
PPL NUCLEAR DEVELOPMENT

PPL Bell Bend Nuclear Power Plant

Luzerne County, Salem Township, Pennsylvania

401 Water Quality Supplement

BINDER 3
Additional Reports and SRBC Applications

Items 34-38

June 2012



Table of Contents

Binder 3:
Additional Reports

34. Susquehanna River Thermal Plume and Dilution Modeling BBNPP
35. 2012 Mussel Scope
36. 2012 YOY Smallmouth Bass Study Plan
37. Schedule

Other
38. SRBC Applications (See Application Index)



A AREVA NP Inc.,

AR EVA an AREVA and Siemens company

38-9083598-000

Susquehanna River Thermal Plume and Dilution Modeling
Bell Bend Nuclear Power Plant

AREVA NP Inc.
17 June 2008

Surfacewater Modeling Group
Environmental Resources Management
350 Eagleview Boulevard
Suite 200
Exton, PA 19341

Delivering .sustainable sot utfons ina n a i- I ERM



CONTENTS

1. OBJECTIVE ...................................................................................................................... 7

2. M ETHODOLOGY ....................................................................................................... 8

2.1. CORM IX ............................................................................................................................ 8
2.2. GEMSS ............................................................................................................................. 9

3. DATASETS .................................................................................................................... 11

3.1. Spatial data .................................................................................................... ... 11
3.2. Boundary condition data .......................................................................................... 12

SusEluehanna River tem perature and solids data ....................................................... 12
Susluehanna River flow and water surface elevation data ........................................ 12
Meteorological data ...................................................................................................... 13
SusEluehanna Steam Electric Station (SSES) data ................ .................................... 13
Bell Bend Nuclear Power Plant (BBNPP) data ........................................................... 14

4. SIM ULATIONS AND RESULTS ................................................................................. 16

4.1. Thermal plume configuration and size ............................... 17

Near-field ....................................................................................................... 17
F a r-fi e ld ........................................................................................................................... 1 8

4.2. Pennsylvania standards .......................................................................................... 20
4.3. Dilution results .......................................................................................................... 22

N e a r-fie ld ......................................................................................................................... 2 2
F a r-fi e ld ........................................................................................................................... 2 3

4.4. Travel Tim es .................................................................................................................. 24

N e a r-fie ld ......................................................................................................................... 2 4
F a r-fie ld ........................................................................................................................... 2 4

5. REFERENCES ........................................................................................................... 27

5.1. General References ................................................................................................ 27
5.2. GEMSS References ................................................................................................... 28

6. PORTRAIT-FORMATTED FIGURES ....................................................................... 30



7. LANDSCAPE-FORMATTED TABLES AND FIGURES ............................................ 40

APPENDIX A: GEMSS THEORY, ASSUMPTIONS AND APPLICABILITY ......................... 67

APPENDIX B: CORMIX DATA AND RESULTS ................................................................... 68

APPENDIX C: GEMSS DATA AND RESULTS .................................................................... 69



LIST OF FIGURES

Figure 1 GEMSS finite difference grid .................................................................................. 30

Figure 2 USGS Station No. 01536500 (SusEuehanna River at Wilkes-Barre) information sheet
.......................................................................................................................... ......................... 3 1

Figure 3 USGS Station No. 01540500 (Susluehanna River at Danville) information sheet ...... 32

Figure 4 Low flow statistics at Wilkes-Barre ......................................................................... 33

Figure 5 Monthly statistics at Wilkes-Barre ............................................................................ 34

Figure 6 Near-field thermal plume orientation and size for Scenario 1 ................................. 35

Figure 7 Near-field thermal plume orientation and size for Scenario 2 .................................. 36

Figure 8 Near-field thermal plume orientation and size for Scenario 3 .................................. 37

Figure 9 Near-field thermal plume orientation and size for Scenario 4 .................................. 38

Figure 10 Near-field thermal plume orientation and size for Scenario 5 ................................ 39

Figure 11 Excess temperature versus downstream distance for all five scenarios ................. 41

Figure 12 Near-field plume surface area versus temperature rise isotherms for all five scenarios
.................................................................................................................................................... 4 2

Figure 13 Near-field plume volume versus temperature rise isotherms for all five scenarios ..... 43

Figure 14 Excess temperature at the surface for cumulative SSES and BBNPP impacts for
S ce n a rio I ................................................................................................................................... 4 4

Figure 15 Excess temperature at the Lbttom for cumulative SSES and BBNPP impacts for
S c e n a rio 1 ................................................................................................................................... 4 5

Figure 16 Excess temperature at the surface for incremental BBNPP impact for Scenario 1 .... 46

Figure 17 Excess temperature at the Lottom for incremental BBNPP impact for Scenario 1 ..... 47

Figure 18 Excess temperature at the surface for cumulative SSES and BBNPP impacts for
S ce n a rio 2 .......... ......................................................................................................................... 4 8

Figure 19 Excess temperature at the Lottom for cumulative SSES and BBNPP impacts for
S ce n a rio 2 .................................................................................................................................... 4 9



Figure 20 Excess temperature at the surface for incremental BBNPP impact for Scenario 2 .... 50

Figure 21 Excess temperature at the ottom for incremental BBNPP impact for Scenario 2 ..... 51

Figure 22 Excess temperature at the surface for cumulative SSES and BBNPP impacts for
S ce n a rio 3 .................................................................................................................................. 5 2

Figure 23 Excess temperature at the I:ottom for cumulative SSES and BBNPP impacts for
S ce n a rio 3 ................................................ . ................................................................................. 5 3

Figure 24 Excess temperature at the surface for incremental BBNPP impact for Scenario 3 .... 54

Figure 25 Excess temperature at the Eottom for incremental BBNPP impact for Scenario 3 ..... 55

Figure 26 Excess temperature at the surface for cumulative SSES and BBNPP impacts for
S ce n a rio 4 ................................................................................................................................... 5 6

Figure 27 Excess temperature at the Eottom for cumulative SSES and BBNPP impacts for
S ce n a rio 4 ................................................................................................................................... 5 7

Figure 28 Excess temperature at the surface for incremental BBNPP impact for Scenario 4 .... 58

Figure 29 Excess temperature at the Lbottom for incremental BBNPP impact for Scenario 4 ..... 59

Figure 30 Excess temperature at the surface for cumulative SSES and BBNPP impact for
S ce n a rio 5 .......................................................................... ........................................................ 6 0

Figure 31 Excess temperature at the Lbttom for cumulative SSES and BBNPP impact for
Scenario 5 ........................................................ 61

Figure 32 Excess temperature at the surface for incremental BBNPP impact for Scenario 5 .... 62

Figure 33 Excess temperature at the Zottom for incremental BBNPP impact for Scenario 5 ..... 63

Figure 34 Near-field dilution versus downstream distance for all five scenarios ............... 64

Figure 35 D ilution value locations .......................................................................................... 65

Figure 36 Fully-mixed concentrations for dilution study ......................................................... 66



LIST OF TABLES

Ta Le 1 Characteristics of the models ...................................................................................... 8

Talie 2 CORMIX Eathymetric-related parameter values ....................................................... 11

TaEle 3 CORMIX discharge structure-related parameter values ........................................... 14

TaEle 4 Parameter values for the simulations ..................................................................... 15

Ta~le 5 Simulation summary with scenario descriptions ....................................................... 17

Ta~le 6 Near-field plume area (ftl) and volume (ft[) .............................................................. 18

Ta~le 7 Near-field plume area (mE) and volume (mE) .............................................................. 18

TaEle 8 Protected use receiving water Body temperatures, F ............................................... 21

Tarle 9 Extreme period analysis of plume size ..................................................................... 22

TaLle 10. Near-field dilution values ....................................................................................... 23

TaEle 11 Distance from BBNPP discharge ........................................................................... 24

TaEle 12 Near-field travel times o~tained from CORMIX simulations ..................................... 24

Ta Ele 13 Travel times (hours) for various locations of interest ............................ 26

Ta le 14 Travel times (minutes) for various locations of interest ........................................... 26

TaEle 15 Dilution values and related distances for various locations of interest .................... 40



RESPONSIBLE STAFF

The model application and report were prepared Ey Edward M. Buchak, Shwet Prakash, and
Venkat S. Kolluru of ERM[s Surfacewater Modeling Group. Quality Assurance reviews were
performed George A. Krallis, also a memEler of ERMFs Surfacewater Modeling Group.

UNITS

Conventional units are used in the analysis (foot-pound-seconds) rather than SI units (meters-
kilograms-seconds). Conventional units were used Eecause nearly all the data sources use
those units and Lecause Pennsylvania water luality standards are also written in conventional
units. For significant results, SI units are noted in parentheses.

Temperatures are denoted [FLE as in [the maximum SusEuehanna River was otserved to Le
86.5 F[] Temperature differences are denoted UTF[• as in Ethe maximum temperature rise is
33.8 IF.
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1. OBJECTIVE

ERMrs Surfacewater Modeling Group has E-een contracted Ely AREVA NP Inc. (AREVA), to
compute the size and configuration of the thermal plume from the cooling tower Elowdown
discharge at the proposed Bell Bend Nuclear Power Plant (BBNPP) and to compute the dilution
rates for this same discharge for various locations of interest.

Specifically, the assignment included the following tasks:

* Assem le relevant information

* Review applicaEle agencystandards for thermal discharges

* Perform CORMIX computations for centerline dilution and lateral distribution

* Compute 50 mile dilution

* Provide dilution and travel time estimates at additional locations, namely

o the nearest shoreline,

o the maximum impacted shoreline,

o the point on the shoreline where the site property ends,

o the nearest recreational shore (Leach),

o the nearest puElic water supply intake, and

o the plant[F cooling water intakes for all units.

o 50 ft from the discharge
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2. METHODOLOGY

To compute the size and configuration of the thermal plume and provide the dilution rates at the
specified locations identified Ey AREVA, two types of models were used. These models are
CORMIX for the near-field and GEMSS° for the far-field. To show the cumulative thermal effects
of the BBNPP, the size and configuration of the thermal plume from the existing cooling tower
Elowdown discharge from the SusEuehanna Steam Electric Station (SSES) was also computed.

Descriptions of the two models are presented in the following sectionsOTa~le 1 summarizes
their characteristics (U.S. Atomic Energy Commission, 1974).

Table 1 Characteristics of the models

Field I (1) Near-field 1_4) Complete-field
Dimension Lonaitudinal Yes Yes

Laeral Ye Ye
Vertical Yes Yes

Mathematical approach (1) Phenomenological (3) Finite difference
Approximations (not strictly applicarle for (2) BoussinestL(3) Hydrostatic pressure

phenomenological models)
Model verification Yes Yes
Computer program (1) Proprietary (must Ee purchased, (2) Availa~le on reLuest (open source

source code unavaila-le) ,ut retuires user registration to oitain)

2.1. CORMIX

The Cornell Mixing Zone Expert System (CORMIX) is primarily a design tool that has also Eeen
used Ey regulatory agencies to estimate the size and configuration of proposed and existing
mixing zones resulting from wastewater discharges. CORMIX is a near-field model, i.e., it
applies to the region ad[acent to the discharge structure in which the wastewater plume is
recognizaEle as separate from the amlient water and its tralectory is dominated Ey the
discharge rate, effluent density, and geometry of the discharge structure. The CORMIX
calculation is Eased on defining the various hydraulic zones an effluent plume traverses when
introduced into a receiving waterEody, then applying an analytical solution or empirical
relationship to compute the plume tra[ectory and dilution rate in each zone. Each of these
analytical solutions and empirical relationships has Eeen validated Ey the developers and other
researchers against aEloratory and field studies. CORMIX has Egen applied to many cases and
is recognized Ey the USEPA as an appropriate model.

CORMIX v5.OGT (the latest version) was used for the BBNPP calculations (MixZon Inc. 2007).

CORMIX has several limitations. It assumes steady-state conditions and unidirectional, uniform
flow in the receiving waterEody. Secondly, CORMIX has simplified geometric capa~llities. It
assumes an idealized waterEody with straight sides and a single, positive Eottom slope or no
slope at all. CORMIX cannot consider multiple discharge structures with overlapping plumes.
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Because CORMIX does not apply to the far-field, which is the region in the receiving waterlody
in which the amEient flow fields dominate the transport of wastewater, a three-dimensional
hydrodynamic, transport, and fate model is generally used to compute the tra[ectory and dilution
of the wastewater plume in the far-field.

2.2. GEMSS

The hydrodynamic model chosen to assess the far-field characteristics of the thermal plume and
dilution is the Generalized Environmental Modeling System for Surface Waters (GEMSS0 ).
GEMSS is an integrated system of 3-D hydrodynamic and transport modules emiedded in a
geographic information and environmental data system. GEMSS is in the putlic domain and has
Eeen used for similar studies throughout the USA and worldwide. ERMEs Surfacewater Modeling
Group has special expertise with the model in that ERM staff contributes to the source code and
has completed many applications with the model.

GEMSS0 includes a grid generator and editor, control file generator, 2-D and 3-D post
processing viewers, and an animation tool. It uses a database approach to store and access
model results. The dataLase approach is also used for field dataBas a result, the GEMSS
viewers can Be used to display model results, field data or Ebth, a capaLility useful for
understanding the Behavior of the prototype as well as for caliLrating the model. The field data
analysis features can Le used independently using GEMSS modeling capaEility.

GEMSS0 was developed in the mid-1 980[ as a hydrodynamic platform for transport and fate
modeling. The hydrodynamic platform (Lkernelt0 provides 3-D flow fields from which the
distriBution of various constituents can Be computed. The constituent transport and fate
computations are grouped into modules. GEMSS modules include thermal analysis, water
Euality, sediment transport, particle tracking, oil and chemical spills, entrainment, and toxics.

The theoretical Easis of the hydrodynamic kernel of GEMSS is the three-dimensional
Generalized, Longitudinal-Lateral-Vertical Hydrodynamic and Transport (GLLVHT) model which
was first presented in Edinger and Buchak (1980) and su~seEuently in Edinger and Buchak
(1985), The GLLVHT computation has Eeen peer reviewed and puLlished (Edinger and Buchak,
1995tEdinger, et al., 1994). The kernel is an extension of the well known longitudinal-vertical
transport model that forms the hydrodynamic and transport Easis of the Corps of Engineers'
water Cuality model CE-QUAL-W2. Improvements to the transport scheme, construction of the
constituent modules, incorporation of supporting software tools, GIS interoperatility,
visualization tools, graphical user interface (GUI), and post-processors have Eeen developed By

Kolluru et al. (1998E1999L2003at20030).

Applications of GEMSSE and its individual component modules have Been accepted -y
regulatory agencies in the U.S. and Canada. GEMSS-Based studies have Eeen accepted Ey the
U.S. Environmental Protection Agency (EPA), and state agencies including those of California,
Massachusetts, Pennsylvania, Louisiana, Texas, New York, and Delaware. Washington State[r
Department of Ecology has adopted GEMSS as a tool for estuarine and water Buality modeling.
Most recently GEMSS has Leen puElished as a recommended three-dimensional hydrodynamic
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and water Buality model in studies funded Ey EPA and Ey the Water Environment Research
Foundation (WERF).

GEMSS0 has Eeen used for ultimate heat sink analyses at Comanche Peak, Farley, and
Arkansas Nuclear One. In Pennsylvania, it has Ceen applied at PPL[s Brunner Island Steam
Electric Station on the lower Sus~uehanna River, Exelonr• CromEy and Limerick Generating
Stations on the. Schuylkill River, and at several other electric power facilities. River applications
for electric power facilities have Been made on the Sus~uehanna (Brunner Island), the Missouri
(Laoadie), the Delaware (Mercer and GilFert), the Connecticut (Connecticut Yankee), and
others.

A GEMSS0 application reluires two types of data: (1) spatial data, primarily the water~ody
shoreline and Bathymetry, But also the locations, elevations, and configurations of man-made
structures and (2) temporal data, that is, time-varying Eoundary condition data defining tidal
elevation, inflow rate and temperature, inflow constituent concentration, outflow rate, and
meteorological data. All deterministic models, including GEMSS, reuire uninterrupted time-
varying Boundary condition data. There can [is no long gaps in the datasets and all reLUired
datasets must LO availa~le during the span of the proposed simulation period.

For input to the model, the spatial data is encoded primarily in two input files: the control and
Eathymetry files. These files are geo-referenced. The temporal data is encoded in many files,
each file representing a set of time-varying Boundary conditions, for example, meteorological
data for surface heat exchange and wind shear, or inflow rates for a tri~utary stream. Each
record in the Boundary condition files is stamped with a year-month-day-hour-minute address.
The data can Be sun[ected to Buality assurance procedures Ey using GEMSS to plot, then to
visually inspect individual data points, trends and outliers. The set of input files and the
GEMSSO executaEle constitute the model application.

The theory, assumptions, and Easis for applicaility of GEMSS are presented in Appendix A:
GEMSS Theory, Assumptions and Applicalility. Inasmuch as the BBNPP is a proposed facility,
the model has not Been verified for this application Ey comparing computed and oEserved
values.
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3. DATASETS

The datasets used to apply CORMIX and GEMSS to the BBNPP site are descri~ed Below.

3.1. SPATIAL DATA

The spatial data retuired for the near- and far-field models (CORMIX and GEMSS, respectively)
are the Sus~uehanna River depths and widths (the tlathymetryL) and the location of the
shoreline. For use in GEMSS, the spatial data are reEuired to Be geo-referenced to
Pennsylvania State Plane Li North, ft.

The Eathymetry and shoreline datasets were o-tained from the US Army Corps of Engineers,
Philadelphia District (USACE), who provided digital terrain maps (TIN[F), shoreline data in

ARC/INFO interchange file format (e00), and cross-section data from their FEMA HEC-RAS
model (AraEatzis, 2008). The transmittal letter contains a Lualifier that [this data may not De
suitaEle for other engineering design purposesLE The data coverage was from River Mile 205
(Scranton) to River Mile 104 (MillersEUrg, halfway Between SunEury and HarrisBUrg). The
BBNPP site is at River Mile 165. The cross-section data were converted to a point Eathymetry

file with an approximate spacing of 500 ft longitudinally. More spatially-detailed Eathymetric
contours in the immediate vicinity of the SSES intake and discharge were o[tained from
Pennsylvania Power and Light Company (1978), FIGURE 2.4-3.

The contours were digitized and geo-referenced and comEined with the data oEtained from the

USACE. The comlined dataset was used to create the GEMSS finite difference grid, shown in
Figure 1. The grid extends from 4,500 ft upstream of the SSES intake to 15 miles downstream,
with decreasing detail in the downstream direction. Typical horizontal resolution near the

BBNPP site is 30 ft By 50 ft, and 85 ft Ey 5500 ft at the downstream end. The vertical layers (not
shown) are 1 ft thick so that there are typically 8-12 layers representing the depth of the

Sus~uehanna River near the BBNPP site.

Values of the depth and width for CORMIXS simpler representation of the Sus~uehanna in the

vicinity of the BBNPP were also derived from the USACE and the Pennsylvania Power and
Light Company (1978) FIGURE 2.4-3. The elevation of the Bottom of the SusEuehanna River at
the BBNPP discharge was found to Be at 476 ft. The CORMIX parameter values are shown in
TaEle 2Ethe scenarios are introduced and discussed in Section 4.

Table 2 CORMIX bathymetric-related parameter values
Paaee Scnai 1 Scnai 2 Scnai 3 Scnai 4 Scnro1

Average depth, ft 11.5 10 13.81 10.8 1

Depth at the discharge, ft 11.5 1 10 1 13.8 • 10.8

W idth, ft I 750 1 680 1 790 1 720
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3.2. BOUNDARY CONDITION DATA

Boundary condition data are used to estimate surface heat exchange at the water surface and
to compute the flow of mass and energy entering and leaving the model domain. All simulations
used steady values of the Boundary condition data.

All values for the Loundary conditions discussed in the following sections are summarized in
TaEle 4.

To capture the seasonal Behavior of the thermal plume, a summer and a winter period were
chosen for simulation. Inasmuch as the Eoundary condition datasets are cataloged monthly, this
approach re~uired choosing a single month to represent these periods and oEtaining the
corresponding Eoundary condition data. The representative summer and winter months were
chosen on the Basis of the oEserved occurrences of the maximum and minimum temperature,
descri~ed Below.

Susquehanna River temperature and solids data

Ecology III has measured water temperatures 1620 ft upstream of the SSES intake structure on
the west Eank of the Sus~uehanna River daily Beginning in 1974 (Ecology III, Inc., 2008).
Maximum and minimum temperatures occur in August and January and these months were
selected to Ee representative of summer and winter conditions. The maximum water
temperature of 86.5 F was recorded on 15 Aug 1988 and 4 Aug 2007. A minimum water
temperature of 32.0 F was recorded numerous times in January.

Total mineral solids (TMS) values for the SusEuehanna River were o~tained from Sargent &
Lundy (2008B), Aft. 3, TaEle 4, using the LSSES~values for 2/23/2006 for winter and 8/16/2006
for summer.

Susquehanna River flow and water surface elevation data

Flow rates in the Suscuehanna River are measured at United States Geological Survey (USGS)
sites upstream of the BBNPP site at Wilkes-Barre (Station No. 01536500) and downstream of
the site at Danville (Station No. 01540500). In addition there are several statistical summaries of
low and mean flows at these stations. These summaries are discussed Below.

USGS flow data and statistics for the stream gauges at Wilkes-Barre and at Danville are found
at the USGS we~site http://waterdata.usgs.gov/pa/nwis/inventory/Bsite~no=01536500&amp and
http://waterdata.usgs.gov/pa/nwis/inventory/Bsite ho=01540500&amp, respectively.
Screenshots of Both are provided as Figure 2 and Figure 3. For the selected January and
August simulations, mean and low flows at the site are reluired to show the extremes of the
computed size of the thermal plume and the downstream dilution values. Data and statistics for
the Wilkes-Barre gauge, upstream of the site, were used in this analysis.

Low flow frecuency statistics generated By Pennsylvania Department of Environmental
Protection (PA DEP) for the Wilkes-Barre gauge can Be found at the PA DEP we~site

SURFACEWATER MODELING GROUP
ENVIRONMENTAL RESOURCES MANAGEMENT

SUSQUEHANNA RIVER THERMAL PLUME AND DILUTION MODELING 17 JUNE 2008
REVISION 1, PAGE 12



r

http://pa.water.usgs.gov/pc38/flowstats/lowflow.ASPVVCIl=stats&WCU rID=2415. A screenshot
of the we[] site is provided as Figure 4. This we Esite provides a value of 890 cfs for the annual
7-day, 10-year low flow (7Q10) rate over the post-regulation period in the SusEbehanna River,
1980 to 1996. This annual 7Q10 value was multiplied Dy the PA DEPS default multiplier to
convert the annual 7Q10 to a monthly 7Q10 rate. The default multiplier for January is 3.2, and
the default multiplier for August is 1.4 (PA DEP, 2003).

The monthly mean flows used in the simulations for January and August were derived from the
historical record at the Wilkes-Barre stream gauge for the period 1980 to 1996. These data were
retrieved from the USGS weFsite referenced aEove for Wilkes-Barre. The monthly data are
provided in Figure 5.

For each selected flow, the corresponding water surface elevation was oLtained from the rating
taile presented as Attachment 7 in Ecology Ill (1991).

Meteorological data

To compute surface heat exchange, the coefficient of surface heat exchange (K) and
e~luilirrium temperature (E) method was used. Monthly average and extreme values of K and E
for National Weather Service sites in the USA are cataloged Ey the Environmental Protection
Agency (Environmental Protection Agency, 1971). The nearest cataloged site to BBNPP is
Avoca, Pennsylvania (WBAN 14777), 27 miles to the northeast. Other candidate sites
considered for this study were located at Williamsport-Lycoming County Airport (WBAN 14778),
which is 43 miles WNW of the site and at Penn Valley Airport, Selinsgrove (WBAN 14770)
which is 43 miles WSW of the site. Values from the Avoca site were chosen 11ecause of its
nearness to the BBNPP site.

For these simulations, the extreme values shown in FIGURE 104 (Environmental Protection
Agency, 1971) were used.

Susquehanna Steam Electric Station (SSES) data

The location of the SSES intake and discharge structures was oitained from PP&L Drawing No.
E105151. This drawing was scanned, digitized and geo-referenced to Pennsylvania State Plane
El North, ft. The general configuration and dimensions of the SSES discharge structure were
oEitained from Bechtel DRAWING No. C-95. The SSES intake structure was assumed to draw
from the Lottom of the SusLuehanna River.

For implementation in CORMIX, the discharge structure-related parameter values are shown in
TaLle 3.
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Table 3 CORMIX dischar e structure-related parameter values

Surface, single- or multi-port Multi-port with 72 individual ports
Opening diameter, in 4
Horizontal angle, degrees 0
Vertical angle, degrees 45
Height, ft 0 (at river Lottom)

The CORMIX variaEle [heightilis the distance of the ports a!iove the watertody Eottom. Bechtel
DRAWING No. C-95 indicates rocks placed nearly to the height of the ports (15 in aLlbve the
nominal zottom). For this calculation, it was assumed the ports are located at the Flttom.

The SSES intake and discharge rates and temperature rise were oEtained from PPL
Susluehanna, LLC (2006D) Page 4.1-1 and 4.1-2.

Total mineral solids (TMS) values for the SSES discharge were ottained from Sargent & Lundy
(20080), Att. 3, Tatle 4, using the [BLOW DOWNLivalues for 2/23/2006 for winter and
8/16/2006 for summer. These values represent a concentration factor of a~out four times.

Bell Bend Nuclear Power Plant (BBNPP) data

The location of the BBNPP intake and discharge structures was oitained from Sargent & Lundy
DRAWING NO. CSK-014, REV 1. The drawing contained the site utilization plan for BBNPP
overlaid on the existing SSES site. The BBNPP discharge structure was assumed to Le
identical to the SSES discharge structure. The BBNPP intake structure was assumed to draw
from the Lottom of the SusLuehanna River.

Maximum and average intake and discharge rates for the BBNPP were oitained from Sargent &
Lundy (2008E), Page 4 of 33.

Discharge temperature rises for BBNPP were derived as follows:

The discharge temperature rise for the summer (August) scenario was calculated Ey suritracting
the maximum ol~served summer amEient temperature of 86.5 F from the 90 F discharge
temperature provided Ey Sargent & Lundy (2008a). The 90 F discharge temperature represents
Option 1 D, i.e., no auxiliary heat exchanger (Page 4), yielding a discharge temperature rise of
3.5LIF.

The temperature rise for the winter (January) scenario was calculated as follows. First the
discharge temperature was estimated Ey assuming the MDT1 option (conservative in that the
approach temperature is higher than for the other options), then hy choosing the January
average wet LUILI temperature of 23.8 F (Page 9, Sargent & Lundy, 2008a) and an approach
temperature of 30[F (Fig. 6-1 of that same report), and finally Ey incrementing the latter ty 65,
as noted on Page 24 of that same report for the 90 F approach curve. The resulting discharge

temperature for the January scenario is 65.8 F. The January amLdient temperature was 0
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suLtracted from the January discharge temperature to oltain the discharge temperature rise of
33.81F.

Total mineral solids (TMS) values for BBNPP discharge were assumed to Ee eEIUal to the SSES
values.

Table 4 Parameter values for the simulations

Month January August
Extreme amElent F 32.0 Ecology III, Inc., 2008 86.5 Ecology III, Inc., 2008
temperature
Discharge temperature F 65.8 Sargent & Lundy, 2008a 90.0 Sargent & Lundy, 20080
Temperature rise [ 33.8 calculated 3.5 calculated
Discharge TMS mg/I 556 Sargent & Lundy, 20080 642 Sargent & Lundy, 2008D
Average intake rate gpm 27,850 Sargent & Lundy, 2008E] 27,850 Sargent & Lundy, 20081w
Maximum intake rate gpm 34,460 Sargent & Lundy, 2008E] 34,460 Sargent & Lundy, 20080
Average discharge rate gpm 9,290 Sargent & Lundy, 2008E 9,290 Sargent & Lundy, 2008Ew
Maximum discharge rate gpm 11,170 Sargent & Lundy, 2008E 11,170 Sargent & Lundy, 2008E
Low SusEluehanna River cfs 2,848 PA DEP, 2003 / USGS 1,246 PA DEP, 2003 / USGS
flow we isite weEsite
Low SusEluehanna River ft 486.8 Ecology Ill, Inc., 1991 486.0 Ecology Ill, Inc., 1991
elevation
Mean Sustiuehanna cfs 12,482 USGS weLsite 4,473 USGS weisite
River flow
Mean SusLuehanna ft 489.8 Ecology III, Inc., 1991 487.5 Ecology III, Inc., 1991
River elevation
Sus~uehanna river TMS mg/I 134 Sargent & Lundy, 2008[1 196 Sargent & Lundy, 2008w
Heat exchange BTU ft-4 58 Environmental Protection 104 Environmental Protection
coefficient (K) day 1 -1 Agency, 1971 Agency, 1971
EEuiliErium Temperature F 34 Environmental Protection 85 Environmental Protection
(E) Agency, 1971 Agency, 1971
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4. SIMULATIONS AND RESULTS

Five scenarios were simulated with Woth CORMIX and GEMSSC. The scenarios are
summarized in TaEle 5 and consist of comLinations of summer and winter mean and low
SusLuehanna River flow conditions. For each scenario, design values of the SSES and BBNPP
intake and discharge rates, temperatures, and total dissolved minerals were used as shown in
TaEle 5. Parameters common to all scenarios are shown in TaEle 4.

For Llbth models, the term [excess temperaturezis used. Excess temperature is the increase in
temperature over Gackground temperature (1amLientLor Wriaturall due to a heated water'
discharge.

To show Doth the incremental impact of the BBNPP thermal plume as well as the cumulative
impact of the comlined SSES and BBNPP thermal plumes, two sets of simulations were made
with GEMSS for each scenario. In the first set of simulations a single excess temperature was
included in the model, the sources of which were the temperature rises for the SSES discharge
and for the BBNPP discharge. This set of simulations showed the comElined thermal plume for
two discharges, i.e., the cumulative plume. The second set of simulations included only the
BBNPP discharge as the source of excess temperature, Elut did include the SSES discharge to
correctly model its effect on the amEient temperature. This set of simulations showed the
thermal plume due solely to the BBNPP discharge, i.e., the incremental plume.

Including Foth discharges in a single CORMIX simulation is not possiEle Lecause CORMIX is
incapaLle of modeling two plumes simultaneously. For the near-field, only the BBNPP was
modeled. This approach is satisfactory Lecause in the near-field, the plumes do not overlap due
to the 380 ft separation of the SSES and BBNPP discharges.
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Table 5 Simulation summa with scenario descriptions

Description Summer Summer low Winter mean Winter low Annual mean
mean flow flow (August) I flow flow flow

(August) (January) (January) (January)
SusEuehanna River flow, 4,473 1,246 12,482 2,848 12,800
cfs
Water surface elevation, ft 487.5 486.0 489.8 486.8 489.8
Suscuehanna River 86.5 86.5 32.0 32.0 32.0
Temperature, F
SSES
Temperature rise, deg F 12.5 12.5 31.0 31.0 31.0
Intake rate, gpm 42,300 42,300 42,300 42,300 42,300
Discharge rate, gpm 11,200 11,200 11,200 11,200 11,200

BBNPP

Temperature rise, deg F 3.5 3.5 33.8 33.8 33.8
Intake rate, gpm 34,458 34,458 *34,458 34,458 34,458

Discharge rate, gpm 11,172 11,172 11,172 11,172 11,172

4.1. THERMAL PLUME CONFIGURATION AND SIZE

The thermal plume was first modeled using CORMIX for the near-field region and then using
GEMSS' for the far-field region. Use of these two models provides a detailed near-field plume
configuration along with the far-field plume Lehavior for non-uniform channel geometry.

Near-field

CORMIX was used for near-field modeling of the thermal plume. The winter scenarios
(Scenarios 3, 4 and 5) used an am [ent river temperature of 32 F (0 C). CORMIX has an
inherent limitation that rezuires that the am ient temperature Le at least 39.2 F (4 C). In
CORMIX, the am [lent temperature is used to compute density and to estaLlish the Luoyancy
differential LLetween the effluent and amldent water. Since water has its maximum density at 4 C
which decreases with 17oth increasing and decreasing temperature, there are temperatures
aiove 39.2 F with densities identical to temperatures Lelow this value. In this case 46 F (7.8 C)
has a density identical to the density of water at 32 F. This temperature was used in the winter
CORMIX simulations.

The BBNPP discharge structure was assumed to Lie identical in configuration to the SSES
diffuser. The am[ient and effluent characteristics were taken directly from Talie 2 through Ta Le
5 and the discharge was modeled in CORMIX as a heated discharge using the heat loss
coefficients listed in Tatle 5. The near-field plumes from the five scenarios are shown in Figure
6 for Scenario 1, Figure 7 for Scenario 2, Figure 8 for Scenario 3, Figure 9 for Scenario 4, and
Figure 10 for Scenario 5. Note that CORMIX automatically sets the spatial scaling and thus the
scales varies from one diagram to the next. The wide discharge line passing through the origin
(0,0,0) along the y-axis depicts the diffuser of length 108 ft in all these diagrams.
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Scenario 2 with the smallest Susiluehanna River flow has the largest near-field plume as there
is limited mixing near the diffuser, resulting in an expanded near-field region. Scenario 4 has the
plume with the highest peak temperature due to the largest temperature rise (33.8FF) comElned
with the lowest SuslEUehanna River flow. During the summer period, Scenario 2 has the plume
with the higher peak temperature due to lower SusLOehanna River flow compared to Scenario
1. The excess temperature values in the near-field along the downstream distance for all five
scenarios are shown in Figure 11.

In the near-field, the excess temperature decreases to small values due to rapid mixing. During
the summer period, the discharge has an excess temperature of 3.5FF (11.9L3C) which decreases
to 0.13FF (0.07fIC) and to 0.29[F (0.16tC) within 50 ft of the discharge for Scenarios 1 and 2,
respectively. The winter period shows excess temperatures decreasing to 0.5[F (0.3EC), 1.751F
(0.97[C) and 0.5FF (0.31C) for Scenarios 3, 4 and 5, respectively at 50 ft.

It is also desiraLie to compute the surface area and volume of the plume at different
temperature rise isotherms. These areas and volumes provide an estimate of how much of the
waterriody is affected zy the thermal discharge. Figure 12 shows the area of the plume and
Figure 13 shows the volume of the plume for the five scenarios against the temperature rise on
the x-axis. A larger area (and volume) of the watertody is impacted at lower temperature rise
levels. These areas and volumes decrease with increasing temperature rise levels. A summary
of these plots is shown in TaEle 6 which lists the areas and volumes for preset temperature rise
levels.

+ I 1-
5 118 15.5 569 305.7 110 14.4
3 21 2.8 26 3.4 152 27'.6 1739 2851.5 133 21.9

2 67 8.8 83 10.9 352 136.8 4034 15759.5 314 118.3

1 113 14.8 296 89.8 1462 2358.6 Not Not achieved 1285 1960.4
achieved in in near-field

near-field

Table 7 Near-field lume area W) and volume W)

5.6 9 1.2 11 1.4 8 1.1

2.8 - - - - 11 1.4 53 28.4 10 1.4

1.7 2 0.3 2 0.3 14 2.6 162 264.9 12 2.0

1.1 6 0.8 8 1.0 33 12.7 375 1464.1 29 11.0

0.6 10 1.4 28 8.4 136 219.1 Notachieved Not achieved 119 182
in near-field in near-field

Far-field

GEMSSD was set up to model the far-field thermal plume emerging from the BBNPP discharge
for the five scenarios. All five scenarios were run under two different setups to capture 1oth the
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cumulative and incremental thermal plume. The first setup included Loth the SSES and BBNPP
discharges as excess temperature sources while the second setup included only the BBNPP
discharge as an excess temperature source. This approach facilitated studying the thermal
plume from BBNPP comtined with the SSES thermal plume as well as studying it separately.

Scenarios 2 and 4 represent the low flow conditions during summer and winter periods,
respectively. In general, during these conditions, the thermal plume is a[le to spread out due to
decreased amLient velocities. The diffuser is closer to the western shore and thus Scenarios 1
and 3, which represent the mean flow conditions for summer and winter respectively, show that
the thermal plume is pushed towards the western shore due to higher am ilent velocities.
Scenario 5, which is similar to Scenario 3, exhi~its similar plume characteristics. This process,
however, does not decrease the overall mixing of the discharge Lecause during the high flow
periods there is more water availa le to mix and the river surface elevations are higher.

The cumulative impacts of the SSES and the BBNPP for the surface and LEbttom thermal
plumes are shown in Figure 14 and Figure 15 for Scenario 1, Figure 18 and Figure 19 for
Scenario 2, Figure 22 and Figure 23 for Scenario 3, Figure 26 and Figure 27 for Scenario 4, and
finally in Figure 30 and Figure 31 for Scenario 5. During the summer period, the excess
temperature from BBNPP is small (3.465F). However, the thermal plume at the Fottom shows
excess temperatures greater than the BBNPP temperature rise Lecause the temperature rise
from the SSES discharge is large (12.5LF). The extent of this com[ined thermal plume,
however, is very small. The surface excess temperatures are less than 0.2[F (0.1 LC) for
Scenario 1, less than 0.8FF (0.41C) for Scenario 2, less than 0.6[F (0.3LC) for Scenario 3, less
than 0.6rF (0.3!C) for Scenario 4 and less than 0.6[F (0.3EC) for Scenario 5. Since the
discharge is located near the river Flottom, the com Lined thermal plume near the Eottom shows
a slightly increased maximum excess temperature with less than 2.75F (1.510) for Scenario 1,
less than 3.05F (1.7LC) for Scenario 2, less than 13.55F (7.510) for Scenario 3, less than 25.05F
(13.91C) for Scenario 4 and less than 13.51F (7.5LC) for Scenario 5. The extent of these plumes
at the Wottom are, however, very small (2.71F contour for Scenario 1 near BBNPP discharge is
only 75 ft). Both mean flow simulations (Scenario 1 and Scenario 3) have lower maximum
excess temperature compared to their respective low flow counterparts for the period (Scenario
2 and Scenario 4). The plumes for Scenario 1, Scenario 3 and Scenario 5 are pushed against
the western shoreline while the plumes for Scenario 2 and Scenario 4 are more spread out
laterally. Scenario 5 (also Scenario 3 which is very similar) has the highest river flow which
pushes the plume further towards the western shoreline compared to the other scenarios and,
when comdined with the shallow, near-shore Eathymetry produces a small recirculation eddy
that helps replace the water withdrawn from the intakes. This phenomenon results in the
thermal plume extending upstream as seen in Figure 30 and Figure 31.

The second setup shows the thermal plume attriL3tadle only to the BBNPP discharge, i.e, the
incremental impact. Under this setup the thermal plumes for the summer period are
considera~ly smaller (Figure 16 and Figure 17 for Scenario 1 and Figure 20-and Figure 21 for
Scenario 2) as the BBNPP discharge has a small excess temperature (3.55F). During the winter
period, the BBNPP excess temperature from the discharge is higher at 33.81F (18.8LC). The
maximum excess temperature seen at the surface are at less than 0.04[F (0.02 EC) for Scenario
1, less than 0.3[F (0.2DC) for Scenario 2, less than 0.351F (0.201C) for Scenario 3, less than
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0.3[F (0.2[C) for Scenario 4 and less than 0.351F (0.201C) for Scenario 5. The Lottom excess
temperatures are, however, in the same range as the comElned thermal plume with maximum
values at less than 2.55F (1.4LiC) for Scenario 1, less than 3.05F (1.7LC) for Scenario 2, less
than 13.0FF (7.2LC) for Scenario 3, less than 25.0FF (13.9EG) for Scenario 4 and less than
13.05F (7.21C) for Scenario 5. The plumes are shown in Figure 24 and Figure 25 for Scenario 3,
Figure 28 and Figure 29 for Scenario 4, and Figure 32 and Figure 33 for Scenario 5. The extent
of the Kbttom plume is very small (the 0.25FF contour is only 400 ft from the discharge for
Scenario 1, 0.301F is only 300 ft from the discharge for Scenario 2, 1.3FF is only 600 ft from the
discharge for Scenario 3, 2.5FF is only 650 ft from the discharge for Scenario 4 and 1.3F is only
580 ft from the discharge for Scenario 5)

4.2. PENNSYLVANIA STANDARDS

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

KMaximum temperatures in the receiving water Fliody 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 LDy more than 2FF during a 1-hour period.[]

The protected water use for the Susrzuehanna River adFacent to BBNPP is Warm Water Fishery
(WWF), as shown in Pa. Code, Chapter 93. Water Quality Standards, El 93.9k. Drainage List K
as WWF ([Warm Water FishesEl Maintenance and propagation of fish species and additional
flora and fauna which are indigenous to a warm water haEitatL) for the reach from the
Lackawanna River to West Branch SusEuehanna River. The WWF temperatures and
temperatures for two other protected uses are presented in TaLle 8. These values represent the
maximum allowaLie water temperatures at an unspecified distance downstream of the
discharge where fully-mixed conditions occur.
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Table 8 Protected use receiving water body temperatures, F

CWF=Cold Water FishesLWWF=Warm Water FishesLWrSF=Trout Stocking

CRITICAL USE: CWF IWWF TSF
PERIOD ,
January 1-31 38 40 40
FeDruary 1-29 38 40 40
March 1-31 42 46 46
April 1-15 48 52 52
April 16-30 52 58 58
May 1-15 54 64 64
May 16-31 58 72 68
June 1-15 60 80 70
June 16-30 64 84 72
July 1-31 66 87 74
August 1-15 66 87 80
August 16-30 66 87 87
Septemrer 1-15 64 84 84
SeptemEer 16-30 60 78 78
Octoter 1-15 54 72 72
OctoEer 16-31 50 66 66
Novem Eer 1-15 46 58 58
Novemter 16-30 42 50 50
DecemrEer 1-31 40 42 42

The SSES NPDES permit does not contain specific discharge temperature limits (PPL
SusLuehanna, LLC, 2006a), although the station is re~uired to meet WWF water temperatures
(Ta le 8) and to limit temperature changes to 2LF per hour.

Experience with other sites and an examination of the language in the PA DEP guidance
document (PA DEP, 2003) indicates PA DEP may include in the NPDES permit for BBNPP an
end-of-pipe limit of 110 F and a heat load limit Eased on the difference Detween amEient
temperature and the critical use temperatures shown in TaEle 8. Because actual limits are set
when the NPDES permit is issued, no definitive statement can De made regarding the thermal
discharge limits that will Ce set for the BBNPP, except to note that SSES does not have either
the 110 F or the heat load limit. In developing the NPDES permit conditions for BBNPP, PA
DEP may choose to consider the cumulative effects of the com-ined SSES and BBNPP
thermal.

Because the WWF temperature limits vary Ely season as shown in TaCle 8, limiting [lowdown
temperatures to less than the maximum WWF temperature of 87 F does not guarantee that the
system will Le in compliance with WWF temperatures at other times. To assess compliance at
seasonal extremes, additional near-field simulations were made to determine the size of the
thermal plume under conditions when [lowdown temperatures are at a maximum and
Sus~uehanna River temperatures are at a minimum, yielding the maximum temperature rise in
the River. These simulations utilized average SusEluehanna River flows to represent a severe,
Lut not extreme, case. The comparison metric is the distance along the centerline downstream
of the BBNPP discharge where WWF temperatures are attained. These distances are shown in
Ta~le 9. In this tarle, the [lowdown temperature rise is the difference Detween the Elowdown
temperature and the WWF am[ient stream temperature (PPL SusEuehanna, LLC, 2006a). The
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WWF am [ent stream temperature is an assumed natural temperature typically used LY the PA
DEP in computing waste heat load allocations. The target excess temperature in TaEle 9 is the
difference ietween the WWF am[ent temperature and the WWF temperature limitEthis
difference represents the excess temperature isotherm at which the WWF temperature limit is
attained.

Table 9 Extreme L:eriod analysis of Llume size

January 1-31 40 35 65.8 30.8 5.0 170
July 1-31 87 751 90 15.0 12.0 0.3

August 1-15 87 74 90 16.0 13.0 0.3

August 16-30 87 74 90 16.0 13.0 0.3

Centerline distances are very small and none of the target excess temperature contours reach
the water surface. The results of this calculation indicate that BBNPP Elowdown plume will Le in
compliance with WWF temperatures during other WWF periods.

4.3. DILUTION RESULTS

Using the near-field and far-field models, dilution of a numerical, non-decaying dye representing
only the BBNPP discharge was computed along with the thermal plume. The dye was released
at a nominal concentration of 100 mg/l. The results are reported as [-dilution0l defined as in
EI-uation 1 where CDischarge is the concentration of dye released from the discharge (100 mg/I)
and C is the concentration at a particular location of interest. To oEtain the concentration of any
other constituent at a location at which dilution is availaEle, EEuation 2 can Le used.

Equation 1

Dilution - CDisch FCe

C

Equation 2

C - Disch L Ce
C-

Dilution

Near-field

CORMIX simulations for thermal plume provided near-field dilution values. These dilution values
are shown in Figure 34 and in TaEle 10 for all five scenarios. Note that Scenario 2 has the
lowest dilution as this is the scenario with the lowest Susiuehanna River flow while Scenario 3
has the highest dilution due. to high Susiuehanna River flow. The dilution values range from 11
to 70 near the end of the near-field region. Any suiseiuent dilution occurs in the far-field region
and was modeled using GEMSS°.
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Table 10. Near-field dilution values

Scenario 1 26.9
Scenario 2 11.8
Scenario 3 67
Scenario 4 19.2
Scenario 5 68.7

Far-field

The far-field dilution values oLtained from GEMSS0 at different locations of interest (shown in
Figure 35) are listed in TaEle 15, shown in Section 7 Landscape-formatted tafles and figures.
The model was run for a period of 21 days which was sufficient to achieve a steady state. The
numerical dye used to compute dilution values eventually spreads across the entire cross-
section of the river resulting in fully-mixed conditions. The distance at which these fully-mixed
conditions are achieved varies with different scenarios and is also listed in Ta~le 11. All
locations Leyond this fully-mixed region will have same fully-mixed concentration that can Le
computed using EEuation 3. Figure 36 shows the fully-mixed concentrations oEtained from
GEMSSO for the five scenarios. The italicized numEers on the plots show values computed from
EEuation 3 for these scenarios. Eluation 4 shows an example calculation for Scenario 1.

Equation 3

CFullNMixed - CRiver QVRiver + CBBNPP EQBBNPP

QRiver + QBBNPP

Equation 4

CFullyMixed
LIMEDFF7 LI~l+ Ei7ED 017171 uI~n

[LLLITID+ DFFI=IIEDg :

Scenario 2 again has the highest fully-mixed concentration and the lowest dilution while
Scenario 3 has the lowest fully-mixed concentration and the highest dilution.
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-,..-- -AJUU11I I V WYLI 1 I LOrWf

BBNPP cooling water intake 650 198

Nearest Shoreline 300 91
Maximum impacted shoreline Scenario dependent (see TaLle Scenario dependent (see TaLle

15) 15)
Property Foundary 330 101
S Hicks Ferry Rd 3250 991
Fully-mixed Scenario dependent (see TaEle Scenario dependent (see Ta~le

15) 15)
PuElic water supply intake (Danville) 158,400 48,280

Recreational shore (Suntury) 264,000 80,467

4.4. TRAVEL TIMES

For the near-field, CORMIX provided the travel time for the peak to reach a distance 50 ft from
the discharge. For the far-field, travel times were computed Ey releasing a numerical dye from
the BBNPP discharge structure, then determining its arrival time at the locations of interest with
GEMSS. The dye was released over a 1-hour duration at a concentration of 100 mg/I. The
concentrations of the dye were then studied at the locations listed in Ta~le 11 to oEtain the time
of arrival of the peak concentration. The arrival time was used to compute the travel time from
the BBNPP discharge.

Near-field

As stated, CORMIX provided the travel times for the spill to reach a distance 50 ft from the
discharge. Travel times for the five scenarios in the near-field are listed in TaEle 12. Scenario 3
with the highest Sus[iluehanna River flow rate has the shortest travel time of 45 seconds, while
Scenario 2 with the lowest Sus~uehanna River flow rate has the longest travel time of 110
seconds.

Table 12 Near-field travel times obtained from CORMIX simulations

Scenario 1 1.38 83
Scenario 2 1.83 110
Scenario 3 0.75 45
Scenario 4 1.63 98
Scenario 5 0.74 44

Far-field

The 1-hour dye release from the BBNPP discharge was simulated and then the concentrations
at various locations were studied to detect the passage of the peak concentration. The
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difference in times Between the release and the peak at these locations was used to estimate
the travel time to these locations. Locations downstream of the GEMSSE grid were also Beyond
the fully-mixed location as seen in Ta le 11. Thus, the travel times to these locations were
computed Ey adding the time needed to travel to these locations from fully-mixed location using
the average flow velocity and the time taken to reach the fully-mixed location as shown in
E[luation 5 and E[luation 6. The travel times to these locations are listed in Ta[le 13 in hours
and in TaEle 14 in minutes.

As was the case for the near-field times, the travel times are usually shortest for Scenario 3 and
longest for Scenario 2. However, there are two locations (nearest the shoreline and nearest the
property Eoundary) where Scenario 4 has the longest travel time. This result is due to the plume
configuration and the location of interest relative to the discharge. Scenario 4 has a higher
Sus~uehanna River flow rate than Scenario 2. The higher rate pushes the plume further
downstream. The near-shore and property Boundary locations are close to the discharge and
thus the plume takes longer to get to these locations once it has Been pushed away from the
BBNPP discharge.

Equation 5

TravelTimeLoc = TimeFHyMixed + Loc Fuli'Mixed

Uavg

Equation 6

Ua QRiv

g - CSAreaRiv

TravelTimeLoc = travel time to the location of interest

TimeFuIlyMbed = travel time to the fully-mixed location

DLoc and DFuIlyMixed = distance to the location of interest and fully-mixed location

CSArea'iv and QRiv = cross-sectional area and flow rate for Susquehanna River
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Table 13 Travel times (hours) for various locations of interest

SSES cooling water
intake

Surface 2.92 6.67 2.08 1 5.58 2.00

Bottom 3.08 7.00 2.08 1 5.42 2.00
BBNPP cooling Surface 2.33 3.58 1.67 4.83 1.58

water intake Bottom 2.33 3.83 1.58 4.83 1.50

Surface 1.92 1.33 1.17 2.58 1.17
Nearest Shoreline Bottom 1.92 1.42 1.08 2.25 1.08

Surface 1.67 1.17 1.08 2.25 1.08
Property [oundary Bottom 1.67 1.17 1.00 1.92 1.00

Maximum impacted Surface 2.08 5.50 1.25 3.50 1.25
shoreline Bottom 2.17 5.75 1.33 2.83 1.25

Surface 2.08 3.08 1.42 2.50 1.42
S Hicks Ferry Rd Bottom 2.08 3.58 1.42 2.67 1.42
PuLlic water supply Surface 154 480 64 220 63
intake (Danville) Bottom 154 480 64 220 63

Recreational shore Surface 290 925 119 420 117
(SunEury) • Bottom 290 925 119 420 117

Table 14 Travel times (minutes) for various locations of interest
Loato Scnai 1 Scnai 2 Scnai 3 Scnai 4 Scnai 5 ~

SSES cooling water Surface 175 400 125 335 120

intake Bottom 185 420 125 325 120
BBNPP cooling Surface 140 215 100 290 95

water intake Bottom 140 230 95 290 90

Surface 115 80 70 155 70

Nearest Shoreline Bottom 115 85 65 135 65

Surface 100 70 65 135 65

Property Loundary Bottom 100 70 60 115 60

Maximum impacted Surface 125 330 75 210 75

shoreline Bottom 130 345 80 170 75

Surface 125 185 85 150 85

S Hicks Ferry Rd Bottom 125 215 85 160 85
Pu~lic water supply Surface 9240 28800 3840 13200 3780
intake (Danville) Bottom 9240 28800 3840 13200 3780

Recreational shore Surface 17400 55500 7140 25200 7020
(Suntury) Bottom 17400 55500 7140 25200 7020
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6. PORTRAIT-FORMA TTED FIGURES

Figure 1 GEMSS finite difference grid

The green lines are surface contours.

SURFACEWATER MODELING GROUP
ENVIRONMENTAL RESOURCES MANAGEMENT

SUSQUEHANNA RIVER THERMAL PLUME AND DILUTION MODELING 17 JUNE 2008
REVISION 1, PAGE 30



New,! StLs•ibe to PwISWeb natifabom

USGS 01536500 Susquehanna River at Wilkes-Barre, PA

Mw 07 ALL. AYN.AR-A QOAT

strea/lutlver Site
LOCATINf

Latitude 41 -ISM3, Longitude 75-52-52- NAD27
Lazeme County, Permnylvarana . Hydro~o*Unict~ 02050107

DESCRIPTION
Drainage aiea: 9.9W square milez
Datum of gage: 510.86 feet above sea levei NAVD88.

AVADLABL DATA;
Data Type _ Wegiin Dastel E-d Daste~c&j

Nal-uime 7 his is a real-inwte *ite

Diad-ry. cuwli feet Per secod Fie99-04-01 Fio5-64-27 ri3iim
"01 statious

Diadwaie. cutk feeit Paer sean F1899-4-6i 12007-59-36 Fii

odumpg. cubic feet per .ec.d 189-04 20070
A n n u al S ta b t ' -

F2D-ftye. cuibc feet per seona 189 ow0
P~str~ndow 10786-1 -5 5207-03-16 12

F"dd Ineu. "no~ta ----- -03-30 20O08-04-11 F752
Ridd Aab wahe-uli-t, I w 1* 1963-10-1 7 56607-63-19 F 16

OPRTHMION;
Record for Ot site is mankit d by the USGS Pensylvania WaterSience Cener
Email questions about thisw aite to Peinrmlvvia Wate--Data Jnsouiri

ADDOONAL. INO14ATICON

BTATITU.--01n36E500 SUSQUEHANNA RIVER AT WITE-p.Am,
PA

Figure 2 USGS Station No. 01536500 (Susquehanna River at Wilkes-Barre) information sheet

SURFACEWATER MODELING GROUP
ENVIRONMENTAL RESOURCES MANAGEMENT

SUSQUEHANNA RIVER THERMAL PLUME AND DILUTION MODELING 17 JUNE 2008
REVISION 1, PAGE 31



wow"'iý§Z US GS
-1 .2 t t , I -i f 2 t -i S y t t rr b I r, t t r c t

6- - *b

U!Stbe to seer a ,

USGS 01540500 Susquehanna River at Danvi[Ke PA

Uff O &L DLJ.LAwaj DI.TA 0

Stvea~m/Rivew• t
LOCATEIIM

LaUde 4=5;7"29", muiude 76-3710" ftD27
Montomw Cournty. Pemersyiw .ydhk* Unit 02050107

Dnae amea: 11.22I :Sua miles
Datum of gaye: 431.29 fet above sea leve' NGVD29.

AVAUAEI.E DATA;

IDi:*Type ID~e D•e Fýnt

neI•i• e hi* is * rM4sime *ite

Temne•eatwe water, degrees Celsius 30. 7126

D~daxlye. cubic feet per second 37648-7 F
per centineteri at 25 degrees CeMsi,_ P-30

Suspended sediment concentiution mi~nQW9 pier 62 3I F __

S.pended sedirment d ,cidna , tons per da 1962-03- r06 [ 932

Dicaayme, cubic feet per secon I'XS~iW73 7 4 3 8

A itnde se&Tpent concentration. mdfipgrams pe 1962-03- P-419: 93O -e r 1 4 -- -

O zp- syediment 6=aiy. tons per day 3 D- F[ 931.

Dischtasge, cubic feet per secon F190-0s4 5207.09g
Suqpended sifimn c on-Asin ~j p-' 162-03 197609

fierF F
Suq-nded sefineut &-hatae. tons per day 1F962.03 1976-09

Daduwaae cuic f pee second F905 ,

Suspend s ma nw per F, .... ha.,-;

Figure 3 USGS Station No. 01540500 (Susquehanna River at Danville) information sheet
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*IJ6SG Low- Flow Statistics for
Pennsylvania Streams

Developed by the U.S. Geological Survey for the
Pennsylvania Department of Environmental Protection

DepRW

LOW-FLOW STATISTICS
fAN fl~ow stabscsm in & feetp Per "000 (ft 31s)]

IkuewerwwcIeeUahmift s b~toimhv~mfstdsbc

STREAM NAME Souqudiaosa River MOUM LWun L4TITX 411456
GAGE OR BRIDGE SErh bridge USGS QUAD Wilkes-Bane Wedt LONG1TUNI 755307
REJERECE GAG*01536500 IXAINAGE AREA (s. adi~ 9960

2..1dUUN.. ago IV L2400

14404 14 100 10'S 1214 112 452

RETURN 70PREVMUSPAGE IIETLUR O STARTPAGE

7"r_ aw- i-pa Iq 4. V~ OS_,", l-. _ I- DR-. C. . ft C 2002

Figure 4 Low flow statistics at Wilkes-Barre
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USGS Surface-Water Monthly Statistics for the Nation
1Te s*stiHc Vmerate fromn tiS *ite &r bam em ap•roved dah•l-cm data md amy trot mt %d those
owubliff byvite USM in oc*W publiction*. The u*er i* remlb*ibe ftr i and .se of s~1tits fr
thimm i-t•e. Fr ,w detais on why the • • sta•titot mtdtc .

USGS 01560 squdb I.ww at WOWS-11MM PA

W Uit Code 02050107
alde 4101503, LaoaniAde 7552T2" NA027 bmmkd A
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Montthly tneou in eft (Caculation Perije 198"1-41 -> 1996-12-30)
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100.0001 128091 4451 ;.0391 1.5s89 Z.166
61.0301 11.4501 11.6801 9.341 19.5W 1 7.105
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33.500 17.100 9.070 5.270 4.470 3.520
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14,000
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Figure 5 Monthly statistics at Wilkes-Barre
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Figure 6 Near-field thermal plume orientation and size for Scenario I

Scenario 1 is summer mean flow. The CORMIX graphical engine automatically scales diagrams scales vary from
one figure to the next.
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Figure 7 Near-field thermal plume orientation and size for Scenario 2

Scenario 2 is summer low flow.
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Figure 8 Near-field thermal plume orientation and size for Scenario 3

Scenario 3 is winter mean flow. The CORMIX graphical engine automatically scales diagramsLscales vary from one
figure to the next.
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Figure 9 Near-field thermal plume orientation and size for Scenario 4

Scenario 4 is winter low flow.
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Figure 10 Near-field thermal plume orientation and size for Scenario 5

Scenario 5 is average annual flow.

SURFACEWATER MODELING GROUP
ENVIRONMENTAL RESOURCES MANAGEMENT

SUSQUEHANNA RIVER THERMAL PLUME AND DILUTION MODELING 17 JUNE 2008
REVISION 1, PAGE 39



7. LANDSCAPE-FORMA TTED TABLES AND FIGURES

Table 15 Dilution values and related distances for various locations of interest

The location of the property Loundary was taken from PETERS CONSULTANTS, INC. (2008).

btb1= coolin!
water intake

2598 2623 Does not reach Does not reach 289 167 Does not reach Does not reach 287 166

BBNPP cooling 936 918 Does not reach Does not reach 285 179 Does not reach Does not reach 279 176
water intake
Nearest 623 623 Does not reach Does not reach 208 138 Does not reach Does not reach 200 134
Shoreline
Maximum 101 90 44 44 108 85 106 106 108 86
impacted
shoreline
Distance of 3000 2275 8000 8000 1750 1975 8000 4450 1750 1975
maximum
impacted
shoreline from
BBNPP
Discharge (ft)
Property 620 620 9265 13233 224 132 Does not reach 5850 216 128
Eoundary
S Hicks Ferry Rd 101 101 57 53 109 102 Does not reach 5850 216 128

Fully-mixed 175 175 46 46 500 500 111 111 500 500
Distance to fully- 41300 53000 66300 26150 66300
mixed (ft)
Locations Beyond Fully-mixed Region

Pu-lic water 175 175 46 46 500 500 111 111 500 500
supply intake
(Danville)
Recreational 175 175 46 46 500 500 111 111 500 500
shore (Suntury)
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Figure 11 Excess temperature versus downstream distance for all five scenarios
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Figure 12 Near-field plume surface area versus temperature rise isotherms for all five scenarios
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Figure 13 Near-field plume volume versus temperature rise isotherms for all five scenarios
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Figure 14 Excess temperature at the surface for cumulative SSES and BBNPP impacts for Scenario 1

Scenario 1 is summer mean flowrinote that the temperature scale varies from diagram to diagram.
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Figure 15 Excess temperature at the bottom for cumulative SSES and BBNPP impacts for Scenario I

Scenario 1 is summer mean flow.
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Figure 16 Excess temperature at the surface for incremental BBNPP impact for Scenario I

Scenario 1 is summer mean flow.
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Figure 17 Excess temperature at the bottom for incremental BBNPP impact for Scenario I

Scenario 1 is summer mean flow.
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Figure 18 Excess temperature at the surface for cumulative SSES and BBNPP impacts for Scenario 2

Scenario 2 is summer low flow.
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Figure 19 Excess temperature at the bottom for cumulative SSES and BBNPP impacts for Scenario 2

Scenario 2 is summer low flow.
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Figure 20 Excess temperature at the surface for incremental BBNPP impact for Scenario 2

Scenario 2 is summer low flow.
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Figure 21 Excess temperature at the bottom for incremental BBNPP impact for Scenario 2

Scenario 2 is summer low flow.
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Figure 22 Excess temperature at the surface for cumulative SSES and BBNPP impacts for Scenario 3

Scenario 3 is winter mean flow.
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Figure 23 Excess temperature at the bottom for cumulative SSES and BBNPP impacts for Scenario 3

Scenario 3 is winter mean flow.
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Figure 24 Excess temperature at the surface for incremental BBNPP Impact for Scenario 3

Scenario 3 is winter mean flow.
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Figure 25 Excess temperature at the bottom for incremental BBNPP impact for Scenario 3

Scenario 3 is winter mean flow.
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Figure 26 Excess temperature at the surface for cumulative SSES and BBNPP impacts for Scenario 4

Scenario 4 is winter low flow.
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Figure 27 Excess temperature at the bottom for cumulative SSES and BBNPP impacts for Scenario 4

Scenario 4 is winter low flow.
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Figure 28 Excess temperature at the surface for incremental BBNPP impact for Scenario 4

Scenario 4 is winter low flow.
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Figure 29 Excess temperature at the bottom for incremental BBNPP impact for Scenario 4

Scenario 4 is winter low flow.
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Figure 30 Excess temperature at the surface for cumulative SSES and BBNPP impact for Scenario 5

Scenario 5 is average annual flow.
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Figure 31 Excess temperature at the bottom for cumulative SSES and BBNPP impact for Scenario 5

Scenario 5 is average annual flow.
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Figure 32 Excess temperature at the surface for incremental BBNPP impact for Scenario 5

Scenario 5 is average annual flow.
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Figure 33 Excess temperature at the bottom for incremental BBNPP impact for Scenario 5

Scenario 5 is average annual flow.
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Figure 34 Near-field dilution versus downstream distance for all five scenarios
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Figure 35 Dilution value locations
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Figure 36 Fully-mixed concentrations for dilution study

Curves show values oitained from GEMSS simulations and the italicized text shows values oltained from fully-mixed analytical calculation (E' uation 3).
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