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Photo 1. Upland forest habitat generally consisted of young- to medium-aged
trees in the overstory and an understory dominated by a robust cover
of shrubs.

Photo 2. A typical wintertime view of upland forest.



Photo 3. Upland scrub/shrub communities were found on former agricultural
lands undergoing secondary succession.

Photo 4. Scrub/shrub vegetation was composed of a variety of briars, shrubs,
and saplings.



Photo 5. Most of the agricultural land in 2007 was fallow and vegetated by
old field plant communities.

Photo 6. Some of the agricultural fields that were fallow in 2007 and in old-
field cover were planted in corn in 2008.



Photo 7. Palustrine forested wetlands also generally consisted of young- to
medium-aged trees in the overstory and a dense cover of shrubs in
the understory (background).

Photo 8. Groundwater seeps were common throughout the forested wetlands.



Photo 9. Palustrine forested wetlands along Walker Run.
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Photo 10. Palustrine scrub/shrub wetlands vegetated by alders.



Photo 11. Palustrine scrub/shrub wetlands vegetated by a dense growth of
spicebush.

Photo 12. Palustrine emergent wetlands located on land that was formerly in
agricultural use.



Photo 13. Palustrine emergent wetlands vegetated by a reed-canary grass
monoculture along the eastern branch of Walker Run.

Photo 14. Most waterbodies were fringed by palustrine emergent wetlands.
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Photo 15. Palustrine emergent and palustrine scrub/shrub habitat in a
seasonally ponded wetland.

Photo 16. Seasonally ponded areas usually developed palustrine emergent
vegetation cover during summertime draw-down.
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United States Department of the Interior

44FISH AND WILDLIFE SERVICE
Pennsylvania Field Office

315 South Allen Street, Suite 322
State College, Pennsylvania 16801-4850

January 18, 2008

Rod Krich
UniStar Nuclear Energy, LLC
750 East Pratt Street, 14"' Floor
Baltimore, MD 21202-3 106

RE: USFWS Project #2008-0518

Dear Mr. Krich:

This responds to your letter of December 21, 2007, requesting information about federally listed
and proposed endangered and threatened species within the area affected by 1he proposed nuclear
powered steam electric plant located in Luzerne County, Pennsylvania. The following comments
are provided pursuant to the Endangered Species Act of 1973 (87 Stat. 884, as amended; 16
U.S.C. 1531 et seq.) to ensure the protection of endangered and threatened species.

The project is within the range of the Indiana bat (Myotis sodalis), a species that is federally
listed as endangered. Indiana bats hibernate in caves and abandoned mines during the winter
months (November through March), and use a variety of upland, wetland and riparian habitats
during the spring, summer and fall. Indiana bats usually roost in dead or living trees with
exfoliating bark, crevices or cavities. Female Indiana bats form nursery colonies under the
exfoliating bark of dead or living trees, such as shagbark hickory, black birch, red oak, white
oak, and sugar maple, In upland or riparian areas.

Land-clearing, especially of forested areas, may adversely affect Indiana bats by killing, injuring
or harassing roosting bats, and by removing or reducing the quality of foraging and roosting

habitat. To determine whether the proposed project will affect Indiana bats, we will need
additional project information, including site plans and a detailed project description, that
describe how much forest disturbance will occur (area, tree species, and size classes).

This response relates only to endangered or threatened species under our jurisdiction, based on
an office review of the proposed project's location. No field inspection of the project area has
been conducted by this office. Consequently, this letter is not to be construed as addressing
potential Service concerns under the Fish and Wildlife Coordination Act or other authorities.

To avoid potential dela 's in reviewing your project, please use the above-refrenced USFWS
project tracking mumber inr ctiyJirtture correspondence regarding this project.



If you have any questions regarding this matter, please contact Pare Shellenberger of my staff at
814-234-4090.

Sincerely,

David Densmore
Supervisor
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Pennsylvania Depiartment oF Conservation and Natural Resources

Bureau of Forestry March 24, 2008

George Wrobel
CEG GNA Engineering
FAX 585.771.3392 (hard cop), Nill NOT follow-page 1 of 2)

Pennsylvania Natural Diversiy In'ventorr Review, PND[ Number 019535F Unistar Nuclear Energy/ Berwick.. PA NPP-L
Salem Township: Luzerne County

Dear Mr. Wrobel.

This responds to your request for information on species of special concern within the area under evaluation for this
project. We screened this project for potential impacts to species and resources of special concern under the
Department of Conservation and Natural Resources: responsibility, which includes plants, natural communities,
terrestrial invertebrates and geologic features only.

PNDI records indicate that species and communities of special concern under DCNR's jurisdiction are known to
occur in the vicinity of the above-mentioned project. Please see the attached list for butterfly species found in
the project area. If any earth disturbance is planned or more detailed project information becomes
available, please submit this project to our office for further review of potential impacts to the attached
species list.

This response represents the most up-to-date summary of the PNDI data files and is &ood for one (1) year from the
date of this letter. An absence of recorded information does not necessarily imply actual conditions on-site. A field
survey of any site may reveal previously unreported populations. Should project plans change or additional
information on listed or proposed species become available, this determination may be reconsidered.

This finding applies to impacts to plants. natural communities, terrestrial invertebrates and geologic features only.
To complete your review of state and federally-listed species of special concern, please be sure the U.S. Fish and
Wildlife Service. the PA Game Comnission and the Fish and Boat Commission has been contacted regarding this
project either directly or by performing a search with the online PNDI ER Twol found at
wwwV.naturalhentage.stae.pa.us,

Rebecca H. Bo Pm EnviromentalrRer , ie Specialist, PNeV
XCNR/OF/PNEI, PO Rox 8552, Harrisburg, PA 17105 - Ph: 717-772-025 - F: 717-772-0271 - c-rbowcnr~stale.y~us

SteWard'shio Partnership Servi~ce
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Scientific Common Status Habitat Larval Food Adult Food Flight

damp deciduous woods usually dung, fungi, carion, sap
near marshes or waterways; mbxed from willows poplars

Enodia anthedon Northem Pearly-Eye S3S4 or grassy woodlands various grasses birches June-Aug
turtlehead, hairy
beardtongue,
english plantain,

Euphydras Baltimore foxglove, white nectar from milkweed,
phaeton Checkerspol 62S4 wet meadows, bogs, marshes ash vlburnums, wild rose June-Aug

late June-mid
Poanes massasoil Mulber'y WiNg S3 freshwater marshes or bogs carex stricta any flower nectar Aug

open, moist areas including milkweed, selfheal,
meadows, marshes, prairie swales, mountain laurel, tick

Polites myslic I Long Dash S3 streamsidas, woods edges bluegrasses trefoil May-Aug
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* These species are Anown to reside on site. Please make plans that attempt to minimize impacts to the potential habitats of these species. Also note if
any earth disturbance is planned or more detailed project information becomes available, please submit this project to our office for further review of
potential impacts to the attached species list.
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INTRODUCTION

This report presents the results of Impingement and Entrainment (I & E) sampling

conducted by Normandeau Associates, Inc. and Ecology III at the existing

Susquehanna Steam Electric Station (SSES) circulating water supply system intake

structure pumphouse (CWIS) on the Susquehanna River (Figure 1). The I & E study

plan was accepted by AREVA NP and UniStar Nuclear and was an addition to ongoing

environmental studies to support the Bell Bend Nuclear Power Plant Combined License

Application (COLA) Environmental Report (ER).

SSES withdraws water from the North Branch of the Susquehanna River for cooling

water purposes. The river in the vicinity of the SSES CWIS is about 800-feet wide. The

SSES intake structure is located on the west bank of the river and is parallel to river

flow. The intake substructure consists of two water entrance chambers (11 x 1 1-ft) that

house the traveling screens and two pump chambers. Each pump chamber houses two

makeup pumps with maximum pumping rates of 13,500 gallons per minute (gpm) each.

River water is drawn into the chambers, passes beneath a skimmer wall and then

through 1.25-inch vertical bar screens (1-inch opening between bars) followed by 3/8-

inch mesh wire traveling screens before entering a common wet pit area which houses

the four makeup pumps. The intake flow velocity is perpendicular to and less than the

river velocity. With three pumps in operation the velocity of water through both intake

structure passages is 0.37 feet per second (ft/s) through the entrance openings, 0.58

ft/s through the clean bar screen openings at minimum river level, and 0.64 ft/s through

the clean traveling screen openings at minimum river level.

Additional information describing the SSES's intake structure is available in EPA 316(b)

Phase II Documentation for Susquehanna Stearn Electric Station (PPL Susquehanna

2005).

Impingement occurs when fish and other aquatic organisms become trapped on intake

screens at the entrance to an intake system. Entrainment occurs when aquatic
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organisms, suspended in the water column, pass through the intake screens and are

transported through the cooling water system. Impinged organisms are typically larger

than the mesh size of the screening equipment and conversely entrained organisms are

typically smaller than the mesh size of the screening equipment.

The one-year I & E study was initiated on April 22, 2008. Impingement and entrainment

sampling was conducted to provide estimates of the species composition and number of

organisms that. may possibly be impinged and entrained at the future intake of the

proposed BBNPP which is to be located approximately 300 feet downstream of the

SSES CWIS (Figure 1). Impingement and Entrainment samples were collected on a

weekly basis. The following sections describe the I & E study and results.

METHODS

Entrainment

The sampling frequency of the entrainment monitoring program was based on guidance

provided by EPRI in Entrainment Abundance Monitoring Technical Support Document

(EPRI 2005) and agency-approved entrainment studies conducted recently by

Normandeau. Entrainment sampling was performed once per week from April 22 to

August 13, 2008 and then again from March 17 to April 17, 2009. Both sampling

periods conform to the spawning season for riverine fish species that live in the

Susquehanna River in the vicinity of SSES. The additional sampling in 2009 was

initiated one month earlier than 2008 to acquire additional entrainment data for fish that

potentially begin to spawn earlier in the spring and which may not have been

adequately sampled for in 2008.

Two entrainment samples were collected after sunset during each weekly sampling

event. The first sample for each weekly sampling event began at approximately, but no

earlier than, one hour after sunset. The second sample was collected starting about 2

hours after the first sample was completed. The samples were collected at either

2



SSES's submerged upstream or downstream intake openings at the River, so that the

water from which the samples were taken was irreversibly committed to entering the

power plant cooling system. At least one river water make-up pump for either Unit 1 or

2 was in operation during the entrainment sample. The operational status of the pumps

determined where the entrainment sample was obtained. Samples were collected with

a 4-inch pump that obtained sample water through a 4-inch diameter suction line

positioned at mid-depth just in front of one of the intake openings through which river

water entered into the pumphouse. Total target volume of each sample was

approximately 28,000 gallons (100 m 3 ).

The intake pipe conveyed the sample water through a calibrated in-line flow meter and

then to the pump. The throttle on the pump was adjusted to ensure a minimum

pumping rate of approximately 240 gallons (0.9 M3) per minute as measured on the in-

line flow meter. Thus, a total of about 110 minutes or some 2 hours of pumping

occurred to obtain a single sample, From the flow meter the sample was discharged

through the 4-inch pipe into a plankton net (500-micron mesh) suspended in a large

tank of water such that the velocity of water exiting the hose was reduced greatly before

encountering the mesh of the net. The 500-micron mesh net was fine enough to

capture the eggs, larvae and juveniles of all fishes likely to be encountered at SSES,

The contents of the plankton net were rinsed down from the outside with ambient water

and carefully transferred to sample containers. The samples were immediately

preserved with 10 percent buffered formalin, labeled (both inside and out) and sent to

Normandeau's laboratory for analysis.

The entire sample was processed for ichthyoplankton (eggs and larvae), and juvenile

fish. Samples were sorted under magnification to ensure that all organisms were

removed. The removed specimens were identified to the lowest taxon possible

(generally species), and counted. Larvae and juveniles were categorized by life stage

as prolarvae (yolk-sac larvae), postlarvae (post yolk-sac larvae), young-of-the-year

(YOY), yearling or older, and unknown. The unknown life stage indicated that the

larvae were damaged or the life stage could not be determined. Many of the unknown
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life stage larvae were either prolarvae or postlarvae. The separation of these two life

stages can be difficult if the specimens are damaged. A maximum of 20 individuals for

each species and life stage category was measured for total length to the nearest 0.1

mm (nearest 1 .0 mm for juvenile fish) within each sample.

In situ water quality measurements were collected in the Susquehanna River in front of

the SSES CWIS. A calibrated YSI Sonde (Model 650) was used to determine water

temperature, pH, dissolved oxygen, and conductivity prior to and after the collection of

each entrainment sample.

Fish entrainment estimates were calculated for each week of sampling. These

estimates were based upon the mean density of each taxon which was calculated from

the two entrainment samples collected during each week. Density was calculated by

dividing the actual number of each taxon in a sample by the volume of water filtered

through the sampling net. Mean density for each week was determined by summing the

density of each taxon in the two samples and dividing by two. To estimate entrainment

for the week mean density was multiplied by the total volume of water withdrawn from

the river by the SSES CWIS for a 7 day period. A standard volume of 40,500 gallons

per minute (PPL, 2006) which equates to 58.32 million gallons per day (mgd) was used

for the total volume of water withdrawn from the river by the SSES CWlS. The

estimated weekly entrainment for each taxon was then summed for the entire sample

period to determine the estimated number of fish entrained.

Impingement

The impingement monitoring program was based on guidance provided by Electric

Power Research Institute (EPRI) in Impingement Abundance Monitoring Technical

Support Document (EPRI 2004) and on Normandeau's experience performing several

recent impingement sampling studies at other cooling water intake structures in

Pennsylvania and elsewhere. Impingement sampling was performed over one 24-hour

sampling event per week beginning on April 22, 2008 and continued until April 20, 2009.
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Weekly sampling events were scheduled for the same day each week to assure regular

spacing of the events. If either planned or unanticipated events interfered with this

schedule, an adjustment of a day or two was necessary. At least one river water make-

up pump for SSES Unit 1 or 2 was in operation during impingement sampling. Note that

impingement sampling was suspended from June 11 to August 11 as a result of intake

maintenance.

Each 24-hour sampling event was subdivided into 12-hour, predominantly day/night

periods to the extent feasible to allow for determination of day/night differences and to

ensure that debris or large numbers of fish did not overflow the sampling baskets. Each

sampling event was initiated by operation of the screens for at least 15 minutes to clean

them of previously impinged organisms. After the cleaning run, a clean basket with

mesh size of 0.125-inch was installed in the debris trough serving each SSES Unit. The

basket was used to capture the debris and impinged organisms from the screen

cleanings during the impingement sampling event

For each sample collection period, all fish were separated from the debris, identified to

species, and enumerated. All fish were measured for total length to the nearest

millimeter. If there were two size groups for a species (e.g., young of the year and

older) then each size group was enumerated separately. Condition of impinged fish

was categorized as alive, dead (freshly killed), dead (injured), or dead & decomposing

(e.g. rotting, fungus covered). The determination was made based on visual inspection

of the fish.

Other aquatic and/or semi-aquatic species observed in the impingement samples

(including crustaceans, invertebrates, amphibians, reptiles, waterfowl and/or aquatic I

semi-aquatic mammals), were also documented.

In situ water quality measurements were collected in the Susquehanna River in front of

the SSES CWIS. A calibrated YSI Sonde (Model 650) was used to determine water
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temperature, pH, dissolved oxygen, and conductivity prior to and at the completion of

each 12-hr impingement sampling event.

Total impingement was calculated by first determining the daily impingement rate over

the entire study period. Daily impingement rate was determined by dividing the total

number of fish and crayfish impinged by the number of sampling days. Daily

impingement was then multiplied by 365 days to determine the total annual

impingement, assuming the SSES and its CWIS were fully operational for the entire

period.

RESULTS

Water Quality and River Discharge

Entrainment 2008

Susquehanna River water temperature during the 2008 entrainment sampling program

ranged from 11.9 to 27.7 °C (Table 1). Water temperature during the start of the study

was cool, actually decreasing slightly from April to the end of May. From the end of May

through mid-June water temperature increased and then cooled slightly by mid-August

(Figure 2). Water temperatures were coolest in April and May and warmest during July.

Susquehanna River water pH during the 2008 entrainment sampling program ranged

from 6.9 to 8.6 (Table 1). Values for pH were generally greater than 8 during April and

May and decreased to between 7 and 8 (except for one sample date which was below

7) for the remainder of the study period (Figure 3).

Susquehanna River water conductivity during the 2008 sampling program ranged from

247 to 395 microsiemens per centimeter (pS/cm) (Table 1). Conductivity was lower in

April and May and generally increased during the beginning of June and then remained

stable until the end of July (Figure 4). Conductivity decreased during the end of July,
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coincident with higher river flows, and then generally increased until the end of the

sampling period.

Dissolved oxygen (DO) in the Susquehanna River during the 2008 sampling program

ranged from 5.9 to 12.4 milligrams per liter (mg/t) (Table 1). The observed DO values

generally decreased from the beginning of the sampling period through mid-July and

then were variable through the end of the study period (Figure 5).

Susquehanna River discharge data was available from the USGS gaging station located

in Wilkes-Barre, Pennsylvania, which is approximately 20 miles upstream of the SSES.

Mean daily discharge data was downloaded for both the 2008 entrainment sampling

period and for the period of record at the Wilkes-Barre Station (1899 to 2007). The

period of record mean flows are useful for comparing the 2008 flows to long-term flows

in the River.

River discharge during the 2008 entrainment sampling period ranged from 2,030 to

13,500 cubic feet per second (cfs). Flows were above 10,000 cfs for much of April and

May and then generally decreased through the end of July (Figure 6). On July 26 flows

increased to 11,000 cfs and then steadily decreased through the end of the study

period. No flood events occurred during the 2008 entrainment sampling program.

Flows in 2008 followed a pattern similar to the period of record mean flows with higher

flows in the spring generally decreasing through the summer. Mean flows in 2008 were

lower than the period of record mean flows for most of the study period.

Entrainment 2009

During the 2009 entrainment sampling period Susquehanna River water temperature

ranged from 5 to 8.8 0C. Temperatures during 2009 were lower than 2008 as result of

sampling occurring one month earlier than during 2008. For 2009 pH ranged from 7.6

to 8.3, comparable to the values observed during the 2008 entrainment study.

Susquehanna River conductivity ranged from 185 to 251 pS/cm during the study period.
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Conductivity during 2009 was lower than values observed during the 2008 program.

Dissolved oxygen measured in the Susquehanna River ranged from 11.5 to 13.5 mg/I.

Values for DO in 2009 were comparable to those observed during 2008. River

discharge during the 2009 sampling period ranged from 11,500 to 31,200 cfs. Flows

were lower than the period of record mean for the entire sample period, Two small

spates occurred during the sample period, one in mid-March and one in the beginning

of April.

Impingement Sampling

Susquehanna River water temperature during the impingement sampling program

ranged from 0.5 to 27.8 IC (Table 2). Water temperatures were coolest in January and

February and warmest during June and August (Figure 7). During the initial months of

the study period temperatures were relatively stable ranging between 15-18 1C. Then

from June through July temperatures rapidly increased. From mid-September through

the winter months temperatures steadily declined. Water temperature then increased

sharply from mid-March to the end of the sampling program.

Susquehanna River water pH during the impingement sampling program ranged from

6.6 to 8.7 (Table 2). Most values for pH were between 7 and 8 (Figure 8).

Susquehanna River water conductivity during the impingement sampling program

ranged from 144 to 471 pS/cm (Table 2). Conductivity was generally highest in the

summer and fall and lowest in the spring and winter (Figure 9).

Dissolved oxygen in the Susquehanna River during the 2008 sampling program ranged

from 8.0 to 17.7 mg/I (Table 2). The observed DO values were generally between 8 and

12 mg/I from April through October and then were greater than 12 mg/l from November

through March (Figure 10).

River discharge during the impingement sampling period ranged from 1,340 to 75,500

cfs, Flows were above 10,000 cfs for much of May and then decreased below 5,000 cfs
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from June through October (Figure 11). From November through the end of the sample

period flows were generally greater than 10,000 cfs with several high flow events during

this interval.

Flows during the sample period followed a pattern similar to the period of record mean

flows. Mean flows during April through mid-October were lower than the period of

record mean flows. Flows from mid-October through March were comparable to the

period of record with the exception of several spates that occurred during this interval.

Entrainment

2008 Sampling Program

Thirty-four entrainment samples were collected during the 17 week sampling period

which extended from April 22 to August 13. Average sample volume was 29,353

gallons (standard deviation 383 gallons) with a total of 997,986 gallons filtered for the

entire period. The first sample of each day began at around 21:00 hours and the

second at about 01:00 hours.

A total of 17 species and 3,039 fish was collected in the 34 samples (Table 3).

Quillback (27.2%), Cyprinidae (17.6%), unidentified darter (12.6%), channel catfish

(12,1%), common carp (11.4%), and white sucker (9.4%) were the numerically most

abundant taxa. Other species that were collected include brown bullhead, chain

pickerel, margined madtom, shield darter, rock bass, smallmouth bass, walleye,

tessellated darter, banded darter, and yellow perch.

Temporal variation in fish entrainment was evident with a majority of the fish being

collected from the first week in May to mid-June (Table 4, Figure 12). Few fish were

collected in entrainment sarnples during April. The number of entrained fish was

variable during July and August with two larger collections occurring during the first

week in July and the first week of August. The single largest entrainment sample

collection occurred on May 6 when 250 individuals were collected.
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Of the entrained fish, 1,346 were measured for total length. A majority of these were

Cyprinidae, quillback, and unidentified darter (Table 5). Mean length for entrained fish

was 9.8 mm (standard deviation of 6 mm). Most of the entrained fish ranged in total

length from 5 to 20 mm (Figure 13). The overall length range for entrained fish was

between 4 mm (Cyprinidae) and 76 mm (shield darter) (Table 5).

A majority (55.9%) of the entrained fish were larvae in the post yolk-sac life stage (Table

6). Yolk-sac larvae was the second most abundant life stage, comprising 17.0% of all

individuals, with the numbers of YOY and the unknown life stage also being substantial,

14. 1% and 12.9%, respectively. Only four yearling-plus individuals were collected, and

no fish eggs were collected in the entrainment samples.

The overall estimated number of fish entrained was 13,324,384 individuals (Table 7),

Cyprinidae was estimated to be the most abundant taxon entrained comprising 21.5%

of the total entrainment estimate. Other abundant taxa included channel catfish

(19.3%), quillback (16.2%), unidentified darter (12.3%), white sucker (9.8%), and

common carp (6.7%).

A brief discussion of entrainment characteristics for abundant taxa and recreationally

important species (RIS) follows. Taxa are artificially grouped into two categories: (RtS)

and Non-RIS. Non-RIS include forage species and species not typically targeted by

most anglers.

RIS

Channel catfish

A total of 367 channel catfish was collected during 2008 entrainment sampling. All of

the individuals were YOY. Channel catfish was collected from the end of June to the

first week in August in a total of 10 samples (Figure 14). Most of the individuals were

collected during a two-week period from the end of June to the first week in July.

Estimated channel catfish entrainment for the 2008 sample period was 2,570,361
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individuals. Mean total length of channel catfish was 16.9 mm and ranged between 14

and 23 mm.

Smailmouth bass

A total of 62 smallmouth bass was collected in entrainment samples. Sixty of these

were post yolk-sac larvae and two YOY individuals were also collected. Smallmouth

bass was collected from the first week in June to the second week in July in a total of

seven samples (Figure 15). Most of the individuals were collected on June. 10 and 11.

Estimated entrainment of smallmouth bass was 427,672 individuals. Smallmouth bass

ranged in total length between 9 and 55 mm with mean length of 14.4 mm.

Walleye

Thirty-seven walleye were collected in entrainment samples. Of these, 31 were post

yolk-sac larvae and six were yolk-sac larvae (Table 6). Walleye was collected from the

last week in April through the first week in May in a total of five samples, Most. of the

individuals were collected on April 29 and 30 (Figure 16). Walleye entrainment was

estimated at 171,869 individuals over the study period. Total length of walleye ranged

between 9.5 and 15.6 mm with mean length of 11.0 mm.

Rock bass

A total of 41 rock bass was collected in entrainment samples. Forty individuals were

yolk-sac larvae and one YOY was collected. Rock bass was collected from the second

week in June to the third week in July in a total of 10 samples (Figure 17). Over half of

the individuals were collected on June 10 and 11. Estimated rock bass entrainment

was 285,177 individuals. Rock bass mean total length was 7.8 mm with range between

6.4 and 14.0 mm.

Yellow perch

Fifty-two yellow perch was collected during the 2008 entrainment sampling program.

Two life stages were present with a majority of the individuals being post yolk-sac larvae

(n=48) and only a few (n=4) yolk-sac larvae were collected. Yellow perch was collected
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sporadically throughout the study from the end of April to the second week in July

(Figure 18). A majority of the individuals were collected during the last two weeks in

June. Yellow perch entrainment was estimated to be 308,528 individuals during the

study period. Mean total length of yellow perch larvae was 7.7 mm with range between

5.9 and 13.4 mm.

Non-RIS

Common carp

A total of 345 carp was collected in entrainment samples during 2008. Of which, 179

were post yolk-sac larvae, 161 were unknown life stage, and five were yolk-sac larvae.

Carp was collected in a total of seven samples from June 3 to July 30 (Figure 19). Most

of the carp were collected during two sampling events on June 3 and 4 in which 195

and 139 individuals were collected, respectively. The estimated carp entrainment

during the study period was 894,149 individuals. The mean total length of carp larvae

was 6.6 mm with the length range between 5.3 and 10.1 mm.

Cyprinidae

For the purposes of categorizing entrained organisms this grouping encompasses the

native minnows including spottail, spotfin and common shiners. Of the total of 535

cyprinids collected during 2008, 495 were post yolk-sac larvae and 40 were yolk-sac

larvae. Cyprinids were collected from the end of April through the end of the sampling

period in a total of 25 samples (Figure 20). A majority of the cyprinids were collected

during the last four sample collections in August. Cyprinids comprised 97% of the all

fish entrained during this interval. This group was the most frequently occurring taxon

during the sampling period and nearly half of the individuals were collected during

August. Estimated entrainment of cyprinids was 2,863,110 individuals during the study

period. Cyprinid total length ranged from 4 to 14.5 mm with mean length of 6.1 mm.

Quiliback

Quillback was the most abundant fish in entrainment samples with a total of 828

individuals collected. Over half of the individuals (n=433) were post yolk-sac larvae with
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nearly equal numbers of yolk-sac larvae (n=202) and unknown life stage (n=190). The

only other life stage collected was YOY, with a total of three individuals. Quillback was

collected from the first week in May to the second week in June in a total of 12 samples

(Figure 21). The largest single sample collection occurred on May 7 when a total of 196

individuals was collected. The estimated entrainment of quillback was 2,164,020

individuals over the sample period. Total length range of quillback larvae ranged from

5.4 to 21 mm with mean length of 8.9 mm.

Unidentified darter

This grouping includes larval darters that were unable to be identified to species and

likely includes three species (tessellated, shield and banded darter). A total of 382

unidentified darter was collected in entrainment samples, Of these, 246 were yolk-sac

larvae, 105 were post yolk-sac larvae, and 31 were unknown life stage. This group was

collected from the third week in April to the second week in June in a total of 14

samples (Figure 22). Estimated entrainment of unidentified darter was 1,644,738

individuals over the sample period. Mean total length of this group was 5.8 mm with

length range between 4.4 and 10.4 mm.

White sucker

A total of 286 white sucker was collected in entrainment samples. A majority of these,

individuals were post yolk-sac larvae (n=256) with YOY (n=19) and yolk-sac larvae

(n=11) also being collected. White sucker was collected from the last week in April to

the third week in June in a total of 15 samples, with most of the individuals being

collected in June (Figure 23). Estimated entrainment of white sucker over the study

period was 1,299,692 individuals. Mean total length of white sucker was 16.6 mm with

range between 8.7 and 35 mm.

2009 Sampling Program

A total of 10 entrainment samples was collected during the 5-week sampling period,

March 17 through April 17. Average sample volume was 29,124 gallons (standard
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deviation 286 gallons) with a total of 291,239 gallons filtered for the entire period. The

first sample of each day began around 21 :00 hours and the second around 01:00 hours.

A single Catostomidae egg was collected in entrainment samples during the 2009

sampling program. The egg was collected on April 17, the last entrainment sampling

event during 2009. Based on the catostomid species collected in the 2008 entrainment

sampling program it is likely the egg was either a white sucker or quillback. Estimated

entrainment during the 2009 sampling period was 7,022 catostomid eggs.

Impingement

Impingement sampling was performed on 45 days from April 20, 2008 to April 22, 2009,

with sampling suspended from June 11 through August 11 due to intake maintenance.

Each weekly 24-hr sampling event was subdivided into a 12-hr sample for "day" and a

12-hr sample for "night". However, these periods were not strictly characterized by

daylight or darkness (seasonal variations in the timing of sunrise and sunset were not

accounted for). The day sample usually was started at approximately 08:00 hours and

the night sample at approximately 20:00 hours.

Over the entire sampling period a total of 398 fish and crayfish was collected (Table 8).

Crayfish (Orconectes sp.) was the dominant organism, with 220 individuals representing

55.3% of the total number collected. The remainder of the impingement catch was

composed of 178 fish representing 18 species. The most abundant fish was bluegill,

representing 11 .1% of the total. Other fairly abundant fish, as a percentage of the total

impingement, were rock bass (8.5%), channel catfish (7.8%), tessellated darter (4.5%),

and spotfin shiner (4.0%). Other species that represented at least 1% of the total catch

included spottail shiner, margined madtom, smallmouth bass, white crappie, and white

sucker.

The impingement catch was low throughout the study period with little week-to-week

variation (Figure 24). Impingement catch was highest during a period from mid-

February through April. A maximum of 42 fish and crayfish was collected during a
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single 24-hr sampling period on March 31. Fish or crayfish were collected on each

collection date except for December 30.

For comparison of impingement over time, impingement catch was evaluated by month

and species (Table 9). The largest monthly total catch occurred in March when 104

individuals were collected. Of these, 78 were crayfish and 26 were fish. Crayfish was

collected in all months except January. Crayfish impingement was relatively high in

August 2008 and March and April 2009. Fish impingement was greatest in November

when 33 fish were collected, of these 27 were bluegill. Other months with relatively high

fish impingement were October (n=27), February (n=29), and March (n=26).

Similar numbers of organisms were collected during the day (47%) and at night (53%).

Most of impinged organisms were either alive (39%) or fresh dead (55%) with few

organisms dead and decomposing (6%) and no fish categorized as injured and dead.

Mean total length and total length ranges of fish collected during impingement sampling

are given in Table 10. Overall, impinged fish ranged in total length from 40 mm

(bluntnose minnow) to 381 mm (northern hog sucker).

It is unlikely that the suspension of sampling from June to August had a major impact on

the overall results of the impingement study. During this period there was little chance

of the sampling missing an important species or large impingement event. There are no

fish species that would have been present during this time period only and not during

the remainder of the year (e.g. migratory species). Higher impingement events typically

occur during periods when water temperatures sharply decrease or in association with

major flooding events. Neither of these situations occurred during the suspension of

impingement sampling.

Impingement was estimated for the entire year (365 days) from April 2008 to April 2009.

The total annual impingement at SSES was 3,228 fish and crayfish. This equates to an

average of 8.8 fish and crayfish per day and approximately 264 fish and crayfish per

15



month (30 days). Average estimated impingement for fish only was 3.95 per day, 120

per month and 1,442 per year.

No endangered, threatened, or species of special concern were collected in the

impingement or entrainment samples, In addition, no migratory species (American shad

or American eel) were collected in the impingement or entrainment samples.
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*Tab[e 1. Descriptive statistics for temperature, pH, conductivity, and dissolved oxygen measured in the. Susquehanna River at the SSES CWIS during entrainment sample collections, April 22 to August 13, 2008.

Month
April
May
June
July
August

mean
15.4
15.3
23.4
25.5
24.2

Temperature (°C)
minimum

14.3
11.9
21.3
22.9
22.2

maximum
16.8
19.3
27.2
27.7
26

Month
April
May
June
July
August

mean
7.8
8.3
7.7
7.7
7.8

pH
minimum

7.3
8

7.3
6.9
7.5

maximum
8.1
8.6
8
8

7.9

Conductivity (piS/cm)
Month mean minimum maximum
April
May 262.3 247 284
June 356.1 333 372
July 351.5 249 395
August 329.1 308 349

Dissolved Oxygen (mg/l)
Month mean minimum maximum
April 11.0 10.6 11.7
May 11.1 10.3 11.9
June 9.3 7.8 10.8
July 8.2 5.9 8.9
August 9.6 6.9 12.4



Table 2. Descriptive statistics for temperature, pH, conductivit,, and dissolved oxygen measured in the Susquehanna River at
the start of each impingement sample, April 22, 2008 to April 20, 2009.

Temperanure (°C)
Month Mean Minimum Maximum
January 1.5 0.7 2..5
February 1.1 0.5 1.7
March 4.4 1.2 8.8
April 12.1 8.3 16.8
May 16.0 12.7 19.9
JUlIC 24.3 19.9 27.8
August 23.6 22.1 24.6
September 20.8 18. 1 24.5
October 13.3 I 0 16.4
November 6.8 3.4 8.5
December 3.8 1.4 5.5

pH
Month Mean Minimum Maximum
January 7.5 6.8 8
February 8.0 7.4 8.6
March 8.2 8 8.3
April 7.5 6.8 8.1
May S.0 7 8.6
June 7.3 7 7.9
August 8.1 7.6 8.7
September 7.8 . 7.1 8.4
October 7.3 6.6 7.7
November 7.5 6.7 7.9
December 7.3 6.8 7.8

Dissolved Oxygen (mg/I)
Month Mean Minimum Maximum
January 14.6 12.6 16.5
February 14.6 13.6 15.9
March 13.1 11.5 14.1
April 11.2 9.5 12.1

May 11.1 9.9 11.6
June 9.4 9 10
August 9.8 8.2 12.1
September 9.7 8 I i.9
October 1 1.2 9.1 12.4
November 12.4 11.4 14.4
December 15.1 12.8 17.7

Conductivity (piS/cm)
Month Mean Minimum Maximum
Januarv 299. t 235.1 352
February 330.0 272 396
March 206.7 144 258
April 242.2 188 289
May 260.8 236 281
June 351.3 329 374

August 357.0 342 378
September 416.9 363 454
October 431.7 392 471
November 316.8 256 376

December 229.6 189 299



Table 3. Total number and percent composition of fish entrained at the SSES CWIS,
April 22 to August 13, 2008.

Common Name
banded darter

brown bullhead
common carp
chain pickerel
channel catfish
Herrings
Minnows
Sunfishes
margined madtom
Perches
quillback
rock bass
shield darter
smailmouth bass
spottail shiner
tessellated darter
unidentified fish
unidentified darter
walleye
white sucker
yellow perch
Total

Scientific Name
Etheostoma zonale

Ameirus naoalis
Cvprinus carpio

Esox niger
Icta/lwuis pctatnaus

Clupeidac
Cypri nidae

Lepomis sp.
Nolurus insignis

Percidae
Caipiodes cyprinus

A4mbloplifes rap esItis

Percina peltala
Micropterus dolomieu
Notiropis hudsonius
Etheostoma ohnstec/i

Sandcer vitreus

Catostoinus comnmersoni

Perca flavescens

Total Number
2
2

345
2

367
1

535
5
10
46
828
41

62
27
1

7
382
37

286
52

3,039

Percent Composition
0.1
0.1
11.4
0.1
12.1
<0.1
17.6
0.2

0.3
1.5

27.21
1.3

<0.1

2.0
0.9

<0.1
0.2
12.6
1.2
9.4
1.7



Table 4. Actual number of fish collected in each entrainment sample at the SSES CWIS, April 22 to August 13, 2008.

Date Actual number entrained
4/22/2008 2
4/23/2008 0
4/29/2008 16
4/30/2008 34
5/6/2008 250
5/7/2008 246

5/13/2008 48
5/14/2008 46
5/20/2008 140
5/21/2008 162
5/27/2008 198
5/28/2008 197
6/3/2008 206
6/4/2008 .177

6/10/2008 203
6/11/2008 2M9
6/17/2008 25
6/18/2008 22
6/24/2008 90
6/25/2008 1.43
7/1/2008 34
7/2/2008 1.42
7/8/2008 28
7/9/2008 25

7/1 5/2008 24
7/16/2008 14
7/22/2008 9
7/23/2008 39
7/29/2008 23
7/30/2008 19
8/5/2008 35
816/2008 104

8/12/2008 70
8/13/2008. 49

Total 3,039



Table 5. Descriptive statistics for total length of entrained fish collected at the SSES CWIS, April 22 to August 13, 2008.

Taxon
banded darter
brown bullhead
comlmion carp
chain pickerel
channel catfish
Clupeidae
Cyprinidae
Lepomnis sp.
margined madtomr
Percidae
quillback
rock bass
shield darter
smallmouth bass
spottail shiner
tessellated darter
unidentified darter
walleye
white sucker
yellow perch

Mean
59.0
15.5
6.6
15.5
16.9
15.7
6.1
6.2
15.2
7.1
8.9
7.8

76.0
14.4
20.6
52.0
5.8
11.0
16.6
7.7

Total
Minimum

46
15

5.3
13.7
14

15.7
4

4.7
13
5.2
5.4
6.4
76
9

14.3
52
4.4

9.5
8.7
5.9

Length (mm)
Maximum

72
16

10.1
17.2
23

15.7
14.5

9.8
21
10
21
14
76
55
28
52

10.4
15.6
35

13.4

Standard Deviation Total Number
18.4 2
0.7 2
0.7 54
2.5 ?

1.3 112
I

1.9 300
2.4 4
2.3 10
1.4 40
2.0 239
1.2 40

1

8.5 40
4.1 26

0.8 218
1.1 35
4.3 170
1.9 49

Total 9.8 4 76 6.0 1,346
Total 9.8 4 76 6.0 1,346



Table 6. Total number of each laxon collected by life stage in entrainment samples at the
SSES CWTS, April. 22 to August 13, 2008.

Taxon
banded darter
brown bullhead
common carp
chain pickerel
channel catfish
Chlpeidae
Cyprinidae
Lepomis sp.
margined madtom
Percidae
CIUillback
rock bass
shield dairer
smaflmouth bass
spottail shiner
tessellated darter
unidentified fish
unidentified darter
walleye
white sucker
yellow perch

Unknown
0
0

161
0
0
0
0
0
0
3

190
0
0
0
0
0
7

31
0
0
0

Yolk-sac
larvae

0
0
5
1

0
0

40
0
0

3
202
0
0
0
0
0
0

246
6
11
4

Life Stage
Post yolk-
sac larvae

0
0

179
1

0
1

495
5
0

40
433
40
0

60
4
0
0

105
31

256
48

YOY
0
2
0
0

367
0
0
0
10
0
3

0

23

0
0
0
0

19
0

Yearling plus
2

0
0
0
0
0
0
0
0
0
0
0

0
0

0

0
0
0
0

Total
2
2

345
2

367
1

535
5
10
46
828
41

62
27
1

7
382
37

286
52

Total Number
Percent Composition

392 518
12.9 17.0

1,698
55.9

427

14.)

4

0.1
3,039



Table 7. Estimated number of each taxon entrained and percent composition at the SSES
CWIS, April 22 to Augusl 13, 2008.

Taxon

banded darter
brown bullhead
common carp
chain pickerel
charmel catfish
Cl upeidae
Cyprinidae
Lepomis sp.
margined madtom
Percidae
quillback
rock bass
shield darter
smallimouth bass
spottail shiner
tessellated darter
unidentified fish

unidenti fled darter
walleye
white sucker
yellow perch

Estimated Number Entrained

13,778
13,799

894,149
1.3,635

2,570,361
7,042

2,863,1 10
42,151
69,502

3 1.2,507
2 164,020

285,177
7,042

427,672
160,030
6,838

48,744
1,644,738

171,869
1,299,692

308,528

Percent Composition
0.1
0.1
6.7
0.1
19.3
0.1

21.5
0.3
0.5
2.3
16.2
2,1
0.1
3.2
1.2
0.1
0.4
12.3
1.3
9.8
2.3

Total 13,324,384
Total l3,324,384



Table 8. Total number and percent composition of fish and crayfish collected in impingement samples
from the SSES CWIS traveling screens, April 22, 2008 to April 20, 2009.

Common Name

crayfish
bluegill
rock bass
channel catfish
tessellated darter
spotfin shiner
spottail shiner
margined madtorn
smallmouth bass
white crappie
white sucker
yellow perch
banded darter
pumpkinseed
wallcye.
bluntnose minnow
brown trout
northern hog sucker
unidentified fish
yellow bullhead

Scientific Name
Orconectes sp.

Lepomis mnacrochirus
Ambloplites rnpeslris

Iciahlrus v pwcta(ifs

EDheostonia ohnslech

Cyprinella spiloptera
Noiropis hadsonius

Noturims insignis
Micropternis dolomieu

Pomoxis Caom/aris
Calostonnus commersoni

Perca fia vescens

Etheostoma zonale

Lepomis gibbosus

Sander vilreus
Pinephales notalus

Sa/noi truttia
IHvpentelium nigricans

AmneirIIus na/olis

Total Number
220
44

34
31
18
16
5
4
4
4
4

3
2
2

1
1

Percent Composition
55.3
11.1
8.5
7.8
4.5
4.0
[.3
1.0
1.0
1.0
1.0
0.8
0,5
0.5
0.5
0.3
0,3
0.3
0.3
0.3

Total 398
Tota] 398



Table 9. Number of each fish and crayfish collected during each month of impingement sampling at the SSES CWIS, April 22, 2008 to April 20, 2009.

Taxon
banded darter
bluegill
bluntnose minnow
brown trout
channel catfish
crayfish
margined madtom
northern hog sucker
pumpkinseed
rock bass
smallmouth bass
spotfin shiner
spottail shiner
tessellated darter
unknown fish
walleye
white crappie
white sucker
yellow bullhead
yellow perch

April 2008 May June August September October November December January February March April 2009
2

11 27 1

1
3

I I

I

9
8

21
4

1013 3')
1
19
1

6 2
2

3
78

0
30

2

I

4 l
1

4

2

1
5 5

I
9 6

3 6i

2
I 3

I 3

2 1

Total 17 39 17 33 17 )q 52 9 13 31 104 37



Table 10. Mean, minimum, and maximum total length of fish collected in impingement samples
from the SSES CWIS traveling screens, April 22, 2008 to April 20, 2009.

Taxon
banded darter
bluegill
biuntnose minnow
brown trout
channel catfish
margined madtom

northern Log sucker
pumpkinseed
rock bass
smalinouth bass
spotifn shiner
spottail shiner
tessellated darter
walleye
white crappie
white sucker

yellow bullhead
yellow perch

Mean
57
53
40

292
82
53

381
136
82
195
79
50
56
178
92

99
218
145

Total Length (mrn)

Minimrum
53
32
40
292
47

42
381
121
45
93
44
41
35
176

84
67

218
92

Maximum
61
131
40

292
184
66

381
151
220
282
103
57
76
180
99
112
218
.223
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Figure 2. Susquehanna River water temperature measured at the start of entrainment sampling at the SSES CWIS, April 22 to August 13, 2008.
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Figure 5. Susquehanna River dissolved oxygen measured at the-start of entrainment sampling at the SSES CWIS, April 22 to August 13, 2008.
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Figure 19. Number of carp collected in each entrainment sample through time at the SSES CWIS during 2008.
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Figure 23. Number of white sucker collected in each entrainment sample through time at the SSES CWIS during 2008.
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INTRODUCTION

Bell Bend Nuclear Power Plant (BBNPP) is proposed to be sited adjacent to the

Susquehanna Steam Electric Station (SSES) in Salem Township, Luzerne County,

Pennsylvania (Figure 1). As part of the environmental siting studies, Normandeau

Associates, Inc. was contracted by AREVA NP, Inc. to assess the mussel community of

the Susquehanna River in the vicinity of the proposed BBNPP intake and discharge

structures. At the time of the survey, the exact locations of the proposed

intake/discharge structures were unknown, thus sampling effort focused on the

approximate locations, which are in the vicinity of the SSES intake and discharge

structures.

Several mussel species of interest to the Pennsylvania Fish and Boat Commission

(PFBC) are known from the Susquehanna River less than 10 miles downstream of the

proposed BBNPP site. Therefore, this survey focused on determining the community

composition of mussels inhabiting the Susquehanna River in the general vicinity of the

expected location of the proposed intake and discharge structures.

METHODS

Two Normandeau staff members experienced with performing river mussel surveys

(William S. Ettinger and Michael K. Mettler) performed this qualitative mussel survey on

October 1 and 2, 2007. The site was evaluated by wading and viewing the river bottom

with and without the aid of a transparent-bottomed bucket. Therefore, only wadeable

sections of the river were surveyed. The survey entailed visually searching the river

bottom with some disturbance of substrate materials by hand. No systematic

excavation of substrate materials for the purpose of uncovering buried mussels was

performed. The survey focused on areas of substrate that would most likely be

inhabited by mussels, including sand, gravel, and cobble, although all substrates types

including silt, boulders, and bedrock were surveyed.



Five locations within the Susquehanna River were surveyed (Figure 2). Station 1 was

located along the east shoreline of the River at Bell Bend, which is approximately 0.6

miles downriver from the existing SSES intake. Station 2 was located along the east

shoreline, across from the SSES intake. Station 3 was located along the river shoreline

on the opposite (east) side of the river at the confluence of Little Wapwallopen Creek,

and approximately 0.3 miles upstream of the SSES intake. Station 4 was located at the

downstream end of the island, approximately 1.1 miles upstream of the SSES intake

and Station 5 was located along the west shoreline, approximately 0.4 miles upriver of

the SSES intake.

All observed mussels were identified to species and subsequently returned to the

approximate location of collection. Weather conditions were good with low flows

(discharge = 1,780 cubic feet per second at the USGS gage at Danville on October 2)

and clear water yielding high visibility.

RESULTS

Live individuals of five species of mussels were observed during the 2-day effort (Table

1). No mussels were observed at Station 4. However, all five species were collected,

for the most part, from each of the other four stations. With exception of the eastern

elliptio, dozens of individuals of each species were collected. None of the collected

species is listed as Threatened or Endangered by the commonwealth of Pennsylvania

or the Federal government. However, the Pennsylvania Fish and Boat Commission

considers the yellow lampmussel (Lampsilis cariosa) to be a species of special concern.

The yellow lampmussel (Lampsilis cariosa) is a medium-sized mussel attaining a

maximum length of 125 mm. It commonly inhabits medium and large rivers, but is

known from lakes and ponds in the northern part of its range. Distribution ranges from

Novia Scotia south to Georgia and west to West Virginia. This species occurs in the

Susquehanna and Delaware River drainages in Pennsylvania and its populations are

considered to be vulnerable to relatively stable by the Pennsylvania Natural Heritage



Program (PNHP 2007a). Though it appears to be relatively abundant within the main

stem Susquehanna River, it is less common in tributaries and other river systems. Its

preferred, substrate includes sand, silt, cobble, and gravel, especially in riffles and

flowing portions of rivers.. White perch and yellow perch are the only known larval host

for this species. The yellow lampmussel is thought to be mildly tolerant of

eutrophication and ,siltation and intolerant of toxins.

In addition to the mussels observed in this survey, a single specimen of another

species, green floater (Lasmigona subviridis), was identified in a benthic

macroinvertebrate sample collected withý a dome sampler upstream of the SSES intake

on August 15, 2007 (Ecology III 2008). The collection location of this individual was

within the vicinity of where the present survey was&completed. The' green floater is a

mussel that is imperiled throughout much of its historic range and is, considered

imperiled by the Pennsylvania Natural Heritage Program (PNHP 2007b), It occurs.

throughout the Atlantic Slope from North Carolina to New York, as well as in. the

Kanawha River basin in West Virginia. This species is not common in Pennsylvania,

but is known to occur in the Susquehanna, Delaware, and Ohio River drainages. It is a

small mussel that, is. typically less than 55 mm in length that prefers .to inhabit gravel and

sand substrate in water depths of 1 to 4 ft. This species inhabits pools andother calm

areas of hydrologically stable creeks: and rivers and it is intolerant of strong currents

(Strayer and Jirka 1997). A decline in population numbers of this species has Occurred

throughout much' Of its range. The green floater is hermaphroditic and the hosts for its

larval stage (glochidia) are not known.

CONCLUSIONS

This preliminary survey will serve to inform discussion and coordination with the. PFBC

related to any additional investigations that may be necessary as construction plans for

BBNPP become more definite. The survey results show'the relatively wide distribution

and common occurrence of four species of mussels,, including the yellow lampmussel,

in the vicinity of the proposed plant. In addition, macroinvertebrate sampling has

35



confirmed the, presence of a fifth species, the green floater, in the vicinity of the

proposed plant.
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Table 1. Species of mussels observed during a survey of the Susquehanna

River completed near the proposed BBNPP site, October 2007.

Common name
Scientific name

Eastern Elliptio

Eastern Floater

Elktoe

Triangle Floater

Yellow Lampmussel

!Green Floater

Elliptio complanata

Pyganodon cataracta

Alasmidonta marginata

Alasmidonta, undulata

Lampsilis cariosa

Lasrnigona subviridis

1 This species was not collected during the mussel survey. However, a single: individual-was

identified in a macroinvertebrate sample collected by dome sampler upstream of the SSES

intake

6
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Walker Run Stream Stability Assessment PPL Bell Bend Nuclear Power Plant

. 1. INTRODUCTION

The following report outlines the current conditions, in terms of stability, of the Walker Run stream
system located in Salem Township, Luzerne County, PA and more specifically located within the
proposed PP&L Bell Bend Nuclear Power Plant (BBNPP) site. See Figure 1 for the approximate
limits of the stream stability assessment performed along Walker Run.

Stream stability can be determined through many assessment protocols. The best way to obtain a
reliable measure of the long-term stability of a stream channel is to monitor the channel, over. a period
of time and see how it responds to different flow events and conditions. The true~definition of stability
is that the channel can convey and transport the sediment load of the watershed without degrading
and/or aggrading over time in the present geologic conditions. Stability can be assessed through
photo-documentation or surveying of the stream channel cross section and longitudinal profile,
repeating the procedure at some period in the future, and then comparing the two sets of data to see if
and.how the channel has changed.

There are, however, other methods that allow one to evaluate the current conditions of the stream and
predict with some degree of confidence the degree and trends of channel instability and adjustment.
These methods are based on various geomorphic features. For this project, we used two protocols to
both quantitatively and qualitatively evaluate and predict the level of channel stability/instability.
They included performing a Level 1I Geomorphic Characterization and using the David Rosgen Level
III Bank Erodibility Hazard Index Rating (BEHJ) methodology:. We can reasonably predict the degree of channel instability through the use of these visual and
geomorphic assessment protocols. However, the rate of channel instability is a factor that is typically
affected by varying flow events and other factors. Overall stability is something that needs to be
evaluated over a period of time that will consider these additional factors of varying flow evenits,
freeze thaw actions, anthropogenic influences such as channel changes and land-clearing, and even
changes in the sediment regime through natural processes. By installing bank pins at surveyed cross
section sites and resurveying actual channel conditions in the future, we will be able to compare the
initial predictions with the actual conditions to obtain a more accurate prediction of channel stability
and future adjustment.

LandStudies, h[c. I April 2009
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FIGURE 1. Limits of Geomorphic Assessment along Walker Run
PPL Bell Bend Nuclear Power Plant, Salem Township, Luzeme County, PA
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. II.
PHYSIOGRAPItlC REGION, HYDROLOGY, GEOLOGY,
AND EXISTING LAND USE

Phvsioraphic Region
The Walker Run watershed and project site controlled by Pennsylvania Power and Light (PPL). lic,
entirely within the Susquehanna Lowland Section of the Ridge and Valley Physiographic Region
(see Figmre 2). The Susquehanna Lowland Section consists of low to moderately high., linear ridges,
linear valleys, and the Susquehanna River valley. Ihe geologic structure is open and closed
plunging folds having narrow hinges and planar limbs with the underlying rock consisting mainly
sandstone, siltstone, shale, conglomerate, limestone, and dolomite

Figme 2. /)hysiographic Provinces Map o/'PeCims.'lIvaaia

MAP 11

DCM
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Hydroloey
Walker Run is a peren-nial stream that is listed as a Cold Wa/ter Fi,%he-v: hv PADEP Chapter 9.
WT'aler Q1a/uo, Standarcd. Multiple springs, rainfall, and snowmclt influence the stream flow.
Bankfull and higher flows may occur as a result of a variety of rain events, including rain or snow.
frontal storm events, and tropical storms The drainage area to the end of the Walker Run prolect
reach is approximately 2.87 square miles. Walker Run confluences with the Susquehanna Rivc,
approximately one mile downstream of the project area

LandSudics. Inc



Geologic Formations within the Walker Run watershed include:

Dh = Hamilton Group Dciv Irish Valley Member
Dtr = Trimuners Rock Formation Dcsc - Sherman Creek Member

(ýCe' I~igurc XI 1( •lap Le ,,nd foi descriptions)

Location:
4 1'05'8.56"N, 76*1 0'3.79"W

Scale:
1:250,000

FIGURE 3a. Geology Map Walker Run Geomorphic Assessment.
Salem Twp., Luzerne County, PA
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Geology and Sediment Supply
Four distinct geologic formations exist within the Walker Run watershed upstream of the project
area (see Figure 3a. and 3b). Table I provides a description of each geologic formation. The
underlying geology of the headwaters upstream of the project site consists of east to west trending
bands of the upper Devonian-age Sherman Creek and Irish Valley Members. The Shermnan Creek
Member is composed of alternating grayish-red siltstone and claystone as well as minor intervals of
gray sandstone. The Irish Valley Member consists of nonmarine, gray and grayish red sandstone
and grayish-red claystone interbedded with minor, thin light-olive-gray marine siltstone. The
underlying geology of the upstream portion of the project site consists of an east to west trending
band of the upper Devonian-age Trimmers Rock Formation, which is composed of olive-gray
siltstone and shale. The underlying geology of the downstream portion of the project site consists of
an east to west trending band of the lower and middle Devonian-age Hamilton Group. The
Hamilton Group is made up of two formations: the Mahantango Formation and the Marcellus
Formation. The Mahantango Formation is composed of gray, brown and olive shale and siltstone
while the Marcellus Fornation is composed of black, carbonaceous shale.

Much of the bedload material within the project reach has originated from the physical weathering
of the geologic formations described above over time. Additional sediment supply is generated
from large accumulations of fine-grained silts and clay deposited in the valley bottoms and behind
post-settlement dams.

Table I. Geologic Formations located within the Walker Run Watershed

Name Abbrev. Age Description
Hamilton Dh Middle & Lower Mahantango Formation - gray, brown, and olive shale and
Group Devonian (417 siltstone; marine fossils. Includes following members, in

million yrs) descending order: Tully-limestone or calcareous shale;
Sherman Ridge, Montebello (sandstone), Fisher Ridge,
Dalmatia, and Turkey Ridge.
Marcellus Formation - Black carbonaceous shale; sparse
marine fauna and siderite concretions. Contains local
limestone member (Purcell). Tioga bentonite included at
basc in eastern Pennsylvania.

Trimmers Rock Dtr Upper Devonian Olive-gray siltstone and shale, characterized by graded
Formation (370 million yrs) bedding; marine fossils; some very fine grained sandstone

in northeast; black shale of Harrell Formation at base in
Susquehanna Valley

Irish Valley Dciv Upper Devonian Nonmarine, gray and grayish-red sandstone and grayish-red
Member (370 million yrs) claystone interbedded with minor, thin, light-olive-gray

marine siltstone; arranged in fining upward cycles. Lower
part of member has conglomerate sandstones.

Sherman Creek Dcsc Upper Devonian Alternating grayish-red siltstone and claystone in poorly
Member (370 million yrs) defined, fining upward cycles, and minor intervals of gray

sandstone' laterally equivalent to Berry Run, Sawmill Run,
Packcrton, and L.ong Run Members

The sUrficial materials within the watershed consist of sandy and sandy-to-silty glacial diamicts.
Sandy glacial diamict has a moderate to abundant silt and sand matrix and minimal clay. The
diamict overlies mainly sandstone bedrock. Thickness is variable; diamict greater than 3 feet thick
covers 25 to 50 percent of the area of occurrence in northeast Pennsylvania.

LaadStudies, Inc. 6 Aprit 2009
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Deposits less than 3 feet thick are common. The diamict has minimal weathering, thin soil
development, and generally has suffered little erosion. Sandy to silty glacial diamict has variable
amounts of sand and silt in the matrix and generally small amounts of clay. Thickness is variable;
diamict greater than 3 feet thick covers only I 0 to 25 percent of the area of occurrence, and there is
no diamict on the remaining surface. The diamict has been moderately weathered, has moderately
thick soil development, and has been moderately to severely eroded.

Existin2 Land Use
The upper Walker Run watershed consists of rural residential homes with forested corridors along
Walker Run andsome minor agriculture practices. Within the upper portion of the watershed, the
Walker Run system is moderately steep with gentle side slopes and valley floors that are composed
of soils from alluvium and colluvium material. This condition is typical for the upper watershed
down to the Beach Grove Road bridge crossing.

The middle portion of the watershed, specifically where the proposed PPL BBNPP site is proposed,
is currently open farmland and meadow areas with forested areas intermixed. The middle portion of
the watershed lies within a valley floor that is gently sloped with a well-developed floodplain in
soils that are mainly composed of alluvial soils.

The lower portion of the watershed consists of the small town of Beach Haven, a more urban
residential setting. This portion of the watershed is similar to the upper watershed, with moderately
steep slopes and a valley floor that consist of alluvium and colluvium material before flattening out
near the confluence with the Susquehanna River. Within this short lower section south of State Route
11, Walker Run has been manipulated and channelized to accommodate the town of Beach Haven.

LandStudies, toc. 7 April 2009
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III. HISTORICAL LAND USE AND EFFECTS ON PRESENT-DAY CONDITIONS

The Walker Run watershed exhibits effects of Colonial and post-Colonial (early 1700s to 1930s)
land-use practices that are commonly found throughout the Ridge and Valley province. Wholesale
land clearing and poor farming practices led to widespread erosion of uplands (see Figure 4) and
massive deposition of soils in the stream valleys of the region (Cravens 1925, Costa 1975, Jacobson
and Coleman 1986). As a result, pre-settLement floodplains have been buried Linder one to nine feet
of fine sediment throughout the region.

.Figure 4. Thdiscriniuiate land clearing created massive erosion fronm hillsides.

Studies of the floodplain stratigraphy conducted in watersheds of the Ridge and Valley province
without intensive suburban development showed three distinct stratigraphic units that developed on
floodplains during at least three periods of changing hydrologic and sedimentation regimes
(Jacobson and Coleman 1986). These stratigraphic units of the floodplains are believed to
correspond to three general depositional periods of differing land use: pre-European settlement,
intensive agricultural, and very recent (from about 1930 to the present). The floodplain units are
illustrated in Figure 5 and briefly described as:

Pre-ELuropean settlement alluvium: light gray, fine-grained soils (clayey loam) mottled with
iron and magnesium underlain by sandy, gravel, and cobble layers that are often iron-stained
or weakly iron-cemented. The floodplain sediment was deposited gradually (vertical
accretion) under low-energy, back-swamp conditions.

" Intensive agricultural alluvium: more uniform yellowish brown layers of fine-grained soils
(silty loam). Black organic back-swamp deposits typically occur at the base of the unit.
This unit often overlays the pre-settlement floodplain.

* Very recent alluvium: channel and floodplain deposits consisting of gravel and sand point-
bar material, gravel bed material, and floodplain deposits under recent (after 1930)
hydrologic and sediment conditions.

An awareness of the composition of the three stratigraphic units of the Ridge and Valley province
floodplains helps assessors determine what happened in the past to create the current conditions and
what will happen in the future if left Untouched. The following narrative provides a generalized
overview of historical watershed conditions and how and why Ridge and Valley streams, including
Walker Run, came to be the way they are today. Understanding this process will help the reader
understand the full benefits of the recommended restoration activities.

LandSiudies, inc Ao•ril 2009
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Very Recent
Alluvium Agricultural Period Alluvium

Pre-Settlement

Figure 5. Cross-section of the central part of a wide floodplain in the Ridge and
Valley province illustrating typical stratigraphic units. Last stage of three-stage
floodplain development model (modified from Jacobson and Coleman 1986).

Pre-Settlement Conditions
Before European settlers arrived in the mid-Atlantic Region of the United States, the landscape was
dominated by forests of mixed hardwoods, conifers, and a variety of woody and herbaceous flora,
from mountain peaks down to the valleys and streams and rivers. In stream and river valleys,
floodplains were wide and fairly flat. Floodplain soils were thin, peaty, and loamy - rich with
organic material and highly porous, allowing abundant infiltration of surface water, which then
percolated down to groundwater supplies. In these valleys, groundwater flowed near the floodplain
surface, contributing to the base flow of the streams. (Base flow is the typical flow rate for a given
stream at a particular time of year.) The floodplain surface typically rose slightly above the stream
channel base flow water surface elevation.

The typical pre-settlement scenario, then, looked something like this (see Figure 6): relatively
narrow stream channels meandered through the lower elevations of the valleys. Channel flows
intersected with groundwater during times of high base flows, and recharged groundwater during
drought or normal base flow conditions. Low, frequently inundated floodplains consisted of
porous, well-vegetated soils. Root systems throughout the floodplain reached down to groundwater
and streambed elevations, the root zone providing a large surface area for pollutant removal from
groundwater and surface water. Floodplains also served as a major recharge area for surface nlow
because of their porous material that held and gradually infiltrated flood flows from the channel as
well as overland flows.

I.andStudies, Inc. 9 A\pII I(t _00
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This scenario is nature's design for a fully functioning stream system that holds its stability while
helping control storm now and purifying water supplies. The constant interaction among the
various components - surface water, groundwater, soil, and vegetation -. is what is required to allow
a stream channel, its floodplain, and the attendant wetland pockets to provide the benefits of a fully
functional system, And this, no doubt, is how stream channels and floodplains in the Walker Run
watershed must have looked and functioned before European settlers arrived and began to alter the
landscape.

Early Historical Impacts

During settlement and on through rapid urbanization, from the 18' century up through the first half
of the 201h century, much of the vegetation disappeared through land clearing for timber, agriculture
commerce, and settlements. Massive erosion from upland slopes into stream and river valleys
ensued. To make it easier for farnning and other human activities, meandering stream channels were
moved from the lowest elevations in the valley centers to the higher elevations at valley edges, and
in the process usually were straightened. Industries during the I 600s through the early 1 900s relied
on streams for providing power to their facilities, which included mills, forges, furnaces, and
mining operations. As a result, milldams were built on stream channels throughout the region hý
the thousands (see Figztre 7). Millraces carried water from the ponds that formed upstream of flih
dams to the mill to turn the water wheels and generate power

LalldSlld es. Inc
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Figure 8 shows the locations of historical mills along Walker Run. At least four historical mill
dams existed on Walker Run. The following excerpts are from ltiston- ' o[Luzerne Coun/l,
Pennsylvania, H.C. Bradsby, Editor 0 1893) and document the locations, owners and purpose of the
historical mills as well as other activities that have led to the degradation of' Walker Run.

According to an 1873 map from the U.S. GenWeb Archives, Walker Run was formerly known as
Mill Creek, with good reason.

"One mile below Beach Haven the Seyberts has a store, grist and sawmill, fulling-mill, [p.6441
clover-mill, distillery and plaster mill .. "

"Beach Haven was plotted by and named for Josiah Beach, son of Nathan Beach, who came to the
place in 1832 and built a gristmill, water power- afterward built a new mill run by water obtained
from the canal company."

This was a noted point on the canal. The people by a little diplomacy, secured here tlhe weight-
locks as well as the regular canal-locks just below the weight-locks. The weight locks are built o1
massive square stone, strongly ironed together, and the office and scales-house is a substantial two-
story building where is an agent on duty at all times, At the lock, just below, is a drop in the water
level of thirteen feet .. "Campbell's mills were just above the town; he had clover and sawmill."

"The sawmills at the head-waters o[ Mill creek were built since 1840. the upper mill by S Pollock
and the one farther down the stream by Daniel I lill. There are also two sawmills at the head-waters
of Seybert creek. A tannery at Beach Ilacn was built by Albeit I Iivnsey in or aboUt 1847
I andSludies, Inc. Ii 1
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Figure 8. Historical Map of Salem Township dated 1873. Mills located on Walker Run are circled.

"Dreisbach was merchandising, his store near the creek; thinks he carried on the leading business
from 1840 to 1867; then he remembers [p.647] Mrs. Anderson's store where Thomas McGraw's
now stands. It was burned and they closed out in 1865 and the farnily went to Missouri. The
building belonged to J.F. Hicks. The ground was purchased by Thomas McGraw and his present
brick building erected in 1888. In the place are post office, railroad station, two hotels, two general
stores, two groceries, brickyard, blacksmith and shoemaker and estimated population of 300."

l.andStudies, Inc. 12 A p il 2001){+
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In addition to the verbal documentation of substantial. commercial activity from the river on up to
the headwalers of "Mill Creek," the 1873 map shows four mill dam ponds above Beach Haven: one
just north of Beach Haven; one near the intersection of Market Street and the connecting road
between Market Street and Stone Church Road; Daniel Hill's sawmill just upstrearn from the
intersection of Beach Grove Road and Market Street; and S. Pollock's sawmill in the headwaters,
near Mingle Irm Road.

Given the plethora of mills in addition to the canal, the railroad, and numerous industries in, below,
and upstream of Beach Haven, it is safe to say that Walker Run, since at least its 19,1 century days
as Mill Creek, has borne the brunt of man's industriousness.

Behind the dams, water ponded and its flow velocity slowed down. Most of the eroded sediments
and pollutants (phosphorus attaches to soil particles) that had moved into the valleys accumulated
behind the dams and on the floodplains between the dams (see Figure 9). Over the years, the height
of many darms were commonly increased and/or decreased, which was reflective of productivity.
Stream channel beds and floodplains grew artificially high, perched on the fine-grained eroded
materials. Elevated channel beds and floodplains were no longer closely comnected to groundwater
supplies; therefore, flows were composed predominantly of surface water runoff, with temperatures
far exceeding that of the groundwater.

_j;it0to

tail Aref p~it

lpiciil waivr-powrcrd mill ssc

Figure 9. Plan and profile views make it easy to see how water- slowed down and ponded
behind dams and allowed sediments to build up behind the damIs.

Vegetation changed because of the disconnection. Wetland systems were created not because of
their proximity to groundwater but because they sat on dense, fine, nearly impervious sediments
perched high above the streambed and groundwater. No longer could those wetland plants extend
their root systems into the groundwater to remove the nitrogen compounds.

l.andStudies, Inc. I13 April 2009
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Subsequent Impacts

As dams were removed or fell into disrepair - a condition that continues today - stream channels
began to work their way down through the accumulated sediments, also known as "legacy
sediments," toward their historical elevations, leaving the artificially elevated floodplain behind and
becoming more and more "detached" from the floodplain (see Figure 10). The floodplain became
more accurately a "terrace", with dense, fine-grained sediments rather than porous, peaty, organic
soils, and with quite different plant communities. In some cases, in order to find the path of least
resistance, a stream may have been captured by a remnant millrace channel.

Channel beds have cut too deeply through the sediments to allow any but the highest flows to
escape from the channel. Flow forces in the channel, therefore, are excessive and erosive, carrying
stream bank sediments and attached pollutants downstream, undercutting banks and causing them to
collapse, creating ongoing tree falls and resulting debris jams in waterways. Where the channels
have reached pre-settlement streambed levels, flows now recharging the groundwater have higher
concentrations of nitrates and other soluble pollutants.

J L, Figure 10. Stream channels are eroding or
.have eroded back down through sediments that

/ I" J collected behind mill dams, leaving their
alluvialfloodplains high above the current

S. - . < base flow water elevation, and disconnecting
riparian root s"s/emsfon gro-undwater flows.
The processes of frequent.floodplain
inundation, relieving in-channel stresses

grIouindwvateriinfiltraction thr-ough porouis
floodplain material; and nitrogen removalfrom

o groundwater through root systems are lost
"T .. under these conditions that are prevalent todav
2g0 . . throughout the Ridge and Valley Province of
.Seidimwiehs the United States.

Historical FLoodplain

The various components of a stream system can no longer interact properly. Stream banks and beds
are eroding as they seek their properelevation and location within the channel valleys. Phosphorus
attached to the sediments along the banks is carried downstream with the eroded sediments.
Nitrogen uptake by plants in the historical floodplain no longer occurs. Overland flows from
stormwater enter the stream instead of the floodplain, where they were once filtered and percolated
through the soil. Normal stream flows now have higher temperatures, because groundwater now
intersects the streambed only infrequently.

The evolutionary process described above is in its early stages in many if not most Ridge and
Valley streams. The process of unstable streams working their way down and horizontally toward
their most stable configuration is the modem result of historical human activity and could continue
for many years to come.

LandSlUdiCS, 111C. 14 April 2009
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. IV. METHODS

Oil March 17-18 and March 24, 2009, Landstudies performed the Stream Stability Assessment of the
Walker Run watershed, in Salem Township, Luzerne County, PA. In addition to the visual
assessment, five cross sections were surveyed between the Market Street bridge crossings of Walker
Run, and three cross sections and bank erosion pins were installed between Beach Grove Road and
Market Street. Along with these surveyed cross sections, a longitudinal profile was surveyed
throughout the majority of the site in order to understand and describe the existing conditions of
Walker Run. As part of the assessment, Walker Run was visually assessed by walking the entire
section of Walker Run, beginning approximately 2,400 feet downstream of the Denns Road stream
crossing, continuing upstream through the PPL BBN.PP site, and ending approximately 3,000 feet
upstream of the Beach Grove Road. See Figue ! for limits of visual geomorphic assessment.

The Stream Stability Assessment Procedure included performing a Level 11 Geomorphic
Characterization and a Level IlII Bank Erosion Hazard Index (BEHI) assessment procedure. The Level
II geomorphic characterization is determined with field measurements from specific reaches within
the watershed system to classify streams into similar morphological characteristics. From this
analysis, one can delineate streams into one of seven stream types. The Level II characterization
process also employs a more refined criteria in order to characterize the present condition of the
stream and begin to address sediment supply, stream sensitivity to disturbance, and fish habitat
potential. The Level IlI procedure looks at the curTent condition of the system and allows one to make
decisions about the stream's degree ofdepart-re from its operating potential, or the proper functioning
condition of the system. The Level III analysis allows one to make predictions about the overall
departure from normal and allows one to predict future evolutionary adjustments and responses to
these disturbances.

A. STREAM TYPE CLASSIFICATION

The Rosgen Stream Type Classification method uses seven major stream types that are found
naturally and are referred to as A, B, C, D, E, F, and G. Each of these stream types differs with
respect to entrenchment ratio, width/depth ratio, sinuosity, streambed substrate, and slope. The
single-rmost important parameter to be field-determined and used Ln the stream type classification is
the bankfull stage or. bankfull elevation. The bankftill stage can be described as the stage that
represents the upper level of the range of channel-forming flows., which transports the bulk of the
available sediment over time (Wolman and Miller, 1960). See Figurie II for the Key to the Rosgen
Classification of Natural Rivers (Rosgen, 1996).

As discussed previously in the Existing Land Use, the Walker Run watershed overlays a land area that
contains two different valley types and landscape forms. As discussed, the upper and lower portions
of the watershed differ from the middle portion of the watershed, where the proposed BBNPP is to be
situated, both in valley type and landform. Therefore, as part of the assessment process, a reach of the
stream that displays a relatively stable or reference condition needs to be identified for use in
calibrating the bankfull stage or discharge for the additional reaches assessed along Walker Run. This
reference condition was identified approximately 800 feet upstream of Beach Grove Road, in thea upper portion of the watershed. See Fig?.re 12 for the representative "stable" channel condition above
Beach Grove Road.

LandStudies, Inc. 15 April 2009
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Fiure 12. Reference condition for the Walker Run stability assessment would be classified as a B4c
stream type in a Valley Type 11. Located approximately 1,000 ft upstream of Beach Grove Road.

Stream types were classified using fluvial geomorphological principles as developed by David
Rosgen in his book "Applied River Morphology." In applying this stream classification protocol, the
first step was to identify the bankfull elevation in order to determine the key characteristics necessary
to classify natural streams. Once the banktUll elevation was field-determined, the bank full cross-
sectional area (AIIKF), bankfull width (wakF). bankfull depth (dBKJ, - ABKY/wBKF), maximum channel
depth (d•Ax - depth of channel measured from the thalweg LIP to banktfll stage), and the flood-prone
area width (wý,A - channel width at 2 dMzAX) could be determined. These stream characteristics were
the key parameters used to calculate the stream entrenchment ratio (WnTA / WBKF) and the stream
width/depth ratio (WKf/dBKF) and were used to classify stream types. Other useful information used
in the stream type classification included an estimate of the mean streambed particle size. Once this
information was collected, the stream reach could then be classified by these specific morphological
characteristics.

B. BANK ErosIoN tjAZARD INDEX (BEIIt) RATING

The Level III Bank Frodibility Hazard Rating goes beyond the stream system classification in order to
define the current state of the stream as related to stability. Parameters that are evaluated in the field
to determine the current condition and predict trends of stability include the influence of the riparian
vegetation, sediment supply, flow regime, debris occurrence, depositional features, channel bed
substrate and stability, and bank erodibility to predict both lateral and vertical degradation. Predictions
are made froom the current stream condition to determine if the disturbed channel is aggrading or
degrading.
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Bank erosion rates are predicted using the Bank Erodibility Hazard Index (BEHI) methodology.
The BEHI is calculated by measuring the study bank properties such as the exposed bank height,
bank height ratio, stratification of materials, root depth, root density, and bank angle. The BEHI is
Lised in conjunction with the Near Bank Shear Stress computation to predict typical erosion rates.
Vertical stability within the BEJ-1I analysis is evaluated using the Bank Height Ratio (BHR)
methodology. This ratio provides useful information on the extent of vertical confinement or
entrenchment that is imposed in the stream corridor and essentially on the streambed. The higher
the BHR or the more confined a stream channel becomes, the greater the potential for erosive
conditions on the streambed and banks due to the confinement of higher flow events being
conained within the channel. Any value greater than 2.0 would be considered highly incised and
typically unstable.

LandSndies, Inc. 18 April 2009
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. V. FINDINGS

A. STREAM VISUAL ASSESSMENT

The stream visual assessment was completed in conjunction with a number of geornorphic surveys
that were completed along the Walker Run stream system within the BBNPP site. Within this
property, eight geomorphic cross sections were laser-level surveyed to accurately represent typical
existing conditions throughout the project reach. In addition to the cross sections surveyed, four
longitudinal profiles were surveyed along with photo-documentation of each of the cross sections.
Also, as part of the geomorphic surveys, two assessment reach cross sections were surveyed, along
with a longitudinal profile and a Wolman pebble count to characterize a representative stable reach
along Walker Run. See Figure 13 for location of surveyed cross sections. The geomorphic surveys
and photo-documentation are included in Appendix A.

The stream visual assessment began approximately 2,400 feet downstream of Denns Road where
Walker Run transitions from the lower portion of the watershed up into the middle portion of the
watershed. This transition zone in the downstream direction is marked by an increase in valley slope
and a change in the valley type. The middle portion of the watershed is characterized by a wide flat
valley floor with abandoned stream terraces, whereas the lower portion of the watershed is
characterized by of a steeper and more confined colluvial valley.

At the lower limits of the visual assessment where the valley types transitioned, there is a remnant
building foundation along the right floodplain area that may have been the downstream-most milldam
identified on the historical map in Figure 8. Within this lower reach of Walker Run, the stream is
somewhat entrenched and undergoing some minor lateral adjustment. It appears that the vertical
degradation occurring in the system's unstable condition is causing the larger gravels and cobble of
the streambed to be mobilized for short distances and re-deposited downstream. The movement of the
bed material is promoting ongoing lateral adjustment.

Farther upstream, a private farm road crossing over Walker Run consists of a 10-foot span concrete
bridge with a vertical opening of approximately 24-36 inches. See Fi -e .4 for private bridge
crossing.
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Figure 14. Private farm road crossing downstream of Denns Road

The stream in and around the private crossing is in a state of streambed aggradation on the upstream
side and lateral adjustment and vertical degradation on the downstream side. The downstream
degradation is a result of both lateral and vertical adjustments moving headward from the downstream
direction. Above the private road crossing, channel aggradation is evident, as seen in Figure 15. The
streambed aggradation is a result of the larger gravels and cobbles transported from the upstream-
incised reach depositing there because they cannot be transported through the private crossing.

Figure 15. Picture of Walker Run looking upstream from private road bridge deck. Note streambed
substrate deposition immediately upstream of bridge crossing.
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'The aggradation process flattens out the stream slope and creates a backwater condition that further
reduces the energy available to move the bedload and prevents additional material from being
transported downstream. The process of bedload deposition in this area is also promoting lateral
adjustments in order to accommodate the flows and sediment frorn upstream as material is being
deposited and reducing conveyance in the channel. If the bridge is removed or fails, there will be
significant adjustments in the longitudinal profile and the planform in both the upstream and
downstream directions.

The backwater condition created by the local aggradation near the private bridge crossing extends
approximately one thousand feet upstream. The backwater conditions of this reach create a long, flat
pool with minimal vegetative cover that does not lend itself to a diverse macro-invertebrate
community. In addition, the kind of streambed substrate required for a diverse benthic macro-
invertebrate community is minimal in this reach. The mak ority of the streambed substrate consists of
sands arid silts. See Figure 16 for typical backwater conditions. Throughout this reach, the channel is
somewhat entrenched and, during higher flow events, the existing streambed material is being scoured
because of the incision of the channel and is being mobilized and re-deposited at the downstream
bridge crossing. This scour action also minimizes the potential for long-term stability and reduces the
high-quality biological habitat.

This section of Walker Run appears to have been straightened. This can be seen where the old
abandoned oxbow meander bends that once meandered across and down valley have now converted
into emergent wetland areas since the channelization of Walker Run within this reach.

Figure 16. Rackivater condilion extending upstream for ap)proijimatev 1, 1000 from private i"oad
crossing. Somewhat incised C5or F5 stream Nipe.
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Upstream, north of Denns Road, Walker Run passes behind a number of residential homes. Within
this reach as well, the channel appears to have been straightened. There is also an earthen berm that
runs immediately adjacent to Walker Run along the right streambank and floodplain. This may be the
remnant features of what may have been a milldam identified on the historical mapping as seen in
Figure 8. See Figure 17 for earthen berm adjacent to Walker Run

Figure 17. Three-fbot earthen herim located immediately adjacent to Walker Run begimning
appr'oximnatelv / 00,fket upstream of Denns Road and extends another 500 fet utpstream. Walker Rin

is located on the opposite side q/earthen berm.

Within this reach of Walker Run, where the channel runs parallel with earthen berm, the channel is
somewhat entrenched, straightened, and/or channelized and would probably be considered an incised
C5/E5 stream type that is losing its connection with a Functional floodplain. It may even be considered
and entrenched G5/F5 stream type based on the elevation of the bankfull stage. The existing
instability of the reach is compounded by the fact that the three-foot earthen berm prevents flood
flows from accessing the right Iloodplain. Additionally, the streambed substrate is mainly composed
of silts and sands; very little gravel is present in Walker Run throughout this reach, which extends
upstream to the Market Street bridge. The stream channel is fairly straight throughout this reach,
probably as a result of ditching and channelization to drain wetlands that were present to
accommodate the agricultural activities adjacent to Walker Run. Again, within this reach, gravel
substrate was very sparse and consisted of less than Five percent ofthis reach; the majority of the
reach consisted of silts and sands.

As discussed previously as part of the visual assessment of Walker Run, additional geomoqrhic
assessments were perforned along the reach of Walker Run between the Market Street bridge
crossings. Within this section of Walker Run, five geomorphic cross sections were surveyed, along
with a longitudinal profile throughout the majority of the reach. See Figure 13 for a location map of
surveyed cross-sections along Walker Run The results of the geomorphic surveys between the
Market Street bridges arc summarized in Table 2.

LttndSu'dies irc,
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Based on the data collected at these five cross sections, the Walker Run stream throughout the
BBNPP site would be considered an entrenched and degrading incised F5 or G5 stream type. This is
based on calibrating the bankfull discharge at the assessment-reach and applying this discharge within
the cross sections surveyed downstream of the assessment reach. This was done because of the high
degree of difficulty in identifying a bankfuill feature within the existing entrenched stream system.

As the Walker Run stream conditions are described in the upcoming narrative, the five geomorphic
cross sections that were surveyed within the BBNPP site will be identified in order to help clarify the
context within which the current channel condition is being described.

Continuing upstream from the lower Market Street bridge crossing, Walker Run undergoes varying
changes in morphology, such as increased bank heights, changes in entrenchment, particle size
distribution of streambed substrate, and profile adjustments. In this lower section of Walker Run,
consisting of approximately 1,000 feet, Walker Run would be considered an incised and entrenched
F4/F5 stream system. The cross section surveyed along this reach is identified as Cross Section #5 and
shown in Figure 18. This reach is located within an existing meadow area and appears to have been
used 'or historical agricultural practices, such as cattle grazing. The streambed is planar with very
little change in stream features, i.e. riffles, runs, pools, and glides. The majority of the reach consists
of long flat pools with short riffles. However, within this reach the streambed substrate consists of
gravels and cobbles for the majority of the reach, although there are some sections along this reach
where the streambed consists of Only silts and sands. See Figure 18 for typical conditions within this
lower reach.
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Figure 18. Typical incised conditions within lower reach of Walker Run. Surveyed cross section #5
showing planar streambed and longflat pools.

Continuing upstream, Walker Run passes through a 36-inch diameter corrugated steel pipe culvert. A
private farm road crosses Walker Run at this culvert. The farm road is an elevated feature in the valley
and acts like a earthen dam across the valley, preventing proper conveyance of flood flows and
sediment from being transported down valley.

Upstream of the culvert, Walker Run continues to become significantly entrenched and incised. The
stream flows through a mature stand of trees for approximately 600 feet before it enters into an open
meadow setting and agricultural fields. The forested section has degraded vertically to match the
elevation of the downstream culvert; however, an existing beaver dam is controlling the upper section
of this forested reach. You will notice from the longitudinal profile, included in Appendix A, the
streambed maintains a fairly consistent average slope through the beaver dam; however, the beaver
dam significantly affects the water surface elevation. The streambanks below the beaver dam range
from two to four feet high and are composed of fine alluvial silts and sandy material, See Figure 19
for typical conditions within the forested reach where a cross section was surveyed and Figure 20 for
the existing beaver dam showing the three-foot elevated water surface.

LandStudies, Inc. 2)s April 20)09
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Figure 19. Tipical conditions within fbrestedsection of Walker Run wheL-e Cross Section #4 was

Figure 20. Existing beaver dh:1n? neatr the upstream edge o//orested area.

Just outside the forested area immediately upstream of the existing beaver darn, the stream would be
considered an L5i/6 stream type with a fairly well attached floodplain, however, this is so only
because of the existing beaver darn at the edge of the forested area. When the beaver dam fails and
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is breached during a significant flow event, the stream system will vertically adjust and would then be
classified as a G5/F5 stream type.

The beaver dam is naturally elevating the water surface throughout the middle portion of the site.
This, in turn, is reducing the average water surface slope and therefore reducing the shear stress within
the channel and reducing the potential for vertical channel degradation. However, if- and, more
importantly, when the beaver dam is washed away during a significant rain event, the average
stream slope will again steepen and shear stresses will exceed the threshold of mobility, which will
lead to both vertical and lateral degradation. All the sediment now being stored upstream of the beaver
dam will be flushed downstream, which will compound the existing instabilities tn the downstream
incised and entrenched reach and will lead to excessive sedimentation in the channel and the
degradation of the existing biological community.

Beginning north of the existing farm lane access on the BBNPP site, above the backwater condition
created by the existing beaver, Walker Run becomes significantly entrenched and incised. As part of
the assessment, two geomorphic cross sections were surveyed within this reach to characterize the
existing conditions. See Figure 21 for typical conditions along this reach of Walker Run, upstream of
the farm access road.

Figntre 2 1. 1fvpical condchtons ups/ream / IcrMni road with jour to jitefoot sireanba-ks.

Even though the streambanks appear to be fairly well vegetated, the stream channel has lost its
cornection with a fimctional floodplain, which leads to further vertical and lateral adjustment.
Because of the high entrenchment conditions within this reach, habitat conditions are not ideal for
sustaining a diverse biological habitat and macro-invertebrate community. Additionally, the
streambed substrate consists mainly of silts and sands with the occasional large cobble and or bou Ider,
most likely from being exposed as a result of being moved to the eastern fringe of the valley.

LandStudies, Inc
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Additionally, throughout this reach, Walker Run has been channelized and historically been moved to
the eastern edge of the valley in order to maximize the agricultural fields adjacent to Walker Run.
This in effect has reduced stream lengths and therefore steepened stream slopes. This adjustment in
profile and planform has had a significant affect on the current vertical and incised conditions within
the reach.

Continuing upstream near the Market Street bridge crossing, Walker Run becomes more incised and
entrenched. The channel has been pinched up against the eastern valley slope. There are short, steep
riffles where the bed appears to be perched on the larger colluvial material at the base of the valley
slope that was exposed as a result of the historical channelization. This perched streambed condition
creates a long backwater condition immediately downstream of the Market Street bridge crossing.
This reach consists of an incised and degraded F5 stream type. The streambed substrate consists of
silts and sands, most likely as a result of the flattened stream slope leading to sediment deposition. See
Figure 22 for incised F5 stream system consisting of a long flat backwater condition and planar
streambed.

Figure 22. Photograph looking downstream near the upstream Market Street bridge crossing. Incised
F5 stream type along Walker Run consisting of long flat pool.

North of the Market Street bridge, Walker Run is pinched up against the roadway side slope. The
channel then turns to the left and heads across the valley bottom to the western fringe of the valley.
Where Walker Run turns to the west, there is a short, steep riffle flowing across larger colluvial
material. This large colluvial material does not fit in with the rest of the geologic landscape and
stream condition and appears to be remnants of a past historical activity, such as a roadway
improvement project near the bridge crossing. It may also be from local bank armoring of the channel
as it traverses the valley toward the existing bridge.
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Throughout the entire reach from the Market Street to the Beach Grove Road crossing, Walker Run is
significantly incised and entrenched. The existing streambanks range in height from three to five feet
and arc composed of fines silts and sands. The existing valley bottom consists of a fairly mature stand
of trees with minimal rooting depths, as can be seen in Figures 23 and 24. This condition of increased
bank heights in conjunction with fine alluvial streambanks and elevated root systems does not provide
adequate protection for long-tenn stream stability during higher flow events and leads to accelerated
streambank erosion. Trees are being undermined and are falling into the stream, promoting streambed

scour. Throughout this reach, the majority of the streambed consists of fine alluvial silts and sands.
most likely a result of the ongoing streambank erosion. However, in the upper 200 feet immediately
downstream of the Beach Grove Road crossing, the streambed consists of small to medium sized
gravels. See Figitres 23 (nd 24 for typical conditions throughout this reach.

F, igure 23. Typical condition of eroding streambanks upstream of the Market Street bridge

landStudies. Inc 2)9
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Figure 24. iv'ica/ stream conditions near bank erosion cross-section 42 with high eroding
streambanks.

Within the reach between the Beach Grove Road and the Market Street bridge crossing, three cross
sections were Surveyed and additional geomorphic data were collected to assess the bank erosion
potential within this reach, such as bank angle, rooting depths, root density, bank heights, bank
material, and to determine if there is any surface protection along the banks to evaluate the Bank
Erosion Hazard Index rating. Along with the surveyed cross section, the Near-Bank Shear Stress was
evaluated to predict long-term stability and the potential for lateral adjustment. The information
associated with the Bank Erosion Hazard Index Rating and long-term erosion potential is discussed int
the next section.

Upstream of the Beach Grove Road crossing, Walker Run flows through a different valley fonn and
landscape. The valley slope becomes significantly steeper and the valley type is more confined with
steeper side slopes. From the bridge crossing at Beach Grove Road, the upstream section of Walker
Run would be considered to be in the upper watershed, as previously discussed. This portion of the
watershed appears to be in a somewhat more stable condition, the channel appears to be fairly well
connected to a floodplain or flood prone area. There are, within this upper section of Walker Run,
reaches that would be considered braided with minor lateral extension. As a result of this braided
condition, sheer stress energies are minimized and therefore this reach does not provide a signi ficant
source of larger colluvial material to the downstream sections of Walker Run.

Approximately 1,000 feet upstream of the Beach Grove Road is the assessment reach where (he
bankfull stage was calibrated for use to estimate the bankfull stage in the geomorphic cross sections
surveyed downstream on the PPL BBNPP site. See Figures 25 and 26 for the two assessment reach
cross sections surveyed. The geomorphic surveys are included in Appendix A. At this location two
cross sections were surveyed along with a 320-foot longitudinal profile. A Wolman pebble count was
performed in order to estimate channel roughness. This information was Lsed to determine channel
mobility and sediment transport criteria for the bankfull calibration procedure. Table 3 summarizes
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the bankfull characteristics of the assessment reach. From this analysis of the assessment reach
condition, the bank full discharge was determined to range between 19.3 and 29 3 cubic fieet per
second (cfs). This bankfull discharge was then used to estimate the bankfull stage or elevation within
the eight cross sections surveyed on the BBNPP site to further classify the existing conditions on-site.
The bankfiall elevation could not be visually identified in the eight geomorphic cross sections becausc
of the existing entrenchment of the system.

Table 3. Geomorphic Characteristics

Stream Tipe

nencenth RaioEntrenichment Ratio

flr Assessment Reach Cross Sections
;L;7,T

B4 B4
12.3 1 -9.8
18.3 17.4

1.9 )2.0

Dischar e c Ra)

A verage Slopfft/ft)

I 27.8 3
29.3 19.3

U0.(17 0.017

i'igure 25 Aissessment reach Croys Section #1 looking upstream.
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Fkgznre 26. Assessments reach Cross Section 42. looking upstream.

B. Bank Erosion Hazard Index Rating Assessment

The Bank Erosion Hazard Index Rating was completed by conducting laser level surveys of three
cross sections on the reach of Walker Run from Beach Grove Road to the Market Street bridge
crossing. A longitudinal profile was surveyed through the reach where the cross section was surveyed
to use in calculating the Near Bank Stress. Bank pins were installed at each survey location to
ftcilitate future measurement of actual erosion rates. From these surveyed cross sections (Geomorphic
Surveys included in Appendix A), stream types were identified for each cross section and the bankfull
stage was estimated. From this analysis, a bank erosion potential was detenrnined based on several
characteristics of the study bank, including bank height, bank angle, root density and root depth, bank
materials, and surface protection. The geomorphic characteristics of the surveyed cross sections are
summarized in Table 4 and the geomorphic data and photo-documentation are included in Appendix A.

Cross-Sectional Area (s)J

Mean Pep h ff) ~J
Entrenchment Ratio

Width/Depth Ratio
Discharge k(c1.

Visuat D_50 (mmn J711
Average Slope (ft/ft)

Bank HjgtRatio (81R)I

F4/lncised B4
6.0

0.7

13.0
20.1
20

0.007
2.4

| . _ •..at.-.-

11.7
0.7
1.21
17.8
23.8

8

0.008
2.3

-10.1

12.9

12NA

19.3-29.3

0.00035
- 2.6
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In addition to the bank erosion index, near bank shear stress calculations were determined for the near
bank region of the individual cross sections. This calculation is related to the distribution of
streamflows and velocity gradients in the near bank region, which.can be defined as the region that is
one-third the portion of the channel cross section nearest the study bank. The shear stress
methodology used to calculate the shear stress in the near bank region used the ratio of the shear stress
in the near bank region to that of the average shear stress of the cross section. From this'analysis, a
shear stress rating was determined and used in conjunction with the streambank erodibi[ity rating to
predict erosion rates.

Based on the two variables determined in this assessment, the predicted erosion rates were estimated
by using the United States Forest Service work that Dave Rosgen developed in Yellowstone National
Park, CO (Rosgen, 1996). These predictions are for estimation purposes only. See Appendix A for
photo-documentation of the individual cross sections surveyed and Bank Erosion Hazard Index
Ratings. In order to truly quantify streambank erosion rates, surveys of the existing monumented cross
sections need to be undertaken at sorne future time tO represent true conditions within this watershed.

Based on the results of the Bank Erodibility Rating and the Shear Stress calculation in the near bank
region, erosion rates are predicted using the Rosgen's data, as noted above. The results for this reach
of Walker Run are summarized in Table 5.

Table 5. Bank Erosion Hazard Index (BEHI) Rating Scores
Cross Seeti BEHI Near Bank Bank Height PredictedAnnual
Identijkation Rating 1 Shear Stress,. Ratio (BHR) Erosion Rdte

:1 High Very High 2.2 L, . 1.7. 5
2 High Low 2.3 0.45

: : 3 .-, . , ' ,. 7High .. .Yery High ,: :=2:6 :, ,"" 1.751. .,:

Based on the BEHI analysis of the three cross sections, this reach of Walker Run is considered fairly
unstable with highly active erosion rates. From the data developed by Dave Rosgen, it is estimated
that there will be approximately 0.45-1.75 feet of erosion along these streambanks per year, with an
average of 1. 15 feet. Based on the visual assessment and the assumption that only one streambank is
actively eroding, we can estimate the average sediment load being generated from streambank erosion
along these systems. The reach of Walker Run that was evaluated using the BEHI information
consists of approximately 1,200 feet of stream channel with average bank heights in the neighborhood
of four feet. Based on these assumptions, we can estimate a total annual sediment load of
approximately 450 tons of sediment being eroded downstream annually from this reach of Walker
Run. This equals approximately 200 cubic yards of sediment or approximately 20 trn-axle truckloads
of sediment per year. It is believed that this quantity is an under-estimate of the sediment load being
generated from these reaches because the streambanks are composed of easily erodible, fine alluvial
sediments and the predicted erosion rates relationships are based on a data set from the Colorado
Rockies, which is more typically characterized by coarser gravels and cobbles. This assumption is
based on the energy required to move a particle of a given size and that less shear stress can mobilize
smaller particles such as silts and sands similar to the sediments identified within the project site.

All that being identified, the contribution of sediment From the existing streambanks further
exacerbates the instability of the system through local depositional processes and the development of
point bars that eventually will lead to further lateral migration and streaambank erosion. Only after a
very long time (geologic time) will enough erosion have occurred to widen the floodplain enough to
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reduce the shear stress in the channel for all flows and thereby allow the formation of a self-sustaining
channel that can transport the load from the watershed without aggrading and/or degrading.

Erosion firom the upper reach of Walker Run is contributing an excessive sediment load to the
downstream project site. Sediments eroded from the upstream reach are transported downstream and
deposited behind the beaver dam at the lower end of the project reach, which is degrading water
quality and habitat conditions Within the reach. This depositional process is also apparent upstreamof
the Market Street bridge crossing, as the majority of the channel is composed of silts and sands.
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VI. CONCLUSIONS

Currently, Walker Run flows through a watershed with.a history of both early industrial activities,
such as saw and gristmills, and more recent agricultural activities that have manipulated the land and
valley forms within the watershed. The existing degradation within the middle portion of the
watershed probably is the compounded result of anthropogenic influences - land clearing that allowed
sediments to ero'de and settle into valley bottoms in conjunction with the construction of numerous
mill dams, ditching to drain wetlands, and channel straightening and relocation to maximize
agricultural land and facilitate roadway development.

There were two methodologies that were used to determine existing channel conditions along Walker
Run. The first was the geomorphic characterization of Walker Run through both a visual assessment
and through geomorphic surveys to classify the existing streams. Based on this classification system
and the visual assessment within the middle portion of Walker Run, Walker Run would be considered
to be in a significantly degraded condition or transition state. Additionally, the Level III Bank Erosion
Hazard Index (BEHI) Rating was used to predict adjustment trends of Walker Run within this reach
and to predict future trends of the system and long-term bed and bank degradation. Therefore, based
on these two methodologies, Walker Run appears to be in a phase of both vertical and lateral
adjustment, which will be visually evidenced through the continued actions of streambank erosion.

Even though there appears to be moderate to sufficient vegetation along the Walker Run stream
corridor to protect against streambank erosion, the streambanks within these reaches are composed of
fine alluvial sediments that are very easily erodible and will continually be undermined through
erosive processes. This is due to the somewhat incised and entrenched conditions and the inability of
higher flow rates to access a functional floodplain in order to minimize shear stress in and along the
streambed and streambanks. These erosive processes will cause trees to be undercut and fall into
Walker Run, further promoting streambank erosion and lateral extension of Walker Run. This
ongoing lateral extension and streambarnk erosion process was visually identified in the lower reach of
the BBNPP project site and in the reach between Beach Grove Road and the Market Street bridges.

Also, as the sediments move downstream, they will be trapped behind the existing beaver dam in the
lower portion of the BBNPP project site. These sediments will continue to aggrade within this reach
of Walker Run (approximately 300 feet) and further decrease the biological habitat-and community in
and along this reach. When enough sediment fills the channel behind the beaver dam and degrades the
beaver habitat, the beaver will move to another area within Walker Run or to an adjacent watershed.
When this process occurs, .theex isting beaver dam will eventually fail and will release all. the
sediments that had deposited behind it. This process of channel deposition and degradation is simnilar
to the effects of the historical milldams as discussed in Section 1ll. When the dam breaches, the
channel will cut back down through the sediments deposited behind the beaver dam and will promote
significant channel instabilities in both the upstreamn and downstream directio.n

It is the conclusion that this middle portion of Walker Run has been manipulated historically, which
has led to the current condition along Walker Run. The Walker Run system is somewhat to
significantly entrenched and has degraded from the lower end of the visual assessment (beginning. 2,400 feet downstream ýof .Dems Road) up to the Beach Grove-Road crossing. The majority of the
channel is somewhat to significantly incised and is losing or has lost its connection with a functional
floodplain. The channel appears to have been straightened in numerous locations, (south of Denns
Road just north of Denns Road, and within the project site), and there are numerous reaches within
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Walker Run where streambank erosion is significantly unden-nining the existing vegetation, which
leads to further streambank erosion.

Based on the visual assessment of Walker Run, there are numerous locations throughout the
watershed where stream restoration activities may provide art alternative to the impacts associated
with.the BBNPP project site. Restoration activities would not only provide mitigation for the
proposed impacts, but also may assist in improving water quality and therefore improve bio[ogical
diversity within the stream corridor. Additional benefits would include increased groundwater
infiltration, improved flood flow conveyance, wetland creation, and flora and fauna habitat
improvements.
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