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Summary of Report Conclusions

Public Service Company of New Hampshire’s (PSNH) Schiller Station (Station)
electrical generating facility in Portsmouth, New Hampshire is seeking a renewal of its
existing National Pollutant Discharge Elimination System (NPDES) permit (NPDES
Permit NH0001473). This Report has been prepared to provide PSNH’s response to an
information request letter from the United States Environmental Protection Agency
(EPA) under 8308 of the Clean Water Act (CWA) regarding the Station’s compliance
with CWA 8316(b), 33 U.S.C. 81326(b) (8308 Letter). In the 8308 Letter, EPA
requested certain technology information from PSNH to support EPA’s development of
the new permit for Schiller Station. The conclusions of this Report are summarized in the
following paragraphs.

An assessment of historical Station operation and associated flow data, as well as the
biological data presented by Normandeau Associates, Inc. (Attachment 6) concludes that
overall average annual reductions from baseline of 61.0% (Unit 4), 60.2% (Unit 5) and
60.9% (Unit 6) in equivalent adult (EA) entrainment mortality of fish, and 81.7% (Unit
4), 80.9% (Unit 5) and 80.6% (Unit 6) in EA entrainment mortality of macrocrustaceans,
are attributable to the Station’s historic operational flow reductions (based on operating
flows from 2000 to 2007) and the EA entrainment survival rate associated with the
existing CWIS configuration. Likewise, the existing CWIS configuration and operations,
combined with the Station’s historic operational flow reductions, are estimated to provide
34.7% (Unit 4), 18.4% (Unit 5) and 26.3% (Unit 6) average annual reductions in EA
impingement mortality of fish and 73.9% (Unit 4), 68.4% (Unit 5) and 67.2% (Unit 6)
average annual reductions in total impingement mortality of macrocrustaceans.

As required by EPA in the 8308 Letter, this Report evaluates the technological feasibility
of certain cooling water intake structure (CWIS) technologies and operational measures
generally expected to reduce impingement and/or entrainment. On the basis of these
conceptual-level engineering evaluations and the biological data from the Station’s
monitoring programs, the Comparative Matrix, included in Section 7.2 of this Report,
ranks these CWIS technologies and operational measures according to their estimated
ability to provide the greatest reductions in entrainment and impingement for the least
associated initial capital and ongoing annual operating costs.

The CWIS technologies and operational measures identified for evaluation by EPA in the
8308 Letter include:

e Mechanical draft cooling towers, utilizing either grey water or seawater, for use in a
closed-cycle cooling configuration

e Various CWIS screening technologies, both coarse mesh and fine mesh
e Technological and operational flow reduction measures
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This Report concludes that for Schiller Station, the addition of fine mesh wedgewire
screens would provide reductions in both impingement and entrainment comparable to
closed-loop cooling, at a fraction of the initial capital and ongoing operational and
maintenance costs required for a closed-loop cooling conversion. This Report also draws
the following general conclusions about the potential technological feasibility and
biological effectiveness at Schiller Station for CWIS technologies and operational
measures that that EPA identified for assessment in the §308 Letter.

The use of mechanical draft cooling towers in a closed-cycle cooling configuration was
determined to be technologically feasible at Schiller Station and potentially provide the
most biological benefits of the various technologies and operational measures evaluated;
however, the initial and ongoing costs are both wholly disproportionate to these benefits
and are significantly higher than the costs of the other technologies and operational
measures considered.

The operational cost burden is based on the additional
parasitic losses associated with the cooling tower fans and booster pumps, significant
operational efficiency losses due to higher cooling water inlet water temperatures to the
condenser, increased water treatment costs, and increased maintenance costs.

Available screening technologies and associated biological benefits were identified and
evaluated for the Schiller CWISs. Screening technologies that often cannot be utilized
due to plant specific constraints were found to have near ideal applications at Schiller
Station. Because of favorable CWIS and river conditions, fine mesh wedgewire screens
are one of the highest ranked of the alternative CWIS technologies evaluated for this
Report in terms of biological benefits, with estimated associated impingement reductions
of 80-95%", and reductions in EA entrainment abundance for fish of 73-99%.

A site specific study would be required to determine the appropriate wedgewire screen
material and slot size to ensure that the screens would be able to withstand the aggressive
marine environment at Schiller without becoming clogged. Although wedgewire vendors
proposed fine mesh slot sizes as small as 0.6 millimeter for the Schiller application,
proper selection of both material and slot size is essential to the long-term successful
operation of wedgewire screens at the Station. Since the effectiveness in terms of
reductions in EA entrainment abundance for fish would vary from 73-99% based on slot
size, performance of a test installation would be essential to the selection of a slot size
that would function in the Schiller aquatic environment and yet provide the maximum
reductions in entrained organisms.

The primary biological benefit of retrofitting fine mesh wedgewire screens at Schiller
Station would be the potential to achieve additional entrainment reductions from baseline
for fish, for which the existing CWIS configuration and operational measures presently

! Reducing through-screen velocity to 0.5 fps or less is equivalent to reducing impingement mortality by at
least 80-95%, See 40 C.F.R. 88125.94(a)(1)(ii), 125.94(b)(1).
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provide an average annual reduction of 60.7% in EA entrainment mortality. Although
conversion to closed loop cooling has the potential to reduce entrainment and
impingement mortality from baseline by 100% or 96.9%, depending on the use of grey
water or seawater for make-up water, the fine wedgewire screens have to potential to
provide comparable biological benefits for significantly less cost.

Technological and operational flow reduction measures were assessed with respect to
annual impingement and entrainment reduction. Although the Station was determined to
be somewhat tolerant of minor technological flow reductions (i.e., flow reductions via
variable speed pumps are condenser limited to a 14% reduction), the associated capital
costs |GG :c increases in the Station thermal discharge
temperatures likely would overshadow the relatively low impingement and entrainment
reduction benefits. Any appreciable reduction in flow during the summer months would
result in significant operational losses as well as increasing thermal discharge
temperatures to levels in excess of current NPDES permit requirements.

Operational flow reductions were evaluated relative to maintenance outage scheduling.
A spring outage schedule for each unit would coincide with the optimum available period
for EA fish entrainment reduction. However, as the aggregate benefit of an outage shift
is minimal, any change in the current outage schedule for Schiller is not expected to
significantly reduce entrainment and impingement mortality.

Vi
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1 Background, Introduction, and Scope

1.1 Background and Introduction

Public Service Company of New Hampshire’s (PSNH’s) Schiller Station electrical generating
facility in Portsmouth, New Hampshire is seeking a renewal of its existing National Pollutant
Discharge Elimination System (NPDES) permit (NPDES Permit NH0001473). The following
Report has been prepared to provide PSNH’s response to an information request letter from the
United States Environmental Protection Agency (EPA) under Section 308 of the Clean Water Act
(CWA) regarding the Station’s compliance with CWA 8316(b), 33 U.S.C. §1326(b). In the 8308
Letter, EPA requested certain technology and fisheries information from PSNH to support EPA’s
development of the new permit for Schiller Station.

1.2 Scope

The content of this Report reflects the information requested by EPA in the 8308 Letter. As a
result, the following information is contained in this Report:

e Source waterbody flow information that includes a discussion of the hydraulic zone of
influence for Schiller Station’s cooling water intake structure (CWIS) and a calculation of
the intake volume (based on design flow) over one tidal cycle of ebb and flow as a
percentage of the volume of water centered at the opening of the intake defined by one tidal
excursion and a depth based on mean low water (MLW).

e A detailed description of Schiller Station’s cooling system.
e A response regarding projected retirement date for Schiller Station’s existing operation.

e A description of the processes employed at Schiller Station with regard to the operation of
the boiler, condenser, CWISs, and effluent treatment.

e A description of the engineering analysis involved with converting the Schiller Station
cooling system from the current once-through cooling to closed-cycle cooling for the
generating Units and service water system.

e An analysis of barrier technologies or alternate CWIS screening systems that would
minimize entrainment, impingement, and impingement mortality, including a discussion of
the major components and major modifications that would be required to retrofit Schiller
Station with these technologies.

e A discussion of the potential for use of “grey water” for cooling purposes.
e An analysis of reducing cooling water flow by implementing variable speed pumps (VSPs).

e A description of the combination of existing and proposed technologies and operational
measures that potentially reflect the Best Technology Available for minimizing adverse
environmental impacts.

Note that information taken from the Proposal for Information Collection (PIC) (Ref. 8.15)
prepared for Schiller Station by Normandeau Associates, Inc. (Normandeau) has been previously
provided to the EPA. However, it is included in this Report for completeness.
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2 Schiller Station and Cooling System Description

2.1 Schiller Station Overview

PSNH owns and operates Schiller Station. The primary activity of Schiller Station is the
generation of electric power. Schiller Station is located in Portsmouth, New Hampshire on the
southwestern (New Hampshire) bank of the Piscataqua River, which forms the boundary between
coastal New Hampshire and Maine.

Schiller Station has four generating Units; Unit 3, Unit 4, Unit 5, and Unit 6; however, Unit 3 was
removed from service in 1991. Units 4, 5, and 6 have a rated capacity of 50 MW each, and
became operational in 1952, 1955, and 1957, respectively. Units 4 and 6 are coal-fired Units that
also have the capability to burn oil. In 2006, the coal-burning boiler for Unit 5 was replaced with a
fluidized bed wood-fired boiler. The three Units withdraw once-through cooling water from the
Piscataqua River via two separate CWISs located on the Piscataqua River. Unit 4 draws water
from an intake tunnel approximately 30 ft offshore from the north bulkhead (Screen House #1),
that was originally designed to supply water to Unit 3 and Unit 4. The CWIS for Units 5 and 6 is
located within the south bulkhead (Screen House #2). The two CWISs have a combined total
maximum design intake flow in excess of 50 million gallons per day (50 MGD), where at least
25% is used exclusively for cooling purposes. The current expected operating mode for Schiller
Station over the next ten years is as a base-loaded facility at a capacity utilization rate in excess of
15% (Ref. 8.15).

Schiller Station also operates one combustion turbine with an Electric Machine generator that went
into service in 1970 that generates 18 MWe in winter and 17 MWe in summer. The FT4A Unit
was manufactured by Pratt and Whitney and currently burns Grade A jet fuel. The Unit is also
capable of burning natural gas.

2.2 Source Waterbody

2.2.1 Source Waterbody Description

Schiller Station is located on the southwestern bank of the lower Piscataqua River. The source
water body type for Schiller Station, for purposes of EPA’s now suspended Phase Il Rule
promulgated under CWA 8316(b) (Phase Il Rule), is an estuary (Ref. 8.2). The Great Bay
Estuary system is made up of three physiographic sub-regions: Piscataqua River, Little Bay, and
Great Bay. The lower Piscataqua River covers approximately 9.5 square miles, and has a high
water volume of 4.6 x 10° cubic feet (ft°) with a tidal prism (i.e., the volume of water that is
drawn into the bay from the ocean through the inlet during flood tide) of 0.8 x 10° ft*. In the
vicinity of Schiller Station (within a 0.5 mile radius), the center river channel depths range from
42 ft to 75 ft below MLW with a median depth (as defined by area) of 18 ft. Also within the
lower Piscataqua River, the river has maximum sweeping flow velocities of approximately 4.9
feet per second (fps) during ebb tide and 4.4 fps during flood tide. The peak tidal flows are
approximately 117,000 cubic feet per second (cfs) and the average freshwater discharge rate is
approximately 1570 cfs (Ref. 8.3).

The Great Bay Estuary has seasonal and diurnal temperature variations. Typical maximum
temperatures are reached during July or August, and the lowest temperatures occur from
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November through early March. From April through September, the Great Bay Estuary is
warmer than the Gulf of Maine, and hence the ebb tide temperatures are usually higher than the
flood temperatures. In early autumn, the estuary and coastal water temperatures are similar, and
there is little difference in tidal temperatures. However, by November, the estuary’s water is
colder, which leads to lower ebb tide temperatures than flood tide temperatures. Ambient water
temperature data collected at Simplex Pier, a continuous monitoring station near Schiller
Station, showed that temperatures in the Piscataqua varied from 29°F in winter to a high of
73.4°F in mid-summer (Ref. 8.3).

Salinity within the Piscataqua River is controlled by freshwater discharge and the intrusion of
oceanic waters, and varies both seasonally and with tidal stage. The maximum salinity occurs
during the late summer and early fall, and the lowest salinities occur in the early spring.
Salinity measurements at Simplex Pier ranged from 14 to 35 ppt. Salinities in the vicinity of
Schiller Station are typical of coastal waters an average of 72% of the time. During the flood
tide, coastal water salinities occur 86.5% of the time, where salinities during ebb tide are typical
of coastal waters 57% of the time. The salinities are more typical of estuarine conditions only
during the spring freshet (i.e. the freshwater runoff resulting from snow and ice melt) or the fall
secondary runoff periods (Ref. 8.3).

2.2.2 Hydraulic Zone of Influence

As requested by EPA, an evaluation of the hydraulic zone of influence (HZOI) at Schiller
Station was considered. The HZOI establishes where the source of water entering the intake
originates. This hydraulic information is used to quantify the affected volume of the source
water body as well as to determine the degree to which it is affected. While the maximum
intake rate for Schiller Station is approximately 194 cfs (87,290 gpm), the peak tidal flows
surrounding that area are approximately 117,000 cfs. As stated by Normandeau in the 1973
Newington Station 316 Demonstration (Ref. 8.3), a maximum intake rate of less than 1% is
deemed insignificant when compared to peak tidal flow rates. As the maximum intake rate of
194 cfs is approximately 0.17% of the peak tidal flow rate, further delineation of the HZOI is
not necessary.

2.2.3 Intake Volume

EPA requested a calculation of the total design intake flow over one tidal cycle of ebb and flow,
as a percentage of the volume of water column within the area centered about the CWIS
opening, with a diameter defined by the distance of one tidal excursion at MLW. Under 40
C.F.R. 8125.83, the tidal excursion is defined as “the horizontal distance along the estuary or
tidal river that a particle moves during one tidal cycle of ebb and flow.” The tidal currents in
the vicinity of Schiller Station have an average 12.42 hour tidal cycle of ebb and flow (Ref.
8.3). For one tidal cycle, the intake volume based on the maximum design flow of 194 cfs
(87,290 gpm) is calculated to be approximately 8.7x10° ft. The tidal excursion, calculated to
be approximately 196,000 ft, is a function of the maximum flow velocity of 4.4 fps and the tidal
period. The volume of water defined by one tidal excursion is 2.72x10™ ft*. The intake volume
based on design flow makes up 0.0032% of the volume of water defined by one tidal excursion.
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2.3 Cooling Water Intake Structure Description

2.3.1 Physical Description, Location and Depth of CWIS

Schiller Station has two once-through CWISs located on the southwestern bank of the lower
Piscataqua River in Portsmouth, NH.

Unit4

The Schiller Station Screen House #1 contains the CWIS for Unit 3 (now retired) and Unit 4.
This CWIS is not a typical shoreline intake structure,

Figures 5-1 and 5-2 of Attachment 5 show plan and elevation views of

Screen House #1.

The inlet to the offshore intake of Screen House #1 is a concrete manifold that has a coarse bar
rack with 12 inch by 12 inch grating, which prevents large submerged debris from entering the
cooling water intake tunnel. Another fixed screen is installed on the Unit 4 offshore intake to
prevent lobsters from entering the intake. The screen interior is constructed of 1.5 inch
fiberglass mesh, anchored by two 3-inch stainless steel corner posts and is located in front of the
Unit 4 intake pipe. The screen is attached to the existing trash rack guides with 2-inch angle
iron and extends approximately 4 ft up from the bottom of the offshore intake. An 8-inch pipe
is attached to the bottom of the fiberglass screen to divert lobsters from crawling into the intake

pipe.

There are three 6.5 ft 1.D. pipes available to provide cooling water to Screen House #1 from the
offshore submerged intake; the south pipe provides cooling water to Unit 4, while the other two
pipes were designed for Unit 3, and are currently offline. The floor of the offshore intake is at
an elevation of approximately 18 ft below mean sea level (MSL). The Piscataqua River bottom
is approximately 20 ft below MSL in the vicinity of the intake. Thus, the river bottom grade is
approximately 2 ft below the floor of the offshore intake, which provides a vertical barrier to the
movement of bottom-oriented fish and shellfish into the CWIS. The river bottom is maintained
by dredging to preserve the 2 ft elevation difference between the river bottom and the floor of
the intake.

Screen House #1 has one traveling water screen that services the two circulating water (CW)
pumps (pumps 4A and 4B). The CW pumps provide non-contact cooling water to the Unit 4
condenser. The floor of Screen House #1 is at an elevation of 18 ft below MSL, and the deck is
at an elevation of 10 ft above MSL. The Unit 4 traveling water screen is located on the south
side of the Screen House; the north side of the Screen House was previously occupied by the
Unit 3 CWIS and two traveling water screens; however, the Unit 3 CWIS is currently out of
operation and the traveling water screens and related equipment have been removed.

The two CW intake pumps for Unit 4 are not located in Screen House #1.
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The circulating water supplied to Schiller Station Unit 4 is serviced by one traveling water
screen that provides basic debris and fish handling. The traveling water screen is a REX (Chain
Belt Company) screen with standard 3/8-inch square copper wire mesh panels (basket
segments). The screen is 5.5 ft wide and 28 ft high, and has 34 basket (tray) segments. A
screenwash system consisting of pumps and associated piping and spray nozzles is used to keep
the screen clean. The screenwash system uses five overlapping spray nozzles with 40 psi spray
pressure to remove any fish and/or debris from the traveling water screen into the fish return
trough that runs along the CWIS. The fish return trough then funnels through a 14 inch
diameter chute to discharge all fish and/or debris at an elevation of 4 ft above MSL. Fish and
debris are discharged directly into the Piscataqua River at all tidal stages. Section 2.3.1.1
further details the traveling water screen and fish return trough for Unit 4.

Units5and 6

The Schiller Station Screen House #2 contains the CWISs for Unit 5 and Unit 6. Figures 5-3
through 5-5 of Attachment 5 show plan and elevation views of Screen House #2.

Screen House #2 is situated

The Screen House has a total of four CW
pumps and four traveling water screens. The two CW pumps located on the north side of
Screen House #2 (pumps 5A and 5B) supply non-contact cooling water to the Unit 5 condenser
cooling system, while the two CW pumps on the south side of Screen House #2 (pumps 6A and
6B) supply non-contact cooling water to the Unit 6 condenser cooling system. All four CW
pumps withdraw water from the Piscataqua River. Each set of pumps withdraws cooling water
through forebays that are separated by a partition wall and protected by a set of bar racks with
#%l5 inch by 4 inch grating and traveling water screens. Pumps 5A and 5B are serviced by
traveling water screens 5A and 5B, while pumps 6A and 6B are serviced by traveling water
screens 6A and 6B. The partition wall also separates the flow such that the fish and debris
collected from the Unit 5 traveling water screens represents the collection withdrawn through
intake pumps 5A and 5B, and the fish and debris collected from the Unit 6 traveling water
screens represents the collection withdrawn through intake pumps 6A and 6B.

The floor of Screen House #2 is at an elevation of 18 ft below MSL, and the deck is at an
elevation of 10 ft above MSL. The river bottom elevation is 20 ft below MSL in the vicinity of
the intake. Thus, the river bottom grade is approximately 2 ft below the floor of the intake,
which provides a vertical barrier to the movement of bottom-oriented fish and shellfish into the
CWIS. Also, the river bottom in front of Screen House #2 is covered with a rip rap to maintain
the floor of Screen House #2 CWIS at an elevation of 2 ft above the river bottom.

The CW pumps in Screen House #2 are serviced by vertical single entry/exit traveling water
screens that provides basic debris and fish handling. Each of the traveling water screens are
REX (Chain Belt Company) screens with standard 3/8-inch square copper wire mesh panels
(basket segments). Each traveling water screen is 5.5 ft wide and 29 ft high, and has basket
(tray) segments. A screenwash system, consisting of pumps and associated piping and spray
nozzles, is used keep the screen cleans. The screenwash system uses five overlapping spray
nozzles with 40 psi spray pressure to remove any fish and/or debris from the traveling water
screen into the fish return trough that runs along the length of Screen House #2. The outlet to
the fish return trough is located on the north side of Screen House #2 at an elevation of 8 ft
above MSL. Fish and debris are discharged directly into the Piscataqua River at all tidal stages.
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Sections 2.3.1.1 and 2.3.1.2 further detail the traveling water screen and fish return trough,
respectively, for Units 5 and 6.

2.3.1.1 Traveling Water Screens

Traveling water screens are automatically cleaned screening devices that are used to remove
fish and/or floating or suspended debris from a channel of flowing water. Schiller Station’s
traveling water screens consist of a continuous series of wire mesh panels bolted to frames and
attached to two matched strands of roller chains. As described in Section 2.3.1, there is one
traveling water screen for Unit 4 and four traveling water screens for Units 5 and 6 (screens
5A, 5B, 6A, and 6B). Each of the five traveling water screens is a REX (Chain Belt
Company) screen. The traveling water screen in Screen House #1 services Unit 4, and is 5.5 ft
wide by 28 ft high, whereas the traveling water screens in Screen House #2 service Unit 5 and
Unit 6, and are 5.5 ft wide by 29 ft high. The heights are measured from the center of the head
shaft to the center of the tail shaft. Each screen is installed in a channel with the screening
surface oriented perpendicular to the water flow with each screen including 34 basket (tray)
segments. The chain operates in a vertical path over head and foot sprockets, carrying the
panels down into the water and around the foot sprockets, then back up through the water and
over the head sprockets. Raw water passes first through the ascending and then the
descending screen baskets, which are constructed of 14 gauge copper wire mesh. The basket
mesh has 3/8-inch square spacing with a total open area of 68%. The ascending basket is
located on the upstream portion of the screen and collects fish and debris as it passes up
through the water. The fish and/or debris are retained on the upstream face of the wire mesh
panels. Fish and larger particles of debris are collected on a lifting shelf that forms the lower,
or trailing, edge of the mesh frame. The basket continues to revolve and descends into the
water on the downstream side. Any fish and debris that were not originally washed off the
screen basket may be washed off in the flow of water. This is considered to be ‘carryover’
and will travel into the intake screen well and potentially enter the CW pump intake. Figure
2.1 shows a schematic of the traveling water screen operation.
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Figure 2.1 Traveling Water Screen Operation

2.3.1.2 Fish Handling and Return System

The fish and/or debris-laden mesh panels and shelves are lifted out of the flow and above the
operating floor where a pressurized water spray is directed outward through the mesh to
remove impinged fish and debris. Each screen manifold has 5 spray nozzles that operate at 40
psi and cover the entire width of the tray in order to wash fish and debris off of the traveling
screens. The spray wash water and fish and/or debris are collected in a rectangular fish return
trough. The fish return trough in Screen House #1 has dimensions varying from 18 to 24
inches wide by 10 to 18 inches deep. The trough runs along the CWIS then funnels through a
14 inch diameter chute to discharge all fish and debris into the Piscataqua River at an elevation
of 4 ft above MSL. The fish return trough in Screen House #2 has dimensions 24 inches wide
by varying depths of 12 to 18 inches. The trough runs along the length of the CWIS and
discharges all fish and/or debris out the side of Screen House #2 into the Piscataqua River at
an elevation of 8 ft above MSL. Each fish return trough discharges fish and debris directly
into the Piscataqua River at all tidal stages.
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2.3.2 CWIS Flow Description

As detailed above, two separate CWISs supply the generating Units with cooling water; one
CWIS supplies cooling water to Unit 4, and the other CWIS supplies cooling water to Unit 5
and Unit 6. There are two distinct flow values: the baseline (i.e., design intake) capacity and the
average actual intake flow rate. The design intake capacity is the flow rate that is shown on the
pump design documents and is considered to be the baseline value. This value is used to design
all CWIS screening technologies. The average actual flow rate, conversely, is the average
historical amount of flow entering the CWIS. The average actual flow rate is smaller than the
design flow rate due to periods of lesser flows resulting from outages.

2.3.2.1 Cooling Water Pumps
Unit 4
The following sets of pumps take their suction from the Screen House #1 intake screenwell:

e The Unit 4 CW pumps, which, when running, supply once-through cooling water for
the CW system. Each of the two CW pumps has a capacity of 14,100 gpm, combining
for a total of 28,200 gpm. The CW pumps supply the following:

- Unit 4 Condenser
- Unit 4 Salt Water Heat Exchangers

e The Unit 4 salt water pump, which can supply the salt water heat exchangers of any/all
of the Units that are not running. The salt water pump has a capacity of 950 gpm.

e The Unit 4 screen wash pump, which supplies water to the Unit 4 screen wash system
and can be routed to supply Units 5 and 6 screen wash systems and supply plant
cooling water needs. The screen wash pump has a capacity of 140 gpm.

Pump Specifications
Circulating water pumps (2)

e Hayward-Tyler Model 30mn

e Each pump is rated for 14,100 gpm (for a total of 28,200 gpm) at 28 ft of total head.
The motors are rated 150 hp at 440 rpm, 440 volts, three phase, 60 Hertz.

Salt water pump (1)

e \WDM Pumps Model bn2021 size 12¢-110

e The pump is rated for 950 gpm at 50 ft of total dynamic head (TDH)
Screen wash pump (1)

e Goulds Pump Model 3796

e The pump is rated for 140 gpm at 220 ft TDH
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Units 5 and 6
The following sets of pumps take their suction from the Screen House #2 intake screenwell:

e The Unit 5 CW pumps, which, when running, supply once-through cooling water for
the CW system. Each of the two CW pump has a capacity of 14,500 gpm, combining
for a total of 29,000 gpm. The CW pumps supply the following:

- Unit 5 Condenser
- Unit 5 Salt Water Heat Exchangers
- Units 5 and 6 Screen Wash Pumps

e The Unit 6 CW pumps, which, when running, supply once-through cooling water for
the CW system. Each of the two CW pumps has a capacity of 14,500 gpm, combining
for a total of 29,000 gpm. The CW pumps supply the following:

- Unit 6 Condenser
- Unit 6 Salt Water Heat Exchangers
- Units 5 and 6 Screen Wash Pumps
Pump Specifications
Circulating water pumps (4)

e Hayward-Tyler Model 30mo

e Each pump is rated for 14,500 gpm at 25 ft of total head. The motors are rated 125 hp
at 590 rpm, 440 volts, three phase, 60 Hertz.

Screen wash pumps (2)
e Aurora Model 364a size 2x2.5x9
e Each pump is rated for 280 gpm at 205 ft of total head.

2.3.2.2 Design Intake Capacity

The now suspended 8316(b) Phase Il Rule regulates cooling water but not process water.
Cooling water is “ ...water used for contact or non-contact cooling, including water used for
equipment cooling, evaporative cooling tower makeup, and dilution of effluent heat content.”
(See 69 Fed. Reg. 41576, 41684 (July 9, 2004); 40 CFR Part 125, §125.93). Process water,
such as the water supplied to the screen wash pumps, is not regulated by the §316(b) Phase 11
Rule.

Unit 4

Under normal power generating operation, the salt water pump, the screen wash pump, and the
CW pumps can draw in 29,290 gpm of water from the CWIS, which includes water used for
both cooling water and process water as follows:

Cooling Water (Up to 29,150 gpm)

e Up to 28,200 gpm is used as non-contact cooling water in the condenser.
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e Up to 950 gpm is used as non-contact cooling water in the salt water heat exchangers.
Process Water (Up to 140 gpm)

e Up to 140 gpm is supplied to the screen wash pump during regular operation.
Unit 4 accounts for approximately 34% of the total design intake capacity for Schiller Station.
Units 5 and 6

Under normal power generating operation, each of the four CW pump draws in 14,500 gpm of
water from the CWIS, which includes water used for both cooling water and process water as
follows:

Cooling Water (Up to 58,000 gpm)

e Non-contact cooling water in the condenser.

e Non-contact cooling water in the salt water heat exchangers.
Process Water (Up to 560 gpm)

e Up to 560 gpm (2 pumps at 280 gpm) is supplied to the screen wash pumps during
regular operation. The screen wash pumps take suction from the CW pump discharge.

Units 5 and 6 each account for approximately 33% of the total design intake capacity for
Schiller Station.

2.3.2.3 Flow Reductions from Baseline

2.3.2.3.1 Maintenance Outages

At Schiller Station, the maintenance outages are staggered so that all Units are not offline at
the same time. There is generally no flow entering the CWIS for whichever Unit is in the
outage (Ref. Attachment 1, Section 7).

Unit 4
For Unit 4, maintenance outages occur every 18 months and last approximately four weeks.
Unit 5

For Unit 5, maintenance outages occur every 12 months and last approximately three weeks,
with a six week outage scheduled every five years for turbine/generator repairs.

Unit 6

For Unit 6, maintenance outages occur every 18 months and last approximately four weeks;
however, a six week outage is planned for Unit 6 in 2012.

2.3.2.3.2 Historic Operational Intake Flow Rate

In a typical calendar year, barring unusual circumstances, the number of operating days for
each Unit (i.e., the number of days a CWIS was operational during a calendar year) ranges
from 339 to 355 (Ref. 8.2). Both planned and unplanned periods of reduced power decrease
the actual amount of flow entering the CWIS. This flow reduction is considered a reduction in
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the baseline flow and, therefore, is considered to be an operational measure to reduce
impingement/entrainment. Accordingly, an evaluation of historical data for Station operation
and associated flows for the past eight years (2000-2007) indicates a historic operational flow
reduction from baseline of 11.7% for Unit 4, 8.3% for Unit 5, and 8.5% for Unit 6.

Schiller Station supplied eight years (2000-2007) of measured discharge data for Units 4, 5,
and 6, in millions of gallons per day (MGD), identical to that provided for NPDES permit
compliance. Table 2.1 shows the monthly and annual average historic flows for Schiller
Station. The annual average historic (2000-2007) intake flow rate for Unit 4 is 37.3 MGD,
which represents an 11.7% reduction in flow from the baseline flow value of 42.2 MGD. For
Unit 5, the annual average historic intake flow rate is 38.3 MGD, which represents an 8.3%
reduction in flow from the baseline flow value of 41.8 MGD. Unit 6 has an annual average
historic intake flow rate of 38.2 MGD, which represents an 8.5% reduction in flow from the
baseline flow value of 41.8 MGD.

Table 2.1 Schiller Station Average Historic Flows (MGD)
(2000-2007)

Month Unit 4 Unit 5 Unit 6
January 40.0 40.2 40.0
February 40.8 37.0 41.8
March 35.6 30.8 28.2
April 23.0 36.0 29.4
May 37.2 34.2 32.0
June 40.8 40.5 40.0
July 39.0 40.2 41.3
August 39.9 41.0 41.8
September 37.4 39.2 41.5
October 36.0 40.2 40.5
November 37.6 40.0 41.2
December 39.9 40.7 415
Annual 37.3 38.3 38.2

2.3.2.4 Through-screen Velocity

At the critical low water elevation of -9.25 ft, the traveling water screens are capable of
handling a flow rate of 35,000 gpm with a corresponding through-screen velocity of 2.71 fps
(Ref. 8.14). However, based on the maximum design intake capacity, the maximum flow rate
through each screen at Schiller Station is substantially lower than 35,000 gpm. Based on the
maximum design intake capacity of each Unit and a MLW elevation of -3.67 ft, the through-
screen velocity can be approximated by using the following equation and design inputs (Ref.
8.6):

Through-Screen Velocity = Q/(BW*LW*POA*K)
where
Q is the flow rate in gpm
BW is the screen width in feet
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LW is the mean low water depth in feet (14.3 ft)

POA is the “percent open area” of the screen basket

K is a conversion factor based on screen type (396 for through flow screens)
Unit 4

The maximum design intake capacity for Schiller Station Unit 4 is approximately 29,290 gpm.
The single traveling water screen in Screen House #1 has a screen width of 5.5 ft and a percent
open area of 68%. Based on these inputs, the through-screen velocity is 1.38 fps at MLW.

Units 5and 6

The maximum design intake capacity for Schiller Station Units 5 and 6 combined is
approximately 58,000 gpm. The four traveling water screens in Screen House #2 each have a
screen width of 5.5 ft and a percent open area of 68%. Based on these inputs, the through-
screen velocity is 0.68 fps at MLW.

2.3.2.5 Seasonal Changes in CWIS Operation
There are no seasonal changes in CWIS operation at Schiller Station.

2.3.3 Biocide Treatment

The CW systems for all three Units at Schiller Station (Unit 4, Unit 5, and Unit 6) are protected
from marine growth (micro-fouling) and mussels (macro-fouling) with biofouling control. The
biofouling control is implemented by the application of sodium hypochlorite through an
injection manifold that is located in the intake forebays in front of each of the traveling water
screens and before the CW pumps. All three air operated diaphragm pumps (injection pumps)
are run on a timer sequence and are located in the southeast corner of Screen House #1, which
also houses the sodium hypochlorite tank.

In accordance with the NPDES permit, the sodium hypochlorite system is operated for a
maximum of two hours per day for each Unit. Each injection pump is set to run for 15 minutes
per hour from 7 am until 3 pm. If one of the Units is offline, then biocide is not used to treat the
intake for the corresponding Unit because the circulators are turned off.

Based on an hourly pumping schedule, Unit 4 runs from 0015-0030 minutes on the hour, Unit 5
runs from 0030-0045 minutes on the hour, and Unit 6 runs from 0045-0060 minutes on the
hour. The injection pumps are run at a pumping rate of approximately 630 mL/minute during
the 8 hours of sodium hypochlorite injection. Therefore, the rate of sodium hypochlorite
injection is approximately 60 gallons per day for each Unit at Schiller Station (Ref. Attachment
1, Section 7).

2.3.4 Equipment Used to Chill Cooling Water

Schiller Station does not utilize any equipment to chill the cooling water before the water enters
the Piscataqua River.

12
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2.4 Discharge System
Unit 4

The CW system provides once-through cooling water to the condenser. Water passes from the
Unit 4 intake structure in Screen House #1 through the condenser and is then discharged vi

From Unit 4, the reinforced concrete pipe travels northeast
approximately 290 ft before it runs into the Unit 4 weir structure. The weir structure is designed to
keep the concrete pipe full of water, causing a siphon flow in the CW system. The outfall from the
Unit 4 weir discharges directly into the Piscataqua River, approximately 185 ft northeast of Screen
House #1. The separation between the intake and the discharge is designed to minimize
recirculation of warmed discharge effluent (Ref. 8.3).

Units

Water passes from the Unit 5 intake structure in Screen House #2 through the condenser and is
then discharged via a 60” 1.D. reinforced concrete pipe. From Unit 5, the reinforced concrete pipe
travels approximately 60 ft southeast, then 155 ft south before it runs into the Unit 5 weir structure.
The weir structure is designed to keep the concrete pipe full of water, causing a siphon flow in the
CW system. The outfall from the Unit 5 weir discharges directly into the Piscataqua River,
approximately 145 ft southwest of the Screen House #2 intake. The separation between the intake
and the discharge is designed to minimize recirculation of warmed discharge effluent (Ref. 8.3).

Unit 6

Water passes from the Unit 6 intake structure in Screen House #2 through the condenser and is
then discharged via a 60” 1.D. reinforced concrete pipe. From Unit 6, the reinforced concrete pipe
travels approximately 45 ft east, then approximately 125 ft south before it runs into the Unit 6 weir
structure. The weir structure is designed to keep the concrete pipe full of water, causing a siphon
flow in the CW system. The outfall from the Unit 6 weir discharges directly into the Piscataqua
River, approximately 150 ft southwest of the Screen House #2 intake. The separation between the
intake and the discharge is designed to minimize recirculation of warmed discharge effluent (Ref.
8.3).

2.5 Cooling Water Process Flow Diagram

Refer to Figure 5-6 of Attachment 5, which shows the flow of cooling water through Unit 4, Unit
5, and Unit 6, respectively.

2.6 Recent and Planned Plant Modifications

2.6.1 Modifications Since January 2001

No significant modifications that would have changed the design or operation of the CW
system, CWIS, or service water system have been made since January 2001; rather, only
maintenance and preventative maintenance activities have occurred. Currently, there are no
formalized design changes or modifications planned.
2.6.2 Age of Cooling System Equipment

Table 2.2 shows the age of the equipment used in Schiller Station’s cooling system:
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Table 2.2 Historical Modifications and Repairs at Schiller Station
. Originally . . e
Equipment Installed Most Recent Major Repairs or Modifications

Unit 4 Traveling Screens 1952 1980 - The existing frame and screens were replaced with a steel
frame and copper wire mesh screens with fiberglass baskets.

Unit 5 Traveling Screens 1954 1980 - The existing _frames and screens were replaced with steel
frames and copper wire mesh screens with fiberglass baskets.

Unit 6 Traveling Screens 1956 1980 - The existing _frames and screens were replaced with steel
frames and copper wire mesh screens with fiberglass baskets.

Unit 4 Spray Wash Pump 1952 1992 - Existing pump replaced with Goulds pump Model 3796.

Unit 5 and Unit 6 Spray 1054 2006 - Unit5 Replaced with Aurora pump Model 364.

Wash Pump 2007 - Unit 6 Replaced with Aurora pump Model 364.
2004 - 4A pump overhaul.

CW Pumps 4A & 4B 1952
2003 - 4B pump overhaul.

CW Pumps 5A &58B 1954 2007 - Shortened column between pump and motor and
overhauled pump
2007 - Shortened column between pump and motor and

CW Pumps 6A & 6B 1956 overhauled pump,

Units 4, 5, and 6 Replaced with Williams Instrument LD400-TFEXTFE with a

Hypochlorite Injection 2000 maximum flow of 45 gpm and a maximum pressure of 90 psi.

Pumps

Unit 4 Bar(Trash)Rack 1952 1990 - Replaced with composite type trash (bar) rack

Unit 5 and Unit 6 Bar 1954 2003 - Replaced with composite type trash (bar) rack

(Trash) Racks 1956

Unit 4 Lobster Corral 2002 2004 - Lobster _cor_ral (coffer dam) equipment modification to
decrease lobster impingement

2.7 Projected Retirement Plans

There are no plans to retire Schiller Station at this time because it provides critically needed
reliable, affordable power to New Hampshire customers. In fact, under state law (RSA 369-B:3-a),
PSNH must continue to own and operate Schiller Station so long as it is in the economic interest of

retail customers to do so.
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3 Description of Plant Processes

3.1 Boiler Operation

Schiller Station generates steam power through three Units (Unit 4, Unit 5 and Unit 6). Units 4
and 6 are Foster-Wheeler pulverized coal/oil fired boilers, while Unit 5 is an Alstom wood/coal
fluidized bed boiler. Unit 4 went into commercial operation in 1952 and has a gross generation of
50 MWe with a main steam flow of 420,000 Ib/hr, an outlet steam temperature of 950°F, and a
pressure of 1370 psig. Unit 6 went into commercial operation in 1956 and has a gross generation
of 50 MWe with a main steam flow of 420,000 Ib/hr, an outlet steam temperature of 950°F, and a
pressure of 1370 psig. Unit 5 went into commercial operation in 1958 with a Foster Wheeler
pressurized coal/oil boiler. However, in 2004 that boiler was replaced with an Alstom wood/coal
fluidized bed boiler which commenced commercial operation in 2006 and has a gross generation of
50 MWe with a main steam flow of 450,000 Ib/hr, an outlet steam temperature of 950°F, and a
pressure of 1370 psig. Condensate makeup to the boilers is provided by two condensate tanks
utilizing de-mineralized water from the City of Portsmouth.

3.2 Condenser Operation

River water is primarily used to cool the turbine exhaust steam in the condensers and provide
cooling for the heat exchangers in the closed cooling water systems. As reflected in Figure 5-6 of
Attachment 5, which shows the flow of cooling water through Schiller Station, the condensers pass
river water through tubes that are used to cool exhaust steam from the turbines. Both the
condenser and the heat exchangers are non-contact. The cooling water is discharged directly to the
Piscataqua River via the three outfalls.

3.3 CWIS Operation
A detailed description of the CWIS systems at Schiller Station can be found in Section 2.3.

3.4 Effluent Treatment Operations

All station wastewater is collected in the Fireside Basin (FSB), which has a capacity of
approximately 250,000 gallons and is divided into two equal sections connected by a partition and
an overflow weir. The basin fills with wastewater, which may consist of any or all of the
following: demineralized regeneration wastes, effluent from the oil/water separator, ash handling
runoffs and plant operating drains, dirty water sumps, boiler blowdowns, cooling water system
drainage, and wood boiler drains. Waste treatment consists of the removal of oily residues,
particulates and neutralization of wastewaters.

Pumps are used to transport the wastewater from the basin to the wastewater treatment facility at a
maximum flow rate of approximately 100 gpm. Incoming wastewater enters into the oxidation
tank whereupon air is added and the pH range adjusted to 10.0 — 11.0 with either caustic or sulfuric
acid. The wastewater then flows into the flash mix tank. The mixed flow then proceeds to the
gravity plate settler, where solids fall to the settler bottom while the flow proceeds into the
neutralization tank, where the pH is lowered, using sulfuric acid, to 6.5 — 8.0 for final discharge
from any one of the three existing cooling water discharges (Outfalls 002, 003, 004) of any
operating Unit. The cycle is repeated as necessary.
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The Schiller Station wastewater system was originally designed with a gravity drain and valved
directly to the river. However, in 2005, after discussions with EPA, a pumping station was
installed on the discharge side of the existing neutralization tank in order to reroute that discharge
(Outfalls 016 and 017) to the discharge side of either of three (3) existing cooling condensers
(Outfalls 002, 003 and/or 004). As a result, Outfalls 016 and 017 no longer discharge directly to
the Piscataqua River, but instead, discharge through either Outfalls 002, 003 and/or 004, thus
obtaining significantly more dilution from the combined availability of condenser cooling water of
any operating Unit and receiving water, in accordance with NPDES Permit No. NH0001473.

In addition, a detailed description of the sodium hypochlorination system can be found in Section
2.3.3.
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4 Evaluation of Existing CWIS Technologies and Operational
Measures

EPA prescribes a uniform baseline configuration (40 C.F.R. 8125.93) designed to ensure consistent
decision-making among different facilities nationwide as follows:

Calculation baseline means an estimate of impingement mortality and entrainment that would
occur at your site assuming that: the cooling water system has been designed as a once-through
system; the opening of the cooling water intake structure is located at, and the face of the
standard 3/8-inch mesh traveling screen is oriented parallel to, the shoreline near the surface of
the source waterbody; and the baseline practices, procedures, and structural configuration are
those that your facility would maintain in reductions, implemented in whole or in part for the
purposes of reducing impingement mortality and entrainment...

This Section discusses the following existing CWIS technologies and operational measures that
Schiller Station uses to reduce impingement mortality and entrainment beyond the EPA baseline.

e CWIS location

e Lobster corral

e Traveling screens

e Fish handling and return system

e Lobster separation procedure

e Maintenance outages/flow reduction

Based on the fish and macrocrustacean survival data provided by Normandeau in Attachment 6, as
well as the historic operational intake flow reductions, Schiller Station’s existing CWIS technologies
and operational measures produce quantifiable reductions from baseline in impingement and
entrainment at the Station. While data is not available to estimate the impacts on impingement and
entrainment for each specific component of the existing CWIS, assessments of the qualitative features
of each component of the existing CWIS are provided.

The reductions in impingement and entrainment at Schiller Station, while treated in this Report as
percentage reductions, are characterized by Normandeau in terms of equivalent adult (EA) fish and
macrocrustaceans to ensure comparable raw data is properly understood and evaluated. Tables 4.4
through 4.9 in Section 4.2, based on information provided by Normandeau (see Attachment 6), which
show baseline fish and macrocrustacean impingement and entrainment losses and monthly fractions
during recent representative years, demonstrate that entrainment accounts for approximately 99% of
the losses.

For Units 4, 5, and 6, the four months with the most EA fish entrainment are January through April,
accounting for approximately 70% of the annual EA fish entrainment. The four months with the most
EA macrocrustacean entrainment for Units 4, 5, and 6 are June through September, accounting for
approximately 88% of the annual macrocrustacean entrainment.

For Unit 4, the four months with the most EA fish impingement are January, April, November, and
December, which account for more than 71% of the annual Unit 4 EA fish impingement, and makes
up less than 1% of the total annual abundance (i.e., the combined EA impingement and entrainment)
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for Unit 4. The four months with the most macrocrustacean impingement are April, June, November,
and December, which account for more than 58% of the annual Unit 4 macrocrustacean impingement,
although annual Unit 4 macrocrustacean impingement makes up less than 3% of the total annual
abundance for Unit 4.

For Unit 5, the four months with the most EA fish impingement are April, August, September, and
October, which account for approximately 59% of the annual Unit 5 EA fish impingement, although
annual Unit 5 EA fish impingement makes up less than 1% of the total annual abundance for Unit 5.
The four months with the most macrocrustacean impingement are April, May, October, and
November, which account for approximately 52% of the annual Unit 5 macrocrustacean
impingement, although annual Unit 5 macrocrustacean impingement makes up less than 1% of the
total annual abundance for Unit 5.

For Unit 6, the four months with the most EA fish impingement are January, April, October, and
November, which account for more than 84% of the annual Unit 6 EA fish impingement, although
annual Unit 6 EA fish impingement makes up less than 1% of the total annual abundance for Unit 6.
The four months with the most macrocrustacean impingement are May through July, and November,
which account for approximately 56% of the annual Unit 6 macrocrustacean impingement, although
annual Unit 6 macrocrustacean impingement makes up less than 1% of the total annual abundance for
Unit 6.

4.1 Evaluation of the Existing CWIS
4.1.1 CWIS Location/Lobster Rack

The intake for each Unit of Schiller Station is maintained at an elevation of 2 ft above the river
bed by dredging, in order to provide a vertical barrier to the movement of bottom-oriented fish
and shellfish into the CWIS (Ref. 8.15). In addition, Unit 4 has a submerged offshore intake
with an additional 1.5 inch mesh panel bar rack screening structure and a lobster diversion pipe
designed to prevent bottom-oriented fish and lobsters from entering the intake tunnel.

4.1.2 Existing Traveling Water Screens

The purpose of evaluating the existing traveling water screens is to determine how well the
screens minimize impingement and entrainment of marine life. The following desirable design
features of traveling water screens minimize impingement and entrainment (Ref. 8.6):

e Approach and through flow velocities less than 1 fps
e Open or short intake channels with “‘escape routes’

e Small mesh openings

e Provisions to gently handle impinged fish

e Continuous operation

e Low-pressure wash system to gently remove impinged fish
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The existing traveling water screen in Screen House #1 has some, but not all, of these desirable
design features:

The approach velocity is approximately 0.8 fps, and the through-screen velocity is
approximately 1.38 fps at MLW for the traveling water screen. The approach velocity
falls within the desired 1 fps.

All traveling screens have square 3/8 inch openings. Therefore, they are considered
coarse mesh screens, which minimize impingement.

A rubber mat is installed on the back wall of the screen housing to soften the impact to
aquatic life during transfer from the traveling water screens to the return sluiceway.

The screens are not rotated continuously, but are typically washed once per every twelve
hour shift for approximately 30 to 45 minutes.

The current system is a low pressure spray wash system. Each screen has a 40 psi spray
wash system that is used to clean the screens and remove impinged fish.

Due to the fact that all of the desirable design features mentioned above are not met by the
current configuration and operation of the traveling water screens, updated screening systems
are analyzed in Sections 6.1 and 6.2.

Units 5and 6

The existing traveling water screens in Screen House #2 have some, but not all, of these
desirable design features:

The approach velocity is less than 0.5 fps, and the through-screen velocity is
approximately 0.68 fps at MLW for the traveling water screen. Both the approach
velocity and through-screen velocity fall within the desired 1 fps.

The CWIS has a short intake channel.

All traveling screens have square 3/8 inch openings. Therefore, they are considered
coarse mesh screens, which minimize impingement.

A rubber mat is installed on the back wall of the screen housing to soften the impact to
aquatic life during transfer from the traveling water screens to the return sluiceway.

The screens are not rotated continuously, but are typically washed once per every twelve
hour shift for approximately 30 to 45 minutes.

The current system is a low pressure spray wash system. Each screen has a 40 psi spray
wash system that is used to clean the screens and remove impinged fish.

Due to the fact that all of the desirable design features mentioned above are not met by the
current configuration and operation of the traveling water screens, updated screening systems
are analyzed in Sections 6.1 and 6.2.
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4.1.3 Existing Fish Return System

The main objective of any fish return system is to return captured fish to the waterbody with a
minimum amount of stress. A state-of-the-art fish return system usually consists of a trough
designed to maintain a water velocity of 3 to 5 fps and with a minimum water depth of 4” to 6”.
The trough should avoid sharp radius turns and should discharge slightly above the water level.
The trough should be covered with a removable cover to prevent access by birds or other
predators.

Unit4

The current fish return system incorporates several features that improve fish survival. The fish
return trough for Screen House #1 is either an enclosed pipe, or located within the screen house.
The trough has one segmented turn (i.e., a 90° turn composed of two segments) within the
screen house and another turn exterior of the screen house before discharging directly into the
Piscataqua River at 4 ft above MSL. There is no minimum water level as the trough is normally
empty, unless the traveling screen is operating. Due to the fact that existing fish return system
does not meet all of the current guidelines for an optimized fish return system, an updated fish
return system is considered in Section 6.1.2.

Units 5and 6

The current fish return system incorporates several features that improve fish survival. The fish
return trough for Screen House #2 is located entirely within the screen house and has no turns
before discharging directly into the Piscataqua River at 8 ft above MSL. There is no minimum
water level as the trough is normally empty, unless the traveling screens are operating. Due to
the fact that the existing fish return system does not meet all of the current guidelines for an
optimized fish return system, an updated fish return system is considered in Section 6.1.2.

4.1.4 Lobster Separation Procedure

Although lobster impingement has previously been a recurring issue at Schiller Station, plant
operators have historically implemented special procedures in an attempt to reduce
impingement mortality. Based on these procedures, lobsters are manually identified, separated,
and transported alive from the fish return trough back into the Piscataqua River. Combined
with the other lobster deterrent features implemented at Schiller Station, lobster impingement
has been drastically reduced.

4.1.5 Maintenance Outages/Flow Reductions

Impingement and entrainment abundance are generally assumed to be proportionally based on
the amount of cooling water entering the CWIS; therefore, reductions in intake flow would also
reduce impingement and entrainment. Reduction in flow is considered to be an operational
measure. For Schiller Station, the reduction in flow from baseline is based on the percent
reduction from the total design intake capacity of 87,290 gpm (29,290 gpm for Unit 4, 29,000
gpm for Unit 5, and 29,000 gpm for Unit 6).

Both planned and unplanned periods of reduced power decrease the actual amount of flow
entering the Station’s CWISs. This flow reduction is considered a reduction in the baseline
flow and, therefore, is considered to be an operational measure to reduce
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impingement/entrainment. The average monthly baseline flows (in millions of gallons per
month) and the monthly historic operational flow provided by Schiller Station are shown in the
tables below, along with the corresponding flow reduction percentages. Utilizing historical data
for Station operation and associated flows for the past eight years (2000-2007) has indicated a
historic operational flow reduction of 11.7% for Unit 4, 8.3% for Unit 5, and 8.5% for Unit 6
(this historic reduction in flow is also discussed in Section 2.3.2.3.2).

Table 4.1 Unit 4 Flow Reduction from Baseline

Month ?:jg;g?oﬁlt%v H|stor(|ls/l(c);‘[/):1:)a;$§; Flow Flow Reduction
January 1,308 1,239 5.3%
February 1,182 1,142 3.3%
March 1,308 1,104 15.6%
April 1,266 691 45.4%
May 1,308 1,152 11.9%
June 1,266 1,224 3.3%
July 1,308 1,210 7.5%
August 1,308 1,237 5.5%
September 1,266 1,122 11.4%
October 1,308 1,116 14.7%
November 1,266 1,129 10.8%
December 1,308 1,235 5.6%
Annual 15,403 13,600 11.7%

Table 4.2 Unit 5 Flow Reduction from Baseline

Month E(‘Iﬁ‘jg;gfoﬁ'tj’]v)v H'St‘”('f/lg'j’rf]gaﬂﬂg Flow | £10w Reduction
January 1,296 1,246 3.8%
February 1,170 1,037 11.4%
March 1,296 955 26.3%
April 1,254 1,079 14.0%
May 1,296 1,060 18.2%
June 1,254 1,215 3.1%
July 1,296 1,246 3.8%
August 1,296 1,271 1.9%
September 1,254 1,176 6.2%
October 1,296 1,246 3.9%
November 1,254 1,201 4.2%
December 1,296 1,263 2.6%
Annual 15,257 13,995 8.3%
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Table 4.3 Unit 6 Flow Reduction from Baseline
Baseline Flow | Historic Operating Flow

Month (MG/month) (MG/month) Flow Reduction
January 1,296 1,239 4.3%
February 1,170 1,170 0.0%
March 1,296 873 32.6%
April 1,254 882 29.7%
May 1,296 992 23.4%
June 1,254 1,200 4.3%
July 1,296 1,280 1.2%
August 1,296 1,296 0.0%
September 1,254 1,244 0.8%
October 1,296 1,256 3.1%
November 1,254 1,236 1.4%
December 1,296 1,285 0.8%
Annual 15,257 13,954 8.5%

4.2 Biological Effectiveness of Existing CWIS Technologies and Current
Operational Measures

All inferences about biological effectiveness of the existing CWIS technologies and current
operational measures are based on the fish and macrocrustacean values provided by Normandeau
in Attachment 6. Throughout this Report, the Equivalent Adult (EA) values will be used for fish
entrainment, fish impingement, and macrocrustacean entrainment.  The number of EA
macrocrustaceans impinged is not available due to the lack of age information in both the
impingement data for Schiller Station and the published literature; therefore, the total number of
impinged macrocrustaceans, irregardless of age, is used throughout this Report. All fish and
macrocrustacean values in Attachment 6 were calculated by Normandeau based on the baseline
flows (design intake capacity) for each Unit at Schiller Station.

4.2.1 Baseline Entrainment and Impingement Abundance

The Phase Il Regulations, now suspended, measured impingement mortality and entrainment
reductions against a ‘calculation baseline' that assumed once-through cooling with 3/8-inch
mesh intake screens oriented parallel to the shoreline and without any structural or operational
controls for reducing impingement mortality or entrainment. For the purpose of this Report,
potential percentage impingement and entrainment reductions were calculated based on the
assumption that EPA will require Schiller Station to attain reductions from impingement and
entrainment levels reflecting the above described ‘calculation baseline’.

Unit 4

The estimated baseline monthly equivalent adult (EA) entrainment is shown in Table 4.4
(Attachment 6; Tables 6-4 and 6-7). For fish, the months with the highest estimated baseline
EA entrainment abundance would be January through April; however, these months would have
no macrocrustacean EA entrainment abundance. While all of the estimated baseline
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macrocrustacean EA entrainment abundance would occur during the months of May through
November, only 29.4% of baseline EA entrainment of fish would occur during these months.
Overall, under baseline conditions at Unit 4, approximately three times more EA fish would be
entrained annually than EA macrocrustaceans.

Table 4.4 Unit 4 Baseline Monthly Entrainment

Monthly EA Monthly EA
Fish Entrainment Macrocrustacean Entrainment

Month Abundance Fraction Abundance Fraction
January 35,000 13.4% 0 0.0%
February 45,000 17.2% 0 0.0%
March 70,000 26.7% 0 0.0%
April 33,000 12.6% 0 0.0%
May 11,000 4.2% 4,000 4.9%
June 6,000 2.3% 16,000 19.8%
July 22,000 8.4% 34,000 42.0%
August 23,000 8.8% 15,000 18.5%
September 4,000 1.5% 6,000 7.4%
October 0 0.0% 5,000 6.2%
November 11,000 4.2% 1,000 1.2%
December 2,000 0.8% 0 0.0%
Annual 262,000 100.0% 81,000 100.0%

The estimated baseline monthly EA fish and total macrocrustacean impingement is shown in
Table 4.5 (Attachment 6; Tables 6-2 and 6-5). For fish, 71.3% of the estimated baseline EA
impingement abundance would occur during the months of January, April, November, and
December. For the estimated baseline macrocrustacean impingement abundance, 69.6% would
occur during the months of April, May, June, November and December. Overall, under
baseline conditions at Unit 4, approximately ten times more macrocrustaceans would be
impinged annually than EA fish.
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Table 4.5 Unit 4 Baseline Monthly Impingement

Monthly EA Monthly Total
Fish Impingement Macrocrustacean Impingement

Month Abundance Fraction Abundance Fraction
January 116 11.1% 886 8.6%
February 33 3.1% 176 1.7%
March 25 2.4% 141 1.4%
April 302 28.8% 1,981 19.1%
May 19 1.8% 1,182 11.4%
June 73 7.0% 1,251 12.1%
July 26 2.5% 593 5.7%
August 5 0.5% 497 4.8%
September 25 2.4% 336 3.2%
October 97 9.3% 508 4.9%
November 149 14.2% 1,277 12.3%
December 180 17.2% 1,523 14.7%
Annual 1,048 100.0% 10,350 100.0%

Unit5

The estimated baseline monthly equivalent adult (EA) entrainment for Schiller Station Unit 5 is
shown in Table 4.6 (Attachment 6; Tables 6-4 and 6-7). For fish, the months with the highest
estimated baseline EA entrainment abundance would be January through April; however, these
months would have no macrocrustacean EA entrainment abundance. While 98.9% of the
estimated baseline macrocrustacean EA entrainment abundance would occur during the months
of May through October, only 25.1% of estimated baseline EA entrainment of fish would occur
during these months. Annually, under baseline Unit 5 conditions, approximately three times
more EA fish are entrained than EA macrocrustaceans.
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Table 4.6 Unit 5 Baseline Monthly Entrainment

Monthly EA Monthly EA
Fish Entrainment Macrocrustacean Entrainment

Month Abundance Fraction Abundance Fraction
January 35,000 13.5% 0 0.0%
February 44,000 17.0% 0 0.0%
March 69,000 26.6% 0 0.0%
April 33,000 12.7% 0 0.0%
May 11,000 4.2% 4,000 5.0%
June 6,000 2.3% 15,000 18.8%
July 22,000 8.5% 34,000 42.5%
August 23,000 8.9% 15,000 18.8%
September 3,000 1.2% 6,000 7.5%
October 0 0.0% 5,000 6.3%
November 11,000 4.2% 1,000 1.3%
December 2,000 0.8% 0 0.0%
Annual 259,000 100.0% 80,000 100.0%

The estimated baseline monthly EA impingement is shown in Table 4.7 (Attachment 6; Tables
6-2 and 6-5). For fish, the majority of estimated baseline EA impingement abundance would
occur in April through October. For macrocrustacean impingement, the estimated baseline
monthly abundance would spread fairly evenly throughout the year, with lows in January
through March. Annually, under baseline Unit 5 conditions, three times more macrocrustaceans
would be impinged than EA fish.

Table 4.7 Unit 5 Baseline Monthly Impingement

Monthly EA Monthly Total
Fish Impingement Macrocrustacean Impingement

Month Abundance Fraction Abundance Fraction
January 29 5.2% 49 2.9%
February 5 0.9% 7 0.4%
March 20 3.6% 21 1.2%
April 67 11.9% 185 10.9%
May 34 6.0% 244 14.4%
June 34 6.0% 183 10.8%
July 57 10.1% 175 10.3%
August 85 15.1% 113 6.7%
September 117 20.8% 117 6.9%
October 64 11.4% 215 12.7%
November 29 5.2% 237 14.0%
December 22 3.9% 147 8.7%
Annual 563 100.0% 1,694 100.0%
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Unit 6

The estimated baseline monthly EA entrainment for Schiller Station Unit 6, shown in Table 4.8
(Attachment 6; Tables 6-4 and 6-7), is identical to the estimated baseline monthly EA
entrainment for Unit 5, shown in Table 4.6. While the months with the highest estimated
baseline EA fish entrainment abundance would be January through April, these months would
have no macrocrustacean EA entrainment abundance. Approximately 98.9% of the estimated
baseline macrocrustacean EA entrainment abundance would occur during the months of May
through October, while only 25.1% of estimated baseline EA entrainment of fish would occur
during these months. Under baseline Unit 6 conditions, three times more EA fish would be
entrained annually than EA macrocrustaceans.

Table 4.8 Unit 6 Baseline Monthly Entrainment

Monthly EA Monthly EA
Fish Entrainment Macrocrustacean Entrainment

Month Abundance Fraction Abundance Fraction
January 35,000 13.5% 0 0.0%
February 44,000 17.0% 0 0.0%
March 69,000 26.6% 0 0.0%
April 33,000 12.7% 0 0.0%
May 11,000 4.2% 4,000 5.0%
June 6,000 2.3% 15,000 18.8%
July 22,000 8.5% 34,000 42.5%
August 23,000 8.9% 15,000 18.8%
September 3,000 1.2% 6,000 7.5%
October 0 0.0% 5,000 6.3%
November 11,000 4.2% 1,000 1.3%
December 2,000 0.8% 0 0.0%
Annual 259,000 100.0% 80,000 100.0%

The estimated baseline monthly EA impingement for Unit 6 is shown in Table 4.9 (Attachment
6; Tables 6-2 and 6-5). For fish, 74.7% estimated baseline EA impingement abundance would
occur during the months of January, October, and November. For macrocrustacean
impingement, the estimated baseline monthly abundance would be spread fairly evenly
throughout the year, where the lowest abundance occurrences would be in January through
March. Under baseline Unit 6 conditions, three times more macrocrustaceans would be
impinged than EA fish, annually.
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Table 4.9 Unit 6 Baseline Monthly Impingement

Monthly EA Monthly Total
Fish Impingement Macrocrustacean Impingement

Month Abundance Fraction Abundance Fraction
January 144 38.7% 14 1.1%
February 20 5.4% 14 1.1%
March 0 0.0% 0 0.0%
April 35 9.4% 120 9.7%
May 2 0.5% 176 14.3%
June 9 2.4% 144 11.7%
July 10 2.7% 175 14.2%
August 0 0.0% 121 9.8%
September 0 0.0% 92 7.5%
October 92 24.7% 91 7.4%
November 42 11.3% 194 15.7%
December 19 5.1% 91 7.4%
Annual 372 100.0% 1,232 100.0%

4.2.2 Reduction from Baseline Entrainment and Impingement Mortality

Using the assumptions that (1) there is a direct linear (1:1) relationship between flow reductions
and the number of fish impinged or entrained (a fundamental assumption of the now suspended
Phase Il Rule), and (2) there is 100% mortality of impinged or entrained fish at each Unit, the
impingement and entrainment abundance data presented in Attachment 6, can be used to
evaluate the impingement and entrainment reductions that Schiller Station achieves from
baseline by employing its existing CWIS technologies and current operational flow reduction
measures.

Impingement and entrainment are not uniform throughout the year, so flow-weighted annual
impingement and entrainment reductions were calculated based on the results of the studies
performed by Normandeau during 2006 through 2007 (Ref. 8.1) and the actual or expected
pattern of intake flows at each Unit in each month throughout the year. The calculation of these
impingement and entrainment reductions was performed using the actual observed timing of
operational flow reductions and the daily, weekly and monthly impingement rates at Schiller
Station shown in the tables in Attachment 6.

The historical operating flows from 2000 to 2007 were used to calculate each Unit’s monthly
and annual average operational flow reductions from baseline. In addition, monthly and annual
EA entrainment and impingement survival rates were calculated for each Unit using the
mortality and estimated baseline abundance data provided by Normandeau in Attachment 6.
These estimated monthly EA survival rates were then combined with the monthly operational
flow reductions from baseline to calculate each Unit’s monthly cumulative EA entrainment and
impingement reductions. The cumulative reductions were then weighted using the baseline
monthly EA entrainment and impingement abundance values to determine the overall monthly
and annual reductions in entrainment mortality associated with the Station’s existing CWIS
configuration and current operational measures as compared to baseline. A summary of the
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annual reductions in entrainment and impingement mortality associated with each Unit’s
existing CWIS configuration and current operational measures is shown in Table 4.10.

Table 4.10  Summary of Schiller Station’s Annual Reductions in
EA Entrainment and Impingement Mortality from Baseline

Unit 4 Unit 5 Unit 6
EA Fish Entrainment 61.0% 60.2% 60.9%
EA Macrocrustacean Entrainment 81.7% 80.9% 80.6%
EA Fish Impingement 34.7% 18.4% 26.3%
Total Macrocrustacean Impingement 73.9% 68.4% 67.2%

Unit 4

Based on the mortality and estimated baseline abundance data provided by Normandeau
(Attachment 6; Tables 6-2, 6-4, 6-5, 6-7, 6-9, 6-11, 6-12, and 6-14), the existing fish return
system at Schiller Station Unit 4 has an 18.9% EA impingement survival rate for fish and a
68.4% impingement survival rate for macrocrustaceans. The EA entrainment survival rate for
fish is 55.0% while the EA entrainment survival rate for macrocrustaceans is 79.0%.

As discussed in Section 2.3.2.3.1, operational flow reductions at Schiller Station are mainly due
to maintenance outages. Schiller Station Unit 4 has an average historic (2000 to 2007) annual
flow reduction of 11.7% from the baseline flow (design intake capacity) of 29,290 gpm. The
greatest reductions in flow occur in March through May and September through November, due
to the timing of outages. The other reductions from baseline flow correspond to periods of lesser
flows due to unplanned outages.

To calculate the overall average annual reductions in EA entrainment mortality for fish and
macrocrustaceans at Unit 4 that are associated with the Station’s existing CWIS configuration
and operational measures, these historical operational flow reductions are combined with the
monthly EA entrainment survival rates weighted by the monthly abundance of entrainment and
compared to the design flows as shown in Table 4.11 and Table 4.12. Overall average annual
reductions of 61.0% in EA entrainment mortality for fish and 81.7% in EA entrainment
mortality for macrocrustaceans are attributable to the Station’s operational flow reductions and
the EA entrainment survival rate associated with the existing CWIS configuration.
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Table 4.11  Unit 4 Baseline EA Entrainment Mortality Reduction of Fish

by Month
Monthly EA Entrainment Reduction
Month Monthly EA Elow . ' EA Entraipment
Entrainment i Survival Cumulative Reduction
Reduction

January 13.4% 5.3% 51.4% 54.0% 7.2%
February 17.2% 3.3% 57.8% 59.2% 10.2%
March 26.7% 15.6% 55.7% 62.6% 16.7%
April 12.6% 45.4% 57.6% 76.9% 9.7%
May 4.2% 11.9% 54.5% 60.0% 2.5%
June 2.3% 3.3% 16.7% 19.4% 0.4%
July 8.4% 7.5% 72.7% 74.8% 6.3%
August 8.8% 5.5% 78.3% 79.4% 7.0%
September 1.5% 11.4% 25.0% 33.5% 0.5%
October 0.0% 14.7% 0.0% 14.7% 0.0%
November 4.2% 10.8% 0.0% 10.8% 0.5%
December 0.8% 5.6% 0.0% 5.6% 0.0%
Annual 100.0% 11.7% 55.0% 60.2% 61.0%

(Total) (Average) (Average) (Average) (Total)

Table 4.12  Unit 4 Baseline EA Entrainment Mortality Reduction of
Macrocrustaceans by Month

Monthly EA Entrainment Reduction
Month Monthly EA Flow . . EA Entrainment
Entrainment g Survival Cumulative Reduction
Reduction

January 0.0% 5.3% 0.0% 5.3% 0.0%
February 0.0% 3.3% 0.0% 3.3% 0.0%
March 0.0% 15.6% 0.0% 15.6% 0.0%
April 0.0% 45.4% 0.0% 45.4% 0.0%
May 4.9% 11.9% 75.0% 78.0% 3.9%
June 19.8% 3.3% 81.3% 81.9% 16.2%
July 42.0% 7.5% 79.4% 81.0% 34.0%
August 18.5% 5.5% 80.0% 81.1% 15.0%
September 7.4% 11.4% 83.3% 85.2% 6.3%
October 6.2% 14.7% 80.0% 82.9% 5.1%
November 1.2% 10.8% 100.0% 100.0% 1.2%
December 0.0% 5.6% 0.0% 5.6% 0.0%
Annual 100.0% 11.7% 79.0% 81.5% 81.7%

(Total) (Average) (Average) (Average) (Total)

In addition to flow reductions due to the actual operational flow, there is some impingement
survival due to the existing CWIS technologies and operational procedures implemented by
Schiller Station to reduce entrainment and impingement mortality. As shown in Table 4.13 and
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Table 4.14, both a 34.7% reduction in EA impingement mortality of fish and a 73.9% reduction
in total impingement mortality of macrocrustaceans are attributable to the operational flow
reductions combined with the impingement survival rates due to Unit 4’s existing CWIS
technologies and operational procedures.

Table 4.13  Unit 4 Baseline EA Impingement Mortality Reduction of
Fish by Month
Monthly EA Impingement Reduction EA
Monthly EA Flow Fish Return Impingement

Month Impingement | Reduction System Cumulative Reduction
January 11.1% 5.3% 30.2% 33.9% 3.7%
February 3.1% 3.3% 30.3% 32.6% 1.0%
March 2.4% 15.6% 20.0% 32.5% 0.8%
April 28.8% 45.4% 17.5% 55.0% 15.9%
May 1.8% 11.9% 21.1% 30.5% 0.6%
June 7.0% 3.3% 0.0% 3.3% 0.2%
July 2.5% 7.5% 0.0% 7.5% 0.2%
August 0.5% 5.5% 0.0% 5.5% 0.0%
September 2.4% 11.4% 16.0% 25.6% 0.6%
October 9.3% 14.7% 15.5% 27.9% 2.6%
November 14.2% 10.8% 14.8% 24.0% 3.4%
December 17.2% 5.6% 29.4% 33.4% 5.7%
Annual 100.0% 11.7% 18.9% 28.4% 34.7%
(Total) (Average) (Average) (Average) (Total)
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Table 4.14  Unit 4 Baseline Total Impingement Mortality Reduction of
Macrocrustaceans by Month

Monthly Total Impingement Reduction

Monthly Total

Total Flow Fish Return Impingement

Month Impingement Reduction System Cumulative Reduction

January 8.6% 5.3% 89.6% 90.2% 7.7%
February 1.7% 3.3% 89.8% 90.1% 1.5%
March 1.4% 15.6% 60.3% 66.5% 0.9%
April 19.1% 45.4% 60.0% 78.2% 15.0%
May 11.4% 11.9% 60.0% 64.8% 7.4%
June 12.1% 3.3% 53.8% 55.3% 6.7%
July 5.7% 7.5% 53.8% 57.3% 3.3%
August 4.8% 5.5% 53.9% 56.4% 2.7%
September 3.2% 11.4% 71.7% 74.9% 2.4%
October 4.9% 14.7% 71.7% 75.8% 3.7%
November 12.3% 10.8% 71.7% 74.8% 9.2%
December 14.7% 5.6% 89.6% 90.2% 13.3%
Annual 100.0% 11.7% 68.4% 72.1% 73.9%
(Total) (Average) (Average) (Average) (Total)

Unit5

Based on the mortality and estimated baseline abundance data provided by Normandeau
(Attachment 6; Tables 6-2, 6-4, 6-5, 6-7, 6-9, 6-11, 6-12, and 6-14), the existing CWIS
technologies and operational procedures at Schiller Station Unit 5 have a 12.3% annual
impingement survival rate for EA fish, while a 65.8% annual impingement survival rate exists
for macrocrustaceans. The EA entrainment survival rate for fish due to the existing CWIS
technologies and operational procedures is 54.8% while the EA entrainment survival rate for
macrocrustaceans is 78.8%.

Schiller Station Unit 5 has an average historic (2000 to 2007) annual flow reduction of 8.3%
from the baseline flow of 29,000 gpm. The greatest reductions in flow occur in February
through May, due to the timing of outages. The other reductions from baseline flow correspond to
periods of lesser flows due to reduced cooling demands and to unplanned outages.

To calculate the average annual reductions in EA entrainment mortality for fish and
macrocrustaceans at Unit 5 that are associate with the Station’s existing CWIS configuration
and operational measures, these historic operational flow reductions are combined with the
monthly EA entrainment survival rates and weighted by the monthly abundance of entrainment,
as shown in Table 4.15 and Table 4.16. Overall average annual reductions of 60.2% in EA
entrainment mortality for fish and 80.9% in EA entrainment mortality for macrocrustaceans are
attributable to the Station’s operational flow reductions and the EA entrainment survival rates
associated with the existing CWIS configuration.
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Table 4.15  Unit 5 Baseline EA Entrainment Mortality Reduction of Fish

by Month
Monthly EA Entrainment Reduction EA
Month é/lonthly EA Flow . . Entrainment
ntrainment Reduction Survival | Cumulative Reduction

January 13.5% 3.8% 51.4% 53.3% 7.2%
February 17.0% 11.4% 56.8% 61.8% 10.5%
March 26.6% 26.3% 55.1% 66.9% 17.8%
April 12.7% 14.0% 57.6% 63.5% 8.1%
May 4.2% 18.2% 54.5% 62.8% 2.7%
June 2.3% 3.1% 16.7% 19.3% 0.4%
July 8.5% 3.8% 72.7% 73.8% 6.3%
August 8.9% 1.9% 78.3% 78.7% 7.0%
September 1.2% 6.2% 0.0% 6.2% 0.1%
October 0.0% 3.9% 0.0% 3.9% 0.0%
November 4.2% 4.2% 0.0% 4.2% 0.2%
December 0.8% 2.6% 0.0% 2.6% 0.0%
Annual 100.0% 8.3% 54.8% 58.6% 60.2%

(Total) (Average) (Average) (Average) (Total)

Table 4.16  Unit 5 Baseline EA Entrainment Mortality Reduction of
Macrocrustaceans by Month

Monthly EA Entrainment Reduction EA
Month g(;':;m)rannAt Flow Survival Cumulative Entrainment
Reduction Reduction

January 0.0% 3.8% 0.0% 3.8% 0.0%
February 0.0% 11.4% 0.0% 11.4% 0.0%
March 0.0% 26.3% 0.0% 26.3% 0.0%
April 0.0% 14.0% 0.0% 14.0% 0.0%
May 5.0% 18.2% 75.0% 79.5% 4.0%
June 18.8% 3.1% 80.0% 80.6% 15.1%
July 42.5% 3.8% 79.4% 80.2% 34.1%
August 18.8% 1.9% 80.0% 80.4% 15.1%
September 7.5% 6.2% 83.3% 84.4% 6.3%
October 6.3% 3.9% 80.0% 80.8% 5.0%
November 1.3% 4.2% 100.0% 100.0% 1.3%
December 0.0% 2.6% 0.0% 2.6% 0.0%
Annual 100.0% 8.3% 78.8% 80.5% 80.9%

(Total) (Average) (Average) (Average) (Total)

In addition to operational flow reductions, there is some impingement survival due to the
existing CWIS technologies and operational procedures implemented by Schiller Station to
reduce entrainment and impingement mortality. As shown in Table 4.17 and Table 4.18, both
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an 18.4% reduction in EA impingement mortality of fish and a 68.4% reduction in total
impingement mortality of macrocrustaceans are attributable to the operational flow reductions
combined with the impingement survival rate due to Unit 5’s existing CWIS technologies and
operational procedures.

Table 4.17  Unit 5 Baseline EA Impingement Mortality Reduction of
Fish by Month
Monthly EA Impingement Reduction EA
Monthly EA Flow Fish Return Impingement

Month Impingement | Reduction System Cumulative Reduction
January 5.2% 3.8% 31.0% 33.7% 1.7%
February 0.9% 11.4% 40.0% 46.9% 0.4%
March 3.6% 26.3% 20.0% 41.1% 1.5%
April 11.9% 14.0% 17.9% 29.4% 3.5%
May 6.0% 18.2% 17.6% 32.6% 2.0%
June 6.0% 3.1% 0.0% 3.1% 0.2%
July 10.1% 3.8% 0.0% 3.8% 0.4%
August 15.1% 1.9% 0.0% 1.9% 0.3%
September 20.8% 6.2% 14.5% 19.8% 4.1%
October 11.4% 3.9% 14.1% 17.4% 2.0%
November 5.2% 4.2% 17.2% 20.7% 1.1%
December 3.9% 2.6% 31.8% 33.6% 1.3%
Annual 100.0% 8.3% 12.3% 19.5% 18.4%
(Total) (Average) (Average) (Average) (Total)
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Table 4.18  Unit 5 Baseline Total Impingement Mortality Reduction of
Macrocrustaceans by Month

Monthly Total Impingement Reduction

Monthly Total

Total Flow Fish Return Impingement

Month Impingement Reduction System Cumulative Reduction

January 2.9% 3.8% 89.8% 90.2% 2.6%
February 0.4% 11.4% 85.7% 87.3% 0.4%
March 1.2% 26.3% 61.9% 71.9% 0.9%
April 10.9% 14.0% 60.0% 65.6% 7.2%
May 14.4% 18.2% 59.8% 67.1% 9.7%
June 10.8% 3.1% 54.1% 55.5% 6.0%
July 10.3% 3.8% 53.7% 55.5% 5.7%
August 6.7% 1.9% 54.0% 54.9% 3.7%
September 6.9% 6.2% 71.8% 73.5% 5.1%
October 12.7% 3.9% 71.6% 72.7% 9.2%
November 14.0% 4.2% 71.7% 72.9% 10.2%
December 8.7% 2.6% 89.8% 90.1% 7.8%
Annual 100.0% 8.3% 65.8% 68.6% 68.4%
(Total) (Average) (Average) (Average) (Total)

Unit 6

Based on the mortality and estimated baseline abundance data provided by Normandeau
(Attachment 6; Tables 6-2, 6-4, 6-5, 6-7, 6-9, 6-11, 6-12, and 6-14), the existing CWIS
technologies and operational procedures that were implemented to reduce entrainment and
impingement mortality at Schiller Station Unit 6 have a 21.5% annual impingement survival
rate for EA fish, while a 64.2% annual impingement survival rate exists for macrocrustaceans.
The EA entrainment survival rate for fish is 54.8%, but the EA entrainment mortality for
macrocrustaceans is 78.8%.

Schiller Station Unit 6 has an average historic (2000 to 2007) annual flow reduction of 8.5%
from the baseline flow of 29,000 gpm. The greatest reductions in flow occur in March through
May. The other reductions from baseline flow correspond to periods of lesser flows due to
unplanned outages.

To calculate the average annual reductions in EA entrainment mortality for fish and
macrocrustaceans at Unit 6 that are associated with the Station’s existing CWIS configuration
and operational measures, these historical operational flow reductions are combined with the
monthly EA entrainment survival rate and weighted by the monthly abundance of entrainment,
as shown in Table 4.19 and Table 4.20. Overall average annual reduction of 60.9% in EA
entrainment mortality for fish and 80.6% in EA entrainment mortality for macrocrustaceans are
attributable to the Station’s operational flow reductions and the EA entrainment survival rate
associated with the existing CWIS configuration.
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Table 4.19  Unit 6 Baseline EA Entrainment Mortality Reduction of Fish

by Month
Monthly EA Entrainment Reduction EA
Month é/lonthly EA Flow . . Entrainment
ntrainment Reduction Survival | Cumulative Reduction

January 13.5% 4.3% 51.4% 53.5% 7.2%
February 17.0% 0.0% 56.8% 56.8% 9.7%
March 26.6% 32.6% 55.1% 69.7% 18.6%
April 12.7% 29.7% 57.6% 70.2% 8.9%
May 4.2% 23.4% 54.5% 65.2% 2.8%
June 2.3% 4.3% 16.7% 20.2% 0.5%
July 8.5% 1.2% 72.7% 73.1% 6.2%
August 8.9% 0.0% 78.3% 78.3% 6.9%
September 1.2% 0.8% 0.0% 0.8% 0.0%
October 0.0% 3.1% 0.0% 3.1% 0.0%
November 4.2% 1.4% 0.0% 1.4% 0.1%
December 0.8% 0.8% 0.0% 0.8% 0.0%
Annual 100.0% 8.5% 54.8% 58.7% 60.9%

(Total) (Average) (Average) (Average) (Total)

Table 420  Unit 6 Baseline EA Entrainment Mortality Reduction of
Macrocrustaceans by Month

Monthly EA Entrainment Reduction EA
Month Il;/lonthly EA Flow . . Entrainment
ntrainment Reduction Survival Cumulative Reduction

January 0.0% 4.3% 0.0% 4.3% 0.0%
February 0.0% 0.0% 0.0% 0.0% 0.0%
March 0.0% 32.6% 0.0% 32.6% 0.0%
April 0.0% 29.7% 0.0% 29.7% 0.0%
May 5.0% 23.4% 75.0% 80.9% 4.0%
June 18.8% 4.3% 80.0% 80.9% 15.2%
July 42.5% 1.2% 79.4% 79.7% 33.9%
August 18.8% 0.0% 80.0% 80.0% 15.0%
September 7.5% 0.8% 83.3% 83.5% 6.3%
October 6.3% 3.1% 80.0% 80.6% 5.0%
November 1.3% 1.4% 100.0% 100.0% 1.3%
December 0.0% 0.8% 0.0% 0.8% 0.0%
Annual 100.0% 8.5% 78.8% 80.6% 80.6%

(Total) (Average) (Average) (Average) (Total)

In addition to flow reductions due to the actual operational flow, there is some impingement
survival due to the existing CWIS technologies and operational procedures implemented by
Schiller Station to reduce entrainment and impingement mortality. As shown in Table 4.21 and
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Table 4.22, both a 26.3% reduction in EA impingement mortality of fish and a 67.2% reduction
in total impingement mortality of macrocrustaceans are attributable to the operational flow
reductions combined with the impingement survival rate due to Unit 6’s existing CWIS
technologies and operational procedures.

Table 4.21  Unit 6 Baseline EA Impingement Mortality Reduction of
Fish by Month

Monthly EA Impingement Reduction EA
Monthly EA Flow Fish Return Impingement
Month Impingement | Reduction System Cumulative Reduction

January 38.7% 4.3% 29.9% 32.9% 12.7%
February 5.4% 0.0% 30.0% 30.0% 1.6%
March 0.0% 32.6% 0.0% 32.6% 0.0%
April 9.4% 29.7% 17.1% 41.7% 3.9%
May 0.5% 23.4% 0.0% 23.4% 0.1%
June 2.4% 4.3% 0.0% 4.3% 0.1%
July 2.7% 1.2% 0.0% 1.2% 0.0%
August 0.0% 0.0% 0.0% 0.0% 0.0%
September 0.0% 0.8% 0.0% 0.8% 0.0%
October 24.7% 3.1% 15.2% 17.8% 4.4%
November 11.3% 1.4% 14.3% 15.5% 1.7%
December 5.1% 0.8% 31.6% 32.1% 1.6%
Annual 100.0% 8.5% 21.5% 28.2% 26.3%

(Total) (Average) (Average) (Average) (Total)
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Table 4.22  Unit 6 Baseline Total Impingement Mortality Reduction of
Macrocrustaceans by Month
Monthly Total Impingement Reduction
Monthly Total
Total Flow Fish Return Impingement

Month Impingement Reduction System Cumulative Reduction
January 1.1% 4.3% 92.9% 93.2% 1.1%
February 1.1% 0.0% 92.9% 92.9% 1.1%
March 0.0% 32.6% 0.0% 32.6% 0.0%
April 9.7% 29.7% 60.0% 71.9% 7.0%
May 14.3% 23.4% 60.2% 69.5% 9.9%
June 11.7% 4.3% 53.5% 55.5% 6.5%
July 14.2% 1.2% 53.7% 54.3% 7.7%
August 9.8% 0.0% 53.7% 53.7% 5.3%
September 7.5% 0.8% 71.7% 72.0% 5.4%
October 7.4% 3.1% 71.4% 72.3% 5.3%
November 15.7% 1.4% 71.6% 72.0% 11.3%
December 7.4% 0.8% 90.1% 90.2% 6.7%
Annual 100.0% 8.5% 64.2% 67.3% 67.2%
(Total) (Average) (Average) (Average) (Total)
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5 Mechanical Draft Towers for Closed-Loop Cooling

As EPA directed in the 8308 Letter, this section evaluates the retrofitting of mechanical draft cooling
towers at Schiller Station for all three operating Units. Conversion of existing operating power
stations from once-through to closed-cycle cooling is largely unprecedented. Even without this
uncertainty, conversion of an existing, operating power plant from once-through condenser cooling to
closed-loop condenser cooling represents a massive engineering and construction undertaking, even
when site conditions are conducive to the required configuration changes.

5.1 Conceptual Design

The fact that Schiller Station is located on a seawater estuary presents special challenges relative to
conversion to closed-cycle cooling. Although cooling towers can operate in salt water cooling
systems, both initial capital and ongoing operational and maintenance (O&M) costs significantly
increase, and numerous operational issues are created. The initial capital cost increase is largely
due to the special materials needed resist corrosion in a salt water operating environment; this will
be discussed in detail in Section 5.2, and the associated Attachment 4. Regarding operational
issues, salt water towers require appreciably greater makeup and blowdown flows than fresh water
systems, as they must utilize very low cycles of concentration due to the salt water mineral content.
Additionally, cooling tower drift rates must be maintained as low as possible to minimize salt
deposition on surrounding areas. Within the plume travel boundaries, salt deposition is damaging
to plant life, and also causes significant corrosion damage to plant features like the switchyard; this
will be discussed in more detail in Section 5.3.

A less costly and more operations friendly alternative to salt water cooling for the Schiller
application is utilizing a “fresh water’ cooling system with makeup provided by ‘grey water’.
Preliminary assessments of nearby sources indicate that the closest wastewater treatment facility
with an adequate amount of grey water to provide the needed make-up flow rate is Pierce Island
WWTF (discussed in more detail in Section 6.5). Utilizing this makeup source would eliminate
the problems associated with salt water cooling systems, eliminate water withdrawal from the
Piscataqua River, and minimize blowdown flow to the river. However, using this grey water
source would also create some new challenges, including verification that the grey water is
available for PSNH use, routing of the transfer piping up to approximately 4 miles to the Schiller
site, and close control of cooling tower drift; nonetheless, the potential benefits warrant
consideration of this water source. Since the availability of grey water for this application will not
be ascertained by the time this Report is submitted, subsequent sections will consider both salt
water and grey water closed-cycle cooling systems.

Another site-specific consideration for the Schiller site is the ability to provide needed cooling for
all three Units in the most efficient manner. There are two ways to go about this, either utilizing a
Unit-specific dedicated cooling tower for each Unit, or combining the cooling flows of the three
Units and cooling all three Units via a common cooling tower. As will be discussed in more detail
in Section 5.1.1.1.2, the most efficient configuration for Schiller Station would be to utilize a
common tower to provide the necessary cooling for the combined flows of all three Units. This
common cooling tower would consist of multiple cells, with a control system capable of providing
the necessary load-following via shutting down individual cells if one or more Units at the site
were shut down for outage(s).
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While the cumulative impact of all the possible factors cannot be fully estimated for Schiller
Station at this initial engineering analysis stage, the critical “big picture” measures that would play
a significant role in determining the feasibility and the appropriate configuration of any closed-
cycle system for the Station are discussed in the following sections.

5.1.1 Major Components

Other alternatives for heat rejection with the necessary capacity to support closed-loop cooling,
such as evaporative ponds, spray ponds, or cooling canals, all would require significantly more
real estate to implement than exists at the Schiller Station site. Hence, and in accordance with
EPA’s direction in the 8308 Letter, this section will address only cooling towers and the
associated required major components, specifically the booster pumping station, and
interconnecting runs of CW piping.

5.1.1.1 Cooling Towers
5.1.1.1.1 Dry Cooling Towers

Dry cooling towers, which rely totally on sensible heat transfer (i.e., no heat is transferred via
phase change), lack the efficiency of wet or hybrid towers using evaporative cooling, and thus
require a far greater surface area than is available at the Schiller Station site. Additionally, due
to their lower efficiency, dry towers are not capable of supporting condenser temperatures and
associated backpressures necessary to be compatible with the Station’s turbine design, and
therefore, their implementation at Schiller Station is not considered technologically feasible.

5.1.1.1.2 Evaporative Cooling Towers
Evaporative cooling tower types and configurations are discussed below:
Natural Draft Towers

Of the types of evaporative cooling towers, the natural draft “wet tower” is comparatively
efficient, quiet, moderate to high in initial cost, and moderate in footprint (i.e., up to 450 feet
in diameter), and under appropriate circumstances, can be less costly to operate than
comparably sized mechanical draft cooling towers. Thus, given suitable site conditions, the
natural draft tower can be a sound engineering choice.

However, natural draft towers rely on the “chimney effect” of the tower to create the required
draft; hence, such towers must be very tall - approximately 450 to 550 ft in height. Local
zoning restrictions often preclude the use of natural draft towers. Additionally, natural draft
towers require adequate heat load provided by the CW system to fuel the thermal differential
required to create and sustain the “chimney effect”. Because of the relatively small capacity
of cooling water (i.e., CW) flow at Schiller Station, implementation of natural draft towers is
technologically infeasible.
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Figure 5.1 illustrates a typical natural draft cooling tower.

Air Figure 5.1 Counterflow
]‘ Out Hyperbolic Natural Draft Cooling
Tower (Ref. 8.4)

Air flow through the tower is
produced by the density differential
that exists between the heated (less
dense) air inside the stack and the
relatively cool (more dense) ambient
air outside the tower. Since these
towers depend on their geometric
shape rather than fans for required
air flow, they have low operating
costs.

OO,

~ TOutflow

Mechanical Draft Towers

Compared to the other types of evaporative cooling towers, a mechanical draft wet cooling
tower can be efficient, typically lowest in initial cost, moderate in footprint, and has moderate
operating costs. Due to the need for forced draft fans, this type of tower has slightly higher
noise levels than a natural draft tower, although attenuation to acceptable levels is possible, at
an added cost.

To minimize operational losses due to higher intake water temperature, a tower with an 8°F
approach (see Figure 5.2 for definition of “approach” (Ref. 8.4)) is considered the largest that
could be effectively utilized at Schiller Station. The 8°F approach tower design point is
considered the optimum trade-off between total capacity and performance, size, initial cost,
and operating costs.

Figure 5.2 indicates the relationship between cooling tower design approach to wet bulb and
tower size. The 8 °F approach to wet bulb tower design point is very close to the theoretical
limit in performance, generally acknowledged to be a 7°F approach to wet bulb. Utilizing a
tower this large, with this approach to wet bulb, would result in the least operational losses for
Schiller Station.
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Figure 5.2 Definition of “Approach,” “Cooling Range,” and relationship of approach to tower size

(Ref. 8.4)

The graph on the left shows the relationship of range and approach as the heat load is applied to the tower.
Although the combination of range and gpm is fixed by the heat load in accordance with Heat Load = gpm x 8.33
Ibs./gal. water x range = Btu/min., approach is fixed by the size and efficiency of the cooling tower.

The graph on the right indicates how given two towers of equal efficiency, with proportionate fill configurations
and air rates, the larger tower will produce colder water; i.e. have a closer approach. Important to note, from a
tower cost standpoint, is the fact that the base 15°F approach tower would have had to be twice as large to
produce a 7°F approach, whereas it could have produced a 25°F approach at only 60% of its size.

Figure 5.3 illustrates the air flow path through a cell of a typical mechanical draft wet cooling
tower, and the applicable simplified psychrometric chart (Ref. 8.4).
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Saturation of Air In Typical Mechanical Draft Wet Cooling Tower (Ref. 8.4)

Two cases are depicted in the above figure. Case 1 - During summertime, ambient air enters the tower at
condition 3 and exits saturated at condition 4. After leaving the tower, this saturated air mixes with the ambient
air along line 4-3, such that most of the mixing occurs in the invisible region below the saturation curve of the
psychrometric chart. Case 2 - In the winter, ambient air enters the tower at condition 1, exiting saturated at
condition 2 and returning to ambient conditions along line 2-1. As can be seen, most of this mixing occurs in the
region of super-saturation, which causes a visible plume.

Figure 5.3
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than the single shared tower selected, demanding much more real estate than is available at the
Schiller site.

Hybrid Towers

A hybrid cooling tower, also referred to as a “plume abated” cooling tower, addresses some of
the plume-related issues associated with the tower types previously evaluated. Basically, a
hybrid tower is the combination of the wet tower, with its inherent cooling efficiency, and a
dry heat exchanger section used to eliminate visible plumes in the majority of atmospheric
conditions. After the plume leaves the lower “wet” section of the tower, it travels upward
through a “dry” section where heated, relatively dry air is mixed with the plume in the
proportions required to attain a non-visible plume. Hybrid towers are slightly taller than
comparable wet towers, due to the addition of the “dry” section, and may require a larger
footprint. They are also appreciably more expensive, both in initial costs and in ongoing
operating and maintenance costs.

Although much higher in both initial capital cost and ongoing operational costs, a hybrid
tower is the most appropriate for the evaluation that EPA has directed Schiller Station to
undertake. Since a cooling tower would operate any time the Units would operate, including
during the winter months when visible plumes occur, the plume abated characteristics of a
hybrid tower are considered essential. Refer to additional discussions of plume abatement in
Section 5.1.3.1.

Figure 5.4 (Ref. 8.4) illustrates the air flow path through a cell of a parallel path linear hybrid
tower, and the applicable simplified psychrometric chart.

HW
: <——-DRV SECTION g SUPE(‘:OZ‘)“X:E‘;TION
MEORINY{ l . SUPER HEAT
9l s e a4 7 tonseg) anen
G 5 T A5 INCET ~ Y/
ST g ) 7 R B
y ; iF:
. By
YN /.0 5 o E
WET : ) §
SECTION SECTION . 7ot a
% E 1“DRY STREAM —°
v DRY BULB TEMPERATURE (°F)
I
<
Figure 5.4 Partial Desaturation of Air in a Parallel Path Hybrid Tower (Ref. 8.4)

A hybrid cooling tower is designed to drastically reduce both the density and the persistency of the plume.
Incoming hot water flows first through the dry heat exchanger (finned coil) sections, then through the wet
(evaporative cooling) fill section. Parallel streams of air flow across the coil sections and through the fill
sections, leaving the coil sections at dry condition 3, and leaving the fill sections at saturated condition 2. These
two separate streams of air then mix together going through the fans, along the lines 3-4 and 2-4 respectively,
exiting the fan cylinder at sub-saturated condition 4. This exit air then returns to ambient conditions along line
4-1, avoiding the region of super-saturation (visible plume) altogether in most cases.
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Hybrid towers are available in different configurations, most often either linear or round.
Round towers offer the most concise footprint, but are more expensive. For the Schiller
Station application, available space would be adequate for a linear configuration. Therefore,
this Report evaluates a linear hybrid cooling tower design, specifically, a five cell linear
mechanical draft cooling tower. Refer to Attachment 2, Sketch PSNH002-SK-001, for a
simplified site layout with a single five cell cooling tower supporting the operation of all three
Units.

5.1.1.2 Pumping Station

Aside from the cooling tower, the most significant components in converting Schiller Station
to a closed-loop condenser cooling configuration would be new CW booster pumps and a new
‘booster’ pumping station. Whereas the existing once-through configuration requires only
enough pumping head (pressure) to overcome flow losses in passing water from the River
through the condenser and returning to the River, any of the above configurations would
require significantly increased pump head to pump the circulating water up to the elevated
cooling tower spray headers and dry heat exchanger coils and overcome the significant
internal flow resistance of the cooling tower. As the existing CW pumps are designed for 28
feet of head, the new booster pumps would be required to produce approximately 36 to 40 feet
of head. Since the condenser inlet water flow rate would remain largely constant with the
closed-loop arrangement, single speed/flow rate pumps would be adequate and appropriate for
the new configuration. The cooling tower pumping station would use an impounded area, of
what is now the river, for suction to the pumps.

Note: The conceptual design placement (refer Attachment 2, Sketch PSNH002-SK-001) of
the dikes necessary to provide the required impounded and segregated discharge and intake
embayments assumes that the necessary permits and approvals can be obtained.

Attachment 1, Section 2, contains reference information on the new CW booster pumps that
would supply cooling water for all three Units at Schiller Station.

The existing CW pumps for each Unit (from Section 2.3.2.1) are as follows:

e Each of two Unit 4 CW pumps is rated for 14,100 gpm at 28 ft of total head,
combining for a total of 28,200 gpm. The motors are rated 150 hp at 440 rpm, 440
volts, three phase, 60 Hertz. Additionally, the Unit 4 salt water pump provides a 950
gpm supply to the salt water heat exchangers of any/all of the Units.

e Each of two Unit 5 and two Unit 6 CW pumps is rated for 14,500 gpm at 25 ft of total
head, combining for a total of 29,000 gpm. The motors are rated 125 hp at 590 rpm,
440 volts, three phase, 60 Hertz.

The four new CW booster pumps, three operating and one standby, would each require an
estimated 900 BHP motor (Attachment 1, Section 2).

The new CW booster pumps for each Unit would be as follows:

e Each of the four CW booster pumps is rated for 29,200 gpm at 85 ft of total head,
combining for a total of 116,800 gpm. The motors are rated 900 hp at 900 rpm, 460
volts, three phase, 60 Hertz.
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Because the cooling tower and CW booster pumps would represent significant additional
electrical loads (i.e. cooling tower fans), a new substation, fed directly from the switchyard,
would be required to supply electrical power to the tower and the booster pumping station.

5.1.1.3 Primary Circulating Water Pipe

The new booster pumping station would be located on the newly impounded discharge canal
to provide the CW system pumping head to adequately overcome the cooling tower head and
flow resistance. This would require new runs of CW piping from the booster pumping station
to the cooling tower location, and then returning to the newly impounded Station intake area
where the cooled water would be returned to the existing CW pumps suction. The cooling
tower supply would be a 72 inch diameter, AWWA specification, concrete-lined steel pipe and
the return to the newly impounded intake area would be two 54 inch diameter, AWWA
specification, concrete-lined steel pipes.

5.1.2 Site Layout for Conversion

Refer to Attachment 2, Sketch PSNH002-SK-001, for a simplified site layout of the evaluated
closed-loop cooling configuration.

5.1.2.1 Cooling Tower Location

The evaluated cooling tower location is south of the plant between the railroad track and the
coal pile runoff basin. This location would provide adequate space, be relatively close to the
Station powerhouse (minimizing the required length of CW piping and associated pumping
losses), and require minimal earthwork to be suitable for the tower erection. The basin
elevation of the tower would be dictated by the required head for gravity flow back to the
newly impounded CW pump intakes, and preliminary analysis indicates a differential
elevation of approximately five feet would be required. In actuality, the existing elevation
difference between the cooling tower basin proposed site and the River is well in excess of
five feet.

Associated electrical power supply modifications are also shown on Sketch PSNH002-SK-001
in Attachment 2. Due to the appreciable power requirements of the new cooling tower and
booster pumping station, a dedicated substation would be required. A pre-fabricated metal
building, shown on Sketches PSNH002-SK-002 and -003 in Attachment 2, would be required
to house the substation transformers, switchgear, and tower control system. The substation for
the tower would have to be located as close as practicable to the tower to reduce cable runs
from the substation to the tower.

5.1.2.2 Intake Pumping Station Location

The locations of the existing CW pumphouses (i.e., current CWISs) are expected to remain
unchanged on the inlet side of the condenser (intake pumping station). The new cooling tower
booster pumphouse would be located at the newly impounded plant discharge embayment as
shown on Sketch PSNH002-SK-001 in Attachment 2. The cooling tower booster pumps in the
new cooling tower pumphouse would supply CW to the new cooling tower via a 72 inch
diameter, AWWA specification, concrete-lined steel pipe. As discussed previously, the
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necessary head for CW return flow to the existing CW pump intakes would be provided by the
static head achieved from the elevation of the cooling tower basin.

5.1.2.3 Primary Circulating Water Pipe Routing

The new cooling tower booster pumphouse would be located on the discharge side of the
condenser at the newly impounded plant discharge embayment as shown in Attachment 2,
PSNH002-SK-001. There would be new runs of CW piping from the cooling tower booster
pumphouse to the cooling tower located south of the plant, and then returning to the newly
impounded station intake area embayment where the cooled water would be returned to
existing CW pumps suction.

5.1.3 Operational Features and Schemes

To efficiently utilize a hybrid tower, an automated control system would be required. For the
Schiller Station application, the tower would likely operate at maximum capacity for each of the
three Units (all fans running) during the summer months to maintain condenser inlet water
temperatures as near as possible to current design operating parameters. However, the need to
operate all the tower cell fans during the cooler seasons would be totally dependent on ambient
conditions. A programmable logic control (PLC) system would be utilized to reduce tower
operating cost (parasitic losses) to a minimum, while maintaining condenser inlet water
temperatures at the design point for the most efficient Station operation.

Additionally, since the common five-cell tower would serve all three Units, the ability to drop
un-needed cells with load drops, i.e., when one or more Units are out of service due to
maintenance or other outages, would need to be provided. The automated PLC system could
appropriately provide this control ability.

5.1.3.1 Plume Abatement

The cooling tower type evaluated, a linear hybrid tower, has specific attributes that would
minimize the visual impact of the tower’s plume. Also termed a plume abated tower, the
evaluated model would generate no visible plume under the conditions for which it is
designed, which correlates to 90% of the projected operating conditions. The evaluated design
“plume point” is 27°F at 90% relative humidity; i.e., the plume would start to become visible
when the design plume point is exceeded, although the plume would be much less dense
and/or persistent than if generated by a non-plume abated tower.

For the Schiller Station application, with the close proximity of the Station to roads and
heavily populated commercial areas, plume abatement is considered an essential feature. The
cost adder for a plume abated cooling tower of this type is 100-150% of the ‘base’ cooling
tower cost (i.e., a plume abated cooling tower costs approximately double to two and one-half
times that of a non-plume abated tower). For seawater applications, the dry heat exchanger
must be constructed from titanium, so the costs further increase, typically about 300% or three
times that of a non-plume abated cooling tower.

5.1.3.2 Noise Abatement

When located in close proximity to residential areas or other noise-sensitive locations, cooling
tower noise abatement features are often required. There are two types of noise abatement;
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water noise abatement and fan noise abatement (low-noise fans). Each can be provided as
options for a mechanical draft tower. The proposed cooling tower for the Schiller Station
would be located directly across the river from a residential area, hence stringent noise
abatement would be required.

The cost adder for the required noise abatement features would be twofold. The water noise
abatement would represent a 15% increase in cost over the ‘base’ tower, and the fan noise
abatement would represent an additional 20% increase in cost over the “base’ tower.

5.1.3.3 Make-up and Blowdown

In a closed-loop cooling configuration with cooling towers providing the heat rejection, the
evaporation from the towers tends to concentrate the intake water contaminant levels and total
dissolved solids (TDS). A “blowdown” flow is required to maintain a design level of “cycles
of concentration” by constantly bleeding off some cooling water back to the River. The
“make-up” flow must be adequate to replenish water lost to evaporation and drift (entrained
water particles carried out in the tower plume), plus the blowdown flow. The cycles of
concentration are predetermined based on intake water quality, and suitability of materials in
the cooling tower and the condenser. For the Schiller Station application, the cycles of
concentration and corresponding makeup flow would be dependent upon whether the tower
were to utilize seawater or grey water for cooling.

Blowdown is calculated as follows (Ref. 8.4):

B=E-[(C-1)xD], whereB =blowdown, E = evaporation, D = drift,
(C-1) and C = cycles of concentration

Drift can be approximated as Water FIow 1ot5 X 0.00002 gpm.

Cooling Tower range is approximately 19°F
Evaporation wet summer Can be approximated as Water FIOW totai X R range X 0.0008 gpm

For Schiller Station, since the intake water quality varies based on Piscataqua River flow rate,
an acceptable cycle of concentration would be dependent on the current intake water quality.
For the purpose of this Report, at worst case intake seawater water quality, blowdown and
makeup would be based on 2 cycles of concentration. Required makeup flow would thus be:

Makeup =B + E + D (Ref. 8.4), where B=E — [(C-1) x D], and C = 2,
(C-1)

Assume Unit 4 Water Flow = 29,000gpm (29,150 gpm equals Unit 4 flow w/
maximum seawater supply to heat exchangers). Therefore use 29,000 gpm for all three
Units.

Unit 4, 5 & 6 Water Flow = 87,000gpm

E wet =0.0008 x R x Water Flow = 1322 gpm
D = Water Flow x 0.00002 gpm = 1.74 gpm

B = 1320 gpm

M = 2644 gpm
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Plant seawater makeup from the River during tower operation would hence equal:
Unit 4,5, and 6 M we = 2644 gpm = 3.8 MGD

If grey water instead of seawater were utilized, the cycles of concentration could be
significantly increased. For a closed-cycle cooling system with grey water makeup, the
blowdown and makeup would be based on 6 cycles of concentration:

Makeup =B + E + D (Ref. 8.4), where B=E - [(C-1) x D] , and C =6,

(C-1)
Assume Unit 4 Water Flow = 29,000gpm (29,150 gpm equals Unit 4 flow w/
maximum seawater supply to heat exchangers). Therefore use 29,000 gpm for all three
Units.

Unit 4, 5 & 6 Water Flow = 87,000 gpm

E wet = 0.0008 x R x Water Flow = 1322 gpm
D = Water Flow x 0.00002 gpm = 1.74 gpm
B =263 gpm

M = 1586 gpm

Plant makeup from grey water sources during tower operation would hence equal:
Unit 4,5, and 6 M = 1586 gpm = 2.3 MGD

5.1.3.4 Condenser Cleaning and Maintenance w/ Closed-Loop Cooling

Current Station design does not incorporate a condenser cleaning system. The installation of a
condenser tube cleaning system would provide two advantages:

e Eliminating the need to take a condenser out of service for tube cleaning.
e Allowing maintaining the tubes at a consistently low level of fouling.

Since the presence of fouled tubes would have a greater impact on Station output once
converted to closed-loop cooling (due to higher condenser inlet water temperatures),
installation of a condenser tube cleaning system would be an imperative part of the Station
redesign. The design of the revised CW pump house for each Unit would thus incorporate the
requirements for a permanently installed condenser tube cleaning system.

5.2 Cost Estimates

As EPA directed in the 8308 Letter, this section provides estimates of the costs that would be
involved in converting Schiller Station Units 4, 5, and 6 to closed-loop condenser cooling.

e The capital costs of the initial conversions are quantified, including design, procurement,
implementation, and startup activities, based on the conceptual design previously identified
and discussed.
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e The duration of the required Unit outages, based on a timeline of critical milestones that
would have to be worked with the associated Unit off-line, is utilized to determine the
resulting lost generating capacity, expressed in MWyours-eLECTRIC.

e The new cooling towers and CW pumps would require operations and maintenance
personnel support as well as service, repair, and replacement of components; since the
estimates are based on input from potential supplying vendors, these costs are
approximated.

e Additionally, the new towers and CW pumps would require an appreciable amount of
power to operate, herein referred to as “parasitic losses”, which effectively would reduce
Station output power to the distribution grid. Power consumption of the required new
components can be estimated from preliminary vendor data, and hence total MWg  ectric
parasitic losses determined.

e Finally, the conversion would create less than optimum operating parameters for the
existing turbines/condensers, resulting in reduced output to the grid under most operating
conditions. Based on historical operating performance data, evaluated cooling tower
performance data, applicable heat balance diagrams, and 15 years of meteorological data
(1993 through 2007), the annual average reduction in performance due to operational
efficiency losses in generator output averaged over the entire calendar year would be
significant, approximately 21.6 MWeg ectric; additionally, the reduction in performance
due to operational efficiency losses occurring during the peak load conditions in June
through August would be very impactive at approximately 35.9 MWeiectric (See
Attachment 3).

5.2.1 Initial Capital Costs

An accurate assessment of the capital costs associated with the closed-loop cooling conversion
that EPA has directed PSNH to evaluate is a critical goal of this Report. Minimizing
assumptions and relying instead on well-developed, detailed conceptual designs greatly
increases the accuracy of the ensuing estimates. In broad terms, conceptual design engineering
outlines system scope definition, evaluates detailed layout and equipment specification/criteria,
and assists in gathering site-specific historical data. Attachment 2 to this Report includes some
of the conceptual drawings utilized for subsequent construction estimates. This information
was used to develop greater detail regarding associated tasks and logistics that would be
required as a minimum to successfully perform the construction for the conversion. The
resulting Direct Capital Cost Estimate and Project Schedule represent the level of detail
necessary to generate an accurate capital cost assessment.

The estimating basis relies on cost factoring and solicitation from various assets capable of
providing real world solutions. Vendors were contacted for quotations on various equipment
and material components, while established construction cost estimating tools were utilized in
developing the labor, equipment, and scheduling requirements.

e RS Means (Factored Construction Cost Data)

The Means catalogue is one of the nation’s most respected guidelines for estimating
construction-related cost of building. When other resources were unclear or not
available, Enercon used the typical factored cost per commodity for the portion of work.
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e Construction Industry Institute (CII)

CIl focuses on the industrial construction and maintenance contracting industry as a
trade organization devoted to continuous improvement of the means and methods used
in construction. Their ideas related to the minimization of field required labor through
modularization and prefabrication were considered as the construction strategies were
built and as the cost estimates were prepared.

e Engineering News Record (ENR)

Construction Cost Index, Building Cost Index, and Materials Cost Index, which are
updated monthly, provided some trending analysis with regard to the industry in general.

Attachment 1 includes vendor data and budgetary cost estimates for major equipment
components. Few allowances were applied and only when time did not permit further task
development or reasonable vendor contact and quotation.

Attachment 4 provides the capital cost assessment for the conversion of Schiller Station to
closed-loop cooling.

5.2.2 Costs Due to New Condenser Operating Parameters

As discussed in Section 5.1.1.1.2, cooling towers operate under an approach to wet bulb
condition, and are therefore reliant on the ambient wet bulb temperature to effectively cool the
condenser inlet. As the current once-through operation of Schiller Station relies solely on the
moderately cold and stable temperatures of the Piscataqua River, modification to a warmer and
more variable temperature derived from ambient weather conditions would pose an operational
risk for the Station. The following discussion, detailed further in Attachment 3, assesses the
operational impacts to Schiller Station associated with the conversion from once-through to
closed-loop cooling.

Conversion of the Station to closed-loop cooling would directly impact a wide range of
equipment relying on the moderately cold temperatures of the Piscataqua River. Likewise, the
Station’s overall operation would be indirectly impacted as the performance of this equipment is
subsequently degraded. The main condensers would be the primary drivers of this reduction in
Station performance, as operation of the condensers beyond the design point of 1.5 in-Hg abs.
(Attachment 1, Section 7) would result in increased fuel consumption and increase the potential
for extensive equipment damage throughout the Station (e.g., boiler tube failure, overheating of
turbine/generator bearings, forced draft fan bearings, gas recirculation fan bearings, main boiler
feed pump hydraulic coupling oil, etc.).

To quantify the impacts that increased condenser input temperatures would have on Station
operation, baseline once-through performance was modeled using analytical correlations
derived from daily measured data, including the condenser inlet and discharge water
temperatures, condenser flow rate and pressure, and Station net power generation. Closed-loop
performance was calculated by inputting the estimated cooling tower outlet temperature into the
baseline performance model of the Station. The cooling tower outlet temperature was estimated
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using SPX provided performance curves® and fifteen years (1993 - 2007) of National Weather
Service (NWS) measured wet bulb temperatures from Pease International Tradeport Airport®,
located approximately two miles from the Station.

Using the calculated closed-loop cooling performance values as inputs into the baseline
performance model for the Station allows accurate prediction of the power loss due to the
increased fuel consumption above the condenser design point (i.e., the loss of potential power
generation from the increased fuel consumption above 1.5 in-Hg abs. as compared to current
once-through cooling). In this analysis, power reductions required to decrease the condenser
pressure below the alarm set point of 1.5 in-Hg abs. are conservatively ignored, and operation
above this pressure is restricted solely by the power loss due to increased fuel consumption. It
should be noted that a degree of uncertainty is added when calculating closed-loop performance
at inlet temperatures above the once-through values used in the baseline analysis (i.e.,
uncertainty exists due to the lack of condenser inlet temperature data above approximately
82°F). Likewise, plant configuration may limit the availability of increasing fuel consumption
to offset a reduction in condenser vacuum (i.e., increased condenser pressure); therefore, the
closed-loop cooling analysis conservatively assumed this capability, avoiding a plant shutdown.
This uncertainty is inherent to any analysis performed at theoretical levels significantly above
measured conditions. With all of these conservative (i.e., weighted toward conversion to
closed-loop cooling) assumptions about Station performance as a basis, Table 5.1 summarizes
the average monthly power losses from design Station performance that would be incurred as a
result of converting Schiller Station to closed-loop cooling.

% The performance curves provided by SPX are for linear hybrid cooling towers with an 8°F approach to wet bulb.
® The NWS meteorological station at Pease International Tradeport Airport is a first order NWS station (i.e., staffed by
NWS employees) providing quality controlled data

51



PSNH Schiller Station
Response to United States Environmental Protection Agency CWA 8308 Letter

Table 5.1 Schiller Station

Closed-Loop Performance
(Estimated from historic wet bulb
temperatures, 1993-2007)

Power Loss (MWe)
Unit 4 Unit5 Unit 6
January 1.12 4.09 3.74
February 1.14 4.14 3.79

March 1.57 5.36 5.00

Month

April 235 | 749 | 6.96
May 359 | 10.68 | 10.39
June 530 | 14.68 | 14.60
July 588 | 15.84 | 16.00

August 551 | 14.75 | 15.12
September | 4.73 | 12.96 | 13.29
October 3.24 9.75 9.43
November | 2.17 6.99 6.62
December | 1.41 4.90 4.54
Annual 3.17 9.30 9.12

Overall, using the empirical analysis for the defined time period, Schiller Station would
experience an annual average power loss of 3.17 MWe, 9.30 MWe, and 9.12 MWe at Units 4, 5,
and 6, respectively, with a maximum monthly power loss of 5.88 MWe (July) at Unit 4, 15.84
MWe (July) at Unit 5, and 16.00 MWe (July) at Unit 6, due to the increased fuel consumption
as compared to current once-through cooling. Note that since the duration and magnitude of
power reduction required would be reliant on elevated ambient weather conditions, power
reduction occurrences would generally take place during daylight hours of the summer months
when power demand is at its peak.

5.2.3 Parasitic Losses (Costs) Attributable to New Components

An estimate of fan and pump horsepower requirements for the evaluated cooling tower and new
CW booster pump house was developed in order to estimate additional Station parasitic losses
due to conversion to closed-loop cooling.

The existing CW pumps and the new CW booster pumps would be a constant load; i.e., there
would be no operational variations in power consumption, as all pumps for each Unit would
operate at full capacity at all times. To address the total CW pump load due to the conversion to
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closed-cycle cooling, the power requirements of the existing pumps are simply added to that of
the additional booster pumps required for the closed-loop configuration.

Parasitic Electrical Load, CW Pumps

Existing CW Pumps Additional Closed Loop Booster
(2 @ 150 hp)+(4 @ 125 hp) Pumps (3 @ 900 hp)
0.60 MW 2.01 MW

Likewise the cooling tower fans would be a constant load; i.e., there would be no operational
variations in power consumption, as all fans for the cooling tower would operate at full
capacity. This load would represent a corresponding new parasitic loss to the output of the
Station estimated as follows:

Tower Usage gach Tower = Fan Usage (MW)
Schiller Station Tower Usage (MW) = (4) 250 HP fans = 0.75 MW
SChi”er Station TOta| Usage = 2.01 MW New CW Pumps + 0.75MW Tower Fans

5.2.4  Lost Generating Capacity During Implementation

From the construction schedule provided in Attachment 7, the approximate duration that the
Station would be in a forced outage to accommodate the conversion to closed-loop cooling
would be 12 weeks. This represents optimum performance during the construction phase, with
no contingencies or allowances for emergent activities or overruns, and assumes the maximum
possible portion of the work scope being performed either pre-outage or post-outage.
Additionally, as will be discussed in following paragraph, the forced outage to accommodate
the conversion to closed-loop cooling will be scheduled concurrent with a maintenance outage
and the cost adjusted (reduced) accordingly.

Based on projections from the PSNH Generation - Long Term Maintenance Overhaul Plan, all
three Units at Schiller are never scheduled for a maintenance outage at the same time, and the
longest two Units are scheduled out of service concurrently is five (5)weeks. Based on this very
conservative basis, the best possible scenario for any closed-loop conversion forced outage
would be concurrent with a 5-week long maintenance outage on two of the Schiller Units. For
purposes of this Report, it will be assumed that 5 weeks of the 12-week forced outage for the
conversion will be utilized for required maintenance of two Schiller Units. The remaining 7
weeks for two Units (Units 4 & 5 assumed) and 12 weeks for one Unit (Unit 6 assumed)
conservatively represent the period of lost generating capacity for the Station.

The estimated lost generating capacity from a forced implementation outage as described above,
based on a typical Schiller Station Unit 4, 5, and 6 generator output of ~50 MWE, would be as
follows:
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Schiller Station Unit 4, 58,800 megawatt hours
Schiller Station Unit 5, 58,800 megawatt hours
Schiller Station Unit 6, 100,800 megawatt hours

Although generating capacity as well as wholesale cost of electricity vary, the approximate
dollar cost of the outages, based on replacement power costs ($ / MWhr) for each Unit as
identified in Attachment 9 and noted below:

5.2.5 Operational and Maintenance (O&M) Cost

Additional Station O&M costs for the components that would be added due to the conversion to
closed-loop cooling can be best estimated by identifying the general tasks for each component,
and then based on operational experience and input from vendors, quantifying the estimated
required man-hours and associated costs.

The conversion to closed-loop cooling would be complex. Significant new/modified Station
components requiring O&M would include the cooling towers with their fans and booster
(vacuum) pumps (for the “dry’ sections), and the new CW booster pumps.

The tower selected for this analysis of Schiller Station is a SPX/Marley linear configuration
hybrid FRP (fiberglass reinforced plastic) tower, designed with noise and plume abatement
features. This design uses 5 wet section fans with motor output power of 250 HP. Due to the
large number of active components, as well as the size of the towers and their hot water
distribution system, appreciable Operations support would be anticipated. For purposes of this
assessment, chemistry personnel (for water quality maintenance) man-hours are
included/encompassed under Operations.

The anticipated manpower required for operational support of the cooling tower is tabulated
below:
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Activity Description Group Est. Cost

Daily Check fans, motors, driveshafts, gear reducers Ops

Check gear reducer oil level

Check electrical substation, transformers, switchgear
Monitor local control panel and alarm displays
Check water level in cold water basin and hot water
distribution system

Check booster pumps and associated instrumentation
e  Sample water quality

Cost Basis | 2 hrs/day x 12 months $36,500
Weekly

Inspect hot water distribution system Ops
Inspect fill for fouling

Check gear reducer for leakage
Adjust water quality

Cost Basis | 20 hrs/week x 12 months $52,500
Notes: Cost based on PSNH O&M labor estimates of $50/hour (hourly wage + benefits)

Maintenance Cost

The anticipated cost for preventive and corrective maintenance, including both labor and parts,
for the evaluated cooling tower is tabulated below:
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Activity Description Group Est. Cost
Monthly o Inspect drift eliminators and fill for clogging Maint.
e  Check gear reducer oil seals, oil level, and oil condition
Periodic e Clean and repaint fans and drivers, drift eliminators, fill, Maint.
(Quarterly hot water distribution system

estimated) e Rebalance fans and driveshafts
e  Lighting inspection or replacement

Semi-annual | e Inspect keys, keyways, set screws & tighten bolts for fans Maint.
Inspection and drivers

e Change oil and check vent condition for gear reducers

e  Check fan blade clearances

e  Check for leakage in fill, basin and hot water distribution
system

e Inspect general condition and repair as necessary all tower
components including cranes and hoists

Annual e Inspect general condition of basin, suction screen and Maint.
Inspection and tower casing
Corrective e Inspect/repair fans and drivers, and tower access
Maint. components, including stairs, ladders, walkways, doors,
handrails

e  Transformer Inspection
e  Starting at year 16, replacement of fan blades, fan motors,
fan gearbox, fill, drift eliminators

Quarterly Lighting Inspection or Replacement Maint.

Booster pumping station maintenance, long-term rehabilitation, and replacement costs include
those costs for replacement of components such as pump impellers, motors, or entire
assemblies. Major equipment rehabilitation or replacement is usually estimated to occur
between 20 to 40 years after placing the equipment into operation. Rehabilitation costs for
major equipment can be estimated to be 35 to 45 percent of replacement costs depending on the
condition of the equipment. Other items of equipment may be replaced several times during the
Station life, depending on their use, or may require only partial replacement. It is most likely
that equipment, except for pump and motor, may not be replaced in kind. Therefore, the
replacement cost should include all engineering and structural modification costs as well as the
equipment costs (Ref. 8.5).
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5.2.6  Water Treatment Costs

When a plant is designed for or converted to closed-loop cooling via the addition of cooling
towers, it is cost effective to impose a high level of water treatment to ensure high quality water
is supplied to the towers. This allows cooling tower designers to utilize a higher-efficiency
film-fill without fear of fill-fouling. Using a higher efficiency fill allows a smaller tower size
and appreciably lower associated initial cooling tower capital cost as well as lower cooling
tower operating cost.

The Station’s existing once-through circulating water cooling system receives a minimum of
water treatment. The chlorination system is operated to minimize impact upon entrained
organisms by limiting application to two hours or less in any one day, and by chlorinating only
when necessary. An aqueous solution of concentrated (15%) sodium hypochlorite is injected
for a period of up to two hours; 15 minutes an hour over 8 hours (0700-1500). For Schiller
Station this corresponds to approximately 21,900 gallons of 15% sodium hypochlorite per year.

With the evaluated closed-loop cooling system, either seawater or grey water, water treatment
requirements would be dramatically increased. The cooling tower fill would be subject to
fouling without enhanced water treatment. Both the quantities and frequency of biocide
injections would have to be increased significantly to maintain the tower fill in proper
condition.

Additionally, increased water treatment would be necessary due to the higher concentrations of
dissolved solids, chemicals, and biological agents in the system resulting from constant
recirculation of the condenser cooling water. The cooling towers would act as air washers as
well as distilleries, constantly evaporating large quantities of water and leaving behind the non-
volatile residues. The actual concentrations of these agents would be wholly based on the
cycles of concentration (cycles of concentration is discussed in Section 5.1.3.3) being used in
the circulating water system.

Unlike the simple injections of biocide required for the once-through configuration, a closed-
loop configuration typically utilizes a veritable cocktail of chemicals, each with specific
attributes. Chemical treatment is broken into three subsections; deposition, corrosion, and
biological.

Deposition

There are two forms of deposition, one being sedimentation, which is usually mitigated through
piping design, and the second being scaling. Scaling is a complicated condition and requires an
educated approach to mitigation. In some cases scaling is necessary and useful in a piping
system to prevent corrosion. For example, a thin uniform coating of calcium carbonate provides
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corrosion protection for internal surfaces of piping; therefore, this type of scaling is desirable
and should be left intact where possible. The major problems arise when scaling becomes too
thick and reduces heat transfer with the condenser or cooling tower. Scaling is kept under
control through the use of pH control and dispersants.

Corrosion

Corrosion control is a complex science, requiring considerable knowledge of corrosion
chemistry and of the system being evaluated. Corrosion is best mitigated through piping design
and an aggressive chemical treatment program using pH control and corrosion inhibitors.

Biological

Biological growth or biofouling is the most difficult chemical challenge to a cooling water
system since it involves a dynamic biological process. The biological process also promotes
corrosion through the breakdown of chemical components and the creation of localized acids. In
a closed-loop where the concentration of nutrients has increased, biofilms tend to increase on
the piping internal surfaces and cooling tower fill. Control of the biofilms usually involve
combining biocides with surfactant-type biodispersant to disrupt the biomatrix, allowing better
penetration of the antimicrobial. Additional chemical treatments such as biodetergents may also
be necessary depending on local biologicals and conditions.

Major cooling water chemicals would typically include the following:

Chemical type Use/Function
sodium hypochlorite biocide
surfactant biocide aid
sulfuric acid PH control
dispersant scale prevention
phosphate corrosion control

Appreciably increased costs are associated with this increased level of water treatment. Local
conditions can greatly affect annual costs, but an annual cost for the Station of $120,000 would
be extremely conservative.

ﬁ‘

Note: (1) Disposal costs of potentially toxic silt from the cooling tower basin is conservatively
ignored due to unknowns; however, there would typically be appreciable disposal costs. (2)
The various chemical treatments for corrosion and biofouling necessary for cooling towers
would impose additional NPDES permit modifications and monitoring/reporting requirements.

5.3 Environmental Considerations

As EPA directed in the 8308 Letter, this section identifies, qualifies and quantifies, to the extent
possible, the environmental impacts of retrofitting a mechanical draft cooling tower at Schiller
Station Units 4, 5, and 6. Considerations and evaluations will include the long term positive and
negative environmental benefits and impacts.
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Resulting changes to the River intake flow will be quantified and specifically addressed in detail,
and the associated effect on entrainment and impingement of aquatic organisms is addressed
subsequently in Section 7.2.

5.3.1 Cooling Tower Plume

Although the cooling tower evaluated for Schiller Station is a plume abated tower, a visible
plume would still exist during certain environmental conditions. To best identify plume path
and trajectory, a computer code can be utilized to model the plume under site typical
environmental conditions. The behavior of the plume can be modeled using the SACTI code
under environmental conditions typical of Portsmouth, NH. However, without the benefit of
plume modeling, reasonable predictions of plume travel can be made based on the local
prevailing wind directions and frequency of occurrence (i.e., site wind rose). Based on the
Schiller Station site wind rose, as shown in Attachment 2, sketch PSNH002-SK-001, the
predominant direction of plume travel would be up or down the Piscataqua River. The potential
environmental impacts attributed to a cooling tower plume can be categorized as visual impact
and physical impact.

The visual impact of such a cooling tower plume would be both aesthetically displeasing and
hazardous. When atmospheric conditions are conducive to a visible plume, typically anytime
during the winter months when the ambient air temperature is below the 27°F “‘plume point’, a
dense plume would exit from the tower fan discharge shrouds. Depending upon the wind
direction, thermal conditions, and other factors, the plume could extend skywards for hundreds
of feet, or become inverted as a ground-level fog. Local shopping malls and residences would
either view the plume intruding high into the sky, or be immersed in a dense fog obscuring their
view altogether. Driving on nearby roads and highways, in particular the nearby Rt. 95 bridge,
could be significantly impacted, with the possibility of ‘black ice’ formation during winter
months, and visibility severely compromised.

The potential physical impacts from a tower plume would arise primarily from the (1) moisture
content, which could cause icing and fogging during winter conditions, (2) the mineral content
(including salt if seawater cooling system) of the entrained moisture which could damage
vegetation in the vicinity of the Station, and (3) the heat content, which could potentially
degrade Station heating, ventilating and air conditioning (HVAC) systems. Additionally, the
presence of the warm moist plume over a period of time would cause degradation of plant and
switchyard structures and components, as well as nearby structures such as the Rt. 95 bridge,
due to corrosion. It is important to note that a hybrid tower produces an invisible plume under
most conditions; however, the plume still exists at all times and creates the above noted
physical impacts. Although difficult to quantify, and conservatively neglected in this Report,
all of the above stated tower plume impacts represent significant additional costs to the Station.

5.3.2 Cooling Tower Noise

Without the benefit of noise attenuation, mechanical draft cooling towers produce relatively
high levels of constant noise. The noise emanating from a cooling tower is due both to the
cascading water, and to the large mechanical draft fans.

The hybrid cooling tower evaluated for Schiller Station would be equipped with sound
attenuators. With sound attenuators, the noise level is expected to be less than 30 dB(A) at one-
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half mile distance from the tower. As a point of comparison, this sound level corresponds to the
typical late-night noise levels in a small town. The noise standard for many townships is in the
range of 45-50 dB(A), which would be met at approximately 350 ft from the evaluated tower.
Although the noise level would increase on the River in close proximity to the Station, adjacent
commercial and residential areas would be only moderately affected by the noise generated
from the cooling tower assuming a noise-abated tower design is utilized.

5.3.3 Reduced Intake Flow

PSNH assumes that EPA’s overall objective in directing PSNH to evaluate the conversion of
Schiller Station Units 4, 5, and 6 from once-through condenser cooling to closed-loop
condenser cooling is to obtain information about the potential reduction of the Station intake
flow that could result from such a conversion. Hence, the quantification of the reduction in
River intake flow is a significant assessment.

Current once-through River intake flow for Schiller Station is as follows:

Unit 4 CW maximum 29,290 gpm
Unit 5 CW maximum 29,000 gpm
Unit 6 CW maximum 29,000 gpm

Total Intake FIOW once Througn 87,290 gpm

Estimated River intake flow reduction for the Station following the evaluated conversion to
closed-loop cooling would be dependent on whether a seawater or grey water CW system is
utilized. Thus they will both be addressed.

Intake flow rate, grey water CW system

CW/Cooling Tower Makeup grom River 0 gpm
TOta| Intake FIOW Once Through’ Maximum 87,290 gpm
Reduction In River Intake FIOW pmayimum 100 %

Intake flow rate, seawater CW system

CW/Cooling Tower Makeup rrom River 2644 gpm
TOta| Intake FIOW Once Through’ Maximum 87,290 gpm
Reduction In River Intake FIOW pmaximum 96.9 %

Assuming a direct linear (1:1) relationship between flow reductions and the number of fish
impinged or entrained (a fundamental assumption of the now suspended Phase Il Rule) yields
a 100% reduction in impingement and entrainment when utilizing grey water. When using
seawater for the circulating water/cooling tower makeup, there would be a 96.9% reduction in
impingement and entrainment.
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5.3.4 Loss of River Water Due to Evaporation

Cooling towers evaporate large quantities of water which are effectively lost from the source
water body. In the case of Schiller Station, for a conversion to closed-cycle cooling utilizing
seawater from the River, the estimated daily water loss from the Piscataqua River due to
evaporation by the evaluated cooling tower can be calculated as follows:

Evaporation wet summer Can be approximated as Water FIow 1o X R X .0008 gpm (Ref. 8.4)
Water Flow = ~87,000 gpm
E wet =.0008 x R x gpm = 1322 gpm

Estimated total loss of river water due to evaporation by evaluated cooling tower =
1322 gpm, or 1.9 million gallons/day.

5.3.5 Site Aesthetics

Aesthetics are an important issue at Schiller Station since it is located on the Piscataqua River, a
recreational use area for many boaters. Potential impacts to tourism at nearby malls and in
Portsmouth must also be considered. Any closed-loop cooling conversion-related aesthetic
degradation of the area must be considered a negative environmental impact.

5.3.5.1 Tower Size

A cooling tower sized for the needs of Schiller Station would be a significant structure. A
hybrid mechanical draft tower would be approximately 302 feet in length, with a discharge
elevation of approximately 65 feet.

5.3.5.2 Cooling Tower Plume

Although a hybrid, or plume abated, tower was evaluated to reduce the visible plume most of
the time, a visible plume would occur during the colder periods of the year. The plume could
potentially extend hundreds of feet into the sky, and travel for up to a few miles horizontally.
Considering the site wind rose (Attachment 2, PSNH002-SK-001), the plume would primarily
be blown upriver, although it would sometimes travel directly toward the River. Under
appropriate weather conditions, the plume would stay at ground level and create a dense fog
that would significantly degrade visibility on the River.

5.3.5.3 Construction Would Require Permanent Modification of the
Terrain Along the Shore of the Piscataqua River

Any evaluated cooling tower would be located in close proximity, within about 120 ft of the
bank of the Piscataqua River, and would have a substantial aesthetic impact. An area
approximately 302 feet in length and 68 feet in width would be required for the tower. Views
from the Piscataqua River would be impacted. The Station is an industrial facility already
visible from these vantage points; however, the addition of the tower would make the entire
facility more visible as the tower would rise 65 feet above the riverbank for a distance of over
300 feet.
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5.3.5.4 Environmental Impact due to Efficiency Losses

In addition to the adverse air quality and aesthetics impacts that would be associated with a
cooling tower’s visible water vapor plume, operation of a cooling tower at Schiller Station
would increase the amount of combustion-related air emissions and pollutants produced per
net unit of electricity generated. The increase in combustion-related air emissions would have
three primary causes: (1) the increased Station parasitic load resulting from the tower’s
electricity demands (which would also decrease the Station's net output electricity generated),
(2) the reduction in Station condenser/turbine efficiency due to warmer condenser water input
temperatures, and (3) the increased amount of consumables used to operate the Station near
the condensers’ operational thresholds (i.e., the increase in condenser cooling water
temperature associated with cooling tower operation would reduce cycle efficiency, requiring
more fuel to be fired to achieve the same gross electrical output of a more efficient cycle).
Moreover, other electric generating facilities would have to increase their generation to
compensate for any reduction in the Station’s net electrical output, in order to satisfy
consumer demand, with potential adverse regional air quality impacts. In summary, closed-
loop operation of the Station would generate more stack emissions and material waste per net
unit of electricity generated than the Station’s current cooling water system.

62



PSNH Schiller Station
Response to United States Environmental Protection Agency CWA 8308 Letter

6 Alternative Impingement/Entrainment Reduction Technologies

6.1 Alternate Technologies that Reduce Impingement and Impingement
Mortality

6.1.1 Unit 3 Intake Renovation

The initial design of Screen House #1 included a plugged opening (currently closed off with
gate valves) located downstream of the traveling water screens between the Unit 3 and 4
forebays. Before its retirement, Unit 3 used two intake pipes, similar to the one used by Unit 4,
to draw water from the Piscataqua River at the same offshore location as the Unit 4 pipe. If the
existing valves were refurbished or replaced and new traveling water screens and a fish return
system were installed, these former Unit 3 pipes could be used by Unit 4. The use of these two
intake pipes would potentially reduce the through-screen velocity in Screen House #1 to
approximately 0.46 fps at MLW, thus satisfying the now suspended Phase Il Rule for reducing
impingement mortality. However, during the retirement of Unit 3, physical alterations were
made to the intake (e.g., removing the original traveling water screens and filling in the open
area left in the floor of the screen house with concrete) that would complicate any attempt to re-
use the Unit 3 intake. As such, a detailed engineering assessment would be necessary to
determine the extent of the exact civil and structural modifications required to restore the Unit 3
intake and connect it to the Unit 4 forebay. In addition, an extended outage could be required in
order to complete these civil and structural modifications. Any extended outages or forced
outages would greatly increase the overall conversion cost.

To accomplish this Unit 3 intake renovation, two new traveling water screens, trash (bar) racks,
lobster diversion pipes, and a consolidated fish protection and return system would need to be
installed. The traveling water screens would be modified Ristroph screens, as discussed in
Section 6.1.2.3. A new trough would need to be constructed to collect the fish, and merge
downstream with the original sluiceways. Also, a new spray wash system would need to be
installed to provide low and high pressure screen washes.

Maintenance

By running the new traveling water screens and fish protection and return system, Schiller
Station would increase its current maintenance costs by approximately $20,000.

Cost

Biological Benefit

Under the now suspended Phase 11 Rule, if a facility could reduce its maximum through-screen
velocity to 0.5 fps or less, it would be considered to have satisfied the standard for reducing
impingement mortality. This is because impingement levels are lower at slower intake
velocities. The relationship between impingement and intake flow is probably not linear below
a certain flow rate, reflecting the belief that there is a threshold velocity below which most fish
can swim fast enough to avoid being impinged by the lower intake flow. It is generally
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accepted that impingement is negligible when the maximum intake through-screen velocity is
below 0.5 fps, providing the basis for EPA’s assessment that reducing through-screen velocity
to 0.5 fps or less is equivalent to reducing impingement mortality by at least 80 to 95%. The
use of the two Unit 3 intake pipes would decrease the through-screen velocity through all three
traveling water screens in Screen House #1 to below 0.5 fps.

6.1.2 Modified Traveling Screens and Fish Handling and Return Systems

Conventional traveling water screens can be altered to incorporate modifications that improve
survival of impinged fish. These modifications minimize fish mortality associated with screen
impingement and spray wash removal.

There are four features that improve the survivability of impinged fish. They are as follows:
e Continuous operation of traveling screens to minimize impingement time.

e A state-of-the-art fish trough which ensures that the fish can be returned to the water
body with a minimum of stress.

e Low pressure spray wash systems to gently remove the impinged fish before the high
pressure fish spray is used to clean debris off the screens.

e Alternative bucket configurations that include provisions to minimize damage to the fish
upon entering the fish bucket, while they are in the fish bucket, while they are being
transported from the fish bucket, and to keep them from escaping from the safety of the
fish bucket.

64



PSNH Schiller Station
Response to United States Environmental Protection Agency CWA 8308 Letter

- — — - —— e 5 .
J— — -
- I — =

Figure 6.1 State-of-the-Art Fish Return System (www.glv.com)

6.1.2.1 Continuous Operation of Screens with Upgraded Fish Return
System

Schiller Station’s existing traveling screens are currently designed to operate intermittently,
unless debris levels are high. However, an essential feature of any fish protection system is its
ability to operate continuously.

Continuous operation of the Station’s traveling screens would reduce impingement of fish.
This is because the fish and/or debris would be continuously removed, avoiding accumulation
of fish and/or debris that reduces available surface area for the flow of water. When such
accumulation occurs, the same amount of water must pass through a smaller surface area,
increasing both the velocity and the differential head loss. As the head losses and velocities
increase, it is more likely that fish cannot escape the screen area and can become impinged.

Maintenance

Cost

Currently, there is only one screen wash pump per Unit. Therefore, only one traveling screen
per Unit can be run continuously at a time. In order to run all of the traveling water screens
continuously, two additional screen wash spray pumps would need to be purchased; one for
Unit 5 and one for Unit 6. No additional pumps would be required for Unit 4. It is estimated
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that the total capital cost to purchase and install two additional screen wash spray pumps is
approximately $15,000 - $20,000.

Biological Benefit

Screenwash interval has been shown to be a major factor influencing impingement survival
(Ref. 8.10). For example, the average extended post-impingement survival for the sculpin
family with continuous washes was approximately 5% higher than with intermittent washes
every hour and approximately 20% higher than when the wash frequency was every three
hours. Although the trend was clearly higher survival with continuous washing, there was an
increased degree of uncertainty in the estimates for several of the wash frequencies in EPRI’s
comparison, which would make it difficult to quantitatively assess the biological benefit of
continuous washes for Schiller Station. Considering the fairly low survival with the current
operation mode of intermittent washes at Schiller Station, it would be expected that continuous
washes would provide some improvement in impingement survival.

6.1.2.2 Upgraded Fish Return Trough

The main objective of any fish return system is to return live impinged fish to the water body
with a minimum of stress. Per Section 4.1.3, a quality fish return system usually includes a
trough designed to maintain a water velocity of 3 to 5 fps and a minimum water depth of 4 to 6
inches. The trough should avoid sharp radius turns and should discharge slightly above the
low water level. The trough should be covered with a removable cover to prevent access by
birds or other predators. In addition, returning impinged fish downstream of the intake would
reduce re-impingement.

The existing fish return trough in Screen House #1 is located in the deck of the intake structure
and consists of a rectangular trench with dimensions ranging from 18 to 24 inches wide by 10
to 18 inches deep. The trough begins adjacent to the Unit 4 traveling water screen, at an
elevation of 8 ft, 2 inches, and funnels to a 14 inch diameter chute to discharge all fish and/or
debris into the Piscataqua River at an elevation of 4 ft above MSL.

The existing fish return trough in Screen House #2 is located in the deck of the intake structure
and consists of a rectangular trench with dimensions of 24 inches wide by depths ranging from
12 to 18 inches deep. The trough begins adjacent to traveling water screen 6B at an elevation
of 9 ft, 2 inches, then runs along the length of the CWIS and discharges all fish and/or debris
out the north side of Screen House #2 into the Piscataqua River at an elevation of 8 ft above
MSL.

A new fish return slide is considered for the exterior of each screen house as the fish are
currently discharged via a fish return slide outside of Screen House #1 at an elevation of
approximately 7 ft above MLW and the fish are discharged out the side of Screen House #2 at
an elevation of approximately 11 ft above MLW. Per EIMCO Water Technologies, the
optimal slope for maximum survivability is a 1/16 ft drop per linear ft. At a slope of 1/16, the
new slides outside the screen houses would need to be approximately 170 ft and 180 ft for
Screen House #1 and #2, respectively. Each new slide would discharge slightly above the
mean low water level. However, the space available between the two Screen Houses is not
adequate to accommodate 350 ft of fish return slide. At a slope of ¥ (not optimal, but
acceptable due to practical considerations), each slide would be approximately 45 ft long. The
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slope of each existing fish return trough within each screen house is acceptable, with a slope
of 1/24 ft within Screen House #1 and a slope of 1/48 ft within Screen House #2. At a slope of
1/16, the upgraded troughs inside the screen houses would need approximately 25 ft and 135 ft
for Screen House #1 and #2, respectively. Therefore, the total combined lengths of the
upgraded troughs and slides would be 250 ft.

Note that although a short fish return trough and slide is the most beneficial for impingement
survival, an evaluation of re-impingement would be required to identify the best return sluice
discharge locations relative to tidal flow. In order to address tidal flow and storm condition
concerns, additional evaluation would be required assess protection of the slide and determine
the feasibility of an adequate support structure.

Maintenance

No increased operation and maintenance activities for the upgraded fish return trough and
slide would be expected.

Cost

Biological Benefit

There is no quantitative data specific to Schiller Station with which to evaluate the potential
biological benefit of replacing the Schiller Station fish return system with a more state-of-the-
art system. Good survival was demonstrated for a state-of-the-art fish return system at Indian
Point Nuclear Power Plant (Indian Point), but at Schiller Station the return sluice would likely
be considerably shorter (i.e., only 25% of the length) compared to Indian Point (Ref. 8.11).
The benefit of releasing impinged fish in the direction of the tidal flow relates mostly to re-
impingement, which must be determined on a site specific basis. However, there is no data
specific to Schiller Station. Considering, however, that impingement mortality with the
existing screens and fish return system at Schiller Station is fairly high (as shown in
Attachment 6, Tables 6-2 and 6-9), mortality due to re-impingement would likely be reduced
significantly by installing an improved fish return system. As macrocrustacean mortality with
the existing system (as shown in Attachment 6, Tables 6-5 and 6-12) is lower than that for
fish, replacement of the fish return system would provide less benefit to impinged crabs and
lobsters.

6.1.2.3 Coarse Mesh Ristroph Screens

It is possible to retrofit modified Ristroph screens onto the existing traveling water screens.
The replacement screens could be designed to work in conjunction with the debris removal
function of the existing traveling water screens.

The coarse mesh Ristroph screen replacement was evaluated as part of an integrated system
that would remove fish and macrocrustaceans unable to escape from in front of the screen, and
safely transport and return them to the source water downstream of the screen intake.

The following features are integral to modified Ristroph screens:
e The screen mesh ought to minimize harm to the fish.
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The basket ought to maximize the screening area available.
The fish bucket opening ought to be designed to encourage fish to enter the bucket.

The fish bucket ought to be large enough to safely retain fish in the bucket.

The bucket ought to provide a hydraulically stable, "stalled™ fluid zone which attracts
the fish, prevents damage to the fish while in the bucket and prevents the fish from
escaping the bucket.

The bucket ought to be shaped to allow gentle and complete removal of impinged fish.

The bucket ought to maintain a minimum water depth while transporting the fish.

Note that the screen and bucket portion of the traveling water screen could be replaced without
replacing the entire traveling water screen.

The replacement traveling water screens would match the existing through-screen velocity of
the existing traveling water screens. With the addition of Ristroph screens, the fish trough for
the sluiceway would need to be restructured. The Ristroph screen would unload the impinged
fish to a location opposite to where they are currently unloaded. This is because the current
traveling screens unload fish while they are ascending, but the Ristroph modified screens are
unloaded while the screens are descending. Therefore, a new trough would be constructed to
collect the fish, and merge downstream with the original sluiceways. Also, the existing spray
wash system would need to be updated to provide low and high pressure screen washes.

Low Prassura Sprays

Fish Retum Trough

Captured
Fish/Debris_ |

DebrisTrough

.I

| hi
Prassure (
Sprays

Figure 6.2 Ristroph Screen Arrangement (www.glv.com)

Maintenance

The upgraded Ristroph screens should not have appreciably higher maintenance than the
existing traveling screens.
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Cost

The total estimated capital cost for the replacement of the existing traveling water screens with
through flow traveling water screens incorporating Ristroph screens design with modified
existing fish return is $3,432,800 (Attachment 4).

Biological Benefit

Tables 6-15 and 6-16 of Attachment 6 assess the monthly and annual total impingement
mortality and equivalent adult impingement mortality for Schiller Station at baseline flow
(29,290 gpm for Unit 4, 29,000 gpm for Unit 5, and 29,000 for Unit 6) and for each 5%
reduction in flow, assuming installation of Ristroph screens. With the installation of Ristroph
screens, EA fish impingement survival was estimated to be 75.5%, 73.5%, and 75.3% for
Units 4, 5, and 6, respectively. Additionally, the use of the two Unit 3 intake pipes would
decrease the through-screen velocity at Unit 4 to below 0.5 fps, which, according to the now
suspended Phase Il Rule, is equivalent to reducing impingement mortality by at least 80-95%.

Impingement mortality rates estimates for Ristroph screens (Ref. 8.11) were only available for
fish species, so the potential change in impingement mortality of macrocrustaceans at Schiller
Station after installation of Ristroph screens could not be quantified. = However,
macrocrustacean impingement mortality on Schiller’s existing screens is known to be lower
than fish mortality, approximately 32% of the annual total impinged, compared to 81% for fish
(estimated from data in Attachment 6). Therefore, there is some potential for reducing
macrocrustacean mortality by installing Ristroph screens, although the proportional benefit
would be less than for fish.

6.1.3 Traveling Water Screens

6.1.3.1 Dual Flow Conversion Traveling Screens

Many existing through flow traveling screen installations can be retrofitted to use a dual flow
traveling water screen. A dual flow traveling water screen is mechanically similar to a
through flow screen but has been rotated ninety degrees in the channel.
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Figure 6.3 Dual Flow Screen Arrangement (Ref. 8.6)

The modification includes the installation of a special wall plate mounted perpendicular to the
flow in place of the existing screen. The dual flow is then lowered into the well, with baskets
parallel to the flow, on the upstream side of the wall plate. An inlet opening in the wall plate
allows screened water to pass to the pumps. An alternative arrangement uses a specially
constructed screen mainframe that includes a wall plate made as an integral part of the screen
frame with extensions or “wings” that fit into existing embedded guides.
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Figure 6.4 compares a through flow screen with a dual flow conversion screen.

Thru-Flow Screen
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Figure 6.4 Plan view of through flow to dual flow retrofit (Ref. 8.6)

A through flow to dual flow retrofit provides increased flexibility and has the following
benefits:

e Potential to decrease the velocity through the screens. The flow pattern of the dual
flow screen allows the entire submerged screen surface to be an active screen area.
This means that a dual flow screen of a given width would pass almost twice as much
water at the same velocity as a through flow screen of the same width, assuming there
is adequate space within the CWIS for the conversion. Conversely, the same amount
of flow can pass through a dual flow screen at approximately half the velocity as a
through flow screen of the same width.

e Elimination of debris carryover. With traditional through flow traveling water screens,
any fish and/or debris that are not washed off the screen basket would be washed off
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into the flow of water and carried through the cooling water system. Since dual flow
screens do not rotate over into the downstream flow, and all flow must pass through
the screen before entering the screenwell and ultimately the condenser, the potential
for debris carryover is eliminated.

At Schiller Station, the existing penetrations in the CWIS deck for the traveling screens are not
of adequate size to accommodate dual flow conversion traveling water screens (Attachment
4). Dual flow conversion traveling water screens are physically larger than the existing Units
because of the screen configuration. New CWISs or extensive modifications to the existing
CWISs would have to be designed for dual flow screens to be implemented. This cost is
estimated to be many times the cost of the traveling screens themselves. As a result, the
implementation of dual flow conversion traveling water screens at Schiller Station is
determined to be technologically infeasible.

6.1.3.2 MultiDisc Screens

MultiDisc screens are oriented in a manner similar to traditional through flow screens (i.e.,
installed in a channel with the screening surface oriented perpendicular to the intake flow).
However, they have different designs. MultiDisc screens are comprised of circulating sickle-
shaped mesh panels that are connected to a frame via a revolving chain. The linked mesh
panels are guided on each side forming a unit together with the support. The forces applied by
the flowing water to the center of the mesh panels are transmitted via supporting beams into
the intake structure. In the center, the mesh panels are supported by rollers. Water flows
directly through the mesh panels. The debris retained at the face of the ascending mesh panels
is transported with debris carriers to floor level. There it is removed by means of a spray-water
device.
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Figure 6.5 Geiger MultiDisc® Screen

MultiDisc screens include provisions for the protection of fish and aquatic species that become
impinged. Fish buckets attached to the screen panels retain some of the water during its
upward travel, thereby allowing any captured fish to survive within the water once the fish
buckets exit the water level. The fish buckets are surface treated with a sliding composite
material to allow the fish to be flushed from the buckets. A low pressure spray header
recovers organisms which are transported upwards on the screen surface into the bucket.
Organisms impinged on the screen surface below this bucket are led via an opening in the
lower panel frame into the bucket of the following mesh panel. Due to the turning system of
the mesh panels at the drive unit, the fish buckets are discharged and the retained water and
fish are funneled into a trough.

Due to the installation across the intake structure, the Geiger MultiDisc® Screens could be
retrofitted into the existing space of the current traveling water screens, minimizing required
civil structure modifications. Therefore, there would be no civil modifications required to the
intake, other than the modifications required to install two additional screens in the Unit 3
intake, discussed in Section 6.1.1. It should be noted that since MultiDisc screens are only
available in certain widths, a screen that is narrower than optimal would be installed;
therefore, the same volume of water would pass through a smaller area and would result in a
higher through-screen velocity.

With traditional through flow traveling water screens, any fish and/or debris that are not
washed off the screen basket would be washed off into the flow of water and carried through
the cooling water system. Since MultiDisc screens do not rotate over into the downstream
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flow, and all flow must pass through the screen before entering the screenwell and ultimately
the condenser, the potential for debris carryover is eliminated.

Maintenance

The MultiDisc screens should have lower maintenance than the existing traveling screens
since each MultiDisc screen can be removed individually. In addition, since the MultiDisc
screens would eliminate debris carryover into the condensers, there would be reduced
maintenance associated with cleaning the condensers.

Cost

Biological Benefit

With the expansion of the Unit 4 intake to include the two additional intake pipes in the
abandoned Unit 3 intake and the installation of traditional traveling water screens, the through-
screen velocity at Unit 4 would be 0.46 fps, as discussed in Section 6.1.1. Per Section 2.3.2.4,
the through-screen velocity through the existing traveling water screens at Units 5 and 6 is
0.68 fps. Installing two new MultiDisc screens in the renovated Unit 3 intake and replacing
existing screens for Units 4, 5, and 6 with MultiDisc screens would effectively decrease the
intake channel width, resulting in a through-screen velocity of 0.55 fps for Unit 4 and 0.82 fps
for Units 5 and 6. Since the increased through-screen velocities would likely increase
impingement mortality, retrofitting MultiDisc screens to reduce impingement mortality is
determined to provide no biological benefits.

6.1.3.3 WIP System

Beaudrey USA supplies a W Intake Protection Screen (WIP) for retrofit into intakes that
currently have through flow traveling water screens.

The WIP is a modified revolving disc screen. The traditional revolving disc screen consists of
a flat disc covered with screening material that rotates about a horizontal axis, perpendicular to
the water flow. As water flows through the submerged portion of the disc, solids are retained
on the screening media. On a traditional revolving disc screen, the rotation of the disc lifts the
solids above the water surface where they are removed by a series of spray nozzles.

The WIP system consists of stacked circular “No-Cling” screening wheels which rotate within
a frame at 2 revolutions per minute, and a fish protection system. Both fish and debris are
removed from the screen surface below the waterline by a fish safe pump and suction scoop.
The aquatic life does not leave the water and is returned downstream of the intake structure.
However, compared to traditional through flow traveling water screens, the WIP system does
not utilize the entire available screen area, as shown in Figure 6.6. This decreased active
screen area results in an increased through-screen velocity and likely increase impingement
mortality.

With traditional through flow traveling water screens, any fish and/or debris that are not
washed off the screen basket would be washed off into the flow of water and carried through
the cooling water system. Since WIP screens do not rotate over into the downstream flow, and
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condenser, the potential for debris carryover is eliminated.
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Figure 6.6 Beaudrey Single Wheel WIP Design
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Figure 6.7 Beaudrey WIP System

The WIP System is designed to fit into the existed traveling water screen guides, therefore
there would be no civil modifications required to the intake, other than the modifications
required to install two additional screens in the Unit 3 intake, discussed in Section 6.1.1. It
should be noted that since the screen area of the WIP screen is circular, the amount of
available through-screen area is limited to the circular screen. Hence, the same volume of
water currently passing through the width and height of the water level would pass through a
smaller area, resulting in higher through-screen velocities.

Maintenance

The WIP System should have appreciably easier maintenance than the existing traveling
screens, because the WIP screens can be raised out of the water for maintenance activities. In
addition, since the WIP screens would eliminate debris carryover into the condensers, there
would be reduced maintenance associated with cleaning the condensers.
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Cost

Biological Benefit

Tables 6-17 and 6-18 in Attachment 6 show the monthly and annual total impingement
mortality and EA impingement mortality (all fish species combined) by Unit for Schiller
Station at baseline flow (29,290 gpm for Unit 4, 29,000 gpm for Unit 5, and 29,000 for Unit 6)
and for each 5% reduction in flow, assuming installation of Beaudrey WIP screens and fish
protection system (FPS). Based on Beaudrey FPS system survival testing at Le Blayais
Nuclear Power Station in France, screen survival rates represent continuous screen washes and
were estimated at 89% for all species®.

Installing two new WIP screens in the renovated Unit 3 intake and replacing existing screens
for Units 4, 5, and 6 with WIP screens would effectively decrease the available screen area,
resulting in increased through-screen velocities. Since the increased through-screen velocities
would likely increase impingement mortality, retrofitting WIP screens to reduce impingement
mortality is determined to provide no biological benefits.

Impingement mortality rate estimates for Beaudrey WIP screens were only available for fish
species, so the potential change in impingement mortality of macrocrustaceans at Schiller
Station after installation of WIP screens could not be quantified. However, macrocrustacean
impingement mortality on Schiller’s existing screens is known to be lower than fish mortality,
approximately 32% of the annual total impinged, compared to 81% for fish (see Attachment
6). Therefore, there is some potential for reducing macrocrustacean mortality by installing
WIP screens, although the proportional benefit would be less than for fish.

6.1.4 Fish Net Barriers

Fish net barriers are coarse mesh nets that are installed in front of intake structures. The water
entering the intake must first pass through the openings in the mesh. The size of the mesh
openings limits the size of the organism that can pass through the net. In order to be successful,
the nets must have a large surface such that the velocity through the net is very small (less than
0.5 fps). Otherwise, organisms impinged on the net would become damaged.

Barrier nets have been deployed at several large power plants. The success of the technology is
dependent upon the following site-specific requirements: (a) the intake must be located on a
source waterbody that allows for the deployment of a large net, (b) recreation on the waterbody
must be limited so as to not interfere with the nets, (c) the waterbody must have limited debris
flows so that the net is not damaged, (d) if freezing is a possibility, the net can only be deployed
seasonally, when ice is not an issue. In addition, biofouling may be a concern unless rigorous
maintenance is performed.

* A pilot study has recently been completed at North Omaha Power Station testing the impacts of WIP screens on
freshwater fish. The conditions of the Missouri River and the species of fish tested in the pilot study are not representative
of the conditions and fish within of the Piscataqua River, which is part of a seawater (brackish) estuary.
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Fish net barriers would have sizing and physical limitations and the potential to interfere with
existing uses of the source waterbody. Schiller Station has a total combined design intake flow
rate of approximately 87,290 gpm, and the source waterbody directly adjacent to the site is
approximately 16 ft deep at MLW. However, the North Dock at Schiller Station is located
directly in front of Screen House #2 and less than 150 ft from Screen House #1. The position of
the North Dock eliminates any potential location for a fish net barrier. Therefore, there are
significant space limitations at Schiller Station that would preclude the successful deployment
of a fish net barrier. In addition, since the water temperature can approach freezing in the
winter, an implementation of this type of barrier would only be seasonal, in order to prevent any
freezing or clogging of the barrier.

Thus, with these considerations in mind, fish net barriers are determined to be technologically
infeasible for implementation at Schiller Station.
6.1.5 Wide-slot Wedgewire screens

Wedgewire screens are stationary cylindrical screens that are positioned in a water body parallel
to the current. They have no moving parts for debris handling or debris disposal. They are
designed to have low through-screen velocity (i.e., less than 0.5 fps) (Ref. 8.6).

Figure 6.8 Wedgewire Screen (Ref. 8.6)

The outside of the wedgewire screens provides a screening surface consisting of trapezoidal
“wedge wire” bars that are formed to maintain a uniform screen opening as shown in Figure 6.9.
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Figure 6.9 Wedge wire screening material (Beaudrey USA)

Wedgewire screens are designed to reduce impingement and entrainment in two ways. First,
large organisms (e.g., fish and macrocrustaceans) cannot pass through the small slot size in the
screen, thereby stopping them from being entrained into the circulating water pumps and
condenser. Secondly, the cylindrical shape of the screen makes it easier for the fish to swim
away before they become impinged. Due to the screen’s cylindrical configuration, the velocity
pulling the organisms toward the screen is quickly dissipated. This allows organisms to escape
the flow field. Additionally, a low through-slot velocity is possible because of the large surface
area of the cylindrical screen.

Wide-slot wedgewire screens are designed to limit the size of organisms that can enter the
intake. At Schiller Station, the existing traveling water screens have a mesh size of 3/8 inches
(0.375 inches). All of the wedgewire screens being considered have a slot size equal to or
smaller than 0.4 inches. Therefore, the slot size would be small enough to exclude all
organisms that are currently impinged at Schiller Station. However, since organisms subject to
entrainment are smaller than those impinged, the sizing of the wide-slot wedgewire screens are
not considered further; narrow slot wedgewire screens, which provide both impingement and
entrainment reduction, are discussed in Section 6.2.1.

6.2 Alternate Technologies that Reduce Entrainment

6.2.1 Narrow-slot Wedgewire Screens

As discussed in Section 6.1.5, wedgewire screens are designed to reduce impingement and
entrainment in two ways. First, organisms cannot pass through the small slot size in the screen,
thereby stopping them from being entrained into the circulating water pumps and condenser.
Secondly, the cylindrical shape of the screen makes it easier for the fish to swim away before
they become impinged. Due to the screen’s cylindrical configuration, the velocity pulling the
organisms toward the screen is quickly dissipated. This allows organisms to escape the flow
field. Additionally, a low through slot velocity is possible because of the large surface area of
the cylindrical screen.
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To attain the optimal reduction in impingement and entrainment, narrow-slot wedgewire screens
must meet certain conditions.

First, the slot size must be small enough to physically prevent the organisms from
passing through the screen. Tables 6-19 through 6-30 in Attachment 6 assess the
potential reduction in entrainment according to the slot size of the proposed wedgewire
screens. Per Normandeau, the measurements of limiting dimensions of fish eggs, larvae
and macrocrustacean larvae taken from published drawings were used to establish the
relationship between slot opening and reduction in entrainment abundance based on the
actual species composition and life stages of organisms observed to be present in
sampling from Schiller Station. The slot sizes evaluated were 1, 0.8, 0.69, and 0.6 mm.

Second, a low through-slot velocity must be maintained to minimize the hydraulic zone
of influence surrounding the screen assembly. Typically, a lower through slot velocity
will achieve greater reductions in entrainment and impingement mortality. All slot sizes
evaluated are based on a maximum through-screen velocity of 0.5 fps.

Third, a sufficient ambient current must be present in the source waterbody to aid
organisms in bypassing the structure and to remove debris from the screen face. A
constant current also aids in the automated cleaning systems common to most
cylindrical wedgewire screen assemblies. The tidal currents within the lower Piscataqua
River are reversing. The average maximum ebb velocity (seaward flow) is 4.89 fps and
the average maximum flood velocity (landward flow) is 4.39 fps. Although the screens
would be located in an area of reduced water velocity, the ambient current would be
sufficient to ensure adequate fish protection as well as to facilitate adequate cleaning of
the wedgewire screens.

Large installations utilize multiple screen arrays manifolded to provide equal flow through each

screen.

The total design flow drawn through the intake at Schiller Station is 87,290 gpm

(29,290 gpm for Unit 4, 29,000 for Unit 5, and 29,000 for Unit 6), which would require a
system with one manifold per screen house to provide equal flow through each screen. The
manifold for Screen House #1 would consist of 2 screens, and the manifold for Screen House #2
would consist of 4 screens.
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Figure 6.10 shows a typical ‘T’ shaped wedgewire screen:

\ A = Overall Screen Length
. A\B:fcreen Diameter

Figure 6.10 ‘T’ Shaped wedgewire Screen (Source: Hendrick Water Intake Screens
www.waterintake.com)

The following slot sizes were provided to a leading wedgewire screen manufacturer along with
the requirement that the through slot velocity must be less than 0.5 fps: 1 mm (0.040”), 0.8 mm
(0.031”), 0.69 mm (0.027”), 0.6 mm (0.024™).

Table 6.1 shows the number and size of screens that would be required to provide the necessary
flow while still maintaining a maximum 0.5 fps through slot velocity.

Table 6.1 Screens Required to Maintain Minimum Through-Screen Velocity

Slot Size # of Screen length Screen dia. Max. Slot
screens (A) (B) Velocity (fps)
1 mm (0.04”) 6 166~ 54” 0.478
0.8 mm (0.031”) 6 190” 60” 0.462
0.69 mm (0.0277) 6 190~ 60” 0.473
0.06 mm (0.024”) 6 190” 60” 0.493

Sketch PSNH002-SK-005 shows a conceptual layout drawing of the potential wedgewire screen
systems. The sketch also depicts the detailed configuration of Screen House #2, since the
manifold for Screen House #2 would service both Unit 5 and Unit 6. It is important to note that
PSNH002-SK-005 is a conceptual layout only, and the final design would need to meet the
approval of the governing authorities regulating this portion of the Piscataqua River.

In order to periodically clean the wedgewire screens, an airburst system would be utilized. As
shown in Figure 6.11, an airburst cleaning system would be made up of a pre-assembled
package that includes an air compressor and accumulator, distribution manifold, control system,
and an individual screen air distributor.
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Figure 6.11 Passive screen backwash system (Source: Ref. 8.6)

When cleaning is required, two to three volumes of air would be released rapidly, cleaning
accumulated debris from the screen and carrying it up and away from the screen.
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Figure 6.12 Airburst Cleaning System (Source: Hendrick Screening Co.)
Schiller Station is situated on a brackish water estuary that contains calcareous algae. Per
Normandeau, calcareous algae are encrusting algae that coat inert surfaces with cement-like
deposits. Calcareous algae are considered primary colonizers in the northwestern Atlantic in
that they colonize clean, hard substrates and then attract an entire biofouling community
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including macroscopic algae, barnacles, and mussels. Currently, copper nickel alloy is used for
the traveling water screens. Copper nickel alloy wedgewire screens are available. Per
Reference 8.13, biofouling and clogging is a significant issue of concern for the long term
performance of wedgewire screens. Generally, as aquatic organisms and plants grew on such
screens, some mesh openings could become blocked, thereby restricting the flow of water
through the screen. This would increase the velocity through the unclogged portions of the
screens. In addition, less open area would equate to higher pressure drop through the screens,
which could reduce the performance of the Station’s circulating water pumps. If the screens
were to become substantially blocked, the force from the Station’s circulating water pumps
could cause the screens to implode.

Beaudrey USA and Hendrick Screen Co. (via EIMCO Technologies), leading suppliers of
wedgewire screens, provided the following information on biofouling of wedgewire screens
(Attachment 1):

1. Intake structures built along coastal and brackish water ecosystems are subject to extremely
aggressive marine life fouling that can quickly and catastrophically impact cooling water
screening systems. Specifically, barnacles and numerous species of mollusks could rapidly
colonize screening baskets, bars, grates, and meshes, thus impeding the passage of cooling
water flow and interfering with the cleaning and operation of the intake screening
equipment itself. Colonization of submerged screening components would begin almost
immediately upon installation. Gap-bridging growth could occur even on coarse screens
with bar spacing of 3 or more inches (i.e., Crystal River Nuclear Plant trash rakes are made
of stainless steel and require quarterly removal and scrapping to remove barnacles and
mollusks that completely close the gap between bars).

In the case of Schiller Station, the preferred screen design (i.e., cylindrical wedgewire)
would have bar spacing of 1 mm or less. This mesh aperture is highly susceptible to
catastrophic blockage from marine life. Marine growth would begin first on surfaces
tangential to flow and then bridge the mesh aperture. The airburst cleaning cycle would not
be sufficient either to prevent barnacle/mollusk larvae adhesion or to clean subsequent
colonization of screen surfaces. Mechanically cleaning with scrapping tools or high-
pressure hydro-lancing would be required on a quarterly basis to maintain the screens in
operation. The most effective method to address this problem would be prevention through
either (1) the regular application/injection of biocides, or (2) screen material selection.

Material selection for intake screening equipment is critical in determining long term
performance. The four criteria that dictate material selection are tensile strength, corrosion
resistance, fouling resistance, and price. Per Beaudrey USA, if price is the criterion given
the most weight during the design selection phase, a material may be selected that does not
meet the performance and maintenance expectations of the end user. In the case of Schiller
Station, the selection of anything other than a copper-based alloy (either aluminum bronze
or a copper nickel alloy) would result in inferior performance from both an operability and
longevity standpoint.

2. As the slot size decreases, the potential for clogging of the screen increases. When using
finer (0.6 mm) slotted openings, the surface may foul from finer debris (i.e., algae) at a
faster than normal rate, even under low velocity (i.e., less than 0.5 fps) due to the neutral
buoyancy of the material. Therefore, the velocity and location of the screens should be
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carefully considered to avoid heavy algae blooms and similar type debris. The use of such
fine openings (i.e., 0.6 mm) may also have an effect on the ability of the airburst system
effectiveness. The airburst system would function, but with such fine openings the system
would need to be operated at a higher than normal frequency (i.e., three times per day vs.
once per day) to assist in fine particle removal, even though a significant head loss may not
exist. This would slightly increase the operational cost.

Given the magnitude and expense of this project, a one year pilot study involving the
installation and operation of a 1/10 scale size wedge-wire screen and backwash system (e.g.,
applicable to 1/10 the flow rate of one CW pump) would be recommended. This would allow
the Station to evaluate the performance of the system, material selection, and various slot sizes.
Moreover, multiple alloys could be evaluated to assess the bio-fouling rates and bio-fouling
resistance of the equipment. Such a test would allow the Station to assess the proper material
and design of the equipment.

Maintenance

Passive screens are relatively maintenance free, with the potentially significant exception of
periodic inspection and cleaning. The use of fine openings (0.6 mm) dictates that the screens
should be inspected at more frequent intervals. When the screens are initially installed, they
should be inspected on a quarterly basis for the first twelve to fifteen months of operation to
monitor fouling/growth. The conditions of the screens should be well documented so that
fouling/growth can be closely monitored. Once the rate of fouling has been established, the
inspection frequency may be altered to coincide with the rate.

The surface of the screens (both internal and external), would also require cleaning (brushed or
water blast) on occasion, depending on the rate of growth. A man-way could be installed in the
screen to allow for internal access if the screens are sufficient size. A removable design (i.e.,
slide rails) would allow the screens to be cleaned from the surface as opposed to below water.
This would require some form of structure for the screens to attach as well as guide rails and an
extraction hoist.

When debris accumulates on the screen body, the screens could be cleaned with an airburst
system daily, weekly, monthly or any predetermined time specified. Airburst piping should be
designed for initial installation of an intake screen, even though the airburst system purchase
could be deferred or delayed. The air manifold could be uncapped and connected when
required.

Mechanically cleaning with scrapping tools or high-pressure hydro-lancing would also be
required on a quarterly basis to maintain the screens in operation.

Cost
The following wedgewire screen slot-sized systems were analyzed:
e Option A -1 mm slot size
e Option B — 0.8 mm slot size
e Option C - 0.69 mm slot sizes
e Option D - 0.6 mm slot size
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The total estimated capital costs for the replacement of the existing traveling water screens with
either stainless steel or copper nickel narrow-slot wedgewire screens with airburst cleaning
system is shown in Table 6.2 (see Attachment 4).

Table 6.2 Total Estimated Capital Cost of Wedgewire Screens

Biological Benefit

All slot sizes evaluated are based on a maximum through-screen velocity of 0.5 fps. Under the
now suspended Phase Il Rule, if a facility could reduce its maximum through-screen velocity to
0.5 fps or less, it would be considered to have satisfied the standard for reducing impingement
mortality, effectively reducing impingement mortality by at least 80 to 95%. Additionally, due
to the screen’s cylindrical configuration, the velocity pulling the organisms toward the screen is
quickly dissipated, allowing organisms to escape the flow field.

Tables 6-19 through 6-30 of Attachment 6 display the reduction in entrainment mortality of EA
fish and macrocrustaceans from baseline that could be achieved through the installation of
wedgewire screens for with slot sizes of 1 mm, 0.8 mm, 0.69 mm, and 0.6 mm. A summary of
the information included in the tables is shown below.

Table 6.3 Biological Benefit of Wedgewire Screens

Slot Size Entrainment_Reduction Entrainment Reduction
EA Fish EA Macrocrustaceans
1 mm (0.04™) 73.3% 100%
0.8 mm (0.031”) 89.6% 100%
0.69 mm (0.027”) 94.2% 100%
0.60 mm (0.024”) 98.9% 100%

6.2.2 Fine Mesh Ristroph Screens

In addition to the fish handling equipment previously described, traveling water screens can be
further modified to incorporate screen meshes with openings as small as 0.5 mm to collect fish
eggs and larvae and return them to the source waterbody. For many species and early life
stages, mesh sizes of 0.5 to 1.0 mm are required for effective screening. Various types of
traveling screens, such as through flow, dual flow, and center flow screens, can be fitted with
fine mesh screen material. Because entrainment is usually a seasonal occurrence, some fish
baskets can be furnished with quick-change mesh inserts that can be customized for seasonal
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operating requirements. For example, an operator can replace the coarse mesh with a fine mesh
during the breeding season to prevent the entrainment of eggs.

The primary concern with fine mesh screens is that they function by impinging early organism
life stages that are entrained through coarse mesh screens. Depending on species and life stage,
mortality from impingement can exceed entrainment mortality. In order for fine mesh screens
to provide a meaningful benefit in protecting fish, impingement survival of target species and
life stages must be substantially greater than survival through the circulating water system. In
addition, at Schiller Station, in order to maintain existing through-screen velocities and head
loss across the screen, the size of the intakes would need to be greatly expanded to
accommodate fine mesh screens. This is due to the fact that much larger fine mesh screens
would be required to provide the same total open area as the existing coarse mesh screens.

For all of these reasons, fine mesh screens are determined to be technologically infeasible for
implementation at Schiller Station.

6.2.3 Aquatic Microfiltration Barriers

Aquatic microfiltration barrier systems are barriers that employ a filter fabric designed to allow
for passage of water into a CWIS, but to exclude aquatic organisms. These systems are
designed to be placed some distance from the CWIS within the source waterbody and to act as a
filter for the water that enters the cooling water system. These systems may be floating,
flexible, or fixed. Since these systems generally have a large surface area, the velocities that are
maintained at the face of the permeable curtain are very low. One company, Gunderboom, Inc.
(Gunderboom), has a patented full-water-depth filter curtain comprised of polyethylene or
polypropylene fabric that is suspended by flotation billets at the surface of the water and
anchored to the substrate below. The curtain fabric is manufactured as the matting of minute
unwoven fibers with an opening size of 20 microns. Gunderboom systems also employ an
automated “air burst” system to periodically shake the material and pass air bubbles through the
curtain system to clean it of sediment buildup and release any other material back into the water
column.

At Schiller Station, Gunderboom and other microfiltration systems would have sizing and
physical limitations as well as the potential to interfere with or prevent other existing uses of the
source waterbody. With a 20 micron mesh, 100,000 and 200,000 gpm intakes would require
filter systems 500 and 100 ft long (assuming 20 ft depth). The Station has a total combined
intake flow rate of 87,290 gpm (29,290 gpm for Unit 4, 29,000 gpm for Unit 5, and 29,000 gpm
for Unit 6). Also, the source water body directly adjacent to the site is approximately 16 ft deep
at MLW. Therefore, assuming a linear correlation between flow rate and filter length, the
Gunderboom would need to be at least 550 ft long.

In addition, the location of the North Dock — directly in front of Screen House #2 and less than
150 ft from Screen House #1 — would obstruct any potentially effective location of the
Gunderboom at the Station. If the dock were to be relocated, the remaining available space
would still be less than 550 ft. Therefore, there are significant space limitations at the Station
that would preclude the successful deployment of an aquatic microfiltration barrier. Also, since
the water temperature can approach freezing in the winter time, an implementation of this type
of filter barrier would only be seasonal, in order to prevent any freezing or clogging of the
barrier.
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Therefore, an aquatic microfiltration barrier is determined to be technologically infeasible for
implementation at Schiller Station.

6.3 Behavioral Barriers

Behavioral barriers use a fish’s natural reaction to stimuli to deflect it away from the intakes. The
three main behavioral barrier systems are bubble barriers, artificial lighting arrays, and underwater
acoustic fish deterrence systems. In general, studies of behavioral barriers have been inconclusive
or have shown no significant reduction in impingement or entrainment (Ref. 8.9, Chapter 4,
Section 2.10). However, there are at least two installed and successfully operating acoustic fish
deterrence systems; one at the D. C. Cook Nuclear Plant in Bridgman, Michigan (Lake Michigan),
and the other at the J. A. FitzPatrick Nuclear Power Plant (JAFNPP) near Oswego, New York
(Lake Ontario).

To efficiently guide fish away from a CWIS, an acoustic fish deterrence system (FDS) has an array
of sound projectors typically installed along the face of the CWIS (i.e., the screen house). The
conical beam of each transducer must overlap each adjacent projector to provide a sound pressure
level at a distance from the CWIS that is consistent and of a magnitude to elicit the desired
avoidance behavior far enough from the intake to prevent the fish from being entrained in the
intake flow. Aiming the projectors outward along the face of the CWIS causes fish to experience a
necessary directional stimulus encouraging the fish to avoid the sound by swimming away from
the intake.

The JAFNPP FDS is utilized to keep primarily alewife (the most abundant species in terms of
impingement potential at the time the FDS was installed) from entering the intake structure and
eventually becoming impinged on the intake screens. The alewife is a delicate species that does
not survive the mechanical stresses of impingement well — even from modified traveling intake
screens. The FDS system emits a high frequency broadband sound (122 - 128 KHz) at a source
level of 190 decibels. Alewife and other clupeid fish avoid this high frequency broadband sound.
Because all fish in the order of Clupeiformes (Clupeid fish) have swim bladders and inner ear
specializations that function together, enabling the fish to detect sounds (Ref. 8.16), the high
frequency sound triggers an avoidance mechanism in such species. Therefore, the site-specific
feasibility of a FDS is highly dependent on the impinged species and their contribution to historical
impingement, as well as their response to sound.

At Schiller Station, the two species that contributed most to EA fish impingement from 2002
through 2007 were grubby (25.8%; order Scorpaeniformes) and northern pipefish (33.7%; order
Syngnathiformes) (Ref. 8.1, Table 5-13). The two species that contributed most per Unit were
grubby 38.5%; order Scorpaeniformes) and northern pipefish (16.4%; order Syngnathiformes) at
Unit 4, cunner (35.3%; order Perciformes) and northern pipefish (37.8%; order Syngathiformes) at
Unit 5, and cunner (14.8%; order Perciformes) and northern pipefish (64.7%; order
Syngathiformes) at Unit 6. Clupeid fish that contribute contributed to EA fish impingement (i.e.,
Atlantic herring and Atlantic menhaden) represent only 0.6% of recent EA fish impingement (0.8%
for Unit 4, 0.0% for Unit 5, and 0.3% for Unit 6). Therefore, a FDS installed at Schiller Station
would not significantly reduce impingement and a technological evaluation of FDS feasibility is
not warranted.
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6.4 Alternative Intake Location

As discussed in Section 2.3.1, Schiller Station has two once-through CWISs. Screen House #1
draws water from the Piscataqua River through an offshore intake, and Screen House #2 has draws
water from the Piscataqua River through a nearshore intake.

The offshore intake for Schiller Station Unit 4| GG ' the Unit
4 intake were converted to a nearshore intake it would be located within Screen House #1. The
inlet to Screen House #1 is located less than 100 ft from the inlet to Screen House #2. The
biological data from Schiller Station Units 5 and 6 is therefore used for a comparison of estimated
fish and macrocrustacean impingement levels at offshore and nearshore intake structures on the
Piscataqua River in the vicinity of the current CWISs. Because entrainment data was not collected
for Unit 4, an entrainment comparison cannot be made.

Table 6.4 compares impingement counts based on historical operating flow from 2002 to 2007 at
Schiller Station (Ref. 8.1, Table 5-9). As shown in the table, the number of both EA fish and total
macrocrustaceans impinged was significantly higher for Unit 4 (i.e., the offshore intake) than for
Schiller Units 5 and 6 (i.e., the nearshore intake). For EA fish, the Unit 4 impingement was
approximately two times the average of Units 5 and 6. For macrocrustaceans, the Unit 4
impingement was approximately six times the average of Units 5 and 6.

88



PSNH Schiller Station
Response to United States Environmental Protection Agency CWA 8308 Letter

Table 6.4 Impingement Comparison by Unit

Measure Unit Number Fraction

EA Fish Impingement Unit 4 758 46%
Unit 5 518 32%

Unit 6 357 22%

Combined 1,633 100%

Macrocrustacean Impingement Unit4 8,871 76%
Unit 5 1,576 14%

Unit 6 1,164 15%

Combined 11,611 100%

Unit 4

Relocating the Unit 4 offshore intake at Schiller Station to a nearshore location has the potential to
reduce impingement, especially for macrocrustaceans. However, detailed field studies would be
required to establish (1) the potential biological benefits of a nearshore location with regard to
entrainment, and (2) the technological feasibility of relocating the existing offshore intake to a
nearshore intake. Given the potential for impingement reduction, a biological evaluation of the
entrainment at both the offshore intake and the Unit 5 and 6 nearshore intakes would be warranted,
based on the existing biological data obtained from the studies performed as specified in Schiller
Station’s PIC (Ref. 8.15).

Units 5 and 6

While relocating the Unit 4 offshore intake at Schiller Station to a nearshore location has the
potential to reduce impingement, relocating the Unit 5 and/or 6 intakes to an offshore intake has
the potential to increase impingement. Moreover, detailed field studies would be required to
establish (1) the potential biological benefits of offshore locations versus nearshore locations with
regard to entrainment, (2) the optimal location for Unit 5 and/or 6 offshore intakes, if any, and (3)
the technological feasibility of such an offshore intake. Given the potential for increased
impingement, a site-specific biological and technological evaluation of relocating the Unit 5 and 6
intake is not warranted based on the existing biological data obtained from the studies performed
as specified in Schiller Station’s PIC (Ref. 8.15).

6.5 Use of Grey Water as Cooling Water

Consideration has been given to the use of treated recycled water, frequently referred to as grey
water, as an alternative to using seawater for thermal rejection from the plant’s condenser. To
fulfill the heat transfer requirements using grey water as an alternative to Piscataqua River water,
the approximate volume and flow required would have to be the same or greater than the volume
and flow needed when using Piscataqua River water as the CW source.

The NPDES Water Discharge Permit flows for all wastewater treatment facilities in Rockingham
County are included in the table below (see Attachment 8).
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!Driving Direct
Facilit Flow % Red’d Distance to Distance
y CW Flow |  Schiller
(approx.)
(approx.)
4.8 MGD
Pierce Island WWTP 3.82% 4 mi. 3mi.
(3,333.3 gpm)
4.7 MGD . .
Hampton WWTP 3.75% 16 mi. 15 mi.
(3,263.9 gpm)
Derry WWTP 4MGD (2,777.8 3.19% 48 mi. 33 mi.
gpm)
Exeter WWTP 3 MGD 2.39% 17 mi 11 mi
(2083.3 gpm) R ' '
2.5 MGD . .
Durham WWTF 1.99% 7.5 mi. 6 mi.
(1736.1 gpm)
Seabrook WWTP 1.8 MGD 1.43% 18 mi 15 mi
(1,250 gpm) R ' '
Pease Development 1.2 MGD o . .
Authority WWTE (833.3 gpm) 0.96% 2 mi. 1 mi.
0.85 MGD . .
Newmarket WPCF 0.68% 13 mi. 7 mi.
(590.3 gpm)
Epping WWTF 0.5 MGD (347.2 0.40% 25 mi. 12 mi.
gpm)
Rockingham County 0.178 MGD o . .
WWTE (123.6 gpm) 0.14% 22 mi. 15 mi.
Newfields WWTF 0.115 MGD (80 0.09% 12 mi. 9 mi.
gpm)
. 0.087 MGD 0 . .
Newington WWTP (60.2 gpm) 0.07% <1 mi. 0 mi.
23.73 MGD . .
Total 18.91% 184.5 mi. 127 mi.
(16,480 gpm) 0

The closest wastewater treatment facility, Newington Wastewater Treatment Plant, is located less
than 1 mile away from Schiller Station and discharges on average only 60.2 gpm. Pierce Island
Wastewater Treatment Plant discharges 3,333.3 gpm, more than any other plant in Rockingham
County, and is located approximately 4 miles away. However, the plant only discharges 3.82% of
the 87,150 gpm required for normal CW flow. Furthermore, if the discharge from every
wastewater treatment facility in Rockingham County was combined, it would reduce the amount of
river water needed as a circulating fluid by only 18.91% and would require between 127 and 184.5
miles of pipeline.

The limited sources of grey water in the vicinity of Schiller Station for use as a circulating fluid for
condenser heat transfer in the current once-through cooling configuration would eliminate grey
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water from being a viable and available alternative to Piscataqua River water, which is currently a
reliable and unlimited source of cooling water.

An alternative use for grey water at Schiller Station would be as make-up to the CW system
operating in a closed-loop configuration. The necessary make-up flow rate to CW in closed-loop
configuration is significantly less than that required to replace seawater in a once-through
configuration. For the cooling tower evaluated in Section 5.1.3.3, the necessary make-up flow rate
would be 1586 gpm. This volume of make-up flow could be provided by grey water sources in
relatively close proximity to Schiller Station.

Preliminary assessments of nearby sources indicate that the closest wastewater treatment facility
with an adequate amount of grey water to provide the needed make-up flow rate is Pierce Island
WWTF. Additional investigation would be required to confirm availability of these grey water
sources, finalize pipeline routing, and confirm that necessary easements and permits can be
obtained. Although use of grey water cannot be assured until the above outlined activities are
completed, the potential use of grey water for Schiller Station make-up when operating in a closed-
cycle cooling configuration offers significant advantages, as discussed in Section 5, and should be
further evaluated and pursued.

6.6 Flow Reduction

This Report assumes, for purposes of performing the evaluation required by EPA, that a reduction
in intake flow yields a proportional reduction in entrainment and impingement mortality. By
replacing the existing CW pumps with variable speed pumps (VSPs) or two-speed pumps, the CW
system may be capable of reducing flow through the CWIS under certain operating conditions.

6.6.1 Variable Speed Pumps

The flow through the Station’s CWISs could be reduced by replacing the existing CW pump
motors associated with each Unit and installing variable frequency drives (VFDs). Control of
the resulting VSPs would allow a reduction of entrainment and impingement through reduced
flow through the Unit’s condenser, without exceeding condenser design limitations.

6.6.1.1 VSP Design Details

Variable flow control would be achieved by replacing the two existing CW pump motors
associated with each Unit with new single-speed pump motors and converting them to VSPs
through installation of VFDs. The VFD would control the speed of the motor by alternating
the frequency of the electrical power supplied to the motor. An inverter switching circuit
inside the drive would convert the sinusoidal input power using pulse width modulation.
Pulse width modulation utilizes a series of narrow voltage pulses with modulated widths
would control the power available to the motor, and therefore regulate the speed of the motor.
The interface would allow for an external signal to automatically control the variable
frequency drive as well as allowing for manual control by an operator. The startup of the
motor would occur when a low voltage and frequency signal is applied by the VFD.
Similarly, the motor would be shut down when the variable frequency drive ramped down the
applied frequency and voltage. A braking circuit would dissipate the braking energy in order
to apply additional torque to facilitate faster shut off of the motor. The ramping nature of the
voltage and frequency input would allow the pump speed to be reduced to approximately 20%
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of its rated speed. This would effectively make the new single-speed pumps VSPs with almost
any level of flow reduction possible down to the operating limits of the Station.

6.6.1.2 VSP Operational Parameters/Methodology

In order to ensure adequate plant reliability and safety, Schiller Station equipment operation is
governed by a set of administrative limits. Schiller Station is required to operate under various
levels of restriction, whereby the Station decreases the net power generated if it is anticipated
that these administrative limits may soon be exceeded.

6.6.1.2.1 Condenser Design Limitations

As discussed in Section 5.2.2, operation of the condenser of any of the Units at Schiller
Station beyond the design limit of 1.5 in-Hg results in increased fuel consumption and
increases the potential for extensive equipment damage throughout the Station.

Per Heat Exchange Institute standards (Ref. 8.8), water velocities of less than 3 fps through the
condenser tubes do not build up enough flow resistance within the condenser to ensure
uniform quality of water through all tubes. Condenser performance under such conditions
cannot be accurately predicted and any correlation using an input velocity below 3 fps cannot
be regarded as a valid analysis. Under design flow conditions, each Unit at Schiller Station
operates with a condenser tube water velocity of 3.5 fps. Limiting the condenser tube water
velocity to 3 fps results in a 14% reduction in flow through the condenser; therefore, the
available reduction in flow through the condenser is bounded by this 14% maximum flow
reduction.

6.6.1.2.2 Input Parameters

Schiller Station provided 8 years (2000-2007) of measured maximum daily data, including the
condenser inlet and discharge water temperatures, condenser flow rate and pressure, and
Station net power generation.

6.6.1.3 Impacts at the Operating Limit

As described in Section 5.2.2, the condenser for each Unit has a design pressure limit of 1.5
in-Hg. Operation beyond this limit results in increased fuel consumption and increases the
potential for extensive equipment damage throughout Schiller Station. Each Unit has an inlet
water temperature that corresponds to the design pressure limit; the limit is 61.9°F for Unit 4,
58.2°F for Unit 5, and 61.0°F for Unit 6. When the inlet temperature exceeds the inlet water
temperature limit, power losses occur (i.e., fuel consumption increases). Table 6.5 shows the
monthly condenser flow reduction available for each Unit without incurring any power losses.
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Table 6.5 Flow Reduction Available Without Power Loss
(2000 — 2007)

Month (glr.]slaaé) (gsr.];’ E) (elaJlr.](l)E g)
January 14.0% 14.0% 14.0%
February 14.0% 14.0% 14.0%
March 14.0% 14.0% 14.0%
April 14.0% 14.0% 13.8%
May 13.5% 10.7% 13.2%
June 3.2% 0.3% 2.8%
July 0.0% 0.0% 0.0%
August 0.0% 0.0% 0.0%
September 1.4% 0.0% 1.4%
October 12.6% 6.3% 12.4%
November 14.0% 14.0% 14.0%
December 14.0% 14.0% 14.0%
Annual 9.3% 8.2% 9.1%

6.6.1.4 VSP Cost Assessment

Although specific installation/modification details are not known at this time, the likelihood of
requiring an extended outage to replace the existing CW pump motors and install VFDs is
minimal (i.e., the typical tie-in procedure for VSPs is bounded by the length of a routine
maintenance outage). Any extended outages or forced outages would greatly increase the
overall cost.

Maintenance

While VFDs are new components requiring the development and implementation of new
maintenance procedures, the new motors would require similar maintenance to what is
currently required. Periodic inspection would be required to determine that the motors are
clean and the stator and rotor ventilation passages remain unobstructed as clogging of the
ventilation passages could cause excessive rises in temperature. The load and winding
temperature would need to be continually monitored to assure that each remains below the
rating or service factor. If the insulation resistance were to drop below the recommended
minimum, the winding would have to be dried out with sufficient heat in order to raise the
insulation resistance. The motor would have to be monitored to ensure the maximum voltage
variation from the rating does not exceed 10% and the maximum frequency variation does not
exceed 5% with the total of both variations not exceeding 10%. The bearing lubricant would
have to be clean and maintained at the proper level. Additionally, by reducing flow through
the condenser, there would be an increased probability of condenser tube fouling due to lower
flow velocities. A mechanical condenser cleaning system to supplement the existing
hypochlorite injection would be necessary to prevent tube fouling similar to that utilized by
closed-loop cooling, as described in Section 5.1.3.4.
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Each VFD would require minor additional maintenance separate from the motor maintenance.
Dust or other objects would need to be periodically removed to prevent loss of airflow, which
could negatively impact the performance of the drives. If dust were allowed to build up on the
electrical equipment, malfunction or failure would be likely to occur. A dehumidifier is often
required to prevent moisture from causing corrosion of the circuits within the VFD. Periodic
inspection of the connections would be required to ensure proper performance. If connections
were to become loose, performance could become erratic and arcing could occur, resulting in
damage to the components of the VFD. Each component would have to be regularly
maintained and checked for signs of wear or failure. Direct current (DC) bus capacitors would
have to be periodically checked for any leakage or bulging, which would indicate electrical
misuse or component stress and could lead to fluctuations in the DC bus voltage
measurements. In addition, the VFD heat sink temperatures would need to be regularly
monitored to maintain optimum operating conditions.

Capital Cost

VFDs can be very expensive for high voltage motors, but because Schiller Station would
utilize low voltage motors, incorporating variable frequency drives would add only
approximately 10% to the price of each single-speed motor.

Also included in the
estimated cost Is the freight for the VFDs and the required implementation tasks (i.e., existing
motor removal, installations, testing and commissioning, as well as mechanical and electrical
modifications to support the VFDs).

Parasitic losses for the new CW pump motors and VFDs would be approximately equivalent
to the parasitic losses for the current CW pump motors. A combined power load of 4.7 MWe
would be necessary to operate the new CW pump motors and VFDs at full flow; however, as
flow would be reduced via VSP operation, the power necessary to operate the CW pumps
would be proportionally reduced. Since the maximum flow reduction possible is 14%, the
maximum power saved through this load reduction would be approximately 0.2 MWe per
Unit, with the combined maximum power saved across all three Units approximately 0.6
MWe.

6.6.1.5 Biological Benefit

The biological benefit of replacing the existing CW pump motors with new single-speed
motors and VFDs would depend on the amount of flow reduction that could be attained as
well as the time of year in which the flow reduction could occur. As discussed in Section
6.6.3, the thermal discharge limitations contained in Schiller Station’s NPDES permit would
limit the use of flow reduction as a means of reducing impingement or entrainment to a greater
extent than would any engineering limitations. Also, the benefits of VSPs would not be
available at times of scheduled maintenance outages (discussed in Section 2.3.2.3.1).

6.6.1.5.1 Entrainment Reduction Analysis

Using the EA entrainment abundance estimates included in Attachment 6 (Tables 6-4 and 6-
7), along with the available average monthly condenser flow reduction percentages (Table
6.5), a correlation was developed between flow reduction, power loss, and entrainment
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reduction. Each month contributes a defined percentage of annual entrainment. The
condenser flow reduction was used to calculate the total flow reduction for each month. For
the condenser limits, incremental entrainment reductions from baseline are presented in Figure
6.13 and Figure 6.14, which show the maximum available reductions in fish and
macrocrustacean entrainment from baseline for each Unit without power losses. As shown in
Figure 6.13, the maximum reductions in annual EA entrainment of fish would occur in
January through April for each Unit. The reductions in entrainment of fish for these months
would be 9.4%, 9.8%, 9.8% for Units 4, 5, and 6, respectively, with the EA fish entrainment
reductions for the entire year 10.7% for Unit 4, 10.9% for Unit 5, and 11.1% for Unit 6. For
macrocrustaceans, however, the maximum reductions in annual EA entrainment would occur
in May, June, October, and November, as shown in Figure 6.14. The EA macrocrustacean
entrainment reductions for these months would be 2.2% for Unit 4, 1.2% for Unit 5, and 2.1%
for Unit 6, with the EA macrocrustacean entrainment reductions for the entire year 2.3%,
1.2%, and 2.3% for Units 4, 5, and 6, respectively.
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Figure 6.13  Incremental Reduction in Annual EA Fish Entrainment Using VSP Operation
Flow Reduction without Power Losses
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Figure 6.14  Incremental Reduction in Annual EA Macrocrustacean Entrainment Using VSP
Operation Flow Reduction without Power Losses

6.6.1.5.2 Impingement Reduction Analysis

Similar to entrainment, the impingement abundance estimates in Attachment 6 (Tables 6-2 and
6-5) are used with the average power losses associated with various condenser flow reduction
percentages (Table 6.5) to develop a correlation between flow reduction, power loss, and
impingement reductions. The reductions in flow through the condenser were used to calculate
the total flow reductions through the CWIS, which were used to scale the monthly
impingement abundance in order to determine the monthly percentage of the annual
impingement reduction from baseline. For the condenser limits, incremental impingement
reductions are presented in Figure 6.15 and Figure 6.16, which show the maximum available
reductions in fish and macrocrustacean impingement from baseline for each Unit without
power losses. As shown in Figure 6.15, the maximum reductions in annual EA fish
impingement would occur in April, and November through January for Unit 4, and January,
April, October, and November for Units 5 and 6. The combined reductions in EA fish
impingement for these months would be 9.6%, 3.8%, and 11.4% for Units 4, 5, and 6,
respectively, with the EA impingement reductions for the entire year 12.0% for Unit 4, 5.7%
for Unit 5, and 13.0% for Unit 6. For macrocrustaceans, the maximum reductions in annual
impingement would occur in April, May, November, and December for all three Units, as
shown in Figure 6.16. The macrocrustacean impingement reductions would be 7.7% for Unit
4, 6.2% for Unit 5, and 6.5% for Unit 6, with the overall macrocrustacean impingement
reductions for the entire year 10.3%, 7.7%, 8.1% for Units 4, 5, and 6, respectively.
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Figure 6.15 Incremental Reduction in Annual EA Fish Impingement Using VSP Operation
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Figure 6.16  Incremental Reduction in Annual Macrocrustacean Impingement Using VSP

Operation Flow Reduction without Power Losses
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6.6.1.5.3 Summary of VSP Effectiveness

Table 6.6 summarizes the potential annual fish EA entrainment and EA impingement
reductions from baseline available with the installation of VSPs without power losses. The
annual EA fish entrainment would be reduced by approximately 10.7% for Unit 4, 10.9% for
Unit 5, and 11.1% for Unit 6, and the annual EA fish impingement would be reduced by
12.0%, 5.7%, and 13.0% for Units 4, 5, and 6, respectively.

Table 6.6 Summary of VSP Operation - Fish

Month EA Entrainment Reduction EA Impingement Reduction
Unit 4 Unit5 Unit 6 Unit 4 Unit 5 Unit 6

January 1.8% 1.9% 1.9% 1.5% 0.7% 5.4%
February 2.3% 2.4% 2.4% 0.4% 0.1% 0.8%
March 3.6% 3.7% 3.7% 0.3% 0.5% 0.0%
April 1.7% 1.8% 1.8% 3.9% 1.7% 1.3%
May 0.5% 0.4% 0.6% 0.2% 0.6% 0.1%
June 0.1% 0.0% 0.1% 0.2% 0.0% 0.1%
July 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
August 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
September [  0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
October 0.0% 0.0% 0.0% 1.1% 0.7% 3.1%
November 0.6% 0.6% 0.6% 1.9% 0.7% 1.6%
December 0.1% 0.1% 0.1% 2.3% 0.5% 0.7%
Annual 10.7% 10.9% 11.1% 12.0% 5.7% 13.0%

Table 6.7 summarizes the potential annual macrocrustacean EA entrainment and impingement
reductions from baseline available with the installation of VSPs without power losses. The
annual EA macrocrustacean entrainment would be reduced by approximately 2.3% for Unit 4,
1.2% for Unit 5, and 2.3% for Unit 6, and the annual macrocrustacean impingement would be
reduced by 10.3%, 7.7%, and 8.1% for Units 4, 5, and 6, respectively.
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Table 6.7 Summary of VSP Operation - Macrocrustaceans

Month EA Entrainment Reduction Impingement Reduction

Unit 4 Unit 5 Unit 6 Unit 4 Unit 5 Unit 6
January 0.0% 0.0% 0.0% 1.2% 0.4% 0.2%
February 0.0% 0.0% 0.0% 0.2% 0.1% 0.2%
March 0.0% 0.0% 0.0% 0.2% 0.2% 0.0%
April 0.0% 0.0% 0.0% 2.6% 1.5% 1.3%
May 0.6% 0.5% 0.7% 1.5% 1.5% 1.9%
June 0.6% 0.1% 0.5% 0.4% 0.0% 0.3%
July 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
August 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
September |  0.1% 0.0% 0.1% 0.0% 0.0% 0.1%
October 0.8% 0.4% 0.8% 0.6% 0.8% 0.9%
November | 0.2% 0.2% 0.2% 1.7% 2.0% 2.2%
December 0.0% 0.0% 0.0% 2.0% 1.2% 1.0%
Annual 2.3% 1.2% 2.3% 10.3% 7.7% 8.1%

6.6.2 Two-Speed Pumps

As stated in Section 6.6.1.2.1, the available reduction in flow through the condenser is bounded
by a 14% maximum flow reduction. By replacing the existing CW pump motors with two-
speed motors, the flow could be reduced to 95% flow, 91% flow, and 86% flow. The overall
cost for two-speed motors for this application would be greater than the overall cost for
conversion to VSPs (as shown in Attachment 4), while two-speed motors would provide
significantly less flow control flexibility than VSPs. In addition, the power load necessary to
operate two-speed pumps at reduced flow would be equal to that required to operate the pumps
at full flow, unlike for VSP operation where, as flow is reduced, the power necessary to operate
the CW pumps would be proportionally reduced. For these reasons, the use of two-speed
motors is determined to be a less effective technology and operational measure for flow
reduction at Schiller Station than the use of VVSPs, and was not evaluated further.

6.6.3 Discharge Thermal Impacts of Flow Reduction

In response to the EPA’s request to provide “an estimate of the most stringent thermal discharge
limits that Schiller Station would be able to comply with utilizing the technology in gquestion”, a
review of the potential thermal discharge effects of VSP implementation is provided.

The maximum allowable rise in discharge temperature (i.e., the temperature increase across the
condenser) for Schiller Station has been established by EPA in NPDES Federal Permit No.
NH0001473 (Ref. 8.12). Under this permit, the maximum allowed temperature rise is 25°F and
the discharge temperature shall at not time exceed 95°F at the point of discharge to the
Piscataqua River.

Assuming complete heat rejection from the condenser to the CW flow, the thermal discharge
temperatures were calculated from eight years of measured data (2000 — 2007). This analysis
indicates that an increase in temperature rise across the condenser would be expected under the
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flow reduction conditions that would occur as a result of VSP implementation, because
decreasing the amount of water passing through the condenser while operating at near design
power increases the amount of heat rejected per water volume. Table 6.8 lists the monthly and
annual available flow reductions for each Unit, without exceeding the permitted thermal
discharge temperatures.

Table 6.8 Schiller Performance - Current NPDES Permit
(2000 — 2007)

Available Flow Reduction
Month - - -

Unit 4 Unit 5 Unit 6
January 13.4% 11.2% 11.6%
February 13.4% 11.2% 11.6%
March 13.4% 11.2% 11.6%
April 13.4% 11.2% 11.6%
May 13.3% 11.1% 11.6%
June 13.2% 11.2% 11.5%
July 12.1% 10.4% 11.1%
August 10.9% 9.5% 10.7%
September 13.2% 10.8% 11.6%
October 13.4% 11.2% 11.6%
November 13.4% 11.2% 11.6%
December 13.4% 11.2% 11.6%
Annual 13.0% 10.9% 11.5%

"Based on a maximum inlet/discharge temperature differential of 25°F
and a maximum outlet temperature of 95°F.

According to Table 6.8, the available flow reduction discussed in Section 6.6.1.3 would be
additionally limited by the thermal discharge limits imposed by the Station’s existing NPDES
permit. The available flow reduction would be bounded by these additional limits in the months
of November through May at Unit 4, November through April at Unit 5, and October through
May at Unit 6. Given the results of this preliminary thermal discharge analysis, further analysis
would be required to determine the specific impacts of VSP operation.

6.7 Outage Timing

During a maintenance outage at Schiller Station, there is no flow entering the CWIS for whichever
Unit is in the outage. For Unit 4, maintenance outages occur every 18 months and last
approximately four weeks. For Unit 5, maintenance outages occur every 12 months and last
approximately three weeks. For Unit 6, maintenance outages occur every 18 months and last
approximately four weeks. The outages are staggered so that the Units are not offline at the same
time. Since there is no flow, there is a 100% reduction in impingement and entrainment associated
with each individual Unit during that Unit’s outage.

The current outage schedule for Schiller Station, which extends until 2012, calls for spring outages
for Unit 5 and rotating spring and fall schedules for Units 4 and 6. Typically, the outages last
approximately three to four weeks; however, extended outages are scheduled for equipment
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upgrades and other longer-duration maintenance (e.g., in 2012 there is a 6 week outage scheduled
for Unit 5). As stated in Section 2.3.2.3.1, exact outage dates are filed one year in advance with
ISO New England, which reviews the list and approves or disapproves the dates.

Outage time is usually scheduled in between seasons of peak electrical demand, after the high use
winter months (December, January, and February) and well before the high use summer months
(June, July, and August). If a peak season outage were allowed by ISO New England, Schiller
Station would be penalized dramatically. The exact magnitude of any penalties for selecting a
peak season outage is a time-varying combination of replacement power and capacity costs and is
not further considered here.

As discussed in Section 4.2, the periods of maximum EA fish and macrocrustacean impingement
and entrainment do not coincide. For example, at each Unit, the month with the most EA fish
entrainment is March while the month with the most EA macrocrustacean entrainment is July, as
shown in Figure 6.17, Figure 6.18, and Figure 6.19. The periods of maximum EA fish and
macrocrustacean impingement do coincide in April for Unit 4. However, for Unit 5, the month
with the most EA fish impingement is September and the month with the most macrocrustacean
impingement is May. Similarly, for Unit 6, the month with the most EA fish impingement is
January while the month with the most macrocrustacean impingement is November.
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Figure 6.17 Unit 4 Baseline Monthly EA Abundance
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Figure 6.18 Unit 5 Baseline Monthly EA Abundance

OMonthly EA Fish Entrainment
O Monthly EA Macrocrustacean Entrainment
[0 Monthly EA Fish Impingement

O Monthly Total Macrocrustacean Impingement

L la o ],

January  February ~ March April June July August  September October November December
Month
Figure 6.19 Unit 6 Baseline Monthly EA Abundance

102



PSNH Schiller Station
Response to United States Environmental Protection Agency CWA 8308 Letter

For example, a March maintenance outage would reduce EA fish entrainment as measured from
baseline approximately 24% for each Unit on an average annual basis (i.e., a 4 week outage over
the 4.4 weeks in March weighted by the monthly percentage of EA fish entrainment abundance
(27%) would yield an annual 24% reduction in EA fish entrainment). However, the baseline
reductions in EA macrocrustacean entrainment would be 0%, and baseline reduction in EA fish
and macrocrustacean impingement would be 2.2% and 1.2%, respectively.

A spring outage schedule for each Unit would coincide with the optimum available period for EA
fish entrainment reduction. Assuming that only one Unit would be in outage at a time, a thirteen
week period of staggered back-to-back-to-back outages would last from the beginning of March to
the end of May. However, while April has the fourth largest reduction in EA fish entrainment
(13% at each Unit), May does not account for a large portion of entrainment (4% of EA fish
entrainment, 5% of EA macrocrustacean entrainment). As the aggregate benefit of an outage shift
would be minimal, a change in the current outage schedule for Schiller Station is not expected to
significantly reduce entrainment and impingement mortality.
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7 Comparison of Alternatives Considered

7.1 Comparative Matrix

The following comparative matrix identifies the various technologies and operational measures
that PSNH evaluated for CWA 8316(b) compliance enhancements at Schiller Station as required
by EPA in the 8308 Letter. The matrix provides the estimated total costs and biological (i.e.,
entrainment and impingement reduction) effectiveness of each technology and operational
measure, and ranks the technologies and operational measures by their biological cost
effectiveness.
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Comparative Matrix of Technologies or Operational Measures Utilized for CWA 316b Compliance

(Note 1)

Biological Effectiveness % Reduction (Note 8)

Cost Biological Cost
. Fish Macrocrustacean Effectiven
Technology or Operational Measure F?gakien ess Comments
Initial Annual* EA EA EA . J
, : : : (High/Med/Low)
*Note 4 Impingement | Entrainment | Impingement | Entrainment
Cooling Towers
Initial costs = Initial capital costs and lost generating capacity during
. . implementation
Conversion to Closed Loop Cooling — Grey Water _ _ 100 100 100 100 Low Annual costs = Average operational efficiency loss, parasitic loss,
O&M, and water treatment (Section 5) *Note 4
Initial costs = Initial capital costs and lost generating capacity during
. . implementation
Conversion to Closed Loop Cooling — Seawater _ _ 96.9 96.9 96.9 96.6 Low Annual costs = Average operational efficiency loss, parasitic loss,
0O&M, and water treatment (Section 5) *Note 4
Coarse Mesh Screening Technologies
] Considering that macrocrustacean impingement mortality with the
Unit4-75.5 existing screens and fish return system at Schiller Station is fairly high,
Ristroph screens - - Unit5-73.5 0 Note 6 0 Med mortality due to impingement would likely be reduced by installing
Unit 6 - 75.3 Ristroph through flow traveling screens. Includes Unit 3 intake
renovation (Section 6.1.2.3).
Due to the screen configuration, the implementation of dual flow
. conversion traveling water screens would require new CWISs or
Dual flow conversion screens NA Note 2 NA NA NA NA NA extensive modifications to the existing CWISs, and is therefore
determined to be infeasible. (Section 6.1.3.1)
Because replacing existing screens with MultiDisc screens would
effectively decrease the intake channel width, which would increase
MultiDisc® screens _ Note 3 NA NA NA NA NA through-mesh velocity and likely increase impingement mortality,
retrofitting MultiDisc screens to reduce impingement mortality is
determined to provide no biological benefits (Section 6.1.3.2).
This technology has not been tested for site conditions or fish species
representative of Schiller Station in the US. Therefore, any biological
WIP screens - Note 3 89 0 Note 6 0 NA benefit is considered to be preliminary and, as such, it cannot be
recommended until completion of testing (Section 6.1.3.3).
Since fine mesh wedgewire screens produce the impingement reduction
. Note 5 Note 5 benefit of coarse mesh screens as well as entrainment reduction benefits
Wedgewire screens NA Note 2 80-95 0 80-95 0 NA for relatively similar costs, only fine mesh screens have been fully
evaluated (Section 6.1.5).
Fine Mesh Screening Technologies
Wedgewire screens — Option A: 1.0 mm
g . P . 73.3 100 Med Given the magnitude and expense of this project, a one year pilot study
Wedgewire screens — Option B: 0.8 mm Note 2 80-g5Note 5 89.6 80-g5Note 5 100 High is recommended, allowing the Station to evaluate the performance of
Wedgewire screens — Option C: 0.69 mm 94.2 100 High the system an_d_ma_terial seleg:tion. Would not require significant intake
Wedgewire screens — Option C: 0.6 mm 98.9 100 High structure modifications (Section 6.2.1).
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Biological Effectiveness % Reduction (Note 8)

Cost Biological Cost
. Fish Macrocrustacean Effectiven
Technology or Operational Measure F?gakien ess Comments
Initial Annual* EA EA EA . J
. : : : (High/Med/Low)
*Note 4 Impingement | Entrainment | Impingement | Entrainment
Fish Return Systems
Unit 4 - Unit 4 -
o _ 80-95Note 5 80-95Note 5 Costs and biological benefits are for Unit 4 only. Includes the
9.  Unit 3 intake renovation _ - . 0 . 0 Med installation of new coarse mesh Ristroph screens and fish return system
Units -0 Units -0 at the Unit 3 intake. (Section 6.1.1)
Unit6 - 0 Unit6 - 0
Considering the fairly low survival with the current operation mode of
. . . . intermittent washes at Schiller Station, it would be expected that
10. Continuous operation of existing traveling screens . - Note 6 0 Note 6 0 Low continuous washes would provide some improvement in impingement
survival (Section 6.1.2.1).
Considering the fairly low survival with the current fish return system
. P . at Schiller Station, it would be expected that an updated fish return
11. Updated fish return system (w/ existing traveling screens) - - Note 6 0 Note 6 0 Low system with the existing traveling water screens would provide some
improvement in impingement survival (Section 6.1.2.2).
Variable Speed Pumps
Unit4-12.0 Unit4-10.7 | Unit4-103 | Unit4-2.3 V'SP operation realizes up to 0.6 MWe savings over current operation.
. . . i e ' e i e ' However, would significantly increase Station discharge temperatures
12. New circulating water pump motors and VFDs _ Note 3 Un!t 5-57 Un!t 5-10.9 Un!t 5-7.7 Un!t 5-1.2 Low above NPDES-permitted thermal discharge limits (Sections 6.6.1,
Unit6-13.0 |Unit6-11.1 | Unit6-81 |Unit6-2.3 6.6.3).
More costly than variable speed with less flexible operating parameters.
13. Two-speed circulating water pump motors - Note 2 Note 7 Note 7 Note 7 Note 7 Low Also, would significantly increase Station discharge temperatures above
NPDES-permitted thermal discharge limits (Sections 6.6.2, 6.6.3).
Deterrence Systems
Because species that respond to acoustic fish deterrence systems (FDSs)
A represent only 0.6% of recent impingement at Schiller Station,
14. Acoustic Fish Deterrence System NA NA NA NA NA NA NA installation of FDS to reduce impingement mortality is determined to
provide marginal to no biological benefits (Section 6.3).
Operational Measures
. A change in the current outage is determined to provide marginal to no
15. Shift outages NA NA NA NA NA NA NA biological benefits (Section 6.7).

Notes:

. Only technologies or operational measures deemed technologically feasible are listed in this matrix
. Annual maintenance and/or operational cost not appreciably higher than existing component(s)

. Annual maintenance and/or operational cost lower than existing component(s)
. Annual cost based on 100% capacity factor; actual annual costs will correlate to capacity factor for a given year
. Reducing through-screen velocity to 0.5 fps or less is equivalent to reducing impingement mortality by at least 80-95%, See 40 C.F.R. §8125.94(a)(1)(ii), 125.94(b)(1).

. Specific biological benefits unavailable due to lack of data; however, considering the current fairly high impingement mortality, it would be expected that there would be some improvement in impingement survival.
. Specific biological benefits not evaluated, but will be less than benefits for VFDs
. The biological benefits presented are the average percentage reductions for the Station as a whole, unless noted otherwise.
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7.2 Conclusion — Best Technology Available for Minimizing AEI from Schiller
Station CWISs under CWA 8316(b)

The following discussion reviews the technologies and operational measures that were evaluated as
required by EPA in the 8308 Letter, and, on the basis of the engineering evaluations presented in this
Report and the biological data from the Station’s monitoring programs, ranks them according to their
ability to provide the greatest reductions in entrainment and impingement for the least associated
initial capital and ongoing annual operating costs. This Report draws the following general
conclusions about the potential technological feasibility and biological effectiveness at Schiller
Station of the CWIS technologies and operational measures that that EPA identified for assessment in
the 8308 Letter:

1. Fine mesh wedgewire screens —

This technology is one of the highest ranked of the alternative CWIS technologies evaluated
for this Report in terms of biological benefits, with estimated associated reductions in EA
impingement abundance of 80-95% for fish and macrocrustaceans and reductions in EA
entrainment abundance of 73-99% for fish and 100% for macrocrustaceans. Its annual
operational costs are comparable to the costs of operating the Station’s existing traveling
screens, A site specific
study would be required to determine the appropriate wedgewire screen material and slot size
to ensure that the screens would be able to withstand the aggressive marine environment
without becoming clogged.

The primary biological benefit of retrofitting fine mesh wedgewire screens at Schiller Station
would be the potential to achieve additional entrainment reductions from baseline for fish, for
which the existing CWIS configuration and operational measures presently provide an average
annual reduction of 60.7% in EA entrainment mortality. Although conversion to closed loop
cooling has the potential to reduce entrainment and impingement mortality by 100% or 96.9%,
depending on the use of grey water or seawater for make-up water, the fine wedgewire screens
have to potential to provide equivalent biological benefits for significantly less cost.

2. Unit 3 intake renovations —

By renovating the Unit 3 intake and connecting it with the Unit 4 intake, the through-screen
velocity for Unit 4 would be reduced to 0.46 fps at MLW, which would achieve significantly
reduced impingement mortality (from the 34.7% reduction in EA impingement mortality of fish
and 73.9% reduction in total impingement mortality of macrocrustaceans attributable to Unit 4’s
existing fish return system and operational flow reductions to estimated 80-95% reductions) and
satisfy the now suspended Phase 1l Rule with respect to reducing impingement mortality.

However, the renovation of the Unit 3 intake would not reduce
entrainment at Unit 4, and would not reduce either entrainment or impingement mortality at
Unit 5 or Unit 6.

® Reducing through-screen velocity to 0.5 fps or less is equivalent to reducing impingement mortality by at least 80-95%,
See 40 C.F.R. 88125.94(a)(1)(ii), 125.94(b)(1).
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3. Coarse mesh Ristroph screens —

These screens would provide moderate reductions in EA fish impingement (i.e., approximately
74-76%), and, in combination with the renovation of the Unit 3 intake, would reduce the
through-screen velocity for Unit 4 to below 0.5 fps at MLW, thus satisfying the now
suspended Phase Il Rule with respect to reducing impingement mortality. While it is difficult
to quantify the potential biological benefits for macrocrustaceans from implementation of this
technology, because of the lack of data, it is expected that there would be some improvement
in impingement survival. The annual operational costs of these screens would be comparable
to the costs of operating Schiller Station’s existing traveling screens,

However, the biological benefits of coarse mesh
Ristroph screens would not include any reductions in entrainment, and the current through-
screen velocity at Unit 5 and Unit 6 would not be modified.

4. Conversion to closed loop cooling —

This conversion provides 100% reduction in impingement and entrainment if grey water is
utilized, and approximately 97% reduction if seawater is utilized. Annual operating and
maintenance costs are extremely high, estimated at up to approximately $21.3 million per
year, and initial capital costs (including lost power production during implementation) are also
extremely high,

The incremental biological benefits that would be provided by conversion to closed-loop
cooling as compared to retrofitting fine mesh wedgewire screens amounts to single digit
percentages, even when utilizing historical capacity factors and flows. Initial capital costs are
22 to 24 times greater than wedgewire screens, and

would place a tremendous ongoing burden on
the Station. In short, the costs of conversion to closed-loop cooling are wholly
disproportionate to the minimal biological benefits that closed-loop cooling potentially would
provide compared to fine mesh wedgewire screens.

5. New circulating water pump motors and VFDs —

This technology would provide average reductions of 10.2% and 10.9% in EA fish
impingement and entrainment, respectively. The average biological benefit of VSPs for
macrocrustaceans would be a 1.9% reduction in impingement and an 8.7% reduction in EA
entrainment. The initial capital costs are estimated at approximately $1.9 million. While the
annual operating costs of utilizing new circulating water pump motors and VFDs would
realize savings of up to 0.6 MWe over current operation, the new motors and VFDs would
increase Station discharge temperatures above NPDES-permitted thermal discharge limits.
Moreover, although the initial capital costs and annual maintenance costs for the new
circulating water pump motors and VFDs would be slightly less than those for fine mesh
wedgewire screens, the wedgewire screens have more than 9 times the impingement and
entrainment mortality reduction potential.
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6. Continuous operation of existing traveling screens —

It is difficult to quantify the specific biological benefits of continuous operation of the existing
traveling water screens due to the lack of data. However, considering the fairly low fish
survival with the current operation mode of intermittent washes at Schiller Station, it is
expected that continuous washes would provide some improvement in impingement survival.
The initial capital costs associated with the continuous operation of the existing traveling
water screens are estimated , and by running the existing
traveling water screens continuously, Schiller Station would increase its current maintenance
costs by || However, the biological benefits of continuous operation of
the existing traveling screens would not include any reductions in entrainment.

7. Updated fish return system (with existing traveling screens) —

It is similarly difficult to quantify the specific biological benefits of an updated fish return
system with the existing traveling water screens due to the lack of data. However, considering
the fairly low fish survival with the current fish return system at Schiller Station, it is expected
that an updated fish return system would provide some improvement in impingement survival.
The annual operational costs are comparable to the costs of operating Schiller Station’s
existing fish return system, However, the
biological benefits of an updated fish return system would not include any reductions in
entrainment.

Per the Section 7.1 comparative matrix and the Report sections referenced therein, all other CWIS
technologies and operational measures evaluated for this report were determined not to warrant
comparison with the technologies and operational measures described above, on the grounds that
each of those technologies or operational measures is either encompassed by (i.e., coarse mesh
wedgewires versus fine mesh wedgewires), has such significant inherent disadvantages (i.e., flow
reductions and their associated thermal discharge impacts), or has costs that are wholly
disproportionate to the biological benefits that they potentially would provide (i.e., conversion to
closed loop cooling), so as to not provide comparable benefits to the technologies directly
compared.

In conclusion, for Schiller Station, the addition of fine mesh wedgewire screens would provide
reductions in both impingement and entrainment comparable to closed-loop cooling, at a fraction
of the initial capital and ongoing operational and maintenance costs required for a closed-loop
cooling conversion. As such, if reductions in impingement and entrainment beyond those
currently attained by the Station are deemed necessary, the addition of fine mesh screens is the
optimum technology currently available.
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