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Abstract. The Roseires-Sennar Dams System (RSDS) at lower part of Blue Nile River play a vital role
in water supply to the irrigation schemes in Sudan. The existing rule curves for this system belong to
1925 and 1966 for Sennar and Roseires reservoirs, respectively. Introduction of new irrigation schemes,
approved climate change impacts on Blue Nile River flow and upstream developments in Ethiopia as well
as the heightening of the Roseires Dam from elevation 480 to 490 m.a.s.l have shown the RSDS is losing its
efficiency in terms of fully supplying the water demands. The literature addresses the simulation of Roseires
and Sennar dams, and tries to find the best coordinated rule curves through a limited number of operation
rules to find optimal operating rules for reservoirs that minimize the impacts of new developments, water
demand growth and climate change on water supply to various demands on Blue Nile River. Such decisions
are locally optimal in best condition since they do not consider the storage and carry-over capability of
reservoirs that can transfer the non-optimal (locally optimal) decisions to other time steps of planning
horizon and creat shortages in other time steps. Therefore, aim of this research is to find optimal coordinating
operation rules for Roseires and Sennar dams that through a non-linear multi-period optimization model
that considers the conditions of climate change, flow regime and water demand as scenarios. Model is
validated by comparison with observed reservoir operation during November 1999 till May 2000. Eighteen
scenarios that cover the normal, dry and very dry flow regimes, along with three suggested crop patterns
and climate change impact are analyzed. Results shows in normal conditions of flow, crop pattern 2 is the
most recommended with more than 11 Billion USD marginal profit and fully supplying the water demand
and 1530 GWh energy generation per annum. The coordinated rule curves have a totally different pattern
of emptying and filling compared with existing ones. Rule curves change from one flow regime to another,
which proves how change in conditions of the system has influence on optimal operation rules. Comparison
of marginal profits with crop pattern 2 shows in three inflow conditions of normal, dry and very dry
years multi-period optimization model could keep the marginal profits above 11 Billion USD, lets say,
11,050, 11,056 and 11,042 Billion USD, respectively, which shows the robustness of model in dealing with
all conditions and keeping the marginal profits not affected. However, the Roseires rule curves are different
in these three condition, while Sennar rules curves are almost the same. Without climate change impact,
model can manage to supply the water demands fully in all flow conditions. However, water supply reliability
is affected by climate change with all crop patterns. Roseires-Sennar Dams system in a normal year under
climate change can produce 10,688 Billion USD marginal profit and 1371 GWh per year energy. It shows that
model could manage the system performance so that climate change decrease the marginal profit by 3.27%,
while inflow is reduced by 25% and water demands and evaporation increased by 19%. Energy generation
under climate change has decreased by 10,5%, which is the most affected sector. Crop pattern 2 and 3 are
not suitable for climate change conditions since up to 65% deficit in water supply can happen if very dry year
realizing with climate change. In very dry conditions crop pattern I is more suitable to be practiced.

Keywords: Roseires — Sennar Dam, Reservoir Operation, Optimal Coordination, Multi-purpose
Reservoir, Long-term Planning

Introduction. The Roseires and Sennar Sennar Dams, respectively (Abdelatif; 2004).

Dams have been operating according to a certain
plan. The existing coordination plan states
during June to September keep the reservoirs as
empty as possible for flood control at level of
467 m.a.s.]l and 417.5 m.a.s.l for Roseires and
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According to this coordination plan September
and October based on the flow at EIDeim Station
is the filling time, all sluice gates must be kept
open and if flow at ElDeim is above 350 MCM/
day then additional flow will be stored. This
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process continues for 45 days until level of water
surface reaches 421.7 m and 490 m for Sennar
and Roseires Dams, respectively. The level of
water is maintained after this till the time flow
at ElDeim starts to fall below the water demand,
when the reservoirs are emptied (Abdelatif;
2004).The Roseires Dam specification such as
height, capacity and surface area have changed
since 2013 to 490 m, 7400 MCM and 700 Km?,
so the new level of 490 m is also considered in
the rule curve explained above. Figure 1-1 shows
observed operation of both dams in existing
coordination plan that has shortage in June,
September to October from 30% up to 67%. The
existing rule curves for Roseires-Sennar dams’
system (RSDS) are not necessarily efficient for
coordination of these two dams anymore because
of the following reasons:

1. Roseires Dam capacity and specifications
has changed since 2013. Therefore, a new plan
of reservoir operation is required to assure
the efficient fulfillment of reservoir operation
goals for Roseires and Sennar dams after
2013 (Wikipedia; 2020, SMEC; 2019).

2. Considering the Roseires Dam
specifications change, hydrologic uncertainty
can make the operation rule before 2013 totally
ineffective especially in dry years or at severe
droughts. In 1913 the annual flow reduced by 60%
compared with long-term average 0f 49625 MCM
and, in 1972 and 1984 the flow reduced by 40%.
A drought period was prevailing in the Blue Nile
for 10 years 1978 till 1988 (Nile Basin Initiative
2017). In such conditions special operation
policy must be adopted to minimize the impacts
of drought on reservoir operation efficiency.

3. Water demand growth due to development
in agriculture can also make this rule ineffective
by addition of new schemes as mentioned above.
1,061,000 ha will be added to existing irrigation
schemes of Blue Nile at downstream of Roseires
and Sennar dams, which will increase the
irrigation demand significantly in future (Basheer
etal.; 2018).

4. Climate change also can make this
rule ineffective by changing the hydrological
characteristics of the flow and even influencing
the existing and future evapotranspiration and
irrigation demand. Recent studies found that
Blue Nile riverbasin will face 21.3% increase
in sediment load, 19% of evapotranspiration
increase and 25% of rainfall reduction till
2080 (Gelete et al. 2019).

5. Combination of the four above factors can
make the existing operation rule, which may have
been suitable before 2013, completely ineffective
in new conditions.

Therefore, in this research coordinated
operation of Roseires and Sennar Dam will be
modeled and optimized while considering all five
conditions mentioned above. To obtain optimal
operation rules a multi-period multi-reservoir
optimization model will be developed that uses
the linear programming to obtain the optimal
operation rules for coordinated operation of both
dams. Aim of this research is to evaluate effect
of optimal coordinated operation of Roseires
and Sennar Dams on water supply to existing
and future irrigation schemes as well as energy
generation and marginal profit in the system.
This study is concerned with the operation and
control of multi-purpose reservoirs systems
taking Roseires — Sennar reservoirs- operating
in series — as case study. The problem involves
finding appropriate release decisions from
various reservoirs in the system in order to satisfy
the multiple objectives which may be conflicting.
The specific objectives of the study are:

1. Developing an optimal multi-period
reservoir operation model for Roseires &Sennar
reservoirs.

2. Identifying the factors affecting reservoirs’
operation through model analysis

3. Generating appropriate release decisions
for the two reservoirs to satisfy the conflicting
objectives between water for irrigation,
hydropower generation and other uses.

Developing a multi-period optimization
model (MOM) for Roseires-Sennar Dams’
reservoirs operation: This model will determine
the optimal release and storage of water from
dams as well as allocation to irrigation schemes
and energy generation to have the optimal
cumulative marginal profit over the analysis
horizon. The Roseires and Sennar Dams will be
included in a Non-linear optimization model for
reservoir operation. The irrigation water demand
will be lumped for each dam. Therefore, although
12 irrigation schemes will be considered but they
will be lumped in model as only two demands
for Roseires and Sennar dams, respectively.
The inflow to the reservoirs is only the monthly
inflow measured at EIDeim station. The modeling
is based on water balance in dams and demand
balance equations. In the objective function
marginal profit of irrigation (the irrigation
schemes) and energy generation are considered as
economic indices of the system to be maximized.
Return flow from irrigation schemes to the Blue
Nile River is not considered in this research due
to data availability, which is on the safe side or
will be conservative. Model is monthly and for
a multi-year horizon that can vary from 1 year
to 100 year. Model is basically deterministic and
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it does not consider the uncertainty explicitly
in model parameters. Uncertainty of future
conditions will be considered through the 18
scenarios that exemplify the concerns of the
stakeholders as well as hydrologic and climate
change conditions.

Literature Survey. Reservoir operation is an
old topic in water resources management, which
goes back to 1883 where W. Rippl introduces
the mass curve method for reservoir capacity
sizing (Rippl; 1883). In the mass curve method
the demand is assumed constant or called safe
yield. Other method for reservoir operation that
over comes the limitation of Rippl method is
Sequent Peak Method that considers demand
variation over the months or years and finally will
give the minimum reservoir capacity along with
reservoir operation plan (Thomas and Burden;
1963). The Standard Operation Policy (SOP)
is another reservoir operation model that uses
the reservoir simulation for a single-reservoir
(Maas et al.; 1962, Loucks et al.; 1981). SOP is
blind to future impacts of current decision on
reservoir operation in terms of large deficits due to
emptying the reservoir before dry months or years
(You and Cai; 2008). Therefore, Hedging Rules
were introduced that try to distribute the deficits
to avoid a large deficit in the future (Bower et al.;
1962, Kelemes 1977, Loucks et al.; 1981). As
development of waterbasin moved on from 1950’s
and more reservoirs are made at upstream areas,
these approaches proved to be not efficient enough
to deal with a network of reservoirs instead of a
single reservoir. The process of effective use of
such rules will become more complicated since
any change in one rule requires an adjustment of
other reservoirs operation rule that by considering
the huge number of possible combinations it will
become a very complicated task and finally use of
such rules in a network of reservoirs will not lead
to an effective reservoir operation performance.
Therefore, method of mathematical programming
is used for obtaining more efficient, dynamic and
robust reservoir operation rules (Loucks et al.; 1967,
Thomas and Revelle; 1966, Manne; 1962). The
important feature of mathematical programming is
consideration of complicated spatial and temporal
interactions within the reservoir network and
optimizing their operation to achieve the system
goal or goals. The optimization method is applied to
different applications of rules in reservoir systems
in the literature. Optimization of rule curves, like
hedging rules. In this case usually evolutionary
algorithms are used, like GA (Oliviera and Loucks
1997; Karnatapu et al. 2019).

Optimization of a reservoir network by
single-period optimization which is used in

il
most of commercial softwares such as WEAP,
MODSIM, RiverWare, MIKEBasin, RIBASIM
and HECReSIM (Close et al. 2003; Lucas 2018;
Shafer and Labadie 1978; Charalampos et al.
2015; Ngo et al. 2016; Ortiz-Partida et al. 2016).
The third class of optimization application is for
multi-period optimization of reservoir networks,
which is the method to be used in this research,
too (Cai et al. 2001a, Cai et al. 2001b, Cai et
al. 2003, Schluter et al. 2005, Seifi and Hipel
2001, Pallottino et al. 2005). Actually, upstream
development and climatic changes made
meaningful variations in river flow regimes,
where the flow regime in next time steps for
a downstream reservoir will be affected with
more factors compared with 1990°s, where only
one or two factor could be identified. The multi-
period multi-purpose reservoir operation models
can cope with a huge number of factors that
affect the flow regime and availability temporally
and spatially. This approach is able to integrate
different disciplines or factors and produce an
optimum decision where all stakeholders are
considered and benefit from it (Cai et al. 2003).
In a research on eastern Nile basin, HECResSIM,
which uses a single-period optimization model, is
used to evaluate the cumulative impacts of basin
development on downstream water users. Itisused
for different operation scenarios development to
be evaluated under different climatic conditions
(Belachew and Mekonen 2014). Blue Nile River
Basin riparian countries Sudan and Ethiopia have
agreed to collaborate in development of its water
resources for sustainable socio-economic growth.
Blue Nile has high potentiality for hydropower
and irrigation development. However, impacts
of upstream development on downstream are
not well studied. McCarteny modeled the Blue
Nile resources system by WEAP for studies of
upstream development on downstream. The
model represents the current and the future state
of the Blue Nile Riverbasin system according to
the basin master plan. WEAP analysis predicts
that upstream development in Ethiopia will
decrease the flow in Khartoum in wet season,
while the flow during January to May increase
due to flow regulations (McCarteny et. Al. 2009).

Blue Nile System including Roseires, Sennar
and GERD dams are simulated to understand
what will be quantified value of cooperation
in a trans-boundary riverbasin (Basheer et al.
2018). Efficient utilization of the limited Water,
Energy, and Food (WEF) resources in stressed
transboundary river basins requires understanding
their interlinkages in different transboundary
cooperation conditions. The Blue Nile Basin,
a transboundary river basin between Ethiopia
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and Sudan, is used to illustrate the impacts
of cooperation between riparian countries on
the Water-Energy-Food nexus (WEF nexus).
These impacts are quantified and evaluated
using a daily model that simulates hydrological
processes, irrigation water requirements, and
water allocation to hydro-energy generation and
irrigation water supply. Satellite-based rainfall
data are evaluated and applied as a boundary
condition to model the hydrological processes.
The model is used to determine changes in the
long-term economic gain (i.e. after infrastructure
development plans are implemented and in
steady operation) for each of Sudan and Ethiopia
independently, and for the Blue Nile Basin from
WEF in 120 scenarios. Those scenarios result
from combinations of three cooperation states:
unilateral action, coordination, and collaboration;
and  infrastructure  development  settings
including the Grand Ethiopian Renaissance Dam
and planned irrigation schemes in Sudan. The
results show that the economic gain of the Blue
Nile Basin from WEF increases with raising the
cooperation level between Ethiopia and Sudan
to collaboration. However, the economic gain of
each riparian country does not necessarily follow
the same pattern as the economic gain of the
basin (Basheer et al. 2018).

Study Area. The study area for this research
is the Roseires and Sennar Dam system shown in
Figure 1. The water resources is mainly the flow
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at ElDeim station and other tributary flows or
even return flows from irrigation schemes are not
considered for this study due to data accuracy and
availability. The irrigation schemes considered
here are 9 future schemes and 4 existing schemes,
which are shown in Figure 2 and details of
them are shown in Table 1. Figure 3 shows the
observed historical flow at EIDeim station from
1914 till 2017.

Details of existing and future irrigation
schemes are shown in Table 1, where 6 schemes
are existing and 9 schemes are to be developed
in future. Three crop patterns are considered for
these irrigation schemes, existing and future, that
their income margin, water demand and total area
are shown in Table 2. Based on this Table 2, crop
pattern 2 where 39% is sugarcane, 28% cotton
and 22% Sesame has the highest water demand
and marginal profit.

Roseires and Sennar dams’ specification used
in this research are shown in Table 3. Figure 4,
shows the existing rule curves of the Roseires and
Sennar Dam. June to September both reservoir
must be at minimum level. May is emptying and
October is filling time. The rest of year also both
reservoirs are kept full. This rule curves resulted
into 67% shortages for Gazira and Managil
in some months (Herve Plusquellec; 1990).
Existing rule curves are used for comparison with
rule curves the multi-period optimization model
will generate for coordinated operation of both
reservoirs.

Methodology. The methodology outline is
shown in Figure 5, where model and scenarios
development part of it will be explained in this
section. Other parts of the outline are already
covered in previous sections. Figure 6 shows

Downstream

demand
Gezira | Rahad 2
and - North
Managil E I
Rahad 2
South
Kenana 4 | North West Sennar < | Suki and Minor |
= pump schemes | Dinder
> North
Kenana 3 ]
[ Dinder
[Kenana 2 ¢ kenana 1|  Roseires b 5:’""‘

E

< Reservoir
ﬂ Dam
mm) |rrigation abstraction

Eldiem flow | Existingirrigation scheme

7] Planned irrigation scheme

E = Evaporation losses

Figure 2. The conceptual model of Roseires-
Sennar Dam system (Basheer et al. 2018)
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1. Irrigation schemes details
Irrigation Scheme Total Area ha Dam Status
Suki 36500 Roseires Existing
Rahad 1 168037 Roseires Existing
Upstream Sennar 117626 Roseires Existing
Gezira & Managil 1093502 Sennar Existing
North West Sennar 21000 Roseires Existing
Rahad 2 268000 Roseires Future
South Dinder 168000 Roseires Future
Kenana 1,2,3,4 456000 Roseires Future
Roseires 123000 Roseires Future
Dinder South 48000 Roseires Future

Flow at EIDeim Station ly Flow

“l Il

e
IR

Flow Vol MCM
- -

@ ° @

-] © -]

] ] ]

°© °© °©
—
—
=

2. Crop pattern scenarios information

. Total CropP1 CropP2 CropP3

Supplying Dam Arca ha | Income $/ WR | Income$/ | WR | Income $/ WR
MCM BCM MCM BCM MCM BCM
Roseires Existing | 343163 | 243000 3.261 433000 3.834 320000 3.367

Semnar Existing | 1093505 | 243000 | 10.392 | 433000 | 12218 | 320000 | 10.731
& Future

Roseires Future | 1404163 | 293011 10.008 421309 13.346 345006 10.701

3. Roseires and Sennar Dam specifications

Reservoir/Dam Specifications Roseires Sennar
Max. Capacity MCM 7400 640
Minimum Operational Capacity MCM 50 220
Max. Level meter 490 421.7
Minimum Operational Level meter 469 417.2
Turbine Headloss m 1.5 0.3
Minimum Downstream flow Requirement MCM/month lekolakoll 150
Leakage MCM/Day falaioleloll 0.2
Year of operation 1966 1925
Lake Area Km? 627 194
Installed Power MW 280 15
Existing Irrigated Area ha 343,163 1,093,502
Max Release Capacity MCM/Month 44,064 45,619
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Figure 4. Existing Roseires and Sennar reservoirs’ rule curves
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Figure 5. Methodology Outline for this research

the conceptual model for Roseires-Sennar Dam
system (RSDS). In this model all the irrigation
schemes their supply is from Roseires reservoir
release are lumped as one demand node with
summation of all water demands. Evaporation
and spillage are considered. Released water also
can be used for energy generation as much as
the turbine system capacity allows. Return flows
from irrigation schemes and tributary flows are
not included in this model due to their complexity,
data availability and also to keep the model in
more conservative side. Outflow of the RSDS
will flow at downstream of the Sennar Dam
towards Khartoum. Minimum flow considered
for this downstream demand is 150 MCM per
month (ElAmin M.; 2006).

The algorithm of the model analysis in Figure
7 shows how model is run for each scenario and
its results are stored and used later for selection
of best scenario. To select the best scenario,
marginal profit, water supply ratio and energy
generation can be considered as factors for
ranking of the scenarios and selection of best
crop pattern and rule curve. Model mathematical
formulation is shown in equations 1 to 19.
This system of equations shows a non-linear

multi-period optimization model where is
setup on monthly time steps for multiple years.
The objective function of the model is annual
marginal profit and model is constrained to have
end of period storage equal to initial storage
(equations 10 and 11), where it is important for
reservoir operation. Energy generation equations
are non-linear and play an important role in
reservoir operation since the reservoir release
and storage are coupled in this equation. River
flow ,RF, ., is flowing into Sennar reservoir and
showing the interaction between Roseires and
Sennar reservoirs. This model now considers
important factors, upstream-downstream
interaction by ,RF, ., energy generation, water
supply, downstream minimum flow requirement
and marginal profit, which are the main features
to be considered in a coordinated operation where
all stakeholders benefits are considered. Other
important equations of the model are 17 and 19,
where lower limit and upper limit on river flow
is imposed. Lower limit of 150 MCM per month
is the minimum downstream flow requirement,
especially after Sennar Dam (ElAmin 2006)
and 19620 MCM per month as the upper limit
is the safe flow in Blue Nile so that flooding will
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Power
Generation
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Figure 6. The conceptual model
for Roseres-Sennar Coordinated
Reservorr Operation

not happen (Abdo et al. 2005). In this model
equations 4 and 7 show the water available for
allocation to irngation schemes. Release from
Roseires or Sennar is logically more than water
for allocation to irngation since released water
is also for downstream uses as well as irngation.
Parameters and vanables of this model are
explained in the Table 4.

This model which 1s a non-linear optimization
model is programmed and solved in General
Algebraic Modeling System (GAMS www.
gams.com) by MINOS solver. To apply this
model for the analysis of Roseires-Sennar Dam
System scenarios are considered, which reflect
future climatic and hydrologic conditions and
also suggested conditions for irngation schemes
in Table 5. These 9 scenarnos will be considered
also with ¢limate change that increase the water
requirement by 19%, reservoir evaporation by
19% and reduce the inflow by 25% to make
9 more scenarios to consider totally 18 scenanos.
Results of analyzing these scenarios are presented
and discussed in next section.

Results and Discussion. In this section results
of model analysis will be presented, where first

11

| Scenarlo S=1 ]
Load Data for Scenarlo S
al Inflow at EIDelm

Crop Water Demand of
Irrigation Schemes
Dams Speciflcations
Downstream Water Demand

= Evaporatlion Helght ‘
|

I Solve MOM model for Scenarlo S

5= SZI Save the results of Scenarlo S and update the energy
'y generation based on nonlinear power generation
relatlonship

Calculate annual rellabliity, annual supply ratlo, annual
water supply, annual shoratge, annual power generation
and annual marginal profitof each dam and lirlgation
schemes for Scenarlo S

| Show the results for all scenarlos I

Figure 7. Algorithm of model analysis for
coordinated optimal operation of Roseires
and Sennar Dam

validation of model will be discussed and later
the results of model analysis for 18 scenarios.
Model validation is an important process of
model application, which 1s done for observed
Roseires and Sennar operation during Nov-1999
till Oc¢t-2000 as shown in Figures 8 and 9.

Figure 8 shows that model operate the Roseires
reservoir to store more water while supplying
the water demand fully. More water storage has
important implications for energy generation and
reservoir operation since model 1s multi-period and
has knowledge of future till Oct-2000, decides in a
more efficient way about how much water to store
and how much to release. The same 1dea applies
to Sennar reservoir operation by model in Figure
9, where storage and release is coordinated with
Roseires reservoir operation and storage follows the
pattern of water demand and release also follows
the same pattern, while by more storage of water
energy generation also benefit from it. In observed
operation of Sennar reservoir which follows the
existing rule curve, reservorr 1s emptied in May and
15 keptempty mrest of year so 1t can not use the flow
or storage potential for energy generation, since
before April low flow months are there and in June
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4. Parameters and variables definition for mathematical model of Roseires and Sennar Dam

Max. Z-Z MP, Objective Function Annual Marginal Profit (1)

Subject to:

S1vmt Qi EVivn RivmSP1vm = Sivmii | Roseires Reservoir Water Balance Equation (2)

S§%m+lez’S%m+Qz’y’m_Evz’y’m_Rlz’y’m_ Sennar Reservoir Water Balance Equation (3)

— 2.ym — P2ymtl
Available water for allocation at Roseires

Riym= WA Downstream @

WA, + WASL, .. > D, Water demand balance equation at Roseires )

Y ¥ Y Downstream

Riym+Spivm=WA, ., TRF, . Water Balance in Roseires Reservoir Downstream (6)
Available water for allocation at Sennar

Roym2 WA2,y,m Downstream @
Water demand balance equation at Sennar

>

WAz + WASLyy 2 Doy Downstream (8)

Ry, t Spyym= WA, . +RF, Water Balance in Sennar Reservoir Downstream 9)
This equation enforces initial storage be equal

Siyi =S, to final storage, which is important in reservoir (10)
operation since you are sure at the

S, i =S, End of year you are at the same level that you start | (11)

EV,ym =€ um X [f] T XS, yut Siym:1)] | Evaporation volume from Roseires Reservoir (12)

Ev, 0 =6€um X [6 T £2%(S, unt Sy ume)] | Evaporation volume from Sennar Reservoir (13)

En, = FXhIXgXRly (g + : : :

, v m Energy generation of Roseires Reservoir 14
g %S, yn—HL)) Eve (4
En,, .= F><h2><g><R2y (gt : :

, 2 i Energy generation of Sennar Reservoir 15
22%S,ym — HL)) gve (15
SMin, <8, < SMax, Upper'and Lower Limit of Roseires reservoir (16)

> operation
Upper and Lower Limit on reservoir release (Lower
150 <RF, ,, < 19620 limit is minimum dowpstream ﬂovy requirement 17)
¥ and upper limit is maximum flow in normal year as
an indication of safe river flow in Blue Nile)
SMin, <, < SMax, Upper.and Lower Limit of Sennar reservoir (18)
> operation
Upper and Lower Limit on reservoir release (Lower
150 <RF,,,, < 19620 limit is minimum dowpstream ﬂovy requirement (19)
¥ and upper limit is maximum flow in normal year as
an indication of safe river flow in Blue Nile)
where: f.— Coefficient in linearizing the Area-Volume

ry,m — 1 is index for dams, 1 is for Roseires
and 2 is for Sennar. m is index for month and y is
index for year.

D,,, — Monthly water demand of irrigation
schemes to be supplied from Roseires Dam if =1
and from Sennar Dam if r=2. (MCM)

e,,,,» — Monthly evaporation height from each
reservoir (mm)

En,,, — Monthly energy generated by each
reservoir (GWh)

Ev,,, — Monthly evaporation volume from
reservoirs (MCM)

F — Conversion factor in energy equation to

change power to monthly energy

relationship for reservoirs

f . — Unknown factor in linearizing the Area-
Volume relationship for reservoirs

g, — Coefficient in linearizing the Elevation-
Volume relationship for reservoirs

g’ — Coefficient in linearizing the Elevation-
Volume relationship for reservoirs

HL,— Turbine Headloss for each reservoir (m)

HMax, — Maximum Level in each reservoir (m)

MP, — Annual Marginal Profit (§)

Q,,»— Tributary flow to the Roseires or Sennar
Dam. If r=1 then it is flow at ElDeim Station. If
r=2 then it is tributary flow to Sennar Dam, which
is assumed 0 in this research. (MCM)

2021 » Ne 2 MEJIIOPAILA I BOOAHE 'OCIIOJAPCTBO



I'JIPOJIOTTA 13
R,.» — Monthly release from reservoirs Sp,,m — Monthly spillage from reservoirs
(MCM) (MCM)
RF,,, — Monthly Blue Nile River flow at WA,,,,—Monthly available water for allocation

downstream of Roseires Dam if r=1 and at
downstream of Sennar Dam if r=2. (MCM)
RMax, — Maximum Monthly Release for each
reservoir (MCM)
S,,,» — Reservoir Monthly Storage (MCM)
SMax, — Maximum Capacity of each reservoir
(MCM)
SMin, — Minmum Operational Storage of each
reservoir (MCM)

5. Scenarios made for analysis by

from each reservoir (MCM)

WASL,,,, — Monthly deficit if water supply to
irrigation demand (MCM)

Z — Cumulative Marginal Profit of the
Roseires-Sennar Dam System for the whole
planning period ($)

v — Specific weight of Water 9810 N/m?

n, — Turbine Efficiency for each dam,
considered 90% as default

Flow Condition Crop Patterns Scenarios
CP1 S1
NY — Normal Year, 50% Exceedance — 1973 CP2 S2
CP3 S3
CP1 S4
DY — Dry Year, 75% Exceedance — 1965 CP2 S5
CP3 S6
CP1 S7
VDY — Very Dry Year, 80% Exceedance — 1980 CP2 S8
CP3 S9

Observed vs. Modeled Roseires Reservoir Operation
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Figure 8. Roseires reservoir operation

Observed and Modeled Sennar Reservoir Operation
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Figure 9. Sennar reservoir operation
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Figure 10. Water demand to be supplied from each dam

where high flows occur reservoir is kept empty.
In coordinated operation more water is stored in
Roseires, by emptying the Roseires less while
considering flood constraint and letting Sennar
make use of water flow and reservoir storage as
much as possible for water supply and energy
generation. It is clear from this validation run of
the model that coordinated reservoir operation
for Roseires-Sennar Dam system operated the
system with a clear more efficiency in resources
utilization, which is expected from a multi-period
optimization model.
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After validation process, how scenarios are
made will be explained through the figures 11 and
12. Figure 11 shows the selected inflow scenarios,
which exemplify the Normal, Dry and Very Dry
years in Blue Nile River at EIDeim station. The
years 1973, 1965 and 1980 are exemplifying the
Normal, Dry and Very Dry years in Blue Nile
River. Annual flow for each inflow scenario is
48902 MCM, 43365 MCM and 42679 MCM
according to Normal, Dry and Very years. For
water demands, as mentioned before three crop
patterns are considered that include 7 crops within

——Very Dry Year Inflow EIDeim
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Figure 11. Inflow scenarios at EIDeim Station

Crop Pattern and Water Demand Scenarios (MCM)
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Figure 12. Crop patterns water demand
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each scenario but with different mix percentage.
Crop pattern 1, Cropl, has 14.3% for each crop,
crop pattern 2, Crop2, where Sugarcane 39%,
Cotton 28% and Sesame 22% have share in crop
mix. Crop pattern 3, Crop3, on the other hand has
Sugarcane 20%, Cotton 20% and Sesame 20%
and rest of crops 10%. Total water demand of
each crop pattern is shown in Figure 12.

It is noteworthy that climate change is predicted
to reduce the flow at EIDeim by 25%, increase the

(15 ]

evaporation and evapotranspiration by 19%. This
means in scenarios with consideration of climate
change, water demands increase 19% and inflow at
ElDeim will decrease 25%. The results of applying
model for obtaining coordinated operation rule
curves are shown in Figures 13 to 25.

In figures 13 to 20 rule curves are obtained
from optimal coordination of both reservoirs for
a typical normal year, dry year and very dry year.
Pattern of emptying and filling is totally different

Normal Year Rule Curves - Roseires Reservoir
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Figure 13. Normal Year Rule Curve for Roseires Reservoir

Normal Year Rule Curve - Sennar Reservoir
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Figure 14. Normal Year Rule Curve for Sennar Reservoir

Dry Year Rule Curve - Roseires Reservoir
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Figure 15. Dry year rule curve for Roseires Reservoir
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Dry Year Rule Curve - Sennar Reservoir
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Figure 16. Dry year rule curve for Sennar Reservoir

Very Dry Year Rule Curve - Roseires Reservoir

——87 =88 89 Roseires Existing RC

8000

7000 \
6000
1000

o
January February March April May June July

Storage MCM
w I a
=] S =3
S =3 =3
) =3 S

N
=
=
=

August October

Figure 17. Very Dry year rule curve for Roseires Reservoir
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Figure 18. Very Dry year rule curve for Sennar Reservoir

for Roseires from Existing Rule curve as shown
in Figures 13, 15, 17 and 19. Aside from different
pattern the amount of emptying of the reservoir is

emptying again more in July, filling in August and
September and September till November reservoir
is kept full. This pattern is totally different from

different for Roseires reservoir. Rule curve decides
to store more water and two times per year emptying
and filling is happening. November to February is
first emptying, February to June is gentle filling,

existing pattern, which is shown in all figures.
Pattern of Emptying and Filling of Sennar Dam
seems to some extent the same as existing rule
curve but with a shift in emptying and filling time.
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Normal Year Rule Curve with Climate Change - Roseires Reservoir
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Figure 19. Normal year under climate change rule curve
for Roseires Reservoir
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Figure 20. Normal year under climate change rule curve
for Sennar Reservoir
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Figure 21. Effect of climate change on water supply
from Roseires Reservoir

Emptying starts from January to March, March to
May reservoir is kept at minimum level, May and
June are filling time and July till December Sennar
reservoir is kept full.

Generally these rule curves obtained from
optimal coordinating of reservoir operation are
totally different from existing rule curves. It

indicates that the coordinated optimal rule curves
are influenced by the inflow regime, water demand
pattern, evaporation and upper-lower limits on
reservoir operation on the contrary to existing rule
curves that are simple and just empty or fill the
reservoir to the minimum and maximum operation
level. The amount of emptying the Roseires
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Supply Ratio with Climate Change for Sennar Reservoir
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Figure 22. Effect of climate change on water supply
from Sennar Reservoir
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Figure 23. Annual energy generation for each scenario
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Figure 24. Annual water supply, release and demand

reservoir in dry year is less compared with normal
year and it is due the less amount of water in a
dry year so water is stored more since spillage
also is less probable compared with a normal year.
However, for Sennar reservoir as the flow regime
becomes dry and dryer rule curves of crop pattern
1 and 3 start to get close to each other.

The same shape of existing rule curve and
coordinated rule curve for Sennar reservoir with a
shift in emptying and filling time is due to regulated
river flow entering Sennar reservoir from Roseires
reservoir. This regulated flow is influenced by
water demand at Sennar downstream at Gazira
and Managil so the shape of rule curve is less
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Marginal Profit Summary M$
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Figure 25. Annual marginal profit for each scenario
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Figure 26. EIDeim flow and water demands for all scenarios

fluctuating and complies with demand pattern that
empties and fills once per year.

In very dry year condition Roseires reservoir
has three empty and filling. It is clear that as
inflow conditions become more limited the
emptying and filling especially during the high
flow time becomes more to make use of high
flow time as much as possible. When climate
change is happening in normal year for example,
Roseires emptying is happening two times and
reservoir empties more compared with normal
year without climate change to supply the water
demands better. Important point about the Sennar
reservoir rule curve, is a clear difference between
rule curves of cropl and crop 3 with crop 2. It
shows that in very limited conditions of flow,
water demand shows its effect more in the rule
curve. However the shape of rule curve is still
following the same shape as other rule curves but
with a clear shift.

In conditions without climate change all
water demands can be supplied in all crop pattern
scenarios. Even the energy generation can be
fulfilled up to 1600 GWh per year. With climate
change especially in very dry condition shortages

will happen even with a coordinated operation,
like scenario S8, where crop pattern 2 in very
dry condition under climate change. These set of
scenarios, S7, S8 and S9, show a very extreme
condition in reservoir operation. From water
demand point of view scenarios S2, S5 and S8
with climate change also exemplify the critical
conditions of water supply, where shortage in
supplying water reach up to 67% in S8, where
very dry condition and climate change happens
together. The same shortages are occurring
in climate change for Sennar reservoir but in
scenarios S7, S8 and S9 that belong to very dry
condition under climate change.

Monthly hydrograph of flow at EIDeim station
has a clear low flow, during December to May,
and high flow during July to November. This low
flow part has a very critical role in water supply
and its shortage as shown in Figure 26. Months
November, December, January and June are
months that demand is higher than river flow and
February till May the flow is also very low even
less than Blue Nile River minimum downstream
demand. Reservoir storage capacity of Roseires
and Sennar is not enough to store water in July
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till October for November till June, especially
in very dry years under climate change, when
flow reduce by 25%. Figure 25 shows clearly
that by coordinated reservoir operation marginal
profit can be maintained even in climate change
condition. In the worst case that is S8 scenario
under climate change where 13% reduction
happens in marginal profit. It is noteworthy that
in the same scenario S8, 22% reduction happens
for energy generation and its marginal profit.
In normal conditions crop pattern 2 is the best
option for irrigation schemes. In climate change
condition crop pattern 1 is the best option for
irrigation schemes.

Conclusion. In this research problem of
modeling coordinated reservoir operation for
Roseires and Sennar reservoirs is addressed to
obtain optimal rule curves to supply the water
for irrigation schemes, energy generation and
downstream water demands. A multi-period
linear optimization model for Roseires-Sennar
Dams’ reservoirs operation developed that
determines the optimal release and storage
of water from dams as well as allocation to
irrigation schemes and energy generation to
have the optimal cumulative marginal profit
over the analysis horizon. Model has been
validated through equations consistency check
after solution, and comparison with observed

operation during 1999-2000. 18 scenarios are
considered for inflow at ElDeim, water demand,
and climate change which address the questions
of interest for stakeholders.

Roseires-Sennar Dam System is analyzed
for 18 scenarios and coordinated rule curves
are obtained for reservoir operation. In normal
conditions of flow, crop pattern 2 is the most
recommended with more than 11 Billion USD
marginal profit and fully supplying the water
demand and 1530 GWh energy generation per
annum. The rule curves of the Roseires and
Sennar reservoirs prescribe a totally different
pattern of emptying and filling. Roseires-Sennar
Dams system in a normal year under climate
change can produce 10.688 Billion USD marginal
profit and 1371 GWh per year energy. It shows
that model could manage the system performance
so that climate change decrease the marginal
profit by 3,27%, while inflow is reduced by 25%
and water demands and evaporation increased by
19%. Energy generation under climate change has
decreased by 10,5%, which is the most affected
sector. In very dry conditions crop pattern 1 is
more suitable to be practiced. Impact of GERD
can be interpreted as if GERD release the flow
to comply with normal year, dry year or very dry
year flow at ElDeim station, then with or without
climate change what crop patterns are suitable.
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Toaiioa 3ain Eadain Caax Omep, Cinair E. Axmen, Axoap Kapimi
OnTtuMaabHa eKCIUTyaTallisi Kackaay 0araToniji=oBuX BOJI0CXOBHII
Ha npukaani Bogocxosuil Po3eiipe3 Ta Cennap

Anomayia. Cucmema oamod Poszetipe3-Cennap (CHPC) y muscuit vacmuni piuku Brnaxumuuti Hin 6idi-
2Pac AHCUMMEBO 8ANCIUBY POTb Y 3abe3neyenti 6o0oio cucmem spowenns Cyoany. Icnyioui oucnemuepcoki
epaghiku excniayamayii 0 yux cucmem 6ynu po3pooneni i enposadceni ¢ 1925 i 1966 pokie 01 6000-
exosuwy Cennap i Pozetipes 6i0nosiono. Bnpoeaodcents HOGUX 3pOULYSATbHUX CUCTIEM, NIOMBEPOANCEHUTL
6NAUG 3MIHU KAimamy Ha piuky braxumnut Hin i pozeumox mepumopiil suwje 3a meuicio 8 Eghionii,
a maxooic nioguwenus dambu Posetipes 3 sucomu 480 0o 490 m nao pisnem mops noxazanu, wo CHPC
8Mpauac ceolo eQeKmusHicms 3 MOUKU 30pY NOBHO20 3A0060JEHHA NOMped 8 NOCMAYaHHi 8000I0.
V nimepamyprux Oscepenax posensioacmoca mooenroeanns oamo Posetipes ma CeHnap 3 memoro 3Hatimu
HAUKpawyi cKOOPOUHOBAHT OUCIeMUepChbKi 2pagiKu YIpasuinHs 3d YMO8 0OMEeNCEeHOI KIIbKOCmI Npasul
excnyamayii 6000CX08uLY, SIKi MIHIMI3YIOMb GNIUE PO30Y008U Mepumopill, 3pOCManHsi NONUMY Ha 800y
ma 3MIHU KIIMamy Ha 6000NOCMAYanHs O 3a0e3nedents pisHoManimuux nompeb na piuyi Braxummuil
Hin. Taxi piwennsi € 10KaibHO ONMUMATLHUMU, OCKLIbKU 80HU HE PO32TA0A0mb NOMeHYIAl 30epieaiHs ma
nepenecents 0b’emié 800U 8000CXOBUWLAMU, WO OAE 3MO2Y NePeHeCmU HeONMUMANbHI (TOKAIbHO Onmu-
MQbHI) pilieHHA Ha THWi 4acoei nepioou NAAHy8arHs ma cmeopumu oediyum 6 iHui 4acosi nepioou.
Taxum yunom, memoio 0aH020 OOCIONCENHS € SHAUMU ONMUMATbHI KOOPOUHYIOY] NPABULA eKCNIyamayii
oamb Posetipez ma Cennap 3a 00nomozoro HeniHitiHoi bacamonepioOnoi onmumizayiunoi mooeni, sKa
BPAXOBYIOE 3MIHU KAIMANY, Pelcum cmoky ma nompeby y 600i. Egexmusnicms modeni niomeeposicena
NPAKMUYHO NIO YAC CNOCEPENCeHb 3d POOOMOI 8000CX08ULY nepiod 3 rucmonada 1999 poxky 0o mpaems
2000 poxky. [Ipoananizosano siciMHAOYsAMb CYEHAPIis, AKi OXONTIOIMb HOPMATbHUL, CYXULl ma oyice cyxuil
pedrcumu CImoKy, a maxodic 3anponoHO8aHo Mpu MOOei cucmem 3emMaepoocmed ma nPOaranizo8aHo 6NIUe
SMIHU KAIMAMY.
Pezynomamu noxazyioms, wjo 6 36u4aliHUX YMOBAX CIMOKY HAUOINbI PEKOMEHO0BAHOIO € cucmeMa 3emie-
pobcmea 2 3 epanuunum npudymrom nonad 11 minesapoie donapie CLIA ma nognum 3abezneuenusim
nompebu y 600i ma supodonuymeom enepeii 1530 I'Bm-200 na pix. Ckoopounogami oucnemuepcwbki epagixu
eKcnIyamayii 6000CX08ULY MAIOMb 306CIM THULY CXEMY CNOPONCHEHHS MA 3aN08HEHHS NOPIGHSHO 3 ICHYIO-
yumu. Jfucnemuepcoki epaghixu 3MiHIOI0MbCA 8 3A1eHCHOCI 8i0 BOOHO20 PENCUMY B000CX08ULY, U0 0080~
oums me, Wo 3MiHA YMO8 CUCeMU BNAUBAE HA ONMUMANbHI npaguia pobomu. [lopieHanns epanuunozo
npuUbYmKy 3 cyenapiem MoOent08ants 8poxcaio 2 nOKA3yeE, Wo 3a YMO8 mMpboxX pi3HUX CyeHapiis ujo0o
3a6e3neueHocmi onadamu — HOPMAILHO2O0, CYX020 I OYIICce NOCYULTUBO20 POKIE ONMUMI3AYIIHA MOOeNb sl
PIi3HUX nepiodie Modice 3abe3nedumu epanuunHull npudymox euwe 11 minvapoie donapie CILLA, cxadxcimo,
11 050, 11 056 i 11,042 minvapoie donapis 8i0n08ioHo, w0 NOKA3VE HAOIUHICMb Modeli 8 pobomi 3 6Y0b-
AKuMU ymogamu i 3abesneuyec 2apanmoganuti npubymox. OOHAK y yux mpbox yMOBAX OUCNEmMHUepCbKi
epagixu ons sodocxosuwa Posetipec 8i0pisHsaiombcs, mooi Ik oucnemuepcsvki 2pagixu 0Jisk 6000CX08uUUld
Cennap 3anumaiomscsi Matidice 0OHAKO8I. AKWO BUKIIOUUMU GNIUG KAIMANMY, MO MOO€Ib MOJICe NOGHICTNIO
3abesneuumu nompeodu y 6001 8 6y0b-aKux ymoeax 6000 3abesneuenus. OOHAK HA HAOIIHICMb 6000NOCMA-
YAHHA Y 6CIX 3ANPONOHOBAHUX MOOEAX 3eMaepobcmea enausac smina kuimamy. Cucmema oamoé Posetipec-
Cennap 3a munoguil pix 8 ymoeax 3minu Kiimamy modce supoonamu 10,688 mapo donapie epanuunozo
npubymxy ma 1371 I'Bm-200 enepeii na pix.
Lle nokasye, wo mooenv 0ae MoHCIUGICMb Kepysamu poObomoio cucmemu Ko 3MiHa KIimamy 3HUICYE
epanuynuil npudoymox Ha 3,27%, mooi sax npumix 600u 3menuwyemvca Ha 25%, a nompeba y 600i ma
sunapogysanns 30inoutyemocsi na 19%. Bupobnuymeo enepeii 6 ymosax 3miHu KAiMany 3MeHuuIocs na
10,5%, wo € nauibinvw ypasmueum cexmopom. 3anpononogani cucmemu 3emaepoocmea 2 i 3 ne nioxoosmo
OJisL YMOB 3MIHU KAIMANY, OCKLIbKU deqhiyum 600u modxce cmanosumu 00 65% y pasi oysce nocyuLiugo2o
POKY 3 YPAXYBAHHAM KAIMAMUYHUX 3MIH. Y 0ydice nOCYuausux ymosax Kpauje GUKOPUCMos8y8amu CUCHEMY
semnepoocmea 1.
Knrouosi cnosa: oamba Poseiipec — Cennap, excniyamayis 6000CX08Ulyd, ONMUMATbHA KOOPOUHAYISL,
bazamoyinbose 8000cxo8uULe, 00820CMPOKOBE NIAHYEANHSL

Toaii6oa 3aun Jadnun Caag Omep, Cungur J. Axmen, Axdap Kapumn
OnruMajibHas IKCIIYaTallUsl KacKaJAa MHOIroLe/IeBbIX BOAOXPAHUIMIIL
Ha npuMepe BogpoxpaHuaum Po3zeiipe3 u Cennap

Annomayus. Cucmema oamé6 Pozeiipe3-Cennap (CHPC) 6 nuoicneu uacmu pexu Ionyboi Hun uepaem
JHCUSHEHHO BAJICHYTO POTlb 8 0becneuenuu 8000t cucmem opowenus Cyoana. Cywecmayiowue oucnemyep-
cKue epagpuxu IKenayamayuy Ois SMux cucmem 6wy pazpadomansvt u eneopervt ¢ 1925 u 1966 cooax
ons goooxpanunuwy Cennap u Pozetipes coomeemcmeenno. Buedpenue nosvix opocumenvHuix cucmenm,
noOmeepacOeHHoe GausHue UsMeHeHUs. Kiumama na pexy Tonyooii Hun u pazeumue meppumoputi gviuie no
meueHuo 8 Dghuonuu, a maxaice nogvluieHue damowvl Pozeiipes ¢ evicomut 480 00 490 m Hao yposHem Mopsi
nokasanu, umo C/[PC mepsiem c6010 2¢hgpekmusHocms ¢ moyku 3peHusi NOIHO20 YO081emaEopeHs. nompe-
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onocmetl 8 chabceHuU 6000U. B numepamypuvix UCmMOoYHUKAX PACCMAMPUBACINCIL MOOeIUposatue 0amo
Posetipesz u Cennap c yenvto natimu ayuuie CKOOpOUHUPOBAHHbBIE OUCHemyepcKue cpaguKy ynpasieHus npu
VCI08UU 02PAHUYEHHO20 KOTUHECBA NPABUIL IKCHIYAMAYUU BOOOXPAHUNUW, MUHUMUSUDVIOWUX GIUSHUE
Pazeumus. meppumopuii, pocma cnpoca Ha 600y U USMEHEHUs. KIUMAma Ha 8000CHabdceHue 01s obeche-
ueHus: paznoobpasnuvix nompebrocmeil na pexe lonyooti Hun. Taxue peutenus 10kanbHo ONMUMATbHYL,
NOCKONbKY OHU HEe PACCMAMPUBarom nomeHyual XpaneHus u nepeHoca o0bemos 600bl 6000XPAHUIULY,
YUMo Nno3eoJisiem nepeHecmu HeONMUMAIbHble (TOKATbHO ONMUMAIbHbIE) peuleHus: Ha Opyaue 6pemMentbie
nepuoobl NIAHUPOSAHUS U CO30amb deuyum 6 opyeue epeMeHHvie nepuodvl. Takum obpasom, yenvio
OAHHO20 UCCTEe008AHUSA ABNAENICA HAUMU ONMUMATbHbIE KOOPOUHUPYIOWUEe NPABUILA IKCHIyamayuu 0amo
Poseiipes u Cennap ¢ nomowbro HeluHeliHol MHO20NepuoOHOU ONMUMUZAYUOHHOU MOOETU, YYUNbLeAOUjell
UBMEHeHUe KIUMAMA, PeNCUM CIMOKA U NOmpedHOCb 6 8o0e. Dphekmuenocms Mooenu nOOMeepHcOeHd
NpaKmu4ecKu 80 epemsi HaboOeHUll 3a pabomou 8000XpanUIUUd 6 nepuod ¢ Hosiops 1999 2oda no maii
2000 2o0a. Ilpoananuzuposarvi 60cemMHadyams CyeHapues, OX6amvl8alOWUX HOPMAIbHBILU, CYXOU U OUeHb
CYXOUL PeANCcUMbl CIMOKA, d MAKAHCe NPeOLoACeHbl MPU MOOEIU CUCIeM 3eMae0entisl U NPOAHATUSUPOBAHO
GRUSAHIUE USMEHEHUs. KTUMANA.

Peszynomamut nokazvieaiom, ymo 8 00biuHbIX YCI0BUAX CMOKA HAUDONIee PeKOMEHOO8AHA cucmemMa 3emie-
Oenus 2 ¢ npedenvroll npubbLivio 6onee 11 munnuapoos oonrapos CLIA u nornvim obecneueruem nompeo-
Hocmu 8 600¢ U npou3so0cmeom suepeunt 1530 I'Bm-u 6 200. CKoopOuHuposanuvie oucnemuepckue 2paguxu
IKCNIIYAmayuy 6000XPAHUTULY UMEION COBEPULEHHO UHYIO CXeMy ONOPOJICHEHUs U 3aNONHEeHUs NO cpas-
Henuto ¢ cyuecmeyrowumu. /Jucnemuepckue epapuru uUsMeHsIomes 8 3a8UCUMOCIU 0N 600HO20 PEeNCUMA
B000XPaAHUULY, YMO OOKA3LIBACM, YO USMEHEHUe YCI0GULL CUCIeMbL GIUsem HA ONMUMATbHble NPABULd
pabomul. Cpagnenue npedenvbrol NpudLLIU CO CYeHapuem MoOerupos8anus ypooicds 2 NoKazvledem, 4mo
6 YCII0BUAX MPeX PASHLIX CYEHApUes no obecneuenuro 0Caokamu — HOpMaibHO20, CYX020 U OUeHb 3aCYULTU-
6020 Jem ONMUMU3AYUOHHASL MOO€Tb OJIsl PA3HLIX NEPUOO08 MOdCem 0becneuums npedeivbHyo npuobLib
ceviwe 11 munnuapoos oonnapoe CILIA, cxasxcem, 11050, 11011,042 munnuapoa oonrapos coomeent-
CMBEHHO, YUMo NOKA3bIBAEM HAOEIHCHOCHb MOOeIU 8 pabome ¢ 100bIMU YCI08UAMU U 0Decneyusaen capan-
mupogannyio npudvLiv. OOHAKO 6 dMUX mpex Yci08usx oucnemuepcKue epapuru 0as 6000XPAHUIULA
Posetipeca omauuaromes, moeda xax oucnemuepckue epaguxu 0na goooxpanunuwia Cennap ocmaiomcs
noumu oounaxosvimu. Ecnu uckmouumsv enusanue Kaumama, mMooeib MOodcem HOTHOCMbIO obecneuums
nompedHocmu 8 800€e 8 N00bIX YCA08USX B000CHAbNCeHUsl. OOHAKO HA HAOEHCHOCHL 8000CHADICEHUS
80 8cex mpeodiazaemvix Mooenax semnedenus euusem usmeHenue xaumama. Cucmema oamé Pozetipec-
Cennap 3a munuunwlil 200 8 YCA0BUAX USMEHEHUsL KIUMAama modicem npouzsooums 10,688 mapo. donnapos
npedenvroil npubviiu u 1371 I'Bm-y suepeuu 6 200.

DOmo nokazvieaem, umo mooenb No360aAem Ynpasiims padbomou cucmemsl, Koe0a UsMeHeHue Kiumamad
CHUdICaem npedenvHyo npubbliv Ha 3,27%, mozoa Kax npumox 600vl ymeHvuaemes Ha 25%, a nompeo-
Hocmuv 6 8o0e u ucnapenue yseauuugsaemcs na 19%. Ilpouzeoocmeo smuepeuu 6 yCcio8uax umeHeHusl
rkaumama ymenvuwunocy Ha 10,5%, umo sensemcs uaubonee yszeumvim cekmopom. IlIpednazaemvie
cucmemvl 3emnedenus 2 u 3 e nooxo0sm OJisk YCAOSU USMEHEHUS. KIUMAMA, NOCKOIbKY dehuyum 600bl
Mooicem cocmasasims 00 65% 6 cyuae ouensb 3ACyUIUB020 200d C YUemom KIUMAMUYECKUX U3MeHeHUl.
B ouens 3acyunuguix ycaoguax ryuule UCNoIb308ams CUCHIEM) 3eMIe0eNUs.

Knrwouegwvle cnosa: oamba Poszetipec — Cennap, sxeniyamayus 6000XpaHuIUWd, ONMUMaibhas Koopou-
Hayus, MHO2oYyeresoe 000XPaHuuue, 00N20CPOUHAS NIACUPOBKA
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