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SUMMARY  

This publication is a contribution, by the Challenge Program for Power production 
and flood control, to support efforts to promoting hydropower efficiency through 
improved management of water resources in reservoirs. It is intended to inform policy 
makers, water resource managers, and other interested stakeholders can make to the 
planning and operation of reservoirs in Sweden. 

Industrial revolution exacerbates the condition in terms of environment and global 
warming. Global warming is important topic amongst the other problems and CO2 is 
the main source of this issue. Meliorating of power production with considering less 
CO2 emission is key factor and hydropower’s are in the Spotlight recently. For better 
hydropower’s operation, reservoir simulation is considered. Proper reservoir 
simulation can emit CO2 and CH4. Source of this emits are flooded soil and vegetables. 
Carbon being transported by rivers following into reservoir. Reservoir sink Carbon 
through sedimentation of organic material and the impact of reservoirs on GHG 
emissions is determined by calculation their net emissions. 

Large man-made reservoirs are constructed and operated for multiple purposes. 
Reservoir operators must simultaneously meet requirements for many needs, including 
flood control, power generation, and recreational use of the reservoir pool, 
environmental quality downstream of the reservoir, and the safety and structural 
integrity of the dam itself. Each of these needs imposes constraints on the storage and 
release of water from the reservoir, and needs and constraints often conflict with one 
another. According to various requests constraints on release water is necessary to 
consider in the scheduling of releasing the water and keeping the storage and water 
elevation in balance. 

Dams have brought broad social and economic benefits and have made significant 
contributions to national and regional development. Planning and operating dams is 
extremely difficult. Complexity is manifest in uncertainty arising from climate 
variability and hence river flows, the intricacy of biophysical interactions within 
riverine ecosystems and, perhaps most significantly, the number and kind of 
stakeholders involved. 

Reservoir operations are necessary decision for many purposes. Lule River and Ore 
River are two big rivers in Sweden that responsible for power production and flood 
controlling. Simulation of water balance in these two big rivers is essential for power 
flow and flood routing regulation. Hec ResSim is the model that used for reservoir 
simulation in this project. Hec-ResSim with combination of Hec-Dss prepare situation 
to operate reservoirs and predict the future status of water level and release decision 
from dams. Hec attempts to reproduce the reservoir simulations and flows with use 
for planning the releasing flow through turbines and spillways. The model represents 
hydraulics in rivers and control constructions and routing methods for segments the 
river in terms of lag and attenuation. It represents operating goals and constraints with 
an original system of rule-based logic that has been specifically developed to represent 
the decision-making process of reservoir operation. 

The recommendations made in this project relate to four key issues pertaining to 
planning and operation of dams.  

1. Provide a good understanding how to enhance power productions, which can 
potentially be used in the decision making process to increase the profit. 

2. Optimizing the storage area to confront with flood events and suggest new 
operation rules for regulation of reservoir and gages in better way. 

3. Improve consideration of downstream controls on the release from each reservoir 
to protect and maintained environmental and social impacts. 

4. Render new operation rule that can predict the future water elevations, release 
decision and trustable model that can offer daily and hourly power production and 
meliorate it up to 40% till 50%. 
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SUMMARY IN SWEDISH  

Denna publikation är ett bidrag till Challenge Program for Power Produktion 
and Flod Control, för att stödja de globala insatser för att minska 
översvämningar och främja vattenkraftens befogenheter att effektivisera 
förvaltning av vattenresurser i reservoarer. Avsikten är att informera 
beslutsfattare, vattenresurshanterare, kan ge vid planering och drift av 
vattentäkterna i Sverige.  

Stora konstgjorda vattenmagasin är konstruerade och drivs för flera syften. 
Operatörerna måste uppfylla kraven för många behov samtidigt, inklusive 
flödeskontroll, kraftgenerering, rekreation vid vattenmagasinen, miljön 
nedströms magasinen, och säkerheten och den strukturell integritet av dammen 
själv. Var och en av dessa behov sätter begränsningar på lagring och utsläpp av 
vatten från magasinen där behov och begränsningar är ofta i konflikt med 
varandra. På grund av olika begäran och begränsningar i vattenhushållningen, är 
det nödvändigt att överväga driftscheman för att släppa igenom vattnet och 
hålla magasinet och vattennivån i balans. 

Dammar och magasinen har fört med sig stora sociala och ekonomiska fördelar 
och har gett betydande bidrag till den nationella och den regionala utvecklingen. 
Planering och driften av dammar är extremt svårt. Komplexitet blir uppenbar 
med hänsyn till osäkerheten av klimatförändringar och därmed flöden, 
invecklade biofysiska interaktioner i flodens ekosystem och, kanske det mest 
påtagliga, i antal och typ av berörda parter. 

De beslut som tas vid körningar av magasinen är nödvändiga av många orsaker 
som det måste tas hänsyn till. 

I Luleälven och Oreälvens avrinningsområde ligger två stora floden som svarar 
för kraftproduktion och flödeskontroll. Simulering dessa två älvar är viktiga för 
kraft, flödes och översvämning reglering. Hec ResSim är den modell som 
används för simulering i detta projekt. Hec ResSim, i kombination med HecDss 
kan hjälpa till med beslutsfattandet om hur körning ur magasinen kan göras 
samt att förutsäga framtida statusen av vattennivåner och hur spill ur magasinet 
kan optimeras. Hec försök att reproducera beslutsprocessen för att frigöra 
flödet genom turbin och utskov med en kombination av flödeshydraulik och 
kontrollkonstruktionerna och hydrologiska metoder att segmentering av floden 
i termer av fördröjning och dämpning. Den representerar operativa mål och 
begränsningar med ett regelbaserad logiskt system som har utvecklats speciellt 
för att representera beslutsprocessen av magasinets driftregler. 

Rekommendationerna i detta projekt relaterar till 4 nyckelfrågor rörande 
planering och hantering av dammar. 

1. Förbättra kraftproduktionen för en säkrare beslutsprocess för att få ett bättre 
resultat för bud och marknadsföring. 

2. Optimera lagringsområdet för att bättre hantera höga flöden och föreslå nya 
driftregler för reglering av magasinen och peglar.  

3. Förbättra förutsättningarna nedströms med hänseende på sociala och 
miljöaspekter genom kontrollerade spill ur magasinen. 

4. Rendera ny driftregel som kan förutsäga framtida vattennivåer, hjälpa till vid 
besluten för spill och kraftproduktion. En säker modell som kan beräkna dags 
och timproduktion. 
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ABSTRACT  

Dams are amongst the most important components of water resource systems. In 
many places the water regulated by and stored in dams is essential to meet the 
development objectives of water supply, flood control, agriculture (i.e. irrigation and 
livestock), industry, energy generation and other sectors. Previous studies 
(Gourbesvive, 2008) indicate that in the next 30 years water use will increase by 50% 
in the world. By 2025 about 4 billion people will live under conditions of severe water 
stress. Continuous deterioration in water quality in most developing countries is 
additional challenge. Therefore, development of priority water infrastructures and 
improvements of water management have essential and complementary roles in 
contributing to sustainable growth and energy reduction in developing countries like 
Sweden. One way of improving water management is through increasing the 
efficiency of utilization of dam reservoirs (Bosona, 2010). 

Reservoir operation is a complex task involving numerous hydrological, technical, 
economical, environmental, institutional and political considerations. There is no 
general algorithm that covers all type of reservoir operation problems. The choice for 
techniques usually depends on the reservoir specific system characteristics, data 
availability, the objectives specified and the constraints imposed. 

Goal of the mathematical modelling and simulation of a physical system is to provide 
the user with the relevant information used in design and/or management decision-
making. However, in the absence of adequate foresight and planning for adverse 
impacts, past dam construction has often resulted in devastating effects for 
ecosystems and the livelihoods of affected communities.  

In this project with Hec-ResSim simulation model four reservoirs in Ore River Basin 
and 3 reservoirs in Lule River Basin in different location in Sweden are considered and 
by new operation rules, model is simulated. With consideration of two high floods 
event model is calibrated and new operation rules for flood control and hydropower 
melioration was rendered and suggested.  

Key words: flood control; reservoir operation; mathematical modelling; Hec-
ResSim; Ore River; Lule River. 

1.  INTRODUCTION  

1.1. Background 

For better melioration of decision on complicated hydrological, 
environmental and socio-economic constraints and conflicting 
management objectives decision support systems (DSS) was developed 
and it is best assistant for water managers to make well-informed 
decisions. Many of these help structure decision processes support the 
analysis of allocation problems. Some DSS also promote understanding 
of system dynamics and a few facilitate the communication of 
information to people without technical abilities, so that they can 
participate more fully in the decision-making process. (Bowles et 

al, 2004). 

Modelling and simulation of the storage and hydropower system is the 
part of broader and more complex water flow modelling that starts with 
the rainfall-runoff process, continues with the flow in the rivers and 
storages and ends with flow through hydro-technical structures and 
hydropower plants. Present thesis and project deals with Hec-ResSim 
reservoir simulation model, for regulation of hydropower’s system, 
storage and flood controlling and meliorate the hydropower production 
plant. Formation of the inflow from the catchment area consist of two 
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part one of them in the middle of Sweden that names Dalälven river 
basin and more accurate Ore River Basin and the other one is on north 
part of Sweden that names Lule River Basin. 

System modelling is the mathematical interpretation of water flow 
through the natural water resources planners. Engineers and hydrologists 
have long recognized that the benefits from cooperative operation of a 
multi-reservoir system may exceed the sum of benefits attained for 
independently operated reservoirs. Reservoirs are built and operated to 
achieve multiple objectives such as water supply, flood control, 
hydropower production, recreation and environmental flow 
requirements. Their operation requires decision how to apportion water 
storage and release. Decisions must consider apportionment among 
reservoirs, objectives, time periods and method of release (Bower et al. 
1966). Independent operations base these decisions on the state and 
objectives of the single reservoir and ignore the states of other reservoirs 
in the watershed. Cooperative operations consider the states of all 
reservoirs called multi reservoir. The problem in reservoir operation is 
typically to determine the operating policy, which is a specification of 
how much water is to be released each period, depending on the state of 
the system in that period, to best attain a specified objective or goal. 

This thesis explores joint operation for reservoir simulation, hydropower 
production and flood protection objectives using an example from 
Vässinkoski, Noppikoski, Furudal and Skattungbyn Reservoir, located on 
the Ore River that operated by the Fortum AB, and Messaure, Porsi and 
Laxede reservoir, located on the Lule River the biggest river in Sweden 
and operated by the Vattenfall AB. 

Study objectives and goals are outlined in the next section. Chapter 2 
reviews, methodology, simulation software, and scope of the model. 
Background information on the Ore River simulation and Lule River 
Basin is presented in chapter 2. Chapters 3 describe network system, 
simulation and study methods used to simulate reservoir operations, 
reservoir operation project alternatives, simulate, and evaluate them and 
simulation results, Discussion, conclusions, and recommendations follow 
in Chapters 4 through 5. 

1.2. Objectives and Purpose 
One way of improving water management is by increasing the efficiency 
of utilization of dam reservoirs. This improvement could involve 
hydropower or spillway regulation and it depends on the zones or 
capability of each zone that are considered in operation rules. Even small 
improvement in reservoir operation can lead to large benefits. But there 
is no universal solution for reservoir operation problems. Hence, it is 
necessary to study the system and determine optimal reservoir operation 
guides for each scheme. 

The main objective of this project was to control flood probability and 
increase power production in Ore and Lule River Basin and submit new 
operation rule for the 4 main reservoirs Vässinkoski, Noppikoski, 
Furudal and Skattungbyn at Ore River Basin and Messaure, Porsi and 
Laxede reservoir at Lule River Basin. The other main objective of this 
study was to develop new reservoir operation guide curve for different 
location of hydropower plant system to increase yearly energy 
production and to improve the uniformity of energy production 
throughout the year. It was also intended to quantify the gap between 
the actual production and design capacity and to investigate the 
possibility of saving water by reducing water losses. 
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The saved water can be used by the rural communities in the catchments 
area, for irrigation, fishing and potable water supply for both human and 
animal husbandry which will contribute to the promotion of food 
security in the region. 

The Flood Analysis Model and hydropower production model in terms 
of dam safety consideration was developed as a tool to evaluate the 
effects of hydrology and reservoir operations on flooding throughout the 
basin. The purpose of developing an HEC-ResSim reservoir operations 
model was to evaluate the potential flood mitigation opportunities from 
existing reservoirs, in particular, the ability of the reservoirs to reduce 
flood crests. 

By using the alternate inflow file, the effects of reservoir operations can 
be isolated from uncertainties associated with the inflows generated by 
the rainfall-runoff model. In the absence of a rainfall-runoff model, 
HEC-ResSim model would typically be developed using observed data 
from stream flow gages. In both Ore and Lule River the where no 
observed gage data and hence for estimation of inflow to the reservoir 
by hydrological reservoir routing method inflow was calculated. 

Briefly objectives review: 

1. Construct reservoir network and simulation models for 4 reservoirs at 
Ore River Basin and 3 reservoirs at Lule River Basin 

2. Simulate the real situation for 1985 flood that caused dam failure for 
Noppikoski Dam at Ore River Basin. 

3. Integrate databases for Inflows, Outflows, WL variation, 
Hydropower’s and Spillways and analyse the total powers 
productions between 2003-2012 in DSS and excel format separately. 

4. Estimate the X and K constant in Muskinghum routing method in 
Ore and Lule River and calibrate it for future use. 

5. Calibrate the model with at least two flood events. 

1.3. Study goal 
This project aim to find out how routing can be impact on hydropower 
regulation. At present time simple equation such as energy balance 
govern the regulation to the hydropower-plant, but main question is 
what about distribution of different factors in nature on hydropower, 
river regulation and reservoir regulation. Calculation of routing is 
essential for many reasons. It is important to optimize the hydropower’s 
productions and prevention of dams breaks. There is not same condition 
at the rivers in all the times. According to seasons and climate changes 
the physical situation in river changes and the effect of this variation 
influence on reservoirs, hydropower stations, production peaking and 
hence rapid variations in flow and reservoir levels, meaning new 
challenges in operation of the hydropower system and may have adverse 
effects on machinery, hydraulic structures, dams and tunnels, and also in 
down streams at rivers and reservoirs. 

Increased demands on hydropower for load balancing can be met by: 

i) Changed operation of existing system, 

ii) Upgrading and refurbishment of existing system and 

iii) Developing new hydropower with reservoirs and/or pumping 
capacity. 

Essential aim of this project is study the relative importance of different 
factors on regulation scheme (reservoirs in series/river basin scale), as 
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well as studying the effect of different river parameters on the regulation 
optimization, during the study period. 

The goals of this investigation were fourfold to: 

 Identify promising storage-reallocation alternatives at Ore and Lule 
River Watershed that improve flood protection and hydropower 
production, 

 Suggest the new operation rules for reservoirs prediction modelling 
for further estimation and simulation and prediction. 

 Estimate flow routing (Muskingum) coefficient in these two big rivers 
that does not have a routing coefficient. 

 Further test the Hydrologic Engineering Center’s (HEC) Reservoir 
Evaluation 

2.  METHODOLOGY  

2.1. Scope of Study 
Improving the economy of hydropower’s production is needed to 
balance the multipurpose operation of reservoir system and it cannot 
evaluate unless the combination of accurate reservoir inflow forecasting 
and optimization technology is done. Hence combination of two major 
issue like hydrological and hydraulic simulation model with numerical 
optimization algorithms are the new and effective method to reservoir 
optimization with respect to different management objectives. 

With consideration of the different purpose like long term or short term 
planning this technology can be used and decision support system for 
real time operation can be handled and can operated for forecasting and 
optimization system with rules and policy consideration. 
The technology can be used for both long-term planning purposes 
derive optimal operation rule curves and for short-term water 
management and hydro scheduling. The forecasting and optimization 
system is established within a DSS system for real-time operation 
(Bookman, 2002). 

Due to complexity of water recourse management which is now 
becoming a problem in the worlds, effective tools for management 
become more important and the could beright tools in this case is DSS 
system or decision support systems with the definition can be “an 
integrated, interactive computer system, consisting of analytical tools and 
information management capabilities, designed to aid decision makers in 
solving relatively large, unstructured problems”. 

Physically based models are the model sometimes known as 
deterministic, comprehensive or process-based models which try to 
represent the physical processes observed in the real world. Typically, 
such models contain representations of surface runoff, subsurface flow, 
evapotranspiration, and channel flow, but they can be far more 
complicated. In this project, the Hec-ResSim reservoir simulation model 
is used (Klipsch & Hurst, 2007). 

HEC-ResSim was developed to assist in planning studies for evaluating 
proposed reservoirs in a system and to assist in sizing the flood control 
and conservation storage requirements for each project recommended 
for the system. HEC-ResSim will be used to determine the influence of 
major reservoirs on stream flow in the basin and evaluate selected 
alternative reservoir release rules to mitigate downstream flooding. HEC-
ResSim has a graphical user interface (GUI) and utilizes the USACE 
Data Storage System (HEC-DSS) for storage and retrieval of input and 
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output times series data. HEC-DSS was designed as a database system 
which efficiently stores and retrieves data such as time series data, curve 
data, spatial-oriented gridded data and more (USACE, 1998). The 
existing tools created by Robayo (2004) are highly effective for 
transferring time series from a geo database into HEC-DSS format or 
transferring HEC-DSS time series into a geo database. However, these 
tools in their current format do automatically transfer all of the time 
series information that is required for simulation in HEC-ResSim. 
Modifications to the tools are necessary to make them more effective for 
use with HEC-ResSim. Further evaluation is required to determine 
required modifications. A methodology must be developed to transfer 
the appropriate simulation information into the geo database from the 
HEC-DSS file. This methodology could either modify the existing 
output HEC-DSS file so that it can be used with the existing DSS to 
GDB tool or the tool can be modified to work with the existing HEC-
DSS file information. Additional tools could also be developed to aid in 
modeling with HEC-ResSim. A Visual Basic module could be developed 
for the time series sorting and validation process so that the process is 
automated rather than performed by physical inspection. HEC-ResSim is 
a computer program applicable in hydrologic and hydraulics of reservoir 
system simulation model used for research in water resources 
management being conducted to explore the link between decisions 
support system and GIS (USACE, 2007). 

ResSim offers three separate sets of functions called modules that provide 
access to specific types of data within a watershed. These modules are 
Watershed Setup, Reservoir Network, and Simulation. Each module has 
a unique purposes and an associated set of functions accessible through 
menus, toolbars, and schematic (Klipsch & Hurst, 2007). 
HEC-ResSim allows users to import an Arc GIS Shape files as a 
background layer. The shape files act as a guide for laying out the model 
representation of the physical system. Example inputs for HEC-ResSim 
include stream flow, municipal/Industrial withdrawals and returns, 
reservoir operations and power generation. The reservoir operations can 
include reservoir capacity, area elevation-capacity curves, controlled and 
uncontrolled spillway capacity, diversions and evaporation. 

Finally, as a side note, more information required for the Ore and Lule 
River Basin are geo database to successfully model the basin. This 
additional information includes adding time series related to the water 
rights, wastewater discharges, municipal diversions and irrigation district 
diversions. This information will aid in providing a more accurate model 
of the Ore and Lule River Basin region. 

2.2. Material and Method 

2.2.1. Data Collection, Data Processing  

Availability of data is an important part to run the model and finding 
accurate result for the simulations. In this project lack of some data was 
obvious. Most of the result for operation part in model was calculated by 
previous data range like hydropower’s information’s and details, 
spillways releases by elevations variations, precipitations, river sections 
and so forth. 

For data processing the following items is considered. 

• Establishing the river networks by using OSgeo, GIS or ArcView 
software and other relevant models. 

• Estimate the inflow that comes to reservoir in absence of inflow 
information by reservoir routing method (Modified plus). 
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• Simulate the reservoir system analysis by the Hec-ResSim hydrologic 
model software. 

• Estimate the maximum hydropower production, reservoir elevation 
and capability of flood incident potential that can be utilized by 
existing water resources in the future. 

Specific activities and approaches include: 

1. Gather and analyze data required for flow-routing and reservoir 
modelling. This data includes: 

 Time-series data (computed inflow and incremental local flow 
hydrographs from HBV or HEC-HMS, observed flow hydrographs, 
observed reservoir pool elevations and releases and the associated 
computed reservoir inflows, etc.). 

 Physical and operational reservoir data including reservoir pool 
definition (elevation storage- area tables), outlet capacity curves, 
hydro power plant data (outflow and generation capacities, efficiency, 
losses, etc), operational zones, minimum and maximum release 
requirements, etc. 

 Rating curves at each stream gage location and routing reach 
parameters from existing forecasting models. 

Other resources that where needed includes are reservoir regulation 
manuals or other descriptions of the current reservoir operational 
objectives and constraints. 

2. Develop a model schematic that identifies the key locations in the 
watershed. For definition of key locations reservoirs, gage locations, 
control points, forecast points, and any other locations that are 
needed can be definition for it, and will be used as information for 
the analysis of results. Geo-referenced map files of the selective part 
of Lule and Ore River Basin including a rivers and streams map file, a 
lakes map file that identifies the reservoir locations and extents if 
available, a watershed boundary map file that may include the sub-
basin delineations, a stream gage locations map file, and a state 
boundaries map file. 

3. Evaluate the use of several alternative approaches for flow routing in 
the main channel and major tributaries of the selective part of Lule 
and Ore River Basin. HEC-ResSim contains seven methods for 
routing stream flow (Coefficient, Muskingum, Muskingum-Cunge 8-
pt Channel, Muskingum-Cunge Prismatic Channel, Modified Puls, 
SSARR, and Working R&D Routing), each method with its own set 
of routing parameters. In both river lack of data was evident and here 
for river routing analysis Muskingum method is considered (Cunge, 
1969). 

4. Define the physical and operational data for each major reservoir in 
the basin. Physical reservoir data includes: reservoir pool storage 
definition, dam elevation and length, outlets and their release 
capacities, and power plant data. Defining the operational data 
includes specifying the operation zones or levels, the rules that 
constrain the releases for each zone and a release allocation strategy 
that indicates how the releases will be allotted to the available outlets. 

5. Calibration and verification of the model will be done by simulation 
of the two most recent high-flow events using observed (flow, 
reservoir elevation & releases) datasets. 
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2.3. Study Area  
The four storage dams at Ore River Basin Vässinkoski, Noppikoski, 
Furudal, Skattenbygn and three storage dams at Lule River Basin 
Messaure, Porsi and Laxede were considered and are explained here. 

2.3.1. Ore River Basin  

Figure 1 is showed Study area catchment systems at Ore River Basin and 
schematic model development by Hec-ResSim. 

 Vässinkoski 

Vässinkoski Power Station is located in northern Dalarna on the 
border of the county, 8 Km west of Highway 45 between Orsa and 
Sveg. The dam is located on the east bank of the lower Vässinkoski 
which is an impoundment of Ore. 

The dam is earth embankment dam with corn of moraine and 
support lots of sandy gravel and stone. Desire guide curve (DG) is 
on the level +424.50 m and lower limit (SG) is on the level 
+408.00 m. Magazine area is approximately 7.5 km2 and storage 
volume between DG and SG is about 70 Mm³. Dam's total mean 
inflow at DG is about 308 m³/s. 

 Noppikoski 

Noppikoski hydropower plant is located in northern Dalarna on the 
verge of Härjedalen about 3 km east of Highway 81 between Orsa 
and Sveg. Power Station and Dam is located in Ore Downstream of 
the broadening named Noppikoski. The Earthfill dam is currently 
just less than 170 m long with a maximum height of mountains at 
10 m. The Earth fill dam has central corn of till and supports tons of 
sand, gravel and stone. The dam is entirely founded on rock. Desire 
guide curve is +321.5 m and the concrete dam crest cap located at 
the level +321.7 m. Lower limit is the level +318.50 m. Magazine 
volume between the dam and lowering the limit is 0.65 Mm³. 

 Furudal 

Furudal Ponds are located in Ore just northeast of Furudals Valley 
community. Desire guide curve (DG) is set at+217.70 m (RH00). 
Lower limit (SG) is +217.0 m during June, July and August. Other 
times are SG +216.70 m. At the maximum reservoir level the 
contained water volume is about 2 Mm3. 

 Skattengbyns  

The dam Skattungen-Öresjön common to the regulation and heavy 
taxes, the village power station is located about 2 km downstream of 
the natural effluent. The dam is owned by the Dala river water 
regulation companies, DVF. Desire guide curve 7.20 m (200.15 m) 
during the period October 1, last February. Other times are Desire 
guide curve 6.85 m (to be drop 6.00 m before March 1). Lower limit 
is 4.50 m (197.45 m). Magazine volume is 83 Mm ³. The total 
discharge capacity of DG is 280 m³/s; Peak flow (HHQ) 1985 was 
283 m³/s. The design runoff is 751 m³/s and high flow that is 
measured was 604 m³/s giving an oversized water level at +202.29 m 
Hazard Class two flows is 313 m³/s. 

The physical characteristics and hydropower information of the Ore 
Reservoirs obtained from the design report of the dam’s and 
hydropower technical data are presented as shown in table 1 and 2 
respectively (Eriksson & Ingfält, 2007a; Eriksson & Ingfält, 2007b; 
Eriksson & Ingfält, 2007c; Eriksson & Ingfält, 2007d).  
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Fig. 1. Ore River Basin reservoir network schematic. 

 

2.3.2. Lule River Basin  

Lule River is about 461 km long and has a catchment of 25240 km². Lule 
River headwaters originate in the Swedish mountains around Sulitelma 
on the border to Norway. The installed power in the Lule River is just 
over 4200 MW. Average water flow at the mouth is 498 m³/s, making 
the Lule River, the second-richest waters in Sweden (after Göta River). 
Lule River main stream flowing through the local Jokkmokk, Gällivare, 
Boden and Luleå. The largest tributary is the Little Lule River. Other 
major tributaries are Vietasätno, Bodträskån and Pärlälven. Lule River 
Catchment and reservoirs position and schematic of model development 
is indicated in figure 2. 

 Messaure 

The messaure power station is situated on the river Stora Lule River 
about 30 km 30 km east of the municipality of Jokkmokk. The 
power station has 3 units. Total power is 555 MW and with deigns of 
2×180 and 1×195 cms. The head is 87 m and annual production is 
1835 GWh. 

Earth dam is currently just less than 1900 m long and has central 
corn of moraine and is founded on rock. The dam is entirely 
founded on rock. Desire guide curve is +165 m. Lower limit is the 
level +145 m. Dam's total unregulated inflow at DG is about 
1170 m³/s. Magazine volume between the dams and lowering the 
limit is 53 Mm³. 
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Table 1 Physical characteristic of Ore case study and reservoir. 

Properties Vässinkoski Noppikoski Furudal Skattungbyn 

Type of the dam 
Embankment 

dams 
Earth dam Earth dam 

Embankment 

dams 

Catchment area 341 km
2
 179 km

2
 1047 km

2
 794 km

2
 

Mean Runoff 4.8 m
3
/s 7.1 m

3
/s 14.2 m

3
/s 29 m

3
/s 

Storing area at 

HWL 
91 Mm

3
 1.5 Mm

3
 2.7 Mm

3
 122 Mm

3
 

Storing volume at 

DG WL 
73 Mm

3
 0.8 Mm

3
 0.87 Mm

33
 83 Mm

3
 

Bed level 396 m 306.5 m 208.3 m 195 m 

Crest level 427 m 324.25 m 219.7 m 200.55 m 

 Embankment 

length 
750 m 170 m 220 m - 

Free board 2 m 1.5 m 0.5 m 1 m 

Spill way- length 2×6+1×4.65 m 2×5.96 m 2×11.85+1×10 m 2×7.7+2×6 m 

Width at crest 5 m 4 m 4 m 3 m 

Maximum design 

flood of spillway 

(DG) 

308 m
3
/s

 
140 m

3
/s 539 m

3
/s 254 m

3
/s 

Lowest water level 

(LWL) 
408 m 318.5 m 217 m 197.45 m 

 Highest water 

level (HWL) 
424.5 m 321.5 m 217.7 m 200.15 m 

Outlet -Pipe 

Diameter 
2×2 m 2×2 m Spill gate=2.1 m  Spill gate=1.4 m  

Maximum 

discharge 
60 m

3
/s 60 m

3
/s 15 m

3
/s 5 m

3
/s 

Mean discharge 30 m
3
/s 38 m

3
/s 10 m

3
/s 2 m

3
/s 

 Porsi 
The power plant in Porsi is one of the most modern in the country. 
The power plant is located at Vuollerim the Lule River, two miles 
below the point where Lilla Lule River joins the Stora Lule River. 
The plant can develop a power of 276 MW, equivalent to the 
warming of about 15000 houses. The drop height is 33 m and 
maximum water flow through the turbines is 950 m3/s. The power 
plant is above ground, has three units and was commissioned at the 
beginning of the 1960s. The construction was delayed because of a 
case in water court concerning the plant's environmental impact. 

The dams are of the earth embankment dams with corn of moraine 
and support lots of sandy gravel and stone. Desire guide curve (DG) 
is on the level +78 m and lower limit (SG) is on the level +65 m. 
Storage volume between DG and SG is about 27 Mm³. The mean 
annual flow is about 478 m³/s. 
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Table 2 Technical hydropower data of study reservoir at Ore River 
Basin. 

Plant name 
Vässinkoski Noppikoski Furudal Skattungbyn 

Ownership 
Company: 

Fortum Fortum Fortum DVF 

Year of 

commissioning: 
1967 1967 

1944 

resp.1977 
1929/38 

Unit: G1 G1 
G1, G2 and 

G3 
G1, G2 

Turbine type: Francis Francis 

G1 chaplain, 

G2-G3 
propeller 

Kaplan 

Station Power: 10 MW 10 MW 3.7 MW 1.4 MW 

Expansion 
Discharge: 

20 m³/s 20 m³/s 25 m³/s 27 m³/s 

Discharge 
Medium: 

5.0 m³/s 7.4 m³/s 16.8 m³/s 22.3 m³/s 

Gradient: 75 m 67.5 m 18.5 m 7.5 m 

Yearly production 25 GWh 33 GWh 16.09 GWh 7.8 GWh 

.  

Fig. 2. Lule River Basin reservoir network schematic. 
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Table 3 Technical data of study reservoir at Lule River Basin. 

Specifications Messaure Porsi Laxede 

Built year: 1963 1962 1959-62 

Number of units: 3 3 3 

Effect: 446,1 MW 274 MW 200 MW 

Turbin type: Francis 

2 Kaplan, a 

Propeller 
Turbine  

Kaplan 

Type of plant: 
Underground 

Construction 

Above Ground 

Station 

 Above Ground 

Station 

Drop: 87 m 33 m 25,4 m 

Regulatory Amplitude +165 m +78 m +45 m 

Expansion Discharge: 480 m³/s 950 m³/s 510 m³/s 

Discharge Medium: 278 m³/s 460 m³/s 470 m³/s 

Magazine capacity: 53 Mm
3
 27 Mm

3
 15 Mm

3
 

Normal annual: 1851.441 GWh/year 
1147.886 
GWh/year 

855 GWh/year 

Owner: 
Vattenfal Luleälven 

AB 
Vattenfal 

Luleälven AB 
Vattenfal Luleälven 

AB 

Table 4 Physical characteristics of Ore River case study and 
reservoir. 

Properties Messaure Porsi Laxede 

Type of the dam Earth fill dam 
Embankment 

dams 
Earth fill dam 

Catchment area 11300 km
2
 117429 km

2
 21950 km

2
 

Mean Runoff 289 m
3
/s 478 m

3
/s 470 m

3
/s 

Storing area at HWL 22612395.22 m
2
 10944241.9 m

2
 10100223.12 m

2
 

Storing volume at DG WL 53 Mm
3
 27 Mm

3
 15 Mm

3
 

Crest level 171 m 80 m 47 m 

Embankment length 1900 m 200 m 490 m 

Free board 6 m 1.5 m 4.5 m 

Spill way- length 3×15 m 3×15 m 3×15 m 

Width at crest 8 m 6 m 4.5 m 

Maximum design flood of 

spillway (DG) 
2000 m

3
/s

 
3000 m

3
/s 2800 m

3
/s 

Lowest water level 
(LWL)SG 

162.6 m 75.5 m 43.5 m 

Highest water level 
(HWL)DG 

165 m 78 m 45 m 

Outlet -Pipe Diameter 140 m
2
 2×2 m - 

Maximum discharge 800 m
3
/s 65 m

3
/s - 
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 Laxede 

Laxede power plant is a conventional hydroelectric power, which is built 
above ground. It is in the Stora Lule River, 28 km downstream of where 
Lilla Lule River empties into the Stora Lule River. Construction began 
1958th. The initial power was 116 MW produced by the two units. 
Twenty years after the inauguration was Laxede plants out with a third 
power supply. Today with the three turbines a total output is 200 MW. 
The power plant supplies 177000 households with electricity. 

The construction type is an earth fill or embankment dam with a core of  
Moraine and support fill of sandy gravel and stone. Desire guide curve 
(DG) is on the level +45 m and lower limit (SG) is on the level 
+34.65 m storage volume between DG and SG is about 15 Mm³. The 
mean annual flow is about 510 m³/s. The physical characteristics of the 
Lule River Reservoirs obtained from the design report of the dam’s and 
hydropower technical data are presented as shown in table 3 and 4. 

2.4. HEC-ResSim Model Description 
Large man-made reservoirs are constructed and operated for multiple 
purposes. Reservoir operators must simultaneously meet requirements 
for many needs, including flood control, power generation, and 
recreational use of the reservoir pool, environmental quality downstream 
of the reservoir, and the safety and structural integrity of the dam itself. 
Each of these needs imposes constraints on the storage and release of 
water from the reservoir, and the needs and constraints often conflict 
with one another. Setting a schedule of reservoir releases that fulfils the 
purpose of a reservoir, meets operating constraints, and is physically 
possible is not a simple task, and engineers have created reservoir 
simulation models to help develop those release schedules. 
HEC-ResSim is one such reservoir simulation model that it has been 
developed by the Hydrologic Engineering Center of the US Army Corps 
of Engineers to aid engineers and planners in predicting the behaviour of 
reservoir systems in water management studies and to help reservoir 
operators plan releases in real time during day-to-day and emergency 
operations. During last four decades study on water recourse system 
have been developed and it consent of variety of analysis techniques 
including simulation and optimization algorithms. 
Simulations track the movement of water through a system while 
optimization programs search for an optimal operating policy to achieve 
a specific objective (Loucks et al, 1981; Simonovic, 1992; Wurbs, 1993; 
Labadie, 2004; Gourbesville, 2008). 
For providing useful frame work in terms of testing specific possibilities 
for tandem or parallel reservoir operation simulation modelling was used. 
Here selected simulations software and joint operations for reservoirs in 
series or parallel in all levels will be discussed. Hec-ResSim consist of 
three main parts that each of them must consider sequentially obtaining 
relevant results. The program represents the physical behavior of 
reservoir systems with a combination of hydraulic computations for 
flows through control structures and hydrologic routing to represent the 
lag and attenuation of flows through segments of streams. It represents 
operating goals and constraints with an original system of rule-based 
logic that has been specifically developed to represent the decision-
making process of reservoir operation. 

2.4.1. Watershed Setup  

The purpose of the Watershed Setup module is to provide a common 
framework for watershed creation and definition among different 
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modeling applications. This module is currently common to other HEC 
productions like HEC-ResSim, HEC-FIA, HEC-HMS and HEC-RAS. 
Ore and Lule Watershed is associated with a geographic region for which 
multiple models and area coverage’s can be configured. The watershed 
may include all of the streams, projects (e.g., reservoirs), computation 
points, impact areas, time-series locations and hydrologic and hydraulic 
data points for a specific area. All of these details together, once 
configured, form a watershed framework of the system (Wakena, 2006). 

2.4.2. Reservoir Network  

Next development step after watershed set up is the Reservoir Network. 
The purpose of the Reservoir Network Module is to isolate the 
development of the reservoir model from the output analysis. In the 
Reservoir Network module, one will build the river system schematic, 
describe the physical and operational elements of the reservoir model, 
and develop the alternatives that to be analyzed. Using configurations 
that are created in the Watershed Setup Module as a template, the basis 
of a Reservoir Network has been created. Then the routing reaches have 
been added and other network elements have been added to complete 
the connectivity of the network scheme as well. Once the schematic is 
complete, physical and operational data for each network element are 
incorporated. Also, alternatives were created that specify the Reservoir 
Network, operation set(s), initial conditions and assignment of DSS 
pathnames (time-series mapping) (Wakena, 2006). 

The network components that is represented by Hec-ResSim can be of 
four types: junctions, routing reaches, diversions, and reservoirs. Each 
element is defined with enough information to be physically realistic 
without requiring excessive detail that would bog down computation 
time. 

By network system developing HEC users are able to combine the 
reaches, junctions, and reservoirs and prepare interconnected system like 
Ore and Lule River Basin network (Fig. 1 and 2). 

 Junctions 

The junction elements serve four functions: 1) they link model elements 
together, 2) they are the means by which flow (headwater or incremental) 
enters the network, 3) they combine flow, the outflow of a junction is 
the sum of the inflows to the junction, and 4) when provided with an 
optional rating curve, they calculate stage using the computed junction 
outflow. At Ore River Basin 8 junction and for Lule River Basin 6 
junctions were considered. Each reservoir has 2 junctions. One is for 
inflow and the other is for outflow or release water. 

 Streams 

The reaches route water from one junction to another in the network. 
Routing is performed in HEC-ResSim using one of a handful of 
hydrologic routing methods. Routing reaches represent the natural 
streams in the system and the lag and attenuation of flow in a reach is 
computed by one of a variety of available standard hydrologic routing 
methods, such as Muskingum, Modified Puls, Coefficient, or 
Muskingum-Cunge. Losses through seepage can be specified for each 
routing reach. Here for both river basins Muskingum method was 
calculated and considered. 

 Reservoirs 

A reservoir is the most complex element of the reservoir network and is 
composed of a pool and a dam. HEC-ResSim assumes that the pool is 
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level (i.e., it has no routing behavior) and its hydraulic behavior is partly 
defined by an elevation-storage-area table. The real complexity of HEC-
ResSim’s reservoir network begins with the dam (Wakena, 2006). 

The pool is described by the reservoir's elevation-storage-area 
relationship and can optionally include evaporation and seepage losses. 
The dam represents both an uncontrolled outlet and an outlet group – 
the top of dam elevation and length specifies the minimum parameters 
for an uncontrolled spillway and the dam may contain one or more 
controlled or uncontrolled outlets. The advanced outlet types are power 
plant and pump, both of which are controlled outlets with additional 
features to represent their special purposes. The power plant adds the 
ability to compute energy production to the standard controlled outlet. 
Reservoir elements also hold the operational data for a reservoir. The 
operational data represents the goals and constraints that guide the 
release decision process. The operation data is grouped as a unit called 
an operation set. A reservoir can hold multiple operation sets, but only 
one operation set per reservoir may be used in an alternative. The 
operation set is made up of a set of operating zones, each of which 
contains a prioritized set of rules. Rules describe a minimum or 
maximum constraint on the reservoir releases. 

After Watershed Setup and addition of reservoirs, streams, junctions and 
computational point’s Reservoir Network development must be 
operated. Reservoir Network consist of two main parts a physical part 
and an operational part. Beside aforementioned points about reservoirs, 
hydro reservoirs have a good impact for reduce of GHG emission. 

Reservoirs emit CO2 and CH4. These emissions result from flooded soil 
and vegetation and other one is carbon being transported by rivers 
flowing into reservoirs. Reservoirs are also sinks of carbon through 
sedimentation of organic matter. The impacts of reservoirs on GHG 
emissions are determined by calculating their net emissions. So in this 
case accurate operation of reservoir is vital for power production and it 
has great influence to reduce GHG emissions that are big issue of global 
warming and global warming is the worlds most important and pressing 
environmental issue of the twenty first century. 

2.4.3. Simulation Procedure and Results  
The purpose of the Simulation module is to separate output analysis 
from the model development process. Once the reservoir model is 
complete and the alternatives have been defined, the Simulation module 
is used to configure the simulation. The computations are performed and 
results are viewed within the Simulation module. 

During the creation of the simulation model it was a must to specify a 
simulation time window, a computation interval and the alternatives to 
be analyzed. The time windows given for present case was starting, lock 
back, and end time of the simulation. Then, ResSim creates a directory 
structure within the Rss folder of the watershed that represents the 
“simulation”. Within this “simulation” tree will be a copy of the 
watershed, including only those files needed by the selected alternatives. 
Also created in the simulation is a DSS file called simulation. Dss, which 
will ultimately contain all the DSS records that represent the input and 
output for the selected alternatives. Additionally, elements can be edited 
and saved for subsequent simulations (Wakena, 2006). 

2.5. Theoretical development of reservoir network  
The main concepts of theoretical development comprise two asunder 
but interrelate precinct. Physical part that is inclusive different part in 
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dam and reservoir like spillways hydropowers, tail waters, dam structure 
information and definition of each of them correctly is really important 
in terms of acceptable result. Another theoretical development is an 
operation rule that is artery and main body of the model. Definition of 
this part is really complex and need a lot of information and calculation 
is done by hydraulics and hydrological equation and formula. With 
conditional portrayal like if, then, or, and rules can be developed 
modeller is papered the condition for better simulation. 

2.5.1. Physical part 

Definition of physical parts is most important part in HEC model. Even 
small changes affect significantly the system behavior and the impacts 
deteriorate or meliorate the result in the simulation part. Input that 
should be considered for the physical part consists of reservoir details 
and dam stretchers that here for this project consist of spillways and 
power plants, for reservoirs, storage and area is needed, for dam crest 
and length in terms of structures and spillways and power plants for 
regulating part must be considered. 

The mathematical models are the models of water flow on large and 
complex areas, considered here include: water entry into the system, flow 
in open courses, flow through outlet structures on dams and flow and 
electricity generation in hydropower plants. 

Different flows that get along with reservoirs are: 

 Flow in open courses, 

 Transformations in the storage, 

 Spilling over the spillway structures on dams, 

 Flow through foundation outlets on dams, 

 Leakage on dam sites and 

 Flow and electricity generation in hydropower plants. 

 Spillways 

Spillways are structures constructed to provide safe release of floods pass 
a dam to a downstream river stretches. Every reservoir has a certain 
capacity to store water. If the reservoir is full and high flows enter the 
same, the reservoir level increases and may eventually result in over-
topping of the dam. To avoid this situation, the flood has to be passed to 
the downstream side and this is done either through the spillway or 
turbine intakes. A spillway can be a part of a concrete or connected to an 
embankment dam. Due to the dam elevation and spillway location and 
number of sluice that spillway has calculation of opening sluice and gates 
is done and for each reservoir spillways release in appendix A was 
calculated. 

For calculation of release water with sluice specific patency according to 
equation (1) discharge is calculated. These calculations are really 
important in physical and operational rule consideration. For a given 
inflow flood hydro graph, the maximum raises of the reservoir level 
depends on the discharge characteristics of the spillway crest and its size 
and can be obtained by flood routing. Operation rules counteracting 
floods make use of the spillways capacity to define water release quantity 
with different elevations. 

Discharge from spillways is calculated with equation (1): 

                (Eq. 1) 

Q=Discharge m³/s 
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C=Discharge coefficient 0.6 at the sharp edge and 0.75 for streamlined) 

B=Spillway width 

A=Spillway gate above the threshold 

g=acceleration 

Do=Water depth over spillway 

Calculation of release water from spillways is showed in figure 3 to 6 at 
Ore River Basin and figure 7 to 9 at Lule River Basin. 

 Hydropower 

Hydropower is one of desirable energy resources to reduce CO2 emission 
and to realize low-carbon society. However, the development of 
hydropower projects occasionally causes serious environmental negative 
impacts. In order to develop hydropower projects sustainably without 
serious environmental negative impacts, it is important to find out sites 
with high effective head and good geological conditions as well as 
desirable environmental friendly conditions. It is required to develop and 
apply new technologies in order to conquer technical problems due to 
high water pressure. It is also essential to make various efforts to avoid 
serious environmental negative impacts. Hydro powers are important 
technology to produce energy. It consists of conduits, turbines, generator 
and transmission. In Sweden approximately 50% of energy production 
comes from hydro powers. The basic operation of hydropower routine is 
to find the necessary release to fulfill a specific energy requirement. For 
hydropower operation the program computes the energy requirement for 
each time period of operation. The daily or monthly energy requirement 
and distribution or period- by-period energy requirement are used for this 
purposed. Potential power can be estimated by identifying the height the 
water drops (known as the head, usually created by a weir) in metres (m) 
and multiplying it by the flow (usually in cubic metres per second, m3/s) 
and then times 6 (representing system efficiency at 60%). 

 

Fig. 3. Vässinkoski Spillways release water capacity at Ore River Basin reservoir. 
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Fig. 4. Noppikoski Spillways release water capacity at Ore River Basin reservoir. 

 

Fig. 5. Furudal Spillways release water capacity at Ore River Basin. 

 
Fig. 6. Skattunbygn Spillways release water capacity at Ore River Basin. 



Application of reservoir simulation and flow routing models to the operation of multi-reservoir system 

 

 18 

 

Fig. 7. Messaure spillways release water capacity at Lule River 
Basin reservoir. 

 
Fig. 8. Porsi spillways release water capacity at Lule River Basin 
reservoir. 

 
Fig. 9. Laxede spillways release water capacity at Lule River Basin 
reservoir. 
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Some advantages of hydropower’s are: 

 Renewable source of electricity. 

 Helps fight climate change. Emits 60 times less GHG than coal fired 
plants and 18-30 times less than natural gas fired plants. 

 Supports intermittent renewable such as wind and solar. 

 Clean, doesn’t pollute the air. 

 Hydro reservoirs are beneficial to water supply, irrigation, flood 
control and recreational uses. 

 Provides electricity price stability since it’s not subject to fuel price 
volatility and is inflation-proof. 

 Provides operating flexibility with quick starts and stops. 

 Helps following the load via automatic generation control. 

 Established and reliable technology. 

 Great return on initial investment. 

 Contributes to the on-going security of the electricity generating 
systems. 

 Vital in restoring the electricity systems in case of blackouts. 

 Highly efficient. Converts 90% of available energy into electricity. 

 Enhances the local economy and quality of life. 

 Long life cycle, from 50 to over 100 years. 

 Very low maintenance costs. 

 Significant public support. 

Because hydropower productions are the main focus of this project here 
is brief description of logics that is used to determined power release. 

1. Estimate the average storage in pool. It is really important to know 
and estimate the average storage by Hydrological model with 
calculation of inflow to reservoirs or by understand the 
evatraspiration or seepage from reservoir. 

2. Estimate the tail water elevation by downstream elevation. It has real 
impact for power calculation. 

3. Compute gross head by subtracting tail water from reservoir elevation 
corresponding to calculation of average storage. 

4. Compute reservoir release to estimate energy requirement with 
equation (2). 

                       (Eq. 2) 

Where: 

E is require energy (MWh) 

e is plant efficiency 

H is Gross head (m) 

T is time (hr) 

Q is reservoir release (cms) 

5. If evaporation data is available calculate the evaporation to estimate 
how much loss of storage has. 

6. Solve ending storage (S2) by continuity equation (3). 

                                (Eq. 3) 

S1 is end of period storage 
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Evap is evaporation during time interval 
Outflow is power release and leakage 
CQS is discharge to storage conversation 

7. On the fist cycle with using the new S2 return to equation (2). With 
power release computation each time with the previous values with 
trail and error up to five cycle balances will be obtained. 

8. With checking overload factor (capability of power generation over 
installed capacity) and installed turbine capacity (MW) maximum 
energy production is calculated. 

9. Check the maximum power production with considered discharge to 
produce the energy and analogy of it with maximum penstock 
discharge capacity. 

Aforementioned calculation contains one part of general information 
and one with physical description. In the physical part the HEC-ResSim 
model maximum outlet capacity with different water elevation, efficiency 
of turbine, station use and hydraulic loss are vital and must be 
considered. For better result in simulation part accurate calculation and 
estimate the parameters in this part is important. In operation part with 
hydropower zone consideration many rules was considered for better 
optimization of model to enhance of power production. Monthly 
production by consideration of turbine release and calculate the energy 
requirement between 2003 till 2012 with times series data, was analyzed 
and considered to model. Example of rules that considered in operation 
part is indicated in. table 5. All the inputs was calculated and considered 
in model in appendis A. 

 Tail water  
Tail water arises both due to hydropower outlets and spillways but in a 
different elevation and location according to dam topography. It can be 
natural channels or concert channels. Design of the tail water is 
important because of the risk for cavitations that can damage the system 
when sub critical water condition arises. 
The next important part in network system is operation part. Reservoir 
operating policies are frequently defined by rule curves that specify either 
reservoir (target) storage volumes or desired (target) releases based on 
the time of year and the existing storage volume in the reservoir. 
Reservoirs can have multiple rule curves either in dry or wet season. 

2.5.2. Network Operating Rules  

One of the important parts in reservoir simulation models are operation 
rules. Operating rules describe the logic used to make decisions on 
storing or releasing water. Dam planning and operation requires 
decisions to be made about the magnitude and timing of releases. 
Determining optimum reservoir storage capacities and operating regimes 
has been a major focus of water agencies, responsible for the planning, 
design and operation of dams for many years (Yeh, 1985). 

Main concern in the operation procedure partly depends on the project 
aims. That is, the rules that describe the amount of water stored in the 
reservoir. Here due to this fact, hydropower production and flood 
controlling are the main aspect for the operations rules that were 
developed according to this decision. 

HEC-ResSim uses an original rule-based approach to mimic the 
operational decision-making process that reservoir operators follow in 
setting release schedules. Just as operators must, the HEC-ResSim 
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release decision-making process for a reservoir takes into account time 
of year, hydrologic conditions, water temperature, and simultaneous 
operations by other reservoirs in a system (Klipsch & Hurst, 2007).  

Here different regulation and description was considered for different 
controlling conditions. Top of the dam, flood controlling zone, 
hydropower zone, conservation and inactive part was considered. Each 
of zones comprise different rule and in appendix B it is indicated. 

With consideration of turbine release, spillways release and water level 
changes, time series of data in Hec-Dss between 2003 until 2012 was 
considered and inflow to each reservoir calculated by reservoir routing 
method. Briefly operated rules descriptions are: Surcharge calculation in 
terms of release time and spillways operation. Downstream capacity and 
control zone with reservoir capacity and river section and downstream 
situation. Elevation rate and variations of water level by inflow discharge. 
Hydropower daily and monthly requirement (MWh). Hydropower 
system schedule and downstream controlling, yearly production, capacity 
impact factor for each reservoir in hydropower zones. In table 5 and 6, 
Vässinkoski and Messaure reservoirs respectively with operated rules are 
selected and considered and because of confidentially of data rest of 
reservoir is not consider to publish. 

The reason for rule definition is to keep the water on desired guide curve 
(DG). Below of DG hydropower zones and conservation rules was used 
and when elevation and water level raised up over DG, flood controlling 
zone is operated and rules in this part are applied. (Appendix B) 

2.5.3. Guide Curve Operation  

A reservoir in HEC-ResSim must have a target elevation. A reservoir’s 
target elevation, represented as a function of time, is called its Guide 
Curve. It is the dividing line between the upper zones of the reservoir 
(typically called the flood-control pool) and the lower zones (typically 
called the conservation pool). Guide Curve specifies the reservoir level 
between the flood and hydropower pools (Fig. 10). Guide curve 
operation oversees releases to maintain that storage level. The general 
release operation is to (i) release water as quickly as possible when high 
inflows encroach into the flood pool and raise storage above the guide 
curve, or (ii) curtail releases to the minimum required amounts necessary 
to satisfy buffer, conservation, or hydropower requirements when 
inflows are low and storage level is drawn-down below the guide curve. 
As inflows decrease (after flood pool encroachment) or inflows rise 
(after draw-down into the hydropower or conservation pools), guide 
curve operations tends to guide storage level back towards the “Guide 
Curve.”  

The release decision logic in HEC-ResSim starts and ends with the guide 
curve. When the reservoir’s pool elevation is above the guide curve (“in 
flood control”), the reservoir wants to release more water than is 
entering the pool; when below guide curve (“in conservation”) and the 
reservoir wants to release less water than is entering the pool. All 
operating rules and physical limitations act as constraints upon the 
reservoir’s ability to meet the goal of returning the pool to its guide curve 
elevation. Without rules, the reservoir will be constrained only by 
physical capacity of the outlets to get to and stay at the guide curve 
elevation (Hec 5, 1973). 
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2.5.4. Prioritize of Rules 

The main task of rules in operation part is determine allowable Range of 
Releases that it can be defines by Physical Capacity for initial range or 
rules narrow the range. 

At the start of the release decision process, HEC-ResSim sets the 
allowable release range to the physical limits of the dam or outlet. The 
maximum of the range is the total maximum capacity of the outlets for 
the current pool elevation, the minimum of the range is the minimum 
release capacity of the outlets, usually zero. 

Each reservoir operating goal is described by a flexibly-defined rule that, 
when evaluated, specifies a minimum or maximum limit on the release 
from the reservoir or outlet. The rules are placed in a prioritized list in 
one or more reservoir zones. As each rule is evaluated, its calculated 
minimum and/or maximum flow is applied to an evolving “allowable 
range of release”. At the start of the release decision process, HEC-
ResSim sets the allowable release range to the physical limits of the dam 
or outlet: the maximum of the range is the total maximum capacity of 
the outlets for the current pool elevation, the minimum of the range is 
the minimum release capacity of the outlets, usually zero. (Klipsch & 
Hurst, 2007)  

With prioritizing hierarchy of each rules release water in different 
condition will be evaluated. The other task for rules definition is 
determining the desired guide curve release. How much reservoir should 
store or release to get back to guide curve in specific determined time 
step. Once all rules have been evaluated and applied to the range, the 
allowable range is considered complete and the “desired guide curve 
release” is computed. The desired guide curve release is the release the 
reservoir would make if it was not constrained by any “limits”. The final 
release is the closest value to the desired guide curve release that falls 
inside the allowable range (Fenton, 1992). 

2.5.5.  Complex Operation Plans 
Although only a small variety of rule types are available in HEC-ResSim, 
when combined with one another and the conditional (IF-Then-Else) 
rule usage logic, here for understanding better some examples described 
and they prioritize in complex operation schemes. 

1. Example 1: Flood Operation for Multiple Downstream Locations 

Evaluating operations of a reservoir for a downstream goal or limit is 
the primary objective for most HEC-ResSim models. When a 
downstream control rule is evaluated during a time step, HEC-
ResSim sums all contributing flows to the downstream control point, 
compares that sum to the limit at the control point, and routes the 
difference back to the controlling reservoir. That difference is often 
referred to as the “available space” at the control point. The back-
routed space represents the limit on the release that the controlling 
reservoir can make. Figure 11 indicates multiple downstream rule 
examples in Noppikoski Reservoir. 
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2. Example 2: Multiple Reservoirs Operating For a Common Objective 

It is not unusual for more than one reservoir in a basin to be 
assigned the objective of controlling flow at a downstream location. 
In HEC-ResSim, multi-reservoir system constraints are orchestrated 
using a storage balancing approach. The system storage balance 
specifies the weighting or allocation of the total release from all the 
reservoirs to each reservoir in the system. By default, HEC-ResSim 
will try to maintain an even percent-of-storage balance between the 
reservoirs that are operating as a system. This default balance is 
referred to as the implicit storage balance. If the implicit balance is 
not appropriate, the user can enter an explicit description of the 
storage balance between the reservoirs. Several factors including 
relative size of the reservoirs and the proximity to the control point 
make it in inappropriate for the reservoirs in this system to balance 
evenly to meet the constraints. Different alternatives that considered 
for 2009 simulation model are to investigate another scenario and 
plot it at same time with computing (Fig. 12). 

3. Example 3: Conditional Constraints 

The standard zone and rules do not allow for the state of one 
reservoir to influence the operation at another reservoir. With the 
use of the If-Block illustrated in figure 13, this conditional operation 
is easily defined. 

2.6. System Simulation Software 
Simulation models use inflows (hydrology), operations (decision rules) 
and mass balance basin accounting (connectivity) to represent the 
hydrologic behaviour of a reservoir system. 

To perform simulation analysis, the modeller first computes 
performance using selected indicators for a base case representing the 
system’s existing hydrologic behaviour. Next, the modeller develops a 
series of alternative system behaviours (by changing reservoir storage 
allocations, operating rules, demand levels, and/or hydrology, etc.) and 
computes performance for these hypothesized alternatives. 

Fig. 10. Guide Curve Operation. Vässinkoski Proposed Storage. 
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Table 5 Vässinkoski Operation summary. FC Ops. 

Name Description Reference 

Vässinkoski FC Ops Release Allocation – sequential:  

TurbineSpillway 

Vässinkoski Emergency  

Action Plan, Aug2009 Revision 

TOP OF DAM 427 m VÄK_Condition report_090519 

Max Release before over 
topping 

Maximum Spillway Release of 370 cms. 
WL(426) Spillway + Powerhouse = 410 cms 

300 cms = Vässinkoski  Channel 
capacity 

FLOOD ZONE 426 m VÄK_Condition report_090519 

Run hydropower 
If power head >73 m Or 
Pool elevation >425 m 

Vässinkoski-Power Plant Power Generated 

according to power  and discharge 

Calculation is done in Excel 

Induces surcharge Release water from Spillway by  define 
release discharge 

Calculation is done in Excel 

ManageSpillway_Major FC  This if-block is used to limit the spillway 
release as long as possible 

Calculation is done in Excel 

Max Spill : If  pool>426 m 

Max 340_Spillway 
Maximum Spillway Release of 370 cms 

Spillway + Powerhouse = 390 m 

Calculation is done in Excel 

Medium Spill: If pool > 425 m 

Max 320_Spillway 
Maximum Spillway Release of 320 cms 

Spillway + Powerhouse = 340 cms 

Calculation is done in Excel 

Must Spill: If pool > 424.5 m  

Max 300_Spillway 
Maximum Spillway Release of 300 cms 

Spillway + Powerhouse = 320 cms 

Calculation is done in Excel 

Noppikoski Downstream 
control 

If Noppikoski Pool>321.5 m Or 
Noppikoski spills<Noppikosk i 

inflow 

Care about Nopp dam 

Release water by defined date 

Derived from Observed events. 

 

Lower flood pool 

If Vässinkoski Pool<424.5 m 

Keep Spillway Closed 

Since the bottom of the flood pool varies seasonally, this if-block is used to keep 
the spillway closed if the pool is below 424.5 m 

Downstream control in terms 
of flood 

Release water for down stream protection 
300 cms  

Calculation is done in Excel 

Elevation rate Changing allocation by inflow discharge to 
reservoir 

Calculation is done in Excel 

Run Hydropower 

Full run 

Run fully hydropower 

To release  water from turbine for energy production 

HYDROPOWER ZONE This zone is for power production regulate the flow by turbine 

Run hydropower in 
normal condition 

If power head>73 m Or 

Pool elevation >424.5 m 

Between DG and SG and it is normal condition 

Run hydropower normally in this situation 

Define release by power generation and among of release that legal to release 

Hydropower system schedule  Maximum power Release every month by calculation of consumption in each  
month and use plant factor for relase 

Downstream control 
(Noppikoski protection and 

river regulation) 

Calculate inflow to Noppikoski and consider 
this condition for releasing water at 

Vässinkoski Dam in each month per cms 

Calculation is done in Excel 

CONSERVATION ZONE Varies between DG and SG(424.5-409) VÄK_Condition report_090519 

Keep Spillway Closed Seasonally varies: 420-424.5 m 

Maximum Spillway Release of 0 cms 

Spillways are close and power is 
run 

Stop hydropower 

 If pool elevation is below 

409 m 

Turbine  release is zero 

Elevation rate between 

DG and SG 

If inflow<outflow – And -Pool 
elevation<425 m 

Release from power plants increasingly and 

change by elevation rate 

Calculation was done in excel 

INACTIVE 409 m Dead storage 
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Table 6 Messaure operation summary. FC Ops. 

Name Description Reference 

Messaure 
FC Ops 
Release Allocation – sequential: 
Turbine, Spillway 

Messaure Emergency 
Action Plan, Sep 2008 
Revision 

TOP OF DAM 171 m Staten’s Vattenfallsverk  

Max Release before over topping 
Maximum Spillway Release of 4000 cms. 
WL (174 m) 

Spillway + Powerhouse = 4400 cms 

16000 cms = Messaure 
channel capacity 

FLOOD ZONE 166 m - 

Induces surcharge 
Release water from Spillway by define 
release  discharge 

Calculation is done in Excel 

Lower flood pool 
If Messaure pool<165 m 
Keep Spillway Closed 

Since the bottom of the flood pool  varies 

seasonally, this if-block is used to keep the 
spillway closed if the pool is below 165 m 

Lower flood pool 

If Messaure  
pool<165 m Keep 
Spillway Closed 

ManageSpillway_MajorFC 
This if-block is used to limit  the spillway 

release as long as possible 
Calculation is done in Excel 

Max Spill : 
If pool>168 m 

Max 3200_Spillway 

Maximum Spillway Release of 3200 cms 

Spillway + Powerhouse = 3600 cms 
Calculation is done in Excel 

Medium Spill: 
If pool > 166 m 

Max 2507_Spillway 

Maximum Spillway Release of 2507 cms 
Spillway + Powerhouse = 2907 cms 

Calculation is done in Excel 

Must Spill: 
If pool > 165 m 

Max 2140_Spillway 

Maximum Spillway Release of 2140 cms 
Spillway + Powerhouse = 320 csm 

Calculation is done in Excel 

Porsi Downstream control 
If Porsi pool>78 m Or 
Porsi control outlet <Porsi Inflow 

Care about Porsi dam 
Release water by defined date 

Calculated from observed 

events.Calculation was 
done according to inflow 
that is coming to Porsi 

reservoir   according to 
time series calculations. 

Run hydropower in flood 

condition 
If power head >87 m Or 
Pool elevation >165 m 

Messaure-Power Plant Power generated according to power and 
discharge release 

Downstream control in terms of 
flood 

Proposed downstream release was calculated 
by data analysis 

Calculation is done 
in Excel 

Elevation rate Changing allocation by inflow discharge to reservoir 
Calculation is done 
in Excel 

Tandem dam 
According to tandem sitiuiation in Lule River between  3 study reservoir it 

is important that consider the series mode of these dams for release  
controling 

HYDROPOWER ZONE This zone is for power production regulate the flow by  turbine 

Hydropower generation 
 

According to power capability  and turbine capacity, 
power generation was considered. 

Power versus discharge 

Calculation is done  
in Excel 

Hydropower system schedule 
Maximum power Release every month by calculation  of consumption in 
each month and use plant factor  for relase 

Downstream control (Porsi 
protection and river regulation) 

Calculate inflow to Porsi and consider this 
condition for releasing water at Messaure 
dam in each month per cms 

Calculation is done  in 
Excel 

CONSERVATION ZONE Varies between DG and SG (424.5-409 m) 
VÄK_Condition 
report_090519 

Keep Spillway Closed 
Seasonally varies: 162-165 m 

Maximum Spillway Release of 0  cms 

Spillways are close  and 
power  is run 

Stop hydropower 

If pool elevation is below 145 m  
Turbine  release is zero 

INACTIVE 409 m Dead storage 
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Fig. 11. Specifying multiple downstream controls. 

 

Fig. 12. Using different alternatives to create acceptable result. 
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Fig. 13. Using if block to add conditional constraint. 

Lastly, the modeller compares base case performance to performance 
under tested alternatives. The bulk of simulation work consists of 
formulating alternatives to test and explicitly modelling them. 

Simulation is developing by reservoir operation and rule curve and 
briefly simulation description is: 

 Essentially, the modelling process aims to find geometry of 
Simulation can be defined as reproducing the essence of the system 
without reproducing the system itself. 

 Simulation model evaluates how a system would react if operated in a 
particular manner under a given set of predetermined conditions, 
permitting evaluation of the system under a range of parameters and 
variables. 

 A simulation may be deterministic or stochastic or partially stochastic. 
If no random components are involved, the model is deterministic. 

 The components of a Simulation model are –Inputs, Physical 
Relationships, Non-physical Relationships, Operating Rules and Outputs. 

 Simulation modeling is extensively used in the analysis of complex 
water resources systems, both for solving direct and inverse 
problems, especially where simple optimizing techniques cannot be 
used. 

In the contemporary reservoir operations, there is a challenge in closing 
the gap between theoretical reservoir operation and the real-world 
implementation (Mohamad et al, 2008). This challenge can be solve by 
calibration of model. It is important to utilize the existing reservoirs 
efficiently by re-evaluating and improving the reservoir management. 

Simulation part is unique and important part in each model and figure 14 
is indicated flow chart of simulation steps and according to simulation 
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result judge about model can be done. Details regarding to ResSim 
watershed, including physical reservoir data, reservoir storage zones, 
reservoir operating rules, starting conditions and reach routing 
parameters. In Hec-ResSim model with definition of different alternative 
simulation can be run. Different alternative can be defined by time series 
data either for look back or observation data. Simulations are copy of 
each alternative and alternative comprise physical descriptions and 
operation rules and times series are defined by DSS (decision support 
system). After simulation and run the model vast variety result can be 
accessible by clicking on each considerable point like streams, junctions, 
reservoirs and so forth. (Appendix C). 

2.7. Project Alternative Parameters 
In HEC-ResSim, an Alternative is a construct that represents the 
combination of a reservoir network, the selection of an active operation 
set for each reservoir in the network and the specification of the starting 
(or look back) conditions and inflow time-series data for the network. 

Simulation is time windows over which to compute and analyze one or 
more alternatives. Project alternative include reservoir zone elevations, 
flood operation rules, and initial starting storage. Operations sets were 
then linked to time-series of flows and look back starting conditions. 
With 12 years’ time series data 8 alternatives was considered for Ore 
River Basin and 6 alternatives was considered for Lule River Basin. Ore 
Project Alternative and spanned the set of 2 frequency-based flood 
events. Lule River Basin spanned with previous time series data that 
were available. 

2.8. Model Calibration and Optimization 
Calibration is a comparison between measurements one of known 
magnitude or correctness made or set with one device and another 
measurement made in as similar a way as possible with a second device. 

Optimization of reservoir operation rules provides optimal solutions that 
have both a smaller flood risk and a larger hydropower potential 
compared to the present regulations. Some of the major reservoirs were 
designed and built for flood control purposes while others were designed 
for hydropower station, and recreation. 

Evaluation of alternative operational scenarios for this complex reservoir 
system can be improved by use of a physically-based flood analysis 
model that simulates runoff and stream. Flow routing, incorporating the 
impact of storage in and discharge from major reservoirs. 

In the HEC-ResSim Simulation Module, a simulation was created for 
each project alternative. Each simulation contained times series that is 
defined to project and it comprise alternatives. For each simulated 
scenario, HEC-ResSim computed a time-series of regulated releases 
from spillways and hydropower plants and downstream flows at each 
model junction and rivers and reference location. Time-series were 
computed on a daily time interval over different period of each storm 
scenario (see the Simulation Module in the watershed in Appendix C). 
Readers should consult the “HEC-ResSim User’s Manual” (2002) for 
explanation of the user interface and the decision logic the program uses 
to compute reservoir releases. 
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Fig. 14. Flow chart for simulation. 
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After simulation part it would be some prognoses in model that 
indicated models part is not accurately estimated. It can be tough 
decision which part is faulty or do not work inappropriate. It can be in 
physical part and it is vast area that must be check it out like turbine 
details, spillway calculation, tail water and it can be operation part that is 
most complicated part in model. In operation part priority of each rules 
can be change the result a lot and it depends on decision and goal of the 
reservoir simulation. So in this case each part must be controlled till 
observations and simulations result fit and fix to each other as much as 
possible (Hec, 1998). 

In this project for Ore River Basin in absence of flood events between 
2000 till 2012 high inflow event that occurred in 2008 and 2009 was 
considered and model calibrated according to that and For Lule River 
Basin in absence of flood data calibration was done by available time 
series data from 2000 till 2012 and it tested for each year one by one to 
check the accurate and correctness of operation rules (Appendix D). 

After calibration there is reservoir operated model that can be fulfil in 
these two basin cases for water elevation changes prediction in terms of 
estimated inflow, and it would be highly prediction for power production 
and downstream regulation in Ore and Lule River Basin. 

2.9. Data Availibility and Sources 

2.9.1 The Rivers Discharge Data 

Since the some part of two rivers basin of Lule and Ore Streams on 
which the seven dams have been constructed are unguaged, the 
discharges inflow to the reservoir calculated by reservoir routing 
method (modified plus) in terms of water elevation variation at 
reservoir and outflow and release water. Lag time and attenuation of 
release water to the stream between the reservoirs was estimated by 
Muskingum method and optimized and upgraded in calibration part 
of model. Time series data was considered from the 9 years of daily 
release water from spillways, turbines and water level changes. For 
four reservoirs Vässinkoski, Noppikoski, Furudal and Skattungbyn 
data were obtained from dam safety group at Fortum company and 
for three reservoirs Messaure, Porsi and Laxede time series data were 
obtained from dam safety group and hydropower team from 
Vattenfall company. Whole calculation for operation part was 
calculated in excel sheet and considered in model and due to 
confidentially be not published here. 
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3.  RESULT  

3.1. Ore River Basin 

In Ore River Basin simulation was done for 2003, 2004, 2006, 2008, 
2009 and 2011. Flood control and hydropower production was main 
goal for reservoir operation on these four reservoirs. Model should keep 
elevation of water at desired guide curve (DG). For example at 
Vässinkoski DG is 424.5 m, Noppikoski 321.5 m, Furudal 217.7 m and 
Skattungbyn 200.15 m. If water level raise up due to inflow, probably 
water level might be raise up and it going to be raise over DG .in this 
case flood controlling zone automatically will be use and try to regulate 
the water and keep it on DG by operated rules and physical limitation. 
This strategy is done by release the water from spillways in first priority 
and turbine in second priority in flood events. 

In flood controlling zone many parameters and rules apprised. Induced 
surcharge, elevation rate, maximum spill, medium spill or low spill and 
many other rules was considered. A table 5 is good indicators to show 
rules and decision in operation part. Appendix C displays the model 
screen plot. 

With consideration of each reservoir, the rules can be change or 
completely different with other reservoir in term of operation rules. 

On the other hand model besides keeping water level at DG should try 
to fit and operate the elevation or inflow or out flow and cope them with 
observations data. 

So at the first try, model operated with those rules and physical 
limitation, then in calibrations part if difference between simulated and 
observed release decision from spills or turbine be too much operator 
must change the rules, either physically or changed the parameters or 
priority of rules in operational part each time till they fixed with each 
others. 

For example one of the simulated time series aforementioned is 
explained here. The modelling cases that was simulated, produced large 
amounts of data and figures that will not all be fully presented here due 
to the vast amount of space it would require. Start time was considered 
from 22 July 2009th until 10 August. Look back time that is facility for 
warm up the model considered from 12 July. In figure 15 to 18 a 
simulated water elevation is showed in four reservoirs at Ore River 
Basin. All status of reservoir elevation is acceptable. According to 
operation part that considered to model, desired guide curve was fitted 
and it is showed by green line in figure 15 to 18. In calibration part, due 
to fit the observe data with simulated data operations rules with 
prioritize consideration was changed. For example in Skattungbyn, to fit 
the observe and simulated data as indicated in figure 19 and 20 for water 
elevation and power capability, new operation rules was considered and 
with changing the rule priory and change calculation each time new 
simulation plot that is showed observation and simulation is considered 
and displayed. 
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Fig. 15. Synthetic simulated water elevation in Vässinkoski at Ore River Basin. 

In simulation model, operated rules try to keep water level at DG and in 
this case outflow and release water from spillways and turbine would be 
different in calibration part because new rules and priory ordered to 
model consideration. 

Fig. 16. Synthetic simulated water elevation in Noppikoski at Ore River Basin.
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Fig. 17. Synthetic simulated water elevation in Furudal at Ore River Basin. 

In figure 21 to 24 simulated hydropower capacity and capability and 
release water from whole reservoir in 2009 with consideration of 
calibration and simulation part is displayed. In calibration part for 
optimization of the model and increase power production that is the 
main concern for produce the energy; there are different policies that can 
be considered. In terms of environmental problem to rise up the DG 
level in each reservoir and increase storage capacity, inundation problem 
will take placed during flood events and it is serious problem that must 
be considered. Here for example according to previous calculation and 
capacity at Furudal Reservoir, raise up the DG has beneficiary in pool 
capacity and release more water from turbine for power production 
cases. 

Fig. 18. Synthetic simulated water elevation in Skattungbyn at Ore River Basin.
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Fig. 19. Synthetic simulated water elevation in Skattungbyn Reservoir after calibration. 

Figure 25 and 26 indicate that DG level changes from 217.7 to 218 m. 
Black line stand for new suggestive DG from 217.7 m till 218 m. Green 
line is simulation model according to DG level at 217.7 m and red line is 
observation time series. 

In power production it is obvious that enhancing the water elevation has 
high impact on power production. Non-continuous line predicates the 
production in new circumstances. 

 

Fig. 20. Synthetic simulated power capability in Skattungbyn Reservoir after 
calibration. 
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Fig. 21. Synthetic simulated power capability, energy production, losses in 
Vässinkoski at Ore River Basin. 

Release water from reservoir either by turbine or spillways are really 
important issue that must be considered. Downstream control facilities 
such as remote controlling office, power house, cities, village, 
agricultures field or so forth are valuable places and perturbation of 
aforementioned location is not acceptable. Release from turbine in terms 
of power production should be appraisal and deliberated with 
downstream conditionsand it is not only downstream but also next 
reservoir. 

Here in both watershed like Ore and Lule River Basin tandem operation 
rules considered because all dams are in series not parallels and it is 
important to add downstream rule to consider this situation. 

Release water from reservoirs at Ore River Basin is indicated in figure 27 
to 30. Release water from reservoir either by turbine or spillways are 
really important issue that must be considered. Downstream control 
facilities such as remote controlling office, power house, cities, village, 
agricultures field or so forth are valuable places and perturbation of 
aforementioned location is not acceptable. Release from turbine in terms 
of power production should be appraisal and deliberated with 
downstream conditionsand it is not only downstream but also next 
reservoir. 

Release water from reservoir either by turbine or spillways are really 
important issue that must be considered. Downstream control facilities 
such as remote controlling office, power house, cities, village, 
agricultures field and so forth are valuable places and perturbation of 
aforementioned location is not acceptable. Release from turbine in terms 
of power production should be appraisal and deliberated with 
downstream conditions and it is not only downstream but also next 
reservoir. 

Here in both watershed like Ore and Lule River Basin tandem operation 
rules considered because all dams are in series not parallels and it is 
important to add downstream rule to consider this situation. 

Release water from reservoirs at Ore River Basin is indicated in figure 27 
to 30. 



Application of reservoir simulation and flow routing models to the operation of multi-reservoir system 

 

 36 

Fig. 22. Synthetic simulated power capability, energy production, losses in 
Noppikoski at Ore River Basin. 

Fig. 23. Synthetic simulated power capability, energy production, losses in Furudal at 
Ore River Basin. 
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Fig. 24. Synthetic simulated power capability, energy production, losses in 
Skattungbyn at Ore River Basin. 

Fig. 25. Synthetic simulated power capability after increasing the DG level in Furudal 
at Ore River Basin (water elevation changes). 
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Fig. 26. Synthetic simulated power capability, energy production, losses in Furudal 
(power capability changes). 

Fig. 27. Synthetic simulated release water (spillways, turbine) in Vässinkoski at Ore 
River Basin. 
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Fig. 28. Synthetic simulated release water (spillways, turbine) in Noppikoski at Ore 
River Basin. 

In figure 31 and 32 after calibration in Skattungbyn release water among 
has changed and the differences are obvious. This changes henced 
because of defined operation rules to keep water elevation at defined 
DG. 

3.2 Stream flow routing-(Muskingum Method) 
One of the important parts of the project is river routing estimation at 
Ore and Lule River Basin. Flow routing is the procedure to determine 
the time and magnitude of flow (i.e. the flow hydrograph) at a point on a 
watercourse from known or assumed hydrographs at one or more 
point’s upstream (Chow et al, 1988). In absence of river cross section 
and information there is no other means to calculate and estimate the 
river parameters.  

Fig. 29. Synthetic simulated release water (spillways, turbine) in Furudal at Ore River 
Basin. 
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Fig. 30. Synthetic simulated release water (spillways, turbine) in Skattungbyn at Ore 
River Basin. 

The variety of routing options can be grouped into two categories: 
Storage Methods and Coefficient Methods. 

Storage Methods are also referred to as reservoir routing because they 
route the inflow through a non-linear representation of reach storage. 
The options include: the modified Puls, modified Puls as a function of 
Inflow, the Working R&D method and SSARR Time of Storage. 

Coefficient options include: the Muskingum method, the Average-lag 
methods, Simple Lag, Successive Average-lag (Tatum) and Progressive 
Average-lag (Straddle-Stagger), plus the direct input of routing 
coefficients (USACE, 1991). 

 

Fig. 31. Synthetic simulated release water (spillways, turbine) in Skattungbyn at Ore 
River Basin after calibration. 
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Fig. 32. Synthetic simulated release water (spillways, turbine) in Skattungbyn at Ore 
River Basin before calibration. 

Hec-ResSim has a capability to indicate of release water from reservoir 
and inflow to another reservoir that has calculated by reservoir routing 
method. Attenuation of these graphs should be fix with each other at 
least. The only method that can be use with limit information is 
Muskingum routing method. In a stream channel (river) a flood wave 
may be reduced in magnitude and lengthened in travel time i.e., 
attenuated by storage in the reach between two sections. K is travel time 
in hours at a point on a watercourse from known or assumed 
hydrographs at one or more points upstream and X is constant between 
0 and 0.5. By hydrologic formula K can be calculated. In followed 
calculation, lag time between each reservoir is showed and the sum of all 
coefficients is 1  

A. The most critical part of the calculation is to estimate suitable values 
of K and X. These values should be obtained by calibrating to 
available sets of measured inflow and outflow hydrograph data for 
the channel reach. If this is not possible a value X between 
0.2<X<0.5 is recommended. 

B. Once K and X are known for a channel reach, the computational 
procedure to obtain the outflow hydrograph is as follows: 

1. Discretize the inflow hydrograph in time increments of delta t. 

2. Calculate the three coefficients. 

3. Use the Muskingum equation (4) to compute the outflow hydrograph 
at the end of the channel reach. 

4. Repeat step 3 until the end of the inflow hydrograph has been 
reached. 

In model each time these numbers was changed till simulated outflow 
from reservoir fit to observed data. In figure 33 calculated muskingum K 
and X at Ore River Reservoirs is displayed. 
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                               (Eq. 4) 

 

 

 

 

Equation (4) is indicated substituting the storage equation into the 
continuity equation yields. For calculation of K with hydrological and 
experimental method there are several formulas with limitation. Here 
with equation (5) Lag time and time concentration was calculated. 

Tlag=L
0.8

×(S+1)
0.7

/1900y
0.5

 (Eq.5) 

Y=Slope in cross section 

L=Length (m) 

S=Retention parameter in (mm) 

The retention parameter, S, varies; 

a) Among watersheds because soils, land use, management, and slope all 
vary, and 

b) With time because of changes in soil water content. 

The parameter S is related to curve number (CN) by the SCS equation 
(USDA.SCS, 1972). 

The major factors that determine CN are the hydrologic soil group, 
cover type, treatment, hydrologic condition, and antecedent runoff 
condition. The values of CN are obtained from the Hydrological tables 
and for the Noppikoski catchment represents average antecedent runoff 
conditions for forest and sandy loam soil. Appendix F will be explained 
how to determine factors affecting the CN. Calculated X and K in 
Mukingamn method at Ore River Basin is indicated in figure 33 that can 
be use for future design terms. 

A model operation was accepted and approved for future water elevation 
changes or reservoir reaction in flood event according to 2008 and 2009 
high inflow calibration. In appendix D simulated and calibrated model is 
showed for different time series for Ore River Basin. 

For anticipating of future water level, power productions, release policy, 
inflow between reservoir, downstream Status current model and 
operation rules can be considered and performed. 
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3.3 Noppikoski Dam failure simulation  
For fixation an ability of model for prediction of water elevation changes 
and flow routing modes in different condition either in past or future 
time Noppikoski Dam failure was considered and it is good sample to 
prove operation rules that was accepted in calibration part and for testing 
result for this event in past period. In early September 1985, continuous 

Fig. 33. Synthetic simulated flow routing Muskingum X and K. (a) top - 
Vässinkoski till Noppikoski Reservoir, (b) middle - Noppikoski till Furudal 
Reservoir, (C) bottom - Fududal till Skattunbygn Reservoir at Ore River Basin. 
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rain fall in the catchment of the upper Ore River, resulting 
consequentially in unpredicted high river floods. On September 7, the 
embankment dam at Noppikoski was overtopped and eroded down to 
the riverbed. The reservoir, with a storage volume of about 1.5×106 m3, 
was emptied within 45 min (Yang & Johansson, 2000). Figure 34 is 
shown dam failure that is occered in 1985. 

In early September, 1985 continuous heavy rainfall in the catchment 
contributed to a rapid rise of the water level in the reservoir. On 
September 7, the reservoir water level reached the earth dam crest. One 
of the spillway openings was blocked and could not be opened, which 
aggravated the situation. The flood water finally overtopped the dam 
crest and erosion started first in the downstream dam slope. After a few 
minutes, the water formed a ravine close to the spillway chute, and a 
channel was washed through the dam crest. The erosion then accelerated 
downwards while the widening of the opening was much slower. The 
dam was finally washed to the river bed elevation. 

By reservoir simulation model the dam failure modelled by the Hec 
program. In figure 35 Red Line displayed the real situation that 
happened in 1985 and green line is operation of model according to new 
operation rules and prediction of model that already calibrated. In 
absence of data availability except of precipitation, discharge was 
calculated by empirical formula, then for each reservoir inflow was 
calculated by modified plus routing method. Simulated model indicated 
high acceptability of model to simulate the water elevation in future and 
in past. 

The Ore River on which the four dams were constructed has no gauging 
stations recording the rivers discharge. Thus for such case, it is 
unavoidable to use the rainfall data to estimate the surface runoff flows 
to the reservoirs from each catchments. For calculation of Inflows to the 
reservoirs in absence of water elevations and release water in 1985, 
inflow has been calculated by using the Rational Method. Estimation 
method is considered based on the 3 month of daily data of available 
rainfall in report that was published many years ago about dam failure at 
Noppikoski. At the start of a rainfall event, the portions nearest the 
outlet contribute runoff first. As rain continues, farther and farther 
portions contribute runoff, until flow eventually arrives from all points 
on the watershed, “concentrating” at the outlet. An isochrones are a line 
on the catchment joining points having equal time of travel of surface 
runoff from the point to the catchment outlet. 

A catchment can have infinite number of isochrones but time of 
concentration isochrones is the last isochrones on the catchment. For a 
rainfall of uniform intensity and very long duration over a catchment the 
runoff increases as more and more flow from remote areas of the 
catchment reach the outlet. If the rainfall continues beyond the time of 
concentration (t > tc), the runoff will be constant and at the peak value 
(Qp) equal to equation (6). 

               (Eq.6) 

C is the Runoff coefficient  

I is the rainfall intensity  

A is area Km2 
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Fig. 34. Noppikoski Dam after failure, September 1985.  

The runoff coefficient represents the integrated effect of the catchment 
losses and hence depends upon the nature of the surface, surface slope 
and rainfall intensity. The rational formula assumes a homogeneous 
catchment surface. If the catchment is non-homogeneous but can be 
divided into distinct sub areas each having a different C, then the runoff 
from each sub area is calculated separately and merged in proper time 
sequence. If the rainfall is uniformly distributed over such a non-
homogeneous catchment for t > tc then a weighted equivalent runoff 
coefficient Ce can be determined and used equation (7).

   
      

 
 (Eq.7) 

Time of concentration is assumed to be independent of rainfall intensity. 
Watershed parameters that may affect tc are: (1) Length of channel and 
overland flow plane, (2) average slope of channel or watershed and (3) 
retardance or roughness characteristics of the watershed. Time 
concentration for Ore River Basin is calculated in appendix F. 

According to daily rainfall, intensity of rain was calculated during 
24 hours and for runoff coefficient according to soil properties and land 
use in Ore River and soil group, runoff coefficient (C) was considered 
0.3. Now discharge and runoff was calculated by rational formula and it 
is considered as inflow to junctions for each reservoir. Each reservoir 
has different area and with considering analogy rainfall at Ore River 
discharge can be calculated, but here main focus is on Noppikoski 
Reservoir and its flood simulations. 

Reaction of reservoir with consideration of inflow and storage and 
release is important in storage method routing calculation. 

In 1985, On September 7 just one spillways was working and incomplete 
evacuate in reservoir was main reason for dam failure. In modified plus 
method, outflow from a routing reach is a unique function of storage. 
The input is a storage-outflow relationship for the routing reach. Here 
reaction of spillway release is important for flood simulation. By 
hydraulic consideration of release water from spillway and with critical 
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depth and flow consideration over spillways, volume of release water 
with elevation changes was calculated. 

The result is called the storage indication, (S/Δt + O/2). The following 
equations (8) are used: 

                        (Eq.8) 

Where: 

S =volume of storage in routing reach 

STRI (1) =storage indication at beginning of time 

STRI (2) =storage indication at end of time interval 

QH =average inflow during time interval 

O (1) =outflow at start of time interval 

O (2) =outflow at the end of time interval, function of STR (2) from the 
Storage Indication.vs.Outflow (Hec 5.appendix A). 

In appendix E, tables E.1 to E.3 are indicated the calculation of outflow 
by Modified plus method for Noppikoski Dam failure and calculation of 
muskingum routing method for Ore River. With consideration of 
simulated graphs with operation rules that was calibrated before, 
capability of model is obvious for either simulation of previous events 
modelling or future events prediction. In figure 35 on 7 Sep at 
Noppikoski Dam model indicated the overtopping from dam (Red line) 
and it is more than 324.25 m and due to this fact dam completely failed. 
Green line is operated rules that is considered and calibrated by 
operation rules that was considered and with defined physical constant 
model status is like that. 

3.4 Lule River Basin  
Times series data are available from 2003 till 2012 and they are 
considered in model parameters calculations. Like Ore River Physical 
part and operational part is hatched. A quantity of inflow to reservoir 
and release water was completely different from Ore River and whole 
attitude about operation part must be different from the others. 

Nearly inflow in Lule River 30 times bigger than Ore River and the 
operational evaluation should be considered with new data. Simulation 
was done for 3 reservoirs Messuare, Porsi and Laxede. Model was 
simulated and calibrated form 2008 and 2009 time series. Figures 36 to 
38 are displaying water elevation changes and power productions in 
Messaure, Porsi and Laxede Reservoirs respevctivily. 

Both simulated and calibrated model displayed on same plat. Green line 
indicates the simulated data and it denote the model try to keep water 
level at defined DG in each reservoir. Yellow line is calibrated model 
that indicate flow and water level in simulated model and flow and water 
level in observation data and with many changes in operation model and 
calculation they fixed and fitted with each other. Inverse of water 
elevation graph power production is displayed. 

Figure 39 to 41 are indicated simulated inflow and release water from 
Messuare, Porsi and Laxede Reservoir that comprising turbine and 
spillways respectively. 

There are two short rivers between Messaure till Porsi and between Porsi 
till Laxede. Flow routing between these two reservoirs is important in 
terms of inflow estimation for tandem reservoirs. Hence according to 
previous explanation in part (3.2) about river routing, in figure 42 X and 
K parameters are calibrated with Muskingum model. 
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Fig. 35. Synthetic simulated dam failure at Noppikoski Reservoir on 1985. 

(a) top - Vässinkoski Water Elevation, (b) - bottom Noppikoski Water Elevation). 
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Fig. 36. Synthetic simulated water elevation and power capability, energy and losses 
in Messuare Reservoir. (a) top - Water elevation, (b) bottom - Power production). 
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Fig. 37. Synthetic simulated water elevation and power capability, energy and losses 
in Porsi reservoir. (a) top - Water elevation, (b) bottom - Power production). 
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Fig. 38. Synthetic simulated water elevation and power capability, energy and losses 
in Laxede reservoir. (a) top - Water elevation, (b) bottom - Power production). 



Hadi Madani TRITA LWR Degree Project 13:04

 

 51 

4.  DISCUSSION  

Impact of hydrological and hydraulic process on hydro powers is 
essential parameters that should be considered. Hydro powers are main 
source of energy production in Sweden. Due to this fact, development 
and management of this project is vital for future. Simulation and 
estimation of wave diffusion and routing parameters in reservoir with 
considering hydraulic and hydrological procedure are one of the 
important clues that can help the operation to expect more hydropower 
efficiency. It is necessary to accentuate that whole procedure of this 
project can be use for similar project and program in every location and 
area under company supervision. Resolving technical problems of Hydro 
powers by developing and applying the hydrological and hydrodynamic 
process in flow and wave diffusion was the main goal of this project. 
Realizing sustainable development of hydropower’s projects without 
serious environmental and negative impacts by adopting new 
technologies under environmental and social considerations was other 
intent of this project. 

Developed dynamic simulation model like Hec-ResSim software could 
describe and simulate Hydropower’s and flood controlling operations in 
Ore and Lule River Basin. Therefore Deterministic Dynamic Simulation 
Model built in Hec-ResSim software can be adopted to improve the 
operational guide curve of the reservoir in these power plant systems. 
The simulation results indicated that the quantity and uniformity of 
energy production can be improved in calibration part with different trail 
alternative considerations. Concerning the uniformity of energy 
production, the gap between maximum and minimum monthly energy 
production was simulated in model indicated that average annual energy 
production was increased by considerable changes in observation data 
interims of optimize release water from spillways and logical power 
production in each time step. 

For example in Furudal Reservoir at Ore River Basin in simulated time 
series data (22th July until 10th August 2009) with table consideration, 
observe power capability production was 790 MW while model with 
calibrated operation rule that defined to the model can meliorate the 
power production to 1511 MW. Plant factor capacity on that year (2009) 
in Furudal Power plant was 41% and it means just 41% of capability of 
turbines has used and by model operation Plant factor capacity is 
increased to 72%. Figure 43 is showed power capacity in simulated time 
ranges in Furudal Reservoir at Ore River. In this case even if production 
improvement is possible using this model (with improved guide curve) 
still the plant operates below its design capacity by 28% .The reason for 
this might be the reduced reservoir inflow and water loss from the 
system or request for energy was low. For each time series for power 
analysing operated model can be used and it can be predict the power 
production and power limitation according to desired guide curves and 
water level and quantity of inflow to each reservoir. The detail water 
losses calculations consist of seepages were not incorporated in this 
simulation model due to limitation of data. 
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Fig. 39. Synthetic simulated release water from spillways and turbine in Messaure 
Reservoir. (a) top - Release water, (b) bottom - Inflow). 
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Fig. 40. Synthetic simulated release water from spillways and turbine in Porsi 
Reservoir. (a) top - Release water, (B) - bottom Inflow). 
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Fig. 41. Synthetic simulated release water from spillways and turbine in Laxede 
Reservoir. (a) top - Release water, (b) bottom - Inflow).  
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Therefore, causes of this water loss should be investigated further by 
detailed study of both surface and underground water loss conditions. 

Main reason but not all about Ore River Basin for considerable gap 
between observed and simulated capability is because Ore River System 
has not been fully connected to the operation center and beside that 
Skattungbyn is not fully owned by Fortum, means that the remote 
controlling of Ore River System can not fully be automatised. This 
means that redundancy is needed in the reservoir system and hence a 
larger regulating discrepancy. 

At Lule River Basin current reservoirs are regulating by operation centre 
but still indicated gaps are obvious and it is refers to aforementioned 
details in top. Power capability in Messaure Reservoir after accepted 
operation rules is indicated in figure 43. 

According to result of model incomplete regulation either by releasing 
water or operation rules decision is obvious and must be control by 
operation center in right way with developed operated rules. 

Simulation and calibration process for power capability has been done at 
Ore and Lule River Basin for different years and it indicated in appendix 
G. In flood controlling operation rules with spillways capacity and 
storage capability zone for retain the extra inflow in flooding situation; 
there will not be problem in model operation with accurate rule 
definitions that considered all probabilities in terms of flood events. 

 

 

Fig. 42. Synthetic simulated flow routing Muskingum X and K at Lule River.  

(a) top - Messaure till Porsi, (b) bottom - Porsi till Laxede. 
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Fig. 43. Factor capacity and power capability in observed and simulated data. (a) top 
- At Furudal Reservoir, (b) bottom - At Porsi Reservoir. 

5.  CONCLUSIONS  

Based on the above statements and the simulations by Hec-ResSim, 
conflicts with regard to quantity in the project area may arise in the high 
rainy months of July to September for both river basins. The other 
possible source of conflict would arise from the operating rules of the 
remote control operation reservoir. With respect to inflow quantity, data 
was and is still scanty and was therefore not adequate enough to input 
into the model to simulate changes between reservoirs status. However, 
the model set up could be used in future for flood controlling and 
optimize the power production for each reservoir. The calibrated Hec-
ResSim model may provide a powerful means of assessing water 
resources but this largely depends on the quality of observed flows for 
calibration of each simulation models and how the catchment selected 
for calibration is representative of the bigger catchment. Considering the 
period of the study and the lost time in the process due to unforeseen 
circumstances, further refinements could be done by including detailed 
information for diversion and water consumers such as scheduling 
power distribution, use Rainfall runoff modelling for runoff estimation. 
By using rainfall/run off modelling and it could also be improved by 
obtaining satellite and radar precipitation data that could then be used to 
determine qualitative precipitation estimates. 
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Present project explains the principles of the hydropower system 
modeling by spatial decomposition, components of the mathematical 
model and calculation algorithm. Project provides a summary of 
theoretical background (simplified methods) of the inlet hydrograph 
routing through the storage and along the watercourse. Simplified 
methods are used for small hydropower systems and the systems with 
poor hydrological and morphological data. Dam structure modelling 
(spillways and foundation outlets) is performed in order to compute 
water evacuation from the storage, aimed at protection against high 
waters or for the needs of downstream water users. Storage management 
in hydropower systems is closely related to Hydropower plant 
production (HPP) operation. The main reason for this is the retentive 
capacity of the storage that also impacts the choice of the HPP 
modelling method (Madsen et al, 2009). 

There are several mathematical models of storage-type of hydropower 
plant that enable short term or long-term management. Model selection 
is also directly related to the level of detail in the calculation, i.e. the 
method used to present performance of the units, turbines, generators 
and intake conduits, as well as to time discretization. A computation 
example was used to illustrate the application of mentioned computation 
models in the software used on the Ore and Lule River Basin. Experts in 
water management, storage management and electricity generation 
planning, as well as designers, can use the applied models and this 
software to make and test their design decisions and it would be 
operated and calibrated model for power estimation and change decision 
of power renders in bid and marketing that is really important goal for 
energy companies. 

6.  RECOMMENDATIONS  

The methods, results, and conclusions presented in part 4 and 5 
represent a successful merging of reservoir simulation and flood impact 
analysis tools for a storage reallocation and re-operation planning for 
power production study. Recommendations for further study of flood 
protection or power production improvement strategies in the Ore River 
Basin and Lule River Catchment basins are highlighted in section 6.1. 
The recommendations and needs for further study described in Section 
6.1 are borne out of current limitations of the modelling software 
encountered while performing work for this thesis.  

6.1 Recommendations for further study 
To improve flood protection in Ore River Basin and Lule River 
Catchment, the following topics merit further study: 

1. Examine the ability to meet flow objectives with considering different 
routing methods and estimated times between reservoirs and 
downstream objective flow locations. One basis for analysis could 
include calibrating routing times to travel times observed in Hec 
model runs. 

2. Investigate the methodology for improving the power production 
ability for Furudal and Skattungbyn Reservoirs in terms of high 
inflow. In these two reservoirs much of release water is from 
spillways, but with upgrading the power system and rise install 
capacity it would be better result for power production and use more 
release by turbine instead of spillways. Installed capacity in Furudal is 
3.7 MW but according to model calculation and according to inflow 
to reservoir in can be upgraded till 12 MW. 
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3. Increasing desired guide curve (DG) in Furudal has a good impact on 
power production as explained in result part. 

4. Identify alternative strategies for joint or staggered releases for 
downstream operation at the Ore River Basin and Lule River 
Catchment confluence. 

5. Apply rainfall runoff model like HBV or Hec-HMS for estimation of 
inflow between reservoirs and junctions and calibrated the model 
according to these models can be result in future time. 

6. Flood forecasting and pre releases at both watersheds by flood 
analysis models and link them to Hec-Res Sim model by DSS format 
files that are created for these to river basins from 2003 until 2012. 

7. Inundation flood mapping for 4 reservoirs at Ore and 3 reservoirs at 
Lule River for find better solution in emergency situations and apply 
Hec-FIA model for recognised the future flood impact zones. 

8. Channel and levee improvements in downstream of Vässinkoski to 
increase water release for power production and be less harmful in 
terms of Noppikoski Reservoir in Ore River Basin, (both levee height 
and geotechnical reliability) and with release water consideration from 
Furudal improving cross sections at rivers and apply more river 
routing method is necessary. Regulation of release water in Lule River 
is really sensitive action in terms of tandems reservoirs in system. 
Levees heights and river section and downstream protection would be 
important tact and task for Lule River Reservoirs. 

9. Investigate additional re-operations for Messaure Reservoir or 
additional flood management upstream in the Lule River. 

10. Improve the database for hydropower’s information in Lule River is 
very important issue to optimize the model better and better. 

11. Developed the model for rest of reservoir on these two big rivers to 
investigate and optimized the power production and control the flood 
probability. Render operation for both watersheds is calibrated and 
according to result application of operation of this operation model 
will be guaranty the future power productions and constraint the risk 
of flood probability event. 
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APPENDIX A.  DESCRIPTION OF PHYSICAL PART IN HEC-
RESSIM FLOOD AND HYDROPOWER PRODUCTION OPERATIONS 

MODEL  

Here hence to confidentially of data and many figures and result just two 
reservoirs screen capture is considered. Vässinkoski at Ore River Basin 
and Messaure at Lule River Basin. Same procedure is done for rest of 
reservoir in both watersheds with different policy. This appendix A 
present reservoir physical data figure 1A to 5A for Vässinkoski Reservoir 
and figure 6A to 10A for Messaure Reservoir. 

1. Hydropower calculation 

Hydropower regulation depends on many parameters. Here in Hec-
ResSim model hydropower’s physical items were considered for 
simulation part. 

2. Maximum release water from turbine 

3. Capacity 

4. Efficiency 

5. Station use 

6. Hydraulic loss 

Physical part in hydro powers consists of top divisions and calculation 
for each of them must consider. Figure 4A is showed the parameters 
headlines in hydropower calculation. 

Reservoir operation data example is indicated in figure. 2A and how 
operational data is linked to flow hydrology and look back starting 
conditions is indicated in figure 4A. The screen captures show data as it 
was entered into the graphical user interface of HEC-ResSim in the 
flood and power production operations model. Further details should be 
accessed electronically through the watershed directory “Ore and Lule 
River Basin”. In ResSim, reservoir zone definitions and the prioritized 
stack of operating rules within each zone define an operations set. flow 
hydrology is linked to the operations sets for each flow scenario (i.e., 
2009, 2003, that is presented for Ore and 2009 and 2008 for Lule River 
Basin). 

Scenarios were simulated on a daily time step over about 120-day 
duration of the synthetic events for Lule River and 120 day for 2009 
calibrations and 134 day for 2003 scenario at Ore River Basin. HEC-
ResSim uses end-of-period storage, current inflow, and current period 
release to update reservoir level, storage and allowable release in each 
time interval. The model calculates the allowable release according to a 
“guide-curve operation” but subject to physical capacity limits and the 
maximum allowable release imposed by the prioritized set of rules 
defined for the flood pool. Please refer to the HEC-ResSim User’s 
Manual for a more detailed, discussion of guide-curve, operation and the 
available operating rules and prioritizing. 
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Fig. 1A. Elevation, Storage and area.  

 
Fig. 2A. Elevation and maximum release capacity curve. 
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Fig. 3A. Reservoir editor in HEC-ResSim – evaporation part.  

 

Fig. 4A. Power release max capacity and release capasity curve. 
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Fig. 5A. Spillways discharge and release capacity curve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6A. Elevation, storage and area curves. 
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Fig. 7A. Elevation and maximum release capacity curve. 

 

Fig. 8A. Spillways discharge and release capacity.  
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Fig. 9A. Power release, max capacity and release curve. 
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APPENDIX B.  DESCRIPTION OF HEC-RESSIM RULES AND 

ALTERNATIVES FOR FLOOD AND POWER PRODUCTION 

OPERATIONS MODEL  

In appendix B reservoir operational consideration (Fig. 1B and 2B) at 
Ore River Basin in Vässinkoski Reservoir and figure 3B and 4B  at Lule 
River Basin in Messaure Reservoir and how operational data is linked to 
flow hydrology and look back starting conditions (Fig. 5B) will be 
discussed. The screen captures show data as it was entered into the 
graphical user interface of HEC-ResSim in the flood and power 
production operations model. 
An operation rule has a main impact for simulation part beside physical 
part in model. In ResSim, reservoir zone definitions and the prioritized 
stack of operating rules within each zone define an operations set. 

Hence there are several operation rule here is just selected plots has 
chosen and Indicated plots are downstream rules, hydropower 
generation, surcharge and so forth in Ore and Lule River Basin. Figure 
5B and 6B is showed alternative parameters and items that need to 
define to model for simulation part are like time series, look back data, 
interval time step and type of operation.  

 
Fig. 1B. Vässinkoski Reservoir with Noppikoski Downstream control definition 
tabulated rule. 
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Fig. 2B. Vässinkoski Reservoir –example of induced surcharge definition tabulated 
rule. 

 
Fig. 3B. Messaure Reservoir –example of downstream controlling definition 
tabulated rule. 
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Fig. 4B. Messaure Reservoir –example of Hydropower generation in Hydropower 
zone definition tabulated rule.  

 
Fig. 5B. Observation time series. For calibration model for check 
out the Accordance of the simulated model. Ore Reservoir. 
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Fig. 6B. Look back info. For starting storage and release in first 
time interval in Messaure Reservoir. 
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APPENDIX C.  DESCRIPTION OF HEC-RESSIM SIMULATION 

RESULT FOR FLOOD AND POWER PRODUCTION OPERATIONS 

MODEL  

At Ore River Basin with consideration two year 2009 and 2008, model 
was simulated and calibrated. After many changes in calibration part 
model is established and considered for another time series. Here 
operation rules for better analysis of the model and see the more results 
for another year model was simulated and many alternatives for 
different years like 2003, 2004, 2006, 2010, 2011 was considered. For 
Ore River Basin 2003 scenario (April-August) simulation and for 
Messaure reservoir 2009 simulation of alternative scenario was 
considered. At Lule River (here just Messaure) simulations result was 
considered both with calibration same in one plot. (Appendix D) 
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APPENDIX D.  DESCRIPTION OF HEC-RESSIM CALIBRATION 

AND OPTIMIZATION FOR FLOOD AND POWER PRODUCTION 

OPERATIONS MODEL  

Hence simulation was displayed in appendix C there is prognoses in 
result somehow. In calibration part in follow Figures model was 
calibrated (2003 in Ore River Basin) and with comparison of simulated 
in appendix C and calibrated model in appendix D changes in power 
production is obvious the efficiency of model was increased and it is 
really important in terms of power production and downstream 
controlling. 
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For Lule River Basin both simulation and calibration is displayed in same 
plot and simulated was considered between June 2009 till September 
2009. 
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After simulation of reservoir with selected alternative, model created 
summary for each reservoirs. This summary is about reservoirs, powers 
summery, gates and total summary for release water decision. In figure 
1D and 2D reservoir and power summary report in 2009 at Ore River is 
indicated. Figurs 3D, 4D and 5D are showed reservoir flow and power 
summary report at Lule River Basin in 2008 respectively. 
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Fig. 1D. Hec-ResSim report of reservoir in 2009 at Ore River. 

 
Fig. 2D. Hec-ResSim report of reservoir in 2009 at Ore River. 
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Fig. 3D. Hec-ResSim report of reservoir in 2008 at Lule River. 

 

Fig. 4D. Hec-ResSim report of inflow summery to each reservoir in 
2008 at Lule River. 

 

Fig. 5D. Hec-ResSim report of power summery in 2008 at Lule 
River.
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APPENDIX E.  NOPPIKOSKI DAM FAILURE CALCULATION 

AND PARAMETERS  

Description of Method 

Modified Puls routing utilizes the simple concept that storage is a 
function of outflow. Correct computation of the outflow hydrograph 
rests on the assumption that storage depends primarily, if not solely, on 
outflow rate. For this reason, Modified Puls routing is typically used for 
reservoir routing where a unique storage-outflow relation is likely. 
Strelkoff (1980) stated that determination of this relationship is a key 
factor in the application of the Modified Puls method. To perform the 
routing, a relationship between storage and outflow is calculated and 
plotted as a curve. The following form of the continuity equation (1E) is 
then solved for each time step. 

 
  

  
 

  

 
   

  

  
 

  

 
      

     

 
   (Eq. 1E) 

Modified Puls routing proves valid for reservoirs when the effects of a 
flood wave (differences in storage due to rising and falling stages) are 
dampened, if not eliminated by the reservoir. Modified Puls can be used 
for channel routing in a similar manner where each subsection of the 
reach is considered to behave like a cascading reservoir. Some error is 
inherent in this concept since storage in a river reach is not a function of 
outflow alone. Table 1E is indicated hydraulic calculation for release 
water from spillway with elevation changes. Figure 2E is shown the plot 
of inflow and outflow that is calculated with aforementioned method. 
Readers can check routing method explanation in chow reference book 
about modified plus method description. Calculation was considered in 
absence of one of two spillways that was out of order in that time. 

Development of Equations 

The heart of the Modified Puls equation is found by considering the 
finite difference form of the continuity equation (2E) which may be 
written as: 
     

 
 

     

 
 

     

  
 (Eq. 2E) 

After an algebraic transformation, the above equation is written:

        
   

  
     

   

  
    (Eq. 3E) 

In the equation above, the left side is known at a given time, while the 
right side is to be calculated. Basically, the solution to the Modified Puls 
method is accomplished by developing a graph (or table) of O versus 
[S/t+O/2]. In order to do this, the relationship between outflow O and 
storage S must be known, assumed, or derived. Figure 1E is indicated 
storage indication curve. 

All the calculation for rainfall runoff modling for 1985 Noppikoski Dam 
faiuler is indicated in table 2E. Time consideration is between July till 
September. With modified plus formula ourflow from cathment was 
calculated and according to only available precipitation data (not inflow 
or outflow) inflow to reservoir was calculated. 
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Table 1E Step Calculation of modified plus method. 

Water level over 

spillway 

Critical 

depth 

Velocity of water 

over spillway 

Outflow 

from 
spillway 

Volueme 

outflow 
Contant 

release 
capability 

(Outflow 
discharge) 

H(m) Yc(m) Vc(m
2
/s) O(cms) V(m

3
) V/T N(cms) 

0 0.00 0.00 0.00 0.0 0.0 0.0 

0.1 0.07 0.80 0.32 295.0 12.3 12.4 

0.2 0.13 1.14 0.89 417.2 17.4 17.8 

0.3 0.20 1.39 1.64 510.9 21.3 22.1 

0.4 0.26 1.61 2.53 590.0 24.6 25.8 

0.5 0.33 1.80 3.53 659.6 27.5 29.2 

0.6 0.40 1.97 4.64 722.6 30.1 32.4 

0.7 0.46 2.13 5.85 780.4 32.5 35.4 

0.8 0.53 2.28 7.15 834.3 34.8 38.3 

0.9 0.59 2.41 8.53 884.9 36.9 41.1 

1 0.66 2.54 9.99 932.8 38.9 43.9 

1.1 0.73 2.67 11.53 978.3 40.8 46.5 

1.2 0.79 2.79 13.14 1021.8 42.6 49.1 

1.3 0.86 2.90 14.81 1063.6 44.3 51.7 

1.4 0.92 3.01 16.55 1103.7 46.0 54.3 

1.5 0.99 3.12 18.36 1142.5 47.6 56.8 

1.6 1.06 3.22 20.22 1179.9 49.2 59.3 

1.7 1.12 3.32 22.15 1216.2 50.7 61.8 

1.8 1.19 3.41 24.13 1251.5 52.1 64.2 

1.9 1.25 3.51 26.17 1285.8 53.6 66.7 

2 1.32 3.60 28.26 1319.2 55.0 69.1 

2.1 1.39 3.69 30.41 1351.8 56.3 71.5 

2.2 1.45 3.77 32.61 1383.6 57.6 74.0 

2.3 1.52 3.86 34.85 1414.7 58.9 76.4 

2.4 1.58 3.94 37.15 1445.1 60.2 78.8 

2.5 1.65 4.02 39.50 1474.9 61.5 81.2 

2.6 1.72 4.10 41.89 1504.1 62.7 83.6 

2.7 1.78 4.18 44.33 1532.8 63.9 86.0 

2.8 1.85 4.26 46.82 1560.9 65.0 88.4 

2.9 1.91 4.33 49.35 1588.5 66.2 90.9 

3 1.98 4.41 51.92 1615.7 67.3 93.3 

3.1 2.05 4.48 54.54 1642.4 68.4 95.7 

3.2 2.11 4.55 57.20 1668.7 69.5 98.1 

3.3 2.18 4.62 59.90 1694.5 70.6 100.6 

3.4 2.24 4.69 62.64 1720.0 71.7 103.0 

3.5 2.31 4.76 65.43 1745.1 72.7 105.4 

3.6 2.38 4.83 68.25 1769.9 73.7 107.9 

3.7 2.44 4.89 71.12 1794.3 74.8 110.3 

3.8 2.51 4.96 74.02 1818.4 75.8 112.8 

3.9 2.57 5.03 76.96 1842.2 76.8 115.2 

4 2.64 5.09 79.94 1865.6 77.7 117.7 

4.1 2.71 5.15 82.96 1888.8 78.7 120.2 

4.2 2.77 5.21 86.01 1911.7 79.7 122.7 

4.3 2.84 5.28 89.10 1934.3 80.6 125.1 

4.4 2.90 5.34 92.22 1956.7 81.5 127.6 

4.5 2.97 5.40 95.39 1978.8 82.4 130.1 

4.6 3.04 5.46 98.58 2000.7 83.4 132.7 

4.7 3.10 5.52 101.82 2022.3 84.3 135.2 

4.8 3.17 5.57 105.08 2043.7 85.2 137.7 
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Figure 2E is indicated inflow and outflow that calculated by modified 
plus routing method in Noppikoski Reservoir. 

 
Fig. 2E. Inflow and water release from Noppikoski Dam that calculate with modified 
plus routing method. 

Table 2E water release from spillways with modified routing method. 
Date I I2 N DN O 

1985-06-02 0  0  0 
  7.4  7.4  

1985-06-03 14.8  7.4  0.2 
  15.9  15.7  

1985-06-04 17.0  23.1  1.7 
  27.6  25.8  

1985-06-05 38.2  49.0  13.1 
  38.2  25.1  

1985-06-06 38.2  74.0  30.3 
  25.4  -4.8  

1985-06-07 12.7  69.2  24.8 
  8.5  -16.3  

1985-06-08 4.2  52.9  13.1 
  4.2  -8.9  

1985-06-09 4.2  44.0  10.0 
  8.8  -1.2  

1985-06-10 13.4  42.8  8.9 
  10.9  2.0  

1985-06-11 8.5  44.8  10.2 
  8.5  -1.7  

 

Fig. 1E. Storage 
indication curve 
(Noppikoski 
dam). 
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Table 2E water release from spillways with modified routing method 

1985-06-12 8.5  43.1  9.8 
  8.5  -1.3  

1985-06-13 8.5  41.8  9.5 
  8.5  -1.0  

1985-06-14 8.5  40.7  8.4 
  13.8  5.3  

1985-06-15 19.1  46.05  11.41 
  19.08  7.67  

1985-06-16 19.08  53.72  16.39 
  19.08  2.69  

1985-06-17 19.08  56.41  18.24 
  19.08  0.84  

1985-06-18 19.08  57.25  18.51 
  11.34  -7.17  

1985-06-19 3.60  50.08  13.39 
  3.92  -9.46  

1985-06-20 4.24  40.62  8.42 
  4.56  -3.87  

1985-06-21 4.88  36.75  6.07 
  2.76  -3.31  

1985-06-22 0.64  33.44  4.79 
  0.32  -4.47  

1985-06-23 0.00  28.97  3.50 
  0.53  -2.97  

1985-06-24 1.06  26.00  2.54 
  1.17  -1.38  

1985-06-25 1.27  24.62  2.41 
  10.17  7.77  

1985-06-26 19.078  32.39  4.638 
  15.898  11.260  

1985-06-27 12.719  43.649  9.944 
  12.719  2.775  

1985-06-28 12.719  46.424  11.502 
  12.719  1.216  

1985-06-29 12.719  47.640  11.804 
  7.313  -4.490  

1985-06-30 1.908  43.150  9.830 
  5.193  -4.636  

1985-06-31 8.479  38.514  7.182 
  9.539  2.356  

1985-07-01 10.599  40.870  8.476 
  14.838  6.362  

1985-07-02 19.078  47.232  9.795 
  19.078  9.282  

1985-07-03 19.078  56.515  18.27 
  19.078  0.807  

1985-07-04 19.08  57.32141  18.53 
  19.08  0.55  

1985-07-05 19.08  57.87  18.71 
  19.08  0.37  

1985-07-06 19.08  58.24  19.87 
  19.08  -0.79  

1985-07-07 19.08  57.45  18.57 
  12.72  -5.85  

1985-07-08 6.36  51.59  14.77 
  6.36  -8.41  

1985-07-09 6.36  43.18  9.84 
  32.86  23.02  

1985-07-10 59.35  66.20  25.99 
  31.80  5.81  

1985-07-11 4.24  72.01  30.61146 
  4.24  -26.37  

1985-07-12 4.24  45.63  11.31 
  2.12  -9.19  
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Table 2E water release from spillways with modified routing 
method. 

1985-07-13 0  36.45  6.02 
  13.78  7.76  

1985-07-14 27.56  44.21  10.07 
  14.31  4.24  

1985-07-15 1.06  48.45  12.95 
  0.85  -12.10  

1985-07-16 0.64  36.34  6.00 
  13.04  7.04  

1985-07-17 25.44  43.38  9.88 
  26.50  16.61  

1985-07-18 27.56  60.00  20.47 
  18.02  -2.45  

1985-07-19 8.48  57.54  18.60 
  9.54  -9.06  

1985-07-20 10.60  48.48  12.96 
  5.30  -7.66  

1985-07-21 0  40.82  8.47 
  0  -8.47  

1985-07-22 0  32.36  4.63 
  15.90  11.26  

1985-07-23 31.80  43.62  9.94 
  21.20  11.26  

1985-07-24 10.60  54.88  16.74 
  5.30  -11.44  

1985-07-25 0  43.44  9.90 
  40.28  30.38  

1985-07-26 80.55  73.82  32.55 
  41.34  8.79  

1985-07-27 2.12  82.61  41.39 
  5.30  -36.09  

1985-07-28 8.48  46.52  11.53 
  15.90  4.37  

1985-07-29 23.32  50.89  13.60 
  20.14  6.54  

1985-07-30 16.96  57.43  18.57 
  11.66  -6.91  

1985-07-31 6.36  50.52  14.47 
  3.18  -11.29  

1985-08-01 0  39.23  7.32 
  2.12  -5.20  

1985-08-02 4.24  34.04  5.62 
  2.12  -3.50  

1985-08-03 0  30.54  3.7 
  12.7185  9.0  

1985-08-04 25.437  39.6  8.2 
  14.8  6.6  

1985-08-05 4.2  46.2  11.4 
  3.0  -8.5  

1985-08-06 1.7  37.7  7.0 
  0.8  -6.2  

1985-08-07 0  31.5  4.5 
  0  -4.5  

1985-08-08 0  27.0  2.6 
  0  -2.6  

1985-08-09 0  24.4  2.4 
  2.1  -0.3  

1985-08-10 4.2  24.1  2.4 
  2.1  -0.2  

1985-08-11 0  23.9  1.8 
  19.1  17.3  

1985-08-12 38.2  41.2  8.5 
  31.8  23.3  

1985-08-13 25.4  64.4  24.2 
  26.5  2.3  

1985-08-14 27.6  66.7  26.2 
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Table 2E water release from spillways with modified routing 
method. 

  37.1  10.9  
1985-08-15 46.63  77.62  36.60 

  27.56  -9.04  
1985-08-16 8.48  68.58  28.05 

  10.60  -17.45  
1985-08-17 12.72  51.13  14.64 

  9.54  -5.10  
1985-08-18 6.36  46.02  11.40 

  6.36  -5.04  
1985-08-19 6.36  40.98  8.50 

  3.71  -4.79  
1985-08-20 1.06  36.19  5.98 

  0.95  -5.02  
1985-08-21 0.85  31.17  3.76 

  0.42  -3.34  
1985-08-22 0  27.83  3.36 

  2.12  -1.24  
1985-08-23 4.24  26.59  2.60 

  3.18  0.58  
1985-08-24 2.12  27.17  2.66 

  1.38  -1.28  
1985-08-25 0.64  25.89  2.53 

  0.53  -2.00  
1985-08-26 0.42  23.89  2.34 

  1.27  -1.06  
1985-08-27 2.12  22.82  1.69 

  6.36  4.66  
1985-08-28 10.60  27.49  3.32 

  7.419125  4.10  
1985-08-29 4.2395  31.58  4.52 

  32.86  28.33  
1985-08-30 61.47  59.92  20.44 

  76.31  55.87  
1985-08-31 91.15  115.79  77.33 

  45.57  -31.75  
1985-09-01 0  84.03  42.10 

  73.13  31.03  
1985-09-02 146.26  115.07  76.85 

  89.03  12.18  
1985-09-03 31.80  127.25  91.94 

  16.75  -75.20  
1985-09-04 1.70  52.05  14.91 

  2.97  -11.94  
1985-09-05 4.24  40.12  8.32 

  2.12  -6.20  
1985-09-06 0  33.916  4.857 

  1.06  -3.797  
1985-09-07 2.12  30.118  3.638 

  4.240  0.602  
1985-09-08 6.359  30.720  3.710 

  6.359  2.649  
1985-09-09 6.359  33.369  4.779 

  6.359  1.581  
1985-09-10 6.359  34.950  5.770 

  6.359  0.589  
1985-09-11 6.359  35.538  5.868 

  6.359  0.492  
1985-09-12 6.359  36.030  5.949 

  6.359  0.410  
1985-09-13 6.359  36.441  6.017 

  13.778  7.762  
1985-09-14 21.198  44.202  10.07 

  21.198  11.13  
1985-09-15 21.198  55.330  17.89 
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Table 2E water release from spillways with modified routing 
method. 

  21.198  3.31  
1985-09-16 21.198  58.640  20.006 

  21.198  1.19  
1985-09-17 21.198  59.831  20.41 

  21.198  0.78  
1985-09-18 21.1975  60.62  21.74 

  21.1975  -0.54  
1985-09-19 21.1975  60.07  21.55 

  14.84  -6.71  
1985-09-20 8.479  53.36  16.28 

  8.479  -7.80  
1985-09-21 8.479  45.57  11.29 

  8.479  -2.81  
1985-09-22 8.479  42.75  9.74 

  7.42  -2.32  
1985-09-23 6.36  40.43  8.39 

  3.18  -5.21  
1985-09-24 0  35.23  5.82 

To checking the reaction of evacuation facilities like hydropowers intake 
or spillways gate by modified plus method it is obviues according to 
figure 4E by opening intake and spill gate on 7th of Sep the differences 
was not considerable and because of one of spillways gates problem 
evacuation of water was not properly work and overtopping from dam 
was happend. Figure 4E is showed that release differences by 
considering turbines and spillways uses. 

 

Fig. 4E. Inflow and outflow release water from Noppikoski Dam with spill and 
turbine considration. 
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Table 3E is showed the Rate of inflow and outflow to reservoir. 
Data INFLOW OUTFLOW Data INFLOW OUTFLOW 

1985-06-01 0 0 1985-07-23 27.42843 10.09504 

1985-06-02 0 0 1985-07-24 29.71413 22.5212 

1985-06-03 0 0 1985-07-25 9.142808 20.36726 

1985-06-04 0 0 1985-07-26 11.42851 13.26132 

1985-06-05 0 0 1985-07-27 0 8.724602 

1985-06-06 0 0 1985-07-28 0 4.775206 

1985-06-07 0 0 1985-07-29 34.28553 11.32581 

1985-06-08 0 0 1985-07-30 11.42851 18.50654 

1985-06-09 15.99991 0.203 1985-07-31 0 10.12619 

1985-06-10 18.28562 2.3 1985-08-01 86.85668 35.48465 

1985-06-11 41.14264 15.96 1985-08-02 2.285702 44.74815 

1985-06-12 41.14264 36.56155 1985-08-03 9.142808 11.84456 

1985-06-13 13.71421 27.97851 1985-08-04 25.14272 16.19833 

1985-06-14 4.571404 13.24835 1985-08-05 18.28562 19.99949 

1985-06-15 4.571404 8.480214 1985-08-06 6.857106 14.65937 

1985-06-16 14.39992 8.688732 1985-08-07 0 7.452425 

1985-06-17 9.142808 10.24642 1985-08-08 4.571404 5.744719 

1985-06-18 9.142808 9.995015 1985-08-09 0 4.487449 

1985-06-19 9.142808 9.800877 1985-08-10 27.42843 8.412027 

1985-06-20 9.142808 8.785943 1985-08-11 4.571404 12.86939 

1985-06-21 20.57132 12.94589 1985-08-12 1.828562 7.176324 

1985-06-22 20.57132 18.12446 1985-08-13 0 4.613931 

1985-06-23 20.57132 19.96144 1985-08-14 0 2.699893 

1985-06-24 20.57132 20.16952 1985-08-15 0 2.435826 

1985-06-25 3.885694 14.65521 1985-08-16 4.571404 2.421143 

1985-06-26 4.571404 8.451141 1985-08-17 0 2.407896 

1985-06-27 5.257115 6.940082 1985-08-18 41.14264 8.872525 

1985-06-28 0.685711 4.76095 1985-08-19 27.42843 27.89345 

1985-06-29 0 3.481754 1985-08-20 29.71413 28.1707 

1985-06-30 1.142851 2.534808 1985-08-21 50.28545 39.25434 

1985-06-31 1.371421 2.409843 1985-08-22 9.142808 30.25289 

1985-07-01 20.57132 4.754568 1985-08-23 13.71421 14.98754 

1985-07-02 13.71421 11.29522 1985-08-24 6.857106 11.80245 

1985-07-03 13.71421 12.83138 1985-08-25 6.857106 8.853466 

1985-07-04 13.71421 13.06734 1985-08-26 1.142851 7.056335 

1985-07-05 2.057132 9.957104 1985-08-27 0.914281 4.555341 

1985-07-06 9.142808 7.338802 1985-08-28 0 3.346981 

1985-07-07 11.42851 9.635835 1985-08-29 4.571404 2.60652 

1985-07-08 20.57132 13.00644 1985-08-30 2.285702 2.68692 

1985-07-09 20.57132 18.17813 1985-08-31 0.685711 2.569434 

1985-07-10 20.57132 19.99976 1985-09-01 0.45714 2.374016 

1985-07-11 20.57132 20.19476 1985-09-02 2.285702 1.728094 

1985-07-12 20.57132 20.32323 1985-09-03 11.42851 3.430072 

1985-07-13 20.57132 20.40787 1985-09-04 4.571404 4.72141 

1985-07-14 6.857106 16.20418 1985-09-05 66.28536 23.92976 

1985-07-15 6.857106 9.972443 1985-09-06 98.28519 85.56875 

1985-07- 63.99966 28.31746 1985-09-07 0 44.11202 

1985-07-17 4.571404 34.31951 1985-09-08 157.7134 83.0739 

1985-07-18 4.571404 11.26138 1985-09-09 34.28553 99.04625 

1985-07-19 0 6.022453 1985-09-10 1.828562 14.97281 

1985-07-20 29.71413 11.22643 1985-09-11 4.571404 8.401976 

1985-07-21 1.142851 13.23374 1985-09-12 0 5.679173 

1985-07-22 0.685711 6.936334 1985-09-13 2.285702 3.60664 
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APPENDIX F.  DETERMINATION OF CURVE NUMBERS FOR THE  

STUDY AREA  

In the SCS method of runoff determination, there provided a curve 
number for estimation of maximum potential retention S with an 
empirical formula. 

       
   

  
    (Eq. 1F) 

The constant, 254, in equation (1F) gives S in mm. The major factors 
that determine CN are the hydrologic soil group, cover type, treatment, 
hydrologic condition, and antecedent runoff condition. The following 
section will explain how to determine factors affecting the CN. 

The curve numbers used in the above formula apply for normal 
antecedent moisture condition (AMC II) implies average condition of 
moisture. For dry (AMC I) low runoff potential and wet condition (AMC 
III) high runoff potential, equivalent curve number has been computed 
by the following formulas. 

 
The range of antecedent moisture condition for each class is shown in 
table 1F. Curve number has been tabulated by the Soil Conservation 
Service on the basis of soil type and land use. Four soil groups are 
defined as follow:  

Group A: Deep sand, deep loess, aggregated silts, high infiltration rate 
>7.6mm/hr. 

Group B: Shallow loess, sandy loam, moderate infiltration rate (3.8 to 7.6 
mm/hr). 

Group C: Clay loams, shallow sandy loam, soils low in low in organic 
content, and soils usually high in clay, low infiltration rate (1.3 to 3.8 
mm/hr). 

Group D: Soils that swell significantly when wet, heavy plastic clays, and 
certain saline soils, very low infiltration rate (<1.3 mm/hr). 

For Ore River Basin CN was calculated 62. 

Table 1F The range of antecedent moisture condition 

Table 1F is classification of antecedent moisture classes (AMC) for the 
SCS method of rainfall abstractions. Calculation of time consentration is 
considered in below.
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S=(1000/62)-10=6.12 inch 

 Vässinkoski till Noppikoski Reservoir 

Tlag=81250.8×(6.12+1)0.7/1900×(0.0128)0.5=1.69 hr 

Tc=1.67× (Tlag)= 1.67× (1.69)=2.82 hr 

 Noppikski till Furudal Reservoir 

Tlag=350000.8×(6.12+1)0.7/1900×(0.00276)0.5=11.36 hr 

Tc=1.67× (Tlag)= 1.67× (11.36)=18.97 hr 

 Furudal till Skattunbygn 

Tlag=24000.8×(6.12+1)0.7/1900×(0,00802)0.5=3.29 hr 

Tc=1.67×( Tlag)= 1.67×( 3.29)=5.01 hr 
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APPENDIX G.  SIMULATION AND OBSERVED POWER CAPABILITY 

COMPARISON  

After simulation in different years with acceptable operation rules, power 
capability of simulated model was compare with observed power that 
was calculated with respective formula. Figures below is indicated result 
of comparison between simulated and observed capability and it is 
obvious with model consideration rules power production can be 
optimize and meliorated in better way. 
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