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Operation of a hydropower dam will impact river hydrology downstream of the turbines where water is returned 

to the river and in any bypassed reach of river. Proposed hydropower projects would be expected to assess the 

environmental flow requirements (EFRs) of the impacted reaches. These EFRs could have a major impact on the 

project financial viability. We developed a hydropower operation simulation model for use in the pre-feasibility 

phase of project assessment that predicts downstream river flows, hydropower production and revenue at an hourly 

time-step. The model determines the optimum power generation profile for each day, depending on a range of 

variables, including dam inflows, EFRs, rules constraining rates of rise and fall in discharge, and reservoir level. 

Both run-of-river and hydro-peaking modes of operation can be considered. The simulation model was applied to 

the case of a proposed dam on the Río Ocoña, Peru, a river with high value ecosystem and livelihood assets. It 

was found that mean revenue from run-of-river operation with EFRs that would likely provide reasonable 

protection for the river assets would be 37 – 46% of that from a scenario of hydro-peaking operation with no EFRs. 

1 INTRODUCTION 

Environmental flows are intended to maintain river ecosystem health and river-dependent livelihoods to level 

agreed by stakeholders. In most hydropower dam projects, the requirements to maintain an environmental flow 

regime in the river downstream, and an environmental water level regime in the reservoir, will constrain operation 

of the reservoir for hydropower production to some degree. Also, the hydropower infrastructure must be designed 

with the capacity to store and release water according to these environmental flow requirements (EFRs). These 

matters affect project financial viability, so need to be considered in the pre-feasibility assessment phase for new 

projects. In reservoir joint scheduling models, water uses such as town water supply, irrigation and power 

generation are often set as targets to maximize, while EFRs are usually considered a constraint to minimize [1]. In 

reality there exists a range of EFR options with different outcomes for river ecosystem health and river-dependent 

livelihoods, and different financial implications for power production. These EFR options require objective 

evaluation as a contribution to project feasibility assessment and the ongoing social process of reviewing, 

negotiating and agreeing on the EFRs to be implemented.  

Evaluation of the impact of EFR options on the potential for power production requires a hydrological model 

to simulate operation of the system, such as HEC-ResSim reservoir simulation software [2]. Hydrological 

simulation models do not necessarily guarantee an optimal solution to reservoir operation [3], and a range of 

optimization algorithms have been applied to this problem. Multi-objective optimization of reservoir operation 

with EFRs [1] [4] is applicable to existing multipurpose reservoir systems with operational strategies that are under 

review or proposed multi-function projects. For most hydropower projects where flood mitigation or irrigation 

water storage functions are unimportant, there is usually an expectation that the existing values, including the 

ecosystem and flow-dependent livelihoods, will be largely unaffected due to minimal changes in flow seasonality 

and volume. This simplifies the optimization problem to one of maximizing revenue by meeting power demand as 

often as possible. There is nevertheless a need to consider the potential EFRs relating to short-term reservoir 

operations, such as constraints on rates of rise and fall, or minimum passing flows immediately below the dam. In 

the pre-feasibility assessment phase, the financial implications of different EFR options requires evaluation, as 

some EFR requirements could jeopardize project financial viability. This is a matter of fundamental importance to 

hydropower projects around the world. We explored this issue by developing a general hydropower operation 

simulation model that predicts downstream river flows and hydropower production at an hourly time-step. The 

model was illustrated by application to the case of a hydropower project proposed for the Río Ocoña, Peru.  

2 STUDY AREA  

2.1 Nature of the proposed hydropower project and physical characteristics of the Río Ocoña basin 

The Río Ocoña drains north to south from the western side of the Andes, discharging into the Pacific Ocean at the 

town of Ocoña (Figure 1). There is currently a proposal to build a dam and hydroelectric power generation facility 



on the river, approximately 125 km from the mouth. At full generation capacity the power station will divert up to 

95 m3/s of river flows through a tunnel that bypasses about 25 km of river channel (Figure 1). This will impact the 

hydrology of the river, both directly downstream of the off-take point for the length of river bypassed by the tunnel, 

and possibly further downstream below where the tunnel returns water to the river. The degree of hydrologic 

alteration in these two sections of the river, and the consequent impacts on physical and biological processes, will 

depend to a large degree on the how the power generation facility is operated.  

 

 
Figure 1. Location, topography and drainage network of the Río Ocoña basin, Peru. 

 

The area of the Río Ocoña basin at the mouth is 15,998 km2, with altitude ranging from sea level to 6,400 m. 

Average annual precipitation of the Río Ocoña basin over the period 1965 to 2005 was 362 mm, with a range of 

127 mm to 633 mm [5]. Three-quarters of the average annual precipitation typically occurs in the three months of 

January, February and March. There is a strong north to south gradient of decreasing precipitation. The annual 

total potential evapotranspiration (PET) is 1,269 mm. The Río Ocoña is situated in a geologically active, steep, 

mostly unvegetated, valley. Large quantities of sediment ranging ranging in size from silt to boulder are delivered 

to the channel from alluvial fans, river banks, rockfalls and land slips. In response, the river takes a relatively steep, 

active, braided form, with multiple low flow channels, pools and shallow rapids. The average river gradient 

measured from ASTER GDEM data was 0.00863 m/m from the site of the proposed dam to the site of the proposed 

hydropower discharge, and 0.00652 m/m from the site of the proposed hydropower discharge to Ocoña.  

The discharge of the Río Ocoña is gauged at Puente Ocoña gauge, 1.5 km upstream of the mouth. Daily data 

were available only for the early-1970s, the mid-1980s and from Sep 2003 to Dec 2008. Modelled monthly data 

were available from 1965 to 2002 [6], although we could not verify its reliability. Short gaps in the daily flow 

record from Sep 2003 to Dec 2008 were infilled by linear interpolation. Relative to annual flows over the period 

1971 – 2008, the years 2004 – 2008 contained one wet year (2006), one dry year (2005), and three years within 

the range of moderate flow (2004, 2007 and 2008), so this period is representative of the normal range of flows in 

the river. The mean flow at Ocoña gauge over this period was 112 m3/s. A daily discharge series at the site of the 

proposed dam was predicted for the Sep 2003 – Dec 2008 period by applying a water balance and reverse 

Muskingum flow routing to the observed flow time series from the gauge at Ocoña. Data on seasonal agricultural 

demand in the reach downstream of the proposed dam [7] indicated that there were 20 irrigation regions in the 

lower Río Ocoña, totaling 3,330 ha, with a total annual demand of 175.44 × 106 m3 (only 5% of mean annual flow).  

A noticeable feature of the observed and modelled flow series at Ocoña gauge and the proposed dam site was 

the very limited variation of river flow over the low flow period from May to December. For flows in the range 

up to the design discharge of the proposed hydropower station (95 m3/s), the modelled daily data from the proposed 

dam site indicated 90th percentile rates of rise less than 34 m3/s per day (1.4 m3/s per hour), and rates of fall less 

than 8 m3/s per day (0.33 m3/s per hour). The corresponding 90th percentile rates at Ocoña gauge, using measured 

data, were 17 m3/s per day (0.71 m3/s per hour) rise, and 11 m3/s per day (0.46 m3/s per hour) fall. Overall, the 

natural rate of rise and fall in the Río Ocoña would rarely exceed 1 m3/s per hour.  



2.2 Ecological and livelihood values 

For this study, we collected relevant ecological and social information from a review of the literature, a field visit 

to the Río Ocoña on the 3-4th of April 2014, which included interviews with local fishers and other citizens, and 

discussion with river experts from Autoridad Nacional del Agua in Arequipa City and Lima. The Río Ocoña is one 

of the few remaining large free-flowing rivers in Peru, and as such it supports a number of important ecological 

values that are poorly represented elsewhere. Notably, the Río Ocoña harbours one of the few remaining 

populations of the Peruvian River Shrimp Cryphiops Caementarius (Molina 1782), which as well as being 

ecologically important, is of considerable social and economic value. The river also harbours one of the few 

riverine populations of the marine otter Lontra felina (Molina, 1782), an endangered species that is normally 

restricted to coastal habitats. Floodplain vegetation communities and native fish populations are also important 

flow-dependent ecological and livelihood assets in the Río Ocoña.  

C. Caementarius, known locally as Camarón, was once considered widespread along the Peruvian and Chilean 

coastlines between approximately 10° S and 30° S latitude, but has disappeared from many rivers due to the effects 

of overfishing [8], pollution, and habitat fragmentation [9]. A key aspect of the Camarón’s lifecycle is their 

upstream/downstream migration [10]. While spawning occurs in the lower reaches of rivers, mating occurs in 

resident habitats up to 100 km inland. Upstream migration occurs during the low flow period, and shrimp are 

observed to move upstream using lateral habitats, often around the root mats of fringing riparian vegetation, where 

they are protected from higher flow velocities [10]. The Camarón fishery in the Río Ocoña is of significant 

economic and social value, with approximately 300 fishers relying on harvesting of shrimp as their primary source 

of income. Camarón is an iconic species of national significance due to its importance in Peruvian cuisine.  

L. felina occupies a fragmented range along the entire west coast of South America, but in a small number of 

cases, such as in the Río Ocoña, it occurs in riverine habitats some distance from the coast. The total population 

size along the entire Peruvian coastline has been estimated at somewhere between 789 to 2,131 individuals based 

on the range of published density estimates [11]. Accordingly, the species is listed as endangered under the IUCN 

red list [12]. It is presumed that river otters depend on shrimp populations for food.  

2.3 Prototype environmental flow regime options 

A comprehensive holistic assessment of the EFRs required to maintain the key ecosystem and social assets is 

not available for the Río Ocoña. As an alternative, this study used pre-defined ‘prototype’ EFRs for the reach from 

downstream of the proposed dam to the proposed location of the turbine discharge to the river. Use of the EFRs in 

this study does not imply endorsement of their suitability for maintaining the key assets of the river. Rather, they 

were either environmental flow options that had previously been suggested for the Río Ocoña [13], or new options 

devised using a hydrological method that covered a different range of environmental flows (Table 1). To assist 

comparison between the EFR options they were expressed as a percentage of the mean annual modelled flow 

(MAF) at Ocoña over the period 1965 – 2011 [13] (Table 1), which in this river means natural flow. Hydropower 

operations do not consume water over the annual time scale but can alter flow regimes over shorter time scales 

and in bypassed reaches. The previous EFRs [13] all reserved a low proportion of MAF to the environment 

(Table 1), and recommended minimum flows for each month that were significantly lower than any historical flow. 

In this study, it was assumed that the EFR minimum flows transitioned linearly through the days of the month, to 

prevent rapid change in flow at end of each month, and all EFRs minimum flows were subject to an ‘or natural’ 

rule, such that if inflows to the dam were naturally lower than the EFR thresholds, then flow releases could be 

reduced to the level of natural inflows. As well as these monthly EFRs designed to maintain flow in the river 

immediately below the dam, we also considered the economic effects of restricting rates of change in river 

discharge, which will also have effects below the turbine discharge point. Natural rates of rise and fall in Río 

Ocoña are very low and would be expected to increase if hydro-peaking is implemented as an operating strategy 

for power generation. Camarón are expected to be sensitive to rapid changes in flow rates during the migration 

period, and also sensitive to unnaturally low water levels that reduce their living space. Livelihoods of shrimp 

fishers and food supply for river otters would be negatively impacted by a decline in abundance of Camarón.  

3 METHOD 

The main physical characteristics of the proposed Ocoña Hydro project were obtained from the preliminary 

environmental impact assessment [13]. The proposed design included a 17.2 km long tunnel from the base of the 

dam to a point downstream about 25 km by river. This design splits outflow from the dam between flow released 

to the river immediately below the dam, and flow directed through the tunnel, which emerges back into the river 



from the turbine discharge. Capacity and area relationships for the reservoir were derived from ASTER GDEM 

data. At the full supply level of 22 m from the base of the dam wall the reservoir has a modelled capacity of 

3.51 × 106 m3, which represents only one-third of the mean daily flow, so the reservoir is too small to have flood 

mitigation or irrigation water storage roles. Mean monthly agricultural water demand was disaggregated to a daily 

time-step. An estimate of daily net evapotranspiration from the reservoir surface was made using monthly 

precipitation data from 2003 to 2005, disaggregated to a daily time-step (mean data were used for days from 2006 

to 2008), combined with average PET for each day of the year. 

 

Table 1. Prototype minimum monthly environmental flow regimes for the Río Ocoña downstream of proposed 

hydropower dam, for the purposes of developing and testing the dam operation and flow simulation model. Pozas 

Temporales, Rafael Heras, RHABSIM and DCPRH values were taken from [13]. %MAF is percent of mean 

annual natural flow represented by the regime. 

Month Minimum environmental flow by month (m3/s, or percent of inflow) 

Pozas 

Temporales1 

Rafael 

Heras2 

RHAB-

SIM3 

DCPRH4 FH 

0.375 

FH 

0.485 

FH 

0.565 

FH 

0.635 

% of 

inflow6 

Jan 3.0 4.51 6.0 15.48 62.64 76.67 89.76 89.76 5-90% 

Feb 3.0 4.51 6.0 30.40 134.64 160.53 176.55 186.21 5-90% 

Mar 3.0 4.51 6.0 25.69 115.41 165.99 165.99 165.99 5-90% 

Apr 3.0 4.51 6.0 16.22 115.00 115.00 115.00 115.00 5-90% 

May 3.0 4.51 4.5 8.84 58.01 58.01 58.01 58.01 5-90% 

Jun 3.0 4.51 4.5 6.45 36.07 36.88 39.35 41.37 5-90% 

Jul 3.0 4.51 4.5 5.84 33.07 33.82 36.08 37.94 5-90% 

Aug 3.0 4.51 4.5 5.49 30.99 31.69 33.81 35.55 5-90% 

Sep 3.0 4.51 4.5 4.77 25.69 26.27 28.03 29.47 5-90% 

Oct 3.0 4.51 4.5 4.75 25.20 25.77 27.50 28.91 5-90% 

Nov 3.0 4.51 4.5 5.41 29.11 29.76 31.76 33.39 5-90% 

Dec 3.0 4.51 6.0 6.86 29.14 35.67 37.13 49.64 5-90% 

%MAF 3.0% 4.5% 5.1% 11.1% 56.7% 64.9% 68.4% 71.0% 5-90% 

1. A site specific method for the Río Ocoña based on the minimum flow to maintain the water level in artificial pools [13]. 

2. Defines extreme drought conditions as 20% of the mean of the flow of the three consecutive months in the observed 

record with the lowest 3-month total [14]. 

3. An updated version of PHABSIM hydraulic habitat modelling program [15]. 

4. Dirección de Conservación y Planeamiento de Recursos Hídricos (DCPRH), 10% of the long-term mean natural 

(unimpacted) flow for each month [16]. 

5. Flow Health (FH) is an indicator system that measures flow deviation relative to a reference regime [17]. Flow Health 

can be used to generate monthly EFRs based on the natural flow pattern, with the devised flow regime’s score reflecting 

how close it is to the natural regime (0 is distant, 1 is close). A Flow Health principle is that the EFR for any month cannot 

be less than the minimum experienced under natural conditions.  

6. “Translucent dam” rule, whereby the flow released to the river downstream is calculated every day as a fixed percentage 

of the inflows, here ranging from 5 – 90% translucency.  

 

Operation of the proposed dam was simulated from Sep 2003 to Dec 2008 using the daily dam inflow series. 

Daily inflow data were disaggregated to an hourly time-step using linear interpolation to provide a smooth 

transition of flows from one day to the next. At the hourly time-step, user-defined restrictions could be placed on 

rates of change in the discharge to the river from the turbines, and the dam could be operated in run-of-river or 

hydro-peaking mode. In most places, the wholesale price of electricity varies throughout the day as a function of 

demand, with demand often peaking twice during the day, centred on about 11:00 hours and 19:00 hours. Dam 

operators respond to this diurnal pattern by preferentially operating turbines during times of peak demand to 

maximize revenue. Data were obtained from the Comité de Operación Económica del Sistema Interconectado 

Nacional [18] for 15-minute wholesale electricity price at Santa Rosa during the month of March 2014. There was 

very little variation in the electricity price between supply locations in Peru, so the data were representative of the 

price across the nation. The data were averaged for each hour of the day to produce a daily power demand/price 

profile (Figure 2). This daily profile derived from March 2014 data was used to represent the average power 

demand/price for all days of the year. The assumption of an invariant daily profile was not considered a critical 



weakness of the model because the main objective of the study was to characterize the relative difference in power 

revenue between EFR options, rather than prediction of the absolute revenue from electricity production.  

 

 
Figure 2. Wholesale electricity price (in Solas per kWh) averaged for each hour of the day at Santa Rosa during 

the month of March 2014. 
 

Under run-of-river mode, the rate of flow through the turbines varied according to the rate of inflows to the 

dam. Under hydro-peaking mode, the optimum hourly power generation profile was set at the beginning of each 

day. The profile was selected on the basis of the predicted water availability, which was a function of dam inflows, 

environmental flows released from the dam, environmental flow rules constraining maximum rates of rise and fall 

in discharge to the river, dam water level at the start of the day, and the power profile that was implemented the 

previous day (which might still be in its recession at midnight). The hourly pattern of power generation for the day 

was chosen from 24 pre-defined profiles (from 1 hour of peak operation to 24 hours of peak operation). These 

profiles were designed to follow the basic daily demand pattern (Figure 2), with increasing hours of power 

generation implementable the greater was water availability. The preferred hours of the day to operate the turbines 

were prioritized on the basis of the electricity price (Figure 2), and proximity to an hour already chosen for 

operation (to minimize rise and fall time). At the start of each day, the profile that maximized revenue was selected 

from those profiles that could be implemented without exceeding a system constraint (meeting EFR and irrigation 

supply demands, and the reservoir water level not falling below its minimum threshold), given the water 

availability (storage plus predicted inflows minus losses). On some days it was not possible to generate any power 

and the turbines remained idle until the reservoir re-filled to a sufficient volume. 

The water balance model simulated outflows from the dam to the headrace tunnel, and to the river downstream 

of the dam, at an hourly time-step. Environmental flows were of concern for two reaches of the river: from the 

dam to the point of the turbine discharge, and from the point of the turbine discharge to the mouth. Two additional 

points of secondary interest were also defined on the river, at 10 km and 20 km downstream of the point of the 

turbine discharge, to investigate the affect of natural attenuation of discharge variations caused by dam operation. 

The hourly discharge time series was predicted at these four locations using a Muskingum routing model. The 

model was run for scenarios of hydro-peaking and run-of-river, EFR options and a range of limits of rates of rise 

and fall in river flow. Limiting rate of change to less than 1 m3/s per hour would prevent unnaturally high changes 

in discharge but it would prevent implementation of hydro-peaking mode of operation, as under this mode the 

discharge would ideally be raised and lowered from 95 m3/s over a 24 hour period. For the purpose of testing the 

effect of rise and fall limits on hydro-peaking scenarios, rate of change limits of 2, 5, 10 and 20 m3/s per hour were 

used, but it is noted that these rates are much higher than naturally occur in the river. 

4 RESULTS 

4.1 Effect of mode of dam operation and environmental flow rules on power production and revenue 

The total power production in a year was largely limited by the EFRs, rather than mode of dam operation or the 

rate of rise and fall constraints (Figure 3). In general, the lower the minimum flows per month the higher was 

energy production. For the translucent dam EFRs, the higher the percentage flow allocated to the environment, the 

lower was power production. Power production associated with the EFR translucency rules of 60 – 70% was 

consistent with that associated with the four EFR regimes generated by the Flow Health method (Figure 3), which 



required 57 – 71% of MAF to implement (Table 1). Run-of-river mode produced about the same amount of power 

as hydro-peaking mode, but 15% lower revenue (Figure 3), as hydro-peaking mode preferentially produced 

electricity during the times of the day when the wholesale price was highest. The revenue and power production 

for run-of-river mode and hydro-peaking with 5 m3/s per hour rise and fall limit were about the same (Figure 3). 

This means that if the final agreed EFRs for this river required rates of rise and fall lower than 5 m3/s per hour, 

then run-of-river mode would be the better operational strategy. This is because run-of-river mode does not 

interfere with rates of rise and fall downstream of the turbine discharge, and does not cause the water within the 

reservoir to rapidly rise and fall, thus eliminating one threat to ecosystem health.  

 

 
Figure 3. Mean annual power production and relative revenue for run-of-river and hydro-peaking mode of 

operation under a range of prototype environmental flow rules and with a range of rise and fall limits. ‘None’ 

means no environmental flow rule; %IN means percent of dam inflow. All revenue values are relative to maximum 

achievable revenue under hydro-peaking mode of operation and no EFR rule. 

4.2 Effect of rate of change of rules on the rate of rise and fall in the river 

An unlimited rate of rise and fall on the turbine discharge produced the greatest revenue (Figure 3), but rapid start 

ups and shut downs of the generators created rapid changes in discharge in the river exceeding 2 m3/s per hour. 

Just downstream of the discharge, such changes were large in magnitude, and occurred for around 5% of the time. 

As the wave produced by hydro-peaking operation moved downstream in the river, the peak was attenuated, but 

the associated increase in duration of the change in discharge meant that rates of rise and fall exceeding 2 m3/s per 

hour were experienced for up to 25% of the time at a point 20 km downstream of the turbine discharge. This effect 

was not strongly related to the environmental flow rule. Rate of change limits of 2 and 5 m3/s per hour were 

affected more than the limits of 10 and 20 m3/s per hour because the smaller changes were more attenuated.  



Placing limitations on rates of change in discharge from the power station under hydro-peaking mode of 

operation reduced revenue because the time required to ramp up and ramp down interfered with the objective of 

generating power when the price was highest (Figure 3). However, placing restrictions on rates of change in 

discharge released from the power station meant that the river downstream experienced a much lower frequency 

of high rates of rise and fall compared to the situation if there were no restrictions. Imposing limitations on the 

rates of change at the turbine discharge did not entirely eliminate the occurrence of high rates of rise and fall in 

the river, because the hydropower operation occasionally caused spills from the dam that resulted in rapid changes 

in discharge in the river. When the rate of change was constrained at the turbine discharge, the magnitude of the 

rates of change was small enough that the rises and falls were largely attenuated on their passage downstream. 

Under existing natural conditions, the frequency of rises and falls within the range 2 – 20 m3/s was very low, so 

operating the power station with rise and fall limits within this range would result in higher than natural rates of 

change, and much more frequent fluctuations in discharge.  

5 DISCUSSION AND CONCLUSION 

Achievement of full compliance with irrigation and EFR demands involved an opportunity cost in power 

production. There was a non-linear (second order polynomial function) decline in revenue relative to the maximum 

achievable with no EFR rule as the proportion of flow allocated to environmental flows increased from zero to 1 

(Figure 3). Such relationships could be a useful tool to rapidly predict the impact of EFRs on financial return in 

the pre-feasibility phase of project assessment. When rise and fall limits were included as part of the EFRs, the 

potential for power production, and thus revenue, under hydro-peaking mode of operation fell considerably (Figure 

3). The natural rates of rise and fall on the Río Ocoña during the long low flow period are very low, and if flow 

variation is to be maintained within the natural range, then hydro-peaking mode of operation is not a practical 

option.  

The absolute volume of water reserved for the environment, and the allowable rates of change in discharge, 

are likely to be highly relevant to maintenance of the key ecological and social assets of the Río Ocoña. Camarón 

has high ecological and cultural significance, and is fundamental to supporting livelihoods in the Ocoña valley. 

This shrimp has a distinctive lifecycle that is strongly related to the natural seasonal pattern of river flow. Delays 

in wet-season runoff tend also to be associated with delays in spawning, and spawning is reported by local fishers 

to be greatest in wet years. In the low flow period, shrimp are observed to move upstream within root mats along 

the edge of the river, where they are protected from high velocities. Upstream migration can thus be disrupted by 

higher than normal flow velocities, and sudden changes in discharge such as those induced by hydro-peaking 

reservoir operation could lead to stranding or dislodgement of shrimp from the substrate [19]. Reductions in habitat 

area due to flow reductions pose a potential long-term risk to growth and survival rates of Camarón. Large adult 

shrimp are observed to use deep pool habitats (up to several metres in depth). Local custom limits fishing in such 

habitats to free-diving (i.e. without supplemental air, which is practiced only by a small number of fishermen), 

making these deeper areas an important refuge for larger shrimp. The loss of such pools could increase fishing 

pressure on larger individuals. Considering these factors, hydro-peaking mode of operation, EFRs that represent a 

low percentage of the natural flow and EFRs which do not follow the natural seasonal regime, would present a 

high risk to the key river ecological and social assets. For this case, mean revenue from run-of-river operation with 

EFRs that would provide reasonable protection for the identified assets (the Flow Health-derived regimes) would 

be 38 – 48% of that from the scenario of hydro-peaking mode of operation and the best proposed EFR (DCPRH) 

and 37 – 46% of that with no EFR. How this would impact on the financial viability of the proposed project is not 

known, but should be determined. 

The relationships derived in this study between the EFR option and the potential for power production and 

revenue described in Figure 3 are specific to the case of a proposed project on the Río Ocoña, Peru, but application 

of the modelling approach described here would allow similar relationships to be derived in the pre-feasibility 

phase for any proposed project. Such relationships could be used to initiate discussion and negotiation between 

the project developer, regulators and stakeholders regarding the trade-off between maintenance of ecosystem 

health and river-dependent livelihood values and generation of revenue from power production. The case of the 

proposed hydropower project on the Río Ocoña was relatively simple, with small irrigation demands and no flood 

mitigation objective. More complex projects would require a more sophisticated simulation model, but the main 

principles described in this paper would still be applicable.  
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