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EXECUTIVE SUMMARY

Crystal River 3 will be increasing rated thermal and electrical power after the 2011 refueling
outage. The additional heat rejected o the Crystal River Energy Complex (CREC) discharge
canal must be mitigated in order to remain in compliance with the National Pollutant and
Discharge Elimination System (NPDES) Point of Discharge (POD} permit. This report (herein
after called Phase 1 Report) documents the evaluations and analyses of potential thermal and
flow mitigation alternatives.

The alternative selected in this Phase 1 Report will be designed and implemented to support the
Crystal River Extended Power Uprate. The proposed solution will mitigate for 100% of the
additional EPU heat rejection, provide 100% equivalent heat removal capacity to compensate
for replacement of the Modular Cooling Towers, provide mitigation for EPU related increase in
Circulating Water (CW) fiow, and provide a small margin of additional heat rejection to
compensate for transient conditions. The proposed solution will eliminate all potential EPU
related de-rates and 99% of de-rates due to existing conditions. The other 1% of potential de-
rates are of very short duration and can not be adequately forecast in enough detail to make it
cost effective to install additional capacity.

In this Phase 1 study, the following activities were completed:
. Alternatives — A list of altermnative technologies which could be considered in addressihg
heat removal from the discharge canal was prepared.

. Previous Work —Recommendations from previous CREC cooling tower studies {Bechtsl,
Cooper) were reviewed and incorporated as appropriate.

. Evaluate Alternatives — The viability of the various alternatives was evaluated.

«  316(b) Mitigation for EPU — The use of recirculation to mitigate the 316(b) impact of
increased discharge canal flow was evaluated.

. Agareko Cost Benefit — A basis for making a decision on the Aggreko lease termination
was prepared.

. Hamon Tower Expansion — The potential for Hamon tower optimization, upgrades, and
expansion was developed and presented.

From the list of alternatives, combinations were formed into cases which were evaluated from a
mass and energy balance and cost perspective. Cases which met the thermal discharge limit
with margin were considered to form solutions. Multiple solution cases were then compared in a
cost benefit analysis. Costs included (a) capital costs to design, procure, and install the
equipment, (b) operating costs to maintain the equipment, (c) production penalties or credits
based on condenser backpressure calculations and gross generation, and (d) auxifiary power
consumption. To account for diurnal and seasonal variations, production costs and benefits
were based on hourly analysis of net production with input for weather, ocean temperature, and
electricity pricing data.
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Redacted

Since the majority of Phase 2 work is independent of the decision regarding increased CW flow
through CR3, detailed design work can begin. However, it is recommended that CREC complete
design evaluations of the condensers to determine final flow requirements for CR3 circulating
water.
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Acronym Description

316(a) Section 316(a) of the Clean Water Act

316(b) ‘Section 316(p) of the Clean Waler Act

AFB Aquatnc Fish Barners o
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BTU ‘Biitish Thermal Unit )

cfm Cubic Feet per M\nulé

.CRV1' Crystal River Unit #1

CR2 Crystal River Unit #2
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CREC - JCrystal RwerEnergy Cornplex . ‘ 7 T ’

CRN . Crystal River North Piant(Unlts#&S) - S ‘
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MWe Megawatts-Electric
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1.0 OVERVIEW AND PURPOSE

Crystal River 3 will be increasing rated thermal and electrical power after the 2011
refueling outage. The additional heat rejected to the Crystal River Energy Complex
(CREC) discharge canal must be mitigated in arder to remain in compliance with the
National Pollutant and Discharge Elimination System (NPDES) Point of Discharge
(POD) permit. This report (herein after called Phase 1 Report) documents the
evaluations and analyses of potential thermal and flow mitigation alternatives. The
alternative selected in the Phase 1 Report will be designed and implemented to support
the Crystal River Extended Power Uprate (additional discussion below). Attachment A
identifies the content required to be included in this Phase 1 Report. The requirements
for the Phase 1 Report are further detailed in the Project Plan [Ref. 7.1]. Sargent &
Lundy"® (S&L) was awarded this work [Ref. 7.2} under the scope as detailed in the
Request [Ref. 7.3] and agreed to in the S&L proposal and clarification letter [Ref. 7.4].

The Phase 1 Report was developed with eight sections and ten attachments. Section 1
states the document purpose, provides an overview of the facility, and describes the
CREC areas that could be affected by this project. Section 2 states the scope of the
Phase 1 Report and describes the process used to select and recommend the most
appropriate discharge canal additional cooling capacity solution. Section 3 identifies the
project alternatives and screens each alternative to determine if further analysis will be
performed on the alternative. Section 4 addresses cooling solutions while Section 5
examines strategies for environmental compliance. Section 6 makes a recommendation
of the optimal approach in providing additional discharge cana! cooling capacity. Section
7 states the references used in developing the Phase 1 Report and Section 8 provides
signatures.

Modular Cooling Towers

Discharge Canal

Fig. 1-1: CREC Overview, Showing Major Instaitations
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1.1 CREC Configuration

CREC is comprised of five steam electric generating stations. The five operaling units were
commissioned and operate with approximate gross electrical output {summer)} as follows:

Tabie 1-1: CREC Operating Units

~Unit + Commercial - Fuel Type SummerOutput Héat Rejectior;
Operation (Approximate

_ o ‘ | MWe, Gross)

1 1_968 _ _Puiv_eri_zggi Cpal _5 B 398 Once through Seawater (Gulf 63‘ Mexico)
2 1969 PuverzedCoal 515 Once through Seawater (Gulf of Mexico)
3 1977 Umnum | 883 Onoethrough Seawater (Gulf of Mexico)
4 1982 mFiuJyﬁerrﬁlz’Equgal Eca ""'"'"’"é;iafﬁé{fé?ah'?Jv'v'e}"(b"|'5's'éa'1'aép')'"""" o
5 . 1984 Pu!vegze:i Co_ai i 757 Natural DraﬂTower (Closed Loop) .

Once through cooling for CREC CR1, CR2, and CR3 is accomplished by the intake of
seawater from the Gulf of Mexico. The seawater is then passed in parallel through the
three units and returned to the Crystal River Bay approximately three miles west of CREC.
Environmental regulations as detailed in the NPDES permit issued by the Florida
Department of Environmental Protection [Ref. 7.5] establish seasonal limits for the
volumetric flow of seawater discharged from the plant and also restrict the POD
temperature to a maximum three hour rolling average of 96.5°F. This discharge
temperature limit is challenged during the hottest five months of the year and addressed
through use of once through cooling towers located adjacent to the discharge canal.

CR4 and CRS5 operate on a closed cycle with natural draft cooling towers. Makeup to the
towers is fifted from the discharge canal infto a makeup canal which supplies CRN.
Blowdown from the CR4 and CR5 towers is combined and directed back into the discharge
canal for mixing, dilution, and return to the Gulf.

Once Through Towers — The discharge canal is equipped with two groupings of once
through cooling towers. The first group is a permanent arrangement of four linear forced
draft cooling towers termed ‘Helper Towers.” These towers are designated HCT-1, HCT-2,
HCT-3, and HCT4. This set of towers was desighed by Hamon Cooling Towers and
entered service in 1991. The helper cooling towers are each rated at ~171,000 gpm
(19,000 gpm per cell), and are served by a set of four seawater lift pumps. The discharge
of the lift pumps is to a common header which can be valved to direct flow from the pumps
to the various towers. The combined capacity of the thirty-six (36) cells which make up the
four Hamon towers is currently ~52% of the total (summer) flow in the canal.

In addition to the Helper Towers, four groupings of modular towers were installed and first
operated in the summer of 2006. The Modular Cooling Towers (MCTs), comprised of a
total of sixty-seven (67) smaller units, were installed, and are owned and maintained by
Aggreko. Flow through the modular cooling towers is estimated at 180,000 gpm, or ~14%
of total flow in the discharge canal. Together, the Hamon plus Aggreko tower flow is ~66%
of total discharge canal flow.
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The helper and modular cooling towers are operaied seasonally to reduce Point of
Discharge {POD) temperatures in the hot months. The number of lift pumps and cooling
towers in service is adjusted to match the required heat rejection duty and to meet the POD
temperature limit. Historically, on the hottest summer days with all pumps and towers in
service, one of both of the coal fired units, CR1 and CR2, must be down-powered to meet
NPDES discharge temperature limits [Ref. 7.6].

1.2 CR3 Uprate

EPU — The CR3 EPU will increase the plant's thermal power fo approximately 3014
MW, an increase of ~23% above the original license. The equipment and component
modifications within CR3 will be completed duyring the 2009 and 2011 refueling outages.
The additional heat rejection to the discharge canal from the higher power operations will
start after the 2011 refueling outage. For EPU, an increase in circulating water flow
through the CR3 condenser from 680,000 gpm to ~830,000 gpm is planned, a change of
150,000 gpm, or ~22%.

As discussed in this Phase 1 Report, this increased flow demand will require one or a
combination of the following:

(@) an increase in the NPDES permit flow limit,

{b) recirculation of flow from the discharge canal to the intake canal, or

() modification of the CR3 intake screens or intake structure to accommodate. the
increased flow.

The current and expected heat rejection to the canal for CR3 is given in Table 1-2 below:

Table 1-2: Heat Rejection to the Discharge Canal from CR1, CR2, and CR3 .

Conditions Units ‘ Heat Rejection to Discharge Canal E
' Current T BTume ~9.85x10° ;
LY [etume T eeexie®
aDuetoEPU | BTUN | -gox10°

i:i) Based on increased CW flow rate of 830 kgph through CR3.
13 Purpose

The purpose of the Phase 1 study is to identify an alternative or alternatives that will
mitigate the potential environmentally harmful thermal and flow stresses placed on the
environment due to the changes in CR3 operating parameters for the EPU. The
purpose of the Phase 1 Report is to present the findings from the Phase 1 Study actions
stated in Attachment A, Project Requirements. The following bulleted items summarize
the major objectives of the Phase 1 Study:

. Develop a list of potential alternatives that could be used to mitigate the increase in
the CR3 Circulating Water heat and flow discharged into the discharge canal.

L5
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- Review historical cooling tower studies and incorporate recommendations as
appropriate.

- Evaluate the list of alternatives and determine the optimal alternatives that would
mitigate the increase in discharge canal temperature and fiow. '

- Analyze related information and identify how to recirculate cooled water to the intake
canal as a mitigation alternative for the increased discharge canal flow.

- Complete a cost benefit evaluation of the modular cooling towers to determine if it is
prudent to re-lease, purchase, or permanently replace the modular cooling towers at
the end of the current lease in 2010. The evaluation will analyze the actions over a
20 year total fife.

- Evaluate the helper cooling towers to determine if the helper cooling towers could be
upgraded to provide additional cost effective cooling. Part of this evaluation included
adding additional helper cooling tower cells (i.e., Hamon expansion cells).

The Phase 1 Report concludes with a recommended solution or mix of solutions to meet
the above cobjectives.

Note on Terminciogy

In this report various terms are used to describe groupings of technology and equipment
intended to meet the objectives stated above. These terms are defined as follows:

Alternative - An altemnative is an approach to meeting the study objectives and may
involve various groupings of equipment (e.g., screens, pumps, piping, coocling towers)
but may not in and of itself be sufficient to achieve all of the stated objectives.
Alternatives are screened under Section 3 to determine if they merit further, detailed
review. Alternatives which pass the screening may be combined with other alternatives
to form a ‘Case.’

Case — Once alternatives have been identified and screened, they are then combined
into cases as described by the diagrams per Attachment B. Cases consist of specific
groupings of alternatives (see Table C1) and establish specific sizing requirements for
the eauipment reauired for an aliernative.

Redac\ed

These additionat cooling tower flows are used fo establish the pumping requirements,
line sizing, and so on. Cases are considered within the constraints of maximum single
tower size, maximum Hamon tower expansion, and maximum considered dilution flow.
Not all cases meet all of the major objectives from above, but these cases are presented
in Attachment B for information {e.g., to show they will not work). Cases which do meet
the design objectives are then termed ‘Solutions.’
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Solution — A solution is a case which meets the design objectives relative to POD
temperature, I&E reduction, reliability, controls, etc. The optimal solution will be the
solution which in addition to meeting the design objectives, does so with a balance of
maximum station revenue, low life cycle cost, and low regulatory risk.
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20  ALTERNATIVE SELECTION PROCESS
2.1 Alternative List
PEF supplied an initial list of alternatives in the project contract. In developing the list,
S&L reviewed cooling approaches used within the nuclear industry and at several
stations considering approaches fo 316(b) compliance. Additional aiternatives for
cooling the discharge canal were also discussed n regular weekly meetings, and a
combined list was developed, reviewed, and approved. The agreed upon list was used
as the basis for the evaluations. An overview of the selections is provided below.
2.1.1 Conventional Technologies
Conventional technologies for the magnitude of heat rejection required for the once through
cycle at CREC (>10% BTU/hr) come down to the following:
« Large cooling lakes or bodies of water (e.g., Great Lakes)
- Once through cooling using river or ocean water
«  Once through cooling with supplemental cooling towers
. Closed cycle cooling using natural or forced draft cooling towers
A survey of the heat rejection design of the 104 operating nuclear power plants in the U.S.
provided the following distribution of options:
'I:gllzliz -1: Heat Rejection Design for Operating U.S. Nuclear Umts R
iOptlon | Description o . o Nq_ of_t_Jmts PercEntgf:I:otal Q
| 1 OpenCycle R S T R
i_ la ‘L S Once through — Gcean or Bay § 21______ ] (20%) _;
L A Oncettouh-Grefises, B ©8)
; id o Once through Man made Lake 22 21%) :
I 19 Once 1hrough W|th Seasonal Onoe hrough Towers 1{} 7 E,, - {(10%) ‘
2 ClsedCydle % W%
22 _ Natural Draft Cooling Tower(s) ° 23 22%)
2 Forced Dratt Cooling Towers ) 13 : (13%)
1) The survey examines nuclear units since the ooohng duty is similar to that for CREC and since data
for cooling options on these units is readily available.
All operating units within the U.S. fleet make use of surface rejection on a large body of
water, or evaporative rejection in a cooling tower. No units make use of indirect cooling of
circutating water (e.g., finned tubes) and no units make use of direct condensing options
{e.g., extended surface condenser). Further, although Dresden 2,3 and Quad Cities 1,2 did
at one time make use of cooling canal sprays, it is not believed that any units make
g‘%»
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extensive use of such sprays for main cycle cooling. Note that several units use spray

ponds to meet ultimate heat sink duty.

In general, approaches using conventional technology which could be considered include:

(a)
{b)
(c
{
{

—

d
e

}
}

Extended surface {holdup) lake or pond {new) (Alternative 8)

(New) Natural draft cooling tower{s) (Alternative 1)

(New) Mechanical draft cooling tower(s) (Alternative 1)
Enhancements to the existing mechanical draft towers (Alternative 2)

Increased use of the CR4 and CRS towers, (convert to closed cycle plus partial once
through) (Alternative 3)

2.1.2 Other Technologies

Other technologies to be considered are:

*

Steam chiller (Alternative 4)

Refrigeration cycle to cool circulating water prior to entering one or more units
(Altemative 5)

Air bubble injection for evaporative cooling (Alternative 6)

Canal sprays for evaporative cooling (Alternative 7)

Use of quarry ponds north of the plant {Alternative 8)

Extended intake trench or pipe into Gulf (Alternative 9)

Gitution of discharge canal water with additional water from the Gulf (Alternative 12)

Indirect {non-contact) cooling of circulating water (finned tubes) (Not included, see
discussion below)

Extended surface condenser for direct condensing (Not included, see discussion
below)}

The identified technologies were listed as alternatives in Section 3 for further evaluation.
The last two technologies were not considered further, since based on S&L’s direct
experience in the analysis and design of power cycle cooling systems and recent studies

for

the Progress Harris AP1000 [Ref. 7.16], (a) indirect cooling of circulating water, also

known as ‘dry cooling’ is not economic for plants with available cooling tower makeup {e.g.,
seawater), and (b) extended surface condensers are only practical for new construction in
arid regions.

2.2 Alternative Selection Process

After the alternatives were selected (added to the Alternative List) each alternative was
then screened against the following criteria:
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