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Chapter 1: Baseline Projections of
New Facilities

INTRODUCTION

Chapter Contents

1.1 New ElectricGenerators . .............cccovunn... 1-2
Facilities regulated under the final § 316(b) New 111 Met_hodology ................ EEEERRRRRE 1-2

. . 1.1.2 Projected Number of New Electric

Fecility Rule are new greenfield and stand alone Generators 1.5
electric generators and manufacturing facilities 1.1.3  Summary of Forecasts for New Electric
that operate a new cooling water intake structure Generators .........ooeviiiiiiiii, 1-10
(CW'S) (Or a CWIS whose desgn Capaﬂty is 1.2 ?%Ma&gﬁc‘t&]r:ng Facilities. ................. 1-11
: : . : 2. odology . ... -
mgrgasetj), requireaNational PoIIutanF Discharge 122 Projected Number of New Manufacturing
Elimination System (NPDES) permit, have a FaCilities .. ..o 1-17
design intakeflow of equal to or greater than two 1.2.3 Summary of Forecasts for New Manufacturing
m”“onga”onsperday(MGD),and use at least 25 Facilities s R T 1-21
percent of their intakewater for cooling purposes. 1.3 Summary of Baseline Projections .. ............. 1-21
The overall costs and economic impacts of the

final rule depend on the number of new facilities

subject to the rule and on the planned

characteristics (i.e., construction, design, location, and capacity) of their CWISs. The projection of the number and
characteristics of new facilities represents baseline conditions in the absence of the rule and identifies the facilities
that will be subject to the final § 316(b) New Facility Rule.

EPA did not consider the oil and gas industry in the Phase | 316(b) rulemaking for new facilities. The Phase |
proposal and its record included no analysis of issues associated with offshore and coastal oil and gas extraction
facilities that could significantly increase the costs and economic impacts and affect the technical feasibility of
complyingwith the proposed requirementsfor land-based industrial operations. Additionally, EPA believesitisnot
appropriate to include these facilitiesin thePhase | regulations scheduled for proposal in February 2002; the Phase
Il regulations areintended to address thelargest existing facilities in the steam-electric generating industry. During
Phase 111, EPA will address cooling water intake structures at existing facilities in a variety of industry sectors.
Therefore, EPA believesitismost appropriate to defer rulemaking for offshoreand coastal [oil and gas] extraction
facilitiesto Phase I11. For further discussion, see Chapter 5: Industry Profile - Oil and Gas Extraction Industry.

This chapter provides a summary EPA’s forecasts for the number of new electric generators and manufacturing
facilities subject to the final § 316(b) New Facility Rule that will begin operating between 2001 and 2020. The
chapter consists of four sections. Thefirst three sections address the forecasts of new facilities and thefinal section
presents a profile of the electricity generation industry. Section 1.1 presents the estimates for the number and
characteristics of new electric generating facilities. Section 1.2 presents the estimates for the number of new
manufacturing facilities. Section 1.3 summarizes the results of the new baseline projections of facilities. For
detailed discussion of the methodology behind the forecasts consult Chapter 5 of the Economic Analysis.
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1.1 NEW ELECTRIC GENERATORS

EPA estimates that 83 new electric generators subject to the final 8 316(b) New Facility Rule will begin operation
between 2001 and 2020. Of these, 69 are new combined-cycle facilities and 14 are new cod facilities.! This
projection is based on acombination of national forecasts of new steam electric capacity additions and information
on the characteristics of specific facilities that are planned for construction in the near future or that have been
constructed in the recent past. Using these two types of information, EPA developed model facilities that provide
the basis for estimating costs and economic impacts for electric generators throughout the remainder of this
document. For more detailed information regarding new electric generators, see Economic Analysis of the Final
Regulations Addressing Cooling Water Intake Structures for New Facilities.

1.1.1 Methodology

EPA used four main data sourcesto project the number and characteristics of new steam electric generators subject
to the final rule: (1) the Energy Information Administration’s (EIA) Annual Energy Outlook 2001 (AEO2001); (2)
Resource Data International’ s (RD1) NEWGen Database, (3) EPA’s § 316(b) industry survey of existing facilities;
and (4) EIA’s Form EIA-860A and 860B databases. The following sections provide detail on each data source used
inthisanalysis. Thefinal subsection 5.1.1.e summarizeshow EPA combined theinformation from the different data
sources to calculate the number of new combined-cycle and coal facilities.

Annual Energy Outlook 2001

The Annual Energy Outlook (AEO) is published annually by the U.S. Department of Energy’s Energy Information
Administration (EIA) and presents forecasts of energy supply, demand, and prices. These forecasts are based on
results generated from EIA’s National Energy Modeling System (NEMS). The NEM S system generates projections
based on known levels of technological capabilities, technological and demographic trends, and current laws and
regulations. Other key assumptionsare maderegarding the pricing and avail ability of fossil fuels, levelsof economic
growth, and trendsin energy consumption. The AEO projectionsare used by Federal, State, and local governments,
tradeassociations, and other plannersand decision makersin both thepublic and private sectors. EPA used the most
recent forecast of capacity additions between 2001 and 2020 (presented in the AEO2001) to estimate the number of
new combined-cycle and coal-fired steam electric plants.

The AEO2001 presentsforecasts of both planned and unplanned capacity additions between 2001 and 2020 for eight
facility types (coal steam, other fossil steam, combined-cycle, combustion turbine/diesel, nuclear, pumped
storage/other, fuel cellsand renewables). EPA has determined that only facilities that employ asteam electric cycle
require significant quantities of cooling water and are thus potentially affected by the final § 316(b) New Facility
Rule. Asaresult, thisanalysisconsiders capacity additionsassociated with coal steam, other fossil steam, combined-
cycle, and nuclear facilitiesonly. Inits Reference Case, the AEO2001 forecasts total capacity additions of 370 GW

Combined-cycle facilities use an e ectric generating technology in which electricity is produced from otherwise lost waste
heat exiting from one or more gas (combustion) turbines. The exiting heat is routed to a conventional boiler or to a heat
recovery steam generator for utilization by a steam turbine to produce electricity. This process increases the efficiency of the
electric generating unit.

1-2
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from all facility types between 2001 and 2020.2 Coal steam facilities account for 22 GW, or 6 percent of the total
forecast, and combined-cycle facilities account for 204 GW, or 55 percent. The remaining capacity additions, 39
percent of thetotal, come from non-steam facility types. Based on all available datain the rulemaking record, EPA
projects no new additions for nuclear and other fossil steam capacity.

NEWGen Database

The NEWGen database is created and regularly updated by Resource Data International’s (RDI) Energy Industry
Consulting Practice. Thedatabase providesdetailed facility-level dataon electric generation projects, including new
(greenfield and stand alone) facilities and additions and modifications to existing facilities, proposed over the next
several years. Informationinthe NEWGen database includes: generating technology, fuel type, generation capacity,
owner and holding company, e ectric interconnection, project status, on-line dates, and other operational details.
The majority of the information contained in this database is obtained from trade journals, developers, local
authorities, siting boards, and state environmental agencies.

EPA used the February 2001 version of the NEWGen database to develop model facilitiesfor theeconomic analysis
of electric generators. Specifically, the database was used to:

< caculatethe percentage of total combined-cycle capacity additions derived from new (greenfield and stand
alone) facilities;

< cadculate the percentage of total coa capacity additions derived from new (greenfield and stand alone)
facilities;

< estimate the in-scope percentage of new combined-cycle facilities; and

< determine the technical, operational, and ownership characteristics of new in-scope combined-cycle
facilities.

8 316(b) Industry Survey of Existing Facilities

Becausethe NEWGen database discussed in the previous section contained information on only 16 new (greenfield
and stand alone) coal facilities, EPA believes that information from EPA’s § 316(b) industry survey of existing
facilities (Industry Screener Questionnaire: Phase | Cooling Water Intake Structures, Detailed Industry
Questionnaire: Phase Il Cooling Water Intake Structures, and Industry Short Technical Questionnaire: Phasel|
Cooling Water Intake Structures) was more reliable for estimating characteristics of new coal facilities projected
over the 2001-2020 analysis period because it included far more plants over alonger time period.

All three survey instrumentsrequested technical information, including thefacility’ s in scope status, cooling system
type, intakeflow, and source water body. Inaddition, the screener questionnaire and the detailed questionnaire also
reguested economic and financial information. For more information on the three survey instruments, see | CR No.
1973.02.

2Among other model parameters, the AEO2001 Reference Case assumes economic growth of 3 percent and electricity
demand growth of 1.8 percent.
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EPA used the following survey data on coal plants constructed during the past 20 years to project the number and
characteristicsof new (greenfield and stand alone) coal facilities: in-scopestatus, waterbody type, and coolingsystem

type.

In developing model coal facilities, EPA only considered those existing survey plants that have a once-through
system, arecirculating system, or arecirculating system with a cooling lake or pond.

El A Databases

In addition to the § 316(b) industry survey of existing facilities, EPA used two of EIA’s electricity databases (Form
EIA-860A, Annual Electric Generator Report — Utility; and Form EIA-860B, Annual Electric Generator Report —
Nonutility; both 1998) in the analysis of projected new coal plants. EPA used these databases for three purposes:

< ldentifywhich of the surveyed electric generatorsare* coal” plants: EPA used theprimemover and the
primary energy source, reported in the El A databases, to determineif asurveyed facility isacoal plant. Only
plants that only have coal units were considered in this analysis.

< ldentifycoal plantsconstructed duringthe past 20 year s: Both El A databasesrequest thein-servicedate of
each unit. Of the surveyed facilities, 111 coal-fired plants began commercial operation between 1980 and
1990.

< Determinethe averagedze of new coal plants: The 111 identified coa plants have an average nameplate
rating of 475 MW.*

Summary of the Number of New Facilities

EPA estimated the number of projected new combined-cycle and coal plants using information from thefour data
sources described in subsections 5.1.1.ato0 5.1.1.d above. EPA used the U.S. Department of Energy’ s estimate of
new capacity additions (combined-cycle: 204 GW, coa: 22 GW) and multiplied it by the percentage of capacity
additionsthat will bebuilt at new facilities (combined-cycle: 88%, coal: 76%) to determinethe new capacity that will
be constructed at new facilities (combined-cycle: 179 GW, cod: 17 GW). EPA then divided thisvalueby theaverage
facility size (combined-cycle: 741 MW, coal: 475 MW) to determine the total number of potential new facilities
(combined-cycle: 241, coal: 35; both in scope and out of scope of today’s final rule). Finally, based on EPA’s
estimate of the percentage of facilitiesthat meet the two MGD flow threshold (combined-cycle: 28.6%, coal: 40.5%),
EPA egtimates therewill be 69 new in-scopecombined-cyclefacilitiesand 14 new coal facilities over the 2001-2020
period.

Development of Model Facilities

The final step in the baseline projection of new electric generators was the development of model facilities for the
costing and economic impact analyses. Thisstep required translating characteristics of the analyzed combined-cycle
and coal facilitiesinto characteristicsof the83 projected new facilities. The characteristicsof interest are: (1) thetype
of water body from which the intake structure withdraws (freshwater or marine water); (2) the facility’s type of

3Coal plants constructed during the past 20 years were identified from Forms EIA-860A and EIA-860B. Seediscussionin
subsection 1.1.1.d below.

“The average capacity for in-scope coal facilitiesis 763 MW, while the average for out of scope coal facilitiesis 278 MW.
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cooling system (once-through or recirculating system); and (3) thefacility’ s steam electric generating capacity. The
following two subsections discuss how EPA developed model facilities for combined-cycle and coal facilities,
respectively.

1.1.2 Projected Number of New Electric Generation Facilities

Combined-Cycle Facilities

EPA’sanalysisprojected 69 new in-scope combined-cycle facilities. Cooling water and economic characteristics of
these 69 facilities were determined based on the characteristics of the 57 in-scope NEWGen facilities> EPA
developed six model facility types based on the57 facilities combinations of sourcewater body and type of cooling
system. Within each source water body/cooling system group, EPA created between one and three model facilities,
depending on the number of facilities within that group and the range of their steam electric capacities.

Based on the distribution of the 57 NEWGen facilities by source water body group, cooling system type, and size
group, EPA determined how many of the 69 projected new facilitiesarerepresented by each of the six model facility
types. Table 1-1 below presentsthesix model facility types, their estimated steam electric capacity, the number of
NEWGen facilities upon which each model facility type was based, and the number of projected new facilities that
belong to each type.

Table 1-1: Combined-Cycle Model Facilities

Model CoolingSystemé Source Steam Electric Number of Number of Projected
Facility Type Type : Water Body | Capacity (MW) | NEWGen Facilities New Facilities

ccoTmM1 | OmeThwough  Maine s S 5
CCRM-1 | Redrodating  Marine 48 23 5
CCRM-2 | Redrodeting  Maine L0%0 Lo L
CCRIFW-L ). Recirculaing  Freswater 439 15 18]
CCRIFW-2 ). Recirculating  Freswater | aci . LA S 21

CC RIFW-3 Recirculating ~ Freshwater 1,061 | 16 19

Source: EPA Analysis, 2001.

Generaly, NEWGen facilities were not always consistent in how they reported their intakeflows. Some NEWGen
facilities reported design flows, some reported maximum flows and some reported average flows. It wastherefore
necessary to estimate design flows for those facilities that had reported either maximum or average flows. To do

SEPA could determine the water body type for all 57 in-scope facilities but did not have information on the cooling system
typefor 18 facilities. Since all freshwater facilities with a known cooling system type propose to build arecirculating system,
EPA assumed that the 15 freshwater facilities with an unknown cooling system type will also build arecirculating system. For
marine facilities, EPA assumed that two of the three facilities with an unknown system type would build arecirculating system
in the baseline while one would build a once-through system.
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S0, EPA assumed estimated design flowsto be equivalent to maximum flows, or to three times average flows, based
on theresults of previousanaysisof DQ combined cycle power plants. Aswas donefor the coal-fired plants, EPA
normalized estimated design flows for the NEWGen facilities by dividing by MW capacities.

Many NEWGen facilitiesdid not report any intakeflow information. EPA developed model facility flow estimates
based only on those NEWGen facilities for which flows had been reported. The NEWGen facilities that did not
report flows were assumed to follow the same distribution as those which had reported flow information.

EPA grouped the NEWGen facilities according to CWS type (once-through vs. recirculating) and water body type
(fresnwater vs. marine) to yield several baselinescenarios. The baseline scenariosfor combined cycle power plants
arelisted in Table 1-2 below.

Table 1-2: Baseline Combined Cycle Power Plant Scenarios
Industry Category Industry Description Baseline Cooling Water Body Type
Technology
Combined Cycle Includes both Utility and Non-utility Once-through Marine
Power Plants facilities
Combined Cycle Includes both Utility and Non-utility Recirculating with Wet Marine
Power Plants facilities Towers
Combined Cycle Includes both Utility and Non-utility Recirculating with Wet Freshwater
Power Plants facilities Towers

It should be noted that a once-through, freshwater model plant was not developed because none of the NEWGen
facilities fell into this baseline scenario. Within each baseline scenario, EPA developed combined cycle model
facilitiesto represent low, medium and high MW capacity plants, usingasimilar methodol ogy to that used to develop
the coal-fired model facilities. Table 1-3 below presents the baseline intake and cooling flow values used in
estimating the compliance costs for these model combined cycle power plants.
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Table 1-3: Additional Combined Cycle Power Plant Model Facility Baseline Intake and Cooling Flow
Values
Modé Facility Baseline Cooling Waterbody Type Capacity Basdline Basdline
ID Water System (MW) Intake Flow Cooling Flow
(MGD) (MGD)

CCOT/M-1 Once Through Marine 1031 613 613
CCR/M-1 Recirculating Marine 4389 8 106
CCR/M-2 Recirculating Marine 1030 18 223
CCR/FW-1 Recirculating Freshwater 439 10 198
CC R/IFW-2 Recirculating Freshwater 699 12 230
CC R/IFW-3 Recirculating Freshwater 1061 14 283

Coal Facilities

EPA’sanalysis projected 14 new in-scope coal facilities. The same approach was used to assign cooling water and
economic characteristicsto these 14facilitiesaswas used for combined-cyclefacilities (seediscussionintheprevious
section). EPA determined the characteristics of the 14 projected new coal facilities based on the characteristics of
the 41existing in-scope coal facilities. EPA developed eight model facility types based on the 41 facilities' source
water body and their type of cooling system. Within each source water body/cooling system group, EPA created
between oneand threemodel facilities, depending on thenumber of facilitieswithin that group and therange of their
steam electric capacities. Based on the distribution of the 41 survey facilities by source water body group, cooling
system type, and size group, EPA determined how many of the 14 projected new coal facilities are represented by
each of theeight model facility types. Table 1-4 below presents the eight model facility types, their estimated steam
electric capacity, the number of survey facilitiesupon which each model facility typewasbased, and the number of
projected new coal facilities that are represented by each type.
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Table 1-4: Coal Model Facilities

Model _ Source Water Steam Elgctrlc l_\lu_mber of N_umber of
Eacility Type Cooling System Type Bod : Capacity = ExistingSurvey : Projected New

y 1y | y (MW)  Facilites  Facilities
Codl RIM-1 Recirculating . Maine 812 3 1
Cod
OT/FW-1 Once Through Freshwater 63 3 1
Cod
OT/FW-2 Once Through Freshwater 515 5 1
Cod
OT/FW-3 Once Through Freshwater 3,564 1 1
Coa R/FW-1 Recirculating Freshwater 173 10 3
Coa R/IFW-2 Recirculating Freshwater 625 7 3
Coa R/FW-3 Recirculating Freshwater 1,564 8 3
cod Recirculatingwith Lake® ~ Freshwater 660 4 1
RL/FW-1 g

& For thisanalysis, recirculating facilities with cooling lakes are assumed to exhibit characteristics like a once-
through facility.

Source: EPA Analysis, 2001.

Data taken from the surveys included both design intakeflow and average intakeflows, whereavailable. With the
exception of monitoring costs, al cost components used either the design intake flow or the design cooling water
flow (which was estimated from thedesign intakeflow asdescribed in Section 2.3.5of Chapter 2: Wet Tower Intake
Flow Factors) as the input variable for deriving the cost. However, design intake flow datawere not available for
the SQ and screener facilities. It was therefore necessary to estimate design intake flows for these facilities. To do
this, EPA calculated ratiosof design to averageintakeflow (D/A) for those DQ facilitiesfor which both designintake
and average intake flows were available. These facilities were then grouped according to cooling water system
(CWS) type(i.e., once-through vs. recirculating), and an average D/A ratio was cal culated for each CWStype. This
yielded average D/A ratios of 1.18 for once-through coal-fired plants and 2.94 for recirculating coal-fired plants.
EPA then used these average D/A ratiosto estimate design flows for those facilities for which design flows were not
available (D/A ratio was multiplied by average flow to yield estimated design flow).

Wheredesign condenser flowswereavailablefrom EEl 1996 data, EPA compared the estimated design intakeflows
to thedesign condenser flows as acheck of their reasonableness. For once-through facilities, the designintake flow
would be expected to be similar in magnitude to the design condenser flow, while for recirculating facilities with
cooling towers, the design intake flows would be expected to beonly afraction of thedesign condenser flows. In
almost all cases, the estimated design flows were found to meet these expectations.
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For afew facilities, however (notably, the facilities that had recirculating CWSs with cooling ponds), EPA found
the estimated design flows (calculated using the recirculating system D/A ratio of 2.94) to be several times higher
than thedesign condenser flows. Therefore, for thesefacilities, the design condenser flowswere used as being more
representative of the design intake flows that might be expected for such facilities (in fact, the design condenser
flows were much more in line with estimated design flows calculated using the once-through D/A ratio of 1.18).
See Chapter 2 for additional discussion of these recirculating facilities with cooling ponds.

Four survey facilities with estimated design flows less than the regulatory threshold of 2 million gallons per day
(MGD) werethen eliminated from the flow analysis as being out of scope. The regulatory threshold represents the
intake flow rate at which intake systems would be required to comply with the regulation. Only those survey
facilitiesthat werein scope (i.e., met the 2 MGD regulatory threshold) were included in the analysisto develop the
model facilities.

EPA then normalized the design flows for the in-scope facilities by dividing the design flow for each facility by the
corresponding MW capacity for that facility to yield aratio of design flow to MW capacity (MGD/MW). Thiswas
necessary in order to apply the flow values for plants with a range of MW capacities to average capacity model
plants.

EPA then grouped the surveyed facilities according to CWS type and water body typeto yield several baseline
scenarios. The various water body types were divided into two general categories: freshwater, which included
facilities located on freshwater rivers, streams, lakes or reservoirs; and marine, which included facilities |located on
tidal rivers, estuariesand oceans. The baseline scenarios for coal-fired power plants arelisted in Table 1-5 below.

Table 1-5: Baseline Coal-Fired Power Plant Scenarios

Industry Industry Description Baseline Cooling Water Body Type

Category Technology
Coal-fired Includes both Utility and Non-utility Once-through Freshwater (includes freshwater
Power Plants facilities rivers, streams, lakes, and reservoirs
Coal-fired Includes both Utility and Non-utility Recirculating with Freshwater
Power Plants facilities Wet Towers
Coal-fired Includes both Utility and Non-utility Recirculating with Marine (includestidal rivers,
Power Plants facilities Wet Towers estuaries, and oceans)
Coal-fired Includes both Utility and Non-utility Recirculating with Freshwater
Power Plants facilities Cooling Ponds

It should be noted that EPA did not develop a once-through, marine baseline scenario for coal-fired power plants
because none of the surveyed facilities (and therefore none of the projected new facilities) fell into this baseline
scenario. It should also be noted that EPA devel oped a separate baseline scenario for coal-fired power plants that
had recirculating CWSswith cooling ponds. Thedesign intakeflowsand MGD/MW ratios for these facilitieswere
found to be much higher than those for the coal-fired power plants that had recirculating systems with wet cooling
towers—morein linewith what might be expected for once-through facilities. Thiswould not beentirely unexpected,
if thereported flowsfor thesefacilitiesrepresented theflows of water withdrawn from thecooling pondsfor cooling
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use within the plants, rather than theflows of make-up intake water to the cooling ponds. EPA therefore decided
that these recirculating plantswith cooling ponds deserved to betrested asaseparatebaselinescenario. For purposes
of cost estimation, these facilities weretreated the same as once-through facilities. This represented aconservative
approach since, if anything, it would tend to overestimate the size of the baseline cooling water system that would
have to be replaced, as well as the corresponding compliance cost.

Within each baselinescenario, EPA ranked thesurvey facilitiesin ascending order of their MW capacities. EPA then
divided the ranked survey facilities into groups to yield low, medium and high MW capacity model facilities. For
baselinescenarioswhereonly asingle new facility was projected, only average MW capacitieswerecalculated. EPA
developed corresponding average MGD/MW ratios for each grouping. The low, medium and high MW capacities
for each baseline scenario were then multiplied by the corresponding average MGD/MW ratiosto yield normalized
design flow estimatesfor low, medium and high MW capacity model facilities. EPA then estimated the cooling water
flowsfor themodel facilities based on the design intake flows, as described below under Chapter 2, Section 2.3.5:
Wet Tower Intake Flow Factors. Table 1-6 below presents the baseline intake and cooling flow values used in
estimating the compliance costs for the different model coal-fired plants.

Table 1-6: Coal-Fired Power Plant Model Facility Baseline Intake and Cooling Flow Values
Model Facility Baseline Cooling Waterbody Type Capacity (MW)  Basdline Intake Basdline
ID Water System Flow Cooling Flow
(MGD) (MGD)
Coa OT/FW-1 Once Through Freshwater 63 64 64
Coa OT/FW-2 Once Through Freshwater 515 420 420
Coa OT/FW-3 Once Through Freshwater 3564 1550 1550
Coa R/M-1 Recirculating Marine 812 44 547
Coa R/FW-1 Recirculating Freshwater 173 5 103
Coa R/IFW-2 Recirculating Freshwater 625 20 405
Coa R/FW-3 Recirculating Freshwater 1564 77 1538
Coa RL/FW-1 Recirculating with Freshwater 660 537 537
Cooling Pond

1.1.3 Summary of Forecasts for New Electric Generators

EPA estimatesthat atotal of 276 new steam electric generators will begin operation between 2001 and 2020. Of the
total number of new plants, EPA projectsthat 83 will bein scopeof thefinal 8 316(b) New Facility Rule. Sixty-nine
are expected to be combined-cycle facilities and 14 coal-fired facilities. Table 1-7 summarizes the results of the
anaysis.
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Table 1-7: Number of Projected New Electric Generators (2001 to 2020)

Total Facilities In Scope of the Final Rule
- e s T R i
Facility Type Umbero Recirculating {  Recirc.withLake | Once-Through
NeW ................................ o s o o o Total
Facilities | Freshwater | Marine ' Freshwater - Marine | Freshwater | Marine
Combined-Cycle 241 58 6 0 0 0 5| 69

Source: EPA Analysis, 2001.

1.2 NEW MANUFACTURING FACILITIES

EPA estimates that 38 new manufacturing facilities subject to the final 8 316(b) New Facility Rule will begin
operation between 2001 and 2020. Of the 38 facilities, 22 are chemical facilities, ten are steel facilities, two are
petroleum refineries, two arepaper mills, and two arealuminum facilities. The projection isbased on acombination
of industry-specific forecasts and information on the characteristics of existing manufacturing facilities. For more
detailed information regarding new manufacturing facilities, see Economic Analysis of the Final Regulations
Addressing Cooling Water Intake Sructures for New Facilities.

1.2.1 Methodology

EPA used several steps to estimate the number of new manufacturing facilities subject to the final rule. For each
industry sector, EPA:

identified the SIC codes with potential new in-scope facilities,

obtained industry growth forecasts;

determined the share of growth from new (greenfield and stand alone) facilities;
projected the number of new facilities;

determined cooling water characteristics of existing facilities; and

developed model facilities.

NNNNNNAN

The remainder of this section briefly outlines each of these six steps. The following Section 5.2.2 describes the
baseline projections of new manufacturing facilities for each of the five industry sectors.®

SIC codes with potential new in-scope facilities

EPA used results from the § 316(b) Detailed Industry Questionnaire: Phase |1 Cooling Water Intake Structures
to identify the SI C codes within each of thefiveindustry sectorsthat arelikely to have one or more new (greenfield

5This analysis divides the Primary Metals sector (SIC 33) into two subsectors: steel (SIC 331) and aluminum (SIC
333/335). Section 5.2.2 therefore discusses five separate sectors, not four.
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and stand alone) facilities subject to the final 8§ 316(b) New Facility Rule. SIC codes that were included in this
analysisarethose that, based on the Detailed Industry Questionnaire, have at least oneexistingfacility that meetsthe
in-scope criteria of the final rule. Facilities meet the in-scope criteria of the final ruleif they:

use a CWIS to withdraw from awater of the U.S,;

hold an NPDES permit;

withdraw at least two million gallons per day (MGD); and

use 25 percent or more of their intake flow for cooling purposes.’

N NN N

For each SIC code with at |east onein-scope survey respondent, EPA estimated thetotal number of facilitiesin the
SIC code (based on the sample weighted estimate from EPA’s § 316(b) industry survey of existing facilities), the
number of in-scope survey respondents, and the in-scope percentage.

Industry growth forecasts

Forecasts of the number of new (greenfield and stand alone) facilities that will be built in the various industrial
sectors are generally not available over the 20-year timeperiod required for thisanalysis. Projected growth ratesfor
value of shipmentsin each industry were used to project future growth in capacity. A number of sources provided
forecasts, including the annual U.S. Industry Trade & Industry Outlook (2000), the Assumptions to the Annual
Energy Outlook 2001, and other sources specific to each industry. EPA assumed that the growth in capacity will
equal growth in the value of shipments, except where industry-specific information supported alternative
assumptions.

Share of growth from new facilities

Therearethree possible sources of industry growth: (1) construction of new (greenfield and stand alone) facilities;
(2) higher or more efficient utilization of existing capacity; and (3) capacity expansions at existing facilities. Where
available, information fromindustry sources provided the basis for estimating the potential for construction of new
facilities. Where this information was not available, EPA assumed as a default that 50 percent of the projected
growth in capacity will be attributed to new facilities. This assumption likely overstatesthe actual number of new
(greenfield and stand alone) facilities that will be constructed.

Projected number of new facilities

EPA projected the number of new facilitiesin each SIC code by multiplying the total number of existing facilities
by the forecasted 10-year growth rate for that SIC code. The resulting value was then multiplied by the share of
growth from new facilities to derive the total number of new facilities over ten years. However, not all of the
projected new facilitieswill be subject to requirements of thefinal § 316(b) New Facility Rule. Information on the
likely water use characteristics of new facilities that will determine their in-scope status under the final rule is
generally not available for future manufacturing facilities. EPA estimated that the characteristics of new facilities
will be similar to the characteristics of existing survey respondents (i.e., the percentage of new facilities subject to
the final rule would be the same as the percentage of existing facilities that meet the rule' sin-scope criteria). EPA

"For convenience, existing facilities that meet the criteria of the final § 316(b) New Facility Rule are referred to as
“existing in-scope facilities” or “in-scope survey respondents.” Asexisting facilities, they will not in fact be subject to the
rule. However, they would be subject to the final 8 316(b) New Facility Ruleif they were new facilities.

1-12
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then calculated the number of new in-scopefacilities by multiplying the 10-year forecast of new facilitiesby thein-
scope percentage of existing facilities. To derive the 20-year estimate, both the estimated total number of new
facilitiesand the estimated number of new in-scope facilities were doubled. This approach most likely overstates
the number of new facilitiesthat will incur regulatory costs, because new facilities may be morelikely than existing
ones to recycle water and use cooling water sources other than a water of the U.S.

Cooling water characteristics of existing in- scope facilities

EPA used information from EPA’s § 316(b) Detailed Industry Questionnaire: Phase |1 Cooling Water Intake
Structures to determine the characteristics of the in-scope survey respondents. The survey requested technical
information, includingthefacility’ s cooling system type, source water body, and intakeflow inaddition to economic
and financial information. Cooling water characteristics of interest to the analysis are the facility’ s baseline cooling
system type (i.e., once-through or recirculating system) and its cooling water source (i.e., freshwater or marine
water). Inaddition, the facility’s design intake flow was used in the costing analysis.

Development of model facilities

Thefina step in the baseline projection of new manufacturing facilities was the devel opment of model facilitiesfor
the costing and economic impact analyses. This step required translating characteristics of the existing in-scope
facilitiesinto characteristics of the projected new facilities. Again, the characteristicsof interest are: (1) thefacility’s
type of cooling system in the baseline (once-through or recirculating system) and (2) the type of water body from
which the intake structure withdraws (freshwater or marine water). EPA developed one model facility for each
cooling system/water body combination within each 4-digit SIC code. Based on the distribution of the in-scope
survey respondents by cooling system type and source water body, EPA assigned the projected new in-scope
facilitiesto model facility types.

EPA developed model manufacturing facilities using DQ data for 178 manufacturing facilities, regardless of their
year of construction. Because the DQ manufacturing facilities represent only asampling of the total population of
manufacturing facilities, EPA used survey weights in developing flow estimates for these model facilities.

EPA first sorted the DQ manufacturing facilities according to their 4-digit SIC Codes, and then according to CWS
type (once-through vs. recirculating) and water body type (freshwater vs. marine) to yield one or more baseline
scenarios within each 4-digit SIC Code. Many of the DQ manufacturing facilities were found to use mixed once-
through and recirculating CWSs. For purposes of cost estimation, EPA treated these facilities the same as once-
through CWSs. This represented a conservative approach since, if anything, it would tend to overestimate the size
of the baseline CWS that would have to be replaced, and thus overestimate the corresponding compliance costs.

Eighteen survey facilitieswith estimated design flows lessthan theregulatory threshold of 2million gallons per day
(MGD) werethen eliminated from theflow analysis as being out of scope. The regulatory threshold represents the
intake flow rate at which intake systems would be required to comply with the regulation. Only those survey
facilitiesthat werein scope (i.e., met the 2 MGD regulatory threshold) wereincluded in the anaysisto develop the
model facilities.

The baseline scenarios for manufacturing facilities are listed in Table 1-8 below.
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Baseline Projections of New Facilities

Table 1-8: Baseline Manufacturing Facility Scenarios
Industry Industry Description Baseline Cooling Water Body Type
Category Technology

SIC 2621 Paper and Allied Products - Paper Mills Once Through Freshwater

SIC 2812 Chemical and Allied Products - Alkalies and Once Through Marine
Chlorines

SIC 2812 Chemical and Allied Products - Alkalies and Once Through Freshwater
Chlorines

SIC 2812 Chemical and Allied Products - Alkalies and Reuse/Recycle Freshwater
Chlorines

SIC 2819 Chemicals and Allied Products - Industrial Once Through Freshwater
Inorganic Chemicals, Not Elsewhere Classified
(NEC)

SIC 2819 Chemicals and Allied Products - Industrial Reuse/Recycle Freshwater
Inorganic Chemicals, NEC

SIC 2819 Chemicals and Allied Products - Industrial Once Through Marine
Inorganic Chemicals, NEC

SIC 2821 Chemicals and Allied Products - Plastics Once Through Marine
Materials and Synthetic Resins

SIC 2821 Chemicals and Allied Products - Plastics Once Through Freshwater
Materials and Synthetic Resins

SIC 2821 Chemicals and Allied Products - Plastics Reuse/Recycle Freshwater
Materials and Synthetic Resins

SIC 2834 Chemicals and Allied Products - Pharmaceuticals  Once Through Freshwater

SIC 2834 Chemicals and Allied Products - Pharmaceuticals Reuse/Recycle Freshwater

SIC 2869 Chemicals and Allied Products - Industrial Once Through Marine
Organic Chemicals, NEC

SIC 2869 Chemicals and Allied Products - Industrial Once Through Freshwater
Organic Chemicals, NEC

SIC 2869 Chemicals and Allied Products - Industrial Reuse/Recycle Freshwater
Organic Chemicals, NEC

SIC 2873 Chemicalsand Allied Products - Nitrogenous Once Through Freshwater
Fertilizers

SIC 2873 Chemicalsand Allied Products - Nitrogenous Reuse/Recycle Freshwater
Fertilizers

SIC 2911 Petroleum Refining Reuse/Recycle Freshwater

SIC 2911 Petroleum Refining Once Through Freshwater

SIC 3312 Primary Meta Industries - Steel Works, Blast Once Through Freshwater
Furnaces and Rolling
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Table 1-8: Baseline Manufacturing Facility Scenarios

Industry Industry Description Baseline Cooling Water Body Type
Category Technology
SIC 3312 Primary Meta Industries - Steel Works, Blast Reuse/Recycle Freshwater
Furnaces and Rolling
SIC 3316 Primary Metal Industries - Cold-Rolled Steel Once Through Freshwater
Sheet, Strip and Bars
SIC 3316 Primary Metal Industries - Cold-Rolled Steel Reuse/Recycle Freshwater
Sheet, Strip and Bars
SIC 3317 Primary Metal Industries - Steel Pipeand Tubes ~ Once Through Freshwater
SIC 3317 Primary Metal Industries - Steel Pipe and Tubes Reuse/Recycle Freshwater
SIC 3353 Primary Metal Industries - Aluminum Shest, Once Through Freshwater

Plate and Foils

SIC 3353 Primary Metal Industries - Aluminum Shest, Reuse/Recycle Freshwater
Plate and Foils

Within each baseline scenario, EPA ranked the DQ facilities in ascending order based on their design intakeflows.
Design intake flows were not available for two of the DQ manufacturing facilities. However, average intake flows
wereavailablefor these facilities. EPA estimated design intakeflows for these facilitiesby multiplyingtheir average
intakeflows by the averageratio of design intaketo average intakeflow for the other facilitieswithin their baseline
scenarios.

EPA then divided theDQ facilitieswithin each baseline scenario into thirds. EPA then cal culated weighted average
design intake flowsfor themiddle third to yield design flow values for medium-sized (as reflected by design flow)
manufacturing facilities; the lower and upper thirds were excluding from the averaging to minimize the effects of
unusually small or unusually largefacilitieson theaverage. Table 1-9 below presentsthe baselineintake and cooling
flow values used in estimating the compliance costs for the different model manufacturing facilities.

Table 1-9: Manufacturing Model Facility Baseline Intake and Cooling Flow Values

Mode Facility 1D Baseline Cooling Waterbody Type Basdine Intake Baseline Cooling
Water System Flow Flow
(MGD) (MGD)
MAN OT/FW-2621  Once Through . Freshwater 24 24

MAN OT/M-2812

MAN OT/FW-2812

MAN R/FW-2812
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Table 1-9: Manufacturing Model Facility Baseline Intake and Cooling Flow Values

Mode Facility 1D Baseline Cooling Waterbody Type Basdine Intake Baseline Cooling
Water System Flow Flow
(MGD) (MGD)
MAN R/FW-2819 Reuse/Recycle Freshwater 2 20
MAN OT/M-2819 Once Through : Marine : 27 : 27
MAN OT/FW-2821 : Once Through : Freshwater : 78 : 78
MAN R/FW-2821  Reuse/Recycle - Freshwater | 14 | 140
MAN OT/M-2821 : Once Through : Marine : 30 : 30
MAN OT/FW-2834 Once Through 18 18
MAN R/FW-2834 : Reuse/Recycle : Freshwater : 2 : 20
MAN OT/FW-2869  Once Through - Freshwater | 40 | 40
MAN OT/M-2869 : Once Through : Marine : 26 : 26
MAN R/FW-2869 Reuse/Recycle - Freshwater 4 40
MAN OT/FW-2873  Once Through - Freshwater | 33 | 33
MAN R/FW-2873 5 Reuse/Recycle _ Freshwater _ 30 _ 300
MAN R/FW-2911 : Reuse/Recycle : Freshwater : 8 : 80
MAN OT/FW-2911  Once Through - Freshwater | 105 | 105
MAN OT/FW-3312 : Once Through : Freshwater : 124 : 124
MAN R/FW-3312 Reuse/Recycle Freshwater _ 85 _ 850
MAN OT/FW-3316  Once Through - Freshwater 23 23
MAN R/FW-3316 Reuse/Recycle _ Freshwater _ 12 _ 120
MAN OT/FW-3317 : Once Through : Freshwater : 39 : 39
MAN R/FW-3317  Reuse/Recycle - Freshwater 4 40
MAN OT/FW-3353  Once Through - Freshwater 35 35
MAN R/FW-3353 Reuse/Recycle Freshwater
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1.2.2 Projected Number of New Manufacturing Facilities

Paper and Allied Products (SI C 26)

This analysis assumes that two new in-scope paper mills (SIC code 2621) will begin operation during the next 20
years. Thedistribution of existing facilities acrosswater body and cooling system types showed that 88 percent of
al existing in-scope paper mills operate a once-through system and withdraw from a freshwater body. EPA
therefore assumed that both projected new in-scope paper mills will be freshwater facilities with a once-through
system. Table 1-10 below presentsthe model facility type, the number of in-scope survey facilities upon which the
model facility type was based, and the number of projected new facilities that belong to that model type.

Table 1-10: SIC 26 Model Facilities

Modél Facility SIC Cooling Sour ce Number of 1 n-Scope Number of New
Type Code | SystemType : Water Body | Survey Respondents | In-Scope Facilities

MAN OT/F-2621 2621 Once-Through Freshwater 47 2

Source: EPA Analysis.

Chemicals Manufacturing (SIC 28)

EPA projected that 22 new in-scope chemical facilities will begin operation during the next 20 years. Based on the
distribution of the in-scope survey respondents across water body and cooling system types, EPA assigned the 22
new facilities to 11 different model facility types, by SIC code:

< SICcode2812: EPA projectsthat two new in-scopefacilitieswill begin operation during the next 20 years.
The distribution of existing in-scope facilities across water body and cooling system types showed that 36
percent of the existing facilities operate a once-through system and withdraw from a freshwater body and
36 percent operate aonce-through system and withdraw from amarinebody. EPA therefore projected one
new once-through/freshwater facility and new once-through system/marine facility.

< SIC code 2819: Four new industrial inorganic chemicals, not elsewhere classified are projected to begin
operation during the 20-year analysis period. The distribution of existing facilities across water body and
cooling system types showed that 47 percent of theexistingin-scopefacilitiesoperate aonce-through system
and withdraw from a freshwater body, 39 percent operate a once-through system and withdraw from a
marine water body, and 14 percent operate a recirculating system and withdraw from a freshwater body.
EPA therefore projected two new once-through/freshwater facilities and two new once-through/marine
facilities.

< SICcode2821: EPA projectsthat four new in-scopefacilitieswill begin operation duringthenext 20 years.
The distribution of existing facilities across water body and cooling system types showed that all existing
in-scope plastics material and synthetic resins, and nonvulcanizable elastomer facilities operate a once-
through system and withdraw from a freshwater body. EPA therefore assumed that all four projected new
in-scope facilities will be freshwater facilities with a once-through system.

< SICcode2834: EPA projectsthat two new in-scopefacilitieswill begin operation during the next 20 years.
The distribution of existing facilities across water body and cooling system types showed that all existing
in-scope pharmaceutical preparation facilities operate a once-through system and withdraw from a

1-17



8 316(b) TDD Chapter 1 for New Facilities Baseline Projections of New Facilities

freshwater body. EPA therefore assumed that both projected new in-scope facilities will be freshwater

facilities with a once-through system.

SIC code 2869: Eight new facilitiesin the Industrial Organic Chemical, Not ElsewhereClassified sector are
projected to begin operation during the 20-year analysis period. Thedistribution of existing facilitiesacross
water body and cooling system types showed that 89 percent of theexistingfacilitiesoperate aonce-through

system and withdraw from a freshwater body and 11 percent operate a recirculating system and withdraw

from afreshwater body. Therefore EPA projected that seven new once-through/freshwater facilities and
one new recirculating/fresnwater facility.

SI C code 2873: EPA projected that two new in-scope nitrogenous fertilizer facilities will begin operation

in the next 20 years. The distribution of existing facilities across water body and cooling system types
showed that 50 percent of the existing facilities operate a recirculating system and withdraw from a
freshwater body and 50 percent operate once-through systemsand withdraw from afreshwater body. EPA

therefore projected one new recirculating/freshwater facility and onennew once-through/freshwater facility.

Table 1-11 below presents the model facility type, the number of in-scope survey facilities upon which the model
facility type was based, and the number of projected new facilities that belong to that model type.

Table 1-11: SIC 28 Model Facilities

Model Facility Type | SIC COO”?gpseyStem Sourg;;/}\/later 2;22;? Pr,:)ljueTtt;Zr NOfe\N
Scope Facilities ! Facilities

MANOTM-2812 | 2812 OmeThouh — Maine 6 1
MANRE/F-2812 | 2812 ;. OnceThrough @ . Freswater @ 6 CR—
MANOTM-2819 | 2819 ;.. OnceThrough @~ Maine & . 18 2
MANOT/F~2819 | 2819 ;. OnceThrough @ . Freswater @ oo 16 2
MANOT/~2821 | | 2821 ;. OnceThrough @ . Freswater @ o e S 4
MANOT/~2834 | 834 OnceThrough @ . Freswater @ R R 2
MANOT/~2869 | 2869 ;. OnceThrough @ . Freswater @ ST LA
MANREF2869 | 2869 : ] Reareulaing = Freswater @ A CR—
MANOT/F2873 | 2873 ;. OnceThrough @ . Freswater @ o A CR—
MAN RE/F-2873 2873  Redirculaing  Freshwater 4 1
Total | | | |

Source: EPA Analysis.
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Petroleum and Coal Products (SI C 29)

EPA projected that two new in-scope petroleum refineries (SIC code 2911) will begin operation during the next 20
years. Thedistribution of existing facilities across water body and cooling system types showed that 52 percent of
theexisting petroleum refineries operate arecircul ating system and withdraw from afreshwater body and 30 percent
operate once-through systems and withdraw from a freshwater body. EPA therefore assumed that the two new
projected facilitieswould havethose characteristics. Table 1-12 below presents the model facility type, the number
of in-scopesurvey facilitiesupon which themodel facility typewas based, and thenumber of projected new facilities
that belong to that model type.

Table 1-12: SIC 29 Model Facilities

. Number of Number of
Mode Facility Type CS|o§e COOII_T_g Seystem Souré;;;Nater ExigingIn-  Projected New
yp 4 Scope Facilities Facilities
MAN OT/F-2911 2911  OnceThrough = Freshwater 9 1
MAN RE/F-2911 2911  Recirculaing = Freshwater 15 1

Source: EPA Analysis.

Steel (SIC 331)

EPA projected that 10 new in-scope steel facilities will begin operation during the next 20 years. Based on the
distribution of the in-scope survey respondents across water body and cooling system types, EPA assigned the 10
new facilities to six different model facility types, by SIC code:

< SIC code 3312: Six steel mills are projected to begin operation during the 20-year analysis period. The
distribution of existing facilities across water body and cooling system types showed that 91 percent of the
existing facilities operate a once-through system and withdraw from a freshwater body and nine percent
operate arecircul ating system and withdraw from afreshwater body. Therefore EPA projected that fivenew
once-through/fresnwater facilities and one recirculating/freshwater facility.

< SIC code 3316: EPA projected that two new in-scope cold-rolled steel sheet, strip, and bar facilities will
begin operation in the next 20 years. The distribution of existing facilities across water body and cooling
system types showed that 67 percent of the existing facilities operate a once-through system and withdraw
from afreshwater body and 33 percent operate arecircul ating system and withdraw from afreshwater body.
EPA therefore projected one once-through/freshwater and one recircul ating/freshwater facility.

< SIC code 3317: EPA projected that two new in-scope steel pipe and tube facilities will begin operation in
thenext 20 years. Thedistribution of existing facilities across water body and cooling system types showed
that 50 percent of the existing facilities operate arecircul ating system and withdraw from afreshwater body
and 50 percent operate once-through systems and withdraw from a freshwater body. EPA therefore
assumed that the two new projected facilities would have those characteristics.

Table 1-13 below presents the model facility type, the number of in-scope survey facilities upon which the model
facility type was based, and the number of projected new facilities that belong to that model type.
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Table 1-13: SIC 331 Model Facilities

Model Facility Type CS|o§e Cool i?g;ygem Sou rg;;’;’ater g;snt]i?g_l (r)lf | Prgjuer::]_tt;;:_r NOfew
Scope Facilities ! Facilities

MANOT/F-3312 | 3312 . OnceThrough Freswater oo 3 _— S
MANRE/F-3312 | 3312 | Redradaing Fres e SO S-S
MANOT/F-3316 | 3316 = OnceThrough Fres e S oo
MANRE/F-3316 | 3316 Redrcdating Fres e S oo
MANOT/F-3317 | 3317 . OnceThrough Fres e S oo
MAN RE/F-3317 3317 Recirculating Freshwater 3 1

Total

Source: EPA Analysis.

Aluminum (SI C 333/335)

EPA projected that two new in-scope aluminum facilities will begin operation in the next 20 years. The distribution of
existing facilities across water body and cooling system types showed that 50 percent of the existing aluminumfacilities
operate a recirculating system and withdraw from a freshwater body and 50 percent operate once-through systems and
withdraw from a freshwater body. EPA therefore assumed that the two new projected facilities would have those
characteristics. Table 1-14 below presents the model facility type, the number of in-scope survey facilities upon which
the modéel facility type was based, and the number of projected new facilities that belong to that model type.

Table 1-14: SIC 3353 Model Facilities

. Number of Number of
- SIC Cool st So Wat - )
Mode Facility Type Code 0 |_r|1_g Sey em urgsd ater ExigingIn- | Projected New
yp 4 Scope Facilities Facilities
MAN OT/F-3353 3353 Once-Through Freshwater 3 ' 1
MAN RE/F-3353 3353 Recirculating Freshwater 3 1

Total

Source: EPA Analysis.
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1.2.3 Summary of Forecasts for New Manufacturing Facilities

EPA estimatesthat atotal of 380 new manufacturing facilitieswill begin operation between 2001 and 2020. Thirty-
eight of these areexpected to bein scopeof thefinal § 316(b) New Facility Rule. Of the 38 facilities, 22 are chemical
facilities, ten are steel facilities, two are petroleum refineries, two arepaper mills, and two are aluminum facilities.
Table 1-15 summarizes the results of the analysis.

Table 1-15: Number of Projected New Manufacturers (2001 to 2020)

Facilities In Scope of the Final Rule
Total Number ................................................................ O o
Facility Type of New Recirculating Once-Through
: Faglities T o R o  Tota
i Freshwater | Marine | Freshwater | Marine
Paper and Allied Products | | |
(SIC 26) 2 0 0 2 0 2
Chemicals and Allied Products
: 282 2 0 : 17 3 22
(sic2g) :
Petroleum Refining And
Related Industries (SIC 29) 2 ! 0 ! 0 2
Blast Furnaces and Basic Steel
Products (SIC 331) : 8 3 0 ! 0 10
Aluminum Sheet, Plate, and 16 1 0 1 0 5

Foail (SIC 3353)
Total

Source: EPA Analysis, 2001.

1.3 SUMMARY OF BASELINE PROJECTIONS

EPA estimates that over the next 20 years a total of 656 new greenfield and stand alonefacilitieswill be built in the
industry sectorsanalyzed for thisfinal regulation. Two hundred and seventy-six of these new facilitieswill be steam
electric generating facilitiesand 380 will be manufacturing facilities. AsTable 1-16 shows, only 121 of the 656 new
facilities are projected to be in scope of the final 8 316(b) New Facility Rule, including 83 electric generators, 22
chemical facilities, 12 primary metals facilities, two new pulp and paper, and two petroleum facilities. For more
detailed information, see Economic Analysisof the Final Regulations Addressing Cooling Water Intake Structures
for New Facilities.
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Table 1-16: Projected Number of New In Scope Facilities (2001 to 2020)

i Projected Number of New Facilities
3c SIC Description e e T
: Total I n-Scope
Electric Generators
SIc 49 . Electric Generators 276 83
Manufacturing Facilities
Seae PaperandAIhedProducts ......................................................... ...................... G ...................... S
Seas e P by
Sese PetroleumRefmmgAndRelatedIndustrm ...................... ...................... S ...................... o
qem anaryMetaIslndustrm ........................................................................................................................................................
........... S|0331BIastFurnacesandBascSteelProducts7810
........... S|C333anaryAIummumAIummumRoIImgand162
SIC 335 Drawing and Other Nonferrous Metals
TotaIManufacturmg .......................................................................................................................... .................... e ..................... W

Total

Source: EPA Analysis, 2001.
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Costing Methodology

Chapter 2: Costing Methodology

INTRODUCTION

Thischapter presentsthe methodol ogy used to estimatethe
coststo facilities of complying with the final 8316(b) New
Facility Rule. This chapter presents detailed information
on the development of unit cost estimates for a set of
technol ogies that may be used to meet requirements. This
chapter describes how the technology unit costswere used
to develop facility-level cost estimates for each projected
in-scope facility.

2.1 BACKGROUND

Facilities using cooling water may be subject to the final
§316(b) New Facility Rule. A facility using cooling water
can have either a once-through or arecirculating cooling
system.

In a once-through system, the cooling water that is drawn
in from a waterbody travels through the cooling system
once to provide cooling and is then discharged, typically
back to the waterbody from which it was withdrawn. The
cooling water is withdrawn from awater source, typically
a surface waterbody, through a cooling water intake
structure (CWIS). Many facilities using cooling water
(e.g., steam electric power generation facilities, chemical
and allied products manufacturers, pulp and paper plants)
need large volumes of cooling water, so the water is
generally drawn in through one or more large CWIS,
potentially at high velocities. Because of this, debris, tree
limbs, and many fish and other aquatic organisms can be
drawn toward or into the CWIS. Since afacility’s cooling
water system can be damaged or clogged by large debris,
most facilities have protective devices such astrash racks,
fixed screens, or traveling screens, on their CWIS. Some
of these devices provide limited protection to fish and
other aguatic organisms, but other measuressuch astheuse
of passive (e.g., wedgewire) screens, velocity caps,
traveling screens with fish baskets, or the use of a
recircul ating cooling system may provide better protection
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and have greater capability to minimize adverse environmental impacts.*

Inarecirculating system, the cooling water isused to cool equipment and steam, absorbing heat in the process, and isthen cooled
and recirculated to the beginning of the system to be used again for cooling. The heated cooling water isgenerally cooled in either
acooling tower or in a cooling pond. In the process of being cooled, some of the water evaporates or escapes as steam. Flow
lost through evaporation typically ranges from 0.5 percent to 1 percent of the total flow (Antaya, 1999). Also, because of the
heating and cooling of recircul ating water, mineral deposition occurswhich necessitates some bleeding of water from the system.
Thewater that is purged from the systemto maintain chemical balanceiscalled blowdown. Theamount of blowdownisgenerally
around 1 percent of the flow. Cooling towers may aso have asmall amount of drift, or windage loss, which occurs when some
recirculating water is blown out of the tower by the wind or the velocity of the air flowing through the tower. The water lost to
evaporation, blowdown, and drift needs to be replaced by what is typically called makeup water. Overall, makeup water is
generally 3 percent or less of the recirculating water flow.? Therefore, recirculating systems till need to draw in water and may
have cooling water intakes. However, the volume of water drawn in is significantly less than in once-through systems, so the
likelihood of adverse environmental impactsasaresult of the CWISismuchlower.® Also, somerecircul ating systemsobtain their
makeup water from ground water sources or public water supplies, and asmall but growing number use treated wastewater from
municipal wastewater treatment plants for makeup water.

The fina §316(b) New Facility Rule establishes a two-track approach for regulating cooling water intake structures a new
facilities.* Facilities have the opportunity to choose which track (Track | or Track I1) they will follow. Facilities choosing to
comply with Track | requirements would be required to meet flow reduction, velocity, and design and construction technology
requirements. These requirementsinclude reducing cooling water intake flow to alevel commensurate with that achievable with
aclosed-cycle, recirculating cooling system; achieving athrough-screen intake velocity of 0.5 feet per second; meeting location-
and capacity-based limits on proportional intake flow; and implementing design and construction technologies for minimizing
impingement and entrainment and maximizing impingement survival. Facilities choosing to comply with Track Il requirements
would be required to perform a comprehensive demonstration study to demonstrate that proposed technol ogies reduce the level
of impingement and entrainment to the same level that would be achieved by implementing the requirements of Track I.

2.2 OVERVIEW OF COSTING METHODOLOGY

Based oninformation provided by vendorsand industry representatives, EPA first devel oped unit costsand cost curves, including
both capital costs and operations and maintenance (O& M) costs, for anumber of primary technologies such astraveling screens
and cooling towers that facilities may use to meet requirements under the final 8316(b) New Facility Rule. Unit costs are
estimated costs of certain activities or actions, expressed on a uniform basis (i.e., using the same units), that afacility may take
to meet the regulatory requirements. Unit costs are developed to facilitate comparison of the costs of different actions. For this
analysis, the unit basisisdollars per gallon per minute ($/gpm) of flow. For most technologies, EPA used the cooling water intake
flow asthe basis for unit costs; for cooling towers, EPA used the cooling water recirculating flow through the tower as the basis
for unit costs. EPA estimated all capital and operating and maintenance (O& M) costs in these units. These unit costs and cost
curves are the building blocks for developing costs at the facility and national levels.

'CWIS devices used in an effort to protect fish also include other fish diversion and avoidance systems (e.g., barrier nets,
strobe lights, electric curtains), which may be effective in certain conditions and for certain species. See Chapter 5 of this
document.

2In some saltwater cooling towers, however, makeup water can be as much as 15 percent.

SManufacturer Brackett Green notes that closed loop systems (i.e., recirculating systems) normally require one-sixth the
number of traveling screens as a power plant of equal size that has a once-through cooling system.

“See Economic Analysis of the Final Regulations Addressing Cooling Water Intake Structures for New Facilities
(hereinafter referred to as the Economic Analysis), Chapter 1: Introduction and Overview for asummary of thisrule's
requirements.
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While EPA developed unit costs for a number of available technologies, EPA used only a limited set of these technologies to
develop facility-level capital and O& M cost estimates. For purposes of cost estimation, EPA assumed that facilities would meet
the flow reduction requirement by installing cooling towers. EPA assumed that facilities would meet the vel ocity and design and
construction technol ogy requirementsby installing traveling screenswith fish handling features, with anintake vel ocity of 0.5ft/s.

EPA used unit cost curvesto develop facility-level capital and O& M cost estimatesfor 41 model facilities. These model facilities
werethen scaled to represent total industry compliance costsfor the 121 facilities projected to begin operation between 2001 and
2020. Individual facilities will incur only a subset of the unit costs, depending on the extent to which they would have already
complied with the requirements as originally designed (in the baseline) and on the compliance response they select. To account
for this, EPA established a number of baseline scenarios (reflecting different baseline cooling water system types and waterbody
types) so that the unit costs could be applied to the various model facilities to obtain facility-level costs.

The cost estimates devel oped for various technologies are intended to represent a National “typical average” cost estimate. The
cost estimates should not be used asaproject pricing tool asthey cannot account for all the site-specific conditionsfor aparticul ar
project.

The facility-level capital and O&M costs presented in this chapter represent the net increase in costs for each set of compliance
technol ogy performance requirements as compared to the technology the facility would haveinstalled absent thisregulation. To
calculate net costs for each model facility, EPA first calculated the cost for the entire cooling system for the baseline technology
combination, and then subtracted those costsfrom the cal cul ated cost of the entire cooling system for each compliance technology
combination.

Development of the facility-level capital and O& M costs for the final §8316(b) New Facility Ruleisdiscussed in detail in Section
2.3 below. Inaddition to the facility-level cost estimates devel oped for the preferred two-track option adopted for the final rule,
EPA also devel oped facility-level cost estimatesfor several additional optionsthat EPA considered but did not adopt for thefinal
rule. Development of the facility-level capital and O& M cost estimates for these options are also discussed in Section 2.3.

In addition, EPA applied an energy penalty cost to those electric generators switching to recirculating systems to account for
performance penalties that may result in reductions of energy or capacity produced because of adoption of recirculating cooling
tower systems. These performance penalties are associated with reduced turbine efficiencies due to higher back pressures
associated with cooling towers, as well as with power requirements to operate cooling tower pumps and fans. EPA’s costing
methodology for performance penalties is based on the concept of lost operating revenue due to a mean annual performance
penalty. EPA estimated the mean annual performance penalty for recirculating cooling tower systems as compared to once-
through cooling systems. EPA then applied this mean annual penalty to the annual revenue estimates for each facility projected
toinstall arecirculating cooling tower technology asaresult of therule. 1t should be noted that EPA took aconservative approach
and double-counted some parts of the energy penalty, since fan and pump power costs were included in both the energy penalty
and the cooling tower O&M costs. Energy penalties are discussed in detail in Chapter 3 of this document and their costs are
presented in the Economic Analysis.

Compliance with thefinal section §316(b) New Facility Rule also requiresfacilitiesto carry out certain administrative functions.
These are either one-time requirements (compilation of information for the initial NPDES permit) or recurring requirements
(compilation of information for NPDES permit renewal, and monitoring and record keeping), and depend on the facility’ s water
body type and the permitting track the facility follows. Development of these administrative costsis discussed in the Information
Collection Request for Cooling Water Intake Sructures, New Facility Final Rule (referred to asthe ICR) and in the Economic
Analysis.

All costs presented in this chapter are expressed in 1999 dollars. For the Economic Analysisfor the final 8316(b) New Facility
Rule, EPA escalated these costs to 2000 dollars.
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2.3 FAcCILITY LEVEL COSTS

2.3.1 General Approach

The facility-level cost estimates presented in this section are based on a limited set of the unit costs presented in detail in the
following sections of this Chapter. For purposes of cost estimation, EPA assumed that facilities would meet the flow reduction
requirement by switching to recirculating systems. EPA assumed that all planned facilities switching to recirculating systems
would use cooling towers (the most common type of recirculating system). Thisis consistent with the requirement of the final
section 316(b) New Facility Rule to reduce intake flow to alevel commensurate with that which could be obtained by use of a
closed-cyclerecirculating system. EPA assumed that facilities would meet the velocity and design and construction technology
requirements by installing traveling screenswith fish handling features, with an intake velocity of 0.5 ft/s. Thisisaconservative
assumption because such technol ogies are among the more expensive technol ogies available for reducing velocity and 1& E.

EPA used 41 mode facilities to develop facility-level capital and O&M cost estimates for the 121 facilities projected to begin
operation between 2001 and 2020. The development of model facilitiesis described in Chapter 1. Individual facilities subject
to the regulation will incur differing costs depending on site specific conditions, technologies projected to be installed in the
baseline (i.e., regardless of thisregulation), and on the compliance response they select. To account for this, EPA established a
number of baseline scenarios (reflecting different baseline cooling water system types and waterbody types) so that the unit costs
could be applied to the various model facilities to obtain facility-level costs.

In this analysis, the baseline technology represents an estimation of the technologies that would be constructed at new facilities
prior to implementation of thefinal New Facility Ruleregulatory requirements. Specifically, the costs presented in the cost tables
represent the net increase in costs for each set of compliance technology/monitoring requirements as compared to the baseline
technology. EPA accomplished thisby cal culating the cost for the entire cooling system for the baseline technology combination
and then subtracting those costsfromthe cal cul ated cost of the entire cooling systemfor each compliance technol ogy combination.

Thefinal New Facility Rule allows for facilities to comply with one of two alternative sets of permitting requirements (Track 1
and Track 2). Facilities choosing to comply with Track 1 permitting requirements would be required to meet flow reduction,
velocity, and design and construction technology requirements. Facilities choosing to comply with Track 2 permitting
requirements would be required to perform a comprehensive demonstration study to confirm that proposed technol ogies reduce
thelevel of impingement and entrainment mortality to the same level that would be achieved by implementing the flow reduction,
velocity, and design and construction technology requirements of Track I.

EPA assumed that facilities that were projected to have recirculating baseline cooling water systems would follow Track I. EPA
developed cost estimatesfor thesefacilities based on the assumption that they would already beinstalling cooling towers, and thus
would only havetoinstall velocity reducing design and construction technol ogies of traveling screenswith fish handling features.

EPA assumed that facilitiesthat were projected to have once-through baseline cooling water systemswould follow Track [1. EPA
developed cost estimates for these facilities based on the assumption that they would perform comprehensive demonstration
studies, but would still haveto install cooling towersand design and construction technol ogiesof traveling screenswith fish return
systems to meet the regulatory requirements. This is a conservative assumption that may overestimate compliance costs if a
significant number of Track Il facilities are able to demonstrate that lower cost alternative technologies will reduce the level of
impingement and entrainment to the same level that would be achieved by implementing the flow reduction, velocity, and design
and construction technology requirements of Track I.

Some facilities were projected to have mixed once-through and recirculating baseline cooling water systems. EPA treated these
facilities the same asfacilities with baseline once-through cooling water systems. This represents a conservative approach since
it will tend to overestimate the size of the baseline cooling water system that would have to be replaced, and thus overestimate
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the corresponding compliance cost. Inaddition, onecoal facility was projected to havearecirculating system with acooling pond.
This facility was also costed to switch to a cooling tower.®

2.3.2 Capital Costs

Capital cost estimates used in calculating the net compliance costsinclude individual estimates for the following initial one-time
cost components where applicable:

»  Once-through system including intake structure, pumps, and piping costs.
* Recirculating wet towers.

e Intake for wet tower make-up water including intake pumps and piping.

* Intake screens.

EPA summed these individual cost elements together to derive the total capital costs for each baseline and compliance scenario.
EPA then subtracted the total baseline cost from the total compliance cost to determine the incremental cost of compliance with
the final §316(b) New Facility Rule.

EPA concluded that the cooling water flow through the condenser at a given facility to be the same when switching from once-
through to wet towers because the design specifications of surface condensersfor both types of systems are similar enough that
the condenser costs would also be similar. Thus, when comparing wet cooling systems, differencesin costsfrom baselinefor the
surface condensers were assumed to be zero.

2.3.3 Operation & Maintenance Costs

O&M cost estimates used in cal culating the net compliance costsinclude individual estimatesfor the following cost components
where applicable:

e Operating costs for pumping intake water.

* O&M costs for operating recirculating wet towers.
 O&M cost for operating intake screen technology.
e Annua post-compliance operational monitoring.

EPA summed these individual cost elements together to derive the total O& M costs for each baseline and compliance scenario.
EPA then subtracted the total baseline cost from the total compliance cost to determine the incremental cost of compliance with
the final §316(b) New Facility Rule.

It should be noted that EPA overcosted the costs of post-compliance operational monitoring, since these costswere also included
in the annual administrative costs as described in the ICR and the Economic Analysis.

°In some states, a cooling pond is considered awater of the U.S. In these states, a plant with such a cooling system would
have to comply with the recircul ating requirements of the final section 316(b) New Facility Rule. In those states where a
cooling pond is not considered awater of the U.S., aplant would not have to comply with the recirculating requirements of
thisfinal New Facility Rule. This costing analysis made the conservative assumption that facilities with a cooling pond would
have to comply with the recirculating requirements. These facilities were therefore costed as if they had a once-through
system in the baseline.
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2.3.4 Development of Model Facilities

EPA developed cost estimates for 41 model facilities within three industry categories: coal-fired power plants, combined cycle
power plants and manufacturers. These model facilities were devel oped to reflect arange of potential design intake flows and
(for power plants) megawatt (MW) capacities. The methodology for developing model facilities for each of these three industry
groups is described in Chapter 1.

2.3.5 Wet Tower Intake Flow Factors

EPA based all model facility flow values, including both intake and cooling water, upon projected intake flows for the baseline
technology. When switching from baseline once-through to recirculating wet tower cooling systems, EPA assumed that the
recirculating cooling flowsthrough the wet towerswoul d be equival ent to the baseline once-through flows. When either theintake
flow or the cooling flow had been projected for wet towers, EPA then calcul ated the corresponding cooling flow or intake flow
using a wet tower make-up water intake flow factor.

EPA used different make-up flow factors for power plants versus manufacturers, as well as for facilities using marine versus
freshwater source waters. Since seawater and brackish water in marine cooling water sources have higher dissolved solids (TDS)
content than freshwater, the blowdown rate should be higher to avoid the build-up of high TDSin the recirculating water as the
cooling water evaporates in the tower. The build-up of high TDS can affect the performance of the cooling system, increase
corrosion, and create potential water quality problems for the blowdown discharge. Therefore, the portion of the cooling water
that must be removed (blowdown) and replaced isgreater for higher TDS source waters. Notethat seawater represents the worst-
case scenario, but in most cases the intakes within the group of facilities attributed to this water body type will be withdrawing
brackish water (i.e., the TDS content will be somewhere between that of seawater and freshwater).

The make-up water must replace al cooling water losses, which include blowdown, evaporation, drift, and other uses. One
measure of the blowdown requirement is the “concentration factor,” which is the ratio of the concentration of a conservative
pollutant, such as TDS, in the blowdown divided by the concentration in the make-up water. For freshwater, the concentration
factor can range from 2.0 to 10 (Kaplan 2000) depending on site-specific conditions. For marine sourcesincluding brackish and
saltwater, the concentration factor can range from 1.5 to 2.0 (Burns and Micheletti 2000).

Cooling Tower Fundamentals (Hendley, 1985) provides a set of equations and default values for estimating the rate of
evaporation, drift, and blowdown using the temperaturerise (20 °F) and concentration factor. The make-up volumeisthe sum
of these three components. Input values in this calculation include the concentration factor and the temperature rise. The
temperature rise used (20 °F) is consistent with the design values used throughout the wet tower cost estimation efforts. Since
theestimatewasfor national average values, the default valuesfor estimating evaporation and drift presented inthereferencewere
used. Table 2-1 provides the calculated make-up and blowdown rates as a percentage of the recirculating flow for different
concentration factorsranging from 1.1 to 10.0, for awet tower with arecirculating rate of 100,000 gpm. Note that the selection
of the recirculating flow rate is not important, since the output values are percentages which would be the same regardless of the
flow rate chosen.
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Table 2-1: Make-Up and Blowdown Volumes for Different Wet Tower Concentration Factors
Concentration ~ Evaporation® Drift® Blowdown Blowdown Make-Up Make-Up
Factor (gpm) (gpm) (gpm) (%) (gpm) (%)
11 1600 20 15,980 16.0% 17,600 17.6%
12 1600 20 7980 8.0% 9600 9.6%
1.25 1600 20 6380 6.4% 8000 8.0%
13 1600 20 5313 5.3% 6933 6.9%
15 1600 20 3180 3.2% 4800 4.8%
2 1600 20 1580 1.6% 3200 3.2%
3 1600 20 780 0.8% 2400 2.4%
5 1600 20 380 0.4% 2000 2.0%
10 1600 20 158 0.2% 1778 1.8%
Based on methodology presented in Cooling Tower Fundamentals (Hensley 1985).
®Evaporation = 0.0008 x Range (°F) x Recirculating Flow (gpm)
®Drift = 0.0002 x Recirculating flow (gpm)
Range = 20 °F
Recirculating Flow = 100,000 gpm

To beconservative, EPA selected thelower concentration factor for each of the two ranges of literature values (2.0 for freshwater
and 1.5 for marine water). Note that a lower concentration factor results in a higher make-up rate. EPA used the equations
presented in Hensley 1985 to derive the make-up water rates that correspond to the sel ected concentration factorsof 1.5 and 2.0.
Thismethod generated make-up rates of 3.2 percent and 4.8 percent for freshwater and marine water, respectively. Thesefactors
were then compared to intake flow and generating capacity values of existing facilities. The resulting estimated cooling water
flow rateswere somewhat high for the plant generating capacity. To correct for thisobservation and to account for site variations
and other cooling water uses, EPA increased the calculated make-up factors by approximately 50 percent and rounded off,
resulting in factors of 5 percent and 8 percent for freshwater and marine water, respectively. These values produced estimated
cooling flow values that were consistent with data from power plants with similar generating capacities.

Manufacturers use cooling water for numerous processes, some of which may not be amenable to use of recircul ating wet towers
or to reuse/recycle. Whilewet towers are being used asamodel for estimating cooling system water reduction technology costs
for manufacturers, the aggregate make-up water rates may be greater due to these limitations. In order to account for these
potential limitations, EPA set the make-up rates for manufacturers equal to twice the rate for power plants using similar water
source types. Thus, the makeup water rates for manufacturers were estimated at 10 percent and 16 percent for freshwater and
marine water, respectively.
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2.3.6 Baseline Cost Components

EPA selected the baseline technologies based upon the projected type of baseline cooling system and the type of facility. The
type of water body affects the costs, but not the selection of technologies. The basic components and assumptions for each
baseline technol ogy are described below:

2.3.7 Baseline Once-through Cooling

The intake is located near shoreline and water is pumped using constant speed pumps through steel pipes to and from a
surface condenser and is then discharged back to the water body. The once-through cost estimate includes the intake
structure, pumps and piping costs. The development of these costs is described in greater detail below.

For all types of power plants, baseline intakes are equipped with traveling screens (without fish handling systems) with an
intake velocity of 1.0 fps. For manufacturing facilities, intakes are equipped only with trash racks which were assumed to
be included in the cost of the intake system. Cost curve charts at the end of this chapter were used to generate the intake
screen cost estimates.

2.3.8 Baseline Recirculating Wet Towers

The cost estimates are for recirculating wet towers with redwood construction and splash fill. Thisis not the most common
construction material for cooling towers, it represents amedian cost for cooling tower construction. Thewet tower approach
was 10 °F with atemperature rise of 20 °F. Cost curve Charts presented at the end of the chapter were used to generate the
wet tower capital cost estimates.

O&M costs are based on Scenario 1 described in Section 2.2.2.1, in which make-up water is withdrawn from the surface
waterbody and blowdown istreated and discharged. Cost curve chartsat the end of this chapter was used to generate the wet
tower O&M cost estimates.

EPA assumed that the make-up water volume would be a proportion of the recirculating flow. A separate cost estimate for
an appropriately sized cooling water intake with constant speed pumps was added to serve this purpose. EPA devel oped
intake costs in the same manner asfor once-though intakes and included costs for an appropriately sized surface condenser.
For all types of power plants, basdline intakes are equipped with traveling screens (without fish handling systems) with an
intake velocity of 1.0 fps. For manufacturing facilities, intakes are equipped only with trash racks which were assumed to
be included in the cost of the intake system. Cost curve charts at the end of this chapter were used to generate the intake
screen cost estimates.

2.4 COMPLIANCE COST COMPONENTS

2.4.1 Recirculating Wet Towers

EPA developed costsfor recircul ating wet towers as the compliance technol ogy using the same assumptions as for baseline
recirculating wet tower costs as described above, with the exception of the intake screen technology and the use of variable
speed pumpsat theintake. All compliance costsincluded the cost of traveling screenswith fish baskets and fish returnswith
anintake velocity of 0.5 fpsat theintake structure. EPA derived costsfor traveling screenswith fish baskets and fish returns
from cost curve data found at the end of this chapter.

As described above, the make-up water (intake flow) factors used for power plants were 5 percent for freshwater and 8
percent for marine water.
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2.4.2 Reuse/recycle

»  Water reuse/recycle technologies at manufacturing facilities are expected to produce reductions in intake water use of a
similar degree as recirculating wet towers. However, due to the integrated nature and variable uses of cooling water at
manufacturing facilities, EPA did not consider the devel opment of a model technology other than recirculating wet towers
tobepractical. Sinceitispossibleto userecirculatingwet towersasareplacement for once-through cooling at manufacturing
facilities, the costs for reuse/recycle technol ogies were estimated to be similar to the cost of using recirculating wet towers.
Therefore, at manufacturing facilities, EPA developed the costs for water reuse/recycle and the water intakes using
recirculating wet towersasthemodel. EPA used the same methodol ogy as described abovefor recircul ating wet towers, with
the exception that the make-up factors used for reuse/recycle were set at twice the rate used for power plants (10 percent for
freshwater and 16 percent for marine water). The higher rateisintended to account for possible limitationsin the degree of
water use reduction that may be attained by reuse/recycle.

2.5 CoST ESTIMATION ASSUMPTIONS AND METHODOLOGY

The assumptions and cost data sources for each of the technologies is described below.

2.5.1 Once-through Capital Costs

The capital costs for the once-through system includes costs for the following:

* Intake structure

e Pumps, pump well, and pump housing

e Piping to and from the condenser

»  Serviceroad to the intake structure adjacent to the cooling water pipes

The maximum cooling flow value used to develop the once-through cost equations was 350,000 gpm. If the model facility flow
value exceeded thismaximumby 10 percent (i.e., > 385,000 gpm), EPA costed multiple parallel once-through units. Assumptions
for each of the cost components are described below:

Intake Structure

» Sizeequivalent to abox with one side equal to the area needed for atraveling screen with an intake velocity of 1.0 fps. 10
ft were added to the height and the minimum side dimension was 8 ft. An adjacent pump well was also added.

+  Concrete thickness of 1.5 ft.

e Excavated volume equal to 2.5 times box and pump well volume.

*  Dredged volume equal to 2.5 times box and pump well volume.

» Installation of temporary bulkhead with 20 ft added to width.

e Installation of temporary sheet piling to shore up excavation equal to 1.5 times side area for intake and pump well.

e Areacleared was assumed to be 6 times intake and pump well area.

Service Road

* Theserviceroad for the intake was made of 6-inch thick reinforced concrete, and a 12-ft width was assumed. An estimated
length of road (which is also the cooling water piping distance) was assigned to different intake volumes. EPA based the
lengths on the cooling water flow, sincethe cooling water flow should be proportional to the plant size and does not change
between types of cooling systems. The cooling flow corresponding to afreshwater systemwas used in the case of wet towers,
sinceit represented the greatest flow. For intake volumes corresponding to a cooling flow of 500 to 10,000 gpm, a 1,000 ft
length was assigned, for >10,000 gpm to 100,000 gpm a 1,500 ft length was used, and for >100,000 gpm alength of 2,000
ft was used.
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e Areacleared was assumed to be length times 24 ft.
Pumps and Pump Well

e Assumed 3 pumps with each pump sized at 50 percent of design flow (i.e., one pump served as a back-up). Constant speed
pumps were used for baseline costs and variable speed pumps were used for compliance costs.

* Pump installation was set equal to 40 percent to 60 percent of pump and motor costs (60 percent at 500 gpm scaled to 40
percent at 350,000 gpm).

e Pump and motor costswere from vendor quotes based on a50 ft pumping head. Purchase costswereincreased by 15 percent
to account for taxes, insurance, and freight.

»  Pump housing unit cost was estimated at $130/ft°.

e Pump and pump well areawas established using the per pump footprintsin Table 2-2 below.

Table 2-2: Assumed Pump Pad and Well Area

Pump Design Flow Footprint

(9pm) (ft)

250 5x5

500 5x5

2,500 7x6

5,000 7

25,000 10x10

50,000 11x11

175,000 12x12

Piping to and from the Condenser

» Pipelength in onedirection is equal to service road length, which is described above. Total length istwice this distance.

» Pipediameterswere selected to correspond to pipe velocities ranging from 6 fpsfor smaller diameter (i.e., 6 inch) to 12 fps
for larger diameter pipe.

e Pipe unit cost ranged from $5.50 /in. dia - ft length for smaller pipe to $7.50 /in. dia - ft length for larger pipe.

Intake Screens

Asdescribed in Section 2.2.2.3 above, EPA devel oped cost curvesfor intake screens of varying widths. The cost curvesfor each
screen width covered a range of flow volumes that tended to overlap those with larger and smaller widths. For purposes of
estimating intake screen costs, EPA sized the intake screens according to intake flow volumes. Table 2-3 below summarizesthe
screen width sizes that were selected for each intake flow volume for the given technology and design specification. Note that
the maximum flow volume listed is approximately 10 percent greater than the maximum cost curve input value. For intake flow
volumes that exceeded this maximum value, multiple parallel screens of the maximum width listed are costed.
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Table 2-3: Intake Flow Volume Criteria for Screen Width Selection

Screen Width Intake Flow for Traveling Screens Intake Flow for Traveling Screens
@ 1.0fps @ 0.5 fps
(gpm) (gpm)
2 - Foot 0- 10,000 0- 5,000
5 - Foot >10,000 - 24,000 >5,000 - 12,000
10 - Foot >24,000 - 60,000 >12,000 - 30,000
14 - Foot >60,000 - 220,000 >30,000 - 110,000

Maximum Flow* 220,000 110,000

* |ntake volumes above this value were costed for multiple parallel screens using the maximum screen width shown.

Additional Unit Costs

Table 2-4 below summarizes additional unit costs that were used in deriving the capital costs for the items described above.

Table 2-4: Additional Unit Costs

Cost Item Unit Cost/Unit  Comment

Foundation Concrete  Cubic Yard ~ $259 RS Means Cost Works 2001
Structural Concrete CubicYad  $1,125 Based on 16 in column costs- RS Means Cost Works 2001

Excavation CubicYard  $26 RS Means Cost Works 2001

Bulkhead Linear foot  $254 RS Means Cost Works 2001

Sheet Piling Square Foot  $15 RS Means Cost Works 2001

Area Clearing Acre $2,975 Clear, grub, cut light treesto 6 in.- RS Means Cost Works 2001
Road Paving Square Y ard $23.30 Concrete pavement 6 in. thick with reinforcement -RS Means Cost

i Works 2001

Miscellaneous Costs

EPA factored the following miscellaneous costs into the estimated capital costs as a percentage of the total capital cost. Vaues
were selected from the ranges given in Section 2.2.1.2 above:

»  Mobilization and demobilization was estimated to be 3 percent.

»  Process engineering was estimated to be 10 percent.

»  Contractor overhead and profit are included in the unit cost estimates.
e  Electrical was estimated to be 10 percent.

» Sitework was estimated to be 10 percent.

»  Controls were estimated to be 3 percent.

»  The contingency cost was estimated at 10 percent.
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2.5.2 Once-through O&M

 The O&M costs are estimated using the cooling water intake pumping energy requirements.

»  Pumping head was assumed to be 50 ft for al systems.

e Pump and motor efficiency was 70 percent.

* Annua hours of operation was assumed to be 7860.

*  Energy cost was estimated at $0.08/KWH. Notethat thisvalueis set near the average consumer costs and is higher than the
energy cost to the power plant. Thisoverestimation of the unit energy cost isintended to account for other O& M costs, such
as for intake cleaning and maintenance and pumping equipment maintenance, that are not included as separate items.

2.5.3 Recirculating Wet Tower Capital Costs

e For wet towers, it is assumed that recirculating (i.e., cooling) flow would be same as baseline once-through flow.

e Capital costs for the recirculating wet tower include costs for all basic tower components, such as structure, foundation,
wiring, piping and recirculating pump costs. Wet tower costs are based on cost data for redwood towerswith splash fill and
an approach of 10 °F taken from chart at the end of this chapter.

e The maximum cooling flow value used to devel op the wet tower cost equations (both Capital and O& M) was 204,000 gpm.
If the model facility flow value exceeded this maximum by 10 percent (i.e., > 225,000 gpm), EPA costed multiple parallel
wet tower units.

e Costsincludeinstalling aninlet structure and pumps using the same assumptions as the once-through intake, except they are
sized based on the make-up water requirements described above. Similarly, EPA devel oped the pipe and serviceroad lengths
using same method as for once-through intakes except that road and piping length were based on a recirculating flow
corresponding to a freshwater system.

2.5.4 Wet Tower O&M Cost

*  Wettower O& M costs have two components; one for the intake and one for the wet tower. EPA took wet tower O& M costs
from cost charts at the end of thischapter. Intake O& M costswere based onintake pumping energy requirementsinasimilar
manner as for once-through pumping described above.

» EPA based theintake O& M costs on cooling water intake pumping energy requirements using the same cost assumptions as
for the once-through O& M costs. Aswith the once-through costs, the energy costs were inflated to account for O& M costs
in addition to the pumping energy requirements.

2.6 ALTERNATIVE REGULATORY OPTIONS

In addition to the preferred two-track option adopted for the final 8316(b) New Facility Rule, EPA aso devel oped facility-level
cost estimates for several additional optionsthat EPA considered but did not adopt for thefinal rule. These additional regulatory
options include the following:

» Option 1: Technology-Based Performance Requirements for Different Types of Waterbodies. Under this option, only
facilities located on marine waterbodies would be required to reduce intake flow commensurate with the level that can be
achieved using aclosed-cyclerecircul ating wet cooling system. For all other waterbody types, the only capacity requirements
would be proportional flow reduction requirements. Inall waterbodies, vel ocity limitsand arequirement to study, select and
install design and construction technologies would apply.

e Option 2A: Flow Reduction Commensurate with the Level Achieved by Closed-Cycle Recirculating Wet Cooling Systems.
Under this option, all facilities would be required to reduce intake flow commensurate with the level that can be achieved
using a closed-cycle recirculating cooling water system, regardless of the type of waterbody from which they withdraw
cooling water. In addition, facilities would need to meet velacity limits, comply with proportional flow requirements, and
study, select and install design and construction technologies.

2-12



§ 316(b) TDD Chapter 2 for New Facilities Costing Methodology

»  Option 2B: Flow Reduction Commensurate with the Level Achieved by Use of a Dry Cooling System. Under this option,
all steamelectric power plantswould be required to reduceintake flow commensurate with zero or very low-level intake(i.e.,
dry cooling). Manufacturing facilitieswould berequired to comply with the national requirement of capacity reduction based
on closed-cyclerecirculating wet cooling. This option does not distinguish between facilities on the basis of the waterbody
from which they withdraw cooling water.

e Option 3: Industry Two-Track Option. Under this option, an applicant choosing Track | would install “highly protective’
technologies in return for expedited permitting without the need for pre-operational or operational studies in the source
waterbody. Such fast-track technologies might include technol ogies that reduce intake flow to alevel commensurate with
closed-cycle recirculating wet cooling and that achieve an average approach velocity of no more than 0.5 ft/s, or any
technol ogiesthat achievealevel of protectionfromimpingement and entrainment within the expected rangefor aclosed-cycle
recircul ating wet cooling system. Examplesof candidatetechnol ogiesinclude: (a) wedgewirescreens, wherethereisconstant
flow, as in rivers, (b) traveling fine mesh screens with a fish return system designed to minimize impingement and
entrainment; and (c) agquatic filter barrier systems, at sites where they would not be rendered ineffective by high flows or
fouling. Track Il would provide an applicant who does not want to commit to any of the above technology options with an
opportunity to demonstrate that site-specific characteristics would justify another cooling water intake structure technol ogy,
such as once-through cooling.

EPA used the same model facilities and baseline technologies that were used for the preferred two-track option to develop cost
estimatesfor the alternative regulatory options. Ingeneral, EPA used the same assumptions as described above when developing
cost estimates for the alternative regulatory options. Exceptions are noted below for each of the aternative regulatory options.

2.6.1 Option 1: Technology-Based Performance Requirements for Different Types of
Waterbodies

Freshwater Facilities

»  Compliance cooling system remains the same as baseline, but with variable speed intake pumps.

» Complianceintake screen technology consists of traveling screens with fish handling features with an intake vel ocity of 0.5
fps.

Marine Facilities

»  Compliance cooling system consists of recirculating wet towers with variable speed intake pumps.

» Complianceintake screen technology consists of traveling screens with fish handling features with an intake vel ocity of 0.5

fps.

Administrative costs for this option will differ from the preferred two-track option, as noted in the Economic Analysis.

2.6.2 Option 2A: Flow Reduction Commensurate with the Level Achieved by Closed-Cycle
Recirculating Wet Cooling Systems

Compliance technologies for this option are the same as for the preferred two-track option adopted in the final rule. Therefore,
EPA did not develop separate capital and O&M costs for this option. Administrative costs for this option will differ from the
administrative costs for the preferred two-track option, as noted in the Economic Analysis.
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2.6.3 Option 2B: Flow Reduction Commensurate with the Level Achieved by Use of a
Dry Cooling System

Power Plants

e Compliance cooling system consists of dry cooling towers (air cooled condensers).
*  No surface water intakes are needed.

Manufacturing Facilities

»  Compliance cooling system consists of recirculating wet towers with variable speed intake pumps.
» Compliance intake screen technology consists of traveling screens with fish handling features with an intake velocity of 0.5
fps.

Capital Costs

The use of air cooled condensers (dry cooling system) instead of wet cooling involves the substitution of the surface condenser
aswell asthe cold water system. Thus, the cost of surface condensers needsto be included in the baseline capital costsfor once-
through and wet tower cooling systems for this option. For baseline once-through systems, EPA incorporated the condenser
capital costs into the cooling system cost component that includes intake structure, pumps, pipes, etc. For baseline wet towers,
EPA incorporated the condenser costs into the intake system cost component that includes intake structure, pumps, pipes, etc.
Inthe case of wet tower intake costs, the cost equation usesthe intake flow astheinput variable. Sincethe condenser cost isbased
on the cooling water flow, EPA devel oped a separate intake/condenser cost curve for each scenario that uses adifferent make-up
water factor. For the dry cooling compliance systems, EPA included the air cooled condenser cost in the cooling cost.

Wet Cooling Surface Condensers

» EPA obtained equipment costs for condensers sized to handle 12 cooling flow values ranging from 4,650 gpm to 329,333
gpm from a condenser manufacturer (Graham Corporation). Condenser capital costs include an air removal package plus
accessories.

e Condenser installation was set equal to 40 percent to 60 percent of condenser equipment costs (60 percent at 500 gpm scaled
to 40 percent at 350,000 gpm).

Air Cooled Condensers

» Costsfor dry cooling are based on steel towers sized to handle the equivalent heat rejection rate of the replaced cooling water
flow. This conversion is factored into the cost formula, which uses the replaced cooling water flow as the input variable.
Development of the unit costs and cost curves for dry cooling systemsis discussed in Chapter 4 of this document.

e Dry cooling systems do not require water intakes.

O&M Costs

While EPA explicitly included consideration of surface condenser costsin the capital cost estimates where dry cooling systems
wereinvolved, EPA did not directly incorporate corresponding costsfor operation and maintenance of the surface condensersinto
the O& M costs. Ingeneral, O& M costsfor the condenserswill involve maintenance only, sincethe condensers are static and any
energy or other consumable material is already considered in other cost components.  Some maintenance, including cleaning of
fouled tubes and replacement of damaged tubes may be necessary. However, EPA has concluded that such costs are a small
portion of baseline operation of a power plant and would be similarly offset with O & M costs of drying cooling condenser tubes.
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2.6.4 Option 3: Industry Proposed Two-Track Option
Facilities with Baseline Once-through Cooling

e Compliance cooling system consists of once-through cooling with variable speed intake pumps.
» Compliance intake screen technology consists of wedgewire (passive) screens with an intake velocity of 0.5 fps.

Facilities with Baseline Recirculating Wet Towers

»  Compliance cooling system consists of recirculating wet towers with variable speed intake pumps.
» Compliance intake screen technology consists of traveling screens with fish handling features with an intake velocity of 0.5
fps.

Wedgewire (Passive) Screens

»  Whereapplicable, compliance costsincluded the cost of wedgewire (passive) screens at theintake structure. Intake velocity
was 0.5 fps.

» Costsfor passive screens were derived from cost curve data presented at the end of this chapter.

» Table2-5 below summarizesthe screen width sizes that were selected for each intake flow volumefor the given technology
and design specification. Notethat the maximum flow volume listed is approximately 10 percent greater than the maximum
cost curveinput value. For intakeflow volumesthat exceeded this maximum value, multiple parallel screens of the maximum
width listed are costed.

Table 2-5: Intake Flow Volume Criteria for Screen Width Selection

Screen Width Intake Flow for Wedgewire Screens @ 0.5 fps
(gpm)

2 - Foot 0-5,000
5 - Foot >5,000 - 12,000
10 - Foot >12,000 - 25,000

Maximum Flow* 25,000

* |ntake volumes above this value were costed for multiple parallel screens using the maximum screen width shown.

Administrative costs for this option will differ from the administrative costs for the preferred two-track option, as noted in the
Economic Analysis.

2.7 SUMMARY OF COSTS BY REGULATORY OPTION

2.7.1 Final Rule

Table 2-6 summarizesthe baseline, compliance and net technol ogy costsfor each model facility for the preferred two-track option
adopted for thefinal rule. These costs are presented in 1999 dollars. For the Economic Analysis, EPA escalated these valuesto
2000 dollars. Note that not all of the manufacturing model facility costs are used in the economic analysis model.
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Two-Track Option (1999 $)

Table 2-6: Baseline, Compliance and Incremental Technology Costs for Model Facilities Preferred

Baseline Compliance Incremental
Model Facility ID Capital 0&M Capital 0&M Capital 0&M
Coal-Fired Power Plants:
Coa OT/FW-1 $2,310,000 $389,000 $3,766,000 $600,000 $1,456,000 $211,000
Coa OT/FW-2 $9,991,000 $2,522,000  $19,967,000 $3,423,000 $9,976,000 $901,000
Coa OT/FW-3 $33,411,000 $9,280,000  $68,135000  $12,141,000  $34,724,000 $2,861,000
Coa R/M-1 $25,265,000 $4,396,000  $25,739,000 $4,484,000 $474,000 $88,000
Coa R/FW-1 $5,546,000 $849,000 $5,641,000 $919,000 $95,000 $70,000
Coa R/IFW-2 $19,148,000 $3,241,000  $19,365,000 $3,311,000 $217,000 $70,000
Cod R/FW-3 $66,928,000  $11,970,000  $67,698,000  $12,054,000 $770,000 $84,000
Coa RL/FW-1 $11,372,000 $3,219,000  $24,585,000 $4,296,000  $13,213,000 $1,077,000
Combined Cycle Power Plants:
CCOT/M-1 $15,989,000 $3,673,000  $28,273,000 $4,979,000  $12,284,000 $1,306,000
CCR/M-1 $5,796,000 $890,000 $5,911,000 $971,000 $115,000 $81,000
CCR/M-2 $10,936,000 $1,819,000  $11,133,000 $1,899,000 $197,000 $80,000
CC R/IFW-1 $9,650,000 $1,585,000 $9,776,000 $1,655,000 $126,000 $70,000
CC R/IFW-2 $10,968,000 $1,831,000  $11,106,000 $1,902,000 $138,000 $71,000
CC R/IFW-3 $12,999,000 $2,223,000  $13,157,000 $2,294,000 $158,000 $71,000
Manufacturing Facilities:
MAN OT/FW-2621 $1,012,000 $141,000 $1,871,000 $281,000 $859,000 $140,000
MAN OT/M-2812 $6,420,000 $1,556,000  $13,717,000 $2,349,000 $7,297,000 $793,000
MAN OT/FW-2812 $2,814,000 $552,000 $5,450,000 $877,000 $2,636,000 $325,000
MAN R/FW-2812 $3,586,000 $515,000 $3,749,000 $590,000 $163,000 $75,000
MAN OT/FW-2819 $875,000 $112,000 $1,598,000 $236,000 $723,000 $124,000
MAN R/FW-2819 $1,572,000 $175,000 $1,655,000 $246,000 $83,000 $71,000
MAN OT/M-2819 $1,094,000 $159,000 $2,117,000 $328,000 $1,023,000 $169,000
MAN OT/FW-2821 $2,419,000 $458,000 $4,639,000 $741,000 $2,220,000 $283,000
MAN R/FW-2821 $7,367,000 $1,175,000 $7,616,000 $1,254,000 $249,000 $79,000
MAN OT/M-2821 $1,172,000 $176,000 $2,277,000 $354,000 $1,105,000 $178,000
MAN OT/FW-2834 $848,000 $106,000 $1,550,000 $228,000 $702,000 $122,000
MAN R/FW-2834 $1,572,000 $175,000 $1,655,000 $246,000 $83,000 $71,000
MAN OT/FW-2869 $1,440,000 $235,000 $2,713,000 $419,000 $1,273,000 $184,000
MAN OT/M-2869 $1,067,000 $153,000 $2,062,000 $319,000 $995,000 $166,000
MAN R/FW-2869 $2,589,000 $346,000 $2,713,000 $419,000 $124,000 $73,000
MAN OT/FW-2873 $1,253,000 $194,000 $2,342,000 $358,000 $1,089,000 $164,000
MAN R/FW-2873 $13,997,000 $2,424,000  $14,435,000 $2,506,000 $4,380,000 $82,000
MAN R/FW-2911 $4,564,000 $683,000 $4,743,000 $758,000 $179,000 $75,000
MAN OT/FW-2911 $3,079,000 $617,000 $5,959,000 $966,000 $2,880,000 $349,000
MAN OT/FW-3312 $3,527,000 $728,000 $6,866,000 $1,123,000 $3,339,000 $395,000
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Costing Methodology

Two-Track Option (1999 $)

Table 2-6: Baseline, Compliance and Incremental Technology Costs for Model Facilities Preferred

MAN R/FW-3353

$3,586,000

$515,000

$3,749,000 $590,000

$163,000

Baseline Compliance Incremental

Model Facility 1D Capital 0&M Capital 0&M Capital 0&M

MAN R/FW-3312 $35,922,000 $6,664,000  $39,993,000 $7,000,000 $4,071,000 $336,000
MAN OT/FW-3316 $985,000 $135,000 $1,815,000 $272,000 $830,000 $137,000
MAN R/FW-3316 $6,449,000 $1,012,000 $6,711,000 $1,092,000 $262,000 $80,000
MAN OT/FW-3317 $1,414,000 $229,000 $2,658,000 $410,000 $1,244,000 $181,000
MAN R/FW-3317 $2,589,000 $346,000 $2,713,000 $419,000 $124,000 $73,000
MAN OT/FW-3353 $1,306,000 $206,000 $2,445,000 $375,000 $1,139,000 $169,000

$75,000

2.7.2 Option 1: Technology-Based Performance Requirements for Different Types of

Waterbodies

Table 2-7 summarizesthe baseline, compliance and net technology costsfor each model facility for alternative regulatory Option
1. These costsare presented in 1999 dollars. For the Economic Analysis, EPA escalated these valuesto 2000 dollars. Note that
not all of the manufacturing model facility costs are used in the economic analysis model.

Table 2-7: Baseline, Compliance and Incremental Technology Costs for Model Facilities
Option 1 (1999 $)
Baseline Compliance I ncremental
Model Facility 1D Capital 0&M Capital | o0&M Capital 0&M
Coal-Fired Power Plants:
Coa OT/FW-1 $2,310,000 $389,000 $2,964,000 $470,000 $654,000 $81,000
Coa OT/FW-2 $9,991,000 $2,522,000  $14,110,000 $2,689,000 $4,119,000 $167,000
Coa OT/FW-3 $33,411,000 $9,280,000  $49,121,000 $9,741,000  $15,710,000 $461,000
Coal R/IM-1 $25,265,000 $4,396,000  $25,739,000 $4,484,000 $474,000 $88,000
Coal R/IFW-1 $5,546,000 $849,000 $5,641,000 $919,000 $95,000 $70,000
Coal R/IFW-2 $19,148,000 $3,241,000  $19,365,000 $3,311,000 $217,000 $70,000
Coa R/FW-3 $66,928,000  $11,970,000  $67,698,000  $12,054,000 $770,000 $84,000
Coal RL/FW-1 $11,372,000 $3,219,000  $16,733,000 $3,423,000 $5,361,000 $204,000
Combined Cycle Power Plants:
CCOT/M-1 $15,989,000 $3,673,000  $28,273,000 $4,979,000  $12,284,000 $1,306,000
CCR/M-1 $5,796,000 $890,000 $5,911,000 $971,000 $115,000 $81,000
CCR/M-2 $10,936,000 $1,819,000  $11,133,000 $1,899,000 $197,000 $80,000
CCR/FW-1 $9,650,000 $1,585,000 $9,776,000 $1,655,000 $126,000 $70,000
CC R/IFW-2 $10,968,000 $1,831,000  $11,106,000 $1,902,000 $138,000 $71,000
CC R/IFW-3 $12,999,000 $2,223,000  $13,157,000 $2,294,000 $158,000 $71,000
Manufacturing Facilities:
MAN OT/FW-2621 $1,012,000 $141,000 $1,386,000 $221,000 $374,000 $80,000
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Table 2-7: Baseline, Compliance and Incremental Technology Costs for Model Facilities
Option 1 (1999 $)
Baseline Compliance I ncremental

Model Facility ID Capital 0&M Capital | o0&M Capital 0&M

MAN OT/M-2812 $6,420,000 $1,556,000  $13,717,000 $2,349,000 $7,297,000 $793,000
MAN OT/FW-2812 $2,814,000 $552,000 $4,058,000 $657,000 $1,244,000 $105,000
MAN R/FW-2812 $3,586,000 $515,000 $3,749,000 $590,000 $163,000 $75,000
MAN OT/FW-2819 $875,000 $112,000 $1,193,000 $190,000 $318,000 $78,000
MAN R/FW-2819 $1,572,000 $175,000 $1,655,000 $246,000 $83,000 $71,000
MAN OT/M-2819 $1,094,000 $159,000 $2,117,000 $328,000 $1,023,000 $169,000
MAN OT/FW-2821 $2,419,000 $458,000 $3,484,000 $558,000 $1,065,000 $100,000
MAN R/FW-2821 $7,367,000 $1,175,000 $7,616,000 $1,254,000 $249,000 $79,000
MAN OT/M-2821 $1,172,000 $176,000 $2,277,000 $354,000 $1,105,000 $178,000
MAN OT/FW-2834 $848,000 $106,000 $1,154,000 $183,000 $306,000 $77,000
MAN R/FW-2834 $1,572,000 $175,000 $1,655,000 $246,000 $83,000 $71,000
MAN OT/FW-2869 $1,440,000 $235,000 $1,984,000 $320,000 $544,000 $85,000
MAN OT/M-2869 $1,067,000 $153,000 $2,062,000 $319,000 $995,000 $166,000
MAN R/FW-2869 $2,589,000 $346,000 $2,713,000 $419,000 $124,000 $73,000
MAN OT/FW-2873 $1,253,000 $194,000 $1,723,000 $277,000 $470,000 $83,000
MAN R/FW-2873 $13,997,000 $2,424,000  $14,435,000 $2,506,000 $438,000 $82,000
MAN R/FW-2911 $4,564,000 $683,000 $4,743,000 $758,000 $179,000 $75,000
MAN OT/FW-2911 $3,079,000 $617,000 $4,448,000 $724,000 $1,369,000 $107,000
MAN OT/FW-3312 $3,527,000 $728,000 $5,122,000 $841,000 $1,595,000 $113,000
MAN R/FW-3312 $38,851,000 $6,898,000  $39,993,000 $7,000,000 $1,142,000 $102,000
MAN OT/FW-3316 $985,000 $135,000 $1,348,000 $215,000 $363,000 $80,000
MAN R/FW-3316 $6,449,000 $1,012,000 $6,674,000 $1,089,000 $225,000 $77,000
MAN OT/FW-3317 $1,414,000 $229,000 $1,947,000 $314,000 $533,000 $85,000
MAN R/FW-3317 $2,589,000 $346,000 $2,713,000 $419,000 $124,000 $73,000
MAN OT/FW-3353 $1,306,000 $206,000 $1,798,000 $289,000 $492,000 $83,000
MAN R/FW-3353 $3,586,000 $515,000 $3,749,000 $590,000 $163,000 $75,000

2.7.3 Option 2A: Flow Reduction Commensurate with Closed-Cycle recirculating Wet
Cooling Systems

Baseline, complianceandincremental technology capital and O& M costsfor thisoption arethe same asfor the preferred two-track
option.
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2.7.4 Option 2B: Flow Reduction Commensurate with Dry Cooling Systems

Table 2-8 summarizesthe baseline, compliance and net technology costsfor each model facility for alternative regulatory Option
2B. These costs are presented in 1999 dollars. For the Economic Analysis, EPA escalated these values to 2000 dollars.

Table 2-8: Baseline, Compliance and Incremental Technology Costs for Model Facilities
Option 2B (1999 $)
Baseline Compliance Incremental
Model Facility ID g 0&M Capital 0&M Capital 0&M
Coal-Fired Power Plants:
Coa OT/FW-1 $3,757,000 $389,000 $9,397,000 $2,363,000 $5,640,000 $1,974,000
Coa OT/FW-2 $17,139,000 $2,522,000 $62,634,000 $11,427,000 $45,495,000 $8,905,000
Coa OT/FW-3 $59,509,000 $9,280,000 $234,182,000  $38,505,000 $174,673,000  $29,225,000
Coa R/M-1 $34,738,000 $4,396,000 $79,792,000 $16,882,000 $45,054,000 $12,486,000
Cod R/FW-1 $7,643,000 $849,000  $14,892,000 $3,669,000 $7,249,000 $2,820,000
Coa R/IFW-2 $26,241,000 $3,241,000 $60,315,000 $11,173,000 $34,074,000 $7,932,000
Cod R/FW-3 $94,286,000  $11,970,000 $232,222,000  $38,355,000 $137,936,000  $26,385,000
Coa RL/FW-1 $20,397,000 $3,219,000 $81,323,000 $13,074,000 $60,926,000 $9,855,000
Combined Cycle Power Plants:
CCOT/M-1 $26,663,000 $3,673,000  $93,582,000  $13,790,000  $66,919,000  $10,117,000
CCR/M-1 $7,933,000 $590,000 $15,277,000 $3,757,000 $7,344,000 $2,867,000
CCR/M-2 $14,985,000 $1,819,000  $32,319,000 $7,177,000  $17,334,000 $5,358,000
CC R/IFW-1 $13,298,000 $1,585,000 $28,513,000 $6,486,000 $15,215,000 $4,901,000
CC R/IFW-2 $15,137,000 $1,831,000 $33,374,000 $7,362,000 $18,237,000 $5,531,000
CC R/IFW-3 $18,025,000 $2,223,000 $41,410,000 $8,677,000 $23,385,000 $6,454,000

Baseline, compliance and incremental technology capital and O& M costs for manufacturing facilitiesfor this option are the same
as for the preferred two-track option.
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2.7.5 Option 3: Industry Two-Track Option

Table 2-9 summarizesthe baseline, compliance and net technol ogy costsfor each model facility for alternative regulatory Option
2B. These costs are presented in 1999 dollars. For the Economic Analysis, EPA escalated these values to 2000 dollars. Note
that not all of the manufacturing model facility costs are used in the economic analysis model.

Table 2-9: Baseline, Compliance and Incremental Technology Costs for Model Facilities
Option 3 (1999 %)
Baseline Compliance Incremental
Model Facility 1D Capital 0&M Capital 0&M Capital 0&M
Coal-Fired Power Plants:
Coa OT/FW-1 $2,310,000 $389,000 $2,595,000 $440,000 $285,000 $51,000
Coa OT/FW-2 $9,991,000 $2,522,000  $12,178,000 $2,530,000 $2,187,000 $8,000
Coa OT/FW-3 $33,411,000 $9,280,000  $41,751,000 $9,168,000 $8,340,000 $O*
Coa R/M-1 $25,265,000 $4,396,000  $25,739,000 $4,484,000 $474,000 $88,000
Coa R/IFW-1 $5,546,000 $849,000 $5,641,000 $919,000 $95,000 $70,000
Coa R/IFW-2 $19,148,000 $3,241,000  $19,365,000 $3,311,000 $217,000 $70,000
Coa R/FW-3 $66,928,000  $11,970,000  $67,698,000  $12,054,000 $770,000 $84,000
Coa RL/FW-1 $11,372,000 $3,219,000  $14,247,000 $3,219,000 $2,875,000 $0*
Combined Cycle Power Plants:
CCOT/M-1 $15,989,000 $3,673,000  $19,289,000 $3,677,000 $3,300,000 $4,000
CCR/M-1 $5,796,000 $890,000 $5,911,000 $971,000 $115,000 $81,000
CCR/M-2 $10,936,000 $1,819,000  $11,133,000 $1,899,000 $197,000 $80,000
CC R/IFW-1 $9,650,000 $1,585,000 $9,776,000 $1,655,000 $126,000 $70,000
CC R/IFW-2 $10,968,000 $1,831,000  $11,106,000 $1,902,000 $138,000 $71,000
CC R/IFW-3 $12,999,000 $2,223,000  $13,157,000 $2,294,000 $158,000 $71,000
Manufacturing Facilities:
MAN OT/FW-2621 $1,012,000 $141,000 $1,229,000 $206,000 $217,000 $65,000
MAN OT/M-2812 $6,420,000 $1,556,000 $8,632,000 $1,631,000 $2,212,000 $75,000
MAN OT/FW-2812 $2,814,000 $552,000 $3,608,000 $617,000 $794,000 $65,000
MAN R/FW-2812 $3,586,000 $515,000 $3,749,000 $590,000 $163,000 $75,000
MAN OT/FW-2819 $875,000 $112,000 $1,059,000 $177,000 $184,000 $65,000
MAN R/FW-2819 $1,572,000 $175,000 $1,655,000 $246,000 $83,000 $71,000
MAN OT/M-2819 $1,094,000 $159,000 $1,331,000 $234,000 $237,000 $75,000
MAN OT/FW-2821 $2,419,000 $458,000 $3,108,000 $523,000 $689,000 $65,000
MAN R/FW-2821 $7,367,000 $1,175,000 $7,616,000 $1,254,000 $249,000 $79,000
MAN OT/M-2821 $1,172,000 $176,000 $8,632,000 $1,631,000 $2,212,000 $75,000
MAN OT/FW-2834 $848,000 $106,000 $1,025,000 $171,000 $177,000 $65,000
MAN R/FW-2834 $1,572,000 $175,000 $1,655,000 $246,000 $83,000 $71,000
MAN OT/FW-2869 $1,440,000 $235,000 $1,821,000 $300,000 $381,000 $65,000
MAN OT/M-2869 $1,067,000 $153,000 $1,297,000 $228,000 $230,000 $75,000
MAN R/FW-2869 $2,589,000 $346,000 $2,713,000 $419,000 $124,000 $73,000
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Table 2-9: Baseline, Compliance and Incremental Technology Costs for Model Facilities
Option 3 (1999 $)
Baseline Compliance I ncremental
Model Facility 1D Capital 0&M Capital 0&M Capital 0&M
MAN OT/FW-2873 $1,253,000 $194,000 $1,528,000 $259,000 $275,000 $65,000
MAN R/FW-2873 $13,997,000 $2,424,000  $14,435,000 $2,506,000 $438,000 $82,000
MAN R/FW-2911 $4,564,000 $683,000 $4,743,000 $758,000 $179,000 $75,000
MAN OT/FW-2911 $3,079,000 $617,000 $3,945,000 $682,000 $866,000 $65,000
MAN OT/FW-3312 $3,527,000 $728,000 $4,577,000 $793,000 $1,050,000 $65,000
MAN R/FW-3312 $38,851,000 $6,898,000  $39,993,000 $7,000,000 $1,142,000 $102,000
MAN OT/FW-3316 $985,000 $135,000 $1,195,000 $200,000 $210,000 $65,000
MAN R/FW-3316 $6,449,000 $1,012,000 $6,674,000 $1,089,000 $225,000 $77,000
MAN OT/FW-3317 $1,414,000 $229,000 $1,787,000 $294,000 $373,000 $65,000
MAN R/FW-3317 $2,589,000 $346,000 $2,713,000 $419,000 $124,000 $73,000
MAN OT/FW-3353 $1,306,000 $206,000 $1,595,000 $271,000 $289,000 $65,000
MAN R/FW-3353 $3,586,000 $515,000 $3,749,000 $590,000 $163,000 $75,000

* For thismodel facility, O& M costsfor wedgewire screensare actually lessthan the O& M costsfor thebaseline traveling screens.
To be conservative, EPA has set theincremental O& M cost at $0; this does not reflect potential savingsto the facility associated
with switching intake screen types.

2.8 TECHNOLOGY UNIT COSTS

2.8.1 General Cost Information

The cost estimates presented in this analysisinclude both capital costsand operations and maintenance (O& M) costs and are for
primary technol ogies such astraveling screensand cooling towers. Facilitiesmay install these technol ogiesto meet requirements
of the final §316(b) New Facility Rule. Cooling tower cost estimates are presented for various types of cooling towersincluding
towers fitted with features such as plume abatement and noise reduction. Estimated costs for traveling screens were devel oped
mainly from cost information provided by vendors. The cost of installing other CWI S technol ogies such as passive screens and
velocity capsare cal culated by applying acost factor based on the cost of traveling screens. All of the base cost estimates are for
New SOUrcCes.

To provide arelative measurement of the differencesin cost across technologies, costs need to be developed on auniform basis.
The cost for many of the CWI S and flow reduction technol ogies depends on many factors, including site-specific conditions, and
therelative importance of many of these factorsvariesfromtechnology to technology. Thefactor that ismost relevant isthetotal
flow. Therefore, EPA selected total flow asthe factor on which to base unit costs and thus use for basic cost comparisons. EPA
developed cost estimates, in $/gallons per minute (gpm), for most of the technologies for use at arange of different total intake
flow volumes. For cooling towers, EPA developed cost estimates for use at arange of different total recirculating flow volumes.

EPA assumed average values or typical situations for the other factorsthat also impact the cost components. For example, EPA
assumed an average debris level and an intake flow velocity of 0.5 feet per second (fps); EPA also used 1.0 fps for cost
comparison purposes. EPA separately assessed the cost effect of variations from these average conditions as add-on costs. For
instance, if the water being drawn in has a high debris level, this would tend to increase cost by about 20 percent.

EPA determined the specifications for each factor based on areview of information about the characteristics most likely to be
encountered at atypical facility withdrawing cooling water. Cost factors used in this analysis and the assumed values/scenarios
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arelisted below in Table 2-10. EPA’sunit cost estimates for the selected technol ogies are based on the information provided by
vendors, industry representative, and published documents.

Table 2-10. Basis for Development of Unit Costs

Base Factor for Developing Unit Costs Assumed Values of Other Factorsfor Base Costs

Costs were devel oped for flows of: * Intake flow velocity = 0.5 fps, and 1.0 fps for comparison

< 10,000 gpm - 4 flows Amount and type of debris = average/typical

10,000 to < 100,000 gpm - 20 flows Water quality = fresh water

100,000 to 200,000 gpm - 4 flows Waterbody flow velocity = moderate flow

> 200,000 gpm - 1 flow. Accessahility to intake = average/typical (no dredging needed,

use of crane possible)
Cost Elements

Cost estimates of screens include non-metallic fish handling panels, a spray system, afish trough, housings and
transitions, continuous operating features (intermittent operation feature for traveling screens without fish
baskets), adrive unit, frame seals, engineering, and installation. EPA separately estimated costs for spray wash
pumps, permitting, and pilot studies.

Cooling towers cost estimates are based on unit costs that include all costs associated with the design,
construction, and commissioning of a standard fill cooling tower. Costs of cooling towers with various features,
building materials, and types are calculated based on cost comparisons with standard cooling towers.

O&M costs were estimated for each type of technology. These costs were estimated, in part, using a percent of
capital costs as a basis and considering additional factors.

Potential Add-Onsto Cost

Amount and type of debris = high or need for smaller than typical openings

Depth of waterbody = particularly shallow or deep

Water quality = salt or brackish water (extra cost for non-corrosive material for device and shorter life
expectancy/higher replacement cost)

Waterbody flow velocity = stagnant or rapidly moving

Accessahility to intake = cost of difficult installation (extra cost for dredging, extra cost for unusual
installation due to site-specific conditions)

Existing intake structure = costs associated with retrofit and what existing structure(s) or conditions
would cause the extra costs. For example, if an existing structure has an intake flow of 2.0 fps and the intake
velocity will be reduced to 0.5 fps with a new device, additional equipment or changes to other
equipment/structures of that part of the intake system may increase capital costs (albeit minimally) when
compared to installing a new system.

1) Cost estimates were developed for selected flows in each range (e.g., 4 different flows less than 10,000 gpm).
10,000 gpm = 14.4 MGD

The costs estimated for fish protection equipment are linked to both flow rates and intake width and depth. Cooling towers costs
are based on the recirculating flow rate, temperature approach (defined later), and the type of cooling tower. Several industry
representatives provided information on how they conduct preliminary cost estimates for cooling towers. Thisis considered to
bethe*ruleof thumb” in costing cooling towers(i.e., $/gallonsper minute). Regional variationsin costsdo exist. However, EPA
has based its cost estimates on average flow designs representing model facilities. EPA often used conservative (i.e. high cost)
assumptionsin order to develop model facility coststhat accurately represent average costs applicableto affected facilitiesacross
the country. In addition to the costs presented below, cost curves and equations are provided at the end of this chapter. The cost
curves and equations can be used to estimate costs for implementing technologies or taking actions for facilities across a range
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of intake flows. Additional supporting information can be found in Cost Research and Analysis of Cooling Water Technologies
for 316(b) Regulatory Options (SAIC, 2000).

2.8.2 Flow

EPA determined preliminary intake flow values for the base factor based on datafrom the ICR (Information Collection Request)
for the §316(b) industry questionnaire, a sampling of responses to the 8316(b) industry screener questionnaire, a Utility Data
Institute database (UDI, 1995), and industry brochures and technology background papers.® Data from these sources represent
utility and nonutility steam electric facilities and industrial facilities that could be subject to prospective §316(b) requirements
and are provided in Table 2-11. EPA used these data to determine the range of typical intake flows for these types of facilities
to ensure that the flows included in the cost estimates were representative. Through data provided by equipment vendors, EPA
determined the flows typically handled by available CWIS equipment and cooling towers. Facilities with greater flows would
generally either use multiple screens, towers, or other technologies, or useaspecial design. Considering thisinformation together,
EPA selected flows for various screen sizes, water depths, and intake velocities for use in collecting cost data directly from
industry representatives.

Table 2-11. Flow Data for Unit Costs

ICR (average intake flows by utility/industry category)

Steam electric utilities: 178 MGD (124,000 gpm) for 1,093 facilities
Steam electric non-utilities: 2.8 MGD (1,944 gpm) for 1,158 facilities
Chemicals & dlied products: 0.339 MGD (235 gpm) for 22,579 facilities

Primary metals: 0.327 MGD (227 gpm) for 10,999 facilities
Petroleum & coal products:  0.461 MGD (320 gpm) for 3,509 facilities
Paper & alied products: 0.148 MGD (103 gpm) for 9,881 facilities
UDI Database (design intake flow for steam electric utilities) (UDI, 1995)
Upto 11,219 gpm (16.15 MGD) 401 units

11,220-44,877 gpm (16.16-64.62 MGD) 465 units
44,878-134,630 gpm (64.63-193.9 MGD) 684 units
134,631-448,766 gpm (194-646.2 MGD) 453 units

More than 448,766 gpm (646.2 MGD) 68 units

Sampling of Responses from Industry Screener Questionnair e (daily intake flow for non-utilities)

Upto 0.5 MGD (347 gpm) 6 facilities >20-30.0 MGD (13,890-20,833 gpm) 2 facilities
>0.5-1.0 MGD (348-694 gpm) 1facilities >30-40.0 MGD (20,834-27,778 gpm) 2 facilities
>1-5.0 MGD (695-3,472 gpm) 3 facilities >40-50.0 MGD (27,779-34,722 gpm) 1 facility
>5.0-10.0 MGD (3,473-6,944 gpm) 8 facilities >50-100.0 MGD (34,723-69,444 gpm) O facilities
>10-20.0 MGD (6,945-13,889 gpm) 2 facilities >100 MGD (>69,444 gpm) 1 facility
US Filter/Johnson Screens Brochur e (ranges for flow definitions) (US Filter, 1998)

Low flow: 200 to 4,000 gpm (0.288 to 5.76 MGD)

Intermediate flow: 1,500 to 15,000 gpm (2.16 to 21.6 MGD)

High flow: 5,000 to 30,000 gpm (7.2 to 43.2 MGD)

Background Technology Papers (SAIC, 1994; SAIC, 1996)

“Relatively low intake flow”: 1-30 MGD (694-20,833 gpm)

“Relatively small quantities of water”:  up to 50,000 gpm (70 MGD)

SEPA sent the Industry Screener Questionnaire; Phase | Cooling Water Intake Structures to about 2,500 steam €lectric
non-utility power producers and manufacturers. This sample included most of the non-utility power producers that were
identified by EPA and a subset of the identified manufacturersin industry groups that EPA determined use relatively large
quantities of cooling water.
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2.8.3 Additional Cost Considerations Included in the Analysis

The cost estimatesinclude costs, such as design/engineering, process equipment, and installation, that are clearly part of getting
a CWIS structure or cooling tower in place and operational. However, there are additional associated capital costs that may be
less apparent but may also beincurred by afacility and have been included in the cost estimates either as stand-alone cost items
or included in installation and construction costs. EPA included the following costs as part of the unit cost estimates:

M obilization and demobilization,
Architectural fees,

Contractor’s overhead and profit,
Process engineering,

Sitework and yard piping,
Standby power,

Electrical allowance,
Instrumentation and controls, and
Contingencies

Installation.

D OO

Following isabrief description of these miscellaneous capital cost itemsto provide anindication of their general effect on capital
costs. Thesedescriptionsarealso intended to hel p economists adjust coststo account for regional variationswithintheU.S. EPA
notes that for the costs of cooling towers, each of these items is included the total installed capital costs estimates, but these
specific items are not necessarily itemized due to EPA’ s use of atotal inclusive cost per gallon estimate for cooling towers.

Mobilization and Demobilization

Mobilization and demobilization costs are costs incurred by the contractor to assemble crews and equipment on-site and to
dismantle semi-permanent and temporary construction facilities once the job is completed. The equipment that may be needed
includesbackhoes, bulldozers, front-end |oaders, self-propelled scrapers, pavers, pavement rollers, sheeps-foot rollers, rubber tire
rollers, cranes, temporary generators, trucks (including water and fuel trucks), and trailers. Mobilization costs alsoinclude bonds
and insurance. To account for mobilization and demobilization costs, arange of 2 percent to 5 percent iswas added to the total
capital cost, depending on the specific site characteristics.

Architectural Fees

Estimates need to include the cost of the building design, architectural drawings, building construction supervision, construction
engineering, and travel, not to exceed 8 percent of the capital cost.

Contractor’s Overhead and Profit

Thiselement includesfield supervision, main office expenses, toolsand minor equipment, workers' compensation and employer’s
liability, field office expenses, performanceand payment bonds, unemployment tax, profit, Social Security and Medicare, builder’s
risk insurance, and public liability insurance. Thiswas estimated at 12 percent of the capital cost.

Process Engineering

Costs for this category include treatment process engineering, unit operation construction supervision, travel, system start-up

engineering, study, design, operation and maintenance (O& M) manuals, and record drawings. These costs were estimated by
adding arange of 10 percent to 20 percent to the estimated capital cost.
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Sitework and Yard Piping

Cost estimatesfor sitework includesite preparation, excavation, backfilling, roads, walls, landscaping, parking | ots, fencing, storm
water control, yard structures, and yard piping (interconnecting piping between treatment units). These costswere estimated by
adding arange of 5 percent to 15 percent to the estimated capital cost for sitework and arange of 3 percent to 7 percent for yard

piping.

For installation of CWIS technologies (e.g., screens), ayard piping cost of 5 percent of the total capital cost is sometimes used
based on site-specific conditions. Cooling towers require a significant amount of piping (for both new facilities and retrofits to
existing facilities) and these costs are already included in the capital cost estimate for cooling towers so an additional 5 percent
was not applied.

Standby Power

Standby generators may be needed to produce power to the treatment and distribution system during power outages and should
beincluded in cost estimates. These costs are estimated by adding arange of 2 percent to 5 percent to the estimated construction
cost.

Electrical Allowance (including yard wiring)

An electrical alowance should be made for electric wiring, motors, duct banks, MCCs, relays, lighting, etc. These costs are
estimated by adding arange of 10 percent to 15 percent to the estimated construction cost.

I nstrumentation and Controls

Instrumentation and control (1& C) costs may include afacility control system, software, etc. The cost depends on the degree of
automation desired for the entire facility. These costs are estimated by adding arange of 3 percent to 8 percent to the estimated
construction cost.

Contingencies

Contingency cost estimatesinclude compensation for uncertai nty within the scope of 1abor, material s, equipment, and construction
specifications. This uncertainty factor is estimated to range from 5 percent to 25 percent of all capital costs, with an average of
10 percent for general engineering projects.

Contingency costs can range from 2 percent to 20 percent for construction projects. CWIS technology projects are not typical
construction projectssincemost of the constructionisdone at the manufacturing facility and sitework mainly involvesinstall ation.
So some of the uncertainties that could occur in typical construction projects are less likely in CWIS projects. Design and
manufacture of the technology can be around 90 percent of the total cost for a project that involves astraightforward installation
(e.g., no dredging). The approach used in this cost estimate is conservative and is considered to cover contingencies for typical
CWIS technology or cooling tower projects.

Inits 1992 study of cooling tower retrofit costs, Stone and Webster (1992) included, in its line item costs, an allowance for
indeterminates (e.g., contingencies) of 15 percent for future utility projects. The Stone and Webster study involved major retrofit
work on existing plants (i.e., converting aonce through cooling system plant to recircul ating), so the contingencies allowancefell
in the higher end of the typical range.

I nstallation costs

Installation costs are estimated at 80 percent of cooling tower equipment cost based on information provided by equipment
vendors. Seethe end of this chapter for cost curves and equations.
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2.8.4 Replacement Costs

Cooling towers may require replacement of equipment during the financing period that is necessary for the upkeep of the cooling
tower. Thesecoststendtoincrease over theuseful life of thetower and constitute an O& M expenditure that needsto be accounted
for. Therefore, EPA factored these periodic equipment replacement costs into the O&M cost estimates presented herein.
However, EPA has not included the replacement costs for other equipment because the life expectancy is generally expected to
last over the financid life of the facility.

2.9 SPeECIFIC COST INFORMATION FOR TECHNOLOGIES AND ACTIONS

The following sections present information on potential compliance actions that a facility might take, including the installation
of certain technologies, in order to meet requirements under the 8316(b) New Facility Rule. Theinformation presented includes
the cost curvesand unit costs devel oped for each potential compliance action. Estimated costsare presentedin 1999 dollars. The
cost equations and cost curves can be used to estimate costs. The equations and cost curves generally use flow as the basis for
determining estimated costs (i.e., unit costsarein $/gpm). For screens, since flow is dependent on the flow velocity through the
screen, different equations and cost curves are included for the two velocities of 0.5 fpsand 1.0 fps.

2.9.1 Reducing Design Intake Flow
Switching to a recirculating system

Asnoted earlier, in arecirculating system cooling water is used to cool equipment and steam, and absorbs heat in the process.
The cooling water isthen cooled and recirculated to the beginning of the system to be used again for cooling. Recirculating the
cooling water in asystem vastly reduces the amount of cooling water needed. The method most frequently used to cool the water
in arecirculating system is putting the cooling water through a cooling tower. Therefore, EPA chose to cost cooling towers as
the technology used to switch a once-through cooling system to a recirculating system.

Thefactorsthat generally have the greatest impact on cost are the flow, approach (the difference between cold water temperature
and ambient wet bulb temperature), tower type, and environmental considerations. Physical site conditions (e.g., topographic
conditions, soils and underground conditions, water quality) affect cost, but in most situations are secondary to the primary cost
factors. Table 2-12 presents relative capital and operation cost estimates for various cooling towers in comparison to the
conventional, basic Douglas Fir cooling tower asastandard. EPA notesthat based on its data collection for recent cooling tower
projects, for most cases, environmental considerations such as plume abatement and noise abatement are rarely installed.
Therefore, EPA is presenting costs in the following sections for comparison purposes only and these types of costs are not
uniformly applicable to a national rule.

Table 2-12. Relative Cost Factors for Various Cooling Tower Types"
Tower Type Capital Cost Factor (%) Operation Cost Factor (%)
Douglas Fir 100 100
Redwood 1122 100
Concrete 140 90
Steel 135 98
Fiberglass Reinforced Plastic 110 98
Splash Fill 120 150
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Table 2-12. Relative Cost Factors for Various Cooling Tower Types"
Non-Fouling Film Fill 110 102
Mechanical draft 100 100
Natural draft (concrete) 175 35
Hybrid [Plume abatement (32DBT)] 250-300 125-150
Dry/wet 375 175
Air condenser (steel) 250-325 175-225
Noise reduction (10dBA) 130 107
1) Percent estimates are relative to the Douglas Fir cooling tower.
2) Redwood cooling tower costs may be higher because redwood trees are a protected species, particularly in the
Northwest.

Sources. Mirsky et a. (1992), Mirsky and Bauthier (1997), and Mirsky (2000).

There are two general types of cooling towers, wet and dry. Wet cooling towers, which are the far more common type, reduce
thetemperature of the water by bringing it directly into contact with large amountsof air. Through thisprocess, heat istransferred
from the water to the air which isthen discharged into the atmosphere. Part of the water evaporates through this process thereby
having acooling effect on therest of the water. Thiswater then exitsthe cooling tower at atemperature approaching the wet bulb
temperature of the air.

For dry cooling towers, the water does not comein direct contact with theair, but instead travel sin closed pipesthrough the tower.
Air going through the tower flows al ong the outside of the pipe wallsand absorbs heat from the pipe wallswhich absorb heat from
thewater inthe pipes. Dry cooling towerstend to be much larger and more costly than wet towers because the dry cooling process
islessefficient. Also, the effluent water temperatureiswarmer becauseit only approachesthe dry bulb temperature of theair (not
the cooler wet bulb temperature). Development of unit costs and cost curvesfor dry cooling towersis discussed in Chapter 4 of
this document.

Hybrid wet-dry towers, which combinedry heat exchange surfaceswith standard wet cooling towers, are plume abatement towers.
These towerstend to be used most where plume abatement isrequired by local authorities. Technologiesfor achieving low noise
and low drift can befitted to all types of towers.

Other characteristics of cooling towers include:

C Air flow: Mechanical draft towersusefansto induce air flow, while natural draft (i.e., hyperbolic) towersinduce natural air
flow by the chimney effect produced by the height and shape of thetower. For towersof similar capacity, natural draft towers
typically requiresignificantly lessland areaand have lower power costs(i.e., fansto induceair flow are not needed) but have
higher initial costs (particularly because they need to be taller) than mechanical draft towers. Both mechanical draft and
natural draft towers can be designed for air to flow through the fill material using either a crossflow (air flows horizontally)
or counterflow (air flows vertically upward) design, while the water flows vertically downward. Counterflow towers tend
to be more efficient at achieving heat reduction but are generally more expensive to build and operate because clearance
needed at the bottom of the tower means the tower needsto be taller.

C Mode of operation: Cooling towers can be either recirculating (water is returned to the condenser for reuse) or non-
recirculating (tower effluent is discharged to areceiving waterbody and not reused). Facilities using non-recirculating types
(i.e., “helper” towers) draw large flows for cooling and therefore do not provide fish protection for §316(b) purposes, so the
information in this chapter is not intended to address non-recirculating towers.
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C Construction materials: Towers can be made from concrete, steel, wood, and/or fiberglass.

Generaly, all cooling towerswith plume abatement features are hybrid towers. According to the Standard Handbook of Power
Plant Design, attempts to modify towers with special designs and construction features to abate plumes has been tested but not
accepted as an effective technology. Natural draft towers are concrete towers, although some old natural draft wood cooling
towers do exist. Therefore, for costing purposes, concrete is assumed to be the material used for building natural draft cooling
towers.

Capital Cost of Cooling Towers

Typically, the cost of the project is determined based on the following factors: type of equipment to be cooled (e.g., coal fired
equipment, natural gas powered equipment); location of the water intake (on ariver, lake, or seashore); amount of power to-be-
generated (e.g., 50 Megawatt vs. 200 Megawatt); and volume of water needed. The volume of water needed for cooling depends
onthefollowing critical parameters. water temperature, make of equipment to be used (e.g, G.E turbine vs. ABB turbine, turbine
with heat recovery system and turbine without heat recovery system), discharge permit limits, water quality (particularly for wet
cooling towers), and type of wet cooling tower (i.e., whether it isanatural draft or a mechanical draft).

Two cooling tower industry managerswith extensive experiencein selling and installing cooling towersto power plants and other
industries provided information on how they estimate budget capital costs associated with awet cooling tower. Therule of thumb
they use is $30/gpm for a delta of 10 degrees and $50/gpm for adelta of 5 degrees.” This cost isfor a“small” tower (flow less
than 10,000 gpm) and equipment associated withthe“ basic” tower, and doesnotincludeinstallation. Ancillary costsareincluded
intheinstallation factor estimate listed below. Above 10,000 gpm, to account for economy of scale, the unit cost waslowered by
$5/gpm over the flow range up to 204,000 gpm. For flows greater than 204,000 gpm, afacility may need to use multiple towers
or acustomdesign. Combining thiswith the variability in cost among various cooling tower types, costs for various tower types
and features were calculated for the flows used in calculating screen capacities at 1 ft/sec and 0.5 ft/sec.

To estimate costs specifically for installing and operating a particular cooling tower, important factors include:

C  Condenser heat load and wet bulb temperature (or approach to wet bulb temperature): Largely determine the size needed.
Sizeis aso affected by climate conditions.

C Plantfuel typeand age/efficiency: Condenser discharge heat |oad per M egawatt variesgreatly by plant type (nuclear thermal
efficiency is about 33 percent to 35 percent, while newer ail-fired plants can have nearly 40 percent thermal efficiency, and
newer coal-fired plantscan have nearly 38 percent thermal efficiency).® Older plantstypically havelower thermal efficiency
than new plants.

C  Topography: May affect tower height and/or shape, and may increase construction costs due to subsurface conditions. For
example, sites requiring significant blasting, use of piles, or a remote tower location will typically have greater
installation/construction cost.

C Material usedfor tower construction: Wood towerstend to be the least expensive, followed by fiberglassreinforced plastic,
stedl, and concrete. However, some industry sources claim that Redwood capital costs might be much higher compared to

"The deltais the difference between the cold water (tower effluent) temperature and the tower wet bulb temperature. This
isalso referred to as the design approach. For example, at design conditions with a delta or design approach of 5 degrees, the
tower effluent and blowdown would be 5 degrees warmer than the wet bulb temperature. A smaller delta (or lower tower
effluent temperature) requires alarger cooling tower and thus is more expensive.

8with a 33 percent efficiency, one-third of the heat is converted to electric energy and two-thirds goes to waste heat in the
cooling water.
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other wood cooling towers, particularly in the Northwest U.S., because Redwood trees are a protected species. Factorsthat
affect the material used include chemical and mineral composition of the cooling water, cost, aesthetics, and local/regional
availability of materials.

C  Pollution control requirements: Air pollution control facilities require electricity to operate. Local requirementsto control
drift, plume, fog, and noise and to consider aesthetics can also increase costs for a given site (e.g., different design
specifications may be required).

Summariesof some EPRI research on dry cooling systems and wet-dry supplemental cooling systemsnotethat dry cooling towers
may cost as much as four times more than conventional wet towers (EPRI, 1986a and 1986b).

Table 2-13: Estimated Capital Costs of Cooling Towers
without Special Environmental Impact Mitigation Features (1999 Dollars)
Flow Basic DouglasFir ~ Redwood Tower  Concrete Tower Steel Tower Fiberglass Reinfor ced
(gpm)  Cooling Tower Cost? Plastic Tower
2000 $108,000 $121,000 $151,000 $146,000
4000 $216,000 $242,000 $302,000 $ 292,000
7000 $378,000 $423,000 $529,000 $ 510,000
9000 $486,000 $544,000 $680,000 $ 656,000
11,000 $594,000 $665,000 $832,000 $ 802,000
13,000 $702,000 $786,000 $983,000 $ 948,000
15,000 $810,000 $907,000 $1,134,000 $1,094,000
17,000 $918,000 $1,028,000 $1,285,000 $1,239,000
18,000 $972,000 $1,089,000 $1,361,000 $1,312,000
22,000 $1,148,400 $1,286,000 $1,608,000 $1,550,000
25,000 $1,305,000 $1,462,000 $1,827,000 $1,762,000
28,000 $1,461,600 $1,637,000 $2,046,000 $1,973,000
29,000 $1,513,800 $1,695,000 $2,119,000 $2,044,000
31,000 $1,618,200 $1,812,000 $2,265,000 $2,185,000
34,000 $1,774,800 $1,988,000 $2,485,000 $2,396,000
36,000 $1,879,200 $2,105,000 $2,631,000 $2,537,000
45,000 $2,268,000 $2,540,000 $3,175,000 $3,062,000
47,000 $2,368,800 $2,653,000 $3,316,000 $3,198,000
56,000 $2,822,400 $3,161,000 $3,951,000 $3,810,000
63,000 $3,175,200 $3,556,000 $4,445,000 $4,287,000
67,000 $3,376,800 $3,782,000 $4,728,000 $4,559,000
73,000 $3,679,200 $4,121,000 $5,151,000 $4,967,000
79,000 $3,839,400 $4,300,000 $5,375,000 $5,183,000
94,000 $4,568,400 $5,117,000 $6,396,000 $6,167,000
102,000 $4,957,200 $5,552,000 $6,940,000 $6,692,000
112,000 $5,443,200 $6,096,000 $7,620,000 $7,348,000
146,000 $7,095,600 $7,947,000 $9,934,000 $9,579,000
157,000 $7,347,600 $8,229,000 $10,287,000 $9,919,000
204,000 $9,180,000 $10,282,000 $12,852,000 $12,393,000
1) Includesinstallation at 80 percent of equipment cost for a delta of 10 degrees.
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Using the estimated costs, EPA developed cost equations using a polynomial curve fitting function. Table 2-14 presents cost
equations for basic tower types built with different building materials and assuming a delta of 10 degrees. The cost equations
presented in Table 2-13 include installation costs. The “x” in the presented cost equationsis for flow in gpm and the “y” isin
dollars.

Table 2-14. Capital Cost Equations of Cooling Towers without Special Environmental Impact
Mitigation Features (Delta 10 degrees)

Tower Type Capital Cost Equation* Correlation

Coefficient
Douglas Fir y = -9E-11x° - 8E-06x2 + 50.395x + 44058 R? = 0.9997
Redwood y = -1E-10x® - 9E-06x2 + 56.453x + 49125 R? = 0.9997
Steel y = -1E-10x® - 1E-05x2 + 68.039x + 59511 R? = 0.9997
Concrete y = -1E-10x* - 1E-05x% + 70.552x + 61609 R?=0.9997
Fiberglass Reinforced Plastic y = -1E-10x® - 9E-06x? + 55.432x + 48575 R? = 0.9997

1) x isfor flow ingpm and y is cost in dollars.

Using the cost comparison information published by Mirsky et al. (1992), EPA cal cul ated the costs of cooling towerswith various
additional features. These costs are presented in Table 2-15. Table 2-15 presents capital costs of the Douglas Fir Tower with
various features. The costs for other types of cooling towers were calculated in a similar manner.

Table 2-16 presents cost equations for Douglas fir cooling towers with special environmental mitigation features, built with
different building materials and assuming a delta of 10 degrees. The cost equations presented in Table 2-16 include installation
costs. The“x” in the presented cost equations is for flow in gpm and the “y” isin dollars. The final costs were based on cost
curves constructed for redwood splash fill towers. Costsand cost equationsfor Douglasfir towers arelisted here as an example
of how cost equation curves were developed, although these are not the costs used to devel op the facility costs.

At the end of this chapter, cost curves with equations are also presented for other types of cooling towers.
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Table 2-15: Capital Costs of Douglas Fir Cooling Towers with Special Environmental Impact Mitigation Features
(Delta 10 degrees ) (1999 Dollars)
Flow Douglas Fir Cooling Splash Fill Non-fouling Film Fill Noise Reduction 10 Dry/wet Hybrid Tower
(gpm) Tower dBA (32DBT Plume
Abatement)
2000 $108,000 $130,000 $119,000 $140,000 $405,000
4000 $216,000 $259,000 $238,000 $281,000 $810,000
7000 $378,000 $454,000 $416,000 $491,000 $1,418,000
9000 $486,000 $583,000 $535,000 $632,000 $1,823,000 .
11,000 $594,000 $713,000 $653,000 $772,000 $2,228,000
13,000 $702,000 $842,000 $772,000 $913,000 $2,633,000
15,000 $810,000 $972,000 $891,000 $1,053,000 $3,038,000 ,
17,000 $918,000 $1,102,000 $1,010,000 $1,193,000 $3,443,000 .
18,000 $972,000 $1,166,000 $1,069,000 $1,264,000 $3,645,000
22,000 $1,148,400 $1,378,000 $1,263,000 $1,493,000 $4,307,000
25,000 $1,305,000 $1,566,000 $1,436,000 $1,697,000 $4,894,000
28,000 $1,461,600 $1,754,000 $1,608,000 $1,900,000 $5,481,000
29,000 $1,513,800 $1,817,000 $1,665,000 $1,968,000 $5,677,000
31,000 $1,618,200 $1,942,000 $1,780,000 $2,104,000 $6,068,000
34,000 $1,774,800 $2,130,000 $1,952,000 $2,307,000 $6,656,000
36,000 $1,879,200 $2,255,000 $2,067,000 $2,443,000 $7,047,000
45,000 $2,268,000 $2,722,000 $2,495,000 $2,948,000 $8,505,000
47,000 $2,368,800 $2,843,000 $2,606,000 $3,079,000 $8,883,000
56,000 $2,822,400 $3,387,000 $3,105,000 $3,669,000 $10,584,000
63,000 $3,175,200 $3,810,000 $3,493,000 $4,128,000 $11,907,000
67,000 $3,376,800 $4,052,000 $3,714,000 $4,390,000 $12,663,000
73,000 $3,679,200 $4,415,000 $4,047,000 $4,783,000 $13,797,000
79,000 $3,839,400 $4,607,000 $4,223,000 $4,991,000 $14,398,000
94,000 $4,568,400 $5,482,000 $5,025,000 $5,939,000 $17,132,000 ,
102,000 $4,957,200 $5,949,000 $5,453,000 $6,444,000 $18,590,000
112,000 $5,443,200 $6,532,000 $5,988,000 $7,076,000 $20,412,000
146,000 $7,095,600 $8,515,000 $7,805,000 $9,224,000 $26,609,000 $21,287,00
157,000 $7,347,600 $8,817,000 $8,082,000 $9,552,000 $27,554,000
204,000 $9,180,000 $11,016,000 $10,098,000 $11,934,000 $34,425,000
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Table 2-16. Capital Cost Equations of Douglas Fir Cooling Towers with Special Environmental
Impact Mitigation Features (Delta 10 degrees)
Tower Type Capital Cost Equation* Correlation
Coefficient
Douglas Fir y = -9E-11x* - 8E-06x* + 50.395x + 44058 R?=0.9997
Splash Fill y = -4E-05x? + 62.744x + 22836 R?=0.9996
Non-fouling Film Fill y = -1E-10x* - 9E-06x* + 55.432x + 48575 R?=0.9997
Noise Reduction 10 dBA y = -1E-10x* - 1E-05x% + 65.517x + 57246 R?=0.9997
Dry/Wet y =-0.0001x* + 196.07x + 71424 R?=0.9996
Hybrid Tower (Plume Abatement y = -3E-10x® - 2E-05x2 + 151.18x + 132225 R? = 0.9997
32DBT)
1) x isflow ingpm and y iscost in dollars.

Validation of Cooling Tower Capital Cost Equations

To validate the cooling tower capital cost curves and equations, EPA compared the costs predicted by the cooling tower capital
cost equationsto actual costsfor cooling tower construction projects provided by cooling tower vendors. EPA obtained datafor
20 cooling tower construction projects: nine Douglas fir towers, eight fiberglass towers, one redwood tower, and two towersfor
whichthe construction material wasunknown (for purposes of comparison, EPA compared theselast two towersto predicted costs
for redwood towers). In some cases, the project costs did not include certain components such as pumps or basins. Where this
was the case, EPA adjusted the project costs as follows:

»  where project costs did not include pumps, EPA added $10/gpm to the project costs to account for pumps.
» where project costs did not include pumps and basins, EPA doubled the project costs to account for pumps and basins.

Chart 2-7 at the end of thischapter comparesactual capital costsfor wet cooling tower projectsagainst predicted costsfromEPA’s
cooling tower capital cost curves, with 25 percent error bars around the cost curve predicted values. This chart shows that, in
almost all cases, EPA’ scost curves provide conservative cost estimates (erring on the high side) and are within 25 percent or less
of actual project costs. In those few cases where the cost curve predictions are not within 25 percent of the actual costs, the
differencecan generally beattributed to the fact that the constructed cooling towerswere designed for temperature deltasdifferent
than the 10 °F used for EPA’s cost curves.

Operation and Maintenance (O& M) Cost of Cooling Towers
EPA has included the following variablesin estimating O& M costs for cooling towers:

Size of the cooling tower,

Material from which the cooling tower is built,

Various features that the cooling tower may include,

Source of make-up water,

How blowdown water is disposed, and

Increase in maintenance costs as the tower useful life diminishes.

DO OO
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For example, if make-up water isobtained from alesser quality source, additional treatment may berequired to prevent biofouling
in the tower.

The estimated annual O& M costs presented below are for cooling towers designed at adelta of 10 degrees. To calculate annual
O&M costs for various types of cooling towers, EPA made the following assumptions:

C  For small cooling towers, the annual O&M costs for chemical costs and routine preventive maintenance is estimated at 5
percent of capital costs. To account for economy of scalein these components of the O& M cost, that percentageisgradually
decreased to 2 percent for the largest size cooling tower. EPA notes that, while there appear to be economies of scale for
these components of O& M costs, chemical and routine preventive maintenance costsrepresent asmall percentage of thetotal
O&M costs and EPA does not believe there to be significant economies of scale in the total O& M costs.

C 2 percent of the tower flow islost to evaporation and/or blowdown.

C  To account for the costs of makeup water and disposal of blowdown water, EPA used three scenarios at proposal, as
documented inthe Economic and Engineering Anal yses of the Proposed §316(b) New Facility Rule (EEA). Thefirst scenario
is based on the facility using surface water sources for makeup water and disposing of blowdown water either to apond or
back to the surface water source at a combined cost of $0.5/1000 gallons. The second scenario isbased on the facility using
gray water (treated municipal wastewater) for makeup water and disposing of the blow down water into a POTW sewer line
at acombined cost of $3/1000 gallons. Thethird scenario is based on the facility using municipal sourcesfor clean makeup
water and disposing of the blowdown water into a POTW sewer line at a combined cost of $4/1000 gallons. For the final
8316(b) New Facility Rule, EPA based all cooling tower O& M costs on Scenario 1 (use of surface water sourcesfor makeup
water and disposal of blowdown water either to a pond or back to the surface water source).

C Based on discussions with industry representatives, the largest component of total O& M costs is the requirement for major
maintenance of the tower that occursafter years of tower service, such asaround the 10" year and 20" years of service. These
major overhauls include repairs to mechanical equipment and replacement of 100 percent of fill material and eliminators.

To account for the variati on in maintenance costs among cooling tower types, ascaling factor isused. DouglasFir isthetypewith
the greatest maintenance cost, followed by Redwood, steel, concrete, and fiberglass. For additional cooling tower features, a
scaling factor was used to account for the variationsin maintenance (e.g., splash fill and non-fouling filmfill are the features with
the lowest maintenance costs).

Using the operation cost comparison information published by Mirsky et al. (1992) and maintenance cost assumptions set out
above, EPA calculated estimated costs of O& M for various types of cooling towers with and without additional features. EPA
then devel oped cost equations from the generated cost data points, as documented in the proposal EEA. In preparing O&M cost
estimatesfor thefinal rule, EPA discovered an error in how the costs for major maintenance were cal culated in the proposal EEA.
In the proposal EEA, these costs were cal culated as annual costs following the years that they were to occur. However, some of
these costs actually represent one-time costs. This calculation error caused the O& M cost estimates in the proposal EEA to be
inerror onthehighside. EPA’stotal O& M cost estimatesin the proposal EEA were (for Douglasfir cooling towers, for example)
about 25-30 percent of the cooling tower capital cost. EPA’srevised calculations indicate that the correct value for total O&M
costs should be about 50 percent lower. EPA updated the O& M cost curves for the first scenario for the redwood towers which
were used in developing cost estimates for the final rule, and for the concrete towers which were used in the sensitivity analysis
for thefinal rule cost estimates. The updated equations and costs are shown in Tables 2-17 through 2-20 for thefirst scenario for
redwood towers with various features. Updated cost curves and equations for O&M costs for redwood and concrete cooling
towersare al so presented at the end of the chapter. O& M cost curves and equations contained inthe EEA for other typesof towers
and for the other scenarios would need to be updated in a similar manner before being used to develop cost estimates.

Note that these cost estimates and equations are for total O& M costs. Stone and Webster (1992) presents avalue for additional
annual O& M costs equal to approximately 0.7 percent of the capital costsfor aretrofit project. Stone and Webster’ s estimate is
for the amount O& M costs are expected to increase when plants with once-through cooling systems are retrofit with cooling
towers to become recirculating systems, and therefore do not represent total O& M costs.
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Table 2-17. Total Annual O&M Cost Equations for Redwood Towers - 1st Scenario

Cooling Tower Material Type Total Annual O& M Cost Equations

Correlation Coefficient

Redwood y =-4E-06x* + 10.617x +2055.2

1) x isflow ingpm and y isannual O&M cost in dollars.

Table 2-18. Total Estimated Annual O&M Costs
for Redwood Towers - 1st Scenario (1999 Dollars)

Flow
(gpm)

Redwood Tower

2000
4000
7000
9000
11,000
13,000
15,000
17,000
18,000
22,000
25,000
28,000
29,000
31,000
34,000
36,000
45,000
47,000
56,000
63,000
67,000
73,000
79,000
94,000
102,000
112,000
146,000
157,000
204,000

$22,000
$43,000
$76,000
$97,000
$119,000
$140,000
$162,000
$184,000
$194,000
$234,000
$265,000
$297,000
$308,000
$329,000
$361,000
$382,000
$469,000
$490,000
$584,000
$657,000
$699,000
$761,000
$809,000
$963,000
$1,045,000
$1,147,000
$1,496,000
$1,580,000
$2,015,000
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Table 2-19. Total Annual O&M Cost Equations - 1st scenario
for Redwood Towers with Environmental Mitigation Features'
Type of Tower 0&M Cost Equations? Correlation
Coefficient
Non-Fouling Film Fill tower y =-4E-06x? + 11.163x + 2053.7 R?=0.9999
Noise reduction (10dBA) y = -5E-06x2 + 12.235x + 2512.5 R?=0.9999
Hybrid tower (Plume Abatement 32DBT) y = -1E-05x? + 21.36x + 5801.6 R?=0.9998
Splash Fill tower y = -4E-06x? + 11.163x + 2053.7 R?=0.9999
Dry/wet tower y = -1E-05x? + 25.385x + 7328.1 R?=0.9998
1) Features include non-fouling film, noise reduction, plume abatement, or splash fill
2) xisflowingpmandy isannua O&M cost in dollars.
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Table 2-20. Total Estimated Annual O&M Costs — 1st scenario
for Redwood with Environmental Mitigation Features (1999 Dollars)
Flows Splash Fill Tower ~ Non-Fouling Film  Hybrid Tower (Plume abatement Dry/Wet Tower Noise Reduction
(gpm) Fill Tower (32DBT (10dBA)

2000 $24,000 $23,000 $44,000 $25,000 $52,000

4000 $47,000 $45,000 $88,000 $50,000 $104,000

7000 $83,000 $79,000 $153,000 $87,000 $182,000

9000 $106,000 $102,000 $197,000 $112,000 $234,000
11,000 $130,000 $125,000 $241,000 $137,000 $286,000
13,000 $153,000 $148,000 $284,000 $162,000 $339,000
15,000 $177,000 $170,000 $328,000 $187,000 $391,000
17,000 $201,000 $193,000 $372,000 $212,000 $443,000
18,000 $212,000 $204,000 $394,000 $224,000 $469,000
22,000 $256,000 $245,000 $469,000 $269,000 $558,000
25,000 $290,000 $279,000 $533,000 $306,000 $634,000
28,000 $325,000 $312,000 $597,000 $342,000 $710,000
29,000 $337,000 $323,000 $619,000 $354,000 $735,000
31,000 $360,000 $346,000 $661,000 $379,000 $786,000
34,000 $395,000 $379,000 $725,000 $416,000 $862,000
36,000 $418,000 $402,000 $768,000 $440,000 $913,000
45,000 $514,000 $493,000 $935,000 $539,000 $1,110,000
47,000 $537,000 $515,000 $977,000 $563,000 $1,159,000
56,000 $640,000 $613,000 $1,164,000 $671,000 $1,381,000
63,000 $720,000 $690,000 $1,309,000 $755,000 $1,554,000
67,000 $766,000 $733,000 $1,392,000 $803,000 $1,652,000
73,000 $834,000 $799,000 $1,517,000 $875,000 $1,800,000
79,000 $888,000 $849,000 $1,598,000 $928,000 $1,893,000
94,000 $1,057,000 $1,010,000 $1,901,000 $1,104,000 $2,253,000
102,000 $1,147,000 $1,096,000 $2,063,000 $1,198,000 $2,445,000
112,000 $1,259,000 $1,203,000 $2,265,000 $1,315,000 $2,684,000
146,000 $1,642,000 $1,569,000 $2,953,000 $1,714,000 $3,499,000
157,000 $1,737,000 $1,655,000 $3,088,000 $1,806,000 $3,654,000
204,000 $2,219,000 $2,109,000 $3,900,000 $2,298,000 $4,607,000
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Variable speed pumps

For a power plant operating at near constant power output (e.g., at or near capacity), the amount of heat rejected through the
cooling systemwill also remain nearly constant regardless of changesin ambient conditions. In cooling systemswhere heat from
steam condensation is transferred to cooling water (i.e., those that use surface condensers), the amount of heat rejected can be
measured as the product of the cooling water flow rate times the difference in temperature of the cooling water between the
condenser inlet and outlet. If the cooling water flow rate remains constant, then the temperature difference will also remain
relatively constant regardless of changesin the inlet temperature. Therefore, adecreasein the cooling water temperature at the
condenser inlet will result in a similar decrease in the condenser outlet temperature and a corresponding decrease in the
temperature of the condenser surface where steam is condensed.

As described in Chapter 3 on the energy penalty, a decrease in condenser temperatures will produce a decrease in the turbine
exhaust, which canresultin anincreasein theturbine efficiency. Thus, seasonal changesin ambient source water temperature will
result in changes in the condenser temperatures, which can affect the steam turbine efficiency. However, as the ambient and
condenser temperatures progressively drop, the system performance can approach a point where turbine efficiency no longer
increases and may beginto decrease. Inaddition, significantly reduced turbine exhaust pressures can result in condensed moisture
within the turbine, which can damage turbine blades and further reduce turbine efficiency. Thus, progressive reductionsin the
cooling water temperature in a cooling system operating at a constant cooling water flow rate may approach a point where
continued reduction in ambient temperatures results in detrimental or less than optimal operating conditions. The ambient
conditions at which this beginsto occur will be dependent on the cooling and turbine system design, which is often subject to site-
specific and economic considerations.

In aonce-through cooling system, one method of controlling the steam condenser temperatureisto control the cooling water flow
rate. If the heat regjection rate remains relatively constant (near constant plant output), areduction in the cooling water flow rate
will result in anincrease in the differencein temperature of the cooling water between the condenser inlet and outlet (referred to
asthe“range’). Anincreaseintherangewill result in anincreasein thetemperature of the steam condensing surface. Therefore,
through careful control of the cooling water flow rate, the condenser temperature can be controlled such that the power plant
turbine performance does not degrade and damaging conditions are avoided. Thus, the ability to reduce cooling water flow rate
canprovidefor improved plant operation aswell asreducing the environmental impactsof cooling water withdrawal sfromsurface
waters.

Use of variable speed pumps s an efficient method for attaining control of the cooling water flow rate and thus the condenser
performance. Variablefrequency drivesare used to vary the pump speed, whichin turn allowstheflow rate to be adjusted through
arange from zero to its maximum output.

There are some limitations on the range of flow rates that can be used. Most once-through cooling systems discharge to surface
waters under an NPDES permit, which often includes discharge limits on both the maximum temperature (a concern during the
warmer months) and the temperature increase of the discharge over the intake temperature (a concern if flow rates are adjusted).
Exceedence of the maximum temperature limit can be avoided by operating at the maximum cooling water flow rate and, when
necessary, reducing the plant output (i.e., the heat rejection rate). Thelimit ontemperatureincrease may create an effectivelower
limit on the cooling water flow rate (at a given heat rejection rate) in the sense that further reduction in cooling water flow rate
would result in atemperature rise that exceeded the NPDES temperature increase limitation. These constraints, however, do not
prevent varying the cooling water flow rate; rather, they set the range in flow rates (for a given plant power output level) over
whichthe systemmay operate. Notethat varying the cooling water flow rate does not change the amount of heat being discharged.
Rather, it only affects the “concentration” of the heat. Limitation of the temperature increase is intended to reduce detrimental
impacts on entrained organisms, as well as on those in the mixing zone downstream.

EPA chose to include the cost of variable frequency drives as part of the pump costs for the post-compliance cost estimates for
all once-though systems and for wet tower system intakes. While condenser performance is not affected by using variable speed
pumpsin the wet tower make-up water intake, EPA included them to provide greater process control. For the baseline system
costs to which post-compliance costs are compared, EPA used the costs for constant speed pumps even though facilities may
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install variable speed pumps regardless of the rule’s implementation. EPA chose this approach as a means for generating a
conservative (on the high side) compliance cost estimate.

A recent evaluation of the equipment cost for variable speed pumpsindicates that EPA may have underestimated the cost for the
variablefrequency drive component of the pumping system. Recent investigation of estimated costsfor VFDsfrom other sources
indicates that the unit cost of $100/Hp obtained from the original contact islower than estimates from these other sources. EPA
has re-evaluated the costs for addition of VFDs using data from these other sources. See DCN 3-3038. EPA finds that the
contributionto capital cost fromthe uncertainty of variabl e speed drive costsisnot appreciablefor thefinal annualized compliance
costs of the effected facilities. Analogous to the sensitivity analysis performed on the material of construction of the cooling
towersof coal-fired plants (i.e., concrete vs. redwood), the percentage of capital cost dueto the uncertainty, when amortized over
the appropriate period would not significantly influence total annualized compliance costs.

Pump Equipment Cost Devel opment

The distinction between constant and variable speed pumping systems is the presence of variable frequency drives (VFD). A
pump supplier estimated that the unit cost of the variable frequency drives was approximately $100/Hp (Flory 2001). Thisunit
costis consistent with the cost of aVFD of $20,000 to $30,000 cited for a200 Hp fan for an air cooled condenser (Tallon 2001).
Table 2-21 provides a summary of the data that EPA used to devel op the equipment costs for constant speed and variable speed
pumps.

Table 2-21: Pump Cost Data (Source: Flory 2001)

Flow Brake-Hp at Pump and Motor with  Variable Frequency Total with Variable
(gpm) 50 ft Pumping Head" Freight and Tax? Drive Frequency Drive
5,000 90 $23,000 $9,015 $32,015
50,000 902 $115,000 $90,150 $205,150

$402,500 $360,600 $763,100

250,000

! Based on flow and a pumping head of 50 ft.
2 Includes 15 percent for cost of freight and tax.

EPA also included pump installation costs, with the value scaled from 60 percent of equipment costs at 500 gpm to 40 percent
at 350,000 gpm.

Table 2-22 presents cost equations for estimating capital costs for variable speed pumps. Cost curves and equations for
variable speed pumps are also presented at the end of this chapter.

Table 2-22. Capital Cost Equations for Constant Speed and Variable Speed Pumps

Pump Type Capital Cost Equation* Correlation Coefficient

Constant Speed y = 1.6859x + 13369 R?=0.9998
Variable Speed y = 3.1667x + 16667 RZ=1

1) x isflow ingpm and y iscost in dollars.
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Using non-surface water sources

A facility may be able to obtain some of its cooling water from a source other than the surface water it is using (WWTP gray
water, ground water, or municipal water supply) and thereby reduce the volume of its withdrawal s from the surface water and
meet the percent of flow requirements. Some facilities may only need to use this aternate source during low flow periodsin
the surface water source. To use this option, afacility would need to build a pond or basin for the supplemental cooling
water.

A facility using gray water may need to install some water treatment equipment (e.g., sedimentation, filtration) to ensure that
its discharge of the combined source water and gray water meets any applicable effluent limits. For costing purposes, EPA
has assumed that a facility would only need to install treatment for gray water in situations where treatment would have been
required for river intake water. Therefore, no additional (i.e., “new”) costs are incurred for treatment of gray water after
intake or before discharge.

See the end of this chapter for cost curves and equations for estimating gray water and municipal water costs.

2.9.2 Reducing Design Intake Velocity
Passive screens

Passive screens, typically made of wedge wire, are screens that use little or no mechanical activity to prevent debris and
aquatic organisms from entering a cooling water intake. The screens reduce impingement and entrainment by using a small
mesh size for the wedge wire and alow through-slot velocity that is quickly dissipated. The main components of a passive
screening system are typically the screen(s), framing, an air backwash system if needed, and possibly guide rails depending on
the installation location.

Passive screens vary in shape and form and include flat panels, curved panels, tee screens, vee screens, and cylinder screens.
Screen dimensions (width and depth) vary; they are generally made to order with sizing as required by site conditions. Panels
can be of any size, while cylinders are generally in the 12" to 96" diameter range. The main advantages of passive intake
systems are;

C They arefish-friendly due to low dot velocities (peak <0.5 fps), and
C They have no moving parts and thus minimal O& M costs.

New passive intake screens have higher capacity (due to higher screen efficiency) than older versions of passive screens.
Wedge wire screens are effective in reducing impingement and entrainment as long as a sufficiently small screen ot sizeis
used and ambient currents have enough velocity to move aquatic organisms around the screen and flush debris away.

The key parameters and additional features that are considered in estimating the cost of passive/wedge wire screening systems
on CWIS are:

Size of screen and flow rate (i.e., volume of water used),
Size of screen slots/openings,

Screen material,

Water depth,

Water quality (debris, biological growth, salinity), and
Air backwash systems.

ODOOOO OO

The size and material of a screen most affect cost. Branched intakes, with a screen on each branch, can be used for large
flows. Screen slot size also impacts the size of ascreen. A smaller slot opening will result in alarger screen being required to
keep the peak dot velocity under 0.5 fps.
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Site-specific conditions significantly affect costs of the screen(s). The water depth affects equipment and installation costs
because structural reinforcement is required as depth increases, air backwash system capacities need to be increased due to the
reduced air volume at greater depths, and installation is generally more difficult. The potential for clogging from debris and
fouling from biogrowth are water quality concerns that affect costs. The amount and type of debris influence the size of
openings in the screen, which affects water flow through the screen and thus screen size. Finer debris may require a smaller
slot opening to prevent debris from entering and clogging the openings.

Generally, speed and flow of water do not affect the installation cost or the operation of passive intakes, however there must
be adequate current in the source water to carry away debris that is backwashed from the screen so that it does not become
(re)clogged. It is recommended as good engineering practice that the axis of the screen cylinder be oriented parallel with the
water flow to minimize fish entrainment and to aid in removal of debris during air backwash. The effects of the presence of
sensitive species or certain types of species affect the design of the screen and may increase screen cost. For example, the
lesser strength of alocal species could result in the need for a peak velocity less than 0.5 fps which would result in alarger
screen. Biofouling from the attachment of zebra mussels and barnacles and the growth of algae may necessitate the use of a
special screen material, periodic flushing with biocides, and in limited cases, manual cleaning by divers. For example, the
presence of zebra mussels often requires the use of a specia alloy material to prevent attachment to the screen assembly.

Thelevel of debrisin the water also affects whether an air backwash system is needed and how often it isused. Heavy debris
loadings may dictate the need for more frequent air backwashing. If the air backwash frequency is high enough, alarger
compressor may be required to recharge the accumulator tank more quickly.

Another water quality factor that affects screen cost iswater corrosiveness (e.g., whether the intake water is seawater,
freshwater, or brackish). Most passive screens are manufactured in either 304 or 316 stainless steel for freshwater
installations. The 316L stainless steel can be used for some saltwater installations, but has limited life. Screens made of
copper-nickel alloys (70/30 or 90/10) have shown excellent corrosion resistance in saltwater, however they are significantly
more expensive than stainless steel (50 percent to 100 percent greater in cost, i.e., can be double the cost).

Capital Costs

EPA assumed that the capital cost of passive screens will be 60 percent of the capital cost of abasic traveling screen of
similar size. Thisassumption is based on discussions with industry representatives. The lower capital cost is because passive
screen systems have lower onshore site preparation and installation costs (no extensive mechanical equipment asin the
traveling screens) and are easier to install in offshore situations. The estimated capital costs for passive screens are shown in
Table 2-23, corresponding to the flows shown in Table 2-31 for a through screen velocity of 0.5 fps. Passive screens for sizes
larger than those shown in Table 2-23 will generate flows higher than 50,000 gpm. For flows greater than 50,000 gpm,
particularly when water is drawn in from ariver, the size of the CWIS site becomes very big and the necessary network
fanning for intake points and screens generally makes passive screen systems unfeasible.
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Table 2-23 Estimated Capital Costs for a Through Flow Passive Water Screen
Stainless Steel 304 - Standard Design' (1999 Dollars)

Screen Panel Width (ft)

We”(f?)emh 2 5 10 14
10 $34,200 $56,100 $91,800 $128,700
25 $49,800 $84,900 $140,400 2
50 $74,400 $122,700 2 2
75 $99,000 2 2 2
100 $135,600 2 2 2

1) Cost estimate includes stainless steel 304 structure.
2) Not estimated because passive screen systems of this size are not feasible.

As noted above, the capital costs for special screen materials (e.g., copper-nickel alloys) are typically 50 percent to 100
percent higher.

Table 2-24 presents cost equations for estimating capital costs for passive screens. The “x” in the equation represents the
flow volume in gpm and the “y” value is the passive screen total capital cost. Cost equations associated with aflow of 1 fps

are provided for comparative purposes.

Table 2-24. Capital Cost Equations for Passive Screens
Passive Screens Velocity 0.5 ft/sec Passive Screens Velocity 1ft/sec
Screen
Width Correlation Correlation
(ft) Equation® Coefficient Equation® Coefficient
2 y = 3E-08x3 - 0.0008x? + 12.535x + R?=0.9991 y =5E-09x%- 0.0002x? + 6.5501x  R?=0.9991
11263 +9792.6
5 y = 0.0002x? + 1.5923x + 47041 R?=1 y = 4E-05x? + 1.0565x + 43564 RP=1
10 y=3.7385x + 58154 R?=1 y = 1.8x + 59400 RP=1
1) x isthe flow in gpm y is the capital cost in dollars.

See the end of this chapter for cost curves and equations.
Operation and Maintenance (O& M) Costs for Passive Screens

Generally, there are no appreciable O& M costs for passive screens unless there are biofouling problems or zebramusselsin
the environment. Biofouling problems can be remedied through the proper choice of materials and periodic mechanical
cleaning. Screens equipped with air backwash systems require periodic compressor/motor/valve maintenance. Therefore,
EPA has estimated zero O& M costs for passive screens.
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Velocity Caps

The cost driver of velocity capsistheinstallation cost. Installation is carried out underwater where the water intake mouth is
modified to fit the velocity cap over theintake. EPA estimated capital costs for velocity caps based on the following
assumptions:

C Four velocity caps can beinstalled in aday,

C Cost of the installation crew is similar to the cost of the water screen installation crew (see Box 2-1),

C To account for the difficulty in installing in deep water, an additional work day is assumed for every increase in
depth size category, and

C Equipment cost for avelocity cap is assumed to be 25 percent of the velocity cap installation cost. In our BPJ, thisis

aconservatively high estimate of the cost of velocity cap material and delivery to theinstallation site.

Based on these assumptions, EPA calculated estimated costs for velocity caps, which are shown in Tables 2-25 and 2-26.
EPA calculated the number of velocity caps needed for various flow sizes based on a flow velocity of 0.5ft/sec and assuming
that the intake areato be covered by the velocity cap is 20 ft2 which is the area comparable to a pipe diameter of about 5 feet.
For flows requiring pipes larger than this, EPA assumed, for velocity cap costing purposes, that multiple intake pipes with a
standard, easy-to-handle pipe diameter will be used rather than larger-diameter, custom made pipes (based on BPJ). Cost
curves and equations are at the end of the chapter.

Table 2-25. Estimated Velocity Cap Installation Costs (1999 Dollars)
Flow (gpm) Water Depth (ft)
(No. of velocity caps) 8 20 30 50 65
Upto 18,000 (4 VC) $8000 $12,500 $17,000 $21,500 $26,000
18,000 < flow <35,000 (9 VC) $12,500 $17,000 $21,500 $26,000 $30,500
35,000< flow <70,000 (15 VC) $21,500 $26,000 $30,500 $35,000 $39,500
70,000< flow <100,000 (23 VC) $30,500 $35,000 $39,500 $44,000 $48,500
157,000 (35 VC) $44,000 $48,500 $53,000 $57,500 $62,000
204,000 (46 VC) $57,500 $62,000 $66,500 $71,000
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Table 2-26. Estimated Velocity Cap Equipment and Installation Costs
(1999 Dollars)
Flow (gpm) Water Depth (ft)
(No. of velocity caps) 8 20 30 50 65

Up to 18,000 $10,000 $15,625 $21,250 $26,875 $32,500
(4VvQC)

18,000 < flow <35,000 $15,625 $21,250 $26,875 $32,500 $38,125
(9VC)

35,000< flow <70,000 $26,875 $32,500 $38,125 $43,750 $49,375
(15VvC)

70,000< flow <100,000 $38,125 $43,750 $49,375 $55,000 $60,625
(23VvC)

157,000 $55,000 $60,625 $66,250 $71,875 $77,500
(35V0O)

204,000 $71,875 $77,500 $83,125 $88,750 $94,375
(46 VC)

Table 2-27. Cost Equations for Velocity Cap Capital Costs
Flow (gpm) Correlation

(No. of velocity caps) Velocity Cap Capital Cost Equation Coefficient
Up to 18,000 y = 0.071x* - 9.865x% + 775.03x + 4212.7 R? = 0.9962
(4VvQO)
18,000 < flow <35,000 y = 0.071x? - 9.865x* + 775.03x + 9837.7 R? = 0.9962
(8VvCQC)
35,000< flow <70,000 y = 0.071x? - 9.865x* + 775.03x + 21088 R? = 0.9962
(16 VC)
70,000< flow <100,000 y = 0.071x? - 9.865x* + 775.03x + 32338 R? = 0.9962
(24VC)
157,000 y = 0.071x? - 9.865x* + 775.03x + 49213 R? = 0.9962
(35VC)
204,000 y = 0.071x? - 9.865x* + 775.03x + 66088 R? = 0.9962
(46 VC)
1) x represents the water depth in feet and y is the capital cost in dollars.

I nstallation of Gunderboom Marine Life Exclusion Systems (MLES)

A Gunderboom Marine Life Exclusion System (MLES) utilizes a stationary double-layered filter barrier curtain to prevent
entrainment and impingement of aquatic organisms around the CWIS. The MLES consists of a patented filter curtain made of
polypropylene/polyester fabric suspended through the full depth of the water column.

Gunderbooms alow for the passage of water, while preventing the passage of aquatic life and particulates into the CWIS.
Thisis achieved by surrounding the intake structure with the filter curtain and sealing the curtain against the seafloor and
shoreline structures. Water passing through the curtain does so at alower velocity than that of the surrounding stream or
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water body. The MLES system is designed to allow a through-fabric velocity of approximately 0.01 to 0.05 feet/second (fps),
yielding an average velocity of approximately 0.02 fps. The system may be designed for lower or higher flows, as needed.

The Gunderboom is enhanced by an automated “Air Burst” cleaning system. This system uses periodic bursts of air between
the two fabric layers to free any organisms or debris caught against the filter curtain.

Based on information provided by the manufacturer, the main advantages of the MLES system are:

. The system has been demonstrated to reduce entrainment by at least 80 percent. According to Gunderboom, the
MLES can produce up to 100 percent exclusion for many applications.
. The Gunderboom fabric consists of a minute fiber matting with an Apparent Opening Size (AQOS) of approximately

20 microns. As such, the system has been shown to significantly reduce turbidity, suspended solids, coliform
bacteria, and other particulate-associated contaminants. For MLES systems, perforations ranging in diameter from
0.4 mm to 3.0 mm or more are added to increase the flow of water through the fabric. Perforation size can be
customized to prevent entrainment of the specific eggs or fish larvae that are present at the installation site.

. The double fabric layer system with an “Air Burst” Technology cleaning system reduces overall O& M costs. Since
debris and sediment are excluded, the Gunderboom may also help reduce O& M costs for intake screens, condensers
and other parts of the cooling water system.

. Once the anchoring and “ Air Burst” Technology have been installed, deployment of the MLES can be achieved in
two to three weeks, barring logistics or weather problems, and requires no or minimal plant shutdown.

Gunderboomsare designed and engineered for the specific site at which they are to be installed. The designs may include
plant intakes, floating walkways, pile-supported structures, concrete submerged structures, removable panels and solid frames.
However, and in general, the key parameters that may have a significant impact on estimating the cost of the Gunderboom
system are;

. CWISflow rates,

. Physical factors of the water body and facility intake structure,

. Target species and life stages,

. Water body characteristics, including elevation changes, currents, wind-induced wave action and suspended
sediment concentrations,

. Degree of automation, and

. Water quality

Factors such as the CWIS flow rates and physical factors of the water body and intake structure affect the capital cost because
they determine the required size of the Gunderboom filter curtain. Other factors such as water quality and degree of
automation contribute to greater O& M costs.

Installation

The Gunderboom MLES ingtallation cost is largely afunction of site conditions. Strong current flow, winds, wave action, and
low accessibility can make installation more difficult. However, for the purpose of developing national cost estimates, EPA
did not consider abnormal conditionsin developing its cost equations and cost curves.

Capital Costs

EPA estimated capital costs of the MLES system based on information submitted by representatives of Gunderboom, Inc.
Low and high capital cost estimates were provided for flows of 10,000, 104,000, and 347,000 gpm. EPA then calculated
average capital costs as shown in Table 2-28. For purposes of estimating costs, EPA assumed that a simple floating
configuration, as opposed to arigid configuration, would be used.
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Table 2-28. Estimated Capital Costs for a Simple Floating Gunderboom Structure

Flow
(gpm) Low Cost High Cost Average Cost
10,000 $500,000 $700,000 $600,000
104,000 $1,800,000 $2,500,000 $2,150,000

347,000 $5,700,000 $7,800,000 $6,750,000

According to the manufacturers, the cost of afixed system for a CWIS of 10,000 gpm capacity ranges between $0.7M and
$1.5M while the cost of a complete independent system can be greater than $2M.

Operation and Maintenance (O& M) Costs
EPA aso estimated O& M costs of the MLES system based on information submitted by representatives of Gunderboom, Inc.

Low and high O& M cost estimates were provided for flows of 10,000, 104,000, and 347,000 gpm. EPA then calculated average
O&M costs as shown in Table 2-29. Again, asimple floating configuration was assumed.

Table 2-29. Estimated O&M Costs for a Simple Floating Gunderboom Structure

Flow
(gpm) Low Cost High Cost Average Cost
10,000 $100,000 $300,000 $200,000
104,000 $150,000 $300,000 $225,000

347,000 $500,000 $700,000 $600,000

EPA plotted the high, low and average capital as well asthe average O& M costs, then fitted equations and curvesto the data as
shown in Chart 2-30. In the cost equations, “x” represents the flow volumein gpm, and “y” representsthetotal capital or annual
O&M cost.

Branching the intake pipe to increase the number of openings or widening the intake pipe

Branching an intake pipe involves the use of fittings to attach the separate pipe sections. See the end of this chapter for costs
curves and equations.

2.9.3 Design and Construction Technologies to Reduce Damage from 1&E
I nstallation of traveling screens with fish baskets

Single-entry, single-exit vertical traveling screens (conventional traveling screens) contain a series of wire mesh screen panels
that are mounted end to end on a band to form avertical loop. Aswater flows through the panels, debris and fish that are
larger than the screen openings are caught on the screen or at the base of each panel in abasket. Asthe screen rotates around,
each panel in turn reaches atop area where a high-pressure jet spray wash pushes debris and fish from the basket into atrash
trough for disposal. Asthe screen rotates over time, the clean panels move down, back into the water to screen the intake
flow.
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Conventional traveling screens can be operated continuoudly or intermittently. However, when these screens are fitted with
fish baskets (also called modified conventional traveling screens or Ristroph screens), the screens must be operated
continuously so that fish that are collected in the fish baskets can be released to a bypass/return using alow pressure spray
wash when the basket reaches the top of the screen. Once the fish have been removed, a high pressure jet spray wash is
typically used to remove debris from the screen. In recent years, the design of fish baskets has been refined (e.g., deeper
baskets, smoother mesh, better balance) to decrease chances of injury and mortality and to better retain fish (i.e., prevent them
from flopping out and potentially being injured). Methods used to protect fish include the Stabilized Integral Marine
Protective Lifting Environment (S.I.M.P.L.E.) developed by Brackett Green and the Modified Ristroph design by U.S. Filter.

U.S. Filter's conventional (through flow) traveling screens are typically manufactured in widths ranging from two feet to at
least 14 feet, for channel depths of up to 100 feet, although custom design is possible to fit other dimensions.

Flow

To calculate the flow through a screen panel, the width of the screen panel is multiplied by the water depth and, using the
desired flow velocities (1 foot per second and 0.5 foot per second), is converted to gallons per minute assuming a screen
efficiency of 50 percent. The calculated flows for selected screen widths, water depths, and well depths are presented in
Tables 2-30 and 2-31. For flows greater than this, afacility would generally install multiple screens or use a custom design.

Well depth includes the height of the structure above the water line. The well depth can be more than the water depth by a
few to tens of feet. The flow velocities used are representative of aflow speed that is generally considered to be fish friendly
particularly for sensitive species (0.5 fps), and a flow speed that may be more practical for some facilities to achieve but
typically provides less fish protection. The water depths and well depths are approximate and may vary based on actual site
conditions.

Table 2-30. Average Flow Through A Traveling Water Screen (gpm)
for a Flow Velocity of 1.0 fps
Well Depth  Water Depth Basket Panel Screening Width (ft)
(ft) (ft) 2 5 10 14
10 8 4000 9000 18,000 25,000
25 20 9000 22,000 45,000 63,000
50 30 13,000 34,000 67,000 94,000
75 50 22,000 56,000 112,000 157,000
65 73,000 146,000

Table 2-31. Average Flow Through A Traveling Water Screen (gpm) for a Flow
Velocity of 0.5 fps

Well Depth  Water Depth Basket Screening Panel Width (ft)
™ (T 2 5 10 14
10 8 2000 4000 9000 13,000
25 20 4000 11,000 22,000 31,000
50 30 7000 17,000 34,000 47,000
75 50 11,000 28,000 56,000 79,000

65 36,000 73,000
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Capital Costs

Equipment Cost

Basic costs for screens with flows comparable to those shown in the above tables are presented in Tables 2-32 and 2-33.

Table 2-32 contains estimated costs for basic traveling screens without fish handling features, that have a carbon steel

structure coated with epoxy paint. The costs presented in Table 2-33 are for traveling screens with fish handling features

including a spray system, afish trough, housings and transitions, continuous operating features, a drive unit, frame seals, and
engineering. Installation costs and spray pump costs are presented separately below.

Table 2-32. Estimated Equipment Cost for Traveling Water Screens Without Fish

Handling Features® (1999 Dollars)

Well Depth Basket Screening Panel Width (ft)
(T 2 5 10 14
10 $30,000 $35,000 $45,000 $65,00!
25 $35,000 $45,000 $60,000 $105,00
50 $55,000 $70,000 $105,000 $145,00
75 $75,000 $100,000 $130,000 $175,00
100 $115,000 $130,000 $155,000 $200,00

1) Cost includes carbon steel structure coated with epoxy paint and non-metallic trash baskets with
Type 304 stainless mesh and intermittent operation components.

Source: Vendor estimates.

Table 2-33. Estimated Equipment Cost for Traveling Water Screens With Fish
Handling Features® (1999 Dollars)

Source: Vendor estimates.

Well depth Basket Screening Panel Width (ft)
(ft) 2 5 10 14
10 $63,500 $73,500 $94,000 $135,500
25 $81,250 $97,500 $133,000 $214,000
50 $122,500 $152,000 $218,000 $319,500
75 $163,750 $210,000 $283,000 $414,500
100 $225,000 $267,500 $348,000 $504,500

1) Cost includes carbon steel screen structure coated with epoxy paint and non-metallic fish
handling panels, spray systems, fish trough, housings and transitions, continuous operating features,
drive unit, frame seals, and engineering (averaged over 5 units). Costs do not include differential
control system, installation, and spray wash pumps.
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Installation Cost

Installation costs of traveling screens are based on the following assumptions of atypical average installation requirement for
ahypothetical scenario. Site preparation and earth work are calculated based on the following assumptions:

C Clearing and grubbing: Clearing light to medium brush up to 4" diameter with a bulldozer.

C Earthwork: Excavation of heavy soils. Quantity is based on the assumption that earthwork increases with screen
width.

C Paving and surfacing: Using concrete 8" thick and assuming that the cost of pavement attributed to screen
installation is 6x3 yards for the smallest screen and 25x6 yards for the largest screen.

C Structural concrete: The structural concrete work attributed to screen installation is four 12"x12" reinforced

concrete columns with depths varying between 1.5 yards and 3 yards. There is more structural concrete work for a
water intake structure, however, for new source screens and retrofit screens, only a portion of the intake structural
cost can be justifiably attributed to the screen costs. For new screens, most of the concrete structure work is for
developing the site to make it accessible for equipment and protect it from hydraulic elements, which are necessary
for constructing the intake itself. For retrofits, some of the structural concrete will already exist and some of it will
not be needed since the intake is aready in place and only the screen needs to beinstalled. All unit costsused in
calculating on-shore site preparation were obtained from Heavy Construction Cost Data 1998 (R. S. Means, 1997h).

Table 2-34 presents site preparation installation costs that apply to traveling screens both with and without fish handling
features. The total onshore construction costs are for a screen to be installed in a 10-foot well depth. Screens to be installed
in deeper water are assumed to require additional site preparation work. Hence for costing purposesit is assumed that site
preparation costs increase at arate of an additional 25 percent per depth factor (calculated as the ratio of the well depth to the
base well depth of 10 feet) for well depths greater than 10 feet. Table 2-35 presents the estimated costs of site preparation for
four sizes of screen widths and various well depths.

Table 2-34. Estimated Installation (Site Preparation) Costs for Traveling Water
Screens Installed at a 10-foot Well Depth (1999 Dollars)

Screen  Clearing Clearing Earth Earth  Pavingand Paving Structura Structural Total
Width and Cost! Work  Work Surfacing Cost? I Cost Onshore
(ft) Grabbing (cy) Cost? Using Concrete Construction
(acre) Concrete (sy) (cy) Costs
2 0.1 $250 200 $17,400 18 $250 0.54 $680 $19,00
5 0.35 $875 500 $43,500 40 $560 0.63 $790 $46,00
10 0.7 $1,750 1000 $87,000 75 $1,050 0.72 $900 $91,00
14 1 $2,500 1400 $121,800 150 $2,100 1.08 $1,350 $128,00

Ift = feet, cy=cubic yard, sy=square yard
1) Clearing cost @ $2,500/acre, earth work cost @ $87/cubic yard, paving cost @ $14/square yard, structural cost @
$1,250/cubic yard.

Source of unit costs: Heavy Construction Cost Data 1998 (R.S. Means, 1997b).
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Table 2-35. Estimated Installation (Site Preparation, Construction, and Onshore Installation)

Costs for Traveling Water Screens of Various Well Depths (1999 Dollars)
Well Depth Screen Panel Width (ft)
(ft) 2 5 10 14
10 $19,000 $46,000 $91,000 $128,00
25 $31,000 $75,000 $148,000 $208,00
50 $43,000 $104,000 $205,000 $288,00
75 $55,000 $132,000 $262,000 $368,00
100 $67,000 $161,000 $319,000 $448,00
Source: R.S. Means (1997b) and vendor estimates.

EPA developed a hypothetical scenario of atypical underwater installation to estimate an average cost for underwater
installation costs. EPA estimated costs of personnel and equipment per day, as well as mobilization and demobilization.
Personnel and equipment costs would increase proportionately based on the number of days of a project, however
mobilization and demobilization costs would be relatively constant regardless of the number of days of a project since the cost
of transporting personnel and equipment is largely independent of the length of a project. The hypothetical project scenario
and estimated costs are presented in Box 2-1. Hypothetical scenario was used to develop installation cost estimates as
function of screen width/well depth. Installation costs were then included with total cost equations. To cost facilities, EPA
selected appropriate screen width based on flow.

As shown in the hypothetical scenario in Box 2-1, the estimated cost for a one-day installation project would be $8,000
($4,500 for personnel and equipment, plus $3,500 for mobilization and demohilization). Using this one-day cost estimate as a
basis, EPA generated estimated installation costs for various sizes of screens under different scenarios. These costs are
presented in Table 2-35. The baseline costs for underwater installation include the costs of a crew of divers and equipment
including mobilization and demoabilization, divers, abarge, and acrane. The number of days needed is based on a minimum
of one day for a screen of lessthan 5 feet in width and up to 10 feet in well depth. Using best professional judgement (BPJ),
EPA estimated the costs for larger jobs assuming an increase of two days for every increase in well depth size and of one day
for every increase in screen width size.
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Box 2-1. Example Scenario for Underwater Installation of an Intake Screen System

This project involves the installation of 12, t-24 passive intake screens onto amanifold inlet system. Site
conditionsinclude a 20-foot water depth, zero to one-foot underwater visibility, 60-70 "F water temperature,
and fresh water at an inland. Theinstallation is assumed to be 75 yards offshore and requires the use of a
barge or vessel with 4-point anchor capability and crane.

Job Description:

Position and connect water intake screens to inlet flange via 16 bolt/nut connectors. Lift, lower, and position
intake screens via crane anchored to barge or vessel. Between 4 and 6 screens of the smallest size can be
installed per day per dive team, depending on favorable environmental conditions.

Estimated Personnel Costs:

Each dive team consists of 5 people (1 supervisor, 2 surface tenders, and 2 divers), the assumed minimum
number of personnel needed to operate safely and efficiently. The labor rates are based on a 12-hour work
day. Theday rate for the supervisor is $600. The day rate for each diver is $400. The day rate for each
surface tender is $200. Total base day rate per dive team is $1,800.

Estimated Equipment Costs:

Use of hydraulic lifts, underwater impact tools, and other support equipment is $450 per day. Shallow water
air packs and hoses cost $100 per day. The use of a crane sufficient to lift the 375 Ib t-24 intakes is $300 per
day. A barge or vessel with 4-point anchor capability can be provided by either alocal contractor or the dive
company for $1,800 per day (cost generally ranges from $1,500-$2,000 per day). This price includes
barge/vessel personnel (captain, crew, etc) but the barge/vessel price does not include any land/waterway
transportation needed to move barge/vessel to inland locations. Using land-based crane and dive operations
can eliminate the barge/vessel costs. Thus total equipment cost is $2,650 per day.

Estimated Mabilization and Demobilization Expenses:

Thisincludes transportation of all personnel and equipment to the job site via means necessary (air, land, sea),
all hotels, meals, and ground transportation. An accurate estimate on travel can vary wildly depending on job
location and travel mode. For this hypothetical scenario, costs are estimated for transportation with airfare,
and boarding and freight and would be $3,500 for the team (costs generally range between $3,000 and $4,000
for ateam).

Other Considerations:

Uncontrollable factors like weather, water temperature, water depth, underwater visibility, currents, and
distance to shore can affect the daily production of the dive team. These variables aways have to be
considered when ajob is quoted on a daily rate. Normally, the dive-company takes on the risks for these
variables because the job is quoted on a "to completion” status. These types of jobs usually take a week or
more for medium to large-size installations.

Total of Estimated Costs:

Thefinal estimated total for this hypothetical job is nearly $4500 per day for personnel and equipment. For a
three-day job, this would total about $13,500. Adding to this amount about $3,500 for mobilization and
demobilization, the complete job is estimated at $17,000.

Note: Costsfor agiven project vary greatly depending on screen size, depth of water, and other site-specific
conditions such as climate and site accessihility.
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Table 2-36. Estimated Underwater Installation Costs
for Various Screen Widths and Well Depths' (1999 Dollars)
Well Depth Basket Screening Panel Width (ft)
(ft) 2 5 10 14
10 $8,000 $12,500 $17,000 $21,50
25 $17,000 $21,500 $26,000 $30,50!
50 $26,000 $30,500 $35,000 $39,50
75 $35,000 $39,500 $44,000 $48,50!
100 $44,000 $48,500 $53,000 $57,50
1) Based on hypothetical scenario of crew and equipment costs of $4,500 per day and

mobilization and demobilization costs of $3,500 (see Box 2-1).

Table 2-37 presents total estimated installation costs for traveling screens. Installation costs for traveling screens with fish
handling features and those without fish handling features are assumed to be similar.

Table 2-37. Estimated Total Installation Costs for Traveling Water Screens®
(1999 Dollars)

Basket Screening Panel Width (ft)

We”(f%epth 2 5 10 14
10 $27,000 $58,500 $108,000 $149,50
25 $48,000 $96,500 $174,000 $238,50
50 $69,000 $134,500 $240,000 $327,500
75 $90,000 $171,500 $306,000 $416,500
100 $111,000 $209,500 $372,000 $505,50!

1) Includes site preparation, and onshore and underwater construction and installation costs.

Total Estimated Capital Costs

Theinstallation costs in Table 2-37 were added to the equipment costs in Tables 2-32 and 2-33 to derive total equipment and
installation costs for traveling screens with and without fish handling features. These estimated costs are presented in Tables
2-38 and 2-39. The flow volume corresponding to each screen width and well depth combination varies based on the through
screen flow velocity. These flow volumes were presented in Tables 2-30 and 2-31 for flow velocities of 1.0 fpsand 0.5 fps,
respectively.
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Table 2-38. Estimated Total Capital Costs for Traveling Screens Without Fish

Handling Features (Equipment and Installation)* (1999 Dollars)

Well Depth Screening Basket Panel Width (ft)
(ft) 2 5 10 14
10 $57,000 $93,500 $153,000 $214,50
25 $83,000 $141,500 $234,000 $343,50
50 $124,000 $204,500 $345,000 $472,50
75 $165,000 $271,500 $436,000 $591,50

$226,000 $339,500 $527,000

1) Costsinclude carbon steel structure coated with an epoxy paint, non-metallic trash baskets with Type

304 stainless mesh, and intermittent operation components and installation.

Table 2-39. Estimated Total Capital Costs for Traveling Screens With Fish Handling
Features (Equipment and Installation)* (1999 Dollars)
Well Depth Screening Basket Panel Width (ft)
) 2 5 10 14
10 $90,500 $132,000 $202,000 $285,000
25 $129,250 $194,000 $307,000 $453,000
50 $191,500 $287,000 $458,000 $647,000
75 $253,750 $381,500 $589,000 $831,000
$336,000 $477,000 $720,000

1) Costs include non-metallic fish handling panels, spray systems, fish trough, housings and transitions,
continuous operating features, drive unit, frame seals, engineering (averaged over 5 units), and installation.
Costs do not include differential control system and spray wash pumps.

Tables 2-40 and 2-41 present equations that can be used to estimate costs for traveling screens at 0.5 fps and 1.0 fps,
respectively. See the end of this chapter for cost curves and equations.

Table 2-40. Capital Cost Equations for Traveling Screens for Velocity of 0.5 fps

Traveling Screenswith Fish Handling

Traveling Screens without Fish Handling

Screen Equipment Equipment
W(:c?)th Correlation Correlation
Equation® Coefficient Equation® Coefficient
2 y =6E-08x® - 0.0014x> + R? = 0.9992 y = 5E-08x° - 0.0013x2 + R? = 0.9991
28.994x + 36372 20.892x + 18772
5 y = 1E-09x° - 8E-05x2 + R? = 0.994 y = 2E-09x° - 0.0001x? + R? = 0.9995
12.223x + 80790 9.7773x + 54004
10 y = 5E-10x° - 9E-05x2 + R? = 0.9931 y = BE-03x3 - 9E-05x% + 10.143x  R*=0.9928
12.726x + 88302 + 63746
14 y = 6E-10x° - 0.0001x? + R? = 0.995 y = 5E-10x® - 0.0001x? + R? = 0.9961
15.874x + 91207 12.467x + 65934
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Table 2-41. Capital Cost Equations for Traveling Screens for Velocity of 1 fps
Traveling Screenswith Fish Handling Traveling Screens without Fish Handling
Screen Equipment Equipment
W(:c?)th Correlation Correlation
Equation® Coefficient Equation® Coefficient
2 y = 8E-09%° - 0.0004x? + 15.03x R*=0.9909 y =8E-09x*- 0.0004x* + R?=0.9911
+ 33044 10.917x + 16321
5 y = 2E-10x3- 3E-05x? + 6.921x  R*=0.9948 y=3E-10x®- 4E-05x*+5.481x  R?=0.9962
+ 68688 + 44997
10 y = 5E-11x3 - 2E-05x? + 6.2849x R*=0.9906 y =5E-11x%- 2E-05x*+5.0073x R?=0.9902
+ 88783 + 64193
14 y = 5E-11x3 - 2E-05x? + 7.1477x  R*=0.9942 y=D5E-11x%- 2E-05x*+ 5.6762x R?=0.9952
+ 113116 + 81695
1) x isthe flow in gpm y is the capital cost in dollars.

Operation and Maintenance (O& M) Costs for Traveling Screens

O&M costs for traveling screens vary by type, size, and mode of operation of the screen. Based on discussions with industry
representatives, EPA estimated annual O& M cost as a percentage of total capital cost. The O&M cost factor ranges between
8 percent of total capital cost for the smallest size traveling screens with and without fish handling equipment and 5 percent
for the largest traveling screen since O& M costs do not increase proportionately with screen size. Estimated annual O&M
costs for traveling screens with and without fish handling features are presented in Tables 2-32 and 2-33, respectively. As
noted earlier, the flow volume corresponding to each screen width and well depth combination varies based on the through
screen flow velocity. These flow volumes were presented in Tables 2-42 and 2-43 for flow velocities of 1.0 fpsand 0.5 fps,
respectively.

Table 2-42. Estimated Annual O&M Costs for Traveling Water Screens
Without Fish Handling Features
(Carbon Steel - Standard Design)* (1999 Dollars)

Screen Panel Width (ft)

we I(g )ep th 2 5 10 14
10 $4560 $6545 $7650 $12,870
25 $5810 $9905 $14,040 $17,175
50 $8680 $12,270 $17,250 $23,625
75 $11,550 $16,290 $21,800 $29,575
100 $13,560 $16,975 $26,350 $35,275

1) Annual O&M costs range between 8 percent of total capital cost for the smallest size traveling screens
with and without fish handling equipment and 5 percent for the largest traveling screen.
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Table 2-43. Estimated Annual O&M Costs for Traveling Water Screens
With Fish Handling Features (Carbon Steel Structure, Non-Metallic Fish Handling
Screening Panel)" (1999 Dollars)

Screen Panel Width (ft)

Well Depth
(f0) 2 5 10 14
10 $7240 $9240 $10,100 $17,10
25 $9048 $13,580 $18,420 $22,65
50 $13,405 $17,220 $22,900 $32,35
75 $17,763 $22,890 $29,450 $41,55
100 $20,160 $23,850 $36,000 $50,50!

1) Annual O&M costs range between 8 percent of total capital cost for the smallest size traveling screens
with and without fish handling equipment and 5 percent for the largest traveling screen.

The tables below present O& M cost equations generated from the above tables for various screen sizes and water depths at
velocities of 0.5 fpsand 1 fps, respectively. The “x” value of the equation is the flow and the ”y” value isthe O& M cost in
dollars.

Table 2-44: Annual O&M Cost Equations for Traveling Screens Velocity 0.5 fps
Traveling Screenswith Fish Handling Traveling Screens without Fish Handling
Screen Equipment Equipment
Width Correlation Correlation
(ft) Equation® Coefficient Equation® Coefficient
2 y = -3E-05x? + 1.6179x + R?=0.9943 y=-2E-05x*+ 1.0121x + R?=0.9965
3739.1 2392.4
5 y = -1E-05x? + 0.8563x + R?=0.9943 y=-7E-06x*+ 0.6204x + R?=0.9956
5686.3 4045.7
10 y = -2E-06x? + 0.5703x + R?=0.9907 y=9E-11x°- 1E-05x* + R?=0.9997
5864.4 0.8216x + 1319.5
14 y = 5E-12x3 - 1E-06X? + R?=0.9912 y=8E-12x*- 2E-06x? + R?=0.9922
0.4835x + 10593 0.3899x + 7836.7
1) x isthe flow in gpm and y is the annual O& M cost in dollars.
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Table 2-45. Annual O&M Cost Equations for Traveling Screens Velocity 1 fps
Traveling Screens with Fish Handling Traveling Screens without Fish Handling
Screen Equipment Equipment
W:c?th Correlation Correlation
(ft) Equation® Coefficient Equation® Coefficient
y = -8E-06x? + 0.806x + 3646.7 R?=0.982 y = -4E-06x? + 0.5035x + 2334 R?=10.9853
y = -3E-06x? + 0.4585x + R?=0.9954  y=-2E-06x*+ 0.3312x + R?=0.9963
5080.7 3621.1
10 y = -6E-07x? + 0.2895x + R?=0.9915 y = 1E-11x3 - 3E-06x? + RP=1
5705.3 0.4047x + 1359.4
14 y = -3E-13x® - 4E-08x? + R?=0.9903 y = 4E-13x3 - 3E-07x? + R?=0.9913
0.2081x + 11485 0.1715x + 8472.1
1) x isthe flow in gpm and y is the annual O& M cost in dollars.

Adding fish baskets to existing traveling screens
Capital Costs

Table 2-46 presents estimated costs of fish handling equipment without installation costs. These estimated costs represent the
difference between costs for equipment with fish handling features (Table 2-33) and costs for equipment without fish handling
features (Table 2-32), plus a 20 percent add-on for upgrading existing equipment (mainly to convert traveling screens from
intermittent operation to continuous operation).® These costs would be used to estimate equipment capital costs for upgrading
an existing traveling water screen to add fish protection and fish return equipment.

Table 2-46. Estimated Capital Costs of Fish Handling Equipment (1999 Dollars)
Basket Screening Panel Width (ft)
Well Depth
(ft) 2 5 10 14
10 $40,200 $46,200 $58,800 $84,600
25 $55,500 $63,000 $87,600 $131,400
50 $81,000 $99,000 $135,600 $209,400
75 $106,500 $132,000 $183,600 $287,400
100 $132,000 $165,000 $231,600 $365,400
Source: Vendor estimates.

Installation of Fish Handling Features to Existing Traveling Screens

As stated earlier, the basic equipment cost of fish handling features (presented in Table 2-46) is cal culated based on the
differencein cost between screens with and without fish handling equipment, plus a cost factor of 20 percent for upgrading
the existing system from intermittent to continuous operation. Although retrofitting existing screens with fish handling

This 20 percent additional cost for upgrades to existing equipment was included based on recommendations from one of
the equipment vendors supplying cost data for this research effort.
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equipment will require upgrading some mechanical equipment, installing fish handling equipment generally will not require
the use of a costly barge that is equipped with a crane and requires a minimum number of crew to operateit. EPA assumed
that costs are 75 percent of the underwater installation cost (Table 2-36) for atraveling screen (based on BPJ). Table 2-47
shows total estimated costs (equipment and installation) for adding fish handling equipment to an existing traveling screen.

Table 2-47. Estimated Capital Costs of Fish Handling Equipment and Installation® (1999 Dollars)
Well Depth Basket Screening Panel Width (ft)
(0 2 5 10 14
10 $46,200 $55,575 $71,550 $100,72
25 $68,250 $79,125 $107,100 $154,27
50 $100,500 $121,875 $161,850 $239,02
75 $132,750 $161,625 $216,600 $323,77
100 $165,000 $201,375 $271,350 $408,52
1) Installation portion of the costs estimated as 75 percent of the underwater installation cost for installing atraveling
ater screen.

The additional O& M costs due to the installation of fish baskets on existing traveling screens can be calculated by subtracting
the O&M costs for basic traveling screens from the O&M costs for traveling screens with fish baskets. See the end of this
chapter for cost curves and equations.

2.10 ADDITIONAL COST CONSIDERATIONS

To account for other minor cost elements, EPA estimates that 5 percent may need to be added to the total cost for each
alteration. Minor cost elementsinclude;

C Permanent buoys for shallow waters to warn fishing boats and other boats against dropping anchor over the pipes.
Temporary buoys and warning signs during construction.

C Additional permit costs. Permit costs may increase because of the trenching and dredging for pipe installation.

C Facility replanning/redesign costs may be incurred if the facility is far enough aong in the facility planning and
development process. This cost would likely be minimal to negligible for most of the alterations discussed above,
but could be much higher for switching a facility to arecirculating cooling system.

C Monitoring costs (e.g., to test for contaminated sediments).

Asnoted earlier, if the intake structure installation involves disturbance of contaminated sediments, the permitting authority

may require special construction procedures, including hauling the sediments to an appropriate disposal facility offsite. This
may increase the cost of the project by more than two to three times the original cost estimate.
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Chart 2-1. Capital Costs of Basic Cooling Towers with Various Building Material
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Chart 2-2. Douglas Fir Cooling Tower Capital Costs with Various Features
(Delta 10 Degrees)
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Chart 2-3. Red Wood Cooling Tower Capital Costs with Various Features
(Delta 10 Degrees)
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Capital Cost
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Chart 2-5. Steel Cooling Tower Capital Costs with Various Features
(Delta 10 Degrees)
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Chart 2-6. Fiberglass Cooling Tower Capital Costs with Various Features
(Delta 10 Degrees)
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Chart 2-7. Actual Capital Costs for Wet Cooling Tower Projects
and Comparable Costs from EPA Cost Curves

$50,000,000

$45,000,000

$40,000,000

$35,000,000

$30,000,000

$25,000,000

Capital Costs

$20,000,000

$15,000,000

$10,000,000

$5,000,000

$0
0 100000 200000 300000 400000 500000 600000 700000

Flow in gpm

¢ Case studies B EPA's Estimates

2-67



8 316(b) TDD Chapter 2 for New Facilities Costing Methodology

Chart 2-8. O& M Redwood Tower Annual Costs- 1st Scenario
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Chart 2-9. O& M Concrete Tower Annual Costs - 1st Scenario
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Chart 2-10. Variable Speed Pump Capital Cost
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Chart 2-11. Municipal Water Use Costs
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Capital Costs
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Chart 2-14. Capital Costs of Passive Screens - Flow Velocity 0.5 ft/sec
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Chart 2-15. Capital Costs of Passive Screens - Flow Velocity 1 ft/sec
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Chart 2-16. Velocity Caps Total Capital Costs
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Chart 2-17. Concrete Fittings for Intake Flow Velocity Reduction

$80,000

$70,000

$60,000

$50,000

$40,000

Capital Cost

$30,000

$20,000

$10,000

0 20000 40000 60000 80000 100000 120000
Flow GPM

7 2-77



§ 316(b) TDD Chapter 2 for New Facilities

Costing Methodology

Capital Cost
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Chart 2-19. Travel Screens Capital Cost Without Fish Handling Features
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Chart 2-21. Travel Screens Capital Cost Without Fish Handling Features
Flow Velocity 1 ft/sec
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Chart 2-22. Travel Screens Capital Cost With Fish Handling Features
Flow Velocity 1 ft/sec
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Chart 2-23. Fish Spray Pumps Capital Costs
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Chart 2-24. O&M Cost for Traveling Screens Without Fish Handling Features
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O&M Costs

$60,000

$50,000

$40,000

$30,000

$20,000

$10,000

Chart 2-25. O&M Cost for Traveling Screens With Fish Handling Features
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Chart 2-26. O&M Cost for Traveling Screens Without Fish Handling Features
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Chart 2-30. Gunderboom Capital and O&M Costs
For Simple Floating Structure
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Chapter 3: Energy Penalties, Air Emissions,
and Cooling Tower Side-Effects
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As a consequence of energy penaties for some
cooling systems, increased air pollutant emissions
may occur for some power plants as compared to abaseline system. Thischapter presents estimates of theincreased
air emissionsfor the four key pollutants that are currently well researched and monitored for at power plantsin the
United States: carbon dioxide (CO2), sulfur dioxide (SO2), nitrogen oxides (NOx), and mercury (HQ).

The remainder of this chapter is organized as follows:
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< Section 3.1 presents the energy penalty estimates developed for the final rule and the dry cooling regulatory
alternative.

< Section 3.2 presents the air emissions estimates developed for the final rule and the dry cooling regulatory
alternative.

< Section 3.3 presents the background, research, and methodology of the energy penalty evaluation. The section
focuses on power plants that use steam turbines and the changes in efficiency associated with using alternative
cooling systems.

< Section 3.4 presents the methodology for estimation of air emissions increases.

< Section 3.5 discusses side effects of recirculating wet cooling towers, such as vapor plumes, displacement of
habitat or wetlands, noise, salt or mineral drift, water consumption through evaporation, and solid waste
generation due to wastewater treatment of tower blowdown.

3.1 ENERGY PENALTY ESTIMATES FOR COOLING

Tables 3-1 through 3-6 present the energy penalty estimates developed for the final rule and the dry cooling
regulatory alternative. The Agency presentsthe methodol ogy for estimation of energy penaltiesin Section 3.3 of this
chapter.

Table 3-1: National Average Annual Energy Penalty, Summary Table

Percent |  Nuclear Combined-Cycle Fossil-Fuel
Cooling Type Maximum i Percentof { Percentof Plant i Percentof |

Load® i Plant Output : Output i Plant Output i
Wet Tower vs. Once-Through 67 1.7 0.4 1.7 j

a

Average annual penalties occur at non-peak loads..

Table 3-2: National Peak Summer Energy Penalty, Summary Table

Per cent Nuclear Combined-Cycle Fossil-Fuel
Cooling Type Maximum i Percentof i PercentofPlant | Percentof |

Load® i Plant Output Output i Plant Output }
Wet Tower vs. Once-Through 100 1.9 0.4 17 '
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Table 3-3: Total Energy Penalties at 67 Percent Maximum Load?
L ocation . el THEs Nuclear Annual Combined-Cycle Fossil-Fuel s
Average i Annual Average : Annual Average
Boston :  Wet Tower vs. Once-Through 16 0.4 16
' Dry Tower vs. Once-Through ] 74 18 ! 7.1
Dry Tower vs. Wet Tower r 5.8 14 ' 55
Jacksonville Wet Tower vs. Once-Through 19 0.4 : 17
Dry Tower vs. Once-Through ] 12.0 3.0 ! 125
Dry Tower vs. Wet Tower r 10.1 25 ' 10.8
Chicago :  Wet Tower vs. Once-Through 18 0.4 : 18
' Dry Tower vs. Once-Through ] 7.8 19 ! 7.7
Dry Tower vs. Wet Tower ] 5.9 { 15 ' 5.9
Seattle Wet Tower vs. Once-Through 15 : 0.4 : 15
Dry Tower vs. Once-Through ] 7.0 { 17 ! 6.9
Dry Tower vs. Wet Tower

& Average annual penalties occur at non-peak loads.
Table 3-4: Total Energy Penalties at 100 Percent Maximum Load?
L ocation CoolingMype Nuclear Percent Combined-Cycle Per cent Fossil-Fuel Percent
i of Plant Output of Plant Output of Plant Output
Boston Wet Tower vs. Once-Through 21 0.5 19
! Dry Tower vs. Once-Through 11.6 r 29 ' 10.2
T Dry Tower vs. Wet Tower 9.5 r 24 ' 8.3
Jacksonville Wet Tower vs. Once-Through 16 0.4 14
! Dry Tower vs. Once-Through 12.3 r 31 ' 10.7
T Dry Tower vs. Wet Tower 10.7 r 27 ' 9.3
Chicago Wet Tower vs. Once-Through 2.2 0.5 2.0
? Dry Tower vs. Once-Through 11.9 r 29 ' 104
T Dry Tower vs. Wet Tower 9.6 r 24 ' 8.4
Seattle Wet Tower vs. Once-Through 16 0.4 15
! Dry Tower vs. Once-Through ] 10.0 r 24 ' 89
Dry Tower vs. Wet Tower

a

Peak-summer shortfalls occur when plants are at or near maximum capacity.




§ 316(b) TDD Chapter 3 for New Facilities Energy Penalties, Air Emissions, and Cooling Tower Side-Effects

Table 3-5: Annual Penalties (in MW) for the Final Rule by Online Year?

Coal-Fired Once-Through i  Combined-Cycle, Once-Through
Cooling at Baseline Cooling at Baseline

a

Thetotal energy penalty for thefinal ruleis 100 MW, or 0.027 percent of all new
generating capacity in the US over the next twenty years.
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Table 3-6: Annual Penalties (in MW) for the Dry Cooling-Based Alternative by Online Year?®

Coal-Fired Combined-Cycle
Year Recirculating Wet Cooling Once-Through Recirculating Wet Cooling Once-Through
Baseline Basdline Baseline Baseline
Freshwater Estuary Freshwater Freshwater Estuary Estuary

a

Thetotal energy penalty for the dry cooling option (at atotal of 83 potentially impacted plants) would be 1900
MW, or 0.5 percent of all new capacity in the US over the next twenty years.
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3.2 AIR EMISSIONS ESTIMATES FOR COOLING SYSTEMS UPGRADES

Tables 3-7 and 3-8 present the incremental air emissions estimates developed for the final rule and the dry cooling
regulatory alternative. The Agency presentsthe methodology for estimation of air emissionsincreasesin section 3.4
of this Chapter.

Table 3-7: Air Emissions Increases for the Final Rule?

Fud Tvoe Total Effected Annual CO, Annual SO, Annual NOy Annual Hg
YPe 1 Capacity Mw) | (tons) (tons) (tons) (Ibs)
All 9,957 485,860 2,561 1,214 16

& These emissions increases represent an increase for the entire US electricity generation industry of

approximately 0.02 percent per pollutant.

Table 3-8: Air Emissions Increases for the a Dry Cooling-Based Alternative®

Fud Tvoe i Total Effected Annual CO, Annual SO, Annual NOy Annual Hg
yp i Capacity (MW) (tons) (tons) (tons) (Ibs) :
All 64,070 8,931,056 47,074 22,313 300

These emissions increases represent an increase for the US electricity generation industry of approximately
0.35 percent. For the mercury emissions alone, these emissions are equivalent to the addition of three 800-
MW coal-fired power plants operating at near full capacity.

3.3 BACKGROUND, RESEARCH, AND METHODOLOGY OF ENERGY PENALTY ESTIMATES

Thisenergy penalty discussion references the differences in steam power plant efficiency or output associated with
the effect of using alternative cooling systems. In particular, this evaluation focuses on power plantsthat use steam
turbines and the changes in efficiency associated with using alternative cooling systems. The cooling systems
evaluated include: once-through cooling systems; wet tower closed-cycle systems; and dry cooling systemsusing air
cooled condensers. However, the methodology is flexible as to be extended to other aternative types of cooling
systems so long as the steam condenser performance or the steam turbine exhaust pressure can be estimated. A
summary and discussion of public comments on EPA’s energy penalty analysisis presented in Attachment F to this
chapter.

3.3.1 Power Plant Efficiencies

Most power plants that use a heat-generating fuel as the power source use a steam cycle referred to as a“ Rankine
Engine,” in which water is heated into steam in a boiler and the steam is then passed through a turbine (Woodruff
1998). After exiting the turbine, the spent steam is condensed back into water and pumped back into the boiler to
repeat the cycle. Theturbine, in turn, drives agenerator that produces electricity. Aswith any system that converts
energy from one form to another, not all of the energy available from the fuel source can be converted into useful
energy in apower plant.

Steam turbines extract power from steam as the steam passes from high pressure and high temperature conditions
at the turbineinlet to low pressure and lower temperature conditions at the turbine outlet. Steam exiting the turbine

3-6
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goes to the condenser, where it is condensed to water. The condensation process is what creates the low pressure
conditions at the turbine outlet. The steam turbine outlet or exhaust pressure (which is often apartial vacuum) isa
function of the temperature maintained at the condensing surface (among other factors) and the value of the exhaust
pressure can have a direct effect on the energy available to drive the turbine. The lower the exhaust pressure, the
greater the amount of energy that is available to drive the turbine, which in turn increases the overall efficiency of
the system since no additional fuel energy isinvolved.

Thetemperature of the condensing surfaceis dependent on the design and operating conditionswithin the condensing
system (e.g., surface area, materials, cooling fluid flow rate, etc.) and especially the temperature of the cooling water
or air used to absorb heat and reject it from the condenser. Thus, the use of adifferent cooling system can affect the
temperature maintained at the steam condensing surface (truein many circumstances). Thisdifferencecanresultin
achangeinthe efficiency of the power plant. These efficiency differencesvary throughout the year and may be more
pronounced during the warmer months. Equally important is the fact that most alternative cooling systems will
require adifferent amount of power to operate equipment such asfans and pumps, which also can have an effect on
the overall plant energy efficiency. The reductions in energy output resulting from the energy required to operate
the cooling system equipment are often referred to as parasitic |osses.

In general, the penalty described here is only associated with power plants that utilize a steam cycle for power
production. Therefore, this analysiswill focus only on steam turbine power plants and combined-cycle gas plants.
The most common steam turbine power plants are those powered by steam generated in boilers heated by the
combustion of fossil fuels or by nuclear reactors.

Combined-cycle plants use a two-step process in which the first step consists of turbines powered directly by high
pressure hot gasesfrom the combustion of natural gas, oil, or gasified coal. The second step consistsof asteam cycle
in which aturbine is powered by steam generated in a boiler heated by the low pressure hot gases exiting the gas
turbines. Conseguently, the combined-cycle plants have much greater overall system efficiencies. However, the
energy penalty associated with using alternative cooling systems is only associated with the steam cycle portion of
the system. Because steam plants cannot be quickly started or stopped, they tend to be operated as base |oad plants
which are continuously run to serve the minimum load required by the system. Since combined-cycle plants obtain
only aportion of their energy from the slow-to-start/stop steam power step, the inefficiency of the start-up/stop time
period ismoreeconomically acceptableand thereforethey are generally used for intermediateloads. In other words,
they are started and stopped at a greater frequency than base load steam plant facilities.

One measure of the plant thermal efficiency used by the power industry isthe Net Plant Heat Rate (NPHR), which
is the ratio of the total fuel heat input (BTU/hr) divided by the net electric generation (kW). The net electric
generation includes only electricity that leaves the plant. Thetotal energy plant efficiency can be calculated from
the NPHR using the following formula:

Plant Energy Efficiency = 3473/ NPHR x 100 (@)}

Table 3-9 presentsthe NPHR and plant efficiency numbersfor different typesof power plants. Notethat whilethere
may be some differencesin efficiencies for steam turbine systems using different fossil fuels, these differences are
not significant enough for consideration here. The data presented to represent fossil fuel plantsis for coal-fired
plants, which comprise the majority in that category.
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Table 3-9: Heat Rates and Plant Efficiencies for Different Types of Steam Powered Plants

Type of Plant Net Plant Heat Rate (BTU/kWh) Efficiency (%)
Steam Turbine - Fossil Fuel 9,355 37t040

Combustion Turbine

Source: Analyzing Electric Power Generation under the CAAA. Office of Air and Radiation U.S. Environmental
Protection Agency. April 1996 (Projections for year 2000-2004).

Overall, fossil fuel steam electric power plants have net efficiencies with regard to the available fuel heat energy
ranging from 37 to 40 percent. Attachment A at the end of this chapter ( Ishigai, S. 1999.) shows asteam power plant
heat diagram in which approximately 40 percent of the energy is converted to the power output and 44 percent exits
the system through the condensation of the turbine exhaust steam, which exits the system primarily through the
cooling system with the remainder exiting the system through various other means including exhaust gases. Note
that the exergy diagramin Attachment A showsthat thisheat passing through the condenser isnot asignificant source
of plant inefficiency, but as would be expected it shows a similar percent of available energy being converted to
power as shown in Table 3-9 and Attachment A.

Nuclear plantshavealower overall efficiency of approximately 34 percent, dueto thefact that they generally operate
at lower boiler temperatures and pressures and the fact that they use an additional heat transfer loop. In nuclear
plants, heat is extracted from the core using a primary loop of pressurized liquid such as water. The steam isthen
formedinasecondary boiler system. Thisindirect steam generation arrangement resultsinlower boiler temperatures
and pressures, but is deemed necessary to provide for safer operation of the reactor and to help prevent the release
of radioactive substances. Nuclear reactors generate anear constant heat output when operating and therefore tend
to produce a near constant el ectric output.

Combustion turbines are shown here for comparative purposes only. Combustion turbine plants use only the force
of hot gases produced by combustion of the fuel to drive the turbines. Therefore, they do not require much cooling
water sincethey do not use steam in the process, but they are also not as efficient as steam plants. They are, however,
more readily able to start and stop quickly and therefore are generally used for peaking loads.

Combined cycle plants have the highest efficiency because they combine the energy extraction methods of both
combustion turbine and steam cyclesystems. Efficienciesashighas58 percent have been reported (Woodruff 1998).
Only theefficiency of the second stage (whichisasteam cycle) isaffected by cooling water temperatures. Therefore,
for the purposes of thisanalysis, the energy penalty for combined cycle plantsis applicable only to the energy output
of the steam plant component, which is generally reported to be approximately one-third of the overall combined-
cycle plant energy output.
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3.3.2 Turbine Efficiency Energy Penalty

a. Effect of Turbine Exhaust Pressure

The temperature of the cooling water (or air in air-cooled systems) entering the steam cycle condensers affects the
exhaust pressure at the outlet of the turbine. In general, alower cooling water or air temperature at the condenser
inlet will resultin alower turbine exhaust pressure. Notethat for asimplesteam turbine, the available energy isequal
to the differencein the enthalpy of the inlet steam and the combined enthal py of the steam and condensed moisture
at the turbine outlet. A reduction in the outlet steam pressure resultsin alower outlet steam enthalpy. A reduction
inthe enthal py of the turbine exhaust steam, in combination with anincreasein the partial condensation of the steam,
results in an increase in the efficiency of the turbine system. Of course, not all of this energy is converted to the
torque energy (work) that is available to turn the generator, since steam and heat flow through the turbine systems
is complex with various losses and returns throughout the system.

Theturbine efficiency energy penalty as described below rises and dropsin direct response to the temperature of the
coolingwater (or air in air-cooled systems) delivered to the steam plant condenser. Asaresult, it tendsto peak during
the summer and may be substantially diminished or not exist at all during other parts of the year.

The design and operation of the steam condensing system can also affect the system efficiency. In general, design
and operational changesthat improve systemefficiency such asgreater condenser surfaceareasand coolant flow rates
will tend to result in an increase in the economic costs and potentially the environmental detriments of the system.
Thus, the design and operation of individual systems can differ depending on financial decisions and other site-
specific conditions. Consideration of such site-specific design variations is beyond the scope of this evaluation.
Therefore, conditions that represent a typical, or average, system derived from available information for each
technology will be used. However, regional and annual differences in cooling fluid temperatures are considered.
Where uncertainty exists, a conservative estimate is used. In this context, conservative means the penalty estimate
is biased toward a higher value.

Literature sources indicate that condenser inlet temperatures of 55 °F and 95 °F will produce turbine exhaust
pressuresof 1.5and 3.5inchesHg, respectively, inatypical surface condenser (Woodruff 1998). If theturbine steam
inlet conditions remain constant, lower turbine exhaust pressures will result in greater changes in steam enthal py
betweentheturbineinlet and outlet. Thisinturnwill resultin higher availableenergy and higher turbineefficiencies.

Thelower outlet pressures can also result in the formation of condensed liquid water within the low pressure end of
the turbine. Note that liquid water has a significantly lower enthal py value which, based on enthal py alone, should
resultineven greater turbineefficiencies. However, the physical effectsof moisturein theturbinescan cause damage
to the turbine blades and can result in lower efficienciesthan would be expected based on enthal py dataalone. This
damage and lower efficiency is dueto the fact that the moisture does not follow the steam path and impinges upon
the turbine blades. More importantly, as the pressure in the turbine drops, the steam volume increases. While the
turbines are designed to accommodate this increase in volume through a progressive increase in the cross-sectional
area, economic considerations tend to limit the size increase such that the turbine cannot fully accommodate the
expansion that occurs at very low exhaust pressures.

Thus, for typical turbines, asthe exhaust pressure dropsbelow acertainlevel, theincreasein the volume of the steam
is not fully accommodated by the turbine geometry, resulting in an increase in steam velocity near the turbine exit.
Thisincreasein steam velocity resultsin the conversion of aportion of the avail able steam energy to kinetic energy,
thus reducing the energy that could otherwise be available to drive the turbine. Note that kinetic energy is
proportional to the square of the velocity. Consequently, as the steam velocity increases, the resultant progressive
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reduction in available energy tendsto offset the gainsin available energy that would result from the greater enthal py
changes due to the reduced pressure. Thus, the expansion of the steam within the turbine and the formation of
condensed moisture establishes a practical lower limit for turbine exhaust pressures, reducing the efficiency
advantage of even lower condenser surface temperatures particularly at higher turbine steam loading rates. Ascan
be seen in the turbine performance curves presented below, this reduction in efficiency at lower exhaust pressures
ismost pronounced at higher turbine steam loading rates. Thisisdueto thefact that higher steam loading rates will
produce proportionately higher turbine exit velocities.

Attachment B presents several graphs showing the change in heat rate resulting from differences in the turbine
exhaust pressure at a nuclear power plant, a fossil fueled power plant, and a combined-cycle power plant (steam
portion). The first graph (Attachment B-1) isfor a GE turbine and was submitted by the industry in support of an
analysisfor anuclear power plant. The second graph (Attachment B-2) isfrom asteam turbinetechnical manual and
isfor aturbine operating at steam temperatures and pressures consistent with a sub-critical fossil fuel plant (2,400
psig, 1,000 °F). Thethird graph (Attachment B-3) isfrom an engineering report analyzing operational considerations
and design of modifications to a cooling system for a combined-cycle power plant.

The changes in heat rate shown in the graphs can be converted to changes in turbine efficiency using Equation 1.
Several curveson each graph show that the degree of the change (slope of the curve) decreaseswith increasing loads.
Note that the amount of electricity being generated will also vary with the steam loading rates such that the more
pronounced reduction in efficiency at lower steam loading rates applies to areduced power output. The curvesalso
indicatethat, at higher steam|oads, the plant efficiency optimizesat an exhaust pressure of approximately 1.5inches
Hg. At lower exhaust pressures the effect of increased steam velocities actually results in a reduction in overall
efficiency. The graphsin Attachment B will serve as the basis for estimating the energy penalty for each type of
facility.

Since the turbine efficiency varies with the steam loading rate, it is important to relate the steam loading rates to
typical operating conditions. It isapparent from the heat rate curvesin Attachment B that peak loading, particularly
if the exhaust pressure is close to 1.5 inches Hg, presents the most efficient and desirable operating condition.
Obvioudly, during peak loading periods, all turbineswill be operating near the maximum steam loading rates and the
energy penalty derived from the maximum loading curve would apply. It isalso reasonable to assume that power
plants that operate as base load facilities will operate near maximum load for a mgjority of the time they are
operating. However, therewill betimeswhen the power plant isnot operating at peak capacity. One measure of this
isthe capacity factor, whichistheratio of the average load on the plant over agiven period to itstotal capacity. For
example, if a200 MW plant operates, on average, at 50 percent of capacity (producing an average of 100 MW when
operating) over ayear, then its capacity factor would be 50 percent.

The average capacity factor for nuclear power plantsin the U.S. has been improving steadily and recently has been
reported to be approximately 89 percent. This suggests that for nuclear power plants, the majority appear to be
operating near capacity most of thetime. Therefore, use of the energy penalty factors derived from the maximum
load curvesfor nuclear power plantsisreasonably valid. In 1998, utility coal plants operated at an average capacity
of 69 percent (DOE 2000). Therefore, use of the energy penalty values derived from the 67 percent load curves
would appear to be more appropriate for fossil-fuel plants. Capacity factors for combined-cycle plants tend to be
lower than coal-fired plants and use of the energy penalty valuesderived from the 67 percent load curvesrather than
the 100 percent load curves would be appropriate.




§ 316(b) TDD Chapter 3 for New Facilities Energy Penalties, Air Emissions, and Cooling Tower Side-Effects

b. Estimated Changes in Turbine Efficiency

Table 3-10 below presents a summary of steam plant turbine inlet operating conditions for various types of steam
plants described in literature. EPA performed a rudimentary estimation of the theoretical energy penalty based on
steam enthalpy data using turbine inlet conditions similar to those shown in Table 3-10. EPA found that the
theoretical values were similar to the changes in plant efficiency derived from the changes in hesat rate shown in
Attachment B. The theoretical calculations indicated that the energy penalties for the two different types of fossil
fuel plants (sub-critical and super-critical) weresimilar in value, with the sub-critical plant having thelarger penalty.
Since the two types of fossil fuel plants had similar penalty values, only one was selected for use in the analysisin
order to simplify the analysis. The type of plant with the greater penalty value (i.e., sub-critical fossil fuel) was
selected as representative of both types.

Table 3-10: Summary of Steam Plant Operating Conditions from Various Sources

System Type Inlet Temp./ Outlet Comments Source

. Presure ! pressyre ;

é : i Large Plants (>500MW) ,
Fossil Fuel - Sub-critical  { NotGiven/ i have three (high, med, low) § .
Recirculating Boiler | 2415psa | 1°IN-HY ! pressure turbines. Reheated ! Kirk-Othmer 1997

i boiler feed water is 540 °F.

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fossil Fuel - Super-critical | 1,000 °F/

Once-through Boiler . 3515psa | NotGiven Kirk-Othmer 1997
5 | Plants have two (high, low)

: 505 °F / i pressure turbineswithlow ;
Nuclear L 900 psia : 25In.Hg : pressureturbine dataat left. : Kirk-Othmer 1997

5 : i Reheated boiler feed water ;
___________________________________________________________________________________________________________ IS A

: | Gas- 2,400 °F i , : Operating efficiency ranges :

e Sem-ooooF MOV wromassa .

900-1,000 °F / Outlet pressures can be even
Fossil Fuel Ranges \  1800-3600 | 1.0-451In : higher with high coollng : Woodruff 1998.

: psia : Hg : water temperatures or air '

i cooled condensers.

The three turbine performance curve graphsin Attachment B present the change in heat rate from which changesin
plant efficiency were calculated. The changein heat rate value for several points along each curve was determined
and then converted to changes in efficiency using Equation 1. The calculated efficiency values derived from the
Attachment B graphs representing the 100 percent or maximum steam |oad and the 67 percent steam load conditions
have been plotted in Figure 1. Curveswere then fitted to these datato obtain equations that can be used to estimate
energy penalties. Figure 1 establishesthe energy efficiency and turbine exhaust pressurerelationship. Thenext step
is to relate the turbine exhaust pressure to ambient conditions and to determine ambient conditions for selected
locations.

Note that for fossil fuel plantsthe energy penalty affects mostly the amount of fuel used, since operating conditions
can be modified, within limits, to offset the penalty. However, the same is not true for nuclear plants, which are
constrained by the limitations of the reactor system.
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Surface Condenser Cooling Water Inlet Temperature and Steam Pressure Relationship
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c. Relationship of Condenser Cooling Water (or Air) Temperature to Steam Side Pressure for
Different Cooling System Types and Operating Conditions

O Surface Condensers

Both once-through and wet cooling towersuse surface condensers. Asnoted previously, condenser inlet temperatures
of 55 °F and 95 °F will produce turbine exhaust pressures of 1.5 and 3.5 inches Hg, respectively. Additionally, data
from the Calvert Cliffs nuclear power plant showed an exhaust pressure of 2.0 inches Hg at a cooling water
temperature of 70 °F. Figure 2 provides a plot of these data which, even though they are from two sources, appear
tobeconsistent. A curvewasfitted to these dataand was used asthe basisfor estimating the turbine exhaust pressure
for different surface condenser cooling water inlet temperatures. Note that this methodology is based on empirical
datathat simplifiesthe relationship between turbine exhaust pressure and condenser inlet temperature, which would
otherwise require more complex heat exchange cal culations. Those cal culations, however, would require numerous
assumptions, the selection of which may produce a different curve but with asimilar general relationship.

O Once-through Systems

For once-through cooling systems, the steam cycle condenser cooling water inlet temperatureisal so thetemperature
of the sourcewater. Notethat the outlet temperature of the cooling water istypically 15 - 20 °F higher than theinlet
temperature. This difference is referred to as the “range.” The practical limit of the outlet temperature is
approximately 100 °F, since many NPDES permits have limitations in the vicinity of 102 - 105 °F . This does not
appear to present aproblem, since the maximum monthly average surface water temperature at Jacksonville, Florida
(selected by EPA as representing warmer U.S. surface waters) was 83.5 °F which would, using the range values
above, result in an effluent temperature of 98.5 - 103.5 °F. To gauge the turbine efficiency energy penalty for once-
through cooling systems, the temperature of the source water must be known. These temperatures will vary with
location and time of year and estimates for several selected locations are presented in Table 3 below.

O Wet Cooling Towers

For wet cooling towers, the temperature of the cooling tower outlet isthe same as the condenser cooling water inlet
temperature. The performance of the cooling tower in terms of the temperature of the cooling tower outlet is a
function of the wet bulb temperature of the ambient air and the tower type, size, design, and operation. Thewet bulb
temperatureisafunction of the ambient air temperature and the humidity. Wet bulb thermometerswere historically
used to estimate rel ative humidity and consist of a standard thermometer with the bulb encircled with awet piece of
cloth. Thus, the temperature read from awet bulb thermometer includes the cooling effect of water evaporation.

Of all of the tower design parameters, the temperature difference between the wet bulb temperature and the cooling
tower outlet (referred to as the “approach”) is the most useful in estimating tower performance. The wet cooling
tower cooling water outlet temperature of the systems that were used in the economic analysisfor the final 8316(b)
New Facility Rule had a design approach of 10 °F. Note that the design approach value is equal to the difference
between thetower cooling water outlet temperature and the ambient wet bulb temperature only at the design wet bulb
temperature. The actual approach value at wet bulb temperatures other than the design value will vary as described
below.

The selection of a 10 °F design approach is based on the data in Attachment C for recently constructed towers.
Moreover, a 10 °F approach is considered conservative. As can be seen in Attachment D, a plot of the tower size
factor versusthe approach shows that a 10 °F approach has atower size factor of 1.5. The approachisakey factor
in sizing towers and has significant cost implications. The trade-off between selecting a small approach versus a
higher valueisatrade-off between greater capital costinvestment versuslower potential energy production. Instates
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where the rates of return on energy investments are fixed (say between 12% and 15%), the higher the capital
investment, the higher the return.

For the wet cooling towers used in this analysis, the steam cycle condenser inlet temperature is set equal to the
ambient air wet bulb temperaturefor the location plus the estimated approach value. A design approach value of 10
°F was selected as the common design value for al locations. However, this value is only applicable to instances
when the ambient wet bulb temperature is equal to the design wet bulb temperature. Inthisanalysis, the design wet
bulb temperature was selected as the 1 percent exceedence value for the specific selected locations.

Attachment E provides a graph showing the relationship between different ambient wet bulb temperatures and the
corresponding approach for a “typical” wet tower. The graph shows that as the ambient wet bulb temperature
decreases, the approach value increases. The graph in Attachment E was used asthe basisfor estimating the change
in the approach value as the ambient wet bulb temperature changes from the design value for each location.
Differences in the location-specific design wet bulb temperature were incorporated by fitting a second order
polynomial equation to thedatain thisgraph. The equation was then modified by adjusting the intercept value such
that the approach was equal to 10 °F when the wet bulb temperature was equal to the design 1 percent wet bulb
temperaturefor the selected location. The location-specific equationswere then used to estimate the condenser inlet
temperatures that correspond to the estimated monthly values for wet bulb temperatures at the selected locations.

O Air Cooled Condensers

Air cooled condensersreject heat by conducting it directly from the condensing steam to the ambient air by forcing
the air over the heat conducting surface. No evaporation of water isinvolved. Thus, for air cooled condensers, the
condenser performance with regard to turbine exhaust pressure is directly related to the ambient (dry bulb) air
temperature, aswell asto the condenser design and operating conditions. Note that dry bulb temperatureisthe same
asthe standard ambient air temperature with which most people are familiar. Figure 3 presents aplot of the design
ambient air temperature and corresponding turbine exhaust pressure for air cooled condensers recently installed by
amajor cooling system manufacturer (GEA Power Cooling Systems, Inc.). Ananalysisof the multiplefacility data
in Figure 3 did not find any trends with respect to plant capacity, location, or age that could justify the separation of
these data into subgroups. Three facilities that had very large differences (i.e., >80 °F) in the design dry bulb
temperature compared to the temperature of saturated steam at the exhaust pressure were deleted from the data set
used in Figure 3.

A review of the design temperatures indicated that the design temperatures did not always correspond to annual
temperature extremes of the location of the plant as might be expected. Thus, it appearsthat the selection of design
valuesfor each application included economic considerations. EPA concluded that these design data represent the
range of condenser performance at different temperatures and design conditions. A curve wasfitted to the entire set
of datato serve as areasonable means of estimating the relationship of turbine exhaust pressureto different ambient
air (dry bulb) temperatures. To validate this approach, condenser performance data for a power plant from an
engineering contractor report (Litton, no date) was also plotted. Thissingle plant data produced aflatter curve than
the multi-facility plot. Inother words, the multi-facility curve predictsagreater increasein turbine exhaust pressure
asthe dry bulb temperature increases. Therefore, the multi-facility curve was selected as a conservative estimation
of the relationship between ambient air temperatures and the turbine exhaust pressure. Note that in the case of air
cooled condensers, the turbine exhaust steam pressure includes values above 3.5 inches Hg.
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Figure 3
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O Regional and Seasonal Data

As noted above, both the source water temperature for once-through cooling systems and the ambient wet bulb and
dry bulb temperaturesfor cooling towerswill vary withlocation and time of year. To estimate average annual energy
penalties, EPA sought data to estimate representative monthly values for selected locations. Since plant-specific
temperature data may not be available or practical, the conditionsfor selected locationsin different regions are used
as examples of the range of possibilities. These four regions include Northeast (Boston, MA), Southeast
(Jacksonville, FL), Midwest (Chicago, IL) and Northwest (Seattle, WA). The Southwest Region of the US was not
included, since there generally are few once-through systems using surface water in this region.

Table 3-11 presents monthly average coastal water temperatures at the four selected locations. Since the water
temperatures remain fairly constant over short periods of time, these data are considered as representative for each
month.

Table 3-11: Monthly Average Coastal Water Temperatures (°F)

Location  Jn | Feb : Mar i Apri May i Jun i Jul : Augi Sep i Oct i Nov i Dec
Boston, MA* | 40 | 36 | 41 | 47 | 56 | 62 | 645 68 | 645 i 57 | 51 | 42

Seattle, WA . 485 505 i 535 555 |

2 Source: NOAA Coastal Water Temperature Guides, (www.nodc.noaa.gov/dsdt/cwtg).

® Source: Estimate from multi-year plot “Great Lakes Average GLSEA Surface Water Temperature”
(http://coastwatch.glerl.noaa.gov/statistics/).

O Wet and Dry Bulb Temperatures

Table 3-12 presents design wet bulb temperatures (provided by a cooling system vendor) for the sel ected locations
as the wet bulb temperature that ambient conditions will equal or exceed at selected percent of time (June through
September) values. Notethat 1 percent representsaperiod of 29.3 hours. These data, however, represent relatively
short periods of time and do not provide any insight as to how the temperatures vary throughout the year. The
Agency obtained the Engineering Weather Data Published by the National Climatic Data Center to providemonthly
wet and dry bulb temperatures. In this data set, wet bulb temperatures were not summarized on amonthly basis, but
rather were presented asthe average valuesfor different dry bulb temperature ranges along with the average number
of hoursreported for each range during each month. These hourswere further divided into 8-hour periods (midnight
to 8AM, 8AM to 4PM, and 4PM to midnight).

Unlike surface water temperature, which tends to change more slowly, the wet bulb and dry bulb temperatures can
vary significantly throughout each day and especially from day-to-day. Thus, selecting the temperature to represent
the entire month reguires some consideration of this variation. The use of daily maximum values would tend to
overestimate the overall energy penalty and conversealy, the use of 24-hour averages may underestimate the penalty,
since the peak power production period is generally during the day.




§ 316(b) TDD Chapter 3 for New Facilities Energy Penalties, Air Emissions, and Cooling Tower Side-Effects

Since the power demand and ambient wet bulb temperatures tend to peak during the daytime, a time- weighted
average of the hourly wet bulb and dry bulb temperatures during the daytime period between 8AM and 4PM was
selected as the best method of estimating the ambient wet bulb and dry bulb temperature values to be used in the
analysis. The 8AM - 4PM time-weighted average values for wet bulb and dry bulb temperatures were selected as
a reasonable compromise between using daily maximum values and 24-hour averages. Table 3-13 presents a
summary of the time-weighted wet bulb and dry bulb temperatures for each month for the selected locations. Note
that the highest monthly 8AM - 4PM time-weighted average tendsto correspond well with the 15 percent exceedence
design values. The 15 percent values represent a time period of approximately 18 days which are not necessarily
consecutive.

Table 3-12: Design Wet Bulb Temperature Data for Selected Locations

Location Wet Bulb Temp (°F) Corresponding Cooling Tower Outlet
Temperature (°F)
% Time Exceeding % Time Exceeding
1% 5% 15% 1% 5% 15%
Boston, MA 76 73 70 86 83 80

Source: www.deltacooling.com

Table 3-13: Time-Weighted Averages for Eight-Hour Period from 8am to 4pm (°F)

IL ocation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Design
1%

IBoston WetBulb 275 293 363 446 539 627 679 674 615 520 426 326 74
DryBulb 330 353 432 535 638 739 800 782 704 599 495 384 88

Jacksonville  Wet Bulb 529 553 596 645 703 751 771 771 751 69.1 631 559 79.
DryBulb 598 636 703 766 830 872 893 881 851 778 706 626 93

IChicago WetBulb 233 270 372 466 566 649 698 693 622 512 391 279 76
DryBulb 276 318 439 557 679 774 825 806 724 599 450 322 89

Seattle WetBulb 394 418 442 472 520 560 592 596 572 510 440 397 65
Dry Bulb 443 478 515 556 618 716 716 673 581 490 443 82.
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c. Calculation of Energy Penalty

Sincethe energy penalty will vary over time as ambient climatic and source water temperaturesvary, the calculation
of the total annual energy penalty for a chosen location would best be performed by combining (integrating) the
results of individual calculations performed on a periodic basis. For this analysis, a monthly basis was chosen.

The estimated monthly turbine exhaust pressure values for alternative cooling system scenarios were derived using
the curvesin Figures 2 and 3 in conjunction with the monthly temperature valuesin Tables 3-11 and 3-13. These
turbine exhaust pressure values were then used to estimate the associated change in turbine efficiency using the
equations from Figure 1. EPA then calculated the energy penalty for each month. Annual values were cal culated
by averaging the 12 monthly values.

Tables 3-14 and 3-15 present a summary of the calculated annual average energy penalty values for steam rates of
100 percent and 67 percent of maximum load. These values can be applied directly to the power plant output to
determine economic and other impacts. 1n other words, an energy penalty of 2 percent indicatesthat the plant output
power would bereduced by 2 percent. Inaddition, Tables3-14 and 3-15 include the maximum turbine energy penalty
associated with maximum design conditions such as once-through systems drawing water at the highest monthly
average, and wet towers and air cooled condensers operating in air with awet bulb and dry bulb temperature at the
1 percent exceedence level. EPA notes that the maximum design values result from using the maximum monthly
water temperatures from Table 3-11 and the 1% percent exceedence wet bulb and dry bulb temperaturesfrom Table
3-12.

EPA notes that the penalties presented in Tables 3-14 and 3-15 do not comprise the total energy penalties (which
incorporate all three components of energy penalties: turbine efficiency penalty, fan energy requirements, and
pumping energy usage) as a percent of power output. The total energy penalties are presented in section 3.1 above.
Thetablesbelow only present theturbineefficiency penalty. Section 3.3.3 presentsthefan and pumping components
of the energy penalty.
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FT2ble 3-14: Calculated Energy Penalties for the Turbine Efficiency Component at 100 Pecent of Maximum Steam Load
L ocation Cooling Type Percent Nuclear Nuclear  Combined Combined Fossil Fuel Fossil Fuel
Maximum  Maximum Annua Cycle Cycle Maximum Annua
Load Design Average  Maximum Annual Design Average

Design Average
Boston Wet Tower vs. Once-through 100% 1.25% 0.37% 0.23% 0.05% 1.09% 0.35%
Dry Tower vs. Once-through 100% 9.22% 2.85% 2.04% 0.55% 7.76% 2.48%
Dry Tower vs. Wet Tower 100% 7.96% 2.48% 1.81% 0.50% 6.66% 2.13%
Jacksonville  Wet Tower vs. Once-through 100% 0.71% 0.54% 0.14% 0.10% 0.61% 0.38%
Dry Tower vs. Once-through 100% 9.86% 6.21% 2.30% 1.35% 8.22% 5.16%
Dry Tower vs. Wet Tower 100% 9.14% 5.68% 2.16% 1.25% 7.61% 4.78%
Chicago Wet Tower vs. Once-through 100% 1.39% 0.42% 0.26% 0.05% 1.21% 0.40%
Dry Tower vs. Once-through 100% 9.47% 3.09% 2.12% 0.60% 7.96% 2.68%
Dry Tower vs. Wet Tower 100% 8.08% 2.67% 1.85% 0.55% 6.75% 2.28%
Sesttle Wet Tower vs. Once-through 100% 0.77% 0.29% 0.12% 0.03% 0.70% 0.28%
Dry Tower vs. Once-through 100% 7.60% 2.63% 1.61% 0.49% 6.46% 2.30%
Dry Tower vs. Wet Tower 100% 6.83% 2.34% 1.48% 0.45% 5.76% 2.02%
Average Wet Tower vs. Once-through 100% 1.03% 0.40% 0.19% 0.06% 0.90% 0.35%
Dry Tower vs. Once-through 100% 9.04% 3.70% 2.02% 0.75% 7.60% 3.15%
Dry Tower vs. Wet Tower 100% 8.00% 3.29% 1.83% 0.69% 6.70% 2.80%

Note: See Section 3-1 for the total energy penalties. Thistable presents only the turbine component of the total energy penalty.
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Fable 3-15: Calculated Energy Penalties for the Turbi ne Efficiency Component at 67% Pecent of Maximum Steam Load;
Location Cooling Type Percent Nuclear Nuclear Combined  Combined Fossil Fuel Fossil Fuel
Maximum Maximum Annua Cycle Cycle Maximum  Annual
Load Design Average Maximum  Annual Design Average
Design Average
Boston Wet Tower vs. Once-through 67% 2.32% 0.73% 0.42% 0.14% 2.04% 0.88%
Dry Tower vs. Once-through 67% 13.82% 4.96% 3.20% 0.98% 15.15% 4.69%
Dry Tower vs. Wet Tower 67% 11.50% 4.23% 2.78% 0.84% 13.11% 3.81%
Jacksonville  Wet Tower vs. Once-through 67% 1.22% 1.03% 0.24% 0.18% 1.08% 0.93%
Dry Tower vs. Once-through 67% 13.61% 9.63% 3.50% 2.14% 16.96% 10.06%
Dry Tower vs. Wet Tower 67% 12.39% 8.60% 3.27% 1.96% 15.88% 9.14%
Chicago Wet Tower vs. Once-through 67% 2.53% 0.98% 0.47% 0.16% 2.23% 1.02%
Dry Tower vs. Once-through 67% 14.03% 5.39% 3.30% 1.07% 15.67% 5.30%
Dry Tower vs. Wet Tower 67% 11.50% 4.41% 2.83% 0.91% 13.44% 4.27%
Sedttle Wet Tower vs. Once-through 67% 1.60% 0.67% 0.27% 0.11% 1.50% 0.74%
Dry Tower vs. Once-through 67% 12.16% 4.60% 2.60% 0.90% 12.31% 4.50%
Dry Tower vs. Wet Tower 67% 10.56% 3.93% 2.33% 0.79% 10.81% 3.75%
Average Wet Tower vs. Once-through 67% 1.92% 0.85% 0.35% 0.15% 1.71% 0.89%
Dry Tower vs. Once-through 67% 13.41% 6.14% 3.15% 1.27% 15.02% 6.14%
Dry Tower vs. Wet Tower 11.49% 5.29% 2.80% 1.12% 13.31%

Note: See Section 3-1 for the total energy penalties. Thistable presents only the turbine component of the total energy penalty.
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3.3.3 Energy Penalty Associated with Cooling System Energy Requirements

Thisanalysisis presented to eval uate the energy requirements associated with the operation of the alternative types
of cooling systems. As noted previoudly, the reductions in energy output resulting from the energy required to
operate the cooling system equipment are often referred to as parasitic losses. In evaluating this component of the
energy penalty, it is the differences between the parasitic losses of the alternative systems that are important. In
general, the costsassoci ated with the cooling system energy requirements have beenincluded within theannual O& M
cost values developed in Chapter 2 of this document. Thus, the costs of the cooling system operating energy
reguirementsdo not need to befactored into the overall energy penalty cost analysisasaseparate value, but may have
been in some instances as part of a conservative approach.

Alternative cooling systems can create additional energy demands primarily through the use of fans and pumps.
There are other energy demands such as treatment of tower blowdown, but these are insignificant compared to the
pump and fan requirements and will not beincluded here. Some seasonal variation may be expected due to reduced
reguirementsfor cooling mediaflow volumeduring col der periods. Thesereduced requirementscanincludereduced
cooling water pumping for once-through systems and reduced fan energy requirements for both wet and dry towers.
However, no adjustments were made concerning the potential seasonal variations in cooling water pumping. The
seasonal variationinfan power requirementsisaccounted for in thiseval uation by applying an annual fan usagerate.
The pumping energy estimates are calculated using a selected cooling water flow rate of 100,000 gpm (223 cfs).

a. Fan Power Requirements

~

O Wet Towers

In the reference Cooling Tower Technology (Burger 1995), several examples are provided for cooling towers with
flow rates of 20,000 gpm using 4 cellswith either 75 (example#1) or 100 Hp (example #2) fans each. The primary
difference between these two examplesisthat the tower with the higher fan power requirement has an approach of
5°F compared to 11 °F for the tower with the lower fan power requirement. Using an electric motor efficiency of 92
percent and afan usage factor of 93 percent (Fleming 2001), the resulting fan el ectric power requirements are equal
t00.236 MW and 0.314 MW for the four cellswith 75 and 100 Hp fan motors, respectively. These exampletowers
both had a heat load of 150 million BTU/hr. Table 3-16 provides the percent of power output penalty based on
equivalent plant capacities derived using the heat rejection factors described below. Note that fan gear efficiency
values are not applicabl e because they do not affect the fan motor power rating or the amount of electricity required
to operate the fan motors.

A third examplewas provided in vendor-supplied data (Fleming 2001), in which acooling tower with acooling water
flow rate of 243,000 gpm had atotal fan motor capacity brake-Hp of 250 for each of 12 cells. Thiswet tower had
adesign temperature range of 15 °F and an approach of 10 °F. The percent of power output penalty shown in Table
7 isalso based on equivalent plant capacities derived using the heat rejection factors described bel ow.

A fourth example is a cross-flow cooling tower for a 35 MW coal-fired plant in lowa (Litton, no date). In this
example, thewet tower consists of two cellswith one 150 Hp fan each, with acooling water flow rate of 30,000 gpm.
Thiswet tower had adesign temperature range of 16 °F, an approach of 12 °F, and wet bulb temperature of 78 °F.
The calculated energy penalty in this example is 0.67 percent.
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Example#2, which hasthe smallest approach value, representsthe high end of the range of cal cul ated wet tower fan
energy penalties presented in Table 3-16. Note that smaller approach values correspond to larger, more expensive
(both in capital and O&M costs) towers. Since the fossil fuel plant penalty value for example #4, which is based
mostly on empirical data, is just below the fossil fuel penalty calculated for example #2, EPA has chosen the
calculated values for example #2 as representing a conservative estimate for the wet tower fan energy penalty.

EPA notes that the penalties presented in Tables 3-16 do not comprise the total energy penalty (which incorporates
all three components of energy penalties: turbine efficiency penalty, fan energy requirements, and pumping energy
usage) as apercent of power output. Thetotal energy penalties are presented in section 3.1 above. Thetable below
only presents the fan component of the penalty.

f Table 3-16: Wet Tower Fan Power Energy Penalty

Example  Range/ Flow Fan Power Fan Power Plant Type Plant Per cent of

Plant  Approach (gpm) Rating Required Capacity Output

(Degree F) (Hp) (MW) (MW) (%)

#1 15/11 20,000 300 0.236 Nuclear 35 0.68%

Fossil Fuel 43 0.55%

Comb. Cycle 130 0.18%

#2 15/5 20,000 400 0.314 Nuclear 35 0.91%

Fossil Fuel 43 0.73%

Comb. Cycle 130 0.24%

#3 15/10 243,000 3,000 2.357 Nuclear 420 0.56%

Fossil Fuel 525 0.45%

Comb. Cycle 1574 0.15%

16/12 30,000 300.0 0.236 Fossil Fuel 0.67%

Note: See Section 3-1 for the total energy penalties. Thistable presents only the fan component of the
total energy penalty.

O Air Cooled Condensers

Air cooled condensersrequire greater air flow than recircul ating wet towers because they cannot rely on evaporative
heat transfer. The fan power requirements are generally greater than those needed by wet towers by afactor of 3 to
4 (Tallon 2001). While the fan power requirements can be substantial, at least a portion of this increase over wet
cooling systemsisoffset by the elimination of the pumping energy requirements associated with wet cooling systems
described below.

The El Dorado power plant in Boulder, Nevada which was visited by EPA is a combined-cycle plant that uses air
cooled condensers due to the lack of sufficient water resources. Thisfacility islocated in arelatively hot section of
the U.S. Because the plant has a relatively low design temperature (67 °F) in a hot environment, it should be
considered as representative of a conservative situation with respect to the energy requirements for operating fans
in air cooled condensers. The steam portion of the plant has a capacity of 150 MW (1.1 million |b/hr steam flow).

3-23
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The air cooled condensers consist of 30 cells with a 200 Hp fan each. A fan motor efficiency of 92 percent is
assumed. Each fan has two operating speeds, with the low speed consuming 20 percent of the fan motor power
rating.

The facility manager provided estimates of the proportion of time that the fans were operated at low or full speed
during different portions of the year (Tatar 2001). Factoring in the time proportions and the corresponding power
regquirements resultsin an overall annual fan power factor of 72 percent for thisfacility. In other words, over aone
year period, the fan power requirement will average 75 percent of the fan motor power rating. A comparison of the
climatic datafor Las Vegas (located nearby) and Jacksonville, Florida shows that the Jacksonville mean maximum
temperature values were slightly warmer in the winter and slightly cooler inthe summer. Adjustmentsin the annual
fan power factor cal culationsto address Jacksonvill€' s dightly warmer winter months resulted in a projected annual
fan power factor of 77 percent. EPA chose afactor of 75 percent as representative of warmer regions of the U.S.
Dueto lack of available operational datafor other locations, thisvalueisused for facilities throughout the U.S. and
represents an conservative value for the much cooler regions.

Prior to applying thisfactor, the resulting maximum energy penalty duringwarmer monthsis 3.2 percent for the steam
portion only. This value is the maximum instantaneous penalty that would be experienced during high temperature
conditions. When the annual fan power factor of 75 percent is applied, the annual fan energy penalty becomes 2.4
percent of the plant power output. Anengineer fromanair cooled condenser manufacturer indicated that the majority
of air cooled condensersbeing install ed today al so include two-speed fans and that the 20 percent power ratio for the
low speed was the factor that they used also. In fact, some dry cooling systems, particularly those in very cold
regions, use fans with variable speed drives to provide even better operational control. Similar calculations for a
waste-to-energy plant in Spokane, Washington resulted in a maximum fan operating penalty of 2.8 percent and an
annual average of 2.1 percent using the 75 percent fan power factor. Thus, thefactor of 2.4 percent selected by EPA
as a conservative annual penalty value appearsvalid.

b. Cooling Water Pumping Requirements

The energy requirementsfor cooling water pumping can be estimated by combining the flow rates and the total head
(usualy givenin feet of water) that must be pumped. Estimating the power requirementsfor the alternative cooling
systemsthat usewater issomewhat complex inthat there are several componentsto thetotal pumping head involved.
For example, a once-through system must pump water from the water source to the steam condensers, which will
include both a static head from the elevation of the source to the condenser (use of groundwater would represent an
extreme case) and friction head losses through the piping and the condenser. The pipe friction head is dependent on
the distance between the power plant and the source plusthe size and number of pipes, pipefittings, and theflow rate.
The condenser friction head loss is a function of the condenser design and flow rate.

Wet cooling towers must also pump water against both a static and friction head. A power plant engineering
consultant estimated that the total pumping head at a typical once-through facility would be approximately 50 ft
(Taylor 2001). EPA performed adetail ed analysis of the cooling water pumping head that would result from different
combinations of piping velocities and distances. The results of this analysis showed that the pumping head wasin
many scenarios similar in value for both once-through and wet towers, and that the estimated pumping head ranged
from approximately 40 to 60 feet depending on the assumed values. Since EPA’s analysis produced similar values
as the 50 ft pumping head provided by the engineering consultant, this value was used in the estimation of the
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pumping requirements for cooling water intakes for both once-through and wet tower systems. The following
sections describe the method for deriving these pumping head values.

O Friction Losses

In order to provide apoint of comparison, acooling water flow rate of 100,000 gpm (223 cfs) wasused. A recently
reported general pipe sizing ruleindicating that apipeflow velocity of 5.7 fpsisthe optimum flow rate with regards
to the competing cost values was used as the starting point for flow velocity (Durand et al. 1999). Such aminimum
velocity is needed to prevent sediment deposition and pipe fouling. Using thiscriterion asastarting point, four 42-
inch steel pipescarrying 25,000 gpm each at avelocity of 5.8 fpswere selected. Each pipewould haveafriction head
loss of 0.358 ft/100 ft of pipe (Permutit 1961), resulting in afriction loss of 3.6 ft for every 1,000 ft of length. Since
capital costs may dictate using fewer pipeswith greater pipeflow rates, two other scenarios using either three or two
parallel 42-inch pipeswere also evaluated. Three pipeswould result in aflow rate and velocity of 33,000 gpm and
7.7 fps, which resultsin afriction head loss of 6.1 ft/1000ft. Two pipeswould result in aflow rate and velocity of
50,000 gpm and 11.6 fps, which results in afriction head loss of 12.8 ft/1000ft. The estimated 50 ft total pumping
head was most consistent with a pipe velocity of 7.7 fps (three 42-inch pipes).

Therelative distances of the power plant condensers to the once-through cooling water intakes as compared to the
distance from the plant to the alternative cooling tower can be an important factor. In general, the distancesthat the
large volumes of cooling water must be pumped will be greater for once-through cooling systems. For thisanalysis,
afixed distance of 300 ft was selected for the cooling tower. Various distances ranging from 300 ft to 3,000 ft are
used for the once-through system. Thefriction head was al so assumed to include miscellaneous|osses duetoinlets,
outlets, bends, valves, etc., which can be calculated using equivalent lengths of pipe. For 42-in. steel pipe, each
entrance and long sweep elbow is equal to about 60 ft in added pipe length. For the purposes of thisanalysis, both
systems were assumed to have five such fittings for an added length of 300 ft. The engineering estimate of 50 ft for
pumping head was most consistent with a once-through pumping distance of approximately 1,000 ft.

O StaticHead

Static head refersto the distancein height that the water must be pumped from the source el evation to the destination.
In the case of once-through cooling systems, this is the distance in elevation between the source water and the
condenser inlet. However, many power plants eliminate asignificant portion of the static head loss by operating the
condenser piping asasiphon. Thisisdoneby installing vacuum pumpsat the high point of thewater loop. INnEPA’s
analysis, a static head of 20 ft produced atotal pumping head value that was most consistent with the engineering
consultant’s estimate of 50 feet.

Inthe case of coolingtowers, static head isrel ated to the height of the tower, and vendor datafor the overall pumping
head through thetower isavailable. Thispumping head includes both the static and dynamic headswithin thetower,
but wasincluded as the static head component for the analysis. Vendor datareported atotal pumping head of 25 ft
for alarge cooling tower sized to handle 335,000 gpm (Fleming 2001). The tower is a counter-flow packed tower
design. Adding the condenser losses and pipe losses resulted in atotal pumping head of approximately 50 feet.

O Condenser Losses

Condenser design data provided by a condenser manufacturer, Graham Corporation, showed condenser head |osses
ranging from 21 ft of water for small condensers (cooling flow <50,000 gpm) to 41 ft for larger condensers (Hess
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2001). Another source showed head lossesthrough thetubes of alarge condenser (311,000 gpm) to be approximately
9ft of water (HES. 2001). For the purposes of thisanalysis, EPA estimated condenser head lossesto be 20 ft of water.
For comparable systemswith similar cooling water flow rates, the condenser head | oss component should bethesame
for both once-through systems and recirculating wet towers.

O Flow Rates

In general, the cooling water flow rate is a function of the heat rejection rate through the condensers and the range
of temperature between the condenser inlet and outlet. The flow rate for cooling towersis approximately 95 percent
that of once-through cooling water systems, depending on the cooling temperature range. However, cooling tower
systems also still require some pumping of make-up water. For the purposes of thisanalysis, the flow ratesfor each
system will be assumed to be essentially the same. All values used in the calculations are for a cooling water flow
rateof 100,000 gpm. Valuesfor larger and smaller systems can befactored against these values. Thetotal pump and
motor efficiency is assumed to be equal to 70 percent.

c. Analysis of Cooling System Energy Requirements

Thisanalysiseval uatesthe energy penalty associated with the operation of cooling system equipment for conversion
from once-through systems to wet towers and for conversion to air cooled systems by estimating the net difference
in required pumping and fan energy between the systems. This penalty can then be compared to the power output
associated with acooling flow rate of 100,000 gpmto derive apercent of plant output figurethat isasimilar measure
to the turbine efficiency penalty described earlier. The power output was determined by comparing condenser heat
rejectionratesfor different typesof systems. Asnoted earlier, the cost of thisenergy penalty component hasalready
been included inthe alternative cooling system O& M costsdiscussed in Chapter 2 of thisdocument, but was derived
independently for thisanalysis.

Table 3-17 shows the pumping head and energy requirements for pumping 100,000 gpm of cooling water for both
once-through and recircul ating wet towersusing the various pi ping scenario assumptions. Ingeneral, thecomparison
of two types of cooling systems shows offsetting energy requirements that essentially show zero pumping penalty
between once-through and wet towers as the pumping distance for the once-through system increases to
approximately 1,000 ft. Infact, it isapparent that for once-through systemswith higher pipe velocities and pumping
distances, more cooling water pumping energy may be required for the once-through system than for awet cooling
tower. Thus, when converting from once-through to recirculating wet towers, the differences in pumping energy
regquirements may be relatively small.

Asdescribed above, wet towerswill require additional energy to operate the fans, which resultsin anet increasein
the energy needed to operate the wet tower cooling system compared to once-through. Note that the average
calculated pumping head across the various scenarios for once-through systemswas 54 ft.  This data suggests that
an average pumping head of 50 feet for once-through systems appears to be a reasonabl e assumption where specific
data are not available.

EPA notes that the penalties presented in Tables 3-17 and 3-18 do not comprise the total energy penalties (which
incorporate all three components of energy penalties: turbine efficiency penalty, fan energy requirements, and
pumping energy usage) as a percent of power output. The total energy penalties are presented in section 3.1 above.
The tables below only present the pumping components.
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Table 3-17: Cooling Water Pumping Head and Energy for 100,000 gpm System Wet Towers Versus Once-through At 20" Static Head
Cooling Distance Static Condenser Equiv. Pipe Friction Friction Total Net Flow Hydraulic- Brake-  Power Energy
SysiemType pymped Head  Head Length  velocity  Loss Head Head Difference Rae Hp HP  Required  Penalty
Misc. Rate
Losses
ft. ft. ft ft. fps ft/1,000ft ft. ft. ft gpm Hp Hp kw kw
IOnce-through at 20" Static Head Using 4: 42" Pipesat 300' Length
Once-through 300 20 21 300 5.8 3.6 2 43 100,000 1089 1556 1161
Wet Tower 300 25 21 300 5.8 3.6 2 48 5 100,000 1216 1737 1296 135
IOnce-through at 20" Static Head Using 3: 42" Pipesat 300' Length
Once-through 300 20 21 300 7.7 6.1 4 45 100,000 1127 1610 1201
Wet Tower 300 25 21 300 7.7 6.1 4 50 5 100,000 1254 1791 1336 135
IOnce-through at 20" Static Head Using 2: 42" Pipesat 300' Length
Once-through 300 20 21 300 11.6 12.8 8 49 100,000 1229 1755 1310
Wet Tower 300 25 21 300 11.6 12.8 8 54 5 100,000 1355 1936 1444 135
IOnce-through at 20" Static Head Using 4: 42" Pipesat 1000' Length
Once-through 1000 20 21 300 5.8 3.6 5 46 100,000 1153 1647 1229
Wet Tower 300 25 21 300 5.8 3.6 2 48 2 100,000 1216 1737 1296 67
IOnce-through at 20" Static Head Using 3: 42" Pipesat 1000' Length
Once-through 1000 20 21 300 7.7 6.1 8 49 100,000 1235 1764 1316
Wet Tower 300 25 21 300 7.7 6.1 4 50 1 100,000 1254 1791 1336 20
IOnce-through at 20" Static Head Using 2: 42" Pipesat 1000' L ength
Once-through 1000 20 21 300 11.6 12.8 17 58 100,000 1455 2079 1551
Wet Tower 300 25 21 300 11.6 12.8 8 54 -4 100,000 1355 1936 1444 -107
IOnce-through at 20" Static Head Using 4: 42" Pipesat 3000' Length
Once-through 3000 20 21 300 5.8 3.6 12 53 100,000 1335 1907 1423
Wet Tower 300 25 21 300 5.8 3.6 2 48 -5 100,000 1216 1737 1296 -127
IOnce-through at 20" Static Head Using 3: 42" Pipesat 3000' Length
Once-through 3000 20 21 300 7.7 6.1 20 61 100,000 1543 2204 1644
Wet Tower 300 25 21 300 7.7 6.1 4 50 -11 100,000 1254 1791 1336 -309
IOnce-through at 20" Static Head Using 2: 42" Pipesat 3000' Length
Once-through 3000 20 21 300 11.6 12.8 42 83 100,000 2101 3002 2239
Wet Tower 300 25 21 300 11.6 12.8 100,000

Note: Wet Towers are assumed to always be at 300" distance and have the same tower pumping head of 25' in all scenarios shown.
The same flow rate of 100,000gpm (223 cfs) isused for all scenarios.
See Section 3-1 for the total energy penalties. Thistable presents only the pumping component of the total energy penalty.
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O Cooling System Energy Requirements Penalty as Percent of Power Output

One method of estimating the capacity of apower plant associated with a given cooling flow rate isto compute the
heat rejected by the cooling system and determine the capacity that would match this rejection rate for a“typical”
power plant in each category. In order to determine the cooling system heat rejection rate, both the cooling flow
(100,000 gpm) and the condenser temperature range between inlet and outlet must be estimated. In addition, the
capacity that correspondsto the power plant heat rej ection rate must bedetermined. The heat rejectionrateisdirectly
related to the type, design, and capacity of a power plant. The method used here was to determine the ratio of the
plant capacity divided by the heat rejection rate as measured in equivalent electric power.

Ananalysisof condenser cooling water flow rates, temperature ranges and power outputsfor several existing nuclear
plants provided ratios of the plant output to the power equivalent of heat rejection ranging from 0.75to 0.92. A
similar analysisfor coal-fired power plants provided ratios ranging from 1.0 to 1.45. Use of alower factor resultsin
alower power plant capacity estimate and, consequently, a higher value for the energy requirement as a percent of
capacity. Therefore, EPA choseto use values near the lower end of the range observed. EPA selected ratios of 0.8
and 1.0 for nuclear and fossil-fueled plants, respectively. The steam portion of a combined cycle plant is assumed
to have afactor similar to fossil fuel plants of 1.0. Considering that this applies to only one-third of the total plant
output, the overall factor for combined-cycle plantsis estimated to be 3.0.

In order to correlate the cooling flow energy requirement data to the power output, a condenser temperature range
must also be estimated. A review of datafrom newly constructed plants in Attachment C showed no immediately
discernable pattern onaregional basisfor approach or rangevalues. Therefore, thesevalueswill not bedifferentiated
on aregional basisin thisanaysis. The data did, however, indicate a median approach of 10 °F (average 10.4 °F)
and amedian range of 20 °F (average 21.1 °F). Thisrange value is consistent with the value assumed in other EPA
analyses and therefore arange of 20 °F will be used. Table 3-18 presents the energy penalties corresponding to the
pumping energy requirements from Table 3-17 using the above factors.
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Table 3-18: Comparison of Pumping Power Requirement and Energy Penalty to Power Plant Output .
Cooling Distance Static  Power Flow Range Nuclear Nuclear Nuclear Fossil Fuel Fossil Fuel Fossil Comb.- Comb.- Comb.-
system Type Pumped Head Required Rate Power/  Equiv. Pumping Power/ Equiv. Fuel Cycle Cycle Cycle
Heat Output Heat Output  Pumping Power/  Equiv.  pymping
Heat
ft. ft. kw gpm °F Ratio (MW) 9% of Output Ratio (MW) % of Ratio Output % of
Output (MW) Output
IOnce-through at 20" Static Head Using 4: 42" Pipesat 300" Length
Once-through 300 20 1161.1 100,000 20 0.8 235 0.49% 294 0.39% 3 882 0.13%
Wet Tower 300 25 1295.6 100,000 20 0.8 235 0.55% 294 0.44% 3 882 0.15%
IOnce-through at 20" Static Head Using 3: 42" Pipesat 300" Length
Once-through 300 20 1201.4 100,000 20 0.8 235 0.51% 294 0.41% 3 882 0.14%
Wet Tower 300 25 1335.9 100,000 20 0.8 235 0.57% 294 0.45% 3 882 0.15%
IOnce-through at 20" Static Head Using 2: 42" Pipesat 300" Length
Once-through 300 20 1309.6 100,000 20 0.8 235 0.56% 294 0.45% 3 882 0.15%
Wet Tower 300 25 14441 100,000 20 0.8 235 0.61% 294 0.49% 3 882 0.16%
fOnce-through at 20" Static Head Using 4: 42" Pipesat 1000' Length
Once-through 1000 20 1228.8 100,000 20 0.8 235 0.52% 294 0.42% 3 882 0.14%
Wet Tower 300 25 1295.6 100,000 20 0.8 235 0.55% 294 0.44% 3 882 0.15%
fOnce-through at 20" Static Head Using 3: 42" Pipesat 1000' Length
Once-through 1000 20 1316.3 100,000 20 0.8 235 0.56% 294 0.45% 3 882 0.15%
Wet Tower 300 25 13359 100,000 20 0.8 235 0.57% 294 0.45% 3 882 0.15%
fOnce-through at 20" Static Head Using 2: 42" Pipesat 1000' Length
Once-through 1000 20 1550.6 100,000 20 0.8 235 0.66% 294 0.53% 3 882 0.18%
Wet Tower 300 25 14441 100,000 20 0.8 235 0.61% 294 0.49% 3 882 0.16%
fOnce-through at 20" Static Head Using 4: 42" Pipesat 3000' Length
Once-through 3000 20 1422.5 100,000 20 0.8 235 0.60% 294 0.48% 3 882 0.16%
Wet Tower 300 25 1295.6 100,000 20 0.8 235 0.55% 294 0.44% 3 882 0.15%
fOnce-through at 20" Static Head Using 3: 42" Pipesat 3000' Length
Once-through 3000 20 16445 100,000 20 0.8 235 0.70% 294 0.56% 3 882 0.19%
Wet Tower 300 25 1335.9 100,000 20 0.8 235 0.57% 294 0.45% 3 882 0.15%
fOnce-through at 20" Static Head Using 2: 42" Pipesat 3000' Length
Once-through 3000 20 2239.3 100,000 20 0.8 235 0.95% 294 0.76% 3 882 0.25%
\Wet Tower 300 25 1444.1 100,000 20 0.49% 882

Note: Wet Towers are assumed to always be at 300" distance and have the same tower pumping head of 25' in all scenarios shown. The same flow rate of 100,000gpm (223 cfs)
isused for all scenarios. Power/Heat Ratio refers to the ratio of Power Plant Output (MW) to the heat (in equivalent MW) transferred through the condenser. See Section 3-1
for the total energy penalties. This table presents only the pumping component of the total energy penalty
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d. Summary of Cooling System Energy Requirements

EPA chosethe piping scenario in Table 3-17 where pumping head is close to 50 ft for both (i.e., once-through at 1,000 ft and
3-42in. pipesin Table 3-17). Thus, the cooling water pumping requirements for once-through and recircul ating wet towers
are nearly equal using the chosen site-specific conditions. Table 3-19 summarizes the fan and pumping equipment energy
requirements as a percent of power output for each type of power plant. Table 3-20 presents the net difference in energy
requirements shown in Table 3-19 for the alternative cooling systems. The net differencesin Table 3-20 are the equipment
operating energy penalties associated with conversion from one cooling technology to another.

EPA notesthat the penalties presented in Tables 3-19 and 3-20 do not comprisethetotal energy penalties (which incorporate
all three components of energy penalties: turbine efficiency penalty, fan energy requirements, and pumping energy usage)
as a percent of power output. The total energy penalties are presented in section 3.1 above. The tables below only present
the pumping and fan components. Section 3.3.2 presents the turbine efficiency components of the energy penalty.

Table 3-19: Summary of Fan and Pumping Energy Requirements as a Percent of Power Output

Wet Tower Wet Wet Tower Once-through Dry Tower
Pumping Tower Total Total Total (Fan)

Fan (Pumping)
Nuclear 0.57% 0.91% 1.48% 0.56% 3.04%
Fossil Fuel 0.45% 0.73% 1.18% 0.45% 2.43%
Combined-Cycle 0.24% 0.39% 0.15% 0.81%

Note: See Section 3.1 for the total energy penalties.

Table 3-20: Fan and Pumping Energy Penalty Associated with Alternative
Cooling System as a Percent of Power Output
Wet Tower Vs Dry Tower VsWet  Dry Tower Vs Once-
Once-through Tower through
Nuclear 0.92% 1.56% 2.48%
Fossil Fuel 0.73% 1.25% 1.98%
Combined-Cycle 0.24% 0.42% 0.66%

Note: See Section 3.1 for the total energy penalties.
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3.4 AIR EMISSIONS INCREASES

Due to the cooling system energy penalties, as described in section 3.3 and presented in section 3.1 above, EPA
estimatesthat air emissionswill marginally increase from power plantswhich upgrade cooling systems. The energy
penalties reduce the efficiency of the electricity generation process and thereby increase the quantity of fuel
consumed per unit of electricity generated. In estimating annual increasesin air emissions, the Agency based its
calculationson themean annual energy penaltiesprovided in Table 3-1 above. EPA presentstheannual air emissions
increases for the final rule and the dry cooling regulatory alternative in Tables 3-7 and 3-8 in section 3.2 above.

EPA developed estimates of incremental air emissions estimates for the two types of power plants projected to
upgrade cooling systems as aresult of thisrule (or aregulatory alternative): combined-cycle and coal-fired power
plants. Generally, combined-cycle plants produce significantly less air emissions per kilowatt-hour of electricity
generated than coal-fired plants. Because the combined-cycle plant requires cooling for approximately one-third of
its process (on a megawatt capacity basis) and because of the differences in combustion products from natural gas
versuscoal, the combined-cycleplant produceslessair emissions, even after coal -fired plantsare equi pped with state-
of-the-art emissions controls. However, for the case of the air emissions estimates for the final rule and regulatory
aternatives considered, EPA estimates that plants incurring an energy penalty will not increase their fuel
consumption on-site to overcome incurred energy penalties. Instead, the Agency estimates that energy penalties at
facilities affected by the requirements of thisrule (or theregulatory alternatives) would purchase replacement power
from the grid and the air emissions increases associated with a particular energy penalty at an effected plant would
be released by the rest of the grid as awhole (thereby comprising negligible increases at alarge number and variety
of power plants). EPA received comments asserting that not all facilities, especially during times of peak demand,
wouldbeabletoincreasetheir fuel consumptionto overcome energy penalties. Therefore, theair emissionsincreases
presented in section 3.2 of thischapter represent uniform national air emissionsincreases per unit of energy penalty,
regardiess of the plant at which the energy penalty is occurring. For the final rule and regulatory alternatives
considered, the key difference between air emissions increases estimated at facilities projected to upgrade cooling
systemsisdirectly related to the size of the energy penalty that the plant will incur. For the sake of comparison, EPA
also calculated the air emissionsincreasesfor thefinal rule and regulatory aternativesin the case wherethe effected
plantswould increase fuel consumption to overcome the penalties. The comparativeresultsare presented in Tables
3-21 and 3-22. EPA found small national differences between increased air emissions as calculated on the plant
versus grid basis. For more information on the supporting calculations see DCN 3-3085.

The data source for the Agency’ sair emissions estimates of CO,, SO,, NO, and Hg isthe EPA devel oped database
titled E-GRID 2000. This database is a compendium of reported air emissions, plant characteristics, and industry
profiles for the entire US electricity generation industry in the years 1996 through 1998. The database relies on
information from power plant emissions reporting data from the Energy Information Administration of the
Department of Energy. The database compilesinformation on every power plant in the United States and includes
statistics such as plant operating capacity, air emissions, electricity generated, fuel consumed, etc. This database
provided ample datafor the Agency to conduct air emissionsincreasesanalysesfor thisrule. Theemissionsreported
in the database are for the power plants’ actual emissions to the atmosphere and represent emissions after the
influence of air pollution control devices. To test the veracity of the database for the purposes of this rule, the
Agency compared theinformation to other sources of data available on power plant capacities, fuel-types, locations,
owners, and ages. Without exception, the E-GRID 2000 database provided accurate estimates of each of these
characteristics versus information that EPA was able to obtain from other sources.
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As noted above, the E-GRID 2000 database contains data on existing power plants. For the national analysis
presented in section 3.2 above, EPA estimated that the annual generation of electricity would not increase over the
life of therule. Therefore, the emissionsincreases as a percent of national capacity presented in Tables 3-7 and 3-8
above are conservatively estimated and ignore projected growth rates of power plant capacity. For the comparative
analysis of plant versus grid based emissionsthe Agency purposefully chose, when analyzing specific power plants
(and not just the grid as awhole), to focus on the most recently constructed plants with multiple years of operating
data(where possible). In addition, the Agency selected avariety of plantsfrom different regions of the country with
different urban versus rural locations. The capacity of the model plants was chosen as closely as possible to the
average size plant within scope of the rule. Therefore, the Agency’s comparative estimates of the air emissions
increases from the scenario whereindividual plants are able to consume more fuel to overcome the energy penalties
present nationally applicable results for the variety of plants and locations expected for the new facility rule. The
model facility plant information along with the supporting cal culationsfor thisanalysis can befoundin DCN 3-3085.

Because the Agency estimates that the air emissions increases for the final rule (and regulatory alternatives) will
come from the mix of plant types across the nation, the issue of baseline cooling systemsis moot. However, for the
scenario where EPA estimated (for the sake of comparison) that plantswould increase fuel consumptionto overcome
energy penalties, and the air emissions would occur at the site, the issue of cooling system is more relevant. EPA
attempted to consider baseline cooling systems when selecting the model facilities upon which to base the air
emissions profiles for combined-cycle and coal-fired plants. However, because the emissions would be used to
estimate changes in cooling systems from once-through to wet towers and, for the case of regulatory alternatives,
from once-through to dry towers and wet towersto dry towers, the Agency ultimately determined that age, size, and
location of the plant were more important factors to consider than the baseline cooling system. The effect is such,
for the comparative example of plantsincreasing fuel consumption to overcome energy penalties as aresult of the
final rule, the Agency may have marginally overestimated the air emissionsincreases dueto cooling system changes.
EPA reiterates that this has no bearing on the estimated air emissions for the final rule and is relevant only for the
comparative analysis presented in Tables 3-21 and 3-22. The basis for the Agency stating that it may have
overestimated emissions in this comparative case for the final rule is due to the fact that several of the plants used
asmodel facilitiesintheair emissionsanalysisactually utilizewet-coolingtowersat baseline. Therefore, thebaseline
energy efficiency would be lower than a once-through system and the related baseline air emissions rates per unit
of fuel consumed would be higher. Thus, for the case of the upgrades from once-through to wet cooling towers, EPA
likely is overestimating the compliance air emissions rates per unit of fuel consumed in this comparative case. For
the case of the dry cooling alternative, the effect isless pronounced and the Agency may be underestimating, in the
end, the comparative air emissions increases. This is due to the fact that the mgjority of power plants have wet
cooling towers at baseline. For the case of 90 percent of the plants to be upgraded to dry cooling in this regulatory
aternative, the proper baseline cooling systemiswet cooling towers. Therefore, the baseline air emissions rates per
unit of electricity generated are lower than would represent amajority of plants employing wet cooling at baseline.

Table3-21. Comparison of Calculation Techniques for Net Air Emissions Increases of the Final Ruleg
Compensation Total Energy Annua Annua Annua Annual :
Technique i Pendty MW | co2(tons) i SO2(tons) |  NOx(tons)  } Hg (Ibs)
Increased Fudl—— & 450 1 712886 | 1543 | 1518 23
Consumption : ; ; ; 5
Market Power | 100 i 485860 i 2,561 i 1,214 16
Replacement : : : : :
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Table3-22. Comparison of Calculation Techniques for Net Air Emissions Increases of Dry Coolingg
Compensation Total Energy Annua Annual Annua Annual :
Technique i Pendty MW : co2(tons) i SO2(tons) i  NOx(tons) i Hg (Ibs)
Increased Fuel 1900 | 11427552 | 18649 | 23432 | 272
Consumption . i ; : i
Market Power i 1,900 | 8931036 | 47,074 22,313 300
Replacement : : : : :

3.5 OTHER ENVIRONMENTAL IMPACTS

Recirculating wet cooling towers can produce side effects such asvapor plumes, displacement of habitat or wetlands,
noise, salt or mineral drift, water consumption through evaporation, and increased solid waste generation due to
wastewater treatment of tower blowdown. The Generic Environmental Impact Statement for License Renewal of
Nuclear Plants (NUREG-1437 Val. 1, Nuclear Regulatory Commission) addresses the majority of these issuesin
depth, and the Agency refersto the detailed research contained therein several timesin this discussion.

The Agency considered non-aguatic impacts of recircul ating cooling towersfor the proposal. Whilethe Agency did
not present quantified information regarding these side effectsin the proposal, the Agency discussed the effects of
both wet and dry cooling towers in the proposal. Specifically, the Agency discussed discharge water quality, salt
drift, water conditioning chemicals and biocides, vapor plumes, energy efficiency, land use, and air emissions
increases (65 FR 49080-49081). The Agency invited comments to the proposal on the subject of adverse
environmental impact and whether or not it should consider non-aquatic impacts such as salt/mineral drift and
reductions in the efficiency of electricity generation leading to increased air emissions as examples of adverse
environmental impact (65 FR 49075). Inturn, the Agency received no usable data (only anecdotal information) from
commenters supporting assertions that these "side effects" pose significant environmental problems. The Agency
researched the subjectsfurther after proposal and provided some of the information in the notice of data availability
and has cited other information from NUREG-1437.

The vast majority (90 percent) of power plants projected within the scope of thisrule would install recircul ating wet
cooling towersin absence of thisrule. Of these 74 power plants, the Agency projects that the cooling towers to be
constructed will be of the mechanical draft type. (Stone& Webster 1992). For the other nine power plantsfor which
EPA has projected the compliance costs associated with wet cooling towers, the Agency projects that the towersto
be installed would be of the mechanical draft type, aso.

3.5.1 Vapor Plumes

Natural draft or mechanical draft cooling towers can produce vapor plumes. Plumescan create problemsfor fogging
and icing, which have been recorded to create dangerous conditionsfor local roads and for air and water navigation.
Plumes are in some cases disfavored for reasons of aesthetics. Generally, mechanical draft cooling towers have
significantly shorter plumes than those for natural draft towers (by approximately 30 percent). A "treatment"
technique for these plumesin very rare casesistheinstallation of plume abatement (wet/dry hybrid cooling towers)
onthetower. Thisiscurrently practiced at asmall portion of recently constructed facilities (See DCN #2-037). As
such, EPA's capital costs are not adjusted to reflect this type of plume abatement for this nationally applicable rule
inwhich only 9 facilities are projected to install wet cooling towers.
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Regarding aesthetics of cooling tower plumes, the Agency pointsto the Track |1 compliance option asan aternative
for new facility power plants, in addition to the plume abatement controls, which are an option for new plants that
choose to site where plume aesthetics are a public nuisance. The Agency notes that land area buffers may also be
asimple meansfor reducing the effects of visible plumes, though this would be highly site-specific. Assuch, EPA
has considered the subject of visible plumes to be a small issue when weighed against the serious aquatic
environmental impacts of once-through cooling.

In the development of thefinal rule, the Agency considered the land arearequired for installation of cooling towers
at new power plants. The Agency examined the sensitivity of coststo new power plantsof purchasing additional land
for (1) installing mechanical draft cooling towersin lieu of once-through cooling (for those power plants expected
toincur the costs of cooling towersonly) and (2) providing land areabuffersfor plumesat aportion of facilities. The
Agency determined thefinal annualized costs were not sensitive to the described changesin land costs. The Agency
also understands that the costs of these land acquisitions as a portion of total project costs for new power plants are
negligible. Inaddition, because thisrule appliesto new facilitieswhich have the ability, in the magjority of cases, to
alter the design and location of their facilities without encountering most of the hurdles associated with retrofitting
existing facilities, the issue of additional land acquisition is not as significant.

The Agency considers the issue of plume "re-entrainment" to be an issue that has been well addressed by designers
and operators of wet cooling towers. The technology is mature and well designed after many decades of use
throughout theworld in avariety of climates. The Agency considers plume re-entrainment at the nine power plants
projected to upgrade their cooling system to be a small effect. For wet cooling towers, the plume re-entrainment
value occasionally referenced is 2 percent (Burns & Micheletti 2000). Thisvalue, inthe Agency's estimates would
not appreciably impact cooling tower performance, nor have a discernable environmental impact.

3.5.2 Displacement of Wetlands or Other Land Habitats

Mechanical draft cooling towers can require land areas (footprints) approaching 1.5 acresfor the average sized new
cooling tower projected for thisrule. When determining the area needed for wet cooling towers, plants generally
consider the possible plume effects, and plan for the amount of space needed to minimizethe effects of local fogging
and icing and to minimize re-entrainment of the plume by thetower. Theland requirements of mechanical draft wet
cooling towers at new combined-cycle power plants generally do not approach the size of the campus. Dry cooling
towers generally require approximately 3 to 4 times the area of awet tower for a comparable cooling capacity. In
consideration of displacement of wetlands or other land and habitat due to the moderate plant size increases due to
cooling tower installations at nine facilities, the Agency determined that existing 404 programs would more than
adequately protect wetlands and habitats for these modest land uses.

3.5.3 Salt or Mineral Drift

The operation of cooling towers using either brackish water or salt water can release water droplets containing
soluble salts, including sodium, calcium, chloride, and sulfateions. Additionally, salt drift may occur at fresh water
systems that operate recirculating cooling water systems at very high cycles of concentration. Salt drift from such
towers may be carried by prevailing winds and settle onto soil, vegetation, and waterbodies. Commenters expressed
the concern that salt drift may cause damage to crops through deposition directly on the plants or accumulation of
saltsin the soil. The cooling tower system design and the salt content of the source water are the primary factors
affecting the amount of salt emitted as drift. In addition, modern cooling towers utilize advanced fill materials that
have been devel oped to minimize salt or mineral drift effects. The Agency estimatesthat thetypical plant installing
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acooling tower asaresult of the requirements of thisrulewill equip the tower with modern splash fill materials. As
such, the Agency has applied capital costs for the abatement of drift in the compliance costs of thisrule.

Inthe caseswhereit isnecessary, salt drift effects (if any) may also be mitigated by additional meansthat are similar
to those used to minimize migrating vapor plumes (that is, through acquisition of buffer land area surrounding the
tower). Additionally, modern cooling towers are designed as to minimize drift through the use of drift elimination
technol ogies such as those costed by the Agency. NUREG-1437 states the following concerning salt/mineral drift
from cooling towers: "generally, drift from cooling towers using fresh water haslow salt concentrations and, in the
case of mechanical draft towers, falls mostly within the immediate vicinity of the towers, representing little hazard
to vegetation off-site. Typical amounts of salt or total dissolved solidsin freshwater environments are around 1000
ppm (ANL/ES-53)." The Agency projectsthat four of the nine power plantswhich will upgradetheir cooling system
from once-through to recirculating closed-cyclewill utilize freshwater sources, where salt drift will not be an issue.
The Agency anticipates that the other five plants (each a combined-cycle design) will utilize estuarine/tidal water
sources for cooling and that the issue of salt drift at these plantsis of small significance and can be mitigated. This
conclusion issupported by those reached in NUREG about salt-drift upon extensive study at existing nuclear plants:
"monitoring results from the sample of [eighteen] nuclear plants and from the coa-fired Chalk Point plant, in
conjunction with the literature review and information provided by the natural resource agencies and agricultural
agencies in all states with nuclear power plants, have revealed no instances where cooling tower operation has
resulted in measurable productivity losses in agricultural crops or measurable damage to ornamental vegetation.
Because ongoing operational conditions of cooling towers would remain unchanged, it is expected that there would
continue to be no measurable impacts on crops or ornamental vegetation as aresult of license renewal. The impact
of cooling towers on agricultural crops and ornamental vegetation will therefore be of small significance. Because
thereis no measurableimpact, thereisno need to consider mitigation. Cumulative impacts on crops and ornamental
vegetation arenot aconsi deration because depositionfrom cooling tower driftisalocalized phenomenon and because
of the distance between nuclear power plant sites and other facilities that may have large cooling towers."

3.5.4 Noise

Noise from mechanical draft cooling towersis generated by falling water inside the towers plus fan or motor noise
or both. However, power plant sites generally do not result in off-site levels more than 10 dB(A) above background
(NUREG-1437 Val. 1). Noise abatement features are an integral component of modern cooling tower designs, and
as such arereflected in the capital costs of thisrule, which were empirically verified against real-life, turn-key costs
of recently installed cooling towers. A very small fraction of recently constructed cooling towersalso further install
noise abatement features associated with low noisefans. The Agency collected data on recently constructed cooling
tower projectsfrom cooling tower vendors. The Agency obtained detailed project descriptionsfor these 20 projects
and none utilize low noise fans. In addition, the cost contribution of low noise fans, in the rare case in which they
may beinstalled at anew facility, would compriseavery small portion of thetotal installed capital cost of the cooling
system. As such, the Agency is confident that the issue of noise abatement is not critical to the evaluation of the
environmental side-effectsof cooling towers. Inaddition, thisissueisprimarily intermsof adverse public reactions
to the noise and not environmental or human health (i.e., hearing) impacts. The NRC adds further, "Natural-draft
and mechanical-draft cooling towers emit noise of a broadband nature...Because of the broadband character of the
cooling towers, the noise associated with them islargely indistinguishable and | ess obtrusive than transformer noise
or loudspeaker noise.”
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3.5.5 Solid Waste Generation

For cooling towers, recircul ation of cooling water increases solid wastes generated because some facilities treat the
cooling tower blowdown in a wastewater treatment system, and the concentrated pollutants removed from the
blowdown add to the amount of wastewater sludge generated by the facility.

EPA has accounted for solid waste disposal from cooling tower blow-down wastewater treatment in the operation
and maintenance costs of thisrule. EPA reiterates that only nine power plants would incur the costs to install wet
cooling towers as a result of this rule. The associated solid waste disposal increases for these plants would be
extremely small compared to the scope of facilities covered by the rule and negligible for the industry as awhole.

3.5.6 Evaporative Consumption of Water

Cooling tower operation is designed to result in a measurable evaporation of water drawn from the source water.
Depending on the size and flow conditions of the affected waterbody, evaporative water 10ss can affect the quality
of aquatic habitat and recreational fishing. Once-through cooling consumes water, in and of itself. According to
NUREG-1437, "water lost by evaporation from the heated discharge of once-through cooling isabout 60 percent of
that which is lost through cooling towers." NUREG-1437 goes on to further state, "with once-through cooling
systems, evaporative losses...occur externally in the adjacent body of water instead of in the closed-cycle system."
Therefore, evaporation does occur dueto heating of water in once-through cooling systems, even though the majority
of thisloss happens down-stream of the plant in the receiving water body.

The Agency has considered evaporation of water and findstheseissuesnot to be significant for thisrule. The Agency
notes, again, that 90 percent of the in-scope power plants will install cooling towers regardless of the requirements
of thisrule. The nine other facilities, which may comply with the rule either through installation of flow reduction
technol ogiessimilar to cooling towers (such asrecircul ating cooling lakes, cooling canal's, or hybrid wet-dry cooling
towers) or compliancewith track |1, are expected to consume approximately 127,000 gallons per minute (evaporative
loss) when all new plants are operating. Thisrepresentslessthan three (3) percent of the baselineintake flow of the
power plants within the scope of therule. Asapercentage of the total flow of water used for electricity generation
in the US, this represents 0.1 percent. See DCN 3-3085.

3.5.7 Manufacturers

The Agency notesthat the discussion thus far concerning side effects hasfocused exclusively on power plants. The
Agency expectsthat 29 manufacturerswill incur costs equivalent to installations of closed-cyclewet cooling towers
asaresult of thisrule. However, eventhough these costsreflect cooling tower installations, the Agency projectsthat
manufacturing facilities will comply, in the majority of cases, with this rule through the adoption of recycling and
reuse design changes and operational practices at their plants. Therefore, the majority of issues discussed in this
section are not of concern to manufacturing facilities for the final rule nor is the issue of energy penalties.
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ATTACHMENT A TO CHAPTER 3: HEAT DIAGRAM FOR STEAM
POWER PLANT

(Source: Ishigai 1999)

See Hard Copy
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ATTACHMENT B TO CHAPTER 3. EXHAUST PRESSURE
CORRECTION FACTORS

FOR A NUCLEAR POWER PLANT (Attachment B-1)
(Source: Entergy 2001)

See Hard Copy

FOR A FOSSIL FUEL PLANT (Attachment B-2)
(Source: General Electric. Steam Turbine Technology)

See Hard Copy

FOR A COMBINED CYCLE PLANT (Attachment B-3)
(Source: Litton)

See Hard Copy

Attachments



§ 316(b) TDD Chapter 3 for New Facilities Attachments

ATTACHMENT C TO CHAPTER 3: DESIGN APPROACH DATA FOR
RECENT COOLING TOWER PROJECTS

(Source: Mirsky 2001)
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Table AA-1. Cooling Tower Design Temperature, Range and Approach
TEMPERATURE (DEG F)
RANGE| APPROACH| #OF
STATE YEAR| FLOW (GPM)| HOT WATER|] COLD WATER| WET BULB| (DEG F) (DEG F)| CELLS
AL 2000 208000 85 72 62 13 10 10
OR 2000 152000 98 77.8 68.35 20.2 9.45 11
CA 2000 99746 94.3 72.5 55.5 21.8 17 8
NJ 2000 146000 90.3 75 52 15.3 23 10
AL 2000 278480 105 89 81 16 8 14
AL 2000 147361 1125 96.7 84.7 15.8 12 7
IL 2000 189041 96.87 85.46 76 11.41 9.46 10
TX 2000 192300 104.3 87 79 17.3 8 12
TX 2000 106400 89.2 78.5 64.2 10.7 14.3 5
MO 1999 60000 85.3 67 52.4 18.3 14.6 4
FL 1999 21500 120 93 80 27 13 1
TX 1999 277190 105 89 81 16 8 14
CA 1999 101000 111.05 89 75 22.05 14 6
AL 1999 50000 107 86 80 21 6 4
MO 1999 25000 98 83 78 15 5 2
MS 1998 230846 106.2 91.2 84.7 15 6.5 12
SC 1998 150000 110 90 80 20 10 11
TX 1998 90000 110 90 83 20 7 5
TX 1998 278480 105 89 81 16 8 14
AL 1998 125000 105.7 85.7 80 20 5.7 10
LA 1998 45000 110 90 82 20 8 3
TX 1998 90400 117.1 94.1 82.68 23 11.42 5
SC 1998 8500 114 95 81 19 14 2
SC 1998 14000 116 95 81 21 14 2
AR 1998 13200 116 95 81 21 14 2
NJ 1998 4400 100 71 66 29 5 4
TX 1998 18000 105 85 72 20 13 2
CA 1998 7000 105 80 71 25 9 1
TX 1998 15000 115 90 81 25 9 2
SC 1998 15000 123 95 81 28 14 1
LA 1998 1000 124 90 80 34 10 1
OH 1998 6400 135 90 77 45 13 2
LA 1997 20000 104 86 81 18 5 2
MO 1997 60000 85.3 67.5 52.4 17.8 15.1 4
PA 1997 30000 105 85 78 20 7 6
AL 1997 16000 114 90 79 24 11 2
OK 1997 8350 112 89 79 23 10 2
WA 1997 14000 120 74 58 46 16 2
MT 1997 12000 96 74 64 22 10 2
GA 1997 3000 97.6 87.6 80 10 7.6 1
OH 1997 6000 118 86 77 32 9 2
MN 1997 7500 106 87 74 19 13 1
LA 1997 12000 110 85 80 25 5 3
NY 1997 4800 103.5 85 78 18.5 7 1
SC 1997 50000 93 81 72 12 9 3
Maximum 278480 135 96.7 84.7 46 23 14
Minimum 1000 85 67 52 10 5 1
Average 75775.42222 106.3 85.2 74.8 21.1 104 5
Median 30000 105.7 87 79 20 10 3
Mode 278480 105 20 81 20 10 2
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ATTACHMENT D TO CHAPTER 3: TOWER SI1ZE FACTOR PLOT

(Source: Hensley 1985)

See Hard Copy
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ATTACHMENT E TO CHAPTER 3: COOLING Tower WET BULB VERSUS
CoLD WATER TEMPERATURE TYPICAL PERFORMANCE CURVE

(Source: Hensley 1985)

See Hard Copy
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ATTACHMENT F TO CHAPTER 3: SUMMARY AND DISCUSSION
OF PuBLIC COMMENTS ON ENERGY PENALTIES

For the November 2000 proposal, the Agency presented a discussion on energy penalties for dry cooling systems,
but did not present detailed estimates of penalties. The Agency also stated that energy penalties at wet cooling
towers were negligible in their effect on final cost estimates for the proposed rule. Subsequent to the proposal,
the Agency recognized, based, in part, on public comments, that the proposal did not sufficiently consider energy
penalties for the regulatory options considered and proposed. Inturn, EPA began a thorough program to assess
the state of research into energy penalties that would meet its broad needs. After learning that the appropriate
energy penalty data did not exist or was not well documented and explained, EPA began a project to assess the
energy penalty of avariety of cooling systemsfor avariety of conditions. In order to notify the public of its
intention, the Agency included information in the June 2001 notice of data availability that explained the status
of the research project, the types of information the Agency was considering, the methodology for estimating the
penalties, and the ultimate methodol ogy for ng the cost of the penalties and the associated air emissions
increases.

In addition to a host of general comments on the proposal and notice of data availability that urged consideration
of the energy penalty in the technical, economic, and environmental analyses of the final rule, the Agency
primarily received its most technical comments in response to the notice of data availability. The Agency fully
considered all of the comments received on the subject of energy penalties (see the response to comment
document), which came from all manner of stakeholders. However, due to the detailed technical nature of select
comments, the Agency devotes the following discussion to evaluation of public comments received from the
Department of Energy (DOE) and the Utility Water Act Group (UWAG) concerning EPA’ s energy penalty
estimates and the methodol ogy presented in the draft report, titled “ Steam Plant Energy Penalty Evaluation, April
20, 2001,” which was included in the public record for the notice of data availability. For the sake of clarity and
simplicity, this discussion will address the commenters by their representative organizations, even though select
individuals within, legal firms representing, or contractors hired by the organizations may have prepared the
comments.

The DOE comments were the more general of the commentsin nature. The Agency addresses these comments
first, along with general comments made by UWAG on energy consumption for different cooling systems. The
UWAG technical comments (Appendix B of their comments) on the draft energy penalty report are then
addressed, followed by a brief discussion of other issues related to EPA’ s notice of data availability draft report
(here after referred to as the “draft report”). Finally, EPA provides conclusions on the comments and their
influence on the final energy penalty estimates.

F.1 General Comments from DOE and UWAG

F.1.1  The Components of Energy Penalties

Both the Agency and the commenters agree that the total energy penalty consists of three components: 1) changes
in turbine efficiency, 2) changesin cooling water pumping requirements, and 3) changes in cooling system fan
energy requirements. The commenters make no references to other significant components, implying that no
other additional factors need to be considered.
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In the draft report, the Agency estimated the three components and presented them separately to allow flexibility
in application and to avoid double counting. For example, the fan and pumping energy costs were incorporated
into the Agency estimates for the cooling tower O& M costs. Therefore, the notice of data availability presented
each component separately and factored them in separately, where necessary, depending on the analysis being
performed. However, from an energy output perspective (i.e., ignoring costs), the DOE comment is correct that
for the total energy penalty, all three components should be added together. The Agency intended to do this all
along.

F.1.2 Turbine Efficiency and the Presentation of Energy Penalty

The Agency agrees with DOE that the energy penalty should be expressed as a* percentage reduction in plant
output.” Again, the Agency had intended to do so and, as noted by DOE, presented the pumping and fan power
components as such in the draft report. While the Agency intended for the calculated values for changesin
turbine efficiency to be representative of percent changesin plant output, the calculation method, as presented by
the Agency, unfortunately led to other interpretations. Therefore, for the sake of clarity, the Agency developed a
revised method for determining the changes in turbine efficiency, now based on turbine exhaust pressure
response curves, for the final rule. This method removes the confusion cited above but does not change results
dramatically.

F.1.3 Energy Penalties for Dry Cooling Towers and the Basis of Comparison

The draft report only addressed the energy penalty for once-through versus recirculating wet cooling towers.
Subsequent to the draft report, the Agency developed energy penalty estimates for dry towers (air cooled
condensers) for comparison to either once-through or wet tower cooling baseline systems. These estimates are
presented in section 3.1. The estimates in the draft report were for alternative cooling systems to be installed at
new facilities (in other words, they represented a change in design from once-through to wet tower cooling
systems). Assuch, the Agency did not consider factors that would be associated with retrofitting an existing
facility, contrary to the commenter’s assertion.

F.1.4  Condenser Inlet Temperature

Both the UWAG and DOE comments noted that the Agency only considered the condenser inlet temperature.
The commenters correctly point out that condenser inlet temperature is not the only factor that will affect the
turbine exhaust pressure. However, in the Agency’sview, it isthe major driving factor. While condenser inlet
temperature is the starting point, temperature rise (or “range”) through the condenser and the design of the
condenser will influence the exhaust steam pressure. The Agency chose cooling system design parameters that
best represent the wide range of systems recently constructed. These same design parameters are used as the
basis for the compliance cost estimates for installing recirculating wet towers. The representativeness of these
numbers will be discussed in more detail below. The trade-off isthat plants with smaller temperature rises must
accomplish the cooling by using alarger volume of cooling water flow. UWAG only notes that the method
neglects the influence of condenser performance (Comment 2).

F.2 Detailed Technical Comments from UWAG

F.2.1  Turbine Exhaust Pressure, Performance, and Loading

In the Agency’sview, UWAG is correct in noting that the exhaust pressure at which condensed moisture may
cause damage to the turbine will vary depending upon throttle conditions, the shape of the expansion curve, and
blade metallurgy. If the throttle settings are low (that is, the plant is operating much below capacity), then the
exhaust pressure at which damaging moisture levels may occur will be lower. Agency evaluation of energy
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penalty focused primarily on turbines operating close to their capacity, which is supported by the results of the
Agency’ s data collection efforts for the final new facility rule. For instance, the Agency projects that the mean
capacity factor at new plantsis approximately 85 percent (that is, near to full capacity). See the Economic
Analysis.

Condensed moistureis but one of several factors that may prevent more efficient operation at lower exhaust
pressures. Another more important factor is the dynamic losses mentioned in UWAG Technical Comment 2. As
can be seen in the turbine response graph showing turbine exhaust pressure versus turbine heat rate (included as
Attachment B to the draft report), the curve representing the maximum steam loading rates straightens and begins
toincrease (that is, the efficiency decreases) as the pressure drops below approximately 1.5 inchesHg. This
efficiency decrease is, for the most part, due to dynamic exhaust losses which occur when the expansion of steam
(due to steam pressure progressively dropping through the turbine) resultsin an increase in the velocity of the
steam as it exits the turbine.

In general, manufacturers design steam turbines to prevent a steam velocity increase by increasing the turbine
cross-sectional area as the steam passes through the turbine. However, as the exhaust pressure approaches a
vacuum, the amount of area required at the outlet end increases rapidly and the corresponding cross-sectional
area needed increases the turbine costs such that the economic trade-off (increased cost vs. increased efficiency)
compels the designer to lose efficiency at low exhaust pressures. For standard turbines at low exhaust pressures,
the steam vel ocity increases and a portion of the steam energy is converted to kinetic energy (proportional to the
square of the velocity). Thisincrease in the steam kinetic energy reduces the net amount of energy available to
the turbine. Thus, the commenters are correct: rather than condensed moisture, it is dynamic exhaust losses that
set a practical minimum exhaust pressure (at higher steam loading rates) for turbines of conventional design.

The Agency bases the final energy penalty estimates on actual turbine response curves representing the different
types of plants, rather than on theoretical calculations. The Agency developed two sets of values representing
maximum load and 67 percent load (that is, 67 percent of maximum steam load). Finally, the Agency basesits
estimates for reduced capacity at peak demand periods on the maximum load values and the estimate of mean
annual energy penalty (for the purpose of estimating economic impact over the entire year) based on the 67
percent load values. Inthe Agency's view, the nuclear penalty estimate based on the theoretical calculationsis
validated by the turbine response curve for that facility. A comparison of this curve with the estimated penalty
curve (based on theoretical calculations) showed that the two curves were very closein value. In these estimates,
the Agency used the data from Attachment B to these comments (the turbine response curve) for the nuclear
power plant penalty estimates.

F.2.2  Optimal Turbine Back Pressures

UWAG argues that the use of 1.5 inches Hg as the optimal operating back pressure does not consider that many
U.S. plants operate below 1.5 inches Hg during substantial portions of the year. It then states that this assumption
is not likely to have a huge effect on the penalty (although it will tend to understate the penalty). Asdiscussed
above, the 1.5 inches Hg value corresponds to turbines operating near capacity. Rather than assume that plants
will optimize the operation of the cooling system, the turbine efficiency analysisin the Agency’ s final energy
penalty study uses the values from the turbine response curves. Therefore, the Agency avoided setting any
minimum exhaust pressure value, about which the commenter expresses concern.

The Agency agrees with the point raised that some U.S. plants operate below 1.5 inches Hg for substantial
portions of the year. In some cases, the design of the plant does not provide for control of the cooling system (for
example, a once-through system with constant speed pumps). However, unless the plant is specifically designed
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to operate efficiently at low pressures (with higher turbine capital costs), the turbine response curves indicate that
typical turbines operating at low exhaust pressures either operate efficiently but at well below the turbine
capacity, or operate in aless than optimal mode near full capacity. In fact, the curves suggest that turbines of
standard design operating at exhaust pressures below 1.5 inches Hg and near capacity may be experiencing an
energy penalty by not controlling the cooling system such that the exhaust pressure does not drop below the
optimum pressure. Turbines operating at low load experience improved efficiency at lower exhaust pressures,
but the diminished output tempers the overall effect. Therefore, the Agency’s methodology does not
underestimate energy penalties as the commenters suggest.

F.2.3 Empirical Data Versus Subtle Effects

The Agency agrees that the estimation methodology simplifies complex relationships including subtle impacts of
turbine design. The use of empirical data simplifies the modeling of complex factors with subtle effects. Thisis
the fundamental approach of design engineering and is a reasonable approach for thisrule.

The commenter takes exception to the Agency’s perceived reliance on a cooling tower manufacturer for
comparison of its estimates. The Agency used datain Attachment C of the draft report (to which the commenter
questions) only as a benchmark value for comparison/validation. Since the Agency’s estimates were derived
independently, the qualifications as a cooling tower manufacturer do not affect their validity.

F.2.4 Thermal Design Approach Values

The Agency disagrees that there is a disadvantage with using the median value (it is also the mean and the mode,
in this case) for the design approach of the model cooling tower used for the regulatory impact analysis. The data
in Attachment G of the draft report represents 45 wet cooling towers installed from 1997 through 2000 in
locations throughout the country. The Agency reviewed this data and did not discern any pattern, such as
regional trends, that would warrant use of values different than the statistical median. The Agency intended for
these estimates to support national estimates. Therefore, the Agency included regional and seasonal differences
in the cooling media (surface water, wet bulb, dry bulb) temperatures in the estimates for the final rule. Similar
to other construction projects, economic considerations, such as availability of capital and the desired time period
to recoup investment, among other factors, influence the selection of the design approach, design range, and other
design parameters. The Agency believesit is difficult to estimate these factors and variables and notes that the
commenter did not suggest a reasonable way to take these variables into consideration in the national energy
penalty estimates. In the Agency’sview, the statistical median for recently constructed cooling towers
throughout the country best represents the full range of design operating conditions employed throughout the
country. In addition, the commenters do not take issue with the validity or representativeness of the datain
Attachment G to the draft report. See aso Attachment C to Chapter 3 for the data supporting the Agency’s
estimates of a design approach value of 10 deg F.

The Agency notes that the design approach value is for comparison to ambient wet bulb conditions and not to the
wet bulb temperature of the tower inlet, which can be dlightly higher when air recirculation occurs. The Agency
also notesthat air recirculation occurs intermittently and only at times when winds are high and are blowing from
adirection perpendicular (broadside) to the tower orientation. Where possible, towers, in their design, are
oriented so asto minimize this effect. In general, theinstalled tower is certified by the manufacturer to perform
within the design specifications with awind velocity of up to 10 mph (Hensley 1985) . Thus, the tower size and
other design criteriathat apply to the towers used in the cost estimates do include consideration of air
recirculation.
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The commenters take issue with the use of a constant approach value throughout the year. The approach value
that the Agency used for the draft report represents design conditions which generally apply to the worst-case
design (i.e.,, summer) conditions. As such, the use of a constant value throughout the year will not result in
inaccurate estimates for the maximum penalty value. After further review of thisissue, the Agency agreed that
the commenters are correct that it is inappropriate to use the design approach value for estimating the average
energy penalty throughout the year. EPA has found within the suggested reference (Hensley 1985) a graph for
the relation between wet bulb temperature and cold water temperature for atower that can be used asthe basis
for estimating the approach at wet bulb temperatures other than the design temperature. The revised penalty
estimates in the final report incorporate this suggestion for estimating seasonal changes in the approach values.

F.2.5  Turbine Exhaust Pressure and Cooling Water Inlet Temperatures

For the final energy penalty report, the Agency investigated whether the Heat Exchange I nstitute Standards for
Steam Surface Condensers assist in more “precisely” estimating the relationship between turbine exhaust
pressure and cooling water inlet temperatures. The Agency notes that a revised method would in itself require
assumed values (for example, condenser heat transfer coefficient, number and arrangement of tubes, etc.) that
given the nature of the comments are then subject to the same arguments made by the commenter that they do not
represent the full variety of condenser designs being employed. In the end, the revised method suggested by the
commenter generated very similar results to EPA’s method in the draft report, and, therefore, was not used.

F.2.6 Fan Energy Requirements

UWAG implicitly agrees with the EPA methodology for estimating wet cooling tower fan energy requirements.
The commenters only take issue with using an “optimistic” motor efficiency of 95 percent instead of 92 percent,
and failure to include a factor for fan gear efficiency (typically 96 percent). The factors used in the draft report,
including a fan usage factor of 93 percent, were obtained from a cooling tower manufacturer (Fleming 2001).
Incorporation of the UWAG suggestions increased the fan energy component by atotal of 7.6 percent of a
component that itself islessthan 1 percent of plant output. Regardless, the Agency incorporated the factors
suggested by the commenter.

F.2.7 Recirculating Water Pumping Velocity

UWAG' s comments dispute the use of a cooling water velocity of 5.7 ft/sin the circulating water pipes, reporting
that their past observation was that cooling water velocitiesin all three types of power plants were in the range of
810 11 ft/s. EPA notesthat the 5.7 ft/s value was used as the minimum design starting point. The draft report
showed that the results of piping designs resulting in three different flow velocities of 5.8, 7.7, and 11.6 ft/s,
along with three different piping distances, were used in the analysis.

As afollow-up, the Agency contacted a Bechtel power systems engineer to obtain typical values for pumping
head and learned that a 50 ft total pumping head was typical for a once-through system (Taylor 2001). The
notice of data availability analysis shows that for a pumping distance of 1,000 ft, the total calculated pumping
heads were 49 ft and 58 ft at pipes sized to produce velocities of 7.7 and 11.6 ft/s, respectively. These values
compare favorably with the Bechtel estimate. Final Agency estimates for once-through pumping costs use this 50
ft pumping head value.

F.2.8 Static Head

UWAG states that the two static head values assumed by the Agency are inaccurate based upon reference to
Power Engineering sources. The commenters did not specify in what way the values used by the Agency were
inaccurate except to imply (asindicated in comment 10 below) that they may be overstated. The Agency
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reviewed the cited reference (Handbook of Energy Systems Engineering) to seeif useful datawas available for
inclusion in the final analysis. As such, the implication made by commenters, as el sewhere, isthat Agency’s
draft report estimates would tend to understate the penalty.

After review of the data, the Agency determined that it disagrees with the assertion made by the commenter
regarding understated static head values. The Agency estimates that the siphon will continue from pump inlet to
an open channel outlet, and, as a consequence, the static head would be the elevation difference between these
two. In many casesthis static head difference would be relatively small. Thus, the Agency’ s estimates of static
head in the notice of data availability are reasonable. The Agency also notes that the static head is a site-specific
value.

F.2.9 Gravity Versus Siphon Flow of Cooling Water

The commenters contest the Agency’ s estimate that cooling water will flow by gravity back to the source. The
Agency was aware of the use of the siphon effect (with vacuum pumps at the high point) in condenser piping, but
was not certain of its wide-spread use and therefore did not include it in the analysis for the notice of data
availability. The estimate was intended to produce a more conservative (i.e., higher) pumping head. In this case,
the effect of the estimate for gravity flow was a conservative estimate.

The Agency subsequently obtained information concerning head losses within condensers (Hess 2001). The
pumping head component for condenser loss in the final estimates reflects consideration of thisdata. The
addition of condenser losses offset the reduction in static head that results from the siphon effect outlined above.
This appears to explain why, despite the comments, that the draft report estimates for total pumping head are
similar to the estimate provided by Bechtel (Taylor 2001).

F.2.10 Pumping Head as a Function of Tower Height

UWAG disagrees with the pumping head estimates for cooling towers in the notice of data availability report,
citing the Agency’ s lack of varying the tower height, using asmall dynamic head, and neglecting to include
losses in the tower spray nozzles. The Agency’s based the pumping head calcul ations on a single cooling water
flow value and therefore it is not necessary to consider variationsin the tower height. The Agency chose asingle
tower design and atotal pumping head value for an actual tower reported by atower manufacturer (Fleming
2001) which included all of these pumping head components in combination. The tower chosen is actually sized
for adlightly more conservative flow than that used in the calculations. Therefore, the tower design
specifications are consistent with the tower design used in other energy penalty components and in the cost
analysis.

F.2.11 Plant Operating Capacity

The commenters are correct that at times when the plant is operating near its engineering or regulatory limits, the
penalty will effectively reduce capacity. They also point out that the energy penalty is not just an economic
concern (that is, the penalty will require use of additional fuel or purchase of replacement power), but can also
limit plant capacity during peak demand periods. However, this comment has no bearing on the penalty estimates
themselves. The Agency also notes that for wet cooling tower systems, the magnitude of even the peak-summer
shortfall penalties do not approach alevel that will impact plant capacity at peak demand periods. The
commenters make a similar statement in Appendix C of their comments to the notice availability. The sameis
not true for dry cooling systems, based on the Agency’s estimates.
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F.2.12 Turbine Efficiency Adjustment Factors

The turbine efficiency estimation methodology used in the final energy penalty analysis eliminates the need to
use the 17 percent factor to which the commenters object. However, the Agency’s final method continues to
estimate that the steam turbine contributes approximately 1/3 of the total plant capacity for a combined-cycle
plant. The commenters did not take issue with the 1/3 capacity assumption.

F.2.13 Fan and Pumping Costs

The Agency wishesto clarify the estimated fan and pumping costs, in particular, the use of an electricity cost of
$0.08/kWh rather than $0.03-$0.04/kWh. The Agency uses an electricity cost value that represents the average
cost to the consumer. This value was chosen as a conservative value (on the high side) to ensure that the
estimates compensated for other minor O& M cost components associated with the operation of the cooling fans
and pumps that the Agency has not directly included.

F.3 Conclusions Regarding Public Comments

The Agency, as described above, fully considered the substance of the comments submitted and has incorporated
revisonsin itsfinal anaysisbased on a portion of the arguments, as noted. However, the Agency notes that the
commenters generally did not present detailed data to support their positions or that would assist the Agency in
revising its estimates. In turn, the Agency sought out additional reference material from avariety of sources, in
addition to some references cited by the commenters, to determine the most accurate final estimates possible.
These references are included in the record for the final rule.

Many of the comments take issue with the simplification of avery complex system. One of the greatest
challenges of this effort for the Agency was to balance the many design and operating variables that apply to a
variety of design-specific conditions with the need to develop national estimates that are valid for all of these
situations. Thus, where possible, the Agency employed statistical estimates and empirical data to best represent
the site-specific conditions and engineering relationships. The Agency points to the DOE comment which states
that the draft report methodology “is an approach based on historical correlations, but for most plants and
locations it is approximately correct.” After incorporation of the revisions outlined above (which the Agency
conducted in response to comment and for confirmatory reasons) the Agency’ s final energy penalty estimates are
reasonable and defensible national estimates.
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Chapter 4: Dry Cooling

INTRODUCTION Chapter Contents

4.1  Demonstrated Dry Cooling Projects ......... 4-2
Thischapter addressestheuseand performanceof dry | 42  Impactsof Dry Cooling ................... 4-2
cooling systems at power plants. Dry cooling systems 4.2.1 Cooling Water Reduction............ 4-6
transfer heat to theatmospherewithout theevaporative 4.2.2 Environmental and Energy Impacts .... 4-6
loss of water. There are two types of dry cooling 423 Costsof DryCooling ............... 4-6
systems for power plant applications: direct dry 4.2.4 Methodology for Dry Cooling Cost
cooling and indirect dry cooling. Direct dry cooling EStimaes ... 4-8
systems utilize air to directly condense steam, while 4.2.5 Econommlmpagts .................. 4-8
indirect dry coolingsystemsttilize aclosed cyclewater 4.3  Evauation of Dry CoolingasBTA ......... 4-13
cooling system to condense steam, and the heated

water isthen air cooled. Indirect dry cooling generally

applies to retrofit situations at existing power plants

because a water-cooled condenser would already be in place for a once-through or recirculated cooling system.
Therefore, indirect dry cooling systems are not further considered in the Chapter for new sources subject to this
regulation.

Themost common typeof direct dry cooling systems (towers) for new power plantsarerecirculated cooling systems
with mechanical draft towers. Natural draft towers are infrequently used for installations in the United States and
were not considered for evaluation in this Chapter.

For dry cooling towers the turbine exhaust steam exits directly to an air-cooled, finned-tube condenser. The
arrangement of thefinned tubes aremost generally of an A-frame pattern to reduce theland arearequired. However,
due to the fact that dry cooling towers do not evaporate water for heat transfer, the towers are quite large in
comparison to similarly sized wet coolingtowers. Because dry cooling towersrely on sensible heat transfer, alarge
guantity of air must be forced across the finned tubes by fans to improve heat rejection. The number of fansis
therefore larger than would be used in a mechanical draft wet cooling tower.

Hybrid wet-dry cooling towers employ both a wet section and dry section and are used primarily to reduce or
eliminate the vapor plumes associated with wet cooling towers. For the most common type of hybrid system,
exhaust steam flowsthrough smooth tubes, whereitiscondensed by amixtureof cascadingwater and air. Thewater
and air move in a downward direction across the tube bundles and the air is forced upward for discharge to the
atmosphere. The falling water is collected and recirculated, similarly to awet cooling tower. The water usage of
ahybrid system is generally one-third to one-half of that for awet cooling system and the required pumping head
isreduced somewhat. 1nthe Agency’s opinion, thecommon hybrid systems do not dramatically reduce water use
as compared to wet coolingtowers. The comparative cost increases of the hybrid systemsto the wet cooling systems
do not outweigh water use savings of approximately one-half to two-thirds. Therefore, thediscussion of dry cooling
towers for the remainder of the chapter focuses on direct dry cooling systems exclusively.

Thekey featureof dry cooling systemsisthat no evaporative cooling or release of heat to surface water occurs. As
aresult, water consumption rates are very low compared to wet cooling systems. Since the unit does not rely in
principle on evaporative cooling as does a wet cooling tower, larger volumes of air must be passed through the
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system compared to the volume of air used in wet cooling towers. Asaresult, dry cooling towers need larger heat
transfer surfaces and, therefore, tend to be larger in size than comparable wet cooling towers. The design and
performance of the dry cooling system is based on the ambient dry bulb temperature. The dry bulb temperatureis
higher than thewet bulb temperatureunder most circumstances, being equal to thewet bulb temperature only when
the relative humidity is at 100%.

The remainder of this chapter is organized as follows:

< Section 4.1 provides a brief overview of the status of dry cooling projects in the United States including
discussion of the types of generating facilities, their locations, and factors affecting plant performance.

< Section 4.2 presents an evaluation of the dry cooling technology as a candidate for best technology available to
minimize adverse environmental impact.

4.1 DEMONSTRATED DRY COOLING PROJECTS

Thissection providesabrief overview of thestatus of dry cooling projectsin theUnited States. The section includes
abrief discussion of the types of generating facilities, their locations, and factors affecting plant performance.

Dry cooling hasbeen installed at avariety of power plantsutilizingmany fuel types. Inthe United States, dry cooling
is most frequently applied at plants in northern climates. Additionally, arid areas with significant water scarcity
concerns have also experiencing growth in dry cooling system projects. As demonstrated in Chapter 3, the
comparative energy penalty of adry cooling plant in ahot environment at peak summer conditions can exceed 12
percent, and the benefit of the water use savings must be analyzed with regard to the reduced cooling efficiency.

Table4-1 presentsacompilation of data pertainingto dry cooling systemsinstalled at power plantswithin theUnited
States and in foreign countries by a U.S. dry cooling system manufacturer from 1968 through the year 2000. The
majority of these systemshavebeen installed at combined cycleplantsand at alternativefuel plantssuch as municipal
solid waste and waste wood burning facilities. In many cases, systems with similar design dry bulb temperatures
have different design exhaust pressure values, reflecting the selection of different dry tower sizes by the facility
owners. Use of different relative dry tower sizes for similar facilities reflects the selection of different economic
criteriawith respect to size, costs, and efficiency.
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Table 4-1: Air Cooled Condenser Data for Systems installed by GEA Power Cooling Systems, Inc. _
Facility Name City State Country Sze  Steam Flow Turbine Design  Year Description Sat. Temp.
MW Ibs/hr Exhaust Temp. Steam Difference
Pressure oF Temp. oF
In. Hg °F
Neil Smpson | Sta. Gillette WY USA 20 167,550 45 75 1968 Coad 130 55
NP Potter Braintree MA USA 20 190,000 35 50 1975 Combine Cycle 120 70
IWyodak Sta. Gillette WY USA 330 1,884,800 6 66 1977 Cod 141
Gerber Cogen Gerber CA USA 3.7 52,030 2.03 48 1981 Combined Cycle Cogen 102
NAS North Is. Cogen Coronado CA USA 4 65,000 5 70 1984 Combined Cycle Cogen 134
NTC Cogen San Diego CA USA 2.6 40,000 5 70 1984 Combined Cycle Cogen 134
Chinese Sta. China Camp CA USA 224 181,880 6 97 1984 Waste wood 141
Duchess Cnty. RRF Poughkeepsie NY USA 75 50,340 4 79 1985 WTE 126
Sherman Sta Sherman Station ME USA 20 125,450 2 43 1985 Waste Wood 102
Dimstead Cnty. WTE Rochester MN USA 1 42,000 55 80 1985 WTE 138
Chicago Northwest WTE Chicago IL USA 1 42,000 0 1986 WTE
SEMASS WTE Rochester MA USA 4 407,500 35 59 1986 WTE 120
Haverhill RRF Haverhill MA USA 46.9 351,830 5 85 1987 WTE 134
Cochrane Sta. Cochrane Ont. CAN 10.5 90,000 3 60 1988 Combined Cycle Cogen 115
Srumman Bethpage NY USA 13 105,700 5.4 59 1988 Combined Cycle Cogen 137
North Branch Power Sta. North Branch WV USA 80 662,000 7 20 1989 Cod 147
Sayreville Cogen Pro. Sayreville NJ USA 100 714,900 3 59 1989 Combined Cycle Cogen 115
Bellingham Cogen Pro. Bdlingham MA USA 100 714,900 3 59 1989 Combined Cycle Cogen 115
Bpokane RRF Spokane WA USA 26 153,950 2 47 1980 WTE 102
Exeter Energy L.P. Pro. Serling CT USA 30 196,000 29 75 1989 PAC System 114
Pecl Energy from Waste Brampton Ont. CAN 10 88,750 45 68 1990 WTE 130
Nipogen Power Plant Nipogen Ont. CAN 15 169,000 3 59 1990 Combined Cycle Cogen 115
| inden Cogen Pro. Linden NJ USA 285 1,911,000 244 54 1990 Combined Cycle Cogen 108 54
IMadaea Unit 15 Maui HI USA 20 158,250 6 95 1990 Combined Cycle 141 46
Norcon Welsh Plant North East PA USA 20 150,000 25 55 1990 Combined Cycle Cogen 109 54
niv of Alaska Fairbanks AK USA 10 46,000 6 82 1991 Combined Cycle Cogen 141 59
nion County RRF Union NJ USA 50 357,000 8 e 1991 WTE 152 58
Saranac Energy Saranac NY USA 80 736,800 5 0 1992 Combined Cycle Cogen 134 a4
Dnondaga County RRF Onondaga NY USA 50 258,000 3 70 1992 WTE 115 45
Neil Smpson Il Sta Gillette WY USA 80 548,200 6 66 1992 Cod 141 75
[Sordonsville Plant Gordonsville VA USA 50 349,150 6 0 1993 C-Cycle (x2 Units) 141 51
Dutchess County RRF Exp.  Poughkeeksie NY USA 15 49,660 5 79 1993 WTE 134 55
Samaayuca |l Power Sta. Samalayuca MEX 210 1,296,900 7 9 1993 Combined Cycle 147 48
Potter Station Potter Ont. CAN 20 181,880 3.8 66 1993 Combined Cycle 124 58
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Table 4-1: Air Cooled Condenser Data for Systems installed by GEA Power Cooling Systems, Inc.
Facility Name City State Country Sze  Steam Flow Turbine Design  Year Description Sat. Temp.
MW Ibs/hr Exhaust Temp. Steam Difference
Pressure oF Temp. oF
In. Hg oF
reeter Generating Sta. Cedar Fals 1A USA 40 246,000 35 50 1993 Coal - PAC System 120 70
acArthur RRF Ronkonkoma NY USA 11 40,000 4.8 79 1993 WTE 132 53
orth Bay Plant North Bay Ont. CAN 30 245,000 2 53.6 1994 Combined Cycle 102 484
apuskasing Plant Kapuskasing Ont. CAN 30 245,000 2 53.6 1994 Combined Cycle 102 484
averhill RRF Exp. Haverhill MA USA 46.9 44,500 5 85 1994 WTE 134 49
rbor Hills Landfill Gas Fac. Northville Ml USA 9 87,309 3 50 1994 Combined Cycle 115 65
ine Bend Landfill GasFac  Eden Prairie MN USA 6 58,260 3 50 1994 Combined Cycle 115 65
ine Creek Power Sta. Pine Creek N. Ter. AUSTRAILIA 10 95,300 3.63 77 1994 Combined Cycle 122 45
abo Negro Plant Punta Arenas CHILE 6 74,540 4 63 1995 Methanol Plant 126 63
meraldas Refinery Emeradas EQUADOR 15 123,215 4.5 87.3 1995 Combined Cycle 130 427
dlard Lake Landfill Gas Hanover Park IL USA 9 101,400 3 49 1996 Combined Cycle 115 66
iyadh Power Plant 9 Riyadh SAUDI 107 966,750 16.5 122 1996 C-Cycle (x4 Units) 184 62
ARABIA
arry CHP Project Barry S. Wdes UK 100 596,900 3 50 1996 Combined Cycle 115 65
orlu Enerji Project Bursa TURKEY 10 83,775 35 59 1997 Combined Cycle 120 61
ucuman Power Sta. El Bracho Tucuman ARGENTINA 150 1,150,000 5 99 1997 PAC System 134 35
ighton Power Project Dighton MA USA 60 442,141 55 0 1997 Combined Cycle 139 49
| Dorado Energy Boulder NV USA 150 1,065,429 25 67 1998 Combined Cycle 109 42
iverton Power Project Tiverton RI USA 80 549,999 5 0 1998 Combined Cycle 134 a4
oryton Energy Project Corringham ENGLAND 250 1,637,312 25 50 1998 Combined Cycle 109 59
umford Power Project Rumford ME USA 80 545,800 5 0 1998 Combined Cycle 134 a4
illmerran Power Project Toowoomba Queendand AUSTRAILIA 420 2,050,000 5.43 88 1999 Cod (x 2 Units) 137 49
gjio Power Project Quertetaro Guananjuaro  MEX 450 1,307,000 354 714 1999 Combined Cycle 121 496
onterrey Cogen Project Monterrey MEX 80 671,970 5.8 102 1999 Combined Cycle Cogen. 140 38
elugor Power Station Penang MALAYSA 120 946,600 6.8 89.6 2000 Combined Cycle Cogen. 146 564
ront Range Power Project  Fountain CO USA 150 1,266,477 357 80 2000 Combined Cycle 121 11
oldendale Energy Project ~ Goldendae WA USA 110 678,000 5 0 2000 C-Cycle PAC System 134
thens Power Station Athens NY USA 120 749,183 5 20 2000 Combined Cycle 134
Average 4 Average 4
Min 2 Min 35
Max 16.5 Max 78
HIGH EXHAUST PRESSURE (Temperature Difference >80 °F)
Beneccia Refinery Beneccia CA USA NA 48,950 9.5 100 1975 191 91
Beluga Unit 8 1979 Combined Cycle
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Aswith wet cooling towers, the ambient air temperature and system design can have an effect on the steam turbine
exhaust pressure, which in turn affects the turbine efficiency. Thus, the turbine efficiency can change over timeas
the air temperature changes. The fans used to mechanically force air through the condenser represent the greatest
operational energy requirement for dry cooling systems.

A design measure comparabl e to theapproach valueused in wet towersisthe difference between the design dry bulb
temperature and thetemperatureof saturated steam at the design turbine exhaust pressure. In general, alarger, more
costly dry cooling systemwill produceasmaller temperature difference across the condenser and, therefore, alower
turbine exhaust pressure. Three facilitiesin Table 4-1 had high temperature differences (>80 °F), which represent
less efficient systems. Two of these facilities are from very cold climates where high temperature differences across
the condenser are acceptable and one was for an industrial process (petroleum refining). The range in the
temperature difference values for the remaining facilities was 35 to 78 °F. The average was 54 °F.

Steam turbines are designed to operate within certain exhaust pressure ranges. In general, steam turbines that are
designed to operate at the exhaust steam pressure ranges typical of wet cooling systems, which generally operate at
lower exhaust pressures(e.g., <5in Hg), may be damaged if the exhaust pressure exceeds a certain value. New steam
turbine facilitiesthat are designed to condense steam with dry cooling systems can be equipped with steam turbines
that aredesigned to be safely operated at higher exhaust pressures. EPA has assumed that the differencein costsfor
turbinesthat operate over different exhaust pressure ranges are insignificant compared to the total compliance cost
and, therefore, no net compliance costs are estimated for the steam turbines.

The datain Table 4-1 shows that turbine exhaust pressures at the highest design dry bulb temperaturesin the U.S.
(which werearound 100 °F) ranged from 5.0to 9.5inchesHg. The highest value of 9.5 inchesHg wasfor arefinery
power system in California which, based on the steam rate, was comparable to other relatively small systems
generating several megawatts and apparently did not warrant the use of an efficient cooling system. The other data
show turbine exhaust pressures of around 6 to 7 inches Hg at dry bulb temperatures of around 100 °F. Maximum
exhaust pressuresin therange of 8 t012 inches Hg may be expected in hotter regions of the U.S.(Hensley 1985). An
air cooled condenser analysis (Weeks 2000) reports that for a combined cycle plant built in Boulder City, Nevada,
the maximum ambient temperature used for the maximum off-design specification was 108 °F with acorresponding
turbine exhaust pressure of 7.8 inches Hg. Note that the equation used by EPA to generate the turbine exhaust
pressurevaluesin theenergy penalty analysisproduced an estimated exhaust pressureof 8.02 inches Hg at adry bulb
temperature of 108 °F. For wet towers, the typical turbine exhaust pressure operating range isl.5 to 3.5 inches
Hg(Woodruff 1998).

For coal-fired plants, thelargest operating plantin theUnited Stateswith dry coolingistheWyodak Stationin Gillette,
WY with atotal cooling capacity of 330 MW (1.88 millionIb/hr of steam). EPA notesthat thisissignificantly smaller
than 10 of the projected coal-fired power plants within the scope of the rule and slightly smaller than 25 of the
combined cycle plants. The design temperature of thedry system at this plant (which directly affectsthe size of the
dry cooling system) is below average for summer conditions throughout the United States (the Wyodak Station has
adesign temperature of 66 deg F, whereas recent combined-cycle systemsin Rhodelsland, Massachusetts, and New
Y ork have design targets above 90 deg F). EPA notes that the reported driving force behind the Wyodak Station’s
decision to utilize dry cooling was thefact that the plant designers wished to locate the plant immediately adjacent to
aremote coal-mine mouth.

A demonstrated dry cooling system frequently recognized asthelargest in the U.S. istheLinden Cogeneration Plant,
in NJ. This cogeneration unit has a comparable cooling capacity to that of a small-sized coal-fired facility (such as
the Wyodak Station described above). Thecogeneration plant has atotal steam flow which requires condensing of
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1.91 million Ib/hr, which just slightly exceeds the steam flow of the Wyodak station (1.88 million Ib/hr). Despite the
fact that the Linden plant is designed for a total generating capacity of 640 MW, only 285 MW requires steam
condensing. Thisis because cogeneration units are designed to deliver steam to adjacent manufacturing plants for
their use in processes. Therefore, the cogeneration plant has been designed such that only a portion of its steam
generation requires cooling, and, for the purposes of evaluating the feasibility of dry cooling, EPA considersthisa
285 MW dry cooling facility. EPA notesthat the decision for this plant to adopt dry cooling over wet cooling related
primarily to a highway safety issue and the visible plume of steam.

Several new combined-cycle projects with dry cooling are either planned or under-construction in the Northeastern
US. EPA isaware of eight new dry cooling projects at combined cycle plants in this region that have 350 MW or
greater of total plant capacity. The largest of these projects is the permitted Sithe Mystic Station in Massachustts,
which will be a 1500 MW combined-cycle plant. Because the project will utilize a combined-cycle, approximately
500 MW of steam power would requirecooling. Thiswill bethelargest dry cooling systeminthe USwhen complete.
However, the system size does not approach the projected cooling requirementsfor amgjority of thecoal-fired plants
within the scope of thisrule.

4.2 IMPACTS OF DRY COOLING

In establishing best technology available for minimizing adverse environmental impact for the find rule, EPA
considered an aternativebased on azero-intakeflow (or nearly zero, extremely low fl ow) requirement commensurate
with level sachievablethrough theuseof dry coolingsystems. In evaluating dry cooling-based regulatory alternatives,
EPA analyzed a zero or nearly zero intake flow requirement based on the use of dry cooling systems as the primary
regulatory requirementin all waters of theU.S. The Agency also considered subcategorization strategiesfor the new
facility regulation based on size and types of new facilities and location within regions of the country, since these
factorsmay affect theviability of dry coolingtechnologies. Initsevaluation, the Agency considered factorsincluding
the demonstration of existing or planned dry cooling systems, the reductions in cooling water intake flow, the
environmental and energy impacts, and the associated costs of dry cooling systems.

4.2.1 Cooling Water Reduction

A dry cooling system will achieve an average reduction in cooling water intake flow greater than 99 percent over a
once-through system. In comparison, the average flow reduction of a closed-cycle wet cooling system for an
estuarine/tidal source is approximately 92 percent, and is 95 percent for a freshwater source. Dry cooling systems
therefore achieve an incremental flow reduction from closed-cycle wet cooling to dry cooling of 4 to 7 percent.

4.2.2 Environmental and Energy Impacts

Dry cooling has the benefit of eliminating visual plumes, fog, mineral drift, and water treatment and disposal issues
associated with wet cooling towers. The disadvantages of dry cooling include an increase in noise generation and
decreasein efficiency of electricity generation which lead to an increase in air emissions as compared to wet cooling
systems.

EPA notes that dry cooling systemsin all climates are less efficient at removing heat than comparable wet-cooling
systems. The practical limitations of the dry cooling system, aslimited by the dry bulb temperature, which is always
equal to or greater than thewet bulb temperaturemet by wet cooling systems, prevent its performance from exceeding
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that of wet cooling. Moreover, increased parasitic fan loads for dry cooling systemswill ensure that the technology
will not operate as efficiently as a comparable wet cooling system.

Therefore, EPA assessed the negative environmental impacts caused by thisloss of efficiency. For combined-cycle
plants the mean annual energy penalty (averaged across climates) is 2.1 percent for dry cooling compared to
once-through systems, and 1.7 percent for wet cooling compared to once-through systems. For coal-fired plants,
themean annual energy penalty (averaged across climates) is 8.6 percent for dry cooling compared to once-through
systems, and 6.9 percent for wet cooling compared to once-through systems. However, for many specific cases, the
energy penalty may be dramatically higher for dry cooling due to climatic conditions of the cooling towers. For
example, the peak summer shortfalls during hot periods can be debilitating in certain climates due to the energy
penalty reaching up to 12.3 percent. See Chapter 3 of this document for further discussion of energy penalties.

EPA projects that a dry cooling based regulatory alternative would result in 1900 MW of lost energy. Thisis the
equivalent eectricity generation of two very large (or three large) power plantsthat would need to be constructed to
overcome the energy losses of thedry cooling aternative. The air emissionsincreases asaresult of this replacement
capacity, if they wereto come from increased generation across the US market, would beequivalentto those of three
new 800MW coal-fired power plants. Alternatively, if thereplacement capacity comesfrom new capacity exclusively,
it would be from dry cooling equipped plants with the associated elevated capital and annual costs and land area
requirements. Therefore, EPA considerstheissue of inefficiency of dry cooling, and EPA’ s subsequent rejection of
the dry cooling alternative, to be principal to the concept of energy conservation. Considering that the State of
California recently experienced shortages of demand less than the energy penalty of the dry cooling option, the
imposition of 1900 MW of mean annual energy penalty capacity loss on planned new power plants does not support
the Administration’s Energy Plan and associated Executive Orders.

Theefficiency of theelectricity generation processisdirectly affected by the cooling system to beinstalled. Thevast
majority of projected new plants (i.e., 90 percent) would install closed-cycle recirculating cooling towers regardless
of the requirements of thisrule. Therefore, EPA’s technology-based performance requirements for the final rule
based on recirculating closed-cycle cooling would have little impact on the majority of new plants. The flow
reduction requirementsof theruleareprojected toimpose changesin cooling system designson only ninenew plants.
The comparable effect on the efficiency of these plants will be small on afacility level and national basis.

In contrast, aregulatory alternative based on dry cooling is projected to impose cooling system design changes on
each of the 83 power plants within the scope of the final rule. Therefore, each of the 14 projected coal-fired plants
would experience mean annual energy penaltiesranging from 6.9to 8.6 percent. Thetypical steam electric generator
(such as modern coal-fired plants) would, at peak operation, operate at less than 40 percent efficiency. The energy
penalty of nearly 9 percent is very significant when compared to the system-wide energy efficiency of this type of
power plant. Additionally, each of the 69 projected new combined-cycle plantswoul d experience mean annual energy
penalties ranging from 1.7 to 2.1 percent. With new design efficiencies of 60 percent, at peak operating efficiency,
a 2.1 percent energy penalty is less striking than in the coal-fired cases. However, the cumulative effect for all 69
power plants is substantial.

4.2.3 Costs of Dry Cooling

Thefina rule analysis, which includes the contribution of the energy penalty to the recurring annual costs, projects
that thetotal annualized cost for thedry cooling aternative is $490 million (in 2000 dollars). EPA notesthat the vast
majority of costs associated with this option are incurred at the 83 power plants, and not at the 38 manufacturers
subject to thisrule. Because dry cooling is not afeasible option for all manufacturing facilities, EPA only applied

4-7
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costs of recirculating wet cooling towers to these types of facilities. The present value of total compliance costs for
drying cooling are projected to be $6 billion.

A comparison of capital costs between equally sized combined-cycle plants for wet and dry cooling tower systems
revealsthat thedry cooling plant's capital costs would exceed those of the wet cooling tower plant by 3.3 fold. The
installed wet cooling tower capital cost is approximately $10 million, while the dry cooling installation would cost
approximately $33million. For atypical, modern 700-MW combined-cycle power plant, the erected capital costsfor
awet coolingtower represent approximately 2 percent of thetotal capital costsof the power plant construction project
compared to 6.5 percent for dry cooling towers.

EPA aso evaluated a comparison of the operation and maintenance costs associated with these two types of cooling
systemsfor an equally sized combined-cycle model plant. The operation and maintenance costs of the wet cooling
tower (withoutincludingtheeffectsof energy penalties) would be $1.8 million per year, whilethedry cooling system
would cost $7.4 million per year. Without incorporating energy penalties, the ratio of operation and maintenance
costs of dry cooling to wet cooling for atypical 700-MW combined-cycle power plant would be greater than 4 to 1.
After factoring in the recurring costs of energy penalties for the two systems, therecurring annual costs increase to
$2.3 millionfor thewet tower plant and $10.4millionfor thedry coolingplant. This correspondsto adry to wet ratio
also greater than 4 to 1. The total annualized costs for this model facility are estimated at $3.1 for the wet cooling
tower system and $13.1for thedry cooling system (aratio of 4.2to 1). Notethat these arecomparative cost estimates
for ahypothetical facility and do not represent actual compliance costs of the rule.

4.2.4 Methodology for Dry Cooling Cost Estimates

EPA estimated the capital and O&M costs using relative cost factors for various types of wet towers and air cooled
condensers, using the cost of a comparable wet tower constructed of Douglas Fir asthe basis. Chapter 2 provides
the capital and operating cost factors that were used by EPA. These cost factors were developed by industry experts
who are in the business of manufacturing, selling and installing cooling towers, including air cooled systems, for
power plantsand other applications. For air cooled condensers (constructed of steel), arange of cost factorsisgiven
in Table4-3. EPA based the capital and O& M costs on these factors with some modifications. To be conservative,
EPA chose the highest value within each range as the basis. The factors chosen are 325 percent and 225 percent (of
the cost of a mechanical wet tower) for capital cost (for atower with a delta of 10 °F) and O&M cost, respectively.
EPA applied amultiplier of roughly 1.7 to thedry tower capital cost estimatesfor adeltaof 10 °F to yield capital cost
estimatesfor adry tower with adeltaof 5°F. EPA applied these factorsto the capital costs derived for the basic steel
mechanical draft wet cooling towers to yield the capital cost estimates for dry towers presented in Table 4- 2.

Note that the source document for thesefactors statesthat thefactorsrepresent comparable cooling systemsfor plants
with the same generated electric power and the same turbine exhaust pressure. Since the cost factors generate
equivalent dry cooling systems, thetower costscan still be referenced to the corresponding equival ent cooling water
flow rate of the mechanical wet tower used as the cost basis. Since the final 8316(b) New Facility Rule focuses
primarily on water use, the use of the cooling flow or the “equivalent” was considered as the best way to compare
costs. The costing methodology uses an equivalent cooling water flow rate as the independent input variable for
costing dry towers.
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Table 4-2: Estimated Capital Costs of Dry Cooling
Towers with Delta of 5 ©F and 10 ©F (1999 Dollars)
Flow Delta 5 °F Delta 10 °F

(gpm)

2000 $790,000 $450,000
4000 $1,580,000 $949,000
7000 $2,766,000 $1,658,000
9000 $3,556,000 $2,132,000
11,000 $4,345,000 $2,607,000
13,000 $5,135,000 $3,081,000
15,000 $5,925,000 $3,556,000
17,000 $6,715,000 $4,027,000
18,000 $7,108,000 $4,264,000
22,000 $8,515,000 $5,038,000
25,000 $9,675,000 $5,727,000
28,000 $10,836,000 $6,412,000
29,000 $11,222,000 $6,643,000
31,000 $11,996,000 $7,101,000
34,000 $13,156,000 $7,787,000
36,000 $13,933,000 $8,245,000
45,000 $17,059,000 $9,952,000
47,000 $17,817,000 $10,394,000
56,000 $21,229,000 $12,383,000
63,000 $23,881,000 $13,933,000
67,000 $25,399,000 $14,817,000
73,000 $27,674,000 $16,143,000
79,000 $29,325,000 $16,845,000
94,000 $34,892,000 $20,043,000
102,000 $37,859,000 $21,749,000
112,000 $41,574,000 $23,881,000
146,000 $54,194,000 $31,132,000
157,000 $57,034,000 $32,237,000
204,000 $72,498,000 $40,277,000
250,000 $100,800,000 $58,800,000
300,000 $120,000,000 $70,000,000
350,000 $140,400,000 $81,900,000
400,000 $160,800,000 $93,800,000

Usingthe estimated costs, EPA developed cost equations using apolynomial curvefitting function. Table3 presents
capital cost equations for dry towers with deltas of 5 and 10 degrees.
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Table 4-3. Capital Cost Equations of Dry Cooling Towers with Delta of 5 ©F and 10 ©F

Delta Capital Cost Equationt Corréation

Coefficient
5°F y = -2E-10x3 + 0.0002x? + 337.56x + 973608 R2=0.9989
10 °F y = -8E-11x% + 0.0001x% + 189.77x + 800490 R2=0.9979

1) x isfor flow in gpm andy is cost in dollars.

For purposes of estimating costsfor thedry cooling option (Option 2B) for thefinal 8316(b) New Facility Rule, EPA
used the O& M cost curvefor air condensers contained in Appendix A of the Economic and Engineering Analyses
of the Proposed 8§316(b) New Facility Rule without modification. Thus, EPA overcosted the O&M costs for dry
towersfor Option 2B for thefinal §316(b) New Facility Rule. See Section 2.9.1 of this document and the response
to comment document (#316bNFR.068.330) for discussion of EPA’s revised O&M costs for the final rule.

Validation of Dry Cooling Capital Cost Curves

To validate the dry tower capital cost curves and eguations, EPA compared the costs predicted by the equation for
dry towers with delta of 10 °F to actual costs for five dry tower construction projects provided by industry
representatives. To make this comparison, EPA first needed to estimate equivalent flows for the dry tower
construction project costs. Obviously, as noted above, dry towers do not use cooling water. However, for every
power plant of agiven capacity therewill, dependent on thesel ected design parameters, be acorresponding equivalent
recirculating cooling water flow that would apply if wet cooling towers were installed to condense the same steam
load.

EPA used the steam load rate and cooling system efficiency to determine the equivalent flow. Note that the heat
rejection rate will be proportional to theplant capacity. EPA estimated the flow required for awet cooling tower that
isfunctionally eguivalent to thedry tower by converting each plant’s steam tons/hour into cooling flow in gpm using
the following equations:

Steamn tong’hr x 2000 Ibs/ton x 1000 BTUS/Ib steam = BTUs/hr
One ton/hr = 12,000 BTU/hr

BTUshr / 12000 = Tons of ice

Tons of Icex 3 = Flow (gpm) for wet systems

Chart 4-2 presents acomparison of the EPA capital cost estimates for dry towerswith deltaof 10 °F (with 25% error
bars) to actual dry tower installations. This chart showsthat EPA’s cost curves produce conservative cost estimates,
since the EPA estimates are greater than all of the dry tower project costs based on the calculated equivalent cooling
flow rate for the actual projects.
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Capital Cost

Chart 4-1. Capital Costs of Dry Cooling Towers Versus Flows Of Replaced Wet Cooling Towers
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Capital Cost

Chart 4-2. Actual Capital Costs of Dry Cooling Tower Projects and Comparable Costs from EPA
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4.1.6 Economic Impacts of Dry Cooling

EPA concluded that the costs of dry cooling systems may be significantly prohibitive so as to pose barriersto entry
for some new plants. EPA projected that the cost to revenue impacts exceed 10 percent for 12 new power plants and
exceed 4 percent for al new plants under adry cooling-based regulatory alternative. EPA considersthislevel of cost
to revenueimpactsto be significant. 1n comparison, the cost to revenue impacts of the final rule, which is based in
part on flow reduction commensurate with that achieved using recircul ating closed-cycle wet cooling, do not exceed
3 percent for asinglefacility, and the vast majority of theimpacts arebelow 1 percent. A complete discussion of the
cost to revenueimpactsand discussion of barrier to entry anaysiscan befound in theEconomic Analysisfor thefina
rule. As such, regional subcategorization options would pose similar barriers to entry for new plants in the
Northeastern United States, combined with imposing competitivedisadvantagesfor the subset of facilitiescomplying
with more stringent and costly standards than the other regions of the country.

EPA is concerned that the barrier to entry, high costs, and energy penalty of dry cooling systems may remove the
incentive for replacing older coal-fired power plants with more efficient and environmentally favorable new
combined-cycle facilities. By basing the requirements of the rule on dry cooling, regulated entities faced with the
prospects of building new facility power plants that are required to utilize dry cooling would, instead of beginning
or continuing with the new facility project, turn to existing power-plants (many of which are significantly aged) and
attempt to extend their operating lives further or refurbish them such that the new facility rule would not apply.

EPA notesthat there havebeen recent advancesin theefficiency of power plants, specifically combined-cycle plants,
that have many environmental advantages. Combined-cycle plants produce significantly lessair emissions of NOX,
SO,, and Hg per MWh generated, uselesswater for condensing of steam than fossil-fueled or nuclear plants (greater
than one-half water use reduction per MWh of generation), and are significantly more energy efficient in their
generation of eectricity than comparable coa-fired plants. The Agency does not wish to create disincentivesfor the
construction of new efficient plants such as these.

4.3 EVALUATION OF DRY COOLING AS BTA

Thissection presentsasummary of EPA’seval uation of thedry coolingtechnology asacandidatefor best technol ogy
available to minimize adverse environmental impacts. Based on theinformation presented in the previous sections,
EPA concluded that dry cooling systemsdo not represent the best technol ogy availablefor anational requirement and
under the subcategorization strategies described above.

First, EPA concluded that dry cooling is not adequately demonstrated for all facilities within the scope of this
regulation. Asnoted previously, the majority of operating or planned dry cooling systems are located either in colder
or arid climateswheretheaveragedry bulb temperaturesof ambient air isamenableto dry cooling. Asdemonstrated
in Chapter 3, the comparative energy penalty of adry cooling plant in ahot environment at peak summer conditions
can exceed 12 percent at afacility, thereby making dry cooling extremely unfavorable in many areas of the U.S. for
some types of power plant types.

EPA’ s record demonstratesthat of the demonstrated, permitted, or planned power plantsin the Northeastern United
Stateswith dry cooling, the size and capacity of thesedry cooling systemsis considerably smaller than that necessary
to condense the steam load for even below average sized coal-fired power plants projected within the scope of this
rule.

Dry cooling technology has a detrimental effect on electricity production by reducing energy efficiency of steam
turbines, especialy in warmer climates The reduced energy efficiency of the dry cooling system will have the effect
of increasing air emissions from power plants.
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Lastly, EPA concluded that the costs of dry cooling systems may be significantly prohibitive so asto pose barriers
to entry for some new plants that may discourage the construction of new, more energy efficient plants.

In addition to thetechnical feasibility and cost impacts of dry cooling, EPA also evaluated the expected benefits that
would be achieved by dry cooling. EPA notes that the two-track option based on reducing intake flow to a level
commensurate with wet cooling towers reduces intake flows by 92 to 95 percent over a once-through system. Dry
cooling would only reduce intake flow by an additional 4 to 7 percent. Additionally, the selected option requires
velocity and design and construction technology-based performance requirements for the remaining intake flow.
These performance requirements are expected to further decrease the negativeenvironmental impacts of the cooling
water intake flow, thereby reducing impingement and entrainment of organisms to dramatically low levels. See
Chapter 5 for discussion of design and construction technologies to reduce impingement and entrainment.

In summary, EPA concluded that dry cooling is not technically or economically feasible for all facilities subject to
thisrule, would increase air emissions dueto the energy penalty, has acost more than three timesthat of the selected
regulatory option, and would not significantly reduceimpingement and entrainment beyond the regulatory approach
selected by EPA to offset these drawbacks. For these reasons, EPA concluded that dry cooling does not represent
the “best technology available” for minimizing adverse environmental impact.
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Chapter 5: Efficacy of Cooling Water
Intake Structure Technologies

INTRODUCTION

To support the Section 316(b) new facility rulemaking,
the Agency has compiled data on the performance of the
range of technologies currently used to minimize
impingement and entrainment (I&E) at power plants
nationwide. Thegoal of thisdatacollection and analysis
effort has been to determine whether specific
technol ogies can bedemonstrated to provide aconsistent
level of proven performance. Thisinformation has been
used throughout the rulemaking process including
comparing specific regulatory options and their
associated costs and benefits. It providesthe supporting
information for the selected alternatives, which require
wet, closed-cycle cooling systems (under Track 1) with
the option of demonstrating comparable performance
(under Track I1) using alternative technologies.
Throughout this chapter, baseline technology
performance refers to the performance of conventional,
wide mesh traveling screens that are not intended to
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prevent I& E. Alternativetechnologiesgenerally refer to thosetechnol ogies, other than closed-cycle cooling systems
that can be used to minimize I& E. Overall, the Agency has found that performance and applicability vary to some
degreebased on site-specific conditions. However, the Agency hasal so determined that alternative technol ogies can
be used effectively on awidespread basis with proper design, operation, and maintenance.

5.1 ScoPeE OF DATA COLLECTION EFFORTS

Since 1992, the Agency has been evaluating regulatory alternatives under Section 316(b) of the Clean Water Act.
As part of these efforts, the Agency has compiled readily available information on the nationwide performance of
|& E reduction technologies. Thisinformation has been abtained through:

Literature searches and associated collection of relevant documents on facility-specific performance.

Contacts with governmental (e.g., TVA) and non-governmental entities (e.g., EPRI) that have undertaken
national or regional data collection efforts/performance studies

Meetings with and visits to the offices of EPA Regional and State agency staff as well as site visits to

operating power plants.
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It is important to recognize that the Agency did not undertake a systematic approach to data collection, i.e., the
Agency did not obtain all of the facility performance data that are available nor did it obtain the same level of
information for each facility. The Agency isnot aware of such an evaluation ever being performed nationally. The
most recent national data compilation was undertaken by the Electric Power Research Institute (EPRI) in 2000, see
Fish Protection at Cooling Water Intakes, Status Report. The findings of this report are cited extensively in the
following subsections. However, EPRI’ sanalysiswas primarily aliterature collection and review effort and was not
intended to be an exhaustive compilation and analysis of all data.

5.2 DATA LIMITATIONS

Because the Agency did not undertake a systematic data coll ection effort with consistent data coll ection procedures,
there is significant variability in the information available from different data sources. This leads to the following
data limitations:

Somefacility dataincludeall of the major speciesand associated life stages present at anindividual facility.
Other facilities only include data for selected species and/or life stages.

Much of the data were collected in the 1970s and early 1980s when existing facilities were required to
complete their initial 316(b) demonstrations.

Some facility data includes only initial survival results, while other facilities have 48 to 96-hour survival
data. These dataare relevant because some technol ogies can exhibit significant latent mortality after initial
survival.

TheAgency did not review datacollection procedures, including quality assurance/quality control protocols.
Some data come from laboratory and pilot-scal e testing rather than full-scale evaluations.

The Agency recognizes that other than closed-cycle cooling and velocity reduction technologies the practicality or
effectiveness of alternative technologies not be uniform under all conditions. The chemical and physical nature of
the waterbody, the facility intake requirements, climatic conditions, and biology of the areaall effect feasibility and
performance. However, despitetheabovelimitations, the Agency hasconcluded that significant general performance
expectations can be implied for the range of technologies and that one or more technologies (or groups of
technologies) can provide significant |& E protection at most sites. In addition, in the Agency’s view many of the
technol ogies have the potential for even greater applicability and higher performance when facilities are required
to optimize their use.

The remainder of this chapter is organized by groups of technologies. A discussion of wet, closed-cycle cooling
tower performance isincluded to present the Agency’s view of the likely minimum standard that Track |1 facilities
will be required to achieve (although each facility will have to present it's own closed-cycle system scenario). A
brief description of conventional, once-through traveling screensis also provided for comparison purposes. Fact
sheetsdescribing each technol ogy, available performancedata, and design requirementsand limitationsare provided
in Attachment A. It is important to note that this chapter does not provide descriptions of all potential CWIS
technologies. (ASCE 1982 generally provides such an all-inclusive discussion). Instead, the Agency has focused
on those technologies that have shown significant promise at the laboratory, pilot-scale, and/or full-scale levelsin
consistently minimizing impingement and/or entrainment. In addition, this chapter does not identify every facility
where alternative technologies have been used but rather only those where some measure of performance in
comparison to conventional screens has been made. The chapter concludes with a brief discussion of how the
location of intakes (as well as the timing of water withdrawals) could also be used to limit potential & E effects at
new facilities.
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Finally, under Track Il in the new facility rule, facilities may use habitat restoration projects as an additional means
to demonstrate consistency with Track | performance. Such projectshave not had widespread application at existing
facilities. Becausethe nature, feasibility, and likely effectiveness of such projects would be highly site-specific, the
Agency has not attempted to quantify their expected performance level herein.

5.3 CLOSED-CYCLE WET COOLING SYSTEM PERFORMANCE

Under Track I, facilities are required meet requirements based on the design and installation of wet, closed-cycle
cooling systems. Although flow reduction servesthe purpose of reducing both impingement and entrainment, these
reguirements function as the primary entrainment reduction portion of Track I. Under Track I, new facilities must
demongtrate | & E performance comparable to 90 percent of the performance of awet, closed-cycle system designed
for their facility. In part, to evaluate the feasibility of meeting this requirement and to allow comparison of
costs/benefits of aternatives, the Agency determined the likely rangein flow reductions between wet, closed-cycle
cooling systems compared to once-through systems. In closed-cycle systems, certain chemicalswill concentrate as
they continue to be recirculated through the tower. Excess buildup of such chemicals, especialy total dissolved
solids, affects the tower performance. Therefore, some water (blowdown) must be discharged and make-up water
added periodically to the system.

See Section 2.3.5 of Chapter 2 of this document for further discussion of flow reduction using wet, closed-cycle
cooling.

An additional question that the Agency has considered isthe feasibility of constructing salt-water make-up cooling
towers. The Agency contacted Marley Cooling Tower (Marley), which is one of the largest cooling tower
manufacturersintheworld. Marley provided alist of facilities(Marley, 2001) that haveinstalled cooling towerswith
marine or otherwise high total dissolved solids/brackish make-up water. It is important to recognize that this
represents only a selected group of facilities constructed by Marley worldwide; there are also facilities constructed
by other cooling tower manufacturers. For example, Florida Power and Light’s (FPL) Crystal River Units4 and 5
(about 1500 MW) use estuarine water make-up.

5.4 CONVENTIONAL TRAVELING SCREENS

For impingement control technologies, performance is compared to conventiona traveling screens as a baseline
technology. These screens are the most commonly used intakes at older existing facilities and their operational
performance is well established. In general, these technologies are designed to prevent debris from entering the
cooling water system, not to minimize & E. The most common intake designsinclude front-end trash racks (usually
consisting of fixed bars) to prevent large debris from entering system. They are equipped with screen panels
mounted on an endless belt that rotates through the water vertically. Most conventional screens have 3/8-inch mesh
that prevents smaller debris from clogging the condenser tubes. The screen wash istypically high pressure (80 to
120 pounds per square inch (psi)). Screens are rotated and washed intermittently and fish that are impinged often
die becausethey aretrapped on the stationary screensfor extended periods. The high-pressure wash also frequently
kills fish or they are re-impinged on the screens. Conventional traveling screens are used by approximately 60
percent of all existing steam electric generating unitsinthe U.S. (EEI, 1993).
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5.5 ALTERNATIVE TECHNOLOGIES

5.5.1 Modified Traveling Screens and Fish Handling and Return Systems

Technology Overview

Conventional traveling screens can be modified so that fish, which areimpinged on the screens, can beremoved with
minimal stress and mortality. “Ristroph Screens’ have water-filled lifting buckets which collect the impinged
organisms and transport them to a fish return system. The buckets are designed such that they will hold
approximately 2 inches of water once they have cleared the surface of the water during the normal rotation of the
traveling screens. The fish bucket holds the fish in water until the screen rises to a point where the fish are spilled
onto a bypass, trough, or other protected area (Mussalli, Taft, and Hoffman, 1978). Fish baskets are also a
maodification of aconventional traveling screen and may be used in conjunction with fish buckets. Fish baskets are
separate framed screen panels that are attached to vertical traveling screens. An essential feature of modified
traveling screens is continuous operation during periods where fish are being impinged. Conventional traveling
screenstypically operate on an intermittent basis. (EPRI, 2000 and 1989; Fritz, 1980). Removed fish aretypically
returned to the source water body by sluiceway or pipeline. ASCE 1982 provides guidance on the design and
operation of fish return systems.

Technology Performance

M aodified screens and fish handling and return systems have been used to minimize impingement mortality at awide
range of facilitiesnationwide. Inrecent years, someresearchers, primarily Fletcher 1996, have evaluated the factors
that effect the success of these systems and described how they can be optimized for specific applications. Fletcher
cited the following as key design factors:

Shaping fish buckets/baskets to minimize hydrodynamic turbulence within the bucket/basket
Using smooth woven screen mesh to minimize fish descaling

Using fish rails to keep fish from escaping the buckets/baskets

Performing fish removal prior to high pressure wash for debris removal

Optimizing the location of spray systems to provide gentler fish transfer to sloughs

Ensuring proper sizing and design of return troughs, sluiceways, and pipes to minimize harm.

In 1993 and 1994, the Salem Generating Station specifically considered Fletcher’ swork in the modification of their
fish handling system. 1n 1996, the facility subsequently reported an increase in juvenile weakfish impingement
survival from 58 percent to 79 percent with an overall weakfish reduction inimpingement losses of 51 percent. 1997
and 1998 test datafor Units 1 and 2 showed: white perch had 93 to 98 percent survival, bay anchovy had 20 to 72
percent survival, Atlantic croaker had 58 to 98 percent survival, spot had 93 percent survival, herring had 78 to 82
percent survival, and weakfish had 18 to 88 percent survival.

Additional performance results for modified screens and fish return systems include:
1988 studies at the Diablo Canyon and Moss Landing Power Plants in California found that overall
impingement mortality could be reduced by as much as 75 percent with modified traveling screens and fish

return sluiceways.

Impingement data collected during the 1970s from Dominion Power’s Surry Station (Virginia) indicated a
93.8 percent survival rate of al fish impinged. Bay anchovies had the lowest survival 83 percent. The
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facility has modified Ristroph screens with low pressure wash and fish return systems.

In 1986, the operator of the Indian Point Station (New Y ork) redesigned fish troughs on the Unit 2 intake
to enhance survival. Impingement injuries and mortality were reduced from 53 to 9 percent for striped bass,
64 to14 percent for white perch, 80 to 17 percent for Atlantic tomcod, and 47 to 7 percent for pumpkinseed.

1996 data for Brayton Point Units 1-3 showed 62 percent impingement survival for continuously rotated
conventional traveling screens with afish return system.

In the 1970s, afish pump and return system was added to the traveling screens at the M onroe Power Plant
in Michigan. Initial studies showed 70 to 80 percent survival for adult and young-of-year gizzard shad and
yellow perch.

At the Hanford Generating Plant on the Columbia River, late 1970s studies of modified screens with afish
return system showed 79 to 95 percent latent survival of impinged Chinook salmon fry.

TheKintigh Generating Station in New Jersey has modified traveling screenswith low pressure spraysand
a fish return system. After enhancements to the system in 1989, survivals of generally greater than 80
percent have been observed for rainbow smelt, rock bass, spottail shiner, white bass, white perch, and
yellow perch. Gizzard shad survivals have been 54 to 65 percent and alewife survivals have been 15 to 44
percent.

The Calvert Cliffs Station in Maryland has 12 traveling screens that are rotated for 10 minutes every hour
or when pressure sensors show pressure differences. The screenswere originally conventional and are now
dual flow. A high pressure wash and return system leads back to the Chesapeake Bay. Twenty-one years
of impingement monitoring show total fish survival of 73 percent.

AttheArthur Kill Stationin New Y ork, 2 of 8 screens are modified Ristroph type; the remaining six screens
are conventional type. The modified screens have fish collection troughs, low pressure spray washes, fish
flap seals, and separate fish collection sluices. 24-hour survival for the unmodified screens averages 15
percent, while the two modified screens have 79 and 92 percent average survival rates, respectively.

In summary, performance data for modified screens and fish returns are somewhat variable due to site conditions
and variationsin unit design and operation. However, the above results generally show that at |east 70-80 percent
reductions in impingement can be achieved over conventional traveling screens.

5.5.2 Cylindrical Wedgewire Screens

Technology Overview

Wedgewire screens are designed to reduce entrainment by physical exclusion and by exploiting hydrodynamics.
Physical exclusion occurswhen the mesh size of the screen issmaller than the organisms susceptibleto entrainment.
The screen mesh rangesfrom 0.5 to 10 mm. Hydrodynamic exclusion resultsfrom mai ntenance of alow through-slot
velocity, which, because of the screen's cylindrical configuration, is quickly dissipated, thereby allowing organisms
to escapetheflow field (Weisberd et al, 1984). Adequate countercurrent flow is needed to transport organisms away
from the screens. The name of these screens arises from the triangular or "wedge" cross section of the wire that
makes up the screen. The screen is composed of wedge-wire loops welded at the apex of their triangular cross
section to supporting axial rods presenting the base of the cross section to the incoming flow (Pagano et al, 1977).

5-5
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Wedgewire screens may also be referred to as profile screens or Johnson screens.

Technology Performance

Wide mesh wedgewire screens have been used at 2 Ahigh flow@ power plants: J.H. Campbell Unit 3 (770 MW) and
Eddystone Units 1 and 2 (approximately 700 MW combined). At Campbell, Unit 3 withdraws 400 million gallons
per day (mgd) of water from Lake Michigan approximately 1,000 feet from shore. Unit 3 impingement of gizzard
shad, smelt, yellow perch, alewife, and shiner species is significantly lower than Units 1 and 2 that do not have
wedgewire screens. Entrainment is not a major concern at the site because of the deep water, offshore location of
the Unit 3intake. Eddystone Units 1 and 2 withdraw over 500 mgd of water from the Delaware River. The cooling
water intakes for these units were retrofitted with wedgewire screens because over 3 million fish were reportedly
impinged over a 20-month period. The wedgewire screens have generally eliminated impingement at Eddystone.
Both the Campbell and Eddystone wedgewire screens require periodic cleaning but have operated with minimal
operational difficulties.

Other plants with lower intake flows have installed wedgewire screens but there are limited biological performance
data for these facilities. The Logan Generating Stationin New Jersey withdraws 19 MGD fromthe Delaware River
through a 1-mm wedgewire screen. Entrainment data show 90 percent less entrainment of larvae and eggs then
conventional screens. No impingement data are available. Unit 1 at the Cope Generating Station in South Carolina
isaclosed cycle unit that withdraws about 6 MGD through a 2-mm wedgewire screen, however, no biological data
areavailable. Performance dataare also unavailablefor the Jeffrey Energy Center, which withdraws about 56 MGD
through a 10-mm screen from the Kansas River in Kansas. The system at the Jeffrey Plant has specifically operated
since 1982 with no operational difficulties. Finaly, the American Electric Power Corporation has installed
wedgewirescreensat the Big Sandy (2 MGD) and Mountaineer (22 M GD) Power Plants, which withdraw water from
the Big Sandy and Ohio Rivers, respectively. Again, no biological test data are available for these facilities.

Wedgewire screens have been considered/tested for several other large facilities. In situ testing of 1 and 2-mm
wedgewire screenswas performed in the St. John River for the Seminole Generating Station Units1 and 2 in Florida
in the late 1970s. This testing showed virtually no impingement and 99 and 62 percent reductions in larvae
entrainment for the 1-mm and 2-mm screens, respectively, over conventional screen (9.5 mm) systems. The State
of Maryland conducted testing in 1982 and 1983 of 1, 2, and 3-mm wedgewire screensat the Chalk Point Generating
Station, which withdraws water from the Patuxent River in Maryland. The 1-mm wedgewire screens were found
to reduce entrainment by 80 percent. No impingement data were available. Some biofouling and clogging was
observed during the tests. In the late 1970s, Delmarva Power and Light conducted laboratory testing of fine mesh
wedgewire screens for the proposed 1540 MW Summit Power Plant. Thistesting showed that entrainment of fish
eggs (including striped bass) could effectively be prevented with slot widths of | mm or less, while impingement
mortality was expected to be less than 5 percent. Actual field testing in the brackish water of the proposed intake
canal required the screens to be removed and cleaned as often as once every three weeks.

As shown by the above data, it is clear that wedgewire screen technology has not been widely applied in the steam
electric industry to date. It has only been installed at a handful of power plant facilities nationwide. However, the
limited data for Eddystone and Campbell indicate that wide mesh screens, in particular, can be used to minimize
impingement. Successful use of the wedgewire screens at Eddystone aswell asLogan in the Delaware River (high
debris flows) suggests that the screens can have widespread applicability. Thisis especialy true for facilities that
haverelatively low intake flow requirements (i.e., closed-cycle systems). Y et, the lack of more representative full-
scale plant data makes it impossible to conclusively say that wedgewire screens can be used in al environmental
conditions. There are no full-scale data specifically for marine environments where biofouling and clogging are
significant concerns. Inaddition, itisimportant to recognizethat there must sufficient crosscurrent in thewaterbody
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to carry organisms away from the screens.

Fine mesh wedgewire screens (0.5 - 1 mm) also have the potential for use to control both I&E. The Agency is not
aware of any fine-mesh wedgewire screens that have been installed at power plants with high intake flows (>100
MGD). However, they have been used at some power plantswith lower intake flow requirements (25-50 M GD) that
would be comparable to alarge power plant with a closed-cycle cooling system. With the exception of Logan, the
Agency has not identified any full-scale performance datafor these systems. They would be even more susceptible
to clogging than wide-mesh wedgewire screens (especially in marine environments). It is unclear whether this
simply would necessitate moreintensive mai ntenanceor precludetheir day-to-day useat many sites. Their successful
application at Logan and Cope and the historic test data from Florida, Maryland, and Delaware at least suggests
promise for addressing both fish impingement and entrainment of eggsand larvae. However, based on thefine-mesh
screen experience at Big Bend Units 3 and 4, it is clear that frequent maintenance would be required. Therefore,
relatively deep water sufficient to accommodate the large number of screen units, would preferably be closeto shore
(i.e., bereadily accessible). Manual cleaning needs might be reduced or eliminated through use of an automated
flushing (e.g., microburst) system.

5.5.3 Fine-Mesh Screens

Technology Overview

Fine-mesh screens aretypically mounted on conventional traveling screens and are used to exclude eggs, larvae, and
juvenile forms of fish from intakes. These screensrely on gentle impingement of organisms on the screen surface.
Successful use of fine-mesh screensis contingent on the application of satisfactory handling and return systemsto
allow the safe return of impinged organisms to the aquatic environment (Pagano et al, 1977; Sharma, 1978). Fine
mesh screens generally include those with mesh sizes of 5 mm or less.

Technology Performance

Similar to fine-mesh wedgewire screens, fine-mesh traveling screenswith fish return systems show promisefor both
I&E control. However, they have not been installed, maintained, and optimized at many facilities. The most
significant example of long-term fine-mesh screen use has been at the Big Bend Power Plant in the TampaBay area.
Thefacility has an intake canal with 0.5-mm mesh Ristroph screensthat are used seasonally on theintakesfor Units
3and 4. During the mid-1980swhen the screenswere initially installed, their efficiency in reducing | & E mortality
was highly variable. The operator, Florida Power & Light (FPL) evaluated different approach vel ocities and screen
rotational speeds. In addition, FPL recognized that frequent maintenance (manual cleaning) was necessary to avoid
biofouling. By 1988, system performance had improved greatly. The system'’s efficiency in screening fish eggs
(primarily drums and bay anchovy) exceeded 95 percent with 80 percent latent survival for drum and 93 percent for
bay anchovy. For larvae (primarily drums, bay anchovies, blennies, and gobies), screening efficiency was 86 percent
with 65 percent latent survival for drum and 66 percent for bay anchovy. (Note that latent survival in control
samples was also approximately 60 percent). Although more recent data are generally not available, the screens
continue to operate successfully at Big Bend in an estuarine environment with proper maintenance. While egg and
larvae entrainment performance are not available, fine mesh (0.5 mm) Passavant screens (single entry/doubl e exit)
have been used successfully in a marine environment at the Barney Davis Station in Corpus Christi, Texas.
Impingement data for this facility show overall 86 percent initial survivals for bay anchovy, menhaden, Atlantic
croaker, killfish, spot, silverside, and shrimp.

Additional full-scale performance data for fine mesh screens at large power stations are generally not available.
However, some data are available from limited use/study at several sites and from laboratory and pilot-scale tests.
Seasonal use of fine mesh on two of four screens at the Brunswick Power Plant in North Carolina has shown 84
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percent reduction in entrainment compared to the conventional screen systems. Similar resultswere obtained during
pilot testing of 1-mm screens at the Chalk Point Generating Station in Maryland, and, at the Kintigh Generating
Station in New Jersey, pilot testing indicated 1-mm screens provided 2 to 35 times reductions in entrainment over
conventional 9.5-mmscreens. Finally, TennesseeValley Authority (TV A) pilot-scalestudiesperformedinthe1970s
showed reductionsin striped bass larvae entrainment up to 99 percent using a0.5-mm screen and 75 and 70 percent
for 0.97-mm and 1.3-mm screens, respectively. A full-scaletest by TVA at the John Sevier Plant showed less than
half as many larvae entrained with a 0.5-mm screen than 1.0 and 2.0-mm screens combined.

Despite the lack of full-scale data, the experiences at Big Bend (aswell as Brunswick) show that fine-mesh screens
can reduce entrainment by 80 percent or more. Thisiscontingent on optimized operation and intensive maintenance
to avoid biofouling and clogging, especially in marine environments. 1t also may be appropriate to have removable
fine mesh that is only used during periods of egg and larval abundance, thereby reduced the potential for clogging
and wear and tear on the systems.

5.5.4 Fish Net Barriers

Technology Overview

Fish net barriers are wide-mesh nets, which are placed in front of the entrance to intake structures. The size of the
mesh needed is a function of the species that are present at a particular site and vary from 4 mm to 32 mm (EPRI,
2000). The mesh must be sized to prevent fish from passing through the net causing them to become gilled.
Relatively low velocities are maintained because the area through which the water can flow isusually large. Fish
net barriers have been used at numerous facilities and lend themselves to intakes where the seasonal migration of
fish and other organisms require fish diversion facilities for only specific times of the year.

Technology Performance

Barrier nets can provide a high degree of impingement reduction. Because of typically wide openings, they do not
reduce entrainment of eggs and larvae. A number of barrier net systems have been used/studied at large power
plants. Specific examplesinclude:

At the J.P. Pulliam Station (Wisconsin), the operator installed 100 and 260-foot barrier nets across the two
intake canals, which withdraw water from the Fox River prior to flowing into Lake Michigan. The barrier
nets have been shown to reduce impingement by 90 percent over conventional traveling screens without
the barrier nets. The facility has the barrier nets in place when the water temperature is greater than 37°F
or April 1 through December 1.

The Ludington Storage Plant (Michigan) provides water from Lake Michigan to a number of power plant
facilities. The plant has a 2.5-mile long barrier net that has successfully reduced I&E. The overall net
effectiveness for target species (five salmonids, yellow perch, rainbow smelt, alewife, and chub) has been
over 80 percent since 1991 and 96 percent since 1995. The net isdeployed from mid-April to mid-October,
with storms and icing preventing use during the remainder of the year.

At the Chalk Point Generating Station (Maryland), abarrier net system has been used since 1981, primarily
toreduce crab impingement from the Patuxent River. Eventually, the system wasredesigned to includetwo
nets: a1,200-foot wide outer net prevents debris flows and a 1,000-foot inner net prevents organism flow
into the intake. Crab impingement has been reduced by 84 percent. The Agency did not obtain specific
fish impingement performance data for other species, but the nets have reduced overall impingement
liability for all speciesfrom over $2 million to lessthan $140,000. Net panels are changed twice per week
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to control biofouling and clogging.

The Bowline Point Station (New Y ork) has an approximately 150-foot barrier net in a v-shape around the
intake structure. Testing during 1976 through 1985 showed that the net effectively reduceswhite perch and
striped bass impingement by 91 percent. Based on tests of a*“fine” mesh net (3.0 mm) in 1993 and 1994,
researchers found that it could be used to generally prevent entrainment.  Unfortunately, species
abundances were too low to determine the specific biological effectiveness.

In 1980, a barrier net was installed at the J.R. Whiting Plant (Michigan) to protect Maumee Bay. Prior to
net installation, 17,378,518 fish were impinged on conventional traveling screens. With the net, sampling
in 1983 and 84 showed 421,978 fish impinged (97 percent effective), sampling in 1987 showed 82,872 fish
impinged (99 percent effective), and sampling in 1991 showed 316,575 fishimpinged (98 percent effective).

Barrier netshaveclearly proven effectivefor controllingimpingement (i.e., 80+ percent reductionsover conventional
screens without nets) in areas with limited debris flows. Experience has shown that high debris flows can cause
significant damage to net systems. Biofouling concerns can also be a concern but this can be addressed through
frequent maintenance. Barrier nets are also often only used seasonally, where the source waterbody is subject to
freezing. Fine-mesh barrier nets show some promise for entrainment control but would likely require even more
intensive maintenance. In some cases, the use of barrier nets may be further limited by the physical constraints and
other uses of the waterbody.

5.5.5 Aquatic Microfiltration Barriers

Technology Overview

Aquatic microfiltration barrier systems are barriersthat employ afilter fabric designed to allow for passage of water
into acooling water intake structure, but exclude aquatic organisms. These systems are designed to be placed some
distance from the cooling water intake structure within the source waterbody and act as afilter for the water that
entersintothe coolingwater system. Thesesystemsmay befloating, flexible, or fixed. Sincethesesystemsgenerally
have such alarge surface area, the velocities that are maintained at the face of the permeable curtain are very low.
One company, Gunderboom, Inc., 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 a matting of minute unwoven fiberswith an apparent 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 rel ease any other material back
into the water column.

Technology Performance

The Agency has determined that microfiltration barriers, including the Gunderboom, show significant promise for
minimizing entrainment. However, the Agency acknowledges that Gunderboom technology is currently
“experimental in nature.” At thisjuncture, the only power plant where the Gunderboom has been used at a “full-
scale” level isthe Lovett Generating Station along the Hudson River in New Y ork, where pilot testing began in the
mid-1990s. Initial testing at this facility showed significant potential for reducing entrainment. Entrainment
reductions up to 82 percent were observed for eggs and larvae and these level s have been maintained for extended
month-to-month periods during 1999 through 2001. At Lovett, there have been some operational difficulties that
haveaffected|ong-term performance. Thesedifficulties, includingtearing, overtopping, and plugging/clogging, have
been addressed, to a large extent, through subsequent design modifications. Gunderboom, Inc. specifically has
designed and installed a*“ microburst” cleaning system to remove particulates. Each of the challenges encountered
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at Lovett could be significantly greater concern at marine sites with higher wave action and debris flows.
Gunderboom systems have been otherwise deployed in marine conditions to prevent migration of particulates and
bacteria. They have been used successfully in areaswith wavesup tofivefeet. The Gunderboom systemiscurrently
being tested for potential use at the Contra Costa Plant along the San Joaquin River in Northern California.

An additional question related to the utility of the Gunderboom and other microfiltration systemsis sizing and the
physical limitations and other uses of the source waterbody. With a 20-micron mesh, 100,000 and 200,000 gallon
per minuteintakeswould requirefilter systems 500 and 1,000 feet long (assuming 20 foot depth). In somelocations,
this may preclude its successful deployment due space limitations and/or conflicts with other waterbody uses.

5.5.6 Louver Systems

Technology Overview

Louver systems consist of series of vertical panels placed at 90 degree angles to the direction of water flow
(Hadderingh, 1979). The placement of the louver panels provides both changes in the flow direction and vel ocity,
which fish tend to avoid. The angles and flow velocities of the louvers create a current parallel to the face of the
louvers which carries fish away from the intake and into afish bypass system for return to the source waterbody.

Technology Performance

Louver systems can reduce impingement losses based on fishes' abilities to recognize and swim away from the
barriers. Their performance, i.e., guidance efficiency, is highly dependant on the length and swimming abilities of
the resident species. Since eggs and early stages of larvae cannot “swim away,” they are not affected by the
diversions and there is no associated reduction in entrainment.

While louver systems have been tested at a number of laboratory and pilot-scale facilities, they have not been used
at many full-scale facilities. Theonly large power plant facility where alouver system has been used is San Onofre
Units2 and 3 (2,200 MW combined) in Southern California. Theoperator initially tested both louver and wide mesh,
angled traveling screens during the 1970s. Louvers were subsequently selected for full-scale use at the intakes for
thetwo units. In 1984, atotal of 196,978 fish entered the louver system with 188,583 returned to the waterbody and
8,395 impinged. In 1985, 407,755 entered the louver system with 306,200 returned and 101,555 impinged.
Therefore, the guidance efficiencies in 1984 and 1985 were 96 and 75 percent, respectively. However, 96-hour
survival rates for some species, i.e., anchovies and croakers, were 50 percent or less. The facility aso has
encountered some difficulties with predator species congregating in the vicinity of the outlet from the fish return
system. Louvers were originally considered for use at San Onofre because of 1970s pilot testing at the Redondo
Beach Station in California where maximum guidance efficiencies of 96-100 percent were observed.

EPRI 2000 indicated that louver systems could provide 80-95 percent diversion efficiency for a wide variety of
species under arange of site conditions. Thisisgenerally consistent with the American Society of Civil Engineers
(ASCE) findings from the late 1970s which showed almost all systems had diversion efficiencies exceeding 60
percent with many more than 90 percent. As indicated above, much of the EPRI and ASCE data come from
pilot/laboratory tests and hydroel ectric facilities where louver use has been more widespread than at steam electric
facilities. Louvers were specifically tested by the Northeast Utilities Service Company in the Holyoke Canal on the
Connecticut River for juvenile clupeids (American shad and blueback herring). Overall guidance efficiency was
found to be 75-90 percent. In the 1970s, Alden Research Laboratory observed similar results for Hudson River
species (including alewife and smelt). At the Tracy Fish Collection Facility located al ong the San Joaquin River in
Cdlifornia, testing was performed from 1993 and 1995 to determine the guidance efficiency of asystemwith primary
and secondary louvers. Theresultsfor green and white sturgeon, American shad, splittail, white catfish, deltasmelt,

5-10



Section 316(b) TDD Chapter 5 for New Facilities Efficacy of Cooling Water Intake Structure Technologies

Chinook salmon, and striped bass showed mean diversion efficienciesranging from 63 (splittail) to 89 percent (white
catfish). Alsointhe 1990s, an experimental louver bypass system wastested at the USGS' Conte Anadromous Fish
Research Center in Massachusetts. Thistesting showed guidance efficiencies for Connecticut River species of 97
percent for a “wide array” of louvers and 100 percent for a “narrow array.” Finaly, at the T.W. Sullivan
Hydroel ectric Plant along the Williamette River in Oregon, the louver systemis estimated to be 92 percent effective
in diverting spring Chinook, 82 percent for all Chinook, and 85 percent for steelhead. The system has been
optimized to reduce fish injuries such that the average injury occurrence is only 0.44 percent.

Overall, the above data indicate that louvers can be highly effective (70+ percent) in diverting fish from potential
impingement. Latent mortality isaconcern, especially wherefragilespeciesare present. Similar to modified screens
with fish return systems, operators must optimize louver system design to minimize fish injury and mortality

5.5.7 Angled and Modular Inclined Screens

Technology Overview

Angled traveling screens use standard through-flow traveling screens where the screens are set at an angle to the
incoming flow. Angling the screensimprovesthefish protection effectiveness since the fish tend to avoid the screen
face and move toward the end of the screen line, assisted by a component of the inflow velocity. A fish bypass
facility with independently induced flow must be provided (Richards 1977). Modular inclined screens (MISs) are
aspecific variation on angled traveling screens, where each module in the intake consists of trash racks, dewatering
stop logs, an inclined screen set at a 10 to 20 degree angle to the flow, and a fish bypass (EPRI 1999).

Technology Performance

Angled traveling screens with fish bypass and return systems work similarly to louver systems. They also only
provide potential reductionsin impingement mortality since eggsand larvae will not generally detect the factorsthat
influence diversion. Similar to louver systems, they were tested extensively at the laboratory and pilot scales,
especialy during the 1970s and early 1980s. Testing of angled screens (45 degreesto the flow) in the 1970s at San
Onofre showed poor to good guidance (0-70 percent) for northern anchovies with moderate to good guidance (60-90
percent) for other species. Latent survival varied by species with fragile species only having 25 percent survival,
while hardy species showed greater than 65 percent survival. Theintake for Unit 6 at the Oswego Steam plant along
Lake Ontario in New Y ork has traveling screens angled to 25 degrees. Testing during 1981 through 1984 showed
a combined diversion efficiency of 78 percent for all species; ranging from 53 percent for mottled sculpin to 95
percent for gizzard shad. Latent survival testing results ranged from 22 percent for aewife to nearly 94 percent for
mottled sculpin.

Additional testing of angled traveling screens was performed in the late 1970s and early 1980s for power plants on
Lake Ontario and along the Hudson River. Thistesting showed that a screen angled at 25 degrees was 100 percent
effectivein diverting 1 to 6 inch long Lake Ontario fish. Similar results were observed for Hudson River species
(striped bass, white perch, and Atlantic tomcod). One-week mortality tests for these species showed 96 percent
survival. Angled traveling screens with afish return system have been used on the intake from Brayton Point Unit
4. Studies from 1984 through 1986 that evaluated the angled screens showed a diversion efficiency of 76 percent
with latent survival of 63 percent. Much higher results were observed excluding bay anchovy. Finally, 1981 full-
scale studies of an angled screen system at the Danskammer Station along the Hudson River in New Y ork showed
diversion efficiencies of 95 to 100 percent with a mean of 99 percent. Diversion efficiency combined with latent
survival yielded atotal effectiveness of 84 percent. Speciesincluded bay anchovy, blueback herring, white perch,
spottail shiner, alewife, Atlantic tomcod, pumpkinseed, and American shad.




Section 316(b) TDD Chapter 5 for New Facilities Efficacy of Cooling Water Intake Structure Technologies

During thelate 1970s and early 1980s, Alden Research L aboratories (Alden) conducted arange of tests on avariety
of angled screen designs. Alden specifically performed screen diversion tests for three northeastern utilities. In
initial studiesfor NiagaraMohawk, diversion efficiencieswerefound to be nearly 100 percent for a ewife and smolt.
Follow-up tests for Niagara Mohawk confirmed 100 percent diversion efficiency for alewife with mortalities only
four percent higher than control samples. Subsequent tests by Alden for Consolidated Edison, Inc. using striped
bass, white perch, and tomcod aso found nearly 100 percent diversion efficiency with a 25 degree angled screen.
The one-week mean mortality was only 3 percent.

Alden further performed tests during 1978-1990 to determine the effectiveness of fine-mesh, angled screens. In
1978, tests were performed with striped bass larvae using both 1.5 and 2.5-mm mesh and different screen materials
and approach velocity. Diversion efficiency wasfound to clearly be afunction of larvaelength. Synthetic materials
were also found to be more effective than metal screens.  Subsequent testing using only synthetic materials found
that 1.0 mm screens can provide post larvae diversion efficiencies of greater than 80 percent. However, the tests
found that latent mortality for diverted species was also high.

Finally, EPRI tested modular inclined screens (MI1S) in alaboratory in the early 1990s. Most fish had diversion
efficiencies of 47 to 88 percent. Diversion efficiencies of greater than 98 percent were observed for channel catfish,
golden shiner, brown trout, Coho and Chinook salmon, trout fry and juveniles, and Atlantic sdlmon smolts. Lower
diversion efficiency and higher mortality were found for American shad and blueback herring but comparable to
control mortalities. Based on thelaboratory data, aM 1S system was pil ot-tested at a NiagaraMohawk hydroel ectric
facility onthe Hudson River. Thistesting showed diversion efficienciesand survival rates approaching 100 percent
for golden shiners and rainbow trout. High diversion and survival was also observed for largemouth and
smallmouth bass, yellow perch, and bluegill. Lower diversion efficiency and survival was found for herring.

Similar to louvers, angled screens show potential to minimize impingement by greater than 80 to 90 percent. More
widespread full-scale use is necessary to determine optimal design specifications and verify that they can be used
on awidespread basis.

5.5.8 Velocity Caps

Technology Description

A velocity capisadevicethat isplaced over vertical inletsat offshoreintakes. Thiscover convertsvertical flow into
horizontal flow at the entrance into the intake. The device works on the premise that fish will avoid rapid changes
in horizontal flow. In general, velocity caps have been installed at many offshore intakes and have been successful
in minimizing impingement.

Technology Performance

Velocity caps can reduce fish drawn into intakes based on the concept that they tend to avoid horizontal flow. They
do not provide reductionsin entrainment of eggsand larvae, which cannot distinguish flow characteristics. Asnoted
in ASCE 1981, velocity caps are often used in conjunction with other fish protection devices. Therefore, there are
somewhat limited data on their performance when used alone. Facilities that have velocity caps include:

Oswego Steam Units 5 and 6 in New Y ork (combined with angled screens on Unit 6).
San Onofre Units 2 and 3 in California (combined with louver system).

El Segundo Station in California

Huntington Beach Station in California

Edgewater Power Plant Unit 5 in Wisconsin (combined with 9.5 mm wedgewire screen)
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Nanticoke Power Plant in Ontario, Canada

Nine Mile Point in New Y ork

Redondo Beach Station in California

Kintigh Generation Station in New Y ork (combined with modified traveling screens)
Seabrook Power Plant in New Hampshire

St. Lucie Power Plant in Florida.

At the Huntington Beach and Segundo Stations in California, velocity caps have been found to provide 80 to 90
percent reductions in fish entrapment. At Seabrook, the velocity cap on the offshore intake has minimized the
number of pelagic fish entrained except for pollock. Finaly, two facilitiesin England have velocity caps on one of
each’stwo intakes. At the Sizewell Power Station, intake B has a velocity cap, which reduces impingement about
50 percent compared to intake A. Similarly, at the Dungeness Power Station, intake B has a velocity cap, which
reduces impingement about 62 percent compared to intake A.

5.5.9 Porous Dikes and Leaky Dams

Technology Overview

Porous dikes, also known as leaky dams or dikes, are filters resembling a breakwater surrounding a cooling water
intake. The core of the dike consists of cobble or gravel that permits free passage of water. The dike acts both as
aphysical and behavioral barrier to aguatic organisms. Tests conducted to date have indicated that the technology
is effective in excluding juvenile and adult fish. The major problems associated with porous dikes come from
clogging by debris and silt, ice build-up, and by colonization of fish and plant life.

Technology Performance

Porous dike technol ogies work on the premise that aquatic organisms will not passthrough physical barriersin front
of anintake. They also operate with low approach velocity further increasing the potential for avoidance. However,
they will not prevent entrainment by non-motile larvae and eggs. Much of the research on porous dikes and leaky
dams was performed in the 1970s. Thiswork was generally performed in alaboratory or on apilot level, i.e., the
Agency isnot aware of any full-scale porous dike or leaky dam systems currently used at power plantsin the U.S.
Examples of early study resultsinclude:

Studiesof porousdike and |eaky dam systems by Wisconsin Electric Power at L ake Michigan plants showed
generally lower | & E rates than other nearby onshore intakes.

Laboratory work by K etschke showed that porous dikes could be aphysical barrier to juvenile and adult fish
and a physical or behaviora barrier to some larvae. All larvae except winter flounder showed some
avoidance of therock dike.

Testing at the Brayton Point Power Plant showed that densities of bay anchovy larvae downstream of the
dam were reduced by 94 to 99 percent. For winter flounder, downstream densities were lower by 23 to 87
percent. Entrainment avoidance for juvenile and adult finfish was observed to be nearly 100 percent.

Asindicated in the above exampl es, porous dikes and leaky dams show potential for usein limiting passage of adult
and juvenilefish, and, to some degree, motile larvae. However, the lack of more recent, full-scale performance data
makes it difficult to predict their widespread applicability and specific levels of performance.
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5.5.10 Behavioral Systems

Technology Overview
Behaviora devices are designed to enhance fish avoidance of intake structures and/or promote attraction to fish
diversion or bypass systems. Specific technologies that have been considered include:

Light Barriers: Light barriersconsist of controlled application of strobelightsor mercury vapor lightstolure
fish away from the cooling water intake structure or deflect natural migration patterns. Thistechnology is
based on research that shows that some fish avoid light, however it is also known that some species are
attracted by light.

Sound Barriers: Sound barriers are non-contact barriersthat rely on mechanical or el ectronic equipment that
generates various sound patterns to elicit avoidance responses in fish. Acoustic barriers are used to deter
fish from entering cooling water intake structures. The most widely used acoustical barrier is a pneumatic
air gun or “popper.”

Air bubble barriers: Air bubble barriers consist of an air header with jets arranged to provide a continuous
curtain of air bubbles over a cross section area. The general purpose of air bubble barriersisto repel fish
that may attempt to approach the face of a CWIS.

Technology Performance

Many studies have been conducted and reports prepared on the application of behavioral devicesto control I&E,
see EPRI 2000. For the most part, these studies have either been inconclusive or shown no tangible reduction in
impingement or entrainment. Asaresult, the full-scale application of behavioral devices has been limited. Where
dataare available, performance appearsto be highly dependent on the types and sizes of species and environmental
conditions. One exception may be the use of sound systems to divert alewife. In tests at the Pickering Station in
Ontario, poppers were found to be effectivein reducing alewife I& E by 73 percent in 1985 and 76 percent in 1986.
No benefits were observed for rainbow smelt and gizzard shad. 1993 testing of sound systems at the James A.
Fitzpatrick Stationin New Y ork showed similar results, i.e., 85 percent reductionsin alewife |1& E through use of a
high frequency sound system. At the Arthur Kill Station, pilot- and full-scale, high frequency sound tests showed
comparable results for alewife to Fitzpatrick and Pickering. Impingement of gizzard shad was also threetimes|ess
than without the system. No deterrence wasobserved for American shad or bay anchovy using thefull-scal e system.
In contrast, sound provided little or no deterrence for any species at the Roseton Station in New York. Overall, the
Agency expects that behavioral systems would be used in conjunction with other technologies to reduce |& E and
perhaps targeted towards an individual species (e.g., alewife).

5.5.11 Other Technology Alternatives

The proposed new facility rule does not specify the individual technology (or group of technologies) to be used to
minimize |& E to same levels as those achieved with the Track | requirements based, in part, on wet, closed-cycle
cooling system. In addition to the above technologies, there are other approaches that may be used on a site-by-site
basis. For example:

Use of variable speed pumps can providefor greater system efficiency and reduced flow requirements (and
associated entrainment) by 10-30 percent. EPA Region 4 estimated that use of variable speed pumps at the
Canaveral and Indian River Stationsin the Indian River estuary would reduce entrainment by 20 percent.
Presumably, such pumps would have to be used in conjunction with other technologies. EPA
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conservatively estimated that facilities complying with the requirements final rule would install variable
speed pumps regardless of the baseline cooling system projected for the facility. See Chapter 2 of this
document for more information.

Perforated pipes draw water through perforations or elongated slots in a cylindrical section placed in the
waterway. Early designs of this technology were not efficient, velocity distribution was poor, and they were
specifically designed to screen out detritus (i.e., not used for fish protection) (ASCE, 1982). Inner sleeves
were subsequently added to perforated pipes to equalize the velocities entering the outer perforations. These
systems have historically been used at locations requiring small amounts of make-up water. Experience at
steam electric plants is very limited (Sharma, 1978). Perforated pipesare used ontheintakesfor the Amos
and Mountaineer Stations along the Ohio River. However, 1& E performance data for these facilities are
unavailable. In general, EPA projects that perforated pipe system performance should be comparable to
wide-mesh wedgewire screens (e.g., at Eddystone Units 1 and 2 and Campbell Unit 3).

At the Pittsburg Plant in California, impingement survival was studied for continuously rotated screens
versusintermittent rotation. Ninety-six-hour survival for young-of-year white perch was 19 to 32 percent
for intermittent screen rotation versus 26 to 56 percent for continuous rotation. Striped bass |atent survival
increased from 26 to 62 percent when continuous rotation was used. Similar studies were aso performed
at Moss Landing Units 6 and 7, where no increased survival was observed for hardy and very fragile
species, however, there was a substantial increase in impingement survival for surfperch and rockfish.

Facilitiesmay be ableto userecycled cooling water to reduce intake flow needs. The Brayton Point Station
has a*“ piggyback” system where the entire intake requirements for Unit 4 can be met by recycled cooling
water from Units 1 through 3. The system has been used sporadically since 1993 and reduces the make-up
water needs (and thereby entrainment) by 29 percent.

5.6 INTAKE LOCATION

Beyond design alternatives for CWISs, an operator may able to locate CWISs offshore or otherwise in areas that
minimize I&E (compared to conventional onshore locations). It is well known that there are certain areas within
every waterbody with increased biological productivity, and therefore where the potential for 1& E of organismsis
higher.

In large lakes and reservairs, the littoral zone (i.e., shorezone areas where light penetrates to the bottom) of
lakes/reservoirs serves as the principal spawning and nursery area for most species of freshwater fish and is
considered one of the most productive areas of thewaterbody. Fish of thiszonetypically follow aspawning strategy
wherein eggs are deposited in prepared nests, on the bottom, and/or are attached to submerged substrates where they
incubate and hatch. As the larvae mature, some species disperse to the open water regions, whereas many others
complete their life cyclein thelittoral zone. Clearly, the impact potential for intakes located in the littoral zone of
lakes and reservoirs is high. The profundal zone of lakes/reservoirs is the deeper, colder area of the waterbody.
Rooted plants are absent because of insufficient light, and for the same reason, primary productivity isminimal. A
well-oxygenated profundal zone can support benthic macroinvertebrates and cold-water fish; however, most of the
fish species seek shallower areasto spawn (either inlittoral areas or in adjacent streamg/rivers). Use of the deepest
open water region of alake and reservoir (e.g., within the profundal zone) as a source of cooling water typically
offerslower |& E impact potential (than use of littoral zone waters).

Aswith lakes/reservairs, rivers are managed for numerous benefits, which include sustainabl e and robust fisheries.
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Unlike lakes and reservoirs, the hydrodynamics of rivers typically result in a mixed water column and (overall)
unidirectional flow. There are many similaritiesin the reproductive strategies of shoreline fish populationsinrivers
and the reproductive strategies of fish within the littoral zone of lakes/reservoirs. Planktonic movement of eggs,
larvae, post larvae, and early juvenile organisms along the shorezone are generally limited to relatively short
distances. As a result, the shorezone placement of CWISs in rivers may potentially impact local spawning
populations of fish. The impact potential associated with entrainment may be diminished if the main source of
cooling water is recruited from near the bottom strata of the open water channel region of the river. With such an
intake configuration, entrainment of shorezone eggs and larvae, as well as the near surface drift community of
ichthyoplankton, is minimized. Impacts could also be minimized by the control of the timing and frequency of
withdrawalsfromrivers. Intemperate regions, the number of entrainabl e/impingeable organisms of riversincreases
during spring and summer (when many riverinefishesreproduce). The number of eggsand larvae peak at that time,
whereas entrainment potential during the remainder of the year may be minimal.

In estuaries, species distribution and abundance are determined by a number of physical and chemical attributes
including: geographic location, estuary origin (or type), salinity, temperature, oxygen, circulation (currents), and
substrate. These factors, in conjunction with the degree of vertical and horizontal stratification (mixing) in the
estuary, help dictate the spatial distribution and movement of estuarine organisms. However, with local knowledge
of these characteristics, the entrainment effects of aCWIS could be minimized by adjusting theintake design to areas
(e.g., depths) least likely to impact upon concentrated numbers and species of organisms.

In oceans, nearshore coastal waters are generally the most biologically productive areas. The euphotic zone (zone
of photosynthetic availablelight) typically doesnot extend beyond thefirst 100 meters (328 feet) of depth. Therefore,
inshore waters are generally more productive due to photosynthetic activity, and due to the input from estuaries and
runoff of nutrients from land.

There are limited published data quantifying the locational differencesin I&E rates at individual power plants.
However, some information is available for selected sites. For example,

For the St. Lucieplant in Florida, EPA Region 4 permitted the use of aonce through cooling system instead
of closed-cycle cooling by locating the outfall 1,200 offshore (with a velocity cap) in the Atlantic Ocean.
This avoided impacts on the biologically sensitive Indian River estuary.

In Entrainment of Fish Larvae and Eggs on the Great Lakes, with Special Reference to the D.C. Cook
Nuclear Plant, Southeastern Lake Michigan (1976), researchers noted that larval abundance is greatest
within about the 12.2-m (40 ft) contour to shore in Lake Michigan and that the abundance of larvae tends
to decrease as one proceeds deeper and farther offshore. Thisled to the suggestion of locating CWISsin
deep waters.

During biological studies near the Fort Calhoun Power Station along the Missouri River, results of transect
studiesindicated significantly higher fish larvae densities along the cutting bank of theriver, adjacent to the
Station’ sintake structure. Densities were generally were lowest in the middle of the channel.
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5.7 SUMMARY

Tables5-1and 5-2 summarizel & E performance datafor selected, existingfacilities. The Agency recognizesthat these
data are somewhat variable, in part depending on site-specific conditions. Thisisalso becausethere generally have
not been uniform performance standards for specific technologies. However, during the past 30 years, significant
experience has been gained in optimizing the design and maintenance of CWIS technol ogies under various site and
environmental conditions. Through this experience and the performance requirements under Track Il of the
proposed new facility rule, the Agency is confident that technology applicability and performance will continue to
be improved

The Agency has concluded that the data indicate that several technologies, i.e., wide-mesh wedgewire screens and
barrier systems, will generally minimize impingement to levels comparable to wet, closed cycle cooling systems.
Other technologies, such as modified traveling screens with fish handling and return systems, and fish diversion
systems, are likely to be viable at some sites (especially those with hardy species present). In addition, these
technologies may be used in groups, e.g., barrier nets and modified screens, depending on site-specific conditions.

Demonstrating that alternative desi gn technol ogi es can achi eve comparable entrainment performanceto closed-cycle
systemsismore problematic largely because there arerelatively few fully successful examples of full-scale systems
being deployed and tested. However, the Agency has determined that fine-mesh traveling screens with fish return
systems, fine-mesh wedgewire screens and microfiltration barriers (e.g., gunderbooms) are all promising
technologiesthat could provide alevel of protection reasonably consistent with the | & E protection afforded by wet,
closed-cyclecooling. Inaddition, the Agency isalso confident that on asite-by-site basis, many facilitieswill beable
to further minimize entrainment (and impingement) by optimizing the location and timing of cooling water
withdrawals. Similarly, habitat restoration could also be used, as appropriate as needed, in conjunction with CWIS
technol ogies and/or locational requirements.
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e Table5—1ImplngementPerformance'
Name/Type of :
iSite i Location i Waterbody i Technology i Impingement i Entrainment : Notes

Diablo Canyon/Moss E :

Landing i Cdlifornia i Pacific Ocean Modified traveling/fish return 75 0

BrajonPoint | Masschusetts | Mt. HopeBay (Estuary) | Angled screensffishreurn @ 76+ 0 63%laent |
Danskammer ~  NewYork | Tidal River (Hudson) | Angled screensffishreturn @ 99 . 0 i8A%laent |
Momroe | Michigan | River/GreatLake | Fishpumplreturn (screenwell) | 70-80 | 0 | RasnRivertribtoL.Erie |
Holyoke Candl | Connecticut | Connecticut River Basin | Lowers | 8590 | 0  |Testresuts

Tracy Fish Collection | California | San Joaquin River

o

o
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Table 5-2: Entrainment Performance

Site Name/Type of : : : :
: Location : Water body : Technology : Impingement  : Entrainment : Notes

Big Bend Florida . TampaBay NA 86-95 . 66-93% survival

Seminole Florida - River/Estuary NA : 99

LogmNeNhselever/Estuay R o
TVA(SUdI&S)VmOUSFr@Wﬁa R o
LovettNeNYorkaermdal B
Brunsw.ckNorthcgo“naR.ver/Eguay TR e
Chalkpo|ntMary|aquay/Estuary BT
K|r|t|ghNeNYorkGreatLd(e ..........................................................................................

- Fine mesh wedgewire
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CWIS Technology Fact Sheets



Intake Screening Systems Fact Sheet No. 1: Single-Entry, Single-EXxit
Vertical Traveling Screens (Conventional
Traveling Screens)

DESCRIPTION:

The single-entry, single-exit vertical traveling screens (conventional traveling screens) consist
of screen panels mounted on an endless belt; the belt rotates through the water vertically. The
screen mechanism consists of the screen, the drive mechanism, and the spray cleaning system.
Most of the conventional traveling screens are fitted with 3/8-inch mesh and are designed to
screen out and prevent debris from clogging the pump and the condenser tubes. The screen
mesh is usually supplied in individual removable panels referred to as ““ baskets™ or “trays”.

The screen washing system consists of a line of spray nozzles operating at a relatively high
pressure of 80 to 120 pounds per square inch (psi). The screens are usually designed to rotate
at a single speed. The screens are rotated either at predetermined intervals or when a
predetermined differential pressure is reached across the screens based on the amount of debris
in the intake waters.

Because of this intermittent operation of the conventional traveling screens, fish can become
impinged against the screens during the extended period of time while the screens are
stationary and eventually die. When the screens are rotated the fish are removed from the
water and then subjected to a high pressure spray; the fish may fall back into the water and
become re-impinged or they may be damaged (EPA, 1976, Pagano et al, 1977).

Conventional Traveling Screen (EPA, 1976)




TESTING FACILITIES AND/OR FACILITIES USING THE TECHNOLOGY:

C The conventional traveling screens are the most common screening device presently
used at steam electric power plants. Sixty percent of all the facilities use this
technology at their intake structure (EEI, 1993).

RESEARCH/OPERATION FINDINGS:

C The conventional single-entry single screen is the most common device resulting in
impacts from entrainment and impingement (Fritz, 1980).

DESIGN CONSIDERATIONS:

C The screens are usually designed structurally to withstand a differential pressure across
their face of 4 to 8 feet of water.

C The recommended normal maximum water velocity through the screen is about 2.5
feet per second (ft/sec). This recommended velocity is where fish protection is not a
factor to consider.

C The screens normally travel at one speed (10 to 12 feet per minute) or two speeds (2.5
to 3 feet per minute and 10 to 12 feet per minute). These speeds can be increased to
handle heavy debris load.

ADVANTAGES:
C Conventional traveling screens are a proven “off-the-shelf” technology that is readily
available.
LIMITATIONS:
C Impingement and entrainment are both major problems in this unmodified standard

screen installation, which is designed for debris removal not fish protection.

REFERENCES:

ASCE. Design of Water Intake Structures for Fish Protection. Task Committee on Fish-Handling
Capability of Intake Structures of the Committee on Hydraulic Structures of the Hydraulic Division of
the American Society of Civil Engineers, New York, NY. 1982.
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Intake Screening Systems Fact Sheet No. 2: Modified Vertical Traveling
Screens

DESCRIPTION:

Modified vertical traveling screens are conventional traveling screens fitted with a collection
“bucket” beneath the screen panel. This intake screening system is also called a bucket screen,
Ristroph screen, or a Surry Type screen. The screens are modified to achieve maximum
recovery of impinged fish by maintaining them in water while they are lifted to a release point.
The buckets run along the entire width of the screen panels and retain water while in upward
motion. At the uppermost point of travel, water drains from the bucket but impinged
organisms and debris are retained in the screen panel by a deflector plate. Two material
removal systems are often provided instead of the usual single high pressure one. The first uses
low-pressure spray that gently washes fish into a recovery trough. The second system uses the
typical high-pressure spray that blasts debris into a second trough. Typically, an essential
feature of this screening device is continuous operation which keeps impingement times
relatively short (Richards, 1977; Mussalli, 1977; Pagano et al., 1977; EPA , 1976).

Modified Vertical Traveling Screens (White et al, 1976)
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TESTING FACILITIES AND/OR FACILITIES USING THE TECHNOLOGY:

Facilities which have tested the screens include: the Surry Power Station in Virginia (White et
al, 1976) (the screens have been in operation since 1974), the Madgett Generating Station in ,
Wisconsin, the Indian Point Nuclear Generating Station Unit 2 in New York, the Kintigh
(formerly Somerset) Generating Station in New Jersey, the Bowline Point Generating Station
(King et al, 1977), the Roseton Generating Station in New York, the Danskammer Generating
Station in New York (King et al, 1977), the Hanford Generating Plant on the Columbia River
in Washington (Page et al, 1975; Fritz, 1980), the Salem Genereating on the Delaware River
in New Jersey, and the Monroe Power Plant on the Raisin River in Michigan.

RESEARCH/OPERATION FINDINGS:

Modified traveling screens have been shown to have good potential for alleviating impingement
mortality. Some information is available on initial and long-term survival of impinged fish
(EPRI, 1999; ASCE, 1982; Fritz, 1980). Specific research and operation findings are listed
below:

C In 1986, the operator of the Indian Point Station redesigned fish troughs on the Unit
2 intake to enhance survival. Impingement injuries and mortality were reduced from
53 to 9 percent for striped bass, 64 tol4 percent for white perch, 80 to 17 percent
for Atlantic tomcod, and 47 to 7 percent for pumpkinseed (EPRI, 1999).

C The Kintigh Generating Station has modified traveling screens with low pressure
sprays and a fish return system. After enhancements to the system in 1989,
survivals of generally greater than 80 percent have been observed for rainbow smelt,
rock bass, spottail shiner, white bass, white perch, and yellow perch. Gizzard shad
survivals have been 54 to 65 percent and alewife survivals have been 15 to 44
percent (EPRI, 1999).

C Long-term survival testing was conducted at the Hanford Generating Plant on the
Columbia River (Page et al, 1975; Fritz, 1980). In this study, 79 to 95 percent of the
impinged and collected Chinook salmon fry survived for over 96 hours.

C Impingement data collected during the 1970s from Dominion Power’s Surry Station
indicated a 93.8 percent survival rate of all fish impinged. Bay anchovies had the
lowest survival rate of 83 percent. The facility has modified Ristroph screens with
low pressure wash and fish return systems (EPRI 1999).

C At the Arthur Kill Station, 2 of 8 screens are modified Ristroph type; the remaining
six screens are conventional type. The modified screens have fish collection
troughs, low pressure spray washes, fish flap seals, and separate fish collection
sluices. 24-hour survival for the unmodified screens averages 15 percent, while the
two modified screens have 79 and 92 percent average survival rates (EPRI 1999).
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DESIGN CONSIDERATIONS:

C The same design considerations as for Fact Sheet No. 1: Conventional Vertical
Traveling Screens apply (ASCE, 1982).

ADVANTAGES:
C Traveling screens are a proven “off-the-shelf”” technology that is readily available. An
essential feature of such screens is continuous operation during periods where fish are

being impinged compared to conventional traveling screens which operate on an
intermittent basis

LIMITATIONS:

C The continuous operation can result in undesirable maintenance problems (Mussalli,
1977).

C Velocity distribution across the face of the screen is generally very poor.

C Latent mortality can be high, especially where fragile species are present.
REFERENCES:
ASCE. Design of Water Intake Structures for Fish Protection. Task Committee on Fish-Handling
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U.S. EPA. Development Document for Best Technology Available for the Location, design,
Construction, and Capacity of Cooling Water Intake Structures for Minimizing Adverse Environmental
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Intake Screening Systems Fact Sheet No. 3: Inclined Single-Entry,
Single-Exit Traveling Screens (Angled Screens)

DESCRIPTION:

Inclined traveling screens utilize standard through-flow traveling screens where the screens are
set at an angle to the incoming flow as shown in the figure below. Angling the screens
improves the fish protection effectiveness of the flush mounted vertical screens since the fish
tend to avoid the screen face and move toward the end of the screen line, assisted by a
component of the inflow velocity. A fish bypass facility with independently induced flow must
be provided. The fish have to be lifted by fish pump, elevator, or conveyor and discharged to a
point of safety away from the main water intake (Richards, 1977).

fig : Richards, 4" page 419

Inclined Traveling Screens (Richards, 1977)
TESTING FACILITIES AND/OR FACILITIES USING THE TECHNOLOGY:
Angled screens have been tested/used at the following facilities: the Brayton Point Station

Unit 4 in Massachusetts; the San Onofre Station in California; and at power plants on Lake
Ontario and the Hudson River (ASCE, 1982; EPRI, 1999).
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RESEARCH/OPERATION FINDINGS:

C

Angled traveling screens with a fish return system have been used on the intake for
Brayton Point Unit 4. Studies from 1984 through 1986 that evaluated the angled
screens showed a diversion efficiency of 76 percent with latent survival of 63
percent. Much higher results were observed excluding bay anchovy. Survival
efficiency for the major taxa exhibited an extremely wide range, from 0.1 percent for
bay anchovy to 97 percent for tautog. Generally, the taxa fell into two groups: a hardy
group with efficiency greater than 65 percent and a sensitive group with efficiency less
than 25 percent (EPRI, 1999).

Southern California Edison at its San Onofre steam power plant had more success with
angled louvers than with angled screens. The angled screen was rejected for full-scale
use because of the large bypass flow required to yield good guidance efficiencies in the
test facility.

DESIGN CONSIDERATIONS:

Many variables influence the performance of angled screens. The following recommended
preliminary design criteria were developed in the studies for the Lake Ontario and Hudson

River intakes (ASCE, 1982):

C Angle of screen to the waterway: 25 degrees
C Average velocity of approach in the waterway upstream of the screens: 1 foot per
second

C Ratio of screen velocity to bypass velocity: 1:1

C Minimum width of bypass opening: 6 inches
ADVANTAGES:

C The fish are guided instead of being impinged.

C The fish remain in water and are not subject to high pressure rinsing.
LIMITATIONS:

C Higher cost than the conventional traveling screen

C Angled screens need a stable water elevation.

C Angled screens require fish handling devices with independently induced flow

(Richards, 1977).

A-10



REFERENCES:

ASCE. Design of Water Intake Structures for Fish Protection. Task Committee on Fish-Handling
Capability of Intake Structures of the Committee on Hydraulic Structures of the Hydraulic Division of
the American Society of Civil Engineers, New York, NY. 1982.

Electric Power Research Institute (EPRI). Fish Protection at Cooling Water Intakes: Status Report.
1999.

U.S. EPA. Development Document for Best Technology Available for the Location, Design,
Construction, and Capacity of Cooling Water Intake Structures for Minimizing Adverse Environmental
Impact. U.S. Environmental Protection Agency, Effluent Guidelines Division, Office of Water and
Hazardous Materials. EPA 440/1-76/015-a. April 1976.

Richards, R.T. “Present Engineering Limitations to the Protection of Fish at Water Intakes”. In
Fourth National Workshop on Entrainment and Impingement, L.D. Jensen (Editor). Ecological
Analysts, Inc., Melville, N.Y. Chicago. December 1977. pp 415-424.

A-11




Intake Screening Systems Fact Sheet No.4: Fine Mesh Screens Mounted
on Traveling Screens

DESCRIPTION:

Fine mesh screens are used for screening eggs, larvae, and juvenile fish from cooling water
intake systems. The concept of using fine mesh screens for exclusion of larvae relies on gentle
impingement on the screen surface or retention of larvae within the screening basket, washing
of screen panels or baskets to transfer organisms into a sluiceway, and then sluicing the
organisms back to the source waterbody (Sharma, 1978). Fine mesh with openings as small as
0.5 millimeters (mm) has been used depending on the size of the organisms to be protected.
Fine mesh screens have been used on conventional traveling screens and single-entry, double-
exit screens. The ultimate success of an installation using fine mesh screens is contingent on
the application of satisfactory handling and recovery facilities to allow the safe return of
impinged organisms to the aquatic environment (Pagano et al, 1977).

TESTING FACILITIES AND/OR FACILITIES USING THE TECHNOLOGY:

The Big Bend Power Plant along Tampa Bay area has an intake canal with 0.5-mm mesh
Ristroph screens that are used seasonally on the intakes for Units 3 and 4. At the Brunswick
Power Plant in North Carolina, fine mesh is used seasonally on two of four screens has
shown 84 percent reduction in entrainment compared to the conventional screen systems.
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RESEARCH/OPERATION FINDINGS:

C

During the mid-1980s when the screens were initially installed at Big Bend, their
efficiency in reducing impingement and entrainment mortality was highly variable.
The operator evaluated different approach velocities and screen rotational speeds. In
addition, the operator recognized that frequent maintenance (manual cleaning) was
necessary to avoid biofouling. By 1988, system performance had improved greatly.
The system’s efficiency in screening fish eggs (primarily drums and bay anchovy)
exceeded 95 percent with 80 percent latent survival for drum and 93 percent for bay
anchovy. For larvae (primarily drums, bay anchovies, blennies, and gobies),
screening efficiency was 86 percent with 65 percent latent survival for drum and 66
percent for bay anchovy. Note that latent survival in control samples was also
approximately 60 percent (EPRI, 1999).

At the Brunswick Power Plant in North Carolina, fine mesh screen has led to 84
percent reduction in entrainment compared to the conventional screen systems.
Similar results were obtained during pilot testing of 1-mm screens at the Chalk Point
Generating Station in Maryland. At the Kintigh Generating Station in New Jersey,
pilot testing indicated 1-mm screens provided 2 to 35 times reductions in entrainment
over conventional 9.5-mm screens (EPRI, 1999).

Tennessee Valley Authority (TVA) pilot-scale studies performed in the 1970s
showed reductions in striped bass larvae entrainment up to 99 percent using a 0.5-
mm screen and 75 and 70 percent for 0.97-mm and 1.3-mm screens. A full-scale
test by TVA at the John Sevier Plant showed less than half as many larvae entrained
with a 0.5-mm screen than 1.0 and 2.0-mm screens combined (TVA, 1976).

Preliminary results from a study initiated in 1987 by the Central Hudson and Gas
Electric Corporation indicated that the fine mesh screens collect smaller fish compared
to conventional screens; mortality for the smaller fish was relatively high, with similar
survival between screens for fish in the same length category (EPRI, 1989).

DESIGN CONSIDERATIONS:

Biological effectiveness for the whole cycle, from impingement to survival in the source water
body, should be investigated thoroughly prior to implementation of this option. This includes:

C

The intake velocity should be very low so that if there is any impingement of larvae on
the screens, it is gentle enough not to result in damage or mortality.

The wash spray for the screen panels or the baskets should be low-pressure so as not to
result in mortality.

The sluiceway should provide smooth flow so that there are no areas of high
turbulence; enough flow should be maintained so that the sluiceway is not dry at any
time.
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C The species life stage, size and body shape and the ability of the organisms to
withstand impingement should be considered with time and flow velocities.

C The type of screen mesh material used is important. For instance, synthetic meshes
may be smooth and have a low coefficient of friction, features that might help to
minimize abrasion of small organisms. However, they also may be more susceptible to
puncture than metallic meshes (Mussalli, 1977).

ADVANTAGES:
C There are indications that fine mesh screens reduce entrainment.
LIMITATIONS:
C Fine mesh screens may increase the impingement of fish, i.e., they need to be used in

conjunction with properly designed and operated fish collection and return systems.

C Due to the small screen openings, these screens will clog much faster than those with
conventional 3/8-inch mesh. Frequent maintenance is required, especially in marine
environments.
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Passive Intake Systems Fact Sheet No. 5: Wedgewire Screens

DESCRIPTION:

Wedgewire screens are designed to reduce entrainment by physical exclusion and by exploiting
hydrodynamics. Physical exclusion occurs when the mesh size of the screen is smaller than
the organisms susceptible to entrainment. Hydrodynamic exclusion results from maintenance of
a low through-slot velocity, which, because of the screen’s cylindrical configuration, is quickly
dissipated, thereby allowing organisms to escape the flow field (Weisberd et al, 1984). The
screens can be fine or wide mesh. The name of these screens arise from the triangular or
“wedge” cross section of the wire that makes up the screen. The screen is composed of
wedgewire loops welded at the apex of their triangular cross section to supporting axial rods
presenting the base of the cross section to the incoming flow (Pagano et al, 1977). A
cylindrical wedgewire screen is shown in the figure below. Wedgewire screens are also called
profile screens or Johnson screens.

mitre report
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Schematic of Cylindrical Wedgewire Screen (Pagano et al, 1977)

TESTING FACILITIES AND/OR FACILITIES USING THE TECHNOLOGY:

Wide mesh wedgewire screens are used at two large power plants, Eddystone and Campbell.
Smaller facilities with wedgewire screens include Logan and Cope with fine mesh and Jeffrey
with wide mesh (EPRI 1999).

RESEARCH/OPERATION FINDINGS:

C

In-situ observations have shown that impingement is virtually eliminated when
wedgewire screens are used (Hanson, 1977; Weisberg et al, 1984).

At Campbell Unit 3, impingement of gizzard shad, smelt, yellow perch, alewife, and
shiner species is significantly lower than Units 1 and 2 that do not have wedgewire
screens (EPRI, 1999).

The cooling water intakes for Eddystone Units 1 and 2 were retrofitted with
wedgewire screens because over 3 million fish were reportedly impinged over a 20-
month period. The wedgewire screens have generally eliminated impingement at
Eddystone (EPRI, 1999).

Laboratory studies (Heuer and Tomljanovitch, 1978) and prototype field studies
(Lifton, 1979; Delmarva Power and Light, 1982; Weisberg et al, 1983) have shown
that fine mesh wedgewire screens reduce entrainment.

One study (Hanson, 1977) found that entrainment of fish eggs (striped bass), ranging
in diameter from 1.8 mm to 3.2 mm, could be eliminated with a cylindrical wedgewire
screen incorporating 0.5 mm slot openings. However, striped bass larvae, measuring
5.2 mm to 9.2 mm were generally entrained through a 1 mm slot at a level exceeding
75 percent within one minute of release in the test flume.

At the Logan Generating Station in New Jersey, monitoring shows shows 90 percent
less entrainment of larvae and eggs through the 1 mm wedgewire screen then
conventional screens. In situ testing ofl and 2-mm wedgewire screens was
performed in the St. John River for the Seminole Generating Station Units 1 and 2 in
Florida in the late 1970s. This testing showed virtually no impingement and 99 and
62 percent reductions in larvae entrainment for the 1-mm and 2-mm screens,
respectively, over conventional screen (9.5 mm) systems (EPRI, 1999).

DESIGN CONSIDERATIONS:
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C To minimize clogging, the screen should be located in an ambient current of at least 1
feet per second (ft/sec).

C A uniform velocity distribution along the screen face is required to minimize the
entrapment of motile organisms and to minimize the need of debris backflushing.

C In northern latitudes, provisions for the prevention of frazil ice formation on the
screens must be considered.

C Allowance should be provided below the screens for silt accumulation to avoid
blockage of the water flow (Mussalli et al, 1980).

ADVANTAGES:

C Wedgewire screens have been demonstrated to reduce impingement and entrainment in
laboratory and prototype field studies.

LIMITATIONS:

C The physical size of the screening device is limiting in most passive systems, thus,
requiring the clustering of a number of screening units. Siltation, biofouling and frazil
ice also limit areas where passive screens such as wedgewire can be utilized.

C Because of these limitations, wedgewire screens may be more suitable for closed-cycle
make-up intakes than once-through systems. Closed-cycle systems require less flow
and fewer screens than once-through intakes; back-up conventional screens can
therefore be used during maintenance work on the wedge-wire screens (Mussalli et al,
1980).
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Passive Intake Systems Fact Sheet No. 6: Perforated Pipes

DESCRIPTION:

Perforated pipes draw water through perforations or slots in a cylindrical section placed in the
waterway. The term “perforated” is applied to round perforations and elongated slots as shown
in the figure below. The early technology was not efficient: velocity distribution was poor, it
served specifically to screen out detritus, and was not used for fish protection (ASCE, 1982).
Inner sleeves have been added to perforated pipes to equalize the velocities entering the outer
perforations. Water entering a single perforated pipe intake without an internal sleeve will have
a wide range of entrance velocities and the highest will be concentrated at the supply pipe end.
These systems have been used at locations requiring small amounts of water such as make-up
water. However, experience at steam electric plants is very limited (Sharma, 1978).

(Figure ASCE page 79).

Perforations and Slots in Perforated Pipe (ASCE, 1982)

TESTING FACILITIES AND/OR FACILITIES USING THE TECHNOLOGY:
Nine steam electric units in the U.S. use perforated pipes. Each of these units uses closed-
cycle cooling systems with relatively low make-up intake flow ranging from 7 to 36 MGD
(EEI, 1993).

RESEARCH/OPERATION FINDINGS:

C Maintenance of perforated pipe systems requires control of biofouling and removal of
debris from clogged screens.
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C For withdrawal of relatively small quantities of water, up to 50,000 gpm, the
perforated pipe inlet with an internal perforated sleeve offers substantial protection for
fish. This particular design serves the Washington Public Power Supply System on the
Columbia River (Richards, 1977).

C No information is available on the fate of the organisms impinged at the face of such
screens.

DESIGN CONSIDERATIONS:
The design of these systems is fairly well established for various water intakes (ASCE, 1982).
ADVANTAGES:

The primary advantage is the absence of a confined channel in which fish might become
trapped.

LIMITATIONS:

Clogging, frazil ice formation, biofouling and removal of debris limit this technology to small
flow withdrawals.
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December 1977, pp 415-424.
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Passive intake Systems Fact Sheet No. 7: Porous Dikes/Leaky Dams

DESCRIPTION:

Porous dikes, also known as leaky dams or leaky dikes, are filters resembling a breakwater
surrounding a cooling water intake. The core of the dike consists of cobble or gravel, which
permits free passage of water. The dike acts both as a physical and a behavioral barrier to
aquatic organisms and is depicted in the figure below. The filtering mechanism includes a
breakwater or some other type of barrier and the filtering core (Fritz, 1980). Tests conducted
to date have indicated that the technology is effective in excluding juvenile and adult fish.

However, its effectiveness in screening fish eggs and larvae is not established (ASCE, 1982).

Porous Dike (Schrader and Ketschke, 1978)
TESTING FACILITIES AND/OR FACILITIES USING THE TECHNOLOGY:
C Two facilities which are both testing facilities and have used the technology are:

the Point Beach Nuclear Plant in Wisconsin and the Baily Generating Station in
Indiana (EPRI, 1985). The Brayton Point Generating Station in Massachusetts has
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also tested the technology.

RESEARCH/OPERATION FINDINGS:

C

Schrader and Ketschke (1978) studied a porous dike system at the Lakeside Plant on
Lake Michigan and found that numerous fish penetrated large void spaces, but for
most fish accessibility was limited.

The biological effectiveness of screening of fish larvae and the engineering
practicability have not been established (ASCE, 1982).

The size of the pores in the dike dictates the degree of maintenance due to biofouling
and clogging by debris.

Ice build-up and frazil ice may create problems as evidenced at the Point Beach
Nuclear Plant (EPRI, 1985).

DESIGN CONSIDERATIONS:

C The presence of currents past the dike is an important factor which may probably
increase biological effectiveness.
C The size of pores in the dike determines the extent of biofouling and clogging by
debris (Sharma, 1978).
C Filtering material must be of a size that permits free passage of water but still prevents
entrainment and impingement.
ADVANTAGES:
C Dikes can be used at marine, fresh water, and estuarine locations.
LIMITATIONS:
C The major problem with porous dikes comes from clogging by debris and silt, and
from fouling by colonization of fish and plant life.
C Backflushing, which is often used by other systems for debris removal, is not feasible
at a dike installation.
C Predation of organisms screened at these dikes may offset any biological effectiveness

(Sharma, 1978).
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Fish Diversion or Avoidance Systems Fact Sheet No. 8: Louver Systems

DESCRIPTION:

Louver systems are comprised of a series of vertical panels placed at an angle to the direction
of the flow (typically 15 to 20 degrees). Each panel is placed at an angle of 90 degrees to the
direction of the flow (Hadderingh, 1979). The louver panels provide an abrupt change in both
the flow direction and velocity (see figure below). This creates a barrier, which fish can
immediately sense and will avoid. Once the change in flow/velocity is sensed by fish, they
typically align with the direction of the current and move away laterally from the turbulence.
This behavior further guides fish into a current created by the system, which is parallel to the
face of the louvers. This current pulls the fish along the line of the louvers until they enter a
fish bypass or other fish handling device at the end of the louver line. The louvers may be
either fixed or rotated similar to a traveling screen. Flow straighteners are frequently placed
behind the louver systems.

These types of barriers have been very successful and have been installed at numerous
irrigation intakes, water diversion projects, and steam electric and hydroelectric facilities. It
appears that this technology has, in general, become accepted as a viable option to divert
juvenile and adult fish.

Top view of a Louver Barrier with Fish By-Pass (Hadderingh, 1979)

TESTING FACILITIES AND/OR FACILITIES USING THE TECHNOLOGY:

Louver barrier devices have been tested and/or are in use at the following facilities: the
California Department of Water Resource’s Tracy Pumping Plant; the California Department
of Fish and Game’s Delta Fish Protective Facility in Bryon; the Conte Anadromous Fish
Research Center in Massachusetts, and the San Onofre Nuclear Generating Station in
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California (EPA, 1976; EPRI, 1985; EPRI, 1999). In addition, three other plants also have
louvers at their facilities: the Ruth Falls Power Plant in Nova Scotia, the Nine Mile Point
Nuclear Power Station on Lake Erie, and T.W. Sullivan Hydroelectric Plant in Oregon.
Louvers have also been tested at the Ontario Hydro Laboratories in Ontario, Canada (Ray et
al, 1976).

RESEARCH/OPERATION FINDINGS:

Research has shown the following generalizations to be true regarding louver barriers:

1) the fish separation performance of the louver barrier decreases with an increase in the
velocity of the flow through the barrier; 2) efficiency increases with fish size (EPA, 1976;
Hadderingh, 1979); 3) individual louver misalignment has a beneficial effect on the efficiency
of the barrier; 4) the use of center walls provides the fish with a guide wall to swim along
thereby improving efficiency (EPA, 1976); and 5) the most effective slat spacing and array
angle to flow depends upon the size, species and ability of the fish to be diverted (Ray et al,
1976).

In addition, the following conclusions were drawn during specific studies:

Testing of louvered intake structures offshore was performed at a New York facility.
The louvers were spaced 10 inches apart to minimize clogging. The array was angled
at 11.5 percent to the flow. Center walls were provided for fish guidance to the
bypass. Test species included alewife and rainbow smelt. The mean efficiency
predicted was between 22 and 48 percent (Mussalli 1980).

During testing at the Delta Facility’s intake in Byron California, the design flow was
6,000 cubic feet per second (cfs), the approach velocity was 1.5 to 3.5 feet per second
(ft/sec), and the bypass velocities were 1.2 to 1.6 times the approach velocity.
Efficiencies were found to drop with an increase in velocity through the louvers. For
example, at 1.5 to 2 ft/sec the efficiency was 61 percent for 15 millimeter long fish and
95 percent for 40 millimeter fish. At 3.5 ft/sec, the efficiencies were 35 and 70
percent (Ray et al. 1976).

The efficiency of a louver device is highly dependent upon the length and swimming
performance of a fish. Efficiencies of lower than 80 percent have been seen at
facilities where fish were less than 1 to 1.6 inches in length (Mussalli, 1980).

In the 1990s, an experimental louver bypass system was tested at the USGS’ Conte
Anadromous Fish Research Center in Massachusetts. This testing showed guidance
efficiencies for Connecticut River species of 97 percent for a “wide array” of
louvers and 100 percent for a “narrow array” (EPRI, 1999).

At the Tracy Fish Collection Facility located along the San Joaquin River in
California, testing was performed from 1993 and 1995 to determine the guidance
efficiency of a system with primary and secondary louvers. The results for green
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and white sturgeon, American shad, splittail, white catfish, delta smelt, Chinook
salmon, and striped bass showed mean diversion efficiencies ranging from 63
(splittail) to 89 percent (white catfish) (EPRI, 1999).

In 1984 at the San Onofre Station, a total of 196,978 fish entered the louver system
with 188,583 returned to the waterbody and 8,395 impinged. In 1985, 407,755
entered the louver system with 306,200 returned and 101,555 impinged. Therefore,
the guidance efficiencies in 1984 and 1985 were 96 and 75 percent, respectively.

However, 96-hour survival rates for some species, i.e., anchovies and croakers,
were 50 percent or less. Louvers were originally considered for use at San Onofre
because of 1970s pilot testing at the Redondo Beach Station in California where
maximum guidance efficiencies of 96-100 percent were observed. (EPRI, 1999)

At the Maxwell Irrigation Canal in Oregon, louver spacing was 5.0 cm with a 98
percent efficiency of deflecting immature steelhead and above 90 percent efficiency for
the same species with a louver spacing of 10.8 cm.

At the Ruth Falls Power Plant in Nova Scotia, the results of a five-year evaluation for
guiding salmon smelts showed that the optimum spacing was to have wide bar spacing
at the widest part of the louver with a gradual reduction in the spacing approaching the
bypass. The site used a bypass:approach velocity ratio of 1.0 : 1.5 (Ray et al, 1976).

Coastal species in California were deflected optimally (Schuler and Larson, 1974 in
Ray et al, 1976) with 2.5 cm spacing of the louvers, 20 degree louver array to the
direction of flow and approach velocities of 0.6 cm per second.

At the T.W. Sullivan Hydroelectric Plant along the Williamette River in Oregon, the
louver system is estimated to be 92 percent effective in diverting spring Chinook, 82
percent for all Chinook, and 85 percent for steelhead. The system has been
optimized to reduce fish injuries such that the average injury occurrence is only 0.44
percent (EPRI, 1999).

DESIGN CONSIDERATIONS:

The most important parameters of the design of louver barriers include the following:

The angle of the louver vanes in relation to the channel velocity ,
The spacing between the louvers which is related to the size of the fish,

Ratio of bypass velocity to channel velocity,
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Shape of guide walls,
Louver array angles, and

Approach velocities.

Site-specific modeling may be needed to take into account species-specific considerations and
optimize the design efficiency (EPA, 1976; O’Keefe, 1978).

ADVANTAGES:
Louver designs have been shown to be very effective in diverting fish (EPA, 1976).
LIMITATIONS:

The costs of installing intakes with louvers may be substantially higher than other
technologies due to design costs and the precision required during construction.

Extensive species-specific field testing may be required.

The shallow angles required for the efficient design of a louver system require a long
line of louvers increasing the cost as compared to other systems (Ray et al, 1976).

Water level changes must be kept to a minimum to maintain the most efficient flow
velocity.

Fish handling devices are needed to take fish away from the louver barrier.

Louver barriers may, or may not, require additional screening devices for removing
solids from the intake waters. If such devices are required, they may add a substantial
cost to the system (EPA, 1976).

Louvers may not be appropriate for offshore intakes (Mussalli, 1980).
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Fish Diversion or Avoidance Systems Fact Sheet No. 9: Velocity Cap

DESCRIPTION:

A velocity cap is a device that is placed over vertical inlets at offshore intakes (see figure
below). This cover converts vertical flow into horizontal flow at the entrance into the intake.

The device works on the premise that fish will avoid rapid changes in horizontal flow. Fish do
not exhibit this same avoidance behavior to the vertical flow that occurs without the use of such
a device. Velocity caps have been implemented at many offshore intakes and have been
successful in decreasing the impingement of fish.

Typical Offshore Coling Water Intake Structure with Velocity Caps (Helrey, 1985; ASCE, 1982)
TESTING FACILITIES AND/OR FACILITIES USING THE TECHNOLOGY:

The available literature (EPA, 1976; Hanson, 1979; and Pagano et al, 1977) states that velocity
caps have been installed at offshore intakes in Southern California, the Great Lakes Region,
the Pacific Coast, the Caribbean and overseas; however, exact locations are not specified.

Velocity caps are known to have been installed at the El Segundo, Redondo Beach, and
Huntington Beach Steam Electric Stations and the San Onofre Nuclear Generation Station in
Southern California (Mussalli, 1980; Pagano et al, 1977; EPRI, 1985).
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Model tests have been conducted by a New York State Utility (ASCE, 1982) and several
facilities have installed velocity caps in the New York State /Great Lakes Area including the
Nine Mile Point Nuclear Station, the Oswego Steam Electric Station, and the Kintigh
Generating Station (EPRI, 1985).

Additional known facilities with velocity caps include the Edgewater Generation Station in
Wisconsin, the Seabrook Power Plant in New Hampshire, and the Nanticoke Thermal
Generating Station in Ontario, Canada (EPRI, 1985).

RESEARCH/OPERATION FINDINGS:

Horizontal velocities within a range of 0.5 to 1.5 feet per second (ft/sec) did not
significantly affect the efficiency of a velocity cap tested at a New York facility;
however, this design velocity may be specific to the species present at that site (ASCE,
1982).

Preliminary decreases in fish entrapment averaging 80 to 90 percent were seen at the
El Segundo and Huntington Beach Steam Electric Plants (Mussalli, 1980).

Performance of the velocity cap may be associated with cap design and the total
volumes of water flowing into the cap rather than to the critical velocity threshold of
the cap (Mussalli, 1980).

DESIGN CONSIDERATIONS:
Designs with rims around the cap edge prevent water from sweeping around the edge
causing turbulence and high velocities, thereby providing more uniform horizontal

flows (EPA, 1976; Mussalli, 1980).

Site-specific testing should be conducted to determine appropriate velocities to
minimize entrainment of particular species in the intake (ASCE, 1982).

Most structures are sized to achieve a low intake velocity between 0.5 and 1.5 ft/sec to
lessen the chances of entrainment (ASCE, 1982).

Design criteria developed for a model test conducted by Southern California Edison
Company used a velocity through the cap of 0.5 to 1.5 ft/sec; the ratio of the
dimension of the rim to the height of the intake areas was 1.5 to 1 (ASCE, 1982;
Schuler, 1975).

ADVANTAGES:

Efficiencies of velocity caps on West Coast offshore intakes have exceeded 90 percent
(ASCE, 1982).

LIMITATIONS:
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Velocity caps are difficult to inspect due to their location under water (EPA, 1976).

In some studies, the velocity cap only minimized the entrainment of fish and did not
eliminate it. Therefore, additional fish recovery devices are be needed in when using
such systems (ASCE, 1982; Mussalli, 1980).

Velocity caps are ineffective in preventing passage of non-motile organisms and early
life stage fish (Mussalli, 1980).
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Fish Diversion or Avoidance Systems Fact Sheet No. 10: Fish Barrier Nets

DESCRIPTION:

Fish barrier nets are wide mesh nets, which are placed in front of the entrance to an intake
structure (see figure below). The size of the mesh needed is a function of the species that are
present at a particular site. Fish barrier nets have been used at numerous facilities and lend
themselves to intakes where the seasonal migration of fish and other organisms require fish
diversion facilities for only specific times of the year.

V-Arrangement of Fish Barrier Net (ASCE, 1982)
TESTING FACILITIES AND/OR FACILITIES USING THE TECHNOLOGY:

The Bowline Point Generating Station, the J.P. Pulliam Power Plant in Wisconsin, the
Ludington Storage Plant in Michigan, and the Nanticoke Thermal Generating Station in
Ontario use barrier nets (EPRI, 1999).

Barrier Nets have been tested at the Detroit Edison Monroe Plant on Lake Erie and the Chalk
Point Station on the Patuxent River in Maryland (ASCE, 1982; EPRI, 1985). The Chalk Point
Station now uses barrier nets seasonally to reduce fish and Blue Crab entry into the intake
canal (EPRI, 1985). The Pickering Generation Station in Ontario evaluated rope nets in 1981
illuminated by strobe lights (EPRI, 1985).

RESEARCH/OPERATION FINDINGS:
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At the Bowline Point Generating Station in New York, good results (91 percent
impingement reductions) have been realized with a net placed in a V arrangement
around the intake structure (ASCE, 1982; EPRI, 1999).

In 1980, a barrier net was installed at the J.R. Whiting Plant (Michigan) to protect
Maumee Bay. Prior to net installation, 17,378,518 fish were impinged on
conventional traveling screens. With the net, sampling in 1983 and 84 showed
421,978 fish impinged (97 percent effective), sampling in 1987 showed 82,872 fish
impinged (99 percent effective), and sampling in 1991 showed 316,575 fish
impinged (98 percent effective) (EPRI, 1999).

Nets tested with high intake velocities (greater than 1.3 feet per second) at the Monroe
Plant have clogged and subsequentially collapsed. This has not occurred at facilities
where the velocities are 0.4 to 0.5 feet per second (ASCE, 1982).

Barrier nets at the Nanticoke Thermal Generating Station in Ontario reduced intake of
fish by 50 percent (EPRI, 1985).

The J.P Pulliam Generating Station in Wisconsin uses dual barrier nets (0.64
centimeters stretch mesh) to permit net rotation for cleaning. Nets are used from April
to December or when water temperatures go above 4 degrees Celsius. Impingement
has been reduced by as much as 90 percent. Operating costs run about $5,000 per
year, and nets are replaced every two years at $2,500 per net (EPRI, 1985).

The Chalk Point Station in Maryland realized operational costs of $5,000-10,000 per
year with the nets being replaced every two years (EPRI, 1985). However, crab
impingement has been reduced by 84 percent and overall impingrment liability has
been reduced from $2 million to $140,000 (EPRI, 1999).

The Ludington Storage Plant (Michigan) provides water from Lake Michigan to a
number of power plant facilities. The plant has a 2.5-mile long barrier net that has
successfully reduced impingement and entrainment. The overall net effectiveness for
target species (five salmonids, yellow perch, rainbow smelt, alewife, and chub) has
been over 80 percent since 1991 and 96 percent since 1995. The net is deployed
from mid-April to mid-October, with storms and icing preventing use during the
remainder of the year (EPRI, 1999).

DESIGN CONSIDERATIONS:

The most important factors to consider in the design of a net barrier are the site-
specific velocities and the potential for clogging with debris (ASCE, 1982).

The size of the mesh must permit effective operations, without excessive clogging.
Designs at the Bowline Point Station in New York have 0.15 and 0.2 inch openings in
the mesh nets, while the J.P. Pulliam Plant in Wisconsin has 0.25 inch openings
(ASCE, 1982).
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ADVANTAGES:
Net barriers, if operating properly, should require very little maintenance.
Net barriers have relatively little cost associated with them.
LIMITATIONS:

Net barriers are not effective for the protection of the early life stages of fish or
zooplankton (ASCE, 1982).
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Fish Diversion or Avoidance Systems Fact Sheet No. 11: Aquatic Filter Barrier
Systems

DESCRIPTION:

Aquatic filter barrier systems are barriers that employ afilter fabric designed to allow for passage of
water into a cooling water intake structure, but exclude aguatic organisms. These systems are
designed to be placed some distance from the cooling water intake structure within the source
waterbody and act as a filter for the water that enters into the cooling water system. These systems
may be floating, flexible, or fixed. Since these systems generally have such a large surface area, the
velocities that are maintained at the face of the permeable curtain are very low. One company,
Gunderboom, Inc., 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 a matting of minute unwoven fibers with an
apparent opening size of 20 microns. The Gunderboom Marine/Aquatic Life Exclusion System
(MLES)™ also employs an automated “air burst”™ technology 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 in to the water column.

Gunderboom Marine/Aquatic Life Exclusion System (Gunderboom, Inc., 1999)
TESTING FACILITIES AND/OR FACILITIES USING THE TECHNOLOGY:

C Gunderboom MLES ™ have been tested and are currently installed on a seasonal
basis at Unit 3 of the Lovett Station in New York. Prototype testing of the
Gunderboom system began in 1994 as a means of lowering ichthyoplankton
entrainment at Unit 3. This was the first use of the technology at a cooling water
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intake structure. The Gunderboom tested was a single layer fabric. Material
clogging resulted in loss of filtration capacity and boom submergence within 12
hours of deployment. Ichthyoplankton monitoring while the boom was intact
indicated an 80 percent reduction in entrainable organisms (Lawler, Matusky, and
Skelly Engineers, 1996).

A Gunderboom MLES ™ was effectively deployed at the Lovett Station for 43 days
in June and July of 1998 using an Air-Burst cleaning system and newly designed
deadweight anchoring system. The cleaning system coupled with a perforated
material proved effective at limiting sediment on the boom, however it required an
intensive operational schedule (Lawler, Matusky, and Skelly Engineers, 1998).

A 1999 study was performed on the Gunderboom MLES ™ at the Lovett Station in
New York to qualitatively determine the characteristics of the fabric with respect to
the impingement of ichthyoplankton at various flow regimes. Conclusions were that
the viability of striped bass eggs and larvae were not affected (Lawler, Matusky, and
Skelly Engineers, 1999).

Ichthyoplankton sampling at Unit 3 (with Gunderboom MLES ™ deployed) and Unit
4 (without Gunderboom) in May through August 2000 showed an overall
effectiveness of approximately 80 percent. For juvenile fish, the density at Unit 3
was 58 percent lower. For post yolk-sac larvae, densities were 76 percent lower.
For yolk-sac larvae, densities were 87 percent lower (Lawler, Matusky & Skelly
Engineers 2000).

RESEARCH/OPERATION FINDINGS:

Extensive testing of the Gunderboom MLES ™ has been performed at the Lovett Station in
New York. Anchoring, material, cleaning, and monitoring systems have all been redesigned
to meet the site-specific conditions in the waterbody and to optimize the operations of the
Gunderboom. Although this technology has been implemented at only one cooling water
intake structure, it appears to be a promising technology to reduce impingement and
entrainment impacts. It is also being evaluated for use at the Contre Costa Power Plant in
California.

DESIGN CONSIDERATIONS:

The most important parameters in the design of a Gunderboom ® Marine/Aquatic Life
Exclusion System include the following (Gunderboom, Inc. 1999):

Size of booms designed for 3-5 gpm per square foot of submerged fabric. Flows
greater than 10-12 gallons per minute.

Flow-through velocity is approximately 0.02 ft/s.

Performance monitoring and regular maintenance.
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ADVANTAGES:

Can be used in all waterbody types.

All larger and nearly all other organisms can swim away from the barrier because of
low velocities.

Little damage is caused to fish eggs and larvae if they are drawn up against the
fabric.

Modulized panels may easily be replaced.

Easily deployed for seasonal use.

Biofouling not significant.

Impinged organisms released back into the waterbody.

Benefits relative to cost appear to be very promising, but remain unproven to date.

Installation can occur with no or minimal plant shutdown.

LIMITATIONS:

Currently only a proven technology for this application at one facility.
Extensive waterbody-specific field testing may be required.

May not be appropriate for conditions with large fluctuations in ambient flow and
heavy currents and wave action.

High level of maintenance and monitoring required.

Higher flow facilities may require very large surface areas; could interfere with

other waterbody uses.

REFERENCES:
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Fish Diversion or Avoidance Systems Fact Sheet No. 12: Sound Barriers

DESCRIPTION:

Sound barriers are non-contact barriers that rely on mechanical or electronic equipment that
generates various sound patterns to elicit avoidance responses in fish. Acoustic barriers are
used to deter fish from entering industrial water intakes and power plant turbines.
Historically, the most widely-used acoustical barrier is a pneumatic air gun or "popper." The
pneumatic air gun is a modified seismic device which produces high-amplitude,
low-frequency sounds to exclude fish. Closely related devices include "fishdrones" and
“fishpulsers" (also called "hammers™). The fishdrone produces a wider range of sound
frequencies and amplitudes than the popper. The fishpulser produces a repetitive sharp
hammering sound of low-frequency and high-amplitude. Both instruments have ahd limited
effectiveness in the field (EPRI, 1995; EPRI, 1989; Hanson, et al., 1977; EPA, 1976; Taft,
et al., 1988; ASCE, 1992).

Researchers have generally been unable to demonstrate or apply acoustic barriers as fish
deterrents, even though fish studies showed that fish respond to sound, because the response
varies as a function of fish species, age, and size as well as environmental factors at specific
locations. Fish may also acclimate to the sound patterns used (EPA, 1976; Taft et al., 1988;
EPRI, 1995; Ray at al., 1976; Hadderingh, 1979; Hanson et al., 1977; ASCE, 1982).

Since about 1989, the application of highly refined sound generation equipment originally
developed for military use (e.g., sonar in submarines) has greatly advanced acoustic barrier
technology. Ibis technology has the ability to generate a wide array of frequencies, patterns,
and volumes, which are monitored and controlled by computer. Video and computer
monitoring provide immediate feedback on the effectiveness of an experimental sound
pattern at a given location. In a particular environment, background sounds can be accounted
for, target fish species or fish populations can quickly be characterized, and the most
effective sound pattern can be selected (Menezes, at al., 1991; Sonalysts, Inc.).

TESTING FACILITIES AND/OR FACILITIES WITH TECHNOLOGY IN USE:
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No fishpulsers and pneumatic air guns are currently in use at power plant water intakes.

Research facilities that have completed studies or have on-going testing involving fishpulsers
or pneumatic air guns include the Ludington Storage Plant on Lake Michigan; Nova Scotia
Power; the Hells Gate Hydroelectric Station on the Black River; the Annapolis Generating
Station on the Bay of Fundy; Ontario Hydro's Pickering Nuclear Generating station; the
Roseton Generating Station in New York; the Seton Hydroelectric Station in British
Columbia; the Surry Power Plant in Virginia; the Indian Point Nuclear Generating Station
Unit 3 in New York; and the U.S. Army Corps of Engineers on the Savannah River (EPRI,
1985; EPRI, 1989; EPRI, 1988; and Taft, et al., 1998).

Updated acoustic technology developed by Sonalysts, Inc. has been applied at the James A.
Fitzpatrick Nuclear Power Plant in New York on Lake Ontario; the Vernon Hydroelectric
plant on the Connecticut River (New England Power Company, 1993; Menezes, et al.,
1991; personal communication with Sonalysts, Inc., by SAIC, 1993); and in a quarry in
Verplank, New York (Dunning, et al., 1993).

RESEARCH/OPERATION FINDINGS:

C

Most pre-1976 research was related to fish response to sound rather than on field
applications of sound barriers (EPA, 1976; Ray et al., 1976; Uziel, 1980; Hanson,
etal., 1977).

Before 1986, no acoustic barriers were deemed reliable for field use. Since 1986,
several facilities have tried to use pneumatic poppers with limited successes. Even in
combination with light barriers and air bubble barriers, poppers and fishpulsers,
were ineffective for most intakes (Taft and Downing, 1988; EPRI, 1985; Patrick, et
al., 1988; EPRI, 1989; EPRI, 1988; Taft, et al., 1988; McKinley and Patrick, 1998;
Chow, 1981).

A 1991 full-scale 4-month demonstration at the James A. FitzPatrick (JAF) Nuclear
Power Plant in New York on Lake Ontario showed that the Sonalysts, Inc.
FishStartle System reduced alewife impingement by 97 percent as compared to a
control power plant located 1 mile away. (Ross, et al., 1993; Menezes, et al., 1991).
JAF experienced a 96 percent reduction compared to fish impingement when the
acoustic system was not in use. A 1993 3-month test of the system at JAF was
reported to be successful, i.e., 85 percent reduction in alewife impingement.
(Menezes, et al., 1991; EPRI, 1999).

In tests at the Pickering Station in Ontario, poppers were found to be effective in
reducing alewife impingement and entrainment by 73 percent in 1985 and 76 percent
in 1986. No benefits were observed for rainbow smelt and gizzard shad. Sound
provided little or no deterrence for any species at the Roseton Generating Station in
New York.
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During marine construction of Boston's third Harbor Tunnel in 1992, the Sonalysts,
Inc. FishStartle System was used to prevent shad, blueback herring, and alewives
from entering underwater blasting areas during the fishes' annual spring migration.
The portable system was used prior to each blast to temporarily deter fish and allow
periods of blastmg as necessary for the construction of the tunnel (personal
communication to SAIC from M. Curtin, Sonalysts, Inc., September 17, 1993).

In fall 1992, the Sonalysts, Inc. FishStartle System was tested in a series of
experiments conducted at the Vernon Hydroelectric plant on the Connecticut River.
Caged juvenile shad were exposed to various acoustical signals to see which signals
elicited the strongest reactions. Successful in situ tests involved applying the signals
with a transducer system to divert juvenile shad from the forebay to a bypass pipe.
Shad exhibited consistent avoidance reactions to the signals and did not show
evidence of acclimation to the source (New England Power Company, 1993).

DESIGN CONSIDERATIONS:

C

Sonalysts Inc.’s FishStartle system uses frequencies between 15 hertz to130 kilohertz
at sound pressure levels ranging from 130 to 206+ decibels referenced to one
micropascal (dB//uPa). To develop a site-specific FishStartle program, atest program
using frequenciesin the low frequency portion of the spectrum between 25 and 3300
herz were used. Fish speciestested by Sonalysts, Inc. include white perch, striped
bass, atlantic tomcod, spottail shiner, and golden shiner (Menezes et a., 1991).

Sonalysts FishStartle system used fixed programming contained on Erasable
Programmable Read Only Memory (EPROM) micro circuitry. For field applications, a
system was developed using IBM PC compatible software. Sonalysts' FishStartle
system includes a power source, power amplifiers, computer controls and analyzer in a
control room, all of which are connected to a noise hydrophone in the water. The
system also uses atelevision monitor and camera controller that islinked to an
underwater light and camerato count fish and evaluate their behavior.

One Sonalysts, Inc. system has transducers placed 5 m from the bar rack of the intake.

At the Seton Hydroel ectric Station in British Columbia, the distance from the water
intake to the fishpulser was 350 m (1150 ft); at Hells Gate, a fishpulser was installed at
adistance of 500 feet from the intake.

The pneumatic gun evaluated at the Roseton intake had a 16.4 cubic cm (1.0 cubic
inch) chamber connected by a high pressure hose and pipe assembly to an Air Power
Supply Model APS-F2-25 air compressor. The pressure used was a line pressure of
20.7 MPa (3000 psi) (EPRI, 1988).

ADVANTAGES:

C

The pneumatic air gun, hammer, and fishpulser are easily implemented at low costs.
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C Behavioral barriers do not require physical handling of the fish.

LIMITATIONS:
C The pneumatic air gun, hammer, and fishpulser are not considered reliable.
C Sophisticated acoustic sound generating system require relatively expensive systems,

including cameras, sound generating systems, and control systems. No cost
information is available since a permanent system has yet to be installed.

C Sound barrier systems require site-specific designs consisting of relatively high
technology equipment that must be maintained at the site.
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scheduled for proposal in February 2002; the Phase Coastal Oil and Gas Extraction

Il regulations are intended to address the largest
existing facilities in the steam-electric generating
industry. During Phaselll, EPA will addresscooling
water intakestructuresat existingfacilitiesinavariety
of industry sectors. Therefore, EPA believesit is most appropriate to defer rulemaking for offshore and coastal oil
and gas extraction facilities to Phase I11.

This chapter provides a starting point for future discussions with industry and other stakeholders on future Phase
I11 regulatory decisions.

6.1 HISTORIC AND PROJECTED DRILLING ACTIVITIES

Theoil and gas extraction industry drills wells both onshore, coastal, and offshore regionsfor the exploration and
development of oil and natural gas. Various engines and brakes are employed which require some type of cooling
system. TheU.S. oil and gasextractionindustry currently producesover 60 billion cubic feet of natural gas and over
9 million barrels of oil per day.2 There were roughly 1,096 onshoredrilling rigsin operation in August 2001.2 This
section focuses on the OCS oil and gas extraction activities as onshorefacilities haveless demand for cooling water
and have more available options for using dry cooling systems. Moreover, OCS facilities are limited in physical
space, payload capacity, and operating environments. EPA will further investigate onshore oil and gas extraction
facilities for the Phase 111 rulemaking.
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A largemagjority of the OCS oil and gas extraction occursin the Gulf of Mexico (GOM). The Federal OCS generally
starts three miles from shore and extends out to the outer territorial boundary (about 200 miles).” The U.S.
Department of Interior’s Mineral Management Service (MMYS) isthe Federal agency responsible for managing OCS
mineral resources. The following summary statistics are from the 1999 MM S factbook.2

C The OCS accounts for about 27% of the Nation’s domestic natural gas production and about 20% of its
domestic oil production. On an energy basis (BTU), about 67 percent of the energy currently produced
offshoreis natural gas.

C TheOCS containsabout 19% of theNation’s proven natural gasreservesand 15% of itsproven oil reserves.
The OCS isestimated to contain more than 50% of the Nation’s remaining undiscovered natural gasand oil
resources.

C To date, the OCS has produced about 131 trillion cubic feet of natural gas and about 12 billion barrels of

oil. The Federal OCS provides the bulk—about 89%—of all U.S. offshore production. Five coastal
States—Alaska, Alabama, California, Louisiana and Texas—make up the remaining 11%.

Table 1 presents the number of wells drilled in three areas (GOM, Offshore California, and Coastal Cook Inlet,
Alaska) for 1995 through 1997. Thetable also separates thewellsinto four categories: shallow water development,
shallow water exploratory, deep water devel opment, and deep water exploratory. Exploratory drillingincludesthose
operations drilling wells to determine potential hydrocarbon reserves. Development drilling includes those
operations drilling production wellsonce a hydrocarbon reserve has been discovered and delineated. Although the
rigs used in exploratory and devel opmentdrillingsometimesdiffer, thedrilling processisgenerally thesamefor both
types of drilling operations.

Thewater depth in which either exploratory or development drilling occurs may determinethe operator's choice of
drill rigsand drilling systems. MMS and thedrillingindustry classify wellsaslocated in either deep water or shallow
water, depending on whether drilling isin water depths greater than 1,000 feet or lessthan 1,000 feet, respectively.

"The Federal OCS starts approximately 10 miles from the Florida and Texas shores.
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Table 6-1: Number of Wells Drilled Annually, 1995 - 1997, by Geographic Area

Shallow Water Deep Water
Data Source ﬁ (<1,000 ft) : (> 1,000 ft) - Total
: " " ; - Wwalls

Development Exploration Development Exploration

Gulf of Mexicot

MMS: 1995 :
1996 -

1997 .

Average Annua

Total Gulf of Mexico

Offshore California

MMS: 1995 : :
1996 15

1997 . :

Average Annual :

Coastal Cook Inlet

O OO O
O OO O

AOGC: 1995 . 12 0 0 12
1996 ?i 1 0 |

1997 . ?? 2. 0

" 1 0.

Source: Ref. 4

T Note: GOM figuresdo not includewelIswithin State bay and inlet waters (considered “ coastal” under 40 CFR 435)
and State offshore waters (0-3 miles from shore). In August 2001, therewere 1 and 23 drillingrigsin State bay and
inlet waters of Texas and Louisiana, respectively. Therewerealso 19 and 112 drilling rigs in State offshore waters
(0-3 miles from shore), respectively.®

Offshore production in the Gulf of Mexico began in 1949 with a shallow well drilled in shallow water. It took
another 25 yearsuntil thefirst degpwater well ($1,000ft. of water) wasdrilled in 1974. Barriersto deepwater activity
includetechnological difficulties of stabilizing a drilling rig in the open ocean, high financia costs, and natural and
manmade barriersto oil and gas activities in the deep waters.

These barriers have been offset in recent years by technol ogical developments(e.g., 3-D seismic data covering large
areas of thedeepwater Gulf and innovative structure designs) and economic incentives. As aresult, deepwater oil
and gas activity in the Gulf of Mexico has dramatically increased from 1992 to 1999. In fact, in late 1999, oil
production from deepwater wells surpassed that produced from shallow water wellsfor thefirst timein the history
of oil production in the Gulf of Mexico.>

Asshownin Table 1, 1,127 wellswere drilled in the Gulf of Mexico, on average, from 1995 to 1997, compared to
26 wellsin Californiaand 8 wellsin Cook Inlet. 1nthe Gulf of Mexico, over thelast few years, there has been high
growth in the number of wells drilled in deep water, defined as water greater than 1,000 feet deep. For example, in
1995, 84 wells weredrilled in deep water, or 8.6 percent of all Gulf of Mexico wellsdrilled that year. By 1997, that
number increased to 173 wellsdrilled, or over 13 percent of all Gulf of Mexico wellsdrilled. Nearly all exploration
and development activitiesin the Gulf are taking place in the Western Gulf of Mexico, that is, the regions off the
Texas and Louisiana shores.
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6.2 OFFSHORE AND COASTAL OIL AND GAS EXTRACTION FACILITIES

There are numerous different types of offshore and coastal oil extraction facilities. Some facilities are fixed for
development drillingwhile other facilities are mobile for both exploration and development drilling. Previous EPA
estimates of non-contact cooling water for offshore and coastal oil and gas extraction facilities (OCOGEF) showed
awide range of cooling water demands (294 - 5,208,000 gal/day).*

6.2.1 Fixed Oil and Gas Extraction Facilities

Most of these structures use a pipe with passive screens (strainers) to convey cooling water. Non-contact, once-
through water is used to cool crude oil, produced water, power generators and various other pieces of machinery
(e.g., drawworks brakes). Dueto the number of oil and gas extraction facilitiesin the GOM in relation to other OCS
regions, EPA estimated the number of fixed activeplatformsin the Federal OCS region of the Gulf of Mexico using
the MMS Platform Inspection System, Complex/Structure database. These fixed structures are generally used for
development drilling. Out of atotal of 5,026 structures, EPA identified 2,381 activeplatformswheredrillingislikely
to occur (Table 2).

Table 6-2: Identification of Structures in the Gulf of Mexico OCS

Category Count Remaining Count
All Structures 5026 5,026
Abandoned Structures 1,403 3,623
Structures classified as production structures, i.e., with no well :

dlots and production equipment 245 3,378
Structures known not to be in production 688 2,690
Structures with missing information on product type (oil or gas or 309

both) 2,381

Structures whose drilled well slots are used solely for injection,
disposal, or as awater source

Source: Ref. 5

The Offshore Operators Committee (OOC) and the National Oceans Industries Association (NOIA) also noted in
their comments to the May 25, 2001 316(b) Federal Register Notice that a typical platform rig for a Tension Leg
Platform™ will require 10 - 15 MM Btu/hr heat removal for its engines and 3 - 6 MM Btu/hr heat removal for the
drawworks brake. The total heat removal (cooling capacity) is 13 - 21 MM Btu/hr. OOC/NOIA also estimated that
approximately 200 productionfacilitieshave seawater intakerequirementsthat exceed 2MGD. OOC/NOIA estimate
that these facilities have seawater intake reguirements ranging from 2 - 10 MGD with one-third or more of the
volume needed for cooling water. Other seawater intake regquirements include firewater and ballasting. The
firewater system on offshore platforms must maintain a positive pressure at al times and therefore requires the

A Tension Leg Platform (TLP) is afixed production facilitiesin deepwater
environments (> 1,000 ft).
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firewater pumps in the deep well casings to run continuously. Ballasting water for floating facilities may not be a
continuous flow but is an essential intake to maintain the stability of the facility.

EPA and MMS could only identify one case where the environmental impacts of a fixed OCOGEF CWIS were
considered.® BPExploration (Alaska) Inc. (BPXA) plansto locateavertical intakepipefor aseawater-treatment plant
on the south sideof Liberty Island, Beaufort Sea, Alaska. The pipe would have an opening 8 feet by 5.67 feet and
would be located approximately 7.5 feet below the mean low-water level (Fig. 6-1). The discharge from the
continuous flush system consists of the seawater that would be continuously pumped through the process-water
system to prevent ice formation and blockage. Recirculation pipeslocated just insidethe opening would help keep
large fish, other animals, and debris out of the intake. Two vertically paralel screens (6 inches apart) would be
located in theintake pipe abovetheintake opening. They would have amesh size of 1 inch by 1/4 inch. Maximum
water velocity would be 0.29 feet per second at thefirst screen and 0.33 feet per second at the second screen. These
velocitiestypically would occur only for afew hours each week while testing thefire-control water system. At other
times, the velocities would be considerably lower. Periodically, the screens would be removed, cleaned, and
replaced.

MMS states in the Liberty Draft Environmental Impact Statement that the proposed seawater-intake structure will
likely harm or kill some young-of-the-year arctic cisco during the summer migration period and some eggs and fry
of other speciesin theimmediate vicinity of theintake. However, MMS estimatesthat lessthan 1% of thearctic cisco
in the Liberty area are likely to be harmed or killed by the intake structure. Further, MM S concludes that: (1) the
intake structure is not expected to have a measurable effect on young-of-the-year arctic cisco in the migration
corridor; and (2) theintakestructureisnot expected to have a measurable effect on other fishespopulationsbecause
of the wide distribution/low density of their eggs and fry.




Figure 6-1


Tim  Connor
Figure 6-1


8 316(b) TDD Chapter 6 for New Facilities Industry Profile: Oil and Gas Extraction Industry

6.2.2 Mobile Oil and Gas Extraction Facilities

EPA also estimated the number of mobile offshoredrilling units (MODUSs) currently in operation. These numbers
change in response to market demands. Over the past five years the total number of mobile offshore drilling units
(MODUFs) operating at onetimein areas under U.S. jurisdiction has ranged from less than 100 to more than 200.
There are five main types of MODUS operating in areas under U.S. jurisdiction: drillships, semi-submersibles,
jack-ups, submersiblesand drilling barges. Table 3 gives abrief summary of each MODU. EPA and MMS could not
identify any cases where the environmental impacts of a MODU CWIS were considered.

Table 6-3: Description of Mobile Offshore Drilling Units and their CWIS
EE No. No. Currently Under
Water Intak : : ) :
MODU Type :n(ejr D; neT Water Depth . Currently : Construction Over Next
: J : i InGOM | ThreeYears '
Drill Ships  16-20MGD  Greater than 400 ft 5 0
: Seachest : :
Semi-  2-15+MGD  Greater than 400 ft 1 5
submersibles Seachest : :
Jack-ups  2-10+MGD  Lessthan400ft 140 9
: Intake Pipe : : :
Submersbles  <2MGD  Shdlow Water (BaysandInlet 6 0
: Intake Pipe i Waters) : :
Drill Barges  <2MGD ShdlowWater (BaysandInlet 20 0
? Intake Pipe : Waters) 5 5

Sources: Ref. 7, Ref. 8, Ref. 9, Ref. 10

T Approximately 80% of the water intake isused for cooling water with the remainder being used for hotel 10ads,
fire water testing, cleaning, and ballast water.’

The particular type of MODU selected for operation at a specific location is governed primarily by water depth
(which may be controlling), anticipated environmental conditions, and the design (depth, wellbore diameter, and
pressure) of thewell in relation to the unitsequipment. In general, deeper water depthsor deeper wellsdemand units
with ahigher peak power-generation and drawworks brake cooling capacities, and thisdirectly impactsthedemand
for cooling water.X

Drillships and Semi-Submersibles MODUs

Drill ships and semi-submersibles use a*“seachest” asa CWIS. In general there are three pipes for each sea chest
(these include CWIs and fire pumps). One of thethreeintake pipesisaways set asidefor use solely for emergency
fire fighting operations. These pipes are usually back on the flush line of the seachest. The sea chest is a cavity in
the hull or pontoon of the MODU and is exposed to the ocean with a passive screen (strainer) often set along the
flush lineof the seachest. These passive screens or weirs generally have amaximum opening of 1inch.® Thereare
generally two sea chests for each drill ship or semi-submersible (port and starboard) for redundancy and ship
stability considerations. In general, only one seachest is required at any given time for drilling operations.’
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Whileengaged in drilling operationsmost drillships and one-third of semi-submersibles maintain their position over
the well by means of "dynamic positioning” thrusters which counter the effects of wind and current. Additiona
power is required to operate the drilling and associated industrial machinery, which is most often powered
electrically from the same diesel generators that supply propulsion power. While the equipment powered by the
ship's electrical generating system changes, thetotal power requirementsfor drillships are similar to those whilein
transit. Thus, during drilling operations the total seawater intake on a drillship is approximately the same as while
underway. The magjority of semi-submersibles are not self- propelled, and thus require the assistance of towing
vessels to move from location to location.

Information from the U.S. Coast Guard indicates that when semi-submersibles aredrilling their seachestsare 80 to
100 feet below the water surface and are less than 20 feet below water when the pontoons are raised for transit or
screen cleaning operations.” Drill ships havetheir seachests on the bottom of their hulls and are typically 20 to 40
feet below water at all times.

IADC notes that one of the earlier semi-submersible designs still in use is the “victory” class unit.X® This unit is
provided with two seawater-cooling pumps, each with adesign capacity of 2.3 MGD with a 300 head. At operating
draft the center of the inlet, measuring approximately 4 feet by 6 feet, islocated 80 feet below the sea surface and
is covered by an inlet screen. In theoriginal design this screen had 3024 holes of 15mm diameter. The approximate
inlet velocity is therefore 0.9 feet/sec.

The morerecent semi-submersible designstypically havehigher installed power to meet the challenges of operating
in deeper water, harsher environmental condition, or for propulsion or positioning. IADC notes that anew design,
newly-built unit has a seawater intakecapacity of 34.8 MGD (including salt water service pumps and ballast pumps)
and averages 10.7 MGD of seawater intake of which 7.4 MGD is used for cooling water.

Jack-up MODUs

Jack-up, submersibles, and drill barges use intake pipes for CWIS. These OCOGEF basically use a pipe with a
passive screens (strainers) to convey cooling water. Non-contact, once-through water is used to cool crude oil,
produced water, power generators and various other pieces of machinery on OCOGEF (e.g., drawworks brakes).

Thejack-up isthemost numerous type of MODU. These vesselsarerarely self- propelled and must betowed from
location to location. Once on location, their legs arelowered to the seabed, and the hull israised (jacked-up) above
the sea surface to an elevation that prevents wave impingement with the hull. Although all of these ships do use
seawater cooling for some purposes (e.g., desdlinators), as with the semi-submersibles a few use air-cooled
diesel-€electric generators because of the height of the machinery above the sea surface.® Seawater is drawn from
deep-well or submersible pumps that arelowered far enough bel ow the sea surface to assurethat suction isnot lost
through waveaction. Total seawater intake of these shipsvaries considerably and ranges from less than 2 MGD to
more than 10 MGD. Jack-ups arelimited to operating in water depths of less than 500 feet, and may rarely operate
in water depths of less than 20 feet.

Themost widely used of the jack-up unit designs is the Marathon L etourneau 116-C.%° For these types of jack-ups
typicaly one pump isused during rig operationswith a6’ diameter suction at 20to 50 feet bel ow water level which
delivers cooling water intake rates of 1.73 MGD at an inlet velocity of 13.33 ft/sec.’® Additionally, pre-loading
involves the use of two or three pumpsin sequence. Pre-loading is not a cooling water procedure, but a ballasting
procedure (ballast water islater discharged). Each pumpisfitted with itsown passive screen (strainer) at the suction
point which provides for primary protection against foreign materials entering the system.
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Intheir early configurations, these jack-up MODUs weretypically outfitted with either 5diesel generator units(each
rated at about 1,200 horsepower) or three diesel generator units (each rated at about 2,200 horsepower).® In
subsequent configurations of this design or re-powering of these units, more installed power has generally been
provided, as it has in more recent designs. With more installed power, there is a demand for more cooling water.
The International Association of Drilling Contractors (IADC) reports that a newly-built jack-up, of a new design,
typicaly requires 3.17 MGD of coolingwater for itsdrawworks brakesand cooling of six diesel generator units, each
rated at 1,845 horsepower.X In thiscase, one pump istypically used during rig operationswith a10” diameter suction
at 20 to 50 feet below water level, delivering the cooling water at 3.2 MGD.

Submersibles and Drill Barge MODUs

The submersible MODU isused most often in very shallow waters of bays and inlet waters. These MODUSs are not
self-propelled. Most are powered by air-cooled diesel-electric
generators, but require seawater intakefor cooling of other equipment, desalinators, and for other purposes. Total
seawater intake varies considerably with most below 2 MGD.

The drilling barge MODU There are approximately 50 drilling barges available for operation in areas under U.S.
jurisdiction, although the number currently in operation is less than 20. These ships operate in shallow bays and
inlets along the Gulf Coast, and occasionally in shallow offshore areas. Many are powered by air-cooled
diesel-electric generators. While they have some water intakefor sanitary and some cooling purposes, water intake
is generally below 2 MGD.

6.3 316(B) ISSUES RELATED TO OFFSHORE AND COASTAL OIL AND GAS
EXTRACTION FACILITIES

There are several important 316(b) issuesrelated to OCOGEF CWIS that EPA will beinvestigatingin the Phase 111
316(b) rulemaking: (1) Biofouling; (2) Definition of New Source; (3) Potential Costs and Scheduling Impacts. EPA
will work with stakeholders to identify other issuesfor resolution during the Phase 11 316(b) rulemaking process.

6.3.1 Biofouling

Industry comments to the 316(b) Phase | proposal assert that operators must maintain a minimum intake velocity
of 2to 5 ft/sec in order to prevent biofouling of the offshore oil and gas extraction facility CWIS. EPA requested
documentation from industry regarding therel ationship between marinegrowth (biofouling) and intakevel ocities.*
Industry wasunabl eto provideany authoritativeinformation to support the assertion that aminimum intakevel ocity
of 2to 5 ft/sec isrequired in order to prevent biofouling of the OCOGEF CWIS. IADC asserts that it is common
marine engineering practice to maintain high velocities in the seachest to inhibit attachment of marine biofouling
organisms.°

The Offshore Operators Committee (OOC) and the National Oceans Industries Association (NOIA) also noted in
their commentsto theMay 25, 2001 316(b) Federal Register Noticethat the ASCE"Design of Water I ntake Structures
for Fish Protection" recommends an approach velocity in therange of 0.5 to 1 ft/s for fish protection and 1 ft/s for
debris management but does not address biofouling specifically. OOC/NOIA wereunableto find technical papers
to support a higher intake velocity. The U.S. Coast Guard and MM S were aso unable to provide EPA with any
information on velocity requirements or preventative measuresregarding marine growth inhibition or has ahistory
of excessive marine growth at the sea chest.
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EPA was able to identify some of the major factors affecting marine growth on offshore structures. These factors
include temperature, oxygen content, pH, current, turbidity, and light.'2** Fouling is particularly troublesome in the
more fertile coastal waters, and although it diminishes with distance from the shoreline, it does not disappear in
midoceanic andin theabyssal depths.** Moreover, operators arerequired to perform regular inspection and cleaning
of these CWIS in accordance with USCG regulations.

Operatorsarealso required by theU.S. Coast Guard to inspect seacheststwicein fiveyearswith at |east onecleaning
to prevent blockages of firewater lines. Therequirement to drydock MODUstwicein fiveyearsandinspect and clean
their seachestsand seavalvesarefoundin U.S. Coast Guard regulations (46 CFR 107.261 and 46 CFR 61.20-5). The
U.S. Coast Guard may require the sea chests to be cleaned twice in 5 years at every drydocking if the unitisin an
area of high marine growth or has had history of excessive marine growth at the sea chests.

EPA and industry also identified that there are a variety of specialty screens, coatings, or treatments to reduce
biofouling. Industry and atechnology vendor (Johnson Screens) also identified several technologiescurrently being
used to control biofouling (e.g., ar sparing, Ni-Cu alloy materials). Johnson Screensasserted in May 25, 2001 316(b)
Federal Register Notice comments to EPA that their copper based material can reduce biofouling in many
applications including coastal and offshore drilling facilities in marine environments.

Biocidetreatment can also be used to minimize biofouling. IADC reports that one of their members uses Chloropac
systemsto reduce biofouling (www.elcat.co.uk/chloro_anti_mar.htm). TheLiberty Project plansto use chlorine, in
theform of calcium hypochlorite, to reduce biofouling. The operator (BPXA) will reducethetotal residual chlorine
concentration in the discharged cooling water by adding sodium metabisulfate in order to comply with limits of the
National Pollution Discharge Elimination System Permit. MMS estimates that the effluent pH will vary dightly from
theintakeseawater because of thechlorination/dechl orination processes, but thisvariation isnot expected to bemore
than 0.1 pH units.

In summary, EPA has not yet identified any relationship between the intake velocity and biofouling of a offshore
oil and gas extraction facility CWIS. However, EPA will be pursuing this and other matters related to biofouling in
the offshore oil and gas industry in the Phase 111 316(b) regulation.

6.3.2 Definition of New Source

Industry claimed in commentsto the Phase | 316(b) proposal and the May 25, 2001 316(b) Federal Register Notice
that existing MODUSs could be considered "new sources' when they drill new development wells under 40 CFR
435.11 (exploration facilities are excluded from the definition of new sources). EPA will work with stakeholdersto
clarify the regulatory status of existing MODUSs in the Phase |11 316(b) proposal and fina rule.

6.3.3 Potential Costs and Scheduling Impacts

Costs to Retrofit for Velocity Standard

EPA did not identify any additional coststo incorporatethe0.5fps maximum velocity standard into new designsfor
future (not yet built) OCOGEF CWIS. Retrofit cost for production facilities will vary depending on the type of
coolingwater intakestructure thefacility hasin place. TheU.S. Coast Guard did not haveagood estimate of seachest
CWIS retrofit costs but did have a general idea of the work requirements for these potential retrofits.” The Coast
Guard stated that retrofits for drill ships and semi-submersibles that use seachests as the CWI structure could
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probably bein themillions of dollars (approximately 8-10 million dollars) and require several weeksto monthsfor
drydocking operations. Complicating matters is that there are only a few deepwater drydock harbors capable of
handling semi-submersibles. MMS did not haveany information on costsand issuesrel atingto retrofitting seachests
or other offshore CWIS.

OOC/NOIA estimated costs for retrofitting a larger intake for a floating production system tension leg platform
(TLP).** Under their costing scenario, it was assumed that the TL P had aseachest intake structure with apre-existing
flange on the exterior of the intake structure which could be used to bolt on alarger diameter intake in order to
reduce the intake velocity to below 0.5 ft/s. The estimated cost to retrofit this new intake is $75,000. OOC/NOIA
estimates that this same cost can be assumed for retrofiting a deep well pump casing with alarger diameter intake
provided the bottom of the casing is not obstructed and the intake structure can be clamped over the casing.

OOC/NOIA further estimates that for TLP'swith seachests without a pre-existing flange for an intake structureand
for deep well pump casings that are obstructed and prevent the installation of an intake structure, theretrofit costs
areestimated to be much higher.** OOC/NOIA estimatesthat if underwater welding or theinstallation of new pump
casing arerequired, the costs can be as high as $500,000. In these cases, the platform would need to be shut-in for
some period of time (1-3 days) to alow for thisinstallation. Included in this estimate is the need to provide for
additional stiffening of underwater legs and supportsto resist thewaveloading forces of the new intake structures.
OOC/NOIA estimatesthat many facilities have multiple deepwell casings or seacheststhat would requireretrofitting.

IADC notes that the feasibility of redesigning seachests to reduce intake velocity would need to be examined on a
case-by-case basis.’® Asinterior spaceis typically optimized for the particular machinery installation, IADC further
notes that a prerequisite for enlarging any seachest would be repositioning of machinery, piping and electrical
systems and that such operations could only be undertaken in a drydock. Seachests on semi-submersible units are
not likely located in stress-critical areas, so effectivecompensation of hull strength isunlikely to beamajor concern,
unlike a drillship where, depending on the design, it might be difficult to provide effective compensation to hull
girder strength for an enlarged seachest

Costs for retro-fitting jack-ups would likely be much less complicated and expensive than semi-submersible and
drillship seachest retro-fits.” The U.S. Coast Guard estimatesthat operators could install abell or coneintakedevice
on the existing CWIS to reduce CWI velocities. IADC notes that installing passive screens (strainers) with alarger
surface areaon jack-up CWISin order to reduce theintake velocity at the face of the screen would add weight and
pose handling problems (e.g., require more frequent cleaning).

Costs to Retrofit to Dry Cooling

OOC/NOIA stated intheir May 25, 2001 316(b) Federal Register Notice commentsthat of f shoreproduction platforms
will typically use direct air cooling or cooling with aclosed 1oop system for cooling requirements wheretechnically
feasible. Thefollowingitemsaretypically direct air cooled: gas coolers on compressors, lubrication oil coolerson
compressors and generators, and hydraulic oil coolerson pumps. These coolerswill range from 1to 35 MM Btu/hr
heat removal capacity. Seawater coolingis necessary in many cases because space and weight limitationsrender air
cooling infeasible. Thisis particularly true for floating production systems which have strict payload limitations.

IADC reportsthat some jack-up MODUs were converted from seawater cooling systemsto closed-loop air cooling
systemsfor engineand drawworks brake cooling.*® IADC reported the cost of the conversion, completed during a
regular shipyard period, was approximately $1.2 million and required a six-month |lead-time to obtain the required
equipment. Theconversion resulted in theloss of deck space associated with theinstallation of theair-coolingunits,
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and asmall lossin variable deck load equal to the additional weight of theair-cooling units and associated piping.

OOC/NOIA provided initial coststo convert from seawater coolingto air cooling with aradiator on aplatformrig.
Inthis case, acantilevered deck wasinstalled onto the side of thepiperack. Theradiator wasrated at about 15 MM
Btu/hr, and the cost for the installation was about $150,000. The weight of the addition was about 15,000 pounds.
The cost of space and payload on an offshore platform is about $5/pound; therefore, the added weight cost about
$75,000 bringing the total cost to about $225,000.

EPA agrees with industry that dry cooling systems are most easily installed during

planning and construction, but some can be retrofitted with additional costs. IADC believesthat itisalready difficult
to justify such conversions of jack-upsand that it would be far more difficult to justify conversion of drillships or
semi-submersibles. EPA will also look at thenet gain or lossin theenergy efficiency of conversionsfrom wet to dry
cooling.

6.3.4 Description of Benefits for Potential 316(b) Controls on Offshore and Coastal
Oil and Gas Extraction Facilities

EPA wasonly ableto identify one case where potentia impacts to aquatic communities from OCOGEF CWISwere
described (MMS Liberty Draft Environmental Impact Statement).® MMS estimated that less than 1% of the arctic
cisco in the Liberty area are likely to be harmed or killed by the intake structure but that the intake structure is not
expected to have ameasurable effect on young-of-the-year arctic cisco in themigration corridor or on other fishes
populations.

OOC submitted avideo tape of three different OCOGEF CWISaspart of their public comments. These CWIS have
an intake of 5.9 to 6.3 MGD with aintake velocity of 2.6to 2.9ft/s. Theintake has a passive screen (strainer) with
linch diameter dlots. EPA will usethisdocumentationin determining potential impactson aquatic communitiesfrom
OCOGEF CWIS.

6.4 PHASE 11l ACTIVITIES RELATED TO OFFSHORE AND COASTAL
OIL AND GAS EXTRACTION FACILITIES

Numerous researchers and State and Federal regulatory agencies have studied and controlled the discharges from
these facilitiesfor decades. Thetechnol ogy-based standardsfor thedischargesfrom these facilitiesarelocated in 40
CFR 435. Conversely, there has been extremely little work done to investigate the environmental impacts or
evaluation of the location, design, construction, and capacity characteristics of OCOGEF CWIS that reduce
impingement and entrainment of aquatic organisms.

EPA discussions with two main regulatory entities of OCOGEF (i.e., MMS, USCG) identified no regulatory
requirements on these OCOGEF CWI S with respect to environmental impacts. MMS generally does not regulate or
consider the potential environmental impacts of these OCOGEF CWIS. MMS could only identify one case where
the environmental impacts of a OCOGEF CWIS were considered.® Moreover, MM S does not collect information
on CWI rates, velocitiesand durations for any OCOGEF CWIS. TheU.S. Coast Guard doesnot investigate potential
environmental impacts of MODU CWIS but does require operators to inspect seacheststwicein five years with at
least one cleaning to prevent blockages of firewater lines.
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EPA will work with industry and other stakeholdersto identify al major issuesassociated with OCOGEF CWISand
potential Phase I11 316(b) requirements. EPA will also collect additional data to identify the costs and benefits
associated with any regulatory aternative.
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