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SMALLMOUTH BASS SPA WNING

A motorized kayak was used for the smallmouth bass (SMB) spawning surveys beginning in early
May 2010. The first pre-spawning activity was observed along the east shoreline of Rocky island and
Environmental Lab boat ramp (Figure 1) with subsequent nest building and fry emergence on May
20, 2010. The water temperature was 68°F. Although a survey of the areas near the Nescopeck
Creek was performed, no pre-spawning activity was observed, most likely due a lack of backwater
habitat suitable for smallmouth bass spawning. However, angling for smallmouth bass downriver
from the Berwick Test Track boat ramp did produce three adults but their spawning locations could
not be definitely ascertained.

It appears that smallmouth bass spawning occurred in late May at water temperature in the upper
60's 'F. Larval smallmouth bass were observed swimming near a nest at the Rocky Island site
located next to the river bank partially hidden by newly-emerged aquatic vegetation (Figure 1).

While angling for adult smallmouth bass near the Environmental Lab boat ramp, none were caught in
deep water out from the shore, but, when casting within 20 feet of shore three adults (13-15 inches)
were taken. These catches indicated that smallmouth bass pre-spawning activity was probably
occurring in shallow water similar to what had been observed at Rocky Island on 5 May.



Figure 1 Smallmouth bass spawning survey area on the Susquehanna River near Berwick, PA,
2010

On May 26, 2010, several hours were spent on the river in the upper study area attempting to find
spawning SMB even though the river was turbid (1-2 feet visibility). The river temperature along the
shoreline was now consistently in the 70's 'F. The first bass nest was found along the east shoreline
of Rocky Island, where pre-spawning activity had been seen on May 5, 2010. The nest was a
non-descript depression in the river gravel next to the bank guarded by an adult SMB. Upon closer
examination, some larval SMB were seen that had emerged from the nest and were swimming
adjacent to the river bank partially hidden by newly-emerged aquatic vegetation. These larvae were
all colored jet black (Figure 2). This coloration made them easy to distinguish from the other larval
fish in the immediate area that were more or less colored brown to light tan. Also, it was evident that
as these larval SMB hatched from this nest, they would swim closer to shore for protection in the
shoreline vegetation; likely seeking slower current. While motoring back upriver along the east
shoreline of Goose Island, another SMB nest with newly-hatched SMB larvae was found. As they
were just hatching and coming up through the nest gravel, and it was noted that they were not quite as
black as the free swimming larvae from the nest at Rocky Island, but still noticeably darker than
other larval fish in the area.

Three other schools of SMB larvae were observed on the west shoreline of Goose Island, but there
was no sign of their nests. However, three of the larval SMB from the original nest were



collected. All three specimens were positively identified as SMB at the Environmental
Laboratory by Dr. Brian P. Mangan, Environmental Lab, Inc.

Figure 2 Newly-hatched smallmouth bass larvae colored jet black from the Susquehanna
River, May 26, 2010

A small school of SMB larvae and another larger school were observed about 200 yards upriver
along the west bank along the Environmental Lab boat ramp on May 27, 2010. The shoreline water
temperature was 78 'F. Across the river, in a cove at the upper end of the island immediately
upriver from the mouth of Little Wapwallopen Creek, a very large school of several hundred SMB
larvae was found.

Six dead adult SMB were also observed during May. Most were badly deteriorated, but it appeared
that death may have been the result of post-spawning mortality. All of these fish were heavily
infected with fungus.

A school of about 50 SMB larvae (fry) were seen at the Environmental Lab boat ramp in the vicinity
of the SSES Intake Discharge Diffuser; the shoreline water temperature was 79 'F during this period.
Across the river in the cove above the mouth of Little Wapwallopen Creek, some SMB fry were also
observed, but they were more spread out compared to the previous week. The river level had dropped
about one foot to a flow of 4,500 cfs, and several old abandoned SMB nests were observed that were
not visible the previous week because of the deeper, turbid water. Several of these SMB fry were
among thousands of American toad tadpoles (Figure 3). Re-crossing the river to the west bank under
the power line about 200 yards upriver from the Lab ramp, a small school of SMB fry was found and
several groups of two to six SMB fry were also observed along the river bank back downriver toward
the Lab ramp.



From the ramp downriver to the Susquehanna SES Intake, several small groups of fry
SMB fry were also observed, but, once again, not as concentrated in schools as observed
in the previous week.

Figure 3 American toad tadpoles and smallmouth bass fry in Little Wapwallopen Creek
cove, 1 June 2010

An extensive survey of the upper study area from the Environmental Lab boat ramp to the
Nescopeck-Berwick Bridge was conducted. At the Lab ramp, the same school of about 50 SMB fry
that were observed the prior day, were still present. Using a YSI 650 MDS equipped with a
calibrated 600 XL Multi-Parameter Water Quality Monitor, measurements of the river water quality
parameters were recorded inshore at the Lab ramp. The following information was ascertained:
Temperature = 77 OF, Dissolved Oxygen = 8.89 mg/l, pH = 7.59; measurements in the river off-shore
at the ramp were: Temperature = 76 OF, Conductivity = 354 htmhos/cm, Dissolved Oxygen = 8.89
mg/l, pH = 8.1.

Along the west side at the head end of Goose Island, numerous SMB fry were observed in the
emergent water willow plants. These plants partially blocked the view into the shallows along the
shoreline so there may have been more fry here that were not observed. In the first backwater area
along the west side, where during the previous week a large school of SMB fry were observed,
several SMB fry were observed again, but not as many. These SMB fry had grown and were about
twice as large as last week. In this backwater, measurements of the river water were recorded:
Temperature = 79 OF, Conductivity = 365 ýimhos/cm, Dissolved Oxygen =



8.95 mg/i, pH = 8.3. On the east side of the head of Goose Island, SMB fry were observed along
this shoreline, but more spread out compared to last week. The SMB nest where a large adult SMB
was scared off last week was abandoned with only a few SMB fry in closer to shore. Several acres
of gravel at the head end of Goose Island appear to be prime spawning habitat for SMB if the river
level remains fairly constant during the spawning season (Figure 4).

Figure 4 Smallmouth bass spawning habitat at the head end of Goose Island, Susquehanna
River, June 2010

Boating along the east shore of Rocky Island on June 2, 2010, some SMB fry were observed, but,
once again, more dispersed compared to last week. Here, the river water measurements were:
Temperature = 82 'F, Dissolved Oxygen = 9.2 mg/l, pH = 8.3. Farther down the east side of the
island at an old SMB nest site near the tail end of the island , the river water measurements were:
Temperature = 83 'F, Dissolved Oxygen = 8.9 mg/I, pH = 8.4. At this location, SMB fry had
completely dispersed away from this nest site.

Along the east shore of Heron Island, some SMB fry were observed along with several abandoned
nests. In a small backwater midway along the island, several SMB fry were found. Along the west
side of Heron Island in a large backwater, 12 to 20 SMB fry were observed. Here, the river water
measurements were: Temperature = 84 'F, Dissolved Oxygen = 9.1 mg/l, pH = 8.41.

th

Mid-river at the old bridge base (4 one over from the west bank) just upriver from the
Nescopeck-Berwick Bridge, one SMB fry was found in the calm water on the downriver side;



there was fast current passing on both sides of this base. There also was an active beaver lodge on
this base. Overall, this did not appear to be suitable spawning habitat, and the SMB fry found here
was probably washed out from upriver spawning sites. At 1350 hours the river water measurements
were: Temperature = 80 'F, Dissolved Oxygen = 10.1 mg/l, pH = 8.6.

The east side of the river along the Nescopeck bank appeared to be very good spawning habitat
with a nice mix of small gravel, but SMB fry were not found here. It appears as if the SMB prefer
to spawn around the islands in this reach of the river.

On June 11, 2010, another SMB fry survey of the study area was initiated at the Lab boat ramp at
1215 hours. Earlier in this week, extensive rainfall caused the river level to rise at least two feet, but it
had now begun to recede. Turbidity, however, still limited visibility. At the Lab ramp, river water
measurements were: Temperature = 77 'F, Dissolved Oxygen = 9.38 mg/l, pH = 8.0. The SMB fry
observed at the ramp had grown up to 1 inch long, and they were very skittish compared to last week.
This will undoubtedly make them more difficult to observe.

Across the river in Little Wapwallopen Creek cove, several small schools of SMB fry were
observed, up to ¾ inches long. It was encouraging to see that these fry survived the high water event
early in the week. River water measurements in the cove at 1315 hours were: Temperature = 77 'F,
Dissolved Oxygen = 8.50 mg/l, pH = 7.8. Farther into the cove, there was a larger school of at least
30 SMB fry, some up to 1 inch long. These fry scattered quickly from the surface where they were
easily observed. Some appeared to be losing their black color. Along the west shore of the cove, a
few SMB fry were observed. They were somewhat larger and better able to swim against the river
current.

Farther downriver along the west shoreline, opposite Wapwallopen Creek mouth, a gravelly area in a
water willow stand was inspected, but no SMB fry observed. On the east side of the river just below
the mouth of Wapwallopen Creek in a backwater area, several SMB fry were observed. Fishermen
curtailed further investigation here. At the west shoreline under the power line in the Bell Bend
Pool, a few SMB fry were found next to shore.

Boating downriver on the west side of Goose Island and while walking through a stand of water
willow, a few SMB fry up to 1 inch were observed. Several other larval fishes were also observed
while wading downriver along this shoreline. As the water willow grows, it impedes observation.
There were no SMB fry on the east side of Goose Island, but it was difficult to see into the water
willow stands.

On the east shoreline of Rocky Island, some SMB fry were found. At 1430 hours, river water
measurements were: Temperature = 77 'F, Dissolved Oxygen = 8.90 mg/i, pH = 8.4. The survey
was discontinued here because of increasingly turbid water conditions.

Overall, SMB fry were becoming increasingly difficult to find as they sheltered in the growing
vegetation, particularly water willow along the shoreline (Figure 5). Most observed SMB fry were
now at least 1 inch in length. River water temperature was now consistently into the high 70's 'F
and low 80's 'F, and daytime dissolved oxygen levels remained high. It appeared that



most of the SMB spawning was done for 2010 and future observations were limited to juvenile
(YOY) SMB.

Figure 5 Water willow stand along an island shoreline in the Susquehanna River, June
2010

On July 7, 2010, another survey was conducted from 1100 hours to 1530 hours. The mid-river
surface temperature was 86 'F and the shoreline temperature at the Lab ramp was even warmer (87
'F) as measured by a calibrated hand thermometer. Northeastern Pennsylvania was beginning to
experience a summer drought that was causing low river levels and high water temperatures.

In the Little Wapwallopen Creek cove, one YOY SMB about 2 inches long, was observed in a school
of YOY hog suckers. It was in about 1 foot of water with a water temperature of 86 'F. The
backwater area of the cove had mostly dried up, although there is a small flow from the creek. Here, a
small school of YOY suckers swam in the cooler stream flow at 66 'F, but no juvenile SMB had
taken advantage of this cool water. On the west side of the island, an occasional juvenile SMB was
observed while wading. They now appear to be moving into deeper water and away from the
immediate shoreline. A river temperature of 84 'F was recorded near the center of the river out from
the cove.



Downriver from the mouth of Wapwallopen Creek in the backwater with an extensive patch of
submerged aquatic vegetation, there were several juvenile SMB, some up to 3 inches long. They
were among various Cyprinids, but the SMB, now tan in color, were easily identified by the black,
vertical stripe on an orange background on the end of their tails. And, they are more aggressive
swimmers than most of the other Cyprinids. Water willows, that provided refuge for fry earlier this
season, were now high and dry along the river bank. Submerged aquatic plants, which were not
abundant earlier in May and June, had grown extensively and now provided cover for bass at this site.
In other nearby areas where there are no aquatic plants, YOY SMB were observed taking advantage
of stones and large gravel for cover in water up to 1.5 feet deep.

At the southern end of Goose Island, most of the water willow was now above the water line, but
there was an abundance of submerged aquatic plants along with shallow gravelly bottom substrate
with large stones and bed rock. In this area, the depth is uniform at about 1.5 feet even 100 yards
from the island shoreline. This appeared to be suitable place for a juvenile SMB nursery and other
juvenile fishes too.

MORTALITY OF SMALLMOUTH BASS

Dead smallmouth bass were first observed on July 14, 2010; three dead/dying SMB juvenile were
found immediately upriver from the Environmental Lab boat ramp (Figure 6). These fish
appeared to be infected with Flavobacterium columnare. Both shoreline and surface river
temperatures had now reached or exceeded 86 'F as recorded with a hand thermometer.

Figure 6 Dead/dying young-of-the-year smallmouth bass near the Environmental Lab boat
ramp in the Susquehanna River, 14 July 2010

Subsequently on July 21, 2010, during an Agency Tour of the study area (Figure 7), dead/dying
juvenile smallmouth bass were also found (Figure 8). However, by this time, the population of
Great Blue Heron had increased noticeably throughout the upper study area. They were seen daily
hunting the shorelines, and there is little doubt that they were feeding extensively on stressed
juvenile bass.



Figure 7 Agency tour of study area, 21 July 2010

Figure 8 Dead young-of-the-year smallmouth bass near Goose Island in the Susquehanna
River, 21 July 2010iver, 21 July 2010

On a survey beginning at the Lab ramp on July 27, 2010, shoreline water temperature of 84 'F at
1410 hours was recorded. The river water was slightly turbid from two major rainfalls over the
weekend upriver from the study area. The river level at this time was 4.2 feet which equaled a flow
of about 3700 cfs. No stressed juvenile SMB were observed, but two Great Blue Herons were seen
along the shoreline downriver and they appeared to be searching for stressed bass.



On the opposite shore in Little Wapwallopen Creek cove, the water temperature was 86 TF at 1420
hours. Upon arrival, a heron flew from the cove. A dying juvenile SMB was found which was
easily caught by hand. River water was flooded back up into the water willow, but, by now it
appeared that most SMB had moved out of this nursery area and into deeper river water.

On the west side of the river opposite Wapwallopen Creek, no juvenile SMB were observed.
Also, there were no juvenile SMB in the backwater just downriver from Wapwallopen Creek.

No juvenile SMB were observed along the east edge of Goose Island. However, the river current
was swift and the river level was rising. One dead juvenile SMB on the river bottom was found just
upriver from the southeastern tip of Goose Island. Water temperature was 84 TF at 1500 hours
recorded with a hand thermometer.

At the south end of Rocky Island the water temperature was 86 TF at 1525 hours. One juvenile
SMB was observed with fungus on its back along the east side of this island.

On July 28, 2010, at 1550 hours, the river temperature was 84 'F at the Lab ramp. One stressed
juvenile SMB was observed as it was attacked by a larger fish. It managed to get away and swam
into shore very slowly.
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PLS, Professional Land Surveyor
PPL BellBend PPL Bell Bend, LLC; sponsor of the BBNPP project
RHABSIM Customized version of PHABSIM
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SRAFRC Susquehanna River Anadromous Fish Restoration Commission
SRBC Susquehanna River Basin Commission
SSES Susquehanna Steam Electric Station
TMDL Total Maximum Daily Load
TRPA Thomas R. Payne and Associates
USFWS United States Fish and Wildlife Service
USGS United States Geological Survey
WUA Weighted Usable Area, an index of available habitat
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1. INTRODUCTION

PPL submitted a report to the SRBC entitled, "Potential Effects of the Bell Bend Project on
Aquatic Resources and Downstream Users, Proposed Bell Bend Nuclear Power Plant Site,
Luzerne County, Pennsylvania, dated June, 2011. Subsequent to the submittal of that report,
SRBC provided comments in a letter dated December 21, 2011 to Mr. Michael J. Caverly, VP-
Financial Nuclear Development. In that correspondence, SRBC provided a number of comments
with the following primary concerns:

1. There is a need for additional sampling of backwater and shoreline areas for dissolved
oxygen (DO) and water temperature where fry (<25 mm) and young smallmouth bass
(YOY SMB) are known to occupy so that a more complete evaluation of the effects of
consumptive use can be made.

2. Shallow inshore locations are critical habitats for YOY SMB and are of concern and
should be the primary focus.

3. The study should determine the size and location of these areas at low flow conditions.
4. Since lowest DO levels were recorded at Sonde #1 at Goose Island, additional data are

required to determine the extent and magnitude of the low DO levels.
5. Data are required from other backwater areas such as the backwater areas in the Rocky

Island vicinity.

This study plan has been developed in light of these comments with a primary focus on obtaining
additional water quality data from backwater and shoreline areas.

1.1. OBJECTIVE

The objective of this study is to assess the potential impact associated with reduced river flow
and stage due to BBNPP (Figure 1-1) consumptive use on dissolved oxygen (DO) and
temperature, primarily focusing on backwater and shoreline areas that may be occupied by YOY
SMB.
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Figure 1-1: Map showing intake and discharge locations for the proposed Bell Bend
Nuclear Power Plant (BBNPP) on the Susquehanna River, Luzerne County, PA. Source:
Normandeau Associates, et al. 2011.

The 2012 data gathering and analysis will provide a comprehensive data base for a more
complete evaluation of these areas. The study reach for this data collection is approximately 2.6
mi between the upper tip of Goose Island and the lower tip of Heron Island; the upper tip of
Goose Island is approximately 2.5 mi downstream of the proposed BBNPP discharge location.

1.2. PLANNED FIELD WORK AND ANAL YSIS

The work will consist of collecting additional observations on SMB spawning activity (nesting,
fry emergence, rearing, and nursery) DO, water temperature, pH, and depths data at six
backwater and shoreline areas including the portion of the Susquehanna River near Rocky Island.
Continuous depth measurements were not collected during 2010. The plan assumes that there is
sufficient flexibility to respond to changing and/or prevailing hydrological and meteorological
conditions.
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Backwater Areas used by Fry and Young-of-the-Year (YOY) Smallmouth Bass

The data collection is proposed to cover the period from mid-April to mid-August 2012. A
temperature impact analysis will be conducted in a manner similar to that performed on the 2010
data. The 2010 temperature impact analysis was evaluated using a 0-dimension Temperature
Calculation module of the Generalized Environmental Modeling System for Surface waters
(GEMSS®) software package. This method uses hourly meteorological data to develop
temperature change (AT) based on the maximum induced depth change as calculated by the flow
analysis. The changes in temperature are then applied to the sonde data.

For the 2012 data analysis, the data will be assessed for event frequency and duration using the
same methodology as the 2010 data. The thermal model will also be applied using the 2012 data
and corresponding hourly meteorological data and ATs reported on an hourly basis with the same
diagnostics and summaries as with the 2010 data. In addition, the 2012 data collection will also
include a depth transducer that will collect depth data on an hourly basis that corresponds to the
water quality data. This will allow a direct comparison of depth, and thus flow variation and how
temperature is statistically related to flow. Based again on diagnostics, a correlation or
regression analysis can be completed to determine the existence of a statistically significant
relationship and the strength of any relationship. It may also allow evaluation of the relationship
on an hourly basis, again based on the data diagnostics. The hourly measurements are expected
to provide a large sample size for these types of analyses.

PPL Bell Bend intends to submit a study report by the end of the 3rd quarter 2012. The sections
below provide details of the study plan along with the specific objectives.
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2. RELEVANT DATA AND PRIOR STUDIES

This section of the study plan summarizes relevant and readily available hydrologic and water
quality data. Relevant data sources and reports are outlined in Table 2-1.

Table 2-1 Summary of Relevant Prior Studies and Data

Su-ccRprsadDt
Ecology III Currently conducts quarterly water quality sampling at five sites; measures daily temperature and

water surface elevation; performs electrofishing and seining. Macro-invertebrate, mussel, and
impingement/entrainment investigations were also conducted. Annual reports are available
beginning in 1971 with occasional special studies (e.g., thermal plume surveys) published
separately. Reports include summary of water quality parameters (pH, DO, temperature,
alkalinity, conductance, hardness, TDS, nutrients and metals).

EPA Published two TMDL's (Susquehanna River and Nescopeck Creek) which summarize water
quality data (pH, alkalinity and metals: aluminum, iron and manganese). Primary source of data
are the sampling done in support of TMDL's (AMD-related TMDL for both Susquehanna River
reach upstream of the BBNPP and Nescopeck Creek, and PCB-related TMDL for the
Susquehanna River).

PPL Bell Bend Published the BBNPP Environmental Report which is not a primary source, but contains a
summary of available water quality parameters (pH, DO, temperature, alkalinity, conductance,
hardness, TDS, nutrients and metals). Primary source of data are two SSES sampling locations
used since 1968 and additional sampling performed during 2008.

USGS Measures stage and discharge on various streams and the Susquehanna River itself. Several
water quality parameters (pH, nutrients, metals, minerals, hydrocarbons and TDS) measured at
USGS station near Hunlock Creek and Danville.

Normandeau Potential Effects of the Bell Bend Project on Aquatic Resources and Downstream Users
Associates, et al., Proposed Bell Bend Nuclear Power Plant Site, Luzeme County, Pennsylvania
2011

2.1. HYDROLOGY

This section presents background information on flows in the Susquehanna River relevant to this
study.

2.1.1. USGS Gaging Sites and Records

The USGS gaging sites of importance to this study are shown in Table 2-2, below.

Table 2-2 USGS gaging sites

1 •u•.,U•llcnuna iivcu tL VVyI1Iw&-odi11V UIJJtDUfJU t ,U
Susquehanna River at Danville 01540500 11,2

Nescopeck Creek at Nescopeck 101538600 1171
Daily discharge, 4/1905-present

I Periodic measurements since 1949

The Wilkes-Barre river gage is the nearest river gage upstream from the study reach; the study
reach encompasses an area between the upper tip of Goose Island and the lower tip of Heron
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Backwater Areas used by Fry and Young-of-the-Year (YOY) Smallmouth Bass

Island. River flow data from this gaging site were used for all previous calculations of habitat
flow relationships (Normandeau Associates, et al. 2011).

The drainage area at SSES/BBNPP is 2.8% greater than at the Wilkes-Barre gage. Wapwallopen
Creek at Wapwallopen is the only active gage on a stream entering the river between the Wilkes-
Barre gage and SSES/BBNPP; the Wapwallopen Creek gage has a drainage area of only 43.8
square miles. For the purposes of this supplemental data collection study, river flow as measured
and recorded at the Wilkes-Barre gage will be considered to represent the flow in the study
reach. Recorded daily river flows at Wilkes-Barre for the period April 1899 (beginning of
record) through March 2011 will be used to evaluate the occurrence of the potential impacts of
BBNPP consumptive water use'. Table 2-3 presents selected statistics of the daily river flow at
Wilkes-Barre from April 1899 through March 2011.

Table 2-3 Selected daily river flow statistics at Wilkes-Barre (USGS gage # 01536500),
April 1899- March 2011

jail ",0" nIU

Feb I 1,060 8,800 14,900 179,000
Mar 2,100 22,100 30,400 229,000
Apr 5,210 24,000 31,000 206,000
May 2,000 12,000 16,300 206,000
Jun 1,350 5,775 9,400 329,000
Jul 787 3,480 5,600 142,000
Aug 716 2,440 4,200 95,300
Sep 532 2,290 4,600 244,000
Oct 658 3,360 7,200 151,000
Nov 627 7,540 11,500 123,000
Dec 860 10,200 14,500 184,000
Annual 532 7,400 13,700 329,000
Jan-Mar 1,010 12,100 20,100 229,000
Apr-Jun 1,350 13,000 18,900 329,000
Jul-Sep 532 2,670 4,800 244,000
Aug-Oct3  532 2,570 5,400 244,000
Oct-Dec 627 6,720 11,100 184,000

1SRBC has requested that daily river flows for the entire period of record be used for this study. (Pers. Communication with A.
Dehoff.)

2Other "seasons" (e.g., May-June) may be appropriate for evaluation of potential habitat loss for certain species-life stage
combinations.
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2.2. WATER QUALITY

This section of the study plan describes the water quality of the Susquehanna River in the
vicinity of the BBNPP.

2.2.1. Susquehanna River Water Quality

Susquehanna River water quality has been monitored by the Susquehanna SES Environmental
Laboratory from 1971 through the present, with modifications to the program over the years.
Table 2-4 summarizes the sampling periods, frequency, locations, and programs.
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Table 2-4 Ecology III Susquehanna River water quality monitoring program

1971 Aug-Dec Twice a month 6-9 locations
Falls, PA to Berwick,
PA

1972 Apr-Dec Daily SSES Various analyses
Monthly SSES Diurnal
Semimonthly Falls to Berwick River Run
Quarterly SSES to Columbia Extended River Run

1973 Jan-Dec Daily SSES Various analyses
Monthly SSES Diurnal
Semimonthly Falls to Berwick River Run
Quarterly SSES to Columbia Extended River Run

1974 Jan-Dec Semi-weekly SSES, Bell Bend Various analyses
Mar, May, Jul, Sep SSES Diurnal
Feb, May, Jul, Sep, Dec Falls to Berwick River Run

1975 Jan-Dec Weekly (Jan-Feb) SSES, SSES-A4 Various analyses
Weekly (Mar-Dec) SSES-A Various analyses
Apr, May, Jun, Jul, Aug, SSES-A Diurnal
Sep

1976 Mar, Oct-Dec Semimonthly SSES-A Various analyses
Apr-Jun Semiweekly
Jul-Sep Weekly

1977 Apr-Sep Semiweekly SSES-A Various analyses
Jan-Mar, Oct-Dec Semimonthly

1978-1985 Apr-Sep Semiweekly SSES**, Bell Bend Various analyses
Jan-Mar, Oct-Dec Weekly

1986-2004 Apr-Sep Weekly SSES, Bell Bend, Bell Various analyses
Jan-Mar, Oct-Dec Semimonthly Bend I

2005-present Quarterly SSES, Bell Bend Various analyses
1974-present Constant monitor for river level and river temperature

Ecology III has measured water temperatures 1,620 feet upstream of the SSES intake structure
on the west bank of the Susquehanna River daily since 1974 (Ecology III, Inc. 2008). A
maximum water temperature of 86.5°F was recorded on 15 Aug 1988 and on 4 Aug 2007. A
minimum water temperature of 32.0°F was recorded numerous times in January. Other statistical
summaries, for example, monthly mean and maximum temperatures, can be developed from this
daily record. The Susquehanna River adjacent to the BBNPP is designated as a Warm Water

Fishery (WWF). Specific water quality criteria (Pa. Code, Chapter 93.Water Quality Standards,
§ 93.7.Specific water quality criteria) for DO and pH are as follows:

"DO2 (applicable to WWF): Minimum daily average 5.0 mg/l; minimum instantaneous
4.0 mg/l."

4Same sampling location from 1975 to present. SSES-A was renamed SSES.

Page 7



Study Plan to Collect Supplemental Data to Assess the Potential Effects of the Bell Bend Project on Water Quality of
Backwater Areas used by Fry and Young-of-the-Year (YOY) Smallmouth Bass

"pH (applicable to WWF): range between 6.0 and 9.0 inclusive"

Pennsylvania provides the following criteria for temperature (Pa. Code, Chapter 93. Water
Quality Standards, § 93.7. Specific water quality criteria):

"Maximum temperatures in the receiving water body resulting from heated waste sources
are regulated under Chapters 92, 96 and other sources where temperature limits are
necessary to protect designated and existing uses. Additionally, these wastes may not
result in a change by more than 27F during a 1-hour period."

Table 2-5 summarizes the temperature limits by "critical use period" applicable to WWF
streams. These values represent the maximum allowable water temperatures (cross-sectional
average) at an unspecified distance downstream of the discharge where fully-mixed conditions
occur.

Table 2-5 Temperature limits applicable to Warm Water Fishery streams

Source: Pa Code, Chapter 93, § 93.7

Januaryl-31 40
Februaryl-29 40
Marchl-31 46
Aprill-15 52
April16-30 58
Mayl-15 64*
May16-31 72*
Junel-15 80*
June16-30 84*
Julyl-31 87*
August I-15 87**
Augustl6-30 87**
Septemberl-15 84
Septemberl6-30 78
October1-15 72
Octoberl6-31 66
November1-15 58
Novemberl6-30 50
Decemberl-31 42

• Critical Period for Fry per Chaplin (2009)
"*Additional Period to be evaluated by this Study

A search of USGS records for recent dissolved oxygen measurements in Susquehanna River
shows that Hunlock Creek (USGS No. 01537700) is the nearest water quality station upstream of
SSES and that Danville (USGS No. 01540500) is the nearest water quality station downstream of
SSES. There were76 samples taken at Danville and 15 samples at Hunlock Creek since January
2001. DO values for all samples were within the range of 7 mg/l to 15 mg/l. The DO values
were consistently above the applicable DO criterion (DO2). The pH values ranged from 6.4 to
8.9. The pH values were consistently within the required standard.
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The water quality of the Susquehanna River upstream of the BBNPP has also been studied as
part of two TMDL investigations. The first TMDL study (PADEP 1999; USEPA, 1999) focused
on polychlorinated biphenyls (PCBs). The second TMDL (PADEP 2009; USEPA 2009) focused
on mine drainage-affected segments for metals (iron, aluminum, and manganese), pH, and
alkalinity. These Susquehanna River TMDL studies provide measured water quality parameters
(pH, alkalinity and metals: iron, aluminum, and manganese).
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3. WATER QUALITY ASSESSMENT OF BACKWATER AREAS USED BY FRY (<_25
MM LONG) AND YOUNG-OF-THE-YEAR SMALLMOUTH BASS (YOY SMB)

"Diseased" YOY SMB have been observed by Ecology III staff biologists in the river during the
summers of 2005 and 2010, periods of low river flow and high water temperature (Brian
Mangan, personal communication). The summer of 2005 was also the period when the
Pennsylvania Fish & Boat Commission biologists first observed mortality of young YOY SMB
with lesions but apparently not in the area near the BBNPP site. A recent report by Chaplin et al.
(2009) postulated that sub-optimal dissolved oxygen (DO), particularly during the nighttime and
in combination with relatively warm temperatures in habitats of YOY SMB, may have played a
role in predisposing the fish to the bacterial infections. The bacterium (Flavobacterium
columnare) is common in soil and water and causes secondary infections in stressed fish (PFBC
2005).

Microhabitats in which such sub-optimal DO and warm temperatures may occur are typically in
side channels or backwaters and are characterized by relatively low velocities (<0.1 ft./sec) and
shallow depths (<2 ft.) compared to the main river channel. These microhabitats, occupied by
YOY SMB, can be subject to wide fluctuations in DO and elevated water temperature. For
illustrative purposes, an example photo of a backwater area from the southeast shore of Goose
Island on the Susquehanna River with abundant aquatic vegetation is provided as Figure 3-1; it
shows a shallow, low velocity area away from the main river channel.
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Figure 3-1 Example of backwater habitat at Southeast shore of Goose Island on the
Susquehanna River with abundant aquatic vegetation. Photo taken in July 2010.

Shallow areas are more susceptible to heating by solar radiation than the main channel of the
Susquehanna River and also may show larger fluctuations in DO over a 24-hour period.
Backwaters are relatively calm, shallow areas or channels around islands that are cut off from the
dominant flow of a river, particularly in late spring and summer as seasonal low flow
approaches. This period may coincide with fish rearing and nursery activities. YOY SMB
utilizing these habitats during a sustained extreme low river flow may be subject to potentially
stressful, low DO concentrations at night and elevated water temperature during the day.

3.1. FIELD DATA COLLECTION

A program of continuous monitoring of DO, pH, water temperature, and depth in off-channel
habitats, combined with visual observations (hydrological conditions permitting) of potential
SMB spawning areas along the shore lines will be conducted. Six sondes will be deployed in the
vicinity of Goose and Rocky Islands for 17 weeks from 15 April through 15 August,
meteorological and hydrological conditions permitting. Two back-up sondes will be available in
case of any malfunctions with the field units. If spawning activity is observed or emerging
(black) fry are noted, the frequency of depth measurements and visual observations will be
increased in these areas. These observations may also be used to adjust the locations of the
continuous monitoring locations described below. Also, water quality and depth data will be
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collected at various locations within the SRBC designated study reach (between the upper tip of
Goose Island and lower tip of Heron Island) when conditions deem necessary. In addition,
observations of potential areas where mussels may be vulnerable to exposure will also be
recorded.

To supplement the above data, periodic electrofishing surveys5 will be conducted primarily to
examine YOY SMB for symptoms of disease (e.g., lesions, open wounds/injury, etc.),
particularly in August when the bacterial disease has been reported to be most prevalent.

Continuous monitoring of DO, water temperature, depth, and pH in backwater areas near Rocky
Island (Figure 3-2) and Goose Island will be conducted during a period likely to coincide with
high water temperature and low nighttime DO values and recommended by SRBC. All these
locations are at least 2.5 mi downstream of the proposed BBNPP discharge and cover both
shorelines. This period would also coincide with the SMB spawning, rearing, and nursery in
backwater areas. This monitoring program will document whether stressful water quality
conditions occur during the critical nursery and rearing times of fry and YOY SMB and the
extent of these conditions.

The locations were selected for accessibility, ease of servicing, and representativeness of
potential backwater habitat and a main channel location near Goose Island. The proposed
sampling scheme utilizes a total of six locations to be monitored. Five of the six field sondes will
be positioned near-shoreline and backwater locations at and around the two islands. These
locations will provide data in areas with the potential of having stressful water quality conditions
for YOY SMB. One backwater location is a repeat at Goose Island backwater area and another
within the vicinity of Goose Island in the main channel to be used as a reference site (Figure 3.2).
The third location will be near the downstream end of Rocky Island and the fourth location will
be at a suitable microhabitat within the riffle area located near Rocky Island. The last two
locations will be along the east and/or west shoreline where YOY SMB frequently inhabit.

Unlike the Chaplin et al. (2009) and Normandeau Associates et al (2011) studies where paired
sondes were deployed in both a backwater area and a corresponding main channel location to
monitor DO and water temperature, this proposed study is designed to sample water quality
parameters (water temperature, DO, pH, and depth) at five low velocity and/or backwater areas
and one main channel habitat near Goose Island (Figure 3-2); the latter will be used as a
reference location. Again these locations, particularly low velocity areas, are selected based on
where YOY SMB occur and can become susceptible to the bacterium (Flavobacterium
columnare) within the SRBC designated study reach.

5PFBC has offered to coordinate with PPL Bell Bend to perform YOY SMB electrofishing in the study area in August in order to
determine the incidence of disease.
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Figure 3-2 Proposed sampling locations of backwater temperature and DO in the study
area. One (lower) of the two sondes at Goose Island is positioned in the main channel to
serve as a reference location.

3.2. QA/QC OF SONDE PERFORMANCE

Personnel will utilize boat(s) to service the sondes and calibration will be done either in the field
or at the Susquehanna SES Environmental Laboratory, approximately 4 miles upriver from the
islands. Meteorological and hydrological conditions permitting, the sondes will be serviced once
a week during the monitoring period to allow corrective action in a timely fashion. Should some
continuous data collection be interrupted, manual measurements will be taken, particularly
during nighttime low DO periods.

Continuous water quality data will be collected at continuous monitoring locations with a HACH
Hydrolab DS5X data sonde equipped with sensors to measure temperature, DO, pH, and depth.
The temperature sensors are set at the factory and all other parameter sensors will be calibrated
per manufacturer's requirements on a weekly basis. The DO sensor will employ the
luminescence dissolved oxygen (LDO) technology which uses blue and red light-emitting diodes
(LEDs) to measure DO in water. The LDO sensor was chosen over traditional techniques out of
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concern that passive fouling (e.g., algae growth on sensor) could occur. The LDO sensor does
not consume oxygen so passive fouling will not affect DO readings. The luminescence dissolved
oxygen (LDO) technology is specifically designed for long term continuous monitoring; any
incidental algae or biological growth on the meter will not affect the accuracy of the sensor. The
continuous monitor probes will be visually inspected for biological growth weekly and cleaned
as necessary.

QA/QC measures will include regular (weekly) downloads and calibration of the continuous
monitors per manufacturer's instructions. The LDO sensor will be equipped with a self-cleaning
wiper to decrease the potential for fouling by debris or algae. Calibration records for the
continuous monitors will be kept and provided in the report. Performance of the sondes will be
checked against a calibrated field DO and temperature meter according to the procedures
developed by Ecology III.

As in the Chaplin et al. (2009) study, freshly calibrated water quality meters will be positioned
with the deployed sonde to collect side-by-side measurements of DO and water temperature.
The deployed sonde will be cleaned and returned to the river and a second set of side-by-side
readings will be recorded. Following these checks, the deployed sondes will be retrieved and the
data downloaded to a field data logger. The recorded sonde measurements will be adjusted for
any drifts between the two side-by-side readings. Dissolved oxygen (DO), water temperature,
pH, and depth data averaged for hourly parameter values) will be collected for 17 weeks (15
April-15 August), meteorological and hydrological conditions permitting.

The LDO, pH, and depth sensors on the continuous monitors will be calibrated prior to
deployment, per manufacturer's specifications and on a weekly basis thereafter. In-river DO,
water temperature, and pH will be checked against the continuous monitor using calibrated
portable instruments; these values will be recorded on data sheets as performance check
measurements. Once the continuous data is retrieved, the performance check measurements will
be compared to the continuous monitor data set for accuracy. The raw data collecte d from the
continuous monitor will be reviewed and approved by field scientists prior to reporting. Spurious
and other data that is considered inconsistent or unreasonable based on observed trends will be
highlighted for exclusion from further analysis.

3.3. SMALLMOUTH BASS (SMB) SPA WNINGA CTIVITY, FRY (<_25 MM LONG), AND YOUNG OF

THE YEAR (YOY) MONITORING

Observations on initiation of smallmouth bass spawning activity and emergence of fry with
subsequent development into YOY life stage will begin in mid-April 2012 or earlier if the river
water temperature warms to 50 F. An attempt will be made to document the time and location of
pre-spawning activity as was observed in early spring of 2010. For 2012, an approximation of
the size of the area where spawning activity is observed will also be documented. This shore-
line schooling behavior of adult SMB gives a good indication of where spawning will actually
occur. These observations will be centered where sondes have been deployed in the vicinity of
Goose and Rocky Islands and on the eastern shoreline (Figure 3-2). Once spawning begins
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around the first week in May, weekly observations will be made to try to locate nests and
subsequent schools of SMB fry. In 2010, SMB fry were seen hatching from nests and swimming
directly into the shoreline to seek cover from the river current.

A portable sonde will be used to record river water temperature; DO, pH, and depth at the
location of fry schools, particularly if they are not near a sonde. These instantaneous
measurements will not take the place of the continuous sonde data, but they should provide some
information about habitat preference. As fry grow into YOY, their location and habitat will also
be noted weekly. Photographs will be taken to document the habitat of both fry and YOY SMB
along with depth and current measurements. Some backpack electrofishing and seining is
planned in July, provided river conditions are suitable, to document possible. habitat changes of
YOY SMB (see footnote 5 on page 11).

3.4. DATA ANALYSIS

The water quality analysis will focus on the relationship among flow, depth, temperature,
dissolved oxygen (DO) and possibly pH. The previous 2010 data were limited by time frame
since the deployment of the sondes occurred in late June, so actual data from the beginning of the
SRBC period of interest beginning May 1, were not available. The sonde data did, however,
capture the highest temperature period of the year and we are confident that it captured all events
above the 84°F thermal threshold. The 2012 data collection season is scheduled to begin mid-
April and continue to mid-August, fully capturing the pre-spawning, fry and juvenile activity
periods.

3.4.1. Smallmouth Bass Prespawning and Fry Period 2012

When field observations indicate that the fry period is over, the collected 2012 data will be
analyzed. Initially, the data will be assessed for event frequency and duration similar to the 2010
data.

Unlike the 2010 data collection, the 2012 data collection will also include a depth transducer that
will gather depth data on an hourly basis with corresponding water quality data. This will allow a
direct comparison of depth, and thus flow variation and if temperature is statistically related to
flow. Based again on diagnostics, a correlation or regression analysis will be completed to
determine the existence of a statistically significant relationship and the strength of any
relationship. It may also allow evaluation of the relationship on an hourly basis, again based on
the data diagnostics. If the depth analysis is inconclusive we will then apply the thermal model
used for the 2010 data analysis using the 2012 data and corresponding hourly meteorological
data and ATs reported on an hourly basis with the same diagnostics and summaries as with the
2010 data.

3.4.2. YOY SMB Period 2012

Once the full data collection event is complete, all the data will be assessed using the same
procedural outline as for the pre-spawning and fry period described above. At this time, the data
will also be assessed to determine if any other, particularly statistical analysis, will be useful to a
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comprehensive understanding of the data'and incremental effects. The scope and nature of those
assessments cannot be determined until all the data are available and have been mined.

The final data analysis will also, to the extent mathematically justified, place the data and
analyses in context of flow statistics to capture more extreme low flow events than 7Q10,
however, the nature of historical flow data will limit this to daily averages.

3.4.3. Dissolved Oxygen and pH 2012

Since thermal changes can affect dissolved oxygen, we will then extend the analysis to the
dissolved oxygen data and assess dissolved oxygen concentration effects based on a threshold
concentration of 4.0 mg/l. All the analyses will be based on hourly data and hourly increment
analysis, consistent with the time step used in data collection and will include frequency and
duration of events below 4 mg/l. This will be a complex analysis and the nature of the data will
dictate the details and direction of the analysis. The main reason this analysis is so complex lies
primarily in the strong diurnal signal that is dominated by photosynthetic activity, which drives
DO into high super-saturation conditions into the mid- to late afternoon with corresponding
nighttime lows in dissolved oxygen. As part of weekly observations, the type of aquatic
vegetation will be visually identified and its density estimated.

The analyses will be presented in various tabular and graphical forms to demonstrate frequency,,
intensity and duration and describe the diurnal patterns and the oxygen dynamics that drive the
patterns.

Chaplin et al 2009 as well as other references on Flavobacterium columnare discuss other factors
such as pH on the virulence of the bacteria. We will complete parallel assessments of other
parameters and to the extent that sonde data are available, compare incremental effects of flow
reduction on those parameters. This portion of the analysis Will have certain limitations based on
the time step available for historical flow data (daily averages) which we will attempt to
reconcile with the hourly sonde and meteorological data.
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4. REPORTING AND SCHEDULE

The fry period data analysis will be complete by the end of July or early August 2012, depending
on when the end of fry activity is noted in the field. The final comprehensive analysis will be
completed approximately 2 weeks after the end of data collection, and compiled in the study
report at the end of the first week of September 2012.

An electronic database will accompany the report. This database, will provide all data sources
used in the analysis, photographs from site visits, documentation of sampled locations with time
and dates, and computer model inputs and outputs.

Table 4-1 below describes the planned schedule for this project. The tasks shown are those that

relate directly to deliverables to agencies and the expected review cycles on work products.

Table 4-1 Proposed Schedule

Submit to SRBC for Review Fri 4/6/12
Hold Agency Meeting Wed 4/11/12
Finalize Scope Wed 4/18/12
Undertake Additional Data Collection as Needed Thu 9/6/12
Prepare and Submit Report Thu 9/6/12*
* Assumes no additional data collection is necessary.
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August 21, 2012

Mr. James Richenderfer, Ph.D., P.G.
Manager Technical Programs
Susquehanna River Basin Commission
1721 N. Front Street
Harrisburg, PA 17102-2391

BELL BEND NUCLEAR POWER PLANT
AVOIDANCE OF CONSUMPTIVE USE
REVISED EVALUATION OF BELL BEND
COOLING OPTIONS
BNP-2012-136 Docket No. 52-039

References: 1) Letter from T.L. Harpster (PPL) to J. Richenderfer, "Bell Bend Nuclear Power
Plant SRBC Notice of Application Review Response, Avoidance of Consumptive
Use, BNP-2010-192," dated October 21, 2010

2) Letter from T.L. Harpster (PPL) to A. Dehoff, "Bell Bend Nuclear Power Plant
SRBC Notice of Application Review Response, Avoidance of Consumptive Use,
BNP-2011-190," dated October 4, 2011

Letter BNP-2010-192 transmitted to SRBC PPL's comparative analysis of Cooling Options for
the Bell Bend Nuclear Power Plant to address a SRBC request for information. SRBC staff
reviewed this analysis and provided PPL comments via letter correspondence dated August 22,
2011. PPL subsequently provided additional analysis in the form of a sensitivity study via Letter
BNP-2011-190. Questions were raised by Mr. Pat Naugle of SRBC staff with regard to this
letter. Mr. Naugle verbally questioned whether the O&M cost difference shown in Table A of
Section 2 of the October 4, 2011 letter included a double counting of the auxiliary load loss and
generation penalty. Mr. Naugle also requested confirmation of the capital cost difference shown
for dry cooling and suggested a minimum case evaluation by PPL.

PPL reviewed the evaluation of Bell Bend cooling options in its entirety following receipt of Mr.
Naugle's comments. Additional issues were found with the cost-benefit analysis with respect to
costs of the various cooling options. The BBNPP COLA Environmental Report Table 9.4-1
costs used a 2006 price level. The Burns & Roe analysis used a 2010 price level. These costs
have now all been escalated to 2019 to support the present value (2019 price level)
evaluations. In addition, the PPL evaluations have also been updated to include the revised
consumptive use mitigation fee that went in effect on July 1, 2012 ($300/MG). As a result, all
PPL analyses in both previous PPL letters are revised and included as attachments to
this letter. This letter captures the complete evaluation of Bell Bend cooling options, and
supersedes the enclosures to letters BNP-2010-192, and BNP-2011-190.
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Below is a description of each of the attachments in this letter:

* Attachment 1 provides a change summary of the revisions being made to the enclosure
to BNP-2010-192 (Attachment 4 of this letter), and BNP-2011-190 (Attachment 5 of this
letter). This summary provides the details of which parts of the enclosures changed and
the scope of the revision.

* Attachment 2 provides several minor corrections that need to be made to BBNPP
Environmental Report Table 9.4-1, Comparison of Cooling Tower Evaluation Criteria,
which provides input values for present value evaluation of the cooling options. These
corrections did not have any effect on the evaluation of cooling options.

* Attachment 3 provides a Determination of Capital and O&M Costs for all Cooling Options
that corrects inconsistencies identified by PPL. These costs are escalated to year 2019
for comparison and provide input to the tables provided in Attachments 4 and 5.

* Attachment 4 is a complete revision to all enclosures to BNP-2010-192. This is
considered revision 1 and addresses all SRBC comments received to date on evaluation
of Bell Bend cooling options.

* Attachment 5 is a complete revision to all enclosures to BNP-2011-190. This is
considered revision 1 and addresses all SRBC comments received to date on evaluation
of Bell Bend cooling options.

Should you have questions or need additional information regarding these revisions, please feel
free to contact me.

Respectfully,

Gary Petrewski

GP/kw

Attachments: 1) Change Summary to BNP-2010-192 and BNP-2011-190 Enclosures

2) BBNPP Environmental Report Table 9.4-1, Revision 3

3) Determination of Capital and O&M Costs for all Cooling Options

4) Revision 1 to BNP-2010-192 Enclosures 1 and 2

5) Revision 1 to BNP-2011-190 Enclosure
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cc: (w/ Attachments)

Ms. Laura Quinn-Willingham Ms. Karen Karchner
Project Manager Zoning/Building Code Official
U.S. Nuclear Regulatory Commission 38 Bomboy Lane
11545 Rockville Pike, Mailstop: T-6 C32 Berwick, PA 18603
Rockville, MD 20852

Ms. Paula Ballaron
Manager, Policy Implementation & Outreach
Susquehanna River Basin Commission
1721 N. Front Street
Harrisburg, PA 17102

Ms. Jamie Davis
Office of Environmental Programs (3EA30)
U.S. Environmental Protection Agency
1650 Arch Street
Philadelphia, PA 19103-2029

Ms. Amy Elliott
U.S. Army Corps of Engineers
State College Field Office
1631 South Atherton Street, Suite 102
State College, PA 16801

Ms. Jennifer Kagel
United States Fish & Wildlife Service
Pennsylvania Field Office
315 S. Allen St. #322
State College, PA 16801

Mr. Eugene Trowbridge
PA Dept. of Environmental Protection
Northeast Regional Office
2 Public Square
Wilkes-Barre, PA 18711

Mr. Tom Shervinskie
Pa Fish & Boat Commission
450 Robinson Lane
Bellefonte, PA 16823
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Lette t- "Enclosur RvsdScpfRevisions
•BNP-2010-192 See-Attachment4:.f0or Changed Documents to BNP-20t0192, Revision 1.
Enclosure 1 - Narrative No N/A
Response
Enclosure 1 - Attachment A No N/A
Enclosure 1 - Attachment B No N/A
Enclosure 1 - Attachment C Yes 0 Note h change from 17 MW auxiliary load difference to make it 13.9 MW in accordance
Table 1 - Cost of Alternative with the B&R Report, Table 2.
Heat Dissipation Options • Average Daily Makeup Water for the Natural Draft - 2 Hyperbolic Towers changed

from 19.84 to 19.92 MGD daily average based on latest PPL calculations.
• Annual O&M and Capital costs are 2019 values from Attachment 3 of this letter.
0 Changed the consumptive use mitigation fee to 2012 ($0.30/1,000 gallons consumed).
* Total Comparative Present Values (2019 Price Level) revised based on above

changes.

Enclosure 1 - Attachment C No N/A
Table 2 - Comparison of
Alternative Heat Dissipation
Blowdown Impacts
Enclosure 2 - Preface Yes • Annual O&M and Capital costs are 2019 values from Attachment 3 of this letter.

* B&R BBNPP Dry Cooling Water Makeup value is changed to the average monthly
value from the B&R Report, Table 3 - 273 gpm.

Enclosure 2 - B&R Report No N/A

Revision 1, 8/21/2012 1 of 2
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..'!Letter - 'Enclosure Revised ________________________________________________
'BNP-20 1-190 SeeAttachm'ent5: 5fodr Changed Documents to,:BNP 2•0 1-190, Revisioni1.

Enclosure - Section 1 Yes Text changes to PPL responses to SRBC Comment No. 3, 4, 6 and 8. Changes are
indicated by bolded/underlined text.

Enclosure - Section 2 Yes * Changed column headings in Table A.
• Consumptive Use Water Make-up valued changed from 19.84 to 19.92 MGD in

accordance with current PPL calculation of annual average daily consumptive use.
* Annual O&M and Capital costs are 2019 values from Attachment 3 of this letter.
0 Changed the consumptive use mitigation fee to the 2012 SRBC value ($0.30/1,000

gallons consumed), and escalated it at 2.5% per year to a 2019 price level for the
sensitivity analysis ($356.6 $/MG)

* Total Comparative Present Values (2019 Price Level) revised based on above
changes.

* Deleted the Aux Load/Generation Penalty sensitivity cases, reduced the Cumulative
Analysis to one case and added a third analysis for comparison (minimum case as
requested by SRBC) To Table A.

• Provided source data Table for Table A.
* Added Generation Penalty Difference to Table B.
0 Text changes are indicated by boldedlunderlined text.

(
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Attachment 2

BBNPP Environmental Report Table 9.4-1, Revision 3
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Table 9.4-1 - Comparison of Cooling Tower Evaluation Criteria

Footprint Plant A udliary Annua-
Typefofnper Maximum Auxiliy VTypeof Plant Un H i m Materials Load Water Pump Visible Noise O&M Cst Ca 3ital

Pln ntof Impact Maeu Drif PupateStCDifference Makeup Head Plume _jDifferce Ci st(d)(1,562 MWe) Construction Difference e Pm

Feet
Acres Ft(m) % MW gpm(Lpm) gpm (Lpm) H2 0 dBA @ Im 103 USD 103 USD

Natural Draft
(2 16 -600(183) Concrete 0 0 23,808(90,123) 8(30) 60 Yes 82 0 173,727
Hyperbolic
Towers)

Rectangular
Mechanical 24 -60(18) Fiberglass (FRP) -0.046 6.22 23,808(90,123) 8(30) 36 Yes 88 468 130,710
Draft (3
Towers)

Round
Mechanical 16 -60(18) Fiberglass -0.044 4.05 23,808(90,123) 8(30) 36 Yes 88 374.4 143,103
Draft (4
Towers)

One Round
Mechanical
Draft (akaFan-assisted 8 -164(50) Concrete -0.101 8.49 23,808(90,123) 8(30) 44 Yes 88 374.4 135,429

Natural
Draft)
Dry CoolingDr 7-30 39 Steel 25 13-79 139 0.0005 44 No 88 5.975 298.727

Hybrid (g) 5-6 177 Concrete 0.5 21.85 39.402 - - No 96.7 . 1 189.527

Notes:
(a) Footprint includes the required separation between towers, if applicable.

-I

(b) Water total makeup includes drift, evaporation, and blowdown (at 2 cycles of concentration). 189,527
(c) O&M costs are calculated at 1% or 2% of the capital cost, based on vendor input 298,727
(d) The cost shown indudes the initial cost of the cooling tower(s) and construction cost differences.

(e) The value shown is the difference between the identified option and the Natural Draft (2 Hyperbolic Towers) option.
if) Dry cooling case includes air cooled condenser (ACC), steam ducting from turbine to ACC and condensate retum piping, auxiliary cooling tower and reduced size offsite
water storage. Offsite water storage cost estimate $48 million.
(g) Hybrid case includes the same condenser and circulating water system as Natural Draft case plus hybrid cooling tower and offsite makeup water storage. The difference
from base would be the incremental cost of the hybrid tower.
(h) By regulations, noise at property boundary required to be <55 dB in evening.
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Determination of Capital and O&M Costs for all Cooling Options
Table C, Escalation Costs

CAPITAL COST ( 10^3 USD)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Natural Draft - 2
Towers

Rect, Mech. Draft - 3 Towers

Rnd Mech. Draft - 4 Towers

Rnd Mech. Fan Asst.
Dry
Cooling

Hybrid

173,727 178,678 185,557 184,926

130,710 134,435 139,611 139,136

143,103 147,181 152,848 152,328

135,429 139,289 144,651 144,160

298,727 307,241 319,069 317,985

189,527 194.929 202.433 201.745

187,959

141,418

154,826

146,524

193,899

145,887

159,719

151,154

198,746

149,534

163,712

154,933

203,715

153,272

167,805

158,806

208,808

157,104

172,000

162,776

214,028

161,032

176,300

166,846

219,379

165,058

180,707

171,017

224,863

169,184

185,225

175,292

230,485

173,414

189,856

179,674

236,247

177,749

194,602

184,166

323,200 333,413 341,748 350,292 359,049 368,025 377,226 386,657 396,323 406,231
205,054 211,533 216,822 222,242 227,798 233,493 239,331 245,314 251,447 257,733

280,760 289,632 296,873 304,295 311,902 319,700 327,692 335,884 344,281 352,888

462,468 477,082 489,009 501,234 513,765 526,609 539,774 553,269 567,101 581,278

B&R Natural Draft

B&R Dry Cooling

Annual Escalation (%) (1) 2.85 3.85 -0.34 1.64 - 3.16 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

ANNUAL O&M DIFFERENCE (10A3 USD)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Natural Draft - 2
Towers

Rect, Mech. Draft - 3 Towers

Rnd Mech. Draft - 4 Towers

Rnd Mech. Fan Asst.
Dry
Cooling

Hybrid

0

468

374.4

374.4

0

481

385

385

0

500

400

400

0

498

399

399

0

506.

405

405

0

522

418

418

0

535

428

428

0

549

439

439

0

563

450

450

0

577

461

461

0

591

473

473

0

606

485

485

0
621

497

497

0

636

509

509

5,975 6,145 6,382 6,360 6,464 6,669 6,835 7,006 7,182 7,361 7,545 7,734 7,927 8,125

3,791 3,899 4,049 4,035 4,102 4,231 4,337 4,445 4,557 4,670 4,787 4,907 5,030 5,155

B&R Natural Draft

B&R Dry Cooling

Annual Esciation (%)
(1)

0 0 0 0 0 0 0

870 897 920 943 967 991 1,015

0

1,041

0

1,067

0

1,094

2.85 3.85 -0.34 1.64 3.16 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

(1) Escalation values for years 2006 through 2011 are actual values from InflationData.com. Three percent (2.5%) escalation is assumed for future years.
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Attachment 4

Revision 1 to BNP-2010-192 Enclosures 1 and 2

Enclosure I (BNP-2010-192)

NARRATIVE - Avoidance of Consumptive Use

Attachment A - Technical Feasibility and Environmental Impacts - Dry Air Cooling

Attachment B - Technical Feasibility and Environmental Impacts - Hybrid Cooling Towers

Attachment C - Tabular Comparison of Heat Dissipation Alternatives with Respect to Cost and
Cooling Tower Blowdown

Enclosure 2 (BNP-2010-192)

Preface

"Evaluation of Dry Air Cooling for the Bell Bend Nuclear Power Plant", Rev. 0, August 25, 2010
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Enclosure 1
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NARRATIVE

Attachment: Avoidance of Consumptive Use

Comment: Applicant must include in their application plans for avoiding or mitigating for
consumptive use. [18CFR §806.14(a)(2)(ix)]

The information submitted in the application and amendment fails to adequately analyze
avoidance of consumptive use. The amendment included an analysis of six different cooling
modes; however, consumptive water use was not factored into the cost analysis of the six
alternative methods of heat dissipation for BBNPP. The only factors considered were impact on
power production, initial cost, and maintenance costs. Because the cost of consumptive water
use was not included in the analysis, the alternatives that maximize consumptive use appear to
be less costly compared to other alternatives that minimize consumptive use, such as dry
cooling systems and hybrid cooling towers. The cost of providing supplemental water to mitigate
consumptive use could be significant if reservoirs, pipelines, or other measures are required. All
costs need to be considered for a valid analysis. Also, the analysis assumed that the
environmental impact of all alternatives were similar. This assumption is not valid when dry
cooling systems and hybrid cooling towers are included in the environmental analysis. The
chosen alternative, natural draft cooling towers, require significant blowdown to maintain proper
water chemistry. Blowdown flows returning to the river will be heated and chemicals, including a
biocide, will be added, and this may have a negative environmental impact on the river. Dry
cooling systems and hybrid cooling towers require significantly less blowdown and may have
less environmental impact. The environmental impact of blowdown of all alternatives needs to
be analyzed.

The information submitted in the application and amendment fails to include an analysis of the
increased evaporation caused by the thermal effects of blowdown discharge from BBNPP. The
thermal effects from the BBNPP blowdown discharge are additive to the thermal effects of the
Susquehanna Steam Electric Station (SSES). This analysis should be consistent with the SSES
Permanent Water Monitoring Plan, submitted to the Commission by PPL Susquehanna, LLC on
January 9, 2008.

The information submitted in the application and amendment fails to describe plans to mitigate
consumptive use. As noted above, payment for mitigation of consumptive water use may not be
a viable option for the amount of consumptive use proposed by the BBNPP. Not only is the
magnitude of the consumptive use a concern, but timing of the peak usage is coincident with the
typical low flow periods of the year. PPL BB should describe plans during low river flows to
release water for flow augmentation equal to the projects total consumptive use, or reduce
withdrawal from the river equal to the project's total consumptive use in accordance with 18
CFR §806.22(b)(1)(i) and (ii).
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Response:

This response amends the prior Bell Bend heat dissipation alternatives analysis. It considers
the cost of consumptive water use mitigation and also includes consideration of both hybrid and
dry cooling systems as alternatives to avoid (in whole or in part) water consumption at the Bell
Bend Project. It also provides an evaluation of the environmental impacts of cooling water
blowdown for each alternative method of heat dissipation. There are two enclosures that are
described below.

Enclosure 1
Attachment A provides a summary discussion of the technical aspects of dry air cooling. PPL
commissioned a study by Burns & Roe to evaluate the application of dry air cooling for BBNPP.
This study is included as Enclosure 2. The US EPRTM standard design for condenser heat
rejection is a wet cooling water system. Dry air cooling has never been previously applied to a
project the size of Bell Bend, nor has it been attempted in combination with the US EPR design.
Scaling up and design compatibility would be a major risk to the project due to significant
technical issues as well as associated major cost increases. PPL is not aware of any large
nuclear generating facility (either in operation or in design/licensing phase) that utilizes strictly
dry air cooling.

Attachment A also provides a discussion of the environmental impacts of dry air cooling.
Although dry air cooling has advantages when it comes to water use and potential aquatic
impacts, there are environmental drawbacks that relate to land use and noise.

Attachment B provides a discussion of the technical aspects and potential environmental
concerns associated with hybrid cooling alternatives

Attachment C provides a tabular cost analysis of all six cooling alternatives including hybrid and
air cooling (Table 1), and a tabular summary of the potential impacts associated with plant
blowdown for each of the six cooling alternatives (Table 2).

The cost analysis in Table 1 includes the cost of water based on current Susquehanna River
Basin Commission in-lieu rates which are judged to be representative of possible water
mitigation costs1 . The other costs of the cooling options are based on a U S EPR (TM)
evaluation and the information was used to revise the BBNPP Environmental Report Table 9.4-
1. Due largely to no O&M impacts and no penalty for auxiliary loads, the two planned natural
draft cooling tower alternative is clearly the most cost effective alternative even when
considering the costs for consumptive use of water.

The environmental impacts of blowdown for the six cooling alternatives are provided in Table 2
in Attachment C and are shown to be small. Included in this Table is consideration of the
potential cumulative thermal effects of each cooling option when combined with that of
Susquehanna SES. The predicted minimal temperature increase and small areal extent of the
blowdown plume is predicted to have no significant impact for each cooling option.

1 As the Commission is aware, PPL BB is currently investigating consumptive use make-up options to

satisfy Commission consumptive use regulations. Final costs associated with expected consumptive use
mitigation have not yet been determined, however, final costs are expected to be consistent with the in-
lieu payment costs used in this analysis.
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Enclosure 2
Enclosure 2 provides an independent evaluation sponsored by PPL. This study evaluates the
use of dry air cooling for the BBNPP in place of the currently planned natural draft cooling
towers. A preface page is provided to explain the differences between Table 1 for Dry Air
Cooling in Enclosure 1 and the independent evaluation included in Enclosure 2.

The BBNPP plan to mitigate consumptive use is currently in the planning/design phase and will
be provided separately as part of the response to the requirements of 18 CFR §806.22(b)(1)
cited in the SRBC March 1, 2010 "Notice of Application Review for PPL Bell Bend, LLC" letter to
PPL.
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Attachment A - Technical Feasibility and Environmental Impacts - Dry Air Cooling

The US EPRTM standard design for condenser heat rejection is a wet cooling water system.
The Bell Bend Nuclear Power Plant (BBNPP) application submitted to the Nuclear Regulatory
Commission includes this standard design. As a result of the subsequent application for
consumptive water use with the Susquehanna River Basin Commission (SRBC), a question was
raised concerning the use of a dry air cooling system as an option to avoid or mitigate
consumptive water use.

Enclosure 2 provides a summary analysis by Burns & Roe of the technical feasibility of dry air
cooling. The following summarizes study results.

Direct air cooled condensers are in use in many power plants throughout the world. Many
seemingly large plants that use air cooled condensers are combined cycle plants in which only
about one third of the power comes from the steam turbine thus requiring reduced condenser
cooling. Additionally, even the largest steam plant application, the 4,000 MW Matimba Plant in
South Africa consists of multiple 660 MW steam turbine units. An air cooled condenser for
BBNPP would be the largest single unit application in the world by a factor of about three (3).
Air cooling for a unit of this size has never been designed. Scaling up by this magnitude would
be a major risk to the project due to significant technical issues as well as associated cost
increases.

In addition, there are other considerations that reduce the attractiveness of installing an air
cooled condenser at Bell Bend:

The use of an air cooled condenser will impose significant changes to the US EPRTM

standard design and would impact plant licensing costs and schedule. In fact, the
changes would most probably be large enough to endanger the EPR fleet concept,
resulting in significantly greater cost impacts that would potentially threaten the project
altogether.

- Use of air cooling will bring about a loss of efficiency in plant electrical output. This
penalty may be several percent over a year. This loss of generation is not accounted for
in Attachment D, Table 1.

The loss of net electrical generation with the air cooled condenser will have to be replaced by
electricity from other generating plants, mainly fossil fired units.. The benefit of emissions free
generation will be lost for the replacement electricity.

Dry air cooling is an alternative cooling method where there is little issue with water availability.
The only make-up water is for system losses due to leakage. There are no large evaporative
losses and no drift losses such as is experienced when wet systems are utilized. With no
evaporative losses, there are no potential issues with blowdown, chemical treatment, fogging, or
icing when dry cooling is utilized. Dry air cooling does have some environmental drawbacks
when compared to wet systems. Two such drawbacks are addressed in the following
paragraphs.

Use of dry air cooling would require a significant increase in land use compared to wet cooling.
Wet cooling systems require up to 15 acres. The estimated range for dry air cooling is from 15
to 30 acres to accommodate the number of expected fan cells and steam ducts. The actual size
to support a plant the size of BBNPP may actually exceed the 30 acre estimate.
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A conceptual dry air cooling design for BBNPP involves 192 fan cells and six steam ducts.
Each cell is 43.6 ft wide by 51.1 ft long and they are arranged in an array of 32 cells by 6 cells
for a total layout of 1396.3 ft by 306.9 ft. Each cell has a fan with nine blades and a diameter of
36 feet. The fan deck height is 164 feet and the top of the steam distribution duct is 205 feet.
The steam ducts are 25 feet in diameter and travel a distance of 1000 feet from the turbine
exhaust to the air cooling -cells.

Trying to fit this design to the existing BBNPP plot plan is problematic in two areas. First, any
land use needs beyond 15 acres is not available. Second, US EPRTM standard design has an
electrical switchgear building located to the north of the turbine building. The electrical
switchgear building would have to be relocated to allow for routing the six 25 feet diameter
steam ducts. This would represent a major departure from the standard design and result in
significant cost increases and uncertainties that would jeopardize the business case for the
project.

A second environmental issue is noise. Near field noise for dry air cooling will be < 85 dBA at 3
feet. This is similar for wet cooling systems. The far field noise level for wet cooling systems
drops off quickly the further away you,go from the source. For a dry air cooling application of
192 fan cells a far field noise level of between 70 and 72 dBA at 400 feet from the fan cells
would be expected with standard equipment. The requirement is < 55 dBA. Some formof
noise mitigation'would most likely be required at a premium cost.
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Attachment B - Technical Feasibility and Environmental Impacts -

Hybrid Cooling Towers

This section discusses both single-structure hybrid cooling towers and hybrid cooling systems
that combine wet and dry cooling components in series or parallel.

A single-structure hybrid cooling tower is on the power generation scene and has options for
optimization depending on the desired results. The hybrid cooling tower uses both wet and dry
cooling. The bottom section (Wet Section in below diagram) is set up as a typical wet
mechanical draft cooling tower. Flow passes through a spray distribution area and then falls
down though the fill. Induced air flow travels through the fill and evaporative cooling takes
place. With low air temperatures, direct cooling also takes place. In the upper dry section,
forced draft fans direct outside air flow across the outside surface of air cooled heat exchangers.
The inside of the heat exchanger has a portion of the heated water that is returning to the
cooling tower. After passing through the heat exchanger the cooled water returns to the wet
cooling tower spray distribution area. The heated air then passes through a mixing section and
joins the wet air stream exiting the wet section.

Air Out
Dry

Section

Air
Hot n. - mn Hot

Water Water
in Air• • • -- Air i

Wet

Cold Water Out Section

Single Tower - Plume Abatement

If the resulting air mixture is below saturated condition, then no visible plume is produced. This
was the .objective for the first hybrid cooling systems placed into operation. This type of hybrid
cooling tower will reduce water consumption to some extent (-5%) from the amount used by a
strictly wet cooling tower, but the primary objective is plume abatement. Large towers of this
type are in operation today throughout the world, however they are substantially more costly
than wet cooling in exchange for only a small improvement in water efficiency.

There are several configurations possible for a hybrid wet and dry cooling system that is
intended for water conservation. There could be a single tower or separate wet and dry towers,
using series or parallel airflow and series or parallel cooling water flow. One option is a hybrid
cooling system with an evaporative cooling tower and an air cooled condenser as separate
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structures. The air cooled condenser would handle all of the cooling load except for the hottest
periods, when part of the cooling load would be handled by the wet cooling tower. These
towers are currently being designed and placed in operation in small to mid-size applications.
The largest known application for a power plant is for a 550 MW mine-mouth coal-fire plant.
This application offers a 70% reduction in water use over a wet system on an average basis,
and less savings during hot summer periods when wet cooling would be required to achieve
effluent thermal limits. A hybrid cooling for water conservation for a unit the size of BBNPP has
also never been designed. Scaling up by this magnitude would be a major risk to the project
due to significant technical issues as well as associated major cost increases.

In addition, there is one environmental issue that will require mitigation. This additional
environmental issue is noise. Near field noise for hybrid cooling will be - 96.7 dBA at 3 feet.
The township requirement is < 55 dBA. Some form of noise mitigation would be required at a
premium cost. This is typical for hybrid cooling towers. The mitigation measures also bring
about the need for a larger tower to offset the loss in efficiency caused by the mitigation
measures.
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Attachment C - Tabular Comparison of Cooling Tower Alternatives
With Respect to Cost and Cooling Tower Blowdown

Table 1: Cost of Alternative Cooling Tower Options

Table 2: Comparison of Cooling Tower Blowdown Impacts
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Table 1 - Cost of Alternative Cooling Tower Options
(This table originates form the Bell Bend COLA Environmental Report Table 9.4-1 and does not include generation penalty)

Footprint Auxiliary Consumptive
per Plant Load Use Make-up Annual O&M Cost TotalUnit Noise Auxiliary Presen Average Water Cost O&M Cost Pentcomparative

Unit Noise Load Watreosent Cst Present Cail Prsn
Type of (1,562 Difference Value Daily Present Value (e)(e) Value (2019 Capital Present
Cooling MWe) (2019 Water (2019 Price Dfrc Price Level) (2iValue0)Makeupc) Lv) Difference Prc ee)(2019 Price

Price Level) (b)

Level)(b) (d) Level) (9)
Acres dBA @ MW 103 USD 103 mgd 10' USD 103 USD 103 USD 103 USD 103 USD

1m
Natural Draft
(2 Hyperbolic 16 82 0 0 19.92 40,605 0 0 236,247 276,852
Towers)
Rectangular
Mechanical 24 88 6.22 74,920 19.92 40,605 636 10,952 177,749 304,226
Draft
(4 Towers)
Round
Mechanical 16 88 4.05 48,782 19.92 40,605 509 8,762 194,602 292,751
Draft
(4Towers)
One Round
Mechanical
Draft (aka 8 88 8.49 102,262 19.92 40,605 509 8,762 184,166 335,795
Fan-assisted
Natural Draft)

Dry Cooling 7-30 88 13-79 1 6 7 ,4 2 5 (h) 0.2(') 408 8,125 139,831 406,231 713,894

Hybrid Cooling 5-6 96.7 21.85 263,182 18.920) 38,575 5,155 88,719 257,733 648,209

Notes:
USD = U. S. Dollars
mgd = million gallons per day
(a) The value shown is the difference between the identified option and the Natural Draft (2 Hyperbolic Towers) option.
(b) The Auxiliary Load Present Value (2019 Price Level) was calculated over 40 years starting in 2019 and includes an assumed 8% cost of money, 2.5%

escalation per year, 91% plant capacity factor and price of power of $87.80 per MWh.
(c) All water-cooling options are based on the Natural Draft option except as noted.
(d) The Make-up Water Cost Present value was calculated over 40 years starting in 2019, is based on the SRBC current In-lieu payment rate of $300/MG, and

includes an assumed 8% cost of money, 2.5% escalation per year, 91% plant capacity factor.
(e) O&M costs are calculated at 1% or 2% of the capital cost, based on vendor input, Reference Attachment 3.
(f) The cost includes the initial cost of the cooling tower(s) and construction cost in 2019 dollars, Reference Attachment 3.
(g) This is the sum from the row's Auxiliary Load PV, O&M Cost PV, In-Lieu Payment PV and Capital Cost values that are bolded.
(h) A nominal value of 13.9 MW was used to determine the present value. This value is derived from the B&R Report, Table 2.
(i) Value is based on a value of 139 gpm provided by a vendor - BBNPP ER Table 9.4-1.
(j) This is a plume-abated hybrid tower with an assumed 95% make-up water requirement compared to the other wet towers.
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0 Table 2 - Comparison of Cooling Tower Blowdown Impacts

Type of Aquatic Impacts Thermal Effects Chemical Effects Physical Effects Suspended Solids Impacts
Cooling

> The BBNPP Raw Water System

The BBNPP And SSES removes suspended solids in the
diffusers are separated by 380 water Withdrawn from the river and thefeet and the combined effects of backwash effluent is sent to the Waste

No substantial the two plumes is very small. Water Retention Basin. Suspended
detrimental impacts In-river average monthly solids inette o t ower basin water

are expected based evaporation due to BBNPP will will settle out to some extent. The

on Ecology III studies range from 0.02 to 0.06 mgd. Concentrations in cooling tower blowdown discharges to

of Susquehanna The surface excess the BBNPP the Waste Water Retention Basin.

Steam Electric Station temperatures are discharge as This basin is designed to allow

(SSES) since < 0.8°F for August and allowed by sedimentation to occur. All settled

operation began in < 0.3°F for January. Based on National Pollutant material is disposed of on land.

1983. The BBNPP thermal plume modeling and Discharge Taking this settling of suspendedsolids into consideration, the net
diffuser is similar in SSES experience, the minimal Elimination The BBNPP diffuser design is impact from BBNPP operation is to

design to that of. temperature increase and small System (NPDES) similar to the SSES design reduce the suspended solids in the

Natural Draft SSES. SSES areal extent of the plume are permitissued by which has limited physical river. This is true for the full range of
(2ayprbolic Dr blowdown flow is on predicted to have no significant the Pennsylvania impacts due to turbulence and 3-r cycleis tration the full
(2 Hyperbolic the order of 18 mgd (2 impact. The potential for fish Department of thermal block across the river. 3-5 cycles of concentration and the full
Towers) units) while BBNPP kills resulting from attraction of Environmental The physical impacts associated range of anticipated evaporation

will be about 10 mgd. fish to the BBNPP plume are Protection will be with BBNPP blowdown will be losses in both the Raw Water System

The cooling tower unlikely given that the existing lower than small. and the Circulating Water Supply

blowdown will meet SSES plume temperatures are concentrations System.
state water quality typically less than 1VF above that could harm > The concentration of suspended

standards and will ambient temperature and no fish aquatic organisms solids in the blowdown water from the

therefore be expected kills are known to have occurred present in the Waste Water Retention Basin is

to have no meaningful as a result of the plume. The Susquehanna quickly dispersed based on the action
ipconthe BNPconsumptive use value River. of the diffuser lets.impact on teBBNPP cnupiesevle ,ivr > The low velocities at which water will

Susquehanna River takes into account in-river be whw from th river and

aquatic community in evaporations due to the be withdrawn from the river and

the vicinity of BBNPP. blowdown discharge consistent returned to the river as blowdown will

with the Susquehanna Steam not cause any riverbed materials to be

Electric Station's Permanent drawn into suspension.
water Monitoring Plan. > There is no negative impact from

BBNPP operation on suspended
solids in the Susquehanna River.

Rectangular
Mechanical Comparable to Comparable to Natural Draft Comparable to Comparable to Natural Draft Comparable to Natural Draft
Draft Natural Draft Natural Draft
(4Towers)
Round
Mechanical Comparable to Comparable to Natural Draft Comparable to Comparable to Natural Draft Comparable to Natural Draft
Draft Natural Draft Natural Draft
(4Towers)
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Type of Aquatic Impacts Thermal Effects Chemical Effects Physical Effects Suspended Solids Impacts
Cooling

One Round
Mechanical Comprabl toComparable toDraft (alka Comparable to Comparable to Natural Draft Compral t Comparable to Natural Draft Comparable to Natural Draft

Drf aa Natural Draft Natural Draft
Fan-assisted
Natural Draft)

Dry Cooling Insignificant Insignificant Insignificant Insignificant No negative impact

Less than Natural
Hybrid Less than Natural Less than Natural Draft due to Draft due to Less than Natural Draft due to Less than Natural Draft due to reduced

Cooling blowdown flow rate a blowdown reduced blowdown flow rate blowdown flow rate

I_ I rate
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Preface to Evaluation of Dry Air Cooling for PPL Bell Bend Nuclear Power Plant

The attached study evaluates the use of dry air cooling for the Bell Bend Nuclear Power Plant
(BBNPP) in place of the currently planned natural draft cooling towers. This evaluation was
performed by Burns & Roe at the request of PPL and is specific to BBNPP. The values in this
report are different but are generally comparable to the values used in the preceding Enclosure
1, Attachment C Table 1. For comparison all costs have been adjusted to a 2019 Price
Level - See below comparison. The cost-related values have the greatest difference probably
due to the conceptual nature of the alternative heat dissipation design speculative nature of the
project's design, as performed by two independent engineering firms.

The same conclusions can be drawn from using either set of dry air cooling costs: That dry air
cooling is not technically feasible or cost justified for the Bell Bend Project.

Footprint Annual

Type of per Auxiliary Generation Consumptive O&M Cost Capital
Cooling Plant Unit Difference Penalty Use Water Noise Difference Cost(1,562 MWe) Difference Makeup

Acres MW gpm dBA @1 10' USD 10 3 USD
MMW meter

Table I
Dry 7-30 13-79 Not 139 88 8,125 406,231
Cooling Computed
B&R

BtNPP 17 13.9 3.1 273(1) 85 1,094 581,278
Dry
Cooling

Note: Annual O&M Cost Difference and Capital Costs are escalated values to 2019

(1) Value is annual average from B&R Report Table 3.
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Evaluation of Dry Air Cooling for PPL
Bell Bend Nuclear Power Plant

1.0 Executive Summary

This study evaluates the use of dry air cooling for the Bell Bend Nuclear Power Plant (BBNPP) in place of
the currently planned natural draft cooling towers, which take makeup water from the Susquehanna River.
The study has been performed to assess whether dry air cooling would be more cost effective than the
current wet cooling tower design when the value of water and costs associated with water replacement at
low river flow are taken into account The results of this analysis indicate that the costs for implementing
dry air cooling are significant, amounting to a conservative net present value of $431 million in additional
capital and operating costs, including the capital costs of offsite water storage for both cases.

The use of dry cooling will save approximately 6,300 million gallons of water per year (see Sections 2.2
and 5.3) expected to be lost by evaporation in the natural draft cooling towers. The Susquehanna River
Basin Commission (SRBC) has indicated that a water fee of $0.28 per 1000 gal of water used is sufficient
to mitigate the consumption of water from the river. An alternate analysis was performed in which the
cost of offsite water storage is eliminated and replaced with an annual payment to SRBC based on the
water used and the use fee escalated for future years. The results of this analysis show an increase in
cost penalties for dry air cooling to $473 million

In addition to the financial considerations, the use of air cooled condensers poses some design
uncertainties as this would be the largest single unit application worldwide and may be considered a First
of a Kind for this reason. Many seemingly large plants that use air cooled condensers are combined
cycle plants in which only about one third of the power comes from the steam turbine. Additionally, even
the largest steam plant application, the 4000 MW Matimba plant in South Africa consists of multiple
660 MW steam turbine units.

Furthermore, the reduction in plant efficiency attributed to dry air cooling will result in the loss of net
electric generation which will increase air pollution emissions from other fossil fired plants that will have to
make up for the lost electric energy. Based on the above, the use of natural draft cooling towers is the
recommended design approach from both a technical and financial perspective for BBNPP.

2.0 Background

2.1 Reason for Re-evaluation of Dry Air Cooling

The Bell Bend Nuclear Power Plant is based on the Areva EPR U.S. design, features two (2) natural draft
cooling towers for the dissipation of waste heat from the steam turbine. The cooling tower design at Bell
Bend was selected after comparing the cost effectiveness of many cooling tower designs. These
included several sizes of natural draft towers as well as several sizes of round and rectangular
mechanical draft tower designs. All of the cooling tower designs that were evaluated in detail are of the
wet type, which rely on the evaporation of water as the primary means of heat dissipation. Dry air cooling
was not considered in detailed evaluation because it is generally accepted that dry air cooling systems
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are more costly to build and do not perform as well as wet designs, leading to less efficient power
production.

As a result of its application for consumptive water use with the SRBC, PPL developed this analysis
comparing wet cooling to dry air cooling for the Bell Bend Nuclear Power Plant to be complete and
thorough in its need for and use of water for wet cooling. This study evaluates the feasibility and cost
benefits of redesigning the current U.S. EPR plant at Bell Bend with a wet cooling water system (CWS) to
a dry air cooling system (ACC).

2.2 Description of Current Cooling System Design

It is important to reiterate that BBNPP uses the EPR design, which is a standard design being shared
among several proposed new plants in order to optimize engineering, procurement and licensing costs.
The EPR cooling system design incorporates two natural draft cooling towers, each sized to cool 360,000
gallons per minute (gpm) of cooling water from an inlet temperature of 117.5° F to an outlet water
temperature of 90° F when the ambient air is 730 F wet bulb temperature and 50% relative humidity. The
warm water entering the tower is distributed by a header and sprayed in the tower by nozzles. The water
droplets fall by gravity and form thin films on the cooling tower fill material. As the warm water contacts
the cooler air in the tower, heat is transferred to the air by evaporation and convection. The transfer of
heat and moisture to the air causes its density to decrease and the air rises. The hyperbolic shape of the
concrete chimney above the tower fill area induces a natural draft which draws air through the tower.

Only a small portion of the water is evaporated, approximately 2% of the circulating water flow rate, and
the bulk of the water is collected in the cooling tower basin below the tower. The EPR design uses a
common basin for both towers. The basin drains to a concrete structure which houses four circulating
water pumps. The four pumps feed a common header which supplies water to two 11 foot diameter
concrete pipes. The pipes convey the water to the main condensers. A small portion of the flow, 10,000
gpm, is diverted to the Closed Cooling Water System which is used for cooling auxiliary equipment.

The main condenser consists of three separate shells which are connected in series with respect to the
cooling water flow. The steam turbine has three double flow low pressure (LP) sections, each exhausting
into one of the condenser shells. The pressure in a condenser is determined by the temperature at which
the steam condenses. Colder water temperature entering a condenser will produce a lower condensing
temperature and hence a lower condensing pressure. A lower condensing pressure allows the steam to
expand further in the steam turbine producing additional power.

Since the three condenser shells are connected in series, the water temperature entering each section is
higher than the previous one resulting in different condensing pressures for each section. Because the
performance of a steam turbine is not linear with respect to exhaust pressure, it has been found that this
multi-pressure arrangement provides a slight improvement in output as compared to a single pressure
arrangement. This is standard industry practice.

The water flow exiting the last condenser shell is routed back to the cooling towers via another two
11 foot diameter concrete pipes, completing the water circuit. This is considered to be a closed cooling
water system but it is not completely closed because some of the water is lost to evaporation in the
cooling tower. It is planned to draw water from the Susquehanna River to replace the water lost to
evaporation and for blowdown, which is returned to the river. The river water, like all natural water
bodies, has certain minerals dissolved in it. When water evaporates in the cooling. tower, those minerals
are left in the remaining water. Over time, the concentration of those minerals in the circulating water will
increase until it reaches a point where the water can no longer absorb them and they would begin to
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deposit on the equipment causing fouling and corrosion. To avoid this, a small portion of water is
constantly drawn from the cooling tower basin and released to a retention pond, which eventually drains
back to the river. This flow, commonly called blowdown, will be designed to be about 50% of the amount
of water flow lost to evaporation. This will assure that the concentration of minerals in the circulating
water does not exceed three times the normal level in the water. The total water drawn from the river will
be 1.5 times the evaporation rate but the excess is returned to the river as blowdown.

At the design point of the cooling system, which is at the peak summer wet bulb temperature of 730 F, the
makeup water flow rate is estimated to be 23,800 gpm (34.3 million gallons per day (MGD) of which 7900
gpm (11.4 MDG) is returned to the river as blowdown1 . In the warmer weather most of the heat
transferred to the air is by evaporation but in cooler weather, the portion of heat transferred by convection
increases and so there is less evaporation. On the average, the makeup water flow rate is about
18,000 gpm (25.9 MGD) with 6,000 gpm (8.6 MGD) being returned as blowdown. The difference
between these two values, 12,000 gpm (17.3 MGD), is referred to as consumptive use for the two main
cooling towers. Plant consumptive use by the Raw Water Supply System is not changed by this
evaluation.

2.3 Differences between Dry Air Cooling and Current Design

There are fundamental differences in the method in which heat is transferred to the air between dry air
cooling and wet cooling towers. In the current design, which uses natural draft cooling towers, most of
the heat is transferred to the air by evaporating water. The evaporation process takes place at a constant
temperature andso a great deal of heat is transferred to the air without raising the air temperature. Of
course, there is some increase in the temperature of the air as a portion of the heat is transferred by
convection as well. With dry air cooling, all of the heat is transferred to the air by convection resulting in a
much larger temperature increase in the airflow. Higher increases in the air temperature rise translate into
higher condensing temperatures. As stated previously, the electric output of the steam turbine generally
decreases with higher condensing pressures that result from higher condensing temperatures.

One way to compensate for this is to use greater air flow rates with dry cooling. This, however, results in
much larger units consuming more auxiliary power to run fans that move the air. Another way is to use a
direct air cooled condenser. In the current design, heat is transferred from the condensing steam to the
circulating water in the condenser. That heat is then transferred from the circulating water to the air by
intimate contact in the cooling tower. With a direct air cooled condenser, the intermediate circulating
water system is eliminated and the steam condenses directly in the air cooled condenser. This is
possible because without evaporation, there is no need for intimate contact of the water with the air.

Because of this advantage, the direct air cooled condenser was selected as the preferred design for dry
air cooling. The direct air cooled condenser is the technology that is currently being used for power
applications requiring dry air cooling. An example of this in a similar region of the country is the 600 MW
combined cycle plant in Linden, New Jersey, which includes three nominal 90 MW steam turbines. The
direct air cooled condenser will still require an airflow rate of about 6 times greater than the proposed
BBNPP natural draft cooling tower and will have a significant auxiliary electric power load associated with
the fan power. In addition, the condenser pressure, particularly in the warm weather will be significantly
higher, resulting in a reduction in electric generator output.

'UniStar Nuclear Report, "Engineering and Economic Evaluation of the Integrated Heat Rejections
Cycle", February, 2008

Burns and Roe Enterprises, Inc. August 25, 2010
RevisionO 3

Revision 1, 8/21/2012 20 of 31



Evaluation of Dry Air Cooling for the Bell Bend NPP

There is another inherent disadvantage of the air cooled condenser that limits its effectiveness in colder
weather. With the current cooling system design, the surface condenser sits directly below the LP turbine
sections and there is virtually no pressure drop from the turbine exhaust to the condenser. The air cooled
condenser, by virtue of its size, must be located at a distance from the turbine exhaust, causing a higher
pressure drop than the current cooling system. This is further exacerbated by the fact that there will be
six separate condensers connecting to each turbine exhaust end. A large steam duct (25 feet in
diameter) is required to transfer the steam from each turbine exhaustto the air cooled condenser which
will impose a pressure drop. In addition, the steam is condensed in the condenser tubes, which imposes
an additional pressure drop, unlike the current design in which the steam condenses on the surface of the
tubes. At the design point, which will give a turbine backpressure of 5 inches of mercury (in Hg), the total
pressure drop in the steam duct and condenser tubes is estimated to be about 0.3 in Hg. At a turbine
backpressure of 2 in Hg, the pressure drop doubles due to the increased specific volume of the steam
and at I in Hg the pressure drop is about I in Hg. Effectively, regardless of the actual pressure in the air
cooled condenser, the turbine exhaust will never see a pressure lower than about 2 in Hg. This limits the
plants ability to take advantage of low ambient temperatures as is available in the current design, which
permits higher generation output at lower ambient temperatures.

3.0 Design Basis of the Dry Air Cooling System

At the outset, it is important to notethat much engineering for the EPR cooling system design is well in
progress and that changing to air cooled condensers would require a major balance-of-plant redesign,
which would significantly affect the current plant configuration. Not only the cooling system but even the
steam turbine itself as, currently designed, is not optimized for use with an air cooled condenser.
Changing the steam turbine design, even modestly, would be enough to challenge the concept of a
standard fleet EPR design causing significant delays and increase in cost. For the purpose of this study,
it is assumed that the current steam turbine design is maintained and the air cooled condenser is
designed within those constraints. Although this may not be optimal from the standpoint of the air
condenser design, it will represent a reasonable design and may be a necessary constraint to keep
enough parameters within the framework of the EPR design.

The major steam turbine constraint relates to the maximum turbine backpressure, which is limited to
5 in Hg. Typically, steam turbines designed for use with air cooled condensers are special high
backpressure units that allow operation at higher than 5 in Hg. For this analysis, an air cooled condenser
was specified to provide a backpressure of 5 in Hg at the turbine exhaust when the ambient dry bulb
temperature is 90°F. GEA Power Cooling Systems, a-world renowned and major provider of air cooled
condensers, has provided a budget cost quotation and performance curves for an air cooled condenser to
meet the needs of BBNPP. A unit designed for a higher backpressure would cost less but would have
greater performance penalties.

A small mechanical draft wet cooling tower would also be installed to provide 10,000 gpm of cooling water
for the Closed Cooling Water System. While it is possible to use air cooling for the auxiliaries as well, this
would impose significant changes to the EPR design and the savings in water use would be minimal.

3.1 Design Changes for Using Air Cooled Condensers

Two cost estimates have been prepared in order to assess the capital cost increase for a U.S. EPR using
air cooled condensers. One includes the capital costs that will be removed from the current design to
account for equipment that will not be required. These include the natural draft cooling towers, the
cooling tower basins, the circulating water pumps, the circulating water pump-house, the circulating water
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piping and the main steam condensers. In addition, the costs for providing power to the circulating water
system are also estimated. The costs include equipment and installation costs but not full engineering
costs, much of which have already been spent. The second cost estimate is for the use of an air cooled
condenser. It includes the air cooled condensers, piping, ductwork, foundations, installation, power and
control to the fans, the auxiliary cooling tower, circulating water pumps and piping. Additional electrical
costs associated with larger auxiliary transformers are also evaluated. This represents a major change in
the auxiliary electrical system. The current system includes service to (4) circulating water pumps with a
nameplate rating of 9600 HP each. The dry air cooled option includes 192 fans with a nameplate rating
of 250 HP each plus two additional fans for the auxiliary cooling tower and its circulating water pumps.

These costs include a factor for engineering and, in some cases, re-engineering existing designs.
Estimates for licensing and permitting cost are also included. No additional cost for land use is included
as explained in Section 5.2.

In addition to these direct plant items, an offsite water storage facility is required to mitigate water use
during times of low water flow rate in the Susquehanna River. The Susquehanna River Basin
Commission (SRBC) requires the plant to store a quantity of-water equal to 90 days of water usage at the
maximum consumption rate. For the current U.S. EPR design at Bell Bend, the maximum daily water
consumption rate is 31 MGD2 . Of this, about 25 MGD is attributed to evaporative losses from the'cooling
towers with the balance (6 MGD) for other plant water uses. With the air~cooled condenser design, the
storage requirement is reduced to about 6.3 MGD to account for the other plant water uses, which remain
the same plus about 0.3 MGD for the auxiliary cooling tower.

3.2 Commercial Experience with Large Air Cooled Condensers

Direct air cooled condensers are in use in many power plants throughout the world. Most applications are
much smaller than what is required for BBNPP. Many seemingly large plants that use air cooled
condensers are combined cycle plants in which only about one third of the power comes from the steam
turbine. Additionally, even the largest steam plant application, the 4000 MW Matimba plant in South
Africa consists of multiple 660 MW steam turbine units. An air cooled condenser for the Bell Bend plant
would be the larqest siFiqle unit application in the world by a factor of about three. This is important
because the larger the air cooled condenser is, the further the steam has to be piped to get to the far
ends of the condenser. This poses logistics and plant configuration problems and will lead to higher
piping system pressure increases and increased penalties for electrical generation output. With multiple
units, such as in the Matimba plant, the air cooled condensers can be located closer to each of the steam
turbines, minimizing the piping losses.

4.0 Comparative Capital Cost Estimates for Dry Air Cooling vs.
Current Design

A pre-conceptual cost estimate was developed to identify the potential impact of changing from a closed
cycle cooling water system for the Bell Bend Nuclear Plant, incorporating two natural draft cooling towers,
with makeup water provided by the Susquehanna River, to an air cooled condenser, minimizing the use
of makeup water from the River.

7 Bell Bend Nuclear power Plant, Application for Consumptive Water Use to the Susquehanna River Basin

Commission, May 2009
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A budgetary estimate was provided by GEA, an internationally recognized provider of air cooled
condensers. The costs for the two natural draft cooling towers were based on budgetary costs provided
by UniStarl. The remainder of the costs for equipment and construction were developed by Burns and
Roe from standard industry available information, as well as proprietary Information from its nuclear plant
cost data base. Commodity pricing is based upon the Burns and Roe in-house data base.

A positive contingency factor of 30% was allocated to the ACC option. This level of contingency is based
on guidance provided by the U.S. Department of Energy in its cost estimating guide 3 for Class 4 and 5
estimates

Class 5 estimates are prepared for any number of strategic business planning purposes, such as but not
limited to market studies, assessment of initial viability, evaluation of alternate schemes, project
screening, project location studies, evaluation of resource needs and budgeting, long range capital
planning, etc. Accuracy for Class 5 estimates ranges from 30% to 100% on the high side.

Class 4 estimates are prepared for a number of purposes, such as but not limited to, detailed strategic
planning, business development, project screening at more developed stages, alternative scheme
analysis, confirmation of economic and/or technical feasibility, and preliminary budget approval or
approval to proceed to next stage. Accuracy for Class 4 estimates range from 20% to 50% on the high
side.

Based upon the above descriptions, the limited amount of information available for the ACC for BBNPP,
and the significant scale up of the technology, the positive contingency value was set at low end of the
Class 5 estimate range, or 30%, which is in the mid-range of a Class 4 estimate.

A positive contingency factor of 15% was allocated to the current design. This level of contingency is
based on guidance provided by the U.S. Department of Energy in its cost estimating guides for a class 3
estimate.

Class 3 estimates are generally prepared to form the basis for budget authorization, appropriation, and/or
funding. As such, they typically form the initial control estimate against which all actual costs and
resources will be monitored. Typically, engineering is from 10% to 40% complete, and would comprise at
a minimum the following: process flow diagrams, utility flow diagrams, preliminary piping and instrument
diagrams, plot plan, developed layout drawings, and essentially complete engineered process and utility
equipment lists. Estimate accuracies for Class 3 estimates range from 10% to 30% on the high side.

The 15% contingency factor was selected since the reactor plant planned for the Bell Bend site is at least
in the preliminary design stage, is not a significant scale up of earlier plant designs and is similar to
plants, of the same size, currently being designed and constructed in the United States and around the
world.

Engineering costs for the ACC were assumed to be 10% of the estimated capital cost of the ACC.
Remaining engineering costs for the CWS were estimated at 5% of the estimated capital cost, taking
credit for the design effort completed to date.

In addition to the design changes in the plant, the use of an ACC will reduce the size of the offsite water
storage required by the S RBC to mitigate water use during periods of low river water flow. The cost for
makeup water storage is currently under evaluation. Two methods are being considered, expansion of
existing lakes and storage in abandoned mines. The latter method is expected to be the least expensive

3 DOE 430.1-MX., Cost Estimating Guide for Program and Project Management", April 2004.
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alternative but cost estimates for the mine storage method are not yet completed. For the purpose of this
evaluation, lake storage will be considered for both designs. The least expensive lake storage option is
estimated to cost $105 million for a nominal 30 MGD capacity. An expansion of the same lake for a
smaller capacity (10 MGD) is estimated to cost $60 million. Using the same cost scaling factor to go from
30 MGD to 10 MGD, a lake expansion for 6.3 MGD is estimated to be $48 million.

The results of the cost estimating effort are included in Table 1.

TABLE 1

Summary Comparison of Capital Costs of Existing Circulating Water System and an Air Cooled
Condenser System

Existing Circulating Water
System

Air Cooled Condenser
System

Capital Cost Elements

Civil

Mechanical

Electrical

Subtotal

Other
Contractor Indirects
Contractor Fee

Engineering
Licensing

Permitting

Procurement

Subtotal

$58,312,112 $27,058,885

$132,428,501 $204,542,370

$845,434 $29,473,913

$191,586,047 $261,075,168

$18,013,693 $39,528,696
$20,959,975 $30,060,386

$9,579,302 $19,580,640
$1,000,000 $2;000,000

$3,000,000 $1,500,000

$0 $2,000,000

$52,552,970 $94,669,722

$36,620,852 $106,723,200Contingency

Total Orisite Costs

Offsite Water Storage

$280,759,869

$105,000,000

$385,760 000

$462,468,090

$48,000,000

$510,470,000

$124,710,000

Total Onsite Plus Offsite Costs

Capital Cost Difference for ACC system versus existing CWS for the
Bell Bend Nuclear Plant

Note the Contractor Indirects are noticeably higher for the air cooled condenser because the GEA
quotation did not include installation, whereas installation was included n the cooling tower cost.
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5.0 Impacts of Dry Air Cooling System vs. Current Design

5.1 Performance Penalties for ACC

The air cooled condenser selected for analysis in this study will deliver a turbine backpressure of 5 in Hg
when the ambient temperature is 900 F and the turbine is operating at full load. The current cooling
system design with the natural draft tower will deliver a backpressure of about 3 in Hg at the same
conditions. According to the steam turbine backpressure correction curves presented in the Cooling
Tower Study4 , the output penalty for the 5 in Hg case is -2.09% versus a penalty of -0.45% for the
3 inches of Mercury (in Hg) case. These are unusually low penalties. Typically for other steam turbines,
the output penalty for a backpressure of 5 in Hg is around 6% or 7% as compared to a base pressure of
2.5 in Hg. It can be lower if the exhaust end is heavily loaded, although a higher penalty than 2%, even
for a heavily loaded back end would be expected. Nonetheless, these low backpressure penalties are
used in this evaluation, which are conservative and favor the dry air cooling option.

The other penalty for the air cooled condenser stems from the auxiliary power used to run the fans. The
GEA proposal indicates that the ACC has 192 cells, each with a fan driven by a 250 hp motor. The
operating load for these fans is estimated to be 34,740 kW. A portion of this load is offset by the
circulating water pumps, which are no longer required. The operating load for these four pumps is
estimated to be 21,600 kW. The air cooled option will also have an additional electric load of about 450
kW for the auxiliary cooling tower and pumps.

At other times of the year, when the ambient conditions are cooler, both cooling systems will perform
better and the penalties will be less. In cold weather, both systems are oversized and will probably be
operated at reduced capacity to conserve auxiliary power. The only way to reduce the capacity of the
natural draft cooling tower would be to turn off one of the four circulating water pumps. The steam turbine
backpressure correction curve suggests that there is little to no advantage to operate with a turbine
backpressure below 1.5 in Hg. In fact, the net output will increase by saving the auxiliary power of the
pump.

For the air cooled condenser, as stated previously, the backpressure at the turbine exhaust will never be
below about 2 in Hg, regardless of how low the pressure is in the condenser due to piping losses. In the
cold weather, some fans can be turned off to save auxiliary power without affecting the steam turbine
performance. The cooling tower vendor has not provided performance estimates with reduced water flow
nor has the air cooled condenser vendor provided performance estimates with some fans off. Some
approximate estimates have been incorporated in the performance analysis to simulate these conditions.

5.2 Changes in Land Use

Based on preliminary information provided by GEA, the land area required for the air cooled condensers
is about 10 acres which is smaller in size than the land area used by the natural draft cooling towers,
about 15 acres. It should be noted that GEA has indicated that greater spacing may be needed among
the units to minimize recirculation of air flow. For these reasons, the land use for the ACC units is
considered to be similar to the space allocated for the natural draft cooling towers.

The location of the area used for the cooling towers, however, is not optimally located for the air
condensers, being about 1000 feet away from the turbine exhausts. The air cooled condenser will require

4 "Engineering and Economic Evaluation of the Integrated Heat Rejection Cycle, Rev 1, April 18, 2008"
by Sargent & Lundy for Unistar
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the above ground routing of 6 steam ducts, each 25 feet in diameter, from the turbine exhausts to the air
condenser array. The routing of the steam ducts will take up about 7 acres of land, assuming a 50 foot
path for each duct. This will require extensive re-design of the plant layout in that area between the
turbine exhausts and the air cooled condensers. The actual routing of the steam ducts and the relocation
of equipment in their paths has not been laid out for this study effort. When that is done, it is likely that
the overall land use for the dry cooling design will increase.

5.3 Reduction in Water Use

On the average with the current wet cooling design,: the Bell Bend Plant will consume a net'of about
12,000 gpm of water (17.3 MGD) from the Susquehanna River to make up for evaporation losses An
additional 6,000 gpm (8.6 MGD) will be drawn from the river but will be returned as blowdown,

While the air cooled condensers have no evaporation losses themselves, their use requires the addition.
of a small mechanical draft cooling tower to provide for auxiliary cooling loads. The evaporation losses
for the auxiliary tower will average around 180 gpm (0.3 MGD). The average blowdown flow will be 60
gpm (0.1 MGD). The use of dry cooling will save approximately 17.1 MDG of water consumption or 6,300
million gallons per year.

During periods of low water flow in the Susquehanna River, the plant may be required to curtail water use
for a period of up to 90 days. In order to continue operation during this period, makeup water will either
be supplied from onsite storage or else offsite storage will be added to the river flow to compensate for
the water removed at the plant. The use of air cooled condensers would greatly reduce the required size

* of the water storage.

6.0 Economic Comparison of Dry Air Cooling vs. Current Design

It is evident from the capital cost analysis and the performance comparison that the use of air cooled
condensers will increase capital costs and maintenance costs and reduce net plant output. All of these
components translate to increased costs. The purpose of this economic evaluation is to quantify the
magnitude of the cost increases associated with dry air cooling.

The major cost impact (in terms of decreased generation and associated revenue) is the reduced net
electric output resulting from high turbine back pressures and higher auxiliary power loads. In order to
assess this cost, the performance of the plant is estimated for the current design and the air cooled
condenser case on an annual basis. The performance estimates are made for each month of the year
using average monthly weather data. This approach has a tendency to underestimate the negative
impacts of the air cooled condensers. The reason for this is that the output penalties increase greatly at
higher temperatures in a non-linear fashion, so using the average temperature underestimates the
penalties. However, for the purpose of this evaluation, the average method is used to simplify the
estimating process. It should be noted that this method is conservative and favors the ACC design. In
order to understand the penalties for ACC at the higher temperatures, a few hours of performance are
shown at the peak summer conditions. The results are shown on Table 2. The annual performance
summary is shown on Table 3.
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COMPARISON OF NET PLANT OUTPUT WITH COOLING SYSTEM DESIGNS

TABLE 2

Performance with Natural Draft Cooling System
Wet
Bulb Relative CT Water Cond. Kilowatt Generator Cooling Net"*

Temp Humidity Temp Press Change* Output System Output
deg F % deg F in Hg % kW kW kW

Jan 24.1 70.9 51.20 1.19 0.57% 1,773,022 14,309 1,758,713
Feb 25.6 67.9 53.40 1.27 0.56% 1,772,798 14,307 1,758,491
Mar 32.3 64.7 59.70 1.52 0.49% 1,771,624 14,301 1,757,323
Apr 42.3 61.4 68.30 1.95 0.30% 1,768,229 14,289 1,753,939
May 52.0 64.3 73.41 1.91 0.34% 1,768,971 19,036 1,749,935
June 60.5 69.5 79.39 2.27 0.13% 1,765,237 19,020 1,746,217
July 64.5 70.4 82.79 2.50 -0.04% 1,762,380 19,010 1,743,370
Aug 63.5 72.7 81.89 2.44 0.01% 1,763,193 19,013 1,744,180
Sept 57.2 74.4 76.32 2.08 0.25% 1,767,364 19,029 1,748,335
Oct 46.7 71.6 70.00 2.04 0.24% 1,767,304 14,287 1,753,017
Nov 37.6 70.9 62.50 1.65 0.44% 1,770,747 14,298 1,756,449
Dec 27.9 71.6 54.10 1.29 0.55% 1,772,710 14,307 1,758,403
Peak 73.1 44.0 89.63 3.03 -0.45% 1,755,133 18,988 1,736,144

Performance with Air Cooled Condenser
Dry
Bulb Cond. Exhaust Kilowatt Generator Cooling Net** Output

Temp Press Press Change* Output System Output Diff.***
deg F in Hg in Hg % kW kW kW kW

Jan 26.8 1.07 2.00 0.35% 1,769,171 19,786 1,749,384 -9,329
Feb 28.7 1.07 2.00 0.35% 1,769,171 20,442 1,748,729 -9,762
Mar 36.4 1.07 2.00 0.35% 1,769,171 25,030 1,744,140 -13,183
Apr 48.2 1.07 2.00 0.35% 1,769,171 35,845 1,733,325 -20,614
May 58.7 1.53 .2.29 0.16% 1,765,807 35,190 1,730,617 -19,318
June 66.9 2.13 2.74 -0.18% 1,759,838 35,190 1,724,648 -21,569
July 71.2 2.50 3.03 -0.42% 1,755,678 35,190 1,720,488 -22,882
Aug 69.5 2.35 2.9.1 -0.31% 1,757,455 35,190 1,722,265 -21,915
Sept 62.2 1.77 2.46 0.03% 1,763,523 35,190 1,728,333 -20,003
Oct 51.3 1.07 2.00 0.35% 1,769,171 35,190 1,733,981 -19,037
Nov 41.4 1.07 2.00 0.35% 1,769,171 28,734 1,740,437 -16,012
Dec 30.8 1.07 2.00 0.35% 1,769,171 21,622 1,747,549 -10,854

Peak 90.5 4.65 4.97 -2.09% 1,726,201 35,190 1,691,011 -45,133

Assumptions and Notes
Expected Generator Output at 2.5 in Hg 1,763,000 kW
Air Condenser Fan Load - kW 34,740 kW
Auxiliary Cooling Tower Fans and Pumps 450 'kW
Total Cooling System Load 35,190 kW
* Kilowatt Change is referenced to 2.5 in Hg
** Net Output is Gross output less Cooling Load

Output Diff. is from current design with natural draft cooling towers
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TABLE 3

ANNUAL PERFORMANCE AND WATER COMSUMPTION COMPARISON

Days Capacity Average Electric Makeup Water
Month Per Factor Penalty Energy CWS ACC CWS ACC

Month % kW MWh gpm gpm 1000 gal 1000 gal

January 31 91% -9,329 -6,316 15,000 230 609,336 9,343

February 28 91% -9,762 -5,970 15,600 230 572,383 8,439

March 31 91% -13,183 -8,925 18,200 270 739,328 10,968

April 30 91% -20,614 -13,506 20,100 300 790,171 11,794

May 31 91% -19,318 -13,079 21,800 330 885,568 13,405

June 30 91% -21,569 -14,132 23,000 350 904,176 13,759

July 30 91% -22,882 -14,992 23,300 350 915,970 13,759

August 31 91% -21,915 -14,837 23,000 350 934,315 14,218

September 30 91% -20,003 -13,106 22,100 330 868,795 12,973

October 31 91% -19,037 -12,889 20,600 310 836,821 12,593

November 30 91% -16,012 -10,491 18,900 280 742,997 '11,007

December 31 91% -10,854 -7,349 17,300 260 702,768 10,562

Peak 1 100% -45,133 -1,083 26,100 390 37,584 562

Annual 365.0 20.0 -136,676 18,151 273 9,540,212 143,382

The annual loss in net electric output for the air cooled condenser case has a value associated with it.
This incremental electric energy could otherwise be sold on the market at marginal rates or displace
purchases made at the marginal rates. PP&L is a winter peaking utility and has excess capacity in the
summer months so it is likely that most of this lost energy will represent loss of marginal sales. PP&L has
provided estimates of marginal electricity prices for the year 2019 when the plant is expected to be in full
operation. The electricity is evaluated atthat price and escalated for future years. All economic values
including electricity rates, interest rates and escalation rates are included in Table 4.
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TABLE 4

ASSUMPTIONS

Excess Electricity Sales Price (2019$) $90/MWh
Electric Escalation Rate (beyond 2019) 2.5%
Economic Life of Project 40 years
Property Taxes 0.025%
Insurance Rate for Capital Costs 0.05%
Capital Cost Escalation Rate 3.0%
Interest During Construction 6.0%
Present Worth Discount Factor 7.0%

The evaluation also includes differences in annual maintenance costs. The major component of the
difference in maintenance costs is the servicing and maintenance of the cooling tower fans, motors and
speed reducers. A value of $5,000 per fan per year was used for this value in the Cooling Tower Study
based on a recommendation from the cooling tower vendor. The fans used in the air cooled condensers
are similar to those used in mechanical draft wet cooling towers so that value is also used in this study.
There are 192 fans in the air cooled condenser plus two additional fans in the auxiliary tower for a total of
194 fans and an annual cost of $970,000. For the current design with natural draft cooling towers, the
only mechanical components are the four circulating water pumps. These are large slow speed devices
that require very little maintenance and so these costs are neglected.

The current design uses chemicals to control bacterial growth, pH and inhibit corrosion in the circulation
water loop. These chemical costs are estimated to be $100,000 per year.5

The net increase in annual operating and maintenance costs for the dry air cooled option is $870,000 at
today's cost levels. These costs are escalated for future years.

In addition, the increase in capital costs also carries increases in annual property taxes and insurance.
The rates for additional taxes and insurance are also shown in Table 4.

The economic evaluation computes year by year costs for marginal electricity sales along with other
operating and maintenance cost differences. The evaluation is projected over a period of forty years.
The present value of the forty years of operating expenses is calculated.

The capital cost estimates are based on today's cost levels. In order to bring these costs up to the date
of commercial operation, they are escalated to a time of 3 years before commercial operation and then 3
years of interest during construction is added to the escalated cost. The present worth of the annual
operating costs is added to the total capital cost at the commercial operation date to produce the total net
present value of the increase associated with dry air cooling.

The Net Present Value of Operating Costs, $253,850,000, is the present value, in 2019 dollars, of the
additional operating costs including the value of lost electricity sales. The Total Net Present Value of Dry
Air Cooling Costs of $431,200,000 includes the capital cost at the commercial operation date of
$177,360,000 to the Present Value of Operating Costs.

5 Estimate is based on input from Burns &Roe in-house water treatment subject matter expert
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An alternate economic evaluation was also performed in which the offsite water storage capital, costs are
not included but are replaced by an annual Consumptive Use Mitigation Fee as specified in the SRBC
Regulatory Program-Fee Schedule published in January, 2010. This fee is currently $0.28 per 1000
gallons of water consumed. Although there is no mechanism in the fee schedule for escalating the
mitigation fee, it is assumed that the fee will be adjusted periodically to reflect inflation. An escalation rate
of 2.5% per year has been included in the analysis for future price projections.

The Net Present Value of the annual Operating Costs decrease as compared to the base evaluation, to
$214,700,000 but the Total Net Present Value increases to $473,100,000 due to the increase in capital
cost difference.

7.0 Summary and Conclusions

The study has examined the technical and economic feasibility of replacing the currently planned and in
design wet cooling system for the Bell Bend Nuclear Power Plant with a dry air cooled condenser. As a
result of its application for consumptive water use with the SRBC, PPL pursued this analysis to be
complete and thorough in its need for and use of water for wet cooling. This study clearly shows that
there is a significant cost increase to change to a direct air cooled design, even including the expected
costs of mitigation under both the air cooled design and the wet cooling design. The air cooled design is
not cost effective and may not be technically feasible because it represents a first of a kind in this size for
a single steam turbine unit.

This study has evaluated installing a direct air cooled condenser in place of the natural draft cooling
towers and other supporting portions of the circulating water system. A conceptual bill of materials has
been prepared for the air cooled condenser system and its impacts on capital cost and performance have
been estimated. While the design may be feasible from a technical point, the size of the ACC is three
times larger than any unit ever constructed for a single steam turbine unit, which creates many
uncertainties.

The cost penalties for changing the cooling system design to Air Cooled Condensers are high, including
both capital and operating.

The capital cost increases for changing the design to an air cooled condenser, including water mitigation
costs, are estimated to be almost $124.7 million in today's costs requiring an investment of $177 million to
account for escalation and interest during construction at the commercial operation date. Over 40 years
of operation, the net present value of increased operating and maintenance costs plus electricity cost
penalties amount to over $253.8 million. The total net present value of the capital and operating cost
increases is calculated to be $431 million in 2019 dollars.

On an annual basis, the use of air cooled condensers will save about a net of 6,300, million gallons of
water from the river. The Susquehanna River Basin Commission has proposed that a water fee of $0.28
per 1000 gal is sufficient to mitigate the use of water from the river. An alternate economic evaluation
was prepared using the SRBC water fee as an annual operating expense and eliminating the offsite water
storage. This evaluation shows an even greater cost penalty for dry cooling of $473 million, $42 million
greater than the base case with offsite water storage. Clearly, the use of dry cooling cannot be justified
on an economic basis, even considering the value of the water saved.

In addition, there are other considerations that reduce the attractiveness of installing air cooled
condensers as follows:
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* Although there are many applications of dry air cooled condensers throughout the world, this
would be the largest unit by far, servicing a single steam turbine. This is significant because it is
one of the few cases in which a larger design is more challenging than a smaller one. The larger
the steam flow rate, the further it has to travel to reach the far ends of the condenser. This unit
will require 6 steam ducts, each 25 feet in diameter, from the turbine exhaust to the air
condenser.

* The loss of net electric generation will have to be replaced by electricity from other generating
plants, mainly fossil fired units. The benefit of emissions free generation will be lost for the
replacement electricity.

" The use of an air cooled condenser will impose significant changes to the EPR design and would
impact plant licensing costs and schedule. In fact, the changes would most probably be large
enough to endanger the EPR fleet concept, potentially resulting in even greater costs for BBNPP
than what are reflected in this analysis.
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Enclosure
PPL Response to SRBC letter of August 22, 2011,

Avoidance of Consumptive Use

Section 1 - Response to Comments

General Response:

In our letter of October 21, 2011 (BNP-2010-192), PPL provided a narrative response
(Enclosure 1) and a separate, independent, analyses (Enclosure 2) related to alternative cooling
methods. The preface to Enclosure 2 noted certain differences between the analyses,
particularly with respect to project costs, and concluded that the same overall conclusion could
be drawn from either analysis; i.e., that dry air cooling is not technically feasible or cost
justifiable for the Bell Bend Project. In its August 22, 2011 letter the Commission concurs with
this conclusion, acknowledges differences that may occur with different analytical approaches,
but then suggests certain "inconsistencies" that require resolution. These inconsistencies are
further addressed in specific responses below.

Collectively in this response, PPL has chosen not to modify, combine, or resolve analyses
independently prepared by its technical consultants both of which conclude that dry air cooling
is not technically feasible or cost justifiable for the Bell Bend Project. However, to be responsive
to SRBC's concerns a sensitivity analysis has been prepared and is provided in Section 2
below.

SRBC Comment No 1.

The analyses use mitigation fee payments of $0.28 per 1,000 gallons of water as an
indication of cost of mitigation make-up water. Although the Commission does allow
mitigation fee payments as an option for smaller projects, the water storage controlled by
the Commission is not sufficient to support the mitigation makeup water for a project as
large as BBNPP. For that reason, as noted in previous correspondence, consumptive use
mitigation fee payments are not a viable option for the BBNPP project. The cost of providing
actual mitigation water, perhaps using an analysis of costs related to your proposed pooled
asset concept, should be used. Also, PPL should not assume that the $0.28 per 1,000
gallons of water is an appropriate cost figure to provide mitigation makeup water. The
Commission increased this fee to $0.29 as of July 1, 2011, one of several increases over
the last few years, and will most likely continue these increases during the term of any
approval as the costs of providing storage continue to escalate.

PPL Response:

The staff position expressed above that mitigation fee payments are (only) an option for small
projects appears to be inconsistent with the Commission's regulatory language. However, we
understand the Commission's discretion on these matters and, as staff is aware, PPL is working
to fully satisfy Commission guidance with regard to providing actual mitigation water in lieu of
fee payments.
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In response to this comment we direct you to the footnote on Page 2 of Enclosure 1 which notes
that PPL expects that final mitigation costs will "be consistent with the in-lieu payment costs
used in this analysis." Final PPL costs of mitigation are not known at this time, and may be
more - or less - than the in-lieu payment rate when costs are considered on a per million gallon
basis. Absent final mitigation costs, using the in-lieu rate represents a reasonable estimate of
potential mitigation cost for purposes of these analyses. We note that in the Commission's own
analysis in support of Commission Resolution 2008-03 that the established in-lieu payment rate
was based on the expected cost of storage development in the basin.

Furthermore, footnote d) of Table 1 of Attachment C also notes that the analysis assumes 2.5%
annual escalation, reflecting the fact that costs (including the in-lieu payment rate) will be
expected to increase. As a result, the present value analysis in Table 1 already accounts for
this potential escalation. [Note that the-revised analysis provided under BNP-2012-136
Attachment 4 uses $300/million gallons which was effective July 1. 2012.1

SRBC Comment No. 2

There are inconsistencies between Enclosure I and Enclosure 2 that should be resolved. In
Enclosure 1, Attachment A, there is reference to a power reduction penalty forACC of
several percentage points. The study in Enclosure 2 defines the power reduction penalty as
2% which appears to be more accurate based on the engineering analysis.

PPL Response:

It should be noted that the Enclosure 2 analysis was not based on a detailed engineering design
but rather was prepared at a conceptual level by engineers familiar with both natural draft
cooling tower and ACC system design; essentially a pre-feasibility level estimate. Section 5.1 of
Enclosure 2 notes that the 0.45% power reduction penalty for natural draft cooling towers, and
the 2% power reduction penalty for ACC were derived from a 2008 Sargent and Lundy Cooling
Tower Study. The author notes that these penalties are believed to be unusually low for steam
turbines which characteristically have penalties associated with steam turbine backpressure of 5
inches Hg in the range of 6 to 7%.

PPL does not believe that refinement of the power reduction penalty would be a worthwhile
effort as it would not alter the overall results and conclusions of the analyses.

SRBC Comment No. 3

Also in Attachment A, there is an assertion that ACCs require more space than the 15 acres
allocated to the wet cooling design. Enclosure 2 states that ACCs for BBNPP will require 10
acres and 15 acres would be adequate to accommodate an ACC design.

PPL Response:

Section 5.2 of Enclosure 2 notes that the area required for an ACC system would be
approximately 10 acres as noted. The analysis in this section goes on to note that steam duct
routing would occupy an estimated 7 additional acres of land. Therefore an ACC system design
would likely require additional acreage (approximately 17 acres total). Enclosure 1, Attachment
A_.at page 5 notes that lands beyond the 15 acres are not available.
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SRBC Comment No. 4.

Comments on Enclosure 1, Attachment C, Table I are as follows:

1. In the "Footprint per Plan Unit" column, the entry for dry cooling should be 15 acres as
stated in the engineering study in Enclosure 2.

2. In the "Auxiliary Load Difference" column, the entry for dry cooling should be 13.5
megawatts (MV) which is the auxiliary load difference cited in Enclosure 2, Section 5.1.

3. In the "Annual O&M Cost" column, the cost for maintaining the natural draft cooling
tower is not zero. A cost figure should be generated and subtracted from a// the other
options to calculate a difference between the natural draft options, as stated in Note (a).

4. In the "Annual O&M Cost" column, Note (e) asserts that O&M for dry cooling will be 1%
or 2% of the capital cost. The relationship between capital costs and O&M costs needs
to be validated. Also, the 2% figure was used which is inconsistent with the conservative
analytical approach used in the engineering study in Enclosure 2. The 1% figure should
be used in Table 1.

5. In Note (b) the 8% cost of money is inconsistent with the 7% discount factor used in the
analysis performed in Enclosure 2.

6. In Note (d) use of the $280 per million gallons of water is inappropriate as discussed
above.

PPL Response:

Enclosure 1, Attachment C, Table 1 was principally derived from PPL's Combined License
Application (COLA) Table 9.4-1 and analysis developed by Unistar Nuclear Services, LLC and
its consultants for PPL. The footprint, auxiliary load difference, O&M and Capital cost numbers
in Table 1 were derived from this source. Enclosure 2 was a separate and independent Burns
and Roe analysis commissioned by PPL to further validate COLA Table 9.4-1 information,
specifically with respect to a dry cooling alternative. Both analyses were based on generic or
conceptual information, and engineering experience as opposed to a detailed design. As noted
in the preface to Enclosure 2 the same conclusions can be drawn from either analysis with
regard to the feasibility of dry cooling.

In Table 1 PPL expanded the COLA Table 9.4-1 data analysis to derive a comparative present
value cost estimate. As noted in footnote (h) of revised Table 1 PPL assumed a 13.9 MW
auxiliary load difference for dry air cooling in the present value cost analysis, due to the range
provided in the Unistar analysis. The 13.9 MW was derived from a reasonable interpretation of
the Burns & Roe Enclosure 2 report, and is considered potentially conservative and favorable to
the dry cooling alternative. rTable I does not include consideration of generation penalty
(3.1 MW) that occurs when dry cooling is deploved.1

PPL response to SRBC numerical comments follows:

1. As discussed in response to SRBC Comment No. 3 the expected footprint of dry air cooling,
taking into account steam duct routing is estimated to be in the range of 17 acres. This is not
inconsistent with the general footprint range 7-30 acres shown in Table 1 as developed by
Unistar. Our preference is not to begin mixing these analyses by inserting 17 acres in Table
1.

2. As noted in footnote (h) to Enclosure 1, Attachment C, Table 1, the Auxiliary Load Present
Value for Dry Cooling is now based on 13.9 MW which is low in the range and favors (is
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conservative to) the Dry Cooling option. The preface to Enclosure 1 states that the Table 1
Dry cooling option Auxiliary Load Difference is 13-79 MW while the Enclosure 2 Report has
it as 10-45 MW. The source of Enclosure 2 data comes from Enclosure 2, Table 2 that
provides a month-by-month evaluation. PPL is uncertain over staffs derivation of the 13.5
MW.

3. Footnote (a) of Table 1 notes that for both Auxiliary Load and O&M that the values
contained in the table are differential values. Developing and inserting either auxiliary load
loss or O&M for natural draft cooling towers would not alter the analysis. The numbers
shown in these columns already represent differences in comparison to the natural draft
option.

4. The O&M values used in Table 1 were supplied by various vendors to Unistar Nuclear
Services, LLC as part of the Calverts Cliffs Nuclear project. PPL does not have access to
the vendor supplied information - it is proprietary. This issue is further addressed in the
Section 2 sensitivity analysis of this response.

5. PPL's cost of money or discount rate varies. Timing differences between analyses resulted
in different assumptions. The 8% assumption is a reasonable current estimate for purposes
of the present value analysis contained in Table 1.

6. Please see PPL response to SRBC Comment No 1.

SRBC Comment No. 5.

Enclosure 1, Attachment C, Table 2 represents an acceptable comparison of cooling options.

PPL Response:

None.

SRBC Comment No. 6.

In Enclosure 2, Section 1.0 the Commission has not indicated that use of the $0.28 per
million gallons of water is an acceptable method to estimate the cost of makeup water for
BBNPP, as discussed above.

PPL Response:

See PPL response to SRBC Comment No. 1 for our record response to the use of $280 per
million gallons in this analysis. While the phrasing of this section could be improved it does not
affect the analytical results, or the conclusions. Therefore, PPL is not proposing to modify the
report at this time.

Note that the revised Analysis provided under BNP-2012-136 uses $300/million gallons
which was effective July 1, 2012, and includes an escalation factor to account for future
changes.

SRBC Comment No. 7.
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In Enclosure 2, Section 3.1 last paragraph, the Commission does not have a requirement to
store 90 days of water at the peak consumption rate. The current design consumptively
uses up to 28 million gallons per day (MGD), and most likely there will be a requirement to
provide water to meet a passby requirement that has not been established. For purposes of
this study, reasonable capital costs, and annual costs should be established to provide
mitigation for the BBNPP makeup water. For the dry air cooling option, for purposes of this
study, the $0.29 per 1000 gallons of water cost plus an escalator figure is appropriate
because of the reduced consumption.

PPL Response:

See PPL response to SRBC Comment No. 1. The Commission's regulations at § 806.22 (ii)
state that an acceptable form of mitigation is to "Release water for flow augmentation, in an
amount equal to the project's total consumptive use, from surface water storage or aquifers, or
other underground storage chambers or facilities approved by the Commission, from which
water can be withdrawn for a period of 90 days without impact to surface water flows." At the
time that the Burns & Roe report was prepared PPL and Commission staff had not yet
discussed this regulation, and this was the interpretation derived by Burns & Roe in their
analytical report.

For purposes of the Enclosure 2 report, the statement is not relevant to the analytical results or

conclusions, therefore PPL is not proposing to modify the report at this time.

SRBC Comment No. 8.

Comments on Enclosure 2, Table I are as follows:

1. Contractor Indirects and Contractor Fee for the Air Cooled Condensor System (A CC) are
considerably higher than the Existing Circulating Water System (ECWS) on a
percentage of direct costs basis. What is the rationale for the difference?

2. Although the rationale was provided for the contingency calculation, the amount of
contingency for the ACC option ($106,723,200) appears to be too high (30% of total
cost).

3. The costs of providing "Offsite Water Storage" for the ACC of $48,000,000 is not
consistent with the $400,000 cost in Enclosure 1, Attachment C, Table 1 which used the
$0.28 per 1,000 gallons of water cost method. As discussed above, the amount of water
required for BBNPP with an ACC system (0.3 MGD) is relatively small and therefore the
use of $0.29 per 1,000 gallons of water plus an escalator is appropriate.

4. The "Capital Cost Difference" of $124, 710,000 is significantly reduced based on the
above comments.

PPL Response:

1. The footnote at the bottom of the Table 1 states: "the contractor indirects are noticeably
higher for the air cooled.condenser because the GEA quotation did not include installation,
whereas installation was included in the cooling tower costs". The sum of the Contractor
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Fee and Contractor Indirects for both options is about 14% - 15% of Capital Costs
Elements Subtotal.

2. A 30% contingency is appropriate and common for conceptual feasibility level estimates in
plant development cost analyses and are in accordance with generally accepted cost
estimating for design and construction. This level of contingency is based on guidance
provided by the US Department of Energy in its guidance document "DOE 430-1-1X., Cost
Estimating Guide for Program and Project Management", April 2004.

3. At the time that the Burns & Roe report was prepared in August 2010 a consumptive use
makeup option for the natural draft cooling towers was being estimated at $105 million
dollars based on a nominal 30 MGD consumptive use. As discussed in Section 3.1 of
Enclosure 2 consumptive use associated with an ACC was estimated at 6.3 MGD.
Derivation of the $48 million is discussed in the paragraph immediately prior to Table I of
Enclosure 2. To be conservative (i.e., to provide an analysis favorable to ACC) PPL
assumed a 139 gpm makeup rate for ACC in Enclosure 1, Attachment C, Table 1, and used
the Commission's in-lieu payment rate as discussed in response to SRBC comment 1.
LNote that the PPL revised analyses provided under BNP-2012-136 uses $300/million
gallons which was effective July 1, 2012, and includes an escalation factor to account
for future costs. The B&R Report has not been revised, but also includes annual
escalation.1

4. See responses 1 through 3 above.

SIRBC Comment No. 9.

In Enclosure 2, Section 6. 0, further detail is required to understand how the present values
were calculated for operating costs and capital costs. The $253,850,000 net present value
of operating costs should be segregated into maintenance costs, increased auxiliary power,
and power reduction opportunity costs with a breakdown of each segregation.

PPL Response:

The incremental 2010 costs that total to the present value (2010 Price Level) for the operating
costs of $253,850,000 are segregated as follows:

Electric Energy Losses: $ 224,380,000
Additional Maintenance: $ 22,194,000
Taxes and Insurance: $ 1,773,000
Replacement Equipment: $ 5,500,000
Total $253,847,000 (rounded up to $253,850,000)
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Section 2 - Sensitivity Analysis

Table A below provides a sensitivity analysis of several SRBC comments/suggested changes to
Enclosure 1, Attachment C, Table 1. Factors analyzed include:

1. 7% Discount Rate
2. 1% O&M
3. A cumulative analysis of factors 1 and 2,

A comparison is also provided of cost differences derived using analysis from the Burns & Roe
report. A PPL derived minimum case analysis is also provided.

Table B below provides a side-by side comparison of key parameters from the independent

analyses.

Conclusion

Table A illustrates Present Value (2019 Price Level) cost differences between dry cooling and
natural draft cooling towers ranging from $404 million to $515 million for the individual factor
and cumulative analysis cases. A comparative Present Value (2019 Price Level) evaluation
of the Burns and Roe report suggests a Present Value cost difference of $412 million. A
minimum case Prepared by PPL shows that dry cooling will be at least $237 million (2019
price level) more expensive than natural draft cooling towers.

The Table B comparison illustrates reasonable good correlation between the two independent
analyses. This in combination with the sensitivity analysis reinforces a conclusion that dry air
cooling is not technically feasible or cost justifiable for the Bell Bend Project.
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Table A - Sensitivity Analysis (Refer to attached Source Data for this table)

Inputs
Discount Rate

Alternative Discount Rate
Escalation

Period of Analysis (yrs)
cost of water ($/MG)
cost of energy ($/MWH)
plant cap factor

PV Factor (8%)
PV Factor (

7
%)o

8%
7%

2.9%
40

3%.6. A

87.80

91%

17.21

19.51

(1) 17 MW value is derived from Public Version - Evaluation of Dry Air Cooling for the Bell Bend Nuclear Power Plant, Table 2. Bums and Roe Enterprises. Inc. August 25. 2010. 19.92 MGD
comes from CALC-SRBC-3, Revision 0. 0.2 MGD is based on 139 gpm from BBNPP Environmental Report Table 9.4-1.

(2) Analysis uses 8% discount rate.
(3) Based on 180 gpm from B&R Report, Section 5.3.
(4) Fan load loss is included in Aux Load LosslGen Penalty.
(5) The "Minimum Case" presented here was compiled by PPL from the two independent analyses and uses an 8% discount rate
(6) Changed the consumptive use mitigation fee to the 2012 SRBC value ($0.3011 ,08 gallons consumed), and escalated it at 2.5% per year to a 2019 price level for the sensitivity analysis (5368.6 S/MG).
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Table A Sensitivity - Source Data
>RowI

1-A N/A
1-B N/A
1-C = 19.92 MGD estimated annual average water use (from PPL calculation)

= Col C X $300/MG escalated at 2.5% to 2019 = $356.6/MG X 365 days X 17.21(PV factor at
1-D 8%)*91%(capacity factor) /1,000
1-E N/A
1-F N/A.
1-G = COLA ER Table 9.4-1 escalated to 2019 (Enclosure 3)
1-H = 1-B + 1-D + 1-F + 1-G
1-1 N/A
2-A From B&R Report, Table 2
2-B = 2-A X 8760hrs/yr *$87.8/MWh*17.21(PV factor at 8%)*91% (capacity factor)/1 000

= 139 gpm from COLA ER Table 9.4-1 X 60 min/hr x 24 hrs/day. The value includes
2-C blowdown but excludes make-up for the essential service water system.

= 2-C X $300/MG escalated at 2.5% to 2019 = $356.6/MG X 365 days X 17.21 (PV factor at
2-D 8%)*91 %(capacity factor)/1,000

= COLA ER Table 9.4-1 based on 2% of capital cost (Bechtel Input) escalated to 2019 value
per Enclosure 3. Note that PPL has confirmed that this excludes aux load loss and

2-E generation penalty.
2-F = 2-E X 17.21 (PV factor at 8%)
2-G = COLA ER Table 9.4-1 escalated to 2019 value per Attachment 3
2-H = 2-B + 2-D+ 2-F + 2-G
2-1 = 2-H minus 1-H

3-A = 1-A
3-B = 1-B
3-C =1-C

= 3-C X $300/MG escalated at 2.5% X to 2019 = $356.6/MG X 365 days X 19.51 (PV factor at
3-D 7%)*91 %(capacity factor) /1,000
3-E = 1-E
3-F = 1-F
3-G = 1-G
3-H 3-B + 3-D+ 3-F + 3-G
3-1 N/A
4-A = 2-A
4-B = 4-A X 8760hrs/yr *$87.8/MWh*1 9.51 (PV factor at 7%)*91 % (capacity factor)/1 000
4-C = 2-C

= 4-C X $300/MG escalated at 2.5% X to 2019 = $356.6/MG X 365 days X 19.51 (PV factor at
4-D 7%) X 91%(capacity factor) /1,000
4-E = 2-E
4-F = 4-E X 19.51 (PV factor at 7%)
4-G = 2-G
4-H 4-B + 4-D+ 4-F + 4-G
4-1 4-H minus 3-H
5-A = 2-A
5-B = 5-A X 8760hrs/yr *$87.8/MWh*17.21 (PV factor at 8%)*91% (capacity factor)/1 000
5-C = 2-C
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= Col C X $300/MG escalated at 2.5% to 2019 = $356.6/MG X 365 days X 17.21(PV factor at
5-D 8%) X 91%(capacity factor) /1,000

= 2-E divided by 2 based on 1% of capital cost (Bechtel Input). Note that PPL has confirmed
5-E that this excludes aux load loss and generation penalty.
5-F = 5-E X 17.21 (PV factor at 8%)
5-G = 2-G
5-H 5-B + 5-D+ 5-F + 5-G
5-1 5-H minus 1-H
6-A = 4-A
6-B = 4-B
6-C = 4-C
6-D = 4-D
6-E = 5-E
6-F = 6-E X 19.51 (PV factor at 7%)
6-G = 4-G
6-H 6-B + 6-D+ 6-F + 6-G
6-1 6-H minus 3-H
7-A = 1-A
7-B = 1-B
7-C = 1-C

= Col C X $300/MG escalated at 2.5% to 2019 = $356.6/MG X 365 days X 17.21(PV factor at
7-D 8%) X 91 %(capacity factor) /1,000
7-E = 1-E
7-F = 1-F
7-G = B&R report Table 1 - Total Onsite Cost (excludes offsite water storage)
7-H = 7-B + 7-D+ 7-F + 7-G
7-1 N/A
8-A = B&R report Table 3 average annual load loss and generation penalty (MW)
8-B = 8-A X 8760hrs/yr *$87.8/MWh*17.21 (PV factor at 8%)*91% (capacity factor)/1 000
8-C = B&R Report page 9, based on 180 gpm. X 60 min/hr X 24 hr/day

= 8-C X $300/MG escalated at 2.5% to 2019 = $356.6/MG X 365 days X 17.21(PV factor at
8-D 8%) X 91 %(capacity factor) /1,000

= B&R Report Page 12, based on $970,000 less $100,000 chemical use for Natural Draft
8-E Towers escalated to 2019 price value per Attachment 3.
8-F = 8-E X 17.21 (PV factor at 8%)

= B&R report Table 1 - Total Onsite Cost for Dry Cooling (excludes offsite water storage)
8-G escalated to 2019 price value per Enclosure 3.
8-H = 8-B + 8-D+ 8-F + 8-G
8-1 8-H minus 7-H
9-A = 2-A
9-B = 9-A X 8760hrs/yr *$87.8/MWh*17.21 (PV factor at 8%)*91% (capacity factor)/1000
9-C =139 gpm from COLA ER Table 9.4-1 X 60 min/hr x 24 hrs/day

= 9-C X $300/MG escalated at 2.5% to 2019 = $356.6/MG X 365 days X 17.21(PV factor at
9-D 8%) X 91 %(capacity factor) /1,000

= B&R Report Page 12, based on $970,000 less $100,000 chemical use for Natural Draft
9-E Towers escalated to 2019 price value per Attachment 3.
9-F = 9-E X 17.21 (PV factor at 8%)
9-G = 2-G
9-H = 9-B + 9-D+ 9-F + 9-G
9-1 = 9-H minus 7-H
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Table B - Key Comparison of Independent Analyses

Footprint per Plant Unit (1,562
Mwe) Acres 7-30 17

B&R Value derived from B&R
Auxiliary Load Difference MW 13-79 13.9 Report Table 2

Not B&R Value derived from B&R
Generation Penalty Difference MW computed 3.1 Report Table 2

Values include blowdown. The
Bechtel value does not include
make-up for the essential

Water Make-up gpm 139 273 service water system.
Annual O&M Cost Difference (1) 10A3 USD $8,125 $1,094 Both are estimated values

Bechtel value is reported as a
representative value +/- 20%.
B&R value is a vendor quoted

Capital Cost (1) 110A3 USD $406,231 $581,278 value for BBNPP.

Note: Annual O&M Cost Difference and Capital Costs are escalated values to 2019
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August 30, 2012

ATTN: Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

BELL BEND NUCLEAR POWER PLANT
INDIANA BAT BIOLOGICAL EVALUATION AND
MANAGEMENT PLAN
BNP-2012-193 Docket No. 52-039

Reference: 1) C. Riley, USFWS, to L. Quinn-Willingham, NRC, USFWS Project No. 2009-0501,
"Comments on the Indiana Bat Biological Evaluation and Management Plan for
the Proposed Bell Bend Nuclear Power Plant Site, dated November 2011",
May 7, 2012.

The purpose of this letter is to submit the PPL Bell Bend, LLC. (PPL) Indiana Bat Biological
Evaluation and Management Plan for the Bell Bend Nuclear Power Plant Project (BEMP). The
responses to the associated NRC Requests for Additional Information, which reflect the
referenced U.S. Fish and Wildlife Service (USFWS) comments on the November 2011 draft
plan, have been accounted for in the BEMP, and are provided in tabular format as Enclosure 1.
No changes to the Bell Bend Nuclear Power Plant Combined License Application are being
proposed as a result of this information.

In the attached BEMP (Enclosure 2) PPL has identified payment to the Indiana Bat
Conservation Fund as its preferred mitigation alternative. An on-site mitigation alternative is
also presented in the BEMP, however, USFWS conservation easement requirements may
preclude implementation of this alternative. PPL is available to discuss this and any other
matters further as the consultation process proceeds.

Should you have questions or need additional information regarding these responses, please
contact Gary Petrewski of our staff (.qpetrewski@Dpplweb.com or 610-774-5996), or the
undersigned.

There are no new regulatory commitments in this letter.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on August 30, 2012.

Respectfully,

Rocco R. Sg

RRS/kw

Enclosures: 1) Table providing responses to associated NRC RAIs
2) Indiana Bat Biological Evaluation and Management Plan for the Bell Bend
Nuclear Power Plant Project, Revision 0, dated August 2012 (Provided on Disc)
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cc: (w/ Enclosures on disc)

Ms. Laura Quinn-Willingham
Environmental Project Branch 2
Division of New Reactor Licensing
Office of New Reactors
U.S. Nuclear Regulatory Commission
Mail Stop: T-6 C32
Washington, DC 20555

Ms. Paula Ballaron
Manager, Policy Implementation & Outreach
Susquehanna River Basin Commission
1721 N. Front Street
Harrisburg, PA 17102

Ms. Jamie Davis
Office of Environmental Programs (3EA30)
U.S. Environmental Protection Agency
1650 Arch Street
Philadelphia, PA 19103-2029

Ms. Jennifer Kagel
United States Fish & Wildlife Service
Pennsylvania Field Office
315 S. Allen St. #322
State College, PA 16801

Mr. Eugene Trowbridge
PA Dept. of Environmental Protection
Northeast Regional Office
2 Public Square
Wilkes-Barre, PA 18711

Mr. Tom Shervinskie
Pa Fish & Boat Commission
450 Robinson Lane
Bellefonte, PA 16823

Mr. Joseph Buczynski
PA Dept. of Environmental Protection
Northeast Regional Office
2 Public Square
Wilkes-Barre, PA 18711

Ms. Karen Karchner
Zoning/Building Code Official
38 Bomboy Lane
Berwick, PA 18603

Ms. Amy Elliott
U.S. Army Corps of Engineers
State College Field Office
1631 South Atherton Street, Suite 102
State College, PA 16801

Walter Holtsmaster
PA Dept. of Environmental Protection
Northeast Regional Office
2 Public Square
Wilkes-Barre, PA 18711
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Enclosure 1

Table providing responses to associated NRC RAIs
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NRC RAI Question Summary PPL Response
TE-39 Provide any plans to re-survey the PPL intends to undertake a new mist net

BBNPP project area in 2013 for the survey in 2013. A study plan will be
Indiana bat, taking into consideration developed in consultation with the NRC and
the supporting information provided. USFWS, and filed for inclusion in the record

prior to initiation of the study work. Field
work in 2013 would be expected to
commence on or about June 1. A report on
the results of the 2013 survey would be
filed with the NRC within 90 days of
completion of the field work.

TE-40 Provide a series of figures that With respect to forest fragmentation and
subdivide and cover the BBNPP isolation, the approach taken by PPL in the
project area depicting the sizes of BEMP was to bracket the potential range of
forest parcels that would remain after forest fragmentation and isolation that may
site development, the distances that occur on the Bell Bend site based on
would separate them, and the project available published research on this topic,
infrastructure that would separate them and in consideration of both construction
during both the construction and and post-construction impacts. Scaled
operation phases of the project. figures illustrating the range of potential
Describe the construction activities, forest fragmentation and isolation are
including duration, which would occur provided as Figures 3 and 4 of the BEMP.
in the land areas that separate these Separation distances between forest
forest parcels, and the future uses of fragments can be readily scaled from these
and the activities that would occur figures, however, this exercise is not
within these land areas during plant believed to be warranted. Forest areas on
operation. Describe how potential these figures have been overlain on site
impacts to Indiana bats from forest infrastructure to permit an understanding of
fragmentation would affect the current both potential construction and post-
mitigation compensation ratio of 1.6:1 construction impacts. In addition, as
(386 ac preserved: 234 ac impacted) in requested by the USFWS, construction
the October 2011 Indiana Bat sequencing diagrams have been included
Biological Evaluation and Management in Appendix B.
Plan.

TE-41 Provide a figure that depicts hardwood The requested figure is provided as Figure
and mixed-hardwood forest habitat 6 of the BEMP. Section 5.2 of the BEMP
available within a 10 mi radius of discusses this figure with respect to the
BBNPP site, as depicted in Figure 4 of percentage of the total hardwood and
the October 2011 Indiana Bat Biological mixed-hardwood forest habitat available in
Evaluation and Management Plan. this area that would be lost by development
Provide a determination of the of the BBNPP site.
percentage of the total hardwood and
mixed-hardwood forest habitat available
in this area that would be lost by
development of the BBNPP site.

TE-42 Provide any plans or procedures for PPL has fully adopted USFWS
adhering to the alternative process recommended emergency tree cutting
recommended by FWS for performing procedures as specified in their letter of
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an emergency cutting of a potential
roost tree from April 1 to November
15, as described in the FWS May 7,
2012 letter to the NRC
(ML1 21450545).

May 7, 2012 letter to the NRC
(ML121450545). These procedures are
contained in Section 6.1 of the BEMP.

Provide an explanation of the types and
acreages of compensatory mitigation for
impacts to forest habitat for the Indiana
bat, and include any areas of passive
reforestation if such areas are part of
the mitigation plan. Revise Figures 2
and 5 of the Indiana Bat Biological
Evaluation and Management Plan to
include areas of passive reforestation if
such areas are part of the mitigation
plan.

It should be noted that following the
October 2011 Joint Permit Application
meeting where USFWS provided verbal
comments on the draft BEMP, PPL
subsequently revised the draft BEMP and
informally provided a copy to USFWS via
e-mail (copy to NRC) for further
consideration. The comments contained in
the May 7, 2012 USFWS letter to the NRC
(ML121450545) were based on this revised
draft which is the reason for the
discrepancies noted in this RAI.

PPL's preferred mitigation plan which
includes forested wetlands mitigation and
funding the Indiana Bat Conservation Fund
is contained in Section 7.3 of the BEMP.
An alternative mitigation option consisting
of reforestation, natural succession, and
habitat conservation is contained in Section
7.4 of the BEMP. Figures 8 and 9 illustrate
this mitiaation alternative.

i
TE-44 Provide any plans to place all Indiana

bat compensatory mitigation lands
(forest preservation [386 acres], active
reforestation [58 acres], and passive
reforestation through natural
succession [137 acres] [Note that
inclusion of the 137 acres is questioned
in a related RAI], totaling 581 acres)
into a conservation easement for
permanent protection and develop a
corresponding resource management
plan prior to any disturbance of Indiana
bat habitat on the BBNPP site, as
described in the supporting information.
Also provide any plans to disclose to
FWS, NRC, and a prospective
easement holder any factors that could
render the conservation easement
property vulnerable to future habitat
loss.

PPL's preferred mitigation plan, which
includes forested wetlands mitigation and
funding the Indiana Bat Conservation Fund,
is contained in Section 7.3 of the BEMP.

An on-site mitigation alternative is also
presented in the BEMP (Section 7.4),
however, USFWS conservation easement
requirements may preclude implementation
of this alternative. PPL is available for
further discussion as required to clarify this
matter before requested disclosures
affecting potential conservation easements
can be provided.

TE-45 Provide any plans to include the 137 PPL's preferred mitigation plan, which
acres of passive reforestation (natural includes forested wetlands mitigation and.
succession) in the long-term monitoring funding the Indiana Bat Conservation Fund,
and maintenance plan originally is contained in Section 7.3 of the BEMP.
established for the 58 acres of active
reforestation, and to provide any plans Section 7.4 and Appendix E (Management
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for proactive intervention for both the
active or passive reforestation areas to
ensure the long-term success of
reforestation, as described in the
supporting information. Indicate the
foreseen duration of the long-term
monitoring and maintenance plan based
on a conservative estimate of the time
reauired to achieve success.

Plan for Reforestation, Natural Succession
and Habitat Conservation Lands) of the
BEMP summarizes management actions
related to this mitigation option.

TE-46 Provide a figure/map depicting the 11.8
acres of palustrine forested wetland that
would be impacted and the, extent to
which this area overlaps with the area of
mitigative reforestation for the Indiana
bat. Provide a discussion of how the
1 0-yr wetland monitoring and corrective
action plan specified in Section 3.1.2 of
the October 2011 Indiana Bat Biological
Evaluation and Management Plan would
interface with the long-term monitoring
and maintenance plan noted in RAI TE-
45 to ensure that any forested wetland
mitigation would be successful for the
Indiana bat.

The 11.8 acres of impacted palustrine
forested wetlands in the October 2011 draft
BEMP was an error. The corrected total of
11.34 acres is shown in Table 2 of the
Roost Tree Survey which is contained as
Appendix C of the BEMP. The
corresponding numerically identified
wetland areas (3, 5, 8, 9, 10, 12, 26, and
29) are shown in Figure 4 of the Roost Tree
Survey Report.

With respect to forested wetlands
mitigation, PPL has proposed a standard
10-year monitoring period to ensure
successful growth of planted wetlands
species. Maintenance will include invasive
species monitoring and removal, and
replanting as may be required to ensure the
development of a proper wetlands species
mix for Indiana bat.

TE-47 Provide any plans to begin restoration PPL's preferred mitigation plan, which
efforts as expediently as possible in includes forested wetlands mitigation and
areas of both active (58 ac) and passive funding the Indiana Bat Conservation Fund,
(137 ac) reforestation, in order to is contained in Section 7.3 of the BEMP.
partially offset the permanent loss of PPL would propose to place these monies
resource function for Indiana bats that in escrow prior to the initiation of project
would occur.within the 244 ac of suitable construction.
forest habitat that would be impacted by
the BBNPP project.

TE-48 Provide a summary of the methods Section 5.1 of the BEMP provides a
used and locations searched in order to summary of the methods used and
determine that no potential Indiana bat locations searched in order to determine
hibernacula exist within the BBNPP that no potential Indiana bat hibernacula
project boundary. exist within the BBNPP project boundary.

TE-49 Provide the reference for the Section 7.4 of the BEMP provides the
requirement on page 26 of the BEMP references for the criterion used as a basis
that at least 70 percent of the total for the alternative mitigation plan including
Indiana bat forested habitat to be the requirement at least 70 percent of the
affected must be reforested, unless off- total Indiana bat forested habitat to be
site mitigation measures are used. affected must be reforested, unless off- site
Provide the acreages of the offsite mitigation measures are used. As noted in
(based on BEMP Figure 1, this is east of this section, reforestation and natural
the Susquehanna River) reforestation succession may or may not meet this
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and conservation areas, and whether
(and if so, how) these are an adequate
substitution for the 105 ac (45 percent)
of impacted Indiana bat habitat that
would not be reforested, as explained in
the supporting information.

criterion, as a result PPL has identified
habitat conservation lands as a
supplemental component of this mitigation
alternative.
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Enclosure 2

Indiana Bat Biological Evaluation and Management Plan for the Bell Bend Nuclear Power Plant
Project, Revision 0, dated August 2012 (Provided on Disc)
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1. INTRODUCTION

1.1 Background

The Nuclear Regulatory Commission (NRC) is considering the combined license (COL)

application of PPL Bell Bend, LLC (PPL) for the construction and operation of a new nuclear
plant to be designated as the Bell Bend Nuclear Power Plant(BBNPP, or Project). BBNPP will

be located in Salem Township, Luzerne County, Pennsylvania, adjacent to the existing
Susquehanna Steam Electric Station (SSES) near the Susquehanna River. The BBNPP site is
located approximately 5 miles (8 km) northeast of Berwick, Pennsylvania.

The NRC is the lead federal agency responsible for preparing an Environmental Impact
Statement (EIS) in accordance with 10 CFR 51 for the construction and operation of the new unit

that will be authorized by the COL. The decision to approve a license can only be made by the
NRC upon the completion of the EIS. The U.S. Army Corps of Engineers (USACE) is serving
as a cooperating agency in the development of the EIS with respect to the requirements of

USACE regulations at 33 CFR 320 through 332, the federal Clean Water Act Section 404(b)(1)
Guidelines, Section 10 of the Rivers and Harbors Act of 1899, and the USACE public interest
review process.

Under Section 7 of the Endangered Species Act (ESA), all federal agencies participate in the
conservation and recovery of listed threatened and endangered species. Section 7(a)(2) of the
Act requires that federal agencies ensure that any action they authorize, fund or carry out is not

likely to jeopardize the continued existence of a listed species or result in the destruction~or
adverse modification of designated critical habitat. Furthermore, Section 7 provides guidance for
the consultation process and federal interagency cooperation to conserve federally listed species

and designated critical habitats, including the development of a Biological Assessment (BA). A
BA may be necessary if the information available to the lead federal agency and the U.S. Fish
and Wildlife Service (USFWS) through the informal consultation process is insufficient to
conclude that the proposed action is not likely to affect listed species or critical habitat that may
be present in the Project Action Area.

As a part of the licensing process, the NRC requested comment, in a letter dated January 12,

2009, from the USFWS on the environmental scoping process and federally protected species
within the area affected by the proposed construction of BBNPP. In response to the NRC
request, the USFWS indicated in a letter dated July 10, 2009 (Appendix A) that the BBNPP

project is located in proximity to three known hibernacula for the federally-listed, endangered
Indiana bat (Myotis sodalis) and the Indiana bat may be adversely affected by the clearing of

forested areas that support foraging, roosting or fall swarming habitat. In this same letter, the
USFWS recommended that PPL implement avoidance, minimization, and compensatory
mitigation measures to avoid adverse effects to the species (USFWS, 2009).

August 2012



Indiana Bat Biological Evaluation and Management Plan for the Bell Bend Nuclear Power Plant Project, Rev. 0

This Biological Evaluation and Management Plan (BEMP) has been prepared to provide the
NRC with baseline information for the development of a BA, which would determine whether
there would likely be any adverse effects from the Project on this federally protected species.
Appendix A provides the consultation record for the project. Appendix B provides a sequence of
maps illustrating the proposed phases of Project construction. Appendix C provides the results
of the site-specific Indiana bat mist net and roost tree surveys conducted for this project.
Appendix D provides a calculation worksheet related to funding of the Indiana Bat Conservation
Fund (IBCF) which is PPL's preferred Project mitigation alternative. Appendix E provides a
Resource Management Plan for Reforestation, Natural Succession and Habitat Conservation
Lands which has been identified herein as an alternative mitigation option.

1.2 Purpose

The purpose of this BEMP is to assess potential effects of site preparation activities, the
construction of support facilities, mitigation and restoration activities, and the construction,
operation and maintenance of the BBNPP on the Indiana bat.

1.3 Proposed Action

PPL is planning to construct and operate the new BBNPP on property adjacent to the existing
SSES Units 1 and 2. The purpose of the proposed new nuclear power plant is to generate
electricity (baseload power) for sale. The construction and operation of BBNPP will be
authorized by federal action resulting in the issuance of a COL by the Nuclear Regulatory
Commission under 10 CFR 52. BBNPP will be constructed based on the U.S. Evolutionary
Power Reactor (U.S. EPRTM) reactor design. Structures and facilities associated with the
construction and operation of the plant will include the main power block buildings, cooling
towers, switchyards and on-site transmission lines, a water treatment building, a wastewater
retention pond, an emergency water makeup pond, water intake and discharge structures, water
intake and discharge pipelines, storm water infiltration basins, plant access roads, a rail spur,
temporary and permanent parking areas, construction laydown areas and various temporary and
permanent ancillary facilities.

1.4 Affected Species

The USFWS has determined that the Indiana bat may be present in the area affected by the
Project, because of the proximity of the project site to several hibernacula, and it is therefore
likely that suitable habitat that exists within the BBNPP project area is used by this species
(Turner et al., 2009). The Indiana bat is federally listed as endangered and listed in the
Commonwealth of Pennsylvania as endangered.

2
August 2012



Indiana Bat Biological Evaluation and Management Plan for the Bell Bend Nuclear Power Plant Project, Rev. 0

2. CONSULTATIONS AND SITE SURVEYS

In December 2007, PPL requested an environmental review of the BBNPP site and vicinity for
the presence of rare, threatened and endangered species from the USFWS, Pennsylvania Game
Commission (PGC), Pennsylvania Fish and Boat Commission (PFBC), and Pennsylvania
Department of Conservation and Natural Resources (PDCNR). In the Commonwealth of
Pennsylvania, jurisdiction for mammals, including the Indiana bat, falls under the purview of the
PGC and the USFWS. Responses from all four agencies regarding the presence or absence of
rare, threatened and endangered species within the vicinity of a project area were valid for one
year .

In a letter dated January 18, 2008 (Appendix A), the USFWS indicated that the BBNPP site was
within the range of the Indiana bat and requested that PPL provide additional information on
forested areas that would be disturbed by the Project. The PGC, in a letter dated April 10, 2008
(Appendix A), indicated that the BBNPP site was within the range of two species of special
concern: small-footed myotis (Myotis leibii), which is state threatened, and northern myotis
(Myotis septentrionalis), which is a state candidate species. The Indiana bat was not included by
the PGC as a species of concern that may occur in the vicinity of the BBNPP site.

PPL provided the information requested by the USFWS on March 26, 2008 (Appendix A). In
response, in a communication dated April 21, 2008 (Appendix A) the USFWS requested that a
bat survey of the project area be completed between May 15 and August 15 and that any caves or
mine openings on the site be identified.

As a result of this letter, a survey was completed to determine if the Indiana bat was present on
the BBNPP site. This investigation was conducted by Dr. Karen Campbell, a USFWS-approved
Qualified Indiana Bat Surveyor, between June 7 and July 11, 2008 following the USFWS Bat
Mist Netting Guidelines. Study techniques included mist net sampling, acoustic (echolocation)
monitoring using hand-held AnaBat ultrasonic detectors, and a survey for cave and mine
openings that could indicate the potential presence of hibernacula on-site. The primary purpose
of surveys conducted under these guidelines was to identify the presence or probable absence of
maternity colonies.

No Indiana bats were collected by the mist net surveys and none were detected by acoustic
monitoring. In addition, no potential hibernacula were identified within the BBNPP Project
Boundary.

Although no Indiana bats were collected during the mist net survey, four northern myotis (Myotis
septentrionalis), eight little brown bats (Myotis lucifugus), and four big brown bats (Eptesicus

1 Effective July 2, 2012 PNDI receipts and clearance letters issued by the jurisdictional agencies are valid for two

years.
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fuscus) were captured, tagged and released. Results of acoustic monitoring were consistent with
the echolocation signatures for big brown bats and the Myotis species captured during mist
netting. The little brown and big brown specimens included reproductively active females, and
adult or juvenile males, while the northern myotis specimens were all adult males. These
findings suggest that northern myotis use of the site may be limited to roosting only, while the

other two bat species use the site for both roosting and maternity colonies (AREVA, 201 Ob).

The little brown bat (Kunz et al., 2010) and northern myotis (USFWS, 201 La) have the potential
to be listed by the USFWS in the near future.

Results of the investigation were included as part of the COL application Environmental Report
submitted to the NRC in October, 2008 (UniStar, 2010). As previously discussed, the NRC
subsequently requested comment, in a letter dated January 12, 2009, from the USFWS on the

environmental scoping process and federally protected species within the area affected by the
proposed construction of BBNPP.

The USFWS indicated in its July 10, 2009 response to the NRC (Appendix A) that the Service

could not conclude that either summer habitat for Indiana bat males or maternity colonies would
not be affected by the BBNPP Project, due to the mist netting survey area that was selected, and
it should be assumed that suitable forested areas on the site could potentially be used by Indiana
bats for fall foraging, roosting and swarming habitat, because BBNPP is located within 10 miles

of a hibernaculum.

On February 9, 2010 a meeting was held at USFWS Offices in State College, PA with
representatives of NRC, USACE and USFWS. The original topic of the meeting was to discuss
avoidance and minimization activities to protect the Indiana bat; however, USFWS also
discussed the need to perform a Biological Assessment (BA) for Indiana bats to fulfill ESA
Section 7 requirements relative to documentation of potential significant impact to the Indiana
bat. Discussion with the agencies also included lead agency designation and the scope of the
BA.

Representatives of the USFWS, NRC, USACE and PPL discussed the conclusions of the

USFWS response letter on June 1, 2010 (Normandeau, 2010a). Following the discussion, the
USFWS and USACE also inspected forested areas on the BBNPP site. As an outcome of the
discussion, the NRC determined that it should prepare a BA for the Indiana bat.

In September 2010, PPL requested environmental reviews for the presence of rare, threatened
and endangered species from the USFWS, PGC, PFBC, and PDCNR for a study area
encompassing the BBNPP Project Boundary and a surrounding 0.5 mile buffer. These
environmental reviews were needed to cover the expanded project area and because agency
responses to the initial project review were more than one year old and no longer valid.
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The PGC, in a letter dated December 28, 2010 (Appendix A), responded that potential impacts to

the Indiana bat may be associated with the Project. However, in contrast to the agency's April
21, 2008 response discussed above, no other potential species impacts were noted. Furthermore,
PGC stated that it would defer to the USFWS on potential project impacts, since the Indiana bat

is a federally-listed endangered species. No letter of response has been received yet from the

USFWS.

The USFWS, in a letter dated May 7, 2012 to the NRC (Appendix A), provided comments on the

draft Indiana Bat Biological Evaluation and Management Plan for the Proposed Bell Bend
Nuclear Power Plant Project Site (Draft BEMP), November, 2011. The Draft BEMP included
reforestation, natural succession, and conservation of certain existing forested lands as proposed
mitigation. The USFWS letter requested additional information on forest cover within 10 miles
of the BBNPP project site; a reanalysis of forest fragmentation as a result of construction
activities, revised language regarding "danger tree" removal between April 1 and November 15;

development of a Resource Management Plan for habitat conservation, reforestation and natural
succession lands proposed for mitigation; a request to start natural succession and reforestation,
and clarification on who will hold the conservation easement for the mitigation lands, and
commitment to a new mist net survey of the BBNPP project site in 2013.

This final BEMP, Rev. 0, addresses the above comments in the text, updates figures, provides a

schedule and maps of construction phases as Appendix B, includes as Appendix D a calculation
sheet in support of funding the IBCF, and includes a Resource Management Plan for
Reforestation, Natural Succession, and Habitat Conservation Lands that PPL is now proposing

only as an alternative to payment to the IBCF as Appendix E.

In addition, the USFWS in their May 7, 2012 letter noted a requirement for a new mist net

survey-in 2013. This issue is being separately addressed by PPL.

3. PROJECT DESCRIPTION

The BBNPP Project Boundary encompasses 2,055 acres (831.6 hectares [ha]) of land in an area
of open deciduous woodlands interspersed with grasslands, previously cultivated fields, and

orchards that support a variety of habitats as well as the facilities for the existing SSES Units 1
and 2 (Figure 1). The limit of disturbance (LOD) boundary associated with BBNPP
encompasses 687 acres, of which 677 acres (274 ha) will actually be disturbed by site
preparation and construction. Furthermore, 457 acres (185 ha) would be permanently dedicated

to BBNPP and its supporting facilities and converted to structures, pavement, or other

intensively-maintained exterior grounds, or from forested land to scrub/shrub vegetation within
transmission line and vehicle, rail and utility bridge corridors (UniStar, 2010). Impacts to natural

resources are expected to originate primarily from the site preparation activities and construction

phases of the Project, but will also result from the operation and maintenance of the new unit.
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Construction, operation and maintenance activities that could potentially affect the Indiana bat
are described below.

3.1 Construction

The area of construction disturbance within the BBNPP Project Boundary is illustrated in Figure
2. Of the total acreage to be disturbed, approximately 623 acres (252 ha) of impacts would occur
to areas that are not currently developed. Clearing and grubbing would result in temporary and
permanent conversions of various habitat types including forest, agricultural, wetland, and
scrub/shrub habitats.

Approximately 369.4 acres (149.5 ha) of undeveloped land would be permanently converted to
structures, pavement, or other intensively-maintained exterior grounds. These facilities will
include the proposed power block, switchyards, cooling towers, Essential Service Water
Emergency Makeup System (ESWEMS) Retention Pond, wastewater retention pond, water
treatment building, permanent parking and laydown areas, access roads, rail spur, and BBNPP

Intake Structure.

Approximately 220.3 acres (89.2 ha) of undeveloped land would only be temporarily converted
- to accommodate the concrete batch plant, temporary sedimentation pond, dredge dewatering
basin, topsoil stockpiles and temporary offices, warehouses, parking and laydown areas.
Temporary wetland losses associated with the installation of water intake and discharge pipelines
will be 0.71 acres (0.29 ha). Acreage not containing permanent structures would be restored by
grading and revegetating to the extent practicable and certain portions may be designated for

wetland or other habitat mitigation.

Approximately 33.0 acres (13.4 ha) would be permanently converted to accommodate
transmission lines and vehicle, rail and utility pipeline bridge corridors. These areas include both
forested upland and forested wetland areas that will require forest clearing for transmission line
rights-of-way and bridges. Transmission line corridors and areas under and adjacent to bridges
will be permanently maintained as scrub/shrub habitats in accordance with PPL vegetation
management programs.

Wetlands comprise approximately 1.25 acres (0.51 ha) of permanently lost terrestrial habitat.

Additionally, 742 linear feet (226 m) of stream channel outside of the wetlands areas will be

permanently filled.

Construction of the surface water CWS Makeup Water Intake Structure and blowdown diffuser
structure will involve very minor impacts of 0.61 acres (0.25 ha) and 0.46 acres (0.19 ha),
respectively, within the Susquehanna River. The remaining disturbed area of approximately 0.1

acres (0.04 ha) will be only temporarily disturbed to accommodate cofferdams, necessary
excavation work and other construction activities within the river.
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Total temporary and permanent losses of forested cover will include 222.2 acres (89.9 ha) of
upland deciduous forest and 11.3 acres (4.6 ha) of palustrine forested wetland. In addition to the
cleared forested areas, between 2.8 to 129.3 acres (1.1 to 52.3 ha) of forest will be fragmented

and isolated (depending on criteria applied to determine fragmentation as discussed below), and
therefore effectively lost temporarily or permanently as viable Indiana bat habitat.

With respect to potential forest fragmentation and isolation impacts, most research has shown

that Indiana bats predominantly forage, roost and travel within wooded habitats and are reluctant
to cross large open areas (USFWS, 2007). Murray and Kurta (2004) found that Indiana bats

consistently use tree-lined corridors and have been observed to increase commuting distances by
55 percent rather than cross large agricultural fields. Similarly, a study of radio-tagged bats in
Missouri found that heavily forested areas, riparian corridors and forest edges were the primary

areas of activity with no bats recorded in the open areas interspersed throughout the research area
(Ecology and Environment, Inc., 2009).

However, some research contradicts these findings as Brack (2006) documented an Indiana bat
maternity roost in an isolated 1.7 acre (0.7 ha) woodlot that was 525 feet (160 m) away from a
brushy fencerow of small trees. Although the distance traveled from the forest edge and over
non-forested habitats is unknown, Indiana bats from a maternity colony located in an agricultural
landscape in Ohio were often observed crossing open areas greater than 3,281 feet (1 km) in

length (Kniowski, 2011). Few studies have provided specific data on "capture distances from the

forest edge," but a study by Stantec et al. (2010) has shown that of the 1,124 foraging telemetry

points from 21 radio-tagged Indiana bats, 75 percent of the points were within 400 feet (122 m)
of forest edge and 97 percent were within 1,000 feet (305 m) of the forest edge.

Although Indiana bats have been documented to cross open areas greater than 3,281 feet (1 km)

in length, it is reasonable to conclude that Indiana bats are unlikely to utilize isolated forest
fragments located more than 1,000 feet (305 in) from forested habitat. Therefore, isolated forest
fragments on the BBNPP project site that are less than 1.7 acres (0.7 ha) and greater than 1,000
feet (305 m) from forested habitat could be considered effectively lost as viable Indiana bat

habitat. Based on these criteria and projected forest clearing of the BBNPP project site, as little
as 2.8 acres (1.1 ha) of viable Indiana bat habitat could be permanently lost due to physical

separation from suitable habitat (Figure 3).

With respect to permanent or temporary loss of Indiana bat habitat related to construction,
adverse impacts could be attributable to the presence of workers, machinery and lights during

both day and night in close proximity to forest blocks otherwise suitable as Indiana bat habitat.

Construction is scheduled to occur in ten phases and over seven years; a schedule and maps of
construction phases 1 through 10 is provided in Appendix B. If one assumes that all potentially
suitable forest blocks located in the central area of the proposed power plant site are likely to be
at least temporarily rendered unsuitable as Indiana bat habitat, then construction activities and
impacts could result in the temporary or permanent loss of up to 129.3 acres (52.3 ha) (Figure 4).
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Some of these areas of potential Indiana bat habitat may be lost during construction, but return as
suitable and viable habitat after construction. Regardless, the mitigation actions proposed in this
plan (Section 7.0) are designed to compensate for this loss.

In summary, with respect to habitat lost temporarily or permanently to isolation, fragmentation

or construction, we judge that during and immediately after construction as much as 129.3 acres
could be lost in both scenarios (Figures 3 and 4) but depending on the criteria applied with
respect to isolation and fragmentation, post-construction losses will vary from 129.3 acres (52.3
ha) to 2.8 acres (1.1 ha) of forested habitat.

The majority of both the upland and wetland forest cover that would be cleared is composed of
well-developed overstory and understory strata. Other vegetation losses from both permanent

and temporary disturbances will include approximately 63.4 acres (25.7 ha) of upland
scrub/shrub vegetation; 168.2 acres (68.1 ha) of old field vegetation and former agricultural land
including an abandoned orchard, 148.2 acres (60.0 ha) of agricultural land, and 7.2 acres (2.9 ha)

of palustrine emergent vegetation.

3.1.1 Transmission System Modifications

A new switchyard (Susquehanna 500 kV Yard 2) will need to be constructed, as well as the
additional transmission line work within the project boundary, to connect the BBNPP 500 kV
switchyard to the new Susquehanna 500 kV Yard 2. Design enhancements are being utilized to
minimize the footprints of both switchyards.

Although certain sections of two off-site transmission lines will need to be reconductored to
avoid network overloads during peak usage periods, no new off-site transmission corridors or
other off-site land use would be required to connect the new reactor unit to the existing electrical
grid (UniStar, 2010). Numerous breaker upgrades and associated modifications will be required
at existing off-site substations and switchyards, but all of the modifications would be
implemented within the existing substations and switchyards.

The 230kV transmission line currently passing through the BBNPP site will be relocated north of
Beach Grove Road to provide a buffer from the CWS cooling towers and to provide additional

areas for location of plant-related structures. This disturbance is estimated to be about 19 acres
of upland tree removal and is part of the approximately 33.0 acres (13.4 ha) that would be
permanently converted to accommodate transmission lines and vehicle, rail and utility pipeline,
and bridge corridors within the project boundary.

3.1.2 Wetland Mitigation Activities

A description of potential wetland mitigation activities that may be undertaken at the BBNPP site
is presented below. Mitigation measures for the Indiana bat are discussed in Section 7.
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Wetland mitigation in Pennsylvania is driven primarily by conditions established by the USACE
and Pennsylvania Department of Environmental Protection (PADEP) in permits issued under
Section 404 of the Clean Water Act and Chapter 105 Dam Safety and Waterway Management
Regulations. Wetland mitigation follows a sequencing process requiring avoidance of wetland
impacts, minimization of unavoidable wetland impacts, and compensatory mitigation to offset
impacts not able to be avoided or minimized. The proposed facilities have been sited and the

proposed construction has been configured to avoid encroaching into wetlands to the extent

possible.

Several measures are proposed to minimize unavoidable adverse effects to wetlands. The use of
silt fences, temporary and permanent vegetative stabilization, and other soil erosion and sediment
control practices will reduce the risk of sediment runoff into intact wetlands adjacent to disturbed

areas, as well as wetlands located downstream of the project area. Infiltration beds will be
constructed on the periphery of the power block, laydown, cooling tower, parking areas and

switchyard areas to collect and treat surface runoff and prevent degradation of adjoining
terrestrial and aquatic habitats. These and other BMPs are important in minimizing the changes
in hydrologic conditions from facility construction and operation.

Commonly used forms of compensatory wetland mitigation include restoration or enhancement
of degraded wetlands, creating (constructing) wetlands in areas that are not wetland, and
preserving areas of intact wetlands. The proposed wetland impacts would be permanent; hence,

restoring the filled wetlands after completion of construction activities would not be possible.

The following compensatory wetland and water body mitigation for the BBNPP site has been
proposed:

" Re-creating the same type of habitats as are lost.

* Creating wetlands in the same watershed as the permanently affected wetlands and
aquatic features disturbed by BBNPP construction, and in most cases in the same sub-

watershed.

* Replacing lost wetland habitat functions and values; selection and design of mitigation
measures for BBNPP will rely upon a site-specific functions and values analysis, which
identifies the important characteristics provided by those wetlands to be altered or lost as

a result of BBNPP construction.

* Providing mitigation at a ratio of wetlands replaced to wetlands lost that is greater than
the actual amount of sensitive resources affected to mitigate for temporal losses of
functions and values during the period of mitigation area maturation.

* Enhancing existing unaffected habitats on the BBNPP site so as to improve the physical

integrity, functions and values of riparian and wetland buffer zones.
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While proposed compensatory wetland mitigation for BBNPP has been designed to meet these
guiding principles, the ultimate determination of the areal requirements for mitigation will be
based upon the Project's unavoidable impacts. Based on US Army Corps of Engineer's criteria,
construction of the BBNPP Project would permanently impact approximately 1.25 acres (0.51

ha) of wetlands. In addition, 9.0 acres (3.6 ha) of palustrine forested wetlands located within
proposed transmission line rights-of-way and vehicle, rail and utility pipeline bridge corridors

will be permanently converted to scrub-shrub and emergent wetland types. This conversion will
produce temporary and indirect impacts. Also, the installation of water intake and discharge
pipelines will result in additional minor temporary wetland impacts of 0.71 acres (0.29 ha). The

total mitigation proposed for BBNPP would result in a substantially greater area of
compensatory wetlands than that impacted by construction.

While direct impacts to waterways are limited, restoration and enhancement of degraded

waterways on and near the BBNPP site have been included in the BBNPP wetlands mitigation

design as actions to reduce impacts to streams and wetlands. In addition, a limited program of
invasive species control, replanting of native tree and shrub species, installation of stabilization
measures and incorporation of physical in-stream habitat enhancements is proposed at waterways

within the BBNPP Project Boundary. Reforestation of wetlands and riparian areas totaling 10
acres (4.0 ha) would be expected to benefit Indiana bats as these areas are primary foraging

habitats.

A comprehensive 10-year monitoring and corrective action plan has been proposed for
implementation following the construction of BBNPP mitigation features. The plan will ensure
the original design goals are met, provide an active feedback mechanism allowing for

identification and correction of areas of concern within the mitigation areas, and meet applicable
regulatory agencies' requirements for annual reporting of the condition of the mitigation areas.

Specific wetlands mitigation plans have been developed and are provided in the Joint Permit
Application, Rev 1, filed with the USACE and DEP on November 21, 2011. Additional specific
detail on project impacts, compliance with regulatory standards and mitigation is provided in this
document.

3.2 Operation

BBNPP will produce approximately 1,600 megawatts of electricity that would be sold into the

regional market. This facility will consist of a four loop, pressurized water reactor with a
Reactor Coolant System composed of a reactor pressure vessel containing fuel assemblies; a
pressurizer, including ancillary systems to maintain system pressure; a reactor coolant pump and

a steam generator for each loop; associated piping, and related control and protection systems.
Operation of this facility will be regulated by the NRC.
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BBNPP will use closed-cycle, wet cooling systems. Two natural draft cooling towers will be
used to dissipate heat from the CWS that serves the main steam turbine condenser. There will
also be four smaller Essential Service Water System (ESWS) cooling towers to dissipate heat
from the Component Cooling Water System heat exchangers and the heat exchangers of the
Emergency Diesel Generators. Each of these four safety-related trains uses a two-cell
mechanical draft cooling tower to dissipate heat. Makeup water for all of the cooling towers will
be drawn from the North Branch of the Susquehanna River to replace losses from evaporation,
blowdown, and drift (UniStar, 2010).

Impacts from fogging, icing, shadowing, and drift deposition were modeled using the Electric
Power Research Institute's Seasonal/Annual Cooling Tower Impact (SACTI) prediction code.
This code incorporates the modeling concepts which were endorsed by the NRC Standard
Review Plans for Environmental Reviews for Nuclear Power Plants (NUREG- 1555) (NRC,
1999). The model provides predictions of seasonal, monthly, and annual cooling tower impacts
from mechanical or natural draft cooling towers. It predicts average plume length, rise, drift
deposition, fogging, icing, and shadowing, providing results that have been validated with
experimental data (UniStar, 2010). No ground-level fogging and icing would occur for the Bell
Bend natural draft cooling towers, since ground-level impacts are not possible for plumes from
tall natural draft cooling towers.

The maximum predicted salt deposition from the cooling towers is well below the NUREG-
1555, Section 5.3.3.2 (NRC, 1999) significance level for possible vegetation damage of 8.9
pounds per acre per month (10 kg per ha per month) in all directions from the cooling tower
during each season and annually. The maximum predicted salt deposition is less than 0.1 kg/ha
per month. Therefore, no impacts to vegetation from the salt deposition would be expected for
both on-site and off-site locations (UniStar, 2010).

Quantitative studies of vegetation and plant diseases were conducted for SSES from 1977
through 1994. Significant changes detected in plant community composition over this time were
attributed to normal vegetation dynamics such as succession and animal interaction, and not to
SSES operation (Ecology III, 1995). In addition, findings for plant diseases were similar for
preoperational (1977-1982) and post-operational (1983-1994) study periods. No effects of salt
drift from SSES were detected.

The principal noise sources associated with normal operation of the BBNPP cooling water
system are the CWS and ESWS cooling towers. Noise generated from cooling towers is more
specific to mechanical draft cooling towers, which use numerous fans to aid in heat dissipation.
Noise levels from natural draft cooling towers (i.e. no use of fans) are expected to be
insignificant. Noise surveys were conducted in the vicinity of SSES in February and March
2008 and June 2010, to measure ambient environmental community noise levels to establish a
baseline noise level in the presence of the existing two-unit SSES. Measured ambient sound
levels during operation of SSES could be attributed to normal, current environmental sources,
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such as traffic noise, high wind and rain and were not related to the existing plant (UniStar,

2010).

Noise generated by the CWS and ESWS cooling towers is unlikely to have any deleterious

effects on wildlife. Wildlife is generally more sensitive to sudden and random noise events,
which can induce a startle response similar to that induced by a predator, than to the steady

continuous noise produced by operation of a cooling tower (USFWS, 1988).

The proposed cooling towers would not be expected to cause substantially elevated bird
mortality due to collisions. Although infrequent bird collisions with the proposed cooling towers

are possible, the overall mortality potentially resulting from bird collisions with cooling towers
are reported to have only minor impacts on bird species populations (NRC, 1999). Similar to
PPL Electric Utilities, BBNPP plans to follow the Edison Electric Institute's (EEI) Suggested

Practices for Avian Protection on Power Lines and the Avian Protection Plan Guidelines

developed by EEI in conjunction with USFWS in this short transmission right-of-way. These
policies are considered protective of all regulated avian species, including migratory birds.

There are no major sources of air pollution in the vicinity of the BBNPP site. Existing diesel

generators and boilers at SSES Units 1 and 2 operate for limited periods. Diesel generators that
are associated with BBNPP will also operate for limited periods. Interactions between pollutants
emitted from these sources and the plumes from the cooling towers for SSES Units 1 and 2 are
sufficient distances apart that they would not have a significant impact on air quality (UniStar,
2010).

The water intake for BBNPP will be located just downstream of the existing intake structure for
SSES on the Susquehanna River. The discharge outfall will enter the river downstream of the

existing SSES discharge system through a buried pipe that will be connected to a multi-port
diffuser positioned perpendicular to the river flow. Because the discharge stream volume will be
small relative to the volume of the river, concentrations of solids and chemicals used in cooling
tower water treatment will rapidly dilute and approach ambient concentrations in the river after

exiting the discharge pipe. The operation of BBNPP will comply with a PADEP-issued National
Pollutant Discharge Elimination System (NPDES) permit, and the applicable state water quality
standards. All biocides or chemical additives in the discharge will be among those approved by
the U.S. Environmental Protection Agency (USEPA) and the Commonwealth of Pennsylvania as
safe for humans and the environment (UniStar, 2010).

The NPDES permit will also require a Post-Construction Stormwater Management (PCSM) Plan,
which prevents or minimizes the discharge of potential pollutants with the storm water discharge,

to reflect the addition of new paved areas and facilities and changes in drainage patterns. To
help intercept surface runoff and prevent degradation of adjoining terrestrial and aquatic habitats,
storm water infiltration beds will be constructed on the periphery of the power block, laydown,
cooling towers, parking areas and switchyard areas. These beds will be important in minimizing
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the changes in hydrologic conditions after construction is completed. Infiltration beds serve

several storm water functions including volume reduction, groundwater recharge, control of peak
runoff rates, and maintenance of water quality. Routing of runoff from the plant site through
infiltration beds will help maintain the temperature of the water being discharged into the

wetlands and minimize sediment transport to the wetlands.

Various types of waste would be generated by the operation of BBNPP. Wastes are classified as;

non-hazardous waste, sanitary waste, hazardous waste, mixed waste, and nuclear waste. BBNPP
will recycle, recover, or send off-site for disposal all solid waste other than spent fuel in

accordance with applicable state and federal regulatory programs.

3.3 Maintenance

Grounds maintenance activities for areas within the immediate vicinity of the power block and
CWS cooling towers will result in an intensively managed and permanently maintained
landscape with limited vegetative cover. Other areas on-site that are adjacent to and/or occupied
by transmission lines and switchyards, vehicle and rail access ways, storm water management
facilities, utility pipeline corridors, and ancillary plant facilities will also be subject to ongoing
maintenance activities that allow for only limited vegetative cover. These areas include both
forested upland and wetland areas that will be cleared for transmission line rights-of-way and

bridges. Transmission line corridors and areas under and adjacent to bridges that were
previously forested will be permanently maintained as scrub/shrub habitat in accordance with
PPL vegetative management programs.

In the Susquehanna River periodic sediment removal via dredging may be required to maintain

the depth of the area immediately in front of the entrance to the BBNPP intake structure. Based
on the current frequency of dredging at the SSES intake structure, it is anticipated that
maintenance dredging at the BBNPP intake would take place approximately once every 5 to 10
years. No impacts to Indiana bat would be expected from this periodic sediment removal

activity.

4. ACTION AREA

4.1 Background

The ESA Consultation Handbook defines the Action Area as encompassing all areas to be
affected directly or indirectly by the federal action and is not limited to the immediate area
involved in the action (USFWS and NMFS, 1998). Direct effects are defined as the immediate
effects resulting from the agency action on the species and/or its habitats, including the effects of
interrelated actions and interdependent actions. Interrelated activities are part of, and justified
by, the proposed action. Interdependent activities have no independent utility apart from the
action under consultation. Indirect effects are caused by or result from the proposed action, are
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later in time, are reasonably certain to occur and may occur outside of the area directly affected
by the action (USFWS and NMFS, 1998). In addition, the Proposed Action includes mitigation
measures that are proposed to be undertaken to benefit the species under review. Therefore, the
Action Area should include the vicinities in which these proposed mitigation measures would be
implemented.

4.2 BBNPP Action Area

The BBNPP Action Area encompasses all lands that potentially serve as Indiana bat habitat
which will be affected in some manner by the Proposed Action through direct, interrelated,

interdependent and indirect activities as described above. Direct effects relate to the area of
disturbance within the BBNPP Project Boundary where nearly all activities for construction of
BBNPP facilities (Section 3.1) will take place, as well as a 200-foot buffer around the

construction area to account for potential off-site construction-related noise effects on Indiana
bats (Section 6.0). Figure 2 identifies the Action Area with respect to direct effects.

Interrelated activities will consist of several off-site roadway intersection improvements to

mitigate traffic congestion associated with the construction workforce and the delivery of
construction materials, as well as the extension of potable water and sewer lines by the
Pennsylvania American Water Company and the Berwick Area Joint Sewer Authority,
respectively, to the BBNPP site (Figure 2). In addition, the Action Area with respect to
interrelated activities includes any on-site and off-site lands where Indiana bat mitigation

measures are being considered as discussed below and in Section 7.0.

Reforestation is being considered to take place on suitable BBNPP site lands as well as on
adjacent non-forested PPL-owned land (approximately 58 acres [23 ha] in total). PPL is also
considering allowing natural succession to take place on dedicated on-site and off-site
agricultural land (approximately 137 acres [48 ha] in total). The conservation of additional PPL-
owned lands is also being considered to conserve and enhance Indiana bat habitat and would be
implemented on on-site and off-site parcels of existing forest (approximately 386 acres [ 156 ha]
in total). On-site and off-site land parcels for reforestation, natural succession, and conservation
of existing forest have been identified and are included in the determination of the Action Area.

At this time, there are no known or foreseeable interdependent activities that should be integrated
into the Action Area. The proposed Susquehanna to Roseland transmission line project is
intended to satisfy an increased demand for electric power and enhance the reliability of the
electric grid in the northeastern portion of the PJM Interconnection region, and will be connected
to SSES Units 1 and 2. Although the transmission line will also provide an outlet for electric

power generated by BBNPP, it has independent utility, i.e., it is being constructed independently
of the BBNPP Project and its viability is not dependent upon the final outcome of the Project.
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Indirect effects that are certain to occur will result from operation and maintenance of BBNPP
facilities as discussed in Sections 3.2 and 3.3, respectively. However, as noted, these activities
will be confined largely to the project site.

4.2.1 Physical Conditions

As discussed in Section 3.0, the 2,055-acre (831.6-ha) BBNPP Project Boundary consists largely
of deciduous forest and fallow agricultural land in various stages of secondary succession.
Current land use supports a variety of habitats as well as facilities for the existing SSES Units 1
and 2 (Figure 1). Forested land comprises approximately 885 acres (358 ha) or 43 percent of the
land cover and consists of uplands and wetlands cover types. Upland forest (772 acres [312 ha])
is dominated by red maple (Acer rubrum), and to a lesser degree by red oak (Quercus rubra),
white oak (Quercus alba), and sweet birch (Betula lenta). Black cherry (Prunus serotina) and
black oak (Quercus velutina) are also relatively common. Forested wetlands (113 acres [46 ha])
are also largely comprised of red maple and to a lesser degree pin oak (Quercus palustris), silver
maple (Acer saccharinum), tulip poplar (Liriodendron tulipfera), and black locust (Robinia

pseudoacacia). Black cherry, black walnut (Juglans nigra), and river birch (Betula lenta) are
also relatively common (AREVA, 201 Oa).

Most of the mature trees on-site are between 40 and 70 years old, and the oldest trees are located
primarily in wetlands, on steep slopes, or in generally inaccessible areas that were not farmed
historically. Approximately 233.5 acres (94.5 ha) of forested land will be cleared for
construction of the BBNPP, of which 222.2 acres (89.9 ha) are upland and 11.3 acres (4.6 ha) are
wetland. In addition to the cleared forested areas, between 2.8 to 129.3 acres (1.1 to 52.3 ha) of
forest will be fragmented and isolated (see Section 3.1), effectively lost temporarily or
permanently as viable Indiana bat habitat (Figures 3 and 4). Additional minor temporary impacts
to forested wetlands associated with the installation of water intake and blowdown pipelines total
0.71 acres (0.29 ha).

4.2.2 Biological Conditions

Detailed surveys were completed in October 2010 and July 2011 to characterize the forested
areas that will be cleared for the BBNPP. The surveys focused on the suitability of the forest
areas as roosting habitat for Indiana bats and specifically addressed roosting habitat for males
during the summer and for both sexes during the time of fall swarming. Both the interior
sections and edges of these forest areas were surveyed for potential roost trees (PRTs) and the
results are presented in a report entitled Indiana Bat Roost Tree Study Report for the Proposed
Bell Bend Nuclear Power Plant Site Luzerne County, Pennsylvania, which is included in
Appendix C and summarized below.

The forested habitat on the BBNPP site was found to provide abundant foraging opportunities for
bats in general, including the Indiana bat. Bats often forage over water and wetlands, and along
forest edges. Standing water is present in most of the wetlands on the BBNPP site, depending on
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time of year and precipitation received. In normal years, many of the wetlands on the BBNPP site
contain standing water year-round.

Forest Areas of approximately 2 acres (0.8 ha) or greater (18 of 33 total) that were proposed for
clearing were surveyed for PRTs. Total forest area surveyed encompassed 46.2 acres (18.7 ha)
consisting of 41.7 upland acres (16.9 ha) and 4.5 wetland acres (1.8 ha). Out of the 255 PRTs in

the combined interior forest survey area, 118 were live, 114 were dead, and 23 were partially dead.
The average diameter-at-breast height (dbh) for all PRTs observed in the forest interior was 14
inches (36 centimeters). In regards to roost type, 252 PRTs offered potential roost sites in the form

of exfoliating or defoliating bark, 13 PRTs had suitable crevices, and 5 PRTs had suitable cavities.
PRTs may have more than one roost tree characteristic present.

Approximately 75,581 feet (23,035 meters) of forest edge along the forest areas were surveyed

for the presence of PRTs. Out of the 286 PRTs identified, 192 were live, 77 were dead, and 17
were partially dead. Similar to forest interiors, the average dbh for PRTs observed on the forest

edge was also 14 inches (36 centimeters). In regards to roost type, 285 PRTs offered potential
roost sites in the form of exfoliating or defoliating bark, 4 PRTs had a crevice suitable for roosting,

and 1 PRT had a cavity suitable for roosting.

PRT densities were compared to U.S. Department of the Interior (USDOI) standards for suitable
Indiana bat summer habitat which recommend a minimum of 6 PRTs/acre (14.8 PRTs/ha) for
interior forest and I PRT/500 feet (1 PRT/152 meters) for forest edges (USDOI, 2009). Interior
forest as a whole, and when subdivided into wetlands and uplands, essentially met or exceeded the
recommended 6 PRTs/acre (14.8 PRTs/ha) for suitable Indiana bat summer roosting habitat.
Wetlands, averaging 8.1 PRTs/acre (19.9 PRTs/ha), exceeded the threshold, and interior forest as a
whole (5.5 PRTs/acre [13.6 PRTs/ha]) and uplands (5.2 PRTs/acre [13.0 PRTs/ha]) were slightly
below the threshold. Forest area edges also provide PRTs at densities suitable for Indiana bat

summer roosting habitat. Forest edges as a whole, at 1.9 PRTs/500 feet (1.9 PRTs/152 meters)
also exceeded the USDOI recommended 1 PRT/500 feet (1 PRT/l 52 meters). Detailed results by

forest area are presented in the Indiana Bat Roost Tree Survey Report (Revision 2) provided in
Appendix C.

PRT quality for the site was evaluated based on the density of "high," "moderate," or "low" roost
trees as determined by the USFWS PRT ranking system (See Appendix C). Interior forest as a

whole yielded an estimate of 1.7 high PRTs/acre (4.2 high PRTs/ha), 2.4 medium PRTs/acre (5.9
medium PRTs/ha), and 1.4 low PRTs/acre (3.5 low PRTs/ha). Subdividing the interior forest into
wetlands and uplands indicated that wetlands provided higher densities of high PRTs (4.0 high

PRTs/acre [9.9 high PRTs/ha] versus 1.4 high PRTs/acre [3.6 high PRTs/ha]), similar densities of
medium PRTs (2.5 medium PRTs/acre [6.1 medium PRTs/ha] versus 2.4 medium PRTs/acre [5.9
medium PRTs/ha]) and similar densities of low PRTs (1.6 low PRTs/acre [3.9 low PRTs/ha]

versus 1.4 low PRTs/acre [3.5 low PRTs/ha]). The forest edges as a whole yielded an estimate of
0.6 high PRTs/500 feet (0.6 high PRTs/152 meters), 0.8 medium PRTs/500 feet (0.8 medium
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PRTs/152 meters), and 0.5 low PRTs/500 feet (0.5 low PRTs/152 meters). Detailed results by

forest area are presented in the report enclosed in Appendix C.

The roost tree study concluded that some of the surveyed interior forest and many of the surveyed

forest edges provided densities of PRTs suitable for Indiana bat roosting habitat based on USDOI
criteria. Additionally, based on the USDOI and USFWS criteria, forested wetlands provide higher
quality roosting habitat than forested uplands at the site. Forested wetlands had higher overall
densities of interior forest PRTs and higher overall densities of high PRTs than upland forests.

5. SPECIES AND HABITAT DESCRIPTION

5.1 Range and Population Level

The historic range of the Indiana bat includes much of the eastern United States, extending west
to Iowa and the Ozarks of eastern Oklahoma, north to Michigan, east to the Connecticut River
Valley and northern New Jersey, and south to northern Alabama and Arkansas. The species has
disappeared from, or greatly declined in, most of its former range in the northeastern United
States (Nature Serve, 2010). Range-wide, the total population of Indiana bats was estimated to
be about 417,000 in 2009. This population estimate is based on surveys of known over-
wintering sites (hibernacula) where Indiana bats gather and roost communally (USFWS, 201 lb).

The Indiana bat is found in low numbers throughout most of its range. The 2009 population
estimate is less than half as many as when the species was listed as federally endangered in 1967.
Fifty-two percent of the population occurs in Indiana, with less than one percent of the total

population estimated to be present in Pennsylvania (USFWS, 201 lb). Based on recent surveys
conducted by PGC biologists, the USFWS estimates that about 1,000 Indiana bats hibernate in
Pennsylvania. Nine Indiana bat summer maternity sites have been found in seven Pennsylvania

counties and there have been mist-net captures in summer habitat in four counties (Butchkoski,
2010).

Winter hibernacula have been documented at 19 locations in ten Pennsylvania counties, including
Luzerne County (Figure 5; Turner et al., 2009). Luzerne County has three known bat hibernacula
within a I 0-mile radius of the BBNPP site, the Glen Lyon Anthracite Mine, Dogtown Mines, and
the Penn Wind Hazleton 09 site (Figure 6). All three of these hibernacula occur in abandoned

anthracite mines and no interior bat counts have been possible due to safety concerns. Instead,
the total population of all species combined is estimated based on fall swarming activity near the
mine entrances (Turner et al., 2009). The total hibernating population for all bat species at the

Glen Lyon hibernaculum is estimated at 50,000 to 100,000 individuals, and the Indiana bat
component could range from dozens to more than 100 individuals (Normandeau 2010b).

Unpublished information indicates that bat abundance at Glen Lyon mines has decreased
substantially since the introduction of White-nose Syndrome (WNS). No population estimates
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are available for either the Dogtown Mines hibernaculum or the Penn Wind Hazleton 09

hibernaculum.

Indiana bat hibemacula are assigned priority numbers ranging from Priority I (highest) to

Priority 4 (lowest) based on the number of Indiana bats present (USFWS, 2007). All three
hibernacula in the vicinity of the BBNPP site are designated as Priority 4 sites, which are least
important to recovery and long-term conservation of Indiana bats, and have current or observed

historic populations of fewer than 50 bats (Turner et al., 2009). However, the Glen Lyon
hibernacula may qualify as a Priority 3 site, defined as having current or observed historic

populations of 50 to 1,000 bats (Normandeau, 20 1Ob).

Summer maternity sites for Indiana bats have been documented through mist netting or telemetry

studies at nine locations in seven Pennsylvania counties, consisting of Adams, Armstrong, Berks,
Bedford, Blair, Green and York counties (Butchkoski, 2010a; 20 1Ob). Based on range-wide
population estimates for the United States derived from winter hibernacula surveys, it is believed
that only a fraction of the existing maternity colonies have been found as they are widely dispersed

during the summer and difficult to locate. Although additional Indiana bat maternity colonies may
exist in Pennsylvania and elsewhere, they appear to be relatively less common in the mid-eastern
United States than in the Midwest, which is the more central portion of this species range
(USFWS, 2007).

As discussed in Section 2, there are no hibernacula located on-site, and a survey following the

USFWS Bat Mist Netting Guidelines (USFWS, 2007) conducted on the BBNPP site between
June 7 and July 11, 2008 did not identify any Indiana bats on-site. Three other species, the
northern myotis, little brown bat, and big brown bats were captured, tagged and released

(AREVA, 201 Ob). During the mist netting survey of the project area, Dr. Karen Campbell
reviewed the entire site topography and forest cover, using both aerial photography and by
walking on the ground to choose both appropriate mist netting locations and to identify the
location of any potential Indiana bat hibernacula within the BBNPP project boundary. One small

area of rock outcrop (41.0850820 latitude, -76.1601270 longitude) was found to the southeast of
the apple orchard and was thoroughly inspected by Dr. Campbell for attributes consistent with a
potential Indiana bat hibernaculum; none were found.

Additionally, Normandeau biologists conducted year-long field studies to identify and enumerate

birds, mammals, reptiles, amphibians, plants, plant communities, wetlands and stream
boundaries, fish, aquatic macro invertebrates, terrestrial insects and potential Indiana bat roost
trees on the entire BBNPP project site over a several year period beginning in late summer 2007
with subsequent studies conducted on new parcels in later years. These long-duration, site-wide

field surveys afforded Normandeau biologists an opportunity to walk over or observe at close
range virtually the entire project site, often repeatedly. The field biologists were instructed to
mark the location of any potential cave, mine opening or rock outcrop that could be a potential

Indiana bat hibernaculum within the BBNPP project boundary. None were found.
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Normandeau biologists contacted Calvin Butchkoski of the PGC, Carole Copeyon of the
USFWS and several biologists on the USFWS Qualified Indiana Bat Surveyor list to determine if
they were aware of any known or potential Indiana bat hibernacula within the BBNPP project

boundary. None were identified.

Lastly Normandeau accessed the PADEP Bureau of Abandoned Mine Reclamation's Abandoned

Mine Land Inventory System database and overlaid that information on the BBNPP site aerial
photography to locate any potential hibernacula on the site that field and remote sending efforts

might have missed. Figure 7 indicates that the closest known abandoned mine openings are

approximately 3 miles north of the BBNPP project site.

5.2 Threats

Significant threats to the Indiana bat include human induced disturbance and alterations at
hibernation sites, loss of summer habitat, contaminants, and WNS. Wind power development
also poses a threat, and vandalism and indiscriminant killing have also been a problem at some
caves (Butchkoski, E., 2010; USFWS, 2010a).

Disturbance within over-wintering caves causes bats to arouse, deplete their energy reserves, and
potentially increases over-winter mortality. Sources of disturbance include informal recreational
activities and commercialization of caves. Alteration of conditions at a hibernaculum can render

it unsuitable for over-wintering bats or exclude bats from entering. Exclusion of bats can occur
due to poorly designed barriers to human access or by gates installed for other reasons.
Additionally, improperly constructed gates can alter the air flow, trap debris, and block the
entrance by not allowing enough flight space. Altered exchange of air with the outside
environment can cause significant changes in cave temperature and humidity and may cause the
bats to abandon the cave. Changes in cave temperatures can also be induced by opening

additional entrances. Improperly constructed gates may also subject the bats to severe predation
as they attempt to pass through the gates (Nature Serve, 2010).

In response to these issues, most known, major over-wintering sites are currently protected in

some way. Despite protection at over-wintering sites, populations continue to decrease in
several portions of their range, suggesting that the species is being negatively affected by
disturbance or loss of summer habitat. Loss and degradation of summer habitat and roost sites
due to impoundment, stream channelization, housing development, clear cutting for agricultural
use, mining, or incompatible forest management practices that result in a shortage of the
microhabitats used for maternity roosts may be the primary factors in recent population declines

(Nature Serve, 2010).

BBNPP is located within the swarming area of three Indiana bat hibernacula, and development

of the BBNPP site would be expected to remove forest habitat for Indiana bats associated with
these hibernacula. To determine the effects of forest loss on a landscape scale, recent aerial
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photographs were assessed to determine how much of the landscape within 10 miles of the
BBNPP site are currently in hardwood and mixed-hardwood forest cover (see Figure 6). It is

conservatively expected that up to approximately 363 acres of forest cover (total of cleared forest
and forest considered lost due to fragmentation and isolation) would be lost due to development
of the BBNPP site, or 0.003% of the 119,335 acres of palustrine wetland, deciduous and mixed-

deciduous forest cover within 10 miles of the BBNPP site.

Pesticides and environmental contaminants may also affect all bats, including Indiana bats,
through two mechanisms. In local areas, insects may not be plentiful because of pesticide use,
reducing the food base of these species. Pesticide use may affect the quality as well as the

quantity of the bats' food supply. Environmental contaminants may also have health
consequences for bats, and they have the potential to absorb relatively high contaminant loads by
eating contaminated insects, drinking contaminated water, or absorbing the chemicals while
feeding in areas that have been recently treated (USFWS, 2010a).

WNS is an emerging threat to all species of hibernating bats, including the Indiana bat. WNS
was first observed in February 2006, west of Albany, New York, and more than a million
hibernating bats have died since then (USFWS, 201 1c). Affected bats usually have white fungus
on their muzzles and other parts of their bodies, and frequently lack adequate body fat to survive
until spring. These bats may exhibit uncharacteristic behavior such as moving to cold parts of

the hibernaculum, and flying during the day and during cold winter weather when the insects
they feed upon are not available. Since the disease emerged in 2006, bats displaying the
symptoms of WNS have been observed in and around caves and mines from Maine and New
Hampshire south to North Carolina and Tennessee and in the Canadian provinces of Ontario,

Quebec, New Brunswick and Nova Scotia. WNS is suspected in states as far west as Oklahoma,
and has been confirmed in Pennsylvania (USFWS, 2011 c). Ninety to 100 percent mortality has

been documented in some hibemacula and there is an emerging consensus that the mode of
transmissions is from bat to bat. This puts a highly colonial hibernator like the Indiana bat at
particular risk (USFWS, 2010c).

Bat fatalities at wind energy facilities have been recorded for a wide variety of bat species in

North America, including at least three Indiana bats (Baerwald et al., 2008; USFWS, 2010d,).
Both direct collision trauma and barotrauma have been reported as the proximate cause of these

fatalities. Barotrauma is a rapid pressure change that results in internal injuries to the thoracic
and abdominal cavities (Baerwald et al., 2008), Fatalities happen primarily during the migration
period (Arnett et al., 2008). The reason that migrating bats appear to be more susceptible to

collisions is unclear (Cryan and Barclay, 2009) but may be tied to specific behaviors associated
with the fall mating season. Indiana bats may migrate considerable distance between their
summer habitats and their hibernacula. Twelve female Indiana bats (the majority of which were
reproductive females) from maternity colonies in Michigan migrated an average of 477 km (296

mi) to their hibernacula in Indiana and Kentucky, with a maximum migration of 575 km (357
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mi) (Winhold and Kurta, 2006). Recent radio-telemetry studies of 130 spring emerging Indiana
bats (primarily females) from six New York hibernacula found that 75 percent of these bats were
later detected and all migrated less than 68 kmi (42 mi) to their summer habitat (Butchkoski et al.,

2008).

5.3 Species Description - Morphology and Behavior

The Indiana bat is a small insectivorous bat, with a very fine and fluffy, dull grayish chestnut

pelage above and pinkish white under parts. The wing membranes and ears are blackish-brown
and its total body length is 2.9 -4.0 inches (75-102 mm); wingspan is 9.5 - 10.5 inches (241-267

mm). It is similar in appearance to other myotids and makes a similar call. The ecology of the
Indiana bat is however, distinct.

The Indiana bat is a true hibernator, entering hibernation in the fall and surviving on stored fat

until spring. In Pennsylvania, this species begins to enter hibernacula in mid-September, and
begins hibernating by early November. Before going into hibernation, and again during the
spring emergence, bats swarm around entrances to hibernation sites and rely on nearby surface
habitat to forage for insects. Northern breeding populations may migrate south and in some

cases, winter and summer habitats may be as much as 278 miles (480 km) apart. Migrants leave
hibernation sites in late March and April. Females generally leave earlier than do males, with the
greatest exodus in mid- to late April. Some males migrate while most remain in the general

geographic vicinity of the hibernaculum throughout the summer (Nature Serve, 2010).

This species is notably gregarious during hibernation. In the center of its range, hibernating
individuals characteristically form large, compact clusters of as many as 5,000 bats, averaging

500 to 1,000 individuals per cluster (Nature Serve, 2010). In Pennsylvania, where the population
of Indiana bats is lower, this species often mixes with little brown bats (Butchkoski, E., 2010).
Clusters form in the same area in a cave each year, with more than one cluster possible in a
particular cave. Clustering may have certain benefits, including protecting the central
individuals from temperature changes, reducing the sensitivity of most bats to external
disturbance, or rapid arousal and escape from predators (Nature Serve, 2010).

Mating occurs in fall, when Indiana bats assemble at cave entrances at dusk and dawn in late
August and September. This swarming behavior appears to facilitate breeding and reduce the

chances of inbreeding in small summer colonies. Males arrive first at the swarming areas, and
the number of bats and the proportion of females rises to a maximum in early September.
Females store sperm through the winter, fertilization occurs in spring and a single pup is born in
June-July. The rate of development in the young is dependent on weather, particularly the
temperature, and mothers have been observed moving non-volant young to warmer roost spots.

Typically, the young first fly at 25-37 days of age (Nature Serve, 2010).
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Reproductive female Indiana bats migrate from the hibernacula to summer roosting habitat, and

have shown strong site fidelity to their traditional summer roosting and foraging areas. They form
maternity colonies after arriving at their summer range (late March to mid-May) and cluster in
maternity roosts with suitable microclimates that facilitate roost temperatures favorable for prenatal

and postnatal development. Maternity colonies most commonly consist of 60 to 100 adult females
but may be larger, and may include females from more than one hibernaculum. Composition of
the colony is fluid with females moving between as many as 10 to 20 different maternity roost
trees. The majority of female bats use one to three primary maternity roost trees, while the rest of
the trees are alternate or secondary maternity roosts. These alternate or secondary roosts are
intermittently used by small numbers of females throughout the summer, or on only a few days, or

as temporary night roosts. Maternity colonies may occupy maternity roost trees for a number of
years; however all maternity roost trees are ephemeral and become unusable by losing important
structural characteristics such as bark, by falling to the ground, or due to competition with other
animals. The use of alternate maternity roost trees is thought to be a behavioral mechanism that
enables bats to evaluate new trees for use as future primary maternity roosts (USFWS, 2007).

The location of summer roosting habitat for non-reproductive female Indiana bats is less well
known. They may remain close to their hibernaculum or migrate to summer habitat where they
roost individually or in small numbers. Typically, non-reproductive females do not roost in
colonies but may be present in the same trees as reproductive females. Males are most commonly
found in the vicinity of their hibernaculum but may also disperse throughout the summer range and
roost individually or in small groups (USFWS, 2007).

In an Indiana bat population, the observed rate of mortality between birth and weaning was about
eight percent. Female survivorship in this same population was 76 percent for ages 1 to 6 years,
and 66 percent for ages 6 to 10 years. Male survivorship was 70 percent for ages 1 to 6 years
and 36 percent for ages 6 to 10 years. Maximum ages of banded individuals were 15 years for
females and 14 years for males (Nature Serve, 2010).

5.4 Species Description - Habitat Requirements

Indiana bat hibernation sites have stringent requirements, including noticeable airflow and the
lowest non-freezing temperatures possible. Only a small percentage of available hibernacula
provide these temperatures. Indiana bat sites usually also have some standing or flowing water

(Butchkoski, E., 2010; Nature Serve, 2010). Roost sites within caves may shift such that bats
remain in the coldest area, and individuals may move from a location deeper in the cave to a site
nearer the entrance as the cold season progresses. Relative humidity in occupied caves ranges

from 66 to 95% and averages 87% throughout the year (Nature Serve, 2010).

In summer and fall, Indiana bats primarily use wooded or semi-wooded habitats, usually near
water. Foraging is often focused on riparian areas, ponds, and wetlands, but also takes place in

upland forests and fields. Flying insects are the Indiana bat's typical prey items, and diet
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composition reflects prey present in available foraging habitat (Nature Serve, 2010). Generally,

Indiana bats roost under the exfoliating bark of trees and occasionally in longitudinal crevices
within trees. They rarely use cavities created by rot or woodpeckers, and are only infrequently
found using man-made structures (USFWS, 2007). However, most studies of roost characteristics
have focused on maternity roosts (described in detail below) and a more limited amount of data

suggests that roost preferences may be less strict for males and non-reproductive females.

For maternity roosts (primary and alternate), females prefer dead or nearly dead trees, or dead parts

of living trees such as dead trunks of trees with multiple trunks. They are occasionally found on
living trees with loose, peeling bark; however, these trees are thought to be used primarily as
alternate maternity roosts during exceptionally warm or wet weather. A wide variety of tree
species are used for maternity roosts and use is primarily related to local availability of trees with
suitable structure rather than a preference for a particular species. In addition, regional differences
in maternity roost tree characteristics may result from influencing factors such as weather and
altitude. Maternity roost trees are typically found in areas with high solar exposure such as
openings within a forest, in a fence line, or along a wooded edge. Higher solar exposure creates
warmer roosting sites and, thereby, facilitates faster prenatal and postnatal development of young

bats. Female Indiana bats may use structurally suitable trees in more interior sections of forest as
maternity roosts during exceptionally warm or wet weather (USFWS, 2007).

Maternity roost trees vary in size, although larger diameter trees are preferred and may provide
advantages for thermoregulation, as well as more roosting spaces. The average range-wide

diameter of primary maternity roost trees is 18 inches (45.7 cm) dbh. However, average diameters
of primary and alternate maternity roost trees in several Midwestern states ranged from 16 to 24
inches (40.6 - 60.9 cm) dbh, and an alternate maternity roost tree in Pennsylvania had a diameter
of only 11 inches. The minimum height of maternity roost trees is typically greater than 10 feet
(3.0 in), although the absolute height of maternity roost trees is thought to be less important than
height and position relative to surrounding trees, which can affect the amount of solar exposure
received by a tree (USFWS, 2007).

Male Indiana bats are more flexible in their preferred summer roosting habitat. They roost in the
same types of structurally suitable trees as females but not necessarily in areas with high solar

exposure. In addition, male bats are more likely to roost in living trees and trees that are smaller.
The average range wide diameter of male roost trees is 13 inches (33 cm) dbh (USFWS, 2007).

Beginning in the late summer and into the fall, Indiana bats return to the vicinity of their

hibernacula and engage in swarming behavior, which peaks in September and early October. This

behavior is characterized by large numbers of bats moving in and out of hibernacula at night but
with few roosting inside during daylight hours. Instead, the bats tend to roost individually in
surrounding forests. The characteristics of these roosting trees are not well known (USFWS,

2007).
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5.5 Similar Species Description

Two bat species with habitat affinities similar to Indiana bat have the potential to be listed by the

USFWS in the near future: little brown bat (Kunz et al., 2010) and northern myotis (USFWS,

201 la). Both species were captured during mist netting at BBNPP (see Section 2 and Appendix
C).

Little brown bats are typically found mixed in summer roosts and among hibernating clusters
with the less common Indiana bat. It is believed that the low statewide numbers of Indiana bats

may cause them to use little brown bats as surrogate roosting partners. Based on these two
species similar ecologies, biologists have used little brown bats as surrogates for Indiana bats to
sample traveling behavior from roosts to foraging areas (Steele et al. 2010). However, primary
foraging cores differ between the two species with little brown bats foraging on or adjacent to

major bodies of water (rivers and lakes) and Indiana bats focusing on intermittent streams and
dry forested hillsides (Butchkoski and Turner 2005).

Northern myotis are found throughout Pennsylvania but never in large numbers, even during
hibernation. Forested upland areas appear to be the primary summer foraging habitat for this

species containing larger and older trees with cavities and exfoliating bark, similar roost tree

characteristics as those utilized by Indiana bat. It typically forages only 1-3 meters above the
ground, flying among and above the understory shrubs. They frequently feed by gleaning, taking
insects off the ground or vegetation and then carrying them to perches for consumption (Steele et
al. 2010). This behavior is thought to allow them to eat larger prey than other Myotis species,
and one study of diet analysis found that this species consumes more orthopterans and large
beetles than little brown bats or Indiana bats (Lee and McCracken 2004).

6. EFFECTS OF PROJECT ACTIONS

6.1 Construction

The construction of BBNPP and all associated facilities will require the removal of 233.5 acres
(94.5 ha) of forest, 222.2 acres (89.9 ha) of which are upland forest and 11.3 acres (4.6 ha) of
which are forested wetlands. Based on available research (see Section 3.1), between 2.8 to 129.3
acres (1.1 to 52.3 ha) of forest will be fragmented and isolated, effectively lost as viable Indiana
bat habitat in addition to the area of forest clearing (Figures 3 and 4). With the exception of
danger tree removal discussed below, tree clearing will occur from November 16 to March 31
only, when Indiana bats are hibernating, to avoid direct impacts (direct mortality) to bats that
may be roosting on-site during the period of spring emergence through fall swarming. However,

seasonal restrictions on tree clearing will not avoid the potential for an indirect but permanent

impact on Indiana bats due to the loss of potential roost trees and foraging opportunities.
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To the extent practicable, PPL has adopted design measures that are intended to avoid and
minimize potential indirect impacts on Indiana bats due to habitat loss that may occur as a result

of the construction of BBNPP. These actions are further discussed below and summarized in

Section 7.1. These measures include adjustments to the overall layout of the Project to minimize
the project footprint, minimize habitat fragmentation, retain forested travel corridors, and to

avoid higher-value habitats. The effort to minimize habitat loss was focused on wetland and

riparian areas, where roost trees are present in greater densities (AREVA, 201 Oa) and where
Indiana bats also drink and often forage. Minimization of impacts to wetland and riparian areas

included retaining a 50-foot (15.2-meter) buffer around Walker Run and its tributaries and
adjacent wetlands. When impacts to streams and wetlands could not be avoided, silt fences,
temporary and permanent vegetative stabilization, and other soil erosion and sediment control
practices are proposed to reduce the risk of sediment runoff into intact wetlands and water bodies

adjoining the areas of disturbance, as well as wetlands and water bodies located downstream of
the project area. These BMPs will minimize the indirect effects on Indiana bats by reducing

adverse impacts on aquatic insect populations and riparian and wetland foraging habitat.

The proposed compensatory wetland and water body mitigation described in Section 3.1.2 is not

expected as a whole to result in adverse direct impacts to the Indiana bat. Any tree removal

associated with construction of compensatory wetlands will be conducted between November 16
and March 31. The long term impacts of compensatory wetland and water body mitigation will
be positive, as the overall wetland acreage in the vicinity of BBNPP will increase thereby

providing Indiana bats with additional foraging opportunities. Reforestation and wetland
creation and enhancement will be designed to provide Indiana bat habitat in the restored riparian
corridor.

Additional minimization and avoidance measures include the following:

* The use of pesticides and herbicides will be avoided or minimized during construction and

operation of BBNPP to avoid adverse effects to Indiana bats associated with ingestion of
contaminated insects and reduction in local insect populations.

" The following policy will be followed during construction and operation within the
BBNPP project boundary. It provides for the removal of trees that present a hazard to
property and workers undertaking activities near forested areas and may be implemented
at any time of the year. This policy is designed to comply with the Occupational Safety
and Health Administration's (OSHA) "Danger Tree Rule" found at 29 CFR
1910.266(h)(1)(vi). Section 7 of the Endangered Species Act (ESA) also provides for
removal of Danger Trees, and this policy is also meant to comply with the ESA.
Implementation of this policy will only occur in the rare instance that removal needs to

occur outside the November 16 to March 31 construction removal window.
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"Danger Trees" are defined as trees with significant defects and the potential to fall,

causing harm to workers or property. "Defects" include a wide variety of symptoms not
limited to damage cause by insects, lightning, ice/hail, overmaturity, disease, or from
impacts with adjacent falling trees/limbs. Dead standing trees or partly dead trees which

are stable and not exhibiting imminent danger of falling are not considered danger trees,
and will not be managed as such.

Potential danger trees that are greater than 5 inches dbh within the project boundary will
be evaluated as defined below. Potential danger trees that are less than 5 inches dbh may
be immediately removed without evaluation. Evaluation criteria employed for danger
trees greater than 5 inches dbh are contained in the 2008 United States Department of
Agriculture Forest Service publication "Field Guide for Danger Tree Identification and

Response," R6-NR-FP-PR-01-08.

Upon identification of danger tree(s) of 5 inches dbh or greater requiring removal the

tree(s) will be marked, documented with color photographs, and evaluated by a qualified
individual (biologist) before being professionally felled and removed.

* A qualified Indiana bat surveyor will observe the tree for bat emergence
beginning at least 30 minutes before sunset.

" If any bats are observed, the USFWS will be consulted prior to the cutting of the
tree.

" If no bats are observed emerging from the tree and no bats are heard on the tree,

the tree will be cut that evening immediately following the emergence survey. A
record of this determination will be maintained for 5 years. While lighting may

be necessary to safely fell the tree, no lighting will be used until after the
emergence survey is completed.

" When removing a danger tree, care will be taken to avoid damage to adjacent

trees or other environmental resources. Mechanized land clearing equipment such
as skidders will not be employed in danger tree removal.

" Records of routine vegetation management will be maintained for a period of 5

years.

Potential temporary impacts associated with construction of BBNPP consist of disturbance

created by noise, visual impacts, and increased night-lighting during night construction. Noise
will be generated by construction activities (i.e., movement of people, equipment, and vehicles

on-site) and vehicles bringing people and supplies to and from the construction site. Noises that
are sudden, loud, and occur unpredictably have the potential to have the greatest impacts.
However, all noise is expected to attenuate below the 80 to 85 decibel (dBA) threshold at which
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wildlife behavior is most affected (as discussed in Section 4) within 158 feet (48 meters) of the
active construction area. Noise impacts in the 200-foot (61-meter) buffer around the
construction zone may deny Indiana bats use of that habitat during construction. However, this
area is relatively small compared to the amount of habitat available in the vicinity of BBNPP.

Impacts which are perceived visually will be attenuated by the forest vegetation that surrounds
the site. Lighting used during night construction may have a temporary positive impact on bat
species that forage preferentially on the insects attracted by lights. However, lighting may also
have a temporary negative impact on bat species that avoid light. No current research indicates
if Indiana bats are included in either species group.

6.2 Operations

Impacts to the Indiana bat are anticipated to be small as a result of BBNPP operations. All
operational activities will occur within the portion of the property that has been altered by
construction, and bats are unlikely to be present due to the lack of suitable habitat, except as

discussed in Section 6.3. Noise, cooling tower vapor plumes, miscellaneous air emissions, and
cooling water and wastewater blowdown will emanate or be discharged from this disturbed area,
and generated wastes, except for spent fuel, will be recycled, recovered, or sent off-site for
disposal. However, these effects of plant operation will have no or minimal impact, as discussed

in Section 3.2.

Any increases in the volume or concentrations of pollutants in storm water discharges from
BBNPP will be minimized by implementation of BMPs described in the PCSM plan. The BMPs
will minimize the indirect effects on Indiana bats by reducing adverse impacts on aquatic insect

populations and riparian and wetland foraging habitat.

Other than denial of foraging habitat through their footprint accounted for above, the CWS
cooling towers are unlikely to create disturbance or mortality of Indiana bats through collision
with the towers. The cooling towers are large, immobile objects that should be avoidable by the
bats, which are known to generally avoid stationary objects. Studies of bird and bat mortality
attributable to collision with the cooling towers at the adjacent SSES between 1984 and 1986

found eight dead bats of three species and did not include Indiana bat (NRC, 1996).

Lighting used for safety and security purposes at night will be incrementally greater than the
lighting present from SSES. This lighting may have a positive impact on bat species that forage
preferentially on the insects attracted by lights. However, lighting may have a negative impact
on bat species that avoid light. No current research indicates if Indiana bats are included in
either species group.

No other activities that may disturb Indiana bats on the remainder of the property or in
surrounding habitats will occur as a result of plant operations.
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6.3 Maintenance

Impacts to the Indiana bat are anticipated to be small as a result of BBNPP maintenance

activities. All maintenance activities will occur within the portion of the property that has been
altered by construction and therefore provides no habitat for this species.

The use of pesticides and herbicides during BBNPP operations will be avoided or minimized as
previously discussed in Section 6.1 as they may have direct adverse effects on Indiana bats
through ingestion of contaminated insects and indirect adverse effects on Indiana bats by
impacting insect populations.

With the exception discussed in Section 6.1, any tree clearing during the operation of BBNPP
will occur from November 16 to March 31 only, when Indiana bats are hibernating, to avoid

direct impacts (direct mortality) to bats that may be roosting on-site during the period of spring
emergence through fall swarming.

The periodic dredging of river sediment will not impact the habitat of the Indiana bat, and no

other activities that may disturb Indiana bats on the remainder of the property or in surrounding
habitats will occur as a result of plant maintenance.

7. PROPOSED INDIANA BAT MITIGATION

7.1 Avoidance and Minimization Approach

The USFWS Guidance on Developing and Implementing an Indiana Bat Conservation Plan

provides a list of avoidance and minimization measures that have or will be implemented for the
proposed project. These are discussed above and summarized as follows:

1. To the maximum extent practicable, adjustments have been made to the overall layout of

the BBNPP Project to minimize the project footprint, minimize habitat fragmentation,
retain forested travel corridors, and to avoid higher-value habitats. The effort to minimize

habitat loss was focused on wetland and riparian areas, where roost trees are present in

greater densities and where Indiana bats also drink and often forage.

2. Minimization of impacts to wetland and riparian areas included retaining a 50-foot (15.2-
meter) buffer around Walker Run and its tributaries and adjacent wetlands.

3. To the maximum extent practicable, Project features were co-located (e.g., roads and
utility lines) and clustered (e.g., structures) to reduce forest clearing.

4. The BBNPP Project occurs in potential Indiana bat swarming habitat (near hibernacula),

so seasonal tree restrictions will be adhered to (trees will only be cut between November
15 and March 31).
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5. The detailed sequence of construction activities will not be known until construction
contracts are awarded, however, tree clearing in support of the BBNPP Project is

expected to generally occur in ten construction phases over a period of approximately
seven years (see Schedule and Maps of Construction Phases 1 through 10 in Appendix B
of the BEMP).

6. PPL will reforest approximately 10 acres to mitigate for wetlands lost along Walker Run
during the BBNPP project. Measures will be taken to ensure that soils are not compacted
to allow for successful tree establishment in these areas. The Walker Run mitigation will

be reforested with tree species preferred by Indiana bats (see Resource Management Plan
for Reforestation, Natural Succession and Habitat Conservation Lands in Appendix E of
the BEMP).

7. Only native plant species will be used when re-foresting and stabilizing soils in the

Walker Run wetland mitigation area.

8. When impacts to streams and wetlands cannot be avoided, silt fences, temporary and
permanent vegetative stabilization, and other soil erosion and sediment control practices are
proposed to reduce the risk of sediment runoff into intact wetlands and water bodies
adjoining the areas of disturbance, as well as wetlands and water bodies located
downstream of the project area. These best management practices (BMPs) will minimize
the indirect effects on Indiana bats by reducing adverse impacts on aquatic insect
populations and riparian and wetland foraging habitat.

9. A pollution prevention plan will be developed and implemented to ensure hazardous
materials (e.g., oils, lubricants, etc.) do not contaminate soils, wetlands, or waterways.

7.2 Development of Mitigation Alternatives

Development of the mitigation alternatives as described herein was based primarily on the
following inputs:

* Written communication from USFWS to NRC in July 2009;

" A meeting held among state and federal agencies and PPL representatives on June 1,

2010;

* A meeting held among state and federal agencies and PPL representatives on October 20,

2011,

" The Indiana Bat Range Wide Protection and Enhancement Plan (Range-wide PEP) for

surface mining (USDOI, 2009),
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0 Recent information from USFWS revised in May 2012 which provides the basis for
calculation of funding to the Indiana Bat Conservation Fund as a suitable mitigation

alternative, and

* The USFWS Guidance on Developing and Implementing an Indiana Bat Conservation

Plan
(wwaw.fws.gov/northeast/pafo/pdf/IBAT conservation plan guidance PAFO 07262011.

pddf)

7.3 Preferred Mitigation Option

As a supplement to the 10 acres of wetlands reforestation discussed above, the preferred concept
for Indiana bat compensatory mitigation for the BBNPP project is to fund the Indiana Bat
Conservation Fund (IBCF). PPL would place these monies in escrow prior to the initiation of
any site construction. The amount has been computed using the USFWS Calculation Sheet for
Indiana Bat Habitat Conservation (revised 5/17/12) provided in Appendix D. The BBNPP

Project will result in the loss of 236.3 to 362.8 acres (95.6 to 146.8 ha). PPL would offer an in-
lieu-fee contribution to the (IBCF) in the amount of $1,348,908.00 to compensate for the short-

and long-term habitat needs of the Indiana bat2. This funding would permit the permanent
conservation of off-site forested lands in areas that may be more valuable than the preservation
of on-site forested areas. In addition, due to similar habitat requirements and behavioral
ecologies, these land conservation actions would be expected to provide viable habitat for little
brown bat and northern myotis.

PPL would also provide the following public outreach as a component of its proposed mitigation.
A module on the life history, importance and protection of Indiana bats would be included in

ongoing environmental education programs conducted by PPL naturalists at the Susquehanna
Riverlands Environmental Preserve. Information on WNS, as well as efforts by PPL to avoid,
minimize and mitigate potential impacts to Indiana bat habitat within the BBNPP project area

would be added to the existing year-round environmental education programs provided at the
Susquehanna Energy Information Center. This program would seek to foster an appreciation by
the general public for the environmental challenges facing both Indiana bats and bats in general,
as well as programs to protect bats and conserve bat habitat.

7.4 Alternative Mitigation Option

An on-site mitigation alternative has been developed. This alternative is not PPL's preferred
option due to USFWS expressed interest to impose a permanent conservation easement upon

2 The final amount would be subject to change based on the results of the planned 2013 mist net surveys.
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mitigation lands. Further discussion is required with the USFWS before this mitigation option

can be considered further. This alternative would also include a public outreach component as
described under the preferred alternative.

Information on required mitigation ratios and other factors relevant to the development of a

suitable on-site mitigation plan is contained in the Range-wide PEP, and stems from the
reference discussions noted above. The following mitigation criteria from the June 1, 2010
meeting with the USFWS and the Range-wide PEP were specifically used as a guideline with

respect to the development of this mitigation alternative:

* Tree clearing should only occur from November 15 to March 31.

* Reforestation of at least 70 percent of the disturbed Indiana bat habitat, unless off-site

mitigation measures are incorporated.

* Tree species to be used in reforestation have been identified as having relatively high
value as potential Indiana bat roost trees and must equal at least 40 percent, or 160 live
woody stems, of a minimum of 400 live woody stems per acre. The list of acceptable
tree species can be found in Appendix E and is based on guidance provided in the June 1,
2010 meeting with the USFWS, review of literature (Carter, 2003; Gardener, 1991;
USDOI, 2009) and data on Indiana bat roosting requirements.

" A compensation ratio of 1:1 or greater for on- and/or off-site preservation of forest to

forested habitat loss.

* In lands set aside for habitat conservation, tree species identified as having relatively high
value as potential Indiana bat roost trees (see Appendix E) will be identified, and

protected, to enhance Indiana bat habitat.

" A Resource Management Plan (Appendix E) would be developed for post-construction

physical management methods of the forest cover preserved and forest replanted or
preserved as part of the mitigation package.

* Protection or creation of forested travel corridors linking forest blocks in the north and

south of the site.

" Riparian buffer zone protection.

To satisfy these requirements, PPL would create or conserve lands for potential Indiana bat

habitat in a strategically located 1,500-foot (457-meter) wide riparian corridor on or adjacent to

Walker Run. PPL would also create or conserve lands for potential Indiana bat habitat in a
strategically located 1,500-foot (457-meter) wide riparian corridor on or adjacent to the North
Branch of the Susquehanna River. These two corridors, located to the west and east of BBNPP
respectively, would protect or create forested migration corridors, preferred foraging habitat, and
potential roosting habitat. The created or conserved and subsequently managed habitat is both
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close to the area of impact and of similar quality to the affected habitat. Mitigation would
commence with initiation of construction activities based on the construction phasing schedule
(Appendix B).

Alternative mitigation actions to compensate for Indiana bat habitat loss are presented below and

include:

* Reforestation and Natural Succession,

* Habitat Conservation, and;

" Management of mitigation lands.

7.4.1 Reforestation and Natural Succession

Reforestation site preparation and replanting would be based on a site specific planting plan to be

developed based on guidance provided in the June 1, 2010 meeting with the USFWS and the
USDOI's Range Wide PEP, and in consultation with the USFWS. Reforestation would involve
planting select species of trees on designated land within the BBNPP Project Boundary that has
been cleared during construction of BBNPP and/or on adjacent PPL-owned land that is not

currently forested and is suitable for forest habitat. Lands proposed for reforestation within the
BBNPP Project Boundary as well as adjacent PPL-owned properties on the eastern side of the
Susquehanna River are shown in Figure 8. Approximately 58 acres (24 ha) would be reforested
within or adjacent to the BBNPP Project Boundary. The reforestation locations consist of land
that will be temporarily impacted by BBNPP construction, and are not planned for current or
future use3, and active agricultural land to be converted to forest. Included in the 58 acres (24
ha) are approximately 10 acres (4 ha) on which forested wetland creation will occur as part of
restoration of Walker Run. Only agricultural fields that are not classified as prime farmland 4

would be reforested.

In addition, natural succession on 137 acres (55 ha)would be undertaken on agricultural lands
within the BBNPP Project Boundary as well as adjacent PPL-owned properties within the
riparian corridors as shown in Figure 8.

3 Due to the USFWS expressed requirement to place all mitigation lands under a permanent conservation easement,
PPL is currently reconsidering potential future uses. This may result in modifications to this proposed mitigation
plan.

4 Prime farmland has the best combination of soil properties, growing season, and moisture supply needed to
produce sustained high yields of crops in an economic manner if it is treated and managed according to acceptable
farming methods (NRCS, 2010).
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Reforestation areas were selected by identifying PPL-owned lands within a 500-foot (152-meter)
corridor along Walker Run and a 500-foot (152-meter) corridor along the Susquehanna River,
providing improved habitat connectivity along this north-south oriented riparian corridor.
Natural succession areas were selected by identifying PPL-owned agricultural lands within a
1,500-foot (457-meter) meter) corridor along the Susquehanna River and Walker Run.

As part of this mitigation alternative, the combination of reforestation and natural succession
would equal an area that is approximately 54 to 83% of the number of acres of forest cover that are
to be cleared or lost to fragmentation and isolation during construction of BBNPP. The exact
percentage depends on which research criteria are applied to determine how much forest habitat is
lost to fragmentation and isolation. Not all disturbed areas are available for reforestation or natural
succession since certain areas will remain open for security, safety or future use.

Reforestation efforts would be planned and carried-out in consultation with the USFWS and
PDCNR Bureau of Forestry. Additional sources of technical information that may be used in
reforesting disturbed lands include the Forest Reclamation Advisories published by the
Appalachian Regional Reforestation Initiative (USDOI, 2010). As previously discussed, site
preparation and replanting would be based on a site specific planting plan to be developed in
consultation with the USFWS and PDCNR.

A long term monitoring and maintenance plan would be instituted to ensure that reforestation and
natural succession efforts are successful. Maintenance would include a program to control
invasive exotic plants. Reforested and natural succession lands would be inspected by a qualified
professional (forester, restoration professional or botanist) yearly during the growing season to
identify invasive non-native plants that have the potential to adversely affect the growth and
development of planted and/or volunteer saplings through competition or other interactions. The
inspector would make recommendations to PPL on species-specific control methods for known
problem plants identified in these areas. Proposed reforestation planting specifications and the
proposed monitoring and management plan for reforestation and natural succession areas are
further described Appendix E.

7.4.2 Habitat Conservation

Since it may take many years for forested areas that have been cleared to provide habitat
characteristics supportive of Indiana bat life cycle requirements, habitat conservation on parcels
of existing on-site and off-site forested areas to conserve and maintain or enhance Indiana bat
habitat is included in this alternative plan to further mitigate for the loss of habitat on-site.

In its July 2009 letter to the NRC regarding the BBNPP Project (USFWS, 2009), USFWS
indicated that "after reducing forest impacts via the avoidance and minimization measures, any
remaining unavoidable impacts on forest should be offset by permanently protecting forest
habitat off-site at a 1: 1 compensation ratio." Additional details of land compensation
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requirements were provided in a June 1, 2010 meeting with the USFWS and in the Range-wide

PEP.

Forest preservation areas were generally selected from PPL-owned existing forested lands along

a 1,500-foot (457-meter) corridor along Walker Run and along the Susquehanna River. Once
implemented, these mitigation measures are expected to provide forested migration corridors and
potential Indiana bat foraging and roosting habitat of varying stages of succession.

PPL has identified 386 acres (156 ha) of currently forested land within the BBNPP Project

Boundary and adjacent PPL-owned lands that are similar to the habitat that is being lost and
suitable for habitat conservation. These areas were selected by identifying PPL-owned forested
lands along a 1,500-foot (457-meter) corridor along Walker Run, plus additional existing

forested area situated in the northwest and southwest corners of the BBNPP Project Boundary,
and a 1,500-foot (457-meter) corridor along the Susquehanna River. These lands in combination
with areas selected for reforestation and natural succession would provide potential Indiana bat

foraging and roosting habitat of varying stages of succession.

Approximately 93 acres (38 ha) of existing forested areas are proposed for conservation within
the defined 1,500-foot (457-meter) corridor along Walker Run, 39 acres (16 ha) outside of the
defined 1,500-foot (457-meter) corridor along Walker Run but within the Project boundary, and
254 acres (103 ha) within the defined 1,500-foot (457-meter) corridor along the Susquehanna
River. All conservation is proposed upon existing PPL-owned lands (Figure 8). These

conservation areas alone are designed to compensate for the 236.3 to 362.8 acres (95.6 to 146.8
ha) of total temporary and permanent losses of forested cover on the BBNPP project site by a

ratio that would vary from 1.1:1 to 1.6:1 depending on the research criteria applied to determine
how much forest habitat is lost to fragmentation and isolation. The sum of reforestation, natural

succession, and conservation areas would total 581 acres and would compensate in total by a
ratio that would vary from 1.6:1 to 2.4:1. See Figure 9 for a map of the BBNPP project site post-
construction if this alternative mitigation is undertaken, showing project features, remaining
forest cover and reforestation, natural succession and habitat conservation areas.

PPL would implement passive habitat management practices on all land proposed for habitat
conservation following suggested USFWS forest management guidelines. These guidelines are
appropriate to manage Indiana bat habitat that exists on the BBNPP project site and nearby PPL-

owned lands (Figure 8). The implementation of these guidelines is intended to result in the
establishment of optimal habitat. The guidelines consider the Indiana bat's needs for foraging

and roosting habitat to survive and successfully reproduce. The proposed Resource Management

Plan for Reforestation, Natural Succession and Habitat Conservation Lands is provided in
Appendix E.
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7.5 Mitigation Measures Evaluated but Not Selected for Implementation

White-Nose Syndrome (WNS) Research Funding

Because PPL is able to provide either funding to the IBCF, or alternatively reforestation, natural
succession, and habitat conservation land that would compensate for cleared forested habitat at a
ratio of at least 1.6: 1, no additional mitigation via funding of WNS research is proposed.
However, information on Indiana bat life history, importance and threats (including WNS) would
be included in the ongoing environmental education programs at PPL's Susquehanna Riverlands
Environmental Information Center.

Hibernacula Gates

USFWS has recommended that PPL consider the installation of bat friendly gates on hibernacula
that are known or likely to support Indiana bats (USFWS, 2009). There are no known Indiana
bat hibernacula within 10 miles of the BBNPP site that are both not gated and suitable for gating.
The installation of bat friendly gates on hibernacula beyond a 10-mile radius from the project
may be feasible. In any event, because PPL is able to provide either funding of the IBCF or
reforestation, natural succession and habitat conservation land that would compensate for cleared
forested habitat at a ratio of at least 1.6:1, this alternative mitigation option is not being
proposed.

8. CUMULATIVE EFFECTS ANALYSIS

As defined in the Consultation Handbook (USFWS and NMFS, 1998) cumulative effects include
"the effects of future State, tribal, local or private actions that are reasonably certain to occur in
the action area" of the project under consideration. The analysis does not include future Federal
actions unrelated to the proposed action, because they require separate consultation.

As discussed in Section 4, the BBNPP Action Area encompasses the area of disturbance within
the BBNPP Project Boundary (where nearly all construction activities will take place), as well as
a 200-foot (61-meter) buffer around the area of disturbance to account for potential construction-
related noise effects on Indiana bats both within and outside the construction zone (Figure 2).
Additionally, the Action Area includes several off-site roadway intersections which will be
improved, the extension of potable water and sewer lines from US 11 to the BBNPP site, and
areas where Indiana bat conservation measures may be undertaken on PPL-owned off-site lands.

State, tribal, local or private actions that are reasonably certain to occur for the above defined
action areas are discussed in the following sections.
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8.1 Area of Disturbance

Cumulative effects within the Action Area (BBNPP area of disturbance and surrounding 200-
foot buffer plus mitigation areas) that are reasonably certain to occur are limited to development
activities related to the Susquehanna Greenway Project. Several other effects that are unlikely to

occur are also addressed in this section to ensure a comprehensive analysis. These additional
effects encompass timber harvesting, surface mines and development of Marcellus shale natural
gas resources on the small areas of adjacent private land that overlap with the construction noise
buffer (Figure 2).

Susquehanna Greenway Project

The Susquehanna Greenway Project is an ambitious long-term plan to extend a greenway along

the entire length of the river. A major focus of the greenway plan is the development of a
network of recreation trails to link municipalities along the river corridor with parks and other

recreational areas, historic sites and other points of interest. The goal is to provide economic and

environmental benefits, as well as to connect people to the culture, nature, and beauty of the
Susquehanna River (SEDA-COG, 2009).

The North Branch Canal Trail (NBCT) is part of the larger greenway and is located along the
Middle Susquehanna River in Montour and Columbia Counties. A demonstration project for the
NBCT is currently underway for a 12-mile reach of the former canal towpath between Danville
and Berwick which is located several miles south of the BBNPP area of disturbance. The canal
and towpath also extend through the PPL Susquehanna Riverlands which already has an

extensive trail system. The demonstration project was initiated in 2010 and has a planned
completion date of 2016 (SEDA-COG, 2009).

PPL Corporation, generally through its subsidiary companies has a long history of providing
and/or supporting recreational and other projects that benefit local communities within its service
area. In support of the Susquehanna Greenway Project, PPL Holtwood, LLC, a PPL Bell Bend,
LLC affiliate, is already in the process of transferring up to 3,500 acres (1,414 ha) of company-

owned land along the lower Susquehanna River in Lancaster County and York County to private
conservation groups (Susquehanna Greenway Partnership, 2008). Therefore, there is a high
likelihood that the NBCT will be extended north through the PPL Susquehanna Riverlands in the

near future. Impacts from this project will be small as existing PPL Susquehanna Riverlands
recreational trails are well maintained and already suitable for this use. A short section of NBC
will be restored near the BBNPP intake structure as part of the overall site mitigation. Tree

cutting for trail or other improvements, if necessary, will be minimized and conducted during the
allowed November 16 through March 31 period when Indiana bats are hibernating. Cutting of
potential roost trees as defined by USFWS (AREVA, 2010a) will be avoided if possible.

36
August 2012



Indiana Bat Biological Evaluation and Management Plan for the Bell Bend Nuclear Power Plant Project, Rev. 0

Timber Harvesting

Pennsylvania is a leading producer of forest products, particularly black cherry (Prunus

serotina). Black cherry and other valuable timber species of marketable size are common within
the BBNPP area of disturbance and, therefore, these trees are likely to be present on adjacent
private lands that overlap with the construction noise buffer. The impact to Indiana bat roosting
habitat by selective timbering or even clear cutting of forests on these lands would be small as
forested land within this area is very limited in size. Indiana bats could move to suitable roosting
habitat in the much larger forested tracts surrounding the project site and located throughout the

region.

Surface Mines

Quarries that produce gravel and larger river stone materials are common in the BBNPP locale
due to past glacial activity, and the BBNPP area of disturbance includes two former surface
mines. Adjacent private lands that overlap with the construction noise buffer could potentially
be developed for this purpose. However, similar to timber harvesting, the impact of surface
mines on Indiana bat habitat would be small due to the relatively limited overall size of these
lands and the ability of the bats to move to suitable habitat surrounding the project site.

Natural Gas Development

The Marcellus shale formation underlies much of Pennsylvania and is the focus of intensive
natural gas development activity including well drilling and pipeline construction. However,
very little well drilling is occurring in Luzerne. at this time and the few wells that have been
installed are not located near any section of the BBNPP Action Area (PADEP, 2010).
Additional gas well development in Luzerne County may be limited as recent test wells did not
yield gas in commercially developable quantities (Hughes, 2010). Gas pipeline construction is
likely to occur in Luzerne County but almost certainly will not occur within the Action Area.

Furthermore, no new intrastate natural gas transmission pipelines are known to be currently
proposed in the immediate vicinity of the BBNPP area of disturbance, and there is no
information regarding any potential upgrades to the existing pipeline that runs through the

northeastern portion of the BBNPP Project Boundary. Intrastate gas pipelines, only, are
considered in this cumulative effects analysis as interstate pipelines are regulated by the Federal
Energy Regulatory Commission (FERC) and would go through a separate project specific ESA
Section 7 consultation process with USFWS. Therefore, the impact of Marcellus shale gas
development is considered small at this time.

8.2 Intersection Improvements

The Action Area includes several off-site roadway intersections which will be improved to
mitigate traffic congestion associated with the construction workforce and the delivery of
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construction materials. This effect will be insignificant as most improvements will occur within
the existing roadway footprint and, therefore, will not impact Indiana bat habitat. There are no
non-Federal actions that are likely to be associated with these highway improvements.

8.3 Potable Water and Sewer Lines

The extension of potable water and sewer lines by the Pennsylvania American Water Company
and the Berwick Area Joint Sewer Authority, respectively, to the BBNPP site is also included
within the BBNPP Action Area, and is enclosed by a 200-foot (61-meter) construction noise
buffer along each side of the right-of-way corridor (Figure 2). The impacts from pipeline
construction will be small as forest clearing necessary for this Project will be limited to a narrow
right-of-way immediately adjacent to the western side of Confers Lane.

Cumulative effects associated with this part of the Action Area are limited to the potential for
small amounts of additional forest clearing resulting potential minor residential development
within the noise buffer along Confers Lane, which could be facilitated by the new water and

sewer lines. The impact from this effect would be small since most of the developable land
along this reach of Confers Lane is already in residential use and largely cleared. Most of the
undeveloped land consists of regulated wetland that is unsuitable for most residential uses. In
addition, PPL is proposing to close Confers Lane just north of existing development areas.

8.4 Conservation Actions

Funding of the IBCF would be expected to have a high and beneficial effect on Indiana bats as
well as little brown bat and northern myotis. Alternatively, reforestation, if implemented by PPL
would provide future Indiana bat habitat as compensation for lost Indiana bat habitat (Section
7.3) and would involve planting select species of trees on 10 acres (4 ha) of land within the

BBNPP site that has been cleared during construction as well as on 48 acres (19 ha) of adjacent
non-forested PPL-owned land (Figure 8). Natural succession would provide future Indiana bat
habitat as compensation for lost Indiana bat habitat (Section 7.3) and would involve allowing
137 acres (55 ha) of PPL-owned agricultural lands to naturally convert to forest. Indiana bat
habitat conservation and management on 386 acres (156 ha) of currently forested land would
involve implementing select Indiana bat specific forest management practices to conserve and
enhance Indiana bat habitat (Section 7.4). No cumulative effects are expected from these
activities. The reforestation, natural succession, and habitat conservation and management
alternative would also have a high and beneficial effect on Indiana bats as well as little brown bat
and northern myotis.

9. CONCLUSION

In spite of the implementation of the avoidance and minimization measures described in Section
6, the construction of the BBNPP is likely to adversely affect the Indiana bat due to the loss of
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potential roost trees and foraging habitat. Where possible, impacts to Indiana bats will be
avoided and minimized. Mitigation would be provided for the unavoidable impacts to 236.3 to
362.8 acres (95.6 to 146.8 ha) of forested land that will be temporarily or permanently impacted
within the BBNPP Action Area as detailed in Section 7. The exact acreage of unavoidable
impacts depends on the research criteria applied to determine how much forest habitat is lost to
fragmentation and isolation.
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