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1.0 INTRODUCTION 

Eagle Creek Reusens Hydro, LLC (Reusens Hydro), a subsidiary of Eagle Creek Renewable 
Energy, is licensed by the Federal Energy Regulatory Commission (FERC or Commission) to 
operate the 12.5-Megawatt (MW) Reusens Hydroelectric Project (Project, FERC No. 2376) 
located on the James River in Amherst and Bedford Counties, Virginia. The current license to 
operate the Project was issued on March 18, 1994 for a 30-year term. Therefore, the current 
license expires on February 29, 2024. 

On February 28, 2019, Reusens Hydro commenced relicensing the Project by filing with the 
Commission a Notice of Intent (NOI) to File Application for New License, a request to relicense 
the Project using the Commission’s Traditional Licensing Process (TLP), accompanied by a Pre-
Application Document (PAD).  On April 16, 2019, FERC approved Reusens Hydro’s request to 
use the TLP; therefore, Reusens Hydro is pursuing a New License for the Project following the 
TLP, as specified in 18 CFR §16.8.   

In accordance with the TLP, Reusens Hydro held a Joint Agency Meeting and Site Visit on May 
22, 2019.1  Subsequent to the Joint Agency Meeting and Site Visit, resource agencies provided 
study requests to Reusens Hydro 2  The U.S. Fish and Wildlife Service (FWS)3 and the Virginia 
Department of Game and Inland Fish (VDGIF) requested studies.  The requested studies include:  

• Instream Flow Assessment (VDGIF);  

• Freshwater Mussel Assessment (VDGIF); 

• Fish Passage Assessment (VDGIF) 

• Recreation Use and Enhancement Assessment (VDGIF); and,  

• Rare, Threatened, and Endangered Species Survey (FWS).   

There is no requirement to prepare a formal study plan, as is required by the Integrated Licensing 
Process (ILP), and, therefore, there is no subsequent study plan determination by FERC.  The 
purpose of this Draft Study Plan document is to facilitate consultation with the resource agencies 
so that a set of specific individual study plans is agreed upon among the agencies and Reusens 
Hydro.  The intent of these specific individual study plans is to form the Final Study Plan 
document, guiding the collection of additional information to support Reusens Hydro Final 
License Application.  To support this goal, in Section 2, Reusens Hydro presents the rationale for 
adopting, adopting with modification, or not adopting the study requests received.  In Section 3, 

 

1 Reusens Hydro filed with the Commission a summary of the meeting and site visit, which includes an audio 
recording of the meeting.  The summary and audio recording is available on the Commission’s e-library; see 
Accession No. 20190627-5055. 
2 Letters providing the study requests from the VDIGF and the FWS Commission’s e-library.  See Accession Nos. 
20190718-5021 (VDGIF), Accession No. 20190719-5006 (FWS). 
3 In their study request letter dated July 19, 2019, the FWS indicate they support VDGIF’s study requests. 
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Reusens Hydro provides specific individual study plans for the adopted studies to support the 
relicensing process.   
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2.0 RESPONSE TO STUDY REQUESTS 

The purpose of relicensing studies is to supplement existing, relevant, and reasonably available 
information so that the Commission and other licensing participants have an adequate factual 
record to assess Project effects and to inform proposed requirements in the new license.  In 
developing this Draft Study Plan, Reusens Hydro evaluated the merits of each study request 
submitted by the stakeholders based on the seven study criteria set forth in §5.9(b) of the 
Commission’s ILP regulations.  These criteria are designed to ensure that any studies that are 
requested are needed to help focus the evaluation of effects of a project in question (FERC, 
2012).   

Overall, Reusens Hydro proposes to adopt, but with modification, the requested Instream Flow 
Assessment and the Freshwater Mussel Survey.  Reusens Hydro’s justification for adopting these 

studies, but with modification are provided in Section 2.1.  Conversely, Reusens Hydro does not 
propose to perform the requested Fish Passage Assessment, Recreation Use and Enhancement 
Assessment Study, and the Rare, Threatened, and Endangered Species Survey.  Reusens Hydro’s 

justification for not performing these studies is provided in Section 2.2.  Reusens Hydro also 
proposes to perform a Baseline Water Quality Monitoring Study and a Desktop Entrainment and 
Turbine Mortality Study.  Individual study plans for those studies Reusens Hydro proposes to 
perform are detailed in Section 3. 

2.1 Studies Adopted with Modification by Reusens Hydro 

 Instream Flow Assessment 

VDGIF states that numerous studies, as well as their own-statewide study, document significant 
habitat alterations that result from hydropower peaking operations, as such, an instream flow 
study is needed to assess effects of the Project’s peaking operations on aquatic resources.  
VDGIF’s goal of the study would be to compare effects of current operations to that of a natural, 

unaltered flow regime, to recommend a suitable flow regime for the James River.  However, 
VDGIF does not propose specific methods to achieve the goals and objectives and does not 
provide an estimate of the level of effort or cost. 

According to FERC (2012), the Commission uses the current condition, the environment as it 
exists at the time of licensing, as its baseline for evaluating Project effects.  Both FERC and the 
courts affirmed,4 that for projects undergoing relicensing, the existing condition is not pre-
project conditions.  Therefore, an instream flow study that seeks to compare effects of Project 
operations relative to a natural flow regime does not lend itself to an analysis of Project effects 
on the existing condition (§5.9(b)(5)).  For this reason, Reusens Hydro respectfully does not 
adopt that goal and aspect of VDGIF’s study request. 

During the previous licensing an instream flow assessment was performed to determine the 
effect of autocycling operations on aquatic habitat downstream of the Project.  However, under 

 

4 See American Rivers v. FERC, 187 F.3d 1007, amended and rehearing denied, 201 F.3d 1186 (9th Cir, 
1999); Conservation Law Foundation v. FERC, 216 F.3d 41 (D. C. Cir. 2000). 
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the existing condition, the Project is operated in peaking mode, which is similar in that flows are 
dynamic within a regular interval (e.g., hourly, daily) but the trigger to generate electricity is 
different.  Therefore, a need exists to document the existing effect peaking operations has on 
aquatic habitat (§5.9(b)(4)).  To address this need, Reusens Hydro proposes to perform an 
instream flow assessment that would quantify the effect peaking operations has on aquatic 
habitat downstream of the Project.  The proposed scope for this study is provided in Section 3. 

 Freshwater Mussel Assessment 

The freshwater mussel assessment requested by VDGIF would include the identification of 
suitable mussel habitat, the species present, and an evaluation of population trends of the mussel 
species present in the Project area, including upstream of the Project impoundment.  VDGIF 
states the study is needed because the existing freshwater mussel data is outdated and likely does 
not reflect the existing mussel community, and Project operations likely altered mussel habitat.  
To collect information to describe the existing mussel community, VDGIF recommends an 
approved surveyor perform surveys for mussels in the impoundment and upstream of the 
impoundment. 

The Project reservoir extends approximately 7 river miles upstream of the Project dam, which 
represents the maximum upstream extent Project operations would affect aquatic resources of the 
James River.  Furthermore, approximately 0.3 river miles upstream of the Project reservoir is the 
powerhouse for the Holcomb Rock Hydroelectric Project (FERC No.  2901); therefore, the reach 
of the James River upstream of the Project reservoir is not affected by Project operations, but 
rather by the Holcomb Rock Hydroelectric Project (§5.9(b)(5)).  Because the James River 
upstream of the Project reservoir is not influenced by Project operations, but rather by other non-
Project related activities, there can be no license condition to require Reusens Hydro to mitigate 
a non-Project effect (§5.9(b)(5)).  For the reasons discussed above, Reusens Hydro respectively, 
declines to survey the James River upstream of the Project reservoir for freshwater mussels, as 
recommended by VDGIF. 

VDGIF also recommends Reusens Hydro performs an analysis of population trends of those 
species collected.  VDGIF suggests this type of analysis would be the examination for multiple 
cohorts and overall age structure.  VDGIF, however, does not explain how Project operations are 
related to those type of data and how those data would inform a license condition (§5.9(b)(5)).  
For these reasons, Reusens Hydro respectfully declines to perform the recommend population 
trend analysis, as requested by VDGIF.  Nonetheless, Reusens Hydro is proposing to perform a 
Freshwater Mussel Survey, the scope of which is described in Section 3.  Reusens Hydro notes 
the scope includes the measurement of total length of those specimens collected. 

2.2 Studies Not Adopted by Reusens Hydro 

 Fish Passage Assessment 

The fish passage assessment, as requested by VDGIF and supported by the FWS, seeks to 
enhance upstream and downstream fish passage for resident and migratory species at the Project.  
VDGIF indicates that its resource management goal is to restore connectivity in this segment of 
the James River for resident and migratory fish species.  The requested study would include a 
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literature search of available passage designs, and an evaluation of those designs that would 
include an engineering component to inform what fish passage facility design and Project 
operations would be necessary to facilitate passage.   

VDGIF indicates the dam significantly limits American eel, sea lamprey, resident species, and 
will limit American shad when restored to the river.  Recent fish survey data (2014-2018) from 
the James River obtained from VDGIF indicate that only American eel and resident fish are 
present in the Project area, with American eel being in very low abundance in the Project area.  
In addition, VDGIF efforts to restore American shad to the James River via stocking has been 
suspended and the downstream dam (Scotts Mill) has no fish passage facility (VDGIF, 2018).  
Therefore, there is no nexus to Project-effects germane to sea lamprey and American shad 
passage (§5.9(b)(5)).  Furthermore, the VDGIF study request appears to be based on the 
assumptions that the dam is a significant barrier to fish passage and that turbine mortality is also 
significant.  In their study request, VDGIF makes this assumption without providing some site-
specific information to reasonably support there is a need for information to research potential 
mitigation measures (§5.9(b)(4)).  As such, VDGIF proposed methods do not lend themselves to 
an assessment of Project effects.  Overall, Reusens Hydro believes VDGIF study request seeks to 
mitigate an effect without knowing the extent of the effect.  Thus, a fish passage assessment 
study would be premature at this time.   

These reasons discussed above, however, demonstrate a need to assess Project effects on resident 
fish and American eel.  Therefore, Reusens Hydro proposes to perform a Desktop Entrainment 
and Turbine Mortality Study (see Section 3).  This study, and in combination with recent VDGIF 
fish community data of the Project area, should provide information that would determine the 
need for species-specific fish passage and/or protection measures at the project.  Therefore, for 
the reasons discussed above, Reusens Hydro respectfully declines to adopt the Fish Passage 
Assessment, as requested by VDGIF and supported by the FWS. 

 Recreation Use and Enhancement Assessment Study  

The recreation use and enhancement assessment, as requested by VDGIF and supported by the 
FWS, seeks the enhancement of recreation access at the Project, or at a location outside the 
Project boundary if enhancements within the Project boundary are not feasible.  VDGIF suggests 
the study is needed because there is a demand for water-based recreation in the Lynchburg, 
Virginia area, there is limited bank fishing opportunity, there is no access opportunity below the 
dam, and there is no portage around the dam.  The proposed study does not include any methods, 
but rather defers to consultation regarding potential enhancements. 

At the Project, Monacan Park provides a diverse array of recreation opportunities, including 
picnic areas, playgrounds, bank fishing, and a boat ramp.  In the PAD, Reusens Hydro 
summarized the existing condition of Monacan Park, and its use based on a recent recreation use 
survey (Kleinschmidt, 2015).  The results of that survey indicate existing Project recreation 
facilities are under-utilized.  Therefore, the existing information demonstrates there is no need 
for recreation enhancements at the Project to accommodate a greater demand (§5.9(b)(4) and 
§5.9(b)(5)).   
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In regards to downstream access, there is an existing boat ramp on the river-left shoreline 
approximately 1.8 river miles downstream of the Project.  Although not a Project recreation 
facility, that boat ramp provides a means for the public to access the James River downstream of 
the Project.  Access to the James River immediately below the Project dam by foot is prevented 
by the existing CSX railroad along the river-right bank and the very steep shoreline in the 
immediate vicinity of the river-left dam abutment.  In addition, the effect of not providing river 
access downstream of the Project was already enhanced by the licensee contributing funds to 
VDCR to construct a boat ramp facility 4 river miles downstream of the Project, near the City of 
Lynchburg.  This action is reflected in Order Amending License Article 411 issued May 10, 
2001.5  Because the Project-effect of precluding public access downstream of the Project has 
already been mitigated by the two boat ramps downstream of the Project there is no nexus to 
downstream water-based access at the Project (§5.9(b)(5)). 

During the previous relicensing, and for some time after license issuance, the Licensee and the 
resource agencies went to great lengths to identify and plan suitable canoe portage at the Project.  
These actions are memorialized in an Order Amending License and Deleting Article 410 dated 
February 7, 1995, which deleted the requirement of the Licensee to provide a canoe portage at 
the Project.6  Because the issue of providing a canoe portage at the Project was already 
addressed, and nothing has changed in the interim, there is no nexus to a canoe portage at the 
Project (§5.9(b)(5)).   

Overall, for the reasons discussed above, Reusens Hydro respectfully elects to not adopt the 
recreation use and enhancement assessment as recommended VDGIF and supported by the FWS. 

 Rare, Threatened, and Endangered Species Survey 

The FWS requested surveys for ten rare, threatened, or endangered species that could occur in 
the Project area. These species include the: James River spinymussel, brook floater, green 
floater, Atlantic pigtoe, Northern long-eared bat, little brown bat, tri-colored bat, Peregrine 
falcon, loggerhead shrike, and the migrant loggerhead shrike.7  In their letter, the FWS does not 
provide study goals or objectives, agency management goals, the need for information, a Project 
nexus, methods, or an estimate of the level of effort or cost.   

We address the issue regarding the four freshwater mussel species in Section 2.2. For the 
Federally listed northern long-eared bat there is no known hibernacula, maternity roost trees, or 
summer roost trees in the Project area;8 therefore, there is no Project nexus.  Reusens Hydro will 
consult with the FWS regarding consistency with the 4(d) rule, likely sometime after the draft 
license application is distributed to stakeholders.  According to the FWS, primary threats to the 
little brown bat and tri-colored bat are the white-nose syndrome, pesticide use, deforestation, 
disturbance of roosting and hibernacula, scientific collection, and potential threats from wind 

 

5 See Accession No. 20010514-0170. 
6 See Accession No. 19950214-0179. 
7 The migrant loggerhead shrike is a migratory form of the loggerhead shrike. 
8 The locations of known hibernacula and roost trees in Virginia are provide at the following website: https://dgif-
virginia.maps.arcgis.com/apps/webappviewer/index.html?id=32ea4ee4935942c092e41ddcd19e5ec5 

https://dgif-virginia.maps.arcgis.com/apps/webappviewer/index.html?id=32ea4ee4935942c092e41ddcd19e5ec5
https://dgif-virginia.maps.arcgis.com/apps/webappviewer/index.html?id=32ea4ee4935942c092e41ddcd19e5ec5
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energy production (FWS, 2019a; 2019b).  While these species may be present in or transient 
through the Project area, there is no nexus to Project effects, because Reusens Hydro is not 
proposing any action that would affect their habitat, such as land clearing that would destroy or 
disturb habitat (§5.9(b)(5)).   

The Peregrine falcon is a migratory species that could forage in the Project area, but their 
occurrence would be transient because they nest in high remote cliff edges, buildings, or 
bridges– none of which occur in the Project area.  Further, the FWS identified the following 
anthropogenic threats to the falcon as shooting, egg collection, poisoning, insecticide use (e.g., 
DDT now banned), and habitat destruction (FWS, n.d.).  Because Reusens Hydro is not 
proposing any action that would affect falcon habitat there is no nexus of Project effects on the 
falcon ((§5.9(b)(5)).   

The loggerhead shrike is a song bird that acts more like a bird of prey, hunting insects and small 
mammals. Preferred habitat of the bird consist of open areas with short grasses interspersed with 
bare ground or low trees, such as agricultural areas.  Threats to the bird include using 
organochloride insecticides, and habitat loss through the development of agricultural lands 
(USFS, 2003).  While there is some open land in the Project area, there is no preferred habitat for 
the shrike within the Project boundary.  In addition, Reusens Hydro does not use organochloride 
insecticides. Therefore, there is no nexus of Project effects to the species (§5.9(b)(5)).  

Overall, for the reasons described above, Reusens Hydro respectfully declines to perform 
surveys for the northern long-eared bat, little brown bat, tri-colored bat, peregrine falcon, and the 
loggerhead shrike. 
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3.0 DRAFT STUDY PLANS 

3.1 Instream Flow Assessment 

 Goals and Objectives 

The goal of the study would be to quantify the effect of the existing operations on downstream 
water levels and available aquatic habitat. To accomplish this goal the study has the following 
objectives: 

1) Request and obtain bathymetric data of the Lynchburg Dam impoundment from 
Scott’s Mill Hydro; 

2) Select and establish cross-section transects between the Reusens and Lynchburg 
Dams to model wetted perimeter; 

3) Monitor flow and water levels at select locations downstream of Reusens; 

4) Build and calibrate a HEC-RAS model; 

5) Calculate wetted-perimeter for the water levels observed at the transect locations; and 

6) Quantify the difference in wetted-perimeter between periods of generation and 
reservoir filling. 

 Existing Information and Need for Additional Information 

During the previous licensing, an instream flow assessment was performed to determine the 
effect of autocycling operations on aquatic habitat downstream of the Project.  However, under 
the existing condition, the Project is operated in peaking mode.  Therefore, a need exists to 
document the existing effect peaking operations has on aquatic habitat of the James River 
downstream of the Project. 

 Project Nexus 

Peaking operations result in fluctuating water levels, which affect the amount of aquatic habitat 
available to aquatic resources.  The effect of Project peaking operations on aquatic habitat in the 
James River, downstream of the Project dam, needs to be understood, and mitigated, if 
necessary.  

 Methodology 

Study Area 

The study area will include the 3.7 mile stretch of the James River between Reusens Dam and 
the Lynchburg Dam (Figure 3.1.4-1). 
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Obtain Bathymetric Data 

Existing bathymetric data is available for the James River between the Reusens and Lynchburg 
Dams (Figure 3.1.4-1). These data were collected by Scott’s Mill Hydro as a part of a licensing 
proceeding (FERC No. 14425).  Those data were collected in April 2016 under a steady flow 
condition of 1,800 cfs.  For this study those data would provide channel bottom topography.  
Reusens Hydro will request the data from Scott’s Mill Hydro.  

Collect Water Level and Flow Data 

Flow and water level data will be collected in the field to support the development of the HEC-
RAS model. This would involve the deployment of water level loggers, spaced equidistant from 
the Reusens Dam to the Lynchburg Dam.  The water level data collected would help evaluate 
changes in depth, flow patterns, and wetted habitat under a range of flow and operations as water 
is discharged from the Reusens Powerhouse and flows downstream towards the Lynchburg Dam. 
The loggers will be programmed to collect data continuously at 15-minute intervals, which 
would detect changes in peaking operations and document steady-state flows.  Installation of the 
loggers would occur by June 1 and they would be removed after September 30.  Four water level 
loggers would be deployed and surveyed to the same profile 

 datum as the bathymetry data. The water level loggers would be checked and their data 
offloaded every two weeks during the study season. 

Reusens Hydro, in consultation with resource agencies, will select and release calibration flows .  
The purpose of the calibration flows is to collect depth, discharge, and other hydraulic 
parameters under a range of Project operations from the minimum to maximum hydraulic 
capacity.  The calibration flow test will be designed to collect data under a steady-state condition 
with the time interval between flow tests designed to provide ample travel time to reach the 
constant flow condition and allow time for required depth, discharge and the hydraulic parameter 
measurements at the selected transects.  

HEC-RAS Model Development 

The hydraulic model will be based on the available bathymetry data, a Manning’s roughness 
coefficient (based on the FEMA Floods Insurance Study), and water level and flow data. The 
flow and water level data will be used to calibrate and validate the hydraulic model to facilitate 
to the simulation of flow conditions (i.e., operation discharges) other than those sampled during 
the calibration flow tests. The resulting calibrated model will be used to simulate a variety of 
flow conditions to estimate wetted perimeter at select transects between the Reusens and 
Lynchburg dams. 

Wetted-Perimeter Evaluation 

The model would simulate the wetted perimeter at each transect selected for each flow (e.g., 
various turbine peaking scenarios).  The modeled wetted-perimeters would be used to quantify 
the change in wetted channel habitat.  The results will be presented in a table that would show 
the percent change in wetted channel at each transect, and a set of maps that show the area along 
the river shoreline effected by operations. 



Reusens Hydro Hydroelectric Project (FERC No. 2376) 

Draft Study Plan 10 April 2020 

Data Analysis 

The relationship between Project discharges, water levels, and wetted perimeter, for the range of 
Project discharges as a part of the calibration flow test, would be described graphically and in 
table format.  The analysis would also include an evaluation of the potential change in wetted 
habitat between the existing minimum flow requirement (333 cfs), and the minimum and 
maximum hydraulic capacity of the project. 

Reporting 

Results of the Instream Flow Assessment will be presented in a draft study report to the agencies 
during the first quarter of 2021 for a 30-day period of review and comment.  The report would 
provide the methods, which would include a description of the hydraulic model developed, 
including calibration and validation, as well as results and consultation documentation regarding 
the calibration flows.   

 Consistency with Generally Accepted Scientific Practice 

This study involves the monitoring and modeling of water levels, flow, and wetted perimeter to 
assess effects on aquatic habitat following the methods generally accepted by the scientific 
community, and at other hydroelectric project relicensing studies. 

 Study Schedule 

Reusens Hydro anticipates this study would be implemented during the 2020 study season, and 
would target June 1 through September 30 for field work.  Further, Reusens Hydro also 
anticipates to provide the draft study report to the agencies during the first quarter of 2021 for a 
30-day period of review and comment. 
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Figure 3.1.4-1: Instream Flow Assessment study area.
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3.2 Freshwater Mussel Survey 

 Goals and Objectives 

The study goal is to document freshwater mussel species, their relative abundance, and their 
habitat within the Project reservoir.  The goal of the study will be accomplished by achieving the 
following study objectives: 

1) Conduct a literature review to determine those freshwater mussel species likely to occur 
within the James River in the vicinity of the Project and describe their physical habitat 
requirements; 

2) Describe exiting potential mussel habitat within the Project reservoir relative to those 
species identified in Objective 1; 

3) Identify freshwater mussel sampling locations within the Project reservoir in consultation 
with the resource agencies; 

4) Conduct a qualitative mussel survey to determine the presence and abundance of 
freshwater mussels in the Project reservoir; and, 

5) Describe the physical habitat surveyed. 

 Existing Information and Need for Additional Information 

A freshwater mussel survey was performed downstream of the Project, between the Project dam 
and the Lynchburg Dam in 2017.  However, the most recent freshwater mussel survey of the 
Project impoundment is from 2008; therefore, those data may not reflect the existing mussel 
community.  As such, a need exists to collect information to document the existing mussel 
community within the Project reservoir. 

 Project Nexus 

Freshwater mussel distribution and abundance is dependent on suitable habitat.  Some mussel 
species, such as the Atlantic pigtoe, are sensitive to sedimentation, sediment scour, and water 
quality fluctuations.  Operation of the Project impoundment for electrical generation may affect 
water quality and aquatic habitat suitable for freshwater mussels.  Therefore, the distribution and 
abundance of freshwater mussels may be affected within Project-affected reaches of the James 
River. 

 Methodology 

Study Area 

The proposed study area is the Project reservoir from the Reusens Dam upstream to the upper 
extent of the Project boundary. 
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Literature Review 

A review of relevant scientific literature will be performed to identify and develop a list of the 
freshwater mussel species likely to occur in the James River and within the general vicinity of 
the Project.  The literature review would consist of reviewing peer-review publications, federal 
and state agency technical reports, other FERC licensing study reports, species atlases, websites, 
and other grey literature sources.  For the freshwater mussel species identified, their habitat 
requirements will be described, which would guide subsequent field data collection efforts. 

Selection of Sampling Locations 

Based upon the habitat requirements of the freshwater mussel species that are likely to occur in 
the vicinity of the Project and the aquatic habitat of the Project reservoir, a qualified malacologist 
will identify and propose two representative sampling locations to conduct a field survey 
(Carlson et al. 2008).  One location being in the upper reservoir and another in the middle 
reservoir. The selected sampling locations would then be proposed to the resources agencies for 
comment and their concurrence.  However, the final site selection will be determined in the field 
based on the professional judgment of a qualified malacologist.  In the field, the spatial expanse 
of the sampling locations will be determined using a handheld GPS. 

Qualitative Mussel Survey and Physical Habitat Descriptions 

To perform the qualitative mussel survey, a scientific collections permit from VDGIF is required 
(USFWS and VDGIF, 2018).  Therefore, upon approval of the study plan, the appropriate 
scientific collections permit would be obtained. 

Qualitative mussel surveys are presence/absence surveys using tactile and visual search methods, 
where a catch-per-unit-effort (CPUE) can be calculated based on the search area and time spent 
searching.  A qualified malacologist will perform a qualitative survey for freshwater mussels at 
each sampling location along a 100-m transect when water conditions are of appropriate clarity 
(Carlson et al. 2008; USFWS and VDGIF, 2018).  The transects will be parallel to shore in 
waters no deeper than 15 feet. The qualitative survey will include a visual examination along the 
transect for dead shells, as well as along shorelines and exposed areas (Carlson et al. 2008). 
Along each transect the survey will be conducted by visually examining the substrate and/or 
gentle probing (1 to 2 inches deep) and feeling the substrate for mussels.  Depending on water 
depth, snorkeling or SCUBA will be used to examine the substrate; in general, water depths 
greater than one arm’s length would require SCUBA (Carlson et al. 2008).  All mussels 
discovered, either live or dead, will be identified to species and counted.  The first 100 live 
individuals of each species encountered will be measured for total length, defined as the 
maximum distance between the posterior and anterior shell margins, with calipers to the nearest 
0.1-mm and recorded (Carlson et al. 2008).  Representative photographs of each species 
collected at each sampling location will be taken.  All mussels (live or dead) that are collected 
will be re-bedded into the substrate in a posterior up position or gently placed on the substrate 
surface so as to allow the mussel to burrow and orient itself in the correct direction (Carlson et 
al. 2008).  In addition, the total amount of time each person spent searching, weather, discharge 
at the beginning and end of sampling, and generation would be recorded. 
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Concurrent with the qualitative survey, the physical habitat along the survey transects will be 
described and representative site photographs will be taken.  Physical habitat descriptions would 
consist of: the mesohabitat type (run, riffle, pool), approximate total area of run, riffle, and pool 
habitat, average depth, typical water velocity, and substrate (boulder, cobble, pebble, gravel, 
sand, silt and clay). 

Data Analysis 

Species richness will be determined for each sampling location, catch-per-unit-effort (CPUE) 
will be calculated for each species encountered by location. Basic summary statistics will be 
calculated based on the size data collected for each species and location. Length-frequency 
histograms will also be prepared to illustrate variations in species, size, and location. 

Reporting 

Results of the Freshwater Mussel Survey will be presented in a draft study report to the agencies 
during the first quarter of 2021 for a 30-day period of review and comment.  The report would 
provide the methods and result of the study. 

 Consistency with Generally Accepted Scientific Practice 

This study involves the collection of freshwater mussel presence/absence and abundance data 
collection following the methods and procedures generally accepted by the scientific community. 

 Study Schedule 

Reusens Hydro anticipates this study would be implemented during the 2020 study season. The 
target would be between April 1 and October 31 during conducive and safe flow conditions 
(USFWS and VDGIF, 2018).  Further, Reusens Hydro also anticipates to provide the draft study 
report to the agencies during the first quarter of 2021 for a 30-day period of review and 
comment.  
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3.3 Desktop Entrainment and Turbine Mortality Study 

 Goals and Objectives 

The goal of the study is to evaluate the seasonal and annual fish entrainment and turbine 
mortality at the Reusens Hydroelectric Project. The goal of the study will be met by achieving 
the following objectives: 

1) Describe the existing physical, operational, and environmental characteristics of the 
Project; 

2) Characterize the species composition of the fish community in the vicinity of the Project; 

3) Select target species and life-stages in consultation with the agencies; 

4) Describe species specific information that includes life-history and habitat requirements, 
and swimming performance criteria for the target species and life stages; 

5) Qualitatively assess entrainment and impingement potential for each target species and 
life stage by comparing physical, operational and environmental attributes of the Project 
with species-specific information; 

6) Estimate the potential seasonal and annual entrainment for each target species; 

7) Estimate the seasonal and annual turbine mortality for each target species based on 
turbine mortality estimates from similar projects; and, 

8) Discuss impacts to the fish community and populations of the James River resulting from 
entrainment, impingement, and turbine mortality. 

 Existing Information and Need for Additional Information 

During the previous licensing, the licensee performed a desktop entrainment and turbine 
mortality assessment to qualify the level of entrainment and turbine mortality at the Project 
(APC, 1991).  Overall, the licensee concluded the likelihood of mortality from entrainment and 
turbine passage would be extremely low.  However, the study did not quantify the effects on 
fishery resources.  Therefore, a need exists to quantify entrainment and turbine mortality effects 
on the existing fish community in the Project area. 

 Project Nexus 

The fish community and population structure of the James River in the Project area may be 
affected by operation of the Project through entrainment, mortality from impingement or passage 
through the Project turbine.  Results from this study could be used to inform fisheries protection, 
mitigation, and/or enhancement measures. 
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 Methodology 

Study Area 

The proposed study area is the Project reservoir, intake/forebay area, and powerhouse. 

Entrainment and Turbine Mortality Evaluation 

The entrainment and turbine mortality assessment would follow a step-wise process: 

1) Describe and discuss the Project characteristics that would influence entrainment and 
turbine mortality. This includes: the physical characteristics of the trashracks, turbines 
specifications, river hydrology, Project operations, and water quality and aquatic habitat 
near the intakes. 

2) Characterize the existing fish community and select target species in consultation with 
the resource agencies. Characterizing the fish community typically involves summarizing 
existing fishery survey data collected by the resource agencies or the licensee.  In general, 
the fish community is characterized by describing the species present and their abundance 
in the Project area.  For the James River, this information is available from VDGIF.  
After the species community is characterized, target species would be proposed and 
submitted to the agencies for their concurrence.  The target species typically would be 
either those of ecological significance or recreationally important.  The target species 
would be the suite of species to undergo the subsequent entrainment and turbine mortality 
evaluations. 

3) Perform a qualitative entrainment and impingement evaluation to determine the overall 
susceptibility of the target species to entrainment and impingement on the trashracks.  
The purpose of this qualitative evaluation is to winnow down the number of target 
species that could be susceptible to entrainment.  The information compared typically is 
the size, habitat requirements, life history, and swimming ability of the target species to 
the habit near the intakes, the intake velocity, and the trashrack configuration.  Based on 
these factors, the susceptibility is qualitative determined to be none, low, moderate, or 
high.  Only those target species that have an entrainment susceptibility of low to high are 
considered for the quantitative entrainment and turbine mortality assessment. 

4) Estimate the number of target species entrained at the Project on a seasonal and annual 
basis.  This step is completed by first selecting representative projects within the EPRI 
1997 entrainment database that are similar to the Project.  The EPRI 1997 database has 
entrainment rates based on actually field studies, expressed as number of fish per unit 
volume passed through the turbine.  These entrainment rates from the selected 
representative projects would then be used to estimate the number of fish by multiplying 
the entrainment rate of the selected projects by the flow through the Project turbines. 

5) Estimate the number of target species that experience turbine mortality at the Project.  
The first step to determine number of fish that experience turbine mortality is to review 
the EPRI 1997 turbine survival database and select representative projects that are similar 
to Reusens to obtain a turbine mortality rate.  Then, the turbine mortality rate is 
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multiplied by the entrainment estimate to yield the number of fish that would experience 
turbine mortality at the Project. 

Data Analysis and Reporting 

Data analysis is implicit in the methods discussed above and would be detailed in the study 
report.  Results of the Desktop Entrainment and Turbine Mortality Study will be presented in a 
draft study report to the agencies during the first quarter of 2021 for a 30-day period of review 
and comment.   

 Consistency with Generally Accepted Scientific Practices 

This study involves the application of known fish community data with entrainment and 
impingement data following the methods and procedures generally accepted by the scientific 
community. 

 Study Schedule 

Because the study is a desktop exercise, Reusens Hydro anticipates performing the study during 
the first quarter of 2021.  Further, Reusens Hydro also anticipates to provide the draft study 
report to the agencies during the first quarter of 2021 for a 30-day period of review and 
comment. 
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3.4 Baseline Water Quality Monitoring Study 

 Goals and Objectives 

The goals of the study are to 1) collect baseline water temperature and dissolved oxygen data to 
document the existing water quality conditions in the Project area; and, 2) determine whether the 
water quality of Project-effected reaches of the James River are consistent with Virginia water 
quality standards and designated uses. To accomplish these goals the study has the following 
objectives: 

1) Collect continuous baseline water temperature and dissolved oxygen data at 
representative locations within a riverine area of the upper reservoir, forebay area, and 
tailrace from June 1 through September 30; 

2) Characterize the baseline water temperature and dissolved oxygen data collected in 
Project area; 

3) Analyze the continuous water temperature and dissolved oxygen data in comparison to 
VA surface water quality standards, inflow, and Project operations (headwater and 
tailwater elevation (ft), and generation (cfs and kW)). 

 Existing Information and Need for Additional Information 

Existing water quality information in the Project area consists of various grab sample data and 
some continuous water temperature and specific conductivity data.  The existing grab sample 
data is not collected at a frequency sufficient to assess effects of Project operations.  
Furthermore, the continuous data was collected upstream of the Project reservoir; thus those data 
do not lend themselves to an assessment of Project operations. Therefore, a need exits to collect 
water quality data at a frequency sufficient to assess Project effects, and determine consistency 
with state surface water quality standards.   

 Project Nexus 

Operation of the Project results in the discharge of waters impounded by the Project dam for the 
purpose of electrical generation, which may affect water quality within Project-affected reaches. 

 Methodology 

Study Area 

The proposed study area is the James River upstream of the Project reservoir downstream to the 
Project tailwater.  Figure 3.4.4-1 depicts the proposed monitoring station locations within the 
proposed study area.  

Continuous Water Temperature and Dissolved Oxygen Monitoring 

Continuous water quality data will be collected in situ at 15-minute intervals by deploying U26-
001 HOBO® Dissolved Oxygen Loggers (Onset Computer Corporation).  Parameters to be 
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measured include: water temperature (°C) and dissolved oxygen (mg/L and percent saturation).  
Calculation of dissolved oxygen percent saturation requires barometric pressure; therefore, a data 
logger that records barometric pressure, such as the U20L HOBO® Water Level Recorder 
(Onset Computer Corporation), will be installed at the Project powerhouse.  Each logger will be 
calibrated following the manufacturer’s instructions and deployed at a representative location in 

the vicinity of the proposed sampling stations: one station upstream, forebay, and tailrace (Figure 
3.4.4-1).  The upper reservoir and tailrace loggers will be tethered to shore and anchored by 
cinderblocks, whereas the forebay logger will be deployed at approximately 25% depth from the 
water surface when set, and suspended from a buoy that is anchored to the riverbed also by 
cinderblocks.  The instruments will be deployed during a four-month period from June 1 through 
September 30 to document baseline water quality conditions during the summer period.  Each 
station will be visited every two weeks to off-load data; perform replicate fouling and calibration 
measurements per the manufacturer’s instructions to assist in data correction; and clean, inspect, 

calibrate, and redeploy the instruments.  It may be necessary to visit the stations to service the 
instruments weekly depending on the degree of fouling; however, we assume bi-weekly 
sampling would be sufficient.  Fouling and calibration measurements will be collected using a 
recently calibrated water quality meter (e.g., YSI ProSolo or similar).  Prior to redeployment, the 
data series will be visually examined in the field for any aberrant measurements that would 
indicate an instrument is malfunctioning, warranting further troubleshooting and/or replacement.   

Weather, River Flow, and Operations Data 

Weather, river flow, and operations data will also be collected to provide a context under which 
the water quality data is collected.  Weather data would be obtained from NOAA Station 
US1VALYC007, located 2.1 miles WSW of the Project.  River flow data would be obtained 
from USGS Gage 02025500 James River at Holcomb Rock, VA, located approximate 7.2 river 
miles upstream of the Project dam.  Operations data, such as turbine discharge (cfs) and 
generations (kW) will be provided by Reusens Hydro. 

Data Analysis 

All field-collected data will undergo a thorough QA/QC review process to ensure the accuracy 
and completeness of the dataset prior to analysis.  Data quality targets for this study include 
actual measurements obtained pre- and post-deployment in comparison to the field replicate data 
collected with a recently calibrated water quality meter should a relative percent difference 
(RPD) of ≤10%; and 80% of all measurements collected must pass the QA/QC process. For 

dissolved oxygen (mg/L), RPD would be calculated as: 

RPD = [ | (ai - bi) | / ((ai + bi) / 2)] * 100 

where; 

ai = actual measurement from the data logger at site visit i 
bi = side-by-side replicate reading from the handheld water quality meter at site visit i 

The continuous temperature and dissolved oxygen datasets will be initially reviewed and 
analyzed for outliers, aberrant measurements, and missing data to ensure the collected data are 
valid.  Corresponding field calibration measurements will then be used to determine if data 
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correction is required for a specific deployment period.  Correction of the data will occur post-
hoc and will be performed using the Dissolved Oxygen Assistant within the manufacturer’s 

HOBOware software.  Any data point that does not pass QA/QC review and cannot be corrected 
will be flagged and removed from the final dataset prior to analysis.   

The final water temperature and dissolved oxygen dataset will be summarized (e.g., mean, 
median, maximum, and minimum) and compared to applicable Virginia surface water quality 
standards. The final dataset will also be compared with Project operation data by plotting the 
water temperature and dissolved oxygen time series with operations. 

Reporting 

Results of the Baseline Water Quality monitoring Study will be presented in a draft study report 
to the agencies during the first quarter of 2021 for a 30-day period of review and comment.  The 
report would provide the methods and results of the study. 

 Consistency with Generally Accepted Scientific Practice 

This study involves collecting water temperature and dissolved oxygen data using methods and 
equipment generally accepted by the scientific community, and utilized to assess Project effects 
on water resources as a part of other hydroelectric relicensing studies.   

 Study Schedule 

Reusens Hydro anticipates this study would be implemented during the 2020 study season, 
between June 1 and September 30, during conducive and safe flow conditions.  Further, Reusens 
Hydro also anticipates to provide the draft study report to the agencies during the first quarter of 
2021 for a 30-day period of review and comment. 
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Figure 3.4.4-1: Baseline water quality monitoring study area and monitoring stations. 
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1.0 INTRODUCTION 

Eagle Creek Reusens Hydro, LLC (Reusens Hydro), a subsidiary of Eagle Creek Renewable 

Energy, is licensed by the Federal Energy Regulatory Commission (FERC or Commission) to 

operate the 12.5-Megawatt (MW) Reusens Hydroelectric Project (Project, FERC No. 2376) 

located on the James River in Amherst and Bedford Counties, Virginia. The current license to 

operate the Project was issued on March 18, 1994 for a 30-year term. Therefore, the current 

license expires on February 29, 2024.  Reusens Hydro is currently relicensing the Project 

following FERC’s Traditional Licensing Process (TLP), and is in the study planning and 

implementation phase of the process. 

On March 26, 2020 Reusens Hydro distributed to interested parties a Draft Study Plan (DSP) that 

contained a suite of site-specific study plans for those studies proposed and adopted by Reusens 

Hydro.  The DSP also presented the rationale for adopting, adopting with modification, or not 

adopting those studies requested by the resource agencies.  Reusens Hydro then held a 

conference call meeting with stakeholders to discuss the DSP on April 23, 2020, and distributed 

a summary of the conference call on May 14, 2020.  Comments letters were then received from 

the Virginia Department of Game and Inland Fish (VDGIF), the Virginia Department of 

Environmental Quality (VDEQ), the Federal Emergency Management Agency (FEMA), James 

River Association (JRA), and the Amherst County Service Authority (ASCA).  Copies of these 

comment letters are provided in Appendix A. 

There is no requirement to prepare a formal study plan, as is required by the Integrated Licensing 

Process (ILP), and; therefore, there is no subsequent study plan determination by FERC.  The 

purpose of this Final Study Plan (FSP) is to: (1) address comments received from the resource 

agencies on the DSP; and, (2) provide the resource agencies a revised set of individual study 

plans for those studies adopted by Reusens Hydro.  To support these goals, Section 2 of this FSP 

presents Reusens Hydro’s response to comments received from the stakeholders on the DSP, and 

in Section 3, Reusens Hydro provides revised individual study plans for those studies adopted by 

Reusens Hydro.  
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2.0 RESPONSE TO COMMENTS ON THE DRAFT STUDY PLAN 

Eagle Creek distributed the Draft Study Plan (DSP) to interested stakeholders on April 16, 2020 

for review and comment and hosted a conference call to review the DSP on April 23, 2020. 

Comment letters in response to Reusens Hydro’s DSP were received from the FWS, VDGIF, 

VDEQ, FEMA, and ACSA (Appendix A)  The letters contain both general comments on the 

DSP as well as specific comments and recommendations on studies not adopted and adopted by 

Reusens Hydro.  The letters also reiterate the comments provided during the April 23, 2020 

conference call.  We note the JSA only provided comments during the April 23, 2020 conference 

call. In Table 2.0-1, Reusens Hydro replies the comments received on the DSP. In response to 

these comments, Reusens Hydro has incorporated changes to the level of effort associated with 

the mussel study and the parameters and duration of the water quality study. 
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Table 2.0-1: Reusens Hydro’s response to comments received on the Draft Study Plan. 

No. 

Agency/ 

Date of 

Comment 

Summary of Comment/Recommendation Reusens Hydro Response 

General DSP Comments 

1 
FWS/ 

July 7, 2020 

FWS recommends Reusens Hydro perform a cumulative 

effects analysis of peaking operations at the Reusens 

Dam Project.  

Reusens Hydro is seeking to relicense the Project to 

continue to operate the Project as its currently licensed; 

which includes the ability to draw the reservoir down, 

up to 1.5-feet for hydropower production. Studies and 

the Draft License Application will explore the 

reasonably foreseeable effects of proposed Project 

operations on natural, environmental, cultural, and 

recreational resources at the Project. 

 

2 

Amherst 

County 

Service 

Authority/ 

April 23, 2020 

Amherst County Service Authority expressed an interest 

in obtaining the freshwater mussel survey results for use 

in their pursuit of a new tertiary intake at their same 

location within Reusens Reservoir scheduled to be 

operational by 2025.   

 

Reusens Hydro will continue to include Amherst 

County Service Authority on the stakeholder list and 

provide the mussel survey results for review and 

comment. 

3 
FEMA/ 

April 23, 2020 

FEMA commented that they are actively conducting 

map studies in the area and additional data would assist 

them in developing accurate maps.  

Reusens Hydro will continue to include FEMA on the 

stakeholder list and provide study results for review 

and comment consistent with consultation with other 

stakeholders in this process.  

 

Studies Not Adopted 

Fish Passage Assessment 
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No. 

Agency/ 

Date of 

Comment 

Summary of Comment/Recommendation Reusens Hydro Response 

4 
VDGIF/ 

5/13/2020 

VDGIF expressed concern that Reusens dam is a barrier 

to American shad, American eel, and Sea Lamprey and 

that although fish passage does not exist at the 

downstream, Scotts Mill Dam, VDGIF documented 

American Eel within the James River at Scotts Mill 

pond below Reusens dam and above Reusens dam 

between 1991-2010.  VDGIF admitted that 

discontinuation of the American Shad fry stocking 

program was due to the inability of the hatchery 

infrastructure to produce significant numbers and that an 

immediate need for American Shad passage at Reusens 

dam is probably unnecessary.  VDGIF referenced the 

signed Agreement in Principal between the applicant for 

the Scotts Mill exemption, VDGIF, and FWS and 

specifically noted the commitment that Scotts Mill made 

to establish upstream and downstream fish passage 

within their exemption application.  

Reusens Hydro considers the evaluation of fish passage 

at the Reusens Project premature given the lack of fish 

passage at the downstream Scotts Mill dam. The owner 

of the Scotts Mill dam is currently pursuing a FERC 

exemption to retrofit the existing dam with new 

hydropower. As part of their consultation and 

application development, they entered into an 

Agreement in Principal in which they committed to 

continuing to consult with the stakeholders on issues 

including fish passage. Reusens Hydro fully supports 

the applicant and stakeholders pursuing fish passage on 

the Scotts Mill dam within the FERC exemption 

application process; however Reusens Hydro is 

committed to evaluating the issue of fish passage at 

Reusens dam when there is evidence to support such an 

investigation. Until fish passage is provided 

downstream and conditions have materially changed, 

Reusens Hydro believes that assessment of fish 

passage at Reusens dam is premature.  Reusens Hydro 

does recognize the resident fish and potential for 

American eel (in low abundance) and will perform a 

Desktop Entrainment and Turbine Mortality Study as 

described in section 3.0. 
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No. 

Agency/ 

Date of 

Comment 

Summary of Comment/Recommendation Reusens Hydro Response 

5 
FWS/ 

July 7, 2020 

FWS references the VDGIF data on American Eel in the 

Project area as well as the proposed design plans and 

commitments for fish passage at the proposed Scotts 

Mill project downstream and reiterates the need for 

Reusens Hydro to investigate fish passage options at the 

dam.  In addition, the FWS mentioned they are likely to 

prescribe eel passage at the Reusens Project.  

Reusens Hydro disagrees that the fish passage 

commitments associated at Scott’s Mill dam are 

eminent or guaranteed and recognizes that FERC’s 

decision to issue an exemption to construct the project is 

potentially years away with construction completed a 

few years after that.  Reusens Hydro supports the 

investigation into multiple species fish passage at the 

Project once passage is constructed at Scott’s Mill and 

conditions have materially changed.  Reusens Hydro 

expects FWS to retain their Section 18 fishway 

prescription authority for the Reusens Project as part of 

the FERC process.  

 

Recreation Use and Enhancement Study 

6 
VDGIF/ 

5/13/2020 

VDGIF commented that additional growth in water 

access demand is likely during the life of a new license 

which warrants a study of new recreation resources at 

the Project.  VDGIF further expressed concerns that the 

downstream boat ramp (in Scott’s Mill reservoir) is a 

private ramp.  

 

Reusens Hydro affirms that existing recreation use 

information indicates there is no need for 

enhancements to accommodate a ‘likely’ increase in 

demand for water access and there is no need to 

perform a study for new recreation access.  Reusens 

Hydro also notes that the applicant for the Scott’s Mill 

Project committed to providing a boat ramp at Scotts 

Mill reservoir as part of their exemption application 

and described in the Agreement in Principal with 

VDGIF and FWS which would address public access 

downstream of Reusens dam. 

  

Reusens Hydro also reminds stakeholders that the issue 

of not being able to provide downstream access was 

already mitigated by providing funds to construct a 

boat ramp 4 miles downstream.  This is memorialized 

in an Order Amending License Article 411 issued May 

10, 2005. Also, and specific to Reusens reservoir, any 
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No. 

Agency/ 

Date of 

Comment 

Summary of Comment/Recommendation Reusens Hydro Response 

access to the river along the river right shoreline is 

prevented by the CSX railroad right-of-way, and 

access around the dam along the river left shoreline is 

prevented by the steep, unsafe topography.   

 

Although not specifically mentioned in VDGIF 

comments on the DSP, the issue of a canoe portage 

was also addressed during the previous licensing, and 

conditions have not materially changed at the Project 

since then.   

Rare, Threatened, and Endangered Species 

7 
FWS/ 

July 7, 2020 

FWS presented the Information for Planning and 

Consultation (IPaC) database information on which 

federally listed species could occur in the project 

vicinity. Consistent with information presented in 

Reusens Hydro PAD, the northern long-eared bat and 

James River spiny mussel could occur in the vicinity of 

the project.  FWS also summarized the list of Federal 

and State listed species and species under review for 

listing under the Endangered Species Act. FWS 

suggested Reusens Hydro coordinate with the FWS 

regarding consultation under the Endangered Species 

Act.   

Reusens Hydro is committed to surveying the Project 

reservoir and tailrace for mussels, including those 

listed by FWS as Federal and State Listed Species and 

Species under review for listing under the Endangered 

Species Act.  The methods to conduct this survey are 

described in detail in Section 3.  The non-mussel 

species included in the FWS list include the Northern 

long eared bat, Little brown bat, Peregrine falcon, and 

Loggerhead shrike – all bats and birds. Reusens Hydro 

is not proposing any changes to operations or activities 

around the shoreline (e.g., above the top of the dam 

elevation around the Project) that could be threats to 

these species. As such, the need to conduct surveys or 

studies for the bats and birds listed by FWS is 

unnecessary as it relates to the operations of the 

Reusens Project.  

 

Studies Proposed and Adopted by with Modification 

Instream Flow Assessment 
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No. 

Agency/ 

Date of 

Comment 

Summary of Comment/Recommendation Reusens Hydro Response 

8 
VDGIF/ 

5/13/2020 

VDGIF expressed concerns that the proposed wetted 

perimeter study is not appropriate for the evaluation of 

hydropower peaking operations and is more useful for 

understanding course-level effects, particularly at the 

extremes of the hydrograph (very low and very high 

flows).  Additionally, the proposed locations of the 

transects between Reusens dam and Scotts Mill dam 

will not be the area of likely impact from Reusens 

operations.  VDGIF recommends Reusens Hydro 

conducts a PHABSIM study at multiple transects 

(minimum of 3) located downstream from Scotts Mill 

dam and at least one transect below Reusens dam.  

Reusens Hydro is committed to developing datasets 

directly relevant and associated with Reusens Project 

operations at a level of effort consistent with accepted 

practices. The proposed wetted perimeter study is 

designed to document the existing operating regimes 

relationship with aquatic habitat downstream of the 

Project.   Reusens Hydro disagrees the wetted 

perimeter study needs to be expanded further 

downstream or to introduce PHABSIM methods 

because, a) the existing Scotts Mill dam acts as a weir 

attenuating flows released from Reusens dam; and b) 

Scotts Mill dam is currently seeking an exemption 

from FERC to reconstruct the dam and add 

hydropower operations, which could have significant 

effects on flow characteristics downstream of Scotts 

Mill dam. As such, Reusens Hydro remains committed 

to executing the wetted perimeter study without change 

from the DSP. 

 

9 

James River 

Association/ 

April 23, 2020 

The James River Association commented during the 

DSP conference call that the impact of Reusens Hydro 

operations is most noticeable near Rivers Edge Park 

near Amherst where the river level fluctuates about 1 to 

1.5 feet. 

 

See response to comment 8 above. 

10 
FWS/ 

July 7, 2020 

FWS supports VDGIF’s concerns and agrees with 

VDGIF recommendation that the instream flow study 

should consist of transects upstream and downstream of 

Scotts Mill dam and several mesohabitat types should 

be evaluated from Scotts Mill dam to downstream of 

Lynchburg, VA using PHABSIM. FWS also supports 

the James River Associations comments in agreement 

with VDGIF. 

See response to comment 8 above. 
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No. 

Agency/ 

Date of 

Comment 

Summary of Comment/Recommendation Reusens Hydro Response 

Freshwater Mussel Survey 

11 
VDGIF/ 

5/13/2020 

VDGIF commented that the proposed methodology in 

the DSP was insufficient and recommended the level of 

effort needed to detect individual, and the density of 

rare mussel species is 15-20 x 100 m transects, stratified 

between upper, middle, lower and tailrace areas.  

VDGIF offered to assist Reusens Hydro in the selection 

of sampling transect locations in order to get the 

coverage VDGIF expects is necessary to determine the 

presence of rare mussel species.  

Reusens Hydro has contracted with Alderman 

Environmental Services Inc. (Alderman) to perform the 

mussel surveys. Alderman is extremely familiar with 

the James River and mussel species that occur, or are 

likely to occur, throughout the region.  As part of the 

informal consultation associated with securing a state 

sampling permit associated with this work, Alderman 

invited the state biologist, Brian Watson, to assist with 

the survey and committed Alderman’s survey team will 

conduct 90 person hours of active survey time in areas 

most likely to support mussels, including downstream 

of Reusens dam to the tip of the first island.  

 

These proposed changes to the study plan were 

satisfactory to VDGIF at the time the permit was 

issued. As such, Reusens Hydro has refined the 

methodology in the FSP to remove any discussion of 

transects; confirm invitations to agency mussel 

specialists will be sent and field dates will be jointly 

coordinated so the biologists can work side by side 

with Alderman during the survey; and the survey will 

include 90 person hours of active survey time within 

the reservoir and tailrace areas. 

 

12 
FWS/ 

July 7, 2020 

FWS summarized the past mussel survey efforts at 

Reusens Project associated with the installation of a 

municipal water withdrawal stating the previous report 

described the impoundment as deep and silt covered and 

unlikely habitat for freshwater mussels. FWS 

recommends that all new mussel surveys be conducted 

by qualified surveyors for Atlantic Slope mussel fauna 

See response to comment number 11. 
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No. 

Agency/ 

Date of 

Comment 

Summary of Comment/Recommendation Reusens Hydro Response 

in the most likely habitats upstream and downstream in 

the Project area.  

 

Desktop Entrainment and Turbine Mortality Study 

13 
FWS/ 

July 7, 2020 

FWS noted that the proposed desktop entrainment and 

turbine mortality study seems adequate as long as it 

includes the latest scientific techniques in survival 

assessment and finds that protection is better than 95 

percent downstream passage survival of American eel 

through the turbines.  

Based on FWS comments, Reusens Hydro is not 

proposing any changes to this study.  Reusens Hydro 

will utilize methods generally accepted by the 

scientific community in the assessment and provide the 

final report to FWS and other interested stakeholders 

for review and comment.  It is premature to commit to 

the findings achieving a specific percentage survival 

rate for American eel through the turbines as the study 

is designed to estimate what, if any, the estimated 

turbine mortality may be.  

 

Baseline Water Quality Monitoring Study 

14 
VDEQ/ 

May 8, 2020  

VDEQ recommends water quality studies adhere as 

much as possible to DEQ's lake monitoring protocols in 

that we typically monitor lakes for a seven month period 

(April - October) so that we can track the seasonal 

changes in temperature, dissolved oxygen, nutrients, etc. 

from spring through fall. 

The water quality study has been revised to include the 

collection of vertical profiles in the forebay area, 

nutrient and pH monitoring, and to extend the 

monitoring period from June 1 through October 31.  

The monitoring period of June 1 through October 31 

was selected because that is the time of year when 

effects of Project operations are most apt to be 

observed and when water quality conditions are most 

stressful to aquatic biota. 
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No. 

Agency/ 

Date of 

Comment 

Summary of Comment/Recommendation Reusens Hydro Response 

15 
VDEQ/ 

May 8, 2020  

In addition to the length of time each sampling year, 

DEQ samples reservoirs for a minimum of two 

consecutive years during each assessment cycle.  One 

reason VDEQ does is to have a minimum of 12 data 

points for the 305(b) assessment.  Another reason is that 

we know from experience that rarely do we have two or 

more consecutive years of average rainfall and 

streamflow.  As we have recently seen the low flows in 

fall 2017 were followed by record rainfall and high 

flows for all of 2018 into the spring of 2019.  A similar 

pattern was seen (at least in BRRO) in the drought that 

occurred around 1999 - 2001 which was followed by 

high rainfall and flooding in late 2002-2003.  Therefore, 

VDEQ suggest a minimum of two consecutive years of 

monitoring.   

Reusens Hydro believes one season of water quality 

data collection from June through October is sufficient 

to document the existing condition of water quality of 

the of the James River in the Project area.  Reusens 

Hydro understands VDEQ has EPA reporting 

requirements and sometimes capitalizes on the 

efficiency of requesting licensees of hydroelectric 

projects to collect data to support their own regulatory 

reporting requirements.  However, relicensing studies 

are intended to document the existing condition to 

support an analysis of Project effects; therefore, the 

water quality study was designed following standard 

scientific practices to support such an analysis.  

Furthermore, Reusens Hydro understands the weather 

and flow conditions may not be “average” for this 

study year.  However, FERC would likely not require a 

licensee to repeat a study simply because the data 

collected wasn’t collected during an “average” year.  

FERC would require a licensee to repeat a study if the 

data collected occurred during anomalous 

environmental conditions or the environmental 

conditions have changed in a material way.  Therefore, 

Reusens Hydro does not incorporate a second year of 

data collection into the water quality study. 

 

16 
VDEQ/ 

May 8, 2020  

The Reusens impoundment has other dams above and 

below it, which makes establishing true upstream 

reference and downstream impact stations difficult.  

There is no way around locating better upstream 

stations: however, the downstream stations being 

located almost directly in the turbine discharge reach is 

problematic.  Low flow can be critical below dams 

therefore VDEQ suggests a fourth T/DO station in the 

The monitoring station in the tailrace would detect 

whether waters depleted of dissolved oxygen are being 

passed from the reservoir downstream.  The 

downstream Scott’s Mill Dam also backwaters 

upstream to the base of the Reusens Dam; therefore, 

there is no point downstream of the Project not effected 

by the downstream dam. 
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No. 

Agency/ 

Date of 

Comment 

Summary of Comment/Recommendation Reusens Hydro Response 

main channel at a point before the river becomes 

impounded by the downstream dam.   

 

17 
VDEQ/ 

May 8, 2020  

A more thorough look into the impact of the dam on 

water quality would be to add a monthly temp/DO 

profile in the middle of the forebay or another deep 

location above the dam which would have to be done 

from a boat.  This would include our methods of 

measuring T, DO, pH and SpC at 0,3 meters below the 

surface and every meter down to the bottom.   

Reusens Hydro added a bi-weekly water temperature 

and DO vertical profile to the study.  A pH vertical 

profile would also be collected monthly.  Specific 

conductivity will not be collected because there is no 

state surface water quality standard for specific 

conductivity and no nexus to the Project has been 

demonstrated. 

18 
VDEQ/ 

May 8, 2020  

pH is an important parameter since high temperatures, 

high primary production and high DO can result in pH 

values over 9 which can be stressful to fish.  Part of the 

reason for these suggestions is that in July 2018, our 

office investigated a small fish kill above Reusens Dam.  

No official cause was determined but it was likely due 

to heat stress as water temperatures were over 33C after 

several days of very high air temperature and decreasing 

flows in the James River. 
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3.0 FINAL STUDY PLANS 

3.1 Instream Flow Assessment 

 Goals and Objectives 

The goal of the study would be to quantify the effect of the existing operations on downstream 

water levels and available aquatic habitat. To accomplish this goal the study has the following 

objectives: 

1) Request and obtain bathymetric data of the Lynchburg Dam impoundment from 

Scott’s Mill Hydro; 

2) Select and establish cross-section transects between the Reusens and Lynchburg dams 

to model wetted perimeter; 

3) Monitor flow and water levels at select locations downstream of Reusens; 

4) Build and calibrate a HEC-RAS model; 

5) Calculate wetted-perimeter for the water levels observed at the transect locations; and 

6) Quantify the difference in wetted-perimeter between periods of generation and 

reservoir filling. 

 Existing Information and Need for Additional Information 

During the previous licensing, an instream flow assessment was performed to determine the 

effect of autocycling operations on aquatic habitat downstream of the Project.  However, under 

the existing condition, the Project is operated in peaking mode.  Therefore, a need exists to 

document the existing effect peaking operations has on aquatic habitat of the James River 

downstream of the Project. 

 Project Nexus 

Peaking operations result in fluctuating water levels, which affect the amount of aquatic habitat 

available to aquatic resources.  The effect of Project peaking operations on aquatic habitat in the 

James River, downstream of the Project dam, needs to be understood, and mitigated, if 

necessary.  

 Methodology 

Study Area 

The study area will include the 3.7 mile stretch of the James River between Reusens Dam and 

the Lynchburg Dam (Figure 3.1.4-1). 
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Obtain Bathymetric Data 

Existing bathymetric data is available for the James River between the Reusens and Lynchburg 

Dams (Figure 3.1.4-1). These data were collected by Scott’s Mill Hydro as a part of a licensing 

proceeding (FERC No. 14425).  Those data were collected in April 2016 under a steady flow 

condition of 1,800 cfs.  For this study, those data would provide channel bottom topography.  

Reusens Hydro will request the data from Scott’s Mill Hydro.  

Collect Water Level and Flow Data 

Flow and water level data will be collected in the field to support the development of the HEC-

RAS model. This would involve the deployment of water level loggers, spaced equidistant from 

the Reusens Dam to the Lynchburg Dam.  The water level data collected would help evaluate 

changes in depth, flow patterns, and wetted habitat under a range of flow and operations as water 

is discharged from the Reusens Powerhouse and flows downstream towards the Lynchburg Dam. 

The loggers will be programmed to collect data continuously at 15-minute intervals, which 

would detect changes in peaking operations and document steady-state flows.  Installation of the 

loggers would occur by June 1 and they would be removed after October 31.  Four water level 

loggers would be deployed and surveyed to the same vertical datum as the bathymetric data, or 

vice versa (e.g., to NAVD88). The water level loggers would be checked and their data offloaded 

every two weeks during the study season.  Prior to removal and redeployment of the loggers 

during as a part of the bi-weekly maintenance, the water surface elevation would be measured 

relative to a local survey benchmark established near the deployment location. 

Reusens Hydro, in consultation with resource agencies, will select and release calibration flows.  

The purpose of the calibration flows is to collect depth, discharge, and other hydraulic 

parameters under a range of Project operations from the minimum to maximum hydraulic 

capacity.  The calibration flow test will be designed to collect data under a steady-state condition 

with the time interval between flow tests designed to provide ample travel time to reach the 

constant flow condition and allow time for required depth, discharge and the hydraulic parameter 

measurements at the selected transects.  

HEC-RAS Model Development 

The hydraulic model will be based on the available bathymetry data, a Manning’s roughness 

coefficient (based on the FEMA Floods Insurance Study), and water level and flow data. The 

flow and water level data will be used to calibrate and validate the hydraulic model to facilitate 

to the simulation of flow conditions (i.e., operation discharges) other than those sampled during 

the calibration flow tests. The resulting calibrated model will be used to simulate a variety of 

flow conditions to estimate wetted perimeter at select transects between the Reusens and 

Lynchburg dams. 

Wetted-Perimeter Evaluation 

The model would simulate the wetted perimeter at each transect selected for each flow (e.g., 

various turbine peaking scenarios).  The modeled wetted-perimeters would be used to quantify 

the change in wetted channel habitat.  The results will be presented in a table that would show 

mburak
Sticky Note
5 calibration flows, 1 to 2 hrs each as measured by the downstream most.  set water level loggers to record at 15-seconds.
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the percent change in wetted channel at each transect, and a set of maps that show the area along 

the river shoreline effected by operations. 

Data Analysis 

The relationship between Project discharges, water levels, and wetted perimeter, for the range of 

Project discharges as a part of the calibration flow test, would be described graphically and in 

table format.  The analysis would also include an evaluation of the potential change in wetted 

habitat between the existing minimum flow requirement (333 cfs), and the minimum and 

maximum hydraulic capacity of the project. 

Reporting 

Results of the Instream Flow Assessment will be presented in a draft study report to the agencies 

during the first quarter of 2021 for a 30-day period of review and comment.  The report would 

provide the methods, which would include a description of the hydraulic model developed, 

including calibration and validation, as well as results and consultation documentation regarding 

the calibration flows.   

 Consistency with Generally Accepted Scientific Practice 

This study involves the monitoring and modeling of water levels, flow, and wetted perimeter to 

assess effects on aquatic habitat following the methods generally accepted by the scientific 

community, and at other hydroelectric project relicensing studies. 

 Study Schedule 

Reusens Hydro anticipates this study would be implemented during the 2020 study season, and 

would target June 1 through October 31 for field work.  Further, Reusens Hydro will provide the 

draft study report to the agencies during the first quarter of 2021 for a 30-day period of review 

and comment. 
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Figure 3.1.4-1: Instream Flow Assessment study area.
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3.2 Freshwater Mussel Survey 

 Goals and Objectives 

The study goal is to document freshwater mussel species, their relative abundance, and their 

habitat within the Project reservoir and tailwater.  The goal of the study will be accomplished by 

achieving the following study objectives: 

1) Conduct a literature review to determine those freshwater mussel species likely to occur 

within the James River in the vicinity of the Project and describe their physical habitat 

requirements; 

2) Perform a reconnaissance survey of the Project reservoir periphery and tailwater for 

potential suitable mussel habitat and evidence of mussel presence; 

3) Identify the freshwater mussel sampling areas within Project reservoir and Project 

tailwater; 

4) Conduct a qualitative mussel survey to determine the presence and abundance of 

freshwater mussels in Project reservoir and Project tailwater at the selected survey areas; 

and,  

5) Summarize the mussel collections and describe the physical habitat surveyed. 

 Existing Information and Need for Additional Information 

A freshwater mussel survey was performed downstream of the Project, between the Project dam 

and the Lynchburg Dam in 2017.  However, the most recent freshwater mussel survey of the 

Project impoundment is from 2008; therefore, those data may not reflect the existing mussel 

community.  As such, a need exists to collect information to document the existing mussel 

community within the Project reservoir and tailwater. 

 Project Nexus 

Freshwater mussel distribution and abundance is dependent on suitable habitat.  Some mussel 

species, such as the Atlantic pigtoe, are sensitive to sedimentation, sediment scour, and water 

quality fluctuations.  Project operations may affect water quality and aquatic habitat suitable for 

freshwater mussels.  Therefore, the distribution and abundance of freshwater mussels may be 

affected within Project-affected reaches of the James River. 

 Methodology 

Study Area 

The proposed study area is the Project reservoir from the Reusens Dam upstream to the upper 

extent of the Project boundary and the Project tailwaters to the tip of the first island. 
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Literature Review 

A review of relevant scientific literature will be performed to identify and develop a list of the 

freshwater mussel species likely to occur in the James River and within the Project area.  The 

literature review would consist of reviewing peer-review publications, federal and state agency 

technical reports, other FERC licensing study reports, species atlases, websites, and other grey 

literature sources.  For the freshwater mussel species identified, their habitat requirements will be 

described, which would guide subsequent field data collection efforts. 

Agency Survey Participation 

Informal consultation between Alderman and Mr. Watson associated with the filing of the 

sampling permit application included an open invitation to Mr. Watson to assist in the field 

survey.  Therefore, prior to mobilizing field crews Alderman Environmental Services, LLC 

(Alderman) will invite VDGIF’s malacologist Mr. Brian Watson to participate in the survey.   

Survey of the Project Reservoir Periphery and Tailwater 

A qualified malacologist from Alderman would perform a reconnaissance survey of the reservoir 

periphery up to depths of 15-feet by kayak or boat for potential suitable mussel habitat.  In 

addition, the reservoir shoreline would also be visually surveyed for evidence of mussels (e.g., 

relic shells or live individuals), to be identified to species, if possible.  This survey would cover 

both banks of the reservoir from the Projects boat barrier to the upper extent of the reservoir, or 

approximately 15.2 miles.  Furthermore, the reservoir tailwater area would also surveyed for 

mussel habitat and evidence for mussel in the same manner as above.  The purpose of this survey 

would be to locate potential quality mussel habitat to assist in the selection of survey areas for 

the qualitative mussel survey described in more detail below.  During this survey effort, areas 

and stretches of quality mussel habitat, based upon the best possible judgement of the qualified 

malacologist, would be mapped.  Photographs of quality mussel habitat observed would be taken 

and descriptions of the physical habitat observed (i.e., depth, substrate, flow) would be noted on 

field datasheets.  

Selection of Sampling Locations 

Based upon the aquatic habitat surveyed along the reservoir periphery and tailwater, a qualified 

malacologist from Alderman would perform the survey in areas that best represent the maximum 

likelihood of collecting mussels.  The survey would consist of up to 90 person hours of 

qualitative survey time based on habitat quality as determined by expert malacologists.  The 

spatial expanse of the survey areas will be recorded using a handheld GPS.  Additional 

simultaneous sampling data from VDGIF will be shared and reported along with Alderman’s 

data.  

Qualitative Mussel Survey and Physical Habitat Descriptions 

To perform the qualitative mussel survey, a scientific collections permit from VDGIF was 

obtained (USFWS and VDGIF, 2018).  Qualified malacologists from Alderman are retained to 

perform this component of the study. 
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Qualitative mussel surveys are presence/absence surveys using tactile and visual search methods, 

where a catch-per-unit-effort (CPUE) can be calculated based on the search area and time spent 

searching.  A qualified malacologist will perform a qualitative survey for freshwater mussels 

when water conditions are of appropriate clarity and flow conditions are safe, especially in the 

tailwater (Carlson et al. 2008; USFWS and VDGIF, 2018).  The surveys will be parallel to shore 

in waters no deeper than 15 feet. The qualitative survey will include a visual examination for 

shells along shorelines and exposed areas (Carlson et al. 2008). The survey will be conducted by 

visually examining the substrate and/or gentle probing (1 to 2 inches deep) and feeling the 

substrate for mussels.  Depending on water depth, snorkeling or SCUBA will be used to examine 

the substrate; in general, water depths greater than one arm’s length would require SCUBA 

(Carlson et al. 2008).  All mussels discovered, either live or dead, will be identified to species 

and counted.  The first 100 live individuals of each species encountered will be measured for 

total length, defined as the maximum distance between the posterior and anterior shell margins, 

with calipers to the nearest 0.1-mm and recorded (Carlson et al. 2008).  Representative 

photographs of each species collected at each sampling location will be taken.  All mussels (live 

or dead) that are collected will be re-bedded into the substrate in a posterior up position or gently 

placed on the substrate surface so as to allow the mussel to burrow and orient itself in the correct 

direction (Carlson et al. 2008).  In addition, the total amount of time each person spent searching, 

weather, discharge at the beginning and end of sampling, and generation would be recorded. 

Concurrent with the qualitative survey, the physical habitat along the survey will be described 

and representative site photographs will be taken.  Physical habitat descriptions would consist of: 

the mesohabitat type (run, riffle, pool), approximate total area of run, riffle, and pool habitat, 

average depth, typical water velocity, and substrate (boulder, cobble, pebble, gravel, sand, silt 

and clay). 

Data Analysis 

Species richness will be determined for each sampling location, catch-per-unit-effort (CPUE) 

will be calculated for each species encountered by location.  Basic summary statistics will be 

calculated based on the size data collected for each species and location. Length-frequency 

histograms will also be prepared to illustrate variations in species, size, and location. 

Reporting 

Results of the Freshwater Mussel Survey will be presented in a draft study report to the agencies 

during the first quarter of 2021 for a 30-day period of review and comment.  The report would 

describe study methodology and provide study results.  

 Consistency with Generally Accepted Scientific Practice 

This study involves the collection of freshwater mussel presence/absence and abundance data 

collection following the methods and procedures generally accepted by the scientific community. 

 Study Schedule 

Reusens Hydro anticipates this study would be implemented during the 2020 study season. The 

target would be between July 1 and October 31 during conducive and safe flow conditions 
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(USFWS and VDGIF, 2018).  Further, Reusens Hydro will provide the draft study report to the 

agencies during the first quarter of 2021 for a 30-day period of review and comment.  
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3.3 Desktop Entrainment and Turbine Mortality Study 

 Goals and Objectives 

The goal of the study is to evaluate the seasonal and annual fish entrainment and turbine 

mortality at the Reusens Project. The goal of the study will be met by achieving the following 

objectives: 

1) Describe the existing physical, operational, and environmental characteristics of the 

Project; 

2) Characterize the species composition of the fish community in the vicinity of the Project; 

3) Select target species and life-stages in consultation with the agencies; 

4) Describe species specific information that includes life-history and habitat requirements, 

and swimming performance criteria for the target species and life stages; 

5) Qualitatively assess entrainment and impingement potential for each target species and 

life stage by comparing physical, operational and environmental attributes of the Project 

with species-specific information; 

6) Estimate the potential seasonal and annual entrainment for each target species; 

7) Estimate the seasonal and annual turbine mortality for each target species based on 

turbine mortality estimates from similar projects; and, 

8) Discuss impacts to the fish community and populations of the James River resulting from 

entrainment, impingement, and turbine mortality. 

 Existing Information and Need for Additional Information 

During the previous licensing, the licensee performed a desktop entrainment and turbine 

mortality assessment to qualify the level of entrainment and turbine mortality at the Project 

(APC, 1991).  Overall, the licensee concluded the likelihood of mortality from entrainment and 

turbine passage would be extremely low.  However, the study did not quantify the effects on 

fishery resources.  Therefore, a need exists to quantify entrainment and turbine mortality effects 

on the existing fish community in the Project area. 

 Project Nexus 

The fish community and population structure of the James River in the Project area may be 

affected by operation of the Project through entrainment, mortality from impingement or passage 

through the Project turbine.  Results from this study could be used to inform fisheries protection, 

mitigation, and/or enhancement measures. 
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 Methodology 

Study Area 

The proposed study area is the Project reservoir, intake/forebay area, and powerhouse. 

Entrainment and Turbine Mortality Evaluation 

The entrainment and turbine mortality assessment would follow a step-wise process: 

1) Describe and discuss the Project characteristics that would influence entrainment and 

turbine mortality. This includes: the physical characteristics of the trashracks, turbines 

specifications, river hydrology, Project operations, and water quality and aquatic habitat 

near the intakes. 

2) Characterize the existing fish community and select target species in consultation with 

the resource agencies. Characterizing the fish community typically involves summarizing 

existing fishery survey data collected by the resource agencies or the licensee.  In general, 

the fish community is characterized by describing the species present and their abundance 

in the Project area.  For the James River, this information is available from VDGIF.  

After the species community is characterized, target species would be proposed and 

submitted to the agencies for their concurrence.  The target species typically would be 

either those of ecological significance or recreationally important.  The target species 

would be the suite of species to undergo the subsequent entrainment and turbine mortality 

evaluations. 

3) Perform a qualitative entrainment and impingement evaluation to determine the overall 

susceptibility of the target species to entrainment and impingement on the trashracks.  

The purpose of this qualitative evaluation is to winnow down the number of target 

species that could be susceptible to entrainment.  The information compared typically is 

the size, habitat requirements, life history, and swimming ability of the target species to 

the habit near the intakes, the intake velocity, and the trashrack configuration.  Based on 

these factors, the susceptibility is qualitative determined to be none, low, moderate, or 

high.  Only those target species that have an entrainment susceptibility of low to high are 

considered for the quantitative entrainment and turbine mortality assessment. 

4) Estimate the number of target species entrained at the Project on a seasonal and annual 

basis.  This step is completed by first selecting representative projects within the EPRI 

1997 entrainment database that are similar to the Project.  The EPRI 1997 database has 

entrainment rates based on actually field studies, expressed as number of fish per unit 

volume passed through the turbine.  These entrainment rates from the selected 

representative projects would then be used to estimate the number of fish by multiplying 

the entrainment rate of the selected projects by the flow through the Project turbines. 

5) Estimate the number of target species that experience turbine mortality at the Project.  

The first step to determine number of fish that experience turbine mortality is to review 

the EPRI 1997 turbine survival database and select representative projects that are similar 

to Reusens to obtain a turbine mortality rate.  Then, the turbine mortality rate is 
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multiplied by the entrainment estimate to yield the number of fish that would experience 

turbine mortality at the Project. 

Data Analysis and Reporting 

Data analysis is implicit in the methods discussed above and would be detailed in the study 

report.  Results of the Desktop Entrainment and Turbine Mortality Study will be presented in a 

draft study report to the agencies during the first quarter of 2021 for a 30-day period of review 

and comment.   

 Consistency with Generally Accepted Scientific Practices 

This study involves the application of known fish community data with entrainment and 

impingement data following the methods and procedures generally accepted by the scientific 

community. 

 Study Schedule 

Because the study is a desktop exercise, Reusens Hydro anticipates performing the study during 

the first quarter of 2021.  Further, Reusens Hydro also anticipates to provide the draft study 

report to the agencies during the first or second quarters of 2021 for a 30-day period of review 

and comment. 
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3.4 Baseline Water Quality Monitoring Study 

 Goals and Objectives 

The goals of the study are to 1) collect baseline water temperature and dissolved oxygen data to 

document the existing water quality conditions in the Project area; and, 2) determine whether the 

water quality of Project-effected reaches of the James River are consistent with Virginia water 

quality standards and designated uses. To accomplish these goals the study has the following 

objectives: 

1) Collect continuous baseline water temperature and dissolved oxygen data at 

representative locations within a riverine area of the upper reservoir, forebay area, and 

tailrace from June 1 through October 31; 

2) Collect on a bi-weekly basis vertical profiles of water temperature and dissolved oxygen 

within the forebay area to determine whether the Project reservoir undergoes thermal and 

dissolved oxygen stratification from June 1 through October 31; 

3) Collect on a bi-weekly basis within the forebay area, Secchi disk transparency 

measurements to document the depth of the euphotic zone and trophic state of Reusens 

reservoir; 

4) Collect on a monthly basis single grab measurements of pH at the upstream riverine and 

tailwater areas, and a vertical profile of pH within the forebay area; 

5) Collect on a monthly basis integrated nutrients and chlorophyll-a samples within the 

forebay area; 

6) Characterize the baseline water quality data collected in Project area; 

7) Analyze the baseline water quality data in comparison to Virginia surface water quality 

standards, inflow, and Project operations (headwater and tailwater elevation (ft), and 

generation (cfs and kW)). 

 Existing Information and Need for Additional Information 

Existing water quality information in the Project area consists of various grab sample data and 

some continuous water temperature and specific conductivity data.  The existing grab sample 

data is not collected at a frequency sufficient to assess effects of Project operations.   

Furthermore, the continuous data was collected upstream of the Project reservoir; thus those data 

do not lend themselves to an assessment of Project operations. Therefore, a need exits to collect 

water quality data at a frequency sufficient to assess Project effects, and determine consistency 

with state surface water quality standards.   
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 Project Nexus 

Operation of the Project results in the discharge of waters impounded by the Project dam for the 

purpose of electrical generation, which may affect water quality within Project-affected reaches. 

 Methodology 

Study Area 

The proposed study area is the James River upstream of the Project reservoir downstream to the 

Project tailwater.  Figure 3.4.4-1 depicts the proposed monitoring station locations within the 

proposed study area.  

Continuous Water Temperature and Dissolved Oxygen Monitoring 

Continuous water quality data will be collected in situ at 15-minute intervals by deploying U26-

001 HOBO® Dissolved Oxygen Loggers (Onset Computer Corporation).  Parameters to be 

measured include: water temperature (°C) and dissolved oxygen (mg/L and percent saturation).  

Calculation of dissolved oxygen percent saturation requires barometric pressure; therefore, a data 

logger that records barometric pressure, such as the U20L HOBO® Water Level Recorder 

(Onset Computer Corporation), will be installed at the Project powerhouse.  Each logger will be 

calibrated following the manufacturer’s instructions and deployed at a representative location in 

the vicinity of the proposed sampling stations: one station upstream, forebay, and tailrace (Figure 

3.4.4-1).  The upper reservoir and tailrace loggers will be tethered to shore and anchored by 

cinderblocks, whereas the forebay logger will be deployed at approximately 25% depth from the 

water surface when set, and suspended from a buoy that is anchored to the riverbed also by 

cinderblocks.  If the forebay area becomes stratified, the logger will be suspended approximately 

near the bottom of the epilimnion but above the metalimnion.   

The instruments will be deployed during a five-month period from June 1 through October 31 to 

document baseline water quality conditions during the summer period and low flow period.  

Each station will be visited every two weeks to download data; perform replicate fouling and 

calibration measurements per the manufacturer’s instructions to assist in data correction; and 

clean, inspect, calibrate, and redeploy the instruments.  It may be necessary to visit the stations to 

service the instruments weekly depending on the degree of fouling; however, we assume bi-

weekly sampling would be sufficient.  Fouling and calibration measurements will be collected 

using a recently calibrated water quality meter (e.g., YSI ProSolo or similar).  Prior to 

redeployment, the data series will be visually examined in the field for any aberrant 

measurements that would indicate an instrument is malfunctioning, warranting further 

troubleshooting and/or replacement.  All data will be recorded on field datasheets or recorded 

within the instruments’ internal memory. 

Water Temperature and Dissolved Oxygen Vertical Profiles 

Concurrent with the maintenance of the continuous water temperature and dissolved oxygen data 

loggers, a water temperature and dissolved oxygen vertical profile will be collected bi-weekly at 

the forebay station from June 1 through October 31. The vertical profile will be collected using a 

recently calibrated portable temperature and dissolved oxygen meter (YSI ProSolo or similar) 
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with a data cable of sufficient length to reach the reservoir bottom (~35-feet ft).  At the forebay 

station the vertical profile will be collected from a boat that is allowed to drift downstream to 

control the depth of the instrument and sample the same parcel of water as the instrument is 

lowered through the water column.  Starting at the water surface (~0.3 m depth), the profile will 

be collected by taking temperature and dissolved oxygen measurements at 1-meter depth 

increments, with the last reading taken approximately 0.5 m above the river bottom.  Depth of 

the station would be determine using a HONDEX® portable depth sounder.  Readings will be 

allowed to stabilize before a measurement is taken and before proceeding to the next depth 

increment.  At least once per profile a replicate measurement will be collected at a random depth 

interval selected a priori.  All data, along with approximate locations of the thermocline (if 

present), will be recorded on field datasheets or recorded within the instruments’ internal 

memory. 

pH Monitoring 

A recently calibrated multiparameter meter (YSI 6920 v2 sonde or similar) equipped with a pH 

sensor and data cable of sufficient length to reach the reservoir bottom (~35-feet ft) to collect a 

vertical profile at the forebay station following the procedure described above for the water 

temperature and dissolve oxygen profile.  In addition, grab measurements of pH will be collected 

at the upstream and tailrace stations.  This effort would occur once per month over the proposed 

study period (June 1 through October 31).  All data will be recorded on field datasheets or 

recorded within the instruments’ internal memory. 

Secchi Disk Transparency 

A Secchi disk is a black and white patterned disk commonly used to measure the clarity of water 

based on the distance the disk can be seen when it is lowered into the water column. The Secchi 

disk measurement is used to estimate the euphotic zone depth, which is generally defined as two 

times the Secchi disk depth.  This measurement would be collected at the same location as the 

vertical profile.  The Secchi disk depth will be collected following the guidance described in 

EPA (2017).  To collect the Secchi disk depth, the Secchi disk would be lowered on the shaded 

side of the boat until it disappears from view without the aid of sunglasses or view scopes.  To 

record the disappearance depth, the depth of the lowering line (demarked in 0.1 m intervals) 

would be then be noted to the nearest 0.1 m in a field notebook or datasheet.  The disk would 

then be lowered out of sight and then raised until it reappears.  The reappearance depth would 

then be recorded in field notebook or datasheet.  The depth of the euphotic zone would then be 

determined by multiplying the reappearance depth by two. 

Nutrients 

Water samples for nutrient analysis will be collected at the forebay location once per month over 

the study period using an “integrated sampler” following the methods described in EPA (2017).  

The “integrated sampler” is a PVC tube 6.6 feet (2 meters) long with an inside diameter of 1.24 

inches (3.2 centimeters) fitted with a stopper plug (#7 or #8) on one end and a PVC ball valve on 

the other.  The device allows collection of water from the upper two meters of the water column 

(e.g., within the euphotic zone), or the entire depth of the euphotic zone if the euphotic zone is ≤ 

2.0 m deep, as indicated by the Secchi depth transparency measurement.  Prior to collecting the 
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sample the sampler will be rinsed thoroughly with surface water.  To collect the sample, the ball 

valve end of integrated sampler will be open and lowered as vertically possible to a depth of 2 m, 

or to the depth of the euphotic zone.  Then, the rubber stopper would be used to cap the vented 

end to form an air-tight seal.  The sampler would then be slowly raised near the surface so the 

ball valve can be closed.  The sampler will then be placed over a thoroughly rinsed bucket (with 

surface water) and the ball valve opened to dispense the water sample into the bucket.  This 

process would be repeated until 4 liters of surface water are collected in the bucket.  The contents 

of the bucket would be thoroughly mixed and decanted into labelled, sterile sample containers 

provided by the laboratory, and chilled on ice or placed in a refrigerator before being transferred 

to the laboratory for subsequent analyses for the following nutrient analytes: total Kjeldahl 

nitrogen (TKN), total nitrogen, (TN), nitrate+nitrite, total phosphorus (TP), total 

orthophosphorous, and chlorophyll-a.  For quality control purposes, one field blank of distilled 

water would also be analyzed.  The contracted laboratory is Pace Analytical of Raleigh, NC, a 

Virginia-certified laboratory.   

Weather, River Flow, and Operations Data 

Weather, river flow, and operations data will also be collected to provide a context under which 

the water quality data is collected.  Weather data would be obtained from NOAA Station 

US1VALYC007, located 2.1 miles WSW of the Project.  River flow data would be obtained 

from USGS Gage 02025500 James River at Holcomb Rock, VA, located approximate 7.2 river 

miles upstream of the Project dam.  Operations data, such as turbine discharge (cfs) and 

generations (kW) will be provided by Reusens Hydro. 

Data Analysis 

All field-collected data will undergo a thorough QA/QC review process to ensure the accuracy 

and completeness of the dataset prior to analysis.  Data quality targets for the continuous data 

include actual measurements obtained pre- and post-deployment in comparison to the field 

replicate data collected with a recently calibrated water quality meter should a relative percent 

difference (RPD) of ≤10%; and 80% of all measurements collected must pass the QA/QC 

process. For dissolved oxygen (mg/L), RPD would be calculated as: 

RPD = [ | (ai - bi) | / ((ai + bi) / 2)] * 100 

where; 

ai = actual measurement from the data logger at site visit i 

bi = side-by-side replicate reading from the handheld water quality meter at site visit i 

The continuous temperature and dissolved oxygen datasets will be initially reviewed and 

analyzed for outliers, aberrant measurements, and missing data to ensure the collected data are 

valid.  Corresponding field calibration measurements will then be used to determine if data 

correction is required for a specific deployment period.  Correction of the data will occur post-

hoc and will be performed using the Dissolved Oxygen Assistant within the manufacturer’s 

HOBOware software.  Any data point that does not pass QA/QC review and cannot be corrected 

will be flagged and removed from the final dataset prior to analysis.   
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The final water quality dataset will be summarized (e.g., mean, median, maximum, and 

minimum) and compared to applicable Virginia surface water quality standards. The final dataset 

will also be compared with Project operation data by plotting the continuous water temperature 

and dissolved oxygen time series with operations. 

To characterize the trophic state of the reservoir a trophic state index (TSI) will be calculated 

following Wetzel (2001), such that: 

TSI(SD) = 60 – (14.41* ln(SD)) 

TSI(CHL) = (9.81* ln(CHL)) + 30.6 

TSI(TP) = (14.42 * ln(TP)) + 4.15 

where; 

SD = Secchi depth in m; 

CHL = Chlorophyll-a in mg/m3; and, 

TP = total phosphorus in mg/m3 

Then, to define the trophic state of the reservoir, a TSI of < 30 would indicate oligotrophy, a TSI 

between 30 and 50 would indicate mesotrophy, and a TSI >50 would indicate eutrophy (Wetzel, 

2001). 

Reporting 

Results of the Baseline Water Quality monitoring Study will be presented in a draft study report 

to the agencies during the first quarter of 2021 for a 30-day period of review and comment.  The 

report would provide the methods and results of the study. 

 Consistency with Generally Accepted Scientific Practice 

This study involves collecting water quality data using methods and equipment generally 

accepted by the scientific community, and utilized to assess Project effects on water resources as 

a part of other hydroelectric relicensing studies.   

 Study Schedule 

Reusens Hydro anticipates this study would be implemented during the 2020 study season, 

between June 1 and October 31, during conducive and safe flow conditions.  Further, Reusens 

Hydro will provide the draft study report to the agencies during the first quarter of 2021 for a 30-

day period of review and comment. 
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Figure 3.4.4-1: Baseline water quality monitoring study area and monitoring stations. 
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Appendix A: 

Agency DSP Comment Letters 
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Burak, Matthew

From: Robert Hopkins <rhopkins@acsava.com>

Sent: Thursday, April 23, 2020 11:21 AM

To: Burak, Matthew

Cc: 'Mike Wilson'

Subject: RE: Thursday call

Attachments: GoogleEarth aerial map - ACSA site.pdf; County GIS - ACSA site.pdf

Follow Up Flag: Follow up

Flag Status: Flagged

Morning, Matt!!  ACSA’s only vested interest in this project, as I believe I mentioned at the 5/22/2019 meeting, is future 

construction of a raw water intake on Reusens Reservoir for our water treatment plant.  ACSA got OK from FERC and 

former Reusens owner AEP for an emergency intake in 2002, during the Great Drought (see the attached maps).  Several 

years later, the VA Dept. of Environmental Quality, in its program to protect lesser streams in VA, mandated as a 

condition in the permit renewal for our intake on Harris Creek at the water plant that by 2025 (as I recall), ACSA must 

install a permanent tertiary intake on James River at the same location, at which time the Harris Creek withdrawal limit 

will be reduced.  We started working at the time with AEP, which had no objections, but we were in no hurry because of 

the timeline, and then AEP sold Reusens to Eagle Creek.  We have been in communications with Eagle Creek about this 

and still need to finalize their OK.  You listed several uses of Reusens in your report, but I didn’t see this one; even 

though it is a past and proposed issue, not a current one, I thought it proper to bring it to your attention.  Assuming, as 

seems reasonable, that the hydro project permit renewal will have no impact on approval and construction of the 

intake, ACSA has no issue with the permit renewal.  

 

It appears from the report that the fresh mussel study area will include the north bank of the river where the ACSA 

intake is proposed to be constructed.  Do you know how long the study will be “good” before it has to be repeated for a 

future project?  Assuming it is maybe 5 years, do you know if it would be possible for ACSA to obtain a copy of the 

report, either to fulfill what I would assume will be a requirement for the intake project or as a starting basis for such a 

report? 

 

Thanks, Matt!!  I expect to be on the line at 1 pm. 

 

Bob 

 

 

From: Burak, Matthew <matthew.burak@wsp.com>  

Sent: Wednesday, April 22, 2020 11:09 AM 

To: Robert Hopkins <rhopkins@acsava.com> 

Cc: Splenda, Jot <jot.splenda@wsp.com>; Jody Smet <jody.smet@eaglecreekre.com>; Paul Tran 

<paul.tran@eaglecreekre.com> 

Subject: RE: Thursday call 

 

Hi Bob, 

 

The paper that you mention that is the subject of Thursdays call is the Reusens Hydroelectric Project Draft study 

Plan.  That plan is essentially Reusens Hydro proposal to perform field study to collect inforamtion on the environment 

to support FERC’s environmental analysis.  The Draft Study Plan was attached to the meeting invite.  I’ve attached it 

again here for you.  
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Matthew Burak 
Fisheries Biologist 
Power, Planning, and Permitting 
 
Please note the new e-mail address 

 

 
 
E-mail: matthew.burak@wsp.com 
Phone: +1 518 727 5453 
 
WSP USA 
117 Kendrick Street, Suite 400 
Needham, MA 02494 
 
wsp.com 

 

From: Robert Hopkins <rhopkins@acsava.com>  

Sent: Wednesday, April 22, 2020 10:48 AM 

To: Burak, Matthew <matthew.burak@wsp.com> 

Subject: Thursday call 

 

External 

Morning, Matt, hope you’re holding up well thru this mess.  The conference call on Thursday……….my understanding 

was that it has to do with environmental issues at the Reusens Reservoir on James River, upstream from Lynchburg, and 

that a paper was to come out in mid-April about what was being proposed and what would be discussed during the 

conference call.  We have an interest in that, as we under a DEQ permit condition to install a tertiary raw water intake 

on the north back of the reservoir, where ACSA put a temporary intake during the 2002 drought; it’s to be constructed 

and operational by 2025, if memory serves.  But I have seen no paper about Reusens Reservoir and what is being 

proposed. 

 

I just received an email, being copied by David Sutherland, USF&WS, that mentions the Thursday call and attaches a 

paper for the Scotts Mill Dam hydroelectric project, far downstream from Reusens Reservoir, right in front of 

Lynchburg.  Is this the paper and project that will be discussed Thursday?  ACSA doesn’t have much of a vested interest 

in this topic, though I would still participate, in case something comes up.  The County is seeking funding for construction 

of a white water river park, I’m pretty sure right at Scotts Mill Dam; I see that Sara Lu Christian, County Parks & Rec 

Director, is on the email list, but I think I will also forward the email to the County Administrator, since he’s ramrodding 

the white water project. 

 

Many thanks, Matt!! 

 

Bob 

Robert A. Hopkins, PE 

Director of Public Utilities 

Amherst County Service Authority 

113 Phelps Road / PO Box 100 

Madison Heights, VA  24572 

434-845-1605 (office) 

434-221-8757 (cell) 

rhopkins@acsava.com 
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NOTICE: This communication and any attachments ("this message") may contain information which is privileged, confidential, proprietary or otherwise subject to 
restricted disclosure under applicable law. This message is for the sole use of the intended recipient(s). Any unauthorized use, disclosure, viewing, copying, 
alteration, dissemination or distribution of, or reliance on, this message is strictly prohibited. If you have received this message in error, or you are not an 
authorized or intended recipient, please notify the sender immediately by replying to this message, delete this message and all copies from your e-mail system and 
destroy any printed copies.  

 
 
 
-LAEmHhHzdJzBlTWfa4Hgs7pbKl  
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Burak, Matthew

From: Baker, Charles <charles.baker@fema.dhs.gov>

Sent: Thursday, April 23, 2020 1:28 PM

To: Burak, Matthew

Subject: Reusens

Follow Up Flag: Follow up

Flag Status: Flagged

Mr. Burak, 

 

I would request and study data be submitted to REMA RIII as we are conducting map studies in the area and the 

additional data would assist us in developing accurate maps.  Sorry, I was having difficulty on the call with audio. 

 

If you have any questions please feel free to contact me. 

 

Thank you, 

 

Charles Baker 

Floodplain Specialist | Mitigation | Region 3 

Mobile: (202) 600-1885 

charles.baker@fema.dhs.gov 

 

Federal Emergency Management Agency 

fema.gov   
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Burak, Matthew

From: Cario, Anthony <anthony.cario@deq.virginia.gov>

Sent: Friday, May 8, 2020 3:38 PM

To: Burak, Matthew

Subject: Reusens and Schoolfield Dam Hydroelectric Project Relicensing - Draft Study Plan

Hi Mathew,  I realize these are quite late but one of our regional biologists provided comments on the water 

quality portion of the study plans for Schoolfield and Reusans dam.  I have pasted them below for you to 

review and, if you are still able to, consider as you finalize the plan and/or conduct the monitoring.  I apologize 

for not providing these earlier.   

 

Thank you 

 

Tony Cario 

 

 

Monitoring period and stations for both projects: 

Since these are reservoirs I would suggest the water quality studies adhere as much as possible to DEQ's lake monitoring 

protocols in that we typically monitor lakes for a seven month period (April - October) so that we can track the seasonal 

changes in temperature, dissolved oxygen, nutrients, etc. from spring through fall.  This was also suggested by the US 

Fish and Wildlife Service at the Schoolfield project.  Since they are slated to begin monitoring this year it is too late to 

ask them to monitor in April and probably May as well; however, I would require them to sample into the month of 

October since that can be as critical a time of year as the warmer months due to low flows.  EC has shown that they have 

researched data from the USGS gages at Holcomb's Rock on the James River and the Dan River at the STP near 

Danville.  A simple query on the USGS website into flows from 2001, 2007, 2008 and 2017 show that flows at both 

locations were well below median into mid to late October. 

 

In addition to the length of time each sampling year, DEQ samples reservoirs for a minimum of two consecutive years 

during each assessment cycle.  One reason we do this is to have a minimum of 12 data points for the 305(b) 

assessment.  Another reason is that we know from experience that rarely do we have two or more consecutive years of 

average rainfall and streamflow.  As we have recently seen the low flows in fall 2017 were followed by record rainfall 

and high flows for all of 2018 into the spring of 2019.  A similar pattern was seen (at least in BRRO) in the drought that 

occurred around 1999 - 2001 which was followed by high rainfall and flooding in late 2002-2003.  Therefore, I  suggest a 

minimum of two consecutive years of monitoring.  A minimum of two years of study was also suggested by the USFWS. 

 

Both impoundments have other dams above and below them which makes establishing true upstream reference and 

downstream impact stations difficult.  I do not see a way around locating better upstream stations: however, I think the 

downstream impact stations being located almost directly in the turbine discharge reach is problematic.  Low flow can 

be critical below dams therefore I suggest a fourth T/DO station in the main channel at a point before the river becomes 

impounded by the downstream dam.  Additionally, a more thorough look into the impact of the dam on water quality 

would be to add a monthly temp/DO profile in the middle of the forebay or another deep location above the dam which 

would have to be done from a boat.  This would include our methods of measuring T, DO, pH and SpC at 0,3 meters 

below the surface and every meter down to the bottom.  A simple logger along the banks in the downstream section of 

the impoundment would not be a good indicator of the water quality in that section.  Also, pH is an important 

parameter since high temperatures, high primary production and high DO can result in pH values over 9 which can be 

stressful to fish.  Part of the reason for these suggestions is that in July 2018, our office investigated a small fishkill above 

Reusens Dam.  No official cause was determined but it was likely due to heat stress as water temperatures were over 

33C after several days of very high air temperature and decreasing flows in the James River. 
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--  

Tony Cario 
 

Environmental Specialist 

Office of Water Supply 

Department of Environmental Quality 

P.O. Box 1105, Richmond, VA 23218 

804-698-4089 

anthony.cario@deq.virginia.gov 

www.deq.virginia.gov 

 

  













Scott M Smith, Forest, VA.
Secretary Kimberly D. Bose
Federal Energy Regulatory Commission
888 First Street, NE
Washington, DC 201426

Re: Reusens Hydroelectric Project (P-2376) – Application for New 
License
Virginia Dept. of Game and Inland Fisheries Comments Draft Study Plans

Dear Secretary Bose:

Thank you for the opportunity to provide input into the relicensing 
process for the Reusens Hydroelectric Project (P-2376).  The mission of 
the Virginia Dept. of Game and Inland Fisheries (VDGIF) is to conserve 
and manage wildlife populations and habitat, connect people to Virginia’s 
outdoors, and protect people and property by promoting safe outdoor 
experiences.  Additionally, VDGIF is the state agency responsible for 
managing aquatic and terrestrial wildlife resources, including 
rare/listed species of fish and wildlife.  

VDGIF has reviewed the Draft Study Plan (DSP) for the Reusens 
Hydroelectric Project as submitted for Eagle Creek Reusens Hydro, LLC.  
In addition, we participated in a conference call held on 23 April 2020, 
with the applicant and interested stakeholders.  During this call, VDGIF 
expressed several areas of concern regarding the DSP.  The DSP does 
address multiple areas of concern, but some of the issues we raised in 
the initial scoping process are not addressed by the DSP.  In addition, 
using our best professional judgement, several of the proposed studies 
lack the necessary scope and/or intensity to adequately address project 
impacts.

Studies Not Proposed by the Applicant:

2.2.1 Fish Passage Assessment – The applicant states that due to 
suspension of American Shad stocking by VDGIF and the presence of Scotts 
Mill Dam (SMD) immediately downstream (which currently lacks fish passage 
infrastructure), that fish passage is not germane to the nexus of the 
project.  Furthermore, the applicant states that VDGIF has not provided 
any evidence that Reusens Dam is a fish passage barrier, nor the need for 
fish passage facilities.  The applicant also states that VDGIF has not 
provided evidence of site-specific needs for fish passage mitigation.

The practice of stocking American Shad fry was discontinued by VDGIF due 
to the inability to produce sufficient numbers given our existing 
hatchery infrastructure.  This does not imply that American Shad are no 
longer spawning in the James River.  Densities of spawning American Shad 
in the James River are significantly lower than historic numbers, but an 
annual spawning migration does still exist.  Thus, the cessation of 
stocking this species by VDGIF has no bearing on the potential need for 
eventual fish passage at Reusens Dam.  We do agree that an immediate need 
for American Shad passage is probably unnecessary, but there does exist a 
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reasonable potential need for fish passage during the period of the new 
license.

As noted previously Scotts Mill Dam (SMD) currently lacks fish passage 
infrastructure.  However, Scotts Mill Hydro, LLC is currently in the 
process of applying for a license to produce power at this structure.  As 
part of this process, they are planning to install passage facilities for 
American Eel and Sea Lamprey upon receipt of a license.  

More importantly, VDGIF has documented the presence of American Eel 
immediately below Reusens Dam (Table 1).  Our data indicate that, under 
current conditions (no fish passage infrastructure at SMD), American Eel 
are able to pass SMD with moderate success, but that Reusens Dam is a 
significant passage barrier to this species.  By comparing the abundance 
of American Eel in the James River, below SMD, above SMD, and above 
Reusens Dam, it becomes apparent that Reusens Dam is a significant 
passage barrier for these species.  This provides the nexus to the 
project to evaluate fish passage options, particularly for American Eel 
and Sea Lamprey.

Table 1.  Distribution of American Eel in the James River (1991-2010).  
CPUE in n/hr.  RKM = River Kilometer, from downstream (RKM 304) to 
upstream (RKM 555).  Locations of Scotts Mill and Reusens dams are noted 
in the table.

RKM* N LCI Mean CPUE UCI CV Median CPUE
304 2 15.33 54 15.33
322 16 9.68 13.51 17.33 65 11.7
340 17 10.56 13.61 16.66 53 11.53
343 14 13.54 18 22.46 52 15.92
350 7 3.14 6.14 9.14 66 5.76
367 16 12.25 20.64 29.03 93 15.07
396 1 29.92 29.92
414 14 4.96 7.04 9.12 62 6.54
Scotts Mill Dam
418 11 3.82 6.38 8.94 73 6.52
Reusens Dam
428 17 0.05 0.33 0.6 198 0
440 14 0.01 0.2 0.4 199 0
446 8 0 0.12 0.35 283 0
453 18 0 0 0 0
476 12 0 0 0 0
493 19 0 0 0 0
507 14 0 0 0 0
528 16 0 0 0 0
535 1 0 0
555 11 0 0 0 0

2.2.2 Recreation Use and Enhancement – The applicant states that no 
additional recreational access facilities are needed, thus obviating the 
need for additional study of this component.  They maintain that the 
existing facility at Monacan Park and a boat access point downstream are 
sufficient to supply all recreational demands.  This does not account for 
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additional growth in water access demand likely during the life of a new 
license, assuming that current trends continue.  Additionally, the 
downstream access (1.8 miles below Reusens Dam) referred to in the DSP is 
not a public access point, nor is it available to the public for use.  It 
is a privately owned and constructed access used by the adjacent 
landowner only.  Therefore, both to meet anticipated demand for water 
access during the life of a new license, and the immediate need for 
access below Reusens Dam, a study of potential access enhancement options 
is needed.

Proposed Studies

3.1 Instream Flow Assessment – The DSP outlines an instream flow 
assessment designed to evaluate the impacts of peak power generation upon 
the James River.  The applicant proposes a wetted perimeter study in the 
reach between Reusens Dam and SMD.  This design will not provide the 
necessary information to adequately evaluate these impacts.

A wetted perimeter study can address coarse-level effects, particularly 
at the extremes of the hydrograph (very low and very high flows).  
However, it is extremely unlikely to provide the level of detail needed 
to assess the effects of hydropeaking operations.  Additionally, the 
proposed location (between Reusens Dam and SMD) will not be the area of 
likely impact from these operations.  This is a backwater reach (from 
SMD) with nearly vertical banks, and the wetted perimeter does not change 
significantly until a bankfull stage of the river is reached.

Based upon this, we recommend that a PHABSIM study be conducted at 
multiple transects (minimum of 3) located downstream from SMD, with one 
additional transect located immediately below Reusens Dam.  Several 
PHABSIM studies have been undertaken on the James River over the years, 
and HSI curves are available for most of the species of interest.  This 
type of study would provide the necessary resolution to evaluate the 
potential impacts from hydropeaking operations.  Locating the study area 
below SMD would provide this information for the river segment most 
likely to be impacted by these operations.

3.2 Freshwater Mussel Survey – We have determined that the mussel survey 
proposed in the DSP is inadequate to fully describe the mussel fauna 
present within the project boundary.  The applicant is proposing to 
sample 2 x 100 m transects in the reservoir to determine the 
presence/abundance of mussel species.  Based upon detection probability 
estimates performed by VDGIF and others (based upon detection probability 
of individual mussels and the density of rare mussel species), the level 
of effort needed for this work would be 15-20 x 100 m transects.  This 
would provide an approximately 95+% probability of detecting rare 
species.  Upon examination of existing records of mussel fauna in the 
James River, there is a reasonable expectation that some rare species 
(e.g., green floater and others) are present in the project area.

VDGIF further recommends that these transect locations be stratified by 
area (upper pool, middle pool, lower pool, and tailrace).  We are willing 
to assist the applicant with selection of sampling transect locations in 
order to get adequate coverage of the project area.  In order to 
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determine the presence of rare mussel species, a significantly more 
robust sampling effort is needed.  The level of effort proposed by VDGIF 
should provide an acceptable level of detail needed to determine project 
impacts and potential mitigation needs.

In summary, we have identified a need and a nexus to the project for both 
a fish passage assessment and a recreation enhancement study.  
Furthermore, we have identified shortcomings to both the proposed 
instream flow assessment and the freshwater mussel survey, and have 
provided additional detailed recommendations for each of these studies.  
The fish passage and recreational enhancement studies are necessary to 
evaluate project impacts and to determine potential mitigation measures 
for said impacts.  The modifications to the instream flow and freshwater 
mussel studies are needed for similar assessments.

Thank you for the opportunity to provide comments to the Draft Study 
Plans for this project.  If there are any questions or if further 
information is needed, please contact Scott M. Smith at 
scott.smith@dgif.virginia.gov .

Sincerely,

/s/ Scott M. Smith

Scott M. Smith
Regional Fisheries Manager

Cc: G. Palmer (VDGIF)
A. Weaver (VDGIF)
E. Aschenbach (VDGIF)
B. Watson (VDGIF)
D. Sutherland (USFWS)

20200514-5001 FERC PDF (Unofficial) 5/13/2020 7:45:50 PM



Document Content(s)

97448.TXT.............................................................1-4

20200514-5001 FERC PDF (Unofficial) 5/13/2020 7:45:50 PM



United States Department of the Interior
FISH AND WILDLIFE SERVICE 

Chesapeake Bay Field Office 
177 Admiral Cochrane Drive 
Annapolis, Maryland 21401 

http://www.fws.gov/chesapeakebay 

July 7, 2020 

Kimberly Bose  
Secretary Federal Energy Regulatory Commission 
888 First Street, NE 
Washington, DC 20426 

Re: Comments on Draft Study Plans for the Reusens Hydroelectric Project (FERC No. 2376) 

Dear Secretary Bose: 

The U.S. Fish and Wildlife Service (Service) is pleased to submit study comments to the Federal 
Energy Regulatory Commission (Commission, FERC) for Eagle Creek Renewable Energy 
(Licensee) at the Reusens Hydroelectric Project (FERC No. 2376). This letter is submitted under 
the following statutory authorities: Fish and Wildlife Coordination Act, as amended; Federal 
Power Act, as amended; and Endangered Species Act, as amended; as well as Department of the 
Interior’s Order 3356, Hunting, Fishing, Recreational Shooting, and Wildlife Conservation 
Opportunities and Coordination with States, Tribes, and Territories Sec. 1 Purpose. This Order 
continues the Department's efforts to enhance conservation stewardship; increase outdoor 
recreational opportunities for all Americans, including opportunities to hunt and fish; and 
improve the management of game species and their habitats for this generation and beyond. 

The Service commented on July 19, 2019 that generation peaking operations at the Reusens 
Project would likely adversely affect the flow conditions and habitats in the upper James River 
near Lynchburg, Virginia. The cumulative impacts associated with the regulated flows are the 
overriding concerns the Service has at the Reusens Project. The Licensee is renewing a License 
for the Reusens Project, when just downstream, another new project and license application was 
submitted on June 17, 2020 at the Scott’s Mill Dam.  As part of the Scott’s Mill application there 
was an Agreement in Principle (AIP), signed between the Virginia Department of Game and 
Inland Fisheries, the Service and the Scott’s Mill LLC, regarding the run-of-river conditions and 
operations of the new hydroelectric project. Water level and ecological impacts from peaking 
flow are likely to cause considerable problems at the Scott’s Mill project. The Service has 
included a copy of the AIP in Appendix 1 for review. 

The AIP for the Scott’s Mill Project describes many of the same conditions we are 
recommending be implemented at the Reusens Project. Possibly the most significant ecological 
benefits to the James River could come from providing American eel (Anguilla rostrata) passage 
and conducting mussel surveys in the James River at the Scott’s Mill and the Reusens Projects. 
During the Reusens draft study plan conference call on April 23, 2020, representatives from the 
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Scott’s Mill project, re-stated a commitment to safe, timely, and efficient American eel and sea 
lamprey (Petromyzon marinus) passage. Benefits from the passage will include American eel 
population sustainability, mussel habitat enhancement, and water quality improvements that are 
gained with upstream passage. Other upstream hydroelectric projects recently relicensed include 
Holcomb Rock, Coleman Falls, Big Island, and Snowden Dams with the understanding that the 
Service had reserved its opportunity to recommend implementation of eel passage until the lower 
dams could provide eel passage. Mussel surveys were also conducted for these dams. The 
opportunity now exists for eel passage and associated studies at the Reusens Project with the 
advent of a new hydropower project just downstream at Scott’s Mill Dam. 
 
STATUTORY AND REGULATORY REQUIREMENTS 
 
The applications process for a FERC license is subject to environmental requirements under the 
Federal Power Act (FPA) and other applicable statutes. The major regulatory and statutory 
requirements are described in the following sections.  
 
Fish Passage and Entrainment 
 
Section 18 Fishway Prescriptions under the Federal Power Act states that, “the Commission is to 
require construction, operation, and maintenance by a licensee of such fishways as the 
Secretaries of the U.S. Department of Commerce or the U.S. Department of the Interior may 
prescribe.” The Service, by letter filed on July 19, 2019, acknowledged the likely request for 
American eel and sea lamprey passage and for studies in preparation to construct fish passage 
structures to mitigate the impact of Project operations upstream and downstream of the Reusens 
Dam on aquatic species.  
 
The Service agrees with the findings in the preliminary application document that American eel 
are extremely abundant downstream - captured at a rate of 75.8 fish per hour electrofishing 
downstream of the Scott’s Mill Dam. The Virginia Department of Game and Inland Fisheries 
(VDGIF) has recently provided fisheries data on migratory fish occurring in the Project area. The 
new Scott’s Mill Hydroelectric Project just downstream of the Reusens Project has design plans 
for both American eel (ASMFC, 1999)1 and sea lamprey upstream passage and safe, timely, and 
effective downstream passage. Multispecies fish passage is planned for later construction. Due to 
the development of fish passage only 4 miles downstream of the Reusens project, American eel 
and sea lamprey passage should be studied and followed by the development of conceptual 
designs for the Project. These species can pass upstream in a similar passage structure as was 
designed for Scott’s Mill. The Service’s fish passage engineers can also assist in early designs. 
The Service is likely to prescribe eel passage at the Reusens Hydroelectric Project due to the 
current and historic administrative record with the Commission. Additional arrangements were 
developed at Scott’s Mill Dam for multispecies fish passage that can be discussed in the future. 
The Licensee’s proposed desktop entrainment study seems adequate as long as it includes the 

                                                 
1 http://www.asmfc.org/uploads/file/amEelFMP.pdf 
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latest scientific techniques in survival assessment and finds that protection is better than 95 
percent downstream passage survival of American eel through the turbines.  
 
Instream Flow Assessment 
 
On an April 23, 2020 conference call the Licensee stated that an instream flow assessment study 
would be conducted to assess effects of the Reusens Project’s peaking operations on aquatic 
resources. The study would provide information for a suitable flow regime for the James River 
and compare effects of the current operations to that of a natural flow regime. The study would 
consist of a wetted perimeter study that uses existing bathymetric data and collects water level 
data and flow data to model project discharges and wetted perimeter during periods of generation 
and reservoir filling to quantify effects of aquatic habitat on a 3.7 mile reach of river downstream 
of the Project. 
 
The Service agrees with several issues that VDGIF has with the proposed flow study. First, the 
proposed study would only address the impoundment down to the Scott’s Mill Dam. Comments 
from the VDGIF went on to say, “We are not going to see significant impacts from a wetted 
perimeter study given the steepness of the terrain at the banks in the impoundment. The impacts 
are observed both upstream and downstream of Reusens Dam, as well as downstream of the 
Scott’s Mill Dam.” The Service recommends the study include the areas upstream and 
downstream of the Project, as well as downstream of Scott’s Mill Dam in order to evaluate all 
the peaking flow impacts. A wetted perimeter study is unlikely to evaluate all the impacts of 
flow alteration. 
 
The Service believes an assessment of several mesohabitat types should be evaluated from the 
Scott’s Mill Dam to downstream of Lynchburg, VA. This type of study should be conducted 
using physical habitat models (PHABSIM) to study the flow changes, as several PHABSIM 
models have been developed on the James River as inputs to compare what the impacts would be 
on aquatic resources. The Service supports the VDGIF PHABSIM recommendation as 
appropriate and as a cost savings for the Project. 
 
Mr. Rob Campbell of the James River Association was also in agreement with VDGIF, and 
elaborated that the area below Scott’s Mill Dam would be more useful in an assessment of the 
Project’s impacts on aquatic resources. Mr. Campbell explained that when drawdowns occur, 
areas of the bottom of the river become exposed and fish and aquatic organisms, particularly 
benthic macroinvertebrates, get stranded. This impact is most noticeable near River’s Edge Park 
near Amherst where the water level fluctuates about 1 to 1.5 foot.  
 
Public Access 
 
A Department of the Interior priority is public access to the outdoors for recreation related 
activities. The Service recommends recreational access be provided at the Reusens Dam. The 
Licensee’s previous access studies were conducted at least 5 years ago and were unable to solve 
problems of canoe portage around the dam or boat access as needed by the community. These 
issues need to be resolved at a reasonable cost to the Licensee. The VDGIF stated that the 
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Monacan Park, located 3 miles upstream, does not provide sufficient public access. In addition, 
there is no public access downstream of Reusens Dam to Scott’s Mill Dam. The Service suggests 
a collaborative effort between the Licensee, the Service, VDGIF and the community in creating 
three public access solutions: improve recreational access at the upstream facility; provide 
portage around the Reusens Dam; and develop a new recreational access facility downstream of 
the dam. The National Park Service (NPS) is also focused on the James River with the goal of 
connecting to the Captain John Smith Chesapeake National Historic Trail 
http://legislink.org/us/pl-109-418) that extends up the James River, past the Project to Iron 
Bridge, VA. The NPS supports achieving recreational access to Project lands and waters and 
providing the necessary improvements. There has always been a regulatory Project nexus to 
public access, but it was determined too difficult to achieve. During this relicensing period, we 
strongly encourage an emphasis on providing public access. 
 
The Licensee has written that no additional recreational access facilities are needed and 
concluded no additional studies are needed on this component. They maintain that the existing 
facility at Monacan Park and boating access downstream are sufficient to supply all recreational 
demands. The Licensee’s view on this matter runs counter to all the other assessments on the 
condition of public assess in the area and it does not account for additional growth in the demand 
of access during the life of a new license. For clarification, the downstream access (1.8 miles 
below Reusens Dam) referred to in the draft study plan is not a public access point, nor is it 
available to the public for use. Therefore, to meet both current and anticipated demand for water 
access during the life of a new license at the Reusens Dam, the Licensee should implement 
measures to meet the immediate need for improved public access at the project. 
 
Freshwater Mussels 
 
The evaluation of the Reusens Project impacts on freshwater mussels supports the need for 
additional mussel surveys to improve on past studies conducted at the Project between 11 and 17 
years ago. Mussel surveys were conducted in the impoundment near a water withdrawal area and 
downstream from the Project dam. The Project impoundment was described as deep and silt 
covered and unlikely habitat for freshwater mussels. This could be true, but only the reservoir 
margins were surveyed as possible mussel sites. All new mussel surveys need to be conducted by 
qualified surveyors for Atlantic Slope mussel fauna in the most likely habitats upstream and 
downstream in the Project area. Coordination with the Service for guidance is advised.  
 
The objective of the proposed survey study plan is to characterize nearshore communities of 
mussels and macroinvertebrates, which would contribute to a broader assessment of the 
ecological effects of impoundment fluctuations associated with routine operations of the Reusens 
Project. 
 
The VDGIF provided these comments on the Freshwater Mussel Survey, “We have determined 
that the mussel survey proposed in the draft study plan (DSP) is inadequate to fully describe the 
mussel fauna present within the project boundary. The applicant is proposing to sample 2 x 100 
m transects in the reservoir to determine the presence/abundance of mussel species. Based upon 
detection probability estimates performed by VDGIF and others (based upon detection 
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probability of individual mussels and the density of rare mussel species), the level of effort 
needed for this work would be 15-20 x 100 m transects. This would provide an approximately 95 
percent probability of detecting rare species. Upon examination of existing records of mussel 
fauna in the James River, there is a reasonable expectation that some rare species (e.g., green 
floater and others) are present in the project area.” 
 
Endangered Species Act 
 
Section 7 of the Endangered Species Act, 16 U.S.C. § 1536, requires federal agencies to ensure 
that the Reusens Dam Project’s actions are not likely to jeopardize the continued existence of 
any endangered or threatened species or result in the destruction or adverse modification of the 
critical habitat of such species. Earlier this year, the Service accessed the Information for 
Planning and Consultation (IPaC) database to determine whether any federally listed species 
could occur in the project vicinity. According to the IPaC database (http://ecos.fws.gov/ipac), the 
federally threatened northern long-eared bat (NLEB) (Myotis septentrionalis) and James River 
spinymussel (Pleurobema collina) could occur in the vicinity of the project.  No critical habitat 
has been designated for these species.  
 
Federal and State Listed Species and Species under review for listing under the Endangered 
Species Act 
 
Due to occurrence in the Project area, we are requesting surveys in the Project area for the 
following federally endangered (FE), federally threatened (FT), state endangered (SE), state 
threatened (ST) and under review for federal protection (F under review):  
 
James River spinymussel (Pleurobema collina) - FE, SE 
Northern long-eared bat (Myotis septentrionalis) - FT, ST 
Brook floater (Alasmidonta varicosa) - ST, F under review  
Green floater (Lasmigona subviridis) - ST, F under review 
Little brown bat (Myotis lucifugus lucifugus) - SE 
Tricolored bat (Perimyotis subflavus) - SE  
Peregrine falcon (Falco peregrinus) - ST  
Loggerhead shrike (Lanius ludovicianus) - ST  
Atlantic pigtoe (Fusconaia masoni) - ST  
Migrant loggerhead shrike (Lanius ludovicianus migrans) – ST 
 
The federally listed James Spinymussel (Pleurobema collina) Recovery Plan states the needed 
actions to protect and recover the species as the following: 

• Identification of essential habitat 
• Investigation of specific threats such as siltation, pesticide contamination, municipal, and  

industrial effluents, and interactions with the Asian clam 
• Assessment of projects posing potentially negative effects on the species and its habitat, 

and monitoring of threats 
 
The Licensee did not propose a rare, threatened, or endangered (RTE) species survey because: 1) 

http://ecos.fws.gov/ipac
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the issue of rare mussels would be addressed under the mussel study; 2) the study request did not 
provide goals or objectives, nor agency management goals, the need for information was not 
demonstrated, a reasonable nexus to the project was not demonstrated, no methods were 
proposed, and no level of effort and cost was stated; and 3) aside from the mussel species there is 
no nexus to the other seven species because Reusens Hydro is not proposing any activity, as 
determined by the resource agencies, that are threats to the species. The Service suggests the 
Licensee coordinate with the Service regarding consultation under the Endangered Species Act.   

SCOPE OF CUMULATIVE EFFECTS ANALYSIS 

According to the Council on Environmental Quality’s regulations for implementing the National 
Environmental Policy Act (40 CFR § 1508.7), a cumulative effect is the impact on the 
environment that results from the incremental impact of the action when added to other past, 
present, and reasonably foreseeable future actions regardless of what agency (Federal or non-
Federal) or person undertakes such actions. Cumulative effects can result from individually 
minor but collectively significant actions taking place over time, including hydropower and other 
land and water development activities. The Service suggests that the Licensee conduct a 
cumulative effect analysis of the hydroelectric peaking operation at the Reusens Dam Project. 

We appreciate the opportunity to provide study comments as part of the licensing process. If you 
have any questions, please contact David Sutherland of my staff at 410/573-4535 or 
david_sutherland@fws.gov. 

Sincerely, 

Acting for Genevieve LaRouche 
Supervisor 

cc: FERC, Service List 
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Appendix 1 

SCOTT’S MILL HYDROPOWER PROJECT 

AGREEMENT in PRINCIPLE 

1.0 Introduction 
1.1. Scott’s Mill Hydro, LLC (Applicant) proposes to construct a hydropower facility at the 

Scott’s Mill Dam site on the James River in Lynchburg, Virginia.  The Applicant agrees 
to conditions and structures at the new hydropower facility consistent with this 
Agreement in Principle (AIP) with the Virginia Department of Game and Inland 
Fisheries (VDGIF) and the U.S. Fish and Wildlife Service (USFWS) (Collectively, 
“Parties”).  The intention of the Parties is that this Agreement in Principle will serve as 
the foundation for development of a final settlement agreement that can be submitted to 
the Federal Energy Regulatory Commission (FERC) as an Offer of Settlement pursuant 
to Commission Rule 602, as well as forming the basis for a USFWS fishway prescription 
and Virginia Water Quality Certification.  This Agreement is a declaration of intention to 
negotiate in good faith only, and is not intended to constitute a final binding agreement 
of the Parties. 

1.2. The topics for this document include: 
2.0 Fish Passage 
3.0 Fish Passage: Upstream and Operations 
4.0 Fish Passage: Downstream and Operations 
5.0 Minimum Flow Requirements 
6.0 Water Quality Standards 
7.0 Recreational Enhancements 

2.0 Fish Passage 
2.1. The Applicant has agreed to provide upstream and downstream passage of American eel 

(catadromous) and sea lamprey (anadromous).  The Parties agree to work cooperatively 
to plan, design, and monitor the conditions after construction as will be described in the 
final settlement.  The goal for fish passage is to achieve safe, timely, and effective fish 
passage in a manner conducive to maintaining an economically viable hydropower 
project.  The Parties will collaboratively develop fish passage concepts as part of a 
design review team.  This will include the development of the computational fluid 
dynamics (CFD) study and other aspects of operation to save time and money during the 
licensing process.  The USFWS fish passage engineers will provide assistance with the 
initial fish passage concepts (i.e. form and function) and review.  VDGIF fisheries 
biologists will also review the fishway plans and provide feedback during design 
development.  Various attributes of the newly constructed project that will need 
evaluation include: 

a. Computational Fluid Dynamics Modeling, including fish passage flow conditions
b. Fish Passage Design Criteria
c. Turbine Operations
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d. Downstream Fish Passage Survival (all pathways)
e. Water Quantity and Quality Conditions

2.2. The Parties will coordinate on the design and implementation of monitoring upstream 
and downstream passage to meet USFWS performance criteria.  The Parties expect that 
both the upstream and downstream passageways for American eel and sea lamprey will 
be fully successful for each species by applying modern and tested designs.  The likely 
proposal for downstream passage is a design similar to a successful west coast project 
that provided for safe passage past the turbines and other barriers and hazards.  In 
addition, maintenance and operational protocols for the new project will be developed 
and documented with annual reporting to VDGIF and USFWS (herein referred to as the 
Agencies). 

3.0 Fish Passage: Upstream and Operations 
3.1. The Agencies will prescribe immediate fish passage for American eel and sea lamprey, 

and reserve their authority for future passage of resident and additional anadromous fish 
species.  Construction of upstream passage for American Eel and Sea Lamprey will take 
place on both sides of Scott’s Mill Dam on the James River during construction of the 
powerhouse.  During design and construction of the hydropower facility, the Parties 
should consider a future passage structure at the Project for multiple fish species 
including resident and additional anadromous species (e.g., American shad and river 
herring).  The design of these facilities should be closely coordinated with the Agencies. 

3.2. The turbine unit proposed for the downstream end of the turbine array (far river right) 
will have the capability to operate between flows of 200 and 500 cubic feet per second 
(cfs), whereas all other turbine units will be fixed blade units operating at about 500 cfs.  
When flows increase above the hydraulic capacity of the powerhouse and fish passage 
facility, excess flow may pass over spillway.  This does not preclude the need to provide 
a continuous flow of water (veil) over the spillway to maintain downstream habitat and 
water quality. 

3.3. The Applicant, with the Agencies cooperation, will confirm safe, timely, and effective 
upstream fish passage at the Project with a 95 percent passage efficiency rate required 
for upstream passage of eel within close proximity to the eelway.  The Parties agree to 
develop a plan that allows the Applicant to adjust attraction flow, to adjust orientation of 
the fish passage entrance, or to make other modifications necessary to improve fish 
passage conditions to achieve this goal.  Suitable testing measures will include radio 
telemetry or netting of marked eels; and later with a permanently installed eel-counting 
device for long term monitoring.  The Agencies will receive results from these fish 
passage evaluations each year during testing.   

3.4. The Applicant will install upstream multi-species passage facilities for resident and 
anadromous fish species within 10 years of receiving a License.  However, the need for a 
multi-species passage facility may arise within the first 10 years of operations depending 
on what fish species arrive downstream of Scott’s Mill Dam.  Should American shad 
reach Scott’s Mill Dam earlier than, or after, the first 10 years of project operation, 
upstream passage implementation will occur immediately.  Additionally, VDGIF 
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annually samples the James River at multiple locations downstream from the Project in 
the fall.  If juvenile American shad show up in these samples, that will serve as an 
indicator that these fish are present up to the Project, and should result in upstream 
passage implementation.  Juvenile American shad have occurred as far upstream as 
Cartersville, VA, but this is still a considerable distance downstream of Scott’s Mill 
Dam.  The VDGIF sampling site at Scottsville, VA is about 110 km downstream from 
Scott’s Mill Dam.  The Agencies agree that the capture of juveniles anywhere from 
Scottsville, or upstream, will result in a reasonable conclusion that American Shad 
passage is necessary at Scott’s Mill Dam.  Should one or more juvenile American shad 
be sampled at or upstream of Scottsville, the Parties will consult on the need for and 
timing of upstream passage.  This may trigger additional sampling.  If 12 or more 
juveniles are sampled in one year, smaller numbers over 3 to 4 years, or any amount of 
adults are sampled, additional fish passage should be triggered. 
The longer-term plan envisioned for upstream passage may use turbine flows to attract 
fish to the fishway entrance.  A nature-like fishway using the Waterworks Canal will 
receive full consideration, as well as other options, for upstream passage.  Evaluation 
efforts may use hydraulic modeling (i.e. physical or CFD models) to identify the optimal 
entrance location and orientation for the upstream passage facility at the project site.   

4.0 Fish Passage: Downstream and Operations 
4.1. Daniels Island is a large island that is just upstream of Scott’s Mill Dam.  Most of the 

water for power generation will come from the main channel of the James River that is 
river left of Daniels Island (looking downstream).  Project plans will focus hydraulic 
conditions from the downstream portion of Daniels Island toward the proposed 
powerhouse head pond that will be just downstream of the existing arch section of 
Scott’s Mill Dam (river right).  The Project will remove most of the arch section of 
Scott’s Mill Dam leaving only the bottom layer of stones.  A flow velocity of less than 2 
feet per second adjacent to operating turbines be maintained during the various 
combinations of powerhouse generation (i.e., 400 to 4500 cfs) from the arch section and 
into the head pond.   

4.2. The Applicant, with the Agencies cooperation, will confirm safe, timely, and effective 
downstream fish passage at the Project with at least a 95 percent survival rate 
requirement for downstream passage of all species.  The Parties agree to develop a plan 
for the Applicant to adjust attraction flow, to adjust the orientation of fish passage 
entrances, to adjust guidance structures, or to make other modifications as necessary to 
improve the conditions of fish passage structures in order to meet performance criteria 
for upstream to downstream survival.  Agencies recommend a minimum downstream 
bypass flow criteria of 5 percent of station capacity.  The expected method for evaluation 
is a radio telemetry routing study and balloon-tag survival study (or equivalent) with 
latent mortality testing for 48 hours. Downstream and bypass flow criteria will be noted 
in the settlement agreement.  

4.3. The Parties will consider all available techniques and work cooperatively to determine 
what adjustments to the downstream fishway bypass facility and guidance structure are 
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possible to improve fish passage at the Project.  The Applicant is proposing the 
downstream fish passage facility at the downstream end of the powerhouse (river right, 
south).  In addition, at the upstream end of the head pond and fish passage area, flow 
approach velocities will be modeled to achieve less than 2 feet per second adjacent to the 
operating turbines during the various combinations of powerhouse generation (i.e., 400 
to 4500 cfs).  Other proposed downstream fish passage facility components include the 
conveyance structure, receiving waters, and guidance structure, which have their own set 
of criteria.  Hydraulic modeling (i.e. physical or CFD models) will be needed to design 
or adjust downstream passage facility components at the project site. 

4.4. The proposed maximum approach velocity at each turbine is less than 2 feet per second 
during the various combinations of powerhouse generation (i.e., 400 to 4500 cfs) to 
avoid impingement and entrainment.  As part of the Project start-up evaluation, 
downstream fish passage survival testing will verify all aspects of fish passage. 

5.0 Minimum Flow Requirements 
5.1. Calibration of the depth of the proposed continuous veil of water over the spillway will 

occur once the powerhouse is operating.  The Parties expect the height of the veil will be 
at least 1 inch based upon the results of the flow dynamics and State of Virginia water 
quality standards.  Given that the flow dynamics below Scott’s Mill Dam will likely 
change significantly with the installation and operation of the powerhouse, the Parties 
agree to undertake a cooperative adaptive management approach to determine an 
appropriate amount of flow over the dam (i.e., veil height).  This approach will combine 
a wetted perimeter study with a demonstration flow assessment involving the Parties in 
order to ascertain a flow regime appropriate for maintaining aquatic habitat downstream 
of the dam.  The goal of this flow regime will be to maintain 90 percent of current 
habitat conditions or wetted perimeter, while also providing suitable habitat quality 
based upon a flow assessment.  The Parties agree to work towards development of an 
adaptive management plan incorporating these approaches with sufficient detail and 
limits to make it suitable for inclusion by FERC in a license. 

6.0 Water Quality Standards 
6.1. The installation and operation of the powerhouse has the potential to alter water quality 

below Scott’s Mill Dam in unpredictable ways.  These potential alterations are most 
likely to occur under low flow conditions.  Thus, the Applicant agrees to undertake a 
limited water quality study, focusing on changes in temperature and dissolved oxygen, 
under low flow conditions once the powerhouse is operational.  The study will compare 
the upstream ambient temperature and dissolved oxygen with downstream conditions 
during normal operations at 90 percent (+/- 5 percent) exceedance flows.  The Agencies 
agree that water quality alterations of < 0.5 C and < 0.5 ppm are acceptable goals.  The 
Parties also agree to cooperate on the design and implementation of the water quality 
study.  Should the water quality study reveal unacceptable changes in temperature or 
dissolved oxygen, the Parties agree to utilize an adaptive management approach to 
rectifying these water quality issues via operational changes, specifically increasing the 
amount of water passing over the dam or other options that can achieve the water quality 
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standard.  The Parties agree to work towards development of an adaptive management 
plan incorporating these approaches with sufficient detail and limits to make it suitable 
for inclusion by FERC in a license. 

7.0 Recreational Enhancements 
7.1. Currently, no developed recreational facilities are available to the public within the 

project boundary, so the Applicant, with the cooperation of the Agencies, agrees to 
develop the following recreational access facilities: 

a. Boating access facility in the Scotts Mill Dam pool – this will entail a hardened
ramp suitable for use by trailer-launched boats, adequate parking to meet the
demand, and suitable signage.

b. Bank fishing access downstream of Scotts Mill Dam – this will entail a pier,
platform, or walkway below the dam, adequate parking to meet user demands, and
suitable signage.

c. Canoe/kayak portage around Scotts Mill Dam – this will entail suitable
egress/ingress points, a developed walkway over/around the dam, and suitable
signage.

Should the development of any of these proposals prove to be infeasible, the Parties will 
evaluate alternative recreational improvements (on a similar scale) in lieu of the 
proposals listed. The Parties will cooperatively determine the location and design of 
these facilities.  Construction and maintenance will be the responsibility of Applicant, 
with consultation among the Agencies. 
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1.0 INSTREAM FLOW ASSESSMENT

1.1 Introduction

Eagle Creek Reusens Hydro, LLC (Reusens Hydro), a subsidiary of Eagle Creek
Renewable Energy, is licensed by the Federal Energy Regulatory Commission (FERC) to
operate the 12.5 megawatt (MW) Reusens Hydroelectric Project (Project; FERC No.
2376) located on the James River in Amherst and Bedford Counties, Virginia.  The
Project is currently undergoing relicensing following the Traditional Licensing Process
(TLP).  In accordance with the TLP process, Reusens Hydro received study requests from
the Virginia Department of Game and Inland Fish,1 and the U.S. Fish and Wildlife
Service (FWS), but only VDWR requested that Reusens Hydro perform a instream flow
assessment.  As a result, Reusens Hydro proposed to perform such a study in the Draft
Study Plan (DSP).2  Comments on the Draft Instream Flow Assessment Study Plan were
received from the VDWR, FWS, and the James River Association.  Subsequently,
Reusens Hydro prepared a Final Study Plan (FSP) to address the received comments on
the DSP.  The FSP served as the guidance document on how to achieve the goals and
objectives of the instream flow assessment study.3

The instream flow study is on-going.  To-date data collection is complement and analysis
is being performed.  A study report is anticipated to be included in the final license
application.

1 As of July 1, 2020 the Virginia Department of Game and Inland Fish has been renamed the Virginia Department of
Wildlife Resources (VDWR).
2 The DSP was distributed the resources agencies and stakeholders for review and comment on March 26, 2020.
3 The FSP was distributed to the resources agencies and stakeholders on July 21, 2020.
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2.0 FRESHWATER MUSSEL SURVEY

2.1 Introduction

Eagle Creek Reusens Hydro, LLC (Reusens Hydro), a subsidiary of Eagle Creek
Renewable Energy, is licensed by the Federal Energy Regulatory Commission (FERC) to
operate the 12.5 megawatt (MW) Reusens Hydroelectric Project (Project; FERC No.
2376) located on the James River in Amherst and Bedford Counties, Virginia.  The
Project is currently undergoing relicensing following the Traditional Licensing Process
(TLP).  In accordance with the TLP process, Reusens Hydro received study requests from
the Virginia Department of Game and Inland Fisheries,1 and the U.S. Fish and Wildlife
Service (FWS).  Only VDWR requested Reusens Hydro perform an assessment for
freshwater mussels throughout the Project area. Reusens Hydro subsequently prepared
the Draft Study Plan (DSP),2 which included a freshwater mussel survey.  Comments on
the DSP for the Draft Freshwater Mussel Survey were received from the VDWR and the
FWS.  As a result, Reusens Hydro prepared a Final Study Plan (FSP) to address
comments on the DSP and to revise the study as appropriate.  The FSP serves as the
guidance document on how to achieve the goals and objectives of the freshwater mussel
survey.3  This report provides the results of the freshwater mussel survey performed in
accordance with the FSP.

Goals and Objectives

The goal of the study was to document freshwater mussel relative abundance and their
habitat within the Project reservoir and tailwater area. The goal of the study was
accomplished by achieving the following specific objectives:

1) Conduct a literature review to determine those freshwater mussel species likely to
occur within the James River in the vicinity of the Project and describe their
physical habitat requirements;

2) Perform a reconnaissance survey of the Project reservoir periphery and tailwater
for potential suitable mussel habitat and evidence of mussel presence;

3) Identify the freshwater mussel sampling areas within Project reservoir and Project
tailwater;

4) Conduct a qualitative mussel survey to determine the presence and abundance of
freshwater mussels in Project reservoir and Project tailwater at the selected survey
areas; and,

1 As of July 1, 2020 the Virginia Department of Game and Inland Fisheries has been renamed the Virginia
Department of Wildlife Resources (VDWR).
2 The DSP was distributed to the resources agencies and stakeholders for review and comment on March 26, 2020.
3 The FSP was distributed to the resources agencies and stakeholders on July 21, 2020.
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5) Summarize the mussel collections and described the physical habitat surveyed.

2.2 Methods

Study Area

The Project is located on the James River in Amherst and Bedford Counties, Virginia.
The James River originates in the Allegheny Mountains at the confluence of the Jackson
and Cowpasture rivers near Clifton Forge, Virginia, and flows in a general east-southeast
direction, approximately 252 miles, until its confluence with the Chesapeake Bay. The
James River itself has a drainage area of approximately 10,060 square miles,
approximately 33 percent of which is upstream of the Project. The Project is situated at
approximately 256 river miles upstream of the river’s confluence with the Chesapeake
Bay.  It is situated between the Holcomb Rock Hydroelectric Project (FERC No. 2901)
and the proposed Scott’s Mill Hydroelectric Project (FERC No. 14867) at the Lynchburg
Dam (Figure 2.2.1-1).
The Project is licensed to operate as a peaking facility.  The Project has a maximum
generating and hydraulic capacity of 12.5 MW and 6,460 cfs, respectively.  The Project
features include the Reusens Dam, two powerhouses (A and B), an auxiliary spillway,
reservoir and tailrace.  The current license permits Reusens Hydro to fluctuate the
reservoir between 547.0 and 550.7 feet NGVD29.  Reusens Hydro discharge is dependent
on inflow from the Holcomb Rock Hydroelectric Project upriver.  Reusens Hydro
maintains the current average hourly minimum flow requirement of 333 cfs or the inflow,
whichever is less, either through the turbine units or dam spillway gates.
The study area included the Project reservoir from the Reusens Dam upstream to the
upper extent of the Project boundary and the Project tailwaters to the tip of the first island
(Figure 2.2.1-1).

Literature Review

Recent study reports of other mussel surveys conducted along the James River in the
general vicinity of the Project were reviewed to identify the mussel species most likely to
occur in the Project area and their respective habitat requirements.  These studies
included: Ostby (2008), Three Oaks Engineering (TOE) (2016), and Otsby and Beaty
(2018).  Table 2.2.2-1 presents a summary of the species identified and the habitat in
which they were found as described in the above-mentioned studies.
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Mussel Survey and Sampling

The mussel survey was performed by a qualified malacologist from Alderman
Environmental Services, Inc (AES).4  First, however, a reconnaissance survey of the
reservoir periphery, from the existing boat barrier approximately 15.2 river miles
upstream to approximately 15-feet deep into the reservoir, performed by boat, to identify
locations of potentially suitable mussel habitat.  In addition, the reservoir shoreline and
tailwater area were both were  both visually examined for evidence of mussels, including
relic shells and live individuals.  The areas identified by the qualified malacologist were
then mapped and targeted for qualitative presence/absence surveys.
Qualitative presence/absence surveys of the identified potential mussel habitat were then
performed by the qualified malacologist.  The qualitative presence/absence surveys
occurred parallel to shore in waters no deeper than 15 feet, and consisted of tactile and
visual examination of the substrate and/or gentle probing of the substrate (1 to 2 inches
deep) for mussels.  Because the water depth was typically less than 2 feet, both SCUBA
and snorkeling were used.  If present, the first 100 live individuals of each species
encountered were  measured for total length, defined as the maximum distance between
the posterior and anterior shell margins, with calipers to the nearest 0.1-mm and recorded
(Carlson et al. 2008).  All mussels discovered, either live or dead, were identified to
species (if possible) and counted.  Representative photographs of each species collected
at each sampling location were taken. All mussels (live or dead) collected were re-bedded
into the substrate in a posterior up position or gently placed on the substrate surface so as
to allow the mussel to burrow and orient itself in the correct direction (Carlson et al.
2008).  In addition, the total amount of time each person spent searching, weather,
discharge at the beginning and end of sampling, and generation were noted. The physical
habitat of the study area was described and representative site photographs taken.
As described in the FSP, a malacologist from VDWR was invited to participate in the
field survey.  AES invited Virginia DWR biologist Brian Watson by phone.  Brian
Watson initially accepted the invitation, but later declined to attend due to a scheduling
conflict.

Data Analysis

Species richness was determined for each sampling location where live or dead
specimens were found.  Catch-per-unit-effort (CPUE) was calculated as the number of
specimens found divided by the total time searching expressed as person-hours for each
location.5  The physical habitat for each location was also summarized in table format.

4 The malacologists from Alderman Environmental Services, Inc. that performed the mussel survey were J.D.
Alderman, J.M. Alderman and Dr. L. Williams.
5 A person-hour is calculated at the sum of hours each person participating in the search for mussel spent searching
divided by the number of people.
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Variances to the Study Plan

The FSP requires the first live individuals to be measured, and a length-frequency
histogram be developed to illustrate size variability among species and locations.
However, no live individuals were found; therefore, this component of the FSP was not
performed.
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Figure 2.2.1-1. Freshwater mussel survey area.
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Table 2.2.2-1. Mussel species and associated habitats from recent surveys of the
James River in the Project vicinity.

Species Associated Habitat Source

Paper pondshell
(Utterbackia imbecillis) Homogenous sand-silt mix Ostby (2008)

Eastern elliptio
(Elliptio complanate)

Heterogenous bedrock, boulder,
cobble, gravel, and sand mix

Ostyby and Beaty (2018);
TOE (2016)

Northern lance
(Elliptio fisheriana)

Heterogenous boulder, cobble,
gravel, and sand mix

Ostyby and Beaty (2018);
TOE (2016)

Eastern Floater
(Pyganadon cataracta) Heterogenous sand-gravel mix TOE (2016)
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2.3 Results

The survey for freshwater mussels occurred from October 6 through October 8, 2020.
Survey conditions were acceptable with clear sunny skies and good water visibility.
Mean daily flows during this time period ranged between 1,283 and 1,454 cfs, and
generation was near constant at 2 MW (Figure 2.3-1).  A total of twelve sites were
surveyed, consisting of three in the riverine upper reservoir, four in the lacustrine middle
impoundment, three in the lacustrine lower impoundment, and two in the tailwater area
(Figure 2.3-2).
Table 2.3-1 presents the results of the survey.  Most of the sites were relatively shallow
and had cobble and sand substrate.  In total, 18.75 person-hours were expended during
the qualitative survey, but no live specimens were found (Table 2.3-1).  Site 11 was the
only site where  shell fragments were found and identified as Eastern elliptio (Elliptio
complanate), Carolina lance (Elliptio angustata), and Northern lance (Elliptio fisheriana)
discovered (Figure 2.3-3).  Therefore, the overall abundance of live freshwater mussels in
the study area is zero (CPUE = 0).
Other non-target mollusks were observed.  These include: the Asian clam (Corbicula
fluminea), Virginia river snail (Elimia virginica), Physa spp., Crusted mudalia snail
(Leptoxis carinata), Ferrissia species.  The Asian clam and Virginia river snail were
abundant and ubiquitous throughout the study area, and were observed at almost every
site surveyed. Physa species, the Crusted mudalia snail, and Ferrissia species were also
observed at the riverine upper reservoirs sites, but infrequently encountered.
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Table 2.3-1. Habitat description and the number of freshwater mussels observed at each survey site.

Site Habitat
Types

Relative
Depth

Dominant
Substrate

Habitat
Quality

Search
Time

(person-
hours)

Count of
Live

Mussels

Catch
per Unit
Effort

Taxa Observed

1 Run, riffle,
pool Shallow Cobble Good 1.00 0 0 Corbicula fluminea, Elimia virginica

2 Run, riffle,
pool Moderate Cobble Good 1.00 0 0 Corbicula fluminea, Elimia virginica,

Physa spp.

3 Run, riffle,
pool Moderate Cobble Good 1.00 0 0 Corbicula fluminea, Elimia virginica,

Leptoxis carinata, Ferrissia spp.

4 Run, riffle,
pool Moderate Silt Poor 0.75 0 0 None

5 Pool Shallow Pebble Good 1.50 0 0 Corbicula fluminea, Elimia virginica

6 Pool Shallow Cobble Fair 0.10 0 0 Corbicula fluminea, Elimia virginica

7 Pool Very
Shallow Sand Good 0.30 0 0 Corbicula fluminea, Elimia virginica

8 Pool Shallow Sand Poor 0.50 0 0 Corbicula fluminea

9 Pool Shallow Sand Poor 0.10 0 0 Corbicula fluminea

10 Pool Very
Shallow Silt Poor 0.50 0 0 Corbicula fluminea

11 Run, riffle,
pool Shallow

Pebble,
Gravel,
Cobble

Excellent 6.00 0 0
Elliptio complanate,1 Elliptio
angustata,1 Elliptio fisheriana,1
Corbicula fluminea, Elimia virginica

12 Run, riffle,
pool Shallow Mixed Good 6.00 0 0 Corbicula fluminea

1. Only shell fragments were observed.
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Note: Flow data based on USGS 02025500 JAMES RIVER AT HOLCOMB ROCK, VA flow gage prorated by
1.01 to account for the intervening drainage between the gage and the Project dam.

Figure 2.3-1. River flow and Project generation over the study period.
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Figure 2.3-2. Freshwater mussel survey sites in the Project area.
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A)

B)

C)

Figure 2.3-3. Photographs of the Elliptio fisheriana (A), Elliptio angustata (B),
and Elliptio complanata (C) mussel shell fragments collected at the
tailwater Site 11.
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2.4 Discussion

Freshwater mussels were surveyed within the Project reservoir and tailwater areas
following the methods described in the FSP (July 2020).  The purpose of the study was to
document freshwater mussel relative abundance and their habitats within the survey area.
AareaProject reservoir and.  ADespite the qualified malacologist documented suitable
mussel habitat, most notably in the riverine portion of the upper reservoir and in the
tailwater areas downstream of the Project dam, and found that the qualitative aspect of
the mussel survey indicated that freshwater mussels are either extirpated from the Project
reservoir or are found only in incredibly low abundance. This finding is consistent for the
study area, as evidenced by Otsby’s (2008) survey of a 1 km long portion of the James
River approximately 2 km upriver of the Project dam, which encompasses this study’s
Site 8, and found only one shell fragment of paper pondshell (Utterbackia
imbecillis)during 14 person-hours of search time.  Ostby (2008) concluded the area of the
James River surveyed appears to provide suitable habitat for lacustrine species, such as
the Eastern floater, but likely does not support protected species commonly associated
with lotic environments.
Downstream of the Project dam was determined to be excellent mussel habitat with a
mixture of substrate sizes and mesohabitat types.  However, only mussel shell fragments
of three common species were found during the 12 person-hours extended.  However,
only mussel shell fragments of three common species were found during the 12 person-
hours extended.  Therefore, as in the Project reservoir, freshwater mussel abundance in
the Project tailwaters is likely very low.  This conclusion is also supported by a recent
mussel survey performed by TOE in 2016 in support of the licensing of the proposed
Scott’s Mill Hydroelectric Project (FERC No. 14867).  Site 11 of this study was an
identical site surveyed by THO (2016), whom only collected two Eastern elliptio
specimens at the location, extending 2 person-hours of effort.  Similar to Otsby (2008),
THO (2016) concluded that despite the available habitat, the impounded James River
between Reusens Dam and the Scott’s Mill Dam, likely supports only a very low density
of mussels, and special status species are unlikely to be found or are very rare.Similar to
Otsby (2008), THO (2016) concluded that despite the available habitat, the impounded
James River between Reusens Dam and the Scott’s Mill Dam, likely supports only a very
low density of mussels, and special status species are unlikely to be found or are very
rare.
The mussel survey conducted of the study area found that overall, based upon substrate
characteristics, habitat exists at most of the study sites for most freshwater mussel
species, including rare species, that are known to occupy the James River.  However,
despite the sufficient effort extended to visually examine all suitable habitats, evidence of
only three common freshwater mussels was observed downriver from the dam.
Therefore, operation of the Project is unlikely to affect freshwater mussels species
present in the vicinity of the Project, including protected species as they are unlikely
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because they likely do not to occur in the reach of the James River occupied within the
Project boundary.
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3.0 DESKTOP ENTRAINMENT AND TURBINE MORTALITY STUDY 

3.1 Introduction 

Eagle Creek Reusens Hydro, LLC (Reusens Hydro), a subsidiary of Eagle Creek 
Renewable Energy, is licensed by the Federal Energy Regulatory Commission (FERC) to 
operate the 12.5 megawatt (MW) Reusens Hydroelectric Project (Project; FERC No. 
2376) located on the James River in Amherst and Bedford Counties, Virginia.  The 
Project is currently undergoing relicensing following the Traditional Licensing Process 
(TLP).  In accordance with the TLP process, Reusens Hydro received study requests from 
the Virginia Department of Game and Inland Fish,1 and the U.S. Fish and Wildlife 
Service (FWS), but no entity requested a desktop entrainment and turbine mortality 
study.  However, Reusens Hydro proposed to perform such a study in the Draft Study 
Plan (DSP).2  Comments on the Draft Entrainment and Turbine Mortality Study Plan 
were received from FWS.  Reusens Hydro prepared a Final Study Plan (FSP) to address 
the received comments on the DSP.  The FSP served as the guidance document on how to 
achieve the goals and objectives of the entrainment and turbine mortality study.3  This 
report provides the results of the study, conducted in accordance with the FSP. 

 Goals and Objectives 

The goal of the Desktop Entrainment and Turbine Mortality Study was to evaluate the 
potential of fish entrainment and turbine mortality at the Reusens Project.  To accomplish 
this goal, the study had the following objectives: 

1) Describe the existing physical, operational, and environmental characteristics of 
the Project; 

2) Characterize the species composition of the fish community in the vicinity of the 
Project;  

3) Select target species and life-stages in consultation with the Agencies; 
4) Describe species specific information that includes life-history and habitat 

requirements, and swimming performance criteria for the target species and life 
stages; 

5) Qualitatively assess entrainment and impingement potential for each target species 
and life stage by comparing physical, operational and environmental attributes of 
the Project with species-specific information; 

 

1 As of July 1, 2020 the Virginia Department of Game and Inland Fish has been renamed the Virginia Department of 
Wildlife Resources (VDWR). 
2 The DSP was distributed the resources agencies and stakeholders for review and comment on March 26, 2020. 
3 The FSP was distributed to the resources agencies and stakeholders on July 21, 2020. 
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6) Estimate the turbine mortality rate for the selected target species using a blade 
strike model; 

7) Discuss impacts to the fish community and populations of the James River 
resulting from entrainment, impingement, and turbine mortality. 

3.2 Variances to the Study Plan 

The FSP included two objectives that sought to quantify the seasonal and annual 
entrainment and turbine mortality at the Project (Objectives 6 and 7).4  These two 
objectives were based on the assumption that hourly turbine discharge data were 
available from station logs so that an estimate of the number of fish entrained and 
experience turbine mortality could be expressed as the number of fish per unit volume.  
At the time of this study, the Project does not have the capability to automatically record 
turbine discharge on time-step sufficient to estimate seasonal and annual entrainment; 
therefore, FSP Study Objectives 6 and 7 could not be obtained.  Consequently, Reusens 
Hydro decided to estimate turbine mortality at the Project using a blade strike model.  
This approach has been widely employed at other desktop entrainment and turbine 
mortality studies performed at other hydroelectric projects, and is consistent with 
generally accepted scientific practice.  In addition, the study goal has been revised to 
state, “evaluate the potential of fish entrainment and turbine mortality at the Reusens 
Project” from “evaluate the seasonal and annual fish entrainment and turbine mortality at 
the Reusens Project” as stated in the FSP.  This change was necessary because FSP 
Objectives 6 and 7 could not be obtained.   

3.3 Study Area 

The Project is located on the James River in Amherst and Bedford Counties, Virginia.  
The James River originates in the Allegheny Mountains at the confluence of the Jackson 
and Cowpasture rivers near Clifton Forge, Virginia, and flows in a general east-southeast 
direction, approximately 252 miles, until it’s confluence with the Chesapeake Bay. The 
James River itself has a drainage area of approximately 10,060 square miles, 
approximately 33 percent of which is upstream of the Project. The Project is situated at 
approximately 256 river miles upstream of the river’s confluence with the Chesapeake 

Bay.  It is situated between the Holcomb Rock Hydroelectric Project (FERC No. 2901) 
and the proposed Scott’s Mill Hydroelectric Project (FERC No. 14867) at the Lynchburg 
Dam. Figure 1.2.1-1 shows the location of the Project relative to neighboring hydropower 
projects as well as Project specific features.   

 

4 Objective 6 of the FSP is Estimate the potential seasonal and annual entrainment for each target species; and 
Objective 7 of the FSP is Estimate the seasonal and annual turbine mortality for each target species based on 
turbine mortality estimates from similar projects. 
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The Project is licensed to operate as a traditional hydropower facility that can store and 
release flows to meet electrical demands.  The Project has a maximum generating and 
hydraulic capacity of 12.5 MW and 6,460 cfs, respectively.  The Project features include 
the Reusens Dam, two powerhouses (A and B), an auxiliary spillway, reservoir, and 
tailrace.  The current license permits Reusens Hydro to fluctuate the reservoir between 
547.0 and 550.7 feet NGVD29.  Reusens Hydro discharge is dependent on inflow from 
the Holcomb Rock Hydroelectric Project upriver.  Reusens Hydro maintains the current 
average hourly minimum flow requirement of 333 cfs, or inflow, whichever is less either 
through the turbine units or dam spillway gates.  The spatial extent of the entrainment and 
mortality study was the Project reservoir, intake/forebay area, and the powerhouses 
(Figure 3.2-1). 
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Figure 3.2-1: Location of the Project and Project features. 
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3.4 Project Characteristics 

 Physical Characteristics and Operations 

Figure 3.4.1-1 presents the physical layout of the main Project features.  The Project 
consists of a dam, curved auxiliary spillway, reservoir, and two powerhouses (A and B).  
The dam is 24-feet-high and 416-feet-long.  The concrete dam is also the main spillway 
that has eight 16 ¾-foot high floodgates.  The curved auxiliary spillway resides between 
Powerhouse A and B, is 125-feet-long and has 7-feet-high flashboards.  The Project 
reservoir has a surface area of approximately 500-acres and a gross storage capacity of 
6,869 acre-ft at the Project’s normal maximum water surface elevation 550.7 NGVD29.  
Between the normal maximum water surface elevation and the minimum operating water 
surface elevation of 547.0 feet NGVD29, the reservoir has a net usable storage of 1,687 
acre-ft.  Powerhouse A is situated along the river right shoreline.  Powerhouse A contains 
three identical 2.5 MW generator units and three vertical Francis turbines, for an installed 
capacity of 7.5 MW.  Powerhouse B, which lies between the auxiliary spillway and the 
dam, contains two identical 2.5 MW generator units with two vertical Francis turbines, 
for an installed capacity of 5.0 MW.  The turbine generator units within both 
powerhouses are identical.   

Table 3.4.1-1 provides the physical characteristics of the Project that can influence 
entrainment and turbine mortality.  At Powerhouses A and B the typical head is 32-feet.  
Each Francis turbine has a minimum and maximum hydraulic capacity of 900 and 1,278 
cfs, respectively.  Therefore, the minimum hydraulic capacity at both Powerhouse A and 
B is approximately 900 cfs whereas the maximum hydraulic capacities are 3,834 and 
2,556 cfs, respectively.  At their maximum efficiency of 75 percent, the turbine discharge 
is 1,000 cfs.  The runner diameter of each turbine is 9 feet, and at the net head of 31-feet, 
the rated speed of each turbine is rated at 164 revolutions-per-minute (rpm). 

The trashrack at Powerhouse A is 93-feet-wide and 36-feet-high; therefore, the gross area 
is 3,348 square-feet (Table 3.3-1).  At Powerhouse B, the trashrack is 49-feet-wide and 
36-feet-high for a gross area of 1,764 square-feet.  The trashrack at both powerhouses is 
constructed of the same dimension steel and has the same clear-spacing.  The vertical 
bars are constructed of 3/8-inch bar rack with a 3-1/8 inch clear spacing.  Therefore, the 
net total area of the trashrack at Powerhouses A and B are 1,190 and 2,264 and 1,026 and 
1,947 square-feet, between the normal minimum (547.0 ft) and maximum (550.7 ft) water 
surface elevations, respectively.  As a result, at the minimum and maximum hydraulic 
capacity at Powerhouse A, the estimate intake velocity can range between 0.4 to 2.0 feet-
per-second (fps).  Similarly, at Powerhouse B, the intake velocity ranges between 0.8 to 
3.5 fps at the  minimum and maximum hydraulic capacity, respectively (Table 3.4-1). 
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 Environmental Factors 

Comprehensive reviews of entrainment studies performed at hydroelectric projects across 
the United States suggest that water quality is a contributing factor that influences the 
entrainment potential (FERC, 1995; EPRI, 1997).  Water quality can influence 
entrainment potential because fish have variable tolerances to water quality conditions, 
such as dissolved oxygen, that can change throughout the year, which may either 
preclude or attract them to the area of an intake.  As a part of the Study 4 - Baseline 

Water Quality Monitoring Study, water temperature and dissolved oxygen vertical 
profiles were repeatedly measured near the Project forebay from June through October 
2020.  These vertical profiles indicate the water column in the Project forebay was 
generally thermally uniform with water temperatures that ranged from about 15 to 30°C 
depending on the sample date (Figure 3.4.2-1).  Dissolved oxygen was mostly uniform 
and well-oxygenated (> 6.0 mg/L) throughout the water column, but can decline through 
the metalimnion, as was shown in July during long periods of negligible rainfall (Figure 
3.4.2-2).  Collectively, these data suggest that water quality alone would not preclude 
most fish species (see Section 3.4 Fish Community and Target Species) that are known to 
reside within the Project reservoir from occurring near the intake areas of Powerhouses A 
or B.   

The location of the intake structure relative to the shoreline and the littoral zone has also 
shown to influence the potential for entrainment (FERC, 1995; EPRI, 1997).  For 
instance, nearshore intakes typically entrain fish at higher rates than offshore intakes, as 
fish tend to follow shorelines or orient to physical structures associated with shorelines.  
Furthermore, the littoral zone is the most productive region of an impoundment and most 
fish rear in the shallower littoral areas.  Fish such as centrarchids that spawn, rear, and 
spend most of their lives in shallow near-shore waters tend to be among the most 
abundant species in a littoral-zone fish assemblage.  In contrast, if a project has deep-
water intakes away from spawning and rearing areas, entrainment of centrarchids would 
probably be low (FERC, 1995). 

At the Project, Powerhouse A is situated along the river-right shoreline (Figure 3.2-1).  
Although the Powerhouse A intake area is isolated between two vertical walls – one 
wingwall and the auxiliary spillway – submerged aquatic vegetation occurs between the 
shoreline and wingwall.  Powerhouse B is located approximately mid-river on the 
opposite side of the auxiliary spillway (Figure 3.2-1).  Unlike Powerhouse A, there is no 
aquatic vegetation near Powerhouse B.  The intakes at both powerhouses extend from the 
water surface to reservoir bottom, about 27-feet, at both powerhouses.  Substrate near the 
intakes is sand and silt. 
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Table 3.4-1. Physical characteristics of the Project that can influence fish 
entrainment and turbine mortality. 

Characteristic 
Value 

Powerhouse A Powerhouse B 

Reservoir Surface Area (acres) 500 
Reservoir Gross Storage (acre-ft) 6,869 
Reservoir Usable Storage (acre-ft) 1,687 
Head (typical; feet) 31 31 
Installed Capacity (MW) 7.5 5.0 
Number of Turbines 3 2 
Turbine Type Francis Francis 
Number of Buckets 12 12 
Runner Diameter (feet) 9 9 
Runner Diameter at Inlet (feet) 5.2 5.2 
Runner Diameter at Outlet (feet) 8.8 8.8 
Runner Height (feet) 3.6 3.6 
Rated Speed (rpm) 164 164 
Turbine Optimal Efficiency (percent) 75 75 
Turbine Discharge at Optimal Efficiency (cfs) 1,000 1,000 
Maximum Turbine Discharge (cfs) 1,278 1,278 
Depth at Trashrack (feet) 27 27 
Depth Range of Trashrack (at 550.7 NGVD29; feet) 0 to 27 0 to 27 
Trashrack Dimensions (width by height; feet) 86.20 x 29.42 45.98 x 29.00 
Trashrack Gross Area (square feet) 2,536 1,333 
Trashrack Clear Spacing (inches) 3.0 3.0 
Trashrack Bar Thickness (inch) 0.375 0.375 

Trashrack Net Area (square feet) 2,264 (at 550.7 ft) 
1,190 (at 547.0 ft) 

1,947 (at 550.7 ft) 
1,026 (at 547.0 ft) 

Intake Velocity Range1 
(from minimum to maximum hydraulic capacity; fps) 0.4 to 2.0 0.8 to 3.5 

Calculated by solving for velocity in the equation Velocity (V) = Discharge (Q) divided by Area (A) where 
discharge is the minimum and maximum hydraulic capacities and the area is the net trashrack area at the maximum  
and minimum operating water surface elevations. 
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Figure 3.4.2-1. Water temperature vertical profiles collected in the forebay area of 
the Project.
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Figure 3.4.2-2. Dissolved oxygen concentration (mg/L) vertical profiles collected in 
the forebay area of the Project. 
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3.5 Fish Community and Target Species 

 Existing Fish Community 

The fish community in the Project reservoir was sampled annually by VDWR from 2014 
through 2018 using boat electrofishing.  Table 3.5.1-1 presents the results of VDWR’s 

fish sampling within the Project reservoir.  These data indicate that the fish assemblage of 
the Project reservoir is a warmwater fish community composed of 25 species in eight 
families.  Of the eight families, the sunfishes (61.8%), suckers (19.4%), catfishes (7.7%) 
and minnows (7.0%) comprise approximately 95 percent of the fish community.  Within 
these four families, smallmouth bass (30.3%), shorthead redhorse (10.8%), channel 
catfish (5.8%) and bull chub (3.3%) make up approximately 50 percent of the total catch.  
Of the 25 species documented in the Project area, 15 are games species.  There are no 
rare, threatened, endangered or other special status species present in the Project area. 

 Target Species 

Based on the fish community information, and in consultation with the resource agencies, 
target species were selected for the subsequent entrainment and turbine mortality 
evaluation.  Each of these species represents a functional group based upon ecological 
guilds and those that are recreationally important.  Appendix A describes the target 
species selection process.  Target species and their function group are listed in Table 
3.5.2-1. The life history, habitat preferences, and behavior of each target species as it 
relates to the entrainment analysis at the Project are summarized below, and are also 
presented in Table 3.4-1.  A request for consultation in the selection of the target species 
was made to VDWR, FWS, and VDEQ February 26, 2021.  None of the agencies 
responded to Reusens Hydro’s request for consultation.  A copy of the request for 
consultation is included in Appendix A. 

Bull chub 

The bull chub was selected to represent the fast generalist-invertivore functional group 
because it is the most abundant species of the functional group present in the Project area. 
Bull chub have a fusiform body type, and occur in runs, riffles, and pools with varying 
substrate types.  Larger individuals have a propensity to occur in pools, whereas smaller 
individuals tend to occur in runs and riffles (Jenkins and Burkhead, 1993).  The bull 
chub’s typical forage includes insect larvae, snails, and crayfish.  It spawns in May and 
early June in Virginia over constructed gravel nests (Jenkins and Burkhead, 1993).  The 
typical adult bull chub ranges in size from 3.9 to 9.4 inches (Jenkins and Burkhead, 
1993).  Fish of this size can expect to have average body widths of approximately 0.6 to 
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1.5 inches (Smith, 1985).5 There are no published records of the bull chub’s swimming 

ability; however, Bell (1991) reported the sustained swim speed of “chub” of 7 to 12 

inches to range from 0.7 to 3.6 fps.  Therefore, we consider the prolonged and burst 
swimming speeds for the bull chub are 0.7 to 3.6 and > 3.6 fps, respectively (Table 3.5.2-
1).6 

Common carp 

The common carp was selected to represent the pool/cover-detritivore because it is the 
only species within the functional group that occurs in the Project area, indicating it’s 

ecological importance.  Common carp are typically found in calm waters over mud 
bottoms, backwater areas of rivers and streams, and in reservoirs and lakes with 
vegetation.  Common carp are omnivorous and forage in mud-bottom areas for worms, 
insect larvae, crustaceans, and mollusks.  Spawning occurs in the Janes River, Virginia 
occurs during May to early-June, in shallow vegetated areas of backwaters, sloughs, and 
reservoir shorelines (Jenkins and Burkhead, 1993). Tolerant of turbid and anoxic 
conditions. Common carp have a compressiform body shape and, in Virginia, adults are 
typically 13.8 to 27.6 inches long (Jenkins and Burkhead, 1993).  According to 
proportional measurements published in Smith (1985), common carp of this size range, 
on average, would have body widths that range from 2.8 to 5.6 inches.  Prolonged and 
burst swimming speeds for the common carp range between 1.3 to 3.9 and 3.9 to 8.5 fps, 
respectively (Table 3.5.2-1). 

Gizzard shad 

The gizzard shad was selected to represent the pool/cover-herbivore functional group 
pelagic herring guild because the gizzard shad is the only species in the functional group 
present in the Project area.  Gizzard shad does well in calm, warm, and productive 
waters, such as eutrophic reservoirs and impoundments. Gizzard shad also occur in lakes, 
ponds, pools, and backwater areas of low-gradient rivers and streams. As a pelagic 
herring, gizzard shad are generally found in the limnetic zone where they filter feed on 
plankton.  In Virginia, gizzard shad spawn from April through June, and demonstrate 
local migrations into rocky shoreline areas, small streams, and larger tributaries (Jenkins 
and Burkhead, 1993; Rohde et al., 2009). Gizzard shad have compressiform body shapes, 
and, in Virginia, the typical size of the gizzard shad ranges from 6.9 to 13.8 inches.  
Based on average proportional body measurements presented in Smith (1985), gizzard 
shad in of this size would, on average, have body width that range from 0.9 to 1.2 inches.  
Prolonged and burst swimming speed range for gizzard shad are assumed to be similar to 

 

5 Used the average proportional measurement of the river chub (Nocomis micropogon) because the river chub is 
very similar in size and form to the bull chub (Jenkins and Burkhead, 1993). 
6 For this study we considered prolonged swim speed as a swim speed that can be sustained for a period of time, but 
not indefinitely, that if maintained would end in fatigue.  Burst swim speed, unlike the prolong swim speed, is the 
maximum speed at which a fish can move for several seconds that ends in fatigue. 
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white perch and estimated to range from 1.4 to 3.1 and 3.1 to 3.6 fps, respectively 
(Katopodis and Gervais, 1991; Table 3.5.2-1). 

Shorthead redhorse 

The shorthead redhorse was selected to represent the pool-cover/invertivore functional 
group because it is the most abundant species within the function group present in the 
Project area.  The shorthead redhorse prefers deeper pools over a variety of substrates 
including: silt, sand, gravel, rubble and bedrock.  Its typical forage includes insect larvae, 
crustaceans, and mollusks. Spawning varies by region, but typically occurs within early-
April to early-June over gravel and smaller rubble (Jenkins and Burkhead, 1993).  The 
body shape of this redhorse is fusiform, and the body size typical adults range from 7.9 to 
13.8 (Jenkins and Burkhead, 1993).  According to proportional measurements published 
in Smith (1985), shorthead redhorse of this size range, on average, would have body 
widths that range from 1.3 to 2.2 inches.  There are no published records of the shorthead 
redhorse swimming ability; however, MTO (2006) reported the prolonged and burst 
swimming swim speed of “suckers” to range from 1.3 to 4.9 and 5.2 to 6.3 fps.  

Therefore, we consider the prolonged and burst swimming speeds for the shorthead 
redhorse to be 1.3 to 4.9 and 5.2 to 6.3 fps, respectively (Table 3.5.2-1). 

Bluegill 

The bluegill was selected to represent the pool/cover-invertivore functional group 
because it is an abundant littoral sunfish species present in the Project area and is an 
important game fish.  Bluegills have a compressiform body type and often occur along 
the shoreline and among littoral areas of ponds, lakes, reservoirs, and low-velocity 
streams.  Bluegills typically forage on insects, crayfish, mollusks; larger individuals 
occasionally can exhibit piscivory.  Bluegills spawn in Virginia from May through 
August/September, and construct nests over a variety of substrates within the littoral zone 
along shorelines (Jenkins and Burkhead, 1993).  The typical adult bluegills range  in size 
from 3.1 to 8.7 inches (Jenkins and Burkhead, 1993).  According to proportional 
measurements published in Smith (1985), bluegill of this size range, on average, would 
have body widths that range from 0.5 to 1.5 inches.  Prolonged and burst swimming 
speeds for the bluegill are 2.1 and 4.6 fps, respectively (Table 3.5.2-1). 

Smallmouth bass 

The smallmouth bass was selected to represent the pool/cover-piscivore functional group 
because it is the most abundant among the other members of the same functional group in 
the Project area and is an important game species.  Smallmouth bass have a fusiform 
body type.  They often become a dominant species in reservoirs that impound streams 
that have gravelly and rocky substrates and typically occupy runs and pools (Jenkins and 
Burkhead, 1993).  Smallmouth bass are a predatory species that exhibit piscivory but also 
forage on crayfish and insects.  Spawning in Virginia occurs in primarily during the 
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month of May.  During spawning, the bass construct nests in the littoral zone of the 
shoreline over firm substrates near cover.  In Virginia, smallmouth bass typically range in 
size from 7.9 to 16.9 inches (Jenkins and Burkhead, 1993).  According to proportional 
measurements published in Smith (1985), smallmouth of this size range, on average, 
would have body widths that range from 1.2 to 2.7 inches.  Prolonged and burst 
swimming speeds for the species range from 1.4 to 6.3 and 5.3 to 7.1 fps, respectively 
(Table 3.5.2-1). 

Channel catfish 

The channel catfish was selected as a target species to represent the pool/cover-piscivore 
functional group because it is the most abundant catfish species in the Project area and an 
important predator and game species.  The channel catfish occurs in small to large 
streams and rivers, reservoirs, and ponds. Within these aquatic systems, the channel 
catfish occurs over and near a range of substrates and cover. It forages and preys on a 
variety of items and demonstrates an ontogenetic shift in diet over its lifespan. Common 
prey items of the channel catfish include plankton, algae, aquatic insects, mollusks, 
crayfish, and other fishes. The channel catfish spawns from late spring to summer and 
constructs nests in and near protected areas, such as undercut banks and logs. The 
channel catfish has a fusiform body shape and typically ranges in size from 11.8 to 27.6 
inches in Virginia (Jenkins and Burkhead, 1993).  Fish within this typical size range can 
have, on average, body widths of 2.4 to 5.6 inches.  The prolonged swimming speeds of 
juvenile channel catfish were studied by Beecham (2007), whom determined the 
prolonged swimming speed to range from 1.9 to 3.3 fps.  Beecham also noted that the 
burst swimming speed was not attained, but would be higher than the highest tested speed 
of 3.9 fps.  Therefore, the prolonged and burst swimming speed of channel catfish range 
from 1.9 to 3.3 to more than 3.9 fps, respectively (Table 3.5.2-1). 

Muskellunge 

The muskellunge, colloquially referred to as “musky or muskie,” was selected as a target 
species in the pool/cover-piscivore functional group because it is a highly sought-after 
game species that occurs in the Project area.  The musky occurs in slow waters in rivers 
around cover.  Except for fry, it forages almost exclusively on other fish; fry feed on 
microcrustacean and insects for about four to five weeks (Jenkins and Burkhead, 1993). 
The species spawns normally from late-April to early-May in relatively calm waters over 
detritus or vegetation.  The musky has an elongated fusiform body shape and typically 
ranges in size from 27.6 to 51.2 inches (Jenkins and Burkhead, 1993).  Given its 
elongated body, body width can on average range from 3.3 to 6.2 inches (Smith, 1985).  
There or no published records of the swimming performance of muskie.  However, the 
swimming performance of the northern pike, a conspecific, has a prolonged and burst 
swimming speed of 0.6 to 6.9 and 11.8 to 45.0 fps. Therefore, we assume the muskie has 
similar prolonged and burst swim speeds as the northern pike (Table 3.5.2-1). 
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American eel 

The American eel was selected as a target species within the pool/cover-piscivore 
functional group because it is the only documented diadromous species in the Project 
area.  In lotic freshwater environments, the species can typically be found in pools and 
backwaters.  American eel are largely dietary generalists, but fish are often consumed, 
especially by larger individuals (Jenkins and Burkhead, 1993).  Spawning does not occur 
in freshwater.  After spending several years in freshwater, the species transforms into a 
silver phase – with larger eels and silvery coloration – and emigrates from freshwater to 
the sea.  These silver phase eels can range from 8.0 to 39.4 inches (Jenkins and Burkhead, 
1993). In the Project area, the phase that is typically found is the yellow phase, which are 
usually less than 33 inches but greater than 4.0 inches (Jenkins and Burkhead, 1993).  
According to proportional body measures noted in Smith (1985), these variable body 
lengths equate to, on average, body widths of 0.1 to 1.5 inches.  Quintella et al. (2010) 
reported prolong swimming speed for American eel as 1.4 for yellow phased eels and 
McCleave (1980) reported the burst swim speed for elvers to range between 2.0 to 3.0 
fps.  In addition, Quintella et al. (2010) reported the burst swimming speed to be 2.2 for 
silver phased eels.  Therefore, we assume the prolonged and burst swimming speed for 
yellow phase American eel is ≤ 1.4 fps and ≥ 3.0 fps, and the prolonged and burst 

swimming speed for silver phase adult eel are ≤ 2.2 and ≥3.0 fps. 

Northern hogsucker 

The northern hogsucker was selected as a target species in the pool/run-invertivore 
functional group because it is the most abundant species in the Project area within the 
functional group.  In Virginia, the species occurs in slow, moderate, and fast currents 
over hard bottoms, becoming localized over such areas within sandy and moderately 
silted systems (Jenkins and Burkhead, 1993).  It can occur in slow waters of 
impoundments, but those individuals are generally considered strays.  The primary diet 
for the northern hogsucker has been determined to be mostly aquatic insects, 
microcrustaceans, and occasionally algae (Jenkins and Burkhead, 1993).  Throughout 
much of its range the species spawning period is from April through May.  Although 
initially report to ascend favorable streams to spawn, further studies have shown the 
species does not exhibit any migratory movement associated with spawning (Jenkins and 
Burkhead, 1993).  Spawning habitat of the hogsucker includes gravelly tails of pools, 
riffles and runs.  The northern hogsucker has a fusiform body shape and typically reaches 
4.9 to 11.8 inches in standard length (Jenkins and Burkhead, 1993).  Its body width, on 
average, can range from 0.9 to 2.2 inches (Smith, 1985).  Bell (1991) reported the 
sustained and darting swim speed of 4-to-16-inch longnose suckers to range from 0.5 to 
3.8 and 4.0 to 8.0 fps.  Therefore, we consider the prolonged and burst swimming speeds 
for the northern hogsucker to be similar to the longnose sucker. 
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Central Stoneroller 

The central stoneroller was selected as a target species in the riffle-herbivore functional 
group because it is the only species documented in the Project area that is within the 
group.  In Virginia, the species can occur in slow parts of pools, but is mostly found in 
hard-bottom runs and riffles, and is intolerant of impoundments (Jenkins and Burkhead, 
1993).  The central stoneroller is a grazing herbivore that scraps algae from hard surfaces 
(Jenkins and Burkhead, 1993).  In Virginia, the species spawning period is from April 
through May, and they construct nests over gravel tailings of runs and pools, and  spawn 
over nests constructed by other species, such as trout redds (Jenkins and Burkhead, 
1993).  The species has a fusiform body shape and typically reaches 2.4 to 5.9 inches in 
standard length (Jenkins and Burkhead, 1993).  Its body width, on average, can range 
from 0.1 to 0.9 inches (Smith, 1985).  Using the relative swim speed (body lengths per 
second), reported Leavy and Bonner (2009), the burst swim speed of the typical size 
central stoneroller would range from 2.7 to 6.7 fps. Therefore, we consider the prolonged 
and burst swimming speed of the fish range to be < 2.7 and 2.7 to 6.7 fps, respectively 
(Table 3.5.2-1). 
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Table 3.5.1-1. Fish taxa collected from the Project reservoir by VDWR from 2014 through 2018. 

Common Name 
Catch-per-Unit-Effort 
(CPUE; number/hour) Mean CPUE Game 

Species 2014 2015 2016 2017 2018 

Anguillidae 

American eel 0 0 0 0 0 0.71 Yes 

Catostomidae 

Shorthead redhorse 33.9 34.2 30.9 7.7 0.0 21.3 No 

Golden redhorse 18.0 18.6 9.2 0.0 1.0 9.3 No 

Northern hogsucker 5.0 6.7 11.2 2.9 12.5 7.6 No 

Centrarchidae 

Smallmouth bass 71.8 52.0 83.6 30.7 60.6 59.7 Yes 

Bluegill 29.9 31.2 7.2 20.2 3.8 18.5 Yes 

Rock bass 14.0 26.0 21.7 24.0 1.0 17.3 Yes 

Green sunfish 25.9 8.2 2.0 2.9 0.0 7.8 Yes 

Spotted bass 10.0 8.9 7.9 5.8 8.7 8.2 Yes 

Redbreast sunfish 13.0 5.2 8.6 7.7 1.0 7.1 Yes 

Largemouth bass 5.0 1.5 0.7 3.8 0.0 2.2 Yes 

Pumpkinseed sunfish 0.0 0.0 0.0 1.9 0.0 0.4 Yes 

Redear sunfish 0.0 1.5 0.0 0.0 0.0 0.3 Yes 

Black crappie 1.0 0.7 0.7 0.0 0.0 0.5 Yes 

Clupeidae 

Gizzard shad 2.0 0.0 4.6 19.2 0.0 5.2 No 

Cyprinidae 

Common carp 22.0 0.0 0.0 0.0 0.0 4.4 No 
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Common Name 
Catch-per-Unit-Effort 
(CPUE; number/hour) Mean CPUE Game 

Species 2014 2015 2016 2017 2018 

Shiner telescope 10.0 0.0 0.0 0.0 0.0 2.0 No 

Bull chub 2.0 5.2 11.8 3.8 9.6 6.5 No 

Central stoneroller 1.0 1.5 0.7 0.0 0.0 0.6 No 

Fallfish 1.0 0.0 0.0 0.0 0.0 0.2 No 

Shiner spottail 1.0 0.0 0.0 0.0 0.0 0.2 No 

Esocidae 

Muskellunge 1.0 3.0 0.7 1.9 1.9 1.7 Yes 

Ictaluridae 

Channel catfish 6.0 17.1 13.2 17.3 3.8 11.5 Yes 

Flathead catfish 2.0 5.9 2.6 5.8 1.9 3.7 Yes 

Lepisosteidae 

Longnose gar 1.0 1.5 0.0 0.0 0.0 0.5 Yes 
1. The value presented is from 2019 only.  No American eel were collected within the Project reservoir from 2014 through 2018. 
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Table 3.5.2-1. Summary of the selected target fish species and their respective assigned functional group, habitat 
preferences (S = spawning, F = feeding, R = rearing) and behavior pattern. 

Target 
Species 

Functional 
Group 

Life 
Stage 

Reservoir Habitat Zone 
Behavior pattern 

Littoral1 Limnetic2 Lotic3 Pelagic4 Benthic5 

Bull chub 
Fast 
Generalist-
Herbivore 

Adult F  S, F   A resident species that does not 
demonstrate migratory behavior  

Juvenile F  F, R   

Common carp Pool/Cover-
Detritivore 

Adult S, F F   F Moves to shallow littoral areas to 
spawn 

Juvenile F, R F, R    

Gizzard shad Pool/Cover-
Herbivore 

Adult S, F S, F  F  Typically pelagic, but move to 
shallow areas to spawn 

Juvenile R, F R, F    

Shorthead 
redhorse 

Pool/Cover-
Invertivore 

Adult F F S, F   Typically pool-oriented. Moves to 
areas with large gravel substrate of 
slow to moderate runs to spawn Juvenile F F R, F   

Bluegill Pool/Cover-
Invertivore 

Adult S, F F  F  Pool oriented. Moves to deeper 
areas to overwinter 

Juvenile R, F     

Smallmouth 
bass 

Pool/Cover-
Piscivore 

Adult S, F  F F   Moves among pools and flowing 
waters. Moves to deeper areas to 
overwinter Juvenile R, F     

Channel 
catfish 

Pool/Cover-
Piscivore 

Adult S, F F F  F Demonstrate diurnal feeding 
patterns and move from deep to 
shallow areas to forage Juvenile R, F F    

Muskellunge Pool/Cover-
Piscivore 

Adult S, F F F   Usually slight to little movement, 
can move large distance to 
establish new territory Juvenile R, F F F   
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Target 
Species 

Functional 
Group 

Life 
Stage 

Reservoir Habitat Zone 
Behavior pattern 

Littoral1 Limnetic2 Lotic3 Pelagic4 Benthic5 

American eel Pool/Cover-
Piscivore) 

Adult      Upon transforming to the silver 
phase, adults emigrate from 
freshwater Juvenile F  F  F 

Northern 
hogsucker 

Pool/Run-
Invertivore 

Adult   S, F   A resident species with no 
documented spawning movements 

Juvenile   R, F   

Central 
Stoneroller 

Riffle-
Herbivore 

Adult   S, F   A resident species with no 
documented spawning movements, 
but form spawning aggregations. Juvenile   R, F   

1.  The near shore area where sunlight penetrates to the sediment and allows aquatic plants (macrophytes) to grow, usually approximately 10 to 15 feet in depth. 
Aquatic plants and other structure in this area provide a food source and substrate for algae and invertebrates, and cover for fish and other organisms that is very 
different from the open water environment. 

2.  The open water area of a lake where light penetrates and some photosynthesis occurs. Can contain some rooting and floating vegetation.  At the Project the 
limnetic zone can extend to a depth of 12 ft (see Study 4 Baseline Water Quality Monitoring Study, table 4.3.5-1 for Secchi disk depth measurements). 

3.  A riverine area characterized by flowing or running water with little or no backwater effects of the Project dam. Areas of the very upper reservoir represent 
lotic habitat. 

4.  The off-shore, open-water area above the reservoir bottom.  Can be productive with plankton. 

5.  Bottom area of the reservoir devoid of light and activity photosynthesis where detritus accumulates and of stratification, if prominent, can affect species 
presence and distribution. 
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Table 3.4.2-2. Prolonged and burst swimming abilities of the target species. 

Target Species Function Group 
Swimming Speed 

Prolonged 
(fps) 

Burst 
(fps) 

Bull Chub Fast Generalist-
Herbivore 0.7 to 3.61 > 3.61 

Common carp Pool/Cover-Detritivore 1.3 to 3.92 3.9 to 8.52 

Gizzard shad Pool/Cover-Herbivore 1.4 to 3.13 3.1 to 3.63 

Shorthead redhorse Pool/Cover-Invertivore 1.3 to 4.94 5.2 to 6.34 

Bluegill Pool/Cover-Invertivore 2.15 4.66 

Smallmouth bass Pool/Cover-Piscivore 1.4 to 6.37 5.3 to 7.18 

Channel catfish Pool/Cover-Piscivore 1.9 to 3.39 3.99 

Muskellunge Pool/Cover-Piscivore 0.6 to 6.910 11.8 to 45.010 

American eel (yellow) Pool/Cover-Piscivore ≤ 1.411 ≥ 3.011 

American eel (silver) Pool/Cover-Piscivore ≤ 2.211 > 3.011 

Northern hogsucker Pool/Run-Invertivore 0.5 to 3.812 4.0 to 8.012 

Central Stoneroller Riffle-Herbivore < 2.713 2.7 to 6.713 

1.  Bell (1991) 

2.  As “carp” in MTO (2006) 

3.  Calculated following Katopodis and Gervais (1991) using white perch as a surrogate 

4.  As “suckers” in MTO (2006) 

5.  Prenosil et al. (2016) 

6.  Calculated following Cathcart et al. (2017) 

7.  Calculated following Katopodis and Gervais (1991) using largemouth bass as a surrogate 

8.  As “Game Fish” in MTO (2006) 

9.  Beecham (2007) 

10.  Beamish (1978) 

11.  McCleave (1980) and Quintella et al. (2010) 

12.  As longnose sucker in Bell (1991) 

13.  Leavy and Bonner (2009) 
 



Draft Study Report 

Study 3 – Desktop Entrainment and Turbine Mortality Study 

Reusens Hydroelectric Project 21 July 2021 

FERC No. 2376 

3.6 Qualification of Impingement and Entrainment Potential 

The potential for each target species to be impinged or become entrained at Powerhouse 
A or B was qualified as follows: 

• None—Species/lifestage does not prefer the habitat near the intake, and/or swim 
speed clearly exceeds intake velocity; 

• Low—Species/lifestage does not prefer the habitat near the intake but could occur 
in the vicinity of the intake at times, and/or swim speed does not clearly exceed 
the intake velocity; 

• Moderate—Species/lifestage seasonally prefers the habitat near the intake, can be 
characterized by downstream movements during at least one lifestage, and/or 
swim speed does not clearly exceed the intake velocity; and 

• High—Species/lifestage likely prefers the habitat near the intake year-round, can 
be characterized by large downstream movements during some lifestages, and/or 
swim speed is less than intake velocity. 

This qualification considered three factors: propensity of the target species to occur in the 
vicinity of the intake, the swimming ability of the target species, and body width.  Using 
the species descriptions of the target species present in section 3.5.2 Target Species, the 
target species were characterized as relatively more (+) or less (-) likely to occur in the 
vicinity of the intakes of Powerhouses A and B following Ĉada and Schweizer (2012).  
Those species and/or lifestages that are characterized as being relatively more likely to 
occur in the vicinity of the powerhouses’ intakes were categorized as ‘high’ or 
‘moderate’ susceptibility, whereas those determined to have relatively less likely qualities 
were categorized as ‘low’ or ‘none’ (Table 3.6-1).  As a part of this evaluation, water 
quality conditions near the intake for all species were determined to be not limiting for all 
species since dissolved oxygen levels do not become hypoxic or anoxic (Figure 3.4.2-2).  
Second, the swimming abilities of the target species were compared relative to the 
estimated intake velocities at the trashracks at Powerhouses A and B such that those 
species whose swimming abilities are less than the estimated intake velocities may be 
susceptible to become entrained or impinged (Table 3.6-2).  Lastly, the body widths of all 
target species were compared to trashrackclear spacing to assess the likelihood of 
impingement assuming  those species whose typical body widths are less than the clear 
spacing would not be susceptible to impingement (Table 3.6-3).   

The overall potential of entrainment for the target species was retained as the lowest 
qualified value for the propensity of species to occur near the intakes or swimming 
performance (Table 3.6-4).  The overall entrainment potential for the target species at 
Powerhouse A ranges from ‘none’ to ‘high’, with the majority qualifying as ‘low’.  Those 
species that qualified as ‘none’ (bull chub, northern hogsucker, and central stoneroller) 
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have very little likelihood of occurring near the intake because those species generally 
prefer habitats characteristic of riverine areas.  The only species that qualified as ‘high’ 
was silver phase American eel because of their downstream migration.  All other species 
and life stages qualified as ‘low’.   

The overall entrainment potential at Powerhouse B for the target species also ranged from 
‘none’ to ‘high’ (Table 3.6-4).  Similar to Powerhouse A, the entrainment potential for 
bull chub, northern hogsucker, and central stoneroller was qualified as ‘none’ due to 
limiting habitat requirements, and silver phase American eel was qualified as ‘high’ 
because of its downstream migration.  Gizzard shad and channel catfish overall 
entrainment potential was qualified as ‘moderate’ because of their propensity to occur 
near the intake and swimming abilities.  The entrainment potential for the other target 
species was qualified as ‘low’.  

The overall potential for impingement for the target species ranged from ‘none’ to ‘high’ 
(Table 3.6-4).  Most of the target species have body widths that are less than the clear 
spacing of the trashracks of both intakes at Powerhouses A and B; therefore, they are too 
small to become impinged.  Some species, like common carp and channel catfish have 
body widths that can exceed the trashrack clear spacing; thus, were qualified as having 
‘moderate’ impingement potential.  The only species that qualified as having ‘high’ 
impingement potential was the muskie.  However, common carp, channel catfish, and 
muskie have swimming abilities that would allow most individuals to escape becoming 
impinged. 
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Table 3.6-1. Evaluation of the propensity of the target species to occur in the intakes of Powerhouses A and B in 
consideration of habitat preference, migration/movement habits, reproductive strategy, and water 
quality. 

Species Life Stage 
Habitat 

Preference 
Migration/ 
Movement 

Reproductive 
Strategy1 Water 

Quality 

Potential to Occur  
Near Intake 

A B A B A B A B 

Bull chub 
Adult - - - - - - + None None 

Juvenile - - - - N/A N/A + None None 

Common carp 
Adult + + + - + - + High Moderate 

Juvenile + + + + N/A N/A + High Moderate 

Gizzard shad 
Adult + + + + + + + High High 

Juvenile + + + + N/A N/A + High Moderate 

Shorthead redhorse 
Adult + + - - - - + Low Low 

Juvenile + + - - N/A N/A + Low Low 

Bluegill 
Adult + - + + - - + Moderate Low 

Juvenile + - + + N/A N/A + Moderate Low 

Smallmouth bass 
Adult + - + + - - + Moderate Low 

Juvenile + - + + N/A N/A + Moderate Low 

Channel catfish 
Adult + + + + + - + High Moderate 

Juvenile + + + + N/A N/A + Moderate Moderate 

Muskellunge Adult + - - + + - + Moderate Low 



Draft Study Report 

Study 3 – Desktop Entrainment and Turbine Mortality Study 

Reusens Hydroelectric Project 24 July 2021 

FERC No. 2376 

Species Life Stage 
Habitat 

Preference 
Migration/ 
Movement 

Reproductive 
Strategy1 Water 

Quality 

Potential to Occur  
Near Intake 

A B A B A B A B 

Juvenile + - + + N/A N/A + Moderate Low 

American eel 
Adult - - + + N/A N/A + High High 

Juvenile + + - - N/A N/A + Low Low 

Norther hogsucker 
Adult - - - - - - + None None 

Juvenile - - - - N/A N/A + None None 

Central stoneroller 
Adult - - - - - - + None None 

Juvenile - - - - N/A N/A + None None 

1.  “N/A” is not applicable for the life stage.
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Table 3.6-2. Entrainment potential based on swimming abilities of the target 
species in comparison to estimated intake velocities at Powerhouses A 
and B. 

Species Life 
Stage 

Swim Speed Intake Velocity 

Prolonged 
(fps) 

Burst 
(fps) 

A 
(0.4 to 2.0 fps) 

B 
(0.8 to 3.5 fps) 

Bull chub 
Adult 

0.7 to 3.6 > 3.6 
Low Low 

Juvenile Low Low 

Common carp 
Adult 

1.3 to 3.9 3.9 to 8.5 
Low Low 

Juvenile Low Low 

Gizzard shad 
Adult 

1.4 to 3.1 3.1 to 3.6 
Low Moderate 

Juvenile Low Moderate 

Shorthead redhorse 
Adult 

1.3 to 4.9 5.2 to 6.3 
Low Low 

Juvenile Low Low 

Bluegill 
Adult 

2.1 4.6 
Low Moderate 

Juvenile Low Moderate 

Smallmouth bass 
Adult 

1.4 to 6.3 5.3 to 7.1 
Low Low 

Juvenile Low Low 

Channel carp 
Adult 

1.9 to 3.3 3.9 
Low Moderate 

Juvenile Low Moderate 

Muskellunge 
Adult 

0.6 to 6.9 11.8 to 45.0 
Low Low 

Juvenile Low Low 

American eel 
Adult ≤ 2.2 > 3.0 Low Moderate 

Juvenile ≤ 1.4 ≥ 3.0 Low Moderate 

Northern hogsucker 
Adult 

0.5 to 3.8 4.0 to 8.0 
Low Low 

Juvenile Low Low 

Central stoneroller 
Adult 

< 2.7 2.7 to 6.7 
Low Moderate 

Juvenile Low Moderate 



Draft Study Report 

Study 3 – Desktop Entrainment and Turbine Mortality Study 

Reusens Hydroelectric Project 26 July 2021 

FERC No. 2376 

Table 3.6-3. Impingement potential based on body widths of the target species in 
comparison to trashrack clear spacing at Powerhouses A and B. 

Species Body Widths 
(inches) 

Trashrack Clear Spacing 
A 

(3.0 inches) 
B  

(3.0 inches) 

Bull chub 0.6 to 1.5 None None 

Common Carp 2.8 to 5.6 Moderate Moderate 

Gizzard shad 0.9 to 1.2 None None 

Shorthead redhorse 1.3 to 2.2 None None 

Bluegill 0.5 to 1.5 None None 

Smallmouth bass 1.2 to 2.7 None None 

Channel catfish 2.4 to 5.6 Moderate Moderate 

Muskellunge 3.3 to 6.2 High High 

American eel 0.1 to 1.5 None None 

Northern hogsucker 0.9 to 2.2 None None 

Central stoneroller 0.1 to 0.9 None None 
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Table 3.6-4. Overall entrainment and impingement potential of the target species at Powerhouses A and B. 

Species Life stage 
Potential to  

Occur Near Intake 
Intake 

Velocity 
Impingement 

Potential 
Entrainment 

Potential 
A B A B A B A B 

Bull chub 
Adult None None Low Low 

None None 
None None 

Juvenile None None Low Low None None 

Common carp 
Adult High Moderate Low Low 

Moderate Moderate 
Low Low 

Juvenile High Moderate Low Low Low Low 

Gizzard shad 
Adult High High Low Moderate 

None None 
Low Moderate 

Juvenile High Moderate Low Moderate Low Moderate 

Shorthead redhorse 
Adult Low Low Low Low 

None None 
Low Low 

Juvenile Low Low Low Low Low Low 

Bluegill 
Adult Moderate Low Low Moderate 

None None 
Low Low 

Juvenile Moderate Low Low Moderate Low Low 

Smallmouth bass 
Adult Moderate Low Low Low 

None None 
Low Low 

Juvenile Moderate Low Low Low Low Low 

Channel catfish 
Adult High Moderate Low Moderate 

Moderate Moderate 
Low Moderate 

Juvenile Moderate Moderate Low Moderate Low Moderate 

Muskellunge 
Adult Moderate Low Low Low 

High High 
Low Low 

Juvenile Moderate Low Low Low Low Low 
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Species Life stage 
Potential to  

Occur Near Intake 
Intake 

Velocity 
Impingement 

Potential 
Entrainment 

Potential 
A B A B A B A B 

American eel 
Adult High High Low Moderate 

None None 
High High 

Juvenile Low Low Low Moderate Low Low 

Northern hogsucker 
Adult None None Low Low 

None None 
None None 

Juvenile None None Low Low None None 

Central stoneroller 
Adult None None Low Moderate 

None None 
None None 

Juvenile None None Low Moderate None None 
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3.7 Estimate of Turbine Passage Survival 

Primary risks faced by fish that pass through hydroelectric turbines include injuries and 
mortality associated with mechanical, fluid and pressure mechanisms (Franke et al. 
1997).  Mechanical mechanisms are those from direct contact with turbine structural 
components, such as collisions with blades and wicket gates, as well as from mechanical 
chop.  Injuries and mortality associate with fluid and pressure mechanisms arise from 
shear turbulence and cavitation, and rapid passage from areas of high to low pressures, 
respectively.  Of the three turbine passage injury and mortality mechanisms, mechanical 
forces predominantly in the form of blade strike, has shown to be the leading cause of 
fish mortality at hydroelectric projects with head less than 100 feet (Franke et al. 1997; 
Ĉada, 2001).   

Using a blade strike model develop by Franke et al. (1997), the probability of turbine 
passage survival at the Project were estimated for the target species.  The Franke model 
predicts the probabilities of leading edge strikes – those that could result from contact 
between a fish body and a blade, a gap between blade and an adjacent structure, stay vane 
leading edge, wicket gate leading edge, or leading edge to any support pieces in the 
intake or draft tube.  The probability (P) of direct contact between a fish and a leading 
edge depends on a number of factors including the number of turbine blades (or buckets; 
N), fish length (L), runner blade speed (rpm), turbine type, runner diameter (D), and total 
discharge (Q).  Incorporated into the blade strike model is the correlation function lambda 
(λ) to account for other factors including: a fishes position relative to the plane of the 
runner, and fluid and pressure injury mechanisms (Franke et al., 1997).  The range of λ 
presented by Franke et al. (1997) is 0.1 to 0.2.  To account for the variation in strike 
probabilities within this range, λ values of 0.1 and 0.2 were included in the blade strike 
analysis.  The blade strike probabilities for Project’s Francis turbines were calculated 
using Equation 1: 

𝑃 =  𝜆
𝑁∙𝐿

𝐷
∙ [

𝑠𝑖𝑛 𝛼𝑡∙
𝐵

𝐷1

2𝑄𝜔𝑑
+  

𝑐𝑜𝑠 𝛼𝑡

𝜋
]    (Eq. 1) 

where Equation 2 was used to calculate the value of αt: 

tan(90 − 𝛼𝑡) =  
2𝜋𝐸𝜔𝑑∙𝜂

𝑄𝜔𝑑
 ∙  

𝐵

𝐷1
+  

𝜋∙0.7072

2𝑄𝜔𝑑
 

𝐵

𝐷1
 (

𝐷2

𝐷1
)

2

− 4 ∙ 0.707 ∙ tan 𝛽
𝐵

𝐷1

𝐷1

𝐷2
  (Eq. 2) 

where tan β was calculated using Equation 3: 

tan 𝛽 =  
0.707

𝜋

8

𝜉∙𝑄𝜔𝑑𝑜𝑝𝑡
𝐷1

3

𝐷2

     (Eq. 3) 

such that the input parameters for Equations 1 through 3 were defined as: 
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P =  probability of strike 

λ = strike mortality correlation factor 

N = number of blades or buckets 

L = fish length 

D = diameter of runner 

αt = angle to tangential of absolute flow upstream of runner 

B =  runner height at inlet 

D1 =  diameter of runner at inlet 

Qωd =  discharge coefficient; calculated as 𝑄𝑤𝑑 =
𝑄

𝜔𝐷3
 

Q = turbine discharge 

ω = Rational speed; calculated as ω = 𝑅𝑃𝑀 ∙
2𝜋

60
 

RPM = revolutions per minute 

Eωd = energy coefficient; calculated as Eωd = 
𝑔𝐻

(𝜔𝐷)2
 

g =  acceleration of gravity 

H =  turbine net head 

η =  turbine efficiency 

D2 = diameter of runner at discharge 

β =  relative flow angle at runner discharge 

ξ =  ratio between Q with no exit swirl and Qopt (typical value = 1.1) 

Qopt =  turbine discharge at best efficiency 

 

The blade strike equation assumes that any strike results in mortality.  Blade strike 
probabilities were estimated for those target species determined to be susceptible to 
entrainment (see Table 3.5-4) over a range of body lengths (4, 8, 12, 16, 30 inches) 
representative of those fishes that would not become impinged upon the traskracks.  
Calculated blade strike probabilities were then converted into percent survival using 
Equation 4: 

S = 100 – P      (Eq. 4) 
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whereby S is survival and P is the probability of blade strike. 

Estimated survival rates for the vertical Francis units operating at the Project are 
presented in Table 3.7-1 at maximum discharge, discharge at peak efficiency and at 
minimum discharge.  Survival estimates for small fish (4 to 8 inches) under all scenarios 
ranged from approximately 86.5 to 96.9 percent, and for larger fish (12 to 16 inches) 
ranged from approximately 73.1 to 90.6 percent. For very large fish (30 inches) survival 
declined, and ranged from approximately 49.5 to 76.4 percent. 

Table 3.7-2 presents the estimated turbine survival rates for those target species and 
associated life stages susceptible to entrainment at maximum discharge, discharge at peak 
efficiency and at minimum discharge, the associated turbine efficiencies, and λ equal to 
0.1 and 0.2.  Table 3.7-2 also presents the calculated turbine survival estimates for each 
target species and life stage relative to a qualitative turbine passage survival category, 
adapted from NAI (2016), such that calculated survival estimates that range from 90 to 
100, 80 to 90, and < 80 percent are qualified as high, moderate, and low turbine passage 
survival, respectively.  These data show that, if entrained, turbine passage survival of 
juvenile fish would be Low-Moderate to High.  Similarly, the overall rating of turbine 
passage survival for adult fish ranged from Low to Moderate-High, with fish species 
attaining larger size as adults (e.g., American eel and musky.) having Low overall 
survival ratings. 
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Table 3.7-1. Estimated survival rates for the vertical Francis units (Units 1 – 5) operating at the Project. 

Discharge Type Discharge 
(cfs) 

Efficiency 
(η) 

Correlation 
Factor 

(λ) 

Predicted Turbine Passage Survival 
(percent) 

4-inch 8-inch 12-inch 16-inch 30-inch 

Maximum Hydraulic 
Capacity 1,278 0.68 

0.1 96.9 93.7 90.6 87.4 76.4 

0.2 93.7 87.4 81.1 74.8 52.8 

At Optimum Efficiency 1,000 0.75 
0.1 96.6 93.3 89.9 86.5 74.8 

0.2 93.3 86.5 79.8 73.1 49.5 

Minimum Hydraulic 
Capacity 800 0.52 

0.1 96.7 93.5 90.2 87.0 75.6 

0.2 93.5 87.0 80.5 74.0 51.2 

 Mean 95.1 90.2 85.4 80.5 63.4 

 Maximum 96.9 93.7 90.6 87.4 76.4 

 Minimum 93.3 86.5 79.8 73.1 49.5 
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Table 3.7-2. Estimated survival rates through the Project’s Francis turbines 

(Units 1 - 5) for the target species and life stages susceptible to 
entrainment. 

Species Life Stage 
Approximate 
Size Range 

(inch) 

Predicted Turbine  
Passage Survival 

(percent)1 

Qualitative 
Turbine Survival 

Category 

Common carp 
Juvenile 1 – 14 76.4 – 99.2 Low – High 

Adult 14 – 28 52.9 – 89.0 Low - Moderate 

Gizzard shad 
Juvenile 1 – 7 88.2 – 99.2 Moderate - High 

Adult 7 – 14 76.4 – 94.5 Low - High 

Shorthead redhorse 
Juvenile 1 – 8 86.5 – 99.2 Moderate - High 

Adult 8 – 14 76.4 – 93.7 Low - High 

Bluegill 
Juvenile 1 – 4 93.3 – 99.2 High 

Adult 4 – 8 86.5 – 96.9 Moderate - High 

Smallmouth bass 
Juvenile 3 – 7 88.2 – 97.6 Moderate - High 

Adult 8 – 22 63.0 – 93.7 Low - High 

Channel cat 
Juvenile 3 – 10 83.2 – 97.6 Moderate - High 

Adult 10 – 26 56.2 – 92.1 Low - High 

Muskellunge 
Juvenile 14 – 27 54.6 – 89.0 Low - Moderate 

Adult 27 – 50 15.9 – 78.8 Low 

American eel 
Juvenile 4 – 9 84.9 – 96.9 Moderate - High 

Adult 9 – 40 32.7 – 92.9 Low - High 

1. Encompasses the range of discharge type, discharge, efficiency, and λ in Table 3.1-7. 
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3.8 Discussion 

The goal of this study was to evaluate the potential of fish entrainment, impingement and 
turbine mortality on the fish community of the James River in the vicinity of the Reusens 
Project.  This was accomplished by generally following the methods described in the 
Final Study Plan (dated July 2020) and accepted by the scientific community and limiting 
the scope of the evaluation to select target species.  Overall, the entrainment potential of 
the selected target species was determined to range from ‘None’ to ‘High’.  When the 
only obligate migratory species present in the Project area, American eel, is excluded 
from the entrainment potential analysis the entrainment potential of the target species 
ranged from ‘None’ to ‘Moderate’, with the majority having a ‘Low’ potential of 
entrainment.   

Comprehensive reviews of many field-based entrainment studies have shown that 
entrainment rates are highest for fish less than four inches in length, and significantly 
decline for fish greater than four inches in length, among all trashrack clear spacings 
(FERC 1995; Winchell et al., 2000).  This observation across many hydroelectric projects 
is not surprising because small fish are known to have lesser swimming abilities than 
larger individuals, and may not have the ability to escape intake velocities as would 
larger individuals of the same species.  Subsequently, it is most likely those smaller 
individuals that lack the swimming ability to overcome the intakes velocities at the 
Project that would be most susceptible to entrainment at the Project. 

The swimming abilities of the target species and their respective lifestage are not the only 
factor that influences entrainment potential.  In this study water quality and intake 
location was also evaluated.  Water quality can affect species distributions within a 
reservoir, particularly when the reservoir undergoes thermal and dissolved oxygen 
stratification near the intakes.  However, thermal or dissolved oxygen stratification is not 
likely to occur at the Project; therefore, water quality is not expected to limit entrainment 
potential.  Intake location, however, is believed to be a contributing factor influencing the 
entrainment rate of fish among hydroelectric projects.  For instance, non-salmonid 
species most often enter intakes near shorelines episodically, suggesting incidental 
entrainment of juvenile fish (Coutant and Whitney, 2011; Ĉada, 2001).  Therefore, more 
fish are likely to be entrained into Powerhouse A rather than Powerhouse B because of 
Powerhouse A’s intake location relative to the shoreline and because there or more 
species in the Project area that are apt to occur near shorelines rather than the pelagic area 
near Powerhouse B.   

In conclusion, the risk of entrainment for each target species is highest for smaller 
individuals (such as juveniles), that occur near the reservoir shore, and lack the 
swimming ability to overcome intake velocities.  Excluding American eel, the overall 
potential for entrainment is ‘low’ because most smaller individuals of the target species 
exhibit swimming performance that would allow them to overcome the intake velocity at 
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Powerhouse A.  For American eel, the potential for entrainment is ‘High’ because of the 
species unique life history, and turbine passage is the most available downstream passage 
route. 

If an individual of the target species was determined to be susceptible to entrainment 
becomes entrained into the Project turbines, passage survival would be expected to range 
from less than 80 percent to greater than 90 percent for all life stages and body sizes.  
However, as discussed above, the most likely entrained individuals would be small, less 
than or equal to 4 inches in length.  As such, expected turbine passage survival would 
range from 93.3 to 96.9 percent based upon the blade strike model developed by Franke 
et al. (1997).  Therefore, most individuals that would become entrained into the Project 
turbines would experience high turbine passage survival. 

The only exception to the expected high turbine passage survival at the Project would be 
American eel.  American eels exhibit a catadromous life history strategy that requires 
downstream movement, inevitably past the Project, as it transforms from a juvenile into a 
sexually mature adult.  Based on the Franke et al. (1997) blade strike model, turbine 
passage mortality at the Project is expected to range from 84.9 to 96.9 percent for 
juveniles, while 32.7 to 92.9 for adult eel that range in upwards of 40 inches.  Therefore, 
larger juveniles and maturing adults are expected to experience low turbine passage 
survival.  This reduced turbine passage survival is due to the species long, tubular body 
shape, which increases the probability of a blade strike in the blade strike model.   

While the Franke et al. (1997) turbine blade strike model is a widely accepted method for 
estimating turbine passage survival, blade strike models may not be very applicable to 
predicting turbine passage survival of American eel.  For instance, Pflugrath et al. (2020) 
performed a comprehensive review of the research conducted on the development of 
biological response models to predict the probability of injuries or mortality when fish 
are exposed to stressors during passage through turbines or other hydropower structures.  
Pflugrath et al. (2020) concluded that American eel seems resistant to blade strike 
impacts, yet observations of whole-body amputations do occur, which may be caused by 
strikes from thinner blades (< 0.7 inches) moving at higher velocities (> 66 fps), or 
affects other than blade strike, such as pinching or grinding, that remain under 
investigated.   

The above posit is supported by recent field-based American eel downstream passage 
assessments and turbine passage survival studies performed at the Vernon Hydroelectric 
Project (FERC No. 1904), which has operation characteristics and Francis turbines very 
similar to the Project.7  There, both balloon- and radio tagged adult American eel were 

 

7 The Francis units at the Vernon Hydroelectric Project have 12 to 13 buckets, a discharge of 1,092 cfs at optimum 
efficiency, optimum turbine efficiency of 82 percent, runner diameter at the runner inlet of 5.2 feet, runner diameter 
at the runner outlet of 8.2 feet, have an rpm of 133 and operate at typical head of 35 feet. 
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subject to turbine passage through the Francis units (NAI, 2017a).  Results of the passage 
trials revealed that turbine passage survival ranged from 92.9 to 93.5 percent, which is 
much higher relative to the 24.4 to 65.1 percent estimated by the Franke et al. (1997) 
blade strike model for fish of comparable size (NAI, 2017b).  Therefore, it is probable 
that American eel passage survival is significantly higher at the Project than estimated by 
the blade strike model in this study. 

Overall, turbine mortality at the Project is expected to be ‘Low’ for resident fish species, 
as most individuals that would be subject to turbine passage would be small-bodied fish 
and juveniles that lack the swimming abilities to escape intake velocities.  American eel 
on the other hand, may exhibit ‘Low’ turbine survival, based on blade strike model 
estimates, but survival could be ‘very high’ based on empirical studies performed at a 
hydroelectric project with very similar turbines and operation characteristics.  In either 
case, the overall effect on the panmictic population of American eel would be negligible 
to very minor at the Project because very few American eel reside upstream of Reusens 
dam. 
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Burak, Matthew

From: Burak, Matthew
Sent: Friday, February 26, 2021 10:17 AM
To: Scott Smith; David W. Sutherland; Tony Cario
Cc: Splenda, Jot; Jody Smet; Joyce Foster
Subject: Request for Consultation - Reusens Hydroelectric Project Desktop Entrainment Study
Attachments: P-2376_ Reusens_Target Species Consultation_Feb21.pdf

TrackingTracking: Recipient Delivery

Scott Smith

David W. Sutherland

Tony Cario

Splenda, Jot Delivered: 2/26/2021 10:17 AM

Jody Smet

Joyce Foster

Good Morning Resource Agency Representative, 
 
Please see the attached request for consultation regarding the desktop entrainment study for the Reusens Hydroelectric 
Project relicensing. 
 
Respectfully Submitted, 
(on behalf of Eagle Creek Reusens Hydro, LLC) 
 
Matthew Burak 
Fisheries Biologist, Energy 
 

 
 
Phone:  +1.518.727.5453 
Email:    matthew.burak@wsp.com 
 
WSP USA 
100 Summer Street, 13th Floor  
Boston, MA 02110 
 
wsp.com 
 
 



 

Eagle Creek Renewable Energy 

116 N. State Street, PO Box 167, Neshkoro, WI 54960-0167 

Tel: 920-293-4628 – Fax: 920-293-8087 

www.eaglecreekre.com 

 

 
February 26, 2021 
 
 
Re: Request for Consultation Regarding Target Species Selection for the Desktop 

Entrainment and Turbine Mortality Study; 
Reusens Hydroelectric Project (FERC Project No. 2376) 

 
 
Dear Resource Agency Representative: 
 
Eagle Creek Reusens Hydro, LLC (Reusens Hydro), a subsidiary of Eagle Creek Renewable 
Energy, is the current Licensee for the federally-licensed Reusens Hydroelectric Project 
(FERC Project No. 2376) (Project).  As you are aware Reusens, Hydro is relicensing the 
Project following the Federal Energy Regulatory Commission’s Traditional Licensing 
Process, and is currently implementing the Final Study Plan (FSP) that was distributed to 
stakeholders on July 21, 2020.   
 
The FSP for Study 3 - Desktop Entrainment and Turbine Mortality Study - requires Reusens 
Hydro to consult with you regarding the selection of target species and life-stages (study 
objective 3) that would subsequently undergo the entrainment and turbine mortality 
assessment.  The FSP specifically states that Reusens Hydro would seek concurrence from 
the resource agencies regarding the proposed target species for the study.  Therefore, 
Reusens Hydro respectfully requests your concurrence with the following target species for 
the desktop entrainment and turbine mortality study: 
 

• Bull chub • Channel catfish 
• Common Carp • Muskellunge 
• Gizzard shad • American eel 
• Shorthead redhorse • Northern hogsucker 
• Bluegill • Green sunfish 
• Smallmouth bass • Central Stoneroller  

 
To assist your review, the enclosed document provides a brief characterization of the 
existing fish community within the Project reservoir, and describes how Reusens Hydro 
derived the proposed target species.   
  



 

 

 

 

Eagle Creek Renewable Energy 

116 N. State Street, PO Box 167, Neshkoro, WI 54960-0167 

Tel: 920-293-4628 – Fax: 920-293-8087 

www.eaglecreekre.com 

 

Reusens Hydro would appreciate your response within two weeks from the date of this 
letter.  If there are any questions concerning this letter, please contact me at directly at 
Jody.Smet@eaglecreekre.com or (804) 739-0654. 
 
Respectfully Submitted, 
Eagle Creek Reusens Hydro, LLC 

 

Jody Smet 
Vice President Regulatory Affairs 
 
 
Enclosures: Target Species Selection Document 
 

mailto:Jody.Smet@eaglecreekre.com
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The fish community in the Project reservoir was sampled annually by VDWR from 2014 
through 2018 using boat electrofishing.  Table A-1 presents the results of VDWR’s fish 
sampling within the Project reservoir.  These data indicate that the fish assemblage of the 
Project reservoir is a warmwater fish community composed of 25 species in eight 
families.  Of the eight families, the sunfishes (61.8%), suckers (19.4%), catfishes (7.7%) 
and minnows (7.0%) comprise approximately 95 percent of the fish community.  Within 
these four families, smallmouth bass (30.3%), shorthead redhorse (10.8%), channel 
catfish (5.8%) and bull chub (3.3%) make up approximately 50 percent of the total catch.  
Of the 25 species documented in the Project area 15 are games species.  There are no 
species present in the Project area that are listed in the Virginia Wildlife Action Plan 
planning region (Region 2000) where the Project is located (Table A-1).1   

According to the FSP, the target species to be retained for entrainment and turbine 
mortality evaluations would be those of ecological significance or recreationally 
important that are a part of the existing fish community.  To determine those species that 
are ecological important, each species present were categorized into functional groups – 
species aggregations that function in the community in a similar way – based on habitat 
used and feeding habits (Li and Li, 2006).2  For this exercise habitat use was categorized 
based on the habitat guilds defined in Persinger et al. (2011)3- riffle, fast generalist, 
pool/run, and pool/cover.  Similarly, feeding habit was categorized for each species 
present in the Project reservoir based on whether the species is primarily a detritivore, 
herbivore, invertivore, piscivore, or planktivore following Miranda et al. 2019.4  
Information regarding habitat use and feeding habits was obtained from regional faunal 
guides and peer-reviewed literature.  

The above assignment to functional groups resulted in the species within the Project 
reservoir to be categorized into one of eight functional groups (Table A-2).  The most 
abundant species in each functional group was then retained as target species because that 
species is the most representative of the catch within the functional group.  If, however, 
the selected species in the functional group was not a game species, the most abundant 
game species within the functional group was also retained.  In addition, although not the 
most abundant game species in the Pool/Cover-Piscivore functional group the channel 
catfish and muskellunge, and American eel were also retained for the entrainment and 
turbine mortality assessment because of their recreational importance and unique 

 
1  Games species for this study were defined as those that are explicitly listed in VDWR’s 2021 Creel and Length 

Limits Regulations.  
2  Li, H.W, and J.L. Li. 2006. Role of Fish Assemblages in Stream Communities. In F.R. Hauer and G.A. Lamberti 

(Eds.). Methods in Stream Ecology, 2nd Edition (pp. 489-536). Academic Press. 
3  Persinger, J.W., D.J. Orth, A.W. Averett. 2011. Using habitat guilds to develop habitat suitability criteria for a 

warmwater stream fish assemblage.  River Research and Applications. 27: 956-966.  
4  Mirada, L.E., R.V. Granzotti, D.J. Dembkowski. 2019. Gradient in fish feeding guilds along a reservoir cascade. 

Aquatic Sciences. 81: 1-11. 
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catadromous life history.  This selection procedure produced 12 target species of 
ecological and recreational importance for the entrainment and turbine morality 
evaluation.  These species are: 

• Bull chub (Fast Generalist-Herbivore) 
• Common Carp (Pool/Cover-Detritivore) 
• Gizzard shad (Pool/Cover-Herbivore) 
• Shorthead redhorse (Pool/Cover-Invertivore) 
• Bluegill (Pool/Cover-Invertivore) 
• Smallmouth bass (Pool/Cover-Piscivore) 
• Channel catfish (Pool/Cover-Piscivore) 
• Muskellunge (Pool/Cover-Piscivore) 
• American eel (Pool/Cover-Piscivore) 
• Northern hogsucker (Pool/Run-Invertivore) 
• Green sunfish (Pool/Run-Piscivore) 
• Central Stoneroller (Riffle-Herbivore) 
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Table A-1: Fish taxa collected from the Project reservoir by VDWR from 2014 through 2018. 

Common Name 
Catch-per-Unit-Effort 
(CPUE; number/hour) Mean CPUE Game Species 

2014 2015 2016 2017 2018 

Anguillidae 

American eel 0 0 0 0 0 0.71 Yes 

Catostomidae 

Shorthead redhorse 33.9 34.2 30.9 7.7 0.0 21.3 No 

Golden redhorse 18.0 18.6 9.2 0.0 1.0 9.3 No 

Northern hogsucker 5.0 6.7 11.2 2.9 12.5 7.6 No 

Centrarchidae 

Smallmouth bass 71.8 52.0 83.6 30.7 60.6 59.7 Yes 

Bluegill 29.9 31.2 7.2 20.2 3.8 18.5 Yes 

Rock bass 14.0 26.0 21.7 24.0 1.0 17.3 Yes 

Green sunfish 25.9 8.2 2.0 2.9 0.0 7.8 Yes 

Spotted bass 10.0 8.9 7.9 5.8 8.7 8.2 Yes 

Redbreast sunfish 13.0 5.2 8.6 7.7 1.0 7.1 Yes 

Largemouth bass 5.0 1.5 0.7 3.8 0.0 2.2 Yes 

Pumpkinseed sunfish 0.0 0.0 0.0 1.9 0.0 0.4 Yes 

Redear sunfish 0.0 1.5 0.0 0.0 0.0 0.3 Yes 

Black crappie 1.0 0.7 0.7 0.0 0.0 0.5 Yes 

Clupeidae 

Gizzard shad 2.0 0.0 4.6 19.2 0.0 5.2 No 

Cyprinidae 

Common carp 22.0 0.0 0.0 0.0 0.0 4.4 No 
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Common Name 
Catch-per-Unit-Effort 
(CPUE; number/hour) Mean CPUE Game Species 

2014 2015 2016 2017 2018 

Shiner telescope 10.0 0.0 0.0 0.0 0.0 2.0 No 

Bull chub 2.0 5.2 11.8 3.8 9.6 6.5 No 

Central stoneroller 1.0 1.5 0.7 0.0 0.0 0.6 No 

Fallfish 1.0 0.0 0.0 0.0 0.0 0.2 No 

Shiner spottail 1.0 0.0 0.0 0.0 0.0 0.2 No 

Esocidae 

Muskellunge 1.0 3.0 0.7 1.9 1.9 1.7 Yes 

Ictaluridae 

Channel catfish 6.0 17.1 13.2 17.3 3.8 11.5 Yes 

Flathead catfish 2.0 5.9 2.6 5.8 1.9 3.7 Yes 

Lepisosteidae 

Longnose gar 1.0 1.5 0.0 0.0 0.0 0.5 Yes 

1.  The value presented is from 2019 only.  No American eel were collected within the Project reservoir from 2014 through 2018. 
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Table A-2: Functional groups and their respective species in the Project reservoir. 

Species Mean CPUE 
(number/hour) Game Species 

Fast Generalist-Invertivore 

Bull chub* 6.5 No 

Fallfish 0.2 No 

Pool/Cover-Detritivore 

Common carp* 4.4 No 

Pool/Cover-Herbivore 

Gizzard shad* 5.2 No 

Pool/Cover-Invertivore 

Shorthead redhorse* 21.3 No 

Bluegill* 18.5 Yes 

Golden redhorse 9.3 No 

Redbreast sunfish 7.1 Yes 

Pumpkinseed sunfish 0.4 Yes 

Redear sunfish 0.3 Yes 

Shiner spottail 0.2 No 

Pool/Cover-Piscivore 

Smallmouth bass* 59.7 Yes 

Rock bass 17.3 Yes 

Channel catfish* 11.5 Yes 

Spotted bass 8.2 Yes 

Flathead catfish 3.7 Yes 

Largemouth bass 2.2 Yes 

Muskellunge* 1.7 Yes 

American eel* 0.7 Yes 

Longnose gar 0.5 Yes 

Black crappie 0.5 Yes 

Pool/Run-Invertivore 

Northern hogsucker* 7.6 No 

Shiner telescope 2.0 No 

Pool/Run-Piscivore 

Green sunfish* 7.8 Yes 

Riffle-Herbivore 
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Central stoneroller* 0.6 No 

“*” indicates selected as a target species. 
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4.0 BASELINE WATER QUALITY MONITORING STUDY

4.1 Introduction

Eagle Creek Reusens Hydro, LLC (Reusens Hydro), a subsidiary of Eagle Creek
Renewable Energy, is licensed by the Federal Energy Regulatory Commission (FERC) to
operate the 12.5 megawatt (MW) Reusens Hydroelectric Project (Project; FERC No.
2376) located on the James River in Amherst and Bedford Counties, Virginia.  The
Project is currently undergoing relicensing following the Traditional Licensing Process
(TLP).  In accordance with the TLP process, Reusens Hydro received study requests from
the Virginia Department of Game and Inland Fisheries,1 and the U.S. Fish and Wildlife
Service (FWS).  No resource agency or stakeholder requested that Reusens Hydro
perform a baseline water quality monitoring study, but Reusens Hydro nonetheless
proposed to perform such a study in the Draft Study Plan (DSP).2  Comments on the
Draft Baseline Water Quality Monitoring Study Plan were received from the Virginia
Department of Environmental Quality (VDEQ).  As a result, Reusens Hydro prepared a
Final Study Plan (FSP) to address VDEQ’s comments on the DSP.  The FSP serves as the
guidance document on how to achieve the goals and objectives of the baseline water
quality monitoring study.3  This report provides the results of the baseline water quality
monitoring study performed in accordance with the FSP.

Goals and Objectives

The goals of the study are to 1) collect baseline water temperature, dissolved oxygen, and
pH data to document the existing water quality conditions in the Project area; and 2)
determine whether the water quality of Project-effected reaches of the James River are
consistent with Virginia water quality standards and designated uses. To accomplish
these goals the study had the following objectives:

1) Collect continuous baseline water temperature and dissolved oxygen data at
representative locations within a riverine area of the upper reservoir, forebay area,
and tailrace from June 1 through October 31;

2) Collect on a bi-weekly basis vertical profiles of water temperature and dissolved
oxygen within the forebay area to determine whether the Project reservoir
undergoes thermal and dissolved oxygen stratification from June 1 through
October 31;

1 As of July 1, 2020 the Virginia Department of Game and Inland Fisheries has been renamed the Virginia
Department of Wildlife Resources (VDWR).
2 The DSP was distributed to the resources agencies and stakeholders for review and comment on March 26, 2020.
A copy of the DSP is enclosed as an Attachment to the license application.
3 The FSP was distributed to the resources agencies and stakeholders on July 21, 2020. A copy of the FSP is
enclosed as an Attachment to the license application.
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3) Collect on a bi-weekly basis within the forebay area, Secchi disk transparency
measurements to document the depth of the euphotic zone and trophic state of
Reusens reservoir;

4) Collect on a monthly basis single grab measurements of pH at the upstream
riverine and tailwater areas, and a vertical profile of pH within the forebay area;

5) Collect on a monthly basis integrated nutrients and chlorophyll-a samples within
the forebay area;

6) Characterize the baseline water quality data collected in Project area;
7) Analyze the baseline water quality data in comparison to Virginia surface water

quality standards, inflow, and Project operations (headwater and tailwater
elevation (ft), and generation (cfs and kW).

4.2 Methods

Study Area

The Project is located on the James River in Amherst and Bedford Counties, Virginia.
The James River originates in the Allegheny Mountains at the confluence of the Jackson
and Cowpasture rivers near Clifton Forge, Virginia, and flows in a general east-southeast
direction, approximately 252 miles, until it’s confluence with the Chesapeake Bay. The
James River itself has a drainage area of approximately 10,060 square miles,
approximately 33 percent of which is upstream of the Project. The Project is situated at
approximately 256 river miles upstream of the river’s confluence with the Chesapeake
Bay.  It is situated between the Holcomb Rock Hydroelectric Project (FERC No. 2901)
and the proposed Scott’s Mill Hydroelectric Project (FERC No. 14867) at the Lynchburg
Dam.  Figure 4.2.1-1 shows the location of the Project relative to neighboring
hydropower projects as well as Project specific features.

The Project is licensed to operate as a traditional hydropower facility that can store and
release flows to meet electrical demands.  The Project has a maximum generating and
hydraulic capacity of 12.5 MW and 6,460 cfs, respectively.  The Project features include
the Reusens Dam, two powerhouses (A and B), an auxiliary spillway, reservoir, and
tailrace.  The current license permits Reusens Hydro to fluctuate the reservoir between
547.0 and 550.7 feet NGVD29.  Reusens Hydro discharge is dependent on inflow from
the Holcomb Rock Hydroelectric Project upriver.  Reusens Hydro maintains the current
average hourly minimum flow requirement of 333 cfs, or the inflow, whichever is less
either through the turbine units or dam spillway gates.

The spatial extent of the baseline water quality monitoring study includes the upper
reservoir, forebay and tailrace areas of the Project (Figure 4.2.1-2).  At the forebay
station, water temperature and dissolved oxygen were continuously monitored. Also at
the forebay station, grab pH measurements, vertical profiles, nutrient and chlorophyll-a
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sampling were performed.  At the upper reservoir and tailrace locations, only continuous
water temperature and dissolved oxygen monitoring and grab pH measurements were
collected.

Data Collection

Weather, Flow, and Operations

Weather data, which included air temperature (°C) and precipitation (cm), were obtained
from NOAA Station USW00013733 at the Lynchburg Regional Airport, approximately
10 miles south of the Project.  In addition, hourly flow, pond level, and Project operations
data were also obtained from Reusens Hydro for the study period.

Continuous Water Temperature and Dissolved Oxygen Monitoring

Water temperature (°C) and dissolved oxygen (mg/L; percent saturation) were collected
at continuous 15-minute intervals from June 4 through October 31 using U26-001
HOBO® Dissolved Oxygen Loggers (Onset Computer Corporation), at representative
locations within the Project forebay (RWQ-FB) and tailrace (RWQ-TR) areas and at a
location within the upper reservoir (RWQ-US; Figure 4.2.1-2).  These instruments were
installed and maintained on a near bi-weekly basis in accordance with the methods and
procedures provided in the FSP.

Water Temperature and Dissolved Oxygen Vertical Profiles

Concurrent with the maintenance of the continuous dataloggers, a recently-calibrated YSI
ProSolo water quality meter equipped with water temperature and optical dissolved
oxygen sensors was used to collect vertical profiles of water temperature (°C) and
dissolved oxygen (mg/L; percent saturation), in the forebay area (Figure 4.2.1-2).  The
vertical profiles were collected starting at the water surface (0.3 m below the water
surface), and lowering the instrument at 1.0-meter depth increments until the instrument
reached 0.5 m above the reservoir bottom.  Readings at each depth interval were allowed
to stabilize before a measurement was recorded and before proceeding to the next depth
increment.  Replicate readings were also recorded at a random depth interval selected a
priori.

pH Monitoring

A recently calibrated YSI 556 equipped with a pH sensor and 20 m data cable was used
to collect a vertical profile at the forebay station following the procedure described above
for the water temperature and dissolve oxygen profile. In addition, grab measurements of
pH were also collected at the upstream and tailrace stations once per month over the
duration of the study period.
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Secchi Disk Transparency

Secchi disk measurements are used to estimate the euphotic zone depth, which is
generally defined as two times the Secchi disk depth. These measurements were collected
at the forebay station, concurrent with the maintenance of the deployed continuous data
loggers and collection of vertical profiles.  The Secchi disk depth measurements were
collected following EPA (2017) as detailed in the FSP.  Secchi disk data recorded include
disappearance depth, reappearance depth, and euphotic zone depth.

Nutrient and Chlorophyll-a Sampling

Water samples for nutrient analysis were collected at the forebay location once per month
over the study period using a thoroughly rinsed “integrated sampler” following the
methods described in EPA (2017).  Based upon the euphotic depth determined by the
Secchi disk measurements, the integrated sampler was used to collect a water sample to
the depth of the euphotic zone or 2 m if the euphotic zone depth was greater than 2 m.
The water sample was then poured into a thoroughly rinsed bucket and decanted into pre-
labelled sample bottles, placed on ice, and transported to the laboratory under a chain-of-
custody for analysis.  The water samples were analyzed by Pace Analytical of Raleigh,
NC for total Kjeldahl nitrogen (TKN), nitrate+nitrite, total nitrogen (TN), total
phosphorus (TP), total orthophosphorus (TOP), and chlorophyll-a.  Table 4.2.2-1 presents
the laboratory analysis method and reporting limits for the above analytes.

Data Management, QA/QC, and Correction

All data from the continuous deployed dataloggers were offloaded to a field laptop using
a HOBO Base Station (Onset Computer Corporation).  Data collected from the vertical
profile were recorded on the instruments internal memory and transposed onto field
datasheets.  Data were subsequently input into a spreadsheet database for subsequent
quality assurance/quality control and analysis.

The FSP describes the data quality targets for the continuous dataloggers and side-by-side
comparisons with YSI ProSolo water temperature and dissolved oxygen meter.  Overall,
actual measurements collected by the continuous dataloggers, obtained pre- and post-
deployment in comparison to the recently calibrated YSI ProSolo water temperature and
dissolved oxygen meter, typically had a relative percent difference (RPD) of ≤ 10
percent.  There were three instances when the RPD of the post-deployment readings
between the data loggers and the handheld meter exceeded 10 percent.  The deployment
intervals, side-by-side readings, and RDP are presented in Tables A-1 and A-2 of
Appendix A.  Data of the continuous time series were corrected using the side-by-side
readings with the Dissolved Oxygen Assistant within HOBOware Pro (ver. 3.7.21; Onset
Computer Corporation).  After these corrections, all deployment intervals had a RPD of ≤
10 percent and were retained for additional quality assurance/quality control review.
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After review of the entire corrected dataset for outliers or other aberrant measurements,
90.97 to 99.98 percent of the data passed the quality assurance/quality control (QA/QC)
process and were retained for subsequent analyses.  The 0.02 to 9.03 percent that were
rejected and not included in subsequent analyses were attributed to readings taken while
servicing the instruments, while the instrument was acclimating after redeployment,
biofouling, or out of water readings due to unauthorized s activity.  Table A-3 of
Appendix A presents the results of the overall review of the continuous dataset.

Data Analysis

All data were analyzed and plotted using MS Excel or the statistical software package R
with the base R and the doBy packages (R Core Team, 2016; Højsgaard and Halekoh,
2016).  Data in the final water quality dataset were analyzed by calculating basic
summary statistics (maximum, minimum, mean, and median) and plotted as time series to
characterize existing water temperature, dissolved oxygen, and pH levels of the study
area, provide a comparison of water quality trends with project operations, and evaluate
consistency with the Commonwealth of Virginia Surface Water Quality Standards.
Applicable water quality standards and designated uses are presented in Table 4.2.4-1.

Variances to the Study Plan

The FSP stated that data collection would commence June 1, 2020.  However, a high
flow event in late May 2020 resulted in the boat barrier at the Project breaking and the
dam spilling.  Data collection was delayed until June 4, 2020 when Reusens Hydro was
able to deploy the data logging equipment under safe conditions .

The FSP also states that pH vertical profiles would be collected in the forebay area once
per month.  No pH vertical profile was collected during the month of June due to…..
Therefore, only pH in the forebay area was only collected by a grab sample of the surface
water.

The FSP stated that weather data from NOAA weather station US1VALYC007, which is
located 2.1 miles WSW of the Project, would be used to provide a context under which
the water quality data would be collected.  However, NOAA weather station
US1VALYC007 does not have air temperature data for the study period; therefore,
NOAA weather station USW00013733 at the Lynchburg Regional Airport was selected
to provide the area weather data.

A goal of the FSP was to compare the water quality data with headwater, tailwater, and
turbine discharge. However, the Project does not have the ability to continuously record
headwater, tailwater, and turbine discharge at a time-step comparable to the continuously
monitored water quality data.  Therefore, the analysis of Project operations was made
only with Project generation.
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Table 4.2.2-1. Nutrient and chlorophyll-a laboratory analysis methods and
reporting limits.

Analyte Analysis Method Reporting Limit

Orthophosphate as P SM 4500-P E-2011 0.050 mg/L

Chlorophyll-a SM10200 5.0 mg/m3

Total Kjeldahl Nitrogen EPA 351.2 Rev 2.0 1993 0.50 mg/L

Nitrate (NO3) + Nitrite (NO2) EPA 353.2 Rev 2.0 1993 0.04 mg/L

Total Nitrogen Calculation of TKN+NO3+NO2 0.52 mg/L

Total Phosphorus EPA 365.1 Rev 2.0 1993 0.05 mg/L
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Table 4.2.4-1. Applicable state surface water quality standards and designated uses
for the James River in the vicinity of the Project.

Parameter Administrative Code Description of Criteria

Numeric Criteria

Water Temperature

9VAC25-260-50 Maximum not to exceed 32°C

9VAC25-260-60

Any rise above natural temperature1 shall not
exceed 3°C except in the case of Class VI waters
(natural trout waters), where it shall not exceed
1°C. However, the State Water Control Board can,
on a case-by-case basis, impose a more stringent
limit on the rise above natural temperature.

9VAC25-260-70

The maximum hourly temperature change shall not
exceed 2°C, and shall apply beyond the boundaries
of mixing zones2 and are in addition to temperature
changes caused by natural conditions.

Dissolved Oxygen 9VAC25-260-50 Instantaneous minimum not less than 4.0 mg/L and
the daily average no less than 5.0 mg/L.

pH VAC25-260-50 No less than 6.0 and not greater than 9.0

Designated Uses

Designation of Uses 9VAC25-260-10

All state waters, including wetlands, are designated
for the following uses: recreational uses, e.g.,
swimming and boating; the propagation and
growth of a balanced, indigenous population of
aquatic life, including game fish, which might
reasonably be expected to inhabit them; wildlife;
and the production of edible and marketable
natural resources, e.g., fish and shellfish.

1. “Natural temperature” is defined as that temperature of a body of water (measured as the arithmetic average
over one hour) due solely to natural conditions without the influence of any point-source discharge.

2. "Mixing zone" means a limited area or volume of water where initial dilution of a discharge takes place and
where numeric water quality criteria can be exceeded but designated uses in the waterbody on the whole are
maintained and lethality is prevented.
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Figure 4.2.1-1. Location of the Project and Project features.
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Figure 4.2.1-2. Locations of the water quality monitoring stations.
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4.3 Results

Weather, Flow, and Operations

Water quality monitoring at the Project commenced in early June 2020 when air
temperatures averaged between 15.7 and 27.5°C (Figure 4.3.1-1).  Over the study period
air temperatures fluctuated on average approximately 12°C on a daily basis.  Generally,
air temperature reached a maximum in mid-July 2020, then progressively decreased
through the end of the study period.  A total of 82.6 cm of rain fell in the area over the
study period.  Measurable precipitation events occurred throughout the study period
(Figure 4.3.1-2).

Figure 4.3.1-3 presents the hydrograph of the James River at the Project dam.  Over the
duration the of the study, mean daily flows never fell below 1,000 cfs or exceeded 40,000
cfs.  Several large rain events resulted in peak discharges in mid-June, late August, early-
September and late-October.  The lowest flow in the river occurred in mid to late-July
and again around mid to late-September.  At no point during the summer or study period
did river flows near the estimated 7Q10 flow of 428 cfs.4

Figure 4.3.1-4 shows Project generation throughout the study period.  Generation
typically fluctuated between 2.0 and 4.0 MW, and during the study period the Project
generated 98 percent of the time using one or two units; the remaining two percent of the
time the Project did not generate.  Of the time the Project generated,, one unit operated 50
percent of the time while two units operated 48 percent of the time.  With one unit
operating, the average generation output was 2.0 MW, while with two units operating, the
average generation output was 3.6 MW.

Water Temperature

Figure 4.3.2-1 illustrates the temporal and spatial trend of the continuous water
temperature dataset, respectively.  The overall water temperatures among the upper
reservoir, forebay, and tailrace areas over the study period generally correlate with
similar temporal and diel warming and cooling trends.  Over the duration of the study,
water temperatures generally exhibit a typical warming trend in the summer and cooling
in the fall, but also appear to be highly influenced by precipitation events.  For instance, a
rain event in mid-June with approximately 11 cm of rainfall in the Project area correlated
to an increase in  river flows and a rapid  decrease in water temperatures of nearly 10°C
(Figure 4.3.1-2; Figure 4.3.2-2).  Similar trends are observed in mid-August and early-
September.  Only when there were prolonged periods of little to no rain or substantial

4 USGS (2011) estimated the 7Q10 flow at the USGS 02025500 James River at Holcomb Rock, VA flow gage to be
424 cfs.  Prorated by 1.01, to account for the intervening drainage between the gage and the dam, the 7Q10 flow at
the Project dam is approximately 428 cfs.
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changes in flow did water temperature exhibit a longitudinal trend of warming, such that
slightly cooler water temperatures occurred at the upper reservoir station and slightly
warmer water temperatures occurred at the downstream forebay and tailrace stations.
This trend is apparent from July 5 through August 8, and from September 11 through
October 22, with a typical warming of < 0.5°C in flows from the upper reservoir to the
forebay and tailrace. Among the three stations, water temperatures peaked in mid- to late-
July and were at their lowest at the conclusion of the study in late-October.

Table 4.3.2-1 presents summary statistics by month for the continuous water temperature
dataset.  Maximum water temperatures ranged from 30.8 to 31.7°C, and minimum
temperatures ranged from 14.2 to 14.7°C.  On average, monthly water temperatures
ranged between 17.2 to 29.1°C.

Figure 4.3.2-2 presents water temperature vertical profiles collected within the Project
forebay area during the study period.  These vertical profiles indicate the water column in
the Project forebay was generally thermally uniform with some slight surface warming,
but was not strong enough to result in any thermal stratification through the study period.

Dissolved Oxygen

Figure 4.3.3-1 and Figure 4.3.3-2 show the temporal and diel trend of dissolved oxygen
concentrations (mg/L) and levels (percent saturation) in the Project’s upper reservoir,
forebay and tailrace during the study period, respectively.  Concentrations and percent
saturation levels exhibited a similar pattern throughout the study area among the three
sampling locations.  For instance, dissolved oxygen concentrations began to slowly
decline at the beginning of the study period, but then increased rapidly as a result of a
rain event that increased river flows and substantially decreased water temperatures.  This
observed trend is likely due to the inverse relationship between oxygen solubility in water
and temperature.  During July through mid-August, however, dissolved oxygen
concentrations and levels were at their maximum within the forebay and tailrace areas,
whereas they were at their lowest within the upper reservoir.  This is likely due to
increased levels of primary production, as indicated by the high concentrations of
chlorophyll-a in mid-July within the forebay, and those waters being passed down river
(see section 4.3.5 Secchi Transparency, Nutrients, and Chlorophyll-a).  This postulate is
further substantiated by the highest pH levels recorded in those areas over the study
period (see section 4.3.4 pH).  From mid-August through the end of the study period
dissolved oxygen concentrations gradually increased, whereas percent saturation
remained relatively consistent.  During this time period, concentrations and levels were
consistently higher within the upper reservoir than the forebay and tailrace areas.

Summary statistics for the continuous dissolved oxygen dataset are presented in Table
4.3.3-1.  Over the study period dissolved oxygen concentrations ranged between 6.0 to
13.8 mg/L (80.7 to 189.6 percent saturation), with average monthly levels that ranged
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between 7.7 and 9.6 mg/L (97.0 to 100.8 percent saturation) among the study stations.  In
July, when it was observed that dissolved oxygen concentrations were lower in the upper
reservoir than downstream areas, the monthly average dissolved oxygen concentrations
were approximately 0.4 to 1.5 mg/L lower.  Conversely, upper reservoir concentrations
were approximately 0.7 mg/L greater than those of the forebay and tailrace through
September and October.

Figures 4.3.3-3 and 4.3.3-4 provide the results of the dissolved oxygen concentration and
percent saturation levels throughout the water column of the forebay area during the
study period.  These data collectively indicate that dissolved oxygen concentrations and
percent saturation levels throughout the water column are well-oxygenated, are generally
uniform over the study period, and reflect similar values measured by the continuous data
loggers.  However, in July, dissolved oxygen concentrations and percent saturation levels
demonstrated a clinograde oxygen profile typical of eutrophic lakes and reservoirs such
that high levels occur within the epilimnion and rapid oxygen consumption occurs within
the metalimnion.

pH

The monthly discrete pH sampling indicates that the waters of the Project’s upper
reservoir, forebay and tailrace areas are slightly basic (Table 4.3.4-1).  pH levels of the
Project area range between 7.9 to 8.6, and are generally at their highest in July (Table
4.3.4-1).  Overall, the average pH of the water quality monitoring stations was 8.2 during
the study period.

Figures 4.3.4-1 provide the results of pH levels throughout the water column of the
forebay area over the study period.  These data indicate that pH levels within the forebay
are slightly basic.  These data also indicate that pH is likely affected by high level of
primary production, as indicated by chlorophyll-a, in July and August.

Secchi Transparency, Nutrients, and Chlorophyll-a

Secchi depth measurements were collected during each visit to the forebay water quality
monitoring station to determine the depth of the euphotic zone and to support the
collection of nutrient and chlorophyll-a samples and an analysis of the trophic state of the
Project reservoir.  In summary, the Secchi depth measurements indicate that the euphotic
zone average depth is approximately 2.5 m, but can be as shallow as 1.0 m and as deep as
3.6 m (Table 4.3.5-1).

The results of the nutrient and chlorophyll-a samples were collected concurrently with
and at the same location as Secchi depth measurements and are represented in Table
4.3.5-2.  Over the duration of the study levels of chlorophyll-a, orthophosphate, and total
phosphorus were mostly below the analysis method reporting limit, but all of the samples
for nitrate+nitrite and total nitrogen were measured at detectable levels. Overall,
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chlorophyll-a levels ranged from below the reporting limit to 14.6 mg/m, nitrate+nitrite
levels ranged from 0.11 to 0.28 mg/L, orthophosphate was undetected by the analysis
method, total Kjeldahl nitrogen ranged from 0.58 to 0.83 mg/L, total nitrogen ranged
from 0.56 to 1.10 mg/L, and total phosphorus like orthophosphate was undetected by the
analysis method.

Table 4.3.5-3 presents the result of the trophic state analysis of the Project reservoir.
Overall, the trophic state of the Project reservoir based on Secchi depth, chlorophyll-a
and total phosphorus measures ranged between mesotrophic to eutrophic during the study
period, with trophic state index values ranging from 39.6 to 67.4 (Table 4.3.5-3).
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Table 4.3.2-1. Summary statistics of the continuous water temperature (°C) dataset.

Statistic
Month

Jun Jul Aug Sep Oct

Upstream
(RWQ-US)

Minimum 15.9 24.3 21.0 17.8 14.2

Maximum 26.4 30.9 28.9 19.5 19.5

Mean 21.8 28.3 25.8 21.5 17.2

Median 22.3 28.4 26.4 22.3 17.4

Forebay
(RWQ-FB)

Minimum 16.0 24.5 21.4 18.2 14.6

Maximum 26.8 30.8 29.6 25.1 21.2

Mean 22.2 28.6 26.1 21.9 17.5

Median 22.6 28.6 26.6 22.8 17.6

Tailrace
(RWQ-TR)

Minimum 16.1 24.1 21.5 18.5 14.7

Maximum 27.0 31.7 29.9 25.2 20.8

Mean 22.2 29.1 26.4 21.7 17.6

Median 22.7 29.3 27.2 22.8 17.6
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Table 4.3.3-1. Summary statistics of the continuous dissolved oxygen concentration
(mg/L) and percent saturation (in parentheses) dataset.

Statistic
Month

Jun Jul Aug Sep Oct
Upstream

(RWQ-US)

Minimum 7.8
(92.7)

6.5
(86.3)

7.2
(91.0)

7.8
(92.2)

8.5
(89.4)

Maximum 11.2
(118.1)

9.0
(121.9)

9.5
(110.1)

10.0
(110.5)

11.1
(117.5)

Mean 9.1
(105.3)

7.9
(103.6)

8.1
(101.7)

8.8
(100.7)

9.6
(100.8)

Median 8.8
(104.5)

7.8
(102.9)

8.1
(101.1)

8.7
(100.9)

9.5
(101.0)

Forebay
(RWQ-FB)

Minimum 7.5
(90.2)

6.2
(80.7)

6.0
(78.4)

6.5
(77.8)

8.0
(84.6)

Maximum 10.7
(117.1)

11.4
(155.1)

9.4
(115.0)

9.3
(106.2)

10.6
(105.7)

Mean 9.0
(104.9)

8.4
(110.5)

7.7
(97.0)

8.1
(94.0)

9.0
(95.6)

Median 8.9
(104.9)

8.3
(107.6)

7.6
(96.8)

8.2
(94.4)

9.01
(95.7)

Tailrace
(RWQ-TR)

Minimum 6.9
(94.3)

6.7
(90.2)

6.8
(86.6)

7.2
(87.8)

7.3
(79.1)

Maximum 11.2
(130.9)

13.8
(189.6)

9.6
(125.1)

9.1
(105.8)

10.4
(109.1)

Mean 9.0
(105.7)

9.5
(126.8)

8.0
(100.6)

8.5
(97.9)

9.1
(96.5)

Median 9.0
(105.2)

9.4
(124.7)

7.9
(99.7)

8.5
(97.8)

9.1
(97.1)
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Table 4.3.4-1. pH levels of the Project area during the study period.

Station
Month

Jun Jul Aug Sep Oct

RWQ-US1 – 8.2 8.2 8.1 8.3

RWQ-FB 8.2 8.6 8.3 8.0 8.2

RWQ-TR 8.3 8.5 8.2 7.9 8.1

1. “-“ indicates no pH reading was taken for the station and month.
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Table 4.3.5-1. Secchi Disk depth and euphotic zone measurements collected
within the Project’s forebay area during the study period.

Date
Disappearance

Depth
(m)

Reappearance
Depth

(m)

Euphotic Zone
Depth

(m)

6/2/2020 1.70 1.80 3.60

6/29/2020 1.50 1.30 2.60

7/15/2020 1.25 1.10 2.20

7/30/2020 1.45 1.40 2.80

8/12/2020 1.60 1.55 2.10

8/18/20201 0.60 0.50 1.00

8/28/2020 1.13 1.15 2.30

9/9/2020 1.15 1.10 2.20

9/22/2020 1.10 1.00 2.00

10/7/2020 1.55 1.45 2.90

10/21/2020 1.70 1.80 3.60

Minimum 0.60 0.50 1.00

Maximum 1.70 1.80 3.60

Mean 1.37 1.31 2.54
1.  Measurement occurred following a high flow event on the falling limb of the hydrograph.
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Table 4.3.5-2. Results of nutrient and chlorophyll-a samples collected within
the Project’s forebay area during the study period.

Date Chlorophyll-a
(mg/m3)

Nitrate +
Nitrite
(mg/L)

Ortho-
phosphate

(mg/L)

Total
Kjeldahl
Nitrogen
(mg/L)

Total
Nitrogen
(mg/L)

Total
Phosphorus

(mg/L)

6/2/2020 5.5 0.23 ND ND 0.67 ND

7/15/2020 14.6 0.11 ND ND 0.59 ND

8/18/2020 ND 0.28 ND 0.83 1.10 ND

9/9/2020 ND 0.21 ND 0.58 0.79 ND

10/7/2020 ND 0.11 ND ND 0.56 ND

Minimum ND 0.11 ND 0.58 0.56 ND

Maximum 14.6 0.28 ND 0.83 1.10 ND

Mean1 5.5 0.19 0.03 0.43 0.74 0.03
1. Where a sample was not detected by the analysis method for a respective parameter, half the reporting

limit (see Table 4.2.2-1) was used in the calculation of the mean.
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Table 4.3.5-3. Trophic state of the Project reservoir during the study period based on Secchi disk depth
measurements, and chlorophyll-a and total phosphorus concentrations.1

Date

Secchi Disk Chlorophyll-a Total Phosphorus

Disappearance
Depth

(m)

TSI
Value1

Trophic
State

Result
(mg/m3)

TSI
Value2

Trophic
State

Result
(mg/L)

TSI
Value2

Trophic
State

6/2/2020 1.70 52.4 Eutrophic 5.5 47.3 Mesotrophic ND 50.6 Eutrophic

6/29/2020 1.50 54.2 Eutrophic – – – – – –

7/15/2020 1.25 56.8 Eutrophic 14.6 56.9 Eutrophic ND 50.6 Eutrophic

7/30/2020 1.45 54.6 Eutrophic – – – – – –

8/12/2020 1.60 53.2 Eutrophic – – – – – –

8/18/20203 0.60 67.4 Eutrophic ND 39.6 Mesotrophic ND 50.6 Eutrophic

8/28/2020 1.13 58.2 Eutrophic – – – – – –

9/9/2020 1.15 58.0 Eutrophic ND 39.6 Mesotrophic ND 50.6 Eutrophic

9/22/2020 1.10 58.6 Eutrophic ND 39.6 Mesotrophic – – –

10/7/2020 1.55 53.7 Eutrophic ND 39.6 Mesotrophic ND 50.6 Eutrophic

10/21/2020 1.70 52.4 Eutrophic – – – – – –

Mean 1.37 56.0 Eutrophic 5.5 47.3 Mesotrophic 0.03 50.6 Eutrophic
1. Where the laboratory analysis method did not detect the parameter, half the reporting limit specified in Table 4.2.2-1 was used for the TSI

calculation.
2. The calculation is based on the disappearance depth.
3. Samples collected during the falling limb on the hydrograph preceeding a high flow event.
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Figure 4.3.1-1. Daily mean, maximum, and minimum air temperatures in the
Project area during the study period.
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Figure 4.3.1-2. Daily precipitation total in the Project area throughout the study
period.
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Figure 4.3.1-3. James River flow at the Project dam during the study period based
on flows recorded at the USGS 02025500 James River at Holcomb
Rock, VA prorated by 1.01 to account for the intervening draining
between the gage and the dam.
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Figure 4.3.1-4. Project operations throughout the study period.
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Figure 4.3.2-1. Instantaneous water temperatures (°C) of the Project’s upper impoundment, forebay, and tailrace
during the study period.
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Figure 4.3.2-2. Water temperature vertical profiles collected in the forebay area of
the Project.
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Figure 4.3.3-1. Dissolved oxygen concentrations (mg/L) within Project’s upper impoundment, forebay, and tailrace
during the study period.
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Figure 4.3.3-2. Dissolved oxygen levels (percent saturation) within the Project forebay, upper reservoir and tailrace
during the study period.
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Figure 4.3.3-3. Dissolved oxygen concentration (mg/L) vertical profiles collected in
the forebay area of the Project.
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Figure 4.3.3-4. Dissolved oxygen percent saturation vertical profiles collected in the
forebay area of the Project.
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Figure 4.3.4-1. pH vertical profiles collected in the forebay area of the Project.
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4.4 Consistency with State Surface Water Quality Standards

Water Temperature

The consistency analysis with state surface-water quality standards for water temperature
was based on an hourly average time-series developed from the continuous water
temperature dataset.  The hourly average time-series was developed by computing the
arithmetic average of the water temperatures over one hour for each time-step.  The
resulting hourly-averaged dataset is presented in Figure 4.4.1-1.  These data were visually
examined to determine if at any point during the study period had the water temperature
at any of the three monitoring stations exceeded 32°C.  At no point over the duration of
the study did the water temperature equal or exceed 32°C (Figure 4.4.1-1).

The evaluation of whether there was a rise above the natural temperature by more than
3°C as a result of Project operations was performed by comparing the average hourly
temperature change from the upper reservoir to the tailrace and from the forebay to the
tailrace.  Figure 4.4.1-2 presents these temperature differences between the stations over
the study period.  Overall, the water temperature change from the upper reservoir and
forebay to the tailrace was less than 1.0°C and 1.2°C, respectively.  Therefore, as water
flows from the upper reservoir and through the Project, a rise above the natural water
temperature greater than 3°C is unlikely.

To evaluate whether or not the maximum hourly water temperature change had exceeded
2°C within the mixing zone of the tailrace, the difference in hourly time-step of the
hourly average time-series was computed.  The resulting time-series is presented in
Figure 4.4.1-3.  Collectively, these data indicate the maximum hourly change in water
temperature over the study period was 1.5°C.  Therefore, maximum hourly water
temperature change within the mixing zone of the Project’s tailrace is consistent with
State surface water quality standards.

Dissolved Oxygen

Table 4.4.2-1 presents the instantaneous minimum and the minimum daily average
dissolved oxygen concentration by month observed within the upper reservoir, forebay,
and tailrace areas based on the continuous dissolved oxygen dataset.  Overall, minimum
dissolved oxygen levels never fell below 6.0 mg/L, and the minimum daily average never
fell below 6.8 mg/L.  Therefore, dissolved oxygen concentration within the Project area
over the study period was consistent with State surface water quality standards.

pH

The State surface water quality standard for pH is presented in Table 4.2.4-1 - the pH of
surface waters shall be no less than 6.0 and not greater than 9.0.  The discrete pH data
collected during the study and during the vertical profiles indicate that pH never fell
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below 6.0 or rose above 9.0 (Table 4.3.4-1; Figures 4.3.4-1).  Therefore, existing pH
levels in the Project area are consistent with State surface water quality standards.
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Table 4.4.2-1. Instantaneous and minimum daily average dissolved oxygen
concentration at the upstream reservoir, forebay, and tailrace water
quality monitoring stations.

Statistic
Month

Jun Jul Aug Sep Oct
Upstream

(RWQ-US)
Instantaneous
Minimum 7.8 6.5 7.2 7.8 8.5

Minimum
Daily Average 8.3 7.4 7.7 8.2 8.7

Forebay
(RWQ-FB)

Instantaneous
Minimum 7.5 6.2 6.0 6.5 8.0

Minimum
Daily Average 8.0 6.8 7.0 7.0 8.2

Tailrace
(RWQ-TR)

Instantaneous
Minimum 6.9 6.7 6.8 7.2 7.3

Minimum
Daily Average 8.0 7.9 7.0 7.8 8.2
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Figure 4.4.1-1. Hourly average water temperature time-series at the upper reservoir, forebay and tailrace water
quality monitoring stations.
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Figure 4.4.1-2. Hourly average water temperature change between the upper reservoir and tailrace, and forebay
and tailrace water quality monitoring stations.
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Figure 4.4.1-2. Hourly average water temperature change within the tailrace water quality monitoring station.
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4.5 Surface Water Quality and Project Operations

Potential effects of Project operations on surface water quality of the James River in the
Project area was evaluated by comparing Project generation and the continuous water
temperature and dissolved oxygen data (Appendices B, C, and D).  Collectively, these
data indicate an indiscernible effect on water temperature and dissolved oxygen.  For
instance, Figures 4.5-1 and 4.5-2 show the cycling of one and two turbine-generating
units in relation to the water temperature and dissolved oxygen continuous time-series,
respectively, during a period of the study when river flows were near their lowest, water
and air temperatures at their highest, and no high flow events or significant rainfall
occurred recently.  These data demonstrate that as operations change, the water
temperatures are generally similar among the three monitoring stations and dissolved
oxygen levels remain well-oxygenated without exhibiting sharp increases or decreases
that would otherwise occur concurrently with the turbine-generator cycling.  These data
also indicate that water temperature and dissolved oxygen appear to respond more to
effects of inflow to the Project rather than by Project operations.



Draft Study Report
Study 4 - Baseline Water Quality Monitoring Study

Reusens Hydroelectric Project 38 July 2021
FERC No. 2376

Figure 4.5-1. Continuous water temperature time-series in comparison to Project generation and inflow from July
12 to July 26, 2020.



Draft Study Report
Study 4 - Baseline Water Quality Monitoring Study

Reusens Hydroelectric Project 39 July 2021
FERC No. 2376

Figure 4.5-2. Continuous dissolved oxygen (mg/L) time-series in comparison to Project generation and inflow
from July 12 to July 26, 2020.
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4.6 Discussion

Water quality of the James River was monitored in the vicinity of the Project in
accordance with the FSP dated July 2020. The purpose of this study was to collect
baseline information to discern whether operations of the Project affect surface water
quality and attainment of State surface water quality standards and designated uses.  The
water quality data collected met all the data quality targets described in the sampling
analysis.  This study produced quality, robust data suitable for an assessment of Project
operations and evaluation of whether waters of the James River in the vicinity of the
Project are consistent with State surface water quality standards.

The evaluation of whether waters of the James River in the vicinity of the Project are
consistent with State surface water quality standards revealed that the waters remained
consistent with the State surface water quality standards throughout the study period.
The results of this analysis suggests that the operation of the Project does not affect
attainment of State surface water quality standards when water temperatures are
relatively high and river flows are relatively low- as were the conditions under which a
portion of this this study was performed.  Therefore, consistency with State surface water
quality standards would likely also be maintained during other parts of the year when
water temperatures are cooler and flows are higher because of more mixing of the water
column and higher solubility of oxygen in water.  In addition, the water samples collected
for nutrient and chlorophyll-a analyses indicated that the trophic state of the Project
reservoir is mesotrophic to slightly eutrophic, which suggests that the Project does not
affect consistency with State surface water quality designated uses.

Overall, water temperature and dissolved oxygen generally exhibited similar levels, and
spatial, temporal and diel trends among the water quality monitoring stations.  These
water quality parameters appear to be influenced more by precipitation events, inflow,
and natural diurnal cycles rather than by Project operations.  When a close examination
of the continuous water temperature and dissolved oxygen dataset was made in
comparison to Project operations during a period of high temperatures and low flows,
operations appeared to not have a discernable effect on water temperature and dissolved
oxygen levels of the James River in the Project area.  It is also apparent that the Project
reservoir does not thermally stratify, which would result in potential low-dissolved
oxygen levels near the reservoir bottom. Therefore, it is likely similar trends in water
quality would be observed over the next license term.
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APPENDIX A

Relative Percent Difference Between the Continuous Dataloggers
and Side-by-Side Field Meter Readings
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Table A-1: Pre-deployment relative percent difference between the continuous data loggers and the field meter.

Station
Deployment

Start
Date Time

Deployment End
Date Time

Logger Readings Field Meter Reading Relative Percent
Difference

DO (mg/L) Temp (°C) DO (mg/L) Temp (°C) DO (mg/L) Temp (°C)
RWQ-FB 6/2/2020 12:21 6/29/2020 11:06 9.18 19.76 9.34 19.6 1.73 0.81
RWQ-TR1 6/2/2020 19:14 6/29/2020 17:30 9.27 20.5 – – – –
RWQ-US1 6/2/2020 15:13 6/29/2020 14:12 9.34 19.92 – – – –
RWQ-TR 6/29/2020 18:00 7/14/2020 19:06 8.35 25.28 8.52 25.1 2.02 0.71
RWQ-FB 6/29/2020 11:28 7/15/2020 9:50 8.19 24.74 8.93 24.3 8.64 1.79
RWQ-US 6/29/2020 14:34 7/15/2020 12:30 8.51 24.18 8.61 23.9 1.17 1.16
RWQ-US 7/15/2020 12:30 7/29/2020 19:15 8.25 28.16 8.19 28.0 0.73 0.57
RWQ-FB 7/15/2020 10:15 7/30/2020 9:15 8.59 28.6 8.94 28.2 3.99 1.41
RWQ-TR 7/14/2020 19:45 7/30/2020 11:27 10.00 29.68 10.37 29.5 3.63 0.61
RWQ-US 7/29/2020 19:45 8/11/2020 20:00 7.84 29.98 7.91 29.9 0.89 0.27
RWQ-FB 7/30/2020 10:00 8/12/2020 9:30 8.21 29.6 8.68 29.5 5.57 0.34
RWQ-TR 7/30/2020 12:00 8/12/2020 11:45 9.00 30.52 9.19 30.3 2.09 0.72
RWQ-FB 8/12/2020 10:15 8/28/2020 9:00 6.96 27.76 7.21 28.1 3.53 1.22
RWQ-TR 8/12/2020 12:15 8/28/2020 16:45 7.51 28.28 7.54 28.1 0.40 0.64
RWQ-US 8/11/2020 20:45 8/28/2020 11:30 7.77 27.64 7.92 27.5 1.91 0.51
RWQ-FB 8/28/2020 10:00 9/9/2020 9:00 7.21 25.92 7.39 26.1 2.47 0.69
RWQ-TR 8/28/2020 17:30 9/9/2020 16:15 7.97 27.08 8.09 27.0 1.49 0.30
RWQ-US 8/28/2020 12:15 9/9/2020 11:15 7.91 26.56 8.03 26.3 1.51 0.98
RWQ-FB 9/9/2020 9:30 9/22/2020 9:00 7.61 23.64 8.07 23.2 5.87 1.88
RWQ-TR2 9/9/2020 17:00 – 8.49 23.76 8.57 23.8 0.94 0.17
RWQ-US 9/9/2020 23:45 9/22/2020 11:00 8.49 23.12 8.62 23.4 1.52 1.20
RWQ-FB 9/22/2020 10:00 10/7/2020 9:15 7.99 19.38 8.32 19.1 4.05 1.46
RWQ-TR 9/22/2020 18:00 10/7/2020 15:15 8.78 20.2 8.77 20.3 0.11 0.49
RWQ-US 9/22/2020 23:45 10/7/2020 11:30 9.60 18.74 9.6 17.9 0.00 4.59
RWQ-FB 10/7/2020 10:00 10/21/2020 9:00 9.25 17.68 9.49 17.4 2.56 1.60
RWQ-TR 10/7/2020 16:00 10/21/2020 13:15 9.59 18.22 9.5 18.3 0.94 0.44
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Station
Deployment

Start
Date Time

Deployment End
Date Time

Logger Readings Field Meter Reading Relative Percent
Difference

DO (mg/L) Temp (°C) DO (mg/L) Temp (°C) DO (mg/L) Temp (°C)
RWQ-US 10/7/2020 12:00 10/21/2020 11:15 10.21 17.26 10.18 17.0 0.29 1.52
RWQ-FB 10/21/2020 10:00 11/5/2020 10:15 9.43 15.96 9.95 15.8 5.37 1.01
RWQ-TR 10/21/2020 14:00 11/5/2020 16:00 10.04 16.66 9.86 16.8 1.81 0.84
RWQ-US 10/21/2020 12:00 11/5/2020 11:30 10.79 15.88 10.74 15.8 0.46 0.51

1. Pre-deployment field readings were not recorded by the field crew; therefore, RPD could not be calculated.
2. Deployment end date is unknown because the data logger was out of water upon the field crew’s arrival.
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Table A-2: Post-deployment relative percent difference between the continuous data loggers and the field meter.

Station
Deployment

Start
Date Time

Deployment End
Date Time

Logger Readings Field Meter Reading Relative Percent
Difference

DO (mg/L) Temp. (°C) DO (mg/L) Temp. (°C) DO (mg/L) Temp. (°C)
RWQ-FB 6/2/2020 12:21 6/29/2020 11:06 8.44 24.24 8.61 24.3 1.99 0.25
RWQ-TR 6/2/2020 19:14 6/29/2020 17:30 8.44 25.16 8.52 25.2 0.94 0.16
RWQ-US 6/2/2020 15:13 6/29/2020 14:12 8.32 23.86 8.56 24.0 2.84 0.59
RWQ-TR 6/29/2020 18:00 7/14/2020 19:06 7.44 30.22 8.51 29.9 13.42 1.06
RWQ-FB 6/29/2020 11:28 7/15/2020 9:50 7.79 28.1 7.64 27.9 1.94 0.71
RWQ-US 6/29/2020 14:34 7/15/2020 12:30 8.24 28.06 8.25 28.0 0.12 0.21
RWQ-US 7/15/2020 12:30 7/29/2020 19:15 7.57 29.96 7.98 29.9 5.27 0.20
RWQ-FB 7/15/2020 10:15 7/30/2020 9:15 7.37 29.46 8.37 29.4 12.71 0.20
RWQ-TR 7/14/2020 19:45 7/30/2020 11:27 5.28 30.3 8.96 30.2 51.69 0.33
RWQ-US 7/29/2020 19:45 8/11/2020 20:00 7.66 27.32 7.92 27.6 3.34 1.02
RWQ-FB 7/30/2020 10:00 8/12/2020 9:30 6.93 27.94 7.26 27.6 4.65 1.22
RWQ-TR 7/30/2020 12:00 8/12/2020 11:45 7.42 28.32 7.53 28.2 1.47 0.42
RWQ-FB 8/12/2020 10:15 8/28/2020 9:00 7.16 26.42 7.54 25.9 5.17 1.99
RWQ-TR 8/12/2020 12:15 8/28/2020 16:45 7.85 26.98 8.07 26.9 2.76 0.30
RWQ-US 8/11/2020 20:45 8/28/2020 11:30 7.87 26.36 8.00 26.3 1.64 0.23
RWQ-FB 8/28/2020 10:00 9/9/2020 9:00 7.57 23.31 8.02 23.2 5.77 0.47
RWQ-TR 8/28/2020 17:30 9/9/2020 16:15 8.22 23.78 8.59 23.8 4.40 0.08
RWQ-US 8/28/2020 12:15 9/9/2020 11:15 8.61 23.26 8.59 23.2 0.23 0.26
RWQ-FB 9/9/2020 9:30 9/22/2020 9:00 7.8 19.38 8.34 19.2 6.69 0.93
RWQ-TR1 9/9/2020 17:00 – – – 8.77 20.3 – –
RWQ-US 9/9/2020 23:45 9/22/2020 11:00 9.44 18.18 9.55 18.0 1.16 1.00
RWQ-FB 9/22/2020 10:00 10/7/2020 9:15 9.06 17.44 9.64 17.2 6.20 1.39
RWQ-TR 9/22/2020 18:00 10/7/2020 15:15 9.58 18.2 9.51 18.5 0.73 1.63
RWQ-US 9/22/2020 23:45 10/7/2020 11:30 9.63 16.98 10.15 17.0 5.26 0.12
RWQ-FB 10/7/2020 10:00 10/21/2020 9:00 9.41 16 9.93 15.7 5.38 1.89
RWQ-TR 10/7/2020 16:00 10/21/2020 13:15 10.06 16.92 9.96 16.8 1.00 0.71



Draft Study Report
Study 4 - Baseline Water Quality Monitoring Study

Reusens Hydroelectric Project July 2021
FERC No. 2376

Station
Deployment

Start
Date Time

Deployment End
Date Time

Logger Readings Field Meter Reading Relative Percent
Difference

DO (mg/L) Temp. (°C) DO (mg/L) Temp. (°C) DO (mg/L) Temp. (°C)
RWQ-US 10/7/2020 12:00 10/21/2020 11:15 10.59 15.62 10.72 15.7 1.22 0.51
RWQ-FB 10/21/2020 10:00 11/5/2020 10:15 10.85 10.08 11.4 10.1 4.94 0.20
RWQ-TR 10/21/2020 14:00 11/5/2020 16:00 11.77 11.16 11.3 11.3 4.07 1.25
RWQ-US 10/21/2020 12:00 11/5/2020 11:30 11.43 10.14 11.34 10.2 0.79 0.59

1. Deployment end date is unknown because the data logger was out of water upon the field crew’s arrival.



Draft Study Report
Study 4 - Baseline Water Quality Monitoring Study

Reusens Hydroelectric Project July 2021
FERC No. 2376

Table A-3: Percent of continuous water temperature and dissolved oxygen
readings rejected and retained for analysis.

Site Total
Count

Dissolved Oxygen Water Temperature

Count
Rejected

Count
Accepted

Percent
Accepted

Count
Rejected

Count
Accepted

Percent
Accepted

RWQ-
US 14,855 89 14,766 99.40 5 14,850 99.97

RWQ-FB 14,946 3 14,943 99.98 3 14,943 99.98
RWQ-
TR 14,945 1,350 13,595 90.97 1,217 13,728 91.86



Draft Study Report
Study 4 - Baseline Water Quality Monitoring Study

APPENDIX B

Water temperature (°C) and Operations
Time-Series Plots



Draft Study Report
Study 4 - Baseline Water Quality Monitoring Study

Reusens Hydroelectric Project B-1 July 2021
FERC No. 2376

Figure B-1: Continuous water temperature of all stations with Project generation from June 1 to June 7, 2020.
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Reusens Hydroelectric Project B-2 July 2021
FERC No. 2376

Figure B-2: Continuous water temperature of all stations with Project generation from June 7 to June 14, 2020.
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Reusens Hydroelectric Project B-3 July 2021
FERC No. 2376

Figure B-3: Continuous water temperature of all stations with Project generation from June 14 to June 21, 2020.
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Reusens Hydroelectric Project B-4 July 2021
FERC No. 2376

Figure B-4: Continuous water temperature of all stations with Project generation from June 21 to June 28, 2020.
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Reusens Hydroelectric Project B-5 July 2021
FERC No. 2376

Figure B-5: Continuous water temperature of all stations with Project generation from June 28 to July 5, 2020.
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Reusens Hydroelectric Project B-6 July 2021
FERC No. 2376

Figure B-6: Continuous water temperature of all stations with Project generation from July 5 to July 12, 2020.
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Reusens Hydroelectric Project B-7 July 2021
FERC No. 2376

Figure B-7: Continuous water temperature of all stations with Project generation from July 12 to July 19, 2020.
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Reusens Hydroelectric Project B-8 July 2021
FERC No. 2376

Figure B-8: Continuous water temperature of all stations with Project generation from July 19 to July 26, 2020.
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Reusens Hydroelectric Project B-9 July 2021
FERC No. 2376

Figure B-9: Continuous water temperature of all stations with Project generation from July 26 to August 2,
2020.
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Reusens Hydroelectric Project B-10 July 2021
FERC No. 2376

Figure B-10: Continuous water temperature of all stations with Project generation from August 2 to August 9,
2020.
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Reusens Hydroelectric Project B-11 July 2021
FERC No. 2376

Figure B-11: Continuous water temperature of all stations with Project generation from August 9 to August 16,
2020.
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Reusens Hydroelectric Project B-12 July 2021
FERC No. 2376

Figure B-12: Continuous water temperature of all stations with Project generation from August 16 to August 23,
2020.
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Reusens Hydroelectric Project B-13 July 2021
FERC No. 2376

Figure B-13: Continuous water temperature of all stations with Project generation from August 23 to August 30,
2020.
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Reusens Hydroelectric Project B-14 July 2021
FERC No. 2376

Figure B-14: Continuous water temperature of all stations with Project generation from August 30 to September
6, 2020.
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Reusens Hydroelectric Project B-15 July 2021
FERC No. 2376

Figure B-15: Continuous water temperature of all stations with Project generation from September 6 to
September 13, 2020.
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Reusens Hydroelectric Project B-16 July 2021
FERC No. 2376

Figure B-16: Continuous water temperature of all stations with Project generation from September 13 to
September 20, 2020.
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Reusens Hydroelectric Project B-17 July 2021
FERC No. 2376

Figure B-17: Continuous water temperature of all stations with Project generation from September 20 to
September 27, 2020.
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Reusens Hydroelectric Project B-18 July 2021
FERC No. 2376

Figure B-18: Continuous water temperature of all stations with Project generation from September 27 to October
4, 2020.
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Reusens Hydroelectric Project B-19 July 2021
FERC No. 2376

Figure B-19: Continuous water temperature of all stations with Project generation from October 4 to October 11,
2020.
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Reusens Hydroelectric Project B-20 July 2021
FERC No. 2376

Figure B-20: Continuous water temperature of all stations with Project generation from October 11 to October
18, 2020.
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Reusens Hydroelectric Project B-21 July 2021
FERC No. 2376

Figure B-21: Continuous water temperature of all stations with Project generation from October 18 to October
25, 2020.
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Reusens Hydroelectric Project B-22 July 2021
FERC No. 2376

Figure B-22: Continuous water temperature of all stations with Project generation from October 25 to November
1, 2020.



Reusens Hydroelectric Project C-1 July 2021
FERC No. 2376

APPENDIX C

Dissolved Oxygen (mg/L) and Operations
Time-Series Plots
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Reusens Hydroelectric Project C-2 July 2021
FERC No. 2376

Figure C-1: Continuous dissolved oxygen (mg/L) of all stations with Project generation from June 1 to June 7,
2020.
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Reusens Hydroelectric Project C-3 July 2021
FERC No. 2376

Figure C-2: Continuous dissolved oxygen (mg/L) of all stations with Project generation from June 7 to June 14,
2020.
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Reusens Hydroelectric Project C-4 July 2021
FERC No. 2376

Figure C-3: Continuous dissolved oxygen (mg/L) of all stations with Project generation from June 14 to June 21,
2020.
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Reusens Hydroelectric Project C-5 July 2021
FERC No. 2376

Figure C-4: Continuous dissolved oxygen (mg/L) of all stations with Project generation from June 21 to June 28,
2020.
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Reusens Hydroelectric Project C-6 July 2021
FERC No. 2376

Figure C-5: Continuous dissolved oxygen (mg/L) of all stations with Project generation from June 28 to July 5,
2020.
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Reusens Hydroelectric Project C-7 July 2021
FERC No. 2376

Figure C-6: Continuous dissolved oxygen (mg/L) of all stations with Project generation from July 5 to July 12,
2020.
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Reusens Hydroelectric Project C-8 July 2021
FERC No. 2376

Figure C-7: Continuous dissolved oxygen (mg/L) of all stations with Project generation from July 12 to July 19,
2020.
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Reusens Hydroelectric Project C-9 July 2021
FERC No. 2376

Figure C-8: Continuous dissolved oxygen (mg/L) of all stations with Project generation from July 19 to July 26,
2020.
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Reusens Hydroelectric Project C-10 July 2021
FERC No. 2376

Figure C-9: Continuous dissolved oxygen (mg/L) of all stations with Project generation from July 26 to August 2,
2020.
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Reusens Hydroelectric Project C-11 July 2021
FERC No. 2376

Figure C-10: Continuous dissolved oxygen (mg/L) of all stations with Project generation from August 2 to August
9, 2020.
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Reusens Hydroelectric Project C-12 July 2021
FERC No. 2376

Figure C-11: Continuous dissolved oxygen (mg/L) of all stations with Project generation from August 9 to August
16, 2020.
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Reusens Hydroelectric Project C-13 July 2021
FERC No. 2376

Figure C-12: Continuous dissolved oxygen (mg/L) of all stations with Project generation from August 16 to
August 23, 2020.
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Reusens Hydroelectric Project C-14 July 2021
FERC No. 2376

Figure C-13: Continuous dissolved oxygen (mg/L) of all stations with Project generation from August 23 to
August 30, 2020.
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Reusens Hydroelectric Project C-15 July 2021
FERC No. 2376

Figure C-14: Continuous dissolved oxygen (mg/L) of all stations with Project generation from August 30 to
September 6, 2020.
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Reusens Hydroelectric Project C-16 July 2021
FERC No. 2376

Figure C-15: Continuous dissolved oxygen (mg/L) of all stations with Project generation from September 6 to
September 13, 2020.
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Reusens Hydroelectric Project C-17 July 2021
FERC No. 2376

Figure C-16: Continuous dissolved oxygen (mg/L) of all stations with Project generation from September 13 to
September 20, 2020.
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Reusens Hydroelectric Project C-18 July 2021
FERC No. 2376

Figure C-17: Continuous dissolved oxygen (mg/L) of all stations with Project generation from September 20 to
September 27, 2020.
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Reusens Hydroelectric Project C-19 July 2021
FERC No. 2376

Figure C-18: Continuous dissolved oxygen (mg/L) of all stations with Project generation from September 27 to
October 4, 2020.
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Reusens Hydroelectric Project C-20 July 2021
FERC No. 2376

Figure C-19: Continuous dissolved oxygen (mg/L) of all stations with Project generation from October 4 to
October 11, 2020.
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Reusens Hydroelectric Project C-21 July 2021
FERC No. 2376

Figure C-20: Continuous dissolved oxygen (mg/L) of all stations with Project generation from October 11 to
October 18, 2020.
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Reusens Hydroelectric Project C-22 July 2021
FERC No. 2376

Figure C-21: Continuous dissolved oxygen (mg/L) of all stations with Project generation from October 18 to
October 25, 2020.
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Reusens Hydroelectric Project C-23 July 2021
FERC No. 2376

Figure C-22: Continuous dissolved oxygen (mg/L) of all stations with Project generation from October 25 to
November 1, 2020.
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Reusens Hydroelectric Project D-1 July 2021
FERC No. 2376

Figure D-1: Continuous dissolved oxygen (percent saturation) of all stations with Project generation from June 1
to June 7, 2020.
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Reusens Hydroelectric Project D-2 July 2021
FERC No. 2376

Figure D-2: Continuous dissolved oxygen (mg/L) of all stations with Project generation from June 7 to June 14,
2020.
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Reusens Hydroelectric Project D-3 July 2021
FERC No. 2376

Figure D-3: Continuous dissolved oxygen (mg/L) of all stations with Project generation from June 14 to June 21,
2020.
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Study 4 - Baseline Water Quality Monitoring Study

Reusens Hydroelectric Project D-4 July 2021
FERC No. 2376

Figure D-4: Continuous dissolved oxygen (mg/L) of all stations with Project generation from June 21 to June 28,
2020.
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Reusens Hydroelectric Project D-5 July 2021
FERC No. 2376

Figure D-5: Continuous dissolved oxygen (mg/L) of all stations with Project generation from June 28 to July 5,
2020.
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Reusens Hydroelectric Project D-6 July 2021
FERC No. 2376

Figure D-6: Continuous dissolved oxygen (mg/L) of all stations with Project generation from July 5 to July 12,
2020.
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Reusens Hydroelectric Project D-7 July 2021
FERC No. 2376

Figure D-7: Continuous dissolved oxygen (mg/L) of all stations with Project generation from July 12 to July 19,
2020.
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Reusens Hydroelectric Project D-8 July 2021
FERC No. 2376

Figure D-8: Continuous dissolved oxygen (mg/L) of all stations with Project generation from July 19 to July 26,
2020.
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Reusens Hydroelectric Project D-9 July 2021
FERC No. 2376

Figure D-9: Continuous dissolved oxygen (mg/L) of all stations with Project generation from July 26 to August 2,
2020.
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Reusens Hydroelectric Project D-10 July 2021
FERC No. 2376

Figure D-10: Continuous dissolved oxygen (mg/L) of all stations with Project generation from August 2 to August
9, 2020.
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Reusens Hydroelectric Project D-11 July 2021
FERC No. 2376

Figure D-11: Continuous dissolved oxygen (mg/L) of all stations with Project generation from August 9 to August
16, 2020.
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Study 4 - Baseline Water Quality Monitoring Study

Reusens Hydroelectric Project D-12 July 2021
FERC No. 2376

Figure D-12: Continuous dissolved oxygen (mg/L) of all stations with Project generation from August 16 to
August 23, 2020.
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Reusens Hydroelectric Project D-13 July 2021
FERC No. 2376

Figure D-13: Continuous dissolved oxygen (mg/L) of all stations with Project generation from August 23 to
August 30, 2020.
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Reusens Hydroelectric Project D-14 July 2021
FERC No. 2376

Figure D-14: Continuous dissolved oxygen (mg/L) of all stations with Project generation from August 30 to
September 6, 2020.
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Reusens Hydroelectric Project D-15 July 2021
FERC No. 2376

Figure D-15: Continuous dissolved oxygen (mg/L) of all stations with Project generation from September 6 to
September 13, 2020.
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Reusens Hydroelectric Project D-16 July 2021
FERC No. 2376

Figure D-16: Continuous dissolved oxygen (mg/L) of all stations with Project generation from September 13 to
September 20, 2020.
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Reusens Hydroelectric Project D-17 July 2021
FERC No. 2376

Figure D-17: Continuous dissolved oxygen (mg/L) of all stations with Project generation from September 20 to
September 27, 2020.
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Reusens Hydroelectric Project D-18 July 2021
FERC No. 2376

Figure D-18: Continuous dissolved oxygen (mg/L) of all stations with Project generation from September 27 to
October 4, 2020.
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Reusens Hydroelectric Project D-19 July 2021
FERC No. 2376

Figure D-19: Continuous dissolved oxygen (mg/L) of all stations with Project generation from October 4 to
October 11, 2020.
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Reusens Hydroelectric Project D-20 July 2021
FERC No. 2376

Figure D-20: Continuous dissolved oxygen (mg/L) of all stations with Project generation from October 11 to
October 18, 2020.
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Reusens Hydroelectric Project D-21 July 2021
FERC No. 2376

Figure D-21: Continuous dissolved oxygen (mg/L) of all stations with Project generation from October 18 to
October 25, 2020.
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Reusens Hydroelectric Project D-22 July 2021
FERC No. 2376

Figure D-22: Continuous dissolved oxygen (mg/L) of all stations with Project generation from October 25 to
November 1, 2020.
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