIplTJ3c~aH 222 COM = 1 U S  $ 
K a s a x c ~ a ~  76 ~ e ~ r e  = 1 U S $ 
Y ~ ~ ~ K ~ I c T ~ H  7 7 7  CyM = 1 u s  $ 

KOA 17 THE T 3 u  Bn~lmrne " E " w  T ~ P ~ E I H  c OT~OPOM wm "B" P ~ L R  TYP~HH c 
lIPOTHBOJ@BAeHEIeM 





KOA 

20,2 
18,19 M30 - TOIyUIBHaR K p H B a R  1 AOh7KHZ.i k 1 3 0 6 p a x a ~ b  pa6o~y I I p H  M ~ K C E I M ~ ~ ~ H O ~ ~  

: 1 ~ a r p y 3 ~ e  (T e E I C I I O I L ~ ~ O B ~ H E I ~  M ~ K C  ~ o m e c m a  TOIIILEIB~) T o ¶ K ~  A 
n p e A c T a B m e T  K o m e c m o  s ~ p a 6 a m s a e ~ o H  3 ~ e ~ ~ p o s ~ e p m s  nps 
M~KCEIM-HOM K o m m e c m e  C m r a e M o r o  T o m a  s q m e B o M  n p o k 1 3 ~ 0 ~ c m e  

T e r v r a  T o s ~ a  C n p e A c - r a m e T  M a m z m a h b H o e  K o m e c m o  ~b Ipa6a~b1~ae~oro  
T e I T M  I I p H  MaKCHMahbHOM KOAWXeCTBe C X m a e M O r O  TOlTAMBa EI 

C O O T B e T C T B y l O ~ e M  IIPOHSBOACTBe 3 A e K T P 0 3 H e p M  T o s ~ a  6 n p e ~ c T a 6 M e ~  

n p o M e x y r 0 s q - m  T O ~ K Y  ~ e m a / 3 ~ e ~ ~ p o 3 ~ e p m s  IIPH M ~ K C H M ~ H O M  

C X H r a H H k I  TOrylElBa 

KOA 22,23 M30 -TOIIAHBH~M KpEIBtM 2 AOlUKHa s306paxa~b pa6o~y n p E l  cpepf~efi 
24,25 ~ a r p y s ~ e  (T e scno~.~,sosa~se cpemero ~ o m e c m a  TOMEIB~) T O P K ~  A 

I I p e A C T a B M e T  KOllIlseCTBO s ~ p a 6 a ~ ~ s a e ~ o H  3 A e K T P 0 3 H e p m E I  IIpkI 

C p e m e M  KOAWIeCTBe CXYITaeMOrO TOIIAEIBa II HYAeBOM IIPOE13BOACTBe 

T e I I A a  T o s ~ a  C IIPeACTaBASeT MaKCMMahbHOe KOAWIeCTBO ~ M p a 6 a ~ b 1 ~ a e ~ o r o  

T e m a  n p H  c p e m e M  K o m e c m e  c x m a e M o r o  T o m a  EI 
C O O T B e T C T B y l o ~ e M  IIPOE13BOACTBe 3 A e K T P 0 3 H e P I U E I  T o ¶ K ~  6 n p e ~ c T a 6 M e T  

I IpOMeXy'TO¶HyIo  T O s K y  T ~ ~ I A ~ / ~ A ~ K T P o ~ H ~ P T U E I  IIPH C p e M e M  

CXHraHMM TOIylElBa 

B K o n o H K e  22 yKmme K o m e c m o  T o m B a  (B r,Apc) nps pa6o~e a r p e r a T a  

H a  cpemeii ~ a r p y s ~ e  B K o n o H K a x  23, 24, EI 25 yKaxme K o m e c m o  

3 A e K T 0 3 H e p I W H  (MBT 3AeKT ) / T e I I M  (MBT T e n  ) JJX T O s e K  A, B, 
s C 

KOA 26,2? M30 - TOrULIlBHaR KpEIBaSI 3 AOh7KHa ~1306paxa~b pa6ory n p k I  M E I H E I M ~ A ~ H O ~ ~  

28,29 H q y 3 K e  (T e kICIIOILb30BaHEIe MHHEIMahbHOrO KOllElgeCTBa TOIIN?IB~) T o s ~ a  A 
I I p e A C T a B N I e T  KOllkIseCTBO s~pa6a~b1sae~oi i  3AeKTP03HepTUkI  IIPM 

MHHMMUGHOM KOAWXeCTBe C X H l 3 e M O r O  T O M E l B a  kI HyAeBOM IIPOH3BOACTBe 

TeI IAa  T o s ~ a  C I I p e A C T a B N I e T  MaKCkIMahbHOe KOAEIgeCTBO B ~ I P ~ ~ ~ T ~ I B ~ ~ M O ~ O  

T e m a  nps  M H H H M ~ ~ ~ H O M  K o m e c m e  C m r a e M o r o  T o m B a  I? 

C o o T B e T C T B y l O ~ e M  llpOH3BOACTBe 3 A e K T p O 3 H e p n ? H  T o s ~ a  6 npeAc~a6-e~ 
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UZBEKISTAN 



USAID Dellvev Order No 7. Task 3 



A. 

COAEPXAHME 

5 0 (He H c I I o A ~ ~ ~ ~ T c R )  

Ta6mqa 7 - 2 E x ~ M ~ c ~ ~ H o ~  n o ~ p e 6 n e ~ ~ e  H lTp03BOACTBO 3AeKTp03HepmH rn HaM60Aee 
s e p o m o r o  cqeaapm P~~BETTIISI  

M H C T ~ Y - K ~ H H  TaGmqh-17 - 2 





npmaraewe  c~pamnw o n p e ~ e m ~  Amme ~ ~ e p r e m e c ~ o i i  cHcTeMM H ~ O ~ X O A X - ~ M ~ I ~  

~ C ~ I ~ ~ C T B A ~ H E I S I  n p o e ~ ~ a  O m 3 a q m  CEICT~M P ~ K  Hapm H Cbrp Aapbx B OCHOBHOM 3m 

laHHbIe noxoxa Ha n p e w p x e ,  co6pa~~b1e  ~ o ~ n a m i e i i  E e p ~ c  ayq Poy B 1996 roAy 

Paa~eh 2 - OELlJJ4E ,A,AHHbIE M MH@OPMAI&M 
Pas~en  3 - W H b I E  I20 CUECTBYKIUMM TErIAOBOM ATPETATAM 
Pa3~en 4 - ,A,AHHbIE TI0  IlAAHMPYEMbIM TElWOBbIM ATPETATAM 
Paa~en 5 - (He ~ C I I O I L ~ ~ ~ ~ T C H )  

P a a ~ e ~  6 - XPOHOAOTMqECKME AAHHbIE 3AEKTPMYECKMX 
HATPY30K 

P a a ~ e ~  7 - TIEPCnEKTMBHbIE ,A,AHHbIE 3AEKTPMYECKMX HATPY30K 
(1 998 - 2000) 

P a 3 ~ e ~  8 - XPOHOAOrMUECKME ,A,AHHbIE TEmOBbIX HATPY30K 







' 6 Kame m11b1 a r p e r a T O B  PI TO~VLUB p e c C M a T p m a m T c I I  B EepcneKTkIBe  &m 06ec11e9e~m 
)YP,yrr7EIX H;LIPY~OK? 





O6uree B ~ax,~,yro m m  T a 6 q ~  3 - 1 3ar1mume cnepymnpie A m H b r e  no B c e M  a r p e r a T a M  

( B K N ~ ~ ~ R  a B T o r e H e p a T o p M  ), p a c n o A o x e H H M e  B c l p a e  penioae, o KOTOP~TX m e T  pesb 
B A ~ H H O ~ ~  c n p a B K e  

KOA 1 Hassamie CT~HIZEIM Bnmme ~ a 3 ~ a ~ 1 - i e  T ~ M O B O ~ ~  c ~ a ~ q m ,  rp,e pacnonoxes 
a r p e r a T  

KOA 2 H O M ~ D  hmera~a  Hanmme ~ o ~ e p  arpera~a 

KOA 3 P a c n o ~ o x e ~ ~ e  C ~ a ~ u m  Hiurmme H ~ ~ B ~ H E I ~  ropo~a  ww M ~ C T ~ ,  

6 l ~ ~ v ~ a k m e r o  AO C T ~ H ~ H M  

KOA 4 Y I I D ~ B M ~ I I I ~ R  O ~ r a ~ y r s a n u r s r  Hanmme ~ a s s a ~ ~ i e  KOMII~HEIH, ynpa~mmqeii 
A ~ H H H M  a r p e r a T o M  

KOA 5 ,&aTa B B O A ~  B ~ K c I I A v ~ T ~ I I E I K I  Hansurme M ~ c R ~ / ~ o A ,  KOrAa  CiI'peraT  MA 
B B e A e H  B 3KCIIAyaTa4E3EO 

KOA ? P~CTOIIO¶HO~ T o m ~ o  B KOAOHKe ? HXIEnr rHTe  H a 3 B a H H e  TOlUWBa (T e 
~~c-rmwm, ~ a 3 p  13 T A ) , ~ c n o f i s y e ~ o e  AILS r r y c K a  a r p e r a T a  

KOA ? (a) B D ~ M R  ~ V C K ~  B KOAOHKe ?(a) HaIIHIIII.rre BpeMSI (B 9aca .X)  H ~ O ~ X O J # ~ M O ~  

n p m e A e H m  a r p e r a T a  AO M E I H H M ~ ~ ~ H O H  ~ a r p y 3 ~  npx XOAOAHOM sarryc~e 

KOA 9 ( a ) , ( 6 )  OCHOBHO~ T O ~ B O  TEIII 1 HaIIHXUEiTe B KOAOHKe 9(a) H a 3 B a E I e  I I e p B O r O  

OCHOBHOrO T H n a  TOIyLMBa, EIClTOAb3YeMOrO B AaHHOM X"jleraTe, T e JTOAb, 

Ma3YT,  AHcTI?~~uITH~IG H~@T~IIPOP;YKT, JIp%ip~,q-IbIfi r a 3 ,  H T A B KOAOHKe 9(6) 
H a n x m m e  CTOHMOCT~ 3~0 ro  T o m B a  B Aon CLLIA 3a r&c 
( q e ~ a  H a  X H B a p b  1998) 

KOA 9 (B)  , (T) OCHOBHO~ TOII~UBO T E I ~  2 H a n ~ m m e  B KOAOHKe 9 ( B )  H a 3 B m H e  BTOpOrO 

o c H o B H o r o  mna T o m a ,  H C I I O A ~ ~ ~ ~ M O ~ O  B A ~ H H O M  a r p e r a T e ,  T e yrom, 
Ma3YT, AHcTWLAETHbIfi H~@T~IIPOAYKT, npEIp0AHb1fi ra3, I4 T A B KOAOHKe 9(r) 
H a n ~ m m e  CTOHMOCT~ ZJTO~O ToryLIlBa B AOA CLUA 3a r&c 
( q e ~ a  H a  R H B a p b  1998) 



KOA 10 

KOA 11 

KOA 12 

KOA 13 

KOA 13 (a) 

KOA 17 

OCHOBHO~ TOIYLMBO THII 3 Hammmre B KOAOHKe 9 ( ~ )  H a 3 B m E I e  T p e T b e r O  

o c H o B H o r o  m a  T o m m a ,  E . I C I I O A ~ ~ ~ ~ M O ~ O  B A ~ H H O M  a r p e r a T e ,  T e y r o ~ ~ b ,  

M a 3 y T f  A M m h T f i  H ~ @ T ~ ~ ~ O P I Y K T ,  lIpElp~P;Hb& ra3, EI T P, B KOAOHKe 9(e) 
H a n m e  CTOEIMOCT~ 3~0ro  T o m a  B AOA ChUA 3a 
( q e ~ a  H a  R H s a p b  1998) 

T O ~ B O  C M e C b ( % )  no K-0My TMlTy TOILlLHBa, OI IpeAeAeHHOMY B KOAOHKe 

9(a) - (e), sarrknume npoqem (%) K-oro T o m a ,  ~ o p ~ a h b ~ o  
n o ~ p e 6 ~ 1 e ~ o r o  3a rop, Hanpmep, c T p o K a  X50/30/20M B K o n o H K e  10 
03Ha¶-  6b1, T O  e x e r o P ; H o  p O A b  A a e T  50% nopgoJq-i~oii TeTyLOTbI, Ma3YT - 
30% II0~0p41~06 T e M O T b I ,  a IIpElp0AHb1fi ra3 - 20% I I o , A J ~ o ~ M o ~  T e M O T b I  

Hassame V r O h b H O r O  TO-a BCeX a r p e r a T O B ,  OI IHCaHHbM B KOAOHKe 9, 
K ~ K  H C ~ O A ~ ~ ~ I O I I J I M  p o ~ b ,  H a n m m e  ~ a s s a ~ u e  ~ c n o ~ ~ s y e ~ o r o  yrmi 

C m e c m w r u a  M o m ~ o c r a ,  Ilomarr Harpv3~a Hanmme p e a -  
MOIIJHOCT~ (MBT) IIPH I I O N I O ~ ~  H a r p y s K e ,  KOTOP~R B ~ I P ~ ~ ~ T ~ I B ~ ~ T C I I  B A ~ H H ~ I B  
M o M e m  3m a r p e r a T o M  

C ~ I I I ~ C T B W I I I ~  M O ~ H O C T ~ ,  ~ D O M ~ ~ K V T O ¶ H ~ R  H a r ~ v 3 ~ a  Hanmme peahbHyEo 
MOWHOCT~ (MBT) npx npormq-ros~oii ~ a r p y s ~ e ,  ~o~opa r r  BMpa6aab1Bae~CFI B 

A~HHMB MOMeHT 3THM W e r a T O M  

T e m o s a  Morrr~oc-rb CT~HUHI?  fKn)R/KBT/¶) ,  ~ o A H ~ ,  ~ D O M ~ X ~ O ¶ H ~ R ,  I-i 

M E I H R M ~ ~ ~ H ~ H  H~TPV~KE? Hanxmme B KOA 15 TeTYIOByIO MOWHOCTb J&lM 

Amsoro a r p e r a T a  IIPH nomoii ~ a r p y s ~ e ,  B KOA 15(a) T e m o s y m  

MOLTJHOCT~ A m s o r o  a r p e r a T a  n p H  r r p o ~ e x y ~ o u ~ o i i  ~ a r p y 3 ~ e ,  B KOA 14 
Tel lAOByIO MOWHOCTb PjLR A W H O r O  a P e l ' a T a  I I p H  M I I H M M ~ ~ ~ H O ~ ~  H V Y 3 K e  Bce 
3HaYeHEIR T ~ ~ I A o B o ~  MOIIJHOCTII AOAXHM 6b1-r.b H a  OCHOBaHEII? HEI3IIIeC 

T ~ I I A o T B o ~ H o ~ ~  C ~ O C O ~ H O C T ~ I  

H O D M ~  OTKN~¶~HI . I~~  f(%) B ~ I H V X A ~ H H ~ I X  ( H O B 1  3 a n k l m m e  C p e p s r e r o A o B y m  

HOPMY BbIHYXAeHHbIX O T K N O Y ~ H H ~ ~  JjlS AaHHOrO q e r a T a  B~I -~HH~R 
H o p M a  o m w o ~ e ~ x i i  (%) p a c c n m s a e T c R  T ~ K  

HOB = ( q B 0  / (8760 - 9ll0)) x 100 
rAe, YllO - K o m e c m o  s I a c o B  B C p e p s r e M  B roA, K o r A a  o x W a e T c 8 ,  ¶TO 

a r p e r a T  6 y ~ e T  B H e  pa6o~b1, B p e 3 y A b T a T e  He3XLAaHEIpOBaHHbIX CAy.laeB,  PI 

Y n O , K a K  O l l p e A e A e H O  B KOAOHKe 17 



Bce M a e m h I e  s a ~ p a ~ b ~   om^ 6- n e p e B e A e s M  B a M e p H K a H c m e  ~ o m p b ~ ,  
O C H O B M B ~ C ~  H a  ~y-pce o 6 ~ e s a  B amape 1998 roAa, K ~ K  n o ~ a s a ~ o  H m c e  

KbIpI'hI3cTaH 6 COM = 1 U S $ 
Kasaxmm 76 ~ e ~ r e  = 1 U S $ 
Y ~ ~ ~ K N C T ~ H  8% CyM = 1 u s $ 

KOA 20 3amam ~a P e ~ o m  M T e x ~ m e c ~ o e  06cnyxmamie n e ~ e ~ e ~ ~ b ~ e  f$Msrsl 

a 3ar1~1mme B K O A O H K ~  20 qacn exerowbnr s a ~ p a ~  H a  p e M o m  H T e x  

0 6 c ~ y x m 3 a ~ ~ e  A m H o r o  a r p e r a T a ,  KOTOP~R ~ ~ B M C E T T  OT ~arpy3m arpera-ra 
I l e p e ~ e ~ ~ b ~ e  s a ~ p a ~ b ~  B OCHOBHOM BKIL~OP~KIT T a m e  n o ~ p e 6 ~ i e ~ b 1 e  
M a T e p H W W ,  KaK BOAa, XIlMHKaTbI H $$ M a T e p H M h I ,  KOTOPbIe ~ O T ~ ~ ~ ~ S J ~ T C R  

l I p O n O p ~ M O H U L H 0  I I o A e 3 ~ 0 f i  lIpOH3BO&,WEhbHOCTH AaHHOrO q e r a T a  



KOA I KOA 2 KOA 3 KOA 4 KOA 5 KOA 6 KOA 7 KOA 7a KOA 8 KOA 9a KOA 96 KOA 98 KOA 9r KOA 9~ KOA 9e KOA 10 

H a l e a ~ i ~ e  N o  Pacno~om Ynpas 
In CfaHI(HH Arper C T ~ H ~ H H  Opr 
I Tall l~ell~cKan -- - - ~ C U  UP& -y~e- le~ro  
2 1 - - - -- . - - - - 
7 2 - -- - - - -  -- -- -- 
4 3 - - . - -- - - -- - - . 
5 - 4  

I:: lTI__=t?k-& 

nycu  -- I O C A O ~ H O ~ T O ~ A R ~ O -  
B a o ~   uso on P a n  Bpeum Tun I CTOHMO- Tun 2 Croauo- Tun 3 Croa~o-  

s 3rcnn  u3 3 r c  Tonn I l yc r  (91 T o n r u m  ITH~~(S/TA=DI  Tonrusa I ? u n l ( f / ~ A x l l  Tonaasa I?nn l ( f / r~ rc l l  I C ~ m b ( % l  









KOA 1 H ~ S B ~ H H ~  CTELHIIYIH B ~ ~ m m e  H ~ ~ B W U ~  T ~ M O B O ~  C T ~ H ~ U U ,  r ~ e  P ~ C ~ O A O X ~ H  

a r p e r a T  

KOA 2 H O M ~ D  Amera~a Hmmme ~ o ~ e p  arpera~a 

KOA 5 A a ~ a  B B O A ~  B ~ K C T Y L V ~ T ~ L I Y I I O  Hmmme ~ e c x q / r o p l ,  ~ o r p l a  arpera~ 6m 
B B e A e H  B 3 K C M Y a T q m  

KOA ? P~CTOIIO¶HO~ T O ~ B O  B KOAOHKe 7 HaIIEILUHTe Ha3BELHHe TOrULflBa (T e 
WC-, ~a3y-r u T A ) , ~ l c n o m a y e ~ o e  J,M q c K a  a r p e r a T a  

KOA ?(a) B D ~ M R  ~ Y C K ~  B KOAOHKe 7 (a) HaIII luIElTe B p e M R  (B ¶aca.X) H ~ O ~ X O , A , H M O ~  PjLR 

I I p U B e A e H H R  q e r a T a  A 0  ME~HIIMWL~HOG H q Y 3 K k 3  I I P U  XOAOPfIOM 3 q C K e  

KOA 8 P ~ C T O ~ O ~ H O ~  T O ~ X U ~ B O ,  n 0 h ~ 0 d 4 1 ~ a R  T e m o ~ a  B KOAOHKe 8 HaIICimMTe 

K o l l k l s e c m o  T o m B a  B r m ~ o y m x  (Tw), E I C I I O A T , ~ ~ ~ M O ~ O  xonoworo 
s a n y c K a  A m H o r o  a r p e r a T a  u A o c m e H m  MYIHEIM~A~HO ~o r rycm~of i  M O ~ H O C T M  

~ O A B O @ M ~ R  T e m O T a  A01URHa 6b1~b B M p a l K e H a  H a  OCHOBELHUH HU3LIIeG 

T ~ ~ I . A o T B o ~ H o G  c11oco6~ocm 

KOA 9(a),(6) OCHOBHO~ TOWBO Txn 1 H a n ~ l m m e  B KOAOHKe 9(a) H a 3 B a H M e  I I e p B O r O  

o c H o B H o r o  mna TorULflBa, U C I I O ~ L ~ ~ ~ ~ M O ~ O  B AELHHOM arpera-re, T e ~TOAL,  

Ma3YT,  @CTIIIYLRIII~I~~ H~@T~IIPOAYKT, I I P ~ o A I - I I J ~  r 8 3 ,  U T P, B KOAOHKe 9(6) 
H a n ~ r u m e  CTOHMOCT~ 3mr0 TorULflBa B AOA CUIA 3a r- 
( q e ~ a  H a  R H B a p b  1998) 



KOA 8 ( ~ ) ,  (e) OCHOBHO~ TOII~I~BO T E ~  3 Hanmme B KOAOHKe 8 ( ~ )  Ha3BaHHe T p e T b e r O  

o c H o B H o r o  m a  T o m m a ,  H C I I O A ~ ~ Y ~ M O ~ O  B AWHOM arpera-re, T e yrohb, 
Ma3yTl @i~TKhMlTHhlfi H ~ @ T ~ ~ ~ O A Y K T ,  IIPH~OP,H~IB Ta3,  M T A B KOAOHKe 8(e) 
H a n m m e  C T O ~ O C T ~  3~0ro T o m a  B AOA CUlA 3a rPpc 
( q e ~ a  H a  XHBaPb 1998) 

KOA 9 T o m ~ o  C M e c b ( % )  no K W O M Y  T H I l y  TOruu l sa ,  OIIpeAeAeHHOMy B KOAOHKe 

8(a) - (e), s a n ~ l u r m e  npoqem (%) K a x q o r o  ToIuLIlsa,  HOpMaAbHO 

~ o T ~ ~ ~ N I ~ M o ~ o  3a rOA H m p ~ ~ e p ,  CTpOKa X50/30/20" B KOAOHKe 9 
03~anam-i 6h1, PTO e x e r o j V l o  yrohb AaeT  50% n o , z g 3 0 ~ 0 i i  TerIAoThI, ~ a 3 y ~  - 
30% I I 0 , A J 3 0 ~ 0 f i  TerIAOThI, a IIpHp0- ra3 - 20% II0pg0 , lQ i~Of i  TeIIAOTbI 

KOA 10 ~ D O ~ K T H ~ ~ J  MO~UHOCT~ [MBTI ~ ~ Z I E I I I I E T T ~  B KOA 12 IIPO~KTHY~O 

MOLTJHOCTb CT-EM IIPH M ~ K c M M ~ A ~ H o ~ ~  H a W 3 K e  6e3 IIPOH3BOACTBa TeIIAa J,M 

qeITI 'pahu30BaHHOrO OTOMeHEM 

KOA 11 ~ D O ~ K T H ~ X  M o m ~ o c ~ b  IMBT)  3ZIEiIIIHTe B KOA 12 V O e K T H y I O  

MOUHOCTb CTWqEIM IIPM M E M M M & ~ ~ H O ~ ~  H W 3 K e  6e3 IIPOH3BOACTBa TeIIAa &MI 

I J eHT 'ahu30BaHHOrO OTOMeHEM 

KOA 12 Hassame yrohb~oro  omm ma &ui B C ~ X  a r p e r a ~ o ~  
M C I I O A ~ ~ ~ K ~ ~ ~ M  y r o ~ b ,  HaZIElurme H ~ ~ B W H ~  I I C I I O A L ~ ~ ~ M O ~ O  y r ~  

KOA 14 H O D M ~  O T W U ~ U ~ H M ~ ~  f % )  B ~ I ~ ~ H H ~ M  (HOB) & I ~ I I I ~ I T ~  c p e ~ ~ e r o & o ~ y m  
- HOPMY B b I m e H H b I X  O T K N ~ ¶ ~ H E ~ ~ [  &M AaHHOrO X 'Pe raTa  BMHYXA~HH~R 
- 

H o p M a  o?wuones&i (%) p a c c n w s a e T c R  TaK 

HOB = (qB0 / (8760 - q u o ) )  x 100 
rAe ,  ql70 - K o m e c m o  s a c o B  B cpe jV leM B roA, KorAa  oxmae-rc.sr, a o  
a r p e r a T  6y&e~ BHe pa60m, B p e 3 y ~ b ~ a ~ e  ~ e s a ~ a ~ ~ p o s a ~ ~ b n r  c n F a e B ,  H 

k I n 0 , K a K  OIIpeAeAeHO B KOAOHKe 13 
- 
- 

KOA 15 3 a ~ ~ a ~ b 1  H a  T e x ~ m e c ~ o e  O ~ C A ~ K H B ~ H M ~  H Te~wmifi P~MOHT, 
~ M K C H P O B ~ H H M ~  ($/KBT/~oA) B n ~ l r u m e  B KOAOHKY 15 YaCTb eXerO,&J3bnr 

s a ~ p a ~  H a  T e x  0 6 c n y x ~ s a ~ s e  M ~ e ~ y - r q ~ i i  p e M o m  w A m H o r o  arpera-ra, 
KOTOPaR H e  3aBRCEIT OT H a V Y 3 K U  AaHHOrO aI 'peraTa @ H K c M ~ o B ~ H H ~ I ~  3aTpaTbI 

H a  TeX O ~ C A ~ ~ H B ~ H M ~  M ~ e K r n M f i  PeMOHT AOIYKHbI 6 b l ~ b  BbIpWKeHbI B qesax, 
3KBHBaheHTHbIX A O M a P y  B IfHBaPe,  1998 r0Aa 3a 1 KBT ~ m e ~ T B J T 0 w e f i  n0AH0fi  

MOIIJHOCTM 



Bce M e c m w e  s a ~ p a ~ a r  AO~YKHM  LIT^ n e p e B e A e H b I  B a M e p m a H c m e  A o M a p b I ,  

O C H O B M B ~ ~ I C ~  H a  qpce  0 6 ~ e ~ a  B c I H s a p e  1998 roAa, K ~ K  n o ~ a s a ~ o  H m e  

K ~ I ~ w ~ c T ~ H  7 2 2  COM = 1 US $ 
Kaaaxc~m 76 ~ e m e  = 1 U S  $ 
Y 3 6 e r n c ~ a ~  ? ? ? C y M  = 1us $ 

KOA 17 Txn T 3 u  B n ~ m m e  " E 1 ' w  ~ y p 6 1 - i ~  c OT~OPOM ~ l l l ~ l  "B1' ,&,AH T ~ P ~ H H  c 
IIpOTHBOAEiBAeHMeM 





KOA 19 B s e m e  KOntrseCTBO 3AeKTpO3HepIuEl (B MBT 3AeKT ) / T E L M ~  (B MBT TeIyL ) 
npu pa6ol.e arperaTa npM CxxrmuM M ~ K C  Komecma Tomma 

KOA 22 B s e m e  n p o ~ e l ~ y ~ o n ~ o e  s ~ a s e ~ ~ e  ~ o m e c m o  ~ o l v ~ u s a  (B r&K) IIPH pa6o~e 
arperaTa 

KOA 27 B s e m e  ~ o m e c m o  3 ~ e ~ ~ p o 3 ~ e p m  (B MBT 3 ~ e m   em (B MBT  ern ) np~l  
pa6ol.e arperaTa npH c m r m m  MHH Komecma T o m a  0 6 0 3 ~ a ~ e ~ ~ o r o  B 

KOA 26 





Parnoaom C ~ a n q n n  I Y~~pamn Opr I i '  Boon llowop, I Tun l Cronuocrb Tnn Z C v o ~ u o n b  T a n  3 Crowwomb 
I I 









KOA 1 Hassmzie CT~H~EIEI  B n m m e  H a 3 B a H H e  T ~ M O B O ~ ~  CTaHqMH, I'AP~~ 
p a c n o n o s R e H  a r p e r a T  

KOA 2 H o ~ e p  Arpera~a Hmmme ~ o ~ e p  arpera~a 

KOA 3 P a c n o n o x e ~ ~ e  C T ~ H ~ M M  Harumme ~ a s s a ~ ~ e  ~ o p o ~ a  m M ~ C T ~ ,  

6 1 u i x h e r o  AO CTU- 

KOA 4 Ynpamxrnqa~ Opramisaqm Hanknume ~ a s s a ~ ~ e  KOMII~HMH, 

y n p a s ~ m I q e i i  A ~ H H ~ I M  a r p e r a T o M  

KOA 5 O ~ a e M a R  A a ~ a  Bso~a  B 3KCILkyaTaLJHKI Hmmme M ~ C R ~ / ~ O A ,  KOrAa 

aI"peraT ~LLTL B B e A e H  B 3 K C M Y a T q k I f O  

KOA ? P~CTOIIOYHO~ TOIULMBO, n 0 4 ~ 0 h ~ M a R  Terno~a B KOAOHKe ? H n E I L L I m e  

KOhl l seCTBO TOIZILLIBa B ~ E I T ~ O Y M X  (TAX), HCIIOAb3YeMOrO &MI XOAOAHOrO 

s a n y c K a  ~maoro  a r p e r a T a  l 7o~ojg i~acr  T e r m o T a  A o m a  6 m  B b I p a x e H a  H a  

OCHOBaHHH HH3II Ie f i  T~ILAOTBOPHO~? C ~ O C O ~ H O C T U  

K o A  8 ( a ) ,  (6) OCHOBHO~ T O ~ B O  Txn 1 H a n ~ m m e  B KOAOHKe 8 (a) ~ a 3 ~ a ~ ~ e  n e p B o r o  

o c H o B H o r o  mna  T o m m a ,  M C I I O A J , ~ ~ ~ M O ~ O  B A ~ H H O M  arpera-re, T e yrofi ,  
M a 3 y T ,  ,@IC-M~ H~@T~HPOPNKT,  IIpHp0$+HhIfi r83, H T A B KOAOHKe 8(6) 
H a n x I u m e  CTOHMOCT~ 3~0ro  Tornma B AOA C W  3a TPpr 
(IJeHa H a  R H B a p b  1998) 

KOA 8 ( ~ ) ,  (r) OCHOBHO~ TOI~LUBO T ~ l n  2 Harr~urme B KOAOHKe 8 ( ~ )  H a 3 B a H M e  BTOpOI'O 

o c H o B H o r o  mna TorYLUBa, H C I I O M ~ Y ~ M O ~ O  B A ~ H H O M  arpera-re, T e y r o ~ b ,  

M a 3 J T ,  AHCTELNUTZ3IbI6 H ~ @ T ~ I I P o P , ~ K T ,  l I p H p 0 ~ b I f i  ra3, H T A B KOAOHKe 9(r) 
H a n x r r r m e  CTOHMOCT~ ~ T O ~ O  T o m m a  B AOA CLLLA 3a Tppc 
( ~ e ~ a  H a  R H B a P b  1998) 

KOA 8 ( ~ ) , ( e )  OCHOBHO~ T O ~ B O  Txn 3 Han~rrrme B KOAOHKe 8 ( ~ )  H a 3 B a H M e  T p e T b e r O  

OCHOBHOI'O TETna TOIULMBa, HCIIOAb3YeMOrO B AaHHOM q e r a T e ,  T e F O A b ,  

M a 3 J T ,  @cTELNUTZ3IbIG H ~ @ T ~ I I P o A ~ K T ,  I I P E I P o A H ~ I ~ ~  ra3, H T A B KOAOHKe 8(e) 
H a n a u r m e  CTOHMOCT~ ~ T O ~ O  ToryLTlBa B AOA CLLLA sa r&c 
(IJeHa H a  R H B a P b  1998) 



K O A ~  TOIVLT~BO C M e ~ b f o / n L  no K a E Q O h f y  THIly TOILAEIBa, O I l p e A e h e H H O M y  B KOAOHKe 

8 (a) - (e), 3anumrme npoqem (%) K m o r o  T o m m a ,  H O P M ~ H O  

n o T p e 6 M I e M o r o  3a rOA Hanpmep, CTpOKa X50/30/2OW B KOAOHKe 9 
o 3 H a s w  6h1, ¶TO exeromo yrohb A a e T  50% n o p g o ~ o f i  T e m o m ,  ~ a 3 y ~  - 
30% IIoABoAHMo~ TeIUiOTar, a n p ~ l p o , A , ~ b ~ t i  ra3 - 20% IIoABo@Mo~~ TerYLOTbI 

KOA 10 Hassame v r o f i ~ o r o  T O ~ B  , A p  B C ~ X  a rpe ra~o~ ,  
mcnofi3yf01qm y - r o ~ ~ ,  H a n m m e  ~ a 3 ~ a ~ z i e  ~ I C ~ O A L ~ Y ~ M O ~ O   TAR 

KOA 11 (a) Cvmecmv~orum M o r r r ~ o c ~ b ,  I - i ~ o ~ e x v r o s ~ a s  Haruys~a Han~rume peahbxyro 
MOIIJHOCTb (MBT) n p H  IIPOMXJTOPHO~ H q Y 3 K e l  KOTOpaSI B h I p a 6 a T h I ~ a e T ~ 5 3  B 

A ~ H H ~ I ~  MOMeHT 3TIIM a v e r a T O M  

KOA 13, Temosm MOIIIHOCT~ C T ~ H I I ~  (I&K/KBT/¶) ,  ~ o A H S ~ ,  ~ D O M ~ ~ O ¶ H ~ R ,  H 

1) 1 3 (a), 14 M H H E I M ~ H ~ X  Har~v3~1-i Hmmme B KOA 13 T e M O B y m  MOIIJHOCT~ &w 
AaHHOrO q e r a T a  I I p H  IIoAHofi  Hal"py3Ke, B KOA 13(a) T e M O B y I O  

M O ~ H O C T b  J,W AaHHOrO a v e r a T a  n p M  I I ~ o M ~ ~ K ~ T o ¶ H o ~ ~  H q y 3 K e ,  B KOA 14 
TerYLOByIo MOwHOCTb PjLR AaFIHOrO W e r a T a  IIpM M M H H M ~ ~ ~ H O ~ ~  H q y 3 K e  Bce 
3 H a 9 e H H R  T ~ I Y L O B O ~  MOIIJHOCTEI AO1YRHhI 6b1~b H a  OCHOBUEIEI H 1 1 3 ~ ~ e f i  

T ~ I I A O T B O ~ H O ~ ~  cnoco6~ocm * 
KOA 15 H O D M ~  O T K N O Y ~ H M ~  (%) ~ ~ ~ H R R v ~ M ~ I X  rH0I-i) Bnmume CpeAHerOAOByH, 

I I A a H ~ y e M y K l  HOPMY O T K N O ~ I ~ H M ~ ~  AA5i AaFIHOrO V e r a T a  I k a H R p y e M a ~ ~  H O p M a  

O T K N ~ ~ ~ H ~  BhFIMCASeTCR 

H O ~  = (sno / 8760) x 100 
r A e ,  YnO K o m e c m o  s a c o B  B roAr K o r A a  a r p e r a T  H e  B pa6o~e BBH,A,~ 

3ClllAElHMpOBaHHOrO T e K m e r O  PeMOHTa 

KOA 16 H O D M ~  OTKAK)¶~HH~ 1%) Bb1HyXAeHHbnr  ( H O B ]  3 a n ~ m m e  cpe,qero~osym 
HOPMY B b I m e H H b I X  O T K N O ¶ ~ H ~  J,W AaHHOrO W P e r a T a  B ~ I H ~ X A ~ H H ~ S I .  
H o p M a  onvl~ose~Elii (%) p a c c q m s a e T c R  T ~ K  

HOB = (9BO / (8760 - 9ll0)) x 100 
r A e ,  W I 0  - K o m e c m o  q a c o B  B c p e w e M  B roA, K o r A a  o x y q a e T c R ,  a o  
a r p e r a T  6 y ~ e ~  BHe pa6om, B p e 3 y ~ ~ ~ a ~ e  ~ e 3 a m a ~ ~ p o s a ~ ~ b n r  c n y s a e B ,  a 
W I O , K ~ K  o n p e A e n e a o  B K o n o H K e  15 

KOh 17 3amam1 H a  T e x ~ m e c ~ o e  O ~ C A ~ H B ~ H H ~  H T~KVLUHG P~MOHT, 
a @ H K C R D O B ~ H H M ~  ($/KBT/~oA\ BIIE~LZIETT~ B KOAOHKY 17 g a C T b  e x e r o ~ b ~ x  

s a ~ p a ~  H a  Tex 0 6 c ~ y x m a ~ ~ e  EI T ~ K W R G  peM0H-r M A a r r s o r o  a r p e r a T a ,  
KOTOPaR H e  3 B H C H T  OT HaI"pY3KI-i AaHHOrO aI"peraTa Q ) H K C & ~ P O B ~ H H ~ I ~  3aTpaTbI  

H a  T e X  0 6 c ~ p 1 i s a ~ a e  Pi TeKJ'XJMfi PeMOHT AOAXHbI 6b1~b B b I P m e H b I  B q e H a X ,  

3KBMBUeHTHbIX A O M a P Y  B X H B a p e ,  1998 rOAa 3a 1 KBT C N ~ C T B Y I O I I J ~ ~ ~  IIoAHofi 

M O ~ H O C T H  ( T e KOA 13 ) 



Bce M a e m b I e  s a~pam AONKH~I 6m-b n e p e B e A e H H  B a M e p x K m c m i e  A o M a p b I ,  

OCHOBbIBaRCb H a  W C e  0 6 ~ e H a  B R H B a p e  1998 rOAa, KaK nOKa3aHO H H X e  

k p l " b I 3 ~ T a H  13 @ COM = 1 U S  $ 
K ~ ~ ~ x c T ~ H  76 ~ e ~ r e  = 1 U S $ 
Y 3 6 e r u r c ~ a ~  $& f i  c p  = 1 U S $ 

KOA 18 3 a ~ ~ a ~ b 1  ~a P~MOHT n T e x ~ m e c ~ o e  O ~ C A ~ K H B ~ H E I ~  n e p e ~ e ~ ~ ~ e  I$Msml 
3anzlrume B KOAOHK~ 18 = I ~ C T ~  exe ro ,qHbnr  3a~pa-r H a  p e M o m  EI T e x  

0 6 c ~ ~ a ~ ~ i e  ,~IJX A a H H o r o  a r p e r a T a ,  KOTOP~R 3a~ncm OT ~arpy3~1-1  a r p e r a T a  

I l e p e ~ e ~ ~ ~ e  3a~pa~b1 B OCHOBHOM BKAIOYWT T a m e  I I o T ~ ~ ~ M ~ M M ~  

M a T e p H W ,  KaK BOA& XElMHKaTbI EI AP MaTepHaAbI, KOTOPbIe IIOTP~~M~IOTCII 

IIPOIIOP~MOHahbHO I I o A ~ ~ H o ~  IIpOM3BOA.HTeAbHOCTM AaHHOl'O aI 'peraTa  

KOA 20 O ~ ~ H ~ H H ~ R  CTOHMOCT~ ~ ~ B ~ P L I I ~ H I . L F I  Bn~lurme B KOAOHKY 20 OyeHeHKy70 
CTOMMOCT~ P ~ L R  3a~eprne~m A a H H o r o  arpera-ra CTOHMOCT~ AoAwcHa 6brrb 
AaHa  B MHAAHOHaX A O M a p a X  C m  H a  IIHBapb 1996 rOAa (3a HCKNO¶eHHeM 
CTOHMOCTU @E.IH~HCHPOB~HEZR) 





KOA 9 ( B ) , ( r )  OCHOBHO~ T O ~ B O  TE~TI 2 H a n k n r r m e  B KOAOHKe 9 ( B )  H a 3 B a H H e  BTOpOrO 

o c H o B H o r o  m a  T o m m a ,  E I C I I O A T = ~ ~ ~ M O ~ O  B A ~ H H O M  a r p e r a T e ,  T e yrofi, 
Ma3YT,  w-hI6 H~@T~IIPOA~KT,  I I P H P O A H I J ~ ~  ra3, EI T A B KOAOHKe 9(r) 
H a n m m e  CTOHMOCT~ 3~01-o T o m B a  B AOA CLLIA 3a Tm 
( q e ~ a  H a  R H s a p b  1998) 

KOA 9 ( ~ ) ,  (e) OCHOBHO~ TOIIAKBO THll 3 Hmmme B KOAOHKe 9 ( ~ )  H a 3 B W H e  T p e T b e r O  

o c H o B H o r o  m a  T o m m a ,  E I C I I O A ~ ~ ~ ~ M O ~ O  B A ~ H H O M  a r p e r a T e ,  T e  OAT=, 
Ma3YT, J ~ , E ~ c T K M H T H ~ I ~ ~  H~C$~T~IIPOA~'KT,  IIpHp0,AJ3b16 ra3, 1.1 T ,LJ B KOAOHKe 9(e) 
H a n m n m e  CTOEIMOCT~ 3~01-0 T o n u m a  B AOA CUlA 3a r,A,x 
(IJeHa H a  X H B a P b  1998) 

KOA 10 T O ~ B O  C M e c b f % l  no K a X A O M y  TIllTy TOTULUBa, OI IpeAeAeHHOMY B KOAOHKe 

9(a) - (e), smmme npoqem (%) K-oro TorvLuBa ,  H O P M ~ H O  

~ I o T ~ ~ ~ M ~ M o ~ o  3a r O A  H a n p H M e p ,  CTpOKa X50/30/20" B KOAOHKe 10 
os~asahu 6h1, PTO exerowo FOAL A a e T  50% nopgom~ofi T e r m o m ,  ~ a 3 y ~  - 
30% nopgom~oii T e r m o m ,  a n p ~ o w b ~ f i  ra3 - 20% nopgom~oii T e r m o m  

KOA 11 H ~ Z B ~ H H ~  VrOAbHOrO TOIIAKBa &LR BCeX a I 'pe raTOB,  OnHCaJ3HbIX B KOAOHKe 9, 
K ~ K  E I C I I O A ~ ~ ~ I ~ ~ M  y-ro~~=, H m m m e  ~ a 3 ~ a ~ ~ e  H C I I O A T = ~ ~ ~ M O ~ O  y n m  

KOA 12 I l p o e ~ ~ ~ a ~  M o r u ~ o c ~ b  ( M B T I  3an~rume B KOA 12 npoeKm-ym/ 

C y l q e C T B y l o v  B H a C T O X q e e  B p e M R  MOIqHOCTb CTaH4H1.1 6e3 IIPOH3BOACTBa 

T e m a  PjLA q e H T p W 3 0 B a H H O r O  OTOlTAeHHB H a r I p H M e p ,  3aIIkICb "300/270" 
ossasaha 6b1 TO, YTO a r p e r a T  6 ~ 1 ~  paccqmm H a  YEICTYIO B b I p a 6 0 T K y  300 MBT 
6e3 IIpOH3BOACTBa T e I I A a  AIM I J e H T p W 3 0 B a H H O r O  OTOILAeHHR, a B H a C T O R u e e  

B p e M R  OH M O X e T  IIPOEI3BOAHTb 270 MBT 6e3 lIpOH3BOACTBa T e m a  &W 

I J e H T p W 3 0 B W H O r O  OTOITAeHkIR 

KOA 14 H O D M ~  O T K N ~ ~ ~ H H ~ ~  1%) B ~ I ~ ~ H H ~ M  ( H O B ]  3ar1~rrrme c p e $ , , ~ e r o ~ o s y m  

HOPMY B h I H y X A e H H b I X  O T K N ~ Y ~ H H ~  AaHHOrO al"peraTa B H H ~ W ~ H H ~ R  
H o p M a  o n u ~ ~ o s e ~ ~ 6  (%) p a c c s m s a e T c s I  T ~ K  

HOB = ( q B 0  / (8760 - WIO)) x 100 
rAe, YI7O - K o l L E l s e c m o  s a c o B  B c p e m e M  B rop,, Korp,a  o x m a e T c x ,  YTO 

a I ' p e r a T  6 y ~ e ~  B H e  pa6o~b1, B p e 3 y A b T a T e  He3aTYLaHEIPOBaHHbIX CAyYaeB,  I? 

YnO, K a K  OIIpe,4eAeHO B KOAOHKe 17 



Bce MecTHMe s a ~ p a ~ b ~  A O ~ ~ K H L I   LIT^ n e p e B e A e H M  B a M e p H K m c m e  A o M a p h I ,  

OCHOBMB~RCL H a  K y p c e  0 6 ~ e H a  B msape 1998 r o A a ,  K ~ K  no~a3a1-10 H m e  

KbIpr'hI3~TaH ~8 COM = 1 U  S  $ 
Kasaxc~m 76 ~ e ~ r e  = 1 U  S  $ 
Y ~ ~ ~ K E ; I C T ~ H  $2 CYM = 1 U S  $ 

KOA 17 T H ~  T3LJ Bn~rrrme " E " w  ~ y p 6 H H  c O T ~ O ~ O M  HAM "B" V ~ H H  c 
IIpOTIZBOAaBheHHeM 



KOA 18,19 M30 - TOIULNBHZiR KPEIBW 1 A O m a  ~ 3 0 6 p m a ~ b  pa6o~y n p H  M ~ K C H M ~ A ~ H O G  

20,21 ~ a r p y s ~ e  (T e ~ c n o ~ s s o s a ~ ~ e  M ~ K C  ~onusecma ~oruulsa) T o s ~ a  A 
npeACTaBA5ieT  KOlLElgeCTBO s ~ p a 6 a ~ s A B a e ~ o i i  3 A e K T p O 3 H e p r u l l  I I p H  

MaKCHMUGHOM KOAllPeCTBe C m a e M O r O  TOrULUBa EI HyAeBOM IIPOH3BOACTBe 

T e r v l a  T o s ~ a  C I IpeACTaBhReT M a K C H M a h b H O e  K O M e C T B O  B b I p a 6 a ~ b l ~ a e M 0 r 0  

T e r n  npx M ~ K C ~ ~ ~ , H O M  K o l L E l g e c m e  c x m a e M o r o  T o m u m a  H 

COOTBeTCTByIOweM IIPOH3BOACTBe 3 A e K T P 0 3 H e p I W M  T o ~ K ~  n p e ~ c T a 6 ~ e ~  

n p o M e x y T o s q m  T O ~ K Y  T ~ ~ A ~ / ~ A ~ K T ~ O ~ H ~ ~ I U M  n p H  M~KCHMWHOM 

C X H r a H H E I  T O l U H B a  

KOA 22,23 M30 -TOWBH~R KPMBZ~R 2 A o m a  1 3 3 0 6 p m a ~ b  pa6o~y n p H  cpewefi 
24,25 ~ a r p y s ~ e  (T e H C ~ O A . ~ ~ O B ~ H E I ~  cpe-ero ~ o h ~ s e c m a  T O I ~ L F I B ~ )  TOTEK~ A 

I I p e A C T a B h R e T  KOlLElgeCTBO sb1pa6a~b1sae~oii 3AeKTpO3Hepr r?H n p H  

Cpe#-IeM KOAWIeCTBe C X ~ a e M O r O  TOnnr?Ba H HyAeBOM l lpOH3BOACTBe 

T e m a  T o q ~ a  C I I p e A C T a B N I e T  MaKCEIMahbHOe KORIlgeCTBO ~b1pa6a~bI~ae~oro  
T e m a  npx c p e G e M  K o h M s e c m e  c x m a e M o r o  ToIVLMga M 

C O O T B e T C T B y I O ~ e M  lIpOH3BOjl,CTBe 3 A e K T p O 3 H e p m  T o s ~ a  5 n p e ~ c ~ a 6 h R e ~  

JIpOMeXJJTO¶HyIO TOPKY T ~ I I ~ ~ / ~ A ~ K T P O ~ H ~ P I ' & T H  I I P H  C p e A H e M  

C X H r a H H E i  TOrULIlBa 

B K o A o H K e  22 y K m e  K o m m e c m o  T o m a  (B r&c) npx pa6o~e a r p e r a T a  

H a  cpe#-IeG HaI 'py3Ke  B KOAOHKaX 23, 24, H 25 yKaXHTe KOlUlseCTBO 

3 A e K T O 3 H e p m H  (MBT 3AeKT ) / T e ~ u ~ a  (MBT T e r u l  ) PjLR TO¶eK A, B, 
EI C 

KOA 26,27 M 3 0  - TOIIAHBHlU3 KpHBaFI 3 A O A X H a  ~1306paxa~b pa6o~y l I p H  M H H E ~ M ~ A ~ H O ~  

28,29 H a r p y 3 K e  (T e HCIIOAb30BaHHe MHHMMahbHOrO KOhUgeCTBa TOTYLMB~) T O Y K ~  A 
n p e A c T a B m e T  KolLIl r IecTBo s b 1 p a 6 a m ~ a e ~ o f 3  3 ~ e ~ ~ p o s ~ e p m t l  n p H  

MHHMMaA.bHOM K O M e C T B e  C X N r a e M O r O  TOILN.IBa H HYAeBOM lIPOH3BOACTBe 

T e m a  T o s ~ a  C I I p e A C T a B h R e T  MaKCHMaAbHOe K O M e C T B O  sh1pa6a~b1~ae~oro 
T e m a  n p H  MHHHM~A~HOM K o m e c T B e  c x m a e M o r o  TorYLMBa x 
COOTBeTCTByIOweM npOH3BOACTBe 3 A e K T p O 3 H e p l X H  T o n ~ a  5 J I ~ ~ A c T ~ ~ ~ R ~ T  

r r p o M e x y - r o s H y m  T O ~ K Y  T ~ ~ ~ / ~ A ~ K T P O ~ H ~ P I U ~ I  n p ~  MHHMM~A.~HOM 

CXEIraHMM TOrVLEIBa 

B K o n o H K e  22 Faxme K o m e c m o  T o m B a  (B T,A,x) npu pa6o~e  a r p e r a T a  

H a  MHH H a r P Y 3 K e  B KOAOHKaX 23, 24, H 25 y K a X E I T e  KOhTneCTBO 

3 A e K T 0 3 H e p I X M  (MBT 3 A e K T  )/~erula (MBT ~erul ) ,4A5i T O s e K  A, B, 
u C 



KOA 19 B s e w e  K O ~ ~ C T B O  ~ A ~ K T ~ O ~ H ~ P ~ X  (B MBT ~ A ~ K T  ) / ~ e m a  (B MET ~ e n n  ) npn 
pa6o~e a r p e r a T a  n p H  C ~ ~ H E M  M ~ K C  KOAElgeCma TOrylElBa 

a 
KOA 22 B s e ~ e  n p o ~ e x y ~ o s ~ o e  s ~ a s e ~ x e  ~ o m e c m o    om ma (B r,@) n p ~  pa60~e 

a r p e r a T a  

KOA 23 f 3 ~ e w e  KOAElgeCTBO 3AeKTP03HePIUEI  (B MET 3AeKT ) / T e r n  (B MBT T e n  ) IIPM 

pa60l.e q e r a T a  I IPH CXlT- I I p O M e X  KOhklseCTsa  T O W B a  O ~ O ~ H ~ Y ~ H H O ~ O  

B KOA 22 

KOA 35 npoqem (%) 3aseprue~m Bnmwre B KOAOHKY 41 np0qeH-r  061qero 
3 a e p I L I e H k I R  I IpOeKTa K CerOAHRLUHeMY AHK) 



KOA 1 Hassm~e  C T ~ H U ; ~  B ~ m w r e  ~ a 3 ~ m e  T ~ M O B O ~ ~  c ~ a ~ q m ,  r ~ e  pacno~oxea 
a r p e r a T  

KOA 2 H O M ~ D  lkmera~a Hanmme ~ o ~ e p  arpera~a 

KOA 3 P a c n o ~ o x e ~ ~ e  C ~ a ~ u m  H ~ ~ M I I I M T ~  ~ a s s a ~ ~ e  ropo~a  HAM ~ e c ~ a ,  
6maiiruero AO c ~ a ~ q ~ k f  

KOA 4 Y ~ I D ~ B M I ~ U M  O ~ r a H H 3 a U H 5 i  Hankuume Ha3BaHEIe  KOMnaHMM, y I I p a B M I ~ o I q e f i  

A~HHMM a r p e r a T o M  

KOA 5 A a T a  B B O A ~  B ~ K C ~ I A V ~ T U E I H ~  Hamnume M € ? C R ~ / ~ O A ,  KOI'Aa a r p e r a T  6 y A e T  

B B e A e H  B 3KCrIAYaTwkM)  

KOA 7 P ~ C T O I I O ¶ H O ~  TOMEIBO, n O A B 0 A H M a R  Temo~a B KOAOHKe ? HaIIMIIII.rre 

KOhKseCTBO TOIIhI lBa B ~ ~ W O Y ~ R X  ( r e ) ,  EIClIOhb3yeMOI'O AAS XOAOAHOrO 

3aXIyCKa AaHHOrO X ' p e r a T a  tI AOCTHXeHHfl  MEIHEIM&%HO A O ~ I Y C T ~ ~ M O ~ ~  MOWHOCTEI 

~ o , A J ~ o ~ M M  TervLOTa AOluIcHa 6b11-b B h I p m e H a  H a  OCHOBaHHEI HEI3IUefi 

T ~ ~ I A O T B O P H O ~  C ~ O C O ~ H O C ~  

KOA 8 ( a ) ,  (6) OCHOBHO~ T O ~ B O  T H ~  1 H a n m m e  B K o A o H K e  8(a) H ~ ~ B ~ H E I ~  n e p B o r o  

O c H o B H o r o  mna T o m B a ,  1 1 c n 0 1 ~ b 3 y e ~ o r o  B ALHHOM arpera-re, T e yrofi, 
Ma3YT,  Alic-b~fi H ~ @ T ~ I I ~ o A Y K T ,  n p ~ i p o ~ ~ b ~ f i  ra3, EI T A B KOAOHKe 8(6) 
HaIIEIlUPiTe CTOIXMOCTb 3 T O r 0  T O M E I B a  B AOA C m  3a r e  
( q e ~ a  H a  R H B a P b  1998) 

KOA 8 ( ~ ) ,  (r) OCHOBHO~ T O ~ B O  T ~ l n  2 H a n ~ m m e  B KOAOHKe 8 (B) Ha3BaHEIe  BTOpOrO 

O c H o B H o r o  mna T o m s a ,  ~1cnofi3ye~oro B A ~ H H O M  a r p e r a - r e ,  T e yrou,  
Ma3YT,  A E ~ C T X A A T I ' H ~ I ~ ~  H~@T~IIPOAYKT, I I ~ l f p ~ ~ b ~ f i  ra3, EI T A B KOAOHKe 8(r) 
H a n t i m m e  CTOEIMOCT~ 3 ~ 0 r o  T o m B a  B AOA CLUA 3a r,A,x 
( I J ~ H ~  H a  R H B a P b  1998) 



KOA I KOA 2 KOA 3 KOA 4 KOA 5 KOA 6 KOA 6a KOA 7 KOA 8.3 KOA 86 KOA 8e KOA 81- KOA BA KOA 8e KOA 9 

I l a ~ s  C~auqnn No  Arperaia P ~ C ~ O A O ~  Crallqnn Ynpans Opr 

In 

I Tan~l~ap,wa!~cran- - - 1 -- - - r _- tlypncran M ~ ~ 3 1 l e p t 0  

2 -  - - -- - -- - - . 

- - - - - -  -- 

-- - - - - - - - -- 

A a ~ a  

nvcra 

- 1998 

Tnn 

Tonsnna 

ra3 

--!!Y=c- 
Bpeun 

nvcna luacl 

A /r 

- Ocnonnoe Tonrnmo - -~ 
Tenrora Tnn I CTOHMOCT~ Tnn 2 C~onuocrb Tnn 3 Cronuocrb Torrsno 

I r k )  Ton~nma Tnnl(S/rPJI) Tonnnma TnnZIS/Tbs) T0n~m.a 

- I 568 ra3 L! 54 

-- 

- I 

T n n 3 l S / r k l  C recb 1%) 

100 



KOA 1 KOA 2 K O A 1 0  K O A 1 1  K O A l l a  K O A 1 2  K o ~ 1 3  ~ 0 A 1 3 a  ~ 0 ~ 1 4  K O A 1 5 ~ 0 ~ 1 6  ~ 0 ~ 1 7  ~ 0 ~ 1 8  ~ 0 ~ 1 9  K O A 2 0  

n p a v e p  CTOHM 

3asepmesnm 

(ma Rna 1998 US $1 
1 6 3 6 ~ ~ 0 H  

X 
3asepm 

72 

n p o e n ~  ~ o o l ~ o c r r  TenA M o n l ~ o c r b  C ~ a n q n n  

H a m  C ~ a n q n n  N o  Arpera~a l l c r o v ~ ~ n n  him IKbm/KBT.SacU 
ine Y ram ~ O A  Harp n p o ~  Harp a n  Harp, noA Harp npou Harp MHH Harp 

T a A H M a p ~ a l l c ~ a ~  1 I _ - --- -- - - -- - - . - -  800 3 4  3 240 /&& c ? L C '  

~. - - - - -- - 
- - - - -- - - 

5 - - - -  - - - - -_ . _ - _ - - - . 

- - 

Peuom R Tex 06cn 

@HKC 

($/KBT/~OA) 

3906 

HOPMU (hM 

n e p e v  

($/MBT uacl 

6 ,  
m a n  

9 6  

B U H ~ X  

4 4 2  





KOA 1 ~ 0 ~ 2  K O A 1 3 ~ 0 ~ 1 4  K O A 1 5  ~ 0 ~ 1 6  ~ 0 ~ 1 7  ~ 0 ~ 1 8  ~0,119 ~ 0 ~ 2 0  ~ 0 ~ 2 1  KOA 22 KOA 23 KOA 2 4  KOA 25 

l ~ n e  

I 

2 

3 

4 

5 

6 - - _- - - 

7 - -- 

8 - - - -- - 

10 - --- - - 

11 

No Arperara 

- - - - - 

-- - 

.- -- 

-- - . 

- ~ 

Ifam C T ~ I I ~ H H  

- - - 

- - -- . 

-- - - - - - 

- - - - 

_ - - - - - - 

HOPMU mw_ 

~p 

n n a ~  

- 

B ~ I H ~ X  

. -. 

P ~ M O H T  n Tex 0 6 ~ ~ -  

@HKC n e p e ~  

Tnn 

. -~ 

($/KBr/ro~) 

.- - - 

($/MBr sac)  

-- -- -- -. 

-. - -- 

- U 3 o - T o n ~ m a n  Kptiaan 1 

KOA-BO ToYKa A To'c~a B Tows C 

U3o-Ton~asuan Kpnaan 2 

KOA-no To-t~a A T O Y K ~  B T o s ~ a  C 

Tom [rM) M B T ~ / M B ~  Tom IrPMI M B T ~ / M B I ~  M B T ~ / M B ~  MB-re/MBn MBT~/MB+T M B T ~ / M B ~ ~  



KOA 1 KOA 2 







bmm 6 1 M a ~ c m a m ~ a ~  Exeromax BHyrpe~Has Harpvs~a IMBT~ Aa~b  MaKCElMahbHhIe 
exerop;Hue ~ a r p y 3 m  P ~ L R  Bcex neT c 1989 no 1997 M~KCHM~TSH~R exeromax 
HaI'py3Ka AOluKHa IIpeACT8Bhffl.b co6oG 06- C O B T I ~ W ~  TIpOH3BeAeHHyIO 
6aso~ym ~ a r p y 3 ~ y  ~ j ~ d f  ~ 3 p a e ~ o G  c~p- wm pemoaa, ~ l c m m n a  ~ K C ~ O ~ T  
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AUCT 1 H3 7 

AUIIWR] C C ~ U I I  

Bocwpece~lae HOUR 

0 1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  1 1 0  1 I1 1 1 2  1 1 3  1 1 4  1 1 5  1 1 6  1 1 7  1 1 8  I 1 9  1 2 0  1 2 1  1 2 2  1 2 3  

-- - 
6 6 1 3 w ~ a  16631 1 6195 L&1 162346275 [6235 [@ 16553 1 6742 bG[ 6&9] - 641 1 ( 6031 1 6271 1 6335 1 6335 ( 6363 1 6689 1 7049 1 7169 171 57 ( 6981 ( 6677 ( 6635- 

- - - - - - 
6 37 1 f3;rla 1 5487 [_50El-i1!j0791@150875507 5649 [ 57631 5 7 7 4 1 f i 5 6 4 9  1 5673 1 5673 1 5553 1 5571 1 5349 1 5339 1 5270 1 5270 1 5636 1 5812 1 5837 1 5821 1 5589 

6 38 I ACTO 14537 1 4111 - - - 1 4123&0?l%1I4@ --- - 14409 [ 4524 T 4 4 9 5 1 4 4 - 4 2 7 8 4 - 0 Z  
- - ---- - - -  - - - -- - - 

6 39 1 Ocellb 14871 1 47251 4723 1 4607 1 4621 [4757T4761[4897r4923] 4756 1 4792 1 4676 1 4622 1 4622 1 4672 1 4652 1 4662 1 4672 1 4692 1 4861 1 5307 1 5431 1 5091 1 5057 

AHIIHR 

- - - - -- - - [ I n r p ~ ~ ~ 9 3 1 ~ c t 4 r c 6 f ~ 3 9 & 1 %  34 
-6 40 --_3E_a- 

- - - -- - -- - 

1 1  
6 4 1  - 1 B T ~ I J  I : - l -  I 17_7 -- I 

., 
IYI~II I I ITE~LLIrT I 5 4 2  

6 43 Ocetlb 

Boc~pecelrbe HOUR 

C e 3 0 ~  0 ( 1  2 3 4 5 6 1 7  10 8 9 11 12 13 14 16 15 17 18 19 21 20 22 23 



Aa~rrruc no q a c o s u ~  k i a r p y 7 ~ a ~  Ira Twnwsrrym H e ~ e m  B K a x q o ~  C e 3 o ~ e  B 1995 H 1997 

1111111 Cesolr 

l l o ~ i e ~ e n s ~ ~ w ~  HOUR 
0 1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  110 1 1 1  112 113 114 1 15 116 117 118 119 120 ( 2 1  122 123 

6 36 I 3 ~ ~ 3  - 1686$3~6I 6%51609~I6~9~6487~r6800~i$ii%5 1 6576 1 6612 1 6582 1 6601 1 6551 1 6566 1 6478 1 7016 1 7279 1 7259 1 7179 1 7011 1 6871 

6 37 I B C ~ I ~  - 1 5535 F009r-997 5007 1 5037 1 5331 1 5 5 4 6 1  5865 1 5803 1 5730 1 5658 1 5463 1 5255 1 5185 1 5205 1 5085 1 5085 1 5593 1 6155 1 6241 1 6175 1 5617 

6 38 1 &a - -- 1 5 0 2 7 4 5 1 3 h 6 3  1 4383 1 4 3 6 3 k G T  4971 1 4953 1 5008 1 5137 1 5195 1 5180 1 5196 1 5166 1 5095 1 5067 1 4862 1 5939 1 5127 1 5213 1 5325 1 5463 1 5464 1 5247 

- -- 

6 39 1 0ce11b 14858 1 4747 1 4779 1 4749 1 4809 1 4789 1 4867 1 4952 1 5054 1 5123 1 5203 1 5161 1 5107 1 5077 1 5067 1 5057 1 5046 1 501 I ] 5021 1 5286 1 5596 1 5576 1 5424 I 5152, 

h n e  

- - -- -- 

6 40_ W~nter - L I 
- 

- 1 - -  I 1 
- 

6% S"rn!er- -- 

- 

~ O I ~ @ A ~ A ~ I I H K  HOUR 

Season 23 18 15 12 19 16 7 17 13 4 0 20 14 2 1 8 3 5 21 10 9 6 22 1 1  





l aC,n~r~~a b - 3 

~ ~ I ~ I I L I P  1 1 0  q a c o n r l ~  tk1rpy3~arf rra T~inuqrrym H e ~ e m  B K a m ~  Ce3orle B 1995 w 1997 

C P ~ A ~  HOUR 
.urrnl Lea011 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  1 1 0  1 1 1  1 1 2  1 1 3  1 1 4  1 1 5  1 1 6  1 1 7  1 1 8  1 1 9  1 2 0  1 2 1  1 2 2  1 2 3  

6 36 I 3 u ~ a  16727 1 6561 1 65231 i i i j 3 6 i i 9 ]  6661 1 6677 ( 6689 1 6681 1 6707 1 6707 1 6737 1 7585 1 7491 1 7569 1 7377 1 6917 1 6937: 

6 37 1 Becrla 1 &lG4 52641 53445400[54561 - 56Gi 1 b&8] 5672 1 5756 1 5746 1 5570 15556 1 5570 1 5596 1 5606 1 5392 1 5732 16001 1 6027 1 6029 1 5747 1 5745 

6 38 1 APTO 1 5069 14343 1-4GF39T4-7 1 4 - 3 1 5 a  534 539515432] 5356 1 5320 1 5294 1 5320 1 5343 1 5376 1 5339 1 5383 1 5435 ) 5459 1 5527 1 5653 1 5639, 

- - -- -- - - - - 
6 39 I Ocerrb 1 4875 1 4 8 6 1  461d 46651 48651 50071 5103 1 5229 1 5240 1 5399 1 5399 1 5331 1 5335 1 5371 1 5403 1 5193 1 5156 1 5130 1 5090 1 5263 1 5870 1 5792 1 5534 1 5306 

Lrnel Season 

I 
- 

C P ~ A ~  HOUR 

0 1 1  ( 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  1 1 0  1 1 1  12 1 1 3  1 1 4  1 1 5  1 1 6  1 1 7  18 1 1 9  1 2 0  1 2 1  1 2 2  1 2 3  



Aari~~bre no '{ac00blM Harpysua~ Iia Tunusrlym Henem B K a q o ~  Cesorie B 1995 W 1997 

rietsepr HOUR 

~ I I I U ~  C C ~ O I I  0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  ( 1 0  1 11 1 1 2  1 1 3  1 1 4  1 1 5  ( 1 6  117  ( 1 8  1 1 9  1 2 0  1 2 1  1 2 2  1 2 3  --, - -  - - 
6 36 3 u ~ a  - 6566 [62!5162951629ir6355 1 6379 / 6499 [ 66l&r&?d 66471 6577 1 6186 16252 1 6234 1 6267 ( 6365 1 6314 1 6474 1 7386 1 7377 1 7455 1 7441 1 7023 1 6833 

- -  
6 37 [ B&II~--- ( 5705 r563l E G k ]  5471 1 5497 (5767 1 5859 1 5854 1 6266 1 6362 1 6387 ( 5799 ( 5809 1 5699 ( 5607 1 5651 ( 5844 1 5912 ( 6065 ( 6239 1 6227 1 5875 1 5853~ 

5 3; [ jiI\;Thh 1 460914415 1 4395 1 451 1 1 441 1 1 4759 1 53791 4 5 5 0 0  1 5603 1 5609 ( 5550 1 5336 1 5508 1 541 1 1 5259 1 5252 1 5277 1 5297 ( 5297 1 5365 1 6639 1 5603 1 5229 
- - - -- - - 

6 39 [ Ocetlb 1 5140r464214732 [ 4722 ( 4722 1 4686 1 4782 1 521 1 1 5354 1 5357 1 5324 1 5227 1 5308 1 5180 1 5189 1 5193 1 5246 1 4926 1 5002 1 5532 1 5782 1 5732 1 5348 1 5294 

Y e r ~ e p r  HOUR 

L~ne Season 0 1 1  2  3 4  5  6  7 8 9  10 11 1 2 1 1 3  14 15 16 17 18 19 20 21 

6 40 W~nter - r - L  I I I 



I a61111la 6 - 3 

Aarrrrr IP no q a c o n w ~  t l a r p y s ~ a ~  rra Trinusrlylo H e ~ e l u o  B K a m o n  Cesolie B 1995 H 1997 

Aarllrble no Y ~ C O B ~ I M  Harpy3~aM rra TA~U'~HYIO H e ~ e m  B K ~ o n  C e a o ~ e  B 1997 

nrrrfl C C ~ O H  

~ R T I I H ~ ~  HOUR 

0 1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  1 1 0  ( 1 1  1 1 2  1 1 3  1 1 4  1 1 5  ( 1 6  1 1 7  1 1 8  1 1 9  1 2 0  1 2 1  1 2 2  1 2 3  

revrson 0 02110198 

- - - - - -- -- - - - -- - - - - - - 
6 36 I 3 u ~ a  1 6699 1-6557 - I 6477 1 -- 658954991 - - 65J916681T - 6740 - 169221636979 -- / 6759 1 6759 1 6763 1 6761 1 6727 1 6733 1 6692 1 7466 1 7563 1 7563 1 7075 1 6917 1 6781- 

- - - - - - - A a - - - -- - - - - 
6 37 1 B~crra 1 55621 546715435 - - - - 1 -- - 54391556l15533L5559 - -- I 56367 57451 5941 b g l 5 7 8 4  1 5740 1 5538 1 5452 1 5587 1 5607 1 5742 1 5920 1 6200 1 6326 ( 6338 1 5632 1 5542 

- - - - - - - - - - - -- - - - - - 
6 38 1 ACT" 1 49601 4Gd4287 - - L42671430714697 - -- - - - - 4955b41150681501d - -- -- 5041 1 4966 1 4932 1 4990 1 4975 1 491 9 1 4959 1 5007 1 4959 1 5004 1 4994 1 5122 1 5164 1 5046 

- - - - -- 

6 39 1 Oce~sb  1 4993 1 4746r47524752 1 4792 1 4822 ( 4752 1 4982 1 5152r5085 1 5319 1 5196 1 5150 1 5014 1 4991 1 4937 1 4948 1 4949 1 4947 1 6655 1 5665 1 5601 1 5133 1 5083 

Llnel Season 

~ R T H H ~ ~  HOUR 

0 1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  1 1 0 1 1 1  ~ 1 2 ~ 1 3 ) 1 4 ~ 1 5 ~ 1 6 l 1 7 1 1 8 ~ 1 9 ~ 2 0 ~ 2 1 ~ 2 2 ~ 2 3  

- - 

I 









~ H H E I  ? 1 M ~ K C R M ~ ~ ~ H ~ S I  Exeromxa BWVTD~HHRR H m y 3 ~ a  ~ M B T ~  A a n  MaKCklMahbHbIe 

7 5, exero,pMe 1-1arpy3~z-i w 1998, 2000, 201 0, 2015 M~KCRMCUGH~SI elrcerowacr 
? 9 HqY3Ka AO-a IIpeACTaBA5iTb co6oCi 06111710 COBIIwaIOIII7I0 IIpOEI3BeAeHHyIo 

6 a 3 o ~ p  ~ a r p y 3 ~ y  P ~ L R  ~ 1 3 ~ a e ~ o C i  C T ~ ~ H H  m pemoHa, E I C K ~ I ~ ~ ~ F I  ~KCIIOPT 

AaHHbIe AOlVKHbI 6- IlpeAOCTaBAeHhI $$S Ym6ohee Bepomoro, BbIco~oro M 

H H ~ K O ~ O  cqeHapm 

~ H H I ?  ? 2, BH~HHRFI ~ D O A ~ ~ J K ~  (TBwl A a ~ b  MaKCIlMahbHbIe eXer0AHhIe IJH@pb1 
7 6, npoAa.XEl Ji,M 1998, 2000, 2010, 201 5 A ~ H H M ~  AOAXHhI 6b1~b  IIPeAOCTaBAeHbI PjLR 

7 10 HmGohee Bepomoro, Barco~oro H H ~ K O ~ O  c q e ~ a p m  

"LIIHMM ? 3, ~ O T ~ D M  l r B ~ s l  MaKCHMWHbIe eXerO@bIe ~ M @ P M  IIOTePb 1998, 2000, 
7 7, 20 10, 2015 , A , a ~ ~ u e  AOAXH~I 6 m  I I P ~ A O C T ~ B A ~ H H I  $$s Hm6onee Bepomoro, 
? 11 Bh~co~oro M HMSKO~O cqeaapm 

~ H H M  ? 4, ~ O A O B O ~  BHyveHHee n o m e 6 h e ~ ~ e  f r B ~ 9 )  MaKCEIMiVibHbIe exeroAHbIe 
7 8, qM@pbl BHYl"peHHer0 110~pe6he~m PjLR 1998, 2000, 2010, 20 15 ,&,aH~bIe AOAXHbI 

7 12 6- n p e ~ o c ~ a m e ~ b ~  HmGonee Bepomoro, Bh~co~oro EI H H ~ K O ~ O  
CqeHapIlsI AaH~ue  AOAXHH 6b1~b IIpeACTaBAeHbI Ha OCHOBe B ~ I P ~ ~ O T K H  (T e 
smsa n o ~ e p ~ )  









~ H E I E I  ? 25 - ~ ~ ? D c I I ~ K T ~ ; I B H ~ R  I I D O A m a  3AeKTp03HeDrtlJi l  IIO CeKTODaM f rBlT\  
7 29 npe~ocTE%b AaHHbIe 0 T e  @$I II~PCII~KTMBHOH IIpOAa7KH 3AeKTP03HePl 'HH IIO 

CeKTOpaM PjLR 1998, 2000, 20 10, 20 15 rOAOB A a H ~ b 1 e  AOXKHbI 6 b 1 ~ b  

IIpeAOCTaBAeHbI @$I HmGo~ee Bepomoro C q e H a p H f l  



Line 

7 25 

7 26 

7 27 

7 28 

7 -- 29 
7 30 

C e ~ ~ o p  

JS -4 2p-i" 2 / - ~ ' 3  
K O M Y H ~ A ~ I I ~ I ~ ~  - - - - - - - 

M H A Y C T P H ~ A ~ I I ~ I ~ ~  - - - 

JAPYrME) @onkrc<& kpc, 4, 
- - - - -9???2ucu[l J 9r 

0 6 q a ~  l l p o ~ a x a  

1998 

2' flc 

9- 
l c k  $-C 

(393-6-  

( 3  ?f 
4 : ~ V m  

2000 

k;"c 

~ s 3 y c  

(L4"  
C ~ 7 8 @  
f 5- 

k 3 6 ~ ~  

2005 

i' -re 
/! JZa? 

( %  6 0  

fi$& 
("?'c 

Y 6 Z o - c  

1999 

?( c 
L C ~ ~ Z F  

/13*" 
f ( f c ( 4  
C Y / c  
y / t / ~ *  

2010 

(6 C c  
~ z ~ Z - - Q  

f q ~ ~ ~  
l d ? ~ 6  
' 2 - t ' ~ ~  

S/3(@* 

20 15 

. 

r 9 & 2 o  

75~9~ r 
i??'* 

z a5T 
<#-5'---c 





~ I ~ l C e 9 ~ l  0 I 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  110 I l l  112 113 114 115 I16 117 118 I19 I20 121 122 123 



- Y i x u  
I b ~ t ~ I ~ I  0 I 1  1 2  1 3  1 4  1 5  1 6  1 7  I 8  1 9  I10 I l l  112 I13 114 115 ti6 117 118 I19 120 121 I22 123 



~ I ~ I C e s a r l  0 I 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  110 I l l  112 113 114 115 116 117 118 119 129 121 I22 123 





nRnaala 
~ I ~ I ~ l  0 1  1 1  2 1  3 I 4  I 5  1 6  1 7  1 8  1 9  I10 I l l  112 113 114 115 116 117 118 119 1 2 0  I21 1 2 2 1 2 3  







Bocnpecenbe HOUR 
23 

-- -- - 
- 

- 

J I 

7 47 3nua 

201.5 7 4 8  -q---> 
, 

7 49  

7 50 O C ~ H ~  

21 ~ O A  AHIIWR C ~ ~ O H  0 1 2 3 4 5 6 7 8 9 10 1 1  12 22 17 

- 

- 

13 18 19 20 16 14 15 



sheet 2 of 7 

TOA 

1998 

I ; ;; I - -  - -  -- - -  1 ---iIIfitIl. 
-- -I 

l l o ~ e ~ e n s n n ~  HOUR 
Anlrnfl 

7 31 

7 32 

Ce3o11 
311ua 
Brc1la 

0 3 

- 

-- 

1 

- 

- 

2 

. 

. 

4 

- - - - 

- - - -r  

5 

-- . 

6 

.- - . 

7 

- - . 

16 21 

-. 

22 8 

- - 

17 23 1 1  

- 

19 18 20 

-- 

9 12 

.- 

10 13 

- 

14 15 







sheet 5 of 7 

K p w s a ~  C f a c o B b 1 ~  3 A e K T P U 4 e C K A X  f f d r P Y 3 0 K  T W ~ ~ W ' I H O ~ ~  I leAeAH KdXAOrO B p e M e H H  rOAa 

'Iersepr HOUR 

Ton AMIIUR C e s o ~ ~  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
7 3 1  . ?!*~a_ -- - - 



sheet 6 of 7 

Ilnrnnqa HOUR 

-- 

.- 

~OOo - -- 

23 

2005 
Aero -- 

21 20 ~ O A  AHIIUR Ce3orl 0 1 2 3 4 5 6 7 8 9 10 11 

73L _ ??!!a . -- - 
- - 

-. 

- 
- 

22 

3aua 

A e ~ o  

Ocettb 
.... 

- 
- 

12 

- 

15 13 

3~ 
Bectta 

 TO 

Ocettb 

2015 

-- 

16 14 

747 -= 
7 49 

7 50 

17 18 19 





KYRGYZ REPUBLIC 







2 6 Kame TI?IIbI a r p e r a T O B  Pi T O W B  PeCCMaTPHBESOTCR B IIepCIIeKTEIBe 0 6 e c n e ~ e ~ m  
~ ~ A J F U J H X  H ~ ~ P Y ~ O K ?  



KOA 1 H a 3 ~ a ~ ~ e  CT~HI.IHH B n m m e  H a 3 B a H H e  T ~ T I ~ O B O G  CTaHI.JHH, r A e  P a C n O A O X e H  

a r p e r a T  

KOA 2 H o ~ e p  Amera~a H a n k ~ m m e  H o M e p  a r p e r a T a  

KOA 3 P a c n o ~ o x e ~ ~ e  CT~HIIHH H a n ~ m m e  ~ a s s a ~ ~ e  ropoAa K U ~  M e c T a ,  

6 h k u ~ a i i r r r e r o  AO C T W ~ H H  

KOA 4 Y r r ~ a ~ ~ m r r r a ~  O ~ r a ~ m a r r ~ s r  H a n ~ m m e  ~ a s ~ a ~ ~ e  K O M ~ ~ H H H ,  ynpa~mmqeG 
A~HHIJM a r p e r a T o M  

KOA 5 A a ~ a  B B O A ~  B ~ K C I M V ~ T ~ I I H I O  H a r ~ ~ m m e  ~ e c z q / r o ~ ,  KOrAa arpera~ 6bm 
BBeAeH B 3KCMYaTa4ZUO 

KOA ? P ~ C T O ~ O ¶ H O ~  T o m ~ o  B KOAOHKe 7 HXIXlIIHTe H a 3 B a H H e  TOllLHBa (T e 
M C ~ ,  ~a3y-r E? T A ), H C I I O I S ~ ~ ~ M O ~  r r y c K a  a r p e r a T a  

KOA ?(a) B U ~ M R  ~ V C K ~  B KOAOHKe 7(a) HaIIHIIIElTe B p e M R  (B sacax) H ~ O ~ X O J ~ M O ~  

n p H s e A e H m  arpera-ra ~o M E ~ H H M ~ R ~ H O G  ~ a r p y 3 m  n p H  XOAO,A,HOM sarryc~e 

KOA 9(a) ,  (6) OCHOBHO~ T O ~ M B O  Txn 1 Hanxrrrme B KOAOHKe 9(a) H a 3 B a H H e  n e p B o r o  

OCHOBHOrO T H n a  T O M B a ,  HCIIOAb3YeMOrO B AaHHOM a r p e r a T e ,  T e F O A L ,  

Ma3YT, , A , H c T E ~ ? ~ R T H ~ I ~ ~  H~@T~IIPOA,YKT, ~ T P H P O ~ ~ I G  r a 3 ,  H T A B KOAOHke 9(6) 
H a n m u m e  CTOEIMOCT~ 3~01-o T o w B a  B AOA CUZA 3a rm 
( y e ~ a  H a  R H B ~ P ~  1998) 



KOA 9 ( B ) ,  (r) OCHOBHO~ TOIYLMBO THE 2 Ha r r~mme  B KOAOHKe 9 ( B )  H a 3 B a H H e  BTOpOrO 

OCHOBHOrO TMIIa TOIYIEIBa, HClTOAb3YeMOrO B AaHHOM a I ' p e r a T e ,  T e YrOAb, 

Ma3YT, ,AJ~CTH.A.MWH~I~~ H~@T~IIPOAYKT, llpk1~0,A,HbI6 ra3, 13 T A B KOAOHKe 9(r) 
Hanz-imme CTOHMOCT~ 3 ~ 0 r o  TorULUBa B AOA CLUA 3a T,A,x 
( q e ~ a  H a  R H B a P b  1998) 

KOA 9 (A), (e) OCHOBHO~ To-0 THE 3 H a n m m e  B KOAOHKe 9 (A) H a 3 B a H H e  T p e T b e r O  

o c H o B H o r o  m a  ToIyLUBa, H C ~ I O I L ~ ~ ~ ~ M O ~ O  B A ~ H H O M  arpera-re, T e y r o u ,  
Ma3JT, AI~CTMNUTTH~IG H ~ @ T ~ I I P O A ~ K T ,  I I P E I P O A H ~ I ~  ra3, EI T A B KOAOHKe 9(e) 
H a n ~ r r r m e  CTOHMOCT~ 3~0ro TorULUBa B AOA CLUA 3a r,A,x 
( q e ~ a  H a  R H B a p b  1998) 

KOA 10 T o m ~ o  C M e c b f % )  no K-OMy TEUly TOllUfBa,  ODpeAeAeHHOMy B KOAOHKe 

9(a) - (e), 3aIIllrrrHTe n p 0 q e H T  (%) K m O r O  TOIyLUBa, HOPMaAbHO 

I I o T ~ ~ ~ M ~ M o ~ o  3a rOA H m p ~ ~ e p ,  CTpOKa X50/30/20" B KOAOHKe 10 
03~aqam 6b1, wo exero-o yrom A a e T  50% noii,Bo,iy~ofi T e r m o n I ,  ~a3y- r  - 
30% nopgofftlhlofi T e r n o m ,  a n p ~ p o ~ h ~ f i  ra3 - 20% IIOABO,A~MOH T e n o n 1  

KOA 12 ~ D O ~ K T H ~ R  M O ~ H O C T ~  ( M B T )  3alJXIJJHTe B KOA 12 I IpOeKTHyro /  

cy-qecmyroqym B H a c T o m q e e  B p e M x  M O ~ H O C T ~  c~mqm € i i ~ 3 ~ 0 a ~ a  
T e m a  ~ ~ o - o T ~ ~ ~  Hanpmep, 3 a n ~ c b  "300/2- - 
ossasana 6b1 TO, TO a r p e r a T  6m paccsmm H a  s k ~ c ~ y - m  B T J ~ ~ ~ ~ - T K ~  300 MBT 
6e3 llpOH3BOACTBa T e l l h a  j?+R q e H T p W 3 O B a H H O r O  OTOIIAeHHR, a B H a C T O R u e e  

B p e M R  OH M O X e T  IIPOkI3BOAHTb 270 MBT 6e3 IIPOH3BOACTBa TerJAa &W 

qeHTpCiA2I30BCiHHOrO OTOIIAeHEvr 

KOA 14 H O D M ~  O T K N ~ ~ ~ H M ~ ~  (%) B ~ I ~ ~ H H ~ T X  ( H O B 1  3 a n F i L U m e  CPeAHeTOAOBYIO 
HOPMY B b I m e H H b I X  O T W L H ~ ~ ~ H H ~ ~  &@3 &lHHOI'O a r p e r a T a  B ~ I K ~ ~ ~ H H ~ R  
H O p M a  O T K N O ~ ~ H R ~ ~  (%) PaCC9HTbIBaeTCR T a K  
HOB = (4BO / (8760 - 9ll0)) x 100 
r A e  ~ B o  - K o m e c m o  s a c o B  B c p e w e M  B r o A  K o r A a  o x m a e T c R  s ~ o  
arperaT 6 y ~ e ~  B H e  p a 6 o ~ b 1 ,  B p e 3 y ~ Y b T a T e  H e 3 a l U a H H p O B a H H b I X  CA)TaeE Pi 

YnO KaK OlTpeAeAeHO B KOAOHKe 13 



@ M K C M P O B ~ H H ~ I ~  3 a T p a T b I  H a  T e X  O ~ C A Y ) K E I B ~ H H ~  M TeKYIIJHfi PeMOHT 06b19~0 
B K I L K I Y ~ T  B c e 6 ~  3aprna~y~ HaKha,zipbre pacxoppI ,?ya nepcoaaha, 
B b I n o m a I o q e r o  p e M o m  EI T e x  o ~ c A Y ) ~ c E I B ~ H H ~ ,  a TaK me C @ M K C H ~ O B ~ H H ~ K I  

¶aCTb PaCXOAOB H a  M a T e p H a A b I  lI0 P e M O H l y  

Bce MecTHbIe  3 a ~ p a m  AOAXH~I 6 b 1 ~ b  n e p e s e A e H b r  B a M e p m a H c m e  A o m a p b I ,  

OCHOBbIBaRCb H a  KYPCe 0 6 M e H a  B R H B a p e  1998 rOAa,  KaK lTOKa3aHO HEUKe 

KOA 16 3amam ~a P e ~ o m  I? T e x H k f g e C K ~ e  0 6 c n y x ~ ~ a ~ ~ e  n e ~ e ~ e ~ ~ b ~ e  ( $ M B T ~ )  

3anmme B K O A O H K ~  20 Pacn exero,a,Hm s a ~ p a ~  H a  p e M o m  H T e x  

06cnyxrnme m A m H o r o  a r p e r a T a ,  ~ o ~ o p a s r  ~ ~ B H C E I T  OT ~arpy3m a r p e r a T a  

l l e p e ~ e ~ ~ b l e  3a~pa~b1 B OCHOBHOM B W P ~ T  T a m e  I I O T ~ ~ ~ I L R ~ M ~ I ~  

M a T e p H a h b I ,  KaK Bat, XXEIM_EIKaTbI - E3: Ap M a T e P H a h b I ,  KOTOPbIe I I o T ~ ~ ~ I L R H ~ T c s I  

~ P O I I O P W O H ~ ~ ~ H O  nonesaoii npo~3~0~4 . r r e f i~oc rn  A m H o r o  ape ram 

KOA 17  TI?^ T3I4 Bn~rrrme " E " m  ~ y p 6 ~ ~  C O T ~ O P O M  m "Bl1 m W ~ H H  c 
lTpOTMBOAaBAeHHeM ; 

&R MOAeMiPOBaHkIR IIpOM3BOA5iTeAbHOCTM a r p e r a T O B  T3LJ H O ~ X O $ , ~ ~ M O  3 H a T b  MX 

TeI IAoBble /  3AeKTpEIYeC KMe XapaKTepMCTMKM T ~ ~ O B ~ ~ ~ / ~ A ~ K T P E I Y ~ C K M ~  XapaKTepMCFMKM MOXHO 

0 ~ 0 6 p a 3 H T b  EICnOAb3YR M30 -TOTULI.IBHbIe KPMBbIe TYP~EIH C O T ~ O T O M  naps (TMn E) M KpMBbIe 

B B O A ~ / B B ~ I B O A ~  PjLR V ~ H H  C IIPOTEIBO,4ClBAeHHeM (TEIlT B) PMC~HMKM a EI 6 HaI'AH,A,HO 

IIOKa3bIBaIOT T a m e  KPHBbIe 



KOA 22 Bseffu~e n p o ~ e x y ~ o s ~ o e  s ~ a s e ~ ~ e  ~onur~ecmo T O I ~ L ~ B ~  (B I'M) n p ~  pa60~e 
arpera-ra 

KOA 23 Bse,a,me K O n u r I e c m O  3 A e K T p O s H e P I T H  (B MBT ~ A ~ K T  ) / T e m a  (B MBT T ~ T Y L  ) I I p H  

pa60l.e a r p e r a T a  I I p H  CXCEITaHHEi I I P O M e X  KOABXeCTBa TOrYLUBa O ~ O ~ H ~ ~ ~ H H O ~ O  B KOA 22 

KOA 27 Bsepqrre K O M e C T B O  3 A e K T p 0 3 H e P I T H  (B MET 3AeKT )/Te1IAa (B MBT TeTYL ) I I p H  

pa6o~e W p e r a T a  I I p H  CXEITaHHkI MEIH KOhKgeCTBa TOrYLUBa O ~ O ~ H ~ ~ ~ H H O ~ O  B 

KOA 26 
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MHCTPYKLJMM &W TA6AMLJbI 4 - 2 

KOA 1 Hassa~xe CT~HUBI?. Bn~lmme Ha3BaHBe T ~ M O B O ~  CTaHIJEIEI, rAe paClIOAOXeH 

a r p e r a T  

KOA 2 H O M ~ D  Amera~a Hm~lrrme ~ o ~ e p  arpera~a 

KOA 3 P a c n o ~ o x e ~ ~ e  CT~HLIHN Hm~rnme ~ a 3 ~ a ~ ~ e  r o p o ~ a  m ~ e c ~ a ,  
6 ~ m ~ h e r o  A 0  C T a H 4 H H  

KOA 4 Y I I ~ ~ B M I O L I I ~ ~ I  O D ~ ~ H H ~ ~ I I H R  H m k ~ m m e  H a 3 B a H H e  KOMTIaHHH, ~11paBh~10Iqe i i  

A~HHLIM a r p e r a T o M  

KOA 5 ,&a~a B~ona  B ~ K c T L A ~ ~ T ~ L I H I O  Hm~mrnme M ~ C X ~ / ~ O A ,  KOrAa  a r p e r a T  6yAe~ 
BBeAeH B 3 K C M Y a T q H I O  

KOA 6ja) B D ~ M Z  ~ V C K ~  B KOAOHKe 6(a) H-me B p e M R  (B sacax) H ~ O ~ X O J , H M O ~  

n p m s e A e H m  arperaTa ~o M E I H ~ I M ~ H O C ~  Harpy3Ia-i n p ~  X O A O ~ O M  sarryc~e 

KOA 7 P a c ~ o n o s ~ o e  T O ~ B O ,  l-Iom0~41~m T e m o ~ a  B KOAOHK~ 7 ~ a n ~ m m e  
K o m e c m o  ToIylEIBa B ~ E I ~ W O Y ~ R X  (rm), ~ c n o f i 3 y e ~ o r o  w x o A o w o r o  

sanyc~a  A a H H o r o  a r p e r a T a  H A o c n m e H m  M H H H M ~ H O  ~ o n y c m ~ o i i  M O ~ H O C T H  

~ O J , B O ~ ~ ~ M B  T e l l k O T a  A O A X H a  6b1~b B b I p a X e H a  H a  OCHOBaHHEi H H ~ u I ~ ~  

T ~ I I A o T B o P H o ~ ~  C ~ O C O ~ H O C T E I .  

KOA 8 (a), (6) OCHOBHO~ T O ~ B O  Tan 1 Han~rrrme B KOAOHKe 8 (a) H a 3 B a H H e  n e p B o r o  

OCHOBHOrO TEIIIa T O l U H B a ,  HClIOAb3yeMOrO B AaHHOM a I ' p e r a T e ,  T e YTOAb, 

Ma3YT,  mCTICMTI"I'bI% H~@T~IIPOAJXT, I I P E I ~ O A H ~ I ~ ~  ra3, H T A B KOAOHKe 8(6) 
H a n x m m e  CTOMMOCT~ 3~01-o TorULMBa B ,A,oA CLLIA 3a r,Ap 
( I J , ~ H ~  H a  R H B a P b  1998) 

KOA 8 ( ~ )  (rj OCHOBHO~ T o n m ~ o  T L . ~ :  2 Hanmmme B KOAOHKe 8 ( ~ )  H a 3 B a H M e  BTOpOrO 

OCHOBHOrO T H I I a  T O W B a ,  MCIIOAb3YeMOrO B AaHHOM a r p e r a T e ,  T e F O A b ,  

M a 3 y T ,  , ~ + ~ C T W Y L R T H ~ I ~ ~  H ~ @ T ~ I T ~ o A J X T ,  l I ~ E i ~ 0 A H b I f i  ra3, H T A B KOAOHKe 8(r) 
H a r m m m e  C T O ~ M O C T ~  3 ~ 0 r o  T o m B a  B ,A,oA CLLIA 3a T,Ap 
( q e ~ a  H a  R H B a P b  1998) 



KOA 8 ( ~ ) , ( e )  OCHOBHO~ T O ~ B O  Txn 3 Han~rrrme B KOAOHKe 8 ( ~ )  H a 3 B m H e  T p e T b e r O  

O c H o B H o r o  mna  T o m B a ,  ~1cnofi3ye~oro B A ~ H H O M  a r p e r a T e ,  T e yrou,  
Ma3YT, ~ C T E Z N L R T H ~ I ~ ~  H ~ @ T ~ I I ~ o A Y K T ,  T I ~ H P O A H ~ I ~ ~  ra3, 13 T A B KOAOHKe 8(e) 
H a n x m m e  CTOHMOCT~ 3~0ro  TorylEIBa B AOA CLLLA 3a r,A,x 
( q e ~ a  H a  I i H B a p b  1998) 

KOA 9 T o m ~ o  C M e C b ( % \  no K-OMy THSly TOrylEIBa, O l l P e A e A e H H O M y  B KOAOHKe 

8(a) - (e), san~rrrme npoqem (%) K-oro T o m s a ,  ~ o p ~ a h b ~ o  
n o T p e 6 ~ e ~ o r o  3a rOA H a n p ~ ~ e p ,  CTpOKa  X50/30/201 B KOAOHKe 9 
03HaPEVM 6b1, ¶TO eR(erO$,HO P O f i  A a e T  50% llo@~,AJiMofi TerIAOTbI, M a 3 Y T  - 
30% I I o A B o A I ~ M o ~  TeTYLOTbI, a l l p ~ 3 ~ 0 A H b 1 f i  ra3 - 20% ~~O,A,I~OAETMO~~ TeIIAOTbI 

KOA 10 ~ D O ~ K T H ~ R  M o r u ~ o c ~ b  ~ M B T ~  3aIIEIIIIRTe B KOA 12 IIPOeKTHYIO 

MOIIJHOCTb C T a H 4 R H  n p 1 3  M ~ K C H M ~ / L ~ H O ~ ~  H a r P Y 3 K e  6e3 IIPOH3BOACTBa T e M a  &W 
I J e H T p ~ 3 0 B a H H O r O  OTOTYLeHEiX 

KOA f 1 ~ ~ o ~ K T H ~ X  M o m ~ o c ~ b  I M B T )  3 a l I ~ I I I ~ j r r e  B KOA 12 nPOeKTHYIO 

M O ~ H O C T ~  C T m q k I k I  I I p H  M ~ E I M ~ A ~ H O H  HtWpY3Ke  6e3 IIPOEI3BOACTBa T e I I A a  &W 
q e H T p ~ 3 0 B a H H O r O  OTOIVleHK% 

KOA 12 Hassame y r o u ~ o r o  ~ o m a  &w B C ~ X  a r p e r a ~ o ~  
~ c n o ~ ~ s y m q m  yrom, H a n n m m e  H ~ S B ~ H H ~  E I C I I O ~ ~ ~ ~ M O ~ O  yrxs 

KOA 13 H O D M ~  O m m s e ~ f i  (%I r h m p v e ~ b n r  (HOnl Bnmme cpewero~o~ym 
r I A a H H p y e M y m  HOPMY 0 ~ ~ ~ 0 4 e 6  A m H o r o  a r p e r a T a  l 3 a H q y e ~ a X  

H O p M a  O T K N ~ ¶ ~ H &  B b I Y H W e T C I I  

HOII = ( W I 0  / 8760) x 100 
rAe, YnO KOhENeCTBO ¶aCOB B rOA, KOrAa  EiQeraT H e  B pa6o~e B B q Y  

3aIIAZHHPOBaHHOrO T e m e r O  P e M O H T a  

KOA 14 H O D M ~  O T K N ~ ¶ ~ H H ~ ~  f %I B ~ I ~ ~ H H ~ I X  /HOB1 3a11m~.rre cpe~~erop,osyro 
H O p T  Bb1HY)KAeHHbM O T K N ~ ¶ ~ H E &  P]LFI AaHHOrO E i Q e r a T a  B ~ I H ~ X Q ~ H H ~ R  

H O p M a  O T K N ~ ¶ ~ H H ~  (%) PaCCPUTbIBaeTCR TaK 

HOB = ( q B 0  / (8760 - 9 I I 0 ) )  x 100 
rAe, Yl7O - K o l l I l r e c m o  r I a c o B  B c p e w e M  B roA, K o r A a  o x m a e T c R ,  ¶TO 

a v e r a T  ~ Y A € ? T  B H e  pa6o~b1, B p e 3 y A b T a T e  H e 3 Z L l a H H P O B a H H b I X  C A y s a e B ,  Fi 

wo, K a K  O l l p e A e A e H O  B KOAOHKe 13 



Bce MeCTHbIe  3 a T p a T b I  AOAXHM 6b1Tb  I I e p e B e A e H b I  B aMePMKaHCKEIe A O M a P b I ,  

OCHOBbIBaRCb H a  K y P C e  o 6 ~ e ~ a  B R H B a p e  1998 r O A a ,  K a K  I IOKa3aHO HkUKe 

KOA 17 TEI~I T3LT, Bnmme "Efl,gm ~ y p 6 1 3 ~  C O T ~ O P O M  HAM "BI1 ,ym T ~ P ~ H H  c 
np0TI lBOAaBAeHkIeM 



KOA 18,19 M30 - T O W B H a R  K p H B a R  1 A O A X H a  k I 3 0 6 p m a ~ b  pa6oly l I p H  M ~ K C H M W H O ~  
20,2 1 H a r p y 3 K e  (T e HCIIOAb30BaHMe MaKC K O A F I e C T B a  TOI IKHB~)  T O Y K ~  A 

n p e A c T a s m e T  K o h M g e c m o  sb1pa6amsae~oii ~ A ~ K T P O ~ H ~ ~ ~ M M  ILPM 

M a K C H M W H O M  KOAWIeCTBe C X M r a e M O r O  TOIyLMBa H HyAeBOM lTpOEI3BOACTBe 

Te I IAa  T o s ~ a  C IIpeACTClBNleT M a K C E I M W H O e  KOAWIeCTBO ~ b 1 p a 6 a T b 1 B a e M 0 r 0  

T e m a  npx ~ a x c r n a h b ~ o ~  K o m e c m e  C x H r a e M o r o  T o m a  H 

C O O T B e T C T B y I o ~ e M  npOH3BOACTBe  3 A e K T p O 3 H e p l W H  T o s ~ a  5 I I p e ~ c ~ a 6 N l e T  

n p o M e x y T o s H y m  T O ~ K Y  T ~ I I A ~ / ~ A ~ K T ~ O ~ H ~ P I U H  IIPH M a K c H M a h b H o M  

CXEIraHEIH TOrUlUBa 

KOA 22,23 ! ~ ~ o - T o ~ H ~ R  KpkIBaR 2 AOlyKHa  H306pEDKaTb  pa6oly I I p H  cpeqeG 
24,25 ~ a r p y s ~ e  (T e H C I I O I L ~ ~ O B ~ H H ~  cpewero ~oll~igecma  omm ma) T o ¶ K ~  A 

I I p e A C T a B N I e T  KOAWIeCTBO ~b1pa6amsae~oH 3 A e K T p O 3 H e p I U H  I l p H  

c p e A H e M  K o m e c m e  c x m a e M o r o  T o m a  H H y n e B o M  n p o ~ 3 ~ o ~ c m e  
TelTAa T o s ~ a  C I IpeACTaBluTeT MaKCElMaRbHOe KOAWleCTBO ~ b 1 p a 6 a ~ b 1 B a e ~ o r o  

T e m a  IIPH c p e w e M  K o m e c m e  c x m a e M o r o  T o m u m a  H 

C O O T B e T C T B y l O ~ e M  IIPOkI3BOACTBe 3AeKTpO3HepIu I . r  T o s ~ a  5 I I p e ~ c T a 6 l u T e ~  

npoMexyro.IHyIo ~ o s ~ y  ~ e r n a / 3 ~ e ~ ~ p 0 3 ~ e p m  IIPN cpe,apeM 

c m r a H m  T o m a  

B KOAOHKe 22 y K d X P l T e  KOllKVeCTBO TOl lkHBa  (B r&K) IIPR p a 6 o ~ e  a r p e r a T a  

H a  MHH H a r P Y 3 K e  B KOAOHKaX 23, 24, M 25 yKZlXHTe KOllEIseCTBO 

3AeKTO3HepITTEI (MBT 3AeKT ) / T e r u ~ a  (MBT TeI IA  ) ,&M TO¶eK A B 
M C 



KOA 23 Bsepfl~e KOllMseCTBO 3 A e K T P 0 3 H e p I X H  (B MBT 3AeKT ) /TeIIAa (B MBT T e r n  ) I I p R  

pa6o~e arpera-ra n p H  C X H ~ ~ H R  n p o M e x  K o m e c m a  T o m m a  0 6 0 3 ~ a s e ~ ~ o r o  
B KOA 22 

KOA 26 B s e m e  MHH 3 ~ a ¶ e ~ ~ e  KOAEICIeCTBO TOlTAHBa (B r&K) C T Z ~ ~ K ~ ~ H O ~ ?  pa6om 
a r p e r a T a  

KOA 27 Bseme KOAENeCTBO 3AeKTP03HePlWE.I (B MBT 3AeKT ) / T ~ T U L ~  (B MBT T e r n )  IIPM 

pa6o~e a r p e r a T a  npx c x m m ~ ~ x  ~m-x K o m m e c m a  T o m B a  0 6 0 3 ~ a Y e ~ ~ 0 r 0  B 

KOA 26 

KOA 35 l 7 p o q e ~ ~  (%) 3aseprue~m BnIlrume B KOAOHK~ 41 npoqem 061qero 
sasepzue~m npoema K C e r o w R m H e M y  w m  



KOA 18,19 -M30 -TOI~LUBHM K p H B a R  1 ,4OAXHa 1 3 3 0 6 p a X a ~ b  pa6o~y IIpI? M ~ K c H M ~ ~ ~ H o ~ ~  

20,21 H W y 3 K e  (T e H C ~ ~ O A ~ ~ O B ~ H I ? ~  MaKC KOAWIeCTBa T O W B ~ )  T O Y K ~  A 

B K o n o H K e  22 yKmme K o m e c m o  TorULUBa (B rm) npu pa6o~e a r p e r a T a  

H a  c p e A H e 6  H W y 3 K e  B KOAOHKaX 23, 24, H 25 YKa)f(kITe KONrIgeCTBO 

3 A e K T 0 3 H e P m E I  (MBT 3AeKT ) /TeIIAa (MBT Tern ) J,M T O s e K  A, B, 
I? C 

KOA 26,27 M30  - T O W B H m  K p H B a R  3 A0IL)RHa ~ 3 0 6 p m a ~ b  pa6o~y EpI? M H H H M ~ H O G  
28,29 H a r p y 3 K e  (T e HCIIOAb3OBaHHe M H H H M m H O r O  K O N l g e C T B a  T o I I A P ~ B ~ )  T O Y K ~  A 

TIpeACTaBhReT KOILI.NeCTBO ~bIpa6aTbI~ae~oG 3 A e K T P 0 3 H e p I W H  nPI? 

MElHHMahbHOM KOhl .neCTBe CXZWaeMOrO TOrvLuBa I? HYAeBOM ITPOH3BOACTBe 

T e I I A a  T o s ~ a  C I I p e A C T a B M e T  MaKCHMahbHOe  KOlLUgeCTBO ~ b I p a 6 a ~ b 1 ~ a e M 0 r 0  

TeILAa I I p H  MKHEIMahbHOM KOAWIeCTBe CXHraeMOI 'O TOrvLuBa H 

C O O T B e T C T B y E o ~ e M  IIPOEISBOACTBe 3AeKTP03HePT?.IH T O P K ~  5 ~ P ~ A C T ~ ~ N I ~ T  

I I p O M e X J J T O Y H ~  TOYKY T ~ I I A ~ / ~ A ~ K T P O ~ H ~ ~ T ? . I E I  TIPI? MHHMMaAbHOM 

CXMTaHHM TOIIAPiBa 

B K o n o H K e  22 yxaxme K o m e c m o  T o m a  (B Tm) I I ~ E I  pa6o~e  a r p e r a T a  

H a  MHH H a r P Y 3 K e  B KOAOHKaX 23, 24, H 25 yKa;rKEITe KOAWIeCTBO 

3 A e K T 0 3 H e p I u P i  (MBT 3AeKT ) /TeIIAa (MBT TeIIA ) &W TOYeK A B 
I? C 
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n y c r a  Tonanma n v c r a  luacl ITPrl Tortanma Tn111($/r&x) Tonanma Tnn2IJITbsr) T o ~ n m a  T ~ ~ ~ ( s / T P z . ; ] !  C u e c ~  1%) n o *  llarp 1 Mnn llarp 
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Y ~ A I  
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- -- - rb/3 - 
3tlep1-a - Y LPJ16 
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~ H H R  6 2 Exeromoe B H V T D ~ H H ~ ~  no~pe6heHHe (rB'IY1 Aakre exeropoe  BHyTpeHHee 

n o ~ p e 6 ~ e ~ ~ e  3AeKTP03HePTHH &'M rOA0B 1989 IIO 1997 Exeropoe  BHYTPeHHee 

n o ~ p e 6 n e ~ ~ e  AOlYKHO 6b1~b H a  6a3e nPOH3BOACTBa ( T e BKNOYCi5I II0TePE.I 

nepeAasH H p a c n p e ~ e n e ~ m )  

~ H H R  6 3 B~AOBM Bb1~a6oma ~ A ~ K T D O ~ H ~ D ~ H  ITBm) AaiiTe o6rqy1o exeroffHyEo 
B I J P ~ ~ O T K Y  (~B?"cI) IIO BCeM B-eHHRM ~b1pa6a~b1Ba~)IIJE.I CTaHIJHRM Ha 

OCHOB~HHI? B ~ M O ~ O H  M O ~ H O C T H  JJUI Kaxqoro roAa, c 1989 no 1995 

~ H M H  6 13- 
6 I ?  BHVTD~HHRR rIp0Aaxa (rBn) A a k e  IIpOruhbIe AaHHbIe 110 BHyTpeHHeB r I p o ~ a e  

no CeKTOpaM Ha  xa;ryqb~H rOA, C 1989 no 1997 Mcno~b3~6i~e ~ H H H  6 16 H 6 17 
&AX YKa3aHHR IIpOAiiXH IIO C e K T O p a M ,  K ~ ~ c c H @ H I J H P Y ~ M ~ I M  H e  HHaqe, K a K  

I I P O M ~ I L L V L ~ H H ~ I ~ ,  K O M M ~ P ~ ~ C K H ~ ~ ,  XMAOG BHYTP~HHRX IIpOAaXa H e  BKMOuaeT B 

c e 6 ~  ~ K C ~ O P T  3a npeAeuI p a c c ~ a ~ p ~ ~ a e ~ o i i  cTpaHbr K ~ E I  perHoHa 
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Kupr rtscTarl 

CXCMPC 51 IllilSI Hal py'3Ka Lf 3 l l c p l  C I  ll  1CCaR C T ~ T H C T U K ~  

MBT. 

m p ~  KRN 

Aullnn I R r f ~  I Q ) ~ B  1 Map I Anp I Maii 1 M m ~ b  I M m ~ b  I h r  I C ~ H T  I OKT I H O R ~  I / \ e ~  

,' 989 -- - - _ - - 

I I 

fi 28 

629 

OTII~>III EXCHCC B I I ~  - - h l a ~ c  311a l-tfalp -- K I-on 
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Aallllb~e no ~ ~ C O B H M  Harpys~aM Ira Twnws~rym H e ~ e ~ o  B KWOM C e 3 o ~ e  B 1997 

Llnc 

C P ~ A ~  HOUR 

Season 

- I 
- -- --  - 
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* ~ H E I E I  6 36 - 
6 39 A ~ H H ~ I ~  II&~coBMM H H ~ T V ~ K ~ M  A a k e  A a H H b I e  IIO ¶aCOBbIM H a r p y 3 K a M  H a  

T E I I I ~ H ~ I O  H e A e m  B KWOM ~3 Y e m p e x  B p e M e H  roAa H a  1995 I 1997 rocla 3 ~ s  
AaHHbIe  AOR)KHbI 6b1-r~ AaHM H a  OCHOEe B ~ I ~ ~ ~ O T K E I  EI AOAXHM 6b1Tb BbIp-eHbI 

KaK O T H ~ I ~ I ~ H H ~ ( A ~ C ~ ~ I . E . ~ Y H O € ? )  THIIE;PIHO~ P ~ C O B O ~ ~  B H Y T ~ ~ H H ~ ~  HarPY3KEI K 

M ~ K C E I M ~ L ~ H O ~ ~  ~ O A O B O ~  B H Y T P ~ H H ~ ~ ~  ~ a r p y 3 ~ e ,  A ~ H H O ~ ~  B ~ H K H  6 1 B Ta6mrge 
6-1 





Ir 
~ H H H  7 1 M ~ K C H M ~ R ~ H ~ S ~  ExeromaR B ~ D ~ H H ~ R  Harpvs~a (MBTI AaTb MaKCkIMahbHbIe 
7 5, e x e r o ~ u e  ~ a r p y 3 m  P~LFI  1998, 2000, 201 0, 201 5 M~KCHM-H~R exerowasi 
7 9 Harpy3Ka AOAXHa IIPeACTaBllffl-6 co6oH 061qy-m C0BI I~CEOIqy-m lIpOH3BeAeHHyIo 

6aso~yro HarPY3KY ,AjW H3JWae~0fi CTpaHbI k3N3 ~ ~ ~ O H a ,  H C K I o s a R  3KCIIOPT 
A ~ H H ~ I ~  A O m H b I  6 ~ b  IIpeAOCTaBAeHbI PjLFI HmGonee Bepocr~~oro, BbIco~oro kI 

HHSKO~O cqesapm 
1) 

~ E . I E I  ? 2, BHVTD~HHIIR ~ D O A Z U K ~  (TBm) A a ~ b  MaKCElMaRbHbIe exer0,qHbIe YEI@P~I 
7 6,  llpOP,EiXEI PjLR 1998, 2000, 20 10, 20 15 A ~ H H ~ I ~  AOAXHbI 6bm IIPeAOCTaBAeHbI ,&IS 

? 10 HmGonee Bepomoro, B ~ I C O K O ~ O  ~3 H H ~ K O ~ O  cqesapm 

a h H l :  ? 3, ~ O T ~ D M  l r B ~ s l  A a ~ b  MaKCMMaRbHbIe eXerO$,Hhle ~ H @ P ~ I  IIOTePb ,&IS 1998, 2000, 
7 7, 20 10, 20 15 Amsb~e  A O ~ ~ R H ~ I  6b1~b qe,&oCTaBAeHbI J ~ W  H a G o ~ e e  Bepomoro, 
? 11 Bb~co~oro H H H ~ K O ~ O  cqesapm 

h~l: 7 4, ~ O A O B O ~  B m e s H e e  n o m e 6 n e s ~ e  ITBml A a ~ b  Ma~cz-iMaRbsbIe exerowbIe 
7 8, IJEI@PM BHyT'peHHerO 110~pe6he~m ,&IS 1998, 2000, 2010, 2015 , A , ~ H H ~ I ~  AOAXH~I  

7 12 6b1~b I I P ~ A O C T ~ B A ~ H M  PJLFI Ha~Gonee Bepomoro, Buco~oro H H H ~ K O ~ O  
cqesapm A m ~ b I e  AOlVRHbI 6b1~b IIPeACTaBAeHbI Ha OCHOBe ~ b 1 p a 6 0 m  (T e 
BKIo¶aR IIOT~PH) 







2010 
3368 

20 15 

3757 
1998 I 1999 

25131 2588 M a ~ c  E x e r o ~  Brry-rp Harpys~a  (MBT) - - 

C ~ j e ~ i a p ~ f i  

7 7 ' 4 0 0  

if300 
13200 

A I ~ H M R  

7 1 
- - 

2000 

2590 
2005 

2979 
7832 1 8035 i 8485 
a?bo i 2420 2FeO 

B I I ~ P ~ H H H R  n p o ~ a x a  (TBm) 
-- 

- no~epw (rBm) 

rono~oe  B H ~ I T P  noTpe6ne~ue (TBn) 
---- -- 

Har~Fjonee 

Beponrtrbri? 

- - 

9200, /I) 6 5  
f980 : $500 

I 

7 2  - - 

7 3 .. 

7 4 10352 - , f0550i I IOQQ,  jt540, 125-30 







~ H H H  ? 25 - ~ ~ D C I T ~ K T ~ I B H ~ R  I I p O A a X a  3AeKTU03HeT)mM 110 CeKTOpaM frBm) 
? 29 n p e A 0 c T B b  ACLHHhIe 0 T e  ,A,A5i II~PCII~KTIIBHO~~[ IIPOAEIXII 3AeKTP03HePrHkl  IIO 

CeKTOpaM , A p I  1998, 2000, 20 10, 2015 rOA0B A a H ~ b r e  AOAXHbI 6 b 1 ~ b  

IIpeAOCTEiBAeHbI &W HaxGonee B ~ ~ O R T H O ~ O  CLJeHapHR 

~ H I . I R  ? 30 0 6 m a  IIeDCIIeKTHBHaR ITT3OAaXa 3AeKTU03HeDmH 110 CeKTODaM ( ~ B T Y )  C y l l l ~ a  
1. m ~ ~ i i  c 7 25 no 7 29 
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Ta6n~ua 8 1 AOAXCHa 6b1Tb 3 a l l O A H e H a  AAR K ~ X A O G  Ei3 CHCTeM OTOIIAeHH5l B DeIT3OHe (T e 
K a r n a o B  ~ O U O A C K O ~ ~ ,  O ~ A ~ C T H O ~ ~ ,  Ei T ll C E ~ C T ~ M ~  

~ H E I E I  8 1, M~KCHM~JSH~R Exeroma B J ~ T ~ ~ H H R R  T e n n o ~ a ~  Harpys~a r rh . f aa~b  
8 3 , 8 5  MaKCHMaAbHbIe eXerOffrrbIe H a V Y 3 K E I  &lX 1997, 2000, 20 10, 20 15 

• M ~ K C H M ~ R ~ H ~ R  exeroffrrarr aarpys~a ~ o m ~ a  n p e ~ c ~ a s m  co6oB 061qy-m 
C O B I I a , A , a + o ~  lIpOEI3BeAeHHyEo 6a30sym TeILAOBylo H a r P Y 3 K Y  AaH~b1e AOJVKH~I 

6 b 1 ~ b  IIPeAOCTaBAeHbI Hm6onee Bepomoro C q e H a p m  Pi B K R I o s a T b  B c e 6 ~  
n o T e p P i  

8 2, ~ O A O B O ~  Bqrpeaaee nome6nea~e ( m K )  A a ~ b  MaKCkIMaALHbIe exerombIe 
q P i Q p b 1  BHyTpeHHeI'O r f o ~ p e 6 n e ~ m  ,A&4 1997, 2000, 20 10, 2015 AaH~b1e AOlVRHbI 

6b1~b n p e A o c T a B A e H b I  J,AH Ha~6onee Bepomoro cqeaapm , A , ~ H H ~ I ~  ,~OAXHM 

6b1~b npeACTaBAeHbI  H a  OCHOBe B b I p a 6 0 T K H  (T e BKIO¶aR IIOT~PH) 







8 0 Hassa~Pie C E ~ C T ~ M L I  OTOIIA~HP~R I4 BXO,~ILLJHX B Hee CTa~qPifi 

BHMMAHME - - TAEAMUA ,A,O/UKHA EbITb 3AnOAHEHE ,A,M CMCTEMbI 









d - 
is- 

8 0 Hruaanae Cacrev~  brouneana a  Bxormnprx B ace CraaqaP 

z+ok+- c - F . . z ,  7 ----------- ---------------------------------------------------------------- 





~ ~ ~ B M T ~ J I ~ c T B o  P ~ L ~ Y ~ ~ M K M  I < ~ ~ ~ x c T ~ H ,  ~ P ~ B M T ~ ~ ~ C T B O  K ~ I ~ T ~ I ~ c K o ~ ~  
P e c n y 6 n ~ ~ k i  ki ~ ~ ~ B M T ~ ~ ~ C T B O  P e c n y 6 n M ~ M  Y ~ ~ ~ K E I C T ~ H ,  M k l e H y e M b I e  B 

~ a n a ~ e f i w e ~  CTOPOH~I, 
nBHII(HMb1e ClChPeHHMM ~ ~ Y X O ~ ~ A O ~ P O C O C ~ D C T B ~  ll COTPYAHMqeCTBa, 

n p u 3 ~ a n a ~  TOT ~~Ic-I-, YTO y ~ a 3 a ~ ~ b 1 e  rocynapcTsa ocyurec-rssrmni 

c o r n a c o ~ a ~ r ~ b r f i  n o p s r n o K  r i c n o n b 3 o ~ a ~ ~ ~  B O ~ H O - 3 ~ e p r e ~ a r e c ~ ~ x  p e c y p c o B  

6acceC~a PeKM C b l p D a p b S i ,  0 6 e c n e ~ ~ ~ m  COUMUlbHO-3KOHOMM9eCKOe p a 3 B k i T H e  

C B O M X  c T p a H  M ~ ~ ~ ~ O C O C T O R H M ~  nmaefi, 
O T M e Y a ,  YTO 6accGi~ P e K M  C b ~ p n a p b R ,  O X B ~ T ~ I B ~ I O ~ M ~  T e P P M T O P U K )  

r e T L i p e x  cTpati, pacnonarae-r B O A H O - ~ H ~ ~ ~ ~ T M ~ ~ C K M M M  pecypcami, 
C ~ ~ O C O ~ H ~ I M M  C O A ~ ~ ~ C T B O B ~ T ~  MX 3KOHOMMLleCKOMY POCTY, 

MMeR o6qee ) I c e n a m e  ~ a i 3 r ~  ~aki6onee c o s e p u r e H H o e  M c n p a s e m k i B o e  

PeLLJeHMe B N C n O n b 3 0 B a H M M  BOAHO-3HePreTM9eCKkIX P e C y p C O B  6accefi~a P e K H  

C b t p n a p b c l  B COOTBeTCTBMM C H O p k l a M M  M e ~ I C A y H a p O n H O r O  l l p a B a ,  

npM3HaBaf l ,  q T 0  BbI rOf lb I ,  M3BJzeKaeMbIe  Pi3 C O B M ~ C T H O ~ ~  3KCl l J lYaTaUt IM 

H ~ ~ ~ I H - C ~ I ~ ~ ~ ~ ~ M H C K O ~ O  K a C K a D a  BOnOXpaHMJ'IMm n y T e M  M H O r O n e T H e r O  

P e r y n M p O B a H M R  CTOKa  M l lpOTMBOnaBOflKOBbIX ~ e p o l l p k i ~ ~ k i f i  BKJII-OsamT 

M C n O n b 3 0 B a H M e  BOAbI Anti NPPMTaUMOHHbIX H y w  kl l I p O H 3 B O A C T B a  

snehrpo3~epraw, 
IIPMHMMaR BO BHMhZaHMe, 9 T O  COBMeCTHOe EI: k O M l l n e K C H O e  MCIIOJ ' Ib30BaHMe 

BORHO-31 iep reTMYeChHX P e C y p C O B  6acceii~a P e h H  C b ~ p n a p b ~  ~ e o 6 x o n ~ ~ o  
O C ~ U ~ C T B ~ F I T ~  c y r e r o M  shonor~l~echofi  6 e 3 0 n a c ~ o c ~ a  peraosa, 

O T h l e r a R  O ~ U H O C T ~  M H T e p e C O B  r O C y n a p C T B - Y r a C T H M h O B ,  P k i T b I B a R  

H a C y U H y K l  H ~ O ~ A O ~ ~ ~ M O C T ~  B p a 3 p a 6 0 ~ ~ e  ~ @ @ ~ K T M B H O T O  M 

C k O O p A M l I M P O B a l ~ H O ~ O  pel IcMh4a MCnOnb30BaHMX BOAHO-3HepTeTMYeCKMx 

pecypcon 6accef i~a p e K M  C b ~ p f l a p b f l  C Y s e T O M  npo6nenl Apmbc~oro M O p X ,  

( ( H a p b ~ ~ - C b ~ p D a p  ~ M H C K M G  K a C K a A  BO,4OXpaHMJ'IkIU)) - C O B O K Y n H O C T b  

BOfiO\PallMJIMUI. h l H O r O n e T H e r 0  M Ce30HHOTO P e r y J I H P O B a H H R  B 6accefi~e P e K M  

C ~ I P R ~ P L R  

Bere-rauMo~r~blti n e p M o a  o x u a T b l s a e T  nepwoa c 1 anpencr no 1 OKTRGPH 



~ ~ O ~ I O J I H H T ~ J I ~ H O  B ~ I ~ ~ ~ o T ~ H H U I  KaCKaDOM H ~ ~ ~ I H - C ~ I ~ A ~ ~ ~ H H C K H X  r3C 
3 n e k T M Y e C K a R  3 H e P r M R ,  C B R 3 a H H Z l  C Pe>I(HMOM lTOllyCKOB B O n b I  B B e r e T a U H K ,  ki 

hlHOrOneTHMhf P e r y J l M p O B a H H e M  C T O K a  B TOKTO~YJI~CKOM BOnOXpaHMnMLLIe,  

c B e p x  H y x c n  K b t p r b 1 3 c ~ o f i  P e c n y 6 n ~ ~ u  n e p e n a e T c R  B P e c r r y 6 n a h y  Ka3axci-a~ 
M PecnyGn~ hy Y ~ ~ ~ K M C T ~ H  n O p O B H y  

K O M ~ ~ H C ~ U M R  ee O C y U e C T B J I H e T C R  l lOCTaBK2hlH B K b 1 p r b 1 3 ~ h y E O  

PecnyGn~r,y B ~ ~ B M B ~ J T ~ H T H O M  0 6 b e ~ e  3~epropecypco~ ( y r o n b ,  ra3, T O ~ O L I H ~ I ~ ~  

nla3yr, 3nehrpo3~epr~cr), a T a I c x c e  npyrofi np0nyKual . r .  (patio?., ycnyr) M n a  B 

Ael le>I \HOM BbIPa>ICeHMM q O  COrJIaCOBaHMIO, AJlX C03AaHMX H ~ O ~ X O A M M ~ I X  

e) I (erOAH 6 1 1  M hg HOrOl IeTHMX 3 a n a C O B  BOA61 B BOnOXPaHMJlMLlJaX AJIR 

MPPMraUMOHHbIV HY)I(A 

~ P M  O C y U e C T B J l e H H M  B 3 a H h f O p a C r e T O B  n0JI)lCHa 6 b 1 ~ b  06ecnere~a  e n M H W  

r a p l l c f ~ ~ a n  n o n m n h a  H a  B c e  B M D ~ I  3~epropecypco~  M H a  M X  T p a H c n o p T r i p o B K y  



CTOPOH~I C O r n a C M n M C b  H e  lTPMhleHRTb TaMO>I<eHHbIe lIOLLIJlMHb1 H a  

n o c r a B K u  s H e p r o p e c y p c o B  M npyrMx BMAOB npony~uwi  (pa6o~,  ycnyr), 
o c y u l e c T s n r r e n l b l x  B p a M K a x  H a c T o R u e r o  C o r n a m e ~ ~ c I  

P e 1 1 c ~ h 1  p a 6 0 ~ b 1  B o a o x p a H M n M m ,  o 6 b e w b r  n e p e T o h o B  s n e K - r p o s H e p r m i ,  

nOCTaBKM ~ H ~ P ~ O H O C M T ~ ~ ~ G  YTBep)I<niUOTCIl eXCeTOnH bIMH 

Me)lcnpaBMTenbCTBeHHblMM COrnaUIeHHRMM H a  O C H O B ~  perueaai? 
I I ~ ~ A C T ~ B M T ~ J I ~ E  B O ~ ~ O X O ~ R ~ C T B ~ H H ~ I X  I.r TOIIjlkiBHO-3HCpreTHZIeCKHX 

opraHM3aIJMg,  BO3rJlaBJIReMblX 3aMeCTHTenRMH npe~bep-MRHIICTPOB 
r O C y  AapCTB-YYaCTHM KOB 

~ C ~ O ~ H H T ~ J I ~ H ~ I M M  O p r a H a M H ,  o 6 e c n e . 1 t i s a l o r u k i ~ s  P e X k i M  n 0 n y C K O B  

BOabJ M 3  BOaOXPaHMnMUI M n e p e T O K O B  3 n e K T p ~ ~ l e c ~ o ~  3 H e P r M M ,  A 0  C03AaHHR 

Me)l\AYHaPOAHOTO B O ~ H O - ~ H ~ ~ ~ ~ T M ~ I ~ C K O ~ O  K O H C O P U M Y M ~  M ero 
MCnOnHMTen bH b1 X 01)TaHOB, nPMHRTMII COOTBeTCTBYKIUIeTO PeLUeHMcI, RBnRK)TCcI 

LBO ({CblpfiapbSl)) I4 ( ( ~ H ~ P T M R ) )  



-CTpOMTeJlbCTBa HOBbIX TMAP03HepTeT119eCKEIX O ~ ~ ~ K T O B  M 

BOAOXPZlHMJlMW. MnZI anbTepHaTMBHbIX MCT09HMKOB B PerMOHe, 
-nepeXOfla OT CYLIleCTBYK)UIMX B HaCTOIIIIJee BPehlR 6 a p ~ e p ~ b 1 ~  

B3aHMOpaCLteTOB K ~ ~ ) M H ~ H C O B  ~ I M  83aMMOOTHOUTeHMRM, 

-pa?,pa60~ic~ MeXaHM3MOB u e ~ o o 6 p a 3 0 s a ~ ~ ~  Ha OCHOBe ~ ~ M H o G  

T ~ P M ~ H O ~ ~  nOJlMTMKM, 

-06e~neqe~Mfi 6 e 3 o n a c ~ o ~  shcnnyaTawa rsnpoTexHmecKHx 
coopy>1ce~w2, pacnonomeHHbIx B Gaccefi~e p e w  Cb~p~apbrr, 

-3hOHOhlHOTO M PaUMOHaJIbHOrO MCnOJIb30BaHM5I BOAHbIX PeCYPCOB C 

npMMeHeHseM ~o~oc6epera1oru~x  ~ e x ~ o n o r ~ f i  M remssecKMx cpencTB nonma, 
-yMeHbLUeHMX Pi npeKpaLUeHkIR c6poca 3avEI3HeHHbIX BOA B 

BOAOACTOZIHMKM 6accefi~a peKH Cb1pAapb2 

Hac~ol;rruee C o r n a r u e ~ ~ e  3awrm~ae~cx CPOKOM H a  5 neT ~1 6 y ~ e ~  
aB-rohraTi.rrechr? npoaneBarbcX H a  nocnenyrowie nmuneTHMe nepwoabr, ecnw 
H M  OT O A H O ~ ~  ~3 CTOPOH H e  nosaaee reM 3a 6 MecxrreB H e  nocTynwro 
R M C b M e H H O e  YBeAOMJleHMe 0 el-0 paCTOp1keHHH 



COB~~LLI~HO B I'OpOAe ~ M U I K ~ K  17 MapTa 1998 r0Aa B OAHOM l I 0 ) U M H H O M  

s ~ 3 e ~ n n ~ p e  ua ~ ~ C C K O M  m b ~ ~ e  

n0nJIkiHfibl~ 3K3eMllJIRP HaXOAMTCri B M C ~ T O J I H H T ~ ~ ~ H O M  KOMMTeTe 
Me>~trocynapc?-se~~oro C o s e ~ a  Pecny6~1M~ki Ka3axc~a~ ,  K ~ I ~ T ~ I ~ C K O ~ ~  
Pecny6n~~ki  ki Pecny6nki~ki Y ~ ~ ~ K M c T ~ H ,  K O T O P ~ I ~  HanpaBnrreT B Kaxaoe 
rocynapcTBo, nonnMcasmee Hac-ronruee Corname~tie, ero s a s e p e ~ ~ y ~ ,  KonMm 

3a ~ ~ ~ B E ~ T C J I ~ C T B O  

Pecny Bnlr~tcli 

Y36ek-1icra~ 

Y CYJITAHOB 



~ ~ ~ B M T ~ ~ ~ C T B O  Pecny6n~hki K ~ ~ ~ x c T ~ H ,  ~ ~ ~ B H T ~ J I ~ C T B O  

K ~ I ~ T ~ I ~ C K O ~  P~CIIY~JIMKH M ~ ~ ~ B H T ~ J I ~ C T B O  P~C~IY~SINKII Y ~ ~ ~ K E I C T ~ H ,  
meHyeMbIe nmee CTOPOH~MM, B uenxx 06ecne9e~m ycneu~oro 
nPOBeneHMtI BeI'eTaUMOHHblX TrOJTllBOB, HeAOnYUeHkiR pa3MbIBa Pi 

nOATOnJIeHMR H ~ P O ~ H O \ O ~ F I ~ ~ C T B ~ H H ~ I X  O ~ ' ~ ~ K T O B  B CpenHeM Pi HMlICHeM 

TeYeHMM PeKM Cb~pnapbtI I4 PaUMOHZUIbHOrO HClTOnb30BaHMX TOnnMBHO- 

3HepreTMrecKMx pecypcoB, 
cornackinxb o Hmcecneaymru;eM 

Ancl 0 6 e c n e r e ~ ~ x  yCTaHOBneHHbIX NPPkiraqHOHHbIX nOrIyCKOB 

Kblprb13cha~ P e c n y 6 n ~ ~ a  06ecnesasae~ B s e r e ~ a u ~ o ~ ~ b ~ f i  nepuon 
nepeToKM 3nekTposHepraM B coceAHHe p e c n y 6 n s ~ ~  B o 6 a e ~ e  2,2 Mnpn 
KBT Y B PaBHbIX BOJIRX 

P e c n y 6 n ~ ~ y  K a s a x c ~ a ~  - 1 100 hfnH KBT q 
P e c n y 6 n ~ ~ y  Y ~ ~ ~ K H C T ~ H  - 1100 MIIH KBT 



B 1 KBaPTaJle 1998 rona - ~ O M J I H & T ~  

B anpene 1998 rona - 50 M ~ H  &T g 

B ce~Tfi6pe 1998 r o ~ a  - 50 MJIH K B T ~  
B O K T X ~ P ~  1998 rona - 50 MJIH KBT 4, 

B I KBaPTme 1998 rOaa - 200 MJIH Ky6 MeTPOB 

BO 11 KBapTaJIe 1998 rOna - 1 10 MJIH Ky6 MeTPOB 

B 111 KBapTaJle 1998 rOAa - 90 MJIH ~ y 6  MeTPOB 

B IV KBaPTaJIe 1998 r0Aa - 200 MnH ~ y 6  M e q O B ,  

20 TbIC TOHH TOnOgHOrO Ma3yTa H a  T3I4 rOpOAa OLLI B 1998 row, 
a TaKXe B3aMMOnOCTaBKahlH npOAyKUMN (pa60.r~ ~ c J I ~ ) ,  ~ e o 6 x o n ~ ~ o i i  
mfi Y C T O ~ ~ Y M B O ~ ~  pa6o~b1 3HeprOCPiCTeM Pi B O A O X O ~ R ~ ~ C T B ~ H H ~ I X  O ~ % ~ K T O B  

Ha B ~ ~ M M O Y B F I ~ ~ H H O ~ ~  OCHOBe 

O ~ H O B P ~ ~ ~ ~ H H O  Y ~ ~ ~ K N C T ~ H  OCYLUeCTBJIReT AOnOJIHIlTeJIbHYIO 

n0CTaBKy B 1998 rOny PaBHOMepHO no h4eCRUaM 172 MJIH ~ y 6  MeTPOB 

IlpMpO~HOrO ra3a no ~ ~ O T O K O J I ~  ((0 X O n e  BbInOJIHeHEW C0~JIaIlIeHWi 

Me>Icw ~ ~ ~ B H T ~ J I ~ C T B O M  P e c n y 6 n ~ ~ ~  Y ~ ~ ~ K H C T ~ H  ki ~ P ~ B N T ~ J I ~ C T B O M  

Kb1p~b13~~0fi Pecny6na~1.1 no BOnpOCy NCnOJIb30BaHkIII BOAHO- 

3HePreTkiqeCKMX PeCypCOB H ~ ~ ~ I H - C ~ I P A ~ ~ ~ M H C O I ~ ~ O  KaCKana r 3 C  B 

1997 rony)) OT 19 1997 rona 
~ P M  3TOhl COXpaHRFIK)TCR YCJIOBNR PaCqeTOB I3 COOTBeTCTBMPi C 

C~r'naUIe~kiehl Me)I(ny ~ ~ ~ B M T ~ J I ~ c T B o M  P e c n y 6 n ~ ~ ~  Y ~ ~ ~ K M C T ~ H  Pi 

~ P ~ B M T ~ ~ ~ C T B O M  K ~ I ~ T ~ I ~ C K O ~  P e c n y 6 ~ 1 k i ~ ~  OT 17 RHBaPR 1996 rOAa 

I nonyronue 1998 rona - 150 M n H  KBT 4 

I1 nonyronite 1998 rona - 100 M n H  KBT 

OCT~BUIHGCSI o 6 5 e ~  3neMpO3HeprMEI KOMIIeHCPiPYeTCR ~ O C T ~ B K O ~ ~  

566,7 TbIC TOHH KaparaHAMHCKOrO YrJIR B Cne,4ylOI4He CpOKM 

B I KBaPTme 1998 rOna - 220 TbIC TOHH 

BO 11 kBapT2Ule 1998 rOna - 200 TbIC TOHH 

B 11 I KBapT2Ule 1998 rOna - 146,7 T ~ I C  TOHH 



Bonpoc k i C ~ O J i b 3 0 B a H M I I  BO,UHO-3HepreTHseCKHX P e C y p C O B  

H a p b r  H - C ~ I ~ ~ ~ ~ ~ M H C K O ~ O  K a C K a n a  BOAOXpaHMJlHrrI H a  1999 r O n  

p a c c M o T p e T b  B c e ~ ~ 2 6 p e  1998 rona B ropone E a r u ~ e ~ e  H a  p a 6 0 r e M  

COBeUaHMM n p e n c ~ a ~ ~ ~ e n e f f  TOnnRBHO-3HepTeTN.leCKI?X M 

B O ~ O X O ~ R ~ ~ C T B ~ H H ~ I X  KOhlnJleKCOB P e c n y 6 n ~ i ~ ~ i  K ~ ~ ~ x c T ~ H ,  K ~ I ~ T ~ I ~ c K o ~ ~  
P e C I I y 6 n k i ~ k i  ki P e c n y 6 ~ 1 ~ ~ ~  Y ~ ~ ~ K M C T ~ H  



Co~eprr re~o B ropoAe E M ~ K ~ K  17 hfapTa 1998 rona B OAHOM 

I l O ~ I i H H O M  3K3eMWlcIpe H a  PYCCKOM R3bIKe 

3a ~ P ~ B M T C J I ~ C T B Q  3a ~ ~ ~ B H T € ! J ~ C T B O  3a ~ ~ ~ B H T ~ J I ~ C T B O  

P e c n y 6 n 1 . i ~ ~  I < ~ I P T ~ I ~ C K O ~  P~CIIY GJIMKH 
Ka3axc~an Pecny6n1 . i~~  Y ~ ~ ~ K I I C T ~ H  
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APPENDIX C 
EXAMPLE INPUT OF PROSYM 



LINKS SECTION I contalnlng transmlsslon llnk Informatlon 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1***********************sourCe. Dlspat-h Center********************** 

Uzb-Kaz 
From 

a To 
Capaclty 

CapacltyBack 

Loss 

Uzb-Kyr 
From 
To 
Capaclty 

Loss 

Uzbeklstan 
S.Kazakhstan 
[AP] [MI] 1200 -1MW Transfer Capaclty 

[M3] 700 - 
[M6] 600 - 
[M9] 700 - 
[MI21 1200 

[AP] [Ml] 400 - 
[M3] 400 - 
[M6] 400 - 
[M9] 400 - 
[MI21 400 

0.125 '0-15% llne losses ln elther dlrectlon 

Uzbeklstan 
Kyrgyzstan 
[AP] [MI] 750 - 

[M3] 650 - 
[M6] 550 - 
[M9] 650 - 
[MI21 750 

[AP] [MI] 650 - 
[M3] 350 - 
[M6] 475 - 
[M9] 350 - 
[MI21 650 

0.125 

Kyr-Kaz 
From 
To 
Capacity 

Kyrgyzstan 
S.Kazakhstan 
[AP] [MI] 375 - 

[M3] 325 - 
[M6] 475 - 
[M9] 325 - 
[MI21 375 

CapacltyBack CAP] [MI] 550 - 
[M3] 350 - 
[M6] 325 - 
[M9] 350 - 
[MI21 550 

Loss 0 125 



Tltle Interconnected Case -- Irrigation 
Megascenarlo LF 
Megascenarlo Avg 'Hydro - Average Mode for tributary stations 
Megascenario AvFNNI !Power Mode for main rlver stations 

DIRECTORY c:\HESI\CARS 
Flle Data Cars dat !Base Dataset 
Flle Data1 Kyrgyz.dat !Kyrgyzstan Generation Data 
Flle Data2 Uzbek. dat !Uzbek Generation Data 
Flle Data3 Kazakh.dat !Kazakhstan Generation Data 
Flle Data4 Links dat rTransrnlssion Data 

File ALoadl LoadData\Kyr2000R.ld !Electric Load for Kryrgystan 
Flle ALoad2 LoadData\Kaz2000R Id !Electric Load for Kazakhstan 
File ALoad3 LoadData\Uz200OReld 'Electric Load for Uzbek 

Flle Aheatl LoadData\Blsh2000 Id 'Bishkek Thermal Load File 
Flle Aheat2 LoadData\Osh2000 Id lOsh Thermal Load File 
Flle Aheat3 LoadData\UzHeat2000 Id !Uzbek Thermal Load File 
Flle Aheat4 LoadData\KazHeat2000.ld !Osh Thermal Load File 

System Sectlon 
EnforceFuel(LF) =Full 

Coordination Logic 
IRequlred for Hydro-Thermal 

lcalculate and print internal 
!exchange. 

LoadFlowMethod =Transport 

Yearsegments [v31 =to April =to.October 
Run [2000] 1 RunY ear 



Tltle S Kazakhstan Isolated Case - Irrigation 
Megascenarlo LF 
Megascenarlo Av9 !Hydro - Average Mode 
Megascenarlo AvgI !Hydro - Power Mode 
DIRECTORY c \HESI\CARS 
Flle Data cars kaz.dat 
Flle Data1 ~aza'jTh dat 

'Base Dataset 
IKazakhstan Generation Data 

Flle ALoadl LoadData\Kaz2000R Id IElectrlc Load for Kazakhstan 

Flle Aheatl LoadData\KazHeat2000 Id fKaz Thermal Load Flle 

System Sectlon 
DlspatchHydro (LF) =Llmlted.Energy 
EnforceFuel(LF) =Full 

lcalculate and print internal 
1 exchange 

Yearsegments 
[V3 1 =to Aprll =to.October =to December 

Run [2000] !Year 2000 



APPENDIX D 
DATA COLLECTED FROM THE PREVIOUS STUDY 



APPENDIX D 
LIST OF TABLES 

Table D- 1 
Table D-2 
Table D-3 

0 Table D-4 
Table D-5 
Table D-6 

Table D-7 
Table D-8 
Table D-9 
Table D- 10 

Table D-1 1 
Table D- 12 

Table D- 13 
Table D- 14 

a Table D- 15 

Monthly streamflow data at the Arys Railway Station on the Arys hver  
Monthly streamflow data at the Chardara Station on the Syr Darya hve r  
Monthly streamflow data at the Koktyube Station on the Syr Darya hver  
Monthly streamflow data at the Tomenanyk Station on the Syr Darya Wver 
Monthly s t readow data at the Kergelmes Station on the Syr Darya hver  
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Exhibit D-1 Stream gaging and ranfall stations used in the current study 



Table D-1 

YEAR 

1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

AVG 

MONTHLY FLOWS AT ARYS RAILWAY STATION ON ARYS RIVER (cms) 

JAN FEB MAR -- 
421 5 3 0  3180 
28 6  76 7  65 2  
1 8 9  406  51 9  
32 3  45 2  65 9  
33 4  36 2  59 8  
203 1 6 8  204 
9 2  1 8 2  685 
7 4  1 3 0  1 1 2  

145  1 3 6  371  
8 5  1 5 9  239 

31 6  67 3  68 6  
1 1 9  2 0 7  250 
125  1 2 0  359  
1 0 6  1 6 0  330 
216 121  1 0 9  
1 2 4  11 2  602 
1 5 6  1 6 7  328  

- - - 
7 9  8 1  2 8 7  
9 6  212  3 9 0  
9 0  9 2  213  

1 0 6  1 4 9  751  
2 0 4  131  3 2 3  
1 8 0  1 5 7  5 8 8  
1 1 9  5 6 0  766  
61 4  9 7 2  1330 

APR - 
247 0  
50 6  
38 4  

132 0  
108 0  
18 0  
47 1  
37 6  
10 5  
23 9  

106 0  
78 9  
39 1  
35 1  
9  0  

38 2  
40 4  

- 
96 9  
23 4  
13 7  

122 0  
44 6  
32 9  
57 2  

162 0  

MAY JUN JUL - -  
1420 665 229 
1 3 6  8 6  1 2 6  
1 1 9  9 9  8 0  
422  1 4 6  11 2  
340  7 4  7 4  
113  6 9  6 6  
8 4  6 5  4 6  
8 1  5 2  3 8  

1 0 6  8 9  4 0  
303  196  6 8  
634  1 3 7  11 5  
254 9 4  7 8  
145 1 0 2  9 3  
8 1  8 8  6 2  
8 2  8 0  7 2  
9 3  6 5  2 8  
9 5  7 3  3 6  
- - - 

393 1 6 8  1 6 0  
1 9 4  9 4  8 0  
9 2  5 1  2 3  

446  1 7 9  8 0  
1 7 9  1 3 2  4 7  
383  188  1 5  
795  400 7 2  
81 9  180  5 5  

SEP OCT NOV DEC ANN ---- 
243 5 8 4  8 8  5 0 3  8 7 2  
6 4  8 5  171  219  263  
4 6  4 3  8 6  9 8  1 7 7  
6 3  9 0  1 2 5  1 5 8  3 2 8  
6 3  9 2  1 0 7  1 0 3  273  
7 5  7 3  7 6  1 0 7  1 1 9  
8 8  5 8  6 2  8 2  1 6 3  
6 5  7 5  9 3  1 2 6  105  
4 5  5 8  6 5  1 1 9  1 1 0  
5 7  6 5  1 0 1  2 9 7  1 5 6  

1 0 0  8 8  1 0 0  1 2 4  342  
7 8  9 2  1 0 6  1 3 0  1 8 9  
8 5  8 4  1 0 8  1 0 6  1 5 1  
8 5  1 0 3  1 1 0  1 0 3  1 3 7  
8 6  8 3  1 0 8  121  1 0 3  
5 1  5 4  7 3  1 3 9  1 4 7  
5 8  5 7  6 4  7 3  1 2 9  



Table D-2 

MONTHLY FLOWS AT CHARDARA STATION ON SYR DARYA RIVER (cms) 

YEAR 

1970 
1971 
1972 
1973 
1974 
1975 
1 976 
1 977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

JAN FEB MAR - 
450 443 264 
525 615 429 
128 161 350 
257 192 358 
103 82 85 
54 50 51 

49 52 53 

49 76 125 
50 50 149 
65 65 125 

136 129 323 
65 70 70 

100 163 227 
59 64 60 
55 53 52 
52 54 122 
62 59 62 
54 55 66 

298 536 703 
361 209 387 
141 212 528 
318 379 545 
303 314 566 
446 429 782 
382 354 405 

APR - 
726 
698 
844 
873 
51 3 
376 
369 
51 0 
51 5 
739 
579 
545 
477 
41 3 
407 
478 
398 
51 4 
775 
565 
634 
61 9 
653 
669 
892 

MAY JUN JUL AUG SEP OCT NOV DEC -------- 
975 1060 845 677 378 328 378 359 

1010 900 866 738 296 141 112 127 
1070 975 867 739 218 181 327 372 
1250 1130 1060 768 206 220 201 191 
856 592 405 62 57 52 54 79 
501 333 303 85 72 51 50 72 

641 508 459 166 55 56 56 59 

611 514 427 82 73 66 84 77 
704 614 570 281 90 107 107 65 

1100 807 841 410 130 100 187 290 
788 697 688 285 91 103 106 113 
818 749 680 262 95 99 100 100 
813 706 641 216 63 60 57 56 
729 661 604 176 56 58 59 57 
761 668 618 147 47 59 56 59 
834 679 638 141 56 57 60 56 
666 616 508 106 63 64 55 55 
756 676 677 308 260 150 227 284 
923 776 788 421 408 375 488 482 
874 768 702 302 177 163 160 162 
842 786 768 519 291 287 289 300 
844 746 709 313 159 197 267 292 
803 745 748 542 368 348 348 385 

1220 1070 989 803 512 483 352 380 
1080 938 705 654 418 526 486 406 

AVG 



Table D-3 

YEAR 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

AVG 

MONTHLY FLOWS AT KOKTYUBE STATION ON SYR DARYA RIVER (cms) 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC - -  
- - - - - - - - 75 72 - - 
- - - 273 471 294 245 127 68 60 61 83 

64 66 63 222 521 434 400 227 81 60 60 56 
46 56 140 334 528 462 405 145 94 80 71 98 
65 58 111 372 697 647 535 346 128 116 112 99 

140 225 152 569 1080 876 865 538 243 158 213 310 
165 134 322 541 800 728 696 436 164 125 113 114 
92 107 115 410 829 826 719 428 184 131 125 124 

150 195 261 350 737 699 652 334 144 95 75 73 
88 94 71 234 664 611 558 271 102 76 69 65 
72 88 102 280 715 658 583 270 142 94 89 89 

103 129 145 324 726 629 583 271 135 81 63 59 
67 63 59 231 661 634 481 202 89 76 53 65 
85 58 66 394 797 685 709 382 337 184 217 300 

273 433 630 693 921 765 732 476 419 377 468 471 
358 198 310 382 755 681 599 326 190 147 134 136 
170 186 399 534 722 658 625 492 295 272 273 262 
321 381 478 534 778 724 633 369 196 192 229 267 
280 299 510 591 757 725 654 556 390 355 336 355 
436 441 681 680 927 1030 859 796 536 491 387 387 



Table D-4 

YEAR 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1 979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

AVG 

MONTHLY FLOWS AT TOMENARIYK STATION ON SYR DARYA RIVER (cms) 

JAN FEB 

369 487 
353 601 

77 1 123 
282 251 
128 139 
90 85 
65 55 
57 55 
62 57 
99 176 

185 136 
95 100 

124 129 
104 97 
83 69 
77 116 
64 62 
61 68 

278 383 
415 264 
124 171 
258 323 
307 312 
673 455 

APR - 
51 0 
465 
753 
793 
282 
169 
132 
224 
269 
439 
392 
324 
208 
140 
187 
233 
1 34 
230 
565 
326 
441 
407 
455 
624 

JUL AUG SEP OCT NOV DEC ------ 
712 611 324 303 318 351 
590 578 361 139 110 106 
708 651 348 222 248 306 
807 699 390 251 220 200 
265 113 71 77 59 60 
164 100 54 55 55 70 
299 190 63 50 56 48 
281 92 60 66 56 85 
334 253 108 99 105 102 
590 380 184 137 193 281 
439 312 144 128 118 119 
469 323 165 124 122 119 
451 234 125 89 76 67 
380 214 84 67 71 67 
382 179 75 55 57 69 
394 185 95 62 62 60 
321 139 56 62 59 55 
504 288 296 173 213 300 
606 429 418 392 460 476 
470 276 170 155 149 144 
471 413 271 248 260 252 
460 284 167 176 215 263 
445 403 305 309 312 317 
722 715 498 461 346 357 



Table D-5 

YEAR 

1970 
1971 
1972 
1973 
1974 
1 975 
1 976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

AVG 

MONTHLY FLOWS AT KERGELMES STATION ON SYR DARYA RIVER (cms) 

JAN FEB MAR 
368 611 435 
340 513 522 
93 122 202 

238 226 312 
110 139 157 
65 54 94 
76 56 61 
41 45 101 
48 38 66 
95 127 165 

122 116 239 
98 89 100 

113 136 237 
80 105 74 
63 74 119 
58 91 126 
58 55 59 
69 62 61 

255 304 535 
314 242 300 
116 171 294 

- - - 

JUN - 
708 
593 
642 
691 
356 
155 
280 
275 
393 
558 
434 
535 
471 
376 
370 
381 
360 
436 
566 
501 
475 
490 

JUL - 
620 
536 
572 
658 
251 
135 
236 
251 
351 
520 
398 
443 
425 
332 
326 
326 
266 
421 
51 1 
41 4 
41 1 
397 

SEP - 
372 
372 
351 
367 
64 
4 1 
52 
42 
87 

207 
140 
1 74 
1 25 
85 
79 
93 
5 1 

248 
346 
168 
252 
196 

OCT NOV -- 
325 318 
172 136 
228 239 
248 226 
68 53 
45 35 
39 46 
51 37 
76 80 

139 158 
111 108 
111 121 
96 82 
71 72 
58 67 
64 57 
52 47 

164 156 
347 381 
149 142 
230 244 
202 231 



Table D-6 

YEAR 

1 970 
1971 
1972 
1973 
1974 
1 975 
1 976 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

MONTHLY FLOWS AT KZlYL ORDA 1 TASBUGET STATION ON SYR DARYA RIVER (cms) 

AVG 

JAN FEB - 
400 564 
268 397 

78 1 125 
200 184 
127 122 
77 63 
84 47 

47 46 
52 47 
83 127 

132 99 
98 77 
96 127 
92 100 
74 87 
53 78 
54 58 
44 48 

176 256 
301 206 
117 120 
242 264 
326 347 
317 357 

APR - 
399 
359 
570 
462 
144 
66 
44 

53 
102 
144 
220 
131 
131 
55 
91 

118 
53 
88 

308 
195 
208 
239 
291 
370 

MAY JUN JUL AUG SEP OCT NOV DEC -------- 
449 428 364 383 337 301 336 411 
450 320 285 333 324 158 98 7 110 
486 380 342 371 313 221 235 270 
610 471 426 516 399 257 251 228 
262 172 106 51 28 48 66 47 
104 58 35 40 36 34 42 48 
1 1 6 1 1 1  94 73 30 24 40 41 

129 118 108 55 30 42 42 74 

182 186 139 124 79 68 80 107 
395 327 284 228 144 88 139 184 
213 187 158 177 98 90 93 136 
212 269 183 187 161 117 108 102 
181 176 148 93 84 64 74 60 
134 144 125 104 71 46 74 57 
147 141 117 82 40 36 56 41 
152 150 127 68 73 59 52 53 
121 128 106 55 36 53 44 27 
169 199 180 110 170 99 111 149 
239 274 216 228 278 288 327 386 
218 230 171 159 157 123 122 139 
222 233 177 218 201 179 188 232 
217 229 149 140 147 158 195 268 
228 233 143 193 241 245 260 272 
309 444 310 379 412 393 339 283 



Table D-7 

YEAR 

1970 
1971 
1972 
1973 
1 974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

MONTHLY FLOWS AT KARAOZEK STATION ON SYR DARYA RIVER (cms) 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN 
162 268 180 374 494 462 378 386 347 314 325 228 326 
167 226 224 285 460 335 306 362 385 192 117 112 264 

92 6 132 238 581 485 393 362 384 310 206 172 168 294 
119 110 157 439 538 417 391 473 383 231 221 204 308 
103 133 140 115 231 154 82 39 17 19 15 27 89 
58 49 74 53 80 41 23 22 22 19 23 43 42 
62 40 42 23 118 109 80 58 36 27 31 36 55 
36 27 35 39 114 88 86 47 28 30 17 32 48 
37 34 48 51 145 146 120 113 52 40 55 68 76 
77 77 114 85 339 308 268 229 173 133 168 202 182 

115 97 200 145 178 169 158 150 83 75 82 80 128 
69 47 66 95 185 206 106 122 166 103 121 108 116 
95 109 202 107 164 172 143 86 70 56 78 80 114 
95 105 52 39 138 149 121 87 49 28 51 51 80 
60 58 81 97 132 135 117 81 45 31 33 36 75 
43 68 109 99 142 142 120 68 63 45 31 37 81 
48 36 44 52 129 136 104 56 33 49 19 - - 
- - 19 80 145 179 172 113 200 140 132 149 - 

160 248 416 307 330 364 254 272 331 327 363 412 316 
302 193 254 221 238 233 176 132 152 131 121 129 190 
90 119 189 209 222 210 166 214 189 172 196 171 179 

155 206 300 205 181 193 126 124 147 178 205 229 187 
186 199 235 209 185 197 132 178 249 258 258 257 212 
301 326 368 340 295 395 307 369 396 304 - - - 

AVG 



Table D-8 

MONTHLY FLOWS AT DZHUSALIY STATION ON SYR DARYA RIVER (cms) 

YEAR 

1970 
1971 
1 972 
1 973 
1 974 
1975 
1976 
1 977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

JAN FEB 

252 449 
210 364 
70 127 

134 177 
122 137 
67 66 
62 43 
40 35 
57 43 
54 72 

118 72 
84 75 
94 104 

101 119 
56 59 
32 55 
48 43 

0 0 
153 174 
346 208 
72 97 

104 149 
135 163 
198 216 

APR - 
473 
396 
499 
499 
129 
56 
26 
42 
46 
52 

200 
8 1 

11 1 
29 
70 
98 
37 
58 

281 
195 
145 
179 
196 
293 

MAY JUN 

432 400 
373 274 
468 342 
460 400 
209 124 
52 26 
66 64 
69 55 
87 95 

245 230 
133 121 
139 185 
108 117 
89 102 
97 101 

100 106 
82 94 
87 115 

228 223 
163 159 
153 140 
135 154 
156 174 
200 353 

JUL AUG SEP OCT NOV DEC ------ 
339 351 349 319 322 222 
250 305 346 195 121 110 
290 327 317 219 184 167 
362 463 427 210 258 217 
68 41 30 31 22 27 
11 12 24 23 24 42 
50 44 29 20 21 31 
56 26 22 21 14 27 
67 65 53 42 54 62 

191 174 144 103 116 138 
92 119 85 77 85 80 

128 154 123 115 121 100 
99 78 67 57 73 66 
80 81 54 29 51 51 
76 56 38 30 33 21 
83 49 46 34 33 35 
64 36 17 39 28 26 

110 85 172 135 101 141 
167 201 270 307 327 372 
114 90 123 106 100 120 
99 138 168 139 160 128 
90 82 112 126 150 175 
92 132 219 227 240 248 

259 317 395 363 - - 

AVG 



Table D-9 

YEAR 

1970 
1971 
1 972 
1973 
1 974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

AVG 

MONTHLY FLOWS AT KAZALINSK STATION ON SYR DARYA RIVER (cms) 

JAN !TJ MAR APR MAY JUN JUL AUG SEP OCT NOV DEC - 
264 383 485 436 332 267 248 264 214 268 257 233 
299 326 414 446 312 180 164 229 316 194 125 104 
74 117 165 442 336 231 201 252 314 191 17 165 
115 159 294 478 378 278 263 374 382 242 240 194 
132 153 165 115 70 29 4 12 17 15 15 8 
45 48 61 9 4 4 2 1 4 1 1  166 27 
57 44 35 15 6 9 8 8 7 7 8 1 3  
19 29 37 6 10 4 5 4 7 13 17 32 
45 35 41 16 14 22 14 15 25 16 18 39 
53 63 68 1 1  131 170 122 127 140 97 72 141 
121 70 135 131 25 29 142 85 87 76 87 84 
86 55 48 19 33 97 44 106 152 109 84 90 
108 109 120 67 9 21 9 30 49 42 53 46 
80 76 43 6 7 7 6 20 25 18 30 40 
44 37 42 30 8 6 5 5 10 13 13 15 
18 34 61 35 7 13 6 12 17 13 12 31 
42 38 23 9 9 9 6  5 7 9 14 25 
22 20 10 14 12 17 25 36 119 139 83 125 
178 221 252 237 156 173 90 171 242 272 271 345 
220 258 195 160 85 110 59 74 136 115 105 138 
125 120 91 108 79 81 42 85 206 124 125 186 
166 148 141 149 67 94 39 38 100 127 153 182 
199 226 186 128 86 90 22 53 156 230 226 103 



Table D-10 

MONTHLY FLOWS AT BRANCH KARAOZEK RAILWAY STATION ON SYR DARYA RIVER (cm 

YEAR 

1969 
1970 
1971 
1 972 
1973 
1974 
1975 
1976 
1 977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 

JAN FEB 

145 235 
170 268 
128 218 

- - 
1 1 1  125 

- - 
12 9 

8 11 
4 13 
5 5 
3 16 
22 9 
25 13 
1 1  9 
- 6 
13 12 
23 29 

MAR - 
256 
180 
292 

- 
165 

- 
14 
23 
43 
18 
36 
19 
18 
29 
10 
15 
33 

APR - 
297 
374 
88 
- 

JUN JUL AUG --- 
392 388 370 
338 378 386 

- - - 

SEP - 
284 
347 

- 

OCT NOV -- 
403 254 
314 326 

- - 
- 58 
- - 

1 1  43 
5 5 
0 5 

10 32 
22 7 
4 6 
14 3 
1 1 
0 - 
13 10 
- 16 
16 22 

AVG 



Table D-1 1  

MONTHLY FLOWS AT THE MOUTH OF KELES RIVER (cms) 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN - ---  
1971 9 8  109 147  230 9 4  2 8  3 0  2 8  5 6  6 3  7 8  9 0  8 7  
1972 9 0  108 226 366 352 133 8 0  5 2  7 2  115 115 122  153 
1973 140  1 6 7  164 289 165 6 1  4 0  4 1  7 3  5 8  5 9  5 0  108 
1974 7 0  106 103 150 9 6  2 0  1 7  2 9  6 0  4 5  5 2  7 3  6 8  
1975 5 1  5 1  9 3  110 3 0  3 5  2 3  2 1  5 3  7 8  7 8  5 4  5 6  
1976 7 7  7 5  110  224 172 2 2  1 5  2 8  7 4  112 120  7 1  9 2  
1977 7 2  102  141 6 9  4 1  117  3 3  4 6  6 4  9 1  137  142  8 8  
1978 133 127  186 281 292 8 4  3 4  7 1  140  147  204 182  157  
1979 164  188  197  370 275 8 3  6 6  9 9  133  159 113  120  164  
1980 - - - - - - - - - - - - - 
1981 - - - - - - - - - - - - - 
1982 - - - - - - - - - - - - - 
1983 107  9 8  9 0  5 5  4 4  1 0  2 3  3 4  7 2  6 0  8 3  6 1  6 1  
1984 6 3  5 7  158 176 115 4 8  4 3  6 0  8 0  7 4  8 3  7 6  8 6  
1985 106  135 155 267 200 124 7 2  9 5  9 9  100  9 9  8 1  127  
1986 - - - - - - - - - - - - - 
1987 8 0  4 4  180 376 232 195  152 115 141 157  141 1 0 7  160 
1988 132  131 179 178 303 9 9  124 175  168 191 154  125 164 
1989 133  11 6  147  21 8  207 5 7  8 4  5 1  11 9  132 125 191  132 
1990 169  185  279 441 276 9 0  126 164 157  161  153  133  194 
1991 138  163 161 249 223 142 9 8  106 192 163  133  155  160 
1992 164  177  176 231 423 173 160  149 221 188  145  157  197  
1993 133  261 283 384 430 344 162 220 307 243 249 252 272 
1994 273 225 259 416 396 143 150 136 208 240 217 269 244 

AVG 120  131  172 254 218 100  7 7  8 6  124 129 127  126  139 



Table D-12 

YEAR 

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 

AVG 

MONTHLY FLOWS INTO TOKTOGUL RESERVOIR (ems) 
BASED ON THE 1996 IBRD HEC-5 STUDY 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ----- 
151 154 152 303 328 672 489 435 242 186 159 133 
131 127 139 197 570 537 546 368 253 206 164 123 
121 127 159 369 509 955 580 421 274 217 188 134 
123 128 151 349 560 812 830 534 291 219 185 160 
137 122 160 283 477 1100 950 584 289 233 203 168 
146 154 156 245 694 812 647 394 234 186 171 142 
139 140 151 203 832 777 849 432 284 237 203 154 
144 139 147 315 434 309 418 410 241 206 181 130 
138 129 143 216 494 701 822 577 307 214 189 148 
132 131 159 218 425 959 582 503 266 182 177 128 
128 139 150 269 449 742 671 436 266 203 177 146 
125 135 142 200 315 591 709 448 243 199 172 143 
138 138 156 264 572 1171 1263 726 350 267 230 185 
157 148 181 474 753 1482 1272 693 395 265 237 193 
177 175 173 193 459 680 671 440 272 218 196 149 
168 159 167 210 779 1014 644 464 292 217 189 149 
136 150 151 215 377 732 661 395 298 219 189 157 
152 153 149 271 486 682 770 441 330 243 204 183 
155 153 151 365 580 1277 1001 474 336 254 214 180 
174 172 180 383 730 1060 913 685 431 257 213 192 
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Table D-14 

MONTHLY FLOWS USED IN THE HARZA'S STEP 1 STUDY (crns) 

YEAR JAN FEB MAR - --- 

INFLOW TO TOKTOGUL 

1937 135 139 141 
1938 137 134 135 
1939 126 126 136 
1940 111 121 119 
1941 125 119 149 
1942 131 134 154 
1943 142 139 140 
1944 126 123 169 
1945 132 123 137 
1946 140 133 137 
1947 161 157 170 
1948 111 116 134 
1949 120 127 144 
1950 142 128 153 
1951 135 135 153 
1952 151 152 160 
1953 167 166 188 
1954 166 161 183 
1955 169 163 191 
1956 141 155 163 
1957 168 162 173 
1958 158 137 158 
1959 151 192 159 
1960 160 167 170 
1961 144 144 160 
1962 122 119 125 
1963 129 127 122 
1964 109 117 143 
1965 145 142 149 
1966 133 133 148 
1967 151 154 178 
1968 138 140 158 
1969 127 133 202 
1970 190 189 185 
1971 153 158 192 
1972 170 152 170 
1973 159 165 195 
1974 152 165 165 
1975 151 154 152 
1976 131 127 139 
1977 121 127 159 
1978 123 128 151 

AVG 142 142 157 

APR - MAY JUN JUL -- SEP - OCT NOV DEC --- 



Table D-14 
(Cont~nued) 

MONTHLY FLOWS USED IN THE HARZA'S STEP 1 STUDY (cms) 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC - ------------ 
INTERVENING FLOWS BETWEEN TOKTOGUL AND KURPSAI 
1937 15 16 16 19 59 50 46 34 23 
1938 15 14 15 28 63 32 36 30 20 
1939 14 14 15 17 49 35 38 32 19 
1940 12 13 14 19 45 52 40 32 17 
1941 14 13 16 35 95 52 38 35 21 
1942 14 15 16 33 97 70 50 40 24 
1943 16 16 15 23 63 47 46 36 23 
1 944 14 14 18 21 49 100 46 36 21 
1945 14 14 15 33 64 54 46 35 20 
1 946 16 14 15 40 67 42 48 36 20 
1 947 18 17 18 22 46 36 37 32 20 
1948 13 13 15 25 57 46 53 38 24 
1949 13 14 16 28 66 52 52 40 26 
1950 16 14 16 20 85 45 44 36 22 
1951 15 15 16 26 80 44 43 36 20 
1952 16 16 16 47 85 70 70 46 27 
1953 18 18 18 28 101 70 51 38 26 
1954 18 18 18 27 31 55 60 52 30 
1955 18 18 19 31 81 60 40 39 23 
1956 15 16 26 36 42 53 60 39 26 
1957 16 16 12 18 24 49 42 35 22 
1958 14 13 13 38 34 60 70 47 34 
1959 16 17 16 54 81 70 70 49 39 
1960 18 17 17 37 89 70 70 47 35 
1961 17 16 16 33 73 36 35 33 22 
1962 10 13 13 12 37 41 38 33 22 
1963 12 13 13 31 62 53 47 38 26 
1964 13 13 14 20 53 61 70 50 33 
1965 16 15 14 28 58 34 35 30 20 
1966 14 14 14 29 49 61 56 48 36 
1967 8 15 16 43 63 47 43 36 24 
1968 15 14 15 33 91 56 50 38 25 
1969 11 14 17 44 121 69 90 55 56 
1 970 12 9 11 27 57 58 69 64 33 
1971 7 15 22 47 83 56 33 25 17 
1972 7 23 19 26 61 48 64 52 17 
1973 11 4 18 47 89 70 60 37 27 
1 974 17 17 17 34 48 30 28 22 19 
1975 15 15 14 12 40 29 25 23 17 
1976 14 13 11 30 73 35 33 25 20 
1977 10 13 15 47 65 49 37 30 22 
1978 12 14 15 32 75 50 48 35 23 

AVG 14 15 16 30 66 52 49 38 25 



Table 0-1 4 
(Cont~nued) 

MONTHLY FLOWS USED IN THE HARZA'S STEP 1 STUDY (cms) 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN - ------------ 
INTERVENING FLOWS BETWEEN KURPSAI AND TASHKUMYR 

1937 12 14 18 52 102 103 58 26 17 19 20 17 38 
1938 13 12 19 65 81 43 25 15 13 13 12 13 27 
1939 12 13 22 54 123 59 37 20 17 14 19 19 34 
1940 14 16 22 56 126 84 41 24 18 17 21 13 38 
1941 13 14 37 79 96 64 33 21 15 14 15 13 35 
1942 1 1  1 1  31 103 164 90 48 28 19 17 18 16 47 
1943 14 15 27 70 120 93 52 36 26 21 21 19 43 
1944 18 18 22 79 88 93 50 37 25 21 21 19 41 
1945 18 18 18 84 94 107 50 36 25 21 21 19 43 
1946 19 18 21 87 94 96 53 37 24 21 23 21 43 
1947 20 20 22 80 87 94 57 33 27 26 37 23 44 
1948 21 20 29 98 120 86 61 32 24 21 20 18 46 
1949 17 17 26 100 163 132 82 45 30 24 22 18 56 
1950 16 15 25 46 78 71 39 24 20 17 18 15 32 
1951 13 13 23 51 84 88 54 30 21 35 41 25 40 
1952 20 21 33 117 117 107 87 47 30 22 19 16 53 
1953 14 17 39 70 132 104 56 34 23 31 34 31 49 
1954 24 22 41 110 114 115 92 61 33 25 23 18 57 
1955 16 16 26 70 95 79 44 28 21 18 18 15 37 
1956 14 14 23 72 119 74 52 27 20 17 16 13 39 
1957 1 1  10 19 40 47 50 35 21 16 15 16 14 25 
1958 13 14 35 119 235 124 92 50 30 25 25 23 66 
1959 19 18 38 134 107 94 72 40 26 21 21 18 51 
1960 15 18 31 85 149 116 72 46 36 25 24 19 53 
1961 16 15 27 68 82 53 34 25 19 17 18 15 32 
1962 14 15 25 60 77 91 56 32 24 21 25 19 38 
1963 17 20 36 103 128 105 53 29 22 20 21 18 48 
1964 16 16 40 109 129 110 80 43 28 22 20 17 53 
1965 15 15 22 50 80 54 32 23 18 23 34 23 32 
1966 19 21 36 83 117 99 52 35 19 22 18 13 45 
1967 13 13 25 57 102 97 61 33 26 26 31 21 42 
1968 16 15 40 82 138 74 75 41 25 17 17 16 47 
1969 14 14 38 96 240 111  80 53 33 32 40 32 66 
1970 29 28 36 102 130 82 58 34 28 21 22 16 49 
1971 20 19 32 81 65 64 37 27 21 17 18 17 35 
1972 16 13 21 91 110 84 60 32 24 21 21 13 42 
1973 13 22 37 90 105 84 45 27 19 18 16 16 4 1 
1974 14 18 22 46 57 48 32 25 22 19 15 15 28 
1975 12 12 24 78 54 48 31 19 14 14 14 14 28 
1 976 13 14 22 8 7 1 0 6  72 47 24 17 24 25 18 39 
1977 15 15 29 56 61 63 32 20 14 20 20 19 30 
1978 15 15 26 78 95 95 50 31 20 17 18 18 40 

AVG 16 16 28 79 110 86 54 32 23 21 22 18 42 



Table D-15 

MONTHLY PAN EVAPORATION DATA (mm) 

YEAR JAN FEB MAR APR MAY JUN 

CHARDARA 

1980 - 
1981 - 
1982 - 
1983 - 
1984 - 
1985 - 
1986 - 
1987 - 
1988 - 
1989 - 
AVG - - - 101 186 266 

AVG - - - 125 219 265 

ARAL SEA 

1980 - - 102 262 
1981 - - - 108 
1982 - - - 127 
1983 - - - 165 
1984 - - - 100 
1985 - - - 186 
1986 - - - 121 
1987 - - - 73 
1988 - - - 180 
1989 - - - 117 

AVG - - 102 144 253 358 

JUL AUG SEP OCT NOV DEC ANN ------- 
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Table E-1 

MONTHLY INFLOW TO TOKTOGUL RESERVOIR (cms) 

YEAR 

1910 
1911 
1912 
191 3 
1914 
1915 
191 6 
1917 
1918 
191 9 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1 944 
1945 
1 946 
1 947 
1948 
1949 
1950 
1951 
1952 
1953 

JAN FEB MAR --- APR - JUN - 
1149 
945 
752 

1129 
1329 
682 
61 8 
1 94 
703 
875 
875 

1 539 
964 

1139 
1149 
829 
676 
389 

101 9 
750 

1129 
1309 
720 
659 

1439 
867 
904 
825 
375 
468 
894 
997 

1149 
767 
584 
932 
659 
500 
736 
878 
71 8 
698 

1279 
1149 

AUG - 
733 
430 
51 4 
505 
458 
539 
587 
539 
432 
573 
575 

121 1 
746 
702 
675 
362 
51 5 
379 
528 
51 2 
460 
749 
390 
459 
602 
579 
41 2 
448 
365 
407 
397 
470 
573 
479 
497 
466 
503 
40 1 
559 
578 
498 
474 
755 
546 

SEP - 
322 
304 
265 
269 
349 
277 
278 
223 
229 
294 
308 
539 
435 
367 
350 
240 
340 
204 
305 
268 
238 
373 
252 
256 
349 
292 
286 
286 
21 8 
228 
202 
257 
309 
282 
261 
255 
246 
234 
31 0 
331 
277 
245 
372 
336 

OCT NOV DEC --- 
223 181 155 
216 172 142 
191 154 136 
194 157 131 
188 156 133 
198 156 133 
164 124 116 
143 113 93 
156 117 97 
175 127 106 
230 227 168 
270 206 199 
231 174 154 
215 177 154 
222 178 163 
177 142 125 
194 154 137 
164 138 125 
221 184 154 
192 156 134 
175 150 124 
255 183 151 
190 151 111 
169 131 119 
238 188 162 
198 169 128 
202 161 127 
196 155 140 
179 147 127 
163 134 115 
191 156 128 
188 168 137 
196 170 140 
185 156 131 
179 152 131 
184 159 136 
179 194 173 
171 148 120 
200 161 134 
221 171 135 
193 160 124 
232 204 168 
232 201 163 
232 206 175 



Table E-1 
(Continued) 

YEAR 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1 972 
1973 
1 974 
1975 
1 976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
AVG 

MONTHLY INFLOW TO TOKTOGUL RESERVOIR (crns) 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ----- 
166 160 172 303 497 964 1091 999 491 291 232 180 
169 163 178 235 646 1 1  19 572 566 299 208 175 155 
140 154 165 246 762 878 1101 540 307 220 190 159 
154 142 173 182 308 764 601 433 243 201 175 145 
143 132 155 289 451 1109 1141 568 319 244 200 179 
150 167 153 417 665 1109 1071 635 431 268 201 164 

159 167 162 278 680 1279 1281 622 375 242 198 154 

144 139 160 254 597 477 517 420 279 179 143 112 
122 119 125 151 330 698 618 457 259 178 145 118 
129 127 122 235 467 976 681 425 251 184 162 134 
109 117 143 192 407 1139 1281 793 372 235 184 152 
145 137 149 220 477 493 575 467 246 202 187 135 
133 133 148 339 682 1679 865 642 401 283 206 167 
151 154 178 342 495 885 636 488 274 218 178 149 
138 140 158 275 643 1069 861 546 256 203 181 148 
127 129 202 331 940 1829 1491 802 431 338 268 216 
190 189 185 343 730 1059 914 685 431 257 213 192 
153 158 192 302 585 1269 769 535 303 217 203 179 
170 148 170 211 511 811 741 570 324 238 213 180 
159 159 195 338 756 1399 1061 548 317 224 177 154 
155 166 166 229 360 501 523 354 237 205 175 139 
151 154 156 303 328 672 489 435 242 186 159 133 
131 131 139 197 570 537 546 368 253 203 164 123 
121 127 159 369 509 955 580 421 274 217 188 134 
123 133 151 349 560 812 830 534 251 219 185 160 
137 126 160 283 477 1100 950 584 289 233 203 168 
146 165 156 245 694 812 647 394 234 186 171 142 
139 145 151 203 832 777 849 432 284 237 203 154 
144 149 147 315 434 309 418 410 241 205 181 130 
138 138 143 216 494 701 822 577 307 214 189 148 
132 145 159 218 425 959 582 503 266 182 177 128 
128 134 159 269 449 742 671 436 266 203 177 146 
125 135 150 200 315 591 709 448 243 199 172 143 
136 137 163 237 687 1194 1347 752 352 270 230 173 
162 158 170 417 772 1519 1267 715 410 273 216 181 
165 163 162 179 455 755 685 455 251 203 196 175 
160 151 159 234 806 1164 808 563 307 221 191 163 
158 153 161 230 410 832 769 437 326 231 196 174 
156 146 171 316 590 805 851 500 364 252 219 192 
157 164 177 368 578 1285 987 474 333 247 225 185 
175 178 189 381 1028 1316 921 593 337 222 232 209 
154 166 191 240 554 640 775 516 252 233 209 195 
123 147 144 305 467 1261 - - - - - - 
136 137 153 246 554 902 784 529 296 209 175 146 



YEAR 

AVG 

Table E-2 

MONTHLY INFLOW TO TOKTOGUL RESERVOIR (cms) 
BASED ON WATER BALANCE COMPUTATION FOR 1986-1 997 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN - - - - -  



Table E-3 

MONTHLY TRIBUTARY INFLOW BETWEEM TOKTOGUL HPP AND UCH-KUGAN (crns) 

YEAR JAN FEB MAR APR MAY JUN ------ JUL AUG SEP OCT NOV DEC ------ 



Table E-3 
(Contrnued) 

MONTHLY TRIBUTARY INFLOW BETWEEM TOKTOGUL HPP AND UCH-KUGAN (crns) 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN ------------- 

AVG 30 31 43 108 153 139 101 79 55 47 45 37 73 



Table E-4 

MONTHLY TRIBUTARY FLOWS FROM KARASU-LEFT (cms) 

YEAR 

AVG 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN 



Table E-5 

MONTHLY TRIBUTARY FLOWS FROM KARASU-RIGHT (cms) 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN - ---- -------- 

AVG 147  144 2 2 7  6 9 7  897  752  4 3 2  240 173 174 184 165  353 



Table E-6 

MONTHLY INFLOW TO CHARBARA RESERVOIR (cms) 

AVG 

JAN FEB MAR APR MAY JUN ------ JUL AUG SEP OCT NOV DEC ------ 



Table E-7 

MONTHLY OUTFLOW FROM TOKTOGUL RESERVOIR (cms) 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN - 

AVG 286 302 273 275 396 576 730 610 239 188 204 275 



Table E-8 

MONTHLY FLOWS AT UCH-KURGAN STATION ON NARYN RIVER (cms) 

YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1 973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

AVG 

JAN FEB 

199 191 
156 174 
167 163 
139 99 
189 171 
185 188 
178 165 
109 119 
125 126 
131 129 
114 111 
115 122 
107 118 
107 109 
117 138 
156 153 
147 147 
129 129 
129 144 
114 108 
70 125 

155 167 
80 138 
33 67 

172 140 
193 262 
148 206 
238 251 
232 178 
217 233 
201 181 
182 255 
143 194 
219 223 
338 326 
279 288 
381 307 
347 340 
411 397 
486 545 
604 583 
564 534 
570 525 

211 216 

APR - 
31 1 
341 
21 2 
387 
597 
373 
335 
1 75 
327 
298 
179 
372 
331 
305 
448 
41 1 
340 
234 
342 
166 
1 57 
539 
189 
191 
1 78 
237 
31 5 
264 
359 
270 
205 
335 
259 
348 
266 
239 
323 
296 
305 
607 
322 
338 
260 

309 

JUN JUL AUG SEP OCT NOV DEC ------- 
1150 575 560 293 215 190 179 
915 1090 521 307 226 188 164 
760 552 357 176 135 135 129 

1100 1140 534 288 236 210 189 
1180 1110 658 441 328 261 219 
1330 1260 623 367 287 257 198 
512 430 364 249 194 200 142 

721 563 394 215 171 173 150 
1090 671 373 219 201 225 181 
1110 1120 685 302 267 270 203 
415 467 351 187 213 321 134 

1640 864 640 353 307 360 152 
847 609 404 211 217 218 147 

1030 782 485 199 162 191 156 
1910 1600 772 333 336 276 205 
1070 832 572 367 230 222 198 
1160 632 387 224 179 204 162 
703 584 420 250 21 1 236 197 

1290 903 409 238 191 153 150 
232 377 465 198 209 137 83 
428 387 391 100 74 154 116 
433 374 347 119 88 36 76 
638 671 370 97 55 27 22 
527 457 474 140 84 20 141 
254 350 408 241 157 105 155 
395 542 472 227 170 139 177 
727 695 453 21 1 182 199 248 
743 823 748 188 192 208 217 
660 669 504 109 77 79 153 
762 835 570 98 51 72 250 
582 616 579 133 110 124 151 
564 804 612 120 112 139 181 
170 603 268 181 176 174 195 
710 916 630 493 267 281 278 
862 1080 818 257 204 252 252 
362 655 703 232 286 311 332 
731 812 480 187 200 268 346 
479 419 427 193 258 325 413 
323 271 273 231 272 369 462 
380 371 330 376 308 380 570 
295 590 261 121 212 298 537 
546 427 361 173 283 414 553 
370 465 354 110 115 354 471 

747 698 484 227 196 213 224 



Table E-9 

MONTHLY FLOWS AT KAL OF SYR DARYA RIVER (crns) 

YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1 974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

Avg 

JAN - 
367 
338 
306 
299 
352 
32 1 
356 
181 
209 
241 
24 1 
164 
1 78 
161 
238 
321 
327 
180 
21 9 
231 
129 
1 54 
141 
135 
188 
199 
166 
272 
251 
21 7 
277 
169 
199 
399 
479 
389 
489 
492 
531 
81 3 
843 
744 
789 

31 8 

FEB - 
306 
324 
300 
227 
295 
31 0 
289 
1 64 
179 
243 
21 3 
248 
183 
155 
266 
284 
292 
268 
248 
231 
162 
193 
193 
163 
200 
345 
21 9 
263 
144 
259 
249 
31 1 
21 4 
404 
445 
345 
41 1 
425 
522 
829 
791 
756 
71 9 

31 6 

APR MAY JUN JUL - 
447 945 1410 566 
561 1070 969 1050 
317 262 880 521 
786 858 1500 1400 
934 887 1340 1060 
619 1380 1570 1260 
447 723 425 289 
196 362 648 396 
512 798 1110 547 
572 651 1180 1080 
220 376 260 289 
614 1030 1960 830 
360 689 856 520 
399 729 1010 587 
840 1860 2460 1880 
666 1040 1040 840 
456 667 1090 425 
291 643 675 528 
540 1080 1430 818 
153 134 56 128 
183 361 314 178 
711 659 270 121 
139 431 715 460 
268 279 414 244 
415 437 458 252 
225 345 259 374 
328 654 629 502 
183 558 528 525 
280 634 493 421 
208 524 545 577 
204 299 389 369 
260 594 396 537 
370 284 376 597 
548 885 831 802 
205 464 764 895 
243 308 266 539 
306 538 656 650 
301 617 467 349 
317 705 654 306 
739 736 390 425 
350 211 200 456 
504 328 614 331 
358 232 342 357 

409 634 764 588 

SEP - 
355 
33 1 
191 
304 
447 
379 
21 8 
159 
168 
321 
132 
365 
143 
126 
41 5 
387 
201 
274 
278 
180 
131 
136 
128 
130 
21 7 
197 
188 
173 
154 
119 
120 
87 

190 
507 
265 
248 
197 
21 0 
223 
478 
142 
183 
119 

231 

OCT - 
383 
372 
267 
414 
437 
456 
298 
254 
276 
390 
299 
469 
361 
277 
61 2 
459 
354 
387 
328 
327 
129 
193 
21 1 
166 
273 
281 
259 
302 
176 
152 
21 4 
200 
375 
41 4 
308 
408 
328 
387 
41 5 
380 
277 
370 
153 

32 1 

NOV DEC ANN -- 
411 399 547 
364 324 552 
360 339 363 
416 402 617 
437 391 622 
506 393 669 
368 274 353 
315 299 285 
416 332 419 
437 290 525 
473 247 264 
480 277 605 
393 255 366 
326 284 380 
643 494 940 
457 374 555 
370 221 405 
437 304 383 
342 215 506 
244 136 196 
209 132 197 
217 148 264 
260 149 269 
196 234 229 
316 240 290 
336 192 279 
360 259 341 
372 355 360 
231 263 297 
234 386 329 
277 168 263 
262 297 315 
563 533 342 
503 498 557 
457 455 477 
575 540 390 
495 610 448 
544 663 434 
731 860 499 
681 934 622 
508 834 455 
744 907 529 
504 753 422 

413 387 422 



Table E-10 

MONTHLY FLOWS AT AKDZHAR STATION ON SYR DARYA RIVER (cms) 

YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1 967 
1968 
1969 
1 970 
1971 
1972 
1973 
1974 
1 975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

AVG 

JAN fEJ - 
430 363 
366 358 
379 368 
353 301 
410 366 
384 385 
389 353 
246 231 
268 256 
296 311 
311 303 
221 328 
281 294 
259 272 
331 352 
414 363 
416 389 
312 360 
323 372 
312 332 
192 270 
248 329 
209 309 
228 273 
317 354 
334 485 
328 413 
463 453 
373 304 
368 433 
432 397 
347 458 
280 339 
585 597 
590 598 
493 524 
601 563 
589 569 
653 697 
841 883 
909 880 
857 849 
876 788 

414 428 

MAR - 
499 
453 
41 5 
325 
41 6 
437 
360 
235 
31 8 
371 
286 
372 
305 
303 
804 
356 
395 
423 
386 
350 
31 0 
308 
306 
307 
302 
403 
371 
364 
279 
536 
356 
330 
329 
504 
478 
41 9 
461 
51 5 
632 
898 
73 1 
728 
640 

426 

APR - 
468 
608 
380 
867 
982 
633 
496 
244 
549 
586 
274 
626 
423 
434 
976 
71 9 
562 
440 
644 
256 
261 
793 
21 7 
356 
51 4 
378 
461 
335 
382 
372 
395 
342 
470 
687 
345 
398 
425 
426 
465 
81 1 
446 
642 
502 

502 

JUN JUL - 
1490 617 
970 1020 
952 565 

1550 1430 
1380 1130 
1510 1270 
464 291 
690 426 

1100 578 
1150 1110 
293 296 

1800 834 
931 550 

1070 635 
2470 1670 
4040 887 
1280 597 
789 643 

1270 847 
122 170 
346 218 
338 192 
809 505 
476 309 
530 328 
371 471 
747 607 
660 610 
597 510 
672 726 
533 497 
464 579 
494 710 
953 960 
827 950 
338 606 
708 707 
569 477 
739 392 
479 503 
233 496 
649 397 
406 407 

820 645 

AUG SEP OCT NOV DEC ----- 
563 356 383 425 419 
505 367 404 401 384 
341 243 338 440 402 
576 339 458 481 470 
609 513 497 499 471 
501 424 472 513 433 
287 258 309 361 305 
300 206 294 362 341 
278 222 311 447 371 
624 377 401 442 342 
257 182 335 462 275 
579 446 544 488 357 
323 219 414 450 334 
372 218 351 397 376 
909 736 694 734 555 
589 521 543 530 475 
347 305 388 400 325 
357 333 439 483 381 
389 357 401 376 287 
349 274 365 294 210 
247 181 166 254 199 
214 224 270 286 228 
274 201 263 319 231 
356 242 250 254 310 
415 346 341 365 343 
493 308 378 382 318 
482 304 378 435 379 
694 267 399 451 442 
517 254 254 305 380 
548 219 238 326 494 
566 224 315 368 294 
494 145 264 313 352 
326 293 506 712 655 
673 620 537 594 587 
756 361 420 540 542 
636 344 494 649 605 
455 280 426 570 683 
464 311 507 632 721 
346 301 529 805 879 
354 540 501 773 997 
311 220 381 589 882 
328 258 482 795 957 
340 197 253 608 822 

450 315 393 472 461 



Table E-1 1 

MONTHLY FLOWS AT KZYLKISHLAK STATION ON SYR DARYA RIVER (cms) 

YEAR JAN -- 
1955 436 
1956 412 
1957 420 
1958 378 
1959 702 
1960 532 
1961 537 
1962 267 
1963 307 
1964 418 
1965 317 
1966 243 
1967 427 
1968 311 
1969 310 
1970 754 
1971 509 
1972 229 
1973 462 
1974 244 
1975 96 
1976 201 
1977 274 
1978 209 
1979 303 
1980 369 
1981 244 
1982 514 
1983 440 
1984 310 
1985 185 
1986 270 
1987 328 
1988 651 
1989 394 
1990 392 
1991 536 
1992 655 
1993 510 
1994 976 
1995 869 
1996 656 
1997 1030 

AVG 433 

FEB - 
41 0 
41 0 
429 
31 7 
560 
503 
596 
192 
269 
297 
207 
240 
366 
309 
365 
402 
51 7 
41 9 
340 
198 
8 1 
97 

115 
112 
155 
51 6 
179 
526 
333 
424 
408 
228 
309 
571 
442 
542 
579 
577 
672 
89 1 
986 
775 
966 

41 5 

APR - 
549 
626 
426 
282 
703 
599 
31 1 
273 
284 
647 
275 
552 
549 
33 1 

131 0 
375 
469 
488 
563 
274 
21 0 
41 9 
288 
166 
397 
380 
507 
380 
542 
391 
307 
648 
308 
782 
458 
376 
442 
472 
425 
901 
51 0 
607 
388 

470 

JUN - 
1600 
1080 
526 

1240 
1060 
1 270 
579 
478 

1060 
675 
61 3 

1540 
687 
994 

2220 
91 6 

1060 
800 

1100 
64 1 
623 
745 

1000 
776 
557 
637 
838 
987 
841 
783 
694 
579 
620 

1020 
884 
690 
784 
704 
83 1 
785 
405 
547 
454 

859 

JUL - 
627 

1020 
61 2 

1460 
979 

1100 
390 
606 
848 
81 8 
451 
887 
632 
71 2 

1540 
791 
780 
691 
994 
51 6 
497 
621 
776 
691 
673 
766 
984 
997 
672 
803 
755 
637 
705 

1010 
1050 
81 9 
943 
775 
775 
747 
588 
634 
556 

789 

SEP - 
385 
381 
242 
390 
459 
560 
197 
21 2 
244 
509 
155 
51 1 
35 1 
307 
547 
51 5 
229 
320 
337 
1 75 
133 
166 
160 
1 77 
222 
21 8 
21 9 
207 
152 
160 
152 
139 
21 0 
627 
280 
251 
290 
248 
357 
322 
185 
259 
168 

287 



Table E-12 

MONTHLY Fl -0WS AT CHINAZ STATION ON SYR DARYA RIVER (cms) 

YEAR 

1961 
1962 
1963 
1964 
1965 
1966 
1967 

1968 
1969 
1970 
1971 
1972 
1973 
1974 
1 975 
1 976 
1977 
1 978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

AVG 

JAN - 
406 
274 
257 
386 
373 
240 
398 

254 
51 8 
970 
581 
246 
51 2 
21 4 
84 

106 
131 
153 
237 
163 
133 
31 5 
221 
109 
280 
96 

102 
592 
299 
285 
487 
586 
460 

1210 
886 
559 
868 

378 

FEB MAR - 
485 378 
291 221 
279 303 
343 533 
339 342 
324 459 
399 298 

363 322 
629 1560 
607 525 
698 452 
456 632 
515 516 
308 231 
139 173 
166 171 
117 153 
203 231 
350 336 
560 560 
227 493 
633 451 
241 364 
393 827 
484 331 
214 472 
301 438 
784 522 
491 580 
616 527 
692 543 
563 634 
708 964 

1120 1300 
1020 952 
712 970 
914 897 

478 531 

APR - 
488 
21 6 
457 

1020 
343 
648 
566 

577 
241 0 
71 8 
629 
737 
742 
21 3 
68 

497 
69 

230 
746 
41 3 
51 3 
261 
280 
386 
397 
441 
708 
803 
192 
445 
290 
370 
572 

1140 
31 0 
51 8 
293 

533 

MAY - 
644 
380 

1060 
1030 
360 

1150 
602 
71 4 
31 40 
946 
629 
743 

1080 
136 
356 
406 
21 7 
475 
907 
573 
660 
298 
633 
471 
478 
354 
577 
948 
61 5 
629 
487 
762 

1100 
1040 

181 
335 
325 

688 

JUL AUG SEP OCT NOV DEC ------ 
131 156 163 236 267 258 
337 223 154 177 220 320 
560 427 282 298 404 477 
655 533 515 537 600 552 
122 124 123 249 313 310 
682 380 489 485 491 290 
208 306 280 292 347 251 
483 215 258 457 370 491 
2380 998 702 888 1100 1060 
443 289 544 568 607 481 
295 257 199 223 242 302 
323 277 306 317 378 273 
544 434 332 336 296 193 
122 64 81 77 80 79 
103 52 66 73 91 92 
129 100 105 103 126 88 
313 82 84 144 153 149 
275 169 144 135 166 153 
337 296 238 130 201 196 
247 259 185 155 145 104 
521 378 184 201 166 161 
363 237 133 132 198 296 
85 139 115 113 174 133 

223 163 141 173 193 214 
162 116 96 135 160 90 
101 102 112 170 194 191 
327 168 179 214 289 574 
393 351 564 551 562 431 
484 268 248 259 332 361 
237 176 240 322 553 450 
339 205 236 232 293 455 
331 213 234 262 584 664 
369 199 286 304 557 924 
414 199 301 437 771 766 
210 136 137 181 275 630 
226 122 154 365 475 695 
113 105 107 140 386 649 

367 241 236 272 345 373 



Table E-13 

MONTHLY FLOh 'S AT UCHTEPE OF KARAC lARYA RIVER (crns) 

YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

AVG 

JAN FEB MAR APR - 
138 94 169 155 
132 102 144 229 
96 94 121 109 

127 75 88 416 
153 95 120 351 
101 99 122 230 
103 70 62 111 
57 53 59 82 
73 63 102 211 
79 68 103 252 
64 63 66 68 
64 121 170 253 

104 102 118 146 
72 68 89 108 
88 83 218 262 

121 116 137 289 
155 138 125 208 
100 169 183 154 
118 157 131 301 
132 122 107 94 
58 67 75 82 
59 71 86 162 
54 70 76 59 
63 80 95 140 
94 102 93 258 
85 106 88 105 
74 80 75 132 

125 120 97 94 
93 61 60 74 
63 60 87 76 

106 89 67 94 
68 58 65 78 
78 59 65 172 

173 158 152 309 
137 138 80 95 
98 72 82 121 
94 67 82 95 

102 75 75 110 
91 107 107 128 

156 148 181 181 
105 89 92 123 
100 108 102 231 
116 93 111 137 

99 94 105 165 

MAY JUN JUL AUG - 
270 313 83 64 
314 159 107 54 
52 186 66 44 

324 399 298 79 
210 213 121 82 
530 327 156 79 
138 66 60 67 
96 94 64 71 

222 181 77 69 
215 219 170 89 
70 63 75 81 

387 497 193 122 
227 160 102 73 
130 154 76 74 
604 603 361 197 
310 248 205 163 
218 234 119 100 
206 183 127 99 
308 222 158 127 
85 60 58 72 
77 77 68 60 

176 78 57 65 
145 201 80 69 
135 132 94 91 
264 339 163 149 
170 117 109 122 
130 153 120 141 
116 99 86 97 
127 87 73 95 
90 78 89 94 

107 90 95 100 
71 61 58 59 

149 300 217 98 
472 296 143 87 
130 90 89 85 
129 88 98 86 
99 101 94 93 

203 110 133 130 
335 444 227 170 
332 146 234 115 
96 86 94 83 

144 123 100 99 
121 100 90 86 

203 185 123 95 

SEP OCT NOV --- 
71 148 185 
53 122 146 
51 107 182 
86 165 164 
90 130 182 
87 125 190 
72 93 115 
74 85 122 
72 86 136 
98 108 134 
70 105 151 

142 201 165 
72 98 119 
64 104 96 

140 220 228 
216 268 205 
111 158 130 
124 220 195 
113 131 146 
71 81 76 
55 63 82 
67 98 122 
63 116 154 
76 88 121 

121 110 140 
88 99 111 
95 113 128 
85 109 135 
77 98 113 
68 85 124 
72 104 132 
55 92 103 
82 191 296 
72 120 156 
75 99 132 
79 112 145 
84 103 131 
90 123 133 
99 122 204 

108 95 167 
78 101 117 
86 114 148 
70 73 116 

86 121 146 

DEC ANN - 
180 156 
116 140 
169 106 
156 198 
150 158 
117 181 
100 88 
113 81 
93 115 
73 134 
75 79 

122 203 
89 118 
95 94 

181 266 
179 205 
106 150 
164 160 
110 168 
63 85 
59 68 
67 92 
72 97 

112 102 
106 162 
79 107 

102 112 
112 106 
100 88 
128 87 
89 95 

121 74 
243 163 
156 191 
126 106 
129 103 
137 99 
129 118 
193 186 
176 170 
127 99 
151 125 
135 104 

123 129 



Table E-14 

MONTHLY FLOWS AT IRTASH STATION ON AKCHANGARAN RIVER (crns) 

YEAR 

1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1 977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

JAN FEB 

- - 
59 114 
3 7  36 
36 46 
5 0  86 
49 51 
39 35 
49 100 
4 3  46 
4 5  4 7  
5 7  59 
53 6 7  
4 4  4 3  
36 34 
3 7  70 
29 30 
32 30 
35 4 3  
4 2  50 
55 6 3  
53 6 4  
33 41 
28 31 
32 30 
39 41 
2 7  26 
33 5 8  
39 39 
5 7  7 4  
4 4  51 
4 2  3 8  
5 0  5 7  
29 4 2  
30 50 
23 75 
8 7  6 4  
4 9  6 2  
4 0  49 
39 4 3  

MAR - 
- 

13 3 
9 6 
10 5 
16 5 
23 9 
6 1 
26 0 
10 2 
15 7 
56 0 
10 0 
20 0 
1 1  2 
1 1  1 
7 8 
10 6 
6 1 
16 9 
1 1  6 
12 0 
9 6 
10 3 
5 1 
5 8 
13 4 
17 7 
5 4 
18 8 
1 1  0 
10 8 
13 7 
1 1  2 
6 0 
8 5 
30 7 
10 2 
100 
8 1 

JUN JUL AUG SEP OCT NOV DEC 

- 204 105 55 4 2  53 5 2  
1050 375 142 7 8  46 4 8  4 2  
190 8 0  50 35 35 3 7  3 5  
440 135 50 4 0  4 0  5 0  4 9  
480 175 9 5  6 8  52 59 59 
535 178 9 0  6 0  4 5  4 2  4 0  
150 6 5  37 35 6 3  180 56 
700 260 170 9 8  7 2  5 0  53 
300 113 55 4 7  6 2  6 3  50 
620 230 115 6 5  51 6 7  8 2  
1180 535 245 1 1  5 133 126 6 2  
270 126 7 7  50 4 6  46 5 6  
334 122 6 3  46 38 39 3 8  
633 238 101 54 4 7  6 5  4 2  
433 143 6 3  4 7  4 4  36 29 
125 61 39 3 4  33 35 3 2  
247 89 4 7  38 35 3 7  36 
279 1 1 1  53 4 2  81 71 4 8  
275 9 5  46 35 8 2  104 6 3  
371 166 80 51 46 41 6 0  
799 283 113 63 4 8  41 41 
314 127 6 0  4 2  41 4 4  3 7  
285 150 7 7  53 4 5  39 38 
83 51 35 40 6 3  66 4 2  
204 112 46 34 31 35 30 
386 119 4 7  33 31 4 6  39 
458 158 6 3  33 4 2  5 4  4 9  
216 8 7  4 4  36 4 7  4 0  53 
625 249 107 56 4 5  56 41 
492 205 89 4 9  53 6 5  5 0  
349 119 51 33 50 55 8 8  
675 195 6 3  29 56 6 2  30 
382 172 71 4 5  41 32 41 
745 307 50 28 3 0  33 35 
729 200 107 56 4 8  208 106 
807 293 9 5  59 4 4  201 107 
273 1 1 1  4 5  4 4  6 0  4 8  38 
600 210 112 53 53 4 7  3 7  
351 135 51 4 2  2 7  29 3 6  

AVG 



Table E-15 

MONTHLY FLOWS AT SOLDATSKOE STATION ON AKCHANGARAN RIVER (crns) 

YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1 972 
1973 
1974 
1975 
1976 
1977 
1 978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

AVG 

JAN FEB MAR -- 
122 142 331 
151 202 400 
143 124 362 
25 8 32 6 42 9 
33 4 32 9 64 4 
22 5 36 3 53 0 
166 139 240 
153 130 6 5  
75 133 281 
149 175 561 
142 104 8 6  
9 8  102 270 
8 4  89 85 
125 4 2  155 
149 39 - 
331 119 190 
4 8  5 7  242 
7 0  120 128 
6 4  131 302 
9 7  105 9 3  
53 59 132 
28 20 6 2  
100 166 129 
183 167 331 
30 1 39 0 32 7 
122 126 244 
35 26 5 4  
6 5  59 7 4  
176 180 155 
7 2  7 7  155 
115 208 356 
167 104 56 
136 129 564 
21 9 29 2 35 4 
109 86 105 
23 2 25 2 49 9 
149 144 162 
31 3 274 422 
21 2 557 101 0 
44 3 42 7 71 7 
77 2 40 5 54 8 
15 18 449 
6 3  158 314 

164 170 293 

APR - 
60 3 
120 0 
39 7 
129 0 
227 0 
113 0 
36 6 
2 8 
87 9 
91 5 
6 6 
49 2 
24 7 
69 1 

- 
63 4 
27 6 
85 5 
78 8 
2 5 
4 8 
78 8 
3 8 

126 0 
230 0 
67 8 
26 3 
5 7 
3 2 
6 2 
63 1 
2 1 

213 0 
59 0 
5 3 
73 5 
30 8 
61 4 
119 0 
136 0 
16 4 
137 0 
5 1 

64 9 

MAY - 
76 7 
101 0 
7 0 

149 0 
154 0 
241 0 
33 6 
12 2 
68 2 
95 3 
19 
91 1 
31 8 
88 5 

- 
39 4 
41 9 
125 0 
98 3 
2 9 
2 2 
38 2 
3 7 
70 7 
162 0 
64 4 
43 1 
7 0 
5 0 
6 0 
26 3 
14 

154 0 
73 2 
5 0 

175 0 
29 5 
148 0 
204 0 
154 0 
27 9 
61 3 
43 7 

68 9 

JUN JUL AUG --- 
535 136 6 6  
269 141 5 7  
427 9 4  26 
1040 354 178 
804 21 0 139 
141 0 133 55 
4 4  22 21 
163 5 7  41 
204 23 2 7  
146 75 3 7  
23 2 4  21 
245 36 4 7  
6 2  29 29 
526 7 2  4 0  
151 0 254 177 
5 7  4 7  4 2  
85 53 39 
150 6 0  46 
1 1 1  5 4  4 2  
23 21 117 
28 301 130 
51 41 50 
38 7 2  84 
166 106 234 
571 122 138 
86 30 6 3  
113 6 0  6 4  
46 55 46 
19 16 18 
32 28 36 
81 41 79 
18 2 2  18 
544 152 143 
216 6 2  6 0  
3 7  5 4  29 
176 5 2  55 
29 6 0  3 7  
327 130 4 8  
1260 132 6 0  
61 7 143 9 4  
4 5  5 7  36 
473 239 31 
148 81 36 

301 9 2  6 6  

SEP OCT NOV DEC ANN ---- 
73 116 115 114 260 
9 0  130 114 133 325 
30 78 118 143 167 
179 397 281 365 549 
203 166 171 195 583 
131 184 184 187 579 
3 0  6 5  141 181 146 
3 8  7 5  86 76 8 6  
8 4  117 150 161 234 
78 1 1  6 352 152 309 
22 9 0  202 133 7 7  
196 274 356 168 267 
4 6  115 135 197 120 
33 9 9  283 360 277 
34 7 37 8 39 0 41 5 - 
147 149 161 9 0  197 
129 118 104 112 141 
70 104 195 139 266 
107 58 4 5  7 7  231 
22 15 16 4 7  51 
4 5  19 29 4 2  76 
33 5 2  1 1 1  105 143 
3 2  137 173 140 9 5  
173 259 9 6  205 324 
162 8 7  181 145 527 
7 4  108 70 30 190 
38 49 38 59 103 
51 8 2  9 8  109 6 8  
23 15 41 73 6 6  
53 31 59 115 65 
101 6 2  4 0  110 173 
20 9 9  9 2  136 6 4  
83 127 41 5 282 521 
7 4  239 266 136 270 
35 5 8  127 303 8 7  
4 2  9 9  189 179 357 
105 9 9  100 286 148 
39 5 0  130 225 339 
6 8  224 384 470 634 
8 7  125 560 * * * *  59 9 
3 4  4 0  22 1 7  201 
2 4  53 2 2  26 278 
41 28 3 7  9 8  125 

81 116 160 182 240 



Table E-16 

MONTHLY FLO WS OF CHlRCHlK AFFLUX IN CHARVAK RESERVOIR (cms) 

YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1 972 
1973 
1 974 
1975 
1976 
1977 
1 978 
1 979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

AVG 

JAN FEB - 
61 58 
55 50 
53 46 
55 55 
66 60 
80 84 
67 60 
60 57 
67 70 
70 62 
60 56 
70 74 
61 56 
64 59 
65 59 
118 104 
63 60 
52 50 
59 56 
57 54 
47 44 
45 41 
53 50 
65 60 
69 67 
62 61 
61 56 
56 53 
58 55 
52 49 
58 65 
56 52 
58 61 
60 58 
60 54 
62 60 
64 58 
51 50 
50 67 
72 61 
86 78 
60 59 
63 60 

62 59 

MAR - 
74 
67 
6 1 
94 
82 
94 
72 
81 
92 

1 03 
64 
113 
72 
100 
146 
100 
99 
60 
71 
60 
56 
43 
75 
73 
77 
70 
80 
59 
60 
72 
76 
56 
93 
67 
65 
90 
69 
57 
72 
92 
90 
63 
71 

77 

APR - 
139 
220 
100 
349 
427 
21 1 
143 
152 
282 
220 
1 1  1 
236 
179 
256 
365 
239 
236 
166 
21 6 
114 
1 84 
1 75 
188 
274 
346 
245 
1 87 
178 
136 
188 
257 
140 
265 
21 7 
116 
21 0 
162 
202 
21 5 
237 
169 
196 
226 

21 1 

MAY - 
340 
446 
1 80 
491 
564 
61 4 
336 
269 
380 
428 
31 2 
457 
334 
41 5 
830 
392 
372 
376 
439 
238 
244 
36 1 
264 
438 
477 
41 9 
437 
304 
275 
335 
492 
269 
528 
396 
259 
61 3 
243 
372 
498 
544 
41 3 
344 
372 

398 

JUL AUG SEP OCT NOV DEC ------ 
322 238 121 84 72 65 
444 215 133 89 70 58 
257 166 100 80 70 61 
713 324 172 110 85 76 
568 343 204 130 108 92 
683 331 186 122 97 79 
249 186 120 85 71 63 
387 215 132 91 87 72 
403 225 135 97 89 79 
503 262 147 101 82 70 
223 164 95 99 122 84 
446 265 154 103 76 70 
331 206 132 104 86 73 
540 284 138 99 92 79 
899 470 245 184 169 125 
339 240 155 107 87 71 
332 213 124 81 69 58 
466 246 141 100 88 72 
387 224 122 88 73 62 
238 146 91 72 58 49 
251 164 99 69 57 51 
287 184 1 1 1  88 79 62 
292 164 116 98 95 75 
473 229 145 92 96 78 
591 279 137 97 80 69 
346 193 125 88 80 66 
411 207 126 91 71 61 
197 151 93 85 76 64 
330 209 114 81 72 63 
375 209 113 82 73 64 
389 194 113 85 71 64 
290 162 107 85 70 67 
588 322 159 1 1 1  93 72 
4 1 4 2 1 0 1 3 1  90 78 66 
326 186 117 91 77 83 
403 237 141 105 91 72 
350 192 124 89 69 59 
451 201 133 95 78 67 
517 233 143 92 112 80 
490 260 154 107 133 116 
330 212 129 101 81 70 
446 246 134 102 83 69 
343 189 122 87 73 63 

410 228 133 96 85 71 

ANN - 
176 
191 
129 
275 
279 
286 
148 
1 73 
21 2 
222 
141 
232 
180 
232 
392 
205 
192 
198 
21 1 
127 
137 
1 59 
162 
21 6 
252 
187 
183 
130 
153 
186 
207 
145 
253 
200 
157 
238 
161 
189 
233 
246 
183 
198 
181 

199 



Table E-17 

YEAR 

1955 
1956 
1957 * 1958 

1959 
1960 
1961 
1962 

• 1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1  972 
1973 
1  974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

AVG 

MONTHLY FLOWS AT HODJIKENT STATION ON UGAM RIVER (cms) 

JAN FEB MAR -- 
5 5  5 9  126  
7 1  7 5  124  
5 2  5 2  9 0  
6 2  6 8  206 
8 8  8 8  204 
9 1  134  185  
7 0  6 6  130  
6 2  8 1  153  
9 4  122  21 0  
7 3  6 9  274 
6 3  6 2  104  
8 6  124  265 
7 2  7 1  131  
7 3  7 5  324 
8 7  7 6  471 

124  130  170  
7 6  7 5  1 9 7  
6 8  6 0  138  
7 2  9 2  143  
5 7  5 4  9 2  
6 2  5 9  169  
6 1  8 0  9 7  
8 0  8 7  213 
8 9  101  182  

123  132  171  
7 9  8 5  150  
7 0  7 1  160  
8 0  7 8  138  
8 0  8 1  106  
7 3  6 6  198  
6 0  8 3  162  
7 1  6 8  8 4  

100  128  295 
112  1 2 7  169  
7 1  6 3  135  
9 5  8 9  240 
7 0  7 2  128  
6 5  9 3  104  
6 3  130  188  

11 2  100  270 
158  150  209 
7 2  8 0  129  
8 5  149  384 

8 0  8 8  182  

APR - 
28 8  
42 5  
16 4  
81 7 
75 4  
43 8  
30 5  
26 9  
56 9  
59 1  
20 2  
40 0  
34 7  
56 4  
85 8  
45 0  
48 0  
50 3  
46 4  
27 0  
40 8  
51 4  
33 6  
61 7  
62 9  
60 8  
38 2  
43 6  
27 9  
35 6  
46 6  
26 1  
72 1  
46 6  
26 6  
49 2  
40 3  
43 0  
53 3  
57 7  
37 5  
54 5  
51 8  

46 0  

JUN JUL AUG SEP OCT NOV DEC ANN ------- 
466 255 141 9 4  7 7  7 1  7 3  184  
376 263 114 8 3  6 8  6 1  5 6  183  
340 179  9 7  6 7  6 0  6 5  6 3  121  
704 503 277 168  11 5  9 5  1 0 7  31 0  
544 366 195  121 9 2  101  9 2  275 
661 554 240 160  125  9 5  8 6  279  
280 161 110  7 7  6 7  6 1  6 0  147  
347  227 112  7 5  7 0  116  9 6  165  
560 319 163 104  8 3  8 4  8 6  250 
572 358 175  118  9 4  7 7  6 8  255 
269 139  9 1  7 2  9 6  196  1 0 7  145  
485 296 1 5 7  102  9 4  7 4  7 9  221 
479 274 139  9 7  110  9 5  8 3  199  
577 368 168  110  9 0  110  114  270  
824  559 372 203 217  257  160  437  
420  269 164  109  8 7  8 1  9 3  212  
409 222 122  7 9  6 9  7 8  7 2  194 
660 394 202  128  105  106  8 6  258 
478 255 112  8 4  7 8  7 0  6 2  200 
300 167  107  8 3  7 2  7 3  6 8  143  
356 194  9 3  7 5  7 8  7 0  6 1  165  
426 228 122  8 5  11 2  127  9 3  21 3  
393 179  101 7 9  103  11 8  9 5  179  
548 362  162  109  9 0  9 7  1 4 4  259 
560 328 163  106  9 3  8 5  8 5  257  
436 262  138  9 2  8 3  8 4  7 7  222  
444  322 194  113  8 0  8 0  8 5  207  
279 156 102  8 3  11 3  116  8 7  180  
326 199  111  8 7  7 8  8 3  8 2  157  
417  206 110  8 5  8 3  8 9  7 9  177  
500 291 153  101  8 6  8 5  8 2  219 
329 180  8 5  6 8  8 7  7 8  113  1 4 7  
604 469 243 165  1 3 7  145  1 2 7  31 7  
471 268 130  9 4  8 7  7 8  8 0  219 
428 241 113 8 0  7 7  7 6  159  179  
725 353  180  110  100  102  7 9  279 
411 209 103  7 4  7 3  6 5  7 5  174  
555 347  163 113  9 4  7 6  7 0  228 
726 412  196  125  103  186  129  303  
699 397  209 143  123  231 223  331 
380 270 1 4 7  11 3  11 0  8 1  7 5  21 4  
435 300 170  105  106  9 2  7 9  21 9  
592 306 145  101  8 7  8 3  7 3  262 

484 293 153 103  9 4  100  9 2  222 



Table E-18 

MONTHLY CHlRCHlK OUTFLOWS FROM CHARVAK RESERVOIR (cms) 

YEAR 

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

AVG 

JAN FEB 

45 41 
67 56 
78 79 
165 184 
113 126 
57 52 
84 91 
57 54 
41 42 
69 69 
72 63 
55 52 
147 114 
85 87 
72 74 
127 102 
73 64 
81 81 
149 199 
157 90 
73 61 
97 86 

89 85 

APR - 
44 
225 
75 
148 
102 
9 1 
121 
92 
58 
77 
112 
94 
196 
1 54 
186 
99 
95 
263 
31 5 
193 
63 
116 

133 

MAY - 
148 
21 0 
180 
385 
355 
223 
279 
95 
208 
1 76 
248 
396 
299 
232 
344 
178 
234 
460 
520 
276 
299 
173 

269 

JUL AUG -- 
447 300 
455 244 
504 383 
566 429 
496 409 
543 355 
287 193 
381 299 
445 401 
517 345 
418 319 
504 398 
484 348 
504 411 
460 387 
428 355 
492 348 
551 365 
596 369 
440 291 
430 342 
396 332 

470 347 

SEP OCT NOV DEC ---- 
118 64 75 75 
114 69 55 65 
180 97 76 83 
198 88 96 127 
140 92 67 68 
169 99 86 79 
94 65 68 72 
134 90 72 51 
134 89 66 69 
150 88 79 77 
120 68 59 54 
190 91 97 93 
150 97 75 67 
182 114 77 86 
185 140 122 105 
190 100 77 76 
174 92 73 82 
226 121 71 149 
187 134 128 169 
164 85 97 80 
189 129 128 126 
169 166 101 79 

162 99 84 88 



Table E-19 

YEAR 

MONTHLY FLOWS AT GAZALKENT STATION ON CHlRCHlK RIVER (cms) 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC - 

AVG 



Table E-20 

MONTHLY FLOWS AT CHINAZ STATION ON CHlRCHlK RIVER (cms) 

YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1 977 
1978 
1 979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

Avg 

JAN - 
26 
32 
30 
31 
37 
64 
28 
33 
45 
32 
25 
30 
37 
28 
44 
74 
44 
35 
47 
34 
34 
33 
3 1 
52 

133 
69 
47 
56 
33 
34 
43 
40 
44 

120 
35 
45 
87 
51 
50 

158 
95 
46 
44 

50 

FEB - 
28 
32 
31 
32 
37 
73 
26 

34 
46 
38 
28 
4 1 
37 
25 
78 
76 
33 
45 
59 
26 
36 
47 
30 
5 1 

173 
77 
42 
56 
32 
32 
54 
39 
38 

108 
46 
49 
74 
51 
94 

163 
68 
55 
46 

53 

APR - 
98 

206 
38 

427 
458 
227 
103 
51 

21 2 
249 
22 

131 
136 
230 
61 7 
21 3 
105 
68 

145 
35 
8 

44 
48 
40 

189 
60 
48 
28 
5 

25 
55 
9 

1 54 
106 
29 

162 
31 
53 

231 
281 
26 
26 
29 

1 27 

JUN - 
302 
205 
1 34 
61 4 
41 9 
591 
72 

196 
338 
335 

16 
442 
208 
360 
91 2 
21 3 
1 34 
220 
330 

4 
3 

1 24 
6 

200 
375 
1 24 
38 
9 
2 
8 

50 
9 

306 
133 
12 

332 
20 

21 6 
534 
301 
36 

21 4 
147 

21 5 

JUL AUG SEP OCT NOV DEC ------ 
58 12 16 28 29 30 

1 85 5 10 26 26 28 
23 1 2 15 30 30 

489 96 18 26 27 40 
266 73 39 46 59 60 
432 69 33 39 51 46 

3 2 10 21 28 28 
65 6 15 32 55 51 
90 10 17 23 37 41 

226 17 22 28 27 28 
1 1 5 45 107 46 

127 19 41 49 36 40 
15 5 19 63 55 49 

190 12 19 31 58 57 
585 226 70 140 192 100 
63 13 32 27 29 41 
11 4 18 22 23 31 

123 22 24 32 36 48 
110 18 20 31 26 45 
10 11 8 27 40 46 
5 5 17 26 30 29 

79 33 24 31 36 36 
88 25 23 37 38 48 

141 52 39 45 51 63 
192 91 80 46 59 95 
122 109 41 45 44 43 
161 57 40 41 52 50 

6 4 21 38 43 43 
11 15 27 27 36 39 
42 72 30 37 41 47 

120 36 30 42 48 46 
43 23 21 41 43 48 

183 42 40 43 65 58 
64 30 30 38 38 35 
60 22 26 30 44 59 
60 30 39 74 93 70 
30 18 31 33 39 58 

117 36 43 40 46 55 
187 47 41 38 62 137 
221 52 60 36 54 86 
101 32 18 34 31 44 
62 17 23 37 36 76 
21 15 25 33 43 47 

121 34 28 38 48 51 

ANN - 
71 
89 
32 

189 
161 
193 
40 
54 

98 
117 
29 

111 
76 

110 
348 
90 
47 
76 
93 
24 
19 
46 
37 
70 

155 
82 
58 
32 
22 
37 
52 
29 

109 
75 
35 

1 07 
42 
80 

165 
1 74 
52 
56 
48 

84 



TABLE E-21 

MONTHLY OUTFLOW FROM CHARDARA RESERVOIR (crns) 

YEAR JAN FEB MAR APR MAY JUN JUL AUG 

1955 603 548 757 819 1070 1900 550 410 
1956 575 558 704 1050 1380 1150 917 391 
1957 541 529 562 560 222 544 398 278 
1958 492 498 490 1130 1550 1770 1890 592 
1959 851 741 943 1360 1350 1420 1040 540 
1960 760 799 909 1050 1850 1860 1450 550 
1961 650 727 555 594 707 509 174 187 
1962 352 384 309 276 482 476 401 275 
1963 466 452 473 653 1310 1280 714 523 
1964 396 519 634 1104 1454 1010 873 620 
1965 376 401 465 494 414 373 293 168 
1966 168 117 234 899 1110 1150 993 783 
1967 384 387 611 687 850 791 785 506 
1968 164 159 368 668 1060 1100 982 823 
1969 474 639 444 1200 1480 1720 1510 1080 
1970 450 443 264 726 975 1060 845 677 
1971 525 615 429 698 1010 900 866 738 
1972 128 161 350 844 1070 975 867 739 
1973 257 192 358 873 1250 1130 1060 768 
1 974 103 82 85 513 856 592 405 62 
1975 54 50 51 376 501 333 303 85 
1976 49 52 53 369 641 508 459 166 
1977 49 76 125 510 611 514 427 82 
1978 50 50 149 515 704 614 569 281 
1979 65 65 125 739 1100 807 841 410 
1980 136 129 323 579 788 697 688 285 
1981 65 70 70 545 818 749 680 262 
1982 100 163 227 477 813 706 641 216 
1983 59 64 60 413 729 661 604 176 
1984 55 53 52 407 761 668 618 147 
1985 52 54 122 478 834 679 638 141 
1986 62 59 62 398 666 616 508 106 
1987 54 55 66 514 756 676 677 308 
1988 298 536 703 775 923 776 788 421 
1989 361 209 387 565 874 768 702 302 
1990 141 212 528 634 842 786 768 519 
1991 318 379 545 619 844 746 709 313 
1992 302 312 584 619 810 747 748 540 
1993 446 429 782 669 1220 1070 989 803 
1994 382 354 405 892 1080 938 705 654 
1995 381 424 674 582 763 622 464 142 

AVG 297 311 391 680 940 888 745 416 

NOTE SHADED FLOWS ARE ESTIMATED DATA 

SEP - 
355 
367 
20 1 
444 
556 
632 
1 94 
21 2 
346 
497 
1 04 
41 8 
140 
450 
766 
378 
296 
21 8 
206 
57 
70 
55 
73 
90 

130 
91 
95 
63 
56 
47 
56 
63 

260 
408 
177 
29 1 
159 
366 
51 2 
41 8 
107 

254 

OCT NOV -- 
531 600 
506 523 
381 570 
569 660 
672 813 
593 716 
286 336 
280 351 
397 513 
587 639 
96 261 

412 402 
124 146 
257 339 
844 443 
328 378 
141 114 
181 327 
220 201 
52 54 
51 50 
56 56 
66 84 

107 107 
100 187 
109 106 
99 100 
60 57 
58 59 
59 56 
57 60 
64 55 

150 227 
375 488 
163 160 
287 289 
197 267 
350 349 
487 352 
526 486 
107 245 

268 298 

DEC - 
598 
51 0 
569 
707 
721 
702 
342 
443 
647 
453 
41 0 
41 7 
21 3 
401 
41 3 
359 
127 
372 
191 
79 
72 
59 
77 
65 

290 
113 
100 
56 
57 
59 
56 
55 

284 
482 
162 
300 
292 
389 
380 
406 
368 

31 2 



Table E-22 

MONTHLY FLOWS OF KAZALINSK STATION ON SYR DARYA RIVER 

YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

AVG 

NOTE 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NlOV DEC ------ ------ 
327 440 659 933 666 731 637 353 291 375 468 482 
241 397 445 890 879 811 612 409 305 366 458 422 
231 363 392 659 364 172 229 174 126 174 362 354 
257 337 555 610 864 825 884 735 455 433 510 355 
300 466 531 1000 969 796 673 496 357 462 526 387 
396 434 533 1020 973 1020 998 663 481 577 498 405 
356 461 665 748 430 330 4 1 100 191 267 234 
210 291 401 209 168 131 107 41 97 171 207 177 
274 319 383 263 426 507 444 274 262 274 335 259 
218 287 397 925 914 569 386 334 336 421 488 399 
357 311 387 331 73 27 14 9 10 29 68 167 
161 165 173 274 379 420 454 414 358 319 323 205 
288 306 341 609 428 472 268 245 190 132 121 180 
156 101 257 182 298 273 274 270 304 229 243 184 
191 317 353 708 768 593 620 712 569 653 649 520 
264 383 485 436 332 267 248 264 314 268 257 233 
299 326 414 446 312 180 164 229 316 194 125 104 
74 117 165 442 336 231 201 252 314 191 166 165 
115 159 294 478 378 278 263 374 382 242 240 194 
132 153 165 115 70 29 4 12 17 15 15 8 
45 48 61 9 4 4 2 1 4 1 1  17 27 
5 7 4 4 3 5 1 5  6 9 8 8 7 7 8 1 3  
19 29 37 6 10 4 5 4 7 13 17 32 
45 35 41 16 14 22 14 15 25 16 18 39 
53 63 68 1 1  131 170 122 127 140 97 72 141 
121 70 135 131 25 29 142 85 87 76 87 84 
86 55 48 19 33 97 44 106 152 109 84 90 
108 109 120 67 9 21 9 30 49 42 53 46 
80 76 43 6 7 7 6 20 25 18 30 40 
44 37 42 30 8 6 5 5 10 14 12 15 
18 34 61 35 7 13 6 12 17 13 12 31 
4 2 3 8 2 3  9 9 9 6 5 7 9 1 4 2 5  
22 20 10 14 12 17 25 36 119 139 83 125 
178 221 252 237 156 173 90 171 242 272 271 345 
220 256 195 160 85 110 59 74 136 115 105 138 
125 120 91 108 79 81 42 85 206 124 125 186 
166 148 141 149 67 94 39 38 100 127 153 182 
199 226 186 128 86 90 22 53 156 230 226 103 
200 240 280 245 180 220 160 280 350 330 300 350 
390 390 425 360 286 220 197 220 320 319 363 340 
375 380 400 220 180 88 35 26 42 34 39 85 

181 214 261 323 279 247 208 187 190 191 205 192 

SHADED FLOWS ARE ESTIMATED DATA 



Table E-23 

MONTHLY FLOWS AT SHAULDER VILLAGE ON ARYS RIVER 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV - - -  
1955 461 497 930 916 558 241 6 6  3 7  168 297 363 
1956 431 487 761 898 401 166 35 1 7  150 289 348 
1957 375 392 683 558 127 6 8  19 22 9 9  245 384 
1958 592 638 849 1990 129 726 590 150 244 347 403 
1959 507 618 1080 2270 632 376 198 122 240 349 461 
1960 606 745 1150 1410 1320 607 373 5 7  208 366 439 
1961 476 433 631 578 155 0 4  02 06 46 169 173 
1962 278 355 360 256 136 14 01 0 0  35 188 229 
1963 190 142 31 2 399 668 200 0 4  16 131 226 133 
1964 266 290 556 1460 830 177 7 0  12 134 256 366 
1965 104 103 180 9 8  14 08 0 7  10 89 29 133 
1966 104 331 456 182 9 3  10 0 4  16 59 6 3  2 7  
1967 136 112 138 4 0  269 15 0 3  02 19 5 0  107 
1968 229 1 1  1 333 370 323 4 8  10 0 7  3 7  3 2  8 0  
1969 323 360 2780 2010 1460 666 184 53 169 556 801 
1970 231 622 502 389 91 18 1 1  1 0 19 4 2  85 
1971 132 180 392 220 6 7  0 9  05 0 4  1 1  1 7  35 
1972 139 41 9 507 1070 331 56 17 15 14 3 0  70 
1973 329 264 41 3 894 282 14 12 0 7  0 9  55 50 
1974 159 170 147 6 5  39 06 04 0 7  23 19 12 
1975 8 5  109 493 518 2 2  0 4  0 4  0 4  6 7  0 7  28 
1976 3 4  8 6  53 173 31 05 01 0 0  00 0 0  0 0  
1977 169 165 214 28 0 7  14 01 0 0  00 0 0  0 0  
1978 39 8 7  125 100 225 123 06 03 05 31 5 8  
1979 560 1170 737 1130 793 55 0 4  03 4 2  6 4  6 2  
1980 7 7  180 152 600 161 12 0 2  02 05 5 4  61 
1981 6 7  7 2  288 323 109 4 2  0 7  03 23 5 2  5 4  
1982 78 105 223 270 16 05 0 2  02 03 3 5  3 4  
1983 221 8 7  20 03 0 4  0 4  0 4  03 0 3  0 2  0 2  
1984 105 147 603 425 13 0 5  0 2  01 01 15 0 7  
1985 172 180 255 438 70 0 4  02 0 2  3 4  3 4  39 
1986 14 21 23 06 13 0 4  01 0 0  03 0 7  05 
1987 161 41 180 808 388 6 9  39 12 25 36 56 
1988 6 2  273 416 211 147 21 1 1  06 26 26 20 
1989 41 81 118 51 12 05 0 4  0 2  18 25 2 7  
1990 24 83 518 680 404 73 34 21 38 39 33 
1991 81 127 196 299 129 48 0 4  09 2 7  4 5  76 
1992 180 157 588 329 383 188 15 1 7  70 104 8 2  
1993 119 560 766 572 795 400 7 2  29 139 136 191 
1994 61 4 1070 1330 1620 81 7 180 55 85 251 146 162 
1995 420 763 730 426 303 73 3 7  35 6 5  9 2  104 

AVG 271 415 564 462 214 82 33 4 3  89 126 158 

NOTE SHADED FLOWS ARE ESTIMATED DATA 



Table E-24 

MONTHLY FLOWS AT KRASNVY MOST ON BUGUN RIVER (cms) 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT 

1955 092 244 1330 1280 1020 120 013 006 006 005 
1956 065 340 1360 1730 376 061 010 005 002 004 
1957 006 043 721 551 073 026 006 003 001 001 
1958 1010 1310 1800 4480 1800 581 149 036 041 086 
1959 584 853 1910 5640 1030 340 047 014 016 038 
1960 410 1050 2020 2540 1460 684 066 021 031 058 
1961 236 252 1410 910 226 014 005 002 002 003 
1962 245 564 694 356 286 048 007 002 001 001 
1963 122 143 640 512 929 235 018 007 003 003 
1964 097 282 1680 3520 1130 235 022 006 004 008 
1965 315 431 831 405 065 008 004 001 000 001 
1966 157 101 1060 388 232 025 006 004 002 002 
1967 003 142 863 315 448 032 012 004 000 000 
1968 279 298 1570 764 666 180 031 009 002 002 
1969 320 275 7020 4270 1650 600 099 034 049 272 
1970 648 849 733 822 398 035 008 004 002 002 
1971 1 1 1  569 505 652 160 030 005 003 001 002 
1972 004 002 1430 3180 992 257 010 004 003 003 
1973 014 702 1320 2080 717 112 009 005 004 004 
1974 016 130 613 1 1  70 654 035 012 006 004 004 
1975 212 472 2440 1610 110 011 005 004 002 001 
1976 023 480 478 1260 381 034 007 002 000 000 
1977 012 166 1390 547 062 020 008 002 000 000 
1978 216 438 1160 1070 629 156 010 003 001 001 
1979 1300 1940 1400 1650 1060 292 018 006 002 002 
1980 085 242 710 2020 600 063 008 003 001 001 
1981 133 296 1040 1630 649 316 014 002 003 003 
1982 227 375 1060 1810 243 024 005 001 002 005 
1983 517 441 406 028 012 006 003 001 000 000 
1984 233 100 2660 1310 230 020 002 000 000 000 
1985 193 1170 1310 1680 474 061 007 000 000 000 
1986 169 420 682 513 177 040 006 003 005 017 
1987 1100 544 745 2760 1210 240 028 009 007 019 
1988 4874 121 3 1972 1481 51 28 1 1  42 171 076 137 501 
1989 195 472 747 554 191 042 006 003 006 020 
1990 325 361 1620 2470 1010 114 005 000 000 006 
1991 165 311 1050 1240 376 143 024 000 000 000 
1992 316 761 1196 885 305 068 010 005 009 033 
1993 128 958 2040 1460 1010 332 030 009 008 008 
1994 588 1462 2378 1786 618 138 021 009 017 060 
1995 312 776 1261 948 328 073 011 005 009 032 

AVG 392 802 1829 1893 710 171 023 008 009 029 

NOTE SHADED FLOWS ARE ESTIMATED DATA 

DEC ANN -- 



Table E-25 

LIST OF STREAM GAGING STATIONS 

ON NARYN-SYR DARYA IUWR AND ITS TRIBUTARIES 

Station Name 

Toktogul lnflow 

Intervemg flow between Toktogul and Uch- 
Kurgan 
Intervemg flow between Toktogul and 
Kurpsar 
Intervening flow between Kurpsai and 
Tashkumyrskaya 
Naryn output fiom Toktogul 
Naryn k v e r  at Uch-Kurgan 
Karadarya kve r  at Uchtepe 
Syr Darya k v e r  at Kal 
Syr Darya k v e r  at Akdjar 
Syr Darya k v e r  at Kzyhshlak 
Syr Darya k v e r  at C h a z  
Akchangaran k v e r  at Irtash 
Akchangaran k v e r  at Soldatskoe 
C h c M  Afflwc m Charvak W R 
Ugam k v e r  at Hodjlkent 
C h c M  output &om Charvak 
Chchlk k v e r  at Gazalkent 
C h c M  Rtver at C h a z  
Arys River at Arys Railway Station 
Syr Darya k v e r  at Chardara 
Syr Darya k v e r  at Koktyube 
Syr Darya kve r  at Tomenanyk 
Syr Darya kve r  at Kergelmes 
Syr Darya Rtver at KziylOrda I Tasbuget 
Syr Darya k v e r  at Karaozek 
Syr Darya Rtver at Dzhusaliy 
Syr Darya k v e r  at Kazalmsk 
Syr Darya kve r  at the Branch Karaozek 
Keles k v e r  at mouth of the nver 
Syr Darya k v e r  at Chardara 
Syr Darya Ever  at Kazalmsk 
Arys k v e r  at Shaulder Village 
Bugun k v e r  at Krasnyy Most 

Data from 

Kyrgyzenergo 

Kyrgyzenergo 

Harza 1996 study 

Harza 1996 study 

Uzbek Hydromet 
Uzbek HydrometUzb 
ek Hydromet 
Uzbek Hydromet 
Uzbek Hydromet 
Uzbek Hydromet 
Uzbek Hydromet 
Uzbek Hydromet 
Uzbek Hydromet 
Uzbek Hydromet 
Uzbek Hydromet 
Uzbek Hydromet 
Uzbek Hydromet 
Uzbek Hydromet 
IBRD 1996 study 
IBRD 1996 study 
IBRD 1996 study 
IBRD 1996 study 
IBRD 1996 study 
IBRD 1996 study 
IBRD 1996 study 
IBRD 1996 study 
IBRD 1996 study 
IBRD 1996 study 
IBRD 1996 study 
EPT Almaty 
EPT Almaty 
EPT Almaty 

EPT Alrnaty 

Penod 

1 9 10/04- 1998102 
1986101 - 1997112 
1 9 10104- 1986103 

1937101-1978112 

1937101-1978112 

1974105-1 997112 
195510 1 - 199711 2 
1955101-1997112 
1955101-1997112 
1955101 -1 99711 2 
195.5101 - 199711 2 
1961101-1997112 
1959107-1 99711 2 
1955101-1997112 
1955101-1997112 
1955101 -1 997112 
1976101 -1 99711 2 
197610 1 - 1 99711 2 
1955101 - 1997112 
1969101 - 1994112 
1970/01-1994112 
1974109- 199311 2 
197010 1-199311 2 
1970101-1991111 
1970101 -199311 2 
I970101 -1 99311 0 
1970/01-1993110 
1970101 -1 99211 2 
1969101 -1 99311 2 
197010 1-1 99211 2 
1955101-1995112 
195510 1-1 99511 2 
1955101-1995112 

195510 1-1 99511 2 

D A (km2) 

5 1 000 (est ) 

N A  

N A  

N A  

N A  
58 400 
25 000 (est ) 
90 000 
129 000 (est ) 
136,000 
167 000 
1110 
5 090 

N A  
866 
N A  
11 200 
14 900 
13 100 (est) 
174 000 
N A  
219 000 
N A  
N A  
N A  
N A  
267 000 (est ) 
N A  
3 310 
174 000 
267 000(est ) 
14 700 
2,040 



APPENDIX F 
DATA PREPARED FOR THE HYDROPOWER-IRRIGATION 

SIMULATION MODEL 



APPENDIX F 
LIST OF TABLES AND EXHIBITS 

Table F- 1 Monthly flow sequences for the Hydropower-Irrigation s~mulat~on model 

Table F-2 Net reservoir evaporation 

* Exlubit F-1 Mass curve analys~s of monthly Toktugul lnflow 
Exlubit F-2 Double mass curve analys~s of monthly Toktogul and Charvak inflows 



Table F-1 

YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1 970 
1971 
1972 
1973 
1 974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1 994 
1995 
1996 
1997 

AVG 

MONTHLY INFLOW TO TOkTOGl 

JAN FEB MAR APR MAY JUN JUL 

169 163 178 235 646 1119 572 
140 154 165 246 762 878 1101 
154 142 173 182 308 764 601 
143 132 155 289 451 1109 1141 
150 167 153 417 665 1109 1071 
159 167 162 278 680 1279 1281 
144 139 160 254 597 477 517 
122 119 125 151 330 698 618 
129 127 122 235 467 976 681 
109 117 143 192 407 1139 1281 
145 137 149 220 477 493 575 
133 133 148 339 682 1679 865 
151 154 178 342 495 885 636 
138 140 158 275 643 1069 861 
127 129 202 331 940 1829 1491 
190 189 185 343 730 1059 914 
153 158 192 302 585 1269 769 
170 148 170 211 511 811 741 
159 159 195 338 756 1399 1061 
155 166 166 229 360 501 523 
151 154 156 303 328 672 489 
131 131 139 197 570 537 546 
121 127 159 369 509 955 580 
123 133 151 349 560 812 830 
137 126 160 283 477 1100 950 
146 165 156 245 694 812 647 
139 145 151 203 832 777 849 
144 149 147 315 434 309 418 
138 138 143 216 494 701 822 
132 145 159 218 425 959 582 
128 134 159 269 449 742 671 
125 135 150 200 315 591 709 
136 137 163 237 687 1194 1347 
162 158 170 417 772 1519 1267 
165 163 162 179 455 755 685 
160 151 159 234 806 1164 808 
158 153 161 230 410 832 769 
156 146 171 316 590 805 851 
157 164 177 368 578 1285 987 
175 178 189 381 1028 1316 921 
154 166 191 240 554 640 775 
123 147 144 305 467 1261 1122 
156 149 186 375 521 750 645 

146 147 162 276 569 954 827 

JL RESERVO 

AUG SEP -- 
566 299 
540 307 
433 243 
568 319 
635 431 
622 375 
420 279 
457 259 
425 251 
793 372 
467 246 
642 401 
488 274 
546 256 
802 431 
685 431 
535 303 
570 324 
548 317 
354 237 
435 242 
368 253 
421 274 
534 251 
584 289 
394 234 
432 284 
410 241 
577 307 
503 266 
436 266 
448 243 
752 352 
715 410 
455 251 
563 307 
437 326 
500 364 
474 333 
593 337 
516 252 
684 305 
486 290 

531 303 

1lR (crns) 

OCT NOV -- 
208 175 
220 190 
201 175 
244 200 
268 201 
242 198 
179 143 
178 145 
184 162 
235 184 
202 187 
283 206 
218 178 
203 181 
338 268 
257 213 
217 203 
238 213 
224 177 
205 175 
186 159 
203 164 
217 188 
219 185 
233 203 
186 171 
237 203 
205 181 
214 189 
182 177 
203 177 
199 172 
270 230 
273 216 
203 196 
221 191 
231 196 
252 219 
247 225 
222 232 
233 209 
255 204 
185 189 

224 192 

DEC - 
155 
159 
145 
1 79 
164 
154 
112 
118 
134 
152 
135 
167 
149 
148 
21 6 
1 92 
179 
180 
1 54 
139 
133 
123 
134 
160 
168 
142 
1 54 
130 
148 
1 28 
146 
143 
173 
181 
1 75 
163 
1 74 
192 
185 
209 
195 
175 
1 78 

159 



YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1 972 
1973 
1 974 
1975 
1976 
1 977 
1 978 
1 979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

AVG 

Table F-1 
(Continued) 

INTERVENING FLOW BETWEEN TOKTOGU L AND KURPSAI (cms) 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN 

18 18 19 31 81 60 40 39 23 22 18 16 32 
15 16 26 36 42 53 60 39 26 20 18 17 31 
16 16 12 18 24 49 42 35 22 19 16 14 24 
14 13 13 38 34 60 70 47 34 26 21 18 32 
16 17 16 54 81 70 70 49 39 19 18 16 39 
18 17 17 37 89 70 70 47 35 26 22 19 39 
17 16 16 33 73 36 35 33 22 17 15 14 27 
10 13 13 12 37 41 38 33 22 17 16 14 22 
12 13 13 31 62 53 47 38 26 21 18 16 29 
13 13 14 20 53 61 70 50 33 25 20 17 33 
16 15 14 28 58 34 35 30 20 18 18 15 25 
14 14 14 29 49 61 56 48 36 28 22 18 33 
8 15 16 43 63 47 43 36 24 21 18 15 29 
15 14 15 33 91 56 50 38 25 22 19 15 33 
1 1  14 17 44 121 69 90 55 56 24 41 26 48 
12 9 1 1  27 57 58 69 64 33 21 25 12 33 
7 15 22 47 83 56 33 25 17 15 15 18 29 
7 23 19 26 61 48 64 52 17 12 12 12 30 

1 1  4 18 47 89 70 60 37 27 16 15 12 34 
17 17 17 34 48 30 28 22 19 18 17 14 23 
15 15 14 12 40 29 25 23 17 15 14 12 19 
14 13 1 1  30 73 35 33 25 20 18 17 9 25 
10 13 15 47 65 49 37 30 22 20 16 12 28 
12 14 15 32 75 50 48 35 23 25 15 16 30 
13 12 16 34 54 60 58 43 25 21 20 16 31 
13 16 15 29 79 44 40 29 21 17 17 14 28 
13 14 15 24 94 42 52 32 25 21 20 15 31 
13 15 14 38 49 17 26 30 21 19 18 13 23 
13 14 14 26 56 38 50 42 27 19 18 14 28 
12 14 15 26 48 52 36 37 23 17 17 12 26 
12 13 15 32 51 40 41 32 23 18 17 14 26 
1 1  13 15 24 36 32 43 33 21 18 17 14 23 
12 13 16 28 78 65 82 55 31 24 22 17 37 
15 16 16 50 88 83 77 52 36 25 21 17 41 
15 16 16 21 52 41 42 33 22 18 19 17 26 
15 15 15 28 92 63 49 41 27 20 19 16 33 
14 15 16 27 47 45 47 32 29 21 19 17 27 
14 14 17 38 67 44 52 37 32 23 21 19 31 
14 16 17 44 66 70 60 35 29 22 22 18 34 
16 18 18 45 117 72 56 43 30 20 23 20 40 
14 16 19 29 63 35 47 38 22 21 20 19 29 
1 1  14 14 36 53 69 69 50 27 23 20 17 34 
14 15 18 45 59 41 39 36 25 17 18 17 29 

13 15 16 33 65 51 51 39 26 20 19 16 30 



Table F-1 
(Cont~nued) 

I, INTERVENING FLOW BETWEEN KURPSAI AND TASHKUMYR (cms) 
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN 

1955 16 16 26 70 95 79 44 28 21 18 18 15 37 

1956 14 14 23 72 119 74 52 27 20 17 16 13 39 
1957 1 1  10 19 40 47 50 35 21 16 15 16 14 25 

a 1958 13 14 35 119 235 124 92 50 30 25 25 23 66 
1959 19 18 38 134 107 94 72 40 26 21 21 18 51 
1960 15 18 31 85 149 116 72 46 36 25 24 19 53 
1961 16 15 27 68 82 53 34 25 19 17 18 15 32 
1962 14 15 25 60 77 91 56 32 24 21 25 19 38 

a 1963 17 20 36 103 128 105 53 29 22 20 21 18 48 
1964 16 16 40 109 129 110 80 43 28 22 20 17 53 
1965 15 15 22 50 80 54 32 23 18 23 34 23 32 
1966 19 21 36 83 117 99 52 35 19 22 18 13 45 
1967 13 13 25 57 102 97 61 33 26 26 31 21 42 
1968 16 15 40 82 138 74 75 41 25 17 17 16 47 

rn 1969 14 14 38 96 240 1 1 1  80 53 33 32 40 32 66 
1970 29 28 36 102 130 82 58 34 28 21 22 16 49 
1971 20 19 32 81 65 64 37 27 21 17 18 17 35 
1972 16 13 21 91 110 84 60 32 24 21 21 13 42 
1973 13 22 37 90 105 84 45 27 19 18 16 16 41 

- 1974 14 18 22 46 57 48 32 25 22 19 15 15 28 
1975 12 12 24 78 54 48 31 19 14 14 14 14 28 
1976 13 14 22 87 106 72 47 24 17 24 25 18 39 
1977 15 15 29 56 61 63 32 20 14 20 20 19 30 
1978 15 15 26 78 95 95 50 31 20 17 18 18 40 
1979 15 14 29 83 92 95 61 35 22 21 23 19 42 
1980 16 18 28 72 134 70 42 24 18 17 19 16 39 
1981 15 16 28 59 160 67 55 26 21 22 23 17 43 
1982 16 16 27 92 84 27 27 25 18 19 20 14 32 
1983 15 15 26 63 95 60 53 35 23 20 21 16 37 
1984 14 16 29 64 82 83 38 30 20 17 20 14 35 
1985 14 15 29 79 87 64 43 26 20 19 20 16 36 
1986 13 15 27 59 61 51 46 27 18 18 19 16 31 
1987 15 15 30 69 132 103 87 45 26 25 26 19 50 
1988 17 17 31 122 149 131 82 43 31 25 24 20 58 

1989 18 18 30 52 88 65 44 27 19 19 22 19 35 
1990 17 17 29 69 155 100 52 34 23 20 21 18 46 
1991 17 17 29 67 79 72 50 26 24 21 22 19 37 

1992 17 16 31 93 114 69 55 30 27 23 24 21 43 
1993 17 18 32 108 1 1 1  1 1 1  64 29 25 23 25 20 49 

1994 19 20 34 112 198 113 60 36 25 20 26 23 57 
1995 17 18 35 70 107 55 50 31 19 21 23 22 39 

1996 13 16 26 89 90 109 73 41 23 23 23 19 45 

1997 17 16 34 110 100 65 42 29 22 17 21 20 41 

AVG 16 16 30 81 110 81 54 32 22 20 22 18 42 



YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1 970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

AVG 

Table F-1 
(Cont~nued) 

MONTHLY INFLOW TO ANDIJAN RESERVOIR (cms) 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN - - - - - - -  
64 62 68 89 246 425 218 215 114 79 66 59 142 
53 59 63 93 290 334 418 205 117 84 72 60 155 
59 54 66 69 117 290 229 165 92 77 66 55 112 
54 50 59 110 172 422 433 216 121 93 76 68 157 
57 64 58 158 253 422 407 242 164 102 76 62 173 
60 64 62 106 258 486 487 236 142 92 75 59 178 
55 53 61 97 227 181 196 160 106 68 54 43 109 
46 45 48 57 125 265 235 174 98 68 55 45 105 
49 48 46 89 178 371 259 162 95 70 62 51 124 
41 45 54 73 155 433 487 302 141 89 70 58 163 
55 52 57 84 181 187 219 178 93 77 71 51 109 
51 51 56 129 259 638 329 244 152 108 78 64 180 
58 59 68 130 188 337 242 186 104 83 68 57 132 
53 53 60 104 245 406 327 208 97 77 69 56 147 
48 49 77 126 357 695 567 305 164 129 102 82 226 
72 72 70 130 278 402 347 261 164 98 81 73 171 
58 60 73 115 223 482 292 203 115 83 77 68 154 
65 56 65 80 194 308 282 217 123 91 81 68 136 
60 61 74 128 287 532 403 208 120 85 67 59 174 
59 63 63 87 137 190 199 135 90 78 66 53 102 
58 59 59 115 125 255 186 165 92 71 60 51 108 
50 50 53 75 217 204 207 140 96 77 62 47 107 
46 48 60 140 193 363 221 160 104 82 71 51 129 
47 50 57 133 213 309 315 203 95 83 70 61 137 
52 48 61 108 181 418 361 222 110 89 77 64 150 
56 63 59 93 264 309 246 150 89 71 65 54 127 
53 55 57 77 316 295 323 164 108 90 77 59 140 
55 57 56 120 165 117 159 156 92 78 69 49 98 
53 53 54 82 188 266 312 219 117 81 72 56 130 
50 55 60 83 162 365 221 191 101 69 67 49 123 
49 51 60 102 171 282 255 166 101 77 67 56 120 
48 51 57 76 120 225 269 170 92 76 65 54 109 
52 52 62 90 261 454 512 286 134 103 87 66 181 
62 60 65 159 293 577 482 272 156 104 82 69 199 
63 62 62 68 173 287 260 173 95 77 75 67 122 
61 57 60 89 306 442 307 214 117 84 73 62 157 
60 58 61 87 156 316 292 166 124 88 75 66 129 
59 56 65 120 224 306 323 190 138 96 83 73 145 
60 62 67 140 220 488 375 180 127 94 86 70 164 
67 68 72 145 391 500 350 225 128 84 88 79 184 
59 63 73 91 211 243 295 196 96 89 79 74 131 
47 56 55 116 178 479 426 260 116 97 78 67 165 
59 57 71 143 198 285 245 185 110 70 72 68 131 

55 56 62 105 216 363 314 202 115 85 73 60 143 



INTERVENING 

YEAR JAN FEB 

1955 160 144 
1956 71 86 
1957 185 172 
1958 137 188 
1959 147 180 
1960 160 190 
1961 84 162 
1962 165 170 
1963 150 195 
1964 139 172 
1965 177 228 
1966 144 203 
1967 261 281 
1968 248 297 
1969 236 218 
1970 236 200 
1971 226 246 
1972 335 233 
1973 264 314 
1974 205 256 
1975 160 274 
1976 238 345 
1977 172 294 
1978 236 279 
1979 327 390 
1980 342 355 
1981 411 492 
1982 484 482 
1983 309 406 
1984 383 441 
1985 393 375 
1986 451 373 
1987 205 317 
1988 472 489 
1989 281 388 
1990 264 454 
1991 284 385 
1992 246 365 
1993 309 444 
1994 71 137 
1995 167 226 
1996 286 236 
1997 221 175 

AVG 243 285 

FLOW 

MAR 
180 
150 
195 
205 
231 
221 
1 75 
1 77 
21 3 
203 
223 
195 
281 
248 
461 
198 
401 
31 2 
309 
292 
299 
21 8 
31 2 
286 
330 
428 
454 
444 
365 
540 
474 
238 
342 
398 
469 
426 
345 
31 7 
41 1 
228 
238 
261 
352 

303 

Table F-1 
(Cont~nued) 

BETWEEN UCH-KURGAN, ANDIJAN AND KARAKUM (cm 
APR MAY JUN JUL AUG SEP OCT NOV DEC --------- 

53 0 203 129 76 3 0 35 51 
119 51 3 0 5 91 81 94 152 
160 79 183 112 162 132 180 203 160 
205 342 127 76 109 89 112 165 172 
122 86 101 177 155 167 152 157 203 
35 0 0 25 101 114 41 18 101 

124 0 99 5 79 101 28 0 79 
122 101 106 76 74 119 101 119 106 
94 48 0 79 106 137 89 79 99 
35 38 0 76 91 142 28 13 132 

137 104 84 18 106 127 91 0 71 
30 0 0 10 147 205 190 20 203 

160 114 190 76 185 193 134 144 200 
89 101 152 122 208 233 188 180 233 

345 76 25 0 25 814 208 231 155 
134 152 0 119 236 340 213 185 256 
269 279 482 436 307 264 86 76 264 
378 378 289 292 124 150 132 117 195 
264 0 0 74 218 200 185 86 183 
261 208 168 106 129 238 96 127 188 
198 147 81 101 18 127 94 114 170 
208 134 172 180 183 223 195 175 203 
198 150 238 114 155 185 132 150 208 
223 132 157 165 86 284 213 147 193 
251 294 183 193 266 327 172 124 261 
388 385 284 246 324 281 246 117 319 
337 289 299 266 375 294 302 190 304 
385 327 335 215 264 238 246 200 221 
259 231 264 226 390 254 198 188 297 
416 342 322 378 411 254 218 233 274 
484 426 365 324 370 264 256 231 319 
208 251 172 106 193 146 162 129 139 
254 284 299 286 327 261 332 378 309 
352 444 309 401 340 286 312 231 226 
355 274 160 139 188 243 284 210 221 
393 332 183 170 193 243 218 188 165 
302 221 132 144 221 210 248 190 185 
317 388 259 324 264 256 304 223 147 
375 378 215 218 221 198 289 188 48 
183 317 226 198 233 157 307 233 160 
243 188 84 101 215 198 264 205 122 
350 259 89 167 175 190 284 129 127 
365 200 162 127 205 198 254 264 175 

237 199 167 158 192 213 183 151 186 



YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 

1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1 973 
1 974 
1 975 
1 976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

AVG 

Table F-1 
(Cont~nued) 

INTERVENING FLOW BETWEEN KARAKUM AND FARHAD (cms) 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN ------------- 
10 9 1 1  3 0 1 2 8 5 0  0 2 3 5  
4 5 9 7 3 0 0 0 5  5 6 9 4 

1 1  10 12 10 5 1 1  7 10 8 1 1  12 10 9 
8 1 1  12 12 20 8 5 7 5 7 10 10 10 
9 1 1  14 7 5 6 1 1  9 10 9 9 12 9 
10 1 1  13 2 0 0 2  6 7 2 1 6 5 
5 1 0 1 0  7 0 6 0 5 6 2 0 5 5 
10 10 1 1  7 6 6 5 4 7 6 7 6 7  
9 1 2 1 3 6 3 0 5 6 8 5 5 6 6  
8 1 0 1 2 2 2 0 5 5 8 2 1  8 5 

1 1  14 13 8 6 5 1 6 8 5 0 4 7 
9 1 2 1 2  2 0 0 1 9 12 1 1  1 12 7 
16 17 17 10 7 1 1  5 1 1  1 1  8 9 12 1 1  
15 18 15 5 6 9 7 12 14 1 1  1 1  14 1 1  
14 13 27 20 5 2 0 2 48 12 14 9 14 
14 12 12 8 9 0 7 14 20 13 1 1  15 1 1  
13 15 24 16 17 29 26 18 16 5 5 16 16 
20 14 19 22 22 17 17 7 9 8 7 12 14 
16 19 18 16 0 0 4 13 12 1 1  5 1 1  10 
12 15 17 16 12 10 6 8 14 6 8 1 1  1 1  
10 16 18 12 9 5 6 1 8 6 7 1 0 9  
14 20 13 12 8 10 1 1  1 1  13 12 10 12 12 
10 17 19 12 9 14 7 9 1 1  8 9 12 1 1  
14 17 17 13 8 9 10 5 17 13 9 1 1  12 
19 23 20 15 17 1 1  1 1  16 19 10 7 16 15 
20 21 25 23 23 17 15 19 17 15 7 19 18 
24 29 27 20 17 18 16 22 17 18 1 1  18 20 
29 29 26 23 19 20 13 16 14 15 12 13 19 
18 24 22 15 14 16 13 23 15 12 1 1  18 17 
23 26 32 25 20 19 22 24 15 13 14 16 21 
23 22 28 29 25 22 19 22 16 15 14 19 21 
27 22 14 12 15 10 6 1 1  9 10 8 8 13 
12 19 20 15 17 18 17 19 16 20 22 18 18 
28 29 24 21 26 18 24 20 17 19 14 13 21 
17 23 28 21 16 10 8 1 1  14 17 13 13 16 
16 27 25 23 20 1 1  10 1 1  14 13 1 1  10 16 
17 23 20 18 13 8 9 13 13 15 1 1  1 1  14 
15 22 19 19 23 15 19 16 15 18 13 9 17 
18 26 24 22 22 13 13 13 12 17 1 1  3 16 
4 8 14 1 1  19 13 12 14 9 18 14 10 12 

10 13 14 14 1 1  5 6 13 12 16 12 9 1 1  

17 14 16 21 15 5 10 10 1 1  17 8 8 13 

13 10 21 22 12 10 8 12 12 15 16 10 13 

14 17 18 14 12 10 9 1 1  13 1 1  9 1 1  12 



YEAR 

1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1 975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

AVG 

JAN - 
6 1 
55 
53 
55 
66 
80 
67 
60 
67 
70 
60 
70 
61 
64 
65 
118 
63 
52 
59 
57 
47 
45 
53 
65 
69 
62 
61 
56 
58 
52 
58 
56 
58 
60 
60 
62 
64 
5 1 
50 
72 
86 
60 
63 

62 

FEB - 
58 
50 
46 
55 
60 
84 
60 
57 
70 
62 
56 
74 
56 
59 
59 

1 04 
60 
50 
56 
54 
44 
41 
50 
60 
67 
61 
56 
53 
55 
49 
65 
52 
61 
58 
54 
60 
58 
50 
67 
6 1 
78 
59 
60 

59 

Table F-1 
(Continued) 

CHlRCHlK AFFLUX IN CHARVAK RESERVOIR (crns) 

MAR APR MAY JUN JUL AUG SEP OCT -------- 
74 139 340 528 322 238 121 84 
67 220 446 433 444 215 133 89 
61 100 180 368 257 166 100 80 
94 349 491 764 713 324 172 110 
82 427 564 688 568 343 204 130 
94 211 614 836 683 331 186 122 
72 143 336 317 249 186 120 85 
81 152 269 472 387 215 132 91 
92 282 380 627 403 225 135 97 
103 220 428 607 503 262 147 101 
64 1 1 1  312 302 223 164 95 99 
113 236 457 713 446 265 154 103 
72 179 334 517 331 206 132 104 
100 256 415 646 540 284 138 99 
146 365 830 1120 899 470 245 184 
100 239 392 509 339 240 155 107 
99 236 372 590 332 213 124 81 
60 166 376 548 466 246 141 100 
71 216 439 733 387 224 122 88 
60 114 238 348 238 146 91 72 
56 184 244 370 251 164 99 69 
43 175 361 424 287 184 1 1 1  88 
75 188 264 465 292 164 116 98 
73 274 438 564 473 229 145 92 
77 346 477 725 591 279 137 97 
70 245 419 488 346 193 125 88 
80 187 437 403 411 207 126 91 
59 178 304 240 197 151 93 85 
60 136 275 376 330 209 114 81 
72 188 335 614 375 209 113 82 
76 257 492 610 389 194 113 85 
56 140 269 378 290 162 107 85 
93 265 528 673 588 322 159 1 1 1  
67 217 396 606 414 210 131 90 
65 116 259 450 326 186 117 91 
90 210 613 769 403 237 141 105 
69 162 243 444 350 192 124 89 
57 202 372 504 451 201 133 95 
72 215 498 712 517 233 143 92 
92 237 544 675 490 260 154 107 
90 169 413 425 330 212 129 101 
63 196 344 571 446 246 134 102 
71 226 372 503 343 189 122 87 

77 211 398 550 410 228 133 96 

NOV DEC -- 
72 65 
70 58 
70 61 
85 76 
108 92 
97 79 
71 63 
87 72 
89 79 
82 70 
122 84 
76 70 
86 73 
92 79 
169 125 
87 71 
69 58 
88 72 
73 62 
58 49 
57 51 
79 62 
95 75 
96 78 
80 69 
80 66 
71 61 
76 64 
72 63 
73 64 
71 64 
70 67 
93 72 
78 66 
77 83 
91 72 
69 59 
78 67 
112 80 
133 116 
81 70 
83 69 
73 63 

85 71 



Table F-1 
(Cont~nued) 

INTERVENING FLOW BETWEEN FARHAD, CHARVAK, AND CHARDARA (cms) 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN -------------- 
1955 52 48 61 66 139 251 154 1 1 1  50 35 36 35 87 
1956 34 35 53 1 1 0 1 9 2 1 7 8 1 8 2  89 70 50 45 49 91 
1957 53 48 58 68 87 182 124 96 63 63 63 52 80 
1958 46 54 74 178 259 335 305 151 86 64 63 60 140 
1959 52 55 73 196 246 299 263 167 112 79 71 72 141 
1960 60 67 76 93 252 343 284 153 96 57 43 50 131 
1961 42 52 59 80 138 147 103 90 66 40 29 39 74 
1962 52 52 63 83 128 212 172 101 74 55 56 48 91 
1963 53 62 74 132 164 257 179 110 79 55 50 49 105 
1964 52 55 77 96 182 249 219 123 84 46 36 51 106 
1965 55 62 64 69 146 138 94 85 60 56 50 46 77 
1966 53 65 79 102 187 292 185 134 98 75 35 63 114 
1967 69 71 77 101 156 244 149 116 87 65 60 64 105 
1968 69 75 83 120 187 291 242 152 96 72 68 72 127 
1969 67 61 138 208 353 464 369 197 239 1 1 1  108 78 200 
1970 88 77 74 121 187 209 159 138 121 80 67 73 116 
1971 64 67 109 142 200 324 210 139 96 48 41 69 126 
1972 78 60 78 132 218 274 241 122 83 63 56 63 123 
1973 69 76 82 133 180 301 171 129 84 67 45 56 116 
1974 58 66 74 91 133 171 116 82 78 46 45 52 84 
1975 46 65 74 109 125 166 120 70 62 44 43 50 81 
1976 59 76 55 107 171 203 148 106 83 69 62 60 100 
1977 51 71 84 1 1 1  134 231 139 94 79 63 64 66 99 
1978 67 72 79 150 202 258 222 109 108 74 64 65 123 
1979 84 94 88 184 246 328 275 160 112 69 54 73 147 
1980 84 85 101 166 237 248 184 134 99 78 52 81 129 
1981 95 106 110 134 228 216 214 149 102 88 62 77 132 
1982 105 103 99 138 180 155 117 107 79 76 65 64 107 
1983 76 91 87 100 152 199 174 152 90 67 61 76 111  
1984 86 95 121 148 195 306 218 155 89 70 70 73 136 
1985 90 90 112 188 274 312 215 142 91 78 68 80 145 
1986 99 85 63 93 153 184 137 99 69 62 51 51 96 
1987 59 79 96 152 265 327 290 188 110 102 102 82 155 
1988 105 107 95 149 238 301 238 144 102 90 71 65 142 
1989 72 88 106 108 153 212 157 108 89 86 67 72 110 
1990 70 101 109 153 308 346 194 130 99 80 69 57 143 
1991 74 89 87 118 137 204 168 116 87 79 60 56 106 
1992 63 83 77 137 218 251 240 127 98 90 70 52 126 
1993 73 103 99 152 268 329 249 133 92 87 78 41 142 
1994 41 48 76 128 277 315 234 146 90 96 94 75 136 
1995 64 70 77 1 1 1  201 188 153 124 86 86 68 49 107 
1996 73 64 70 140 185 249 211 131 87 90 56 50 117 
1997 63 54 89 155 187 234 162 112 84 79 75 55 113 

AVG 67 73 83 127 197 254 195 126 91 70 60 61 117 



YEAR - 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1 964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1 974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

AVG 

Table F-1 
(Contrnued) 

MONTHLY INFLOW TO BUGUN RESERVOIR (crns) 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV ----------- 
09 2 4  133 128 102 12 01 01 01 01 01 
0 7  3 4  136 173 3 8  06 01 01 0 0  0 0  01 
01 0 4  72 55 0 7  03 01 00 0 0  0 0  15 
101 131 180 448 180 58 15 04 0 4  09 1 7  
58 85 191 564 103 34 05 01 0 2  04 13 
41 105 202 254 146 6 8  0 7  0 2  03 06 13 
24 25 141 91 23 01 01 0 0  00 0 0  0 0  
25 56 6 9  36 29 05 01 0 0  00 0 0  0 0  
12 14 6 4  51 9 3  24 0 2  01 0 0  0 0  0 0  
10 28 168 352 113 24 0 2  01 0 0  01 0 4  
3 2  4 3  83 41 0 7  01 0 0  00 0 0  0 0  26 
16 1 0 1 0 6  39 23 03 01 0 0  0 0  00 0 0  
0 0  14 86 3 2  4 5  03 01 0 0  0 0  0 0  0 0  
28 3 0  157 76 6 7  18 03 01 0 0  0 0  0 8  
3 2  2 8  702 427 165 6 0  10 0 3  05 2 7  7 3  
6 5  8 5  7 3  82 4 0  0 4  01 0 0  00 0 0  0 0  
1 1  5 7  51 65 16 03 01 00 0 0  0 0  0 0  
0 0  0 0  143 318 9 9  26 01 00 0 0  0 0  0 0  
01 70 132 208 7 2  1 1  01 0 0  0 0  00 01 
0 2  13 61 117 65 0 4  01 01 0 0  00 0 0  
21 4 7  244 161 1 1  01 01 0 0  00 0 0  0 0  
0 2  4 8  4 8  126 38 03 01 0 0  00 0 0  0 0  
01 17 139 55 06 0 2  01 0 0  00 0 0  0 0  
2 2  4 4  116 107 6 3  16 01 00 0 0  0 0  03 
130 194 140 165 106 29 0 2  01 0 0  0 0  03 
09 24 71 202 6 0  06 01 00 0 0  00 0 2  
13 30 104 163 6 5  32 01 0 0  0 0  00 03 
23 3 8  106 181 24 0 2  00 0 0  0 0  00 06 
5 2  4 4  41 03 01 01 00 0 0  00 0 0  0 0  
23 10 266 131 23 0 2  00 0 0  00 0 0  01 
19 117 131 168 4 7  06 01 0 0  0 0  0 0  0 3  
1 7  4 2  6 8  51 18 04 01 0 0  0 0  0 2  0 5  
110 54 75 276 121 24 03 01 01 0 2  03 
25 4 7  124 141 5 4  13 0 2  01 01 0 2  06 
20 4 7  75 55 19 04 01 00 01 0 2  06 
33 36 162 247 101 1 1  01 00 0 0  01 06 
17 31 105 124 38 14 0 2  0 0  0 0  00 0 0  
3 2  7 6  120 89 31 0 7  01 0 0  01 03 0 9  
13 9 6  204 146 101 33 03 01 01 01 15 
59 146 238 179 6 2  14 0 2  01 02 0 6  17 
31 78 126 95 33 0 7  01 0 0  01 0 3  0 9  
25 4 6  124 140 54 13 0 2  01 01 0 2  0 6  
33 61 163 185 71 17 0 2  01 01 0 2  0 8  

28 52 138 157 6 0  15 0 2  01 01 0 2  0 7  

ANN - 
3 5 
3 3 
2 0 
10 0 
8 9 
7 1 
2 6 
18 
2 2 
6 0 
2 0 
1 7  
1 7  
4 0 
13 3 
3 0 
1 7  
4 9 
4 1 
2  2 
4 1 
2  2 
19 
3 8 
6 3 
3 2 
3 5 
3 2 
13 
3 9 
4 1 
18 
5 6 
3 6 
2 0 
5 0 
2 8 
3 2 
5 3 
6 4 
3 4 
3 5 
4 7 

4 0 



Table F-1 
(Cont~nued) 

INTERVENING FLOW BETWEEN CHARDARA, BUGUN, AND ARAL SEA (cms) 
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN -------------- 
1955 35 52 96 109 49 26 14 12 17 19 19 31 40 
1956 35 51 96 104 55 26 14 12 16 19 19 31 40 
1957 18 26 46 54 28 13 7 6 8 9 8 10 19 
1958 79 121 253 256 127 61 34 29 40 46 45 71 97 
1959 67 101 201 188 108 51 28 24 33 38 37 61 78 
1960 70 102 206 225 107 49 29 24 34 39 38 63 82 
1961 23 35 61 74 38 18 10 8 11 13 13 21 27 

1962 28 40 84 97 46 22 12 10 14 16 16 26 34 
1963 60 91 180 202 91 44 24 20 28 32 32 53 71 
1964 63 93 176 179 93 45 25 21 29 34 33 53 70 
1965 21 32 65 77 38 18 10 8 11 13 10 20 27 
1966 48 74 141 164 79 37 20 17 23 26 26 43 58 
1967 42 61 117 137 63 31 16 14 19 22 22 33 48 
1968 68 103 198 230 108 51 27 23 32 37 36 52 80 
1969 127 161 909 718 421 199 70 28 74 177 20 150 255 
1970 82 228 194 148 38 26 39 31 20 26 53 66 78 
1971 57 119 155 112 35 30 25 21 14 13 26 30 53 
1972 100 139 189 375 120 42 34 27 19 28 39 49 96 
1973 103 105 171 312 98 22 23 20 20 28 33 32 80 
1974 62 50 57 44 28 21 20 29 23 22 23 33 34 
1975 26 51 187 129 25 20 14 16 27 18 19 25 46 
1976 22 35 30 103 21 16 12 13 20 23 29 39 30 
1977 45 40 100 27 32 27 12 12 14 18 20 37 32 
1978 24 45 62 63 87 59 21 18 18 20 31 84 44 
1979 84 188 197 310 185 39 35 32 31 27 31 38 99 
1980 36 61 70 223 72 28 24 24 24 28 32 39 55 
1981 37 34 100 104 38 28 29 29 26 26 33 32 43 
1982 30 46 91 90 23 27 19 20 26 32 33 31 39 
1983 61 33 30 27 25 25 22 21 27 26 33 36 30 
1984 36 34 159 105 26 20 9 10 16 17 22 42 41 
1985 46 40 88 108 25 22 11 12 18 18 19 22 36 
1986 23 33 68 78 39 18 10 8 11 13 12 20 28 
1987 17 19 81 271 109 49 49 22 22 24 31 31 60 
1988 27 61 108 58 54 28 24 14 26 20 25 25 39 
1989 26 24 58 37 26 15 7 6 22 14 19 43 25 
1990 29 42 215 351 127 54 25 23 23 21 28 26 80 
1991 61 37 89 125 51 39 14 19 23 31 32 41 47 
1992 52 41 169 93 115 57 4 5 21 32 24 19 53 
1993 35 163 216 162 235 120 22 9 43 42 57 105 100 
1994 183 285 386 481 246 54 17 26 77 44 48 161 166 
1995 44 63 131 149 74 34 19 16 22 25 24 38 53 
1996 47 69 136 151 74 35 19 16 22 26 25 41 55 
1997 64 94 186 206 102 48 26 22 30 35 34 55 75 

AVG 52 77 152 169 83 39 21 18 25 29 28 45 61 



Table F-2 

NET RESERVOIR EVAPORATION 

(mm) 

Month 

January 
February 
March 
Apnl 

May 
June 
July 
August 
September 
October 
November 
December 

Annual 

Pan Evaporation 

(mm) 

0 

0 

0 

10 1 

186 

266 

3 02 

280 

203 

120 

6 5 
0 

1468 

Net Reservoir Evaporation (mm) 

Kurpsa, Tashkumyr, 
Shamaldysai, Uch-Kurgan, 

Kayrakum, Farhad, 
Chardara, and Bugun 

Reservo~rs 

0 

0 

0 

8 1 

149 

213 

242 

224 

162 

96 

52 

0 

1174 

Toktogul, Andijan, 
and 

Charvak Reservoirs 

0 

0 

0 

4 1 

75 

107 

121 

112 

8 1 

48 

26 

0 

587 
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Table G-1 

PRODUCTION OF AGRICULTURAL PRODUCTS IN COMPARABLE PRICES OF 1983 MILLION RUBLES 

Republic of Uzbekistan 

lncludlng oblasts of the 
Syr Darya river basln 

Andlzhan 

Djizak 

Namangan 

Syr Darya 

Tashkent 

Fergana 

1992 

10290 5 

4935 5 

864 6 

598 4 

720 2 

492 5 

1283 9 

975 9 

1993 

10425 2 

4625 8 

851 8 

620 1 

705 3 

414 4 

1078 5 

955 7 

1994 

9665 1 

4468 7 

792 8 

553 7 

707 2 

409 1 

1095 5 

910 4 

1995 

9879 3 

4758 4 

844 1 

625 9 

774 2 

471 7 

1090 3 

952 2 

1996 

9238 5 

4307 4 

935 9 

486 4 

687 1 

336 1 

1011 3 

850 6 





Table G-1 
(Contrnued) 

PRODUCTION OF CATTLE BREEDING PRODUCTS IN COMPARABLE PRICES OF 1983 MILLION RUBLES 

Republrc of Uzbekrstan 

lncludlng oblasts of the 
Syr Darya rlver basrn 

Andrzhan 

Dj~zak 

Namangan 

Syr Darya 

Tashkent 

Fergana 

1993 

4273 6 

1929 

328 0 

252 3 

266 5 

145 0 

496 2 

441 0 

1992 

4080 0 

1858 3 

318 1 

231 0 

255 9 

135 7 

496 7 

420 9 

1994 

4016 5 

1799 5 

282 2 

249 1 

255 8 

150 4 

491 2 

370 8 

1995 

3913 6 

1739 6 

256 6 

268 8 

251 7 

143 7 

453 6 

365 2 

1996 

3717 8 

1636 3 

307 5 

237 

254 5 

107 4 

405 0 

324 9 



Table G-1 
(Cont~nued) 

AGRICULTURAL GROSS PRODUCTION IN COMPARABLE PRICES OF 1983 

Adm~n~strat~ve 
unit 

Republ~c of 
Kaza kstan 

Andijan 

Dj~zak 

Namangan 

Syr Darya 

Tashkent 

Fergana 

Republ~c of 
Uzbekistan 

Gross 
Production 
per 100 ha 

168 

274 

222 

265 

214 

278 

269 

243 

So11 
quality 

avg 

good 

good 

good 

avg 
good 

good 

avg 

Gross Productron 
1992 

Total 
1 0 ~ 9  

Rubles 

059 

0 86 

0 6 

0 72 

049 

1 28 

0 98 

10 3 

1993 
per IOOha 

1 0 ~ 3  
Rubles 

117 

307 

208 

263 

164 

321 

276 

243 

Total 
1 0 ~ 9  

Rubles 

067 

0 85 

0 62 

0 7 

041 

1 08 

0 96 

104 

per lOOha 
1 0 ~ 3  

Rubles 

132 

307 

213 

254 

137 

270 

270 

245 

1994 
Total 
I O E ~  

Rubles 

0 59 

0 79 

055 

0 71 

041 

1 09 

091 

9 66 

1995 
per 100 ha 

1 0 ~ 3  
Rubles 

116 

281 

188 

257 

137 

274 

255 

224 

Total 
1 0 ~ 9  

Rubles 

055 

084 

063 

0 77 

047 

1 09 

0 95 

9 88 

1996 
per 100 ha 

10E3 
Rubles 

109 

305 

21 6 

285 

158 

289 

270 

234 

Total 
10E9 
ubles 

per 100 ha 
10E3 

Rubles 





Table G-2 
(Continued) 

SOWN AREAS IN THOUSAND HECTARE 

And~jan oblast 

Total sown area 

Gram and grainbean 
including grainear 
Corn on grain 
Rice 
Techn~cal crops , total 
including cotton 
Potatoe and vegetable 
Fodder crops 
Perennial plantations 
Sewage-farms 

1992 

207 7 

29 8 
19 8 
7 0 
3 1 

130 4 
130 1 

8 6 
38 9 
30 7 

280 3 

1993 

206 6 

28 2 
17 9 
7 6 
2 7 

132 3 
131 9 

5 3 
40 8 
30 5 

280 5 

1994 

205 0 

45 7 
38 3 
5 1 
2 2 

115 1 
114 5 

6 5 
37 7 
30 5 

280 8 

1995 

205 9 

57 2 
53 6 
2 1 
1 5  

1130 
1109 

6 1 
29 6 
30 2 

281 0 

1996 

204 0 

83 0 
80 0 

1 0  
2 0 

1120 
1100 

6 1 
25 6 
30 2 

281 0 



Table E-2 
(Contrnued) 

SOWN AREAS IN THOUSAND HECTARE 

Fergana oblast 

Total sown area 

Gram and grambean 
~nclud~ng gralnear 
Corn on gram 
R~ce 
Techn~cal crops , total 
~nclud~ng cotton 
Potatoe and vegetable 
Fodder crops 
Perenn~al plantat~ons 
Sewage-farms 

1992 

265 7 

38 9 
25 9 
8 0 
4 3 

142 1 
141 6 
10 8 
73 8 
36 9 

354 5 

1993 

261 5 

38 1 
29 2 
8 0 
0 9 

140 0 
139 6 

5 5 
77 9 
37 7 

356 1 

1994 

260 9 

55 5 
52 8 

1 5  
1 2  

131 6 
131 2 

6 0 
67 8 
37 4 

357 2 

1995 

260 3 

65 5 
62 5 

1 1  
1 3  

129 1 
128 6 

6 0 
59 8 
37 3 

358 4 

1996 

259 0 

103 0 
102 0 

- 
1 0  

127 0 
127 0 

6 0 
59 8 
37 3 

358 4 



Table G-2 
(Continued) 

SOWN AREAS IN THOUSAND HECTARE 

Tashkent oblast 

Total sown area 

Gram and gralnbean 
~ncludlng gralnear 
Corn on grain 
Rlce 
Technical crops , total 
including cotton 
Potatoe and vegetable 
Fodder crops 
Perennial plantattons 
Sewage-farms 

1995 

289 0 

93 2 
79 0 
3 4 
105 

1 1 1  8 
107 9 
189 
65 1 
41 9 
398 4 

1996 

297 2 

129 2 
1130 
2 0 
14 0 
112 0 
108 0 
18 9 
65 5 
41 9 
398 4 

1994 

287 5 

69 6 
47 9 
8 8 
12 6 
112 7 
108 2 
23 6 
81 6 
43 2 
397 9 

1992 

288 9 

47 5 
23 5 
1 1  0 
12 9 
127 9 
121 9 
31 1 
82 4 
44 4 
398 3 

1993 

289 6 

52 9 
28 8 
10 0 
13 9 
132 1 
126 0 
24 7 
79 9 
44 6 
399 4 



Table G-2 
(Continued) 

SOWN AREAS IN THOUSAND HECTARE 

Syrdarya oblast 
Total sown area 

Grain and grambean 
~ncluding grainear 
Corn on grain 
Rlce 
Technical crops , total 
including cotton 
Potatoe and vegetable 
Fodder crops 
Perennial plantations 
Sewage-farms 

1992 

255 3 

35 8 
20 4 
6 3 
9 1 

152 5 
152 1 

7 6 
59 5 
11 7 

298 8 

1993 

254 4 

40 6 
25 0 
6 9 
8 7 

155 3 
155 0 

3 5 
54 9 
11 1 

298 7 

1994 

252 5 

53 3 
37 1 
8 1 
8 0 

142 5 
141 7 

4 5 
52 2 
11 2 

298 7 

1995 

254 7 

83 1 
75 3 

1 2  
6 6 

141 3 
138 6 

3 2 
27 0 
11 0 

298 7 

1996 

260 6 

112 0 
104 0 

1 0  
7 0 

144 0 
141 0 

3 3 
27 4 
11 5 

298 7 





Table G-2 
(Continued) 

SOWN AREAS IN THOUSAND HECTARE 

Dj~zak oblast 
Total sown area 

Gram and gralnbean 
lncludrng grainear 
Corn on grain 
Rlce 
Technrcal crops , total 
lncludrng cotton 
Potatoe and vegetable 
Fodder crops 
Perennral plantatrons 
Sewage-farms 

1992 

235 4 

28 0 
19 9 
8 0 
0 3 

142 2 
141 1 
10 9 
54 3 
21 0 
288 8 

1993 

235 9 

34 5 
26 2 
8 0 
0 3 

145 4 
144 8 
5 9 
50 2 
20 3 
290 5 

1994 

238 9 

54 6 
48 2 
6 2 
0 2 

135 8 
134 6 
6 6 
41 9 
19 9 
292 2 

1995 

252 6 

76 0 
74 8 
0 7 
0 3 

139 3 
134 0 
7 2 
30 1 
19 0 
293 7 

1996 

248 3 

127 0 
126 0 
- 

1 0  
1 1 1  0 
1 1 1  0 
6 3 
30 5 
19 0 
293 7 



Table G-2 
(Continued) 

SOWN AREAS IN THOUSAND HECTARE 

Year 1992 
Total sown area for 
the crop 
Grarn and gralnbean 
lncludlng gralnear 
Corn on gram 
Rlce 
Technrcal crops , total 
lncludlng cotton 
Potatoe and vegetable, melon 
Fodder crops 
Perennial plantations 
Sewage-farms 

Fergana 

265 7 

38 9 
25 9 
8 0 
4 3 

142 1 
141 6 
10 8 
73 8 
36 9 

354 5 

Tashkent 

288 9 

47 5 
23 5 
11 0 
12 9 

127 9 
121 9 
31 1 
82 4 
44 4 

398 3 

Syrdarya 

255 3 

35 8 
20 4 
6 3 
9 1 

152 5 
152 1 

7 6 
59 5 
11 7 

298 8 

Namanga 

197 4 

31 4 
16 8 
8 5 
5 9 

109 8 
109 5 

9 9 
46 3 
38 8 

273 9 

Djlzak 

235 4 

28 0 
19 9 
8 0 
0 3 

142 2 
141 1 
10 9 
54 3 
21 0 

288 8 

Andljan 

207 7 

29 8 
19 8 
7 0 
3 1 

130 4 
130 1 

8 6 
38 9 
30 7 

280 3 



Table G-2 
(Continued) 

SOWN AREAS IN THOUSAND HECTARE 

Year 1993 
Total sown area 

Grain and gralnbean 
lncludlng gralnear 
Corn on grain 
Rlce 
Techn~cal crops , total 
lncludlng cotton 
Potatoe and vegetable 
Fodder crops 
Perennial plantat~ons 
Sewage-farms 

Fergana 

261 5 

38 1 
29 2 
8 0 
0 9 

140 0 
139 6 

5 5 
77 9 
37 7 

356 1 

Tashkent 

289 6 

52 9 
28 8 
10 0 
13 9 

132 1 
126 0 
24 7 
79 9 
44 6 

399 4 

Syrdarya 

254 4 

40 6 
25 0 
6 9 
8 7 

155 3 
155 0 

3 5 
54 9 
11 1 

298 7 

Namanga 

197 6 

33 1 
19 1 
8 3 
5 6 

108 7 
108 4 

8 2 
47 6 
38 7 

275 3 

Dj~zak 

235 9 

34 5 
26 2 
8 0 
0 3 

145 4 
144 8 

5 9 
50 2 
20 3 

290 5 

Andljan 

206 6 

28 2 
17 9 
7 6 
2 7 

132 3 
131 9 

5 3 
40 8 
30 5 

280 5 



Table G-2 
(Continued) 

SOWN AREAS IN THOUSAND HECTARE 

Year 1994 
Total sown area for 
the crop 
Grain and grambean 
lnclud~ng gralnear 
Corn on grain 
Rice 
Technical crops , total 
including cotton 
Potatoe and vegetable, melon 
Fodder crops 
Perenn~al plantations 
Sewage-farms 

And~jan 

205 0 

45 7 
38 3 
5 1 
2 2 

115 1 
1145 

6 5 
37 7 
30 5 

280 8 

Namanga 

198 0 

48 1 
42 6 

1 9  
3 4 

100 9 
100 5 

7 1 
41 9 
38 1 

276 3 

Dj~zak 

238 9 

54 6 
48 2 
6 2 
0 2 

135 8 
134 6 

6 6 
41 9 
19 9 

292 2 

Syrdarya 1 Fergana Tashkent 

287 5 

69 6 
47 9 

8 8 
12 6 

1127 
108 2 
23 6 
81 6 
43 2 

397 9 

252 5 

53 3 
37 1 
8 1 
8 0 

142 5 
141 7 

4 5 
52 2 
11 2 

298 7 

260 9 

55 5 
52 8 

1 5  
1 2  

131 6 
131 2 

6 0 
67 8 
37 4 

357 2 



Table G-2 
(Continued) 

SOWN AREAS IN THOUSAND HECTARE 

Year 1 995 
Total sown area for 
the crop 
Gram and gralnbean 
rncludlng grarnear 
Corn on grain 
Rlce 
Techn~cal crops , total 
lncludlng cotton 
Potatoe and vegetable 
Fodder crops 
Perenn~al plantatrons 
Sewage-farms 

Andrjan 

205 9 

57 2 
53 6 
2 1 
1 5  

113 0 
110 9 
6 1 

29 6 
30 2 

281 0 

Tashkent 

289 0 

93 2 
79 0 
3 4 

10 5 
111 8 
107 9 
18 9 
65 1 
41 9 

398 4 

Fergana 

260 3 

65 5 
62 5 

1 1  
1 3  

129 1 
128 6 
6 0 
59 8 
37 3 

358 4 

Namanga 

198 3 

57 1 
53 3 
0 4 
3 3 

95 3 
94 7 
7 6 

38 3 
37 7 

277 7 

Djlzak 

252 6 

76 0 
74 8 
0 7 
0 3 

139 3 
134 0 

7 2 
30 1 
19 0 

293 7 

Syrdarya 

254 7 

83 1 
75 3 

1 2  
6 6 

141 3 
138 6 

3 2 
27 0 
11 0 

298 7 



Table G-2 
(Cont~nued) 

SOWN AREAS IN THOUSAND HECTARE 

Year 1996 
Total sown area for 
the crop 
Grarn and grarnbean 
rnclud~ng gralnear 
Corn on gram 
R~ce 
Technical crops , total 
rncludrng cotton 
Potatoe and vegetable 
Fodder crops 
Perenn~al plantat~ons 
Sewage-farms 

Andrjan 

204 0 

83 0 
80 0 

1 0  
2 0 

1120 
1100 

6 1 
25 6 
30 2 

281 0 

Tashkent 

297 2 

129 2 
113 0 

2 0 
14 0 

112 0 
108 0 
18 9 
65 5 
41 9 

398 4 

Fergana 

259 0 

103 0 
102 0 
- 

1 0  
127 0 
127 0 

6 0 
59 8 
37 3 

358 4 

Syrdarya 

260 6 

1120 
104 0 

1 0  
7 0 

144 0 
141 0 

3 3 
27 4 
11 5 

298 7 

Namanga 

200 1 

84 5 
80 0 
0 5 
4 0 

95 0 
95 0 
7 6 

38 2 
37 7 

277 7 

Djrzak 

248 3 

127 0 
126 0 
- 

1 0  
111 0 
111 0 

6 3 
30 5 
19 0 

293 7 



Table G-3 

SALES OF AGRICULTURAL PRODUCTS IN 1996 

GRAIN CROPS 

Total 
Quantity (ton) 
Cost (1 000 sum) 
Prrce (sumlton) 
By agricultural enterprrses 
Quant~ty (ton) 
Cost (1000 sum) 
Prrce (sumlton) 
By farmers' house-holds 
Quantrty (ton) 
Cost (1 000 sum) 
Prrce (sumlton) 
By the population 
Quantrty (ton) 
Cost (1000 sum) 
Prrce (surnlton) 

The Republic 
of 

Uzbekistan 

2,317,625 
14,403,649 

6,215 

2,241 ,I 68 
13,403,289 

5,980 

33,858 
186,407 

5,506 

42,599 
81 3,953 

19,107 

Andrjan 

330,536 
1,801,527 

5,450 

323,488 
1,722,906 

5,326 

4,116 
25,146 
6,109 

2,932 
53,475 
18,238 

Oblasts 
Djrzak 

132,300 
434,966 

3,288 

132,300 
434,966 

3,288 

of Syr Darya 
Namangan 

170,221 
739,839 

4,346 

166,955 
723,513 

4,334 

3,266 
16,326 
4,999 

river basin 
Syr Darya 

141,585 
654,294 

4,621 

133,895 
623,875 

4,659 

7,629 
29,626 
3,883 

6 1 
793 

13,000 

Tashkent 

238,010 
1,214,716 

5,104 

233,049 
1,192,330 

5,116 

4,751 
20,442 
4,303 

210 
1,944 
9,257 

Fergana 

235,159 
1,441,548 

6,130 

208,299 
91 2,982 

4,383 

1,453 
9,229 
6,352 

25,407 
51 9,337 
20,441 



Table G-3 
(Continued) 

WHEAT 

Total 
Quantity (ton) 
Cost (1000 sum) 
Price (sumlton) 
By agricultural enterprises 
Quantity (ton) 
Cost (1 000 sum) 
Price (sumlton) 
By farmers' house- holds 
Quantity (ton) 
Cost (1 000 sum) 
Price (sumlton) 
By the population 
Quantity (ton) 
Cost (1 000 sum) 
Price (sumlton) 

The Republic 
of 

Uzbekistan 

1,861,399 
8,302,030 

4,460 

1,809,822 
7,915,692 

4,374 

26,919 
123,418 

4,585 

24,658 
262,920 

10,663 

Andijan 

325,766 
1,726,497 

5,300 

320,007 
1,687,573 

5,274 

3,788 
21,691 
5,726 

1,971 
17,233 
8,743 

of Syr Darya 
Namangan 

160,445 
701,574 

4,374 

1 57,493 
688,880 

4,374 

2,952 
12,694 
4,300 

Oblasts 
Djizak 

115,195 
384,921 

3,341 

115,195 
384,921 

3,341 

Fergana 

202,784 
976,116 

4,814 

187,414 
849,289 

4,532 

1,393 
8,980 
6,447 

13,977 
117,847 

8,431 

river basin 
Syr Darya 

121,937 
478,524 

3,924 

1 1 5,489 
452,436 

3,918 

6,387 
25,295 
3,960 

6 1 
793 

13,000 

Tashkent 

206,575 
856,783 

4,148 

202,295 
838,310 

4,144 

4,168 
17,481 
4,194 

112 
992 

8,857 



Table G-3 
(Continued) 

POTATOES 

Total 
Quant~ty (ton) 
Cost (1 000 sum) 
Prlce (sumlton) 
By agricultural enterprises 
Quant~ty (ton) 
Cost (1 000 sum) 
Prlce (sumlton) 
By farmers' house-holds 
Quantity (ton) 
Cost (1 000 sum) 
Prlce (sumlton) 
By the populat~on 
Quant~ty (ton) 
Cost (1 000 sum) 
Prlce (sumlton) 

The Republlc 
of 

Uzbekistan 

244,905 
3,166,743 

12,930 

102,279 
1,149,541 

1 12,239 

3,994 
49,994 
12,517 

138,632 
1,967,208 

14,190 

Andljan 

12,080 
129,503 
10,720 

7,530 
69,978 
9,293 

198 
1,822 
9,202 

4,352 
57,703 
13,259 

Oblasts 
Djlzak 

7,033 
87,518 
12,444 

4,465 
61,970 
13,879 

2,568 
25,548 
9,949 

of Syr Darya 
Namangan 

44,059 
466,977 

10,599 

29,361 
308,285 

10,500 

552 
5,800 

10,507 

14,146 
152,892 
10,808 

river basin 
Syr Darya 

1,612 
22,520 
13,970 

53 
569 

10,736 

89 
1,183 

13,292 

1,470 
20,768 
14,128 

Tashkent 

42,788 
552,604 

12,915 

23,869 
288,437 

12,084 

1,943 
27,173 
13,985 

16,976 
236,994 

13,961 

Fergana 

34,788 
541,552 

15,567 

7,255 
82,109 
11,318 

643 
7,914 

12,308 

26,890 
451,529 

16,792 



Table G-3 
(Contrnued) 

VEGETABLES 

Total 
Quantity (ton) 
Cost (1 000 sum) 
Prrce (sumlton) 
By agrrcultural enterprrses 
Quantity (ton) 
Cost (1 000 sum) 
Pr~ce (sumlton) 
By farmers' house-holds 
Quantity (ton) 
Cost (1 000 sum) 
Pr~ce (sumlton) 
By the populat~on 
Quantrty (ton) 
Cost (1 000 sum) 
Price (sumlton) 

The Republrc 
of 

Uzbekrstan 

1,285,480 
6,334,997 

4,928 

590,225 
2,127,918 

3,605 

28,608 
141,730 

4,954 

666,647 
4,065,349 

6,098 

And~jan 

94,225 
340,444 

3,613 

47,976 
123,394 

2,572 

855 
3,579 
4,186 

45,394 
21 3,471 

4,703 

Tashkent 

280,583 
1,461,908 

5,210 

169,460 
844,824 

4,985 

16,348 
96,716 
5,916 

94,775 
520,368 

5,491 

of Syr Darya 
Namangan 

1 24,862 
556,073 

4,454 

67,285 
273,209 

4,060 

2,377 
9,442 
3,972 

55,200 
273,422 

4,953 

Oblasts 
Djrzak 

27,778 
151,018 

5,437 

12,842 
46,708 
3,637 

400 
2,820 
7,050 

14,536 
101,490 

6,982 

Fergana 

163,464 
1,138,616 

6,966 

34,209 
1 33,526 

3,903 

2,151 
8,563 
3,981 

1 27,104 
996,527 

7,840 

river bas~n  
Syr Darya 

1 1,786 
72,672 

6,166 

3,854 
22,060 

5,724 

396 
1,104 
2,788 

7,536 
49,508 

6,570 



Table G-3 
(Continued) 

MELON CROPS 

Total 
Quantrty (ton) 
Cost (1 000 sum) 
Prlce (sumlton) 
By agrrcultural enterprises 
Quant~ty (ton) 
Cost (1 000 sum) 
Prrce (sumlton) 
By farmers' house-holds 
Quant~ty (ton) 
Cost (1 000 sum) 
Pr~ce (sumlton) 
By the population 
Quantlty (ton) 
Cost (1 000 sum) 
Pr~ce (sumlton) 

The Republrc 
of 

Uzbek~stan 

225,491 
794,777 

3,525 

79,654 
143,849 

1,806 

9,304 
20,916 
2,248 

136,533 
630,012 

4,614 

Andijan 

6,034 
31,258 
5,180 

834 
2,589 
3,104 

324 
865 

2,670 

4,876 
27,804 
5,702 

of Syr Darya 
Namangan 

10,482 
45,464 
4,337 

3,960 
16,632 
4,200 

1,034 
4,136 
4,000 

5,488 
24,696 
4,500 

Oblasts 
Djrzak 

9,713 
13,098 
1,349 

6,658 
5,858 

880 

200 
250 

1,250 

2,855 
6,990 
2,448 

river basln 
Syr Darya 

24,394 
143,690 

5,890 

3,478 
3,253 

935 

529 
737 

1,393 

20,387 
139,700 

6,852 

Tashkent 

16,960 
59,146 
3,487 

4,694 
10,331 
2,201 

3,655 
7,488 
2,049 

8,611 
41,327 
4,799 

Fergana 

28,969 
1 37,639 

4,751 

2,450 
5,828 
2,379 

752 
1,994 
2,652 

25,767 
129,817 

5,038 
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Table G-3 
(Continued) 

GRAPES 

Total 
Quantity (ton) 
Cost (1 000 sum) 
Prlce (sumlton) 
By agricultural enterprises 
Quantlty (ton) 
Cost (1 000 sum) 
Prlce (sumlton) 
By farmers' house-holds 
Quantity (ton) 
Cost (1 000 sum) 
Prlce (sumlton) 
By the population 
Quant~ty (ton) 
Cost (1 000 sum) 
Prrce (sumlton) 

The Republlc 
of 

Uzbekistan 

361,831 
2,209,308 

6,106 

272,859 
1,314,828 

4,819 

10,539 
55,347 
5,252 

78,433 
839,133 
10,699 

Andljan 

14,610 
79,641 
5,451 

11,422 
44,389 
3,886 

181 
475 

2,624 

3,007 
34,777 
11,565 

Oblasts 
Djlzak 

4,581 
45,732 
9,983 

3,265 
26,216 
8,029 

1,316 
19,516 
14,830 

of Syr Darya 
Namangan 

55,196 
437,360 

7,924 

47,151 
367,770 

7,800 

523 
4,079 
7,799 

7,522 
65,511 
8,709 

river bas~n 
Syr Darya 

1,804 
10,323 
5,722 

1,584 
8,082 
5,102 

65 
222 

3,415 

155 
2,019 

13,026 

Tashkent 

43,885 
230,624 

5,255 

38,932 
190,245 

4,882 

627 
3,773 
6,OI 8 

4,326 
36,606 
8,462 

Fergana 

15,633 
236,083 

15,102 

6,364 
32,338 
5,081 

71 6 
5,776 
8,067 

8,553 
1 97,969 
23,146 



Table G-4 

PURCHASES OF RAW COTTON IN 1996 

Calculated 
Quant~ty (ton) 
Purchased 
Quantity (ton) 
Cost (1 000 sum) 
Price (sum/ton) 
Purchased In 1995 
Quantlty (ton) 

Ratio of 1996 to 1995 

The Republlc 
of 

Uzbekistan 

4,000,000 

3,350,091 
12,426 

41,627,280 

3,934,281 

85 

Oblasts of Syr Darya river basln 
Andljan 

310,000 

31 5,899 
1 1,593 

3,662,114 

345,945 

91 

Tashkent 

280,000 

258,786 
1 1,427 

2,957,177 

281,301 

92 

Fergana 

375,000 

301,263 
13,525 

4,074,536 

394,167 

76 

Syr Darya 

325,000 

1 86,456 
10,970 

2,045,425 

286,136 

65 

Djizak 

257,000 

139,391 
9,853 

1,373,430 

23,483 

59 

Namangan 

280,000 

239,760 
14,399 

3,452,194 

296,618 

81 



Table G-5 

DYNAMICS OF SALlNlZATlON OF IRRIGATED LANDS, 1000HA 

Adm~n~strative 
unit 

Andljan 

Dj~zak 

Namangan 

Syr Darya 

Tashkent 

Fergana 

Uzbekistan 

ln O/o 

Salin~zed lands Land inspection 

stage 1 

618 

1752 

14 

266 

367 

47 6 

19707 

508 

Overall 
assessment 
of dynamrcs 

deterrorat~on 

139deter1oratlon 

deterrorat~on 

stab~lity 

deter~orat~on 

deter~orat~on 

stage 1 
1982-1 987 

2656 

269 2 

250 5 

284 

3599 

323 1 

38783 

100 

Non-sal~nrzed lands 
stage 2 

692 

1208 

321 

252 5 

216 

61 1 

17481 

505 

including 
stage 2 

1990-1 992 

2259 

249 2 

208 2 

270 5 

3139 

286 9 

34675 

100 

stage 1 

2038 

94 

236 5 

18 

3232 

275 5 

19076 

49 2 

stage 2 

1567 

1284 

176 2 

18 

2923 

225 8 

17196 

492 

weakly 
stage 1 

396 

738 

9 8 

112 

332 

34 

11172 

288 

stage 2 

414 

775 

9 2 

1074 

194 

185 

9608 

277 

stage 1 

139 

793 

4 

883 

3 1 

108 

6112 

158 

average 
stage 2 

229 

294 

9 7 

799 

1 6  

322 

547 

157 

strongly 
stage 1 

8 3 

221 

0 2 

652 

0 4 

7 8 

2468 

6 2 

stage 2 

4 9 

13 2 

652 

0 6 

10 4 

2407 

6 9 



Table G-6 

DYNAMICS OF QUALITY OF IRRIGATED LANDS, 1000HA 

Overall 

quallty 

good 

average 

good 

average 

good 

good 

average 

Avg grade of so11 s 
p r o d u c t ~ v ~ t y a ~ ; s e s s m e n t  
stage 1 

60 

54 

70 

54 

66 

65 

59 

Below avg lands 
21-4  0 g r a d e s  

stage 2 

65 

54 

63 

52 

66 

64 

59 

stage 1 

32 

24 

140 

17 

10 

648 

23 

Average lands 
41-  60 g r a d e s  Adm~nistrative 

unlt 

And~jan 

Dj~zak 

Namangan 

Syr Darya 

Tashkent 

Fergana 

Uzbek~stan 

~n O/o - 

stage 2 

24 

38 

39 

70 

15 

53 

657 

18 

stage 1 

85 

50 

102 

91 

99 

899 

32 

stage 2 

48 

136 

58 

112 

96 

69 

1234 

34 

Best lands 
81 -100 grades 

lnvestrgated area Good lands 
61-  8 0 g r a d e s  

stage 1 

40 

95 

30 

75 

55 

610 

21 

stage 1 

227 

184 

452 

227 

269 

2841 

100 

Years of so11 
survey conduction 

stage 1 

70 

15 

180 

45 

105 

685 

24 

stage 2 

37 

6 

58 

1 

57 

88 

515 

15 

stage 2 

40 

253 

223 

273 

319 

303 

3586 

100 

stage 1 

62-79 

62-78 

61-84 

67-75 

82 

stage 2 

129 

73 

67 

90 

151 

93 

1180 

33 

stage 2 

90 

89 

89-91 

84-89 

84-90 

90 
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Table G-8 

USE OF WATER AND LAND RESOURCES IN 1995, MCM 

Oblast 

Andrjan 

Namangan 

Fergana 

Syr Darya 

Djrzak 

Tashkent 

Total 

Uzbek~stan 

Sources of coverage Water consumption 

Total 

3289 

2963 

4605 

2470 

2439 

6039 

21805 

52150 

Total 

3290 

2963 

4605 

2470 

2439 

6039 

21805 

52150 

lnslde the network use water 
From 
flow 

462 

2132 

1275 

2239 

1679 

521 

8308 

29494 

ground 
water 

350 

79 

238 

40 

9 

14 

729 

986 

Irrigation From 
small 
rrver 

2447 

706 

2786 

13 

721 

4093 

10765 

19345 

Dramage 
water 

31 

47 

123 

45 

15 

93 

353 

609 

Non-irrigation needs 

Total 

381 

126 

544 

219 

39 

1425 

2732 

3311 

Return 
water 

- 
- 

184 

134 

15 

1318 

1650 

1716 

lrr~ 
water 

2849 

2779 

4357 

2374 

2439 

4048 

18845 

48003 

lrr~ 
area 

285 

274 

359 

294 

289 

385 

1884 

4224 

Total 

441 

1 84 

248 

96 

1991 

2960 

4146 

Spec~flc 
water use 

10 

10 

12 

8 

8 

1 1  

10 

1 1  

Industry 

49 

9 

88 

25 

420 

591 

891 

Agr~ 
water 

264 

133 

18 

12 

110 

537 

808 

Dr~nk~ng 

97 

20 

132 

53 

1141 

1443 

1942 

Frshery 

31 

22 

10 

6 

320 

389 

505 



Table G-9 

USE OF WATER AND LAND RESOURCES IN 1996, MCM 

Oblast 

Namangan 

Fergana 

Syr Darya 

Djlzak 

Tashkent 

Total 

Uzbek~stan 

Water consumption 

Total 

3296 

4698 

2683 

2619 

6039 

19335 

54974 

Sources of coverage 

Total 

3296 

4698 

2683 

2619 

6039 

19335 

54974 

lrrlgation 
From 
flow 

2515 

1672 

2475 

2258 

530 

9450 

35820 

l r r~ 
area 

276 

360 

289 

289 

385 

1599 

4254 

Non-irrlgatlon needs From 
small 
rlver 

559 

2749 

130 

322 

3653 

7413 

15290 

Total 

222 

277 

78 

39 

1856 

2472 

3864 

Total 

221 

153 

204 

58 

2243 

2879 

4413 

Spec~f~c 
water use 

1 1  

13 

9 

9 

10 

51 

12 

lrrl 
water 

3075 

4545 

2479 

2561 

3796 

16456 

50561 

Industry 

75 

15 

76 

30 

427 

623 

844 

lnslde the network use water 
ground 

water 

75 

67 

8 

4 

169 

323 

1133 

Dr~nklng 

22 

64 

2 

0 

276 

364 

503 

Dramage 
water 

35 

96 

35 

26 

206 

398 

639 

F~shery 

104 

14 

13 

21 

34 

186 

712 

Return 
water 

112 

114 

35 

9 

1481 

1751 

2092 

Agr~ 
water 

20 

60 

113 

7 

1506 

1706 

2354 
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Table G-1 1 

IRRIGATED AREA IN 1992-1 995,1000 HA 

ANDIJAN OBLAST 

Total 

Naryn river site 
Lentnabad Canal 
Large Andijan Canal 
Large Fergana Canal-1 
Large Fergana Canal-2 

And~jan reservoir 
And~jansai 

Sava~ 
The r~ght canal of Andijan reservoir 
Shahrikhansa~ 
South Fergana Canal 

Lower Karadarya 
Upper Ulugnar 
Pakhtaabad 
Slza 

Small rivers 
Ahbura 
Aravan 
Mallisai 
Tentyaksa~ 

1992 

274 1 

97 2 
1 8  

26 6 
15 2 
53 6 

125 6 
45 5 
13 3 
2 3 

38 1 
26 4 
32 5 
9 6 

16 1 
6 8 

18 8 
7 7 
3 9 
5 6 
1 6  

1993 

274 3 

95 1 
1 8  

25 9 
14 7 
52 7 

127 1 
45 6 
13 0 
2 5 

39 1 
26 9 
33 5 
10 3 
15 3 
7 9 

18 6 
7 4  
3 7 
5 6 
1 9  

1994 

274 6 

95 8 
1 8  

25 6 
14 8 
53 6 

127 3 

45 4 
13 0 
2 4 

39 7 
26 8 
33 0 
10 3 
15 3 
7 4  

18 5 
7 2 
3 7 
5 6 
2 0 

1995 

275 1 

96 0 
1 8  

25 9 
14 8 
53 5 

127 7 

45 7 
13 0 
2 4 

39 8 
26 8 

32 9 
10 3 
15 2 
7 4 

18 5 
7 2 
3 7 
5 6 
2 0 



Table G-1 1 
(Contrnued) 

NAMANGAN OBLAST 

Total 

Naryn river flow 
Large Fergana Canal-1 
Leninabad Canal 

Small canals 
Large Andijan Canal 
North Fergana Canal 
Large Namangan Canal 

Syr Darya river flow 
Including canal of Akhunbaev 
Pumpp stations 
Small rivers 
lnclud~ng Padshaata 
Kasansai 
Gavasai 
Chadaksa~ 
Koksereksai 

1992 

267 0 

140 6 
35 0 
3 5 
7 0 
9 4 
58 1 
27 6 
50 1 
41 1 
9 0 
76 3 
33 4 
23 1 
15 0 
3 0 
1 8 

1993 

267 5 

150 2 
33 3 
3 6 
9 6 
10 5 
66 2 
27 0 
45 0 
37 7 
7 3 
72 3 
33 4 
28 5 
7 6 
12 
16 

1994 

268 6 

148 3 
33 3 
3 6 
9 8 
9 2 
65 2 
27 2 
45 9 
38 4 
7 5 
74 3 
33 5 
29 0 
8 3 
17 
18 

1995 

270 3 

149 1 
33 4 
3 6 
9 8 
9 3 
65 7 
27 3 
45 8 
38 2 
7 6 
75 4 
34 0 
29 5 
8 3 
18 
18 



Table G-1 1 
(Continued) 

DJIZAK OBLAST 

Total 

South Goldnaya steppe Canal 

EOO 

Sanzar 

Reservo~rs 

Ravlnes and sprlngs 

K~rov Maln Canal 

1992 

286 1 

233 5 

35 2 

1 7  

8 6 

6 3 

0 8 

1993 

287 1 

234 6 

35 4 

17 

8 6 

6 3 

0 9 

1994 

289 1 

235 9 

35 5 

17 

8 7 

6 4 

0 9 

1995 

290 6 

237 2 

35 7 

17 

8 7 

6 4 

0 9 
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Table G-1 1 
(Cont~nued) 

FERGANA OBLAST 

Total 

Large Fergana Canal 
South Ferhana Canal 
Large Andijan Canal 
the river of Sokh 

Shakhirnardan 
lsfa~ramsa~ 
lsfara 
Kirkidon reservoir 

Pump stations 
Syr Darya river 

1992 

349 4 

118 0 
37 7 
48 8 
53 4 
18 7 
25 8 
8 1 

17 6 

21 3 

1993 

350 0 

145 8 
48 5 
43 5 
45 7 
12 9 
26 6 

1 2  
15 4 

10 4 

1994 

350 9 

148 9 
47 7 
42 6 
45 2 
12 8 
26 5 

1 7  
15 2 

10 3 

1995 

351 6 

152 9 
34 7 
45 4 
48 1 
13 5 
28 1 

1 7  
16 2 

10 9 



Table G-1 1 
(Continued) 

TASHKENT OBLAST 

Total 

Akhangaran river 
OAEE 
Gedjigen 
Chirchik river 
including small water intakes 
Bozsu Canal 
Parkent 
Left bank Karasu 
including small water intakes 
Hamdam 
Tashkent canal named after Pol 
Canal named after Morgunenko 
Ravines 
EAN 
Syr Darya rlver flow 

1992 

376 5 

52 0 
10 9 
12 8 

272 6 
27 1 
84 1 
15 9 

145 6 
56 6 
13 6 
58 1 
17 3 
8 9 
3 o 

40 0 

1993 

377 4 

82 2 
10 9 
12 8 

273 0 
27 1 
84 1 
15 9 

145 6 
56 6 
13 6 
58 1 
17 3 
9 0 
3 o 

40 2 

1994 

376 9 

52 0 
10 9 
12 8 

272 8 
27 1 
84 1 
15 9 

145 6 
56 6 
13 6 
58 1 
1 7 3  
9 0 
3 o 

40 1 

1995 

377 0 

52 1 
10 9 
12 8 

272 8 
27 1 
84 1 
15 9 

145 6 
56 6 
13 6 
58 1 
17 3 
9 0 
3 o 

40 1 
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Table G-13 

AGRICULTURAL DEVELOPMENT IN 1995 

Parameter 

Total populat~on 
rural populat~on 
agricultural population 
lrrrgated area 
Product~on of agriculture 
(in comparable prices of 1983) 
Agrrcultural products 
(in comparable prlces of 1983) 

plant cult~vat~on 
lrrlgated area 
cattle breedlng 
~rrlgated area 
lrrlgated area 
per citizen 
per worker employed 
In agricultural production 
Cost of gross productlon 
per ha of ~rrlgated area 
per worker employed 
In agricultural production 

Unlt 

1000 people 
1000 people 
1000 people 

1000 ha 

10E6 ruble 

10E6 ruble 

10E6 ruble 
10E6 ruble 
10E6 ruble 
10E6 ruble 

hdperson 

hdperson 

rublelha 

rublelha 

Syr Darya 
rlver 

basrn 

12229 
6674 
3838 
1861 

4758 

4484 

301 9 
2989 
1 740 
1495 

0 

0 

2400 

1168 

Andljan 

2040 
1427 
821 
275 

844 

802 

588 
578 
257 
224 

0 

0 

291 5 

977 

Djlzak 

891 
607 
349 
291 

626 

545 

357 
346 
269 
198 

0 

1 

1874 

1793 

Namangan 

1786 
1110 
638 
270 

774 

736 

523 
520 
252 
21 6 

0 

0 

2721 

1152 

Fergana 

2500 
1764 
1014 
352 

952 

91 4 

587 
587 
365 
327 

0 

0 

2599 

901 

Syr Darya 

634 
438 
252 
297 

472 

458 

328 
327 
144 
131 

0 

1 

1543 

181 5 

Tashkent 

4378 
1329 
764 
377 

1090 

1030 

637 
630 
454 
400 

0 

0 

2732 

1348 



Table G-14 

AGRICULTURAL DEVELOPMENT IN 1992 

Parameter 

Total population 
rural population 
agricultural population 
Irrigated area 
Production of agriculture 
(in comparable prices of 1983) 
Agr~cultural products 
(in comparable prices of 1983) 

plant cultivation 
Irrigated area 
cattle breeding 
irrigated area 
Irrigated area 
per citizen 
per worker employed 
in agricultural production 
Cost of gross production 
per ha of irrigated area 
per worker employed 
In agricultural production 

Unit 

1000 people 
1000 people 
1000 people 

1000 ha 

10E6 ruble 

10E6 ruble 

10E6 ruble 
10E6 ruble 
10E6 ruble 
10E6 ruble 

halperson 

halperson 

rublelha 

rublelha 

Syr Darya 
river 

basin 

11676 

6202 

3504 

1850 

4935 

4647 

3077 

3066 

1858 

1581 

o 

1 

2512 

1325 

Andijan 

1899 

1310 

740 

2 74 

865 

817 

547 

547 

318 

271 

o 

o 

2980 

1104 

Djizak 

831 

562 

3 17 

286 

598 

523 

3 6 7 

361 

231 

163 

o 

1 

1830 

1649 

Namangan 

1652 

1019 

576 

2 6 7 

72 o 

683 

464 

464 

256 

219 

o 

o 

2558 

1187 

Syr Darya 

600 

412 

233 

296 

493 

471 

3 5 7 

356 

136 

115 

o 

1 

1589 

2022 

Tashkent 

4357 

12 7 9 

723 

377 

1284 

1219 

787 

784 

4 9 7 

435 

o 

1 

3238 

1672 

Fergana 

2338 

1620 

91s 

349 

976 

933 

555 

555 

421 

379 

o 

o 

2670 

1019 



Table G-15 

ECONOMIC PARAMETERS OF LAND AND WATER RESOURCES USE IN 1995 

Parameter 

Area 1000 ha 
Total populatron 1000 people 
rural population 1000 people 
lrrlgated areas 1000 ha 
Ameliorative unfavorable areas 1000 ha 

O h  
Use of lrrlgated areas 1000 ha 

arable lands 
perennlal plantlngs 
farmstead 
others 

Production 1000 ton 
grain 
gram-cereals 
cotton 
potatoes 
vegetables 
melon flelds 
frurt 
grapes 

production volume of agr~cultural products 
Total product~on 10E6 rulbes (prices of 1983) 
lncludlng rrrlgated areas 

Total water consumptron mcm 
a 63 --BABA -Bc EAN O iiacalrlio aia 
surface 
lrrrgat~on 
Non-lrrlgatlon users 

Specific water consumptron m3lha 
Water resources per unit of product~on 13ltotal 
Water resources per unit cotton,i3lha 
Efflclency of main and rnter-house-hold network 
Eff~crency of rnside-house-hold network 
Availability of irrigated area per rnhabrtant ha 
per agricultural worker 
Production per agrrcultural worker 
Productrvitylha ruble 

Syr Darya 
river 

basin 
5886 

14728 

6677 
1861 

108 
6 

1421 
177 
21 8 
45 

1588 
1383 
1838 
263 

1654 

256 
396 
259 

4758 
4484 

21 805 
2732 

19073 

1885 
2960 

9 9 
4 2 

10 2 
0 84 
0 73 

0 15 
0 48 
1168 
2400 

Andrjan 

424 
2040 
1427 

275 
12 
4 

197 
30 
43 
5 

31 7 
241 

342 
27 

374 
17 

108 
27 

844 
802 

3290 

381 
2909 
2849 
441 

10 0 
3 5 
9 6 

0 87 

0 69 
0 13 
0 34 

977 
291 5 

Djlzak 

2049 

891 
607 

291 
8 
3 

249 
19 
18 
5 

276 
273 
234 

11 
136 
141 
24 

32 

626 
545 

2439 
39 

2400 
2439 

8 1 
4 5 

10 4 
0 85 
0 72 
0 33 
0 83 

1793 
1874 

Oblasts of the 
Namangan 

744 
1786 
1110 

270 
10 
4 

192 
38 
37 
4 

228 
200 
297 

7 

272 
19 
92 

80 

774 

736 
2963 

76 
2887 
2779 

184 

10 1 

3 8 
9 4 

0 86 
0 77 

0 15 

0 42 
1152 

2721 

Republrc of 
Syr Darya 

500 
634 

438 
296 
52 
18 

257 
11 
16 
12 

229 
21 1 

290 
12 

56 
26 
6 
5 

472 

458 
2470 

21 9 
2252 

2374 

96 
8 1 
5 2 

8 1 

0 80 

0 68 
0 47 
1 76 
1815 
1543 

Uzbekistan 
Tashkent 

1544 

4378 
1329 
377 

9 
2 

275 
42 
54 
6 

290 
242 
281 
80 

553 
34 
83 
96 

1090 
1030 
6039 
1425 
461 4 

4048 
199 
10 5 

3 9 
16 7 
0 81 
0 71 
0 09 
0 49 
1348 
2732 

Fergana 

676 

2500 
1767 

352 
17 
5 

25 1 
37 
50 

113 

247 
21 6 
394 
66 

264 
19 
83 
19 

952 

91 4 
4605 

544 

4061 
4357 
248 
12 1 

4 8 

11 0 

0 84 

0 78 
0 14 
0 35 

901 
2599 



Table G-16 

SOWING AREA, 1000 HA 

Parameter 

Total sowing area 
including the publ~c sector 

grains 
including the public sector 

graincereals 
including the public sector 

techn~cal 
including the public sector 
from them cotton 

potatoes, vegetables, melons 
including the public sector 

fodder crops 
including the public sector 

Syr Darya 
basin 

1844 6 
1684 7 
433 7 
399 5 
334 7 
324 0 
815 4 
811 5 
794 9 
158 8 
79 1 

436 7 
393 7 

1992 
And~jan 

241 3 
206 2 
42 1 
30 0 
22 0 
20 0 

132 5 
130 3 
130 1 
23 6 
8 1 

43 1 
37 7 

Djizak 

428 3 
409 1 
166 8 
165 2 
153 6 
153 5 
148 1 
148 1 
141 2 
22 8 
12 6 
90 6 
83 2 

Namangan 

220 3 
198 0 
38 3 
31 7 
20 8 
17 2 

1100 
110 0 
109 7 
19 2 
9 2 

52 8 
46 4 

Syr Darya 

293 5 
277 1 
59 9 
57 1 
57 3 
55 3 

153 2 
152 6 
152 2 
15 6 
7 6 

64 8 
59 8 

Tashkent 

354 5 
327 2 
79 5 
77 1 
52 6 
52 6 

129 2 
127 9 
121 9 
51 3 
31 1 
94 5 
91 0 

Fergana 

306 7 
267 1 
47 1 
38 4 
28 4 
25 4 

142 4 
142 6 
139 8 
26 3 
10 5 
90 9 
75 6 



Table G-16 

(Continued) 

Parameter 

Total sowing area 
including the public sector 

grains 
including the public sector 

graincereals 
including the public sector 

technical 
including the public sector 
from them cotton 

potatoes, vegetables, melons 
including the public sector 

fodder crops 
including the public sector 

Syr Darya 
basin 

1833 0 
1673 0 
663 9 
616 5 
601 5 
582 7 
733 9 
726 1 
714 8 
125 2 
48 9 

310 5 
282 0 

1995 
Andijan 

239 3 
204 2 
71 2 
57 2 
56 2 
53 6 

1130 
111 8 
110 9 
22 0 
6 0 

33 2 
29 7 

Djizak 

428 0 
409 7 
212 7 
211 1 
209 5 
209 5 
141 5 
136 9 
134 0 
17 0 
7 3 

57 2 
54 4 

Namangan 

221 3 
198 1 
65 5 
57 1 
57 6 
53 3 
95 3 
95 3 
94 7 
17 6 
7 5 

42 9 
38 2 

Syr Darya 

290 8 
276 6 
108 8 
105 0 
99 3 
97 0 

142 4 
140 8 
138 7 

9 4 
3 2 

30 2 
27 6 

Tashkent 

349 6 
324 5 
124 4 
120 8 
106 6 
106 6 
1126 
112 4 
107 9 
36 7 
18 9 
75 9 
72 4 

Fergana 

304 0 
259 9 
81 3 
65 3 
72 3 
62 7 

129 1 
128 9 
128 6 
22 5 
6 0 

71 1 
59 7 



Table G-17 

PRODUCTION O F  MAIN PRODUCTS, 1000 TON 

Parameter 

grains 
including the public sector 
graincereals 
including the publlc sector 
raw cotton 
potatoes 
including the public sector 
vegetables 
including the publlc sector 
melon areas 
including the public sector 

Syr Darya 
basin 

956 
826 
566 
530 

1993 
234 
194 

2052 
862 
473 
204 

1992 
Andijan 

1 70 
109 
78 
69 

356 
25 
74 

400 
131 
31 
19 

Djizak 

202 
201 
1 74 
1 74 
282 

14 
9 

171 
65 

176 
61 

Namangan 

130 
107 
68 
56 

31 7 
46 
30 

222 
101 
37 
3 1 

Syr Darya 

129 
117 
73 
65 

327 
8 
2 

114 
37 

138 
32 

Tashkent 

193 
187 
95 
95 

309 
99 
59 

761 
431 

56 
43 

- 

Fergana 

132 
1 04 
78 
72 

402 
42 
19 

384 
97 
35 
18 



Table G-17 

(Continued) 

Parameter 
grains 
including the publ~c sector 
gramcereals 
including the public sector 
raw cotton 
potatoes 
including the publ~c sector 
vegetables 
including the publ~c sector 
melon areas 
includ~ng the public sector 

Syr Darya 
basin 
1588 
1403 
1383 
131 5 
1838 
263 
104 
1654 
560 
256 
79 

1995 
And~jan 

31 7 
242 
241 
230 
342 
27 
9 

374 
94 
18 
7 

Dj~zak 
276 
275 
273 
273 
234 
1 1  
6 

136 
30 
141 
19 

Namangan 
228 
195 
200 
185 
297 
66 
39 
272 
108 
19 
16 

Syr Darya 
229 
217 
21 1 
204 
290 
12 
1 

56 
12 
26 
12 

Tashkent 
290 
281 
242 
242 
281 
80 
33 
553 
258 
34 
20 

Fergana 
247 
193 
21 6 
182 
394 
66 
15 
264 
58 
19 
7 
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Table G-18 

(Continued) 

Parameter 
tirains 

on all lands 
on rrrigated lands 

lncludrng the publ~c sector 
on all lands 
on rrrigated lands 

graincereals 
on all lands 
on irrigated lands 

including the publ~c sector 
on all lands 
on irrigated lands 

Cotton 
on all lands 
on rrrlgated lands 

Potatoes 
on all lands 
on irrrgated lands 

lncludlng the publ~c sector 
on all lands 
on lrrlgated lands 

Vegetables 
on all lands 
on Irrigated lands 

including the publrc sector 
on all lands 
on rrrlgated lands 

Melons 
on all lands 
on irrigated lands 

rncludlng the publ~c sector 
on all lands 
on Irrigated lands 

Uzbekistan 

19 4 
25 5 

18 6 
24 8 

18 9 
26 2 

18 6 
26 1 

26 4 
26 4 

92 0 
92 0 

95 4 
95 4 

176 0 
176 0 

176 6 
176 7 

99 0 
1102 

69 7 
84 1 

Andrjan 

44 3 
44 3 

42 1 
42 1 

42 9 
42 9 

42 9 
42 9 

30 8 
30 8 

110 4 
110 4 

120 4 
120 4 

201 3 
201 3 

1993 
1993 

115 0 
1150 

88 3 
88 3 

Djrzak 

13 0 
24 8 

13 0 
24 9 

13 0 
25 2 

13 1 
25 0 

17 5 
17 5 

76 2 
76 2 

64 4 
64 4 

175 1 
175 2 

1191 
1192 

134 8 
150 0 

61 0 
78 4 

1995 
Namangan 

34 5 
34 5 

34 0 
34 0 

34 7 
34 7 

35 0 
35 0 

31 3 
31 3 

141 7 
141 7 

156 1 
156 1 

232 5 
232 5 

264 1 
264 1 

133 8 
133 8 

153 4 
153 4 

Syr Darya 

21 0 
25 3 

20 7 
25 0 

21 2 
26 0 

21 0 
26 0 

20 9 
20 9 

75 1 
75 1 

50 0 
50 0 

109 7 
109 7 

82 0 
82 0 

99 9 
99 9 

88 5 
88 5 

Tashkent 

23 4 
27 8 

23 3 
27 9 

22 7 
27 9 

22 7 
27 9 

26 1 
26 1 

98 1 
98 1 

92 8 
92 5 

2048 
2048 

2033 
2033 

151 3 
151 3 

121 9 
130 0 

Fergana 

30 3 
30 3 

28 6 
28 6 

29 8 
29 8 

29 0 
29 0 

30 6 
30 6 

109 3 
109 3 

1074 
107 4 

1698 
1698 

1496 
1496 

1 1 1  4 
1 1 1  4 

76 1 
76 1 



Table G-19 
1995 CROP WATER REQUIREMENT, MCM 

I I I M o n t h s  

rayon: 

System 
ANDIJAN 

Andljansal 

Akbura 

Aravan 

Large Andtjan C 

Large Fergana C 

Upper Ulugnar 

Left bank to 

And~jan reservoir 

Lenlnabad Canal 

Ma111su 

Pakhtaabad 

S~za 

Sava~ 

Tentyaksa~ 

Shakhr~khansa~ 

South Fergana Canal 

Notes water supply at at the I 

Index 
actual 

deslgned 

actual 

deslgned 

actual 

des~gned 

actual 

deslgned 

actual 

deslgned 
actual 
des~gned 
actual 
deslgned 
actual 

deslgned 
actual 

destgned 
actual 
des~gned 

actual 
des~gned 

actual 
deslgned 

actual 
deslgned 

actual 
des~gned 

actual 
des~gned 

actual 
deslgned 

boders c order o the obi 

390 8 488 4 392 1 

505 5 722 8 700 6 
68 1 72 5 58 4 

757 1098 1085 

183 203 175 

151 201 177 

4 0 6 2 4 0 

8 1  117 118 

45 5 78 7 56 4 

53 5 78 2 74 8 
914 1106 836 

1303 1856 177 1 
130 136 136 
199 271 262 
5 7 6 5 5 2 

3 1 4 4 4 8 
3 5 4 1 4 7 

3 1 4 5 4 4 
11 1 154 165 
117 162 156 

23 5 30 7 30 9 
30 5 42 3 40 3 

8 6  129 5 1 
137 199 190  

187 199  121 
199 288 291 

1 1  1 2  1 2  
3 7 5 3 5 1 

51 4 61 4 534 
743 1046 101 6 

28 0 35 0 31 7 
42 9 64 3 64 6 

21 (20 on average) O/o n ore 

Ann 





Table G-19 

(Cont~nued) 

System 
FERGANA 

Large Fergana Canal 

Sotuh Fergana Canal 

Large Andljan Canal 

Karkldon 
reservoir 

Sokh 

Shakhlrnardan 

lsfalramsal 

lsfara 

Pump 
stations 

SYR DARYA 

K~rov Ma~n Canal 

South Golodnaya steppe 

Syr Darya r~ver 

Ravlnes and springs 

Index 
actual 
des~gned 

actual 
deslgned 
actual 
des~gned 

actual 
deslgned 

actual 
deslgned 

actual 

des~gned 

actual 

desrgned 
actual 

designed 
actual 
designed 
actual 
des~gned 

actual 
des~gned 
actual 
des~gned 
actual 

deslgned 

actual 

des~gned 

actual 

deslgned 

Ann 
4423 
5053 

1372 
2087 

452 
503 

639 
624 

21 7 
241 

655 

723 

295 

226 

409 

459 
104 
29 
281 
161 

2161 
3774 
71 9 
1441 
1131 

1906 

299 

402 

13 

25 

1 
1000 

- 
123 

- 
- 
- 

399 
- 
- 
- 

195 
- 

8 1 
- 

4 6 
- 
- 
- 

157 
- 

77 3 
- 

52 9 
- 

24 1 
- 
- 
- 

0 3 
- 

2 
2241 
2097 

1085 
1181 

10 
189 

590 
368 

- 

9 9  

21 9 

105 

4 4  

2 0 

4 9  

41 
10 
0 1 
234 
9 3  

34 9 
1835 

- 
766 
34 5 

982 
- 

8 2  

0 4 

0 5 

4 
3938 
2921 

1702 
1139 

500 
291 

597 
377 

334 
122 

173 

447 

241 

146 

214 

295 
0 6 
2 1 
171 
8 3 

2373 
1630 
667 
677 
1461 

783 

23 9 

163 

0 6 

0 7 

3 
3067 
3559 

1768 
1769 

57 
345 

450 
551 
12 
168 

209 

362 

118 

88 

243 

121 
0 2 
16 
208 
139 

06 
2965 

- 
1076 

- 
1758 

- 
126 

0 6 

0 5 

M o n t h s  
5 

4008 
3945 

1488 
1390 

614 
392 

557 
432 

85 
179 

354 

71 8 

269 

225 

467 

473 
3 7  
2 8 
137 
108 

2693 
3621 
719 
1502 
1295 

1132 

66 3 

970 

16 

17 

6 
5998 
7981 

181 0 
3167 

746 
802 

826 
913 

31 2 
386 

776 

1259 

337 

382 

671 

779 
136 
5 0 
384 
243 

3166 
7199 
1145 
2651 
1427 

3575 

57 6 

91 8 

17 

5 5 

7 
8686 
10710 

1943 
4353 

903 
1096 

1174 
1260 

501 
525 

1738 

1576 

577 

504 

811 

1001 
51 0 
6 2 
529 
333 

4428 
8855 
1359 
3346 
2441 

4503 

60 7 

937 

2 0 

6 9 

8 
7008 
10225 

151 4 
4169 

929 
1047 

973 
1208 

630 
503 

1269 

1471 

450 

486 

498 

964 
263 
5 9 
482 
31 8 

3221 
7560 
872 
2810 
1784 

4049 

54 7 

639 

18 

6 2 

9 
4213 
4157 

110 1 
1546 

450 
446 

600 
445 

230 
208 

685 

672 

362 

21 5 

397 

478 
5 3 
3 2 
335 
115 

1116 
2560 
273 
974 
501 

1460 

32 9 

106 

12 

2 2 

10 
2915 
2061 

1190 
817 

284 
206 

220 
255 

5 9 
9 0 

380 

289 

269 

1 1  1 

364 

217 
10 
13 
139 
6 3 

1132 
61 5 
480 
229 
639 

358 
- 

2 6 

13 

0 2 

11 
712 
1527 

- 
739 

2 7 
115 

- 
235 

0 2 
6 8 

285 

159 

128 

3 8 

239 

105 
0 4 
0 5 
2 7 
6 3 

1857 
480 
883 
204 
955 

251 

14 

2 3 

0 5 

0 2 

12 
444 
1344 

- 
602 

- 
104 

- 
191 

- 

6 0 

268 

170 

7 7 

4 5 

8 6 

114 
1 0  
0 6 
0 3 
5 2 

499 
41 4 
261 
179 
221 

210 

0 9 

2 3 

0 8 

0 2 



Table G-19 

(Cont~nued) 

Notes If collector-dramage waters, ravines and sprlngs are not shown separately, the~r water w~thdrawal IS ~ncluded In system 

System 
DJiZAK 

South Golodnaya steppe 

(Iskrtuyatartar) 

Sanzar rrver 

Ravrnes and sprrngs 

Reservor rs 

K~rov Marn Canal 
K~rov Canal 
Drllls for 
rrrlgatron 
second use of collector-dr 

TASHKENT 

Left bank of Chlrchlk lncludrng 

Index 
actual 
deslgned 
actual 
desrgned 
actual 
desrgned 
actual 
desrgned 
actual 
designed 
actual 
desrgned 
actual 
desrgned 
actual 
deslgned 
actual 

actual 
desrgned 

the 

Rlght bank of Chlrchlk 

Syr Darya rlver 

TOTAL 

Ann 
2439 
2886 
1915 
2358 
325 
350 
9 
16 
40 
61 
119 
92 
8 
9 
9 

15 

4795 
4592 

actual 
deslgned 
actual 
desrgned 

actual 
desrgned 

actual 

designed 

2895 

2609 

1257 

1301 

643 

681 

18818 

22924 

1 
986 

- 
937 

- 
- 
- 

0 8 
- 

4 1 
- 
- 
- 
- 

- 
- 
- 

1 3  
- 

basrn of 

2 
1237 
151 6 
1169 
1384 

- 
79 
0 8 
- 

3 7 
0 5 
2 4 
4 6 

- 
0 3 

- 
- 
- 

06 
738 

Akhangaran 
13 
- 
- 

- 
- 
- 

4168 

00 

3 
749 
2195 
524 
1988 
149 
132 
0 8 

- 
4 1 
10 
26 
6 0 
- 

0 6 
- 
- 
- 

402 
923 

rrver 
0 6 

298 
- 

115 
- 

32 5 

5192 

8692 

7 0 

350 

04 

176 

328 

39 7 

6810 

13575 

4 
2999 
1332 
2728 
1 1 1 1  

4 9 
139 
0 6 
0 6 
2 6 
2 8 
178 
4 2 
0 9 
0 5 
0 2 

- 
- 

5500 
541 

6 
3199 
5158 
2408 
4175 
509 
646 
10 
3 1 
2 6 
122 
178 
168 
15 
16 
14 

3 8 

9181 
9064 

M o n t h s  
5 

2815 
1781 
2310 
1333 
262 
294 
0 9 
2 0 
2 8 
63 
185 
6 3  
15 
0 9 
0 7 

- 
- 

8353 
3633 

293 2 

262 

1468 

181 

1100 

99 

19647 

9757 

584 7 

5298 

2230 

2505 

1104 

1261 

28863 

40232 

512 7 

1999 

2149 

861 

1077 

773 

23280 

17760 

7 
4643 
6654 
3466 
5382 
863 
840 
10 
3 9 
2 8 
154 
185 
220 
12 
19 
24 

5 6 

9704 
12366 

627 4 

7368 

2464 

3379 

966 

1620 

36728 

53317 

11 
1806 
708 
1506 
603 
236 
8 0 

- 
0 3 
3 9 
0 4 
2 5 
14 
- 

0 4 
- 

- 

1063 
1585 

8 
3100 
5943 
2053 
4790 
726 
763 
1 1  
3 5 
2 8 
140 
185 
198 
14 
17 
2 9 

5 6 

7902 
10930 

12 
446 
41 6 
340 
338 
5 7 
5 6 
0 9 
0 2 
4 1 
0 4 

- 
12 
- 

0 3 
- 

- 

308 
1159 

49 2 

684 

6 5 

641 

507 

261 

6851 

6178 

505 7 

6514 

2208 

3080 

638 

1336 

28965 

48725 

24 2 

508 

05 

511 

6 1 

139 

2871 

5024 

9 
979 
231 0 
625 
1809 
121 
335 
0 6 
16 
2 6 
6 5 
178 
7 7 
1 2  
0 7 
0 9 

- 
3772 
4337 

10 
1428 
850 
1082 
669 
278 
135 

- 
0 6 
4 1 
18 
2 6 
2 2 
- 
- 
- 

- 

1745 
640 

224 6 

2500 

1272 

1377 

254 

459 

14863 

18958 

64 6 

310 

700 

189 

399 

142 

9941 

7017 



Exhlblt G-1 
(sheet 1 of 3) 

Harza's Comments on Uzbelustan's Irr~gat~on Data 

There are SIX oblasts, Andlzhan, Djizak, Fergana, Namangan, Syrdarya, and Tashkent, belong to the 
Syr Darya nver basln m Uzbeksitan The followng notes and comments were made regarding to the 

- 
mrgation/agncultural data prepared by a local engineer Mr Galtsev in June, 1998 The file names 
used m the following comments refer to the tables listed in Appendlx G 

Table G-1 - Ths file is useless fiom an economc standpoint becuase all data are tied to 1983 
rubles In all oblasts except Andlzhan, the gross aqcultural product - "normahzed to the 
1983 rubles" has apparently decreased anywhere from 5% to 30% Overall, it has decreased 
approximately 13% Therefore, data from ths  file were not used m the present valuat~on 
process 

* Table G-2 - Ths file has more recent land use numbers (1996) for some of the oblasts A 
compmson between the 1996 and 1994 values are gven below Most notable in the changes 
from 1994 to 1996 are the increases in area sown to grains and a decrease in pastures 

Tables G-3 and G-4 - The values reported in Table G-3 are all "sales" values, not net returns 
from subtracting costs of production In additionrn they are not listed by crop-type, so 
analyses wth crop type vanabons could not be performed The values listed in Table G-4 are 
for raw cotton only Data fiom this file were not used in the valuation process of net return 

Oblast 

Namangan 

Fergana 

S ~ r d a r ~ a  

An&an 

Tashkent 

Djlzak - 

rn Tables G-5 and G-6 - These data were not asked for They are not useful for the analyses 

w Tables G-7 to G-10 - It is interesting to note that in the Syrdarya oblast, "water use for 
irrigation" is closely matched to surface water sources "from flow (Syr Darya)" and "fiom 
small nvers" wth  less than a 2% difference Ths  supports our assumption that lrngation 

Land Use m Imgated Area, 1000 ha 

Cotton Other 

1994 

1006 

1312 

1416 

1145 

1082 

1346 

1994 

8 8  

106 

8 7  

7 7  

196 

146 

1996 

950 

1270 

1410 

1100 

1080 

1110 

Grams 

1996 

7 6  

6 0  

3 3  

6 1  

189 

6 3  

1994 

503 

681 

484 

538 

583 

538 

1996 

845 

1030 

1120 

830 

1292 

1270 

Rce 

1994 

4 6  

1 2  

8 0  

4 8  

126 

0 2  

Pastures 

1996 

4 0  

1 0  

7 0 

2 0 

140 

1 0  

1994 

435 

666 

463 

358 

723 

374 

1996 

382 

598 

274 

256 

655 

305 



Exhlblt G- 1 
(sheet 2 of 3) 

water requirements must be met by abstractions from the Syr Darya or its tnbutaries The 
general orders of magmtude of "mgation water withdrawals per a complex hectare " in the 
last page are roughly half what are requlred under our exlsting (1994) scenmo Ths  reflects 
the fact that much of the requirement we compute accounts for very inefficient actual 
conveyance and field efficiencies It is not clear, however, if t h s  table includes non-growlng 
season applications of water, whch our analysis includes A companson between the 1996 
ngation and total abstractions (year round, growng and non-growing season) was made as 
follows 

Table G-11 - The irngated area totals do not match the total sown areas by crop type, 
reported m Table G-2 The latter of whch generally corroborate our prewous breakdowns 
Therefore, ths  file was not used 

Table G-12 - See comments for Table G-11 The discrepancy may be between areas actually 
sown and areas equipped for irrigation The latter exceeds the former, since there is a 
sipficant percentage of land that is not irngated due to salimzation and economc factors 
These factors may have resulted in some lands that are no longer m production 

Tables G- 13 to G-15 - These tables are also useless because data were m terms of 1983 rubles 
under the former Sowet Umon Interesting, that arable land is equal roughly to our 
assumption of mgated area, and less than the "irngated areas" reported in the previous files 
and in the "Tecbcal-economc indices " of ths  file Water consumption at the point of 
wthdrawal not "local" was required The reported efficiencies are not all-inclusive and are 
higher than reality as well (we have used about 40%) Otherwise, our crop water 
requiremetns are gnerally corroborated by their "specific water consumption-lands" 
requirement 

Tables G- 16 to G-18 - The distributions presented in chapter 5 were used, since they are 



E h b r t  G-1 
(sheet 3 of 3) 

more refined by crop type, and slnce they ehrmnate unnecessary non-growng season 
dlstnbutlons For example, m Narnangan, the February and March amount 1s about half of 
June and July amount 

Table G-19 - We already have more updated net return data The productron data In ths file 
mght be usefbl, rf we did not already have the return data We would want to get to 
derivations of returns or crop values from the production data 



APPENDIX H 
IRRIGATION DATA COLLECTED FROM KAZAKHSTAN 
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LIST OF TABLES AND EXHIBITS 

Table H- 1 

Table H-2 

Table H-3 

Table H-4 

Table H-5 

Table H-6 
- 

- 

Table H-7 

Table H-8 

Table H-9 

Table H- 10 

Table H- 1 1 

Table H- 12 

S o m g  and lmgated areas of mam agricultural crops on lrngated squares in Syr Darya 

river basin in the Republic of Kazakstan m 1994-1 997, 1000 ha 

Gross harvest of mam agricultural crops from irngated lands in Syr Darya nver basin 

m the Republic of Kazakstan in 1994- 1997, 1000 ton 

Yleld of man agncultural crops in oblasts and Kazakstan (Syr Darya nver basin), 

centnerslha 

Irngated area, volumes of water use and efficiency of irngation system (efficiency of 

dehvery of lmgation water) on irngated area in Syr Darya nver basin on the terntory 

of the Republic of Kazakstan in 1994- 1997 

Sources of coverage of requirements of irngated land cultivation in Syr Darya nver 

basin in the Republic of Kazakstan in 1994- 1997, mcm 

Monthly volumes of water withdrawal, water supply and average weighed irngation 

rates of agncultural crops on irngated lands in Syr Darya nver basin m the Republic 

of Kazakstan m 1994- 1997 

Monthly volumes of water mthdrawal, water supply and average weighed irngation 

rates of apcultural crops on irngated lands m Syr Darya nver basin in the South- 

Kazakstan oblast of the Republic of Kazakstan in 1994- 1997 

Monthly volumes of water withdrawal, water supply and average weighed irngat~on 

rates of agncultural crops on irngated lands in Syr Darya nver basin in the Kzylorda 

oblast of the Republic of Kazakstan m 1994-1 997 

Monthly net watenng rates of man agncultural crops on lrngated areas in Syr Darya 

nver basin in the Republlc of Kazakstan in 1994-1 997, rn3/ha 

Monthly net watenng rates of man agncultural crops on irngated areas in Syr Darya 

nver basm m the South-Kazakstan oblast of the Republic of Kazakstan in 1994, m3/ha 

Monthly net watemg rates of main apcultural crops on irngated areas in Syr Darya 

nver basm m the South-Kazakstan oblast of the Repubhc of Kazakstan in 1995, m3/ha 

Monthly net watenng rates of main agncultural crops on irngated areas in Syr Darya 



nver basin in the Kzylorda oblast of the Republic of Kazakstan in 1994, m3/ha 

Table H-13 Monthly net watemg rates of main agncultural crops on irrigated areas in Syr Darya 

river basin in the Kzylorda oblast of the Republic of Kazakstan in 1995, m3/ha 

Table H- 14 Monthly net watemg rates of main agricultural crops on irrigated areas in Syr Darya 

nver basln in the Kzylorda oblast of the Republic of Kazakstan in 1996, m3/ha 

Table H- 15 Monthly net watemg rates of main agncultural crops on irngated areas in Syr Darya 

nver basin in the Kzylorda oblast of the Republic of Kazakstan in 1997, m3/ha 

Table H- 16 Econormc mdices of activity of agncultural enterprises on land cultivation on irngation 

lands in the Syr Darya nver basm of Kzylorda oblast of the Republic of Kazakstan for 

1994- 1996 

Table H-17 Cost of agncultural products in South-Kazakstan oblast 

Exhbit H-1 Notes of Kazakstan irngation data 

E h b i t  H-2 Harza's comments on Kazakstan irrigation data 



Table H-1 

SOWING AND IRRIGATED AREAS OF MAIN AGRICULTURAL CROPS ON IRRIGATED SQUARES 
IN SYR DARYA RIVER BASIN IN THE REPUBLIC OF KAZAKSTAN IN 1994-1997,1000ha 

Crops 

Wheat 
Rice 
Corn for grain 
Cotton 
Sufflower 
Potatoes 
Vegetables 
Melons 
Corn for silage 
Alfalfa 
Others 
Total Sowing Area 
Perrenial plantings 
Orchards, total 
with fruit-bearing age 
Vineyards, total 
with fruit-bearing age 

Total area of sowings 
and perrenial plantings 

lrr~gatedlands,notincludedin 
the sowing areas, but watered 
(farmstead plots, collective 
gardens, farmers households, 
irrigated pastures etc ) 

Total irr~~gated 
lands watered 

KZ 

1031 
887 
27 1 

1108 
11 5 
8 0 

10 6 
8 9 

398 
1889 
43 9 

6407 
27 1 
169 
9 1 

10 2 
6 7 

6678 

385 

7063 

1994 
S-K 

Oblast 
596 
155 
21 7 

1108 
9 3 
2 9 
6 6 
5 0 

285 
1142 
39 4 

4129 
26 0 
162  
8 6 
9 8 
6 3 

4389 

243 

4632 

K-0 
Oblast 

435 
732 
5 4  
- 

2 2  
5 1 
4 0  
3 9  

113 
747 
4 5  

2278 
1 1  
0 7  
0 5 
0 4 
0 4 

2289 

142  

2431 

K-0 
Oblast 

513 
685 
2 3  
- 

8 7  
5 0 
3 2 
4 5  
6 1  

61 3 
3 3 

2142 
1 1  
0 7  
0 4 
0 4 
0 3 

2153 

1 6 2  

2315 

KZ 

938 
822 
186  

1096 
189  
6 5 

100  
123  
267  

1777 
102  

5664 
260 
167  
9 1 
9 3 
6 2 

5924 

943 

6867 

1995 

S-K 
Oblast 

425 
137  
163 

1096 
102  
1 5  
6 8 
7 8 

206 
1164 

6 9 
3522 
249 
160  
8 7 
8 9 
5 9 

3771 

781 

4552 

K-0 
Oblast 

359 
660 

1 1  
- 

5 5 
5 0 
3 3 
5 7  
3 6 

542 
2 6 

1829 
1 0  
0 8  
0 5 
0 2 
0 2 

1839 

115 

1054 

KZ 

806 
765 
141  

1060 
134  
7 9 
9 5 

138  
152  

151 8 
7 0 

4959 
235 
157  
9 5 
7 8 
5 9 

5194 

1102 

5396 

KZ 

757  
736  
106  

1036 
7 9 
7 7 
9 5 

1 3 0  
5 1 

1303 
7 4  

4446 
169  
124  
8 9 
4 5 
3 9 

4615 

1033 

5648 

1996 
S-K 

Oblast 
447 
105  
130 

1060 
7 9 
2 9 
6 2 
8 1 

116  
976 
4 4 

3130 
225 
149  
9 0 
7 6 
5 7 

3355 

987  

4342 

1997 
S-K 

Oblast 
595  
8 0  

101  
1036 

6 2 
3 0 
6 5 
7 5 
5 0 

864  
6 0 

3020 
1 5 9  
1 1 6  
8 2 
4 3 
3 7 

3179 

910  

4089 

K-0 
Oblast 

1 6 2  
656 
0 5 
- 

1 7  
4 7 
3 0 
5 5 
0 1 

439  
1 4  

1426 

1 0  
0 8 
0 7 
0 2 
0 2 

1436 

123  

1559 



Table H-2 

GROSS HARVEST OF MAIN AGRICULTURAL CROPS FROM IRRIGATED 
LANDS IN SYR DARYA RIVER BASIN IN THE REPUBLIC OF KAZAKSTAN IN 1994-1997 

Crops 

Wheat 
R~ce 
Corn for gram 
Raw cotton 
Sufflower 
Potatoes 
Vegetables 
Melons 
Corn for sllage 
Perren~al herbs 
Fru~ts 
V~neyards 

1997 
KZ 

1202 
2758 

158 
1978 

3  2  
527 
922 

1027 
435 

2927 
7  1  
9  8  

1994 
S-K 

Oblast 
1025 
106 
149 

1978 
2  5  

136  
662 
439 
428 

2113 
6  8  
9  6  

K-o 
Oblast 

177  
2652 

0  9  
- 

0  7  
391 
260 
588 
0  7 

814 
0  3  
0  2  

K-o 
Oblast 

317  
2361 

4 1  
- 

0  9  
202  
169  
250  
780  

1372 
0 9  

005  

1995 
KZ 

937  
2814 
58 2  

207 7  
4  6  

372  
847  
455 

4231 
7533 

193  
199  

1996 

S-K 
Oblast 

620  
453 
54 1  

207 7  
3  7  

170  
678  
205 

3451 
6161 

184  
199  

K-o 
Oblast 

348  
1765 

1 0  
- 

1 8  
194  
1 3 3  
3 1 7  
297  

1100 
0 3  
0 6  

KZ 

1033 
1942 
253  

223 0  
4  3  

262  
873  
762  

2219 
5380 

146  
480  

K-o 
Oblast 

154  
2421 

1 0  
- 

1 6  
377 
273 
587  
237 

1039 
0  6  

003 

KZ 

661  
2540 

1 6 1  
1828 

3  3  
5 4 0  
8 8 7  
9 9 0  

1292 
3772 
21 3  
1 6 1  

S-K 
Oblast 

685 
177  
243 

223 0  
2  5  
6 8  

740 
445 

1922 
4280 

143  
474 

S-K 
Oblast 

5 0 7  
1 1 9  
15 1  

1 8 2 8  
1 7  

1 6 2  
61 4  
4 0 3  

1 0 5 5  
2733  

2 0 7  
1 6 1  



Table H-3 

YIELD OF MAIN AGRICULTURAL CROPS ON OBLASTS AND KAZAKSTAN 
(SYR DARYA RIVER BASIN), centnerslha 

Crops 

Wheat 
R~ce 
Corn for gram 
Raw cotton 
Sufflower 
Potatoes 
Vegetables 
Melons 
Corn for s~lage 
Perren~al herbs 
Fru~ts 
V~neyards 

1994 
KZ 

9 1  
317 
21 5  
1 8 7  
4  0  

46 5  
799 
51 1  

1063 
399 
212 
297 

1995 
S-K 

Oblast 
104  
291 
24 9  
187  
4  0  

59 1  
1022 
407  

1212 
539 
213 
319 

KZ 

11 0  
236 
136  
20 3  
2  3  

40 3  
873 
646 
831 
303 
160  
774  

K-o 
Oblast 

7 3  
322  
7 6  
- 

4 1  
39 9  
426  
643  
689  
1 8 4  
1 9 2  
1 1 0  

1996 
S-K 

Oblast 
161 
130 
149 
20 3  
2  4  

46 5  
1083 
608 
927  
368 
165  
805 

KZ 

8 2  
332 
114  
172  
2  5  

68 4  
924 
71 7  
850 
248 
224 
273 

1997 
K-o 

Oblast 
6  8  

258 
4 4  
- 

2  1  
38 7  
416 
705 
490 
180  
6 6  

213 

KZ 

1 5 9  
3 7 5  
1 4 9  
19 3  
4  2  

68 4  
971  
7 9 0  
8 5 3  
2 2 5  
8  0  

251  

S-K 
Oblast 

113 
113  
116 
172  
1 2  

56 2  
981 
501 
906 
280 
230 
283 

K-o 
Oblast 

4 3  
367  
9 3  
- 

2  9  
76 5  
826 

1025 
660  
192  
11 2  
140  

S-K 
Oblast 

1 7 7  
132  
1 4 7  
1 9 3  
4  3  

45 7  
1020 
585  
853  
244  
8 3  

261  

K-o 
Oblast 

110 
404 
176 

- 
4  2  

83 6  
863 

1076 
673 
185 
4  7  

112  



Table H-4 

IRRIGATED AREA, VOLUMES OF WATER USE AND EFFICIENCY OF IRRIGATION SYSTEM 
(EFFICIENCY OF DELIVERY OF IRRIGATION WATER) ON IRRIGATED AREA IN SYR DARYA RIVER BASIN 

ON THE TERRITORY OF THE REPUBLIC OF KAZAKSTAN IN 1994-1997 

Parameter 

lrr~gated area 
(1 000 ha) 

Volume of water 
w~thdrawal (mcm) 

Volume of water suppl~ed 
to the f~eld (rncm) 

Average we~ghed lrrlgatlon 
net rate (m3lha) 

Eff~c~ency 

Average we~ghed lrrlgatlon 
gross rate (m3lha) 

KZ 

7063 

9712 6 

5925 o 

83890 

0 61 

137500 

1994 
S-K 

Oblast 
4632 

5041 3 

3185 5 

68770 

0 63 

109000 

K-0 
Oblast 
2315 

3916 5 

2288 1 

98850 

0 58 

169200 

K-0 
Oblast 
2431 

4671 3 

2739 5 

112690 

0 59 

192200 

KZ 

6867 

8267 o 

4897 8 

71320 

0 59 

120000 

1995 
S-K 

Oblast 
4552 

4350 5 

2609 7 

57330 

0 60 

95560 

K-0 
Oblast 
1954 

4171 9 

2464 2 

126110 

0 59 

213600 

KZ 

5648 

7537 6 

4319 o 

76470 

0 57 

133460 

KZ 

6296 

8632 2 

5135 6 

81570 

0 60 

137000 

1996 
S-K 

Oblast 
4342 

4460 3 

2671 4 

61520 

0 60 

102600 

1997 
S-K 

Oblast 
4089 

3572 o 

2101 9 

51400 

0 59 

87400 

K-0 
Oblast 
1559 

3965 6 

2217 1 

142210 

0 56 

254400 



Table H-5 

SOURCES OF COVERAGE OF REQUIREMENTS OF IRRIGATED LAND CULTIVATION 
IN SYR DARYA RIVER BASIN IN THE REPUBLIC OF KAZAKSTAN IN 1994-1997, mcm 

Sources of coverage 1994 1995 1996 1997 

of water consumpt~on KZ S-K K-o KZ S-K K-o KZ S-K K-0 KZ S-K K-0 
Oblast Oblast Oblast Oblast Oblast Oblast Oblast Oblast 

Total 9712 6 5041 3 4671 3 8267 0 4350 5 3916 5 8632 2 4460 3 4171 9 7537 6 3572 0 3965 6 

Syr Darya rlver 70732 24164 46568 58402 19362 39040 64511 22920 41591 57351 17836 39515 

Chrrch~k river 477 6 477 6 - 483 5 483 5 - 473 9 473 9 - 392 1 392 1 - 

Local sources 2161 8 2147 3 14 5 1943 3 1930 8 12 5 16777 2 1664 4 12 8 1410 4 1396 3 14 1 



- 
(d 
+-' 

0 

g 

> 
0 

w 

a o m a  o m a o  m N r - r -  
N r - m r -  mr.mm * m m *  
r a m ,  N m m r  g F & g  
r - N a m  m m r m  
m m m r -  m b m b  

b b O b  m N a U 3  m r m a  
r m m N  a a m m  z m m a '  
N o m m  b a m t  
r r 

m N r m  m m r r  m m m N  
m N c 9 N  m m ~ r -  m m m m  ,,,, r - b b r  o m m a  

r r r r  r 

b b m b  OCONCU b r b W  

0) 

- 
3 
7 

C = 

% 

& a 

= 
a 
a, 
lL 

p 

W N m m  m m m m  m * * r -  
r 

b r m a  m m m m  o o - $ m  
m b N m  m W k O m  
m b m r  c N m m  m m w m  
q m m m  (UEVNr 

m m m a  m m m m  l - b c o r  
w m m 0  r b a b  m * a *  

r k m *  m m m r  
m r m r  m a r - a  - r r  
r r r r  

r - r - ~ m  t a m 0  m o m m  
b m r O  a r t r  g $ g k  
* * N o 3  m m a o  r r a r  
N m r m  m O N O  
C U r N r  r r r r  

0 0 0 C O  r C O C O I 0  0CDb0 
N m a m  r t a b  r - m * m  
o a t m  m a m a  m a a m  
m m m r -  m r r o  r r r r  
r r r r  r r r r  

m m m m  m m o m  ~ N N W  
r - m m m  O O r r -  * r - b L n  
t r - m a  m - r - r -  m * m m  
m a m t  0 0 m m  r r r r  
r r r r  r r  

0 0 6 m  N b r r  N m r m  
7 m r - 0  ~ N - O  
m o m 0  m b m b  m * u ) *  
a a m b  m m m a  

m r - a m  m a r - C U  o m * *  
t a a t  N r . m a  r - N u ) N  
o a a r  mmmCU a N o J o J  
C9NNCU r r r r  

y m m m  r-arm m m o r -  
m ~ r ~  t o m m  
m m m N  N N r r  

* m a r -  t m a b  * m a r -  
m m m m  m m m m  m m m m  
m m m m  m m m m  m m m m  
r r r r  5 - 5 - 7 7  r r r r  

(d 

f s -0 * 
a, g 
9-, 

a, E 
c - 

t 2 E g 
rC .I-4 $ e 
0 0  
a, - a , c  
E m g 
2 g g  s (d 

0 3 
> a €  

!t F a L- 



Table H-7 

MONTHLY VOLUMES OF WATER WITHDRAWAL, WATER SUPPLY AND AVERAGE WEIGHED 
IRRIGATION RATES OF AGRICULTURAL CROPS ON IRRIGATED LANDS 

IN SYR DARYA RIVER BASIN IN THE SOUTH-KAZAKSTAN OBLAST 
OF THE REPUBLIC OF KAZAKSTAN IN 1994-1 997 

Parameter 

Volume of water 
w~thdrawn, mcm 

Volume of water 
supply to the f~eld, 
mcm 

Average we~ghed 
lrrlgatlon rate, m3lha 

Year 

1994 
1995 
1996 
1997 

1994 
1995 
1996 
1997 

1994 
1995 
1996 
1997 

Feb 

391 
333 
319 
263 

247  
200 
191 
155 

53 
44 
44 
38 

Mar 

3048 
2627 
2666 
2145 

1926 
1576 
1597 
1262 

416 
346 
368 
309 

Apr 

3656 
3134 
3096 
2523 

2310 
1880 
1854 
1484 

499 
41 3 
427 
363 

May 

7115 
6155 
6385 
5086 

4496 
3692 
3824 
2992 

971 
811 
881 
732 

Jul 

10307 
8919 
1159 
7381 

6513 
5350 
5557 
4343 

1407 
1175 
1280 
1062 

Jun 

9407 
8128 
8398 
6698 

5944 
4876 
5030 
3941 

1283 
1071 
1158 
962 

Aug 

8089 
6992 
7230 
5767 

5111 
4194 
4330 
3393 

11030 
922 
997 
830 

Sep 

4357 
3771 
3929 
3124 

2753 
2263 
2353 
1837 

5940 
497 
542 
448 

Oct 

1087 
927  
888  
734  

683 
556 
532  
432  

1480 
122 
122 
106 

Total 

50413 
43505 
44603 
35720 

31855 
26097 
26714 
21019 

6877 
5733 
6152 
5140 

Nov 

1739 
1482 
1421 
1175 

1099 
889 
851 
691 

2370 
195 
196 
169 

Dec 

1217 
1037 
993  
824  

7 6 9  
6 2 2  
596  
485  

166 
137 
137 
119 



Table H-8 

MONTHLY VOLUMES OF WATER WITHDRAWAL, WATER SUPPLY AND AVERAGE WEIGHED 
IRRIGATION RATES OF AGRICULTURAL CROPS ON IRRIGATED LANDS 

IN SYR DARYA RIVER BASIN IN THE KZYLORDA OBLAST 
OF THE REPUBLIC OF KAZAKSTAN IN 1994-1 997 

Parameter 

Volume of water 
w~thdrawn, mcm 

Volume of water 
supply to the f~eld, 
mcm 

Average we~ghed 
~r r~gat~on rate, m3lha 

Year 

1 994 
1995 
1996 
1997 

1994 
1995 
1996 
1997 

1994 
1995 
1996 
1997 

APr 

2854 
2946 
287 8 
178 6 

166 2 
154 4 
148 7 
91 7 

684 
667 
762 
588 

May 

1136 0 
10633 
9608 
9613 

640 7 
641 6 
588 6 
578 3 

2636 
2772 
301 2 
3708 

Jul 

12140 
9578 

11934 
11424 

735 1 
556 6 
709 2 
566 7 

3024 
2405 
3629 
3635 

Jun 

13023 
11505 
11062 
11260 

796 7 
677 0 
653 8 
673 4 

3277 
2925 
3345 
431 8 

Aug 

773 6 
450 3 
630 8 
553 9 

400 8 
258 5 
363 9 
305 2 

1649 
1116 
1862 
1957 

S ~ P  

- 

- 
3 4 

- 

- 
1 8  

- 

- 
12 

Total 

4671 3 
391 6 5 
41790 
3965 6 

2739 5 
2288 1 
2464 2 
22171 

11 270 
9885 

1261 0 
14218 



(I) 

5. c 
a
;
?
 

B I- K
 

a
 
ol 

s2: 4
 

rr, 
g z 
coz 
Q

 z
 

0
 4

 

g !
i 

Y
 

2
 2 

5 s 
2 b 
0
 0

 
g ii 
a
 i? 

z w
 

a
 u
 

E
w
 

8
 z 

p
' 

I- z 
a
 
(I) 

2 
(3

 
z u

W
 

w
 2
 

I- 
u
 

S s 
Li5 
z
 
0
 

2 F 
I
 (I) 

I- 
z
 z 
0
 

z
 

O
W

~
~

b
b

0
~

1
1

1
1

1
1

1
1

~
~

1
~

0
0

b
b

 
N
r
b
r
b
r
O
m
 

(
V
r
 
r
b
m
m
d
 

N
r
r
W
r
r
r
 

r
r
r
r
 



Table H-9 

(Cont~nued) 

Parameter 

Melons 

Corn for s~lage 

Cotton 

Alfalfa 

Orchards 

V~neyards 

Others 

Mar 

169 
153 
145 
108 
259 
266 
217 
255 
36 
40 
4 

39 
643 
519 
575 
516 

- 
- 
- 
- 

50 
- 

45 
34 

222 
192 
241 
1 74 

Year 

1994 
1995 
1996 
1997 
1994 
1995 
1996 
1997 
1994 
1995 
1996 
1997 
1994 
1995 
1996 
1997 
1994 
1995 
1996 
1997 
1994 
1995 
1996 
1997 
1994 
1995 
1996 
1997 

Feb 

- 
- 
- 
- 
- 
- 
- 
- 

36 
40 
41 
39 
28 
22 
25 
23 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Apr 

112 
102 
94 
69 

560 
577 
468 
549 
31 5 
356 
361 
343 
836 
504 
515 
587 
158 
187 
1 78 
1 04 
527 
1 78 
498 
344 
455 
279 
256 
234 

May 

899 
695 
659 
523 
128 
131 
105 
118 
577 
651 
661 
627 

1044 
771 
732 
749 
718 
668 
666 
515 
947 
669 
843 
636 

1257 
75 1 
870 
663 

Jun 

1494 
1280 
1225 
1054 
726 
700 
597 
607 

1066 
1207 
1220 
1157 
1283 
1032 
1134 
1064 
2482 
1389 
1382 
1033 
1351 
1389 
1215 
91 0 

1538 
994 

1122 
872 

Jul 

1865 
1601 
1522 
1315 
1229 
1150 
1039 
843 

1310 
1477 
1498 
1422 
1530 
1251 
1222 
1182 
1710 
1592 
1590 
1185 
1690 
1596 
151 1 
1128 
1622 
1190 
1346 
1045 

Aug 

1607 
1203 
1145 
1000 
1409 
1243 
1138 
882 

1190 
1342 
1362 
1293 
1021 
936 

1036 
91 5 

1287 
1201 
1195 
906 
992 

1200 
882 
674 

1185 
891 
995 
78 1 

Sep 

371 
330 
31 1 
223 
528 
483 
51 3 
158 
31 5 
356 
361 
343 
503 
406 
450 
41 7 
357 
332 
330 
236 
86 

332 
78 
56 

469 
408 
51 0 
367 

Oct 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

163 
132 
146 
130 
11 
- 

10 
7 
- 

11 
- 
- 
- 
- 
- 
- 

Nov 

- 
- 
- 
- 
- 
- 
- 
- 

554 
624 
633 
601 
33 
26 
29 
26 

41 0 
381 
378 
270 
826 
381 
753 
537 

- 
- 
- 
- 

Dec 

- 
- 
- 
- 
- 
- 
- 
- 

554 
624 
633 
601 - 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Total 

6517 
5364 
5101 
4292 
4839 
4550 
4079 
3412 
5953 
6712 
6811 
6455 
7084 
5599 
5864 
5609 
6133 
5753 
5729 
4256 
6469 
5756 
5825 
4319 
6747 
4705 
5340 
4136 
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Table H-12 

MONTHLY NET WATERING RATES OF MAIN AGRlCl 
IN SYR DARYA RIVER BASlN IN TC- 

OF THE REPUBLIC OF KAZAKS 
l 1 1 1 1 Parameter I A P ~  1 May 1 Jun 

Rice 
Alfalfa 
Wheat 
Corn for grain 
Corn for silage 
Vegetables 
Potatoes 
Melons 
Orchards & vineyards 
Technical crops (safflower etc) 
Others 

LTURAL CROPS ON IRRIGATED AREAS 
KZYLORDA OBLAST 

'AN IN 1994. m3lha 

Jul 1 sep  1 Total 



Table H-13 

MONTHLY NET WATERING RATES OF MAIN AGRICULTURAL CROPS ON IRRIGATED AREAS 
IN SYR DARYA RIVER BASIN IN THE KZYLORDA OBLAST 

OF THE REPUBLIC OF KAZAKSTAN IN 1995, m3/ha 

Parameter 

Rice 
Alfalfa 
Wheat 
Corn for grain 
Corn for s~lage 
Vegetables 
Potatoes 
Melons 
Orchards & v~neyards 
Techn~cal crops (safflower etc) 
Others 

Aug 

1902 
1066 

- 
1600 
1439 
1200 
930 

1700 
1456 
1097 
1193 

A P ~  

1165 
533 
440 

- 
- 
- 

140 
- 

730 
- 

922 

S ~ P  

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Total 

22890 
5330 
291 0 
5210 1 
4350 

4650 4920 I 
6070 
7280 
2960 
5424 

JUI 

541 6 
1599 
290 

1700 
1394 
1320 
1488 
2190 
21 82 
1034 
141 1 

May 

7549 
906 
792 
260 
347 

1100 
930 
490 

1240 
- 

705 

Jun 

6858 
1226 
1389 
1650 
1175 
1300 
1162 
1700 
1672 
829 

1193 





Table H-15 

MONTHLY NET WATERING RATES OF MAIN AGRICULTURAL CROPS ON IRRIGATED AREAS 
IN SYR DARYA RIVER BASIN IN THE KZYLORDA OBLAST 

OF THE REPUBLIC OF KAZAKSTAN IN 1997, m3lha 

Parameter 

R~ce 
Alfalfa 
Wheat 
Corn for grain 
Corn for s~lage 
Vegetables 
Potatoes 
Melons 
Orchards & v~neyards 
Technrcal crops (safflower etc) 
Others 

A P ~  

510 
800 
500 

- 
- 
- 

200 
- 
- 
- 

1048 

May 

7738 
870 
51 2 
260 
300 

1160 
1300 
420 

1220 
- 

800 

Jun 

8370 
1360 
1358 
1800 
950 

1320 
1630 
1470 
1530 
1110 
1356 

Aug 

3320 
1040 

- 
1700 
1180 
1250 
1300 
1470 
1530 
1460 
1356 

JUI 

6652 
1450 
950 

1900 
1140 
1220 
2080 
1880 
1840 
141 0 
1600 

S ~ P  

- 
40 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Total 

26590 
5560 
3320 
5660 
3570 
4950 
651 0 
5240 
61 20 
3980 
61 60 



Table H-16 

ECONOMIC INDICES OF ACTIVITY OF AGRICULTURAL ENTERPRISES ON LAND CULTIVATION 
ON IRRIGATED LANDS IN SYR DARYA RIVER BASIN OF KZYLORDA OBLAST 

OF THE REPUBLIC OF KAZAKSTAN FOR 1994-1 996 

Parameter 

Total productton of land cult~vatlon 

Gralns 

Potatoes 

Vegetables 

Melons 

V~neyards 

Year 

1994 
1995 
1996 
1994 
1995 
1996 
1994 
1995 
1996 
1994 
1995 
1996 
1994 
1995 
1996 
1994 
1995 
1996 

Gross income, 
1000 tenge 

4971 16 
929801 

1971 053 
433545 
735721 

1 82831 6 
8722 
3685 
9534 

11214 
12200 
12790 
2259 
5118 
9984 
279 
722 

3 

Volumes of sales 
through all canals, ton 

- 
- 
- 

17871 1 2 
841 18 5 

131 896 4 
2146 8 
841 8 
706 6 

2681 9 
2322 7 
1618 8 
1649 4 
1854 5 
3570 4 

39 5 
57 7 
0 6 

Loss, 
1000 tenge 

- 
- 
- 
- 
- 
- 

501 9 
4902 
4281 
121 7 
8849 

1 041 6 
1604 
421 1 

14989 
579 

- 
1260 

Cost, 
1000 tenge 

470905 
870898 

1908575 
405842 
671 142 

17271 92 
1 3741 
8587 

1381 5 
1 2431 
21 049 
2321 5 
3863 
9329 

24973 
858 
706 

1263 

Net income, 
1000 tenge 

2621 1 
58903 
62478 
28703 
64579 

101124 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

16 
- 



Table H-17 

COST OF AGRICULTURAL PRODUCTS IN SOUTH-KAZAKSTAN OBLAST 

Parameter 

Raw Cotton 
Grams (wheat) 
Rlce 
Potatoes 
Vegetables 
Fru~ts 
Vineyards 
Approximate ratlo, $/tange 

Unit 

tengelton 
tengelton 
tengelton 
tengelton 
tengelton 
tengelton 
tengelton 

1997 

- 
- 
- 
- 
- 
- 
- 

1 176 

1994 

8290 
1530 

- 
4690 
271 0 
2470 
41 90 
1 141 

1995 

27700 
4840 

- 
11910 
4860 
5340 
5230 
1 159 

1996 

39480 
7560 

13540 
17240 
4883 
5850 
91 40 
1 I65 



Exhlblt H-1 
(sheet 1 of 3) 

Notes of Kazakstan Irrigation Data 

South-Kazakstan and Kzylorda oblasts belong to Syr Darya nver basin in Kazakstan The length of 
the nver including Chardara reservoir exceeds 1700 km 

746 1 thousand ha were imgated in the base 1991 year by water from the nver itself and its 
tnbutanes, when the maMMum of mgated lands m the Syr Darya basin on the temtory of Kazakstan 
was registered, though 772 3 thousand ha of mgation preparation lands were on the statistical 
record 

The dynanucs of annual mgation of imgation-preparatory lands are prowded m Table H-1 So in 
1994, 1995, 1996 and 1997,706 3,686 7,629 6, and 564 8 thousand ha were irrigated m the Syr 
Darya nver basin on the temtory of Kazakstan, respectively 

Gross harvests of man agrrcultural crops fi-om mgated lands in the Syr Darya nver basm in 
Kazakstan for the penod of 1994-1 997 are given in Table H-2 

Yield of mam agrrcultural crops on oblasts and Kazakstan (Syr Darya nver basin) for 1994-1997 are 
provided in Table H-3 

The data on mgated areas, volumes of water mthdrawal and water supply different m the amount 
of losses m the mgation network, or considenng the delivery efficiency of mgation water and also 
average weighed imgation gross and net rates on oblasts and the basin for 1994-1 997 are gven in 
Table H-4 

The data on sources of coverage of requirements of imgated land cultivation ~n the Syr Darya nver 
basm for 1994-1997 are gven m Table H-5 The data analysis of ths table shows that on the whole 
Kazakstan in the Syr Darya nver basin, despite the overall tendency of the water wthdrawal 
reduction, more than 70% of requirements of mgated land cultivation is covered fiom Syr Darya 

Syr Darya nver is nearly the only source of lands imgation (99 7%) for Kzylorda oblast 

In South-Kazakstan oblast from 1783 6 to 2416 4 mcm of water IS vvlthdrawn dlrectly fiom the Syr 
Darya nver, including Chardara reservoir, whch makes on average about 50% of the demand, the 
remaned part of water consumption is covered by local sources and partly by water from the nver 
Chrchk from the terntory of the neighbonng Uzbelustan 

It should be polnted out that the reduction ofwater wthdrawal dunng the prewous years is connected 
not only wth the redumon of mgated areas but also because of the fact that issue of interstate water 
shanng on nvers Chlrchlk and Syr Darya are not resolved 
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Monthly volumes of water wthdrawals, water supply and average weighted irngation rates (net) are 
provided in Tables H-6, -7, -8 for 1994 -1997 respectively on the basin, South-Kazakstan, and 
Kzylorda oblasts 

Actual monthly watenng rates (net) of mam agncultural crops for 1994- 1997 are glven in Table H-9, 
and Tables H-10 to H-15 applied to the South-Kazakstan and Kzylorda oblasts 

Efficiency of Irrigation Water 

Actual data on the efficiency of irngation water use (ratio of net water rate of a crop to the amount 
delivered to the field) are not available Under present (and for near future) low level of watenng 
controlling in Kazakstan part of the Syr Darya nver basin, losses in the field are unavoidable The 
scientific-research Institute came to the conclusion that depending on conditions of watenng (plamng 
ofthe field, slope, terran, water permeability of soils, level of irngation mecharuzation etc) losses of 
irngation water in the field would reach the level of 5-36%, 15% on average, or the average rate of 
use of irngation water would be 0 85 

To consider these losses, corrective rates of 1 05 to 1 35 are introduced to net irrigation rates 
Results received in such a way are taken for "net" irngation rates 

Designed (theoretical) numbers of efficiency of use of lmgat~on water for the South-Kazakstan oblast 
of the Repubhc of Kazakstan are shown below Net irngation rates on some agncultural crops were 
calculated using the computer program CROPWAT proposed on the method of Penman-Mannteit, 
they are comparable wth the irngation rates of the Kazak Scientific Research Institute of Water 
Resources, and include water losses in the field 

Rate of the Use of 

Economics Indices 

Econsmc mdices of agncultural producbon m land cultivation on lrngated lands are provided on the 
data of oblast Divisions of Agrrculture of South-Kazakstan and Kzylorda oblasts These institutions 
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generahzed the results of achvlty of large agricultural enterpnses and agncultural producers on main 
agncultural crops Starting fiom 1996 (South-Kazakstanoblast) and from 1997 (Kzylordaoblast) the 
oblast Divisions of Agnculture have not collected and generalized economc information on 
agnculture 

In Tables H-16 and H-17, some econormc indices were collected fi-om oblast orgamzation of 
Chmkent and Kzylorda The cost is detemned in current pnces of corresponding years 

For the information, cost of sales of agncultural products (in US dollars per 1 ton) is given in Table 
H-17 based on the data of wholesale trade-purchase South-Kazakstan company "Jibek-Joolyy' 

It should be pointed out that the output of cotton fiber from raw cotton differs w t h n  the l m t s  of 
30-33% Besides, attendant products are received dunng the production of cotton fiber such as 
cotton fluff, seeds including those for the production of vegetable oil etc We did not manage to 
collect the data on output, losses and cost for additional products 

We did not manage either to collect all the input data and authentic information on volumes of sales 
of agncultural products, losses for its keeping and processing in the South-Kazakstan oblast As a 
result of t h s  fact, it is impossible to detemne profitability, net income and other indices 

Engineer V Petrashov 
G Kvan 
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Hana's Comments on Kazakstan's Irrlgatlon Data 

There are two oblasts, South-Kazakstan and Kzylorda, belong to the Syr Darya nver basin in 
Kazakstan The following comments were made regarding to the irngation/agncultural data 
prepared by two local engineers Mr V Petrashov and G Kvan in July, 1998 The table numbers 
used in the followmg comments refer to the tables listed in Appendlx H 

a Table H-1 - Thls table was compared wth Table 3 211 of the FinaVMa~n Report of the 1996 
IBRD study The discrepancies are negligible for Kzylorda, but they are huge for South- 
Kazakstan The compmson ind~cates 

There is nothmg we possess to explan the discrepanc~es However, our estimate of 2,214 mcm 
agrees with the statement "m South-Kazakstan oblast, fiom 1,783 6 to 2,416 4 mcm of water is 
wrthdrawn bectly from Syr Darya nvef' extracted fiom Exh~bit H-1 Consequently, the 1996 IBRD 
numbers were used 

Table H-2 - The huge discrepancies wth Table H-1 would render t h s  table of hghly 
questionable values as well 

Crop 

Table 3 2/1 of 1996 
IBRD Study (1000ha) 

Table H-l(1000ha) 

Table H-3 - These crop yleld data were not used because no net income or profitability data 
was mcluded wth these data The comp~led net return data from the prevlous sources gven 
in section 5 2 2 of ths  report was used m the present study 

lbce 

1907 

155  

Wheat 

406  

596  

Table H-4 - See comments for Table H-2 However, the figures for efficiency generally 
corroborate our figures of conveyance efficiency about 56% 

Table H-5 - Our estimated gross wthdrawal for South-Kazakstan is generally corroborated 
m thls table The average of the four years from 1994 to 1997 is 2,100 mcm compared wth 
our 2,200 mcm However, our estlmate for Kzylorda is hgher than the figures in Table H-5 
The average of the four years is 4,200 mcm compared wth our 6,300 mcm To be consistent 
wth our denvabon for the South-kazakstan and Uzbelustan oblasts, the figures in thls Table 
H-5 were not used The dscrepancy may come from the return flow fiom upstream use The 
discrepancy may also be explaned by the fact that our figures are denved through a more 

Other 
Grams 

912  

217  

Cotton 

9 45 

110 8 

Pastures 

27 54 

142 7 

Other 

486  

63 2 

Total 

7410 

513 5 
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reahtic assessment of overall efficiency Thus, whle the actual water withdrawal reported 
m Table H-5 is undoubtedly more accurate, the estimated value we denved is probably more 
mhcative ofwhat is needed to compensate for losses due to inefficiencies that are hlgher than 
those reported in the new data 

Table H-6 - As wth the data we received for Uzbelustan, thls data is not refined to crop-type 
And therefore, also crop-type distnbution changes can not be directly reflected m withdrawal 
distnbution changes Our previously computed values are already more refined on thls basis 
However, the followmg compmson of Table H-6 with the distnbution for LOW-SYR 
indicates suitability of our distnbution and representative of the actual distnbutlon 
requirements 

Tables H-9 -H-15 - Tables H-10 through H- 15 are essentially subordmate tables to Table H-9 
On the baas of Table H-9, the followmg distnbutions not water requirements can be tried for 
ARTUR and LOW-SYR demand areas 

Tables H-16 and H-17 - Ae stated m Exh~bit H-1, the economc m&ces presented in these two 
tables do not represent the net return data Therefore, these tables were not used in the 
present study 


