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Susitna-Watana Instream Flow Study (SWIFS)
Requestor of proposed study
[To be determined]
Responses to study request criteria (18 CFR 5.9(b))
The following sections provide the necessary context and justification for the proposed study. 

Describe the goals and objectives of each study proposal and the information to be obtained.
The objectives of the Instream Flow studies are as follows:
1.	Develop modeling approaches to quantify the seasonal habitat versus flow and other parameter relationships for aquatic species, life stages and/or guilds, within the different habitat types of the Susitna River.
2.	Use the habitat versus flow/other parameter relationships to develop time series and effective habitat analysis appropriate for quantifying existing conditions and a range of with-Project conditions; the time scale for this analysis will be based on proposed Project operations and may include hourly, daily, weekly, or seasonal time steps. 
3.	Select transects for 1-D modeling and/or segments for 2-D modeling to measure and model mainstem Susitna River habitat types.
4.	Identify the time periods, flow/other parameter conditions and life stages when habitat may be a limiting factor for aquatic species. 
5.	Develop new, or modify existing, Habitat Suitability Criteria (HSC) curves for selected target species and life stages.
6.	Develop a set of integrated habitat-specific aquatic habitat models (i.e., mainstem, side channel, side slough, upland slough, tributary mouth, etc.) that can be linked with riverine process models that produces a time series of data for a variety of biologically relevant metrics under alternative operational scenarios.  These metrics include (but are not necessarily limited to):
· water surface elevations at selected river locations;
· water velocities within transect subdivisions (cells) over a range of flows;
· groundwater (upwelling/downwelling);
· varial zone areas;
· frequency and duration of exposure/inundation of the varial zone at selected locations; 
· habitat quantities by species and life stage within respective habitat types; 
· water temperature characteristics; etc.
7.	Conduct a variety of post-processing comparative analyses derived from the output metrics estimated under the habitat specific aquatic habitat models.  These include (but are not necessarily limited to):
· comparisons of habitat quantity and quality (e.g., habitat exceedance plots)
· ramping rates (e.g., changes in flow versus time);
· juvenile fish stranding/trapping;
· habitat sustainability (effective habitat analysis);
· distribution and abundance of benthic macroinvertebrates under alternative operational scenarios.
8.	Develop a hydraulic routing model that estimates water surface elevations and average water velocity along modeled transects on an hourly basis under alternative operational scenarios.
[bookmark: _Toc320003533]9.	Map the current aquatic habitats in the Susitna River both above and below the Watana Dam. 

If applicable, explain the relevant resource management goals of the agencies and/or Alaska Native entities with jurisdiction over the resource to be studied.  [Please include any regulatory citations and references that will assist in understanding the management goals.]
[To be completed by requesting organization]

[bookmark: _GoBack]If the requester is not resource agency, explain any relevant public interest considerations in regard to the proposed study.
[To be completed by requesting organization]

Describe existing information concerning the subject of the study proposal, and the need for additional information.
Substantial information exists for the Susitna River that was collected and analyzed as part of the 1980s studies.  The extent and details of many of those studies were provided in the Draft Environmental Impact Statement (DEIS 1984) for the previous project (FERC No. 7114) along with companion appendices and attachments in the way of ADFG reports.  Some of that information was cited and summarized in the HDR (2011) gap analysis report; however, there has never been a thorough review of the studies and underlying data.  The gap analysis did provide for an initial listing of salient reports and data that warrant more detailed evaluations.  The References section of this plan contains some of the more relevant documents that were identified.  As noted by HDR (2011), instream flow studies of the Susitna River were conducted by the then Alaska Power Authority (APA) for the previous hydroelectric project (FERC No. 7114) that was proposed in the early 1980s.  Those study efforts focused on establishing the relationships between physical variables, fluvial processes and fish resources in the middle Susitna River.  Faced with the complexity of the number of environmental variables involved and the number of species of fish which inhabit the middle Susitna River, it was deemed necessary to focus only on the most important physical variables and carefully identified fish resources which were most sensitive to project-related changes (Trihey & Associates and Entrix 1985b).  Inspection of the 1980s report confirms that the majority of efforts were focused on the Middle River portion of the Susitna River. 
[bookmark: _Toc144859770]Need for Additional Information
The gap analysis presented in HDR (2011) outlines the major elements required in an instream flow study.  Although substantial data and information were collected in the 1980s, those data are approximately 30 years old and therefore additional information needs to be collected to provide a contemporary understanding of the baseline conditions existing in the Susitna River.  In addition, the configuration and proposed operations of the Project have changed and must be evaluated within the context of the existing environmental setting.  This includes consideration of potential load following effects on important fish and aquatic habitats both downstream and upstream of the Watana Dam.  This evaluation needs to extend for the entire length of the Susitna River below the Watana Dam that is affected by the Project, including the reach of river below the confluence of the Chulitna and Talkeetna rivers, as appropriate.  Potential effects of proposed Project operations on aquatic habitats and biota and potential benefits and impacts of alternative operational scenarios have not been quantitatively analyzed.  The aquatic habitat specific models will provide an integrated assessment of the effects of Project operations on biological resources and riverine processes.  These models will provide an analytical framework for assessing alternative operational scenarios and quantitative metrics that will aid in comparing alternatives that may lead to refinements in proposed Project operations.  Project effects will be quantified using indices of potential habitat rather than estimates of the number of fish produced or lost under alternative operational scenarios.

Explain any nexus between project operations and effects (direct, indirect, and/or cumulative) on the resource to be studied, and how the study results would inform the development of license requirements.
Project construction and operation, as described in the Pre-application Document  (PAD, AEA 2011), would have an effect on the flows downstream of the dam, the degree of which will ultimately depend on its’ final design and operating characteristics.  With a proposed elevation of 700 ft resulting in the creation of a 39 mi. long reservoir (20,000 acre) and a nominal generating capacity of 600 MW (PAD AEA 2011), the project would change the timing and magnitude of flows in the river below the powerhouse.  The alteration in the timing and magnitude of flows in a river can influence downstream resources/processes, including fish and aquatic biota and their habitats, channel form and function including sediment transport, water quality, ice dynamics and riparian and wildlife communities, all of which have been alluded to in the PAD (AEA 2011). 

The potential operational flow induced effects of the Project will need to be carefully evaluated as part of the licensing process.  This study plan describes the Susitna-Watana Instream Flow Study (SWIFS) that will be conducted to characterize and evaluate these effects.  The plan includes a statement of objectives, a description of the technical framework that is at the foundation of the SWIFS, the general methods that will be applied, and the study nexus to the Project.  This plan should be viewed as preliminary and will be subject to revision and refinements based on agency and stakeholder review and comment.  In particular, at this stage in its development, the SWIFS has not identified specific study sites nor the methods and analytical procedures that will be applied to the study.  These details and others will be added subsequent to further review of existing information and via agency discussions.  The results of this study and of other proposed studies will provide information needed to support the FERC’s National Environmental Policy Act (NEPA) analysis for the Project license.

Explain how any proposed study methodology (including any preferred data collection and analysis techniques, or objectively quantified information, and a schedule including appropriate field season(s) and the duration) is consistent with generally accepted practice in the scientific community or, as appropriate, considers relevant tribal values and knowledge.
The SWIFS plan is specifically directed toward establishing a contemporary understanding of important biological communities and associated habitats, and the hydrologic, physical, and chemical processes that are currently operating in the Susitna River that directly influence those resources.  The focus of much of this work will be on establishing a set of analytical tools/models based on the best available information and data that can be used for defining both baseline conditions; i.e., how these resources are currently functioning under existing flow conditions, and how these resources and processes will respond to various alternative Project operations.

The foundation of the SWIFS analyses rests with the development of the Susitna Mainstem Flow Routing Model (HEC-ResSim; HEC-RAS; and/or other routing model) (MFRM) that will provide hourly flow and water surface elevation data at numerous locations longitudinally distributed throughout the length of the river extending from RM 184 downstream.  A routing model will be developed based on transects that will be established and measured in 2012 as part the SWIFS program.  The output from this model will provide the fundamental input data to a suite of habitat specific and riverine process specific models that will be used to describe how the existing flow regime relates to and has influenced various resource elements (e.g., salmonid spawning and rearing habitats, invertebrate habitat, sediment transport processes, ice dynamics, large woody debris (LWD), the health and composition of the riparian zone).  These same models will likewise be used to evaluate resource responses to different Project operational scenarios, again via output from the Routing Model, including various baseload and load following alternatives, as appropriate.  As an unsteady flow model, the Routing Model will be capable of providing flow and water surface elevation information at each location on an hourly basis and therefore Project effects on flow can be evaluated on multiple time steps (hourly, daily, monthly) as necessary to evaluate different resource elements. 
A more detailed description of the SWIFS program is provided in Attachment 1 to this study request. 

The consistency of various elements of the program to generally accepted practices is described below:

· Habitat Mapping.  Studies regarding habitat mapping are commonly conducted at many hydroelectric projects as part of FERC licensing (e.g., Watershed GeoDynamics 2005, R2 Resource Consultants 2003, R2 Resource Consultants 2004).  Mapping surveys will utilize protocols similar to those performed at other hydroelectric projects.  

· Hydraulic Unsteady Flow Routing.  One-dimensional unsteady flow hydraulic models are commonly used to route flow and stage fluctuations through rivers and reservoirs.  Examples of public-domain computer models used to perform these types of processes include FEQ (USGS 1997), FLDWAV (U.S. National Weather Service 1998), UNET (U.S. Army Corps of Engineers 2001), and HEC-RAS (U.S. Army Corps of Engineers 2002a, 2002b, and 2002c).  The HEC-RAS model has proven to be very robust under mixed flow conditions (subcritical and supercritical), as will be expected in the Susitna River.  The HEC-RAS model also has the capability of automatically varying Manning’s “n” with stage through the use of the equivalent roughness option.  Another feature of HEC-RAS is the capability of varying Manning’s “n” on a seasonal basis.  The need for this capability may arise in the Susitna River related to winter ice formation and spring decay and ice out, with the river being ice-free during other periods of time.  The robust performance and flexibility of HEC-RAS make this model an appropriate choice for routing stage fluctuations downstream from the proposed Project dam. 

· Mainstem, Side channel, and Slough Habitat Models.  Physical habitat models are often used to evaluate alternative instream flow regimes in rivers (e.g., the Physical Habitat Simulation [PHABSIM] modeling approach developed by the U.S. Geological Survey; Bovee 1998, Waddle 2001).  Methods available for assessing instream flow needs vary greatly in the issues addressed, their intended use, their underlying assumptions, and the intensity (and cost) of the effort required for the application.  Many techniques, ranging from those designed for localized site or specific applications to those with more general utility have been used.  The summary review reports of Wesche and Rechard (1980), Stalnaker and Arnette (1976), EA Engineering, Science and Technology (1986), the proceedings of the Symposium on Instream Flow Needs (Orsborn and Allman eds. 1976), Electric Power Research Institute (2000), and more recently the Instream Flow Council (Annear et al. 2004) provide more detailed information on specific methods.  The methods proposed in the SWIFS will likely include a combination of approaches depending on habitat types (e.g., mainstem, side channel, slough, etc.) and the biological importance of those types.  During the 1980s studies, methods were designed to focus on both mainstem and off-channel habitats, although mainstem analysis was generally limited to near-shore areas.  Both PHABSIM based models and juvenile salmon rearing habitat models were employed and will be considered as part of the SWIFS plan.  It is likely that more rigorous approaches and intensive analysis will be applied to habitats determined as representing especially important habitats for salmonid production.  It is also likely this will include both 1-D in some cases 2-D hydraulic modeling that can be linked to habitat based models.  Incorporation of a groundwater component into the models will provide the basis for evaluating how Project operations may alter groundwater patterns that could influence habitat utilization of sloughs and other groundwater influenced habitat types.  The proposed modeling approach is consistent with the use of physical habitat models used at other hydroelectric projects to assess the effects of alternative operational scenarios on aquatic habitat.

· HSC and HSI Development.  HSI curves have been utilized by natural resources scientists for over two decades to assess the effects of habitat changes on biota.  HSI curves were developed by the USFWS for use with fish and wildlife (see http://www.nwrc.usgs.gov/wdb/pub/hsi), but their usage has also included periphyton and wetland tree habitats (e.g., Tarboton et al. 2004).  The proposed method for the development and verification of HSI curves is analogous to the methods described in Bovee (1982; 1986) and USFWS (1981).  The proposed fish sampling and observation methods will be consistent with those described in Murphy and Willis (1996) and will consider methods previously used in the 1980s (e.g., Suchanek et al. 1984).  The proposed use of an expert panel to develop and verify fish HSI curves is modified from that described by Crance (1987) and has been applied in FERC licensing/relicensing studies of other projects.  

A schedule that includes field season(s) and the duration of the study is provided in Table 1.
	[bookmark: _Toc155590112][bookmark: _Toc155590439][bookmark: _Toc155590536][bookmark: _Toc320027745]Table 1.	Schedule for development of all components of the Mainstem Aquatic Habitat Model.

	Activity
	2012
	2013
	2014

	
	1 Q
	2 Q
	3 Q
	4 Q
	1 Q
	2 Q
	3 Q
	4 Q
	1 Q
	2 Q
	3 Q
	4Q

	Technical Consultant Selection
	▲
	
	
	
	
	
	
	
	
	
	
	

	Refine and Finalize Study Plan
	
	 ------▲
	 --▲-----
	-------
	
	
	
	
	
	
	
	

	Agency Stakeholder Site Visit
	
	--
	---▲
	
	
	
	
	
	
	
	
	

	Study Site Selection (mainstem, slough, side channels, etc.)
	
	---
	---▲
	
	
	
	
	
	
	
	
	

	Review of 1980s Data and Information
	
	---------
	---------
	------●
	
	
	
	
	
	
	
	

	Model Selection by habitat type (1-D, 2-D, mapping, etc.)
	
	
	---------
	---●
	
	
	
	
	
	
	
	

	Hydraulic Routing: data collection and reporting
	
	---------
	---------
	------●
	---------
	---------
	---------
	---------
	---------
	---------
	---------
	---------

	Hydraulic Routing: develop executable model
	
	
	---------
	---------
	---------
	---------
	---------
	---------
	---------
	---------
	---------
	---------

	HSC/Periodicity Fish: Review literature and 1980s reports
	
	
	--------
	------●
	---------
	---------
	---------
	---------
	---------
	---------
	---------
	---------

	HSC Fish: Field data collection (summer, fall, winter) (both years)
	
	
	 ▲
	▲
	--------
	------▲----
	---▲----
	-------▲---
	-------
	---▲----
	----▲---
	▲

	Habitat Mapping (GIS, aerial videography, aerial photography) 
	
	----------
	----------
	--------
	-------
	-------
	---------
	---------
	
	
	
	

	Habitat Surveys (side channels, sloughs, mainstem)
	
	
	▲
	
	-------
	-------
	-------
	--------
	-------
	-------
	-------
	-------

	Collect Velocities and depths (Hydraulic models - 3 flows)
	
	
	
	
	▲
	 ▲
	▲
	
	
	
	
	

	Develop groundwater/surface flow models
	
	
	
	------
	------
	------
	------
	-------
	
	
	
	

	Hydraulic Model Integration and Calibration
	
	
	
	
	
	
	------
	------
	
	
	
	

	Varial Zone Model and Downramping Analysis
	
	
	
	
	
	
	
	-------
	-------
	-------
	
	

	Habitat Modeling
	
	
	
	
	
	
	
	-------
	-------
	-------
	
	

	Alternate Scenario Post-Processing
	
	
	
	
	
	
	
	-------
	-------
	-------
	
	

	Reporting
	
	
	
	●
	
	
	
	●●
	
	
	
	●●




Describe considerations of level of effort and cost, as applicable, and why any proposed alternative studies would not be sufficient to meet the stated information needs.
The effort and ultimate costs associated with the SWIFS plan will be contingent on the final design of the studies, frequency and duration of sampling, methods and analytical techniques that will be applied, and logistical considerations.  An estimate of effort and cost will be presented in later versions of the study plan. 
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