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Introduction

The Reservoir Sedimentation and Economics Model (RSEM) has been developed to simulate
and compare the economic benefits and costs of a reservoir, both without and with sediment
management. The model and its use are more fully described in Randle, Gaston, and Anari
(2023). Comparative model simulations can be used to help determine where reservoir sediment
management is economically preferred to a no action alternative where the reservoir
sedimentation is ignored until actions must eventually be taken. RSEM can be applied to both
new and existing reservoirs. RSEM was developed and applied in support of the work by Anari
et al. (2023).

Background

Dams and reservoirs provide substantial economic benefits to the nation, including water supply
for irrigation, municipal, industrial, and firefighting use; flood risk reduction; boat or barge
navigation; hydroelectric power; recreation; and fish and wildlife. However, the water storage
capacity and wetted surface area that make these benefits possible are decreasing over time due
to the continuing process of reservoir sedimentation (Strand and Pemberton 1982, Morris and
Fan 1998, Randle et al. 2006, Morris et al. 2008, Annandale 2013, Annandale et al. 2016,
Randle et al. 2019, Randle et al. 2021 and Anari et al. 2023). In addition, the trapping of
sediment in a reservoir disrupts the sediment transport continuity of the river, often resulting in
sediment aggradation along the upstream channel and degradation along the downstream
channel. Upstream channel aggradation and downstream channel degradation can affect fish
and wildlife habitat, infrastructure, and property along the river corridor.

Sediment management to sustain reservoir storage capacity and restore a river’s sediment
transport continuity may be more cost effective than ignoring sedimentation until the reservoir
benefits are lost and the dam is decommissioned. Recovering storage capacity from past decades
of sedimentation would be difficult and expensive for large reservoirs because of the very large
sedimentation volumes (millions to billions of cubic yards) and cost. However, sustaining the
remaining storage capacity by managing inflowing sediment loads on an annual basis may be
economically viable.

An economic analysis is needed to determine the most cost-effective sediment management
alternative for a given dam and reservoir. The period of economic analysis needs to be long
enough, and the spatial area of consideration large enough to include all significant benefits and
costs. This approach is different than the historic economic analyses typically used to justify the
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construction of dams and reservoirs where the reduced benefits over time were not considered,
nor were costs considered related to upstream sedimentation, downstream degradation, and
dam decommissioning (Anari et al. 2023).

Model Approach

RSEM annually simulates sedimentation within the reservoir and along the upstream river
channel. Coarse sediments (sand and gravel) are assumed to deposit as a delta within the
reservoir and along the upstream channel. Fine sediments (clay and silt) are assumed to deposit
along the reservoir bottom between the dam and delta. Annual channel degradation is simulated
along the downstream channel.

RESM annually simulates a comprehensive set of economic benefits and costs over future
decades and centuries. Annual benefits are estimated under six categories: irrigated agriculture,
municipal and industrial water supply, fish and wildlife enhancement, flood risk reduction,
hydropower generation, and reservoir-based recreation. Annual costs are estimated for the
planning, design, and construction of the dam; land acquisition for the dam and reservoir;
operation, maintenance, and replacement; sediment management; upstream channel
aggradation; downstream channel degradation; and dam decommissioning.

RSEM uses inputs from the following categories:
e Reservoir age, size, and inflow characteristics
Dam characteristics
Reservoir sedimentation characteristics
Reservoir benefits
Dam & reservoir planning, design, and construction costs
Design, construction, and contract contingencies cost additives
Operations, maintenance, and replacement costs
Dam decommissioning costs and benefits
e Upstream sedimentation costs
e Downstream channel degradation costs
e Without sediment management alternative parameters
e With sediment management alternative parameters

Benefits and costs are typically provided as unit values. Default values are provided for each
parameter as an initial suggestion where site-specific data may not be readily available. Some
default values are fixed, but most default values are dynamically linked to other input
parameters specific to the simulation. The model user can easily override individual default
values with site-specific data and is encouraged to do so.

The model uses exponential discounting as the standard approach. The user may also select
other discounting approaches for research or comparison purposes (seven other discounting
approaches are available). Model results for alternatives without and with sediment
management include benefit-cost ratios and net present value over a range of analysis periods.
Additional decision support metrics include breakeven and retirement fund analyses.



Example Results

Example RSEM results for sedimentation and economics are compared in a series of figures for
alternatives without and with sediment management. Example simulation of reservoir
sedimentation profiles are compared in Figure 1 for alternatives without and with sediment
management (reservoir sediment sluicing). After 100 years, simulation without sediment
management indicates severe reservoir sedimentation, obstruction of the dam outlet, and the
need for dam decommissioning. In contrast, annual sediment management preserves much of
the reservoir storage capacity after 100 years of operation and sedimentation has not obstructed
the dam outlet.
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Figure 1. Example reservoir sedimentation profiles simulated by RSEM over the first century of dam operations for
alternatives without and with sediment management.

Example economic compilation of benefits and costs, before discounting, is presented in Figure 2
for alternatives without and with sediment management. Both alternatives have capital costs to
initially construct the dam and annual costs to operate the dam and reservoir. Both alternatives
have annual benefits. Under the alternative without sediment management, reservoir benefits
reduce over time until dam decommissioning with a large cost after 91 years (assumed dam
decommissioning age). Annual reservoir benefits cease after dam decommissioning, but river
restoration benefits emerge after that time. Under the alternative with sediment management,
there is an annual sediment management cost, but the reservoir benefits continue over the long
term.



Without Sediment Management

Dam Age

0 20 40 60 80 100 120 140 160 180 200

Analysis Year B Annual Benefits

M Annual Costs

With Sediment Management

Dam Age
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
$50 L $50
- 5°L i
=
v
2 -$50 -$50
3
o
5 ~$100 -$100
&
£ -s150
& -$150
2
a
-$200 -6200
-$250 6250

o]

20

40 60 80 100 120 140 160 180 200

Analysis Year

Figure 2. Example annual benefits and costs compiled by RSEM, before discounting, over 200 years for alternatives
without and with sediment management.

The simulation of discounted benefits and costs is presented in Figure 3 for alternatives without
and with sediment management. Exponential discounting significantly reduces benefits and costs
over time, but the dam decommissioning cost is still significant at 91 years in this example.
Because of discounting, camulative benefits increase most rapidly during the early years, but the
rate of increase slows over time. After dam decommissioning, the cumulative benefits and costs

change little over time (Figure 4). However, with sediment management, cumulative benefits
continue to increase over time.
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Figure 3. Example economic simulation of annual discounted benefits and costs over 200 years for alternatives
without and with sediment management.
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Figure 4. Example economic simulation of cumulative discounted benefits and costs over 200 years for alternatives
without and with sediment management.

The simulation of cumulative net present values over time is presented for alternatives without
and with sediment management (Figure 5). Initially, camulative net present values are greater
under the alternative without sediment management than under the alternative with sediment
management. However, the cumulative net present value for both alternatives become nearly
equal after 86 years in this example. After that year, cumulative net present values are greater
under the alternative with sediment management and the difference become more significant

after dam decommissioning.
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Figure 5. Economic simulation of cumulative net present values (NPV) for alternatives without and with sediment

management.




RSEM also provides comparative tables of present and annualized values of benefits, costs, lost
benefits, benefit-cost ratios, and net present values. Comparative values are presented for
alternatives without and with sediment management after 50, 100, 200, and 500 years. In
addition, RSEM provides decision support metrics:
e Abreak-even analysis (identifies the year where the cumulative net present values for both
alternatives are nearly equal).
e Aretirement fund analysis (estimate of the annual payment into a dam retirement fund to
cover dam decommissioning cost in the year needed).

Conclusions

RSEM is a useful tool to help guide comprehensive and comparative analyses of sedimentation
and economics for reservoirs without and with sediment management. Without sediment
management, the model simulates how sedimentation may reduce reservoir storage benefits over
time, incur costs from aggradation upstream, degradation downstream, and eventual dam
decommissioning after severe sedimentation. The model also helps simulates the economic costs
of sediment management over time and how that alternative can help preserve reservoir storage
benefits and avoid dam decommissioning. These economic analyses can help determine where
reservoir sediment management is the economically preferred alternative.
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