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1. INTRODUCTION

On December 14, 2012, Alaska Energy Authority (AEA) filed its Revised Study Plan (RSP) with
the Federal Energy Regulatory Commission (FERC or Commission) for the Susitna-Watana
Hydroelectric Project (FERC Project No. 14241), which included 58 individual study plans
(AEA 2012). Included within the RSP was the Fluvial Geomorphology Modeling below Watana
Dam Study, Study 6.6. RSP Study 6.6 focuses on the modeling planned for assessing the effects
of the proposed Project and its operations on water quality in the Susitna River basin.

On February 1, 2013, FERC staff issued its study determination (February 1 SPD) for 44 of the
58 studies, approving 31 studies as filed and 13 with modifications. On April 1, 2013 FERC
issued its study determination (April 1 SPD) for the remaining 14 studies, approving 1 study as
filed and 13 with modifications. RSP Section 6.6 was one of the 13 approved with
modifications. In its April 1 SPD, FERC recommended the following:

Modeling in Focus Areas

- We recommend that AEA file by June 30, 2013, the proposed technical memorandum
related to the selection and application of the one- and two-dimensional models
(proposed for development in the second quarter of 2013). We also recommend that
the technical memorandum include the following information:

1) specification of the one- and two-dimensional models to be used in the fluvial
geomorphology modeling pursuant to this study as well as the aquatic habitat models
pursuant to Study 8.5 (fish and aquatics instream flow);

2) location and extent of one- and two-dimensional geomorphology and aquatic
habitat modeling in project reaches, focus areas, and other study sites;

3) rationale and criteria for model selection including an overview of model
development;

4) for fluvial geomorphology modeling only, a detailed description of the processes
and methods by which ice and LWD would be incorporated into the modeling
approach (as described in our recommendations for Incorporating Large Woody
Debris and Ice Processes into Fluvial Geomorphic Modeling); and

5) documentation of consultation with the TWG, including how the TWG’s comments
were addressed.

- We expect additional detail on model parameterization, model calibration, model
validation, and sensitivity analysis would be included in the initial and updated study
reports.

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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Interaction of Geomorphic Processes in the Mainstem and Tributaries

- We recommend the study plan be modified to include a defined approach to
evaluating geomorphic changes at the confluence of the Chulitna, Talkeetna and
Susitna rivers. The evaluation should extend from the mouth of both the Chulitna and
Talkeetna rivers to the potentially affected upstream reaches of these tributaries. We
recommend that AEA prepare a technical memorandum detailing a proposed approach
for evaluating geomorphic changes in the three rivers confluence area, including
explicitly stated objectives for evaluating geomorphic changes, an overview of the
technical approach, additional data collection required, models and model components
to be used, and additional analyses that would be conducted to address the stated
objectives. We recommend that AEA file by June 30, 2013, this technical memorandum
to include documentation and consultation with the TWG, including how the TWG's
comments were addressed.

Incorporating Large Woody Debris and Ice Processes into Fluvial Geomorphic Modeling

- As noted above in our analysis and recommendations for Modeling in Focus Areas,
we are recommending that AEA file a technical memorandum with additional
information on AEA’s proposed model selection process. We recommend that an
additional provision be added to the technical memorandum requiring that AEA
describe in detail how ice and LWD would be incorporated into both one- and two-
dimensional modeling approaches. The technical memorandum should explicitly state
where and how each of the five scenarios for incorporating ice processes into one-
dimensional and/or two-dimensional fluvial geomorphology modeling would be
implemented, as well as details regarding where and how LWD pieces and/or
accumulations would be incorporated into two-dimensional modeling.

Operational Scenarios

- As discussed under the general comments section of this study plan determination, we
recommend the study plan be modified to include run-of-river operation.

In accordance with the April 1 SPD, on May 3, 2013, AEA provided to the Technical Work
Group (TWGQG) participants for comment a Draft Fluvial Geomorphology Modeling Approach
Technical Memorandum (Geomorphology Modeling TM; Tetra Tech 2013h) that was developed
to provide responses to all April 1 SPD recommendations. The Draft Geomorphology Modeling
TM was made available on the Project website (http://www.susitna-watanahydro.org). Consistent
with the April 1 SPD, AEA allowed a minimum of 15 days for comment. The National Marine
Fisheries Service (NMFS) submitted comments on May 18, 2013. AEA also received comments
on the Draft Geomorphology Modeling TM from one individual and two non-government
organizations. Recommended modifications were addressed in detail in the Final
Geomorphology Modeling TM filed with FERC on June 30, 2013.

Susitna-Watana Hydroelectric Project Alaska Energy Authority
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The Final Geomorphology Modeling Approach TM and several other TMs developed by the
Geomorphology Study (ISR Study 6.5) to provide information to support the Fluvial
Geomorphology Modeling below Watana Dam Study are listed below:

e Development of Sediment Transport Relationships and an Initial Sediment Balance for
the Middle and Lower Susitna River Segments (Tetra Tech 2013a)

e Initial Geomorphic Reach Delineation and Characterization, Middle and Lower Susitna
River Segments (Tetra Tech 2013b)

e Reconnaissance Level Assessment of Potential Channel Change in the Lower Susitna
River Segment (Tetra Tech 2013c¢)

e Stream Flow Assessment (2013d)
e Synthesis of 1980s Aquatic Habitat Information (2013e)

e Mapping of Aquatic Macrohabitat Types at Selected Sites in the Middle and Lower
Susitna River Segments from 1980s and 2012 Aerials (2013f)

e Mapping of Geomorphic Features and Assessment of Channel Change in the Middle and
Lower Susitna River Segments from 1980s and 2012 Aerials (2013g)

¢ Fluvial Geomorphology Modeling Approach (2013h)

e Field Assessment of Underwater Camera Pilot Test for Sediment Grain Size Distribution
(20131) (Note: Included as Attachment A)

Following the first study season, FERC’s regulations for the Integrated Licensing Process (ILP)
require AEA to “prepare and file with the Commission an initial study report describing its
overall progress in implementing the study plan and schedule and the data collected, including an
explanation of any variance from the study plan and schedule” (18 CFR 5.15(c)(1)). This Initial
Study Report (ISR) on Fluvial Geomorphology Modeling below Watana Dam has been prepared
in accordance with FERC’s ILP regulations and details AEA’s status in implementing the study,
as set forth in the FERC-approved RSP and as modified by FERC’s April 1 SPD, and includes
the Final Geomorphology Modeling TM filed with FERC on June 30, 2013 (Tetra Tech 2012)
(collectively referred to herein as the “Study Plan”).

2. STUDY OBJECTIVES

The overall goal of the Fluvial Geomorphology Modeling below Watana Dam Study is to model
the effects of the proposed Project on the fluvial geomorphology of the Susitna River to assist in
predicting the trend and magnitude of geomorphic response. More specifically, the purpose of
the modeling study, along with the Geomorphology Study (Study 6.5), is to assess the potential
impact of the Project on the behavior of the river downstream of the proposed dam, with
particular focus on potential changes in instream and riparian habitat. Whether the existing
channel morphology will remain the same or at least be in “dynamic equilibrium” under post-
Project conditions is a significant question in any instream flow study (i.e., Is the channel
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morphology in a state of dynamic equilibrium such that the distribution of habitat conditions will
be reflected by existing channel morphology, or will changes in morphology occur that will
influence the relative distribution or characteristics of aquatic habitat over the term of the
license? [Bovee 1982]). This key issue prompts four overall questions that must be addressed by
the two geomorphology studies:

e s the system currently in a state of dynamic equilibrium?

e If the system is not currently in a state of dynamic equilibrium, what is the expected
evolution over the term of the license in the absence of the Project?

e Will and in what ways will the Project alter the equilibrium status of the downstream
river (i.e., what is the expected morphologic evolution over the term of the license under
with-Project conditions)?

e What will be the expected effect of the Project-induced changes on the geomorphic
features that form the aquatic habitat and therefore are directly related to the quantity,
distribution, and quality of the habitat?

The methods and results from the Geomorphology Study and the Fluvial Geomorphology
Modeling below Watana Dam Study address these questions.

Specific objectives of the Fluvial Geomorphology Modeling below Watana Dam Study are as
follows:

e Develop calibrated models to predict the magnitude and trend of geomorphic response to
the Project.

e Apply the developed models to estimate the potential for channel change for with-Project
operations compared to existing conditions.

e (Coordinate with the Geomorphology Study to integrate model results with the
understating of geomorphic processes and controls to identify potential Project effects
that require interpretation of model results.

e Support the evaluation of Project effects by other studies in their resource areas providing
channel output data and assessment of potential changes in the geomorphic features that
help comprise the aquatic and riparian habitats of the Susitna River.

3. STUDY AREA

RSP Section 6.6.3 initially established the study area for this study. The Fluvial Geomorphology
Modeling below Watana Dam Study utilizes an approach in which the entire study length is
being assessed by a 1-D Bed Evolution Model to determine potential reach-level Project effects.
More detailed 2-D Bed Evolution modeling is being performed in locations referred to as “Focus
Areas”. The modeling approach is discussed in more detail in Section 4.1.2.1 and in the
Modeling Approach TM (Tetra Tech 2013h). Specific study areas are associated with each of the
two modeling scales.
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3.1. Downstream Study Limit

The study area for the Fluvial Geomorphology Modeling below Watana Dam was initially
identified in the RSP as the portion of the Susitna River from Watana Dam (Project River Mile
[PRM] 187.1 [RM 184]) downstream to PRM 79 (River Mile [RM] 75). This downstream limit
was set to extend the study into the upper portion of the Lower Susitna River Segment. This limit
extends the study 9 miles downstream of the lower limit of Geomorphic Reach LR-1. Initial
evaluation of information from the 1980s studies indicated that it was unlikely that Project
effects on the geomorphology of the Susitna River would extend downstream of Geomorphic
Reach LR-1. This initial assessment was based on the large introduction of sediment and water at
the Three Rivers Confluence where both the Chulitna and Talkeetna rivers approximately double
the flow in the Susitna River and increase the sediment supply by approximately a factor of five.
In response to the increase in sediment supply as well as a reduction in gradient, the form of the
Susitna River changes at the Three Rivers Confluence from a single channel to a braided
channel. The 15 miles of braided channel could buffer the downstream remaining portion of the
Susitna River from the changes in flow regime and sediment supply caused by the Project.

Further review of information developed during the 1980s studies and study efforts initiated in
2012 and completed in Q1 2013 (Tetra Tech 2013a through 2013g)—such as sediment transport
analyses, hydrologic analysis, assessment of channel change and comparison of habitat mapping
from the 1980s with current 2012 conditions in the Geomorphology Study (Study 6.5), and
additional 2012 habitat mapping (Study 9.9) operations modeling and the Open-water Flow
Routing Model (RSP Section 8.5.4.3)—were used to reassess the extent to which Project
operations could potentially influence habitats in the Lower River Segment. An assessment of
the downstream extent of Project effects was completed in Q1 2013 and the results presented in
technical memorandums (R2 Resource Consultants [R2] 2013a and R2 2013b) in collaboration
with the TWG. This assessment was supported by the results presented in the TMs prepared by
the Geomorphology Study (Tetra Tech 2013a through 2013g). The assessment guided the
decision to extend studies into the Lower River to PRM 29.9, and to the determination of which
geomorphic reaches were subject to reach and Focus Area level modeling of the Susitna River
fluvial geomorphology in 2013. Figure 3.1-1 shows the current limits of the Fluvial
Geomorphology Modeling below Watana Dam Study.

The 1-D Bed Evolution Model study area currently includes the entire Middle Susitna River
Segment from the Watana Dam site (PRM 187.1 [RM 184]) downstream to the Three Rivers
Confluence area (PRM 102.4 [RM 98]). It includes the majority of the Lower Susitna River
Segment from the Three Rivers Confluence area downstream to Susitna Station at PRM 29.9.
(Note: Modeling of Devils Canyon will not be performed because this reach is considered too
dangerous to perform cross-section and other surveys needed to develop the model. Devils
Canyon is assumed to be a stable, pass-through reach in terms of sediment transport due to the
high level of bedrock control and steep gradient present in this reach.)

The final check-in on the downstream study limit to be provided by the geomorphology studies
will be based on the results of the 1-D Bed Evolution Model. If the results of the 1-D modeling
effort show differences between the modeled existing and the modeled with-Project conditions
that are beyond the range of natural variability below PRM 29.9 (Susitna Station) in Geomorphic
Reach LR-5, the 1-D modeling will be continued farther downstream in the Lower Susitna River
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Segment in a next year of study. The criteria for determining what constitutes natural variability
will be made in collaboration with the licensing participants. As part of the process, a technical
memorandum documenting the 1-D modeling effort and its results will be prepared. Table 3.1-1
provides a summary of the steps and dates involved in the process that was used to assess and
adjust the downstream study limit in Q1 2013, and, if necessary, will be used to adjust the
downstream study limit for the Fluvial Geomorphology Modeling below Watana Dam Study in a
next year of study.

3.2. Focus Areas

The bed evolution modeling approach includes the application of a 1-D Bed Evolution Model to
predict the geomorphic response of the Susitna River to the Project for the entire study area
(PRM 187.1 to PRM 29.9 excluding Devils Canyon as noted above). To provide a higher level
of detail and to model physical processes not adequately represented in a 1-D Bed Evolution
Model, a 2-D Bed Evolution Model is being applied in the ten selected Focus Areas (R2 2013a
and R2 2013b for more details on Focus Area selection). Focus Areas involve portions of the
Susitna River and its floodplain where detailed study efforts are being jointly conducted by
several study teams including the Fish and Aquatics Instream Flow (Study 8.5), Riparian
Instream Flow (Study 8.6), Geomorphology (Study 6.5), Ice Processes in the Susitna River
(Study 7.6), Groundwater (Study 7.5), and Characterization and Mapping of Aquatic Habitats
(Study 9.9) studies. The Focus Areas are at the core of a highly integrated, multidisciplinary
effort to evaluate potential Project effects for key resource areas across a range of representative
sites.

The 2-D models—bed evolution and hydraulic—are being used to evaluate the detailed hydraulic
and sediment transport characteristics on smaller, more local scales where it is necessary to
consider the more complex flow patterns to understand and quantify the issue(s). The 2-D
models are being applied to each Focus Area, within the selected 1-D modeling study area. The
Focus Areas were selected to be representative of important habitat conditions and the various
geomorphic reach types. The Focus Areas were chosen jointly by the Fish and Aquatics Instream
Flow (Study 8.5), Riparian Instream Flow (Study 8.6), Geomorphology (Study 8.5), Ice
Processes in the Susitna River (Study 7.6), and Characterization and Mapping of Aquatic
Habitats Study (Study 9.9) studies to facilitate maximum integration of available information
among the studies. Sites were chosen such that there is at least one Focus Area for each
geomorphic reach (except reaches MR-3 and MR-4 where there are safety concerns associated
with Devils Canyon due to the extreme whitewater conditions) and the sites cover the range of
riverine aquatic habitat types (see R2 2013a and R2 2013b and ISR Study 8.5 Section 4.2.1.2.1).
The portions of the tributaries that fall within the Focus Areas are part of the 2-D model domain
including the current tributary delta or alluvial fan areas.

Selection of 10 Focus Areas was performed in Q1 and Q2 of 2013 in coordination with the
TWG. The process and results are documented in two TMs (R2 2013a and R2 2013b). The first
TM provides the initial recommendations for 10 Focus Areas and the second TM provides
adjusted locations based on input from the TWG. The resulting locations are provided in Figure
3.2-1.
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4. METHODS AND VARIANCES IN 2013

The Fluvial Geomorphology Modeling below Watana Dam is divided into three study
components:

¢ Bed Evolution Model Development, Coordination, and Calibration
e Model Existing and with-Project Conditions
e Coordination on Model Output

Each of these components is explained further in the following subsections. These study
components build on earlier efforts documented in technical memoranda (Tetra Tech 2012, Tetra
Tech 2013a through 2013g) performed under the Geomorphology Study (Study 6.5). These
technical memoranda (TMs) helped guide the development of this study. As examples, the
geomorphic reach delineation (Tetra Tech 2013b) was developed in 2012 in order to provide
other studies a tool to help stratify the Susitna River system including selection of Focus Areas.
The sediment transport TM (Tetra Tech 2013a) provides sediment transport relationships that
help define sediment supply to the bed evolution model developed in this study. The assessment
of potential channel change in the Lower Susitna River (Tetra Tech 2013c) was developed to
help inform the decisions on the downstream limit for the this study as well as several other
studies.

4.1. Study Component: Bed Evolution Model Development,
Coordination, and Calibration

The overall goal of the Bed Evolution Model Development, Coordination, and Calibration study
component is to develop numerical models that can accurately simulate fluvial geomorphic
processes that influence the morphology of the Susitna River channel and floodplain downstream
of Watana Dam.

41.1. Existing Information and Need for Additional Information

During the 1980s studies of the Susitna Hydroelectric Project, various efforts were carried out to
characterize sediment supply and sediment transport capacity. Modeling of hydraulics of the
Susitna River below the proposed Project, a necessary step in developing a sediment transport
model, was performed in the 1980s. One-dimensional HEC-2 hydraulic models were developed
in the 1980s to support the calculation of water-surface profiles and channel hydraulics (Acres
1983).

R&M Consultants, Inc. (1982a) considered three primary influences of the Susitna River
backwater on 19 tributaries discharging into it between the Devils Canyon dam site and the
Susitna-Chulitna confluence: (1) fish access into the streams, (2) sediment deposition at the
confluences, and (3) reduced flow velocity in the stream channel. Tributaries that were expected
to encounter a possible impact on Alaska Railroad structures crossing them were also considered.
Qualitative assessments of creek stability under post-Project conditions were made based on field
surveys and observations. These assessments included factors such as bed load transport, creek
hydrology, bed material, and confluence geometry. The qualitative assessments were followed
up with semi-quantitative analyses where determined necessary. These analyses included
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calculation of bed-material transport by relating flow and slope to sediment discharge and bed-
material size. Channel slopes were surveyed, mean annual flood peak flows were estimated
using regression equations, bed-material gradations were visually estimated, and pre-Project to
post-Project changes in Susitna River water-surface elevation at each tributary mouth were
calculated from hydraulic modeling simulations of the mean annual flood; sediment discharge
was not quantified. A rigorous mathematical development of sediment transport capacity was
determined to be beyond the scope of the study, so this previous work illustrates the need for
quantification of the sediment supply delivered from major tributaries to the Middle and Lower
Susitna River Segments.

R&M Consultants, Inc. (1982b) describes analyses of sedimentation within the proposed Watana
and Devils Canyon Reservoirs. The annual sediment load entering the reservoirs was estimated
using the flow-duration sediment-rating curve method for the nearest gaging stations; an areal
sediment yield was estimated for the tributary areas draining directly into the reservoirs. No
information is provided regarding the development of the sediment-rating curves or the flow-
duration curves. The average annual sediment loads are summarized in Table 4.1-1. The
sediment contributed by the tributaries directly to the reservoirs was estimated from the unit
sediment runoff per square mile between the U.S. Geological Survey (USGS) gages near
Cantwell and at Gold Creek (i.e., 425 tons of total sediment load per square mile per year).

Harza-Ebasco (1984) includes estimates of average annual sediment loads at the Watana Dam
site by interpolating the loads at the USGS gages near Cantwell and at Gold Creek. The loads at
the USGS gages were calculated using the flow-duration sediment-rating curve method.
Suspended-sediment measurements near Cantwell were collected between 1962 and 1972 and a
curve was visually fitted to all data points. Average annual sediment loads were calculated using
the suspended sediment-rating curve, the flow-duration curve (based on 13 years of
measurements: 1962 to 1972 and 1981 to 1982), and an assumed bed load equal to 3 percent of
the suspended load (Table 4.1-2). Suspended-sediment measurements at Gold Creek were
collected from 1949 to 1982; separate curves were visually fit to data collected from May
through October and November through April. Using the same methods as used near Cantwell,
the average annual loads were calculated. An areal scaling was used to interpolate the sediment
loading at the Watana Dam site, which is located between the two gages.

The differences in the sediment loads calculated in R&M Consultants, Inc. (1982b) and Harza-
Ebasco (1984) indicate the need to use updated measurements of sediment transport to refine the
sediment loading into Watana Reservoir, and the corresponding sediment loads conveyed
downstream to the Middle Susitna River Segment.

None of the reviewed studies from the 1980s include explicit calculations of sediment transport
capacity in the Susitna River downstream of the Watana Dam site at locations other than USGS
gages. However, samples of bed material and simulated hydraulics were used to infer
mobilization of bed material (as summarized in ISR 6.5 Section 4.3.1). Harza-Ebasco (1984)
includes sediment gradations derived from sieve analyses of 17 bed-material samples from the
mainstem Susitna River, 2 samples from the Chulitna River, and 29 samples from side channels
of the Susitna River upstream from the Three Rivers Confluence. R&M Consultants, Inc. (1985)
includes gradations derived from sieve analysis of multiple bed-material samples collected along
the length of 8 cross-sections located approximately between the Three Rivers Confluence and
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the USGS gage at Sunshine. R&M Consultants, Inc. (1982c) describes the development and
calibration of HEC-2 numerical hydraulic models for two reaches of the Susitna River: (1) the
upper study reach from Deadman Creek downstream to Devil Creek, and (2) the middle study
reach from the outlet of Devils Canyon downstream to the Susitna-Chulitna confluence. To
accommodate the island and split-channel conditions, separate models were developed for flows
above/below 20,000 cubic feet per second (cfs; the flow at which side channels were judged to
be hydraulically connected). Harza-Ebasco (1983) describes refinements to the R&M
Consultants, Inc. (1982c) HEC-2 models using new and updated cross-section geometry and
improved calibration datasets based on staff gage measurements. Calibration was focused on
adjustments to the initial estimates of Manning’s n-values. The Harza-Ebasco (1983) modeling
approach still relied on separate models for flows above/below 20,000 cfs. The models were
developed to simulate water-surface elevations, average channel velocities, and stage-discharge
rating curves at all surveyed sections between the mouth of Devils Canyon and the USGS gage at
Sunshine.

Holly et al. (1985) document the BRALLUVIAL numerical simulation program for computation
of long-term bed evolution in multiply-connected fluvial channels. The model code was
developed to forecast the effect of possible flow modulation by two proposed Susitna
hydropower dams on sediment deposition patterns in the highly braided 15-mile reach of the
Susitna River from the Chulitna—Talkeetna confluence downstream to the Sunshine Bridge. The
code was based on the sedimentation methodology previously developed for simple channels
(i.e., the TALLUVIAL code); however, it was necessary to develop a new water flow
methodology to handle multiple flow paths of the braided system. The resulting combination of
new and existing techniques was based on assumption of quasi-steady, one-dimensional flow,
and incorporated procedures for treatment of highly non-uniform sediments, sediment sorting,
bed armoring, flow-dependent friction factor, and alternate drying and flooding of perched
channels. The total load transport model and friction-factor relations previously developed were
re-calibrated for the limited Susitna bed-sediment data. Although preliminary tests were
performed as described in this report, actual use of the model was the responsibility of Harza-
Ebasco Susitna Joint Venture. Use of the model was reportedly described in a companion report,
but a copy of that report to review has not been located.

The lack of historical mobile bed modeling highlights the need to develop sediment transport
models that can simulate the geomorphic responses of the Susitna River to potential changes in
hydrology and sediment supply from existing conditions to post-Project conditions.

While the existing information just summarized provides useful context for developing and
calibrating these models, the uncertainty and limitations of the existing information confirm the
need for refined evaluations to provide the needed model input and calibration datasets. Both
1-D and 2-D Bed Evolution models are required to characterize the bed evolution for both the
existing and with-Project conditions in the Susitna River. This study component involves
selection and development of the bed evolution models.
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4.1.2. Methods

AEA implemented the methods as describe in the Study Plan with no variances. The Bed
Evolution Model Development, Coordination, and Calibration study component is divided into
three tasks:

e Development of Bed Evolution Modeling Approach and Model
e Coordination with other Studies on Processes Modeled
e (Calibration/Validation of the Model

The first bullet includes the field data collection efforts that provided first-hand information to
assist in the development of the modeling approach, and ultimately, the models themselves.

4.1.2.1. Development of Bed Evolution Model Approach and Model Selection

This section provides an updated description of (1) the bed evolution model approach,
particularly in regard to the model selection process described in more detail in the Modeling
Approach Technical Memorandum (Tetra Tech 2013h); and (2) the methods for applying both
the reach-scale 1-D model and the local-scale 2-D bed evolution models. This section includes a
description of the tasks completed during 2013, tasks that are ongoing, and tasks that will be
completed during the next year of study. The tasks completed during 2013 are described in
Section 5 of this ISR.

Development of the bed evolution model for a dynamic system such as the Susitna River is a
complex undertaking that requires considerable investigation and coordination. The work in the
Middle and Lower Susitna River Segments contained in the Geomorphology Study (Study 6.5)
provides a considerable part of the required investigation. Based on the study results and input
from the Fish and Aquatics Instream Flow (ISR Study 8.5), including the Open-water Flow
Routing Model (ISR Study 8.5 Section 4.3), Riparian Instream Flow (ISR Study 8.6), Ice
Processes in the Susitna River (ISR Study 7.6), Characterization and Mapping of Aquatic
Habitats (ISR Study 9.9), and Fish Barriers in the Middle and Lower Susitna River and Susitna
Tributaries (ISR Study 9.12) studies, models will be developed that represent the physical
processes that control the dynamic nature of the Susitna River, and that will provide other studies
with the required information on the potential changes in the channel and floodplain for their
analyses.

Some of the important steps that will be considered in the development of the modeling approach
and model are as follows:
e Review and understand available data.

e Develop an understanding of the dominant physical processes and governing physical
conditions in the study reach.

e Coordinate with other studies to understand their perspectives on system dynamics, and
the physical features and processes that are important to their studies.

Susitna-Watana Hydroelectric Project Alaska Energy Authority
FERC Project No. 14241 Part A - Page 10 June 2014



INITIAL STUDY REPORT FLUVIAL GEOMORPHOLOGY MODELING BELOW WATANA DAM STUDY (6.6)

e Identify an overall modeling approach that is consistent with the study goals, the
constraints on information that is currently available or can practically be obtained, and
the needs of the other studies.

¢ Identify a modeling approach that is consistent with the spatial and temporal scale of the
area to be investigated.

e Determine the spatial limits of the modeling effort.
e Determine the time scales for the various models.

e Review potential models and select a model(s) that meets the previously-determined
needs and conditions.

e Identify data needs and data gaps for the specific model and study area being
investigated.

e Collect the required data to fill data gaps.
e Develop the model input.
e Identify information to be used to calibrate and validate the model.

e Perform initial runs and check basic information such as continuity for water and
sediment, hydraulic conditions, magnitude of sediment transport, and flow distributions.

e (Collaborate with other studies on initial model results.
e Refine model inputs.

e Perform calibration and validation efforts, to include comparison of modeled water-
surface elevations, in-channel hydraulic conditions (e.g., velocity and depth), sediment
transport rates, and aggradation/degradation rates with available measured data.

e Perform model runs for existing conditions to provide a baseline for comparison of with-
Project scenarios.

e Work with other studies to develop scenarios to evaluate the potential Project effects, and
apply the model to those scenarios.

e Coordinate with other studies to evaluate and define the appropriate format for
presentation of the model results.

e Develop and run additional scenarios, as necessary, based on results from the initial
scenarios and identified Project needs.

The following subsections (1) outline the identified issues considered, and (2) summarize the
development of the modeling approach, the model selection, and the model development.

Issues Considered: To develop the modeling approach, specific issues were identified and were
differentiated into reach-scale and local-scale because the scale influences the proposed
approach.

Reach-Scale Issues: Reach-scale issues refer to aspects of the system that involve the overall
behavior and general characteristics of the Susitna River over many miles. Each reach represents
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a spatial extent of the Susitna River that has a consistent set of fluvial geomorphic
characteristics. Reach-scale issues include the following:

Historical changes in the system and the existing status with respect to dynamic
equilibrium.

Changes in both the bed material (sand and coarser sizes) and wash (fine sediment) load
sediment supply to the system due to trapping in Watana Reservoir.

Long-term balance between sediment supply and transport capacity and the resulting
aggradation/degradation response of the system for pre- and post-Project conditions.

Changes in bed-material mobility in terms of size and frequency of substrate mobilized
due to alteration of the magnitude and duration of peak flows by the Project.

Project-induced changes in supply and transport of finer sediments that influence
turbidity.

Potential for changes in channel dimensions (i.e., width and depth) and channel pattern
(i.e., braiding versus single-thread or multiple-thread with static islands) due to the
Project and the magnitude of the potential change.

Project-induced changes in river stage due to reach-scale changes in bed profile, channel
dimensions, and potentially hydraulic roughness.

Local-Scale Issues: Local-scale issues refer to aspects of the system that involve the specific

behavior and characteristics of the Susitna River at a scale associated with specific geomorphic
and habitat features. Local-scale issues are addressed using a more detailed assessment over a
finer Focus Area scale; however, these analyses must draw from and build upon the
understanding and characterization of the system behavior as determined at the reach-scale.
Local-scale issues include the following:

Processes responsible for formation and maintenance of the individual geomorphic
features and associated habitat types.

Potential changes in geomorphic features and associated aquatic habitat types that may
result from effects of Project operation on riparian vegetation and ice processes.

Effects of changes in flow regime and sediment supply on substrate characteristics in off-
channel habitat units.

Changes in upstream connectivity (breaching) of off-channel habitats due to alteration of
flow regime and possibly channel aggradation/degradation. These changes may induce
further changes in the morphology of off-channel habitats, including the following:

o Potential for accumulation of sediments at the mouth.

o Potential for accumulation of fines supplied during backwater connection with the
main