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BELL BEND NUCLEAR POWER PLANT

Low FLOW IMPACT ANALYSIS - MUSSELS

REVISION 0

1.0 INTRODUCTION

1.1 PURPOSE AND OVERVIEW

The purpose of this study was to evaluate the impacts of a proposed consumptive water use of up

to 43 cubic feet per second (cfs) at the proposed Bell Bend Nuclear Power Plant (BBNPP) on

mussel species and habitat in the Susquehanna River near Berwick, Pennsylvania during low

flow events.

In 2012, the Green Floater (Lasinigona subviridis) was found in a channel between Swan and

Heron Islands in the North Branch of the Susquehanna River, approximately 4 miles below the

BBNPP (Figure 1.1 -1). Resource agencies involved in the licensing process (Susquehanna River

Basin Commission, Pennsylvania Fish & Boat Commission, U.S. Fish & Wildlife Service, U.S.

Geological Survey, Pennsylvania Department of Environmental Protection) expressed concerns

that proposed plant operations during low flow periods might dewater some of this area,

impacting the Green Floater and other mussel species. Islands and other hydraulic controls

(e.g., from historic eel weirs) upstream and downstream of the channel where Green Floater were

found make it difficult to assess potential changes in water levels and flow distributions from the

proposed water use, particularly at low flows.

The primary focus of this study was to define the differences between flow distributions at a

7Q10 flow for the river (843 cfs) and a flow rate of 800 cfs (7Q10 minus the proposed maximum

consumptive use of 43 cfs); however, higher flows (up to 2000 cfs) were investigated. The

resource agencies and PPL determined that a 2-dimensional modeling effort was needed to

accurately predict changes in water surface elevation. An overall approach was proposed by

Kleinschmidt in a letter proposal dated August 7, 2012 and was refined in discussions with PPL

and the resource agencies on August 10th and August 14th. Appendix A includes the original
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proposal as well as summaries of the phone conversations. Additional areas of analysis beyond

the channel where the Green Floater was found included the downstream end of Swan Island and

the upstream end of Heron Island, where relatively high densities of several mussel species were

found (Yellow Lampmussel (Lampsilis cariosa), Elktoe (Alasmidonta marginata), and Triangle

Floater (Alasmidonta undulata)). Additionally, potential impacts to known host fish species for

these mussels were also investigated.
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1.1.1 STUDY BACKGROUND

On June 27-30, 2012, a mussel survey was conducted to document the presence or absence of the

Green Floater and Brook Floater (Alasmidonta varicosa) in areas of the Susquehanna River that

may be impacted by the Bell Bend Project's consumptive water use (Normandeau, 2012). Brook

Floater were not found and only a few Green Floater were found in the area between Swan and

Heron Islands.

Due to the presence of Green Floater in the channel area between Heron and Swan Island,

resource agencies requested an analysis to determine whether consumptive water use during low

flow periods would dewater mussel habitat and potentially impact fish species that serve as

mussel hosts.

A high-resolution 2-D hydraulic model was proposed in the area where green floater was found

in order to provide the necessary resolution to determine the influence of potential hydraulic

controls such as eel weirs, outcrops, and large stones on mussels during low flow conditions.

The 7Q10 flow for the project area was determined in previous IFIM studies to be 843 cfs,

derived as the 7Q10 at Wilkes-Barre (820 cfs) adjusted for the 2.8 percent additional drainage

area at BBNPP (BBNPP Joint Permit Application Final Aquatics Study Report June 28, 2012).

The model was used to examine flows ranging from 800 cfs (7Q10 minus 43 cfs maximum Bell

Bend consumptive water use) to 2000 cfs.

1.2 GREEN FLOATER AND GENERAL MUSSEL BIOLOGY

The Green Floater is a native freshwater mussel species that is reported to inhabit streams and

rivers in the Susquehanna River basin of New York and Pennsylvania, as well as in other

watersheds south to Georgia and west to Tennessee. In Pennsylvania, it is an S2 (Imperiled)

species, and it also has a global rank of G3 (Vulnerable) (NatureServe 2011). Mussel experts in

the Southeast and Mid-Atlantic regions have expressed concern about its populations and

proposed a range-wide review to determine if protection under the federal Endangered Species

Act is warranted. Although it is widespread in the Susquehanna River basin, it is rarely

encountered and populations may have declined considerably in the last two decades (Strayer

and Jirka 1997, NatureServe 2011).
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Green Floaters are small (less than 55mm adult size), cryptic, and seem to occur at low

population densities. These traits make the species difficult to detect during routine mussel

surveys and therefore the status of populations and habitat preference are not well understood. In

general, the Green Floater is thought to prefer hydraulically stable areas of low- to medium-

gradient streams, particularly areas not prone to scour during floods or dewatering during

droughts (Pennsylvania Natural Heritage Program factsheet). Both droughts and floods are

considered detrimental to populations. They are typically found in sand and gravel substrates.

Little is known about the reproductive biology of Green Floater; host fish are unknown and some

have suggested that Green Floater is a simultaneous hermaphrodite and possibly capable of

reproducing without host fish, which is rare among North American freshwater mussels (van der

Schalie 1966, Strayer and Jirka 1997, King et al. 1999). Sperm release (i.e., fertilization) is

thought to occur in late summer, females brood embryos throughout the winter, and larvae

(glochidia) are released in late May or June.

PHOTO 1.2-1. GREEN FLOATER MUSSEL.
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Other mussel species known from this area of the Susquehanna River include Yellow

Lampmussel, Elktoe, Triangle Floater, Creeper (Strophitus undulatus), Eastern Elliptio (Elliptio

complanata), and Eastern Floater (Pyganodon cataracta). These are not considered rare in

Pennsylvania. An eighth species, Brook Floater is known from parts of the Susquehanna River

and is listed as Endangered in Pennsylvania. All of these species occur in a variety of riverine

habitats and utilize a broad variety of host fish (Strayer and Jirka 1997, Nedeau 2008). For this

project, habitat and host fish analyses focused on Green Floater, Yellow Lampmussel, Elktoe,

and Triangle Floater. These mussel species were selected for evaluation based on discussions

with the resource agencies (Appendix A).

1.3 STUDY AREA DESCRIPTION

The North Branch Susquehanna River flows in a southwesterly direction from New York State to

the confluence with the West Branch Susquehanna at Northumberland through the intersection

between the Valley and Ridge and the Appalachian Plateau geomorphic provinces (Hunt, 1976).

The river in the study area has well defined, steep banks and a well-defined floodplain. The

shoreline is predominantly wooded with deciduous tree growth forming a buffer between the

river and developed urban land use on the northern shore (Berwick) and primarily residential and

agricultural land use on the southern shore (Nescopeck). Photo 1.3-1 shows a view of the study

area looking upstream from the Route 93 bridge.

In the study area, surficial geology is dominated by glacial till and the stream channel is

dominated by alluvial material such as gravel, cobble and boulder. Fine material substrates (e.g.

silt and sand) and aquatic vegetation are relatively sparse and confined to flow refuges near

riverbanks and islands. Aquatic habitat is dominated by runs, riffles and glides. Pool habitat is

limited to a few small scour holes located just downstream of a series of abandoned bridge piers

in the lower portion of the study site.

The river channel in the study area is relatively uniform in width, typically 1,000 ft from bank to

bank. However the river narrows to about 500 ft immediately downstream from the study site as

it passes through a localized bedrock outcropping that forms rapids and chutes and flow is

pushed towards the right side of the channel by the alluvial fan of Nescopeck Creek. Heron and
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Swan islands are two alluvial islands formed by the deposition of gravel and fine sediments

immediately upstream from this constriction.

PHOTO 1.3-1. VIEW OF THE STUDY AREA LOOKING UPSTREAM FROM THE ROUTE 93 BRIDGE.

The 7Q 10 flow is 843 cfs, and has occurred three consecutive days in the past 30 years (NAI,

2012). Since 1900 there have been a total of 26 such days, with 50% occurring during August,

and all occurring collectively across the months of August through November (NAI, 2012).

The study area includes approximately 14 eel weirs or remnants of weirs that influence flow

patterns among the islands. Figure 1.3-1 shows the weirs that were surveyed as part of this study

effort or observed in aerial photographs and provides a numbering system for each weir for

reference. The weirs consist of boulders approximately 12-24" in diameter arranged in a pair of

sloping walls that together form a downstream-pointing "V". In some areas these also contain

upstream pointing "V" shapes. Weir number 5 just south of Swan Island downstream of the

cross channel where the Green Floater mussel was found is the most pronounced at low flows

(Photo 1.3-2).
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PHOTO 1.3-2. WEIR NUMBER 5 AT A FLOW OF APPROXIMATELY 2,000 CFS.

The history of these weirs is not well understood but it is likely that most have been present for

at least a hundred years. Some may be of Native American origin. A Master's thesis titled

"Prehistoric Fishweirs in Eastern North America" (Lutins 2004) provides a good overview of

early fish weirs. This paper describes a riverine weir as "an obstructing wall which funnels fish

to a particular point at which they may be trapped or removed" and presents information on a

number of prehistoric weirs in North America (including rivers in New York and Pennsylvania)

that were built from stone and that were "V" shaped. This paper also notes that pre-historic

weirs were sometimes refurbished and re-used by both Native Americans and colonists and that

new weirs were also constructed by European colonists.

The catching of eels with eel weirs is documented on the Susquehanna during the 1800s

(SRAFRC, 2010). This report states that eel weirs were outlawed by Pennsylvania in 1878 and

then were legal again from 1903 to 1913. The report also notes that there was a huge amount of

illegal fishing and the Dauphin County sheriff reported destroying 92 fish dams in 60 miles of
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the Susquehanna River in 1902 (SRAFRC, 2010). A "Tracking Yesterday" article by Ted

Fenstermacher provided by the Berwick Historical Society describes eel weirs being built during

the summer months along the River. He writes that the baskets at the end of the walls were a
"series of wooden slats, tilted upward at the downriver end and ranged from 20 to 40 feet long".

The sketch below is from the back cover of the History of Nescopeck, and it provides an image

of what the walls would have historically looked like.

FIGURE 1.3-2. EEL WALL SKETCH FROM "THE HISTORY OF NESCOPECK" 2011.

What is clear today is that the remaining components of these eel weirs are solidly built and have

withstood a number of floods and other events along the river and can be viewed as stable

components of the river bathymetry. Because they clearly have a direct impact on water levels

throughout the study area, understanding the exact placements and influences of these eel weirs

was an important part of this study.

1.4 MODEL OBJECTIVES AND 2-D HYDRAULIC MODEL SELECTION

The model objectives were to determine the change in the water depth and velocity throughout

the area of interest due to a proposed Bell Bend consumptive use of up to 43 cfs. The focus of

the study was on 7Q10 conditions when the flow, absent mitigation, would decrease from
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843 cfs to 800 cfs. However, higher flows up to 2000 cfs were also examined. The model

results are used to determine how the change in flow will affect the amount and location of

available mussel habitat. The modeling must be able to provide spatially variable information at

a resolution that is relevant to the subsequent biological modeling. For this project, the spatial

resolution of interest is characterized as a grid with 5 to 10 foot cells throughout the model

domain. The model provides water depth and velocity output for each grid cell in the domain.

In a broad sense, two modeling approaches exist which might be applicable to the effort:

physical and numeric models. The model domain is wide and shallow and the river bed is

largely comprised of irregular bedrock and some areas of one to two-inch gravel. The water is

generally less than 2 feet deep and less than 1 foot deep in the areas of interest at the flows of

interest. In a physical model, the minimum depth in the area of interest should be greater than

0.1 ft; therefore, scaling to simulate the shallow depths in this reach would require a

prohibitively large physical model. When the water depth in a physical model is less than about

0.1 ft, the model results tend to become unreliable. As such, the only suitable approach for the

modeling is the use of a numeric model. Numeric models can be characterized by the number of

dimensions included in the model: one, two, or three-dimensional models. A one dimensional

model such as HEC-RAS computes the water depth and average velocity at cross sections along

the length of the model. While this type of model is good for predicting water surface profiles, it

is difficult to use a one dimensional model in channels with multiple flow splits and with

complex multi-dimensional hydraulic controls such as the eel weirs.

A two dimensional model computes the water depth and velocity on a computational grid that is

applied to the model domain. The water velocity includes both the magnitude and direction of

flow (longitudinal or downstream and lateral or left bank to right bank). Discretization in the

vertical direction is not included in a two dimensional model, therefore the model only computes

a depth averaged velocity in each cell. Two dimensional models are well suited to simulating

flow fields where the variability of the vertical velocity profile is not important. This type of

modeling is applicable to most shallow water rivers, including the reach of interest on the

Susquehanna River.
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Three dimensional numeric models can be used when it is necessary to have a more detailed

understanding of variations in water velocity with depth. For a model to simulate three

dimensional flow characteristics, it must have at least ten computational cells in the vertical

direction. Therefore, three dimensional models with the same horizontal grid resolution as a two

dimensional model will have an order of magnitude more computational cells. Three

dimensional models are significantly more expensive computationally than two dimensional

models and typically have a lower horizontal grid resolution to offset the increased expense of

additional vertical cells. For the modeling performed on the Susquehanna River, a three

dimensional model would have provided no benefits compared to a two dimensional model and

would have significantly increased the computational expense of the model.

Based on the above considerations, the use of a two dimensional numeric model offered the best

alternative for quantifying the change in water depth and velocity in the reach of interest. A

number of two dimensional numeric models exist that meet the modeling objective of the

project. The models are similar because they all solve the shallow water equations, which are a

subset of the Navier-Stokes equations. The difference between the models is in how the

equations are discretized and the numeric schemes that are used to solve the equations. Each

model also has different schemes for maintaining numeric stability. The model MIKE21 was

selected for this study based on extensive experience in the application of MIKE21 for two

dimensional models and prior use of this model for projects subject to review by many of the

resource agencies involved in this project. This model has also been applied to predict water

surface elevations for safety related questions at nuclear power plants.

OCTOBER 2012 1-12 Kkekscm~n&



2.0 METHODS AND MATERIALS

2.1 TIMING OF FIELD DATA COLLECTION

Field data were collected throughout the study area during the week of August 27, 2012 and

supplemented with additional bathymetry data collected on September 19 and 20, 2012. Data

was collected during low flows so that hand surveying of the weirs could be accomplished in a

safe manner and so that the velocity measurements and splits that would be used to calibrate the

model could be conducted at the lowest possible flow. Provisional flow data from the USGS

gage on the Susquehanna River at Wilkes-Barre (#01536500), approximately 20 miles upstream,

recorded flows that ranged from approximately 1,670 to 4,000 cfs during the week of August

27th (Figure 2.1-1). For most of the week, the flows were some of the lowest recorded in 2012

to date (Figure 2.1-2). The flows during September 19 and 20 ranged from approximately 3,500

to 4,500 cfs.

M 9%r%MUSUS
USGS 01536500 Susquehanna River at Wilkes-Barre, PA
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FIGURE 2.1-1. USGS PROVISIONAL FLOW DATA AUGUST 27-31 2012.
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FIGURE 2.1-2. USGS PROVISIONAL FLOW DATA JANUARY TO SEPTEMBER 2012.

2.2 MODEL GEOMETRY FIELD DATA COLLECTION

To create and calibrate an accurate 2-dimensional model of the area, the bathymetry of the area

needed to be accurately surveyed and real-time velocity measurements and observations needed

to be made during a low flow event. A detailed sampling plan for bathymetry and velocity data

collection was developed based on a field reconnaissance visit conducted by members of the

survey team on August 15, 2012. The plan included 67 transects with a total length of

approximately 11,400 meters (Figure 2.1-3) as well as a number of sections that were identified

for more detailed hand survey. The survey area was between the shores of the Susquehanna

River including all interior islands, extending upstream to a set of cross river power lines and

downstream to a point above the Route 93 bridge. The original study area extended all the way

to the Route 93 bridge but this was modified based on field observations by the mussel specialist

that there was no mussel habitat of concern in the area immediately upstream of the bridge and

by the hydraulic modeler who observed that this area did not hydraulically control upstream

sections. Sampling in this area also posed a safety risk due to the presence of a fall line just

above the bridge.
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The spatial resolution of bathymetric data points collected in the field varied throughout the

modeling domain. In locations further from the area of concern, or away from the eel weirs or

other field identified potential hydraulic controls, fewer points were collected. This allows the

critical features to be defined more accurately while reducing the collection of non-critical

information. Outside of the cross-channel, transects were located at approximately 1/4 to '/2

channel widths apart, where the channel width is defined by the distance from island to shore

rather than the breadth of the river. In certain locations, this spacing was reduced where

additional data was deemed necessary, and in other locations at distance from areas of concern,

the spacing was increased. Additional features were surveyed in great detail, such as the eel

weirs which are flow controlling features. The cross channel area between the islands was

surveyed in finer resolution as the model resolution needed to be highest in this area. Within the

cross-channel, sections were not surveyed, but rather a grid of points were sampled

approximately every five feet creating a detailed mesh throughout this region.

Data was collected under the guidance and direction of the modeling team to make sure that data

collection efforts were focused appropriately. Bathymetric and topographic survey data were

collected throughout the survey area per the general process below.

2.2.1 FISH WEIRS

The weirs vary in top width from 8 to 12 feet. Although they contain a variable crest, they are

generally well embedded with fine material. To assess their roles as hydraulic controls, the weirs

were surveyed between the profile rocks on this fine material (i.e., NOT on top of the rocks). If

there was a submerged rock larger than approximately 36" creating its own eddies, additional

detail was collected on that specific feature. Any breaches encountered in a weir crest were

surveyed in detail. Points were collected at 5 to 20-foot intervals along the length of each weir.

At each interval, points were collected just upstream of the weir, on the upstream leading edge of

the weir, the downstream edge of the weir, and just downstream of the weir, for a minimum of

four points. Because many of the weirs were sloped considerably, multiple points were taken on

the upstream and downstream sides.
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2.2.2 CROSS CHANNEL

This is the section of the river passing between Swan (downstream) and Heron (upstream)

Islands, and was critical to this survey effort. It consists of generally shallow and slower moving

water on the upstream end with velocities increasing towards the downstream (northwest) end.

This entire area was hand surveyed with total station GPS to a point just above water line.

Significant efforts were required in this area, with points collected in a grid of approximately

every 5 feet. Additional points were taken to appropriately define breaklines or significant

features. The upstream area above this channel was surveyed in more detail than originally

planned based on recommendations by the mussel specialist and observations by the hydraulic

modeler of bedrock formations in this area. Survey points to accurately delineate boundaries

between patches of dominant substrate types were also included.

2.2.3 SUBSTRATE MAPPING

Methods used in this study followed recommendations of Bovee (1982) and Bovee et al. (1998)

for the collection of substrate data. All transect location and mapping work was done at a time

of low river discharge to facilitate examination of stream channel characteristics by means of

wading. Substrate measurements proceeded as follows: Transects were established at study sites

covering each location of known mussel occurrences within the study area (i.e., the head and toe

of Heron and Swan islands and the cross channel between the two islands). Transects were

spaced approximately 25-30 ft apart and were oriented perpendicular to the shoreline of each

respective study site. Each transect extended from a bed elevation above the prevailing edge of

water to a distance offshore where water depth generally exceed 2 ft. (which would be expected

to remain well submerged at flows of interest), and/or where substrate shifted from fines and

gravel to large cobble and boulders. Substrate data were collected at approximately 10-15 ft.

intervals along each transect, or more frequently, if a shift in substrate was encountered. At each

interval, substrate was viewed within a 1 ft square field through a viewing scope. The dominant

substrate observed was classified according to the following particle size criteria:

Substrate Particle size and/or geologic origin
Fines (organic material, mud and/or clay particles)
sand (<0.1 ")
gravel (0.1-3.0")
cobble (3.0-12.0")
boulder (> 12")
bedrock
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The position of each interval was recorded via a Trimble Nomad 900 GPS unit, and

corresponding substrate type was selected from a pre-loaded data dictionary prior to moving to a

new position. Data were downloaded and reviewed for accuracy at the end of each day's survey.

Additional information collected in the field included photo-documentation of the river, islands,

weirs and cross-channel areas. Subjective information and observations provided insight into

flow patterns, eddies, and vegetation. This was needed to allow for spatial variation of channel

roughness values in the model and provide insight into typical velocities and flow patterns in the

channel, which provided a valuable aid to model calibration.

2.3 VELOCITY AND WATER SURFACE ELEVATION DATA

In order to collect high quality site specific velocity data within the river, Alden developed and

implemented an integrated velocity survey using both an RD Instruments 600 kHz RiverRay

Acoustic Doppler Current Profiler (ADCP) and a single point Swoffer Velocity Meter. The

velocity data was collected during a single mobilization to the project site (August 29-30, 2012)

while the river was experiencing low water levels. The flow as measured at the USGS Wilkes-

Barre gage during the survey period ranged from 1,600 cfs on August 29 to over 4,000 cfs on

August 30. Due to the shallow water, some unconventional survey methods were utilized. The

average water depth in the project site during the two day period was approximately 1.5 feet,

which was too shallow to support velocity mapping from a small boat. Therefore, the field team

manually walked a RiverRay ADCP across each cross river track lines trailing the computers and

navigation systems in a small inflatable boat behind the tri-hulls of the ADCP unit (Photo 2.3-1)

shows the data collection apparatus. In areas of less than 1 foot water depth the field team used a

portable single point Swoffer Velocity Meter to collect flow data.

Mapping operations were conducted by a two-person Alden field team equipped with a shallow

water ADCP and a single point Swoffer Velocity Meter. Track line control, and position fixing

for the velocity mapping was accomplished using a Hemisphere Crescent RSI 10 High Precision

Differential GPS positioning system interfaced with Hypack's HYPACK MAX PC-based

hydrographic software package.
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PHOTO 2.3-1. ALDEN STAFF PREPARING THE RDI RIVERRAY ADCP VELOCITY DATA
COLLECTION HARDWARE.

Due to the extreme shallowness of the river the field team had to manually deploy and walk the

ADCP across the river at each velocity transect or track line location. The ADCP was used to

collect current velocity and flow data along a total of eight velocity transects. An additional two

transects located within the cross river cut were surveyed using the Swoffer single point meter

according to methods defined in the USGS stream gaging procedure.

The cross river velocity profiling was performed using a 600 kHz RiverRay Shallow Water

ADCP. This unit was manually towed across the river at each transect location mapping the

flow of the river in real-time (in water depths exceeding 1.5-feet) as the field team maneuvered

the tri-hulled unit along each of the 8 track lines. These data were uploaded and displayed on the

navigational computer located within a small inflatable boat towed along with the RiverRay

ADCP. While one field team member pushed the RiverRay across the river the other field team

member observed the vector based presentation of the flow on the data logging computer to

insure data integrity. Current velocity data was compiled with a vertical resolution of
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approximately 0.6 feet. Data was collected twice along each track line, except for Track line 2,

where only one pass was completed.

In areas where the River Ray ADCP was unable to determine flow (due to insufficient water

depth) the field team employed a manually operated Swoffer Meter. All Swoffer data were

collected using USGS methodology (Wahl 1995). At each single point station a velocity

measurement was taken at 0.6 feet of the water depth. The number of stations across each

undocumented area was determined based on the actual width of the area. This distance between

each data collection point was set at a maximum 1/20th of the total distance across the "blank

area" while in smaller discrete areas the distance between data collection points was at a

minimum of 1 foot apart.

PHOTO 2.3-2. ALDEN STAFF MANUALLY GUIDING THE ADCP ACROSS THE RIVER.

The RiverRay ADCP data was reduced to ASCII listings of current speed and direction verses

depth and x/y position. In addition, the current information was presented as cross sectional flow

data. In areas where the ADCP was blanked out, Swoffer data was used as a supplement to help

complete the velocity record. In the area of the cross channel cut only Swoffer data was
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collected. All current velocity data was referenced to true north and the project grid. Concurrent

with velocity sections, shoreline water levels and water surface elevation data were collected

using hand survey techniques described in the next section.

2.4 BATHYMETRIC DATA COLLECTION MATERIALS AND METHODS

Bathymetric data was collected using a combination of single beam fathometer coupled with a

Trimble GPS from a small boat, as well as a wading survey using traditional survey techniques

(transit and staff) in shallower critical areas. Survey data was provided in NAD83 UTM Zone

18n (meters), and in NAVD88 vertical datum. For the hand survey work and to set up a base

system to communicate with the boat based fathometers the following equipment was used:

* Trimble R8 GNSS receiver model 2 base receiver with external Trimmark3 450 Mhz

radio

* Trimble R8 GNSS receiver model 2 rover with internal 450 MHz radio

* A subscription to KeyNetGPS (local Northeastern USA Trimble VRS network through

Keystone Precision Instruments providing real time correction data for our initial base

position)

" Leica TCRP 1205 plus Robotic total station (5" measuring accuracy)

2.4.1 HAND SURVEY METHODS

At the onset of the survey, the Trimble R8 GNSS base receiver was set up over a 600mm FENO

Survey Marker set approximately 50 feet south of the southerly edge of the Susquehanna River

at the top of bank behind the guardrail at the north end of Broad Street in the borough of

Nescopeck, PA (Photo 2.4-1). The Trimble R8 GNSS receiver real-time accuracies with Single-

base corrections and short baselines (less than 2 miles) are accurate to 0.02m vertically and

horizontally. The longest baseline for GPS data points was 1.3 miles.
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PHOTO 2.4-1. BASE STATION SETUP ON NESCOPECK SIDE OF THE SUSQUEHANNA.

We used the KeyNetGPS VRS correction for the initial base position to ensure survey accuracies

and to allow for a more seamless workflow for online GIS and other available mapping. We

supplemented these corrections with short baselines for the densified control and topographic

survey to ensure measurements were more precise in regards to their relative positions to each

other. Using the real-time GPS correction stream from KeyNetGPS Trimble VRS system, a one

hour occupation on the FENO monument provided the base station position which was projected

to NAD 83 UTM 18 (North Zone) coordinate system.

The base was then set up as a single base receiver with the 450 MHz radio on the NAD 83 UTM

18 coordinates. A single point vertical calibration was performed with a 10 minute occupation

on National Geodetic Survey Control Station monument (Designation: BERWICK; PID:

LZO125; Vertical order of Second Class, Ortho Height: 173.906m NAVD88) located

approximately 0.8 miles west north west of the base position in the town of Berwick (Photo 2.4-2

and Photo 2.4-3). A check (one minute observation) back into said "BERWICK" NGS

monument proved good within 0.01 m vertically.

OCTOBER 2012 2-10 K~dm~k
OCTOBER 2012 2-10 P17, 171177,11



PHOTO 2.4-2. CALIBRATION OF TRIMBLE RECEIVERS TO BERWICK MONUMENT.

PHOTO 2.4-3. CALIBRATION OF TRIMBLE RECEIVER TO BERWICK MONUMENT.
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A second check with a three minute occupation time on a point transferred approximately 50'

with differential leveling (Sokkia Auto level MN# B2o) off of the National Geodetic Survey

Control Station monument (Designation: Z 45; PID: LZO123; Vertical order of Second Class,

Ortho Height: 152.024m NAVD 88) located approximately 2.0 miles west southwest downriver,

proved to be off by 0.009m vertically.

A third check with a three minute occupation time on National Geodetic Survey Control Station

monument (Designation: BENJA; PID: LZO162; Vertical order Second Class, Ortho Height:

276.75 1m NAVD88) located approximately 2.4 miles south of the Base station, proved to be off

by 0.036m vertically. Given the longer horizontal distance and vertical difference of

approximately 125 meters, the 0.036m vertical error on said BENJA NGS monument was

reasonable and proved to be an acceptable triple check on our elevations.

Once the GPS calibration was in order and checks were in place, we set additional controls for

our routine checking procedures. We set our first control point (2" MAG nail) approximately

120' south of the Base position in the asphalt approximately 1.5' north of a fence comer

surrounded by a playground area. We set our second control point (8" spike) near the river's

water edge approximately 900' east of the Base position. This particular area was selected due

to the fact that this was the area where we had our boat landing for the watercraft we were using

for support.

The daily routine started with setting up the Trimble Base and checking the nearest control point

to see that everything checked with the base setup. Average checks would be with 0.02m

vertically and 0.02 m horizontally. The next check would be at the boat landing site control

point, before setting off to perform survey work. Again, checks needed to be within 0.02m

vertically and horizontally. At the end of the day, a final check was made on a control point to

confirm that all equipment was functioning properly.

Standard topographic points were collected using a 3 second occupation time at each location,

except when setting additional control for our detailed total station survey in the area of the cross

channel between the east and west islands, when we used a 3 minute occupation and a double
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initialization to get averaged coordinates for the detailed survey control. Photo 2.4-4 shows

surveyors surveying Weir Number 5 below the cross channel area.

PHOTO 2.4-4. HAND SURVEY OF WEIR.

The cross-channel survey was performed with a LeicaTCRP 1205 plus Robotic total station

(Photo 2.4-5). Initial control point elevations (provided by GPS) were compared and averaged

using the vertical differences between them and then held for tighter precision on the detailed

survey (0.01Om). The LeicaTCRP 1205 plus Robotic total station is accurate to plus or minus

0.01m vertically and horizontally out to a distance of about 1,000'. We limited our distances

with the total station to under 800 feet to help control our accuracies on the data points collected.
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PHOTO 2.4-5. LEICA TCRP 1205 PLUS ROBOTIC TOTAL STATION AND SURVEYOR IN CROSS
CHANNEL.

2.4.2 BOAT SURVEY METHODS

For the boat survey, a "sweep style" sounding system was developed and implemented for

bathymetry which included multiple SonarMite single-beam echosounders, a Hemisphere VS-

101 Heading Sensor, a Trimble R8 GNSS Rover Receiver, and a Trimble TSC-2 Datalogger

(Serial Numbers for hardware components can be found in Table 2.4.2-1). Also included in the

system was a mobile computer which included several software programs needed to calibrate

equipment, execute the survey, and log data. Belkin Serial-to-USB adapters and drivers were

also needed to integrate all hardware components correctly. A Sokkia C31 Auto-level was also

used for shooting offset values of the hardware components. For all peripheral hardware, offsets

are in reference to the horizontal and vertical distances from the antenna pole.
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TABLE 2.4.2-1 SERIAL NUMBERS FOR HARDWARE COMPONENTS.

UNIT S/N:
Trimble R8 GNSS RTK Rover Receiver JUP-594006X-B 1
Hemisphere VS-101 Heading Sensor AA 1129-14928
OhmexSonarMite Single-beam Echosounder (Port) 120111
OhmexSonarMite Single-beam Echosounder (Starboard) 160211

The Hemisphere VS 101 (s/n: AA 1129-14928) heading sensor system consisted of two GPS

receivers which were located on the bow of the boat and on a pole bracket mounted foreside to

the Rover antenna pole. The primary GPS of the heading system was the unit located at the bow,

1.37 meters in front of the Rover GPS antenna pole. The secondary receiver of the heading

system was located 1.175 meters from the primary receiver. The heading sensors were each

located 0.45 meters below the R8 Rover antenna.

We used real-time kinematic (RTK) positioning methods for horizontal and vertical positions in

the study. We mounted equipment to a wooden crossbar that was mounted on an 11' Zodiac

Wave inflatable boat being used on the survey (Photo 2.4.2-1). The crossbar spanned the full

width of the boat and cantilevered over the gunwales to adequately space the sounders and was

secured to the boat. We mounted the crossbar to the bow of the boat with the antenna pole for

the Rover GPS in the center of the crossbar. The boat was pushed by hand in shallower areas

(Photo 2.4.2-2).
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PHOTO 2.4.2- 1. THE SURVEY VESSEL FOR BOAT SURVEYS.

PHOTO 2.4.2-2. SURVEY BOAT BEING WALKED THROUGH SHALLOW AREA.
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In order to maintain accurate survey data, the water level within the survey domain needed to be

carefully monitored. We employed two methods to monitor the water surface fluctuation during

the time of the survey. RTK positioning was used with a rover unit on the boat. The rover

antenna head was located 1.2 meters above the water surface, which was the value used as the

antenna height for the rover. In addition to RTK methods, we installed staff gauges during the

September 19 and 20 field effort for additional control due to potential for fluctuating water

levels. We installed gauges at or near the terminal points for each transect. We surveyed gauges

for elevations at ground height and took gauge readings at the start/end of the collection period

for each transect.

Software packages required to complete the bathymetry include: Hypack (v. 2012) for survey

planning, navigation, and data collection; Trimble Survey Controller for receiver setup and

signal monitoring, Hyperterminal for SonarMite echosounder calibration, and Trimble GPS

Configurator (v. 4.10) for establishing receiver communication settings and loading

configuration files. Microsoft Notepad as well as Microsoft Excel were also used in the field for

viewing, formatting, and/or exporting data.

The Trimble R8 GNSS RTK (s/n: JUP-594006X-B 1) Rover receiver was located 1.24-meters

above the water surface. This measurement is to the bottom of the antenna mount. The

starboard SonarMite single-beam echosounder (s/n: 160211) was located 1.203 meters from the

center of the antenna pole. The port side SonarMite single-beam echosounder (s/n: 120111) was

located 1.225 meters from the center of the antenna pole. Both the port and starboard

echosounders were submerged at a fixed depth of 0.2meters below the water surface (Note: In

Hypack, all port offsets and vertical offsets are entered as negative values).

All output data was read in the suite of the Hypack hydrographic survey software program(s).

All components of the echosounders were set to output data strings in a NMEA data string

format. Hypack was customized to read the GGA (position) and VTG (speed) data strings from

the Trimble R8 Rover receiver, HDT (vessel heading) from the VS 101 Heading sensors, and

"Depth" from the SonarMite echosounders. All of the SonarMite echosounders were set to

output NMEA data in the "Old Sonarmite" system format. Table 2.4.2-2 identifies the

connection parameters and communication port settings used for all equipment.
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TABLE 2.4.2-2 CONNECTION PARAMETERS AND COMMUNICATION SETTINGS.

COM BAUD DATA STOP FLOW NMEA
PORT RATE BITS BITS PARITY CTRL STRING

(Port) SonarMite COM7 9600 8 1 None None Depth
(Starboard) SonarMite COM 11 9600 8 1 None None Depth
VS-101 Heading COM6 19200 8 1 None None HDT
R8 Rover COM4 19200 8 1 None None GGA, VTG

All GPS units were calibrated prior to conducting the survey as described above. Raw GPS

elevations were adjusted to 31.265 meters to calibrate all units to measure elevations according

to the local NGS benchmark monument previously referenced. Both SonarMite single-beam

echosounders were calibrated at the beginning of the survey week. For calibration of each

sounder, the Hyperterminal program was used to read data and adjust the Speed of Sound (SoS)

to a measured depth of a submerged and fixed wooden platform (Bar Check method). For the

first visit to the site, both sounders were set to a SoS of 1520 m/s. A SoS value of 1520 m/s was

determined using a bar check method with the bar submerged at a fixed depth of 0.45 meters

below the transducer head with an ambient water temperature of 25.4°C. For the second visit to

the site, only one sounder was used (s/n: 120111) and set to a SoS of 1490 mis. A bar check was

also used for this calibration at a fixed depth of 0.54 meters and an ambient water temperature of

18.8 0C.

Hydrographic and bathymetric data were logged and stored on a mobile PC aboard the survey

vessel using Hypack 2012 software. Specifically, Hypack Survey software was used for data

collection of bathymetric data. Trimble Survey Controller software was used for all topographic

measurements of bathymetric surfaces that were too shallow to collect using the SonarMite

echosounders.

During data collection, a number of parameters were established to control data flow and reduce

the potential of collecting erroneous readings and establish a threshold by which the transects

should be navigated while collecting data. A 3-meter offset was utilized to collect data only

within 3 meters of a planned survey transect in order to provide navigational consistency

between transects. A logging interval of one second was also established to collect position and

depth data every second. Areas with depths shallower than one foot were collected using another

Rover GPS mounted to a 2-meter antenna pole.
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2.4.3 DATA PROCESSING

Horizontal and vertical positions were not corrected during the time of the survey due to the

nature of RTK survey methods being based on real-time elevation measurements. For

processing of sounding records, a number of quality assurance methods were used to clean

erroneous readings from the data strings. The Single Beam Editor software program in Hypack

was used to process each transect. While processing, a filter was applied to remove readings that

were outside the echosounders operational restrictions or outside the likely conditions on the site.

For example, for each transect all depths recorded that were shallower than 0.3 meters were

removed because the sounder is incapable of reading depths shallower than this value.

Additionally, there were only three transects in the entire study area that were too deep to wade,

therefore a maximum depth filter of 3 meters was applied to all wadeable transects to remove

values that were too high. After the filters were applied, each transect was reviewed individually

to locate individual sounding outliers. Any areas with "solo" soundings were removed because

each sounder is pinging at several times a second and recording one depth per second, normally

resulting in several points per depth and location. A single point at a depth inconsistent with the

general data string or a single point in an area too shallow for collection was considered an

outlier. In areas where many sounding points were "stacked", the higher sounding value points

were thinned out to more adequately depict the shallow surface for that given point. Following

transect clean-up, all transects were exported to text files with X, Y, and Z values and stored for

use in the MIKE21 model.

2.5 2-DIMENSIONAL MODEL - MIKE21

The numeric model MIKE21 by DHI software was used to understand the change in depth and

velocity due to a change in discharge from 843 to 800 cfs in the area of interest. MIKE21 is a

two dimensional, depth averaged hydrodynamic model well suited to modeling large and

complicated domains such as the Susquehanna River in the study area. MIKE21 accurately

simulates water level and velocity variations in response to a variety of forcing functions

including bottom shear stress, wind shear, barometric pressure, Coriolis acceleration, momentum

dispersion, sources and sinks, evaporation, flooding and drying, and wave radiation stresses. Not

all of the forcing functions were included in this simulation. Since this study focused on the

change in depth due to a change in flow, functions such as wind shear, and barometric pressure

variations, evaporation and wave radiation stresses were not incorporated.
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MIKE21 operates exclusively in SI (metric) units for all input and output, and the model is based

on a structured square grid. Each cell within the structured grid has the same size (1.5 meters by

1.5 meters in this case). Not all cells within the computational domain are required to be wet, in

fact many of the cells in the Susquehanna River Bell Bend 2-D model are dry (island and

overbank areas were assumed to be dry within the range of discharges studied). Determination

of whether a cell is wet or dry is based on the elevation of the cell and the water surface elevation

in the adjacent cells. The following is a discussion of the various model parameters that must be

specified for this type of 2-D simulation. Parameters beyond those discussed were either not

used in the simulation (i.e., wind shear, etc.) or common default values were assigned.

2.5.1 MESH GENERATION AND BATHYMETRY

The 2-D model bathymetry was added to a structured square mesh to define the channel bed

throughout the project study reach. The grid contains 1,546,560 cells (1,790 cells in the flow

direction by 864 cells across the river); each cell is 1.5 meters long and 1.5 meters wide.

The cell size defines the 2-D model resolution and governs the size of the smallest flow features

that the model will resolve. A flow feature, such as a flow separation (eddy), is only resolved if

the computational cell size is about an order of magnitude smaller than the size of the feature. A

cell size of 1.5 meters x 1.5 meters was chosen because of the necessary model resolution for

meeting the biological objectives.

Figure 2.5.1-1 shows the mesh granularity between the two islands.
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FIGURE 2.5.1-1. 1.5 m x 1.5 m MESH DEFINITION AND GRANULARITY BETWEEN ISLANDS.

2.5.2 BATHYMETRY

The channel bed elevation for the model was defined using the bathymetric data that was

collected as described above. For the purpose of the numeric model, all point coordinates were

maintained in the original survey datum (NAD 83 UTM 1 8N horizontal, NAVD 88 vertical) and

metric units were used for input into MIKE2 1.

Island and overbank elevations were raised to constrain the river within the mapped banks. All

of the survey data was imported as Northing, Easting, and Elevation point cloud data to the

MIKE2 1 grid generator software where linear interpolation was used to compute the bed

elevation between available point data. Figure 2.5.2-1 shows bed elevations within the MIKE2 1

model colored by elevation, and Figure 2.5.2-2 shows channel depths for the calibration

condition run.
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FIGURE 2.5.2-1. 2-D MODEL BATHYMETRY (BED ELEVATION IN METERS ABOVE MSL).
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FIGURE 2.5.2-2. EXISTING CONDITION MIKE21 MODEL - WATER DEPTH (METERS) AT SURVEYED DISCHARGE (1,740 CFS).
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2.5.3 GRID INDEPENDENCE

A grid independence test was performed to confirm that the 1.5 meter cell size is adequately

refined to avoid grid dependant modeling results. A coarse grid, which runs faster, can provide

results which are not as accurate as a fine grid. At some point in a given model the grid becomes

fine enough so that further refinement (i.e. smaller cell sizes) does not result in any further

change of depth or velocity output.

Figure 2.5.3-1 shows a preliminary 3 meter (approximately 10 foot) grid depth solution

(1,740 cfs and 144 m downstream water surface elevation). Figure 2.5.3-2 shows results from

the same boundary conditions with a 1.5 meter (approximately 5 foot) grid. A visual comparison

of these two figures reveals the decrease in granularity or pixilation when the model resolution is

increased by decreasing cell size from 3 to 1.5 meters. Figure 2.5.3-3 is a close-up of the island

cutoff channel. Rows have been assigned (from Row 1 to Row 83) within this area and average

sectional water surface elevation for each row of the 3 meter results were compared to the

average of the two corresponding sections in the 1.5 meter model. Figure 2.5.3-4 shows the

water surface profile through this area of interest for both of the models. There is only 1 row

(1.2% of the rows) with more than a 1 cm difference in water surface elevation between the two

different grids. The increased water surface accuracy gained by reducing cell size from 3m to

1.5 meters is very small and considered negligible in the context of this modeling effort. A 1.5

meter cell size is adequate for modeling this region and no significant accuracy gains can be

expected by further grid refinement.
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FIGURE 2.5.3-1. 3 METER (10 FOOT) GRID RESOLUTION.
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FIGURE 2.5.3-2. 1.5 METER (5 FOOT) GRID RESOLUTION.
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FIGURE 2.5.3-3. RowS FOR WATER SURFACE ELEVATION COMPARISON BETWEEN 3 AND 1.5
METER GRID (IN CUTOFF CHANNEL BETWEEN THE ISLANDS).
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FIGURE 2.5.3-4. COMPARISON OF THE COMPUTED WATER SURFACE ELEVATION (METERS)

BETWEEN THE 3 METER (10 FOOT) AND 1.5 (5 FOOT) METER GRIDS.
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2.5.4 HYDRODYNAMIC SIMULATION PERIOD AND MODEL CONVERGENCE

MIKE21 models are time dependent simulations in which the governing equations are solved by

second order accurate implicit finite difference techniques. Selection of the appropriate time step

affects convergence, stability, and the overall accuracy of the model. Shorter time steps improve

accuracy and stability, but they can increase the simulation time to an impractical level.

Adequacy of the time step is based on the Courant number, which is a function of the wave

celerity, time step and cell size. For the model to run reliably, water should not flow beyond the

length or width of a single cell in one time step. Smaller cells and higher flow velocities require

the use of shorter time steps. The time step selected for this model was 0.35 seconds for all of

the simulations.

Each simulation was run for a period of 3 to 4 hours of model time (36,000 to 40,000 0.35

second time steps) or until steady state conditions were achieved (i.e., the hydrodynamic model

converged). Since a key focus area for the habitat study is the cutoff channel between the

islands, when the variability in computed flow through monitored cells in the cutoff channel

(Figure 2.5.4-1) over observed time steps towards the end of the simulation became negligible,

the model was considered to have converged on a stable solution. Similar discharge fluctuation

was monitored over the last half hour to hour of each model run to verify model convergence.

Figure 2.5.4-2 shows the calculated discharge across the monitoring section converging on

54 cfs.
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FIGURE 2.5.4-1. DISCHARGE MONITORING SECTION TO DETERMINE MODEL SOLUTION

CONVERGENCE (1,740 CFS RUN).
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FIGURE 2.5.4-2. DISCHARGE THOUGH THE CUTOFF CHANNEL AS A FUNCTION OF TIME -

CONVERGING ON 54 CFS (MAIN CHANNEL FLOW 1,740 CFS).
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2.5.5 BOUNDARY CONDITIONS

At each model boundary, either a water surface elevation or a flow rate is specified. MIKE21

models must include at least one water surface elevation boundary and one boundary where

discharge is given. The remaining boundaries can be used to specify either water level or flow.

The Susquehanna River model has two boundary conditions specified for each run: the water

surface elevation is defined at the downstream end of the model and water inflow is defined at

the upstream end of the model. When an inflow boundary is defined, the flow or velocity can be

assigned for each individual cell in the boundary. This is beneficial for defining a lateral

velocity profile and makes it possible to shorten the approach flow reach in a model through the

use of detailed field data. For this modeling effort, a lateral velocity profile is available for the

calibration flow (1,740 cfs); however, it is not available for the flows of interest (800 cfs and 843

cfs). Therefore, the model used a uniform velocity profile at the upstream end of the model for

all flow conditions. The model included a sufficiently long approach flow section to compensate

for differences between the defined velocity profile and the actual velocity profile.

Figure 2.5.5-1 shows the model boundaries in the model.

FIGURE 2.5.5-1. 2-D MODEL BOUNDARIES.
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At the downstream model boundary, the water surface elevation was measured as 144 meters

during the bathymetric data survey for a flow of 1,740 cfs. The low flow condition of interest is

between 800 cfs and 843 cfs. Data was not collected to specify the downstream water surface

elevation at the flows of interest (800 and 843 cfs). However, off-line calculations indicate that

in order to maintain channel velocities lower than at 1,740 cfs at the downstream end of the

model for a modeled discharge of 800 cfs, the water surface must not exceed a level of 143.7

meters at the downstream boundary. The 800 cfs model was run with starting water surface

elevations of 143.7 and 144 meters to understand possible model sensitivity to the downstream

boundary water surface elevation.

A comparison of model results showed that the water level at the downstream connection

between the island cutoff channel was not sensitive to the range of downstream boundary

condition water surface elevations between 143.7 and 144 meters. Figure 2.5.5-2 shows the

location of the sensitivity comparison section at the downstream end of the cutoff channel. Of

the nine cells sampled across this section the maximum difference in water surface elevation

between the two downstream boundary conditions was 0.003 meters (1/10 of an inch). In

general the results show a low flow 2-D model that is not sensitive to the downstream water level

within the range that was tested. The fluctuation of water surface at the end of this comparison

period was 4 to 5 mm/hr for the two model runs at 800 cfs, which further verifies steady-state

model convergence at low flow as discussed in the previous section (2.4).
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FIGURE 2.5.5-2. LOCATION OF WATER SURFACE ELEVATION COMPARISON AREA TO

UNDERSTAND MODEL SENSITIVITY TO DOWNSTREAM BOUNDARY STARTING
WATER SURFACE ELEVATION.

2.5.6 FLOODING AND DRYING

To maintain numeric stability, numeric models which allow for the wetting and drying of

computational cells typically use a different water depth for adding and removing a cell to the

computations. For this model, the drying depth is 0.8 inches (0.02 m) and the wetting depth is

1.6 inches (0.04 m). Based on these settings, a wet cell is removed from computations when the

depth drops below 0.8 inches and a dry cell is added to the computations when the depth in the

cell is greater than 1.6 inches.

2.5.7 INITIAL SURFACE ELEVATION

The initial water surface throughout the model was set equal to or greater than the downstream

water surface elevation to begin the initial simulations. The initial water surface elevation is

important for creating stable hydraulic conditions at the beginning of a simulation; however,

after the model converges on a developed solution, it does not affect the final result. All water

surface elevations in this report are in meters and relative to the NAVD 88 datum.
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2.5.8 EDDY VISCOSITY

The effective shear stresses in the momentum equations contain momentum fluxes due to

turbulence, vertical integration and sub-grid scale fluctuations. The terms are incorporated in the

model using an eddy viscosity approach. MIKE21 allows for a variety of treatments of the eddy

viscosity. The eddy viscosity scheme used for this series of simulations was the constant value

velocity-based formulation. The eddy viscosity used for all runs of the Susquehanna River 2-D

model was 1.0 m2/s. This value was verified with velocity profile measurements taken by Alden

during the data collection effort in September, 2012. Typically eddy viscosity ranges between

0.5 and 2.0 m2/s. For additional information about the eddy viscosity model used in MIKE2 1,

the interested reader is referred to the MIKE21 documentation (DHI Software, 2007). Further

discussion of the velocity profiles is included in the following Model Validation and Velocity

Profile Measurement sections.

2.5.9 CHANNEL RESISTANCE- BED ROUGHNESS

Bed resistance in the model was included through the use of a Manning number. The Manning

number, N, in MIKE21 typically ranges from about 10 to 70 and is the reciprocal of the

Manning's n frequently used in open channel flow calculations. The bed resistance can vary

spatially throughout the 2-D model and can be individually assigned for each computational cell.

For the Susquehanna River model, a constant resistance was appropriate for matching the

observed water surface profile for the calibration run. A constant roughness is also consistent

with field observations of a channel with a relatively uniform channel roughness. The Manning

number used in this model is 28 which corresponds to a Manning's n value of 0.036.

2.6 MUSSEL INVESTIGATIONS

Biodrawversity LLC, under the direction of Ethan Nedeau, who is on the USFWS/PFBC list of

approved mussel surveyors for the Susquehanna River conducted additional mussel surveys in

the study area to better understand the mussel population in the area and the potential for impacts

from low flows. Site reconnaissance was completed during the week of August 27th by a two-

person team from Biodrawversity. The survey extended throughout the study area and identified

any shallow areas that contained populations of mussel species (Green Floater, Yellow

Lampmussel, Triangle Floater, and Elktoe) that should be included in the 2-D model analysis.
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2.6.1 QUALITATIVE MUSSEL SURVEY

Sixteen timed qualitative surveys were conducted in shallow water around the perimeter of Swan

Island and Heron Island, with an additional survey conducted near an old bridge pier

downstream of the tip of Swan Island (Figure 2.6.1-1, Table 2.6.1-1). Survey duration ranged

from 0.17-1.0 person-hours, the area surveyed at each site was generally 25-75m long and 10-

20m wide, and surveys were conducted by snorkeling and wading. At each site, surveyors

recorded precise counts of live animals of each species encountered, including Green Floater

shells, and also recorded water depth, substrate types, and flow conditions. Catch-per-unit-effort

(CPUE) was calculated for each species by dividing counts by survey duration. Site

reconnaissance and qualitative surveys were conducted over a period of two days (August 27-28,

2012).
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TABLE 2.6.1-1. QUALITATIVE MUSSEL SURVEY SITES.

I~ -I 1- -~

Qual-2 Heron Island 41.059581 -76.211331 I41.059887 -76.209930 125 0.83 0.40 GCB NIMS
Qual-3 Heron Island 41.060449 -76.207531 41.060719 -76.206685 70 1.00 0.50 GCS LM
Qual-4 Heron Island 41.061481 -76.203361 NR 40 0.33 0.25 GC M

Qual-5 Heron Island 41.061783 -76.203955 41.061825 -76.204591 50 1.00 0.25 GCS M

Qual-6 Swan Island 41.055116 -76.224385 NR 30 0.17 0.15 GSC L

Qual-7 Heron Island 41.060752 -76.211458 NR 40 0.60 0.20 GC M
Qual-8 Heron Island 41.060599 -76.213989 NR 30 0.50 0.20 SGC L

Qual-9 Heron Island 41.059924 -76.216107 41.060095 -76.215737 40 0.33 0.40 GCS M

Qual-I0 Heron Island 41.059091 -76.218243 41.059370 -76.217759 50 1.00 0.35 GSC L
Qual-1 1 Heron Island 41.054831 -76.227257 41.055106 -76.226643 50 0.50 0.20 GSCB L
Qual-12 RR Bridge Pier 41.053952 -76.228172 NR 25 0.25 0.75 SGC M

Qual- 13 Swan Island 41.054380 -76.227090 41.054690 -76.226050 90 0.50 0.25 GCS L

Qual- 14 Swan Island 41.054090 -76.226280 NR 50 0.25 0.50 CG MS
Qual-15 Swan Island 41.055310 -76.223100 41.056030 -76.221910 120 0.25 0.50 GCS M

Qual-16 Swan Island 41.056620 -76.220380 41.056860 -76.219800 60 0.25 0.50 CGS M

Qual-17 Swan Island 41.057150 -76.218890 41.057330 -76.218540 40 0.50 0.50 GCS M

*Substrate: S = Sand, G = Gravel, C = Cobble, B = Boulder. These are listed in order of relative abundance, from high to low.

**Flow.: Subjectivelv recorded as Light (L), Light-Medium (LM), Medium (M), Medium-Strong (MS), or Strong (S).
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2.6.2 QUANTITATIVE MUSSEL SURVEY

The quantitative survey was conducted over a period of two days (August 29-30, 2012). A total

of 235 1.0 m2 quadrats were sampled (235 m2 of actual survey area) in a quantitative study plot

in the cross channel between Swan Island and Heron Island (Figure 2.6-1). Quadrats were

positioned along 28 lines located perpendicular to the shoreline. Lines were spaced 10-15 m

apart (10 m apart for lines 1-26, 15m apart for lines 27-28). The starting point of each line was

located 0.25-0.5 in from the water line on the right side (as facing downstream) of the channel.

Seven to 10 quadrats were positioned along each line; these were spaced 4m apart, and extended

the full width of the wetted channel for lines 1-14, and extended 28-40 m offshore for lines 15-

28. The area represented by the quadrat survey was 280m long, 40m wide, and 12,000 m2 in

total area. The actual area surveyed within quadrats (235 m 2) was 1.96 percent of the total area.

All mussel species (both live and shells, recorded separately) at the surface, and within 5 cm of

the surface, were counted within each quadrat. Excavation was done primarily by hand without

sieving. Surveyors recorded counts for each species, shell lengths for all Green Floaters and for

a subsample of other species, quadrat location (using a GPS device), and habitat. Habitat

variables recorded for each quadrat included water depth, flow velocity (for a subsample of 88

quadrats), and percent cover of algae, aquatic vegetation, silt, sand, fine gravel, coarse gravel,

cobble, boulder, and bedrock. A typical quadrat sampling effort is shown in Photo 2.6.2-1.

Green Floaters observed outside of the quadrat locations were also photographed, measured, and

their locations were recorded. Density for each species was computed by dividing the number of

animals by the total area of quadrats (235 m2 ), and a population estimate for the entire area was

then computed by multiplying density by the total area represented by the survey (12,000 m2).
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PHOTO 2.6.2-1 TYPICAL QUADRAT SAMPLING PROCESS IN CROSS-CHANNEL.
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2.7 FISH HOST SPECIES ANALYSIS

Certain fish species resident in the study area may serve as host species for the larvae (glochidia)

of freshwater mussel species of concern. Host fish species may successfully serve as vectors for

mussels by being near spawning mussels during the spawning season, and by inhabiting suitable

mussel habitat during the time of year when glochidia excyst their host and begin the bethic

phase of their lives.

The following mussel/fish host associations are possible in the study area:

- Elktoe: white sucker, northern hogsucker, shorthead redhorse, rockbass, and warmouth.

- Yellow Lampmussel: White perch and yellow perch confirmed. Potential species:
banded killifish, chain pickerel, white sucker, smallmouth bass, largemouth bass.

- Triangle floater: blacknose dace, longnose dace, common shiner, fallfish, largemouth
bass, longnose dace, pumpkinseed sunfish, slimy sculpin, white perch, white sucker,
central stoneroller, fantail darter, northern hogsucker, and rosyface shiner

- Green Floater: Unknown (also: simultaneous hermaphrodite, might be capable of self-
fertilization, might not need a hostfish)

A recently completed Instream Flow Study was conducted in the study area (NAI 2012). We

adopted a subset of applicable Habitat Suitability Curve (HSC) indices from that study as they

can be used as a habitat guild (Bovee, et al., 1998) to reflect habitat use by other similar

indigenous fish species in the study area and because the indices have been previously reviewed

and approved by resource agencies. In order to understand which host species may co-inhabit

the study area under existing and proposed conditions we utilized specific HSC indices in

conjunction with the 2-D hydraulic model to quantitatively rate habitat suitability under a range

of conditions. Based on the ecology of the mussel species of interest, we proposed to assess the

following species and lifestages:

* Adult Northern Hogsucker (can also be used as a guild representative for white sucker)

* Adult and juvenile Smallmouth Bass (can also be used as a guild representative for rock
bass, warmouth and pumpkinseed sunfish)

* Adult and juvenile Banded darter; Adult/juvenile (one curve) Tessellated Darter (can also
be used as a guild representative for other benthic and cryptic fish species)

* Adult/juvenile (one curve) River chub (can also be used as a guild representative for
other cyprinid species)

OCTOBER 2012 2-41 AMlehucafmfnd



A memo concerning host species analysis that was transmitted to resource agencies

(Appendix A) includes detailed graphic and tabular coordinates for depth, velocity and substrate

rating values for the above species and lifestages based on NAI (2012).

Using the hydraulic model results, in addition to substrate data collected at every point in the

field, habitat suitability data may be calculated by species throughout the 2-dimensional domain.

This is very similar to approaches utilized for 1-dimensional habitat models, such as PHABSIM,

but takes advantage of the spatially distributed hydraulic results. Model output for depth,

velocity, in addition to survey data for substrate, was processed using a Python' script with the

Numpy module. Python is a powerful programming language that allows processing of large

datasets in a streamlined manner. In this case, for each species, for three different criteria of

depth, velocity and substrate, and for two different flow rates, the gridded surfaces were

processed creating habitat suitability indices. This created 72 different surfaces (each surface has

1,546,560 points), thus to process this efficiently, it was programmed in Python. Results were

ASCii grids, which were then be imported directly into GIS for display and further analysis.

1 www.Python.org,
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3.0 RESULTS

3.1 MUSSEL SURVEY RESULTS

3.1.1 QUALITATIVE MUSSEL SURVEY

Live mussels of six species were found during qualitative studies: Yellow Lampmussel, Elktoe,

Triangle Floater, Creeper, Eastern Elliptio, and Eastern Floater (Table 3.1.1-1). Live Green

Floaters were not found, but 13 shells were found at eight locations. A total of 237 live mussels

were found, including 147 Yellow Lampmussel (62.0%), 52 Elktoe (21.9%), 17 Triangle Floater

(7.2%), eight Creeper (3.4%), two Eastern Elliptio (0.8%), and one Eastern Floater (0.4%). Live

mussels were found at each of the 17 survey sites; mussel counts ranged from 2 - 56 mussels per

site (mean = 13.9 mussels). CPUE ranged from 6.0 - 168.0 mussels/hour (mean = 31.75). Site 4,

at the upstream tip of Heron Island, contained the highest mussel densities observed; 56 live

mussels (three species) and one Green Floater shell were found in a 20-minute search.
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TABLE 3.1.1-1. QUALITATIVE MUSSEL SURVEY RESULTS.

Qual-1 1.00 5 2 2 2 0 0 0 3 11 5.0 2.0 2.0 2.0 0.0 0.0 0.0 11.0

Qual-2 0.83 13 2 0 0 0 0 0 0 15 15.6 2.4 0.0 0.0 0.0 0.0 0.0 18.0

Qual-3 1.00 7 1 1 2 1 0 0 2 14 7.0 1.0 1.0 2.0 1.0 0.0 0.0 14.0

Qual-4 0.33 25 24 6 0 0 0 0 1 56 75.0 72.0 18.0 0.0 0.0 0.0 0.0 168.0

Qual-5 1.00 25 3 0 1 0 0 0 1 30 25.0 3.0 0.0 1.0 0.0 0.0 0.0 30.0

Qual-6 0.17 15 2 0 0 0 0 0 0 17 90.0 12.0 0.0 0.0 0.0 0.0 0.0 102.0

Qual-7 0.60 2 6 1 0 0 0 0 1 10 3.3 10.0 1.7 0.0 0.0 0.0 0.0 16.7

Qual-8 0.50 7 0 I 0 0 0 0 0 8 14.0 0.0 2.0 0.0 0.0 0.0 0.0 16.0

Qual-9 0.33 1 2 1 0 0 0 0 3 7 3.0 6.0 3.0 0.0 0.0 0.0 0.0 21.0

Qual-lO 1.00 8 6 2 2 0 0 0 1 19 8.0 6.0 2.0 2.0 0.0 0.0 0.0 19.0

Qual-I 1 0.50 14 1 2 1 0 0 0 0 18 28.0 2.0 4.0 2.0 0.0 0.0 0.0 36.0

Qual-12 0.25 1 0 0 0 0 0 0 1 2 4.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0

Qual-13 0.50 13 2 0 0 0 2 0 0 17 26.0 4.0 0.0 0.0 0.0 4.0 0.0 34.0

Qual-14 0.25 3 0 0 0 0 0 0 0 3 12.0 0.0 0.0 0.0 0.0 0.0 0.0 12.0

Qual-15 0.25 3 0 0 0 0 0 0 0 3 12.0 0.0 0.0 0.0 0.0 0.0 0.0 12.0

Qual-16 0.25 2 1 1 0 0 0 0 0 4 8.0 4.0 4.0 0.0 0.0 0.0 0.0 16.0

QuaI-17 0.50 3 0 0 0 0 0 0 0 3 6.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0

Sum 9.27 147.00 52.00 17.00 8.00 1.00 2.00 0.00 13.00 237.00

Mean 0.55 8.65 3.06 1.00 0.47 0.06 0.12 0.00 0.76 13.94 20.11 7.32 2.22 0.53 0.06 0.24 0.00 31.75

Min 0.17 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 3.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00

Max 1.00 25.00 24.00 6.00 2.00 1.00 2.00 0.00 3.00 56.00 90.00 72.00 18.00 2.00 1.00 4.00 0.00 168.00
Standard 0.31 7.75 5.71 1.50 0.80 0.24 0.49 0.00 1.03 13.22 24.92 17.04 4.31 0.87 0.24 0.97 0.00 41.43
Deviation I

** SpecieAbbreviations: LaCa = Lampsilis cariosa, AMa =Alasnidonta imarginata, A/Un = Alasinidonta undulata, StUn =Strophitus undulatus, PyCa = Pvganodon
cataracta, EICo = Elliptio complanata, LaSu = Lasinigona subviridis (L = Live, S = Shell)
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3.1.2 QUANTITATIVE MUSSEL SURVEY

A total of 58 live mussels and 58 shells were observed, which included six species (Table. 1.2-1).

Counts of live animals per species were as follows: Yellow Lampmussel (25), Green Floater

(12), Elktoe (10), Triangle Floater (8), Creeper (2), and Eastern Elliptio (1). Four Green Floater

were also found just outside of quadrats during the quantitative survey. Figure 3.1.2-1 shows

quadrat locations where Green Floater and where mussels (any species) were found.

TABLE 3.1.2-1. QUANTITATIVE MUSSEL SURVEY RESULTS.

Yellow Lampmussel 25 0.106 1276.6
Elktoe 10 0.043 510.6
Triangle Floater 8 0.034 408.5

Creeper 2 0.009 102.1
Eastern Elliptio 1 0.004 51.1
Green Floater 12 0.051 612.8
All Species 58 0.247 2961.7

*Density = Live Count divided by 235 m2

**Estimate = Density multiplied by 12, 000 m 2
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The 12 live Green Floater found translated to a density of 0.051 /m2 and a population estimate of

612.8 animals (Table 3.1.2-1). Green Floater was the second-most numerous species, behind

Yellow Lampmussel (density = 0.106/m2, population estimate = 1276.6) and ahead of Elktoe

(density = 0.043/m2, population estimate = 510.6). A combined total of 2,961.7 mussel species

were estimated for the study area.

Table 3.1.2-2 shows descriptive statistics for habitat parameters for quadrats pooled by position

along each line (e.g., Quad 1 for lines 1-28 pooled, etc.), and for all quadrats combined. Table

3.1.2-3 shows similar statistics but pooled by lines (e.g., Quads I-X for each of 28 lines pooled,

etc.). Together, Tables 3.1.2-2 and 3.1.2-3 show habitat conditions both longitudinally

(i.e., parallel to shoreline) and laterally (i.e., perpendicular to shoreline). Overall, quadrats were

characterized by shallow depth (mean = 20.7 cm), slow to moderate flow velocities (mean =

0.70 ft/s), and a substrate comprised mainly of fine and coarse gravel. There was more lateral

variation than longitudinal variation in habitat parameters. Algal cover, and proportions of silt

and sand, was significantly higher along the right shoreline. The most notable variation

longitudinally was the presence of a bedrock ledge primarily confined to a 100-meter distance

between Lines 12-23, and this bedrock was found mostly from 8-25 meters offshore from the

right bank. Water velocities were also higher near where the bedrock occurred.

Green Floater appeared to have an affinity for shallow nearshore areas. They occupied mean

depth of 14.1 cm, which was 37.7% lower than the mean depth of all quadrats combined (Table

3.1.2-4). They were found in depths as shallow as 5.0 cm (range: 5.0-28.0 cm). Green Floater

comprised 70% of all mussels found in the first (nearshore-most) quadrat of each line (i.e.,

Quad 1), compared to comprising only 20.7% of all mussels combined. Seven of 12 (58.3%)

were found in the starting quadrat; if these data generally represent the proportion of the

estimated Green Floater population that occur near shore, then upwards of 350 animals (58.3%

of 612.8) might occur in these nearshore areas. These estimates are far higher than qualitative

surveys detected, but most of the Green Floater observed during the quantitative survey were not

evident visually, often occurring flush with the surface of the sediment (and under algae) or

completely buried. In other words, qualitative surveys relying primarily on visual observations

may not detect Green Floaters.
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Green Floater appeared to have an affinity for slower water velocities, algal cover, and finer

substrates (silt and sand) (Table 3.1.2-4), although these are confounded with location. Green

Floater occupied a mean velocity of 0.3 ft/s, which was 74.2% lower than the mean velocity of

all quadrats combined (0.65 ft/sec). Mean algal cover in quadrats where Green Floater were

found was 21.3%, which was 109.9 percent higher than mean algal cover for all quadrats

combined. The proportion of silt and sand in quadrats where Green Floater were found was

38.9% and 36.5% higher, respectively, than the mean for all quadrats combined.

Other mussel species were typically found in quadrats with habitat parameters closer to the

mean, generally occupying areas with deeper water, coarser substrates, faster flow velocities, and

less algal cover (Table 3.1.2-4).

OCTOBER 2012 3-6 OCTOER 0123-6Kk~hwA



TABLE 3.1.2-2. MUSSEL HABITAT PARAMETERS FOR QUADRATS POOLED BY POSITION ALONG EACH LINE.

A

1 28 10.5 0.14 35.4 1.7 11.4 29.6 31.4 23.4 4.1 0.4 0.0

2 28 22.5 0.59 6.0 3.4 0.4 8.2 38.2 36.4 7.1 1.1 8.6

3 28 28.0 0.93 0.8 1.7 0.0 5.2 33.4 47.9 7.0 0.2 6.4

4 28 29.6 0.96 0.1 4.1 0.0 6.3 31.4 40.4 7.7 0.0 14.6

5 28 26.2 1.00 0.2 1.9 0.0 7.3 33.2 38.2 5.5 0.9 14.6

6 28 22.5 0.78 0.3 0.4 0.0 6.4 32.3 44.8 5.0 0.7 9.6

7 28 17.6 0.66 0.4 0.1 0.0 6.8 40.7 48.6 3.2 0.0 0.7

8 22 14.0 0.39 3.4 0.2 0.0 7.7 43.2 45.2 3.4 0.0 0.2

9 16 9.8 0.41 11.0 0.1 0.0 6.9 64.1 27.5 1.6 0.0 0.0

10

LL

1
235

1.0

20.7

1.0

6.2

0.0

1.6

0.0

1.4

0.0

9.5

90.0
37.5

10.0

39.5

0.0

5.1

0.0

0.4

0.0
6.50.65

*Quadrat Position: I -0.25-0.50 m from water line, 2-10 = located 4 meters apart in a line perpendicular to the right shoreline.

* *Categoiy Abbreviations: Veg = submerged aquatic vegetation, FG =,fine gravel, CG = coarse gravel, C = cobble, Bldr = Boulder, Bed Bedrock
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TABLE 3.1.2-3. MUSSEL HABITAT PARAMETERS FOR QUADRATS POOLED BY LINES.

1

2

3
4

5
6
7
8
9
10

11
12
13
14
15
16
17
18

19
20
21
22
23

24
25
26

27
28

ALL

9

9
9
9

9
9
9

8
9
8
8
9
9
10
9
9
9

9
8
8
8
7
7
7
7
7
7

235

I 6.z

22.3

24.4
24.3
24.3
19.7
17.4
18.6
19.6
18.3
19.5
21.1
20.6
21.8

21.3
20.2
20.9
21.0
22.3
18.3
21.1
20.4

19.5
20.7
22.9
20.9
20.6
18.3
20.7

V.0,1

0.67

0.50
0.65
0.59
0.60
0.70
0.65
0.69

0.66

11.1

10.1
10.0
13.8
11.1
11.3
4.9

22.8
2.5

0.3
2.5
0.0
5.6
0.0
0.1

5.6
1.7

10.1
17.8
1.3
6.4
9.4

0.0
5.7
0.0
0.7
0.1
1.4
6.2

U./

0.1

0.9
2.3
1.9
1.2
5.6
0.9
2.0

0.2
11.3
0.4
3.4
2.2
0.6

0.1
1.8
0.1
1.1
0.6
1.4
1.3

0.0
0.0
0.0
2.1
3.0
0.0
1.6

1.1

0.0
0.0
0.6
0.0
0.0
0.0
1.1
0.0

0.0

0.0
0.0
0.0
2.2
4.0
1.1

0.6
1.7
3.3
0.0
2.5

2.5
2.9
2.9
4.3

4.3
2.9
3.6
1.4

U./

3.9

7.8
6.1
11.1
3.9
2.2
8.9
3.8

3.3
13.8
6.3
7.2
7.2
6.5
17.8
12.2
3.9
17.2
2.5
3.8
23.1
4.3
20.7
11.4

25.7
11.4
22.1
9.5

f.'t

40.6
47.2
35.6
43.3

30.6
37.2
48.3
26.3

37.8

45.0
36.9
40.0
28.9
31.0

37.8
37.2
35.0
37.2
35.6
24.4

26.3

34.3
35.7
58.6

30.7
45.0
33.6
37.5

.):).0

49.4
37.8
54.4
38.3
53.3
57.8
36.7
61.9
48.9

37.5
43.8
40.0
38.3
37.0
32.8
28.3
33.3
26.1
28.1
51.3

31.9

42.1
34.3
25.7
27.9
33.6
32.1
39.5

/.Z

6.1
7.2
3.3
7.2

11.1
2.8
5.6
6.9
3.3

2.5
8.1
3.3
5.6
7.0
6.7
1.7
2.8
4.4
3.8
15.6
3.1
1.4
3.6
0.0
2.9

4.3
4.3
5.1

U.U

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.2

0.0
0.0
0.0
0.0
0.0
1.1
0.0

0.0
0.0
0.0
0.0

0.0
0.0

0.0
0.0

8.6
0.0
0.0
0.4

U.U

0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.3

4.4

0.0
5.0
10.0
17.8
15.0
2.8
17.8

23.3
11.7

30.0
2.5
13.8
13.6

4.3
0.0
0.0
2.9
4.3
6.50.65

*CategOy Abbreviations: Veg = submerged aquatic vegetation, FG =fine gravel, CG coarse gravel, C = cobble, Bldr = Boulder, Bed = Bedrock
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TABLE 3.1.2-4. MUSSEL HABITAT PARAMETERS BY SPECIES.

Means (all quadrats) 235 20.7 0.65 6.2 1.6 1.4 9.5 37.5 39.5 5.1 0.4 6.5

Means by Species (only quadrats that contained each species)

Yellow Lampmussel 24 20.9 0.54
Green Floater 12 14.1 0.30
Elktoe 9 21.9 0.84
Triangle Floater 8 24.7 0.84
All Species 48 20.3 0.47

Percent Difference (means for species vs. means for all quadrats)
Yellow Lampmussel 1.1 -19.9
Green Floater -37.7 -74.2

Elktoe 5.6 24.9
Triangle Floater 17.6 24.9

All Species -2.1 -33.3

5.7

21.3

0.0

0.6

8.4

0.9

1.7

0.0

3.3

1.5

0.8

2.1

2.1

0.0

0.9

10.2
13.8
9.8
3.8
9.8

7.1
36.5
2.9

-86.9

2.9

32.7

37.9

36.1

35.0

36.1

-13.6

1.2

-3.6

-6.8

-3.6

42.9

43.3

50.0

41.5

8.4

9.3

23.5

4.9

8.5
2.9

8.8
6.6

0.0
0.0
0.2
2.5
0.4

4.8
0.0
8.1
0.0
4.8

-8.3
109.9

-200.0
-163.4

30.3

-54.3

4.1

-200.0

68.0

-7.8

-51.0

38.9
38.9

-200.0
-39.9

49.6 -200.0

-55.4 -200.0
- -64.0

51.8 146.9

24.1 8.4

-30.7

-200.0

21.7

-200.0

-30.7

* *Categolt Abbreviations: Veg = submerged aquatic vegetation, FG =fine gravel, CG - coarse gravel, C cobble, Bldr = Boulder, Bed = Bedrock
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Mean shell length of Green Floater was 36.2 mm, and ranged from 17.5-47.0 mm (Table

3.1.2-5). This does indicate that recruitment is occurring within this population. The population

estimate of 612.8 mussels suggests that population density is high enough for reproduction to

occur, provided that other conditions are also suitable. Approximately 15 Green Floater shells

were found within this channel, providing further evidence of a large population.

TABLE 3.1.2-5. SIZE AND POSITION OF GREEN FLOATERS FOUND WITHIN THE CHANNEL.

Quantitative
Quantitative
Quantitative
Quantitative
Quantitative
Qualitative
Quantitative
Quantitative
Quantitative
Quantitative
Qualitative
Quantitative
Qualitative
Quantitative
Quantitative

23-1

4-1

10-1

17-7

9-1

Channel

20-1

5-1

7-1

16-7

Channel

10-7

Channel

15-3

19-3

41.059585

41.059072

41.059295

41.059218

41.059262

41.059427

41.059427

41.059093

41.059177

41.059204

41.059233

41.059082

41.059166

41.059372

41.059424

-76.214167

-76.216347

-76.215649

-76.214829

-76.215788

-76.214487

-76.214487

-76.216223

-76.215985

-76.214938

-76.215064

-76.215623

-76.215802

-76.215088

-76.214646

Mean Length (mm)

Standard Deviation

17.5

23.5

27.5

28.5

36.5

37.0

37.5

38.0

39.5

40.0

41.7

42.0

43.0

44.5

47.0

36.2

8.33

3.2 MODEL VALIDATION

The 2-D model was validated by comparison to surveyed water surface elevations and velocity

transects collected during the field data acquisition period (August 29 to 31, 2012). The

following sections present the results of this validation, followed by the results of the simulations

run to assess changes due to the proposed water withdrawal.

3.2.1 WATER SURFACE ELEVATION

Figure 3.2.1-1 shows the three main flowpaths along the south edge of the islands (Stationline 1),

along the north of the islands (Stationline 2) and through the cutoff channel between the islands

OCTOBER 2012 3-10 OTER210K i nk



(Stationline 3). The water surface profiles resulting from the 1,740 cfs observed conditions 2-D

model along the three station lines are shown along with surveyed water surface elevations in

Figures 3.2.1-2 - 3.2.1-4. Resistance values were changed in the model to demonstrate the

effects of different channel roughness values from Manning's n = 0.036 to 0.045 and as high as

0.080 (Manning number = 28, 22, 12.5 respectively). Since the velocities are relatively low,

large increases in the resistance values did not cause noticeable changes in the water surface

elevations. As can be seen from the profile figures (Figures 3.2.1-2 - 3.2.1-4), the modeled

water surface matches well with most of the surveyed points. It should be noted that both water

surface elevation and edge of water survey shots were stationed and included in the comparison.

Figure 3.2.1-4, which shows the water surface profile through the cutoff channel, shows the

downstream half of the surveyed water surface elevations above the modeled water surface

profile. Since the cutoff channel starts at Stationline 1 station 1570 and ends at Stationline 2

station 980, which are both points where the modeled water surface elevation profile matches

well with the survey points on the major flowpaths (Stationline I on the south of the islands and

Stationline 2 on the north of the islands), the discrepancy along Stationline 3 in Figure 3.2.1-4 is

attributed to survey points being taken at a different flow than the 1,740 cfs used in the 2-D

model. The downstream survey points were collected on August 31 at flow levels substantially

higher than 1,740 cfs (the Wilkes-Barre gage was showing well over 3,500 cfs on August 31).
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