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EXECUTIVE SUMMARY WITH KEY FINDINGS AND CONCLUSIONS
Procedural History

This report presents the final results of an assessment of alternatives to a Sambor hydropower
project as originally proposed by the China Southern Power Grid Company (CSP) for construction in
the reach of the mainstream Mekong River near the town of Sambor in the Kingdom of Cambodia.
This Sambor Alternatives Assessment has been conducted by the Natural Heritage Institute (NHI)
under an official agreement with the Royal Government of Cambodia (RGC) in the form of a
Memorandum of Understanding executed with the Minister of Mines and Energy (MME) on October
20, 2014. This Report covers alternative sites, designs and operations for a Sambor Dam and
compares the dam alternatives to a “no-dam” alternative that consists of integrating a solar
photovoltaic facility into the operations of Cambodia’s largest existing hydropower project at the
Lower Se San 2 reservoir to augment the power output (and improve its reliability). This
comparative assessment of a “no-dam” alternative is also included within the scope of the MoU
because it would contribute to the power development requirements of Cambodia with no adverse
impacts on the Mekong fishery at all.

As originally conceived, the Sambor project would be the largest hydropower dam, and the furthest
downstream, among all existing and proposed dams in the Lower Mekong Basin® (LMB). The dam
would be 33m high and 18km wide, with a rated head of 23m and rated capacity of 2600 megawatts.
It would create a reservoir some 82km long, backing water up to the town of Stung Treng at the
confluence of the 3S (Se San, Srepok and Sekong Rivers) basin, with a surface area of 620 km?* At
this scale, it would be roughly twice the capacity of the largest project in the LMB, the Xayaburi dam
on the mainstream Mekong within Lao PDR.

The Sambor reach of the Mekong is the corridor that experiences perhaps the largest annual
migration of fish biomass on the planet. A large-scale dam and impoundment at this site would
obstruct this migration, which is vital for the completion of the life cycles of the migratory fish that
characterize the most productive freshwater fishery in the world. It would also capture most of the
sediments and nutrients that maintain and replenish the morphology of the Mekong Delta and
nourish the food web for the fishery.

The objective of this study is to identify and assess the feasibility of alternative sites, designs,
operations, and fishery impact mitigation strategies for a hydropower project in the Sambor reach
that could achieve the power development goals of the RGC while minimizing the adverse impacts
on the natural processes that sustain this highly productive river system. The NHI Team (described
in Appendix 1) assessed 10 site and design alternatives to arrive at the two that are described in this
report, which are denominated Sambor Alt_6, which would be located on a side channel at a site 13
km above the original Sambor site, and Sambor Alt_7, which would be located at the same point but
on the main channel. For Sambor Alt_7, the assessment considered four different fishery impact
mitigation scenarios ranging from “standard” to “maximum”, representing the decision space
confronting the RGC in deciding whether and how to move forward with a Sambor Dam. These are
denominated Sambor Alt_7-A, B, Cand D.

Comprised of the Lao PDR, Thailand, and Cambodia and Vietnam portions of the basin.
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Biophysical Setting

The flow of the Mekong River is seasonal, with a monsoon-driven high flow period from July to
October that produces 75% of the annual flow. The flood regime makes the seasonal flow patterns
highly variable. The differential between the high flows and the low flow is around a factor of 20,
making the Mekong among the most variable large systems in the world. It is the dynamic
interaction of the river with its landscape that supplies the nutrients that makes the river so
exceptionally productive.

The Mekong River has historically carried a large sediment load, of which about half is derived from
the upper 20% of the basin in China. The seven dams in the Chinese headwaters, known as the
Lancang reach, now capture between 40-50% of the sediments that used to flow through the
Sambor site, such that the current sediment load passing Sambor has been reduced to about 150 to
92 Mt/yr (Koehnken, 2014), including both suspended sediments and bed load.

The Mekong River from Sambor to Stung Treng has multiple parallel channels (“anabranches”) with
bedrock beds and alluvial banks. Around the Sambor site, the channel runs through bedrock
overlaid by recent alluvium. At a preliminary level of analysis, the geology, geomorphology and
hydrology at the Sambor Alt_7 site are suitable for construction of a hydropower dam. However, a
full feasibility study would require more refined site surveys.

The bathymetry of the main channel is characterized by deep pools connected via a deep channel.
Twenty-three of these deep pools are in the inner channel and thalweg of the Sambor migratory
corridor. These pools are as much as 40m deep. These serve as refuge during the dry season, as
rearing ground for many resident species, as migration route especially for large fish species and as
sanctuary and feeding ground for dolphins.  During the dry season, the deep pools fill with
sediments and debris, but during the wet season, high flows scour clean the inner channel and
pools. The deep inner channel is the primarily path for up and downstream fish migration and is
especially important for large species and serves as refuge in the dry season.

The exceptional flow variability and dynamic interaction of the river with the landscape during the
monsoon floods give it a high level of biological productivity and a greater richness of species of any
river in the world except the Amazon. It is, by far, the most productive freshwater fishery in the
world. Some 329 species (42% of all Mekong species in 10% of the area of the basin) have been
recorded in the Sambor reach and into the 3-S system. Fourteen of these are endangered. Many
are migratory. In fact, the Sambor reach of the Mekong is migratory corridor that experiences the
largest annual movement of fish biomass on the planet. This migration is vital for the completion of
the life cycles of the 86 fish species that migrate from Tonle Sap and the Cambodian floodplains into
the 3-S (Se San, Srepok and Sekong Rivers) system

The Sambor reach of the river also experiences intense fishing activity. Estimates of the quantity of
fish and other aquatic animals landed each year range from 2.5 million to 3.8 million tons. Between
40% and 70% of the catch is of migratory fish, and the highest catches occur during the period of
upstream migrations. For most such species, that occurs as the water levels rise at the beginning of
the rainy season. Consumption of fish in Cambodia is the highest in the basin at 52.4 kg per person
per year. Some 1.3 million people in Cambodia are engaged, directly or indirectly, in fishing as a
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livelihood. The value of wild catch in Cambodian part is estimated at 2.76 billion USD per year, which
comprises 12.8% of Cambodian GDP.

How Dams Impair Physical Characteristics of the River

Any dam in the Sambor reach of the mainstream Mekong River will alter the fundamental physical
processes that maintain its exceptional biological productivity. The main impacts of concern are the
alteration of the daily and seasonal flow patterns, the alteration and depletion of sediment and
nutrient flows, and the barrier that a Sambor reservoir would pose to both the upstream and
downstream migration of fish and their reproductive products. Indeed, a dam at the Sambor site
has the potential for the largest such impacts of any in the LMB, due to its location between the 3S
River basin and the Tonle Sap Great Lake

The degree to which a dam would distort the natural hydrograph of the river depends on the volume
of the reservoir relative to the volume of annual inflow. Even the largest Sambor dam alternative
would not be able to capture a very large fraction of the annual river flow, simply because there
would not be enough storage capacity. However, there would be sufficient storage capacity for
“hydropeaking”, to follow the load curve of the power grid. This type of operation could create large
and rapid daily variations in the downstream flow patterns. These distortions can be particularly
damaging to the downstream fishery.

Dams create a barrier to fish migration, which ultimately may lead to loss or decline of fish species
unable to complete their life cycles, usually because they are isolated from their spawning and
nursery areas. The scale of the impact is usually worse if major spawning tributaries are located
upstream of the dam and drain into the impounded area. River species that are dependent on
flowing water conditions for all their ecological requirements generally decline in abundance
because of inability to fulfill their life cycle, to be replaced by species that are tolerant and able to
exploit static water conditions. The riverine species that tend to be lost are the larger, commercially
important migratory species and they are often replaced by low value, smaller species or alien
invasive species. The impact on migratory fish can be of such a magnitude that survival may be as
low as 5%.

The reservoir can also act as a sink for downstream drifting eggs and larvae, which are consequently
lost from the system. To move downstream, the eggs and larvae must drift back though the
reservoir in a flowing current to mature into adults. they must drift. Unless the reservoir is operated
to provide a velocity of flow that will keep these eggs and larvae in suspension all the way through
the reservoir and to the point of discharge at the spillway or powerhouse, these eggs and larvae will
fall to the bottom of the reservoir, become covered with silt, and die. Operating the hydropower
dam to ensure these velocities will require that the reservoir levels be reduced with a consequent
reduction in hydropower production.

For hydropower dams, mortality from passage through turbines is especially significant; turbine
losses of juveniles of 10-40% have been widely reported and large-bodied fish can be expected to be
up 100%. It is possible to reduce fish mortality through turbines by incorporating barriers that
prevent fish from entering the turbines. These systems can be effective for larger fish, but are not
practical for eggs, larvae and very small fish, which are particularly susceptible to injury and death in
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turbines. Turbine design, such as the type of head, number of blades, and rotation speed, is an
important factor with respect to survival of fish going through turbines.

For sediments and nutrients, the effects of dams and reservoirs are two-fold. They both alter their
natural flow patterns and deplete the quantity available downstream. Reservoirs trap all the
bedload (the coarser sand and gravel moved along the river bed) and a percentage of the suspended
load (the sand and finer sediment carried in the water column). The percentage of the suspended
sediment trapped by a reservoir is a function of the ratio of reservoir storage capacity to annual
volume of inflow.

These sediments are essential to maintain the complex channel and floodplain morphology that
provides the diversity of habitats needed by different species and life stages of fish. Deltas and
coastal areas that rely on riverine sediment supply, such as the Mekong Delta, are especially
vulnerable to impacts of reduced sediment supply.

Assessment of Impacts from the Original Sambor Dam

The dam as originally proposed by CSP would be 33 meters high (difference in upstream and
downstream water levels) and 18km wide. It would create a reservoir of 620 km? surface area and
465 Mm? of active storage, backing water up some 82 kilometers, all the way to the 3-S confluence
and the town of Stung Treng. The proposed installed capacity is 2,600 MW with some 11,100 GWh
of annual energy production.

Sambor would be the downstream-most dam in the LMB, between the 3S basin and the mainstream
Mekong above Khone falls and the immensely productive floodplains at Tonle Sap and the Delta in
Vietnam. Migratory fish form the majority of the fishery of the lower Mekong Basin and Sambor CSP
is located between the spawning grounds upstream and the nursery habitats downstream. A huge
volume of fish biomass pass through this river corridor every year, and that migration sustains the
extraordinarily productive fishery of the lower Mekong, making the Sambor site the least suitable
place for a physical barrier in the Mekong Basin. Thus, Sambor CSP poses extremely high risks for
fish populations and food-security for the region. The original Sambor CSP Dam would have the
largest impact on the Mekong fishery of any of the mainstream dams; if the others were built as
well, the total forecasted losses in fish harvest would amount to 550,000 to 880,000 tons a 26-42%
decrease.

In theory, it may be possible to engineer a fish pass at Sambor CSP for upstream migration (although
at this dam height a panel of experts convened by the MRC has opined that fish passage is not
possible). In any event, a fish pass with an appropriately low gradient to ensure fish complete their
migration would need to be very long and very expensive. It would also require that at least 10% of
the flow be diverted into the fish pass, rather than the powerhouse, with a consequent loss of power
production.

The larger constraint is the downstream passage of the juvenile fish, eggs and larvae through the
reservoir to the floodplains at Tonle Sap and the Delta where they mature into adult fish. The eggs
and larvae cannot actively swim. They would have to drift through the reservoir, an 82km long body
of static water, the entire distance to the point of discharge at the turbines and/or the spillway. It is
inconceivable that an economically viable Sambor CSP could be operated to assure the minimum
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velocities necessary to keep the eggs and larvae in suspension through this distance. If that is not
done, they will fall to the bottom of the reservoir, be buried in silt, and die. The mortality is likely to
be near 100%. In sum, the Sambor CSP would pose an absolute barrier to fish migration through the
most important migration route in the entire Mekong River system.

By virtue of its large size and position as the lowermost dam on the mainstream Mekong, sediment
capture by the originally proposed Sambor dam would be greater than 50% of the fine sediment and
all of the bedload. This would eventually fill the deep pool refuge habitats and they would
disappear. Sediment capture at Sambor CSP would deplete the flow of the sediments and nutrients
into the Tonle Sap Great Lake, where the productivity of this fishery is directly correlated to the
volume of water containing the sediments and nutrients passing through the lake, and to the
Vietnamese Delta, where the annual replenishment of sediments is integral to the maintenance of
this land form. The discharge of the nutrients at the mouth of the river drives the off-shore fishery
in Vietnam, which is as important for fish harvest as the freshwater fishery of the Mekong. Adding
the sediment capture at Sambor CSP to the sediment loss from the upstream dams would result in a
loss of 95% of the sediment flows to the delta and a loss of 40% of the nutrient flows.

Sambor CSP is not designed to, and could not be operated to, discharge sediment. However, the NHI
team investigated the potential for modifying the design and operation of the dam to accomplish
this objective. Multiple sediment management techniques were considered during this preliminary
evaluation. None of these are feasible because of the size of the reservoir. Therefore, the impacts
of the original Sambor Dam on the passage of fish and sediments cannot be mitigated.

Methodology for NHI's Alternatives Analysis

Because of the superlative natural resource values at stake and the very large threats posed by the
original Sambor Dam, the task of identifying more benign alternatives called for a reversal of the
conventional approach to hydropower planning. On the traditional path, the first step is to identify a
dam site that maximizes energy production; then to develop a conceptual design; then to assess
potential environmental impacts; and then to formulate impact mitigation measures. This objective
of this pathway asks how the fishery can be managed to accommodate the hydropower
development. It seeks to maximize power production and minimize the mitigation costs that will
reduce the expected rate of return on investment. In the context of the Mekong basin, such
subordination of mitigation to hydropower profits typically results in substantial impairment of
environmental productivity and social welfare.

Considering these realities, the NHI team inverted the standard paradigm and began its inquiry by
first identifying the natural processes and environmental and social resources at risk, and then
setting environmental and social performance standards to maintain these functions. In sum, the
Sambor alternative assessment asks not how the environmental and social resources can
accommodate hydropower development, but how hydropower development can accommodate the
environmental and social resources. The question in defining the hydropower development
alternatives then became how hydropower could be sited, sized, designed and operated to meet
these standards, which are set forth in Text Box ES-1 below:
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Text Box ES-1. Environmental performance criteria used for present study.

> Fisheries
o Fish Survival 95% at Sambor
o Fish Passage
=  Up and Downstream
o Larval Drift
=  Downstream Passage
=  Through Reservoir
=  Flow Velocity of Water >0.3m/s
o Minimize Barotrauma Potential
=  Powerhouse
= Spillway
o Minimize Turbine Mortality
=  Blade Strike
= Shear
» Sediment
o Pass ~95 % of Suspended Sediment Annually
= Nutrients — Sustain Fisheries
=  Mekong Delta — Agriculture and Food Security
o Maintain Reservoir Storage over Long Term
=  Design to Remove Deposited Bed Load
o No Significant Deposition in Deep Pools
> Relocation
o Minimize the Number of People to be relocated
o Use 100-year Flood as Criterion
o No Additional Flooding in Stung Treng

These set a new global standard for sustainable hydropower that no major hydropower dam in the
world could presently meet

A total of 10 hydropower dam alternatives were studied. All would generate less power than the
originally proposed Sambor Dam, but would substantially outperform it in the domains of
environmental and social acceptability.

The field narrowed substantially when it became clear that the only viable alternatives would be
those that would avoid creating an absolute barrier to the movement of migratory fish through the
Sambor corridor. That conclusion led to an investigation of a site 13km upstream of the original site
in the reach of the river where there are multiple channels incised in the bedrock formation. At this
location, the NHI team investigated two dam concepts. Sambor Alt_7 that would place the dam on
the main channel, leaving the side channel (the anabranch) unobstructed for the flow of fish,
sediments and nutrients, and a Sambor 6 that would place the dam on the side channel and leave
the main channel unobstructed.

The Sambor Alt_7 alternative proved superior from the standpoint of power output, while Sambor
Alt_6 proved superior from the standpoint of the environmental and social performance standards.
The main question was whether Sambor Alt_6 would also be viable from the financial perspective of
potential investors; that is, would it provide a rate of return on investment that would make it
competitive with Sambor Alt_7?
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To compare the power output of these options, the team assessed the hydrology at these sites and,
specifically, the flow split down the main and side channels with and without the dams. Hydraulic
modeling indicated that the amount of water diverted to the main channel was very sensitive to the
water surface elevation in the anabranch. Extensive modeling and analysis eventually showed that
the only viable dam site in the anabranch would back so much water into the main channel that not
enough flow would be available to the Sambor Alt 6 powerhouse to make this option viable.
Consequently, Sambor Alt_6 ended up being the most expensive option on a cost per unit of power
basis. Specifically, that dam would only be able to produce 125 MW of power, whereas the
construction costs would be $5.428/Kw. On that basis, the cost per kilowatt hour would be over 20
US cents/kWh, about twice as much as for Sambor Alt_7 with full mitigation.

Sambor Alternative 7

Sambor Alt_7 aims to significantly reduce the impact of Sambor CSP on fishery yield, bio-diversity
and sediment passage, although significant risks remain. Sambor Alt_7 would be a 1,236 MW, 4,240
GWh per year facility. It is designed with the intention to pass 95% of the sediment, allow 95%
survival of fish and larvae migrating up- and downstream, and potentially allow Irrawaddy dolphins
to move up- and downstream. The design details of Sambor Alt_7 are presented in Chapter 6 with
graphical displays.

The site for Sambor Alt_7 is 13 km above the site studied for Sambor CSP, where the river flows in a
braided manner through multiple channels in a bedrock formation flanked by alluvial banks. At this
site, a partial barrage could be constructed on the main channel while leaving the side channel (the
anabranch) unobstructed for the passage of fish, sediments and nutrients.

The dam concept of Sambor Alt_7 is designed so that the location and height:

i) minimize relocation of people;

ii) optimize the use of the anabranch channel as a natural fishpass with no additional
infrastructure;

iii) ensure >10% of flow passes down the anabranch/fishpass at all times of the year to provide
for fish attraction and passage of high volumes of biomass;

iv) allow up- and downstream movement of Irrawaddy dolphins through the anabranch;

v) enable the dam to be operated to maintain water velocities in the reservoir for larval drift.

Four versions of Sambor Alt_7 were assessed, each featuring a different combination of fishery
mitigation measures. Common elements in all four are mitigation measures include:

e Three upstream fishpasses located at the powerhouse and both sides of the spillway, where
migrating fish would congregate;

e A bypass channel that links with a natural anabranch to pass >10% of river flow;

e A navigation lock that also serves as a fish lock;

e QOperations to enable a downstream drift of larvae through the reservoir by maintaining a
minimum velocity of flow (exceeding 0.3 m/s);

e A pressure acclimation weir in the intake channel to ensure fish volitionally acclimate to
surface pressure before entering the turbine;
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e Deep emplacement of the turbines in the tailwater to reduce pressure impacts
(barotrauma).

The four versions of Sambor Alt_7 each incorporate various strategies for reducing mortality of fish
passing downstream through the dam and turbines. These mitigation scenarios are:

1) Sambor Alt_7-A: Trash rack with standard turbines (as per Xayaburi Dam)
e Fish up to 900-1000 mm would pass through these trash racks and enter the turbine
intakes.

e Turbines with low barotrauma and moderate shear and blade strike.

2) Sambor Alt_ 7-B: Trash rack (as per Xayaburi Dam) + low impact turbines
e Trash racks with surface bypass but no fish screens on the turbine intakes
e Low impact turbines (low barotrauma, low shear and low blade strike [thick-blade]) that
safely passes larvae and fish < 300mm. We use Alden turbines for illustration. Other
low-impact designs may also be considered.

3) Sambor Alt_7-C: Fish screens + standard turbines
e Coarse fish screens to enable fish > 300 mm to bypass the turbines.’

e Turbines with low barotrauma and moderate shear and blade strike.

4) Sambor Alt_7-D: Fish screens + low impact turbines.
o Coarse fish screens to enable fish > 300 mm to bypass the turbines
o Low impact turbines (low barotrauma, low shear and low blade strike [thick-blade])
that safely passes larvae and fish < 300 mm. We use Alden turbines for illustration.
Other low-impact designs may also be considered.

Operation of the Sambor Alt_7 reservoir would be exceptionally dynamic and complex. The
reservoir has three unregulated natural upstream channels discharging into the anabranch channel.
The complex nature of the project hydraulics and hydrology render specifying an optimal reservoir
operating policy difficult. To maximize energy production requires balancing the long-term product
of hydraulic head and inflow by avoiding reservoir water levels that create excessive spillage into the
anabranch channel. Given the importance of maintaining natural larval drift, the team explored
conditions in which greater drawdown of reservoir water levels may be required to ensure site
conditions that enable larvae passage. Policies maintaining lower water levels achieve higher inflows
and thus higher velocities to pass larvae, but the reduced hydraulic head associated with those
policies reduces energy production; that is the tradeoff.

The amount of sediment passing downstream of the Sambor 7 reservoir is the sum of the sediment
that flows through the reservoir and the sediment flowing through the anabranch channel. The
sediment passing through the reservoir is determined by its trap efficiency, which is the fraction of
inflowing sediment that is deposited in the reservoir. The trap efficiency of the Sambor Alt_7

The project team also evaluated fine-mesh fish screens on the turbine intakes, which divert all fish except larvae from
the turbines, but concluded that they were too expensive to be practical.
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reservoir is very low because the reservoir is only about 0.5% of the average annual flow in the river.
If the estimate of sediment flowing through the reservoir is combined with the sediment flowing
through the anabranch, the total amount of suspended sediment that would be discharged is about
93%. The bed load in the Mekong River consists predominantly of fine sand and silt, which is likely
to deposit in the reservoir upstream of the Sambor Dam and spillway. However, the low-level gates
in the spillway of Sambor Alt_7 can be used to flush sediment through the system, resulting in
minimal amounts of deposited sediment over the long term.

The increased discharge of suspended sediment resulting from Sambor Alt_ 7 compared to the
original design and operations will maintain downstream geomorphology and the flow of nutrients
to the lower floodplain fishery, and limit the subsidence of the Mekong delta landform in Vietnam.
Passing nearly the Mekong’s entire current sediment load at Kratie of approximately 92 Mt/yr would
correspond to an improvement of 1.4 mm/yr of sediment deposition, which ultimately would
prevent 37 m/yr of coastline retreat. This corresponds to the prevention of 3,100m of coastline
retreat by the year 2100, and prevention of 2500 km? of delta land lost by 2100.

The dam will cause the high flows through the anabranch to increase significantly. As the bed and
banks of the anabranch are largely contained within a rock stratum, the increased flows should not
cause the depth of the anabranch to increase significantly. However, it is notable that the rock
stratum containing the anabranch is overlain with sediment deposits that are quite thick in some
places. This raises the question whether the increase in flows in the anabranch due to the Sambor
Alt 7 dam on the main channel would cause this sediment to erode and the morphological

consequences of such erosion both at the dam site and downstream.

The elevated velocities of the current are mean channel velocities. These should not hamper fish
migration or reduce the efficiency of this channel as a fish pass because the roughness along the
sides will probably allow most fish to pass. However, concern has been expressed about the effect
on small species (< 20 cm) like Henichorynchus that make up most of the migrating biomass, some of
which could not sustainably swim against these velocities. Relocation of people living within the 40-
meter contour line would be necessary. That would be less than 7,000 people, compared to over
19,000 for the original Sambor Dam proposal.

Fish Passage Design

The Sambor Dam site is located above the huge floodplains of the Tonle Sap and Mekong delta. The
migratory biomass that would pass through the Sambor site is unprecedented in volume for a
hydropower dam, especially at the onset of the wet season. These migratory fish make up the
majority of the fish that provide an essential, and not readily replaceable, source of protein for the
Cambodian people.

The NHI Team devised state-of-the-art fishery mitigation measures with the objective of achieving
upstream and downstream passage of 95% of the fish and other aquatic animals, recognizing that
that would will still result in ~14% reduction in fish production after taking into account the losses
estimated from the Lower Se San 2 project. However, the record of performance of fish passage
facilities in large tropical rivers has been consistently poor. A recently completed global review
determined that efficiencies average less than 40% for all species worldwide; and only 20% if

salmonid species (not present in the Mekong basin) are excluded. There are no examples of
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fishpasses at any tropical dam that have sustained migratory fish populations or fisheries.
Prefeasibility studies consistently underestimate the cost of fish passage, which tends to foreclose
effective designs at a later stage. Chapters 8 and 12 of this Report estimate the risks that this
performance goal will not be met, and the potential consequences. For instance, if the Sambor
Alternative 7 mitigation measures only achieve a conventional level of success, fish production could
potentially be 30-70% less than current production.

The key mitigation measures for upstream migration are fishways. The fish passes for Sambor Alt_7
are designed to avoid the flaws that have led to poor performance of fish passage facilities in large

tropical rivers historically. These design elements are summarized in Text Box ES-2.

Text Box ES-2. Fish passage requirements for hydropower in the lower Mekong and specifically at Sambor Alt_7.

» Upstream fish passage is required at the powerhouse and spillway for varying flows; hence
multiple fishways and multiple entrances would be required.

» To attract fish into fishpasses and pass the high biomass, > 10% of flow is required.

» Upstream fish passage facilities need to accommodate the locations where the fish congregate
due to attraction flows, which include:
= the draft tubes of the power house;
= each side of the power house;
= the spillway apron at low discharge;
= each side of the spillway near each abutment at high discharges.

» Downstream migration includes larvae that require flowing water in the reservoir to
maintain drift:
= From ADCP data it is likely that a mean channel water velocity of 0.4 to 0.5 m stis
required in the dry and early wet season and 0.8 to 1.0 m st may be required in the wet
season. We have assumed an absolute minimum of 0.3 m s for initial modeling.

» Maintaining survival of fish approaching the turbines is required, either through turbine design
and/or screens to divert fish.

Based on the requirements listed above, the design concept for the Sambor Alt_7 option is to

provide three upstream fishpasses:

(1) The site and design of the Sambor Alt_7 dam allows the anabranch to serve as a natural
fishpass for both upstream and downstream migrating fish. The anabranch would be linked to the
river immediately below the dam and powerhouse by an artificial channel that would mimic the
natural habitat and hydraulics. The entrance would be beside the powerhouse, so that migrating
fish attracted to the powerhouse and dam would be diverted into the anabranch. Both the
anabranch and channel would have a low-gradient (e.g. 1:200) with turbulence and water
velocities that are similar to the Hou Sahong channel, which is known to be satisfactory for passing
Mekong fish species.

(2) The concept for Sambor Alt_7 includes a combined navigation/fish lock which can be operated
to pass both. It would have a width of 30m to enable high flows to attract fish, and provide low
turbulence that fish can swim against.
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(3) A pool-type fishpass would be constructed on the right side of the dam. It would feature a
vertical-slot design which maintains constant water velocity and turbulence. It would include the
design parameters suitable for the size and biomass of fish that would need to negotiate it.

The measures for achieving 95% survival in downstream passage are:

i) Passage through the anabranch in proportion to its flow. However, the larger fishes that use
the deepest channel in the river (thalweg) are more likely to enter the reservoir where they
are vulnerable to pass downstream through the spillway or turbines.

ii) Medium to large fish would be diverted around the turbines (as these fish have high
mortality in turbines from blade strike), using fish screens and a bypass (in Sambor Alt_7-C
and D).

iii) The reservoir would be operated to maintain a sufficient velocity of flow to transport drifting
larvae to the point of discharge at the powerhouse and spillway.

iv) Mortality of larvae and small fish in the turbines would be minimized by:

a. Providing a pressure acclimation weir in the intake channel of the power house. This
is a submerged weir which forces larvae and juvenile fish on the river bottom to the
surface (e.g. upper 2m) and acclimates them to surface pressure which reduces
impacts of pressure change in turbines (barotrauma).

b. Locating the turbines at depth which, when combined with a pressure acclimation

weir, will largely mitigate pressure change in the turbines.
C. Installing turbines that reduce impacts of blade strike and shear.
v) The spillway gates would be designed to pass fish safely.

Mortality of fish passing through turbines can be reduced by improved turbine design and/or by
preventing fish from entering the turbines. Fewer blades and a low rotation speed reduce impacts
on fish. A review of the options has revealed that the lowest impact design is the Alden-Voith
turbine, which has been under development by the US Department of Energy and the Electric Power
Research Institute (EPRI) since the 1990s and is now ready for commercial demonstration. It has
three blades with thick leading edges to minimize blade strike in a corkscrew shape that has a
decreasing radius.® It has similar generating efficiencies (94%) compared to a Kaplan, but has a
higher capital cost.

However, it is important to state that fish survival as high as 95% has never been documented in real installations. In
fact, we have found no real examples above 55%. Also, the manufacturer’s models calculate survival right after
passage, while 48-hour survival rate is the standard as many fish are still alive but severely injured and will die within
48 hours.
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Fish screens that divert fish to bypass systems were evaluated in this study. These can be effective
for small (e.g. 10cm) to large fish, but are not practical for eggs, larvae and very small fish, which
would then pass through the turbines where they would be susceptible to injury and death from
shear and pressure changes. These screens divert fish to one side of the powerhouse where they
bypass the turbines and pass downstream via a sluicing flow. Significantly, the screen would have to
filter a discharge that is 35 times greater than the largest fish screen built to date. The cost to screen
fish > 0.3m long would be approximately USD $1.0 billion. While a finer mesh screen was evaluated,
the cost proved prohibitive. The cheaper screen would require more sophisticated turbines with
thicker blades to pass larger fish safely. We conclude that fish screens impose the largest cost of any
of the mitigation measures and carry the highest technical risk because of the unprecedented scale
that would be required.

The highly damaging negative pressures experienced by the fish as they go through the turbine can
be mitigated by emplacing the turbines below the tailwater. This greatly reduces barotrauma and
cavitation but the added excavation increases capital costs. Barotrauma injuries in fish are caused
by changes in pressure either from sub-atmospheric pressures in the turbine or by a net decrease in
pressure, both of which cause the swim bladder to expand causing injuries and mortalities in fish.

To pass fish safely, spillways need to be designed to provide a relatively laminar flow over a smooth
surface (not a stepped spillway), with no sudden deceleration, or sudden transitions. Generally, this
is a “ski-jump” shaped spillway with a long apron and no endsill or dissipaters.

The fishery mitigation measures incorporated in Sambor Alt 7 are based on a detailed
understanding of why and how fish passage measures have failed in the past and what is needed to
remedy those defects. In theory, the designs of the measures should be effective to achieve the
lofty performance standards that have been posited for Sambor Alt_7. However, the untested
status of these measures gives rise to substantial risks, which can be summarized as follows in Text
Box ES-3.

Text Box ES-3. Potential risks to the Mekong fish population.

Any of the following can cause decline of the fish population:

e Upstream fishpasses do not pass sufficient fish to maintain the fishery
e Velocity in reservoir not adequate for drift of larvae

e  Fish screens impractical

e Turbine/spillway mortality underestimated

e Operation of the project fails to observe the mitigation protocols

At the concept level of analysis reported in this study, several critical uncertainties must be
acknowledged in the results that will require a more definitive level of analysis to resolve, should this
project progress into a full feasibility study. These include:

e The accuracy of the hydrodynamic modelling.
e The 3-dimensional hydrodynamics near the dam wall (larvae could drift to within a few
hundred meters of the dam wall and then fall out of suspension).

e The behavior of larvae in low velocity edge habitats.
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Fish Mortality Modeling

An initial round of modeling was performed in late 2016, and the results vindicated the analytic
methods. The purpose of the modeling is to estimate and compare the impacts of a range of fishery
mitigation scenarios for Sambor Dam Alt_7 on the mortality, population growth rates and potential
yield of migratory species of fish caught for commercial and subsistence purposes in Cambodia and
in the other riparian countries of the LMB.

From the modeling, some preliminary predictions can be made. Rates of downstream passage
mortality are likely to be relatively low for the partially and fully mitigated scenarios due to the
mitigating effects of the improved design of the turbines, with thicker blades and slower rotation,
but at a sacrifice of power production.

The decline in potential fish yield will be greater if lower fishpass efficiencies are achieved. The
fishery would collapse if fishpass efficiency is in the order of 45% - 50. These findings pose the
qguestion: Can 95%, or even 80% fishpass efficiency be achieved? An exhaustive review of the
literature published between 1960 and 2011 (65 papers found that average upstream fish pass
efficiency has been only 42%. After excluding salmonid species, for which average pass efficiency
was approximately 60% mean fish pass efficiency was found to be only 21%, and about 30 % for
cyprinids. The study included ‘natural’ fish passes which were found to be less efficient than pool-
type. The fishpass proposals for the Sambor dam are unique in terms of their scale and design and
therefore the relevance of the existing empirical evidence concerning fishpass performance might be
guestioned.

Impacts on Dolphins

The team used existing data to assess the potential impacts of a hydropower dam at Sambor on the
Mekong River Irrawaddy dolphin (Orcaella brevirostris) population, and compared the expected
impacts from the dam alternatives.

The lower Mekong River is home to a critically endangered population of approximately 80
Irrawaddy dolphins, Orcaella brevirostris. These dolphins are culturally significant, economically
valuable to local communities, and biologically important. The population is likely to be a distinct
subspecies, and breeds separately from any other coastal Irrawaddy dolphin population. Ongoing
conservation measures are showing signs of success and the population may recover if these efforts
continue.

The Mekong dolphin population occurs only in a 190 km stretch of the main-stem Mekong River
between Kampi, Cambodia, to Khone waterfalls on the Cambodia-Lao PDR border. Within this
relatively small range, Mekong River dolphins use very few specific habitat areas within, and around,
deep-water pools in the river. The population is separated into four sub-populations, which regularly
use nine of these deep pools in the Kampi to Khone waterfalls river stretch. The sub-populations
show strong fidelity to specific pools and strong social bonds. Occasional dispersals between the
sub-populations are necessary to maintain genetic exchanges and viability of the population as a
whole.
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Previous studies have shown that dams can impact river dolphins through several broad
mechanisms:

e Fragmenting the populations into isolated smaller groups that are much more vulnerable to
extinction,

e Loss of habitat and microhabitat through both infrastructure development and changes to
hydrology,

¢ Noise in the environment (i.e. dolphins hunt and navigate with sonar, which can be
disrupted with environmental noise),

e Reduced prey due to effects of the dams and barrages on fishes,

e Disturbance from construction activities, and

e Direct mortality.

The most certain and severe predicted impact is the fragmentation of the population by a barrier
effect of the dam. While the original Sambor CSP proposal has no means for dispersal through the
dam, the open anabranch in Sambor Alt_7 allows for some possible movement of dolphins up- and
downstream of the dam through the anabranch channel. However, extensive survey work and
community informant networks have revealed no evidence that dolphins currently pass through
these channels. In the dry season, these anabranch channels are much shallower than the main
channel where dolphins are frequently recorded, and impassable to boats. It is not known whether
dolphins use these channels during the wet season, or whether they will use these channels if the
mainstream Mekong River is blocked. We therefore conclude that if dolphins do not use these
anabranch channels, the barrier effect of Sambor Alt_7 would be the same as the Sambor CSP
proposal.

Another major risk is the loss of key habitat due to construction of dams at either the Sambor CSP or
Sambor Alt_7 site. The siting of both dams is immediately over core deep pool habitat. In the dry
season, particular dolphins almost exclusively use these areas. Given the very few areas dolphins use
currently, it is unlikely that displacement from these sites would result in new areas being used, so
valuable areas of the little remaining habitat would be lost.

Existing threats from bycatch in fisheries, the vulnerability of small populations to extinction, genetic
vulnerability, and the effects of existing dams on river regulation are likely to be exacerbated by all
dam options. Of these existing threats, bycatch in fisheries is of the most immediate direct concern,
particularly if any dam construction increases the human population and subsequently fisheries
interactions.

As the Sambor CSP option is certain to fragment the population, it has the greatest risk of impacting
existing small population issues, genetic vulnerability, and greater hydrological effects. As the
Sambor Alt_7 option may open up accessibility into remoter areas and therefore increase fishing
pressure, it may be more likely to exacerbate bycatch.

As dolphins navigate, forage and communicate with sonar, underwater noise can have a large impact
on their ability to perform basic daily behaviors. The potential sources of sound and magnitude of
sound emissions from this project has not been established, and there are virtually no comparable
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studies of the impacts of underwater noise on freshwater dolphin populations. This is a major
knowledge gap.

Some mitigation measures may be possible for some impacts, such as improved fishery management
to prevent additional bycatch, or the use of the fish screened option to prevent mortality.

The key knowledge gaps that need to be filled to better understand potential likely impacts and
possible mitigation are:

e Better understanding of fine-scale distribution, abundance and movements of the dolphin
populations within, and near the proposed project site, and specifically whether dolphins
use the anabranch channel;

e Modelling potential sound emissions and propagation of various construction and operation
activities, including dry explosives, turbine operation, and seismic operations, to determine
appropriate mitigation zones, and/or determine if mitigation is possible;

e Evaluating the impact of construction and operation of the Don Sahong Dam in Lao PDR on
dolphins in the Cheuteal Pool. Such studies could help inform understanding of impacts and

potential mitigation options of proposed hydropower developments.

In summary, both the CSP and Sambor Alt_7 dams represent extremely high risks to dolphins in the
Mekong River.

Augmenting Power Output from Existing Hydropower Reservoirs as an
Alternative to a Sambor Dam: The Floating Solar PV Option

The past few years has seen a dramatic reduction in cost of solar photovoltaic power generation
(Solar PV). Over the past few years the world has seen an explosion of utility scale grid connected
PV projects. This technology therefore presents a renewable energy enhancement to mainstream
power generation that mitigates the environmental damage costs of such large hydro projects.

This technology can be implemented in a variety of different ways, but because of problems with its
intermittency — very rapid changes in output when weather conditions produce rapidly changing
cloud cover — it poses a range of issues associated with its integration of its output into a power grid.
At small scale, this is not a major issue, but at large scale (100 MW and more), when feeding into a
relatively small grid, this becomes a significant issue. Fortunately, these issues have technological
and engineering solutions whose performance is predictable, and not subject to the same
uncertainties of mitigation measures at hydro projects: nobody can accurately predict the success of
a fish passage (especially when the species and size mix is as great as it is in the Mekong). But the
performance of a battery or flywheel in mitigating short-term intermittency has much smaller
uncertainty.

One way of addressing these integration problems is to integrate a solar PV project with a hydro
project, which because of the flexibility of hydro turbines, allows in principle the hydro project to
function as a large battery, allowing the combined project to deliver into the grid smoothed and
dispatchable power. This requires that there is adequate active storage capacity in the reservoir (so
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when PV output is at its maximum, the water is stored rather than released during these hours: but
then released later in the day when power demand peaks), and that the turbines have quick
response times.

The first such integrated project implemented at a large scale is at Longyangxia in Qinghai Province
of China, where 850 MW of PV panels mounted on land in conventional fashion was added to a
1,280 MW hydro project. This project is described in some detail in Annex 10.1, for it serves as the
most relevant example for application of the concept to Cambodia. Indeed, one of the difficulties is
that large land areas are required for such large solar PV projects: in Cambodia that may be a serious
constraint, and may require the resettlement and relocation of large numbers of persons. But this
can be avoided by adopting the concept of floating PV at a hydro project reservoir that is already
existing or is planned. Whether the PV is floating or land based makes no difference to the

opportunities for integrated hydro-PV operation.

For this reason, we have examined the possibility of floating solar PV at the existing LSS2 hydro
With so much

environmental risk associated with even the most fully mitigated Sambor Dam conceivable (the

power project, as an alternative to mainstream power development at Sambor.

Alternative 7 presented in this study), it appears that a floating PV project is a viable enhancement
for the next main increment of energy demand in Cambodia.

To be sure, the worldwide experience with floating PV is more limited than ground-based systems,
but the size of such systems is increasing rapidly. The cost is roughly comparable to ground-
mounted systems: savings in land costs and increased yields due to lower temperatures offset the
incremental cost of the floating structures. Due to the modular nature of PV system in general up-
scaling of floating PV systems is not an issue.

Table ES-1 presents a comparison of the main elements and risks for large hydro projects and
floating PV systems. The asymmetry of risk is clear: large mainstream hydro projects have

substantially greater risks than floating PV.

Table ES-1. Floating PV vs mainstream hydro.

Large Hydro

Floating Solar PV

Construction time

Scale

Technology and
commercial
readiness risk

Geotechnical risk

Impact of Climate
change

6-8 years: consequently, very
high costs of interest during
construction (IDC)

Large size needed to exploit
significant scale economies —
poorly matched to load growth
Low.

Significant. Substantial risk of
delay and construction cost
increase

Likely to be negative (fewer but
more intense storms means

ES-16

Less than one year even for 400
MW-scale projects. IDC negligible

Modular build-out easily matched to
load growth increments

The high recent growth rate testifies
to the commercial acceptance of PV,
and of floating PV. 20-year
warranties for PV modules are now
common.

None!

Likely to be positive (more sunshine
hours and lower average cloud

Volume 1



NHI Final Report — Sambor Dam Alternatives Assessment

Large Hydro

Floating Solar PV

Cost trends

Environmental
impacts

Relocation and
resettlement

Environmental
clearance

Implementation
issues

IFI participation

higher spill)
Mature technology. Little scope
for future cost decreases

Potentially catastrophic. Very
high risk, with the performance
of mitigation options
themselves subject to high
uncertainty

Upwards of 20,000 persons will
need to be resettled. Inevitably
controversial

Difficult, expensive and time
consuming. Subject to intense
opposition from NGOs and
delay

Likely to be hugely controversial
with major disruptions during
construction of a large
mainstream project

Highly unlikely given objections
of Vietnam. Absent IFI risk
mitigation, little scope for lower
interest rates

cover)

The costs of PV modules continue to

decrease, as do costs of batteries

and flywheels. Staged development

allows exploitation of lower costs

None! Completely avoids all fishery

damage and sediment impacts.

None!

Straight forward. Even 400 MW
scale of PV at LSS2 reservoir

accounts for a small fraction of the
total surface area: small likelihood of

change to water quality.

Uncontroversial. EdC’s integration

concerns can be addressed by
technical mitigation options of
known performance.

Likely. IFls are already supporting
PV throughout the region.
Concessional finance a possibility.

Economic Analysis

If social and environmental externalities were of no concern, construction of a large hydro project at

Sambor, along the lines proposed by the China Southern Power feasibility study for 2,600 MW,

would be economically rational, with a levelised economic cost of 6 USc/kWh and a net present

value of benefits of US$1.88 billion (assuming 30year life at 8% discount rate).

But, as shown in

Figure ES-1, when fishery and sediment damage costs are taken into account, the net result to

Cambodia is a loss of $1.7 billion. Even when the global benefits of reduced carbon emissions are

taken into account (based on the thermal alternative for peaking power using gas-fired combined

cycle tehcnology), the net result is still negative US$742 million.
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SamborCSP Distribution of economic returns (at constant prices)

Discount rate 8.0%
economic NPV,
returns $USb Levelised costs&benefits USc/kWh
ERR (power) 121% 188 Power -599
ERR (incl. externalities) negative! -175 Fishery damage -4.64
ERR (incl. GHG) 63% -074 Sediment damage -0.67
GHG valuation @WorldBank ($30 /tonCO2+) total -11.30
energy benefit 555
capacity benefit 320
persons displaced 21440 Net -256
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Avoided fuel Integration Fishery Forest GHG

Figure ES-1. Baseline levelised costs, excluding externalities (10% discount rate).

A screening analysis of the various Sambor alternative options identifies Alt-7A as the most
economic option. The analysis suggests the potential benefits of the fish friendly turbine Alt_7-B
option: such designs should certainly be assessed in more detail at the detailed feasibility study
stage. However, the incremental benefits of fish screens (Alt_7-C) in reducing fishery damage costs
appear to be insufficient to justify the high cost ($1 billion in additional capital cost), though
additional modeling of screen benefits, currently underway, will provide further insights on the cost-

effectiveness of screens.

Whether a 95% upstream passage success rate can in fact be achieved is uncertain: there remains
disagreement even among experts. The main difficulty for the fish passage design is the sheer
diversity of the fishery: To achieve 95% for a single species may be reasonable, but to achieve 95%
on average across the wide diversity of Mekong fish species implies the success rate for some would
have to approach 100% to offset those for which only 90% or less may be achieved.

Quantification of the damage costs on fisheries and on the Mekong delta is subject to high
uncertainty. Some studies hold that the value of the fishery can be measured by the retail market
price of fish delivered, with valuations that run into the billions of dollars (that far exceed the
benefits of the additional electricity); others note that that the fishery is largely unsustainable
anyway, and would decline from over-fishing even in the absence of a Sambor dam; and still others
point out that what is really at stake is the livelihood and food security of large numbers of the rural
poor, and that while the relatively better off urban consumers could afford to adjust to other forms
of protein, for the rural poor the impact would be catastrophic. In any event, however measured
and valued, the share of total GDP contributed by fisheries is in decline in both Vietnam and

Cambodia.
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Figure ES-2 shows the results of the economic analysis of Alt_7A. The economic returns of are
significantly lower at 8.8%: the NPV of power is $194 million, as compared to $1,877 million for
Sambor CSP. However, the fishery damage costs are less than half those of CSP, so when
externalities are taken into account, the net benefit is minus $1.28 billion, compared to minus $1.75
billion for Sambor CSP. The other Sambor options have somewhat higher costs, and somewhat
lower fishery damage costs — but the results are not significantly different to those for Alt_7A.

Alt 7-A Distribution of economic returns (at constant prices)

Discount rate 8.0%
economic NPV,
returns  $USb Levelised costs&benefits US¢/kWh
ERR (power) 88% 0.19 Power 812
ERR (incl. externalities) negative! -1.28 Fishery damage 474
ERR (incl. GHG) negative! -0.73 Sediment damage 0.17
GHG valuation @WorldBank ($30/tonCO2+) total -13.03
energy benefit 557
capacity benefit 320
persons displaced 2115 Net 426
6.5
45
P 25
-2
=
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-35
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Alt 7-A Avoided invest.  total power Sediment total (+extern)  total (+GHG)
Avoided fuel Integration Fishery Forest GHG

Figure ES-2. Economic analysis, Sambor Alt-7-A.

Damage cost valuation arguments are further compounded by disagreement over even more basic
guestions about the discount rate. Economists argue that the choice of discount rate can be
determined precisely by application of the tools of economic analysis — grounded either in the
principles of welfare economics and inter-generational equity, or of the economic opportunity cost
of capital — though whatever approach is used requires a range of further assumptions. In reality it
is about the weights that society places on consumption in the short term against consumption in
the longer term, judgments about which can only be made by Governments on behalf of their
country. However, the sensitivity analysis provided in Chapter 11 demonstrates that the choice of
discount rate makes no difference to the ranking of the various options, and to the
recommendations to RGC of the superior performance of the floating PV option at LSS2.

Thus, damage costs are subject to high uncertainty, not least because of uncertainties about the
proportion of migratory fish having spawning ground upstream of Sambor, and the extent of
damage and sediment capture at hydro projects above Sambor. As noted in Chapter 8, there are
also many uncertainties about the ability to model the impact of Sambor on the sustainable yield of
the fishery, and the estimates of fish mortality of the new fish-friendly turbines as reported here are
not based on detailed modeling (or field experience) but on extrapolations of the very preliminary
data from the developers of such turbines (which have yet to be proven at commercial scale).
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Whatever may be the resolution of these uncertainties, the CSP design will result in catastrophic
damage to the Tonle Sap fishery, and while option Alt-7A does provide a degree of mitigation, it
cannot bring the risks of fishery and sediment damage to an acceptable level. Moreover, no
mainstream dam option can benefit from low cost finance (say with a partial risk guarantee from the
World Bank which would lower the commercial interest rate by 1-2%) - because this would require
no objection from Vietnam as the downstream riparian — and which is very unlikely to be provided.
However, what can be said with considerable certainty is that all of the alternatives studied by this
report will have a much lower impact on the fishery than CSP.

The principal question is how the Government should make a decision on Sambor given these
various uncertainties — the results of which may only become apparent once a Sambor project is
built, at which point the damages may be irreversible. This question is the subject of the risk
assessment provided in Chapter 12.

This dilemma for the RGC can be avoided by the floating PV option, the results of the economic
analysis of which are shown in Figure ES-3. Because the 400MW scale project is quite small
compared to the large hydro options, we have scaled the results to deliver the same energy as Alt-
7A. The economic rate of return when externalities are included, at 7.8%, is higher than for any of
the hydro alternatives, and obviously neither fishery damage nor sediment damage costs arise. The
economic returns when avoided GHG benefits are included, at 10.8%, are also the highest among
the various options considered.

Based on the economic analysis one may say with high certainty that the expected economic
returns, when probable environmental damage costs are included, are much greater for the floating
solar PV augmentation at LSS2 than for any Mekong mainstream hydro project, and most certainty
greater than for even the Alt 7A alternative whose engineering design provides the best chance for
mitigating the downstream damage costs.
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Floating PV Distribution of economic returns (at constant prices)

Discount rate 8.0%
economic NPV,
returns $USb Levelised costs&benefit: USc/kWh
ERR (power) 7.8%  -0.05 Power 8.10
ERR (incl. externalities) 7.8%  -0.05 Fishery damage 0.00
ERR (incl. GHG) 10.8% 0.39 Sediment damage 0.00
GHG valuation @WorldBank ($30/tonCO2+) total 8.10
energy benefit 5.56
capacity benefit 2.40
persons displaced 0 Net 20.15
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Figure ES-3. economic analysis of the floating PV option at LSS2.

Quite simply, the floating solar PV project has no material negative environmental externalities:
the risk profile of this option is very low, and will completely avoid the inevitable controversy of a
mainstream hydro project — whether over the 20,000 people that would need to be resettled at
Sambor CSP, the impacts on Vietnam’s Mekong delta, and above all over the uncertainty over the

damage to the downstream Cambodian fishery.

The present PPA tariff at LSS2 is 6.95 USc/kWh. The indicative financial analysis suggests that with
the expected decrease in PV costs, a tariff that is very close to this figure can be achieved at LSS2. To
be sure, there remains some uncertainty over integration costs, but the good news is that these
costs — particularly for fast-response storage to even out the fluctuations associated with cloud
cover variations, are falling as rapidly as the PV module costs have fallen over the past few years.

Moreover, the analysis shows that credit enhancements obtainable through the International
Finance Institutions (IFls) offers great scope for reduction of the tariff. In the absence of significant
environmental damage costs, the safeguards policies of the IFls that are required for eligibility for IFI
involvement are straightforward, which are simply unavailable to a mainstream project likely to be
vigorously opposed by Vietnam.

Distributional Assessment

Who wins and who loses? The net power benefits will be distributed among Electricity of
Cambodia’s (EdC) consumers, the developer, and Government. The shares to each will be settled by
negotiation between Government and the developer, and by the taxes (or tax concessions). If we
assume Government captures 35%, EdC’s consumers 50% and the Independent Power Producer
(IPP) 15%, then the distribution of costs and benefits among the stakeholders would appear as
shown in Figure ES-4. The GHG emission benefit accrues to the global community; sediment damage
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to Vietnam, and Fishery Damage 85% to Cambodia and 15% to Vietnam. The ultimate shares may

well differ, but the orders of magnitude will not change.

For a large mainstream hydro project at Sambor, the biggest loser is Vietnam. Cambodia is also a
loser, because its fishery damages far outweigh the power benefits: Vietham, however, receives no
benefits. However, for the floating PV, nobody loses. Vietnam is unaffected, and Cambodia
receives only power benefits. To be sure, Sambor will generate large power benefits to Cambodia,
but at the probable cost of the destruction of the Mekong fishery, and the certain enmity of

Vietnam.
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Figure ES-4. Comparison of stakeholder impacts.
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Probabilistic Risk Assessment
Technical and Environmental Risk

At its inception, this assessment of Sambor Dam alternatives set a performance standard of 95%
success for upstream passage (fish pass efficiency) and also for downstream survival. Those goals
have driven the exploration for a maximal mitigation approach that is practical and achievable. The
essential question is whether the Sambor Alt_7 design and operations would achieve them in reality.

The NHI team acknowledges that the scientific studies performed in this concept study do not
provide enough information to be entirely confident. In theory, these mitigation measures should
be successful, but in fact they are novel and have not been tested in the real world. While we
believe the Sambor Alt_7-D as described in this Report constitutes the most fully mitigated site,
design and operation conceivable, a decision to construct it is still fraught with irreducible risk
factors due to our imperfect understanding of how this complex ecosystem functions and the lack of
any empirical record on how these mitigations would perform in actual practice.

A risk assessment that evaluates the outcome of all possible futures, avoiding value judgments about
probability distributions of input assumptions (which for some are quite speculative), shows that the
probability that the unmitigated Sambor Alt_7-A has just an 8% probability of generating net
economic benefits when externalities are included. That probability more than doubles for the low-
impact turbine mitigation, but still remains unacceptably low.

We must therefore conclude that any Sambor Dam, even the fully mitigated option (Alt_7-D),
involves high risks to the Mekong fishery due to the uncertainties in how the fishery functions and
the untested nature of the mitigation measures. It is important to understand that the
consequences associated with this degree of risk in a system such as the Mekong can be
unacceptably large. For instance, if these most advanced measures achieve only 70% upstream fish
pass efficiency, rather than the 95% goal, the population model predicts a cumulative decline in
harvestable biomass below the dam in the range of 45%. Additionally, if construction and
operational impacts significantly affect the Mekong dolphin population, the population may become
locally extinct from the Mekong River. This local extinction would be culturally and economically
significant to local communities and nationally (i.e. Cambodia and Lao PDR), and biologically
significant on national and international scales.

As these predictions, themselves are based on assumptions that are fraught with uncertainties, the
only conclusion we can make with absolute certainty is that the risk associated with any dam design
and operation, sited in the midst of the world’s greatest corridor for migratory fish biomass, is
sufficiently large that the prudent course is for the RGC to investigate a full range of renewable
power options, including those that may avoid damming the mainstream Mekong. Realistically, the
uncertainties inherent in the dam alternatives are of such a nature that they are not likely to be
resolved within the timeframe for decisions on a Sambor Dam, if ever. Therefore, the prudent
course of action is to seriously explore alternatives at a scale that would make a Sambor dam
permanently unnecessary.

The risk assessment confirms the main conclusion of Chapter 11: only under the most unrealistically
optimistic assumptions can one demonstrate net economic benefits for a mainstream project, even
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when the most advanced mitigation techniques are employed (small reservoir size to maintain
downstream flow velocities, fish friendly turbines, extensive upstream fish passages, fish screens,
and sediment flushing).

Financial Risks

The financial risks of solar PV are easily an order of magnitude smaller than those faced by a 2,600
MW-scale project at Sambor. As discussed in Detail in Chapter 12, the modularity and lack of scale
economy of PV projects results in a significantly lower degree of financial risk compared to a 2,600
MW scale project at Sambor: interest during construction for a project with 6-7 year construction
time can easily increase overnight costs by 20-25% (so $2,500/kW rather than $1,984/kW); that for a
PV project is a few percent at worst (so $1050/kW rather than $1000/kW).

A large solar PV project could be built in tranches of 50-100 MW: so, the investment for the first 50
MW of PV will be around $50 million. At 70:30 Debt:equity ratio, that means at financial closure
some $35million of debt needs to be mobilized. Sambor at 2,600 MW requires total debt finance
(including capitalized IDC) of $4.6 billion. $35 million is easily mobilized from a single source; $4.6
billion requires significant syndication. Indeed, with a construction time of less than one year,
finance for a second 50 MW PV project (given a very low probability of construction delay) makes
raising a second tranche relatively easy, as revenues begin to flow almost immediately after

construction.

Whether large or small, projects promoted by IPPs require a bankable PPA to get to financial closure.
And what makes for a bankable PPA is mainly the creditworthiness of the off-taker, bolstered if need
be by sovereign guarantees — as was required for LSS2. Signing a 20 year PPA for a 11,000 GWh per
year implies a commitment of the buyer of $880 million per year (assuming an 8 USc/kWh tariff):
almost certainly this would require an RGC guarantee. A 20 year PPA for a 50 MW PV project implies
revenue to be guaranteed for only around 80 GWh per year, or $6.4 million. To be sure, each
tranche would require the same again, but instead of 6 years of no revenue with a large hydro
project, revenue flows within a year of the start of construction. The risk exposure of PV is lower
because:

° Mobilizing debt finance in small tranches is much easier than for multi-billion dollar
projects,

e  Very small risk of construction delays due to environmental and NGO opposition to hydro,
so revenue flows within a year after construction start,

Much lower necessity for Government guarantees,

Deemed generation provisions in PPA unnecessary because the output more easily
matched to load growth of the off-taker,

Financial closure much easier to secure to a predictable timetable.

None of this means that PPA negotiations will necessarily be easy, given likely concerns of EdC about
intermittency issues. But whatever may be the difficulties, they pale into insignificance when
compared to those of a multi-billion dollar hydro project. To get the environmental clearances,
negotiate a PPA, prepare bidding documents, and mobilize the finance would take at least 3 years;
with another 6 years for construction, that means that even if the Government committed to
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Sambor in 2018, construction could unlikely begin before 2021-2022, so 2027-2028 is the earliest
conceivable date of commissioning.

In short, the level of financial risk for Sambor is extremely high; the level of risk for a multi-tranche
solar PV augmentation project at LSS2 is much smaller, and more easily mitigated.

Conclusion

This report demonstrates that the no-dam alternative of floating PV at LSS2 is by far the best
renewable energy option, and should move quickly to a more detailed feasibility study. Clearly,
while we have demonstrated the proof-of-concept, we have not had access to the necessary
detailed technical information of the project at LSS2 that permit definitive conclusions about its
feasibility: additional information (particularly on ramp rates and the technical characteristics of the
generators) will be necessary to confirm the technical and financial feasibility. The following is
worth noting:

e A 400 MW scale solar PV project can be implemented at LSS2 without any risk of disrupting
ongoing hydro operations.

e A first phase of 50 MW — 100 MW could easily serve as a pilot before making commitments to
the remaining 300 -350 MW, without loss of economic benefits (very easy to add additional
modules without loss of any economies of scale).

e Compared to any project at Sambor, such a project could easily be implemented by 2019: the
environmental clearances would be routine and unlikely to delay implementation.

e To achieve the necessary benefits of hydro-PV integration, the augmentation project can only
be undertaken by the existing operator at LSS2: a different owner/operator for the PV
component at LSS2 would be contractually and technically impossible.

e Asolar PV project at LSS2 does not foreclose a Sambor hydro project or a Sambor hydro/solar
hybrid project: however, the LSS2 PV project is clearly the better option for meeting the next
increment of demand for power consumption of export as it avoids the considerable risks,
public controversy, and the strong opposition of Vietnam. Moreover, deferral of a decision
on Sambor allows further time to resolve the uncertainties about fishery damage costs: once
LSS2 and Xayaburi are both in operation the extent of fishery damage at these projects can be
confirmed. The longer a Sambor dam is deferred, the less financially attractive it is likely to
be compared to solar PV alternatives with their steadily declining costs. Indeed, there may
never come a time in the future when a Sambor dam is the next least-cost option for
Cambodia in strictly financial terms; more certainly, it will never be the best next option when
the natural resource costs are taken into account.

e |If RGC were to make a decision to build a project at Sambor, this report provides the design
principles that should be followed to minimize the environmental impacts (fish friendly
turbines, extensive fish passage facilities, engineering and reservoir designs to maximize flow
velocities in the reservoir and allow effective sediment flushing practices).
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SamborCSP Distribution of economic returns (at constant prices)

Discount rate 8.0%
economic NPV,
returns $USb Levelised costs&benefits USc/kWh
ERR (power) 12.1% 1.88 Power -5.99
ERR (incl. externalities) negative! -1.75 Fishery damage -4.64
ERR (incl. GHG) 63% -0.74 Sediment damage -0.67
GHG valuation @WorldBank ($30/tonCO2+) total -11.30
energy benefit 5.55
capacity benefit 3.20
persons displaced 21440 Net 2.56
6.5
45
3786
e 25
)
E 2182 1877
% |
2 0.5 162 1004 4
£ I 1746
4 st
3166
35 I |-4090
55 L Il 1 1 1 L Il Il Il 1 1
SamborCSP  Avoided invest.  total power Sediment total (+extern)  total (+GHG)
Avoided fuel Integration Fishery Forest GHG

JUS ES-1. MITMAINESG SEINSaTSSSUHT A1

=i

Mgl Uy gaugs S uIgRISNG g als) AUSNUNS
IS SOSSHIUISIUSH b MmssIgiEn 9

MITMaAMIAIMMUIRS o USiBus SuingisssUny cnsimdbmm
SiBussu HA IRumsiB iz smisjuio sy
mitTMAISosSUmmAiHs RS SmsumsnuissiButsaw n-B

B ssUsizuHinMWsRu U Ua:
MmusgsivuisanaEicsishwusigugsuiguis| misisamamudspusMn
wEsY iImnBam A wHSsUIIESUTgwismibauammu RS (SiBusSe -
C) BRMIMBUSWAMISAMWLGAI UmMESmSHUNu

UNASE OB SHUENSIEGjUINMATMISAMW SN (9 MSMSIMIUISUITIEYSS)

o []
=

iSO M MPAIUTS BH A HS LTINS SMIN A MMM H[S 12usn g
ASHRUSMIUUEHUTguis]aH AamMUINRBIRumS[UA s MNATEn Y

idMmnimsaswismigamaisiigil§nsmilimougoos 86y 181 yunsamis:
AOSNASUMIR:IS: islismsmilgus SamaaGinmug /S SImY
MU ANMGHHUEIUMISSIRIS ASMAUgIiuuIinmiumisSsSm SNuNn:
1I2gjsguos 8&% EUUIRSITHYW MoSHiusinatn AUisiEdjssuocs 86

MEE ENUEUMNUgiuUIsSHNigaRizue sSSwom
HLﬁWifﬂﬁ§WMLmﬁLUIﬁQL§I§mﬁ§S IBUEINsIUSY 900%

=

IR SIAGIMUIRASHISUMGIETGOS 80% YaGMHIS:H

ES-50


ES-50


NHI Interim Report — Sambor Dam Alternatives Assessment

UTenanisSMISAMWilMISG RN SMNMSEURU SmisidusZwunnsiSiusy
EHUWESIMNE S AIUNMAS & 24 MINFPUWG S ST SUNAD
sigiswsms(S

MGEISHutHNWSIYUANIWMESRPIUEURISUEIISUMS

IR SMINWSigMGUnSInsisisunumsSmssani

U
)

(@i HsuunsSisHAuSUISY) 1 MIdApIgEIS]sSAS U Uudbmosm
RUISANSESTISSISIMNSE SIS WS HmAG: IENWaNIMITSANSUIR TS
wdfimiSinuisueaSSSUngIRiaW

W SITHE SMIAMPINHIS]| S ST R U MREIZIc
Flsufsamasasipnimnsdis: ANimniisi SHSnaing])s
UNUMNS[ARISIMuNSUS

wppuinuig g/ SIS Fam sSimnm STa UG MR uWwsUIANUISES
I§jH9IS]HIS: NEURSIARISIMuNSUsSSHEmSTSnwuNHSnAd
isudmunuamdisnw gHmiamfinw Mol Sasigismuesiansss GDP
ARUISANS ANREISAMImATSaSIaRUIsu]sumy SH/RYmM

uMmn ES-2 umminssuismitmaiugSgissiButisu AA 9
RUSIANMIZHIUESSGIURBTNISEIS/HBEASIUSIH ARYIs 6,68% : NPV iISthunu
ISTG8s 98¢ MSsQ 1OUUIK|UISISHGSS oG MSsAN WENU CSP
isssuwyp 4 isudmuniom MISIMWAMIUNMBNUISMNSSESGMEMASRUNULS
CSP S1GASTINUIRURIM S WM SWHAYRIGIMN SUSMMNUSEISGSS 9 bd
MBmnssn IRUuSHGSS 9AE MSMSIONI ey CSP issgsumy

SiBngpHis]sisssungp [BiSamwmSingn
MG MM AMIUMRUISanS SGMEYS

AUTSUSRUSSEISMN SN SIHAMIGAMIUAENURSIB RS A 19)1:1S9

ES-51


ES-51


NHI Interim Report — Sambor Dam Alternatives Assessment

Alt7-A Distribution of economic returns (at constant prices)

Discount rate 8.0%
economic NPV,
returns  $USb Levelised costs&benefits USc/kWh

ERR (power) 8.8% 0.19 Power -8.12

ERR (incl. externalities) negative! -1.28 Fishery damage -4.74

ERR (incl. GHG) negative! -0.73 Sediment damage -0.17

GHG valuation @WorldBank ($30/tonCO2+) total -13.03
energy benefit 5.57
capacity benefit 3.20

persons displaced 2115 Net -4.26

6.5

45

25

NPV,$USmillion

1676
05 | 962 -52 __
o 194 - = 72§
1.5
-2443

35

55 L I L L I I I L I L I

Alt7-A Avoided invest.  total power Sediment total (+extern)  total (+GHG)
Avoided fuel Integration Fishery Forest GHG
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Floating PV Distribution of economic returns (at constant prices)
Discount rate 8.0%
economic NPV,
returns $USb Levelised costs&benefits USc/kWh
ERR (power) 78%  -0.05 Power -8.10
ERR (incl. externalities) 78%  -0.05 Fishery damage 0.00
ERR (incl. GHG) 10.8% 0.39 Sediment damage 0.00
GHG valuation @WorldBank ($30/tonCO2+) total -8.10
energy benefit 5.56
capacity benefit 240
persons displaced 0 Net -0.15
6.5
45
a 25 |
2
E 1797
n n - -
p 05 6| 201 47 i 7z
% — 433 g
g 0 0
Z a5 |
-2420
35 |
55 ) ) ! ! ) I ! ) ) ) !
Floating PV Avoided invest.  total power Sediment total (+extern)  total (+GHG)
Avoided fuel Integration Fishery Forest GHG
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NHI TeEAM OF TECHNICAL EXPERTS

1)

2)

3)

4)

5)

Gregory Thomas, Project Manager/Chief of Party

Mr. Thomas has over 35 years of experience as an environmental advocate, professor, and
project manager. In addition to practicing natural resources law and planning, for the past 26
years Mr. Thomas has served as the founder and president of NHI. In this capacity, he has
spearheaded many international projects focused on improving the management of developed
river systems to protect biodiversity and restore natural values and environmental services,
which have aggregated to several million USD in scale. His areas of expertise include water
resources management and planning, hydropower reoperation, energy policy, international
environmental law and conservation, and building negotiations and consensus processes for
natural resources management projects.

Dr. George Annandale, Dam Engineering and Sediment Management Expert

Dr. Annandale has more than 40 years of experience as a civil engineer specializing in water
resources engineering. He offers services in the field of fluvial hydraulics, design and
engineering; reservoir and water supply management; and hydrology and hydraulics. As a
recognized expert in reservoir sedimentation management he has published numerous peer-
reviewed papers and is author, co-author and contributing author to eight books on
sedimentation and scour. He was named by International Water Power and Dam Construction as

one of 20 engineers who globally made a significant contribution to dam engineering.

Thomas B. Wild, Hydrologic and Sediment Modeling

Dr. Wild is a Postdoctoral Fellow at the School of Civil and Environmental Engineering, Atkinson
Center for a Sustainable Future at Cornell University. His specialty is developing and applying
new modeling tools for solving water resources and environmental problems, especially in the
areas of storm water management, fluvial water quality, and reservoir sediment management.

Mr. Erland Jensen, Informatics

Mr. Jensen has worked in a variety of positions in the Mekong River basin, including as a Chief
Technical Advisor for the Mekong River Commission Secretariat and DANIDA. His expertise spans
environmental impact analysis related to hydropower development, climate change, hydrology,
sediment dynamics, nutrient processes and carbon balance to primary production and to
fisheries productivity.

Dr. Peter Meier, Hydropower Economist

Dr. Meier is a hydropower economist and consultant to the World Bank with extensive
experience in risk assessment, and economic and financial analysis of hydro projects (in Asia
including Trung Son (Vietnam), Dasu and Tarbela (Pakistan), Rampur and the Upper Krishna
power projects (India), Nam Theun 2 (Laos)). He was formerly Chief Economist of Asia Power (a
New Zealand based IPP), and has also advised ADB, KfwW, UNDP, JBIC and many Governments
(India, Philippines, and Vietnam) on tariff and power sector reforms, PPAs, environmental
economics and investment appraisal.
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6)

7)

8)

9)

Dr. Martin Mallen-Cooper, Fishery Science and Fishway Biologist

Dr. Mallen-Cooper has been a fishway biologist for 30 years and has designed over 200 fishways
in Australia and overseas, from fish locks and fish lifts on large dams to low-level pool-type and
nature-like fishways. He works closely with engineers, managers and diverse interest groups, to
develop solutions that are not only site-based but integrate ecological objectives over different

spatial scales.

Dr. Ashley Halls, Fisheries Scientist

Dr. Ashley Halls is a leading expert in inland fisheries management and assessment, particularly
on interactions between fisheries and hydropower projects. He has worked in the Mekong
region for more than a decade as a senior fisheries advisor to the MRC where he designed and
led quantitative studies on the ecology of Mekong fish and their fisheries, and led the
development of models to predict the cumulative impacts of dams on the Mekong’s fisheries. As
a consultant, he has also led projects to assess the vulnerability of Cambodia’s fisheries and food
security to mainstream and tributary dam development, as well as the vulnerability of Vietnam’s
catfish farming sector to upstream development. He has also advised clients on the impacts of
hydropower projects on fish and fisheries in Lao PDR and Bhutan.

Dr. Lee Baumgartner, Freshwater Fish Ecologist

Dr. Baumgartner is a Freshwater Fish Ecologist based at the Institute for Land, Water and Society
at Charles Sturt University in Australia. His research has been in several broad areas, including
fish passage and fish migration, dietary interactions among native fish species, the effectiveness
of native fish stocking, and more recently, understanding mechanisms to help fisheries recover
from human disturbance and quantifying the value of fish in a food security context in the Lower
Mekong Basin.

Dr. Wayne Robinson, Wildlife Ecologist

Dr. Robinson is a wildlife ecologist who has worked as a teaching and research academic at the
University of Canberra, Charles Sturt University and the University of the Sunshine Coast — all in
Australia - for 17 years. His experience spans data analysis and natural resource management
themes and he aims to develop management and research techniques that can be employed in

an environmentally, economically and socially sustainable manner.

10) William Bryan/Farmers Conservation Alliance, Fish Screen Technology

FCA is a nonprofit social enterprise whose mission is to develop resource solutions for rural
communities. The leader in the marketing and installation of the Farmers Screen™, a horizontal,
flat-plate fish and debris screen, FCA is comprised of industry experts in fish screening and
passage who conduct fish passage assessments; develop site specific recommendations for fish
screens; and create fish passage and screening strategy for meeting state and federal
requirements, reducing operational costs, and improving fish habitat.

11) Dr. lan Cowx, Fishery Ecologist and Fisheries Resource Management Expert

Dr. Cowx is a Professor of Applied Fisheries Science & the Director of Hull International Fisheries
Institute (HIFI), at the University of Hull in the UK. He has extensive experience in rehabilitation

ES-63 Volume 1



NHI Final Report — Sambor Dam Alternatives Assessment
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techniques for freshwater fisheries, integrated aquatic resource management planning,
environmental impact assessment, particularly associated with water resources development
schemes, and aquaculture extension in developing (Africa and Asia) and developed countries
(UK, Europe and Australia).

Dr. Daniel Peter Loucks, Hydrology and Environmental Engineering

Dr. Loucks is an NHI Director and an experienced educator, researcher, and consultant with
expertise in the fields of systems analysis, economic theory, ecology and environmental
engineering to solve problems in regional water resources development and environmental
quality management. He is a professor at Cornell University’s School of Civil and Environmental
Engineering and a visiting professor in Hydroinformatics and Systems Analysis at UNESCO-IHE
Institute for Water Education in Delft, The Netherlands.

Dr. Mathias Kondolf, Fluvial Geomorphologist

Dr. Kondolf is a fluvial geomorphologist, environmental planner and Professor of hydrology, river
restoration and environmental planning at the University of California, Berkeley. His current
research includes the Lower Colorado, Sacramento, Trinity, and Klamath Rivers of

California/Oregon; the Apalachicola River, Florida; and the Lower Mekong River.

Mr. Zan Rubin, Fluvial Geomorphologist

Mr. Rubin is a PhD student at the University of California, Berkeley, specializing in fluvial
geomorphology and environmental restoration. His contribution to the project included
modeling reservoir sediment trapping in Mekong River watershed under different dam

construction scenarios.

15) John R. Irving, Power & Energy Engineering Expert

Mr. Irving is an electrical and power engineer with extensive experience in Project Financial &
Economic Appraisal & Technical Due Diligence Assessments; Macro/Microeconomics, Risk Analysis,
Project Management, Procurement, Environmental and Social Issues. He has worked for and with
power companies and several International Finance Institutions (e.g. World Bank, Asian
Development Bank and European Bank for Reconstruction and Development) on projects around
the world. Currently, Mr. Irving works as an independent consultant providing technical advice on
energy sector projects in South East Asia, Pacific Islands and Africa under various short term
contracts. He holds a Bachelors and Masters Degree in Electrical & Communications Engineering
from the Auckland University, New Zealand.

16) Solar Energy Institute of Singapore (SERIS)

A unit of the National University of Singapore, SERIS (www.seris.nus.edu.sg) is Singapore’s

national institute for applied solar energy research. SERIS conducts research, development,
testing and consulting on solar energy technologies and their integration into power systems
and buildings. The Institute’s R&D spectrum covers materials, components, processes, systems
and services, with an emphasis on solar photovoltaic cells, modules and systems. SERIS is
globally active but focuses on technologies and services for tropical regions, in particular for
Singapore and South-East Asia. Led by Professor Armin Aberle (CEO) and Dr. Thomas Reindl|
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(Deputy CEOQ), SERIS is comprised of a multi-disciplinary team of 150 scientists, engineers,
technicians and PhD students. SERIS was retained by NHI to provide technical expertise on
Assessing a Solar Power Alternative to Sambor Hydropower Dam. Members of the SERIS team
that contributed to the Solar PV option in this final report include:

e Thomas Reindl, PhD.
Monika Bieri, PhD.
Yanqin Zhan, PhD.
Lu Zhao, PhD.

Dr. Isabel Beasley, Dolphin Conservation Expert

Dr. Isabel Beasley has been involved with marine mammal research and conservation since
1996. She researched the Mekong River Irrawaddy dolphin population from 2001-2007, as part
of her PhD with James Cook University, Australia. From 2012-2016, Isabel conducted a
postdoctoral research fellowship, which collaborated with Traditional Owners and Indigenous
Rangers to assess the status of inshore dolphins in the coastal waters of northern Australia.
Isabel’s primary research interests include coastal and riverine dolphin population dynamics and
conservation biology, methodological considerations associated with marine mammal
monitoring, evaluation of the effects of coastal and riverine developments on marine
megafauna, and indigenous marine resource management.

Mr. Gerry Ryan, Dolphin Conservation Expert

Mr. Ryan is a conservation scientist focused on dolphin research in Southeast Asia. Currently, he
is a Ph.D. candidate in Conservation Biology at the University of Melbourne, Australia, and he
also serves as an advisor to World Wildlife Fund’s River Dolphin Programme and he is a member
of IUCN’s SSC Cetacean Specialist Group. He has authored or co-authored several research

articles and reports on Mekong dolphins.

Ly Nguyen Degai, Project Administration

Mrs. Degai holds a B.A. in Business Operation from Lake Forest College and M.S. in Risk
Management from University of San Francisco. Ly has worked at NHI since 2011, working under
various capacities, including project administration for NHI’s domestic and international
projects, as well as managing the organization’s operations and development. She currently
handles all financial and budgetary aspects for NHI’s projects.

20) Jessica Peyla Nagtalon, Project Administration

Mrs. Peyla-Nagtalon helps coordinate NHI’s international projects. She holds an M.S. in
Environmental Management from the University of San Francisco, an M.S. in International
Development Studies, and a B.A. in Biology and Environmental Studies from the University of
California at Santa Cruz. She has over 15-years of experience working with non-profit
organizations and has been at NHI since 2006. She also leads her own charitable project that

helps young women in Kenya achieve their educational goals.
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