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Disclaimer

This is a guidance manual and is not a regulation. It does not change or substitute for any legal
requirements. While EPA has made every effort to ensure the accuracy of the discussion in this guidance,
the obligations of the regulated community are determined by the relevant statutes, regulations, or other
legally binding requirements. This guidance manual is not a rule, is not legally enforceable, and does not
confer legal rights or impose legal obligations upon any member of the public, EPA, States, or any other
agency. In the event of a conflict between the discussion in this document and any statute or regulation,
this document would not be controlling. The word “should” as used in this guidance manual does not
connote a requirement, but does indicate EPA‘s strongly preferred approach to assure effective
implementation of legal requirements. This guidance may not apply in a particular situation based upon
the circumstances, and EPA, States and Tribes retain the discretion to adopt approaches on a case-by-case
basis that differ from this guidance manual where appropriate. Permitting authorities will make each
permitting decision on a case-by-case basis and will be guided by the applicable requirements of the
CWA and implementing regulations, taking into account comments and information presented at that time
by interested persons regarding the appropriateness of applying these recommendations to the particular
situation. In addition, EPA may decide to revise this guidance manual without public notice to reflect
changes in EPA‘s approach to implementing the regulations or to clarify and update text.
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Chapter 1: Summary of the Proposed Rule

1.0 APPLICABILITY OF THE PROPOSED RULE

The proposed 316(b) rule for Phase 111 would apply to two groups of facilities that use cooling water intake structures to withdraw
water from waters of the U.S. First, it would apply to existing facilities not already regulated by EPA’s “Phase I1” regulation that
withdraw above a certain flow threshold (see below). Based on the co-proposed flow thresholds, the proposed rule would, in effect,
only apply to existing manufacturing and industrial facilities. Phase Il existing facilities are defined in § 125.101 and § 125.102 of
the proposed rule, and include existing manufacturing and industrial facilities (including but not limited to chemical, metal, pulp and
paper, and petroleum refining facilities) that meet the criteria specified below. Under the proposed rule, these facilities would be
subject to similar requirements to the final 316(b) rule for Phase 11, with Phase 111 requirements specified in Part 125, Subpart K.
Second, the proposed rule would apply to new offshore oil and gas extraction facilities, with requirements specified in Part 125,
Subpart N.

Existing facilities must meet all of the following criteria to be considered a “Phase 11 existing facility” subject to the uniform national
requirements of proposed rule:

» The facility is a point source that has or is required to have a NPDES permit under section 402 of the Clean Water Act;

»  The facility is an existing facility other than a Phase 11 existing facility;

«  The facility uses at least 25 percent of water withdrawn exclusively for cooling purposes, measured on an average annual basis;
and

»  The facility uses, or proposes to use, cooling water intake structures, including a cooling water intake structure operated by an
independent supplier, with a total design intake flow equal to or greater than the proposed threshold in million gallons per day
(MGD) to withdraw cooling water from waters of the United States.

The proposed rules describe three regulatory options based on design intake flow and source waterbody type that define which
facilities would be Phase 111 existing facilities subject to uniform national requirements:

»  The facility has a total design intake flow of 50 MGD or more, and withdraws from any source waterbody type;

»  The facility has a total design intake flow of 200 MGD or more, and withdraws from any source waterbody type;

»  The facility has a total design intake flow of 100 MGD or more, and withdraws water from an ocean, estuary, tidal river or stream,
or Great Lake.

If a facility is a point source that uses a cooling water intake structure and has, or is required to have, an NPDES permit, but does not
meet the appropriate threshold based on design intake flow/source waterbody typeor the 25% cooling purposes threshold, it would be
subject to permit conditions implementing section 316(b) of the Clean Water Act set by the permit director on a case-by-case basis,
using best professional judgment (BPJ). For example, under the 100 MGD coastal and Great Lakes option, facilities withdrawing from
a freshwater river or stream would not be subject to national requirements, but rather to site-specific best professional judgment (BPJ)-
based limits.

The proposed Phase 111 rule also would make new offshore oil and gas extraction facilities subject to requirements similar to those
under the final Phase I new facility regulation (40 CFR 125 Subpart I). Requirements for new offshore oil and gas extraction facilities
are proposed in a new Subpart N. For purposes of this proposed rule, new offshore oil and gas extraction facilities are those facilities
that are subject to the Oil and Gas Extraction Point Source Category Effluent Guidelines (i.e., 435.10 Offshore Subcategory or 435.40
Coastal Subcategory), and meet the definition of “new offshore oil and gas extraction facility” in proposed Subpart N, § 125.133.

2.0 AFFECTED SUBCATEGORIES

The national requirements of the proposed rule may apply to existing facilities in the following sectors: chemical and allied products,
primary metals, paper and allied products, petroleum and coal products, and other industries. In addition, facilities not covered by the
national requirements would continue to be subject to permit requirements that implement section 316(b) requirements on case-by-
case, BPJ basis. The following is a list of industries potentially affected by Phase 111 section 316(b) through either national
requirements or BPJ-based limits. A detailed description of the industry sectors subject to the proposed rule is found in Chapter 2 of
the TDD.
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Industries Potentially Affected by Section 316(b) Phase 111

Operators of steam electric generating point source dischargers that employ cooling water intake structures.
Agricultural production

Metal mining

Oil and gas extraction

Mining and quarrying of nonmetallic minerals

Food and kindred products

Tobacco products

Textile mill products

Lumber and wood products, except furniture

Paper and allied products

Chemical and allied products

Petroleum refining and related industries

Rubber and miscellaneous plastics products

Stone, clay, glass, and concrete products

Primary metal industries

Fabricated metal products, except machinery and transportation equipment
Industrial and commercial machinery and computer equipment
Transportation equipment

Measuring, analyzing, and controlling instruments; photographic, medical, and optical goods; watches and clocks
Electric, gas, and sanitary services

Educational services

Engineering, accounting, research, management and related services

3.0 OVERVIEW OF THE PROPOSED REQUIREMENTS

As in Phase | and I, section 316(b) requirements for Phase 111 existing facilities would be implemented through the NPDES permit
program. The proposed 316(b) rule for phase Il existing facilities would establish performance standards similar to those that exist in
the Phase Il rule for Phase Il existing facilities. The performance standards would consist of ranges of reductions in impingement
mortality and/or entrainment (e.g., reduce impingement mortality by 80 to 95 percent and/or entrainment by 60 to 90 percent). These
performance standards reflect the best technology available for minimizing adverse environmental impacts determined on a national
categorical basis. The type of performance standard applicable to a particular facility (i.e., reductions in impingement mortality only
or impingement mortality and entrainment) would be based on several factors, including the facility’s location (i.e., source waterbody),
and the proportion of the waterbody withdrawn. The proposed rule would establish requirements for new offshore oil and gas
extraction facilities that are similar to requirements established under the 316(b) Phase I rule for other new facilities. These
requirements are described below.

3.1 Phase I1l Existing Facilities
As noted above, performance requirements would vary under the proposed rule depending upon the location (waterbody) of the facility
and the proportion of the waterbody withdrawn for cooling. Exhibit 1-1 presents the proposed performance standard requirements for

Phase 11 existing facilities.

Exhibit 1-1. Performance Standard Requirements

Waterbody Type Design Intake Flow Type of Performance Standard

Freshwater River or Stream 5% or less of mean annual flow Impingement mortality only

Greater than 5% of mean annual flow Impingement mortality and entrainment
Tidal river, Estuary, Ocean, or Great N/A Impingement mortality and entrainment
Lakes
Lakes or Reservoirs Increase in design intake flow must not Impingement mortality only

disrupt thermal stratification except where

it does not adversely affect the

management of fisheries.
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As in the Phase 11 final rule, the proposed Phase Il rule identifies five alternatives a Phase 111 existing facility may use to achieve
compliance with the requirements for best technology available for minimizing adverse environmental impacts associated with cooling
water intake structures. Four of these alternatives are based on meeting the applicable performance standards and the fifth allows the
facility to request a site-specific determination of best technology available for minimizing adverse environmental impacts under
certain circumstances. Application requirements would vary based on the compliance alternative selected and, for some facilities,
include development of a Comprehensive Demonstration Study (see, section VII, Implementation, of the preamble to the proposed
Phase Il rule).

Under the first proposed compliance alternative (at § 125.103(a)(1)(i) and (ii)), a Phase Il existing facility may demonstrate to the
Director that it has already reduced its flow commensurate with a closed-cycle recirculating system, or that it has already reduced its
design intake velocity to 0.5 feet per second or less. If a facility can demonstrate to the Director that it has reduced, or will reduce,
flow commensurate with a closed-cycle recirculating system, the facility is deemed to have met the performance standards to reduce
impingement mortality and entrainment (see § 125.103(a)(1)(i)). Those facilities would not be required to submit a Comprehensive
Demonstration Study with their NPDES application. If the facility can demonstrate to the Director that is has reduced, or will reduce
maximum through-screen design intake velocity to 0.5 feet per second or less, the facility is deemed to have met the performance
standards to reduce impingement mortality only. Facilities that meet the velocity requirements would only need to submit application
studies related to determining entrainment reduction, if subject to the performance standards for entrainment.

Under 8 125.103(a)(2) and (3), a Phase 111 existing facility may demonstrate to the Director either that its current cooling water intake
structure configuration meets the applicable performance standards or that it has selected design and construction technologies,
operational measures, and/or restoration measures that, in combination with any existing design and construction technologies,
operational measures, and/or restoration measures, meet the specified performance standards in § 125.103(b) and/or the requirements
in § 125.103(c).

Under § 125.103(a)(4), a Phase 111 existing facility may demonstrate to the Director that it has installed and is properly operating and
maintaining a rule-specified and approved design and construction technology in accordance with § 125.108(a). Submerged
cylindrical wedgewire screen technology is proposed as a rule-specified design and construction technology that may be used in
instances in which a facility’s cooling water intake structure is located in a freshwater river or stream and meets other criteria specified
at§ 125.108(a). In addition, under the fourth compliance alternative, a facility or other interested person may submit a request to the
Director for approval of a different technology. If the Director approves the technology, the proposed rule states that it may be used by
all facilities with similar site conditions under his or her jurisdiction if allowed under the State’s administrative procedures. Under the
proposed rule, a Director may only approve an alternative technology following public notice and opportunity for comment on the
approval of the technology (8 125.108(b)).

Under the fifth proposed compliance alternative (at 8§ 125.103(a)(5) (i) or (ii)), if the Director determines that a facility’s costs of
compliance would be significantly greater than the costs considered by the Administrator for a like facility to meet the applicable
performance standards, or that the costs of compliance would be significantly greater than the benefits of meeting the applicable
performance standards at the facility, the Director must make a site-specific determination of best technology available for minimizing
adverse environmental impact. Under this alternative, a facility would either compare its projected costs of compliance using a
particular technology or technologies to the costs the Agency considered for a like facility in establishing the applicable performance
standards, or compare its projected costs of compliance with the projected benefits at its site of meeting the applicable performance
standards of this proposed rule. If in either case costs are significantly greater, the technology selected by the Director must achieve an
efficacy level that comes as close as practicable to the applicable performance standards without resulting in significantly greater costs.

Additionally, the proposed rule states that during the first permit term, a facility that chooses compliance alternatives in §
125.103(a)(2), (3), (4), or (5) may request that compliance with the requirements of this rule be determined based on the
implementation of a Technology Installation and Operation Plan indicating how the facility will install and ensure the efficacy, to the
extent practicable, of design and construction technologies and/or operational measures, and/or a Restoration Plan (§ 125.103(d)).
The Technology Installation and Operation Plan must be developed and submitted to the Director in accordance with §
125.104(b)(4)(ii). The Restoration Plan must be developed in accordance with 8§ 125.104(b)(5). During subsequent permit terms, if
the facility has been in compliance with the construction, operational, maintenance, monitoring, and adaptive management
requirements in its Technology Installation and Operation Plan and/or Restoration Plan during the preceding permit term, the facility
may request that compliance during subsequent permit terms be based on its remaining in compliance with its Technology Installation
and Operation Plan and/or Restoration Plan, revised in accordance with applicable adaptive management requirements if the applicable
performance standards are not being met.
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Similar to the Phase Il requirements, Phase 11 existing facilities would be required to submit three sets of data at least 180 days prior

to expiration of a facility’s existing permit by all facilities regardless of compliance alternative selected (see § 122.21(r)(2)(3) and
(5)). These are:

«  Source Water Physical Data: a narrative description and scaled drawings showing the physical configuration of all source
waterbodies used by the facility, including areal dimensions, depths, salinity and temperature regimes, and other documentation
that supports its determination of the waterbody type where each cooling water intake structure is located; identification and
characterization of the source waterbody’s hydrological and geomorphological features, as well as the methods used to conduct
any physical studies to determine the intake’s area of influence and the results of such studies; and locational maps.

« Cooling Water Intake Structure Data: a narrative description of the configuration of each of the facility’s cooling water intake
structures and where it is located in the waterbody and in the water column; latitude and longitude in degrees, minutes, and

seconds for each of its cooling water intake structures; a narrative description of the operation of each of its cooling water intake
structures, including design intake flows, daily hours of operation, number of days of the year in operation, and seasonal changes,

if applicable; a flow distribution and water balance diagram that includes all sources of water to the facility, recirculating flows,
and discharges; and engineering drawings of the cooling water intake structure.

» Cooling Water System Data: a narrative description of the operation of each cooling water system, its relationship to the cooling
water intake structures, proportion of the design intake flow that is used in the system, the number of days of the year the system

is in operation, and seasonal changes in the operation of the system, if applicable; and engineering calculations and supporting
data to support the narrative description.

In addition to the specified data facilities would be required to submit, some facilities would also be required to conduct a
Comprehensive Demonstration Study. Specific requirements for the Comprehensive Demonstration Study would vary based on the
compliance alternative selected. Exhibit 1-2 summarizes the Comprehensive Demonstration Study requirements for each proposed
compliance alternative. Specific details of each Comprehensive Demonstration Study component are provided in section VII of this
preamble.

Exhibit 1-2. Summary of Comprehensive Demonstration Study Requirements for Compliance Alternatives

Compliance Comprehensive Demonstration Study Requirements
Alternative (§ 125.103(a)) (8 125.103(a))

1 - Demonstrate facility has reduced | None
flow commensurate with closed-
cycle recirculating system

1 - Demonstrate facility has reduced | No requirements relative to impingement mortality reduction. If subject to entrainment
design intake velocity to < 0.5 feet performance standard, the facility must only address entrainment in the applicable

per second components of its Comprehensive Demonstration Study, based on the compliance option
selected for entrainment reduction.

2 - Demonstrate that existing design | Proposal for Information Collection

and construction technologies, Source Waterbody Flow Information

operational measures, and/or Impingement Mortality and/or Entrainment Characterization Study (as appropriate)
restoration measures meet the Technology and Compliance Assessment Information

performance standards - Design and Construction Technology Plan

- Technology Installation and Operation Plan
Restoration Plan (if appropriate)
Verification Monitoring Plan

3 - Demonstrate that facility has Proposal for Information Collection

selected design and construction Source Waterbody Flow Information

technologies, operational measures, | Impingement Mortality and/or Entrainment Characterization Study (as appropriate)
and/or restoration measures that Technology and Compliance Assessment Information

will, in combination with any - Design and Construction Technology Plan

existing design and construction - Technology Installation and Operation Plan

technologies, operational measures, | Restoration Plan (if appropriate)

and/or restoration measures, meet Verification Monitoring Plan

the performance standards
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Exhibit 1-2. Summary of Comprehensive Demonstration Study Requirements for Compliance Alternatives (continued)

Compliance Comprehensive Demonstration Study Requirements
Alternative (8 125.103(a)) (8 125.103(a))
4 - Demonstrate that facility has Technology Installation and Operation Plan

installed and properly operates and | Verification Monitoring Plan
maintains an approved technology

Demonstrate that a site-specific Proposal for Information Collection

determination of BTA is appropriate | Source Waterbody Flow Information

Impingement Mortality and/or Entrainment Characterization Study (as appropriate)

Technology Installation and Operation Plan

Restoration Plan (if appropriate)

Information to Support Site Specific Determination of BTA including:
-Comprehensive Cost Evaluation Study (cost-cost test and cost-benefit test);
-Valuation of Monetized Benefits of Reducing IM&E (cost-benefit test only);
-Site-Specific Technology Plan (cost-cost test and cost-benefit test);

Verification Monitoring Plan

3.2 New Offshore Oil and Gas Extraction Facilities

Under the proposed Subpart N, new offshore oil and gas extraction facilities that withdraw more than 2 MGD would have to comply
with the requirements in § 122.21(r) and proposed 8§ 125.134. These requirements address fixed and non-fixed (mobile) facilities with
and without sea chests and are similar to requirements in the Phase I rule for new facilities. Under this proposal, new offshore oil and
gas extraction facilities that are fixed facilities and withdraw more than 2 MGD and that do not employ sea chests as cooling water
intake structures would have to comply with the requirements in § 125.134(b)(2) through (8). The same facilities with sea chests must
comply with all of the same requirements except § 125.134(b)(5) for entrainment requirements. Proposed requirements at §
125.134(b) address intake flow velocity, proportional flow restrictions for facilities on tidal rivers or estuaries, specific impact
concerns (e.g., threatened or endangered species, critical habitat, migratory or sport or commercial species), required information
submission, monitoring, and recordkeeping.

Under the proposed Subpart N, new offshore oil and gas extraction facilities that are non-fixed facilities would be required to submit
appropriate Track 1 application requirements under § 122.21(r) and § 125.136(b). This includes source water physical data, cooling
water intake structure data, velocity information, source waterbody flow information, and a design and construction technology plan.

Facilities would also have the opportunity to request alternative requirements under proposed § 125.135 and provide data to determine
if compliance with the proposed requirements would result in compliance costs wholly out of proportion to those EPA considered in
establishing the requirement, or would result in significant adverse impacts on local air quality, local water resources other than
impingement or entrainment, or local energy markets.

Source Water Physical Data (§ 122.21(r)(2))

The requirements are the same as those described above for Phase 111 existing facilities. Track I fixed facilities would submit
all of the data except for proposed 8§ 122.21(r)(2)(iv), only required by non-fixed facilities: a narrative description and/or
locational maps providing information on predicted locations within the waterbody during the permit term in sufficient detail
for the Director to determine the appropriateness of additional impingement requirements under § 125.134(b)(4). Non-fixed
facilities would only be required to submit § 122.21(r)(2)(iv) of the § 122.21(r)(2) requirements.
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Cooling Water Intake Structure Data (§ 122.21(r)(3))

The requirements are the same as those described above for Phase 111 existing facilities for fixed facilities; non-fixed facilities
would only submit (8§ 122.21(r)(3)(i) and (ii), narrative description of the configuration of each cooling water intake structure,
and the latitude and longitude for each cooling water intake structure.

Source Water Baseline Biological Characterization Data (§ 122.21(r)(4))

Under the proposed Subpart N, new offshore oil and gas extraction fixed facilities would be required to submit source water
baseline biological characterization data as required for other new facilities under Phase I. The data would be used to
characterize the biological community in the vicinity of the cooling water intake structure and to characterize the operation of
the cooling water intake structure. The data would include existing data (if available) supplemented with new field studies as
necessary. Detailed data requirements are at § 122.21(r)(4). Under the proposed rule, facilities may choose to conduct
regional studies to collect this information as approved by the Director. EPA recognizes that many offshore oil and gas
extraction facilities are regulated under NPDES general permits and that regional studies are typically conducted as part of
the general permit requirements. Under this proposed rule, the regional study would include annual monitoring requirements.

Velocity Information

The proposed rule would require that new offshore oil and gas extraction facilities submit velocity information consistent
with Subpart N requirements found at § 125.136(b)(1). The information would be used to demonstrate to the Director that
the facility is complying with the requirement to meet a maximum through-screen design intake velocity of no more than 0.5
feet per second at the cooling water intake structure. The following information would be required to be submitted: 1) a
narrative description of the design, structure, equipment, and operation used to meet the velocity requirement; and 2) design
calculations showing that the velocity requirement would be met at minimum ambient source water surface elevations (based
on best professional judgment using available hydrological data) and maximum head loss across the screens or other device.

Source Waterbody Flow Information

The proposed rule would also require that new offshore oil and gas extraction facilities submit source waterbody flow
information consistent with Phase | requirements at 8 125.136(b)(2). The information would be used to demonstrate to the
Director that the facility’s cooling water intake structure meets the proportional flow requirements at 8§ 125.134(b)(3). These
requirements include specific provisions for facilities located on estuaries or tidal rivers to provide greater protection for these
sensitive waters. Specifically, the proposed rule requires that the total design intake flow over one tidal cycle of ebb and flow
must be no greater than one (1) percent of the volume of the water column within the area centered about the opening of the
intake with a diameter defined by the distance of one tidal excursion at the mean low water level. Calculations and guidance
on determining the tidal excursion is found in the preamble to the final Phase I rule at section VI1.B.1.d

Design and Construction Technology Plan

The proposed rule also would require that new offshore oil and gas extraction facilities submit a design and construction
technology plan at § 125.136(b)(3). The design and construction technology plan would demonstrate that the facility has
selected and will implement the design and construction technologies necessary to minimize impingement mortality and/or
entrainment. The design and construction technology plan would require delineation of the hydrologic zone of influence for
the cooling water intake structure; a description of the technologies implemented (or to be implemented) at the facility; the
basis for the selection of that technology; the expected performance of the technology, and design calculations, drawings and
estimates to support the technology description and performance. The Agency recognizes that the selection of a specific
technology or a group of technologies will depend on the individual facility and waterbody conditions.
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Chapter 2: Description of the Industry

Today’s proposed rule would apply national requirements to two general groups of facilities that use cooling water intake structures to
withdraw water from waters of the U.S. First, it would apply to existing facilities not already regulated by EPA’s “Phase I11” regulation
that withdraw above a certain flow threshold. Based on the co-proposed thresholds, the proposed rule would in effect only apply to
existing manufacturing and industrial facilities. Based on the co-proposed thresholds, the national requirements would not apply to
existing electric generators not covered under Phase 11, existing offshore oil and gas extraction facilities, and existing seafood
processing vessels. Second, the proposed rule would apply to new offshore oil and gas extraction facilities. Although EPA considered
proposing requirements for new seafood processing vessels and offshore liquified natural gas terminals, EPA has opted not to do so,
for reasons described in the proposed preamble and these development documents. This section presents information characterizing all
of the categories of facilities that EPA considered in developing this proposed rule, even if EPA did not ultimately propose national
requirements for such facilities under the proposed rule. EPA has generally categorized all of these industries into two groups: land-
based facilities and offshore facilities.

I LAND-BASED INDUSTRIES

This category includes existing electric generators not covered under the Phase Il rule (those with a design intake flow (DIF) less than
50 million gallons per day (MGD)) and all existing manufacturers. This section will describe these facilities, their source waterbodies,
their intakes, and their intake technologies. Much of the data in this section is derived from the industry questionnaire data.

1.0 DESCRIPTION OF THE INDUSTRIES

In 1997, EPA estimated that over 400,000 facilities could potentially be subject to a cooling water intake regulation. Given the large
number of facilities potentially subject to regulation, EPA decided to focus its data collection efforts on six industrial categories that,
as a whole, are estimated to account for over 99 percent of all cooling water withdrawals. These six sectors are: Utility Steam Electric,
Nonutility Steam Electric, Chemicals & Allied Products, Primary Metals Industries, Petroleum & Coal Products, and Paper & Allied
Products.

EPA'’s data collection efforts (via the 1998 industry questionnaire) focused on the electric generators (both utility and nonutility steam
electric) and the four manufacturing industry groups that were identified as significant users of cooling water. EPA maintains,
however, that a manufacturing facility that is not classified within one of those four groups may also be subject to requirements under
today’s proposed rule if it meet the requisite criteria. These industries are shown below, as described by the Standard Industrial
Classification (SIC) system.

Electric Services

This industry sector is classified under SIC Major Group 49. This major group includes establishments engaged in the generation,
transmission, and/or distribution of electricity or gas or steam.

Chemical and Allied Products

This industry sector is classified under SIC Major Group 28. This major group includes establishments producing basic chemicals and
establishments manufacturing products by predominantly chemical processes. Establishments classified in this major group
manufacture three general classes of products: (1) basic chemicals, such as acids, alkalies, salts, and organic chemicals; (2) chemical
products to be used in further manufacture, such as synthetic fibers, plastics materials, dry colors, and pigments; and (3) finished
chemical products to be used for ultimate consumption, such as drugs, cosmetics, and soaps; or to be used as materials or supplies in
other industries, such as paints, fertilizers, and explosives.

Primary Metals Industries

This industry sector is classified under SIC Major Group 33. This major group includes establishments engaged in smelting and
refining ferrous and nonferrous metals from ore, pig, or scrap; in rolling, drawing, and alloying metals; in manufacturing castings and
other basic metal products; and in manufacturing nails, spikes, and insulated wire and cable.
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Paper and Allied Products

This industry sector is classified under SIC Major Group 26. This major group includes establishments primarily engaged in the
manufacture of pulps from wood and other cellulose fibers, the manufacture of paper and paperboard, and the manufacture of paper
and paperboard into converted products.

Petroleum and Coal Products

This industry sector is classified under SIC Major Group 29. This major group includes establishments primarily engaged in
petroleum refining, manufacturing paving and roofing materials, and compounding lubricating oils and greases from purchased
materials.

Other Industries

EPA sent industry questionnaires to individual facilities from a number of other industries outside of the four listed above and
incorporated that data into the analysis for Phase I11. In 2004, EPA also collected information on land-based liquefied natural gas
(LNG) facilities.

1.1 Estimated Numbers of Land-based Facilities in Scope of 316(b)

EPA estimates that approximately 683 land-based facilities in the six industrial categories would be subject to regulation under 316(b).
These facilities combine to account for a design intake flow of over 40 billion gallons per day of cooling water from approximately
908 cooling water intake structures. See Exhibit 2-1 below. For comparison, the numbers of in-scope facilities for Phase | and Phase

Il are also included.

Exhibit 2-1. Cooling Water Use in Surveyed Industries

Estimated Number of Facilities Estimated Design Intake Flow
(MGD)
Phase I (new electric generators and 121 (over 20 years) N/A
manufacturers)
Phase Il (existing electric generators >50 554 367,752
MGD)
Facility Potentially Regulated Under 683 40,441
Phase 111 (existing electric generators <50
MGD and all existing manufacturers)
Existing electric generators <50 118 2,374
MGD
Existing manufacturers <50 MGD 410 7,931
Existing manufacturers >560 MGD 155 30,136

Source: Survey Data from Detailed Industry Questionnaire: Phase 1l Cooling Water Intake Structures (DCN 4-0016F-CBI)
Note: All values are weighted and include facilities identified as baseline closures.

1.2 Source Waterbodies

Facilities potentially regulated under Phase 111 can be found on all waterbody types, but are predominantly located on freshwater rivers
and streams. Exhibit 2-2 below illustrates the distribution of facilities by waterbody type.
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Exhibit 2-2. Distribution of Source Waterbodies for Phase 111 Facilities

Source of Surface Water Estimated Number of Facilities Percent of Facilities
Freshwater River or Stream 496 72.6
Lake or Reservoir 60 8.8
Great Lakes 77 11.3
Estuary or Tidal River 39 5.7
Ocean 11 1.6
Total 683 100

Source: Survey Data from Detailed Industry Questionnaire: Phase 11 Cooling Water Intake Structures (DCN 4-0016F-CBI)
Note: All values are weighted and include those facilities identified as baseline closures.

1.3 Design Intake Flows

Exhibit 2-3 below illustrates the range of design intake flows in facilities considered for regulation under the proposed Phase 111 rule.
Of these facilities, only existing manufacturing facilities would be subject to the national requirements, as the lowest co-proposed flow
threshold is 50 MGD. Therefore, power producers and manufacturers under 50 MGD would not be subject to the national
requirements under Phase I11. Power producers with a design intake flow of 50 million gallons per day (MGD) or greater are covered

under Phase II.

Exhibit 2-3. Design Intake Flows at Facilities Potentially Regulated Under Phase 111

Design Intake Flow Estimated Number of | Percent of Number of Cumulative Percent Percent of Total
(MGD) Facilities Facilities Design Intake Flow
0-2 0 0 0 0
2-5 83 12.2 12.2 0.6
5-10 84 12.3 245 15
10-15 74 10.8 35.3 2.3
15-25 104 15.2 50.5 5.1
25-50 183 26.8 77.3 16
50 - 100 82 12 89.3 14.2
> 100 73 10.7 100 60.3
Total 683 100 100

Source: Survey Data from Detailed Industry Questionnaire: Phase 1l Cooling Water Intake Structures (DCN 4-0016F-CBI)
Note: All values are weighted and include those facilities identified as baseline closures.

Exhibit 2-4 below illustrates the range of design intake flows by industry type.
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Exhibit 2-4. Design Intake Flow by Industry Type

Industry Type Estimated Number of Total Design Intake Percent of Total Average Design
Facilities Flow (MGD) Design Intake Flow Intake Flow (MGD)*
Utilities 85 1,927 5 23
Nonutilities 36 482 1 16
Chemical and Allied 181 12,340 31 247
Products
Primary Metals 89 8,870 22 240
Paper and Allied 225 11,904 30 127
Products
Petroleum and Coal 39 3,259 8 112
Products
Food Products 13 670 1 52
Textiles <5 6 1 6
Other Manufacturing 14 983 2 98
Total 683 40,441 100 921

* Average based on surveyed facilities. May not be reflective of actual industry-wide average design intake flows.
Source: Survey Data from Detailed Industry Questionnaire: Phase Il Cooling Water Intake Structures (DCN 4-0016F-CBI)
Note: All values are weighted and include facilities identified as baseline closures.

Exhibit 2-5 combines data from Exhibit 2-3 and 2-4 and provides summary-level data for all industry types.

Exhibit 2-5. Industry Overview

Design Intake Flow (MGD) Estimated Number of Total Design Intake Flow Percent of Total Design
Facilities (MGD) Intake Flow
2-20 290 2,612 6.5
20-50 238 7,693 19
>50 155 30,136 74.5
Total 683 40,441 100

Source: Survey Data from Detailed Industry Questionnaire: Phase 1l Cooling Water Intake Structures (DCN 4-0016F-CBI)
Note: All values are weighted and include facilities identified as baseline closures.
1.4 Cooling Water System Configurations

Facilities potentially regulated under Phase 111 employ a variety of cooling water system (CWS) types. Exhibit 2-6 shows the
distribution of cooling water system configurations.

2-4



§ 316(b) Phase IITI - Technical Development Document

Description of the Industry

Exhibit 2-6. Distribution of Cooling Water System Configurations

Estimated
Number of Percent of Estimated Percent of
Estimated CWS for Total Electric Number of Total
CWS Number of Percent of Electric Generator CWS for Manufacturer
Configuration CWS* Total CWS Generators CWS Manufacturers CWS
Once-through 436 49 32 25 404 53
Recirculating 285 32 93 72 192 25
Combination 92 10 3 2 89 12
Other 76 9 1 1 75 10
Total 889 100 129 100 760 100
* Some facilities have more than one cooling water system.
Source: Survey Data from Detailed Industry Questionnaire: Phase 11 Cooling Water Intake Structures (DCN 4-0016F-CBI)
Note: All values are weighted and include facilities identified as baseline closures.
Exhibit 2-7 illustrates the intake structure arrangements for facilities potentially regulated under Phase I11.
Exhibit 2-7. Distribution of Cooling Water Intake Structure Arrangements
Intake Arrangement Estimated Number of Arrangements Percent of Arrangements
Canal or Channel Intake 123 16
Bay or Cove Intake 49 7
Submerged Shoreline Intake 208 28
Surface Shoreline Intake 151 20
Submerged Offshore Intake 216 29
Note: The total number of facilities exceeds 683, since some facilities employ multiple intake arrangements.
Source: Survey Data from Detailed Industry Questionnaire: Phase 1l Cooling Water Intake Structures (DCN 4-0016F-CBI)
Note: All values are weighted and include facilities identified as baseline closures.
15 Design Through-Screen Velocities
Exhibit 2-8 below illustrates the wide range of design intake velocities at facilities potentially regulated under Phase III.
Exhibit 2-8. Distribution of Cooling Water Intake Structure (CWIS) Design Through-Screen Velocities
Velocity (feet per second) Estimated Number of CWIS Percent of CWIS Cumulative Percent
0-05 156 31 31
05-1 112 22 53
1-2 112 22 75
2-3 71 14 89
3-5 26 5 94
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Exhibit 2-8. Distribution of Cooling Water Intake Structure (CWIS) Design Through-Screen Velocities (continued)

Velocity (feet per second)

Estimated Number of CWIS

Percent of CWIS

Cumulative Percent

5-7 11 2 96
>7 19 4 100
Total 507 100

Note: The average design through-screen velocity for all surveyed cooling water intake structures (unweighted) is 1.67 feet per second.
The median design through-screen velocity for all surveyed facilities is 0.92 feet per second.
Source: Survey Data from Detailed Industry Questionnaire: Phase 11 Cooling Water Intake Structures (DCN 4-0016F-CBI)
Note: All values are weighted and include those facilities identified as baseline closures.

1.6 Existing Intake Technologies

Many facilities potentially regulated under Phase 111 have intake technologies already in place. Exhibit 2-9 illustrates the number of
existing intake technologies. EPA notes that not all intake technologies may be sufficient to meet the performance standards or the

requirements of the rule. While not using an intake technology per se, facilities with cooling towers have also been included in this
table to demonstrate the usage of flow reduction as a method to reduce impingement mortality and entrainment.

Exhibit 2-9. Distribution of Intake Technologies

Intake Technology Type Estimated Number of Technologies Percent of Technologies
Bar Rack/Trash Rack 427 28
Screening Technologies 500 33
Passive Intake Technologies 233 15
Fish Diversion or Avoidance System 35 2
Fish Handling or Return System 33 2
No Intake Technologies 13 1
Cooling Tower 286 19

Note: The total number of technologies exceeds 683, since some facilities employ multiple intake technologies.
Source: Survey Data from Detailed Industry Questionnaire: Phase 1l Cooling Water Intake Structures (DCN 4-0016F-CBI)
Note: All values are weighted and include those facilities identified as baseline closures.

1.7 Operating Days per Year

As a corollary to the capacity utilization rate (CUR) for electric generators, EPA attempted to analyze the number of operating days for

manufacturing facilities. EPA notes, however, that it has not determined an appropriate minimum threshold, nor has it decided to

propose such a threshold. Exhibit 2-10 is for informational purposes only. For more information, see the preamble to the proposed

rule.
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Exhibit 2-10. Distribution of Manufacturing Facilities by Number of Operating Days

Number of Operating Days Percent of Facilities
< 60 days 4.26
60 - 180 days 3.55
> 180 days 92.18
Total 100

Source: Survey Data from Detailed Industry Questionnaire: Phase 1l Cooling Water Intake Structures (DCN 4-0016F-CBI)

Note: An electric generator operating at 15% CUR is roughly equivalent to 55 operating days per year. These data reflect the average
number of facility operating hours over a three year period (1996-1998).
Note: All values are weighted and include those facilities identified as baseline closures.

1.8 Land-based Liquefied Natural Gas Facilities

EPA’s research also indicates that there are five existing land-based liquefied natural gas facilities in the United States, all on the East
coast. Most of these facilities do not withdraw surface water for cooling purposes and would therefore be out of scope of the

regulations.

2.0 PRELIMINARY ASSESSMENT OF COMPLIANCE

EPA considered all of the above data in determining the scope, applicability, and flow thresholds in today’s proposed rule. Exhibit 2-
11 below illustrates a synthesis of some of the pertinent data.

Exhibit 2-11. Technologies Already In Place at Facilities Potentially Regulated Under Phase I11.

Design Intake Flow Electric Generators Manufacturers
(MGD) Threshold o o o o
% of Facilities With % of Facilities With % of Facilities With % of Facilities With
Technology Satisfying Closed-Cycle, Technology Satisfying Closed-Cycle,
Phase Il Requirements | Recirculating Cooling Phase Il Requirements | Recirculating Cooling
Systems Systems
> 50 n/a nla 29 4
20-50 69 60 54 22
2-20 93 82 58 29
Total 82 72 48 20

Source: Survey Data from Detailed Industry Questionnaire: Phase Il Cooling Water Intake Structures (DCN 4-0016F-CBI)
Note: All values are weighted and include those facilities identified as baseline closures.

OFFSHORE INDUSTRIES

EPA considered establishing national requirements for three additional industry groups that have been identified as potential large
users of cooling water: offshore oil and gas exploration facilities , seafood processing vessels, and offshore liquefied natural gas
(LNG) terminals. An industry survey was developed in 2003 to collect data on offshore oil and gas extraction facilities and seafood
processing vessels and EPA independently collected information on offshore liquefied natural gas facilities in 2004.

Under the proposed rule, only new offshore oil and gas extraction facilities would be subject to national requirements.
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1.0 DESCRIPTION OF THE INDUSTRIES

After EPA proposed the Phase I rule for new facilities (65 FR 49060), the Agency received adverse comment from operators of mobile
offshore and coastal drilling units concerning the limited information about their cooling water intakes, associated impingement and
entrainment, costs of technologies, or achievability of the controls proposed by EPA. In the Phase I final rule, EPA committed to
“propose and take final action on regulations for new offshore oil and gas extraction facilities, as defined at 40 CFR 435.10 and 40
CFR 435.40, in the Phase 111 section 316(b) rule.” EPA subsequently identified seafood processing vessels and offshore liquefied
natural gas facilities as other potential large users of cooling water that may be subject to regulation under 316(b). Each of these
industries are shown below, as described by the Standard Industrial Classification (SIC) system.

Offshore Oil and Gas Extraction

This industry sector is classified under SIC Major Group 13. This major group includes establishments primarily engaged in: (1)
producing crude petroleum and natural gas; (2) extracting oil from oil sands and oil shale; (3) producing natural gasoline and cycle
condensate; and (4) producing gas and hydrocarbon liquids from coal at the mine site.

Seafood Processing

This industry sector is classified under SIC Major Group 09. This major group includes establishments primarily engaged in
commercial fishing (including crabbing, lobstering, clamming, oystering, and the gathering of sponges and seaweed), and the
operation of fish hatcheries and fish and game preserves, in commercial hunting and trapping, and in game propagation.

Offshore Liquefied Natural Gas
This industry sector is classified under SIC Major Group 49. This major group includes establishments engaged in the generation,
transmission, and/or distribution of electricity or gas or steam.

1.1 Estimated Numbers of Offshore Facilities Potentially Subject to Regulation
1.1.1  Existing Offshore Facilities
EPA estimated the number of existing facilities potentially regulated under Phase 111 in each of the three offshore industries.

Offshore Oil and Gas Extraction

Using information from industry sources and other Federal agencies, EPA determined that there were approximately 2929 offshore oil
and gas extraction facilities potentially within the scope of the regulations. Of these, 2478 facilities are fixed facilities (i.e., fixed
platforms) and were primarily located in the Gulf of Mexico, with some facilities also located in Alaska and along the Pacific coast.
The remaining 451 facilities are mobile facilities (i.e., mobile offshore drilling units (MODU)), which can operate in or out of United
States waters. Like the fixed platforms, the majority of MODUs operate in the Gulf of Mexico. All fixed platforms and MODUs were
considered to be in scope of the regulation, as nearly all operate in Federal waters and are likely to meet the applicability requirements
for 316(b).

Seafood Processing

Through existing databases and mailing lists, EPA determined that there were approximately 123 seafood processing vessels
potentially within the scope of the regulations. Each of these vessels has been issued an NPDES permit and it was initially assumed
that all vessels would meet the minimum flow threshold (greater than 2 MGD) and that at least 25% of the water withdrawn was for
cooling purposes. EPA’s research indicated that vessels shorter than 100 feet in length were unlikely to withdraw more than 2 MGD
and these vessels were removed from the universe of facilities under consideration.

Offshore Liguefied Natural Gas

EPA'’s research indicates that there are currently no offshore liquefied natural gas facilities in the United States.
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1.1.2  New Offshore Facilities

Offshore Oil and Gas Extraction

EPA projects approximately 20 new offshore oil and gas extraction facilities in the next 3 years.

Seafood Processing

Because seafood processing vessels were determined to be outside the scope of the proposed rule, EPA did not estimate the number of
projected new seafood processing vessels.

Offshore Liguefied Natural Gas

EPA determined that there are approximately eight offshore liquefied natural gas facilities that are currently under proposal. More are
likely to be proposed in the future, as this energy sector is growing rapidly.
1.2 Offshore Facility Characteristics

EPA collected somewhat less information on the offshore industries and therefore will not present detailed tables as in the section
above for land-based facilities. This section will, however, provide a summary of the offshore facility characteristics.

Offshore Oil and Gas Exploration Facilities

New offshore oil and gas extraction facilities include both fixed facilities (such as platforms) and mobile facilities (such as MODUs
and barges). See chapter 3 for additional details on these facilities.

Seafood Processing Vessel

In developing technology cost modules, EPA assumed that a typical seafood processing vessel was 280 feet in length and primarily
used sea chests as the cooling water intake structure. Data available to EPA did not identify intake technologies designed to reduce
impingement mortality or entrainment, as most vessels have a simple screen or grate to screen trash and other debris.

Data from respondents to the EPA Technical Survey for Seafood Processing Vessels indicate that the combined design intake flow
from all the cooling water intakes in a vessel range from 3 MGD to 45 MGD. The total number of intakes per vessel withdrawing
water for cooling purposes ranged from two to ten. These vessels had either a seachest or simple pipe intake for withdrawing cooling
water.

Offshore Liguefied Natural Gas Facility

As stated above, most offshore liquefied natural gas facilities do not use surface water for cooling purposes. Some future facilities
have indicated that they may use surface water, but are presently planning to use submerged cylindrical wedgewire screens as an
intake technology.

2.0 PRELIMINARY ASSESSMENT OF COMPLIANCE
Based upon the information summarized above, the proposed rule would not establish natural requirements for existing offshore oil

and gas extraction facilities, new or existing seafood processing vessels, and new or existing offshore liquefied natural gas facilities.
For additional detail, see the preamble to today’s proposed rule.
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Chapter 3: Technology Cost Modules

I TECHNOLOGY COST MODULES FOR MANUFACTURERS

INTRODUCTION
This chapter presents the technology cost modules used by the Agency to develop compliance costs at model facilities for the proposed
rule. Chapter 5 of this document describes the Agency’s methodology for assigning particular cost modules to model facilities.

The technology cost modules used in Phase |11 are the same as those used to determine the compliance costs for Phase |1 facilities.
EPA considers the types of intakes and the technologies available to address impingement and entrainment at Phase 11 facilities to be
consistent with the intakes and technologies at Phase 111 facilities. Similarly, EPA considers the intakes and technologies found at
electric generators and manufacturers to be consistent with one another, again permitting EPA to apply the technology cost modules
from Phase 1l to Phase 111 facilities.

Note that the cost modules presented in this chapter reference costs developed for year 2002 dollars, which were used to develop Phase
Il facility costs. However, all costs for Phase 111 facilities presented in the preamble of today’s proposed rule reflect costs that were
adjusted to year 2003 dollars.

1.0 SUBMERGED PASSIVE INTAKES

The modules described in this section involve submerged passive intakes, and address both adding technologies to the inlet of existing
submerged intakes and converting shoreline based intakes (e.g., shoreline intakes with traveling screens) to submerged offshore
intakes with added passive inlet technologies. The passive inlet technologies that are considered include passive screens and velocity
caps. All intakes relocated from shore-based to submerged offshore are assumed to employ either a velocity cap or passive screens.
Costs for velocity caps are presented separately in section 3.0.

1.1 Relocated Shore-based Intake to Submerged Near-Shore and Offshore with Fine Mesh Passive Screens at Inlet

This section contains three subsections. The first two sections respectively present documentation for passive screen technology
selection and estimation parameters; and for development of capital costs for submerged passive intakes. This discussion includes:
passive screen technology selection, selection of flow values, intake configurations, connecting walls, and connecting pipes. The
second section discusses cost development for: screen construction materials, connecting walls, pipe manifolds, airburst systems,
indirect costs, nuclear facilities, O&M costs, construction-related downtime. The third section presents a discussion of the
applicability of this cost module.

1.1.1  Selection/Derivation of Cost Input Values

Passive Screen Technology Selection

Passive screens come in one of three general configurations: flat panel, cylindrical, and cylindrical T-type. Only passive screens
constructed of welded wedgewire were considered due to the improved performance of wedgewire with respect to debris and fish
protection. After discussion with vendors concerning the attributes and prevalence of the various passive screen technology
configurations, EPA selected the T-screen configuration as the most versatile with respect to a variety of local intake and waterbody
attributes. The most important screen attribute was the requirement for screen placement. Both cylindrical and T-screens allow for
placement of the screens extending into the waterbody, which allows for debris to migrate away from the screens once dislodged. T-
screens produce greater flow per screen unit and thus were chosen because they are more practical in multi-screen installations.

Due to the potential for build-up and plugging by debris, passive screens are usually installed with an airburst backwash system. This
system includes a compressor, an accumulator (also known as, receiver), controls, a distributor and air piping that directs a burst of air
into each screen. The air burst produces a rapid backflow through the screen; this air-induced turbulence dislodges accumulated
debris, which then drifts away from the screen unit. Vendors claimed (although with minimal data) that only very stagnant water with
a high debris load or very shallow water (<2 ft deep) would prevent use of this screen technology. Areas with low water velocities
would simply require more frequent airburst backwashes, and few facilities are constrained by water depths as shallow as 2 feet.

3-1



§ 316(b) Phase IITI - Technical Development Document Technology Cost Modules

While there are waterbodies with levels of debris low enough to preclude installation of an airburst system, EPA has chosen to include
an airburst backwash system with each T-screen installation as a prudent precaution. The capital cost of the airburst backwash system
is a substantial component, particularly in offshore applications, because of the need to install a separate air supply pipe from the
shoreline air supply to each screen or group of smaller screens. Thus, the assumption that airburst backwash systems are needed in all
applications is considered as part of an overall cost approach that increases projected capital costs to the industry to develop a high-
side cost estimate.

T-screens ranging in diameter from 2 feet (T24) to 8 feet (T96), in one-foot intervals, are used in the analysis. Costs provided are for
two types of screens one with a slot size of approximately 1.75 mm referred to as “fine mesh” and one with a slot size of 0.76 mm
referred to as “very fine mesh.” The design flow values used for each size screen correspond to wedgewire T-screens with a through
screen velocity of 0.5 feet per second. Exhibits 3-1 and 3-2 presents design specifications for the fine mesh and very fine mesh
wedgewire T-screens costed.

Exhibit 3-1. Fine Mesh Passive T-Screen Design Specifications

Fine Mesh Passive T-Screen Design Specifications

Airburst Screen
Screen Screen Pipie Outlet Screen
Size Capacity | Slot Size Length Diameter Diameter Weight
gpm mm Ft Inches Inches Lbs
T24 2,500 1.75 6.3 2 18 375
T36 5,700 1.75 9.3 3 30 1,050
T48 10,000 1.75 13.3 4 36 1,600
T60 15,800 1.75 16.6 6 42 2,500
T72 22,700 1.75 19.8 8 48 4,300
T84 31,000 1.75 22.9 10 60 6,000
T96 40,750 1.75 26.4 12 72 NA

*Source: Johnson Screen - Brochure 2002 - High Capacity Screen at 50% Open Area

Exhibit 3-2. Very Fine Mesh Passive T-Screen Design Specifications

Very Fine Mesh Passive T-Screen Design Specifications
Airburst Screen

Screen Screen Pipie Outlet Screen
Size Capacity | Slot Size | Length | Diameter | Diameter | Weight

gpm mm Ft Inches Inches Lbs

T24 1,680 0.76 6.3 2 18 375
T36 3,850 0.76 9.3 3 30 1,050
T48 6,750 0.76 13.3 4 36 1,600
T60 10,700 0.76 16.6 6 42 2,500
T72 15,300 0.76 19.8 8 48 4.300
T84 20,900 0.76 22.9 10 60 6,000

T96 27,500 0.76 26.4 12 72 NA

*Source: Johnson Screen - Brochure 2002 - High Capacity Screen at 33% Open Are
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Selection of Flow Values

The flow values used in the development of cost equations range from a design flow of 2,500 gpm (which is the design flow for the
smallest screen (T24) for which costs were obtained) to a flow of 163,000 gpm (which is equivalent to the design flow of four T96
screens) for fine mesh screens and 1,680 gpm to 165,000 (which is equivalent to the design flow of six T96 screens) for very fine mesh
screens. The higher flow values were chosen because they were nearly equal to the flow in a 10-foot diameter pipe at a pipe velocity
of just 4.6 feet per second. A 10-foot diameter pipe was chosen as the largest size for individual pipes because this size was within the
range of sizes that are capable of being installed using the technology assumed in the cost model. Additionally, the need to spread out
the multiple screens across the bottom is facilitated by multiple pipes. One result of this decision is that for facilities with design flows
significantly greater than 165,000 gpm, the total costs are based on dividing the intake into multiple units and summing the costs of
each.

Intake Configuration

The scenarios evaluated in this analysis are based on retrofit construction in which the new passive screens are connected to the
existing intake by newly installed pipes, while the existing intake pumps and pump wells remain intact and functional. The cost
scenario also retains the existing screen wells and bays, since in most cases they are connected directly to the pump wells. Facilities
may retain the existing traveling screens as a backup, but the retention of functioning traveling screens is not necessary. No operating
costs are considered for the existing screens since they are not needed. Even if they are retained, there should be almost no debris to
collect on their surfaces. Thus, they would only need to be operated on an infrequent basis to ensure they remain functional.

The new passive screens are placed along the bottom of the waterway in front of the existing intake and connected to the existing
intake with pipes that are laid either directly on or buried below the stream bed. The key components of the retrofit are: the transition
connection to the existing intake, the connecting pipe or pipes (a.k.a. manifold or header), the passive screens or velocity cap located at
the pipe inlet, and if passive screens are used, the backwash system.

At most of the T-screen retrofit installations, particularly those requiring more than one screen, the installation of passive T-screens
will likely require relocating the intake to a near-shore location or to a submerged location farther offshore, depending on the screen
spacing, water depth, and other requirements. An exception would be smaller flow intakes where the screen could be connected
directly to the front of the intake with a minimal pipe length (e.g., half screen diameter). Other considerations that may make locating
farther offshore necessary or desirable include: the availability of cooler water, lower levels of debris, and fewer aquatic organisms for
placements outside the littoral zone. As such, costs have been developed for a series of distances from the shoreline.

In retrofits where flow requirements do not increase, EPA has found existing pumps and pump wells can be, and have been, retained as
part of the new system. The cost scenarios assume flow volumes do not increase. Thus, using existing pumps and pump wells is both
feasible and economically prudent. There are, however, two concerns regarding the use of existing pumps and pump wells. One is the
degree of additional head loss associated with the new pipes and screens. The second is the intake downtime needed to complete the
installation and connection of the new passive screen system or velocity cap. The downtime considerations are discussed later in a
separate section.

The additional head losses associated with the passive screen retrofit scenario described here include the frictional losses in the
connecting pipes and the losses through the screen surface. If the new connecting pipe velocities are kept low (e.g., 5 feet per second is
used in this analysis), then the head loss in the extension pipe should remain low enough to allow the existing pumps to function
properly in most instances. For example, a 48-inch diameter pipe at a flow of 28,000 gpm (average velocity of 4.96 feet per second)
will have a head loss of 2.31 feet of water per 1,000-foot pipe length (Shaw and Loomis 1970). The new passive screens will
contribute an additional 0.5 to 0.75 feet of water to this head loss, which will further increase when the screen is clogged by debris
(Screen Services 2002). In fact, the rate at which this screen head loss increases due to debris build-up will dictate the frequency of
use of the air backwash. Pump wells are generally equipped with alarms that warn of low water levels due to increased head loss
through the intake. If the screen becomes plugged to the point where backwash fails to maintain the necessary water level in the pump
well, the pump flow rate must be reduced. This reduction may result in a derating or shut down of the associated generating unit.
Lower than normal surface water levels may exacerbate this problem.

In terms of required dimensions for installation, Exhibits 3-1 and 3-2 show screen length is just over three times the diameter and each
screen requires a minimum clearance of one-half diameter on all sides except the ends. Thus, an 8-foot diameter screen will require a
minimum water depth of 16 feet at the screen location (four feet above, four feet below, and eight feet for the screen itself). It is
recommended that T-screens be oriented such that the long axis is parallel to the waterbody flow direction. T-screens can be arranged
in an end-to-end configuration if necessary. However, using a greater separation above the minimum will facilitate dispersion of the
released accumulated debris during screen backwashes.
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In the retrofit scenario described here, screen size and number are based on using a single screen with the screen size increasing with
increasing design flows. When flow exceeds the capacity of a single T96 screen, multiple T96 screens are used. This retrofit scenario
also assumes the selected screen location has a minimum water depth equal to or greater than the values shown in Exhibit 3-3.

Exhibit 3-3. Minimum Depth at Screen Location For Single Screen Scenario

Fine Mesh Flow Very Fine Mesh Flow Screen Size Minimum Depth

2,500 gpm 1,680 gpm T24 4 ft

5,700 gpm 3,850 gpm T36 6 ft
10,000 gpm 6,750 gpm T48 8 ft
15,800 gpm 10,700 gpm T60 10 ft
22,700 gpm 15,300 gpm T72 12 ft
31,000 gpm 20,900 gpm T84 14 ft
40,750 gpm 27,500 gpm T96 16 ft
>40,750 gpm >27,500 gpm Multiple T96 16 ft

In certain instances water depth or other considerations will require using a greater number of smaller diameter screens. For these
cases the same size header pipe can be used, but the intake will require either more branched piping or multiple connections along the
header pipe.

Connecting Wall

The retrofit of passive T-screen technology where the existing pump well and pumps are retained will require a means of connecting
the new screen pipes to the pump well. Pump wells that are an integral part of shoreline intakes (often the case) will require installing
a wall in front of the existing intake pump well or screen bays. This wall serves to block the existing intake opening and to connect
the T-screen pipe(s) to the existing intake pump wells. In the proposed cost scenario, the T-screen pipe(s) can be attached directly to
holes passing through the wall at the bottom.

Two different types of construction have been used in past retrofits or have been proposed in feasibility studies. In one, a wall
constructed of steel plates is attached to and covers the front of each intake bay or pump well, such that one or more connecting pipes
feed water into each screen bay or pump well individually. In this scenario, a single steel plate or several interlocking plates are
affixed to the front of the screen bays by divers, and the T-screen pipe manifolds are then attached to flanged fittings welded at the
bottom of the plate(s). For smaller flow intakes that require a single screen, this may be the best configuration since the screen can be
attached directly to the front of the intake minimizing the intrusion of the retrofit operation into the waterway.

In the second scenario, an interlocking sheet pile wall is installed in the waterbody directly in front of, and running the length of, the
existing intake. Individual screen manifold pipe(s) are attached to holes cut in the bottom along the length of the sheet pile wall. In
this case, a common plenum between the sheet pile wall and the existing intake runs the length of the intake. This configuration
provides the best performance from an operational standpoint because it allows for flow balancing between the screen/pump bays and
the individual manifold pipes. If there are no concerns with obstructing the waterway, the sheet pile wall can be placed far enough out
so that the portion of the wall parallel to the intake can be installed first along with the pipes and screens that extend further offshore.
In this case, the plenum ends are left open so that the intake can remain functional until the offshore construction is completed. At that
point, the intake must shut down to install the final end portions of the wall, the air piping connection to the air supply, and make final
connections of the manifold pipes. EPA is not aware of any existing retrofits where this construction technique has been used.
However, it has been proposed in a feasibility study where a new, larger intake was to be constructed offshore (see discussion in
Construction Downtime section).

Costs were developed for this module based on the second scenario described above. These costs are assumed equal or greater than
costs for steel plate(s) affixed to the existing intake opening, and therefore inclusive of either approach. This assumption is based on
the use of a greater amount of steel material for sheet piles (which is offset somewhat by the fabrication cost for the steel plates), the
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use of similarly-sized heavy equipment (pile driver versus crane), and similar diver costs for constructing pipe connections and
reinforcements in the sheet pile wall versus installing plates. Costs were developed for both freshwater environments and, with the
inclusion a cost factor for coating the steel with a corrosion-resistant material, for saltwater environments.

Connecting Pipes

The design (length and configuration) of the connecting pipes (also referred to as pipe manifold or header) is partly dictated by intake
flow and water depth. A review of the pipe diameter and design flow data submitted to EPA by facilities with submerged offshore
intakes indicates intake pipe velocities at design flow were typically around 5 feet per second. Note that a minimum of 2.5 to 3 feet
per second is recommended to prevent deposition of sediment and sand in the pipe (Metcalf & Eddy 1972). Also, calculations based
on vendor data concerning screen attachment flange size and design flow data resulted in pipe velocities ranging from 3.2 to 4.5 feet
per second for the nominal size pipe connection. EPA has elected to size the connecting pipes based on a typical design pipe velocity
of 5 feet per second.

Even at 5 feet per second, the piping requirements are substantial. For example, if the existing intake has traveling screens with a high
velocity (e.g., 2.5 feet per second through-screen velocity), then the cross-sectional area of the intake pipe needed to provide the same
flow would be approximately one-third of the existing screen area (assuming existing screen open area is 68%). Given the above
assumptions, an existing intake with a 10-foot wide traveling screen and a 20-foot water depth would require a 9.4-foot diameter pipe
and be connected to at least four 8-foot diameter fine mesh T-screens (T96). The flow rate for this hypothetical intake screen would be
155,000 gpm.

For small volume flows (40,750 gpm or less for fine mesh—see Exhibit 3-3), T-screens (particularly those with a single screen unit) can
be installed very close to the existing intake structure, as the upstream or downstream extensions of the screen should not be an issue.
In the 10-foot wide by 20-foot deep traveling screen example above, each of the T96 screens required is 26 feet long. For this
example, it is possible to place the four T96 screens directly in front of the existing intake connected to a single manifold extending 56
feet (2*8+2*8+2*8+8) to the centerline of the last T-screen. This is based on a configuration where the manifold has multiple ports
(four in this case) spaced along the top. However, this configuration will experience some flow imbalance between the screens. A
better configuration would be a single pipe branching twice in a double “H” arrangement. In this case, the total pipe length would be
62 feet (20+26+2*8). Therefore, a minimum pipe length of 66 feet (20 meters) was selected to cover the pipe installation costs for
screens installed close to the intake.

Based on the above discussion, facilities with design flow values requiring multiple manifold pipes (i.e., >163,000 gpm) will require
the screens to extend even further out. In these cases, costs for a longer pipe size are appropriate. Using a longer pipe allows for
individual screens to be spread out laterally and/or longitudinally. Longer pipes would also tend to provide access to deeper water
where larger screens can be used. While using smaller screens allows for operations in shallower water, many more screens would be
needed. This configuration covers a greater bottom area and requires more branching and longer, but smaller, pipes. Therefore, with
the exception of the lower intake flow facilities, a length of connecting pipe longer than66 feet (20 meters) is assumed to be required.

The next assumed pipe length is 410 feet (125 meters), based on the Phase | proposed rule cost estimates. A length of 125 meters was
selected in Phase | costing as a reasonable estimate for extending intakes beyond the littoral zone. Additional lengths of 820 feet (250
meters) and 1640 feet (500 meters) were selected to cover the possible range of intake distances. The longest distance (1640 feet) is
similar in magnitude to the intake distances reported for many of the facilities with offshore intakes located on large bodies of water,
such as oceans and Great Lakes.

As described in the document Economic and Engineering Analyses of the Proposed Section 316(b) New Facility Rule, Appendix A,
submerged intake pipes can be constructed in two ways. One construction uses steel that is concrete-lined and coated on the outside
with epoxy and a concrete overcoat. The second construction uses prestressed concrete cylinder pipe (PCCP). Steel is generally used
for lake applications; both steel and PCCP are used for riverine applications; PCCP is typically used in ocean applications. A review
of the submerged pipe laying costs developed for the Phase | proposed rule showed that the costs of installing steel and PCCP pipe
using the conventional method were similar, with steel being somewhat higher in cost. EPA has thus elected to use the Phase | cost
methodology for conventional steel pipe as representative of the cost for both steel and concrete pipes installed in all waterbodies. The
conventional pipe laying method was selected because it could be performed in front of an existing intake and was least affected by the
limitations associated with local topography.

While other methods such as the bottom-pull or micro-tunneling methods could potentially be used, the bottom-pull method requires
sufficient space for laying pipe onshore while the micro-tunneling method requires that a shaft be drilled near the shoreline, which may
be difficult to perform in conjunction with an existing intake. The conventional steel pipe laying cost methodology and assumptions
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are described in detail in the document Economic and Engineering Analyses of the Proposed Section 316(b) New Facility Rule,
Appendix A.

1.1.2  Capital Cost Development
Screen Material Construction and Costs

Costs were obtained for T-screens constructed of three different types of materials: 304 stainless steel, 316 stainless steel, and copper-
nickel (CuNi) alloy. In general, screens installed in freshwater are constructed of 304 stainless steel. However, where Zebra Mussels
are a problem, CuNi alloys are often used because the leached copper tends to discourage screen biofouling with Zebra mussels. In
corrosive environments such as brackish and saltwater, 316 stainless steel is often used. If the corrosive environment is harsh,
particularly where oxygen levels are low, CuNi alloys are recommended. Since the T-screens are to be placed extending out into the
waterway, such low oxygen environments are not expected to be encountered.

Based on this information, EPA has chosen to base the cost estimates on utilizing screens made of 304 stainless steel for freshwater
environments without Zebra Mussels, CuNi alloy for freshwater environments with the potential for Zebra Mussels and 316 stainless
steel for brackish and saltwater environments. Exhibit 3-4 provides a list of states that contain or are adjacent to waterbodies where
Zebra Mussels are currently found. The cost for CuNi screens are applied to all freshwater environments located within these states.
EPA notes that the screens comprise only a small portion of the total costs, particularly where the design of other components are the
same, such as the proposed design scenarios for freshwater environments with Zebra Mussels versus those without.

Exhibit 3-4. List of States with Freshwater Zebra Mussels as of 2001

List of States with

Freshwater Zebra Mussels
as of 2001

State Name |Abbreviation
Alabama AL
Connecticut CT
lllinois 1L
Indiana IN
lowa 1A
Kentucky KY
Louisiana LA
Michigan MI
Minnesota MN
Mississippi MS
Missouri MO
New York NY
Ohio OH
Oklahoma OK
Pennsylvania PA
Tennessee TN
Vermont VT
West Virginia WV
Wisconsin WI

Exhibit 3-5 presents the component and total installed costs for the three types of screens. A vendor indicated that the per screen costs
will not change significantly between those with fine mesh and very fine mesh so the same screen costs are used for each. Installation
and mobilization costs are based on vendor-provided cost estimates for velocity caps, which are comparable to those for T-screens.
The individual installation cost per screen of $35,000 was reduced by 30% for multiple screen installations. Costs for steel fittings are
also included. These costs are based on steel fitting costs developed for the new facility Phase | effort and are adjusted for a pipe
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velocity of 5 feet per second and converted to 2002 dollars. An additional 5% was added to the total installed screen costs to account
for installation of intake protection and warning devices such as pilings, dolphins, buoys, and warning signs.

Exhibit 3-5. T-Screen Equipment and Installation Costs

T-Screen Equipment and Installation Costs

Number Air Burst | Screen
of Equipmen]|Installat|Mobilizati| Steel
Size | Screens| Capacity | Total Screen Cost by Material t ion on Fitting
apm 304SS 316SS CuNi
T24 1 2,500 $5,800 $6,100 $8,000 $10,450 | $25,000] $15,000 $2,624
T36 1 5,700 $10,000 | $11,200 [ $18,000 $15,050 | $25,000| $15,000 $3,666
T48 1 10,000 $17,000 | $18,800 [ $31,700 $22,362 | $30,000| $15,000 $5,067
T60 1 15,800 $23,000 | $26,200 [ $44,500 $28,112 | $35,000| $15,000 $6,964
T72 1 22,700 $34,000 | $39,500 [ $69,700 $35,708 | $35,000| $20,000 $9,227
T84 1 31,000 $45,000 | $51,900 [ $93.400 $43.588 | $35,000]| $20,000 | $11,961
T96 1 40,750 $61,000 | $70,200 [ $124.000 | $49.338 | $35,000] $25.000 [ $15,189
T96 2 81,500 | $122.000 [$140,400| $248,000 | $49.338 |$49.000| $25.000 | $28,865
T96 3 122,250 | $183.000 |$210,600] $372,000 | $49.338 | $73,500| $30,000 | $42.840
T96 4 163,000 | $244,000 | $280,800| $496,000 | $49,338 | $98,000| $30,000 | $57,113

The same costs are used for both fine mesh and very fine mesh with major difference being the design flow for each screen size.
Connecting Wall Cost Development

The cost for the connecting wall that blocks off the existing intake and provides the connection to the screen pipes is based on the cost
of an interlocking sheet pile wall constructed directly in front of the existing intake. In general, the costs are mostly a function of the
total area of the wall and will vary with depth. Cost estimates were developed for a range of wall dimensions. The first step was to
estimate the nominal length of the existing intake for each of the design flow values shown in Exhibits 3-1 and 3-2. The nominal
length was estimated using an assumed water depth and intake velocity. The use of actual depths and intake velocities imparted too
many variables for the selected costing methodology. A depth of 20 feet was selected because it was close to both the mean and
median intake water depth values reported by Phase Il facilities in their Detailed Technical Questionnaires.

The length of the wall was also based on an assumed existing intake, through-screen velocity of 1 feet per second and an existing
screen open area of 50%. Most existing coarse screens have an open area of 68%. However, a 50% area was chosen to produce a
larger (i.e., more costly) wall size. Selecting a screen velocity of 1 feet per second also will overestimate wall length (and therefore,
costs) for existing screen velocities greater than 1 feet per second. This is the case for most of the facilities (approximately 50% of
Phase 111 facilities reported screen velocities of 1 feet per second or greater for at least one cooling water intake structure and just
under 70% of the Phase Il Facilities reported screen velocities of 1 feet per second or greater). An additional length of 30 to 60 feet
(scaled between 30 feet for 2,500 to 60 feet for 163,000 gpm with a minimum of 30 ft for lower flows) was added to cover the end
portions of the wall and to cover fixed costs for smaller intakes. The costs are based on the following:
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Sheet pile unit cost of $24.50/sq ft RS Means 2001)
An additional 50% of sheet pile cost to cover costs not included in sheet pile unit cost*
Total pile length of 45 feet for 20-foot depth including 15-foot penetration and 10-foot extension above water level

Mobilization of $18,300 for 20-foot depth RS Means 2001), added twice (assuming sheet pile would be installed in two stages to

minimize generating unit downtime (see Downtime discussion). The same mobilization costs are used for both saltwater and

freshwater environments.

* An additional cost of 33% for corrosion-resistant coating for saltwater environments.

Exhibits 3-6 and 3-7 present the estimated wall lengths, mobilization costs, and total costs for 20-foot depth for both freshwater and
saltwater environments for fine mesh and very fine mesh screens, respectively.

Exhibit 3-6. Sheet Pile Wall Capital Costs for Fine Mesh Screens

Sheet Pile Wall Capital Costs for Fine Mesh Screens

Total
Estimated Sheet Pile Wall Total

Design Wall Costs 20 Ft Water

Flow Lenath Mobilization Depth*

apm Ft Freshwater | Saltwater
2,500 31 $36,600 $87,157 $103,840
5,700 32 $36,600 $89,351 $106,758
10,000 34 $36,600 $92,359 $110,759
15,800 36 $36,600 $96,416 $116,155
22,700 39 $36,600 $101,243 | $122,575
31,000 43 $36,600 $107,049 | $130,297
40,750 47 $36,600 $113.870 | $139,369
81,500 64 $36,600 $142,376 | $177,283
122,250 81 $36,600 $170,883 | $215,196
163,000 96 $36,600 $195,960 | $248,549

* Total costs include mobilization

'Note that this 50% value was derived by comparing the estimated costs of a sheet pile wall presented in a feasibility
study for the Salem Nuclear Plant to the cost estimated for a similarly sized sheet pile wall using the EPA method described here.
This factor was intended to cover the cost of items such as walers, bracing and installation costs not included in the R S Means
unit cost. The Salem facility costs included bypass gates, which are assumed to be similar in cost to the pipe connections.
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Exhibit 3-7. Sheet Pile Wall Capital Costs for Very Fine Mesh Screens

Sheet Pile Wall Capital Costs for Very Fine Mesh Screens

Total
Estimated

Design Wall Sheet Pile Wall Costs

Flow Length Mobilization 20 Ft Water Depth*

apm Ft Freshwater | Saltwater
1,680 30 $36,600 $86,854 $103,438
3,850 31 $36,600 $88,056 $105,037
6,750 32 $36,600 $90,085 $107,735
10,700 34 $36,600 $92,848 $111,410
15,300 36 $36,600 $96,066 $115,690
20,900 38 $36,600 $99,984 $120,900
27,500 41 $36,600 $104,601 | $127,041
55,000 53 $36,600 $123,838 | $152,627
82,500 64 $36,600 $143,076 | $178,213
110,000 76 $36,600 $162,314 | $203,799
165,000 99 $36,600 $200,789 | $254,971

* Total costs include mobilization

Pipe Manifold Cost Development

For facilities with design intake flows that are 10% or more greater than the 163,000 gpm to 165,000 gpm maximum costed (i.e., above
180,000 gpm), multiple intakes are costed and the costs are summed. This approach leads to probable costing over-estimates for both
the added length of end sections wall costs.

Pipe costs are developed using the same general methodology as described in Economic and Engineering Analyses of the Proposed
Section 316(b) New Facility Rule, Appendix A, but modified based on a design pipe velocity of 5 feet per second. The pipe laying
cost methodology was revised to include: costs for several different pipe lengths were developed. These pipe lengths include: 66 feet
(20 meters), 410 feet (125 meters), 820 feet (250 meters), and 1640 feet (500 meters). The cost for pipe installation includes an
equipment rental component for the pipe laying vessel, support barge, crew, and pipe laying equipment. The Phase | proposed rule
Economic and Engineering Analyses document estimates that 500 feet of pipe can be laid in a day under favorable conditions.
Equipment rental costs for the longer piping distances were adjusted upward, in single-day increments, to limit daily production rates
not to exceed 550 feet/day. For the shorter distance of 66 feet (20 meters), the single-day pipe laying vessel/equipment costs were
reduced by a factor of 40%. This reduction is based on the assumption that, in most cases, a pipe laying vessel is not needed because
installation can be performed via crane located on the shoreline.

Figure 3-1 presents the capital cost curves for the pipe portion only for each of the offshore distance scenarios. The pipe cost
development methodology adopted from the Phase | effort used a different set of flow values than are shown in Exhibit 3-1.
Therefore, second-order, best-fit equations were derived from pipe cost data. These equations were applied to the flow values in
Exhibit 3-1 to obtain the relevant installed pipe cost component.

An additional equipment component representing the cost of pipe fittings such as tees or elbows are included in the screen equipment
costs. The costs are based on the cost estimates developed for the Phase | proposed rule, adjusted to a pipe velocity of 5 feet per
second and 2002 dollars.

Airburst System Costs

Capital costs for airburst equipment sized to backwash each of the T-screens were obtained from vendor estimates. These costs
included air supply equipment (compressor, accumulator, distributor) minus the piping to the screens, air supply housing, and utility
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connections and wiring. Capital costs of the airburst air supply system are shown in Exhibit 3-8. Costs for a housing structure,
electrical, and controls were added based on the following:

o electrical costs = 10% of air supply equipment (BPJ)

»  Controls = 5% of air supply equipment (BPJ)

e Housing = $142/sq ft for area shown in Exhibit 3-8. This cost was based on the $130/sq ft cost used in the Phase | cost for pump
housing, adjusted to 2002 dollars.

Exhibit 3-8. Capital Costs of Airburst Air Supply Equipment

Total
Vendor Airburst
Supplied | Estimated Minus Air
Screen | Equipment | Housing Housing Housing Piping to
Size Costs Area Area Costs Electrical Controls Screens
sq ft 10% 5%
T24 $6,000 5x5 25 $3,550 $600 $300 $10,450
T36 $10,000 5x5 25 $3,550 $1,000 $500 $15,050
T48 $15,000 6Xx6 36 $5,112 $1,500 $750 $22,362
T60 $20,000 6Xx6 36 $5,112 $2,000 $1,000 $28,112
T72 $25,000 X7 49 $6,958 $2,500 $1,250 $35,708
T84 $30,000 8x8 64 $9,088 $3,000 $1,500 $43,588
T96 $35,000 8x8 64 $9,088 $3,500 $1,750 $49,338

The costs of the air supply pipes, or “blow pipes,” are calculated for each installation depending on the length of the intake pipe, plus
an assumed average distance of 70 feet from the airburst system housing to the intake pipe at the front of the sheet pile wall. Pipe
costs are based on this total distance multiplied by a derived unit cost of installed pipe Vendors indicated that the pipes are typically
made of schedule 10 stainless steel or high density polyethylene and that material costs are only a portion of the total installed costs.
Consistent with the selection of screen materials, EPA chose to assume that the blow pipes are constructed of 304 stainless steel for
freshwater and 316 stainless steel for saltwater applications.

The unit costs for the installed blow pipes are based on the installed cost of similar pipe in a structure on land multiplied by an
underwater installation factor. This underwater installation factor was derived by reviewing the materials-versus-total costs for
underwater steel pipe installation, which ranged from about 3.2 to 4.5 with values decreasing with increasing pipe size. A review of
the materials-versus-installed-on-land costs for the smaller diameter stainless steel pipe (RS Means 2001) found that if the installed-
on-land unit costs are multiplied by 2.0, the resulting materials-to-total- estimated (underwater)-installed-cost ratios fell within a
similar range. These costs are considered as over-estimating costs somewhat because they include 304 and 316 stainless steel where
less costly materials may be used. Also, they do not consider potential savings associated with concurrent installation alongside the
much larger water intake pipe.

Blow pipe sizes were provided by vendors for T60 and smaller screens. For larger screens, the blow pipe diameter was derived by
calculating pipe diameters (and rounding up to even pipe sizes) using the same ratio of screen area to blow pipe area calculated for T60
screens. This is based on the assumption that blow pipe air velocities are proportional to the needed air/water backwash velocities at
the screen surface. A separate blow pipe was included for each T-screen where multiple screens are included, but only one set of the
air supply equipment (compressor, accumulator, distributor, controls etc.) is included in each installation. The calculated costs for the
air supply pipes are shown in Exhibit 3-9.
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Exhibit 3-9. Capital Costs of Installed Air Supply Pipes for Fine Mesh Screens

Design
Flow Air Pipe Air Pipe
Design Very | Unit Cost -| Unit Cost -

Flow Fine] Fine [Schedule 10[Schedule 10| Freshwater Airburst Distribution Installed Pipe | Saltwater Airburst Distribution Installed Pipe

Mesh Mesh 304 SS 316 SS Costs Costs
gpm gpm $/Ft $/Ft 20 Meters 125 Meters 1250 Meters [500 Meters |20 Meters |125 Meters|250 Meters |500 Meters
2,500 1,680 $57.3 $119.5 $7,764 $27.485 $50,961 $97,915 $16,210 | $57.379 | $106,391 | $204,413
5,700 3,850 $85.4 $102.0 $11,575 $40,973 $75,970 $145,966 $13.834 | $48,970 $90,798 | $174,454
10.000 6.750 $102.0 $118.7 $13.834 $48.970 $90.798 $174.454 | $16.093 | $56,966 | $105.625 | $202,943
15,800 | 10,700 $160.3 $188.4 $21,739 $76,954 $142,685 $274,147 $25,550 | $90,442 | $167,694 | $322,198
22,700 | 15.300 $222.8 $279.0 $30.209 $106,934 $198,274 $380,954 | $37.830 | $133.910 | $248292 | $477,056
31.000 [ 20.900 $304.0 $368.5 $41.220 $145.910 $270,542 $519.806 $49.971 | $176,890 | $327,983 | $630,169
40,750 | 27.500 $376.8 $456.0 $51.100 $180.883 $335,388 $644.396 $61,828 | $218.861 | $405,804 | $779,692
81,500 [ 55.000 $376.8 $456.0 $102,199 $361,766 $670,775 | $1,288,793 | $123.656 | $437,722 | $811.609 |$1,559,383
122,250 | 82,500 $376.8 $456.0 $153,299 $542,650 | $1,006,163 | $1,933,189 | $185,485 | $656,582 | $1,217,413] $2,339,075
163,000 | 110,000 $376.8 $456.0 $204,398 $723,533 | $1,341,550 | $2,577,586 | $247,313 | $875,443 | $1,623,218| $3,118,766
- 165,000 $376.8 $456.0 $306,597 | $1,085,299 | $2,012,326 [ $3,866,378 | $370,969 [$1,313,165) $2,434,826| $4,678,150

Indirect Costs
The total calculated capital costs were adjusted to include the following added costs:
»  Engineering at 10% of direct capital costs
»  Contractor overhead and profit at 15% of direct capital costs (based on O&P component of installing lift station in RS
Means 2001); some direct cost components, e.g., the intake pipe cost and blow pipe cost, already include costs for
contractor overhead and profit
»  Contingency at 10% of direct capital costs
»  Sitework at 10% of direct capital costs; based on sitework component of Fairfax Water Intake costs data, including costs
for erosion & sediment control, trash removal, security, dust control, access road improvements, and restoration (trees,

shrubs, seeding & sodding).

Total Capital Costs

Fine Mesh

Exhibit 3-10 presents the total capital costs of the complete system for fine mesh screens including indirect costs. Figures 3-2, 3-3, and
3-4 present the plotted capital costs in Exhibit 3-10 for freshwater, saltwater, and freshwater with Zebra mussels, respectively. Figures
3-2, 3-3, and 3-4 also present the best-fit, second order equations used in estimating compliance costs.

Very Fine Mesh

Exhibit 3-11 presents the total capital costs of the complete system for very fine mesh screens including indirect costs. Figures 3-5, 3-
6, and 3-7 present the plotted capital costs in Exhibit 3-11 for freshwater, saltwater, and freshwater with Zebra mussels, respectively.
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Nuclear Facilities

Construction and material costs tend to be substantially greater for nuclear facilities due to burden of increased security and to the
requirements for more robust system design. Rather than performing a detailed evaluation of the differences in capital costs for
nuclear facilities, EPA has chosen to apply a simple cost factor based on total costs.

In the Phase | costing effort, EPA used data from an Argonne National Lab study on retrofitting costs of fossil fuel power plants and
nuclear power plants. This study reported average, comparative costs of $171 for nuclear facilities and $108 for fossil fuel facilities,
resulting in a 1.58 costing factor. In comparison, recent consultation with a traveling screen vendor, the vendor indicated costing
factors in the range of 1.5-2.0 were reasonable for estimating the increase in costs associated with nuclear power plants based on their
experience. Because today there are likely to be additional security burdens above that experienced when the Argonne Report was
generated, EPA has selected 1.8 as a capital costing factor for nuclear facilities. Capital costs for nuclear facilities are not presented
here but can be estimated by multiplying the applicable non-nuclear facility costs by the 1.8 costing factor.

O&M Costs

O&M cost are based on the sum of costs for annual inspection and cleaning of the intake screens by a dive team and for estimated
operating costs for the airburst air supply system. Dive team costs were estimated for a total job duration of one to four days, and are
shown in Exhibit 3-12. Dive team cleaning and inspections were estimated at once per year for low debris locations and twice per year
for high debris locations. The O&M costs for the airburst system are based on power requirements of the air compressor and labor
requirements for routine O&M. Vendors cited a backwash frequency per screen from as low as once per week to as high as once per
hour for fine mesh screens. The time needed to recharge the accumulator is about 0.5 hours, but can be as high as 1 hour for those
with smaller compressors or accumulators that backwash more than one screen simultaneously.

The Hp rating of the typical size airburst compressor for each screen size was obtained from a vendor and is presented in the table in
Attachment 3A. A vendor stated that several hours per week would be more than enough labor for routine maintenance, so labor is
assumed to be two to four hours per week based on roughly half-hour daily inspection of the airburst system. However, during
seasonal periods of high debris such as leaves in the fall, it may be necessary for someone to man the backwash system 24 hours/day
for several weeks (Frey 2002). Thus, an additional one to 4.5 weeks of 24-hour labor are included for these periods (one week low
debris fine mesh; 1.5 weeks low debris very fine mesh; three weeks high debris fine mesh; and 4.5 weeks high debris very fine mesh).
Since very fine mesh screens will tend to collect debris at a more rapid rate, backwash frequencies and labor requirements were
increased by 50% for very fine mesh screens.

The O&M cost of the airburst system are based on the following:

»  Average backwash frequency in low debris areas is 2 times per day (3 times per day for very fine mesh)

»  Average backwash frequency in high debris areas is 12 times per day (18 times per day for very fine mesh)

e Time to recharge accumulator is 0.5 hours

»  Compressor motor efficiency is 90%

»  Cost of electric power consumed is $0.04/Kwh

» Routine inspection and maintenance labor is 3 hours per week (4.5 hours per week for very fine mesh) for systems up to 182,400
gpm

*  O&M labor rate per hour is $41.10/hr. The rate is based on Bureau of Labor Statistics Data using the median labor rates for
electrical equipment maintenance technical labor (SOC 49-2095) and managerial labor (SOC 11-1021); benefits and other
compensation are added using factors based on SIC 29 data for blue collar and white collar labor. The two values were combined
into a single rate assuming 90% technical labor and 10% managerial. See Doley 2002 for details.

Exhibit 3-13 presents the total O&M cost for relocating intakes offshore with fine mesh and very fine mesh passive screens. These
data are plotted in Figures 3-8 and 3-9 which also shows the second-order equations that were fitted to these data and used to estimate
the O&M costs for individual Phase I11 facilities. Attachment 3A presents the worksheet data used to develop the annual O&M costs.
As with the capital costs, at facilities where the design flow exceeds the maximum cost model design flow of 165,000 gpm plus 10%
(180,000 gpm), the design flow are divided and the corresponding costs are summed.
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Exhibit 3-12. Estimated Costs for Dive Team to Inspect and Clean T-screens

Installation and Maintenance Diver Team Costs
Daily | One Time
Item Cost* Cost* Total Adiusted Total

Duration One Day | One Day | Two Day [Three Davl Four Day
Cost Year 1999 2002 2002 2002 2002
Supervisor $575 $575 $627 $1,254 $1,880 $2,507
Tender $200 $200 $218 $436 $654 $872
Diver $375 $750 $818 $1,635 $2,453 $3,270
Air Packs $100 $100 $109 $218 $327 $436
Boat $200 $200 $218 $436 $654 $872
Mob/Demob $3,000 $3,000 $3,270 $3,270 $3,270 $3,270
Total $4,825 $5,260 $7,250 $9,240 $11,230

*Source: Paroby 1999 (cost adjusted to 2002 dollars).

Exhibit 3-13. Total O&M Costs for Passive Screens Relocated Offshore

Relocate Ofshore With New Fine] Relocate Ofshore With New

Mesh Screens Very Fine Mesh Screens
Total Total
Total O&M|Total O&M 0o&M 0&M
Costs - Costs - Costs - Costs -
Design Low High Design Low High
Flow Debris Debris Flow Debris Debris
apm gpm

2,500 $16,463 | $35,654 1,680 $22,065 | $48,221

5,700 $16,500 | $35,872 3,850 $22,120 | $48,548

10,000 $16,560 | $36,235 6.750 $22,210 | $49,092
15,800 $20.712 | $42.497 10,700 $27,442 | $56,496
22,700 $20,748 | $42,715 15,300 $27,497 | $56,823
31,000 $20,808 | $43,078 20,900 $27,588 | $57,367
40,750 $20,869 | $43441 27,500 $27,678 | $57,912
81,500 $25,299 | $51.374 55,000 $33,328 | $67,821
122,250 | $25,601 | $53,189 82,500 $33,782 | $70,544
163,000 | $27,894 | $58,984 | 110,000 | $36,226 | $77,246
- - - 165000 | $37,133 | $82,692

Construction Related Downtime

Downtime may be a substantial cost item for retrofits using the existing pump wells and pumps. The EPA retrofit scenario includes a
sheet pile wall in front of the existing intake. This scenario is modeled after a proposed scenario presented in a feasibility study for the
Salem Nuclear Plant. In this scenario, a sheet pile plenum with bypass gates is constructed 40 feet in front of the existing intake with
about twelve 10-foot diameter header pipes connecting the plenum to about 240 T-screens. Construction is estimated to take two
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years, with installation of the sheet pile plenum in the first year. The facility projects the installation of 10-foot header pipes and
screens to take nine months and the air backwash piping to take two months. The feasibility study states that Units 1 & 2 would each
have to be shutdown for about six months, to install the plenum, and for an additional two months to install the 10-foot header pipe
connection to the plenum and to install the air piping. Thus, an estimated total of eight months downtime is estimated for this very
large (near worst case) intake scenario. This scenario was discarded by the facility due to uncertainty about biofouling and debris
removal at slack tides. No cost estimates were developed and, therefore no incentive to focus on a system design and a construction
sequence that would minimize downtime existed.

In the same feasibility study, a scenario is proposed where a new intake with dual flow traveling screens is installed at a distance of 65
feet offshore inside a cofferdam. In this scenario, a sheet pile plenum wall connects the new intake to the existing shore intake. In this
scenario the intake is constructed first; Units 1 & 2 are estimated to be shut down for about one month each to construct and connect
the plenum walls to the existing intake.

It would seem that the T-screen plenum construction scenario could follow the same approach, i.e., performed while the units are
operating. This approach would result in a much lower downtime, similar to that for the offshore intake, but including consideration
for added time for near-shore air pipe installation. There are two relevant differences between these scenarios. One is the distance
offshore to the T-screen piping connection versus the new intake structure (40 feet versus 65 feet). The second is that T-screens,
pipes, and plenum would be installed underwater while the new intake would be constructed behind a coffer dam. Conceivably the
offshore portion of the T-screen plenum (excluding the ends) and all pipe and screen installation on the offshore side could be
performed without shutting down the intake.

The WH Zimmer plant is a facility that EPA has identified as actually having converted an existing shoreline intake with traveling
screens to submerged offshore T-screens. This facility was originally constructed as a nuclear facility but was never completed. In the
late 80's it was converted to a coal fired plant. The original intake was to supply service water and make-up water for recirculating wet
towers, and had been completed. However, the area in front of the intake was plagued with sediment deposition. A decision was
made to abandon the traveling screens and install T-screens approximately 50 feet offshore. However, because the facility was not
operating at the time of this conversion, there was no monetary incentive to minimize construction time. Actual construction took six
to eight months for this intake, with a design flow of about 61,000 gpm (Frey 2002). The construction method in this case used a steel
wall installed in front of the existing intake pump wells.

The Agency consulted the WH Zimmer plant engineer and asked him to estimate how long it would take to perform this retrofit
particularly with a goal of minimizing generating unit downtime. The estimated downtime was a minimum of seven to nine weeks,
assuming mobilization goes smoothly and a tight construction schedule is maintained. A more generous estimate of a total of 12 to 15
weeks was estimated for their facility assuming some predictable disruption to construction schedules. This estimate includes five to
six weeks for installing piping (some support pilings can be laid ahead of time), an additional five to six weeks to tie in piping and
install the wall, and an additional two to three weeks to clean and dredge the intake area. This last two- to three-week period was a
construction step somewhat unique to the Zimmer plant, especially because the presence of sediment was the driving factor in the
decision to convert the system.

Based on the above information, EPA has concluded that a reasonable unit downtime should be in the range of 13 to 15 weeks for total
downtime. It is reasonable to assume that this downtime can be scheduled to coincide with routine generating unit downtime of
approximately four weeks, resulting in a total potential lost generation period of nine to 11 weeks. Rather than select a single
downtime for all facilities installing passive screens, EPA chose to apply a 13 to 15 week total downtime duration based on variations
in project size using design flow as a measure of size. As such, EPA assumed a downtime of 13 weeks for facilities with intake flow
volumes of less than 400,000 gpm, 14 weeks for facilities with intake flow volumes greater than 400,000 gpm but less than 800,000
gpm, and 15 weeks for facilities with intake flow volumes greater than 800,000 gpm.

Application

General Applicability

The following site-related conditions may preclude the use of passive T-screens or create operational problems:
e Water depths of <2 feet at screen location; for existing facilities this should not be an issue

»  Stagnant waterbodies with high debris load
»  Waterbodies with frazil ice in winter.
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Frazil ice consists of fine, small, needle-like structures or thin, flat, circular plates of ice suspended in water. In rivers and lakes it is
formed in supercooled, turbulent water. Remedies for this problem include finding another location such as deeper water that is outside
of the turbulent water or creating a provision for periodically applying heated water to the screens. The application of heated water
may not be feasible or economically justifiable in many instances.

Some facilities have reported limited success in alleviating frazil ice problems by blowing a small constant stream of air through the

screen backwash system (Whitaker 2002b).

Application of Different Pipe Lengths

As noted previously, the shortest pipe length cost scenario (20 meters) are assumed to be applicable only to facilities with flows less
than 163,000 gpm. Conversely, facilities located on large waterbodies that are subject to wave action and shifting sediment are
assumed to install the longest pipe length scenario of 500 meters. Large waterbodies in this instance will include Great Lakes, oceans,
and some estuarine/tidal rivers. The matrix in Exhibit 3-14 will provide some initial guidance. Generally, if the waterbody width is

known, the pipe length should not exceed half the width.

Exhibit 3-14. Selection of Applicable Relocation Offshore Pipe Lengths By Waterbody

Freshwater Lakes/Reservoirs Estuaries/Tidal Great Lakes Oceans
Rivers/Streams Rivers
20 Meters Flow <163,000 Flow <163,000 NA NA NA
125 Meters TBD TBD TBD NA NA
250 Meters TBD TBD TBD TBD NA
500 Meters NA NA TBD TBD ALL

TBD: Criteria or selection to be determined; criteria may include design flow, waterbody size (if readily available).

1.2 Add Submerged Fine Mesh Passive Screens to Existing Offshore Intakes

Please note that much of the supporting documentation has been previously described in section 1.1.

Capital Costs

Adding passive screens to an existing submerged offshore intake requires many of the same construction steps and components
described in section 1.1 above, excluding those related to the main trunk of the manifold pipe and connecting wall. Similar
construction components include: modifying the submerged inlet to connect the new screens, installing T-screens, and installing the
airburst backwash air supply equipment and the blowpipes. Nearly all of these components will require similar equipment,
construction steps and costs as described in section 1.1 for the specific components. One possible difference is that the existing
submerged piping distance may not match one of the four lengths for which costs were estimated. This difference only affects this
component of cost. The cost scenario distance chosen is the one that closely matches or exceeds the existing offshore distance.
Exhibits 3-15 and 3-16 present the combined costs of the installed T-screens, airburst air supply system, and air supply pipes for fine
mesh and very fine mesh screens, respectively. The costs in Exhibit 3-15 and 3-16 include direct and indirect costs, as described in
section 1.1. Figures 3-10, 3-11, 3-12, 3-13, 3-14, and 3-15 present plots of the data in Exhibits 3-15 and 3-16. The figures include the
second-order, best-fit equations are used to estimate technology costs for specific facilities.

3-16



§ 316(b) Phase IITI - Technical Development Document

Technology Cost Modules

Exhibit 3-15. Capital Cost of Installing Fine Mesh Passive T-screens at an Existing Submerged Offshore Intake

Design
Flow Total Costs 20 Meters Offshore Total Costs 125 Meters Offshore Total Costs 250 Meters Offshore Total Costs 500 Meters Offshore
apm 304 SS 316 SS CuNi 304 SS 316 SS CuNi 304 SS 316 SS CuNi 304 SS 316 SS CuNi
Freshwater | Saltwater | Zebra Mussels | Freshwater | Saltwater | Zebra Mussels | Freshwater | Saltwater | Zebra Mussels | Freshwater | Saltwater | Zebra Mussels
2,500 | $100,137 | $112.839 $103,487 $128,732 | $172,535 $132,081 $162,773 | $243,602 $166,122 $230,855 | $385,735 $234,204
5700 | $120,312 | $125414 $132,492 $162,939 | $176,361 $175,119 $213,685 | $237,012 $225,865 $315,178 | $358,314 $327,358
10,000 [ $154594 | $160,610 $176,975 $205,541 | $219,877 $227,922 $266,192 | $290,432 $288,573 $387,494 | $431,543 $409.874
15800 [ $194.029 | $204.426 $226.763 $274,090 | $298.519 $306.823 $369,400 | $410.535 $402.134 $560,020 | $634.566 $592.754
22,700 | $245,131 | $264,554 $299,484 $356,382 | $403,871 $410,736 $488,825 | $569,725 $543,178 $753,711 | $901,432 $808,064
31,000 | $293.433 | $316.628 $367,122 $445234 | $500,659 $518.923 $625.950 | $719.744 $699.639 $987,382 |$1.157,915| $1.061.071
40,750 | $352,983 | $382,546 $448,900 $541,169 | $610,243 $637,086 $765,200 | $881.312 $861,118 $1,213,263 |$1,423.448| $1,309,181
81,500 | $562,086 | $621,213 $753,921 $938,458 | $1.076,608| $1,130.293 $1,386,521 | $1,618,744| $1,578,356 $2,282,647 |$2,703.017| $2,474,482
122,250| $795,243 | $883.934 $1,082,995 $1,359,802 | $1,567,025| $1,647,554 | $2,031,896 | $2,380,230| $2,319,649 $3,376,084 | $4,006,639| $3,663,837
163,000] $1,021,242 | $1,139,497] $1,404,912 $1,773,988 | $2,050,286] $2,157,658 $2,670,113 | $3,134,559] $3,053,783 $4,462,364 | $5,303,105| $4,846,034

Exhibit 3-16. Capital Cost of Installing Very Fine Mesh Passive T-screens at an Existing Submerged Offshore Intake

Design
Elow Total Costs 20 Meters Offshore Total Costs 125 Meters Offshore Total Costs 250 Meters Offshore Total Costs 500 Meters Offshore
apm 304 SS 316 SS CuNi 304 SS 316 SS CuNi 304 SS 316 SS CuNi 304 SS 316 SS CuNi
Freshwater | Saltwater [ Zebra Mussels| Freshwater | Saltwater | Zebra Mussels| Freshwater | Saltwater | Zebra Mussels | Freshwater | Saltwater | Zebra Mussels
1680 | $100.173 | $102,084 $103,690 $128.768 | $134.314 $132,284 $162,809 | $172.683 $166,326 $230,891 | $249.421 $234,408
3.850 | $120,156 | $125.350 $132,945 $162,783 | $176.297 $175,572 $213,530 | $236.,948 $226,319 $315,023 | $358,250 $327,812
6.750 | $154,275 | $160.428 $177.774 $205,221 | $219.694 $228.721 $265,872 | $290,250 $289,372 $387,174 | $431.360 $410,674
10,700 | $193.241 | $203,882 $227,611 $273,302 | $297,975 $307,672 $368,612 | $409,990 $402,982 $559,232 | $634,022 $593,603
15,300 | $244,023 | $263,866 $301,094 $355,275 | $403,183 $412,346 $487,718 | $569,036 $544,789 $752,603 | $900,743 $809,674
20,900 [ $291.795 | $315.515 $369.168 $443596 | $499.547 $520,970 $624.313 | $718.632 $701.686 $985.745 |$1.156.802f $1.063,118
27,500 [ $350,954 | $381.218 $451,667 $539.140 [ $608.915 $639,854 $763.172 | $879.984 $863,885 $1,211,235 [$1,422,120] $1.311,948
55,000 | $557.781 | $618.,309 $759,208 $934,154 [$1,073,703] $1,135580 | $1,382,216 [$1.615,840] $1,583,643 [ $2,278,342 |$2,700,113| $2,479,769
82,500 | $788.414 | $879,206 $1,090,554 [ $1,352,973 | $1,562,298] $1,655.113 | $2,025,067 |$2,375,502| $2,327,207 | $3,369,255 | $4,001,912] $3,671,395
110,000| $1.011,641 |$1,132,697| $1414495 | $1,764,387 [$2,043486| $2,167,240 | $2,660,512 |$3,127,759| $3,063,366 | $4,452,763 | $5,296,305| $4,855,617
165,000] $1,458,718 | $1,640,302] $2,062,999 [ $2,587,837 | $3,006,486] $3,192,117 | $3,932,025 [$4,632,895| $4,536,305 | $6,620,401 | $7,885,714| $7,224,682
O&M Costs

O&M costs are assumed to be nearly the same as for relocating the intake offshore with passive screens. EPA assumes there are some
offsetting costs associated with the fact that the existing intake should already have periodic inspection/cleaning by divers. The portion
of the costs representing a single annual inspection has therefore been deducted. Exhibits 3-17 and 3-18 presents the annual O&M
costs for fine mesh and very fine mesh screens, respectively. Separate costs are provided for low debris and high debris locations.
Figures 3-16 and 3-17 present the plotted O&M data along with the second-order, best fit equations.
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Exhibit 3-17. Net Intake O&M Costs for Fine Mesh Passive T-screens Installed at Existing Submerged Offshore Intakes

Existing Offshore With New Fine] Existing Offshore With New

Mesh Screens Very Fine Mesh Screens
Total Total
Total O&M|Total O&M O&M 0o&M
Costs - Costs - Costs - | Costs -
Design Low High Design Low High
Flow Debris Debris Flow Debris Debris
apm apm

2,500 $11,203 | $30,394 1,680 $16,805 | $42,961

5,700 $11,240 | $30.612 3.850 $16,860 | $43,288

10,000 $11,300 | $30.975 6,750 $16,950 | $43,832
15,800 $13,462 | $35247 10,700 $20,192 | $49,246
22,700 $13,498 | $35,465 15,300 $20,247 | $49,573
31,000 $13,558 | $35,828 20,900 $20,338 | $50,117
40,750 $13.619 | $36,191 27,500 $20,428 | $50,662
81,500 $16.059 | $42,134 55,000 $24,088 | $58,581
122,250 | $16,361 | $43,949 82,500 $24,542 | $61,304
163,000 | $16.664 | $47.754 | 110,000 | $24,996 | $66,016
- - - 165000 | $25,903 | $71,462

Construction Downtime

Unlike the cost for relocating the intake from shore-based to submerged offshore, the only construction activities that would require
shutting down the intake is to modify the inlet and install the T-screens. Installing the air supply system and the major portion of the
air blowpipes can be performed while the intake is operating. Downtimes are assumed to be similar to those for adding velocity caps,
which were reported to range from two to seven days. An additional one to two days may be needed to connect the blowpipes to the
T-screens. The total estimated intake downtime of three to nine days can easily be scheduled to coincide with the routine maintenance
period for power plants (which the Agency assumed to be four weeks for typical plants).

Application

Separate capital costs have been developed for freshwater, freshwater with Zebra mussels, and saltwater environments. In selecting
the materials of construction, the same methodology described in section 1.1 is used. Because the retrofit is an addition to an existing
intake, selecting the distance offshore involves matching the existing distance to the nearest or next highest distance costed.

Similarly, the O&M costs are applied using the same method as described in section 1.1.

3-18



§ 316(b) Phase IITI - Technical Development Document Technology Cost Modules

REFERENCES

Whitaker, J. Hendrick Screen Company. Telephone Contact Report with John Sunda (SAIC) concerning Tscreen cost and design
information. August 2, & September 9, 2002a

Whitaker, J. Hendrick Screen Company. Email correspondence with John Sunda (SAIC) concerning Tscreen cost and design
information. August 9, 2002b

Johnson Screen - Brochure - “High Capacity Surface Water Intake Screen Technical Data.”

Petrovs, H. Johnson Screens. Telephone Contact Report Regarding Answers to Passive Screen Vendor Questions.
Screen Services - Brochure - Static Orb, 2002

Shaw, G. V. & Loomis, A.W. Cameron Hydraulic Data. Ingersoll-Rand Company. 1970

Frey, R. Cinergy. Telephone Contact Report Regarding Retrofit of Passive T-Screens. September 30, 2002.

Doley, T., SAIC. Memorandum to the 316b Record regarding Development of Power Plant Intake Maintenance Personnel hourly
compensation rate. 2002

R.S. Means. R.S. Means Costworks Database, 2001.

Metcalf & Eddy. Wastewater Engineering. Mcgraw-Hill Book Company. 1972

3-19



Technology Cost Modules

§ 316(b) Phase IIT - Technical Development Document

09v'ce$ | 02’ TTS 14 €92'6¢$ [47A ¥S1'GT$ 9/.€ T92'/$ 0T2'T$ 125181 ¥G2'0€ 8v 8 14 000°€9T
087'3T$ ove'6% € €9¢'6¢$ (472 ¥Sv'STS$ 9/.¢€ oy’ S$ 806% SYT9ET T169°¢¢ 9€ 9 14 0S¢'eeT
087'8T$ ovc'6% € €9¢'6¢$ [4¥A YSYv'GT$ 9.€ T€9°c$ S09% €9/°06 1CT'ST v 14 14 00S'T8
00SVT$ 0S¢'/$ 4 CTAWEZS 099 9TEcT$ vee GI8'T$ €0E$ 28g'sy ¥9S°. T 4 14 0S.°0%
00SVT$ 0S¢'L$ 4 CTAWEZS 099 9TEcT$ vee Sr'TS$ e G0E9E TS0'9 T 4 0c 000'TE
00S1T$ 0S¢'/$ 4 CTAWEZS 099 9TEcT$ vee 680 T$ Z28T$ 6¢C/C 8¢SV T 4 ST 00.°C¢
00S1T$ 0G¢'/$ 4 CTAWEZS 099 9TEcT$ vee T.8% SYTS$ €8.°1¢ TE9'E T 4 4" 008'ST
025 0T$ 09¢'S$ T 686 7¢$ 809 6.TTT$ cle 9¢.$ TS €GT'8T qc0'€ [4) 14 0T 000°0T
025 0T$ 09¢'S$ T 686 7¢$ 809 6.TTT$ cle £9¢€% T9% 906 €IST [4) 14 5] 00.°S
0¢S'0T$ 09¢'S$ T 686 1¢$ 809 6/TTT$ cle SYT$ vZs$ TE9'E S09 ¢l 4 4 00S¢C
SINoH SInoH 70 0% 70 0% Y] Y] Rep/SIuong | Aep/Siuong

SIFE] Sged | sHgad | sHged SIFEL SIFELS SHged | =sHhgad | xsvded SIFELR sgaq AoUanbald | Aouanbald | Jomod Mo|d

ybiH MO MO ybiH ybiH MO MO - ybiH MO ybiH MO ysemyoeg | ysemyoeg 10s ubisaq
S1S0D S1S0) sAeq -1s0D | palsinbay| -1s0) [pasinbay| - s1s0D - 51500 |- paJinbay |- palinbay | suuiga@ ybiH | s1ige@ mo1 | seidwo)d

wea )| wea | wea | loqe loqe loqe loge Jamod Jamod Jlamod Jamod

anIQ aAIQ aAIQ [enuuy | fenuuy | renuuy | renuuy | renuuy [enuuy [enuuy fenuuy

SU93JIS YS3IAl U1 YIIM 310USHO 8120]9y - Bl Juswdolanad IN®O 'T-VE HAIUXT

V1vd LNINdOT1INIA N®O

€V INJWHOVL1V

1-20



Technology Cost Modules

§ 316(b) Phase IIT - Technical Development Document

09v'ce$ | 0ECTTS 14 G68'Er$ 8901 08T'€C$ Y99 LEEITS €2L'c$ GEV 807 €.0'89 80T 8T 574 000591
09t'¢¢$ | 0CTT$ 14 G638 €S 8901 081°¢C$ ¥99 268°0T$ GI8'T$ 06¢¢lc 28€ 'Sy ZL A ¥4 000°0TT
08V'8T$ | 0VZ'6% € G638 €S 8901 081°¢c$ ¥99 691°8% T9E'TS 8T¢ ¥0¢ 9e0'vE S 6 ¥4 005°¢8
087'8T$ | 0VC'6$ € S68°cYS 890T 08T°¢c$ ¥99 v’ G$ 806% SYT9ET T69°¢C 9¢ 9 S¢ 000°GS
00SVTI$ | 0SC'.$ 4 689°0v$ 066 G/6'6T$ 98¥ €2LC$ YSr$ €,0'89 SPETT 8T € S¢ 00S'/.¢
00SVTI$ | 0SC'.$ 4 689°0v$ 066 G/6'6T$ 98¥ 8.1°C$ €9¢$ 8G1' 5 90’6 8T € 0¢ 006'0¢
00SVTI$ | 0SC'.$ 4 689°0v$ 066 G/6'6T$ 981 v€9'T$ (XL Y80y 108’9 8T € ST 00€'ST
00SVTI$ | 0SC'.$ 4 689°0v$ 066 G/6'6T$ 98Y L0€TS$ 8T¢$ G/9°C€E ovv's 8T € ZT 00.°0T
0¢S'0T$ | 092'G$ T €8y’ LES Z16 69.°9T$ 801 680'T$ Z8T$ 6¢C'/C 8eS'y 8T € 0T 0S.'9
0¢S'0T$ | 092'G$ T €8y’ LES Z16 69.°9T$ 80¥ SS$ T6$ GT9'ET 69¢'C 8T € S 0S8’
02S'0T$ | 09¢'S$ T €8’ /E$ 16 69.°9T$ 80¥ 81¢$ 9e$ orv's 806 8T € 4 089'T
SINoH SINoH 70'0$ 70°0% UMM ymy Aep/sjusng | Aep/sjusng
=S e | = Wij$ e aH wadb
SIFEL sHqeqg | suqed | suged SIFEL SIFEL SHgaq | »sHged | =sHged SIFEL SIFE Adusnbalq | Aouanbailg | Jomod MO
ybiH MO MO ybiH ybiH MO MO - ybiH MO ybiH MO ysemyoeg | ysemyoeg los ubiseq
S1S0D S1S0D skeq -1s0D | paiinbay| -1s0D |palsinbay| - s1s0) - 81s0) |- paiinbay |- pasinbay | sluga@ ybiH | s1uge@ mo1 | saidwo)d
wea | wea | wea | loge loqe loge loge Jamod Jlamod Jlamod Jlamod
ana ana ana [enuuy | renuuy | enuuy | renuuy | renuuy [enuuy fenuuy fenuuy

SU3349S YSaIA auld A3 ULIM 310UsSIIO 91820]aY - Bleq 1uswdojansg N0 "Z-VE NgIyxg

3-21




Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

000°00€

000°05¢

IB19IN OC « 1918\ 00G 1919\ 0SC m 918N GCT o

wdb mo|4 ubisaq

000°002 000°0ST 000°00T 000°0S 0

$
000°000°T$
000°000°C$
000°000°€$
000°000''$
000°000°S$
000°000'9%
000°000°L$

000°000'8$

000°000'6$

SJUB)SI(] 210YS}JO SNOLIBA & POYIIIA Sulle] adid [99)S [BUOUIAUO)) §)s0)) [eyde) °[-¢€ an3I]

s1s0) [euded

3-22




Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

000°08T

USSIN Bul 1319\ 00S » USOIN dUld J9)dN 0GZ  US3IN duld JAISIN GZT m USSIN Ul 1919 0Z &

(wdB) mol4 axeru; ubisag

000°09T 000°0¥T 000°02T 000°00T 000°08 000°09 000°0% 000°02 0
0%

000°000°'T$
000°000'C$
000°000°c$
000°000'v$
000°000°'S$
000°000'9%
000°000°'2$

000°000°'8$

S1s0D [eyde) [ej0L

000°000°'6$

000°000'0T$
000°000°TT$
000°000'CT$

000°000°€T$

SIIUR)SI(] 2I0YSIFO PIIIINIS € ICMYSIL] Ul I0YSJJO UONIBIO[IY UIRIIS AISSBJ YSIA] duL] 10 §3s0)) [eyde) “7-¢ 2.angL

3-23



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

000'08T

USSIN auld 1919 00G » YSSIN oUId 1918IN 0SZ ~ YSSIN SUI 818N GZT m USSIN SUl 819N 0Z

(wdB) mo|4 axelu| ubiseq

000091 000°'0¥T 000'02T 000'00T 00008

00009

000°0%

00002

0%
000°000°'T$
000°000'C$
000°000°€$
000°000'v$
000°000°G$
000°000°9%
000°000°'2$
000°000'8%
000°000°'6$
000°000°0T$
000°000°TT$
000°000°CT$
000°'000°€T$
000°000'7T$

s1s00 [eyde) [ejoL

SIIUE)SI(T AI0YSIFO PIIIINIS I¢ JIIJEM)[ES Ul I0YSJJ() UOIIBIO[IY UIIS AISSEJ YSIA 10J $)s0)) [epde) “¢-¢ danJig

3-24



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

000'08T

Uss\ auld JaleN 00S » YS8I auld JalelN 062

USSIN duld J919N GZT m USOIN duld J1919N 0Z o

000091

000°'0¥T

000°'0CT

(wdB) mo|4 axelul ubiseq

000'00T

00008

00009

$QURB)SI(] A10YSH O PIINIS
J€ S[ISSNIA] BAQI7Z YIIM JJeMYSAL Ul I0YSJJ( UOIIBIO[IY UIIIIS JAISSEJ YSIA] dul] J10J s3s0)) [e3ide) ‘p-¢ 2an3ig

000°0%

00002

0%
000°000°'T$
000°000'C$
000°000°'€$
000°000'v$
000°000°G$
000°000°9%
000°000°2$
000°000'8$
000°000°'6$
000°000°0T$
000°000°TT$
000°000°CT$
000°000°€T$
000°000'7T$

s1s00 [eyde) [ejoL

3-25




Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

USaN aul4 KIS 1919N 00G - USBIN duld AISA 191N 0SZ + USSN auld AIa/ JS19IN GZT @ YSOIN auld AIaA 1918 02 x

(wdB) mo|4 axelu| ubisag
000°08T 000°09T 000°07T 000°02T 000°00T 00008 00009 000‘0t 000°0¢ 0
0%
000°000°T$
000°000°C$
000°000°c$
000°000''$
000°000°'s$
000°000'9$
000°000°'L$
000°000'8$
000°000°6$
000°000°0T$
000°000°TT$
000°000°2T$
000'000°€T$
000°000'7T$
000'000°GT$
000°000°9T$

098¢

€.0.

s1s00 [eyde) [ejoL

SIUR)SI(] AI0YSIJO PIIIIIS & J)EMYSAI] Ul I0YSFJ() UOIIBIO[IY UIIIIS JAISSEJ YSIA] dUL] A1 A 0] s)s0)) [eyde) °G-¢ aan3ig

3-26




Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

USaIN auld AIaA 1919 00G - USISIN duld AIBA JB1BIN 0GZ + USSIN auld K19/ J919N GZT @ USAIN auld AIaA 1918 02 x

000'08T

(wdB) mo|4 axelu] ubiseq

000091 000°'0¥T 000°'02T 000'00T 00008

00009

000°0%

00002

0%
000°000°T$
000°000'C$
000°000°'€$
000°000't'$
000°000°'S$
000°000°9%
000°000°'2$
000°000'8$
000°000°'6$
000°000°0T$
000°000°TT$
000°000°CT$
000°000°€T$
000°000'7T$
000°000°ST$
000°0009T$
000°000°LT$

s1s00 [eyde) [ejoL

SIIURISI(] AI0YSFJ( PIIIIAS UI AI0YSIJO UOHBIO[IY UIAIIS IAISSBJ YSIA UL AIIA 10J §3s0)) [eyrde) *9-¢ danSiyg

3-27



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

USaN aul4 KIS/ 1919N 00G - USBIN duld AISA 191N 0SZ + USSN auld AIa/ JS19IN GZT @ YSOIN auld AIaA 1918 02 x

000°'08T

qg

89¢S

000091

000°'0¥T

000'0CT

(wdB) mo|4 axelu| ubiseq

000'00T 00008 00009

SIIURISI(] AI0YSIJ(O PIINIS

000°0%

00002

0%
000°000°'T$
000°000'C$
000°000°'c$
000°000'v$
000°000°G$
000°000'9%
000°000°L$
000°000'8$
000°000°'6$
000°000°0T$
000°000°TT$
000°000°CT$
000°'000°€T$
000°000'vT$
000°000°ST$
000°000'9T$

€ S[ISSNJA] BIQI7Z YIM JIJEMYSIL] Ul I0YSIJ() UOIILIO[IY UIIIIS JAISSEJ YSIA] QUL AId A 10J §3s0)) [eyrde) °/-¢ dan3i

s1s00 [eyde) [ejoL

3-28



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

000°08T

s1gaq UbIH w SHgad MO ¢

MO[H 9xelu| ubisag

000°09T 000°0VT 000°02T 000°00T 000°08 000°09 000°0% 000°02

yseadeg ISINQITY YIIM I0YSH( PIIBIO[IY UIR.IIS JAISSBJ YSIIAl QUL 10 IS0 AP0 [BIOL "§-€ 9In3I

0%

000°0T$

000°02$

000°'0¢$

000°0t$

000°'0S$

000°09%

000°0L$

S1S0D N®O |lenuuy

3-29



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

000°08T

sHgaq YbiH w SHGaa Mo ¢

Mmol4 axeiu| ubisag

000°09T 000°0vT 000°02T 000°00T 000'08 00009 000°0% 000°'0C 0

0%
000°'0T$
000'0z$
000°'0€$
000°0v$
000°05$
000°'09%
000°0.$

000°08$

000°06$

yseadeg ISINQIY YIIm 10YsO PIIeI0[Y UIIIS IAISSEJ YSIJA UL AIdA 10§ 350D JANPO [€I0L, "6-€ dIn31g

S1S0D N80 [enuuy

3-30




Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

000°08T

6TLY

00v

189

USSIN dul4 JBIBIN 00G ~ USSIN duld JB1BIN 0GZ  USSIN duld JA1IN GZT @ USSIN duld 1919\ 02 o

(wdB) mo|4 axelul ubisag

00009T  000'0VT  000°0ZT  000°00T 00008 00009 000°0% 00002 0

0$

000°000°T$
I—
@)

000'000'2$
(@)
QD
B
5

000'000°€$ &
7

000°000V%

000°000°5$

SIURISI(J AI0YSIFO PIIIINIS & JILMYSIL] Ul I0YSJJO SUDSIXH UG JAISSBJ YSIA] dUL] 10} s3s0)) [eyrde) *Q[-¢ 21n3iyg

3-31



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

USSIN auId J9I18|N 00S » USSIN BUI JAI9IN 052 USSIN dUld 1819 GZT m USSIN auld J918N 0Z o

(wdB) mol4 axe1u] ubisaqg
000°08T 000°09T 000°07T 000°02T 000°00T 00008 00009 000°0% 000°02 0

000°000'T$

000°000'C$

000°000°'c$

S1s0D [ende) ejol

000°000'v$

000°000°G$

000°000°9%

21220T + XTSL'62 + ,XG0-IT = A

SIIUE)ISI(T AIOYSIFO) PIIIIAS € J3JeM)[BS Ul JI0YSIJO SUNSIXY UIIIIS JAISSeJ YSIA[ QUL 10j §350)) [eyrde) *J1-¢ 21nSi

3-32



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

000°08T

USSIN suld JSISIN 00G < USSIN Buld JSIBIN 0S¢

USSIN auld J818IN GZT m USSIN Buld JB1SIN OC ¢

000°09T

(wdB) molq axeiul ubisaqg
000°0vT 000°02T 000°00T 00008

000°09

000°0Y 000°02 0

SdUE)SI(] 3I0YSIJO PIINAS

000°000°T$

000°000°C$

000°000°c$

000°000''$

000°000°S$

000°000'9%

s1s0D [ende) e1ol

JE S[ISSNA] BIQIZ YIIM JIJEMYSI.L] Ul JI0YSI}O SUNSIXF UIAIIS JAISSBJ YSIJA duly 10 §3s0)) [eyde) -7[-€ 2an3iyg

3-33



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

USBN auld AI9A J91BIN 00G - USDIN duld AIDA J9IBIN 0GZ + USBIN duld AIaA JB1BIN GZT @ USAIN duld AIBA J819IN 0T x

(wdB) molq axeiul ubisaqg

000'08T  000°09T  000°0YT  000'0ZT  000‘00T 000°08 000°09 000'0¥ 00002 0
0$
000'000°'T$
8656
000'000°Z$
—
)
€0GT 000°000°'c$ w
QD
<.
)
000'000'7$ g
6.85 =
000'000'S$
000'000°9%
000'000°.$

SIIUR)SI(J AI0YSH (O PIIININAS JB JIBMYSIL] UI I0YSJJO SUNSIXF UIR.IIS AISSBJ YSIA] dUL] A1 A 0] s3s0)) [e3de) °€]-¢ danSig

3-34



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

USaN aulq AISA J1919IN 00S = USOIN duld AIDA JB1BIN OS2 + USSIN auld A1aA 1918\ G2ZT @ USOIN dulq AIBA I1819IN 02 x

(wdB) molq axelu| ubisag

000°08T 000°09T 000‘'0VT 000'02T 000°00T 00008 000‘09 000‘01 000‘02 0
0%
000‘000‘T$
0£86 000°000'C$
000‘000°€$
5
60 _ _ 5
000°0007$
&
=}
1] 1] m
000°000°'S$ Muu
G/G6 m
000‘000'9%
000‘000°2$
000'000'8%
906
000‘000'6$

saduelsig a1o0ysHoO

SIIUR)ISI(] AI0YSH (O PIIIIYAS & J13JeM)[ES Ul AI0YSIFO FUNSIXF UIIIS JAISSBJ YSIA QUL AId A 10 §)s0)) [eyde) “p1-€ 2an3ig

3-35



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

UsaN auld AIoA 1819IN 00G - USBIN dul4 AISA JSIBIN 0GZ + USSIN duld KIS 1918N GZT @ YSBIN duld AISA 1819IN 02 x

000°'08T

(wdB) mol4 axe1u] ubisaqg
000°09T 000°0YT 000°02T 000°00T 000°08 000°09 000°0Y 000°0¢ 0
0%
000°000°'T$
000°000°¢$
000°000°c$

000°000't'$

000°000'G$

s1s0D [eyde) [eloL

000°000°9%

000°000°L$

000°000°8$

SdUE)SI(] AI0YSIJO PIINAS
Je S[ISSNJA] BIQI7Z YIIM JIJBMYSIL] Ul I0YSIJ() SUNSIXT UIIIIS JAISSEJ YSIA] UL I3 A 0] s3s0) [eypde) *Sy-¢ aan3ig

3-36



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

000°08T

000°09T

sugaq YbIH g SHgaa MO ¢

MO|4 @xe1u| ubisaq

000°0%T 000°02T 000°00T 000°08 000°09 000°0Y 000°02 0
0%

000°0T$

000°02$

000°'0€$

S1S0D NRO [enuuy

000°07$

000°'05$

000°'09%

yseaydeq ISINQIY YIIM JI0YSIJO SUDSIXF UILIIS JAISSBJ YSIJA] dUL] 10] $3S0D) N O [¢I0L *9]-€ d.In3I

3-37




Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

000°08T

000°09T

sugad YbiH m SHgad Mo ¢

MO|H axelu| ubisaqg

000°0YT 000°02T 000°00T 000°08 000°09 000°0Y 000°02 0

0%

000°'0T$

000°'02$

000°'0€$

000°07$

000°'05$

S1S0D WO [enuuy

000°'09%

000°0.$

000°'08%

ysemydeq ISINQITY YPIIM I0YSJJO SUDSIXF UIRIIS JAISSBJ YSIA] UL A1 A 0] §)S0D) N0 [¢I0L, “L]-€ IS

3-38




§ 316(b) Phase IITI - Technical Development Document Technology Cost Modules

2.0 IMPROVEMENTS TO EXISTING SHORELINE INTAKES WITH TRAVELING SCREENS
2.1 Replace Existing Traveling Screens with New Traveling Screen Equipment

The methodology described below is based on data, where available, from the Detailed Technical Questionnaires. Where certain
facility data are unavailable (e.g., Short Technical Questionnaire facilities), the methodology generally uses statistical values (e.qg.,
median values). The costs for traveling screen improvements described below are for installation in an existing or newly built intake
structure. Where the existing intake is of insufficient design or size, construction costs for increasing the intake size are developed in a
separate cost module and the cost for screen modification/installation at both the existing and/or new intake structure(s) are applied
according to the estimated size of each.

Estimating Existing Intake Size

The capital cost of traveling screen equipment is highly dependent on the size and surface area of the screens employed. In developing
compliance costs for existing facilities in Phase I, a single target, through-screen velocity was used. This decision ensured the overall
screen area of the units being costed was a direct function of design flow. Thus, EPA could rely on a cost estimating methodology for
traveling screens that focused primarily on design flow. In the Phase I approach, a single screen width was chosen for a given flow
range. Variations in cost were generally based on differences in screen well depth. Where the flow exceeded the maximum flow for
the largest screen costed, multiples of the largest (14 feet wide) screens were costed. Because, in this instance, EPA was applying it’s
cost methodology to hypothetical facilities, screen well depth could be left as a dependent variable. However, for existing facilities
this approach is not tenable because existing screen velocities vary considerably between facilities. Because the size of the screens is
very much dependent on design flow and screen velocity, a different approach -- one that first estimates the size of the existing screens
-- is warranted.

Estimating Total Screen Width

Available data from the Detailed Questionnaires concerning the physical size of existing intake structures and screens are limited to
vertical dimensions (e.g., water depth, distance of water surface to intake deck, and intake bottom to water surface). Screen width
dimensions (parallel to shore) are not provided. For each model facility EPA has developed data concerning actual and estimated
design flow. Through-screen velocity is available for most facilities--even those that completed only the Short Technical
Questionnaire. Given the water depth, intake flow, and through screen velocity, the aggregate width of the intake screens can be
estimated using the following equation:

Screen Width (Ft) = Design Flow (cfs) / (Screen Velocity (feet per second) x Water Depth (Ft) x Open Area (decimal %))

The variables “design Flow,” “screen velocity,” and “water depth” can be obtained from the database for most facilities that completed
the Detailed Technical Questionnaire. These database values may not always correspond to the same waterbody conditions. For
example, the screen velocity may correspond to low flow conditions while the water depth may represent average conditions. Thus,
calculated screen widths may differ from actual values, but likely represents a reasonable estimate, especially given the limited
available data. EPA considers the above equation to be a reasonable method for estimating the general size of the existing intake for
cost estimation purposes. Determining the value for water depth at the intake, where no data is available, is described below.

The last variable in the screen width equation is the percent open area, which is not available in the database. However, the majority
of the existing traveling screens are coarse mesh screens (particularly those requiring equipment upgrades). In most cases (at least for
power plants), the typical mesh size is 3/8 inch (Petrovs 2002, Gathright 2002). This mesh size corresponds to an industry standard
that states the mesh size should be half the diameter of the downstream heat exchanger tubes. These tubes are typically around 7/8
inch in diameter for power plant steam condensers. For a mesh size of 3/8 inch, the corresponding percent open area for a square mesh
screen using 14 gauge wire is 68%. This combination was reported as “typical” for coarse mesh screens (Gathright 2002). Thus, EPA
will use an assumed percent open area value of 68% in the above equation.

At facilities where the existing through-screen velocity has been determined to be too high for fine mesh traveling screens to perform
properly, a target velocity of 1.0 feet per second was used in the above equation to estimate the screen width that would correspond to
the larger size intake that would be needed.
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Screen Well Depth

The costs for traveling screens are also a function of screen well depth, which is not the same as the water depth. The EPA cost
estimates for selected screen widths have been derived for a range of screen well depths ranging from 10 feet to 100 feet. The screen
well depth is the distance from the intake deck to the bottom of the screen well, and includes both water depth and distance from the
water surface to the deck. For those facilities that reported “distance from intake bottom to water surface” and “distance from water
surface to intake top,” the sum of these two values can be used to determine actual screen well depth. For those Phase 111 facilities that
did not report this data, statistical values such as the median were used. The median value of the ratio of the water depth to the screen
well depth for all facilities that reported such data was 0.66. Thus, based on median reported values, the screen well depth can be
estimated by assuming it is 1.5 times the water depth where only water depth is reported. For those Phase I11 facilities that reported
water depth data, the median water depth at the intake was 18.0 feet.

Based on this discussion, screen well depth and intake water depth are estimated using the following hierarchy:

» If “distance from intake bottom to water surface” plus “distance from water surface to intake top” are reported, then the sum of
these values are used for screen well depth

« If only the “distance from intake bottom to water surface” and/or the “depth of water at intake” are reported, one of these values
(if both are known, the former selected is over the latter) is multiplied by a factor of 1.5

» If no depth data are reported, this factor is applied to the median water depth value of 18 feet (i.e., 27 feet) and this value is used.

This approach leaves open the question of which costing scenario well depth should be used where the calculated or estimated well
depth does not correspond to the depths selected for cost estimates. EPA has selected a factor of 1.2 as the cutoff for using a shallower
costing well depth. Exhibit 3-18 shows the range of estimated well depths that correspond to the specific well depths used for costing.

Exhibit 3-18. Guidance for Selecting Screen Well Depth for Cost Estimation

Calculated or Estimated Screen Well Depth (Ft) Well Depth to be Costed
0-12 ft 10 ft
>12-30 ft 25 ft
>30-60 ft 50 ft
>60-90 ft 75 ft

Traveling Screen Replacement Options
Compliance action requirements developed for each facility may result in one of the following traveling screen improvement options:

* No Action.

» Add Fine Mesh Only (improves entrainment performance).

*  Add Fish Handling Only (improves impingement performance).

e Add Fine Mesh and Fish Handling (improves entrainment and impingement performance).

Exhibit 3-19 shows potential combinations of existing screen technology and replacement technologies that are applied to these
traveling screen improvement options. In each case, there are separate costs for freshwater and saltwater environments.

Areas highlighted in grey in Exhibit 3-19 indicate that the compliance scenario is not compatible with the existing technology
combination. The table shows there are three possible technology combination scenarios that for a retrofit involving modifying the
existing intake structure only,. Each scenario is described briefly below:

Scenario A - Add fine mesh only

This scenario involves simply purchasing a separate set of fine mesh screen overlay panels and installing them in front of the existing
coarse mesh screens. This placement may be performed on a seasonal basis. This option is not considered applicable to existing
screens without fish handling and return systems, since the addition of fine mesh will retain additional aquatic organisms that would
require some means for returning them to the waterbody. Corresponding compliance O&M costs include seasonal placement and
removal of fine mesh screen overlay panels.
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Exhibit 3-19. Compliance Action Scenarios and Corresponding Cost Components

Compliance Action Cost Component Included in Existing Technology

EPA Cost Estimates - - ] —

Traveling Screens Without Traveling Screens With Fish
Fish Return Return

Add Fine Mesh Only New Screen Unit NA No
(Scenario A) -

Add Fine Mesh Screen NA Yes

Overlay

Fish Buckets NA No

Add Spray Water Pumps NA No

Add Fish Flume NA No
Add Fish Handling Only New Screen Unit* Yes NA
(Scenario B) -

Add Fine Mesh Screen No NA

Overlay?

Fish Buckets Yes NA

Add Spray Water Pumps Yes NA

Add Fish Flume Yes NA
Add Fine Mesh With Fish New Screen Unit Yes NA
Handling -
(Scenario C and Dual-Flow | Add Fine Mesh Screen Yes® NA
Traveling Screens) Overlay

Fish Buckets Yes NA

Add Spray Water Pumps Yes NA

Add Fish Flume Yes NA

! Replace entire screen unit, includes one set of smooth top or fine mesh screen.

2 Add fine mesh includes costs for a separate set of overlay fine mesh screen panels that can be placed in front of coarser mesh screens
on a seasonal basis.

® Does not include initial installation labor for fine mesh overlays. Seasonal deployment and removal of fine mesh overlays is included
in O&M costs.

Scenario B - Add fish handling and return

This scenario requires the replacement of all of the traveling screen units with new ones that include fish handling features, but no
specific mesh requirements are included. Mesh size is assumed to be 1/8-inch by ¥2-inch smooth top. A less costly option would be to
retain and retrofit portions of the existing screen units. However, vendors noted that approximately 75% of the existing screen
components would require replacement and it would be more prudent to replace the entire screen unit (Gathright 2002, Petrovs 2002).
Costs for additional spray water pumps and a fish return flume are included. Capital and O&M costs do not include any component
for seasonal placement of fine mesh overlays.

Scenario C - Add fine mesh with fish handling and return

This scenario requires replacement of all screen units with units that include fish handling and return features plus additional spray
water pumps and a fish return flume. Costs for a separate set of fine mesh screen overlay panels with seasonal placement are included.
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Double Entry-Single Exit (Dual-Flow) Traveling Screens
The conditions for scenario C also apply to dual-flow traveling screens described separately below.
Fine Mesh Screen Overlay

Several facilities that have installed fine mesh screens found that during certain periods of the year the debris loading created operating
problems. These problems prompted operators to remove fine mesh screens and replace them with coarser screens for the duration of
the period of high and/or troublesome debris. As a high-side approach, when fine mesh screens replace coarse mesh screens
(Scenarios A and C), EPA has decided to include costs for using two sets of screens (one coarser mesh screen such as 1/8-inch by 1/4-
inch smooth top and one fine mesh overlay) with annual placement and removal of the fine mesh overlay. This placement of fine
mesh overlay can occur for short periods when sensitive aquatic organisms are present or for longer periods being removed only
during a the period when troublesome debris is present. Fine mesh screen overlays are also included in the costs for dual-flow
traveling screens described separately below.

Mesh Type

In general three different types of mesh are considered here. One is the coarse mesh which is typical in older installations. Coarse
mesh is considered to be the baseline mesh type and the typical mesh size is 3/8 inch square mesh. When screens are replaced, two
types of mesh are considered. One is fine mesh, which is assumed to have openings in the 1 to 2 mm range. The other mesh type is
the smooth top mesh. Smooth top mesh has smaller openings (at least in one dimension) than coarse mesh (e.g., 1/8-inch by %-inch is
a common size) and is manufactured in a way that reduces the roughness that is associated with coarse mesh. Smooth top mesh is used
in conjunction with screens that have fish handling and return systems. The roughness of standard coarse mesh has been blamed for
injuring (descaling) fish as they are washed over the screen surface when they pass from the fish bucket to the return trough during the
fish wash step. Due to the tighter weave of fine mesh screens, roughness is not an issue when using fine mesh.

2.1.1  Traveling Screen Capital Costs

The capital cost of traveling screen equipment is generally based on the size of the screen well (width and depth), construction
materials, type of screen baskets, and ancillary equipment requirements. While EPA has chosen to use the same mix of standard
screen widths and screen well depths as were developed for the new facility Phase | effort, as described above, the corresponding
water depth, design flow, and through-screen velocities in most cases differ. As presented in Exhibit 3-19, cost estimates do not need
to include a compliance scenario where replacement screen units without fish handling and return equipment are installed. Unlike the
cost methodology developed for Phase |, separate costs are developed in Phase 111 costing for equipment suitable for freshwater and
saltwater environments. Costs for added spray water pumps and fish return flumes are described below, but unlike the screening
equipment are generally a function of screen width only.

Screen Equipment Costs

EPA contacted traveling screen vendors to obtain updated costs for traveling screens with fine mesh screens and fish handling
equipment for comparison to the 1999 costs developed for Phase 1. Specifically, costs for single entry-single exit (through-flow)
screens with the following attributes were requested:

-Spray systems

-Fish trough

-Housings and transitions

-Continuous operating features

-Drive unit

-Frame seals

-Engineering

-Freshwater versus saltwater environments.

Only one vendor provided comparable costs (Gathright 2002). The costs for freshwater environments were based on equipment
constructed primarily of epoxy-coated carbon steel with stainless steel mesh and fasteners. Costs for saltwater and brackish water
environments were based on equipment constructed primarily of 316 stainless steel with stainless steel mesh and fasteners.
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EPA compared these newly obtained equipment costs to the costs for similar freshwater equipment developed for Phase I, adjusted for
inflation to July 2002 dollars. EPA found that the newly obtained equipment costs were lower by 10% to 30%. In addition, a
comparison of the newly obtained costs for brackish water and freshwater screens showed that the costs for saltwater equipment were
roughly 2.0 times the costs for freshwater equipment. This factor of approximately 2.0 was also suggested by a separate vendor
(Petrovs 2002). Rather than adjust the Phase | equipment costs downward, EPA chose to conclude that the Phase | freshwater
equipment costs adjusted to 2002 were valid (if not somewhat overestimated), and that a factor of 2.0 would be reasonable for
estimating the cost of comparable saltwater/brackish water equipment. Exhibits 3-20 and 3-21 present the Phase | equipment costs,
adjusted for inflation to July 2002 dollars, for freshwater and saltwater environments respectively.

Exhibit 3-20. Equipment Costs for Traveling Screens with Fish Handling for Freshwater Environments, 2002 Dollars

Well Depth Basket Screening Panel Width (Ft)
(Ft 2 5 10 14
10 $69,200| $80,100| $102,500{ $147,700
25 $88,600| $106,300| $145,000{ $233,800
50 $133,500] $166,200] $237.600] $348.300
75 $178,500] $228,900] $308.500] $451.800
100 $245,300] $291,600] $379,300] $549,900

Exhibit 3-21. Equipment Costs for Traveling Screens with Fish Handling for Saltwater Environments, 2002 Dollars

Well Depth Basket Screening Panel Width (Ft)
(FY 2 5 10 14
10 $138.,400{ $160.200{ $205.000{ $295.400
25 $177.200{ $212.600{ $290.000{ $467.600
50 $267.000{ $332.400{ $475.200{ $696.600
75 $357.000{ $457.800] $617.000{ $903.600
100 $490,600{ $583,200{ $758,600{ $1,099,800

Costs for fine mesh screen overlay panels were cited as approximately 8% to 10% of the total screen unit costs (Gathright 2002). The
EPA cost estimates for fine mesh overlay screen panels are based on a 10% factor applied to the screen equipment costs shown in
Exhibit 3-20 and 3-21. Note that if the entire screen basket required replacement, then the costs would increase to about 25% to 30%
of the screen unit costs (Gathright 2002, Petrovs 2002). However, in the scenarios considered here, basket replacement would occur
only when fish handling is being added. In those scenarios, EPA has chosen to assume that the entire screen unit will require
replacement. The cost of new traveling screen units with smooth top mesh is only about 2% above that for fine mesh (Gathright
2002). EPA has concluded that the cost for traveling screen units with smooth top mesh is nearly indistinguishable from that for fine
mesh. Therefore, EPA has not developed separate costs for each.

Screen Unit Installation Costs

Vendors indicated that the majority of intakes have stop gates or stop log channels that enable the isolation and dewatering of the
screen wells. Thus, EPA assumes, in most cases, screens can be replaced and installed in dewatered screen wells without the use of
divers. When asked whether most screens were accessible by crane, a vendor did note that about 70% to 75% may have problems
accessing the intake screens by crane from overhead. In such cases, the screens are dismantled (screen panels are removed, chains are
removed and screen structure is removed in sections that key into each other). Such overhead access problems may be due to
structural cover or buildings, and access is often through the side wall. According to one vendor, this screen dismantling requirement
may add 30% to the installation costs. For those installations that do not need to dismantle screens, these costs typically are $15,000 to
$30,000 per unit (Petrovs 2002). Another vendor cited screen installation costs as +/- $45,000 per screen giving an example of
$20,000 for a 15-foot screen plus the costs of a crane and forklift ($15,000 - $20,000 divided between screens) (Gathright 2002). Note
that these installation costs are for the typical range of screen sizes; vendors noted that screens in the range of the 100-foot well depth
are rarely encountered.
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Exhibit 3-22 presents the installation costs developed from vendor supplied data. These costs include crane and forklift costs and are
presented on a per screen basis. Phase | installation costs included an intake construction component not included in Phase 111 costs.
The costs shown here assume the intake structure and screen wells are already in-place. Therefore, installation involves removing
existing screens and installing new screens in their place. Any costs for increasing the intake size are developed as a separate module.
Vendors indicated costs for disposing of the existing screens were minimal. The cost of removal and disposal of old screens,
therefore, are assumed to be included in the Exhibit 3-22 estimates.

Exhibit 3-22. Traveling Screen Installation Costs

Well Depth Basket Screening Panel Width (Ft)
(Ft) 2 5 10 14
10 $15,000] $18,000] $21,000{ $25,000
25 $22,500| $27,000] $31,500{ $37,000
50 $30,000| $36,000] $42,000{ $50,000
75 $37,500| $45,000] $52,500{ $62,500
100 $45,000] $54,000] $63,000{ $75,000

Installation of Fine Mesh Screen Panel Overlays

Screen panel overlay installation and removal costs are based on an estimate of the amount of labor required to replace each screen
panel. Vendors provided the following estimates for labor to replace screen baskets and panels (Petrovs 2002, Gathright 2002):

» 1.0 hours per screen panel overlay (1.5 hours to replace baskets and panel)

»  Requires two-man team for small screen widths (assumed to be 2- and 5-foot wide screens)

*  Requires three-man team for large screen widths (assumed to be 10- and 14-foot wide screens)

*  Number of screen panels is based on 2-foot tall screen panels on front and back extending 6 feet above the deck. Thus, a screen
for a 25-foot screen well is estimated to have 28 panels.

Labor costs are based on a composite labor rate of $41.10/hr (See O&M cost section).

These assumptions apply to installation costs for Scenario A. These same assumptions also apply to O&M costs for fine mesh screen
overlay in Scenarios A and C, where it is applied twice for seasonal placement and removal.

Indirect Costs Associated with Replacement of Traveling Screens

EPA noted that equipment costs (Exhibits 3-20 and 3-21) included the engineering component and that installation costs (Exhibit 3-22)
included costs for contractor overhead and profit. Because the new screens are designed to fit the existing screen well channels and
the existing structure is of a known design, contingency and allowance costs should be minimal. Also, no costs for sitework were
included because existing intakes, in most cases, should already have provisions for equipment access. Because inflation-adjusted
equipment costs exceeded the recently obtained equipment vendor quotation by 10% to 30%, EPA has concluded any indirect costs are
already included in the equipment cost component.

Combining Per Screen Costs with Total Screen Width

As noted above, total screen costs are estimated using a calculated screen width as the independent variable. In many cases, this
calculated width will involve using more than one screen, particularly if the width is greater than 10 to 14 feet. Vendors have
indicated there is a general preference for using 10-foot wide screens over 14-foot screens, but that 14-foot screens are more
economical (reducing civil structure costs) for larger installations. The screen widths and corresponding number and screens used to
plot screen cost data and develop cost equations are as follows:

2 ft = asingle 2-ft screen
5 ft = asingle 5-ft screen
10 ft = asingle 10-ft screen

3-44



§ 316(b) Phase IITI - Technical Development Document Technology Cost Modules

20 ft = two 10-ft screens
30 ft = three 10-ft screens
40 ft = four 10-ft screens
50 ft = five 10-ft screens
60 ft = SiX 10-ft screens
70 ft = five 14-ft screens
84 ft = Six 14-ft screens
98 ft = seven 14-ft screens
112 ft = eight 14-ft screens
126 ft = nine 14-ft screens
140 ft = ten 14-ft screens.

Any widths greater than 140 feet are divided and the costs for the divisions are summed.
Ancillary Equipment Costs for Fish Handling and Return System

When adding a screen with a fish handling and return system where no fish handling system existed before, there are additional
requirements for spray water and a fish return flume. The equipment and installation costs for the fish troughs directly adjacent to the
screen and spray system are included in the screen unit and installation costs. However, the costs for pumping additional water for the
new fish spray nozzles and the costs for the fish return flume from the end of the intake structure to the discharge point are not
included. Fish spray and flume volume requirements are based solely on screen width and are independent of depth.

Pumps for Spray Water

Wash water requirements for the debris wash and fish spray were obtained from several sources. Where possible, the water volume
was divided by the total effective screen width to obtain the unit flow requirements (gpm/ft). Total unit flow requirements for both
debris wash and fish spray combined ranged from 26.7 gpm/ft to 74.5 gpm/ft. The only data with a breakdown between the two uses
reported a flow of 17.4 gpm/ft for debris removal and 20.2 gpm/ft for fish spray, with a total of 37.5 gpm/ft (Petrovs 2002). Based on
these data, EPA assumed a total of 60 gpm/ft with each component being equal at 30 gpm/ft. These values are near the high end of the
ranges reported and were selected to account for additional water needed at the upstream end of the fish trough to maintain a minimum
depth.

Because the existing screens already have pumps to provide the necessary debris spray flow, only the costs for pumps sized to deliver
the added fish spray are included in the capital cost totals. Costs for the added fish spray pumps are based on the installed equipment
cost estimates developed for Phase I, adjusted to July 2002 dollars. These costs already include an engineering component. An
additional 10% was added for contingency and allowance. Also, 20% was added to theses costs to account for any necessary
modifications to the existing intake (based on BPJ). Exhibit 3-23 presents the costs for adding pumps for the added fish spray volume.

The costs in Exhibit 3-23 were plotted and a best-fit, second-order equation derived from the data. Pump costs were then projected
from this equation for the total screen widths described earlier.
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Exhibit 3-23. Fish Spray Pump Equipment and Installation Costs

Costs for
Centrifug| Centrifugal Retrofit

al Pump Pumps - Pump Costs| Cost & Total
Flow [Installed (1999| Adjusted to| Indirect | Installed

(gpm) Dollars) July 2002 Costs Cost
10 $800 $872 $262 $1.134
50 $2,250 $2,453 $736 $3,189
75 $2,500 $2,725 $818 $3,543
100 $2,800 $3,052 $916 $3,968
500 $3,700 $4,033 $1,210 $5,243
1,000 $4,400 $4,796 $1,439 $6,235
2,000 $9,000 $9,810 $2,943| $12,753
4,000 $18,000 $19,620 $5,886] $25,506

Fish Return Flume

In the case of the fish return flume, the total volume of water to be carried was assumed to include both the fish spray water and the
debris wash water. A total unit flow of 60 gpm/ft screen width was assumed as a conservative value for estimating the volume to be
conveyed. Return flumes may take the form of open troughs or closed pipe and are often constructed of reinforced fiberglass
(Gathright 2002, Petrovs 2002). The pipe diameter is based on an assumed velocity of 1.5 feet per second, which is at the low end of
the range of pipe flow velocities. Higher velocities will result in smaller pipes. Actual velocities may be much higher in order to
ensure fish are transported out of the pipe. With lower velocities fish can continually swim upstream. Vendors have noted that the
pipes do not tend to flow full, so basing the cost on a larger pipe sized on the basis of a low velocity is a reasonable approach.

Observed flume return lengths varied considerably. In some cases, where the intake is on a tidal waterbody, two return flumes may be
used alternately to maintain the discharge in the downstream direction of the receiving water flow. A traveling screen vendor
suggested lengths of 75 to 150 feet (Gathright 2002). EPA reviewed facility description data and found example flume lengths ranging
from 30 ft to 300 ft for intakes without canals, and up to several thousand feet for those with canals. For the compliance scenario
typical flume length, EPA chose the upper end of the range of examples for facilities without intake canals (300 ft). For those intakes
located at the end of a canal, the cost for the added flume length to get to the waterway (assumed equal to canal length) is estimated by
multiplying an additional unit cost-per-ft times the canal length. This added length cost is added to the non-canal facility total cost.

To simplify the cost estimation approach, a unit pipe/support structure cost ($/inch-diameter/ft-length) was developed based on the unit
cost of a 12-inch reinforced fiberglass pipe at $70/ft installed (RS Means 2001) and the use of wood pilings at 10-foot intervals as the
support structure. Piling costs assume that the average piling length is 15 feet and unit cost for installed pilings is $15.80/ft (RS Means
2001). The unit costs already include the indirect costs for contractor overhead and profit. Additional costs include 10% for
engineering, 10% for contingency and allowance, and 10% for sitework. Sitework costs are intended to cover preparation and
restoration of the work area adjacent to the flume. Based on these cost applied to an assumed 300-foot flume, a unit cost of $10.15/in
diameter/ft was derived. Flume costs for the specific total screen widths were then derived based on a calculated flume diameter
(using the assumed flow volume of 60 gpm/ft, the 1.5-feet per second velocity when full) times the unit cost and the length.

EPA was initially concerned whether there would be enough vertical head available to provide the needed gradient, particularly for the
longer applications. In a typical application, the upstream end of the flume is located above the intake deck and the water flows down
the flume to the water surface below. A vendor cited a minimum gradient requirement in the range of 0.001 to 0.005 ft drop/ft length.
For a 300-foot pipe, the needed vertical head based on these gradients is only 0.3 feet to 1.5 feet. The longest example fish return
length identified by EPA was 4,600 feet at the Brunswick, SC plant. The head needed for that return, based on the above minimum
gradient range, is 4.6 feet to 23 feet. Based on median values from the industry questionnaire data base, intake decks are often about
half the intake water depth above the water surface, EPA has concluded in most cases there was more than enough gradient available.
Indeed, the data suggest if the return length is too short, there may be a potential problem from too great a gradient producing
velocities that could injure fish.
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Exhibit 3-24 presents the added spray water pumps costs, 300-foot flume costs and the unit cost for additional flume length above 300
feet. Note that a feasibility study for the Drayton Point power plant cited an estimated flume unit cost of $100/ft which does not
include indirect costs but is still well below comparable costs shown in Exhibit 3-24.

Exhibit 3-24. Spray Pump and Flume Costs

Total Screen Width (ft) 2| 5 10 20 30 40 50 60) 70 84 98] 112 126] 140,
Fish Soray How at 30 gpmft (gom) 60 150 300 600 90 1200 1500 1800 2100 2520 2940 330 3780 4200,
Pump Costs_| $3400  $3,900 $44000 $5500] $6,700] $3100] $9500 $11100f $12800] $15300] $18000] $21,000] $24,100] $27,500
Total Wash How at 60 gpmft (opm) 120 300 600 1200 1800 2400 3000 3600, 42001 5040 5830 6720 75608 8400
Pipe Dia at 1.5fps (In) 6.0 80 120 16.0 20 230 250 280 300 330 350 380 400 420
Fume Costs at | $10.15 $18272] $24362] $36543] $48724] $60005| $70041f $76131| $85267] $01 $100.493] $106,584] $115720] $121,810] $127,9011
Hume Cost per Ft Added 61 1 $122 $162) $203] $233 24 264 $305) $335 $355) $386) $406) $426)

Total Capital Costs

Indirect costs such as engineering, contractor overhead and profit, and contingency and allowance have been included in the individual
component costs as they apply. Exhibit 3-25 through 3-30 (at the end of this section) present the total capital costs for compliance
scenarios A, B, and C for both freshwater and saltwater environments. These costs are then plotted in Figures 3-18 through 3-23,
which also include the best-fit, second-order equations of the data. These equations are used in the estimation of capital costs for the
various technology applications.

2.1.2  Downtime Requirements

Placement of the fine screen overlay panels (Scenario A & C) can be done while the screen is operating. The screens are stopped
during the placement and, between the placement of each panel, the screen rotated once. Installation of the ancillary equipment for the
fish return system can be performed prior to screen replacement. Only the step of replacing the screen units would require shutdown
of that portion of the intake. Vendors have reported that it would take from one to three days to replace traveling screen units where
fish troughs and new spray piping are needed. The total should be no more than two weeks for multiple screens (Gathright 2002). If
necessary, facilities with multiple screens and pumps could operate at the reduced capacity associated with taking a single pump out of
service. However, it would be more prudent to schedule the screen replacement during a scheduled maintenance shutdown which
typically occurs on an annual basis. Even at the largest installations with numerous screens, there should be sufficient time during the
scheduled maintenance period to replace the screens and install controls and piping. Therefore, EPA is not including any monetary
consideration for unit downtime associated with screen replacement or installation. Downtime for modification or addition to the
intake structure to increase its size are discussed in a separate cost module.

Nuclear Facilities

Costs for nuclear facilities are not presented here. However, these costs were estimated applying a 1.8 cost factor to the applicable
non-nuclear facility costs (see passive screen module for discussion).

2.1.3 O&M Cost Development

In general, O&M costs for intake system retrofit involve calculating the net difference between the existing system O&M costs and the
new system O&M costs. The Phase | O&M cost estimates for traveling screens were generally derived as a percentage of the capital
costs. This approach, however, does not lend itself well to estimating differences in operating costs for retrofits that involve similar
equipment but have different operating and maintenance requirements such as changes in the duration of the screen operation.
Therefore, a more detailed approach was developed.

The O&M costs developed here include only those components associated with traveling screens. Because cooling water flow rates
are assumed not to change as a result of the retrofit, the O&M costs associated with the intake pumps are not considered. For traveling
screens, the O&M costs are broken down into three components: labor, power requirements, and parts replacement. The basis and
assumptions for each are described below.
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Labor Requirements

The basis for estimating the total annual labor cost is based on labor hours as described below. In each baseline and compliance
scenario the estimated number of hours is multiplied times a single hourly rate of $41.10/hour. This rate was derived by first
estimating the hourly rate for a manager and a technician. The estimated management and technician rates were based on Bureau of
Labor Statistics hourly rates for management and electrical equipment technicians. These rates were multiplied by factors that
estimate the additional costs of other compensation (e.g., benefits) to yield estimates of the total labor costs to the employer. These
rates were adjusted for inflation to represent June 2002 dollars (see Doley 2002 for details). The two labor category rates were
combined into one compound rate using the assumption that 90% of the hours applied to the technicians and 10% to management. A
10% management component was considered as reasonable because the majority of the work involves physical labor, with managers
providing oversight and coordination with the operation of the generating units.

A vendor provided general guidelines for estimating basic labor requirements for traveling screens as averaging 200 hours and ranging
from 100 to 300 hours per year per screen for coarse mesh screens without fish handling and double that for fine mesh screens with
fish handling (Gathright 2002). The lower end of the range corresponds to shallow narrow screens and the high end of the range
corresponds to the widest deepest screens. Exhibits 3-31 and 3-32 present the estimated annual number of labor hours required to
operate and maintain a “typical” traveling screen.

Exhibit 3-31. Basic Annual O&M Labor Hours for Coarse Mesh Traveling Screens Without Fish Handling

Well Depth Basket Screening Panel Width
feet 2 5 10 14
10 100 150 175 200
25 120 175 200 225
50 130 200 225 250
75 140 225 250 275
100 150 250 275 300

Exhibit 3-32. Basic Annual O&M Labor Hours for Traveling Screens With Fish Handling

Well Depth Basket Screening Panel Width (Ft)
feet 2 5 10 14
10 78 78 117 117
25 168 168 252 252
50 318 318 477 477
75 468 468 702 702
100 618 618 927 927

When fine mesh screens are added as part of a compliance option, they are included as a screen overlay. EPA has assumed when
sensitive aquatic organisms are present these fine mesh screens will be in place. EPA also assumes during times when levels of
troublesome debris are present the facility will remove the fine mesh screen panels leaving the coarse mesh screen panels in place.
The labor assumptions for replacing the screen panels are described earlier, but in this application the placement and removal steps
occur once each per year. Exhibit 3-33 presents the estimated annual labor hours for placement and removal of the fine mesh overlay
screens.
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Exhibit 3-33. Total Annual O&M Hours for Fine Mesh Overlay Screen Placement and Removal

Well Depth Basket Screening Panel Width
feet 2 5 10 14
10 78 78 117 117
25 168 168 252 252
50 318 318 477 477
75 468 468 702 702
100 618 618 927 927

Operating Power Requirement

Power is needed to operate the mechanical equipment, specifically the motor drives for the traveling screens and the pumps that
deliver the spray water for both the debris wash and the fish spray.

Screen Drive Motor Power Requirement

Coarse mesh traveling screens without fish handling are typically operated on an intermittent basis. When debris loading is low the
screens may be operated several times per day for relatively short durations. Traveling screens with fish handling and return systems,
however, must operate continuously if the fish return system is to function properly.

A vendor provided typical values for the horsepower rating for the drive motors for traveling screens which are shown in Exhibit 3-34.
These values were assumed to be similar for all of the traveling screen combinations considered here. Different operating hours are
assumed for screens with and without fish handling. This is due to the fact that screens with fish handling must be operated
continuously. A vendor estimated that coarse mesh screens without fish handling are typically operated for a total of 4 to 6 hrs/day
(Gathright 2002). The following assumptions apply:

The system will be shut down for four weeks out of the year for routine maintenance
For fine mesh, operating hours will be continuous (24 hrs/day)

For coarse mesh, operating hours will be an average of 5 hours/day (range of 4 to 6)
Electric motor efficiency of 90%

Power cost of $0.04/kWh for power plants.

Wash Water and Fish Spray Pump Power Requirement

As noted previously, spray water is needed for both washing debris off of the screens (which occurs at all traveling screens) and for a
fish spray (which is needed for screens with fish handling and return systems). The nozzle pressure for the debris spray can range
from 80 to 120 psi. A value of 120 psi was chosen as a high value which would include any static pressure component. The following
assumptions apply:

Spray water pumps operate for the same duration as the traveling screen drive motors
Debris wash requires 30 gpm/ft screen length

Fish spray requires 30 gpm/ft screen length

Pumping pressure is 120 psi (277 ft of water) for both

Combined pump and motor efficiency is 70%

Electricity cost is $0.04/KWh for power plants.

The pressure needed for fish spray is considerably less than that required for debris, but it is assumed that all wash water is pumped to
the higher pressure and regulators are used to step down the pressure for the fish wash. Exhibits 3-35 and 3-36 present the power costs
for the spray water for traveling screens without and with fish handling, respectively. Spray water requirements depend on the
presence of a fish return system but are assumed to otherwise be the same regardless of the screen mesh size.
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Exhibit 3-34. Screen Drive Motor Power Costs

Power Costs - Fine Mesh Power Costs - Coarse Mesh
Annual Annual
Power Power
Screen Well Motor Electric Operating | Annual | Costs at |Operating] Annual | Costs at
Width Depth Power Power Hours Power | $/Kwh of | Hours Power | $/Kwh of
Ft Ft Hp Kw Kwh $0.04 Kwh $0.04
2 10 0.5 0.414 8,064 3,342 $134 1,680 696 $28
2 25 1 0.829 8,064 6,684 $267 1,680 1,393 $56
2 50 2.7 2.210 8,064 17,824 $713 1,680 3,713 $149
2 75 5 4.144 8,064 33,421 $1,337 1,680 6,963 $279
2 100 6.7 5.512 8,064 44,450 $1,778 1,680 9,260 $370
5 10 0.75 0.622 8,064 5,013 $201 1,680 1,044 $42
5 25 15 1.243 8,064 10,026 $401 1,680 2,089 $84
5 50 4 3.316 8,064 26,737 $1,069 1,680 5,570 $223
5 75 7.5 6.217 8,064 50,131 $2,005 1,680 10,444 $418
5 100 10.0 8.268 8,064 66,674 $2,667 1,680 13,891 $556
10 10 1 0.829 8,064 6,684 $267 1,680 1,393 $56
10 25 3.5 2.901 8,064 23,395 $936 1,680 4874 $195
10 50 10 8.289 8,064 66,842 $2.674 1,680 13,925 $557
10 75 15 12.433 8,064| 100,262 $4,010 1,680 20,888 $836
10 100 20.0 16.536 8,064| 133,349 $5,334 1,680 27,781 $1,111
14 10 2 1.658 8,064 13,368 $535 1,680 2,785 $111
14 25 6.25 5.181 8,064 41,776 $1.671 1,680 8,703 $348
14 50 15 12.433 8.064| 100,262 $4.010 1,680 20,888 $836
14 75 20 16.578 8,064| 133,683 $5,347 1,680 27,851 $1,114
14 75 26.6 22.048 8,064 177,799 $7,112 1,680 37,041 $1,482

Exhibit 3-35. Wash Water Power Costs Traveling Screens Without Fish Handling

Fine Mesh Coarse Mesh
Power Total Total
Screen Hydraulic- Requirem] Annual Annual | Costsat | Annual Annual | Costs at
Width | Flow Rate| Total Head Hp Brake-Hp ent Hours Power | $/Kwh of | Hours Power | $/Kwh of
ft apm ft Hp Hp Kw hr Kwh $0.04 hr Kwh $0.04
2 60 277 4.20 6.0 4.5 8064 36,072 $1.443 1680 7,515 $301
5 150 277] 1049 15.0 11.2 8064 90,179 $3,607 1680 18787 $751
10 300 277.1] 20.98 30.0 22.4 8064 180,359 $7.214 1680 37575 $1,503
14 420 277 29.37 42.0 31.3 8064 252,502 $10,100 1680 52605 $2,104

Exhibit 3-36. Wash Water and Fish Spray Power Costs Traveling Screens With Fish Handling

Fine Mesh Coarse Mesh
Power Total Total
Screen Hydraulic- Requirem] Annual Annual | Costsat | Annual Annual | Costs at
Width | Flow Rate| Total Head Hp Brake-Hp ent Hours Power | $/Kwh of | Hours Power | $/Kwh of
ft gpm ft Hp Hp Kw hr Kwh $0.04 hr Kwh $0.04
2 120 277| 8.39 12.0 8.9 8064 72,143 $2,886 1680 15,030 $601
5 300 277| 20.98 30.0 22.4 8064 180,359 $7,214 1680 37575 $1,503
10 600 277| 4197 60.0 4.7 8064 360,717 $14,429 1680 75149 $3,006
14 840 277| 58.76 83.9 62.6 8064 505,004 $20,200 1680 105209 $4,208
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Parts Replacement

A vendor estimated that the cost of parts replacement for coarse mesh traveling screens without fish handling would be approximately
15% of the equipment costs every 5 years (Gathright 2002). For traveling screens with fish handling, the same 15% would be replaced
every 2.5 years. EPA has assumed for all screens that the annual parts replacement costs would be 6% of the equipment costs for
those operating continuously and 3% for those operating intermittently. These factors are applied to the equipment costs in Exhibits 3-
20 and 3-21. Traveling screens without fish handling (coarse mesh) operate fewer hours (estimated at 5 hrs/day) and should therefore
experience less wear on the equipment. While the time of operation is nearly five times longer for continuous operation, the screen
speed used is generally lower for continuous operation. Therefore, the wear and tear, hence O&M costs, are not directly proportional.

Baseline and Compliance O&M Scenarios

Exhibit 3-37 presents the six baseline and compliance O&M scenario cost combinations developed by EPA.

For the few baseline operations with fine mesh, nearly all had fish returns and or low screen velocities, indicating that such facilities
will likely not require compliance action. Thus, there is no baseline cost scenario for traveling screens with fine mesh without fish
handling and return. Exhibits 3-38 through 3-43 (at the end of this section) present the O&M costs for the cost scenarios shown in
Exhibit 3-37. Figures 3-24 through 3-29 present the graphic plots of the O&M costs shown in these tables with best-fit, second-order

equations of the plots. These equations are used in the estimation of O&M costs for the various technology applications.

Exhibit 3-37. Mix of O&M Cost Components for Various Scenarios

Baseline Baseline Baseline with Baseline with Scenario Scenario
Without Without Fish Handling & | Fish Handling A&C A&C
Fish Fish Scenario B & Scenario B Compliance | Compliance
Handling Handling Compliance Compliance
Mesh Type Coarse Coarse Coarse or Smooth | Coarse or Smooth Top | Smooth Top
Top Smooth Top & Fine & Fine
Fish Handling None None Yes Yes Yes Yes
Water Type Freshwater Saltwater Freshwater Saltwater Freshwater Saltwater
Screen Operation 5 hrs/day 5 hrs/day Continuous Continuous Continuous | Continuous
Basic Labor 100-300 hrs | 100-300 hrs 200-600 hrs 200-600 hrs 200-600 hrs | 200-600 hrs
Screen Overlay Labor None None None None Yes Yes
Screen Motor Power 5 hrs/day 5 hrs/day Continuous Continuous Continuous | Continuous
Debris Spray Pump 5 hrs/day 5 hrs/day Continuous Continuous Continuous | Continuous
Power
Fish Spray Pump Power | None None Continuous Continuous Continuous | Continuous
Parts Replacement - % 3% 3% 6% 6% 6% 6%
Equipment Costs

O&M for Nuclear Facilities

Unlike the assumption for capital costs, the O&M costs for nuclear facilities consider the differences in the component costs. The
power cost component is assumed to be the same. The equipment replacement cost component uses the same annual percentage of
equipment cost factors, but is increased by the same factor as the capital costs (2.0). A Bureau of Labor Statistics document (BLS

2002) reported that the median annual earnings of a nuclear plant operator were $57,220 in 2002 compared to $46,090 for power plant
operators in general. Thus, nuclear operators earnings were 24% higher than the industry average. No comparable data were available
for maintenance personnel. This factor of 24% is used for estimating the increase in labor costs for nuclear facilities. This factor may
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be an overestimation: nuclear plant operators require a proportionally greater amount of training and the consequences of their actions
engender greater overall risks than the intake maintenance personnel. EPA recalculated the O&M costs using the revised equipment
replacement and labor costs. EPA found that the ratio of non-nuclear to nuclear O&M costs did not vary much for each scenario and
water depth. Therefore, EPA chose to use the factor derived from the average ratio (across total width values) of estimated nuclear
facility O&M to non-nuclear facility O&M for each scenario and well depth to estimate the nuclear facility O&M costs. Exhibit 3-44
presents the cost factors to be used to estimate nuclear facility O&M costs for each cost scenario and well depth using the non-nuclear
O&M values as the basis.

Exhibit 3-44. Nuclear Facility O&M Cost Factors

Baseline O&M
Traveling Screens

Baseline O&M
Traveling Screens

Baseline & Scenario
B Compliance O&M
Traveling Screens

Baseline & Scenario
B Compliance O&M
Traveling Screens

Scenario A& C
Compliance O&M
Traveling Screens

Scenario A& C
Compliance O&M
Traveling Screens

\Well Depth Without Fish Handling] Without Fish Handling] With Fish Handling | With Fish Handling | With Fish Handling | With Fish Handling |
Ft Freshwater Saltwater Freshwater Saltwater Freshwater Saltwater
10 1.32 1.41 1.29 1.40 1.28 1.39
25 1.35 1.46 1.33 1.46 1.32 1.44
50 1.39 151 1.39 1.53 1.36 1.49
75 1.41 1.53 1.43 1.57 1.38 1.51
100 1.42 1.55 1.45 1.60 1.40 1.53

2.1.4  Double Entry-Single Exit (Dual-flow) Traveling Screens

Another option for replacing coarse mesh single entry-single exit (through-flow) traveling screens is to install double entry-single exit
(dual-flow) traveling screens. Such screens are designed and installed to filter water continuously, using both upward and downward
moving parts of the screen. The interior space between the upward and downward moving screen panels is closed off on one side
(oriented in the upstream direction), while screened water exits towards the pump well through the open end on the other side.

One major advantage of dual-flow screens is that the direction of flow through the screen does not reverse as it does on the back side
of a through-flow screen. As such, there is no opportunity for debris stuck on the screen to dislodge on the downstream side. In
through-flow screens, debris that fails to dislodge as it passes the spray wash can become dislodged on the downstream side
(essentially bypassing the screen). Such debris continues downstream where it can plug condenser tubes or require more frequent
cleaning of fixed screens set downstream of the intake screen to prevent condenser tube plugging. Such maintenance typically
requires the shut down of the generating units. Since dual-flow screens eliminate the opportunity for debris carryover, the spray water
pressure requirements are reduced with dual-flow screens requiring a wash water spray pressure of 30 psi compared to 80 to 120 psi
for through-flow screens (Gathright 2002). Dual-flow screens are oriented such that the screen face is parallel to the direction of flow.
By extending the screen width forward (perpendicular to the flow) to a size greater than one half the screen well width, the total screen
surface area of a dual-flow screen can exceed that of a through-flow screen in the same application. Therefore, if high through-screen
velocities are affecting the survival of impinged organisms in existing through-flow screens, the retrofit of dual-flow screens may help
alleviate this problem. The degree of through-screen velocity reduction will be dependent on the space constraints of the existing
intake configuration. In new intake construction, dual-flow screens can be installed with no walls separating the screens.

Retrofitting existing intakes containing through-flow screens with dual-flow screens can be performed with little or minor
modifications to the existing intake structure. In this application, the dual-flow screens are constructed such that the open outlet side
will align with the previous location of the downstream side of the through-flow screen. The screen is constructed with supports that
slide into the existing screen slots and with “gull wing” baffles that close off the area between the screens downstream end and the
screen well walls. The baffles are curved to better direct the flow. For many existing screen structures, the opening where the screen
passes through the intake deck (including the open space in front of the screen) is limited to a five-foot opening front to back which
limits the equivalent total overall per screen width of just under 10 ft for dual-flow retrofit screens. Because dual-flow screens filter on
both sides the effective width is twice that of one screen panel. However, a vendor indicated, in many instances the screen well
opening can be extended forward by demolishing a portion of the concrete deck at the front end. The feasibility and extent of such a
modification (such as maximum width of the retrofit screen) is dependent on specific design of the existing intake, particularly
concerning the proximity of obstructions upstream of the existing screen units. Certainly, most through-flow screens of less than 10 ft
widths could be retrofitted with dual-flow screens that result in greater effective screen widths. Those 10 ft wide or greater that have
large deck openings and/or available space could also install dual-flow screens with greater effective screen widths.
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Capital Cost for Dual-Flow Screens

A screen vendor provided general guidance for both capital and O&M costs for dual-flow screens (Gathright 2002). The cost of dual-
flow screens with fish handling sized to fit in existing intake screen wells could be estimated using the following factors applied to the
costs of a traveling screen with fish handling that fit the existing screen well:

»  For ascreen well depth of 0 to <20 ft add 15% to the cost of a similarly sized through-flow screen.
e For ascreen well depth of 20 ft to <40 ft add 10% to the cost of a similarly sized through-flow screen.
»  Forascreen well depth of greater than 40 ft add 5% to the cost of a similarly sized through-flow screen.

Installation costs are assumed to be similar to that for through-flow screens. The above factors were applied to the total installed cost
of similarly sized through-flow screens, however, an additional 5% was added to the above cost factors to account for modifications
that may be necessary to accommodate the new dual-flow screens such as demolition of a portion of the deck area. It is assumed that
dual-flow screens can be installed in place of most through-flow screens but the benefit of lower through screen velocities may be
limited for larger width (e.g., 14-ft) existing screens. The dual-flow screens are assumed to include fine mesh overlays and fish return
systems, so the cost factors are applied to the scenario C through-flow screens only. The costs for dual-flow screens are not presented
here but can be derived by applying the factor shown in Exhibit 3-45 below.

The capital costs for adding fine mesh overlays to existing dual-flow screens (scenario A) is assumed to be the same as for through-
flow screens. This assumption is based on the fact that installation labor is based on the number of screen panels and should be the

nearly the same and that the cost of the screen overlays themselves should be nearly the same. The higher equipment costs for dual-
flow screens is mostly due to the equipment and equipment modifications located above the deck.

Exhibit 3-45. Capital Cost Factors for Dual-Flow Screens

Screen Depth Capital Cost Factor*
10 Ft 12
25 Ft 1.15
50 Ft 11
75 Ft 11

! Applied to capital costs for similarly sized through-flow screens derived from equations shown in Figures 3-22 and 3-23 (Scenario C
freshwater and saltwater)

O&M Costs for Dual-Flow Screens

A vendor indicated that a significant benefit of dual-flow screens is reduced O&M costs compared to similarly sized through-flow
screens. O&M labor was reported to be as low as one tenth that for similarly sized through-flow traveling screens (Bracket Green
2002). Also, wash water flow is nearly cut in half and the spray water pressure requirement drops from 80 to 120 psi for through-flow
screens to about 30 psi. Examples were cited where dual-flow retrofits paid for themselves in a two to five year period. Using an
assumption of 90% reduction in routine O&M labor combined with an estimated reduction of 70% in wash water energy requirements
(based on combined reduction in flow and pressure), EPA calculated that the O&M costs for dual-flow screens would be equal
approximately 30% of the O&M costs for similarly sized through-flow screens with fine mesh overlays and fish handling and return
systems. O&M costs for dual-flow screens were calculated as 30% of the O&M costs for similarly sized through-flow screens derived
from the equations shown in Figures 3-26 and 3-27 (Scenario C freshwater and saltwater).

The O&M costs for adding fine mesh overlays to existing dual-flow screens (scenario A) is assumed to be the same as the net
difference between through-flow screens with fish handling with and without fine mesh overlays (net O&M costs for scenario A
versus scenario B). The majority of the net O&M costs are for deployment and removal of the fine mesh overlays.
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Downtime for Dual-Flow Screens

As with through-flow screens dual-flow screens can be retrofitted with minimal generating unit downtime and can be scheduled to
occur during routine maintenance downtime. While there may be some additional deck demolition work, this effort should add no
more than one week to the two week estimate for multiple through-flow screens described above.

Technology Application
Capital Costs

The cost scenarios included here assume that the existing intake structure is designed for and includes through-flow (single entry,
single exit) traveling screens, either with or without fish handling and return. For those systems with different types of traveling
screens or fixed screens, the cost estimates derived here may also be applied. However, they should be viewed as a rough estimate for
a retrofit that would result in similar performance enhancement. The cost scenario applied to each facility is based on the compliance
action required and whether or not a fish handling and return system is in place. For those facilities with acceptable through-screen
velocities no modification, other than described above, is considered as necessary. For those with high through-screen velocities that
would result in unacceptable performance, costs for modifications/additions to the existing intake are developed through another cost
module. The costs for new screens to be installed in these new intake structures will be based on the design criteria of the new
structure.

Capital costs are applied based on waterbody type with costs for freshwater environments being applied to facilities in freshwater
rivers/streams, lakes/reservoirs and the Great Lakes, and costs for saltwater environments being applied to facilities in estuaries/tidal
rivers and oceans.

No distinction is being made here for freshwater environments with Zebra mussels. A vendor indicated that the mechanical movement
and spray action of the traveling screens tend to prevent mussel attachment on the screens.

For facilities with intake canals, an added capital cost component for the additional length of the fish return flume (where applicable)
are added. Where the canal length is not reported. The median canal length for other facilities with the same waterbody type are used.

O&M Costs

The compliance O&M costs are calculated as the net difference between the compliance scenario O&M costs and the baseline scenario
O&M costs. For compliance scenarios that start with traveling screens where the traveling screens are then rendered unnecessary
(e.g., relocating a shoreline intake to submerged offshore), the baseline scenario O&M costs presented here can be used to determine
the net O&M cost difference for those technologies.

2.2 New Larger Intake Structure for Decreasing Intake Velocities

The efficacy of traveling screens can be affected by both through-screen and approach velocities. Through-screen velocity affects: the
rate of debris accumulation; the potential for entrainment and impingement of swimming organisms; and the amount of injury that may
occur when organisms become impinged and a fish return system is in use. Performance, with respect to impingement and
entrainment, generally tends to deteriorate as intake velocities increase. For older intake structures, the primary function of the screen
was to ensure downstream cooling system components continued to function without becoming plugged with debris. The design often
did not take into consideration the effect of through-screen velocity on entrainment and impingement of aquatic organisms. For these
older structures, the standard design value for through-screen velocity was in the range of 2.0 to 2.5 feet per second (Gathright 2002).
These design velocities were based on the performance of coarse mesh traveling screens with respect to their ability to remove debris
as quickly as it collected on the screen surface. As demonstrated in the Facility Questionnaire database, actual velocities may be even
higher than standard design values. These higher velocities may result from cost-saving, site-specific designs or from an increased
withdrawal rate compared to the original design.

As described previously, solutions considered for reducing entrainment on traveling screens are to replace the coarse mesh screens
with finer mesh screens or to install fine mesh screen overlays. However, a potential problem with replacing the existing intake
screens with finer mesh screens is that a finer mesh will accumulate larger quantities of debris. Thus, retrofitting existing coarse mesh
screens with fine mesh may affect the ability of screens to remove debris quickly enough to function properly. Exacerbating this
potential problem is finer mesh may result in slightly higher through-screen velocities (Gathright 2002). If the debris problems
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associated with using fine mesh occur on a seasonal basis, then one possible solution (see section 2.1, above) is to use fine mesh
overlays during the period when sensitive aquatic organisms are present. This solution is predicated on the assumption that the period
of high debris loading does not substantially coincide with the period when sensitive aquatic organisms are most prevalent. When
such an approach is not feasible, some means of decreasing the intake velocities may be necessary.

The primary intake attributes that determine intake through-screen velocities are the flow volume, effective screen area, and percent
open area of the screen. The primary intake attributes that determine approach velocity are flow volume and cross-sectional area of the
intake. In instances where flow volume cannot be reduced, a reduction in intake velocities can only be obtained in two ways: for
through-screen velocities, an increased screen area and/or percent open area, or for approach velocity, an increased intake cross-
sectional area. In general, there are practical limits regarding screen materials and percent open area. These limits prevent significant
modification of this attribute to reduce through-screen velocities. Thus, an increase in the screen area and/or intake cross-sectional
area generally must be accomplished in order to reduce intake velocities. Passive screen technology (such as T-screens) relies on
lower screen velocities to improve performance with respect to impingement and entrainment and to reduce the rate of debris
accumulation. For technology options that rely on the continued use of traveling screens, a means of increasing the effective area of
the screens is warranted. EPA has researched this problem and has identified the following three approaches to increasing the screen
size:

- Replace existing through flow (single entry-single exit) traveling screens with dual-flow (double entry-double exit) traveling
screens. Dual-flow screens can be placed in the same screen well as existing through flow screens. However, they are
oriented perpendicular to the orientation of the original through-flow screens and extend outward towards the front of the
intake. Installation may require some demolition of the existing intake deck. This solution may work where screen velocities
do not need to be reduced appreciably. This technology has a much improved performance with respect to debris carry over
and is often selected based on this attribute alone (Gathright 2002; see also section 2.1.4 above).

- Replace the function of the existing intake screen wells with larger wells constructed in front of the existing intake and
hydraulically connected to the intake front opening. This approach retains the use and function of the existing intake pumps
and pump wells with little or no modification to the original structure. A concern with this approach (besides construction
costs) is whether the construction can be performed without significant downtime for the generating units.

- Add a new intake structure adjacent to, or in close proximity to, the existing intake. The old intake remains functional, but
with the drive system for the existing pumps modified to reduce the flow rate. The new structure will include new pumps
sized to pump an additional flow. The new structure can be built without a significant shutdown of the existing intake.
Shutdown would only be required at the final construction step, where the pipes from new pumps are connected to the
existing piping and the pumps and/or pump drives for the existing pumps are modified or replaced. In this case, generating
downtime is minimized. However, the need for new pumps, and the modification to existing pumps that reduce their original
flow, entail significant additional costs.

Option 3 is a seemingly simple solution where the addition of new intake bays adjacent or in close proximity to the existing intake
would add to the total intake and screen cross-sectional area. A problem with this approach is that the current pumping capacity needs
to be distributed between the old and new intake bays. Utilizing the existing pump wells and pumps is desirable to help minimize
costs. However, where the existing pumps utilize single speed drives, the distribution of flow to the new intake bays would require
either an upstream hydraulic connection or a pump system modification. Where the existing intake has only one or two pump wells a
hydraulic connection with a new adjacent intake bay could be created through demolition of a sidewall downstream of the traveling
screen. While this approach is certainly feasible in certain instances, the limitations regarding intake configurations prevents EPA
from considering this a viable regulatory compliance alternative for all but a few existing systems. A more widely applicable solution
would be to reduce pump flow rate of the existing pumps either by modifying the pump drive to a multi-speed or variable speed drive
system, or by replacing the existing pumps with smaller ones. The new intake bays would be constructed with new smaller pumps that
produce lower flow rates. The combined flows of the new and older, modified pumps satisfies the existing intake flow requirement.
The costs of modifying existing pumps, plus the new pumps and pump wells, represents a substantial cost component.

Option 2 does not require modifications or additions to the existing pumping equipment. In this approach a new intake structure to
house more and/or larger screen wells would be constructed in front of the existing intake. The old and new intake structures could
then be hydraulically connected by closing off the ends with sheet pile walls or similar structures. EPA is not aware of any
installations that have performed this retrofit but it was proposed as an option in the Demonstration Study for the Salem Nuclear Plant
(PSE&G 2001). In that proposal the new screens were to be dual-flow screens but the driving factor for the new structure was a need
to increase the intake size.
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EPA initially developed rough estimates of the comparative costs of applying option 2 versus option 3 (in the hypothetical case the
intake area was doubled in size). The results indicated that adding a new screen well structure in front of the existing intake was less
costly and therefore, this option was selected for consideration as a compliance technology option. This cost efficiency is primarily
due to the reuse of the existing intake in a more cost efficient manner in option 2. However, option 2 has one important drawback: it
may not be feasible where sufficient space is not available in front of the existing intake. To minimize construction downtime, EPA
assumes the new intake structure is placed far enough in front of the existing intake to allow the existing intake to continue functioning
until construction of the structure is completed. As a result of the need for sufficient space in front of the intake, the Agency has
applied the technology in appropriate circumstances in developing model facility costs.

Scenario Description

In this scenario, modeled on option 2 described above, a new reinforced concrete structure is designed for new through-flow or dual-
flow intake screens. This structure will be built directly in front of the existing intake. The structure will be built inside a temporary
sheet pile coffer dam. Upon completion of the concrete structure, the coffer dam will be removed. A permanent sheet pile wall will be
installed at both ends, connecting the rear of the new structure to the front of the old intake structure hydraulically. Such a
configuration has the advantage of providing for flow equalization between multiple new intake screens and multiple existing pumps.
The construction includes costs for site development for equipment access. Capital costs were developed for the same set of screen
widths (2 feet through 140 feet) and depths (10 feet through 100 feet) used in the traveling screen cost methodology. Best-fit, second-
order equations were used to estimated costs for each different screen well depth, using total screen width as the independent variable.
Construction duration is estimated to be nine months.

Capital Costs
Capital costs were derived for different well depths and total screen widths based on the following assumptions.

Design Assumptions - On-shore Activities

» Clearing and grabbing: this is based on clearing with a dozer, and clearing light to medium brush to 4" diameter; clearing assumes
a 40 feet width for equipment maneuverability near the shore line and 500 feet accessibility lengthwise at $3,075/acre (RS Means
2001); surveying costs are estimated at $1,673/ acre (RS Means 2001), covering twice the access area.

»  Earth work costs: these include mobilization, excavation, and hauling, etc., along a water front width, with a 500-foot inland
length; backfill with structural sand and grave (backfill structural based on using a 200 HP bulldozer, 300-foot haul, sand and
gravel; unit earthwork cost is $395/ cu yd (RS Means 2001)

» Paving and surfacing, using concrete 10" thick; assuming a need for a 20-foot wide and 2- foot long equipment staging area at a
unit cost of $33.5/ sq yd (RS Means 2001)

»  Structural cost is calculated @ $1250/CY (RS Means 2001),assuming two wing walls 1.5 feet thick and 26 feet high, with 10 feet
above ground level, and 36 feet long with 16 feet onshore (these walls are for tying in the connecting sheet pile walls).

»  Sheet piling, steel, no wales, 38 psf, left in place; these are assumed to have a width twice the width of the screens + 20 feet, with
onshore construction distance, and be 30 feet deep, at $24.5/ sq ft (RS Means 2001).

Design Assumptions - Offshore Components

e Structure width is 20% greater than total screen width and 20 ft front to back

«  Structural support consists of the equivalent of four 3-foot by 3-foot reinforced concrete columns at $935/ cu yd RS Means 2001)
plus two additional columns for each additional screen well (a 2-foot wide screen assumes an equivalent of 2-foot by 2 feet
columns)

»  Overall structure height is equal to the well depth plus 10%

e The elevated concrete deck is 1.5 ft thick at $48/ cu yd RS Means 2001)

» Dredging mobilization is $9,925 if total screen width is less than 10 feet; is $25,890 if total screen width is 10 feet to 25 feet; and
is $52,500 if total screen width is greater than 25 ft RS Means 2001)

» The cost of dredging in the offshore work area is $23/cu yd to a depth of 10 feet

»  The cost of the temporary coffer dam for the structure is $22.5/ sq ft RS Means 2001), with total length equal to the structure
perimeter times a factor of 1.5 and the height equal to 1.3 times well depth.
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Field Project Personnel Not Included in Unit Costs:

*  Project Field Manager at $2,525 per week RS Means 2001)
*  Project Field Superintendent at $2,375 per week RS Means 2001)
»  Project Field Clerk at $440 per week RS Means 2001).

The above cost components were estimated and summed and the costs were expanded using the following cost factors.

Add-on and Indirect Costs:

Construction Management is 4.5% of direct costs
Engineering and Architectural fees for new construction is 17% of direct costs
Contingency is 10% of direct costs
Overhead and profit is 15% of direct costs
Permits are 2% of direct costs

Metalwork is 5% of direct costs
Performance bond is 2.5% of direct costs
Insurance is 1.5% of direct costs.

The total capital costs were then adjusted for inflation from 2001 dollars to July 2002 dollars using the ENR Construction Cost Index.
Exhibit 3-46 presents the total capital costs for various screen well depths and total screen widths. No distinction was made between
freshwater and brackish or saltwater environments. Figure 3-30 plots the data in Exhibit 3-46 and presents the best-fit cost equations.

The shape of these curves indicates a need for separate equations for structures with widths less than and greater than 10 feet. In

general, however, the Phase 111 compliance applications of this technology option included only new structures greater than 10 feet

wide.

Exhibit 3-46. Total Capital Costs for Adding New Larger Intake Screen Well Structure in Front of Existing Shoreline Intake

Well Depth 10 Ft 25 Ft 50 Ft 75 ft 100 Ft
Width (Ft)
2 $ 201480 | $ 562140|% 1176330|$ 1842570]9% 2581680
5 $ 333120 |$ 624600]$% 1290840|$% 1998720]9% 2,800,290
10 $ 916,080 | $1,957080 | $ 4361790 |$ 6922650 ] % 9,806,220
20 $ 1051410]$2175690|$ 4757370|$ 7484790 ] $ 10,545,330
30 $ 1270020 ]$2487990|% 5236230]|9$% 8130210 $11,378130
40 $ 1426170]$2727420|$ 5642220]|$% 8713170]$ 12138060
50 $ 1582320 |$2977.260|$ 6058620 |9% 9,306,540 | $ 12,908,400
60 $ 1748880 [$3227100]$ 6485430 |% 9899910 ] $ 13,689,150
70 $ 1925850 |$3487.350|$ 6922650 |$ 10,503,690 | $ 14,469,900
84 $ 2165280 [$3851,700]$ 7536840 | % 11,367,720 | $ 15583770
98 $ 2425530 |$4236870|$ 8161440 |9$ 12242160 | $ 16,718,460
112 $ 2696190 |$4622040|$ 8994240 |$ 13,127,010 | $ 17,863,560
126 $ 2977260 ] $5028030|$ 9462690 |9$ 14032680 | $ 19029480
140 $ 3,268,740 | $5444,430 | $ 10,139,340 | $ 14,948,760 | $ 20,205,810

O&M Costs

No separate O&M costs were derived for the structure itself since the majority of the O&M activities are covered in the O&M costs
for the traveling screens to be installed in the new structure.
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Construction Downtime

As described above, this scenario is modeled after an option described in a 316(b) Demonstration Study for the Salem Nuclear Plant
(PSE&G 2001). In that scenario which applies to a very large nuclear facility, the existing intake continues to operate during the
construction of the offshore intake structure inside the sheet pile cofferdam. Upon completion of the offshore structure and removal of
the cofferdam, the final phase on the construction requires the shut down of the generating units for the placement of the sheet pile end
walls. The feasibility study states that units 1 and 2 would be required to shut down for one month each. Based on this estimate and
the size of the Salem facility (average daily flow of over 2 million gpm), EPA has concluded that a total construction downtime
estimate in the range of 6 to 8 weeks is reasonable. EPA did not select a single downtime for all facilities installing an offshore
structure. Instead, EPA applied a six- to eight-week downtime duration based on variations in project size, using design flow as a
measure of size. EPA assumed a total downtime of six weeks for facilities with intake flow volumes of less than 400,000 gpm; seven
weeks for facilities with intake flow volumes greater than 400,000 gpm but less than 800,000 gpm; and eight weeks for facilities with
intake flow volumes greater than 800,000 gpm.

Application

The input value for the cost equation is the screen well depth and the total screen width (see section 1.1 for a discussion of the
methodology for determining the screen well depth). The width of the new larger screen well intake structure was based on the design
flow, and an assumed through-screen velocity of 1.0 feet per second and a percent open area of 50%. The 50 % open area value used
is consistent with the percent open area of a fine mesh screen. The same well depth and width values are used for estimating the costs
of new screen equipment for the new structure. New screen equipment consisted of fine mesh dual flow (double entry single exit)
traveling screens with fish handling and return system.
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3.0 EXISTING SUBMERGED OFFSHORE INTAKES - ADD VELOCITY CAPS

Velocity caps are applicable to submerged offshore intakes. Adding velocity caps to facilities with existing or new submerged
offshore intakes can provide appreciable impingement reduction. Therefore, this module may be most applicable when the compliance
option only requires impingement controls and the intake requires upgrading. However depending on site-specific conditions, velocity
caps could conceivably be used in conjunction with onshore screening systems tailored for entrainment reduction.

Research on velocity cap vendors identified only one vendor, which is located in Canada. (A possible reason for this scarcity in
vendors is that many velocity caps are designed and fabricated on a site-specific basis, often called “intake cribs”.) This vendor
manufactures a velocity cap called the “Invisihead,” and was contacted for cost information (Elarbash 2002a and 2002b). The
Invisihead is designed with a final entrance velocity of 0.3 feet per second and has a curved cross-section that gradually increases the
velocity as water is drawn farther into the head. The manufacturer states the gradual increase in velocity though the velocity cap
minimizes entrainment of sediment and suspended matter and minimizes inlet pressure losses (EImosa 2002). All costs presented
below are in July 2002 dollars.

3.1 Capital Costs

The vendor provided information for estimating retrofit costs for velocity caps manufactured both from carbon steel and from stainless
steel. Stainless steel construction is recommended for saltwater conditions to minimize corrosion. Carbon steel is recommended for
freshwater systems. Due to the rather large opening, Invisihead performance is not affected by the attachment of Zebra mussels, so no
special materials of construction are required where Zebra mussels are present.

Installation costs include the cost for a support vessel and divers to cut, weld and/or bolt the fitting flange for the velocity cap; make
any needed minor reinforcements of the existing intake; and install the cap itself. Installation was said to take between two and seven
days, depending on the size and number of heads in addition to the retrofit steps listed above. Costs also include mobilization and
demobilization of the installation personnel, barge, and crane. The vendor indicated these costs included engineering and contractor
overhead and profit, but did not provide break-outs or percentages for these cost components. EPA has concluded that the installation
costs for adding a velocity cap on a new intake (relocated offshore) and on an existing offshore intake should be similar because most
of the costs involve similar personnel and equipment. (See the “Application” section below for a discussion of new/existing
submerged offshore intake cost components.)

Exhibit 3-47 presents the component (material, installation, and mobilization/demobilization) and total capital costs for stainless steel
and carbon steel velocity caps provided by the vendor (Elarbash 2002a and 2002b). Data are presented for flows ranging from 5,000
gpm to 350,000 gpm. Figure 3-31 presents a plot of these data. The upper end of this flow range covers existing submerged pipes up
to 15 feet in diameter at pipe velocities of approximately 5 feet per second. Second-order polynomial equations provided the best fit to
the data and were used to produce cost curves. These cost curves serve as the basis for estimating capital costs for installing velocity
caps on existing or new intakes submerged offshore at Phase 11 facilities. When applying these cost curves, if the intake flow exceeds
350,000 gpm plus 10% (385,000 gpm), the flow is divided into equal increments and these lower flows costed. The costs for these
individual incremental flows are summed to estimate total capital cost. In these cases, costs are assumed to be applied to multiple
intake pipes. If the intake flow is less than 5,000 gpm, the capital cost for 5,000 gpm will be used rather than extrapolating beyond the
bottom end of the cost curve.

3.2 O&M Costs

For velocity caps, O&M costs generally include routine inspection and cleaning of the intake head. As noted above, biofouling does
not affect velocity cap performance, so rigorous cleaning is not necessary. The vendor stated that their equipment is relatively
maintenance free. However, O&M costs based on an annual inspection and cleaning of offshore intakes by divers were cited by
facilities with existing offshore intakes, including some with velocity caps and especially those with bar racks at the intake. Therefore,
estimated O&M costs are presented for an annual inspection and cleaning by divers because EPA believes this is common practice for
submerged offshore intakes of all types.

Exhibit 3-48 presents the component and total O&M costs for the diver inspection and cleaning, for one to four days (Paroby 1999).
In general, O&M costs are based on less than one day per head for inspection and cleaning of smaller intake heads and one day per
head for the largest intake head. There is a minimum of one day for each inspection event. Inspection and cleaning events are
assumed to occur once per year. Figure 3-32 presents the plot of the O&M costs by flow. A second-order polynomial equation
provided the best fit to this data and serves as the basis for estimating the O&M costs.
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Figure 3-32 also shows data for two facilities that reported actual O&M costs based on diver inspection and cleaning of submerged
offshore intakes. While these two facilities use different intake technologies (passive screens for the smaller flow and bar rack type
intakes for the larger flow), the inspection and cleaning effort should be similar for all three types of intakes. For both facilities, the
actual reported O&M costs were less than the costs estimated using the cost curves, indicating that the estimated O&M costs should be
considered as high-side estimates.

3.3 Application
As Retrofit of Existing Offshore Intake

Adding velocity caps to facilities with existing offshore intakes will provide impingement reduction only. For facilities withdrawing
from saltwater/brackish waters (ocean and estuarine/tidal rivers), the capital cost curve for stainless steel caps will be applied. For the
remaining facilities withdrawing freshwater (freshwater rivers/streams, reservoirs/lakes, Great Lakes), the capital cost curve for carbon
steel caps will be applied. The same O&M cost curve will be used for both freshwater and saltwater systems. It is assumed that the
existing intake is in a location that will provide sufficient clearance and is away from damaging wave action.

As Component of Relocating Existing Shoreline Intake to Submerged Offshore

These same velocity cap retrofit costs can be incorporated into retrofits where an existing shoreline intake is relocated to submerged
offshore. In this application, some of the same equipment and personnel used in velocity cap installation may also be used to install
other intake components, such as the pipe. Therefore, the mobilization/demobilization component could be reduced if these tasks are
determined to occur close together in time. However, a high-side costing approach would be to cost each step separately, using the
same velocity cap costs for both new and existing offshore intake pipes. In this case, the installation costs for velocity caps at existing
offshore intakes (which include costs for cutting, and welding and/or bolting the velocity cap in place) are assumed to also cover costs
of installing connection flanges at new offshore intakes. Costs for other components of relocating existing shoreline intakes to
submerged offshore are developed as a separate cost module associated with passive screens. The compliance cost estimates did not
include this scenario.
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4.0 FISH BARRIER NETS

Fish barrier net can be used where improvements to impingement performance is needed. Because barrier nets can be installed
independently of intake structures, there is no need to include any costs for modifications to the existing intake or technology
employed. Costs are assumed to be the same for both new and existing facilities. Barrier nets can be installed while the facility is
operating. Thus, there is no need to coordinate barrier net installation with generating unit downtime.

Fish Barrier Net Questionnaire

EPA identified seven facilities from its database that employed fish barrier nets and sent them a brief questionnaire requesting barrier
net design and cost data (EPA 2002). The following four facilities received but did not submit a response:

Bethlehem Steel - Sparrows Point

Consumers Energy Co. - J.R. Whiting Plant

Exelon Corp. (formerly Commonwealth Edison) - LaSalle County Station
Southern Energy - Bowline Generating Station

The following three facilities submitted completed questionnaires:

Entergy Arkansas, Inc. - Arkansas Nuclear One
Potomac Electric Power Co. - Chalk Point
Minnesota Power - Laskin Energy Center

Net Velocity

An important design criterion for determining the size of fish barrier nets is the velocity of the water as it passes through the net. Net
velocity (which is similar to the approach velocity for a traveling screen) determines how quickly debris will collect on the nets. Net
velocity also determines the force exerted on the net, especially if it becomes clogged with debris. For facilities that supplied technical
data, Exhibit 3-49 presents the design intake flow (estimated by EPA) and facility data reported in the Barrier Net Questionnaire.
These data include net size, average daily intake flow, and calculated net velocities based on average and design flows. Note that the
Chalk Point net specifications used for purchasing the net, indicated a net width of 27 ft (Langley 2002) while the Net Questionnaire
reported a net width of 30 ft. A net width of 27 ft was used for estimating net velocities and unit net costs. The two larger facilities
have similar design net velocity values that, based on design flow, is equal to 0.06 feet per second. This values are roughly an order of
magnitude lower than compliance velocities used for rigid screens in the Phase | Rule as well as design velocities recommended for
passive screens. There are two reasons for this difference. One difference is rigid screens can withstand greater pressure differentials
because they are firmly held in place. The second is rigid screens can afford to collect debris at a more rapid rate because they have an
active means for removing debris collected on the surface.

Based on the data presented in Exhibit 3-49, EPA has selected a net velocity of 0.06 feet per second (using the design flow) as the
basis for developing compliance costs for fish barrier nets. Nets tested at a high velocity (> 1.3 feet per second) at a power plant in
Monroe Michigan clogged and collapsed. Velocities higher than 0.06 feet per second may be acceptable at locations where the debris
loading is low or where additional measures are taken to remove debris. While tidal locations can have significant water velocities,
the periodic reversal of flow direction can help dislodge some of the debris that collects on the nets. The technology scenario
described below, for tidal waterbodies, is designed to accommaodate significant debris loading through the use of dual nets and
frequent replacement with cleaned nets.

Exhibit 3-49. Net Velocity Data Derived from Barrier Net Questionnaire Data

Net Velocity | Average | Net Velocity
EPA Design | at Design Daily at Daily
Facility Owner |Facility Name Depth* | Length* Area Flow Flow Flow* Flow
Ft Ft sq ft gpm fps gpm fps
PEPCO Chalk Point 27 1000 27,000 762,500 0.06 500,000 0.04
Entergy Arkansas Nuclear One 20 1500 30,000 805,600 0.06 593,750 0.04
Minn. Power Laskin Energy Center 16 600 9,600 101,900 0.02 94,250 0.02

* Source: 2002 EPA Fish Barrier Net Questionnaire and Langley 2002
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Mesh Size

Mesh size determines the fish species and juvenile stages that will be excluded by the net. While smaller mesh size has the ability to
exclude more organisms, it will plug more quickly with debris. The Chalk Point facility tried to use 0.5-inch stretch mesh netting and
found that too much debris collected on the netting; it instead uses 0.75 inch stretch (0.375 inch mesh) netting (Langley 2002). Unlike
rigid screens, fish nets are much more susceptible to lateral forces which can collapse the net.

Mesh size is specified in one of two ways, either as a “bar” or “stretch” dimension. A “stretch” measurement refers to the distance
between two opposing knots in the net openings when they are stretched apart. Thus, assuming a diamond shaped netting, when the
netting is relaxed the distance between two opposing sides of an opening will be roughly % the stretch diameter. A “bar” measurement
is the length of one of the four sides of the net opening and would be roughly equal to % the stretch measurement. The term “mesh
size” as used in this document refers to either ¥ the “stretch” measurement or is equal to the “bar” measurement

Exhibit 3-50 presents reported mesh sizes from several power plant facilities that either now or in the past employed fish barrier nets.
An evaluation report of the use of barrier fish nets at the Bowline Plant in New York cited that 0.374 inch mesh was more effective
than 0.5 inch mesh at reducing the number of fish entering the plant intake (Hutcheson 1988). Both fish barrier net cost scenarios
described below are based on nets with a mesh size of 0.375 in. (9.5 mm) and corresponds to the median mesh size of those identified
by EPA.

Exhibit 3-50. Available Barrier Net Mesh Size Data

Type of

Measurement

Facility Description Reported Mesh Size| and Source | Effective Mesh Size
Inch mm Inch mm

Chalk Point Inner Net 0.75 19| Stretch (1) 0.375 9.5
Outer Net 1.25 32| Stretch (1) 0.625 15.9
Entergy Arkansas |Low 0.375 10{Mesh (Bar) (1) 0.375 9.5
Nuclear One High (preferred) 0.5 13|Mesh (Bar) (1) 0.5 12.7
Laskin Energy 0.25 6.4|Mesh (Bar) (1) 0.25 6.4
Bowline Point__[More Effective Size 0.374 9.5[Bar (3) 0.374 9.5
J.P. Pulliam 0.25 6.4|Stretch (2) 0.126 3.2
Median 0.374 9.5

(1): 2002 EPA Fish Barrier Survey
(2):ASCE 1982
(3): Hutcheson 1988

Twine

Twine size mostly determines the strength and weight of the fish netting. Only the Chalk Point facility reported twine size data (#252)
knotless nylon netting. Netting #252 is a 75-Ib test braided nylon twine in which the twine joints are braided together rather than
knotted (Murelle 2002). The netting used at the Bowline Power Plant was cited as multi-filament knotted nylon, chosen because of its
low cost and high strength (Hutcheson 1988).

Support/Anchoring System

In general, two different types of support and anchoring systems have been identified by EPA. In the simplest system the nets are held
in-place and the bottom is sealed with weights running the length of the bottom usually consisting of a chain or a lead line. The
weights may be supplemented with anchors placed at intervals. Vendors indicated the requirement for anchors varies depending on
the application and waterbody conditions. The nets are anchored along the shore and generally placed in a semi-circle or arc in front
of the intake. The Bowline Facility net used a v-shape configuration with an anchor and buoy at the apex and additional anchors
placed midway along the 91 meter length sides. In some applications anchors may not be needed at all. If the nets are moved by
current or waves, they can be set back into the proper position using a boat. The nets are supported along the surface with buoys and
floats. The buoys may support signs warning boaters of the presence of the net. The required spacing and size of the anchors and
buoys is somewhat dependent on the size of the net and lateral water velocities. The majority of facilities investigated used this
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float/anchor method of installation. This net support configuration, using weights, anchors, floats, and buoys, is the basis for
compliance scenario A.

A second method is to support nets between evenly spaced pilings. This method is more appropriate for water bodies with currents.
The Chalk Point Power Plant uses this method in a tidal river. The Chalk Point facility uses two concentric nets. Each has a separate
set of support pilings with a spacing between pilings of about 18 feet to 20 feet (Langley 2002). Nets are hung on the outside of the
pilings with spikes and are weighted on the bottom with galvanized chain. During the winter top of the net is suspended below the
water surface to avoid ice damage but generally thick ice does not persist during the winter months at the facility location.

Debris

Debris problems generally come in two forms. In one case large floating debris can get caught in the netting near the surface and
result in tearing of the netting. In the other cases, floating and submerged debris can plug the openings in the net. This increases the
hydraulic gradient across the net, resulting in net being pulled in the downstream direction. The force can become so great that it can
collapse the net, and water flows over the top and/or beneath the bottom. If the net is held in place by only anchors and weights it may
be moved out of place. At the Chalk Point facility, debris that catches on the nets mostly comes in the form of jellyfish and colonial
hydroids (Langley 2002).

Several solutions are described for mitigating problems created by debris. At the Chalk Point Power Plant two concentric nets are
deployed. The outer net has a larger mesh opening designed to capture and deflect larger debris so it does not encounter the inner net,
which catches smaller debris. This configuration reduces the debris buildup on any one net extending the time period before net
cleaning is required. Growth of algae and colonization with other organisms (biofouling) can also increase the drag force on the nets.
Periodic removal and storage out of the water can solve this problem. At Chalk Point both nets are changed out with cleaned nets on a
periodic basis. This approach is considered to be appropriate for high debris locations.

Another solution is to periodically lift the netting and manually remove debris. A solution for floating debris is to place a debris boom
in front of the net (Hutcheson 1988).

Ice

During the wintertime ice can create problems in that the net can become embedded in surface ice with the net subject to tear forces
when the ice breaks up or begins to move. Flowing ice can create similar problems as floating debris. Ice will also affect the ability to
perform net maintenance such as debris removal. Solutions include:

*  Removing the nets during winter

»  Drop the upper end of the net to a submerged location; can only be used with fixed support, such as pilings and in locations where
thick ice is uncommon

« Installing an air bubbler below the surface. Does not solve problems with flowing ice.

Net Deployment

EPA assumes that barrier nets will be used to augment performance of the existing shore-based intake technology such as traveling
screens. The float/anchor supported nets are assumed to be deployed on a seasonal basis to reduce impingement of fish present during
seasonal migration. The Arkansas Energy Arkansas Nuclear One Plant deploys their net for about 120 days during winter months.
The Minnesota Power Laskin Energy Center, which is located on a lake, deploys the net when ice has broken up in spring and removes
the net in the fall before ice forms. Thus, the actual deployment period will vary depending on presence of ice and seasonal migration
of fish. For the compliance scenario that relies upon float/anchor supported nets, a total deployment period of eight months (240 day)
is assumed. This is equal to or greater than most of the deployment periods observed by EPA.

EPA notes that the Chalk Point facility currently uses year round deployment and avoids problems with ice in the winter time by
lowering the net top to a location below the surface. Prior to devising this approach, nets were remove during the winter months. This
option is available because the nets are supported on pilings. Thus, the surface support rope (with floats removed) can be stretched
between the pilings several feet below the surface. Therefore, a scenario where nets are supported by pilings may include year round
deployment as was the case for the Chalk Point Power Plant. However, in northern climates the sustained presence of thick ice during
the winter may prevent net removal and cleaning and therefore, it may still be necessary to remove the nets during this period.
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4.1 Capital Cost Development
Compliance costs are developed for the two different net scenarios.
Scenario A Installation at Freshwater Lake Using Anchors and Buoys/Floats

This scenario is intended for application in freshwater waterbodies where low water velocities and low debris levels occur such as
lakes and reservoirs. This scenario is modeled on the barrier net data from the Entergy Arkansas Nuclear One facility but has been
modified to double the annual deployment period from 120 days to 240 days. Along with doubling the deployment period, the labor
costs were increased to include an additional net removal and replacement step midpoint through this period. To facilitate the mid
season net replacement, the initial net capital costs will include purchase of a replacement net.

Scenario B Installation Using Pilings.

This scenario is modeled after the system used at Chalk Point. In this case two nets are deployed in concentric semi-circles with the
inner net having a smaller mesh (0.375 in) and the outer net having a larger mesh. Deployment is assumed to be year round. A marine
contractor performs all O&M, which mostly involves periodically removing and the replacing both nets with nets they have cleaned.
The initial capital net costs will include purchase of a set of replacement nets. This scenario is intended for application in waterbodies
with low or varying currents such as tidal rivers and estuaries. Two different O&M cost estimates are developed for this scenario. In
one the deployment is assumed to be year round as is the case at Chalk Point. In the second, the net is deployed for only 240 days
being taken out during the winter months. This would apply to facilities northern regions where ice formation would make net
maintenance difficult.

Net Costs

The capital costs for each scenario includes two components, the net and the support. The net portion includes a rope and floats
spaced along the top and weights along the bottom consisting of either a “leadline”or chain. If similar netting specifications are used
the cost of the netting is generally proportional to the size of the netting and can be expressed in a unitized manner such as “dollars/sq
ft.” Exhibit 3-51 presents the reported net costs and calculated unit costs. While different water depths will change the general ratio
of net area to length of rope/floats and bottom weights, the differences in depth also result in different float and weight requirements.
For example, a shallower net will require more length of surface rope and floats and weights per unit net area but a shallower depth net
will also exert less force and require smaller floats and weights.

EPA is using the cost of nets in the average depth range of 20 to 30 feet as the basis for costing. This approach is consistent with the
median Phase 11 facility shoreline intake depth of 18 feet and median “average bay depth” of 20 feet. While nets are deployed
offshore in water deeper than a shoreline intake, costs are for average depths, which include the shallow sections at the ends, and net
placement can be configured to minimize depth. To see how shallower depths may affect unit costs, the costs for a shallower 10-foot
net with specifications similar to the Chalk Point net (depth of 27 feet) were obtained from the facility’s net supplier. As shown in
Exhibit 3-51, the unit cost per square foot for the shallower net was less than the deeper net. Therefore, EPA has concluded that the
use of shallower nets does not increase unit costs and has chosen to apply the unit costs, based on the 20-foot and 30-foot depth nets,
to shallower depths.

Exhibit 3-51 presents costs obtained for the net portion only from the facilities that completed the Barrier Net Questionnaire. These
costs have been increased by 12% over what was reported to include shipping costs. This 12% value was obtained from the Chalk
Point net supplier who confirmed that the costs reported by Chalk Point did not include shipping. (Murelle 2002) The unit net costs
range from $0.17/sq ft to $0.78/sq ft. Consultation with net vendors indicates that the barrier net specifications vary considerably and
that there is no standard approach. Although no net specification data (besides mesh size) was submitted with the Laskin Energy
Center data, EPA has concluded that the data for this net probably represents lower strength netting which would be suitable for
applications where the netting is not exposed to significant forces. Because the compliance cost scenarios will be applied to facilities
with a variety net strength requirements, EPA has chosen to use the higher net costs that correspond to higher net strength
requirements. As such, EPA has chosen to use the cost data for the Chalk Point and Arkansas Nuclear One facilities as the basis for
each scenario.
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Exhibit 3-51 Net Size and Cost Data

Facility Depth Length Area Component Cost/net |Cost/sq ft
ft ft sq ft

Chalk Point 27 300 8,100 | Replacement Net 0.675 in.*| $4,640 $0.57
27 300 8,100 | Replacement Net 0.375in.*| $4,410 $0.54

Chalk Point (equivalenf 10 300 3,000 Replacement Net* $1,510 $0.50

Entergy Arkansas 20 250 5,000 Replacement Net* $3,920 $0.78

Entergy Arkansas 20 1500 30,000 Net & Support Costs** $36,620 $1.22

Laskin Energy Center 16 600 9,600 Net Costs*** $1,600 $0.17

*Costs include floats and lead line or chain and are based on replacement costs plus 12% shipping.
** Costs include replacement net components plus anchors, buoys & cable plus 12% shipping
***Cost based on reported 1980 costs adjusted to 2002 dollars plus 12% for shipping.

Scenario A Net Costs

In this scenario the net and net support components are included in the unit costs. At the Arkansas Nuclear One facility unitized costs
for the net and anchors/buoys are $1.22/sq ft plus $0.78/sq ft for the replacement net, resulting in a total initial unit net costs of
$2.00/sq ft for both nets. Because the data in Exhibit 3-50 indicate that, if anything, unit costs for nets may decrease with shallower
depths, EPA concluded that this unit cost was representative of most of the deeper nets and may slightly overestimate the costs for
shallower nets.

Scenario A Net Installation costs

Installation costs for Arkansas Nuclear One (Scenario A) were reported as $30,000 (in 1999 dollars; $32,700 when adjusted for
inflation to 2002 dollars) for the 30,000 sq ft net. This included placement of anchors and cable including labor. In order to
extrapolate the installation costs for different net sizes, EPA has assumed that approximately 20% ($6,540) of this installation cost
represents fixed costs (e.g., mobilization/demobilization). The remainder ($26,160) divided by the net area results in an installation
unit cost of $0.87/sq ft to be added to the fixed cost.

Scenario A Total Capital Costs
Exhibit 3-52 presents the component and total capital costs for Scenario A. Indirect costs are added for engineering (10%) and
contingency/allowance (10%). Contractor labor and overhead are already included in the component costs. Because most of the

operation occurs offshore no cost for sitework are included.

Exhibit 3-52. Capital Costs for Scenario A Fish Barrier Net With Anchors/Buoys as Support Structure

Flow (gpm) 2,000 10,000 50,000 100,000] 250,000 500,000] 750,000] 1,000,000] 1,250,000
Net Area (sq ft) 74 371 1857 3,714 9,284 18,568 27,852 37,136 46,420
Net Costs $149 $744 $3,722 $7,445] $18,611 $37,223|  $55,834| $74,445| $93,057
Installation Costs Fixed $6,540 $6,540 $6,540 $6,540 $6,540 $6,540 $6,540 $6,540 $6,540
Installation Costs Variable $65 $324 $1,619 $3,238 $8,096 $16,191| $24.287| $32,383] $40,478
Total Direct Capital Costs $6,754 $7.608] $11.881 $17,223] $33,247 $59.954| $86.661| $113,368| $140,075
Indirect Costs $1,351 $1,522 $2,376 $3,445 $6,649 $11,991| $17,332] $22,674] $28,015
Total Capital Costs $8,104 $9,130]  $14,258 $20,667| $39,896 $71,945| $103,993| $136,042| $168,090

Scenario B Net Costs

In this scenario the net costs are computed separately from the net support (pilings) costs. In this scenario there are two separate nets
and an extra set of replacement nets for each. This, the unit costs for the nets will be two times the sum of the units net costs for each
of the large and small mesh nets. As shown in Exhibit 3-52, the unit costs for each net was $0.57/sq ft and $0.54/sq ft resulting in a
total cost for all four nets of $2.24/sq ft for the area of a single net.
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Scenario B Installation Costs
Installation costs were not provided for the Chalk Point facility. Initial net installation is assumed to be performed by the O&M
contractor and is assumed to be a fixed cost regardless of net size. EPA assumed the initial installation costs to be two-thirds of the
contractor, single net replacement job cost of $1,400 or $933 (See O&M Costs - Scenario B).
Scenario B Piling Costs
The cost for the pilings at the Chalk Point facility were not provided. The piling costs for scenario B is based primarily on the
estimated cost for installing two concentric set of treated wooden pilings with a spacing of 20 ft between pilings. To see how water
depth affects piling costs, separate costs were developed at water depths of 10 feet, 20 feet, and 30 feet. Piling costs are based on the
following assumptions:

»  Costs for pilings is based on a unit cost of $28.50/ ft of piling (RS Means, 2001)

»  Piling installation mobilization costs are equal to $2,325 based on a mobilization rate of $46.50/mile for barge mounted
pile driving equipment (RS Means 2001) and an assumed distance of 50 miles

»  Each pile length includes the water depth plus a 6-foot extension above the water surface plus a penetration depth (at
two-thirds the water depth); the calculated length was rounded up to the next even whole number

»  The two concentric nets are nearly equal in length with one pile for every 20 feet in length and one extra pile to anchor
the end of each net.

Exhibit 3-53 presents the individual pile costs and intake flow for each net section between two pilings (at 0.06 feet per second).

Exhibit 3-53. Pile Costs and Net Section Flow

Fixed
Flow Per Cost
Water |[Total Pile] Cost Per | 20 ft Net | Mobilizati
Depth Length Pile Section on
Ft Ft apm
10 24 684 5385.6 2325
20 40 1140| 10771.2 2325
30 56 1596] 16156.8 2325

Exhibits 3-54, 3-55, and 3-56 present the total capital costs and cost components for the installed nets and pilings. Indirect costs are

added for engineering (10%) and contingency/allowance (10%). Contractor labor and overhead are already included in the component
costs. Because most of the operation occurs offshore no cost for sitework are included. The costs were derived for nets with multiple
20 ft sections. Because the net costs are derived such that the cost equations are linear with respect to flow, the maximum number of
sections shown are selected so they cover a similar flow range. Values that exceed this range can use the same cost equation.
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Exhibit 3-54. Capital Costs for Fish Barrier Net With Piling Support Structure for 10 Ft Deep Nets

Number of 20 ft Sections 2 4 8 12 25 50 75 100 200
Total Number of Pilings 6 10 18 26 52 102 152 202 402
Single Net Length (ft) 40 80 160 240 500 1000 1500 2000 4000
Net Area (sq ft) 400 800 1,600 2,400 5,000 10,000/ 15000] 20,000 40,000
Flow (apm) 10771] 21542| 43,085 64,627| 134,640] 269280 403,920| 538,560| 1,077,120
Total Piling Cost $6,429]  $9,165| $14,637]  $20,109| $37,893|  $72,093| $106,293| $140,493| $277,293
Net Costs $1,380] $1.827| $2,721 $3614| $6,5519] $12106| $17,692| $23.279| $45.624
Total Direct Costs $7.809] $10,992| $17,358| $23723| $44.412] $84,199| $123,985| $163,772| $322,917
Indirect Costs $1,562|  $2,198|  $3,472 $4,745| $8,882|  $16,840| $24,797| $32,754| $64,583
Total Cabital Costs $9,371] $13,190] $20,829]  $28468| $53,295| $101,039| $148,782| $196,526| $387,501
Exhibit 3-55 Capital Costs for Fish Barrier Net With Piling Support Structure for 20 Ft Deep Nets
Number of 20 ft Sections 2 4 8 12 25 50 75 100
Total Number of Pilinas 6 10 18 26 52 102 152 202
Single Net Length (ft) 40 80 160 240 500 1000 1500 2000,
Net Area (sq ft) 800 1600 3200 4800 10000 20000 30000 40000
Flow (gpm) 21,542 43,085 86,170 129,254| 269,280 538,560| 807,840] 1,077,120
Total Piling Cost $9,165| $13,725] $22.845 $31,965| $61,605] $118,605] $175,605] $232,605
Net Costs $1.827 $2,721 $4.508 $6,296] $12.106 $23.279| $34,452| $45,624
Total Direct Costs $10,992] $16,446] $27.353 $38.261] $73,711] $141.884| $210,057| $278,229
Indirect Costs $2,198 $3,289 $5,471 $7,652] $14,742 $28,377] $42,011| $55,646
Total Capital Costs $13,190] $19,735] $32,824 $45,913| $88,453] $170,260] $252,068] $333,875)
Exhibit 3-56. Capital Costs for Fish Barrier Net With Piling Support Structure for 30 Ft Deep Nets
Number of 20 ft Sections 2 4 8 12 25 50 75
Total Number of Pilings 6 10 18 26 52 102 152
Single Net Length (ft) 40 80 160 240 500 1000 1500
Net Area (sqg ft) 1,200 2,400 4,800 7,200 15,000 30,000 45,000
Flow (apm) 32,314 64,627| 129,254 193,882 403,920 807,840] 1,211,760
Total Piling Cost $9,576] $15960] $28,728 $41,496| $82,992| $162,792| $242,592
Net Costs $2,274 $3,614 $6,296 $8.977| $17,692 $34,452] $51,211
Total Direct Costs $11.850] $19,574] $35,024 $50,473| $100,684| $197,244| $293,803
Indirect Costs $2,370 $3,915 $7,005 $10,095( $20,137 $39,449( $58,761
Total Capital Costs $14,220] $23,489( $42,029 $60,568| $120,821| $236,692| $352,563

Figure 3-33 presents the total capital costs for scenarios A and B from Exhibits 3-52 through 3-56, plotted against design flow. Figure
3-33 also presents the best-fit linear equations used top estimate compliance costs. EPA notes that pilings for shallower depths costed
out more, due to the need for many more pilings. Scenario B costs for 10-foot deep nets will be applied wherever the intake depth is
less than 12 ft. For scenario B applications in water much deeper than 12 feet, EPA will use the cost equation for 20-foot deep nets.

4.2 O&M Costs Development

Scenario A O&M Costs - Float/Anchor Supported Nets

Barrier net O&M costs generally include costs for replacement netting, labor for net inspection, repair, and cleaning, and labor for net
placement and removal. The Arkansas Nuclear One facility supplied data that estimate all three components for its 1500 ft long by 20
ft deep net located on a reservoir. Net deployment, however, was for only a 120-day period. This net is installed in November and
removed in March (in-place for 120 days total). Each year two 250-foot sections of the net (one-third of the total) are replaced due to
normal wear and tear.
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EPA assumes the labor rate is similar to the estimate for traveling screen maintenance labor ($41.10/hr). The reported Arkansas
Nuclear One O&M labor requirements includes 3 hrs per day during the time the net is deployed for inspection & cleaning by
personnel on a boat (calculated at $14,800). This involves lifting and partially cleaning the nets on a periodic basis. Labor to deploy
and remove the net was reported at 240 hrs (calculated at $9,860). Two sections of the six total net sections were replaced annually at
a cost of $7,830 total (including shipping). Total annual O&M costs are calculated to be $32,500.

Because other facilities on lakes reported longer deployment periods (generally when ice is not present), EPA chose to adjust O&M
costs to account for longer deployment. EPA chose to base O&M costs for scenario A on a deployment period of 240 days
(approximately double the Arkansas Nuclear One facility deployment period). EPA also added costs for an additional net removal and
deployment step using the second replacement net midway through the annual deployment period. The result is a calculated annual
O&M cost of $57,200.

Scenario B O&M Costs - Piling Supported Nets

Nearly all of the O&M labor for Chalk Point facility is performed by a marine contractor who charges $1,400 per job to
simultaneously remove the existing net and replace it with a cleaned net. This is done with two boats where one boat removes the
existing net followed quickly by the second that places the cleaned net keeping the open area between nets minimized. The
contractors fee includes cleaning the removed nets between jobs. This net replacement is performed about 52 to 54 times per years. It
is performed about twice per week during the summer and once every two weeks during the winter. The facility relies upon the
contractor to monitor the net. Approximately one third of the nets are replaced each year, resulting in a net replacement cost of
$9,050.

Using an average of 53 contractor jobs per year and a net replacement cost of $9,050 the resulting annual O&M cost was $83,250.
EPA notes that some facilities that employ scenario B technology may choose to remove the nets during the winter. As such, EPA has
also estimated the scenario B O&M costs based on a deployment period of approximately 240 days by reducing the estimated number
of contractor jobs from 53 to 43 (deducting 10 jobs using the winter frequency of roughly 1 job every 2 weeks). The resulting O&M
costs are shown in Exhibits 3-56 and 3-57.

EPA notes that other O&M costs reported in literature are often less than what is shown in Exhibit 3-56. For example, 1985 O&M
cost estimates for the JP Pulliam plant ($7,500/year, adjusted to 2002 dollars) calculate to $11,800 for a design flow roughly half that
of Arkansas Entergy. This suggests the scenario A and B estimates represent the high end of the range of barrier net O&M costs.
Other O&M estimates, however, do not indicate the cost components that are included and may not represent all cost components.

In order to extrapolate costs for other flow rates, EPA has assumed that roughly 20% of the Scenario A and B O&M costs represent
fixed costs. Exhibit 3-57 presents the fixed and unit costs based on this assumption for both scenarios.

Exhibit 3-57. Cost Basis for O&M Costs

Unit
Net Model Variable
Deploym|Replaceme| O&M Facility Fixed | Variable Oo&M
ent nt Labor o&M Cost Costs Costs
Days $/sq ft

Scenario A 240 $7.830 $49,320 | $57,150 | $11.430 | $45,720 $1.52
Scenario B 365 $9,050 $74,200 | $83,250 | $16,650 | $66,600 $2.47
Scenario B 240 $9,050 $60,200 | $69,250 | $13,850 [ $55,400 $2.05

Note that Unit Variable O&M Costs are based on a total net area of 30,000 sq ft (Entergy Arkansas) for scenario A and 27,000 sq ft for
scenario B (Chalk Point).

Exhibit 3-58 presents the calculated O&M costs based on the cost factors in Exhibit 3-57 and Figure 3-34 presents the plotted O&M
costs and the linear equations fitted to the cost estimates.
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Exhibit 3-58. Annual O&M Cost Estimates

Flow (apm) 2,000 10,000 50,000 100,000] 250,000 500,000 750,000] 1,000,000 1,250,000
Net Area (sg ft) 74 371 1,857 3,714 9,284 18,568 27,852 37,136 46,420
Scenario A |240 days $11543| $11,996] $14,260[ $17,090] $25,579 $39,728 $53,877 $68,025| $82,174
Scenario B_[365 days $16,833| $17,566] $21,230[ $25,810[ $39,551 $62,451 $85,352| $108,252| $131,153
Scenario B [240 days $14,002| $14,612] $17,660[ $21,470] $32,899 $51,949 $70,998 $90,048] $109,097,

4.3 Nuclear Facilities

Even though the scenario A costs are modeled after the barriers nets installed at a nuclear facility, the higher unit net costs cited by the
Arkansas Nuclear One facility include components that are not included with the non-nuclear Chalk Point nets and thus the differences
may be attributed to equipment differences and not differences between nuclear and non-nuclear facilities. In addition, the labor rates
used for scenario A and B O&M were for non-nuclear facilities. Because the function of barrier nets is purely for environmental
benefit, and not critical to the continued function of the cooling system (as would be technologies such as traveling screens). EPA
does not believe that a much more rigorous design is warranted at nuclear facilities. However, higher labor rates plus greater
paperwork and security requirements at nuclear facilities should result in higher costs. As such, EPA has concluded that the capital
costs for nuclear facilities should be increased by a factor of 1.58 (lower end of range cited in passive screen section). Because O&M
costs rely heavily on labor costs, EPA has concluded that the O&M costs should be increased by a factor of 1.24 (based on nuclear vs
non-nuclear operator labor costs).

4.4 Application

Fish barrier net technology will augment, but not replace, the function of any existing technology. Therefore, the calculated net O&M
costs will include the O&M costs described here without any deductions for reduction in existing technology O&M costs. Fish barrier
nets may not be applicable in locations where they would interfere with navigation channels or boat traffic.

Fish barrier nets require low waterbody currents in order to avoid becoming plugged with debris that could collapse the net. Such
conditions can be found in most lakes and reservoirs, as well as some tidal waterbodies such as tidal rivers and estuaries. Placing
barrier nets in a location with sustained lateral currents in one direction may cause problems because the section of net facing the
current will continually collect debris at higher rate than the remainder of the net. In this case, net maintenance cleaning efforts must
be able to keep up with debris accumulation. As such, barrier nets are suitable for intake locations that are sheltered from currents,
e.g., locations within an embayment, bay, or cove. On freshwater rivers and streams only those facilities within an embayment, bay,
or cove will be considered as candidates for barrier nets. The sheltered area needs to be large enough for the net sizes described
above. The fish barrier net designs considered here would not be suitable for waterbodies with the strong wave action typically found
in ocean environments.

Scenario A is most suitable for lakes and reservoirs where water currents are low or almost nonexistent. Scenario B is more suitable
for tidal waterbodies and any other location where higher quantities of debris and light or fluctuating currents may be encountered. In
northern regions where formation of thick ice in winter would prevent access to the nets, and scenario B may be applied, the scenario
B O&M costs for a 240-day deployment should be used. However, because this scenario results in reduced costs, EPA has chose to
apply the scenario B 365 days deployment for all facilities in suitable waterbodies.

EPA notes that nets with net velocities higher than 0.07 feet per second have been successfully employed (EPRI 1985). While such
nets will be smaller than those described here, they will accumulate debris at a faster rate. Because the majority of the O&M costs are
related to cleaning nets, EPA expects the increase in frequency of cleaning smaller nets will be offset by the smaller net size such that
the smaller nets should require similar costs to maintain.

Facilities with Canals

Most facilities with canals have in-canal velocities of between 0.5 and 1 feet per second based on average flow. These velocities are
an order of magnitude greater than the design net velocity used here. If nets with mesh sizes in the range considered here were placed
within the canals they will likely experience problems with debris. Therefore, if barrier nets are used at facilities with canals, the net
would need to be placed in the waterbody just outside the canal entrance.
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5.0 AQUATIC FILTER BARRIERS

Filter Barrier

Agquatic filter barrier systems are barriers that employ a filter fabric designed to allow passage of water into a cooling water intake
structure, while excluding aquatic organisms. One company, Gunderboom, Inc., has a patented system, the Marine/Aquatic Life
Exclusion System (MLES)™ that can be deployed as a full-water-depth filter curtain suspended from floating booms extending out in
the waterway or supported on a fixed structure as described below. The filter fabric material is constructed of matted unwoven
synthetic fibers.

Pore Size and Surface Loading Rate

Filter fabric materials with different pore sizes can be employed depending on performance requirements. In the MLES™ system two
layers of fabric are used. Because the material is a fabric and thus the openings are irregular, the measure of the mesh or pore size is
determined by an ASTM method that relies on a sieve analysis of the passage of tiny glass beads. The results of this analysis is
referred to as apparent opening size. The standard MLES ™ filter fabric material has an apparent opening size (AOS) of 0.15 mm.
(McCusker 2003b). Gunderboom can also provides filter fabric material that has been perforated to increase the apparent opening
size. Available perforation sizes range from 0.4 mm to 2.0 mm AQS. The “apparent opening size” is referred to as the “pore size” in
the discussion below. While smaller pore sizes can protect a greater variety of aquatic organisms, smaller the pore sizes also increase
the proportion of suspended solids collected and thus the rate at which it collects. In addition, smaller pore sizes tend to impede the
flow of water through the filter fabric which becomes even more pronounced as solids collect on the surface. This impedance of flow
results in an increase in the lateral forces acting on the AFB. The filter surface loading rate (gpm/ sq ft) or equivalent approach
velocity (feet per second) determines both the rate at which suspended particles collect on the filter fabric and the intensity of the
lateral forces pushing against the AFB. While the airburst system (see description below) is designed to help dislodge and removed
such suspended particles, there are practical limits regarding pore size and surface loading rate. For filter fabric of any given pore size,
decreasing the surface loading rate will reduce the rate of solids accumulation and the lateral forces acting upon the AFB. Thus, pore
size is an important design parameter in that it determines the types of organisms excluded as well as contributes to the selection of an
acceptable surface loading rate. The surface loading rate combined with the cooling water intake design flow determines the required
AFB surface area. This total filter fabric area requirement when combined with the local bathymetry determines the area that resides
within the AFB.

Since the AFB isolates and essentially restricts the function of a portion of the local ecosystem, anything that increases the AFB total
surface area will also increase the size of the isolated portion of the ecosystem. As such, there is an environmental trade off between
minimizing the pore size to protect small size organisms/lifestages versus minimizing the size of the area being isolated. Additionally,
requirements for large AFB surface areas may preclude its use where conflicts with other waterbody uses (e.g., navigation) or where
the waterbody size or configuration restricts the area that can be impacted. Vendors can employ portable test equipment or pilot scale
installations to test pore size selection and performance which can aid in the selection of the optimal pore size. Acceptable design
filter loading rates will vary with the pore size and the amount of sediment and debris present. An initial target loading rate of 3to 5
gpm/sq ft have been suggested (EPA 2001). This is equivalent to approach or net face velocities of 0.007 to 0.01 feet per second
which is nearly an order of magnitude lower than the 0.06 feet per second design velocity used by EPA for barrier nets. This
difference is consistent with the fact that barrier net use much greater mesh sizes. Use of larger AFB pore sizes can result in greater
net velocities. Since the cost estimates as presented here are based on design flow, differences in design filter loading rates will affect
the size of the AFB which directly affects the costs. The range between the high and low estimates in capital and O&M costs
presented below account at least in part for the differences associated with variations in pore size as well as other design variations that
result from differences in site conditions.

Floating Boom

For large volume intakes such as once-through systems, an AFB supported at the top by a floating boom that extends out into the
waterbody and anchored onshore at each end is the most likely design configuration to be employed because of the large surface area
required. In this design, a filter fabric curtain is supported by the floating boom at the top and is held against the bottom of the
waterbody by weights such as a heavy chain. The whole thing is held in place by cables attached to fixed anchor points placed at
regular intervals along the bottom. The Gunderboom MLES design employ a two layer filter fabric curtain that is divided vertically
into sections to allow for replacement of an individual sections when necessary. The estimated capital and O&M costs described
below are for an AFB using this floating boom-type construction.
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Fixed Support

The AFB vendor, Gunderboom Inc., also provides an AFB supported by rigid panels that can be placed across the opening of existing
intake structures. This technology is generally applicable to existing intakes where the intake design flow has been substantially
reduced such as where once-through systems are being converted to recirculating cooling towers. For other installations, Gunderboom
has developed what they refer to as a cartridge-type system which consists of rigid structures surrounded by filter fabric with filtered
water removed from the center (McCusker 2003). Costs for either of these rigid type of installation have not been provided.

Air Backwash

The Gunderboom MLES™ employs an automated air burst technology that periodically discharges air bubbles between the two layers
of fabric at the bottom of each MLES curtain panel. The air bubbles create turbulence and vibrations that help dislodge particulates
that become entrained in the filter fabric. The airburst system can be set to purge individual curtain panels on a sequential basis
automatically or can be operated manually. The airburst technology is included in the both the capital and O&M costs provided by the
vendor.

5.1 Capital Cost Development

Estimated capital costs were provided by the only known aquatic filter barrier manufacturer, Gunderboom, Inc. Cost estimates were
provided for AFBs supported by floating booms representing a range of costs; low, high, and average that may result from differences
in construction requirements that result from different site specific requirements and conditions. Such requirements can include
whether sheetwall piles or other structures are needed and whether dredging is required which can result in substantial disposal costs.
Costs were provided for three design intake flow values: 10,000 gpm, 104,000 gpm, and 347,000 gpm. Theses costs were provided in
1999 dollars and have been adjusted for inflation to July 2002 dollars using the ENR construction cost index. The capital costs are
total project costs including installation. Figure 3-35 presents a plot of the data in Exhibit 3-59 along with the second order equation
fitted to this data.

The vendor recently provided a total capital cost estimate of 8 to 10 million dollars for full scale MLES™ system at the Arthur Kill
Power Station in Staten Island, NY (McCusker 2003a). The vendor is in the process of conducting a pilot study with an estimated cost
of $750,000. The NYDEC reported the permitted cooling water flow rate for the Arthur Kill facility as 713 mgd or 495,000 gpm.
Applying the cost equations in Figure 3-35 results in a total capital cost of $8.7, $10.1 and $12.4 million dollars for low, average and
high costs, respectively. These data indicate that the inflation adjusted cost estimates are consistent with this more recent estimate
provided by the vendor. Note that since the Arthur Kill intake flow exceeded the range of the cost equation input values the cost
estimates presented above for this facility were derived by first dividing the flow by two and then adding the answer.

Exhibit 3-59. Capital Costs for Aquatic Filter Barrier Provided by Vendor

Floating Boom

Flow Capital Cost (2002 Dollars)
apm Low High Average
10,000] $545,000{ $980,900{ $762,900
104,000] $1,961,800| $2,724,800] $2,343,300
347,000} $6,212,500| $8,501,300{ $7,356,900

5.2 O&M Costs

Estimated O&M costs were also provided by Gunderboom Inc., As with the capital costs the O&M costs provided apply to floating
boom type AFBs and include costs to operate an air burst system. Exhibit 3-60 presents a range of O&M costs from low to high and
the average which served as the basis for cost estimates. As with the capital costs, the costs presented in Exhibit 3-60 have been
adjusted for inflation to July 2002 dollars. Figure 3-35 presents a plot of the data in Exhibit 3-60 along with the second order equation
fitted to this data.
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Exhibit 3-60. Estimated AFB Annual O&M Costs

Flow

O&M

O&M

o&M

apm

Low

High

Average

10,000

$109.000

$327.000

$218.000

104,000

$163,500

$327,000

$245,200

347,000

$545,000

$762,900

$653,900

5.3 Application

Agquatic filter barriers (AFBSs) can be used where improvements to impingement performance is needed. Because they can be installed
independently of intake structures, there is no need to include any costs for modifications to the existing intake structure or technology
employed. Costs are assumed to be the same for both new and existing facilities. AFBs can be installed while the facility is operating.
Thus, there is no need to coordinate AFB installation with generating unit downtime. Capital cost estimates used in the economic
impact analysis used average costs.

EPA assumed that the existing screen technology would be retained as a backup following the installation of floating boom AFBs.
Therefore, as with barrier nets, the O&M costs of the existing technology was not deducted from the estimated net O&M cost used in
the Phase 111 economic impact analysis. Upon further consideration, EPA has concluded that at a minimum there should be a
reduction in O&M cost of the existing intake screen technology equivalent to the variable O&M cost component estimated for that
technology.

REFERENCES
EPA, Technology Fact Sheet 316(b) Phase | Technical Development Document. (EPA-821-R-01-036). November 2001.

McCusker, A. Gunderboom, Inc., Telephone contact report with John Sunda, SAIC. Regarding MLES system technology. August, 8,
2003a.

McCusker, A. Gunderboom, Inc. Email correspondence with John Sunda, SAIC. Regarding MLES system technology pore size and
costs. October 2, 2003b.
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1. TECHNOLOGY COST MODULES FOR SEAFOOD PROCESSING VESSELS

APPLICATION OF THE PROPOSED RULE

Under each of the co-proposed options, no seafood processing vessels would be subject to national performance standards.
INTRODUCTION

EPA has identified a typical 280-foot catcher-processor as an indicative vessel to assemble cost estimates for retrofitting fine mesh
screens for cooling water intake structures. Information gathered during interviews with industry representatives will be used to
characterize the intake structure of a typical 280-foot vessel. It is reasonable to assume that the majority of these vessels use a sea
chest arrangement for cooling water intake.

Four primary fine mesh configurations have been costed:
1. Replace the existing grill with a fine mesh screen, without any other modifications;

2. Enlarge the intake structure internally to achieve 0.5 feet per second through screen velocity. Under this option, the screen
will be in flush with the hull;

3. Install a fine mesh screen intake structure externally to achieve 0.5 feet per second through screen velocity. The screen
protrudes outside of the hull under this option; and

4. Install a horizontal flow modifier externally to the intake structure to achieve 0.5 feet per second through screen velocity.
The flow modifier protrudes outside of the hull. Cost estimates for two configurations, one for vessels with bottom sea chests
and one for side sea chests are presented.

Material costs for both 316 stainless steel and copper-nickel (CuNi) alloy fine mesh screens were obtained from venders. In addition,
material costs for steel fabrication and associated labor rates, including diver team costs were obtained using various vender sources.
The capital costs estimated in this report are incremental costs for a facility. A 10% engineering and 10% contingency sum has been
included in the cost estimates. One of the key assumptions for the development of capital costs is that the vessel is in dry dock for
routine maintenance and that this work does not prolong the dry dock time for the vessel. No allowances have been made for docking
fees.

Inspection frequency for fine mesh screens and horizontal flow modifiers are assumed to be one per year. This is based on typical
inspection frequencies for onshore and coastal facilities. The estimates for inspection and cleaning frequencies are based on vendor
data and data from operators of similar equipment in high marine growth areas. It is assumed that the existing sea chests are inspected
annually with the use of divers. The inspection and maintenance of the proposed enlarged intake structures will take significantly
longer than current practices. An allowance of an additional day per intake has been included for these intake modification options for
divers to inspect and clean the new intake structures. However, for the option where no enlargement of the intake is proposed, a lump
sum cost of $100 is estimated for annual inspection and maintenance. An allowance of 6% of the capital cost has been allowed as
annual replacement costs for parts. Mobilization or demobilization costs are not included in this estimate. The O & M costs estimated
in this report are incremental costs for the facility.

1.0 REPLACE EXISTING GRILL WITH FINE MESH SCREEN
1.1 Capital Cost Development
In this option, the existing grill is replaced with a larger (typically 32" diameter) fine mesh screen. Costs are estimated for replacing

the existing coarse grill with 316 stainless steel and Cu/Ni alloy fine mesh screens. In addition to the material cost of the screen,
installation costs are included in this cost estimate.
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1.2 O & M Cost Development

A lump sum cost of $100 is estimated as the annual O & M costs to inspect and clean the fine mesh screen. Exhibit 3-61 below
presents the summary of incremental capital and O & M costs to replace the existing grill with fine mesh screen. These costs are
presented for three design intake flow values.

Exhibit 3-61. Capital and O & M costs for Replacing Existing Coarse Screen with Fine Mesh Screen

Design Flow (MGD)

Stainless Steel Fine Mesh Screen

Cu/Ni Fine Mesh Screen

Capital Cost ($) O & M Cost (%) Capital Cost ($) O & M Cost (%)
0.6 404 100 423 100
6.3 764 100 965 100
12.7 1,190 100 1,604 100

Figures 3-47 and 3-48 (at the end of this section) show the cost curves for replacing an existing grill.
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2.0 ENLARGE THE INTAKE STRUCTURE INTERNALLY
2.1 Capital Cost Development

It is proposed to modify the existing 32" intake with a new intake structure that has a large enough surface area to reduce the through
screen velocity to 0.5 feet per second. The primary problem with this type of intake modification is that there is typically very little
room at the intake. As such, a low profile design has been developed to minimize the impacts on surrounding equipment and services
of the vessel. The intake pipe suction is dispersed across the face of a large mesh using a diffuser arrangement. This type of flow
modifier is often used to limit vortex problems on suction lines. It will only marginally increase the head loss through the system, as
the available flow area is still large (but at right angles to the pipe flow). The similarity with a velocity cap is easily noted. This
design also accounts for the structural members of the vessel’s hull. The insertion of a large intake will typically require the cutting of
several hull stiffeners. The design presented is intended to transfer the loads directly through the main frame. Figures 3-36 through 3-
40 present the proposed modification for the existing intake.

2.2 O & M Cost Development
The O & M costs are based on the labor cost for a team of divers, including the cost of equipment and boat to inspect and clean the
intake once per year and an allowance of 6 % of the capital cost for parts replacement. The estimates for inspection and cleaning

frequencies are based on vendor data and data from operators of similar equipment in high marine growth areas.

Exhibit 3-62 below presents the summary of incremental capital and O & M costs to enlarge the intake structure internally with fine
mesh screen. These costs are presented for three design intake flow values.

Exhibit 3-62. Capital and O & M Costs for Enlarging Intake Internally

Design Flow (MGD) Stainless Steel Fine Mesh Screen Cu/Ni Fine Mesh Screen
Capital Cost (%) O & M Cost (%) Capital Cost ($) O & M Cost (%)
0.6 26,882 2,365 27,010 2,371
6.3 50,923 3,431 52,218 3,496
12.7 70,652 4,332 73,235 4,461

Figure 3-49 through 3-52 (at the end of this section) show the cost curves for enlarging an intake.
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Figure 3-38. Fine Mesh Inner Screen (for Internal and External
Intake Modification)
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3.0 ENLARGE THE INTAKE STRUCTURE EXTERNALLY
3.1 Capital Cost Development

In this proposed modification, the existing 32” intake is replaced with a new external intake structure that has a large enough surface
area to reduce the through screen velocity to 0.5 feet per second. An external intake does not affect the structure of the vessel and it is
fairly simple and economical to retrofit the proposed intake to an existing vessel. However, with this type of intake modification,
additional drag would be induced by its inclusion on the hull. Consequently, the low profile approach similar to the proposed internal
enlargement is applicable for this configuration as well. Consultation with a naval architect confirmed that the additional drag induced
by this modification would be negligible and that the cost benefit and ease of installation would likely outweigh any detrimental
effects. The naval architect also confirmed that this design was reasonable for the stated purpose. Figures 3-37 through 3-39 and
Figures 3-41 and 3-42 present the proposed modification to enlarge the existing intake externally.

3.2 O&M Cost Development
The O&M costs are based on the labor cost for a team of divers, including the cost of equipment and boat to inspect and clean the
intake once per year, and an allowance of 6 % of the capital cost for parts replacement. The estimates for inspection and cleaning

frequencies are based on vendor data and data from operators of similar equipment in high marine growth areas.

Exhibit 3-63 presents the summary of incremental capital and O & M costs to enlarge the intake structure externally with fine mesh
screen. These costs are presented for three design intake flow values.

Exhibit 3-63. Capital and O&M Costs for Enlarging Intake Externally

Design Flow (MGD) Stainless Steel Fine Mesh Screen Cu/Ni Fine Mesh Screen
Capital Cost ($) O & M Cost (%) Capital Cost (%) O & M Cost (%)
0.6 12541 2021 12669 2027
6.3 28862 2752 30157 2817
12.7 43444 3429 46027 3558

Figures 3-53 through 3-56 (at the end of this section) show the cost curves for enlarging an intake externally.
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[ i e ‘ e B | I. T . - .
Figure 3-41. External (Protruding) Fine Mesh Sea Water Intake Configuration

Refer to Figures 3-37 through 3-39 for details of Outer Bar Screen, Fine Mesh Inner Screen and Fine Mesh Frame and Inner Diffuser,
respectively

e A 1 T T i SRR T
igure 3-42. Main Frame for External (Protruding) Intake
Modification
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4.0 HORIZONTAL FLOW MODIFIER
4.1 Capital Cost Development

The horizontal flow modifier is a panel that ensures horizontal flow into the intake structure at a velocity of 0.5 feet per second or less.
This is a derivative of the velocity cap technology.

The horizontal flow modifier option is divided up into two basic configurations: one for sea chests located on the bottom of the vessel
and the other for sea chests located on the sidewalls of the vessel. The arrangement on the bottom sea chests closely resembles a
standard velocity cap configuration. A plate is located over the intake opening to direct the flow in the horizontal direction between
the plate and the hull. This arrangement will be suitable for hull angles up to 30° to the horizontal (87% of velocity will still be
horizontal). For hull angles exceeding 30° and up to completely vertical, the side sea chest configuration will be required. This design
includes a flow diffuser to spread the flow over a large area and louvres to direct the flow in the horizontal direction. Both of these
designs are low profile in order to reduce any fluid dynamic effects on the hull of the vessel. The existing coarse grill over the sea
chest will be retained. It is intended that the assembled horizontal flow diverter be attached using hinges to the hull to allow easy
access to the existing intake structure. All materials used for the construction of this item will be mild steel coated in anti-fouling
paint.

4.1.1  Vessels with Bottom Sea Chests

The proposed modification consists of a flow modifier plate that is stiffened using 4” flat bar welded to the under side. These flat bar
stiffeners also assists in funneling the flow into the existing intake structure. A coarse mesh has been included around the perimeter of
the new intake structure. This is to prevent larger animals (like turtles) getting trapped in the gap between the hull and the flow
modifier plate (looks similar to a reef ledge to some animals). Eight brackets (4” PFC) are permanently welded to the hull as the
primary attachment points. Eight legs off the flow modifier plate (1/2” plate) attach to the brackets on the hull. Three of the bracket to
leg connections use hinge pins, the other 5 legs use bolts. Releasing the bolts allows the flow modifier to swing down for maintenance
or cleaning of the sea chest intake. A lifting lug should be added to the hull to allow lifting equipment can be used to safely open and
close this new structure. A lifting lug has been incorporated in the costs for this item. Figures 3-43 and 3-44 present the proposed
configuration to modify the existing intake with horizontal flow modifiers for vessels with bottom sea chests.

4.1.2  Vessels with Side Sea Chests

The basic assembly consists of a diffuser plate nested in a number of flow louvres. The diffuser ensures that the flow is evenly
distributed across the louvres and the louvres ensure that the flow is horizontal at a velocity of 0.5 feet per second or less. Two
brackets (2” equal angles) are permanently welded to the hull as the primary attachment points. These run the entire width and at each
end of the sea chest modification. The horizontal flow modifier is attached to the brackets on the hull by way of a hinge on one side
and bolts on the other. By releasing the bolts, the horizontal flow modifier may be swung out away from the hull for access to the
existing sea chest. All materials used for the construction of this item will be mild steel coated in anti-fouling paint. The direction of
the flow louvres should be adjusted during the design and construction of this equipment such that they are horizontal. Figures 3-45
and 3-46 present the proposed configuration to modify the existing intake with horizontal flow modifiers for vessels with bottom sea
chests.

4.2 O & M Cost Development

The O & M costs are based on the labor cost for a team of divers, including the cost of equipment and boat to inspect and clean the
intake once per year and an allowance of 6 % of the capital cost for parts replacement. The estimates for inspection and cleaning
frequencies are based on vendor data and data from operators of similar equipment in high marine growth areas.

Exhibits 3-64 and 3-65 below present the summary of incremental capital and O & M costs to enlarge the intake structure with flow
modifier for vessels with bottom sea chests and side sea chests, respectively. These costs are presented for three design intake flow
values.
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Exhibit 3-64. Capital and O & M Costs for Intake Modification Using Flow Modifier for Vessels with Bottom Sea Chests

Design Flow (MGD)

Stainless Steel Fine Mesh Screen

Capital Cost (%)

O & M Cost (%)

0.6 6221 1915
6.3 11437 2228
12.7 17048 2565
Exhibit 3-65. Capital and O & M Costs for Intake Modification Using Flow Modifier for Vessels with Side Sea Chests
Design Flow (MGD) Stainless Steel Fine Mesh Screen
Capital Cost (%) O & M Cost (%)
0.6 5343 1863
6.3 13266 2338
12.7 22240 2876

Figures 3-57 through 3-60 (at the end of this section) show the cost curves for using a flow modifier.
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Flow Modifier Plate

Figure 3-43. Plan View of Bottom Sea Chest Horizontal Flow Modifier
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Flow Modifier Plate
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Figure 3-44. Sectional View of Bottom Sea Chest Horizontal Flow Modifier
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Figure 3-45. Plan View of Side Sea Chest Horizontal Flow Modifier
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Figure 3-48. Capital Cost for Replacing Existing Grill
with Fine Mesh Cu/Ni Screen

o
)
©
—

1,100

($) 150D [ended

600

100

2.00 4.00 6.00 8.00 10.00 12.00 14.00

0.00

Flow (mgd)

3-117



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

00 vl

(pbu) moj4

00°¢cT 000T 00’8 009 00t 00°¢ 000

UdadS YSaA aulH |931S sSajulels Yuaa Ajjeulaiu) axeiu| buibaeju3 a0y s1s00 [euded “61-¢ aanbiq

000°0C

000'0¢

000'0F

000'0S

00009

000'0Z

00008

($) 150D ended

3-118




Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

00'vT

(pbBw) moj|4

00°¢T 00°0T 00'8 009 00'v 00°¢ 000

EEY RISEURE] N
Ul [931S SSaJUIRIS YUAA Ajjeuasiu] axeiul Buibaejus 10y s1S0D N % O "0S-€ a4nbi4

000°¢

000°'€

000t

000'S

($) 150D N0

3-119



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

00'vT

(pbw) mol4

00°¢T 0001 00'8 009 00t 00°¢ 000
000°0¢

000°0¢€

000°0F

000°0S

00009

000°'0.

000°08

TEEY RIS
US3IAl auld IN/ND YUM Ajreuasiu) axeiu] buibaeju3 1o) s1s0D [ended "T15-¢ aunbi

($) 150D [endeD

3-120



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

0011

(pBuu) moj4
00¢T 000T 00'8 009 00V 00'¢

U9aJ9S UYSAIN auld IN/ND YN Ajreulalu) axfelu BuiBrejus 1oy s1s0D N % O “g5-¢ anbiy

000
000°¢

000°'¢

000'%

000'S

($) 150D N0

3-121



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

00'v1

(PBw) mol 4

00°¢T 00°0T 00’8 009 00t 00°¢ 000

U3a19S YSaIA aul |391S
ssajuie1sS Yuaa Ajreuasix3 axeiu) bulbaeju3 ao) s1s0D jeude)d "£G-¢ ainbiH

000°0T

000°0C

000°0€

000'0F

000'0S

($) 350D [endeD

3-122



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

00'v1

(pBw) mo|4

00°¢T 00°0T 00’8 009 00t 00°¢ 000

U9319S YSaN
Ul [931S SSaJUIRS YUAA Ajreusaixg axeu] Buibaejus 10y s1S0D N % O “#S-€ a4nbi4

00S'T

00S'¢

00S'E

($) 150D WO

3-123



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

00'¥T

(pbw) moj4

00°¢T 0001 00’8 009 00'¥ 00°¢ 000
000°0T

000°'0¢

000'0¢

0000t

000°0S

u9alds
US3IAl duld IN/ND YU Ajjeudsix3 axeu] buibaeju3 Joj s1so) [ended "gG-¢ aunbi4

($) 1500 [ended

3-124



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

00'¥T

(p6uw) molH

00°¢CT 00°0T 00’8 009 00'¥ 00°¢ 000
000°¢

000°'¢

000t

000°'S

uaalds
USSIAl aul4 IN/ND YUAA Ajreuasixg axeiu) Buibaejug 104 s1s0D N % O "9G-€ ainbi4

($) 3500 IN®O

3-125



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

00vT

(pBu) mol4
002T 0007 00’8 009 00'¥ 002 000
000'G
000°'0T
000'ST
000'02
000'GZ

158D S 9PIS
LI S|9SSBA 10} 1IP0I MOJS BuIsn UOITEILIPO N aXelu] Joj s1s0D [endeD

/§-€ aunbi4

($) 150D ended

3-126



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

00'v1

(pBw) mol4

00°¢cT 0001 008 009 00t 00°¢ 000

1S9YD ©3S 3PIS YUM S[9SSIA
104 JBIIPOIN MO Buisn uoIedYIPON SXelU| 10} SI1SOD N ® O "8G-€ 2inbi4

00S'T

000°'C

00S'C

000°€

($) 1s0D0 WO

3-127



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

00Vl

(PBw) mol 4

00°¢T 00°0T 00'8 009 00t 00°¢ 000

1S9y ©aS wonog YUMm S|assaA
10 131JIPOIN| MO| 4 Buisn uoedIPOIAl 8Xelu] 40j s1s0D [ended *65-¢ aunbi-

000'S

000°'0T

000'ST

000°0¢

($) 150D [ende)

3-128



Technology Cost Modules

§ 316(b) Phase III - Technical Development Document

00'vT

(pbw) mol4

00°¢T 00°0T 00’8 009 00t 00°¢ 000

1S9yD ©as wo01109g UM S|aSSaA
10} 1311IPOIN\| MO Buisn UoIIedIHIPOIA 83elu] 404 150D N @ O "09-€ 8.nbi

00S'T

00S'C

00S'E

($) 3500 IN®O

3-129



§ 316(b) Phase IITI - Technical Development Document Technology Cost Modules

M. TECHNOLOGY COST MODULES FOR OFFSHORE OIL AND GAS EXTRACTION FACILITIES
APPLICATION OF THE PROPOSED RULE

Under each of the co-proposed options, no existing oil and gas extraction facilities would be subject to national performance standards.
New oil and gas extraction facilities would be subject to the proposed rule, as described in the preamble to today’s rule.

INTRODUCTION

EPA did not consider new offshore oil and gas extraction facilities (the definition of “offshore” includes both coastal and offshore
facilities—see the preamble for further details) in the 316(b) Phase I - New Sources rulemaking. Non-contact, once-through water is
used to cool crude oil, produced water, power generators, and various other pieces of machinery at oil and gas extraction facilities.*
The Phase | proposal and its record included no analysis of issues associated with offshore oil and gas extraction facilities (such as
significant space limitations on mobile drilling platforms and ships) that could significantly increase the costs and economic impacts
and affect the technical feasibility of complying with the proposed requirements for land-based industrial operations. Consequently,
EPA exempted these facilities from the Phase I rule (see December 18, 2001; 66 FR 65311). As part of the Phase I11 rulemaking, EPA
also evaluated potential 316(b) technology options for existing offshore oil and gas extraction facilities.

Since the Phase | 316(b) rulemaking, EPA collected technical and economic information associated with this industry sector. EPA
also received information from industry trade associations to assist its analyses. EPA used this information to assess costs, economic
impact and unique technical issues associated with various technology-based options available to control impingement and
entrainment of aquatic organisms. This chapter provides an overview of the: (1) industrial sector; (2) information EPA collected and
received from industry; (3) facilities in this industrial sector which EPA evaluated for the Phase Il rulemaking; (4) technology options
available to control impingement and entrainment of aquatic organisms; and (5) proposed technology options identified in the Phase 111
proposal.

1.0 INDUSTRIAL SECTOR PROFILE: OFFSHORE OIL AND GAS EXTRACTION FACILITIES

The oil and gas extraction industry drills wells at onshore, coastal, and offshore regions for the exploration and development of oil and
natural gas. Various engines and brakes are employed which require some type of cooling system. The U.S. oil and gas extraction
industry currently produces over 60 billion cubic feet of natural gas and approximately 5.7 million barrels of crude oil per day.! The
U.S. Outer Continental Shelf (OCS) contributes to this energy production and the largest majority of the OCS oil and gas extraction
occurs in 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 (MMS) is the Federal agency
responsible for managing OCS mineral resources. The following are summary statistics on OCS oil and gas production:?

. The OCS accounts for about 25% of the Nation’s domestic natural gas production and about 30% of its domestic oil
production. On an energy basis (BTU), about 60 percent of the energy currently produced offshore is natural gas.

. The OCS contains about 19% of the Nation’s proven natural gas reserves and 18% of its proven oil reserves. The OCS is
estimated to contain more than 60% of the Nation’s remaining undiscovered natural gas and oil resources.

. Since 1953, the OCS has produced about 141 trillion cubic feet of natural gas and about 13 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%.

Exhibit 3-66 presents the number of wells drilled in three areas (GOM, Offshore California, and Coastal Cook Inlet, Alaska) for 1995
through 1997. The table also separates the wells into four categories: shallow water development, shallow water exploratory, deep
water development, and deep water exploratory. Exploratory drilling includes those operations drilling wells to determine potential
hydrocarbon reserves. Development drilling includes those operations drilling production wells once a hydrocarbon reserve has been

'U.S. DOE, 2004. EIA Quick Stats Pages, http://www.eia.doe.gov/neic/quickstats.html.

The Federal OCS starts approximately 10 miles from the Florida and Texas shores.

®E-mail from James Cimato, MMS, to Carey Johnston, EPA, April 9, 2003.
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discovered and delineated. Although the rigs used in exploratory and development drilling sometimes differ, the drilling process is
generally the same for both types of drilling operations.

The water depth in which either exploratory or development drilling occurs may determine the operator's choice of drill rigs and
drilling systems. MMS and the drilling industry classify wells as located in either deep water or shallow water, depending on whether
drilling is in water depths greater than 1,000 feet or less than 1,000 feet, respectively.

Exhibit 3-66. Number of Wells Drilled Annually, 1995 - 1997, By Geographic Area

Shallow Water Deep Water
Data Source (<1,000 ft) (> 1,000 ft) \-/r\;);ﬁ;
Development Exploration Development Exploration
Gulf of Mexicot
MMS: 1995 557 314 32 52 975
1996 617 348 42 73 1,080
1997 726 403 69 104 1,302
Average Annual 640 355 48 76 1,119
RRC 5 3 NA NA 8
Total Gulf of Mexico 645 358 48 76 1,127
Offshore California
MMS: 1995 4 0 15 0 19
1996 15 0 16 0 31
1997 14 0 14 0 28
Average Annual 11 0 15 0 26
Coastal Cook Inlet
AOGC: 1995 12 0 0 0 12
1996 5 1 0 0 6
1997 5 2 0 0 7
Average Annual 7 1 0 0 8

Source: U.S. EPA, 2000, EPA-821-B-00-013.
T Note: GOM figures do not include wells within State bay and inlet waters (considered “coastal” under 40 CFR 435) and State
offshore waters (0-3 miles from shore). In August 2001 there were 1 and 23 drilling rigs in State bay and inlet waters of Texas and
Louisiana, respectively. There were also 19 and 112 drilling rigs in State offshore waters (0-3 miles from shore), respectively.

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 wells for the first time in the history of oil production in
the Gulf of Mexico. As shown in Exhibit 3-66, 1,127 wells were drilled in the Gulf of Mexico, on average, from 1995 to 1997,
compared to 26 wells in California and 8 wells in Cook Inlet. In the Gulf of Mexico, over the last 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
were drilled in deep water, or 8.6 percent of all Gulf of Mexico wells drilled that year. By 1997, that number increased to 173 wells
drilled, or over 13 percent of all Gulf of Mexico wells drilled. Nearly all exploration and development activities in 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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There are numerous different types of offshore oil extraction facilities. Some facilities are fixed for development drilling while other
facilities are mobile for both exploration and development drilling. Previous EPA estimates of non-contact cooling water for offshore
oil and gas extraction facilities showed a wide range of cooling water demands (294 - 5,208,000 gal/day).*

11 Fixed Oil and Gas Extraction Facilities

Most of these structures (Figure 3-61) use a pipe with a passive screens (strainers) to convey cooling water. There are a number of
cooling water intake structure (CWIS) configurations for fixed facilities including sea chests (Figure 3-62), simple pipe (Figures 3-63
and 3-64), and caisson (Figures 3-66, 3-67, and 3-68). Perforated caissons or simple pipes have been used on some fixed platforms.
For example, the Marathon platform at South Ewing Bank (OCS Block 873) has a design intake flow of 4 MGD and uses a 24 inch
outer diameter simple pipe with square grid 0.5 inch perforations at the intake which translates to an intake velocity of 1 feet per
second. The Aera Energy Ellen (Beta) platform in offshore California withdraws 3.5 MGD and has two cooling water intakes
structures each with a through screen of 0.5 feet per second. This platform uses a simple 20 inch pipe with a 2 inch cone screen with
approximately 0.5 inch openings. This intake uses a 90/10 Cu/Ni alloy pipe for controlling biofouling.

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). Due to the number of oil and gas extraction facilities in the GOM in relation to other OCS regions, EPA
estimated the number of fixed active platforms in the Federal OCS region of the Gulf of Mexico using the MMS 2003 Deepwater
Production Summary by Year. Abandoned platforms and platforms without production equipment were eliminated from the platform
count. The platforms were then categorized by deepwater and shallow water, and 20+ wells and < 20 wells. The counts are presented
in Exhibit 3-66. As the table shows, about 90 percent of platforms in the GOM are small platforms operating in shallow water. Only a
limited number of structures (generally not the typical fixed platforms) are found in the deepwater regions of the GOM. Currently
(2003 data) only 26 are considered build and operational in the MMS database.

Figure 3-61. Fixed Oil and Gas Extraction Facilities

Fixed
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Compliant
Tower Spar
(Subsea Wells)
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Production Telljglon

System Platform
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“U.S. EPA, Development Document for Effluent Limitations and Guidelines and New Source Performance
Standards for the Offshore Subcategory of the Oil and Gas Extraction Point Source Category, EPA-821-R-93-003,
January 1993.
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Figure 3-62. Offshore Seachest Cooling Water Intake Structure Design
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Figure 3-63. Offshore Simple Pipe Cooling Water Intake Structure Design (Schematic)
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Figure 3-64. Offshore Simple Pipe Cooling Water Intake Structure Design - Wet Leg
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Figure 3-65. Offshore Caisson Cooling Water Intake Structure Design (Thompson Culvert Company)
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Figure 3-66. Offshore Caisson Cooling Water Intake Structure Design - Leg Mounted Well Tower
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Figure 3-67. Offshore Caisson Cooling Water Intake Structure Design - Conventional Well Tower
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Exhibit 3-67. Identification of Structures in the Gulf of Mexico OCS

Category

Total Number of Platforms

Removed Platforms

Abandoned Platforms

Platforms without Production Equipment

Producing Platforms - Deepwater

Producing Platforms - Shallow water + 20 slots

Producing Platforms - Shallow water < 20 slots

Total Producing Platforms
Source: MMS. 2003. Deepwater production summary by year. U.S. Department of the Interior. Mineral Management Service.

The Offshore Operators Committee (OOC) and the National Oceans Industries Association (NOIA) also noted in their comments to
the 316(b) Phase | NODA (see May 25, 2001; 66 FR 28853) 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 required) is 13 - 21 MM Btu/hr. Assuming continuous once through cooling and a seawater temperature increase of 10 °C
between intake and discharge, the volume of seawater required for cooling these engines at a Tension Leg Platform can roughly be
estimated between 2.0 to 3.3 MGD (see DCN 7-3645).

OOC/NOIA also estimated that approximately 200 production facilities have seawater intake requirements that exceed 2 MGD.
OOC/NOIA estimate that these facilities have seawater intake requirements ranging from 2 - 10 MGD with one-third or more of the
volume needed for cooling water. Other seawater intake requirements include firewater and ballasting. The firewater system on
offshore platforms must maintain a positive pressure at all times and therefore requires the 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.

1.2 Mobile Oil and Gas Extraction Facilities

EPA also estimated the number of mobile offshore drilling units (MODUS) currently in operation (see Figure 3-68 for examples).
These numbers change in response to market demands. Over the past five years the total number of mobile offshore drilling units
(MODUs) operating at one time in areas under U.S. jurisdiction has ranged from less than 100 to more than 200. There are five main
types of MODUSs operating in areas under U.S. jurisdiction: drillships, semi-submersibles, jack-ups, submersibles and drilling barges.
Exhibit 3-67 gives a brief summary of each MODU. EPA and MMS could not identify any cases where the environmental impacts of
a MODU cooling water intake structure were considered.

°A Tension Leg Platform (TLP) is a fixed production facilities in deepwater environments (> 1,000 ft).
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Figure 3-68. Mobile Oil and Gas Extraction Facilities
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Exhibit 3-68. Description of Mobile Offshore Drilling Units and Their Cooling Water Intake Structures

Water Intake* Estimate of the Number
bAOIDIE U and Design UL D) of Existing MODUs**
Drill Ships 16 - 20 MGD Greater than 400 ft 11
Seachest
Semi-submersibles 2 - 15+ MGD Greater than 400 ft 63
Seachest
Jack-ups 2-10+ MGD Less than 400 ft 192
Intake Pipe
Submersibles <2 MGD Shallow Water (Bays and Inlet 47
Intake Pipe Waters)
Drill Barges <2 MGD Shallow Water (Bays and Inlet 70
Intake Pipe Waters)

Sources: 1) Johnston, Carey A. U.S. EPA, Memo to File, Notes from April 4, 2001 Meeting with US Coast Guard. April 23, 2001,
DCN 2-012A. 2) ODS-Petrodata Group, Offshore Rig Locator, Houston, Texas, VVol. 28, No. 4, April 4, 2001. 3) Spackman, Alan,
International Association of Drilling Contractors, Comments on Phase | 316(b) Proposed Rule, Comment Number 316bNFR.004.001.
4) Spackman, Alan, International Association of Drilling Contractors, Memo to Carey Johnston, U.S. EPA, 316(b), May 8, 2001.

* Approximately 80% of the water intake is used for cooling water with the remainder being used for hotel loads, fire water testing,
cleaning, and ballast water.®

** MODU count from DCN 7-3657, Record Section 1.1.3.

8Johnston, Carey A. U.S. EPA, Memo to File, Notes from April 4, 2001 Meeting with US Coast Guard.
April 23, 2001, DCN 2-012A.
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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 the well in relation to the
units equipment. In general, deeper water depths or deeper wells demand units with a higher peak power-generation and drawworks
brake cooling capacities, and this directly impacts the demand for cooling water.’

a. Drillships and Semi-Submersibles MODUs

Drill ships and semi-submersibles use a “sea chest” as a cooling water intake structure.? In general there are three pipes for each sea
chest (these include cooling water intake structures and fire pumps). One of the three intake pipes is always set aside for use solely for
emergency fire fighting operations. These pipes are usually back on the flush line of the sea chest. 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 line of the sea chest.
These passive screens or weirs generally have a maximum opening of 1 inch (Comment Number 316bNFR.004.001). There are
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 (DCN 2-012A).

While engaged in drilling operations most 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. Additional 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, the total power requirements for drillships
are similar to those while in transit. Thus, during drilling operations the total seawater intake on a drillship is approximately the same
as while underway. The majority of semi-submersibles are not self- propelled, and thus require the assistance of towing vessels to
move from location to location. For example, the Transocean Deepwater Horizon semi-submersible MODU withdraws 16.0 MGD and
has eight cooling water intakes structures each with a through screen velocity of 0.5 feet per second. This MODU uses sea chests
openings of 24.4 inch by 28.7 inch with single simplex strainers in the sea chest. The sea chest screens are simple passive strainers
with a one inch grid opening. The Transocean Cajun Express semi-submersible MODU withdraws 6.1 MGD and has six cooling
water intakes structures each with a through screen of 0.23 feet per second. This MODU uses sea chests openings of 32 inches in
diameter with 14 inch by 8 inch corrugated basket strainers in the sea chest. The sea chest screens are simple passive strainers with a
one inch grid opening.

Information from the U.S. Coast Guard indicates that when semi-submersibles are drilling their sea chests are 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 (DCN
2-012A). Drill ships have their sea chests on the bottom of their hulls and are typically 20 to 40 feet below water at all times.

The International Association of Drilling Contractors (IADC) notes that one of the earlier semi-submersible designs still in use is the
“victory” class unit (Spackman, May 8, 2001). This unit is provided with two seawater-cooling pumps, each with a design capacity of
2.3 MGD with a 300 head. At operating draft the center of the inlet, measuring approximately 4 feet by 6 feet, is located 80 feet below
the sea surface and is covered by an inlet screen. In the original design this screen had 3024 holes of 15mm diameter. The
approximate inlet velocity is therefore 0.9 feet per second.

The more recent semi-submersible designs typically have higher installed power to meet the challenges of operating in deeper water,
harsher environmental conditions, or for propulsion or positioning. IADC notes that a newly-built unit, of a new design, has a
seawater intake capacity of 34.8 MGD, which includes salt water service pumps and ballast pumps, and averages 10.7 MGD of
seawater intake of which 7.4 MGD is for cooling water.

b. Jack-up MODUs
Jack-up, submersibles, and drill barges use intake pipes for cooling water intake structures. These facilities 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 these facilities (e.g., drawworks brakes).

"Spackman, Alan, International Association of Drilling Contractors, Memo to Carey Johnston, U.S. EPA,
316(b), May 8, 2001.

8 A sea chest is an underwater compartment within the vessel's hull through which sea water is drawn in or
discharged. A passive screen (strainer) is set along the flush line of the sea chest. Pumps draw seawater from open
pipes in the sea chest cavity.
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The jack-up is the most numerous type of MODU. These vessels are rarely self- propelled and must be towed from location to
location. Once on location, their legs are lowered to the seabed, and the hull is raised (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.,
desalinators), as with the semi-submersibles a few use air-cooled diesel-electric generators because of the height of the machinery
above the sea surface (Comment Number 316bNFR.004.001). Seawater is drawn from deep-well or submersible pumps that are
lowered far enough below the sea surface to assure that suction is not lost through wave action. Total seawater intake of these ships
varies considerably and ranges from less than 2 MGD to more than 10 MGD. Jack-ups are limited to operating in water depths of less
than 500 feet, and may rarely operate in water depths of less than 20 feet.

The most widely used of the jack-up unit designs is the Marathon Letourneau 116-C (Spackman May 8, 2001). For these types of
jack-ups typically one pump is used during rig operations with a 6” diameter suction at 20 to 50 feet below water level which delivers
cooling water intake rates of 1.73 MGD at an inlet velocity of 13.33 feet per second (Spackman May 8, 2001). Additionally, pre-
loading involves the use of two or three pumps in sequence. Pre-loading is not a cooling water procedure, but a ballast water (which is
later discharged).® Each pump is fitted with its own passive screen (strainer) at the suction point which provides for primary protection
against foreign materials entering the system.

In their early configurations, these jack-up MODUs were typically outfitted with either 5 diesel generator units, each rated at about
1,200 horsepower, or three diesel generator units, each rated at about 2,200 horsepower (Spackman May 8, 2001). 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. IADC reports that a newly-built jack-up, of a new
design, typically requires 3.17 MGD of cooling water for its drawworks brakes and cooling of six diesel generator units, each rated at
1,845 horsepower (Spackman May 8, 2001). In this case one pump is typically used during rig operations with a 10” diameter suction
at 20 to 50 feet below water level, delivering the cooling water at 3.2 MGD.

C. Submersibles and Drill Barge MODUs

The submersible MODU is used most often in very shallow waters of bays and inlet waters. These MODUs are not self-propelled.
Most are powered by air-cooled diesel-electric generators, but require seawater intake for cooling of other equipment, desalinators, and
for other purposes. Total seawater intake varies considerably with most below 2 MGD.

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 intake for sanitary and some cooling
purposes, water intake is generally below 2 MGD.

2.0 PHASE 111 INFORMATION COLLECTION FOR OIL AND GAS EXTRACTION FACILITIES

Numerous researchers and State and Federal regulatory agencies have studied and controlled the discharges from oil and gas extraction
facilities for decades. The technology-based standards for the discharges from these facilities are located in 40 CFR 435. Conversely,
there has been little work done to investigate the environmental impacts or evaluation of the location, design, construction, and
capacity characteristics of cooling water intake structures for offshore oil and gas extraction facilities.

In developing the Phase 111 proposal, EPA used a variety of sources to identify data on the current status of the oil and gas extraction
industry and the cooling water intake structures associated with these facilities. Sources of data included; consultations with the two
main regulatory entities of this industrial sector (i.e., USCG, MMS), an EPA survey of the industry which collected both economic and
technical data, technical data submittals from industry which were provided either directly or through various trade associations, and
information available from the internet. Each of these sources of information are described in more detail below.

2.1 Consultations with USCG and MMS
The U.S. Coast Guard (USCG) and the Department of Interior’s Mineral Management Services (MMS) agency identified no specific

regulatory requirements for this industrial sector with respect to potential environmental impacts associated with cooling water intake
structures. The USCG does not investigate potential environmental impacts of MODU cooling water intake structures but does require

*Vlahos, G., Martin, C.M., Cassidy, M.J., 2001. Experimental Investigation of a Model Jack-Up Unit on
Clay, Proceedings of the Eleventh (2001) International Offshore and Polar Engineering Conference, Stavanger;
Norway, June 17-22, 2001.
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operators to inspect sea chests twice in every five year period and conduct at least one cleaning to prevent blockages of firewater lines.
EPA met with Mr. James Magill of USCG, Vessel and Facility Operating Standards Division to collection information on MODU
operations and cooling water intake systems.°

MMS is the Federal agency responsible for managing Outer Continental Shelf (OCS) mineral resources. MMS has authority for
leasing in OCS and therefore has current lists of owner-operators and lessees. EPA used the MMS website, MMS Platform Inspection
System, Complex/Structure database, Lessees/Operators financial information, MMS’s environmental impact statements,
environmental assessments, and other MMS sponsored studies to collect information to support the Phase 111 proposal.

Specifically, EPA used the MMS databases to estimate the number of fixed OCS platforms in the Gulf of Mexico. EPA also used
facility information from the Alaska OCS Region office to determine the number of facilities in the OCS. The Pacific OCS Region
website provided general information on oil and gas production facilities in the Pacific OCS Region. No information on the number of
facilities in State waters and Coastal waters were found. EPA used the MMS environmental impact statements, environmental
assessments, and other MMS sponsored studies to evaluate impact on marine organism assemblages from offshore oil and gas
exploration and production. In general, MMS did not have information on cooling water intake structures for oil and gas extraction
facilities.

EPA identified one case in the MMS files where they evaluated potential environmental impacts from an oil and gas extraction facility
cooling water intake structure as part of their NEPA analyses. This analysis was conducted as part of BP Exploration Inc. (BPXA)
plans to locate a vertical intake pipe for a seawater-treatment plant on the south side of Liberty Island, Beaufort Sea, Alaska. Figure 3-
69 depicts the cooling water intake structure planned for the BPXA sea-water treatment plant. 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. 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 pipes located just inside the opening would help keep large fish, other animals, and debris out of the intake.
Two vertically parallel screens (6 inches apart) would be located in the intake pipe above the intake opening. They would have a mesh
size of 1 inch by 1/4 inch. Maximum water velocity would be 0.29 feet per second at the first screen and 0.33 feet per second at the
second screen. These velocities typically would occur only for a few hours each week while testing the fire-control water system. At
other times, the velocities would be considerably lower. Periodically, the screens would be removed, cleaned, and replaced.

OMemorandum: Notes from April 4, 2001 Meeting with U.S. Coast Guard. From: Carey A. Johnston,
USEPA/OWI/OST, To: File, May 7, 2001.
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Figure 3-69. Liberty Island Cooling Water Intake Structure
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MMS states in the Liberty Island 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 species in the immediate
vicinity of the intake. However, MMS estimates that less than 1% of the arctic cisco in the Liberty Island area are likely to be harmed
or killed by the intake structure. Further, MMS 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) the intake structure is not expected to have a measurable effect on
other fishes populations because of the wide distribution/low density of their eggs and fry. However, essential fish habitat for salmon

will be adversely affected according to MMS because it is expected that prey species of zooplankton and fish in their early life stages
(juveniles, eggs, and larvae) could be killed in the intake.

More recently, MMS assisted EPA by providing an initial annotated bibliography on all available research reported in marine and
coastal waters concerning the impingement and entrainment of estuarine and marine organisms by cooling-water intake systems.*
Most of the results obtained through this search were references about studies on fish impingement or entrainment by cooling-water
intakes of nuclear or thermoelectric power plants located on estuarine or marine environments. MMS did not identify any references
specific to fish impingement or entrainment by cooling-water intakes of oil and gas extraction facilities. MMS concluded that studies

IMMS, 2003. “Marine and Coastal Fishes Subject to Impingement by Cooling-Water Intake Systems in the
Northern Gulf of Mexico: An Annotated Bibliography,” MMS 2003-040, August 2003.
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of impingement or entrainment by cooling-water intakes of oil and gas extraction facilities are generally unavailable through the
searched databases.

2.2 EPA 316(b) Phase 111 Survey
In September 2003, EPA sent out a 316(b) Phase 111 survey to oil and gas extraction facilities to collect technical and economic data
related to these types of facilities and their cooling water intake structures. EPA surveyed 90 facilities as part of this effort and

received responses from 78 facilities. Exhibit 3-69 presents a breakout of the number of surveys mailed and responses by type of
survey.

Exhibit 3-69. 316(b) Phase 111 Survey Statistics

Industry/Type of Survey No. of Surveys Mailed No. of Survey Responses
Oil & Gas Platforms (Technical 55 52

and Economic Survey)

Oil & Gas Platforms (Economic 5 3

Survey only)

MODU’s (Economic Survey only) 30 23

Total 90 78

Source: Phase 11l Technical Questionnaire Tracking Report, From: Kelly Meadows, TetraTech, Date: 3/12/2004 (revised 3/23/2004).

EPA identified companies to survey based on a sampling frame of facilities expected to be in-scope. When a facility’s eligibility was
unknown, it was retained in the sampling frame. The sampling design selected by EPA included stratification of facilities based on the
type of structure and its location. The stratification categories used in the survey included:

Gulf of Mexico Platforms - Deep Water

Gulf of Mexico Platforms - More than 20 Slots
Gulf of Mexico Platforms - Shallow Waters
California Platforms

Alaska Platforms

MODUs

ogakrwhE

These strata were chosen because they were expected to correspond to major differences in economic variables and also in the
technology costs of implementing controls on impingement and entrainment. The survey samples were selected from lists for each of
the subpopulations. A systematic sample with a random start was taken.

Exhibit 3-70 presents the number of facilities estimated to be in-scope in each of these strata and the number that were sampled in the
survey.
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Exhibit 3-70. Number of In-Scope Facilities and Number Sampled by Frame

Sampling Stratification Frame Number of Facilities Number of Facilities
Estimated to be In-Scope Sampled

Gulf of Mexico Platforms - Deep 24 4
Water
Gulf of Mexico Platforms - More 206 33
than 20 Slots
Gulf of Mexico Platforms - 2,194 18
Shallow Waters
California Platforms 20 3
Alaska Platforms 19 2
MODUs 404 30
All Frames 2,867 90

Source: Memorandum: Sampling Selection for Offshore Oil & Gas - TD#W040917a dated September 17, 2003, From: G. Hussain
Choudhry and Inho Park, Westat, To: John Fox, EPA, Date: October 7, 2003.

Economic and technical data submitted as part of the responses were used by EPA in the economic and costing analyses conducted as
part of the Phase Il proposal.
2.3 Technical Data Submittals from Industry

EPA received the majority of its technical cooling water intake structure data from industry either directly or through industry trade
associations. The trade associations supporting and providing data submittals included the:

. International Association of Drilling Contractors (IADC)

. Offshore Operators Committee (OOC)

. Western States Petroleum Association (WSPA)

. Louisiana Mid-Continent Oil and Gas Association (LMOGA)

IADC provided cooling water intake structures information, solicited from its members, for over 140 mobile offshore drilling units
operating in or marketed for operations in areas under the jurisdiction of the U.S. In addition, the 2002 IADC membership directory
listed companies that represent a significant portion of the world’s exploration and production activity. The directory information
included, names of key personnel, addresses of both headquarter and branch locations, telephone and fax numbers, and internet
addresses. The contractor directory also provided an alphabetical listing of drilling contractors who own and operate the vast majority
of the world’s land and offshore drilling units. That listing included the names of key personnel, addresses of both headquarter and
branch locations, telephone and fax numbers, internet addresses, the size of each firm’s rig fleet and operating theaters, and for
offshore units, the rig type. The IADC submittals and directories did not include any economic information.

The OOC provided information, compiled on behalf of its members, on cooling water intake structures for offshore oil and gas
extraction facilities in the Gulf of Mexico. Cooling water intake structure data were provided for 21 fixed platforms and no economic
information were included. EPA was able to identify that 16 of the 2,429 fixed facilities and 87 of the 383 MODUs in the GOM
withdrew more than 2 MGD of seawater with more than 25% used for cooling (see Figures 3-70 and 3-71 for display of fixed
facilities).

Operators in Cook Inlet, Alaska, also provided information to EPA on cooling water intake structures for Cook Inlet platforms. The
oil and gas fields in Cook Inlet are considered mature and since 1995 production in the Trading Bay Field, Granite Point Field, Middle
Ground Field, and Tyonek platform declined from 17 to 92 percent. Consequently, fewer wells are being drilled in Cook Inlet and this
means less equipment requires cooling. For example, the Spark and Spurr platforms have not operated their cooling water systems in
over 7 years. These two cooling water system were decommissioned by their operator. Currently these two platforms are unmanned,
remotely operated, gas production facilities without drilling, compression, or fire water suppression systems. Using industry data EPA
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was able to identify that five of the 16 fixed platforms in Cook Inlet withdrew more than 2 MGD of seawater with more than 25% used
for cooling (see Figure 3-72).

The WSPA provided information, compiled on behalf of its members, on cooling water intake structures for offshore oil and gas
extraction facilities off the coast of California. Cooling water intake structure data were provided for 18 fixed platforms and no
economic information were included. Using this data EPA was able to identify that six of the 32 fixed platforms withdrew more than 2
MGD of seawater with more than 25% used for cooling (see Figure 3-72).
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Figure 3-71. Gulf of Mexico Oil and Gas Extraction Facilities That Withdraw More than 2 MGD of Seawater with More than

25% of the Intake Is Used for Cooling
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Figure 3-72. Cook Inlet, Alaska, Oil and Gas Extraction Facilities
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Note: Platforms marked in red withdraw more than 2 MGD of seawater with more than 25% of the intake used for cooling.
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Figure 3-72. California Oil and Gas Extraction Facilities
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Note: Platforms marked in red withdraw more than 2 MGD of seawater with more than 25% of the intake used for cooling.

The LMOGA represents facilities located in the state and includes those facilities located in state-waters of the Gulf of Mexico.
LMOGA contacted its trade association members asking for information on water withdrawal rates. All respondents to the LMOGA
data request indicated that they use less than 2 MGD of surface water. Again, no economic information was provided.

All technical information provided by industry and collected as part of the EPA Phase 111 survey for oil and gas exploration facilities
was compiled into an Excel datasheet for use in costing existing in-scope facilities for cooling water intake structure control. That
database is located in the rulemaking record (see DCN 7-3505, section 8.0).

2.4 Internet Sources
EPA collected pertinent information on the identity, number, and location of oil and gas extraction facilities from five websites:

The California Environmental Resources Evaluation System (http://www.ceres.ca.gov),
The Alabama State Oil and Gas Board (http://www.ogb.state.al.us ),

The Texas Railroad Commission (http://www.rrc.state.tx.us/ ),

World Oil (http://www.worldoil.com/),

Rig Zone (http://www.rigzone.com ), and

Drilling Contractor websites.

None of these websites provided technical information on cooling water intake structures or facility economic data. Exhibit 3-72
presents a description of the type of information that was collected from each site.
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Exhibit 3-72. Oil & Gas Extraction Facilities - Information Collected from Internet Sources

Source Information Collected

California Environmental | This site contained an Oil, Gas, and Mineral Resources Background article. The article states there are
Resources Evaluation twenty-six production platforms, one processing platform and six artificial oil and gas production
System Website islands located in the waters offshore California. Of the twenty-seven platforms, four are located in
State waters offshore Santa Barbara and Orange Counties, and twenty-three are located in Federal
waters offshore Santa Barbara, Ventura and Los Angeles Counties. Four platforms in State waters off
Santa Barbara County were abandoned and removed in 1966. The site did not include cooling water
intake structure or economic information.

Alabama State Oil and According to the Alabama State Oil and Gas Board website, there are 44 total structures in the state
Gas Board Website waters: 14 single well caissons; 11 well platforms; 4 well/production platforms; 4 bridge-connected
well platforms; 1 bridge-connected well/production platform; 8 production platforms; 1 bridge-
connected living quarters platform; and 1 gathering platform. The site does not contain any technical
information on cooling water intake structure or economic information. The Alabama Offshore Fields
database provides field name, county name, operator of the field, producing formation, date
established, total wells, producing wells, monthly production, and cumulative production. The list of
oil and gas operators in Alabama provides operator name, address, telephone and fax number.

Texas Railroad The Texas Crude Oil Production - Offshore State Waters database contains Railroad Commission
Commission Website district number, field name, county, gas well, condensate, and cumulative gas production. The Texas
Gas Well Production - Offshore State Waters contains Railroad Commission district number, field
name, county, monthly production for December 2002, year-to-date production January to December
2002, and cumulative oil production. This site does not have information on the number of facilities in
State waters or cooling water intake structures.

World Oil Website This site includes the World Oil’s Marine Drilling Rigs 2002/2003 Directory which lists performance
data for 635 mobile offshore drilling units. Listings are separated into four categories, including
jackups, semisubmersibles, drillships and barges, excluding inland barges, submersibles. Owners and
rigs are listed alphabetically, with rigs grouped by class under a typical photograph. The directory
provided EPA with a list of mobile offshore drilling units in US water. This site did not contain
information on cooling water intake structures for mobile offshore drilling units.

Rig Zone Website This site includes a search engine which provided the location of drill barges, drillships, inland barges,
jackups, semisubmersibles, and submersibles worldwide. The site provided a list of mobile offshore
drilling units currently in U.S. waters.

Drilling Contractor These sites provide information on offshore oil and gas drilling contractors. These sites include:
Websites - ENSCO Website (http://www.enscous.com/RigStatus.asp?Content=All),

- Noble website (http://www.noblecorp.com/rig/foverviewfrX.html), and

- Rowan Website (http://www.rowancompanies.com/)

- Transocean (http://www.deepwater.com/StatusandSpecs.cfm)

- Nabors (http://www.nabors.com/offshore/default.asp)

ENSCO has 53 offshore rigs servicing domestic and international markets and two rigs under
construction. Its website includes a listing of ENSCO rigs with drilling equipment specifications (e.g.,
power plant and drawwork brake specifics) including information on available horsepower. Noble has
59 offshore rigs servicing domestic and international markets. Its website includes a listing of Noble
rigs with drilling equipment specifications including information on available horsepower. Rowan has
25 offshore rigs servicing domestic and international markets. Its website identifies the companies rig
utilization rate. Transocean has 95 offshore rigs and 70 shallow and inland water mobile drilling units
servicing domestic and international markets. Its website includes a listing of Transocean rigs with
drilling equipment specifications including information on available horsepower. Nabors markets 26
platform, nine jackup and three barge rigs in the Gulf of Mexico market. These rigs provide
well-servicing, workover and drilling services. Its website identifies the companies rig utilization rate.
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2.5 Regulatory Agencies

EPA also contacted State regulatory agencies in Alaska, Florida, Alabama, Mississippi, Louisiana, and Texas to determine if they had
any specific regulatory requirements for this industrial sector with respect to potential environmental impacts associated with cooling
water intake structures. Only Alaska and Alabama provided information to EPA.

The State of Alaska has a standard clause in their oil and gas leasing agreements which controls potential impingement and
entrainment impacts from oil and gas extraction facilities. EPA contacted Alaska Department of Natural Resources (AKDNR) to
confirm that this clause (see below) is standard for all Alaska leasing statements and how the State ensures compliance with this
mitigation measure throughout the duration of the lease."

Water intake pipes used to remove water from fishbearing waterbodies must be surrounded by a screened enclosure to prevent
fish entrainment and impingement. Screen mesh size shall not exceed 0.04 inches unless another size has been approved by
Alaska Department of Fish and Game. The maximum water velocity at the surface of the screen enclosure may be no greater
than 0.1 foot per second.

AKDNR confirmed that this clause is standard in all Alaska leasing statements in order to control impingement and entrainment
impacts from oil and gas extraction facilities in Alaska state waters. This clause was developed by the Alaska Department of Fish and
Game (AKDFG). Most water withdrawals occur on the North Slope for building ice roads and ice pads.

AKDNR also stated that the impingement and entrainment mitigation measures are first enforced when they review the oil and gas
extraction plan of operations. A facility seeking approval from the State to begin operations must identify in their plans whether it is
proposing any surface water withdrawals. They must also identify the source of the surface water, re-state compliance with the
standard clause, or the need for a variance. The withdrawal will also require water withdrawal permits from AKDNR. As a matter of
practice, unless there was some reason to believe the operator was not meeting the standard, the intake would not be inspected by
AKDNR or AKDFG (Schmitz e-mail).

Alabama state law requires facilities to register water withdrawals (with capacities in excess of 100,000 gallons per day) with the
Office of Water Resources (OWR) within the Alabama Department of Economic and Community Affairs (ADECA). However, OWR
does not track water withdrawal facilities in Alabama by industry specific codes (i.e. SIC).®®* They register facilities under one of three
categories: public, non-public and irrigation. Consequently, OWR does not have any useful records on whether oil and gas extraction
facilities in Alabama state waters withdraw more than 100,000 gallons per day. Additionally, the Alabama State Oil and Gas Board
and the Alabama Petroleum Council were contacted by the Alabama Department of Environmental Management on behalf of EPA.
Both Alabama State Oil and Gas Board and the Alabama Petroleum Council estimate that cooling water withdrawals for the oil and
gas extraction industry in Alabama waters should be considered de minus.** This estimate is also consistent with data provided by
LMOGA.

EPA also contacted a few foreign regulatory agencies who control environmental impacts from oil and gas extraction facilities in their
country's waters. Responses from these foreign regulatory agencies confirm that they have not: (1) investigated any potential
impingement or entrainment impacts of surface water intakes at oil and gas extraction facilities; or (2) established any standards for
controlling impingement or entrainment impacts for the oil and gas extraction industry.*®

2E-mail communication between Steve Schmitz, AKDNR, and Carey A. Johnston, EPA, August 21, 2003.
3E-mail communication between Tom Littlepage, ADECA, and Carey A. Johnston, EPA, April 21, 2004.
Letter from Glenda L. Dean, ADEM, to Mary T. Smith, EPA, March 30, 2004.

Memo to record, C. Johnston, August 17, 2004
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3.0 FACILITIES IN THIS INDUSTRIAL SECTOR WHICH EPA EVALUATED FOR THE PHASE |1l RULEMAKING

As previously mentioned, EPA did not consider new offshore oil and gas extraction facilities in the 316(b) Phase I - New Sources
rulemaking. Consequently, EPA evaluated as part of the Phase 111 proposed rule the technology options available to control
impingement and entrainment of aquatic organisms for both existing and new offshore oil and gas extraction facilities.

4.0 TECHNOLOGY OPTIONS AVAILABLE TO CONTROL IMPINGEMENT AND ENTRAINMENT OF AQUATIC
ORGANISMS

4.1 Summary of Technology Options to Control Impingement and Entrainment of Aquatic Organisms

There are three main technologies applicable to the control of impingement and entrainment of aquatic organisms for cooling water
intakes: passive intake screens, velocity caps, and modification of an intake location. Passive intake screens cover a whole range of
static screens that act as a physical barrier to fish entrainment. These barriers include simple mesh over an open pipe end with a
suitably low face velocity to prevent impingement, grille or mesh spanning an opening with a suitably low face velocity to
impingement, and cylindrical and tee wedgewire screens designed for protecting fish stocks (Figure 3-74). A velocity cap is a device
that is placed over vertical inlets at offshore intakes (Figure 3-75). This cover converts vertical flow into horizontal flow at the
entrance of the intake. The device works on the premise that fish will avoid rapid changes in horizontal flow. Beyond design
alternatives, a facility may also be able to locate their cooling water intake structures in areas that minimize entrainment and
impingement. Near shore coastal waters are generally the most biologically productive areas. The zone of photosynthetic available
light typically does not extend beyond the first 328 feet of depth. Modification of an intake location may therefore be implemented by
adding an extension to the bottom of an existing intake to relocate the opening to a low impact area. To identify low impact areas, an
environmental study or assessment is required.

EPA believes that the cost of modifying existing structures with deeper intakes will be significantly greater than the equipment costs
associated with screens and velocity caps. In addition, the need for an environmental assessment to identify a lower impact zone for
modified intakes would result in additional cost and time constraints. Therefore, EPA did not include modification of an intake
location as part of their proposed technology options.

The following items are typically direct air cooled: gas coolers on compressors, lubrication oil coolers on compressors and generators,
and hydraulic oil coolers on pumps. However, seawater cooling is necessary in many cases because space and weight limitations
render air cooling infeasible. This is particularly true for floating production systems which have strict payload limitations. See
Chapter 6 of the Phase | TDD for additional information.

EPA also considered but did not estimate costs associated with dry cooling options for oil and gas extraction facilities. The following
items are typically direct air cooled at oil and gas extraction facilities: gas coolers on compressors, lubrication oil coolers on
compressors and generators, and hydraulic oil coolers on pumps. However, seawater cooling is necessary in many cases because
space and weight limitations render air cooling for all oil and gas extraction equipment infeasible. This is particularly true for floating
production systems which have strict payload limitations. 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 believes that it is already difficult to justify
such conversions of jack-ups and that it would be far more difficult to justify conversion of drillships or semi-submersibles. See
Chapter 6 of the Phase | TDD for additional information.

The technologies EPA evaluated for cooling water intake structures at offshore oil and gas extraction facilities depend on the type of
cooling water intake structure and the rig type (rig types are described in section 1.0). The cooling water intake structure types include
simple pipes, caissons, and submerged pump intakes, and sea chests. The impingement and entrainment control technologies EPA
identified for this sector (passive intake screens, velocity caps, and modification of an intake location) are being used at other
industries with marine intakes and are also being proposed for new LNG import terminals. In particular, the Main Pass Energy Hub
LNG import terminal is converting an existing offshore platform to an LNG import terminal and installing technology (cynlindrical
wedgewire screens) that would meet the proposed impingement and entrainment standards for new oil and gas extraction facilities.
Based on similarities in intake structures, EPA is transferring these impingement and entrainment control technologies to this industrial
sector.

A simple intake pipe, as the name suggests, is a pipe that is open ended in the water. A pump will draw water up through the pipe for
distribution as required by the process. These systems generally include a strainer to protect the pump and, if the pump is above water
level, a non-return valve to help keep the system primed. A caisson is a steel pipe attached to a fixed structure that extends from an
operating area down some distance into the water. It is used to provide a protective shroud around another process pipe or pump that
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is lowered into the caisson from the operating area. A caisson to house seawater intake equipment is a very common arrangement for
offshore oil and gas extraction facilities. Typical equipment installed in the caisson may be a simple suction pipe, submersible pump
and discharge pipe or a shaft driven borehole/vertical turbine pump. All caisson arrangements have the similarity that seawater is
drawn into a single opening at the bottom of the caisson. Submersible pumps are simply lowered off the deck of a unit into the water
without caissons or shrouds and pump water up through an intake pipe.

A sea chest is a cavity in the hull or pontoon of a MODU and is exposed to the ocean with a passive screen (strainer) often set along
the flush line of the sea chest. In general there are three pipes for each sea chest (these include cooling water intakes and fire pumps).
One of the three intake pipes is used for emergency fire fighting operations and the other pipes for cooling water. These pipes are
usually back on the flush line of the sea chest.

For simple pipes, caissons and submerged pump intakes, cooling water intake structure control technologies include velocity caps or
cylindrical wedgewire screens. Velocity caps result in impingement control and cylindrical wedgewire screens result in both
impingement and entrainment control and are designed to create an intake velocity of equal to or less than 0.5 feet per second.
Additionally, cylindrical wedgewire screens can be fitted with air sparges to physically remove bio matter from a screen face. This is
a suitable technology in most marine environments and is useful for intakes above about 50 foot depth. In situations where there are
prolific marine organisms that may grow on the screen surface (such as mussels, corral, or seaweed growth), alternative materials of
construction may be needed to protect the screen. Alloys of copper and nickel have been found to limit marine growth on a submerged
surface. These alloys are used in the manufacture of screen surfaces to prevent problems with invasive marine growth and cylindrical
wedgewire screens can be costed using this material of construction.

For sea chests, cooling water intake structure control technologies include horizontal flow diverters and/or flat panel wedgewire
screens. Horizontal flow diverters result in impingement control while flat panel wedgewire screens result in entrainment control. To
achieve both impingement and entrainment control on a sea chest, both the flat panel wedgewire screen and a horizontal flow diverter
are required. As in the case with cylindrical wedgewire screens, flat panel screens can also be manufactured using copper-nickel alloy
material.

Exhibit 3-72 presents the Phase Il cooling water intake structure control regulatory options and the technologies applicable to each
option. The appropriate control technologies are a function of the cooling water intake structure and rig type.

Figure 3-74. Cylindrical Wedgewire Screen (Johnson Screens)
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Figure 3-75. Schematic of Seabed Mounted Velocity Cap

Vvaleecity Distributlon Without Cap

Velocity Distributlon With Cap

Exhibit 3-72. Regulatory Options and the Technologies Applicable to Each Option

Option A

Option B

Option C

Option D

Option E

Option
Requirements

I&E control for
facilities with >2
MGD

| control for
facilities with >2
MGD

I&E control for
facilities with > 50
MGD and | control
for facilities with

I&E control for
facilities with > 50
MGD

| control for
facilities with > 50
MGD

2-50 MGD

Type of Rig Option A Option B Option C Option D Option E
Platforms and Cylindrical Velocity Caps for Cylindrical Cylindrical Velocity Caps for
Drill Barges which | Wedgewire >2MGD Wedgewire Wedgewire >50 MGD
use simple pipes Screens for >2 Screens for > 50 Screens for >50
and caissons for MGD MGD and Velocity | MGD
cooling water Caps for 2-50
intake MGD
Jack Ups Cylindrical Horizontal Flow Cylindrical and Cylindrical Horizontal Flow
which use sea Wedgewire Diverter and Flat Panel Wedgewire Diverter and
chests while in Screens plus Flat Velocity Caps for Wedgewire Screens plus Flat Velocity Caps for

transport and
simple pipes/
caissons when
stationary for
cooling water
intake

Panel Wedgewire
Screens and
Horizontal Flow
Diverter for >2
MGD

>2 MGD

Screens plus
Horizontal Flow
Diverter for pipes
and sea chests for
>50 MGD and
Velocity Caps and
Horizontal Flow
Diverter for 2-50
MGD

Panel Wedgewire
Screens and
Horizontal Flow
Diverter for > 50
MGD

>50 MGD

3-152




§ 316(b) Phase IITI - Technical Development Document

Technology Cost Modules

Exhibit 3-72. Regulatory Options and the Technologies Applicable to Each Option (continued)

and Drill Ships
which use sea
chests for cooling

Screens and
Horizontal Flow
Diverter for >2

MGD

Screens and
Horizontal Flow
Diverter for >50
MGD and

Type of Rig Option A Option B Option C Option D Option E
Submersibles, Flat Panel Horizontal Flow Flat Panel Flat Panel Horizontal Flow
Semi-submersibles | Wedgewire Diverter for >2 Wedgewire Wedgewire Diverter for >50

Screens and
Horizontal Flow
Diverter for >50
MGD

MGD

water intake MGD
Horizontal Flow
Diverter for 2-50
MGD

I = Impingement Control (includes velocity caps and horizontal flow diverters)
I&E = Impingement and Entrainment Control (includes cylindrical wedgewire screens and flat panel wedgewire screens with a
horizontal flow diverter)

4.2 Incremental Costs Associated with Technology Options to Control Impingement and Entrainment of Aquatic Organisms

This section documents the costs developed for cooling water intake structure control on existing “in-scope” offshore oil and gas
extraction facilities evaluated for the proposed Phase 111 rulemaking. This section includes a description of:

. In-Scope Facilities for Costing;
. Source of the Costing Equations and Assumptions; and
. Summary of the Capital and Operation and Maintenance (O&M) Costs.

4.2.1  Existing In-Scope Facilities for Costing

EPA developed incremental compliance costs for existing offshore oil and gas extraction facilities if they met two criteria. The first, is
that the facility had design or actual water intake flows of greater than 2 MGD and the second is that there were data (or a documented
assumption) to support a determination that 25 percent or greater of the intake water (on an intake flow weighted basis) is used for
cooling purposes.

Using the Excel datasheet which included all technical information collected on existing oil and gas extraction facilities and their
cooling water intake structures, EPA assessed which facilities had data supporting an “in-scope” determination and sufficient
information to assess costs. In this datasheet, some MODUs did not have cooling water flow data for the 25 percent or greater cooling
water criteria assessment. Based on EPA’s data from the USCG, it was assumed that most MODUSs use approximately 80% of their
intake water for cooling purposes and therefore meet the second “in-scope” criteria. The facilities identified as “in-scope” for costing
are presented in the proposal record (see DCN 7-3505, section 8.0).

4.2.2  Source of Costing Equations and Assumptions

EPA developed costs for screens, velocity caps, and horizontal flow diverters using capital and operating and maintenance (O&M)
cost data from vendors and the following assumptions: (1) 10% engineering factor; (2) 10% contingency factor; and (3) an allowance
of 6% of the capital cost for annual parts replacement. The capital and O&M equipment costs are summarized by pipe diameter (or by
sea chest flow rate) in the Hatch Report®*® which is located in the proposal record (see DCN 7-0010). Using these costs per pipe
diameter (or costs per sea chest flow rate), EPA developed linear costing equations which were then used to develop facility specific
costs.

Exhibits 3-74 through 3-77 present the costing equations and their source for each technology costed. Costs were prepared for both
stainless steel flat panel and cylindrical wedgewire screens and also for copper-nickel (Cu-Ni) flat panel and cylindrical wedgewire

Hatch Report, “Offshore and Coastal Oil and Gas Extraction Facilities Seawater Intake Structure
Modification Cost Estimate: Mobile Offshore Drilling Units (MODUSs)” and “Offshore and Coastal Oil and Gas
Extraction Facilities Seawater Intake Structure Modification Cost Estimate: Caisson and Simple Pipe Intakes”,
March 12, 2004.
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screens. Costs were also developed for cylindrical wedgewire systems with air sparging and without. Air sparging is used for
cylindrical wedgewire screens installed in waters of shallow to medium depth (pipe depth less than 200 feet) to help prevent biofouling
of the wedgewire screen. Copper-nickel screen material is more expensive than stainless steel but has also been shown to have a
greater resistance to biofouling. In addition, costs were developed for both side and bottom horizontal flow diverters as well as
velocity caps.
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§ 316(b) Phase IITI - Technical Development Document Technology Cost Modules

Operating and maintenance costs are associated with fixed platforms only. Operators are required by the U.S. Coast Guard to inspect
sea chests twice in five years with at least one cleaning to prevent blockages of firewater lines. The requirement to drydock MODUs
or perform special examination in lieu of drydocking twice in five years and inspect and clean their sea chests and sea valves are found
in U.S. Coast Guard regulations (46 CFR 107.261, and 107.265 and 107.267 and 46 CFR 61.20-5). It was therefore assumed that
MODU’s will undergo cooling water intake structure control maintenance as part of their regularly scheduled dry dock service.
Operating and maintenance costs for fixed platform facilities do not include any costs associated with downtime (see section F.3).

For fixed platform facilities using simple pipe and/or caisson intakes, the depth of the water intake is needed to determine maintenance
costs for cooling water intake structure control inspection and cleaning. Since intake depth was not available for many of the fixed
platform facilities costed, an estimate of the intake pipe depth was developed using available data. Based on an assessment of intake
depth performed by Simon, a linear equation was developed to represent intake pipe depth versus total design intake flow. In general,
the greater the design intake flow the deeper the intake depth.

The facility-level option costs (summarized below) include air sparging equipment for biofouling control at intake depths less than 200
feet for both stainless steel and Cu-Ni cylindrical wedgewire screens. According to Linda Cook at Johnson Screens (email
correspondance dated May 20, 2004), the water is typically clean at depths below 40 to 50 feet and biofouling is typically not a
concern, however it depends on the water quality at the actual location. As a conservative estimate, EPA assumed air sparging
systems may be needed at depths up to 200 feet. In addition, for sea chests, costs were developed for both bottom and side horizontal
flow diverters. Since it was unknown in most cases whether specific facilities had bottom or side sea chests, the costs included in the
facility-level option costs used the more expensive option (i.e., assumed side sea chests).

4.2.3  Summary of Technology Option Costs for Existing Oil and Gas Extraction Facilities
Exhibit 3-78 presents a summary of the cooling water intake control costs developed for existing “in-scope” O&G extraction facilities
for cooling water intake structure control options A through E. These costs are broken out by platforms versus MODUs and by

location. These costs do not represent scaled-up costs.

Exhibit 3-77. Summary of Technology Option Costs for Existing Oil and Gas Extraction Facilities

No. of Facilities Option A Option B Option C Option D Option E

Included in Costs
Capital Costs 16 4,047,201 4,187,716 4,187,716 0 0
Platforms, GOM
Capital Costs 6 2,546,486 2,598,198 2,598,198 0 0
Platforms, California
Capital Costs 5 1,543,426 0 0 0 0
Platforms, Alaska
Capital Costs 87 21,653,766 11,440,066 14,408,685 4,502,389 1,533,770
MODUs
Total Capital Costs ($) 114 29,790,879 18,225,980 21,194,599 4,502,389 1,533,770
O&M Costs 16 905,315 675,924 675,924 0 0
Platforms, GOM
O&M Costs 6 576,504 539,340 539,340 0 0
Platforms, California
O&M Costs 5 573,804 0 0 0 0
Platforms, Alaska
O&M Costs 87 0 0 0 0 0
MODUs
Total O&M Costs (3$) 114 2,055,623 1,215,264 1,215,264 0 0
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Option A = | & E control for facilities with > 2 MGD

Option B = | control for facilities with > 2 MGD

Option C = | & E control for facilities with > 50 MGD and I control for facilities with 2-50 MGD
Option D = | & E control for facilities with > 50 MGD

Option E = | control for facilities with >50 MGD

When these costs are scaled-up to include additional facilities believed to be “in-scope” and not costed, the total capital and O&M
costs become:

Option A Option B Option C Option D Option E
Total Capital Costs ($) 48,354,142 27,766,279 30,734,897 4,502,389 1,533,770
Total O&M Costs ($) 3,054,978 1,257,368 1,257,368 0 0

EPA used these costs for existing facilities to estimate the incremental compliance costs for new facilities. This is a conservative
approach to estimate potential economic impacts as incremental compliance costs for new facilities will be lower than incremental
compliance costs for existing facilities since new facilities will not need to retrofit existing equipment. Economic impacts on new
MODUs and platforms and their associated firms from these incremental compliance costs are expected to be minimal (see DCN 7-
0002). EPA estimates that the costs of the Phase 111 proposed rule are highly unlikely to have any production effects on new
deepwater platforms, nor are these costs expected to pose a barrier to entry to new oil and gas development. The economic modeling
does not indicate that production is very sensitive to costs estimated at the current order of magnitude.

5.0 PROPOSED TECHNOLOGY OPTIONS IDENTIFIED IN THE PHASE 11l PROPOSAL

EPA is proposing to require impingement and entrainment control requirements for new offshore oil and gas extraction facilities in the
Phase 111 316(b) rulemaking. EPA finds the technology available and affordable. Moreover, the importance of controlling
impingement and entrainment at oil and gas extraction facilities is highlighted by the fact that these structures provide an important
fish habitat. A variety of fish species are known to be attracted to and to aggregate around and directly under offshore oil and gas
extraction facilities, often resulting in densities of fish of that are higher than the densities found in adjacent open waters. Both adult
fish and young fish gather around these structures. Young fish may be more susceptible to impingement and entrainment than adult
fish. For example, oil and gas platforms and artificial reefs undoubtedly serve as red snapper habitat, and they may serve as an
important (but not obligate) link in the life history of both juvenile and adult red snapper.*” In general, five to 100 times more fish can
be concentrated near offshore platforms than in the soft mud and clay habitats elsewhere in the Gulf of Mexico.® As a result, 70
percent of all fishing trips in the Gulf of Mexico head for oil and natural gas platforms. Likewise, 30 percent of the 15 million fish
caught by recreational fishermen every year off the coasts of Texas and Louisiana come from the waters around platforms. The
offshore marine areas in which oil and gas extraction facilities are located contain large numbers of fish and shellfish eggs and larvae
that drift with ambient currents and have minimal swimming ability. These organisms are vulnerable to entrainment by oil and gas
facility cooling water intake structures. Densities of these organisms are variable across offshore marine areas, but they can be as great
as the densities found in estuarine environments. EPA will address potential impingement and entrainment impacts at existing
facilities through NPDES permits on a case-by-case basis, using best professional judgment (see 40 CFR 125.80(c)).

EPA applied different regulatory requirements for new oil and gas extraction facilities depending on whether they are projecting to use
sea chest as their cooling water intake structure. New oil and gas extraction facilities without sea chests as cooling water intake
structures are required to meeting impingement and entrainment requirements while those with are only required to meet impingement
requirements. EPA made this distinction based on the potential lack of technologies to control entrainment impacts for sea chest
cooling water intake structures. Simple pipes, caissons and submersible pumps used for cooling water extraction can be fitted with
pre-manufactured cylindrical wedgewire screens to prevent entrainment and impingement of marine life. Consequently, control
technologies are available for these cooling water intake structures and EPA is proposing impingement and entrainment control
requirements for new offshore oil and gas extraction facilities that do not use sea chests.

7 Reef Fish Stock Assessment Panel, Gulf of Mexico Fishery Management Council, 1996. “Review of
1996 Analysis by Gallaway and Gazey, http://www.gulfcouncil.org/downloads/RFSAP-GG-1996.pdf, August 1996.

8Sandra Fury, ChevronTexaco, statements before U.S. Commission on
Ocean Policy, http://oceancommission.gov/meetings/mar7_8 02/fury_statement.pdf, March 8, 2002.
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EPA had limited information on the effectiveness of flat-paneled wedgewire screens in controlling entrainment impacts. However, in
order to estimate compliance costs associated with this technology, EPA costed flat paneled wedgewire screens for sea chest cooling
water intake structures. EPA solicits data and information on whether this technology can be used to controlling entrainment impacts.

EPA identified in its record that only 'jack up' type oil and gas extraction facilities use both sea chests and non-sea chest cooling water
intake structures. EPA estimates that the design of the cooling water intake structures for jack up oil and gas extraction facilities will
primarily depend on the operation needs of the facility and will not be influence by reduced regulatory requirements. However, EPA
solicits comment on the major factors influencing the design of cooling water intake structures for 'jack up' oil and gas extraction
facilities and whether reduced regulatory requirements might lead industry to select sea chests to reduce their potential compliance
costs.

6.0 316(b) ISSUES RELATED TO OFFSHORE OIL AND GAS EXTRACTION FACILITIES

EPA investigated several issues related to 316(b) technology options for this industrial sector. These issues included: biofouling; the
definition of new source; potential lost production and downtime associated with proposed technology option impacts; drilling
equipment at production platforms; and current regulatory requirements.

6.1 Biofouling

Industry comments to the 316(b) Phase | proposal assert that operators must maintain a minimum intake velocity of 2 to 5 feet per
second in order to prevent biofouling of the offshore oil and gas extraction facility cooling water intake structure. EPA requested
documentation from industry regarding the relationship between marine growth (biofouling) and intake velocities (Johnston - March
21, 2001). Industry was unable to provide any authoritative information to support the assertion that a minimum intake velocity of 2 to
5 feet per second is required in order to prevent biofouling of the facility’s cooling water intake structure. 1ADC asserts that it is
common marine engineering practice to maintain high velocities in the seachest to inhibit attachment of marine biofouling organisms
(Spackman, May 8, 2001).

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 the ASCE "Design of Water Intake Structures for Fish Protection" recommends
an approach velocity in the range of 0.5 to 1 feet per second for fish protection and 1 feet per second for debris management but does
not address biofouling specifically. OOC/NOIA were unable to find technical papers to support a higher intake velocity. The U.S.
Coast Guard and MMS were also unable to provide EPA with any information on velocity requirements or preventative measures
regarding marine growth inhibition or has a history of excessive marine growth at the sea chest.

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 (Johnston - March 26, 2001) & (Johnston - October 9, 2001). 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 and in the abyssal depths (Johnston - October 9, 2001). Moreover, as detailed above, operators are required to perform
regular inspection and cleaning of these cooling water intake structures in accordance with USCG regulations.

EPA and industry also identified that there are a variety of specialty screens, coatings, or treatments to reduce biofouling. Industry and
a technology vendor (Johnson Screens) also identified several technologies currently being used to control biofouling (e.g., air
sparging, Ni-Cu alloy materials). See Figure 3-76 for a schematic of air sparging at a cylindrical wedgewire screen. Johnson Screens
asserted 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.
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Figure 3-76. Cylindrical Wedgewire Screen with Air Sparging (Johnson Screens)

Biocide treatment can also be used to minimize biofouling. 1ADC reports that one of their members uses Chloropac systems to reduce
biofouling (www.elcat.co.uk/chloro_anti_mar.htm). The Liberty Project plans to use chlorine, in the form of calcium hypochlorite, to
reduce biofouling. The operator (BPXA) will reduce the total 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 slightly from the intake seawater because of the chlorination/dechlorination processes, but this
variation is not expected to be more than 0.1 pH units.

In another offshore industrial sector, LNG import terminals, industry is proposing intake velocities of 0.5 feet per second. In their
proposals, industry identified the use of sodium hypochlorite to control biofouling and did not identify any concerns over the proposed
intake velocity (0.5 feet per second) and biofouling. Moreover, some of these proposed facilities include in their designs cylindrical
wedgewire screens with air sparging to remove biofouling and clear water intake structures.

In summary, EPA did not identify any relationship between the intake velocity and biofouling of an offshore oil and gas extraction
facility cooling water intake structure. EPA finds that operators can reasonably control biofouling associated with cooling water intake
structures. As previously mentioned, EPA included the costs of controlling biofouling for intakes at depths less than 200 feet as part
of the incremental compliance costs.

6.2 Definition of New Source

Industry claimed in comments to the Phase | 316(b) proposal and the May 25, 2001 316(b) Federal Register Notice that existing
MODUs 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 excluded existing facilities from the Phase 111 proposed rule and clarified the
regulatory language.

6.3 Potential Lost Production and Downtime Associated with Proposed Technology Option Impacts
6.3.1  Potential Lost Production

EPA estimates that there will be no lost production for new oil and gas extraction fixed platform facilities due to incremental 316(b)
Phase I1l compliance costs.

Lost production for an oil and gas extraction facility could occur if the operator made a decision to shut in a facility early due to the
incremental costs associated with cooling water intake structure operation and maintenance (O&M.) The decision to shut in a facility
is generally made on an annual, semi-annual, or at most quarterly basis. At the end of a fixed facility production life, the costs of
production would be in the $3.7 million/year range and the incremental cooling water intake structure O&M costs are estimated to be
in the $37,000/year range. Therefore, the incremental cooling water intake structure O&M costs are approximately 0.1 % of the
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production costs and would not impact a quarterly, semi-annual or annual shut in decision. Well shut in decisions will be much more
sensitive to the price of oil and gas.

Preliminary economic analysis shows that the costs of the Phase 111 rule are highly unlikely to have any production effects on new
deepwater platforms, nor are these costs expected to pose a barrier to entry to new oil and gas development. The economic modeling
does not indicate that production is very sensitive to costs estimated at the current order of magnitude.

6.3.2  Potential Downtime
EPA evaluated the potential for downtime at existing oil and gas extraction facilities to allow for cooling water intake structure control

maintenance. This issue was evaluated for both mobile and fixed oil and gas extraction facilities. EPA gathered information from the
following experts on the topic of maintenance practices for mobile and fixed oil and gas extraction facilities:

. April 4, 2001 Meeting with Mr. James M. Magill, U.S. Coast Guard, Vessel and Facility Operating Standards Division.
. June 8, 2004 Email Correspondence with Mr. EImer Danenberger, Mineral Management Service (MMS).
. June 9, 2004 Email Correspondence with Mr. Kent Satterlee, Shell Oil Company.

Mobile Oil and Gas Extraction Facilities

Mr. Magill of the U.S. Coast Guard provided information related to cooling water intake structures for MODUs. MODUSs typically
draw in intake water through a sea chest. The sea chest is a cavity in the hull or pontoon of the MODU and is exposed to the ocean
with a screen often set along the flush line of the sea chest. There are generally two sea chests for each drill ship or semi-submersible
(port and starboard) for redundancy and ship stability. In general, only one sea chest is required at any given time for drilling
operations. Mr. Magill indicated that there are generally three pipes for each sea chest (including cooling water intakes and fire
pumps). One of the intake pipes is always set aside for use solely for emergency fire fighting operations. Regarding maintenance
downtime, Mr. Magill stated that current Coast Guard requirements are that operators must inspect sea chests twice in five years with
at least one cleaning. These requirements are particularly important to ensure that the separate intake for the fire pump is clear. The
requirement to drydock MODUSs or perform special examination in lieu of drydocking twice in five years and inspect and clean their
sea chests and sea valves are found in U.S. Coast Guard regulations (46 CFR 107.261, 107.265, and 107.267 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 or special examination in lieu of
drydocking if the unit is in an area of high marine growth or has had history of excessive marine growth at the sea chests. Mr. Magill
estimated that the regular cleaning and inspection schedule should be enough to control marine biofouling in the Gulf of Mexico.

Based on this information, EPA assumed that the existing Coast Guard requirements for MODU sea chest maintenance are sufficient
and no downtime or additional maintenance costs were developed for MODUS.

Fixed Oil and Gas Extraction Facilities

Fixed Platforms were costed for cooling water intake structure control maintenance (i.e., annual screen inspection and cleaning using
divers). EPA requested information from Mr. Danenberger and Mr. Satterlee to determine whether regular downtime is typical for
fixed platforms during which cooling water intake structure control maintenance could occur or whether maintenance costs would
need to account for potential downtime lost production. Both Mr. Danenberger and Mr. Satterlee indicated that it is usual for fixed
platforms to experience periodic shut ins for production maintenance purposes. Mr. Danenberger indicated that the frequency and
duration of the production maintenance shut ins is dependent on platform age, complexity, condition of the facility, and company
practices and policy. Newer facilities might only shut in once per year for two to three days, other facilities might average two shut ins
per year, each for up to a week. Mr. Satterlee indicated that for Shell facilities, on average there are one to two scheduled shut ins per
year of varying duration. He estimated that on average a typical shut in would be two to three days depending on the scope of work to
be performed. In addition, there can also be unplanned shut ins to address critical maintenance items.

Based on this information, EPA assumed that for fixed platform facilities, cooling water intake structure control maintenance can
occur during a regularly scheduled downtime and costs beyond the maintenance costs for screen inspection and cleaning were not
required.

6.4 Drilling Equipment at Production Platforms

Drilling equipment is not generally permanently located on offshore fixed production platforms. However, some offshore fixed
production platforms do have permanent on-site drilling equipment and do drill development wells and sidetracks, as well as perform
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well workovers, throughout the life of a project. EPA estimates that 115 fixed platforms have drilling equipment on the platform out
of roughly 2,500 platforms in the GOM. Some fixed production platforms that require more than 2 MGD of cooling water include
platforms in deepwater, platforms with cooling needs for power equipment and machinery (e.g., winches), and platforms that require
cooling for gas compression and other needs.

Based on data industry submitted to EPA, platforms with permanent drilling equipment are more often found in deepwater. Since
passage of the Deep Water Royalty Relief Act (43 U.S.C. §1337) there has been an overall expansion in all phases of deepwater oil
and gas extraction activity. This legislation provides economic incentives for operators to develop fields in water depths greater than
200 m (656 ft). areas. The number of producing deeperwater projects has dramatically increased from 1992 (6) and 1997 (17) to 2003
(86). Deepwater production rates have risen by well over 100,000 barrels of oil per day and 400 million cubic ft of gas per day,
respectively, each year since 1997.%° Initial data suggests that while cooling water needs may decrease over the life of some fixed
platforms with drilling equipment, the water intakes for some fixed platforms will stay above 2 MGD for their production needs (e.g.,
gas cooling and compression). High speed reciprocating gas and rotary screw natural gas compressors range up to 8,800 HP.
Assuming continuous once through cooling and a seawater temperature increase of 10 °C between intake and discharge, the volume of
seawater required for cooling these engines can ranges up to 3.5 MGD. As an example, there some production platforms in shallow
waters in mature fields that do very little drilling and withdraw more than 2 MGD of seawater (e.g., Offshore California, Cook Inlet,
AK). Figure 3-77 demonstrates that design intake flows for some existing production platforms do not always fall below the 2 MGD
flow threshold.

Figure 3-77. Design Intake Flow for Production Platforms with Surface Water Intakes Greater than 2 MGD and Installation
Year
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Finally, MODU s also serve fixed production platforms to drill development wells and sidetracks, as well as perform workovers,
throughout the life of a project when the offshore platform does not have a permanent drilling rig. MODUSs also have the potential to
impinge and entrain aquatic organisms at these fixed facilities. Consequently, EPA evaluated and selected technology options for
these fixed and mobile oil and gas extraction facilities, including fixed production platforms without drilling equipment, to reduce
potential adverse environmental impacts. Since most fixed production platforms without drilling equipment have seawater intakes
less than 2 MGD, they would not by subject to the 316(b) rule but must meet 8316(b) requirements as specified by the NPDES permit
authority on a case-by-case basis, using best professional judgment (BPJ) (see 40 CFR 125.80(c)). EPA also notes that when operators
decommission intake structures and reduce their design intake flow to below 2 MGD, they would no longer be subject to permit
specific BPJ requirements. EPA will request more data on this topic in the proposed rulemaking.

¥U.S. Minerals Management Service, 2004. “Deepwater Gulf of Mexico 2004: America’s Expanding
Frontier,” MMS 2004-021, http://www.gomr.mms.gov/homepg/whatsnew/techann/2004-021.pdf, May 2004.
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6.5 Current Regulatory Requirements

EPA’s discussions with the two main regulatory entities of offshore oil and gas extraction facilities (i.e., MMS, USCG) identified no
Federal regulatory or information collection requirements for these cooling water intake structures. MMS generally does not regulate
or considered the potential environmental impacts of these cooling water intake structures in either NEPA analyses or approval of
drilling and exploratory plans. As previously mentioned, MMS could only identify one case where the environmental impacts of a
new oil and gas extraction facility cooling water intake structure were considered (i.e., Liberty Island). Moreover, MMS does not
collect information on cooling water intake volumes, velocities and durations for any oil and gas extraction facility. The U.S. Coast
Guard does not investigate potential environmental impacts of MODU cooling water intake structures but does require operators to
inspect sea chests twice in five years with at least one cleaning to prevent blockages of firewater lines.

EPA identified one State regulatory requirement for cooling water intake structures at oil and gas extraction facilities. As detailed in
section 2.5, the State of Alaska has a standard clause in their oil and gas leasing agreements which controls potential impingement and
entrainment impacts from oil and gas extraction facilities (screen size and intake velocity).
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V. TECHNOLOGY COST MODULES FOR LIQUEFIED NATURAL GAS FACILITIES
APPLICATION OF THE PROPOSED RULE

Under each of the co-proposed options, no offshore liquefied natural gas facilities would be subject to national performance standards.
New land-based liquefied natural gas facilities may be subject to requirements under the Phase I rule.

INTRODUCTION

Liquefied natural gas (LNG) has become an increasingly important part of the U.S. energy market. Interest in LNG imports has been
rekindled by higher U.S. natural gas prices in recent years, as well as increased competition and technological advances that have
lowered costs for liquefaction, shipping, storing, and re-gasification of LNG.> LNG is cooled to about minus 260 °F and transported
by vessels to import facilities for re-gasification.

During the re-gasification process, the LNG is warmed from minus 260 °F to 40 °F and experiences a three-fold increase in volume.
Typically, LNG at import terminals is stored only until it can be re-gasified and injected into the pipeline grid or until it can be trucked
directly to customers. In order to minimize wait times for the ships and to avoid congestion, operators of LNG marine terminals
process cargoes quickly. Each U.S. import terminal is equipped with storage tanks capable of holding between two and three tanker
loads of LNG. Some new and expanded facilities in the United States will have a capacity closer to four tanker loads. (DOE 2004)
LNG import terminals may use surface waters for this heat exchange process and may also use surface waters for cooling purposes.

This chapter provides an overview of: (1) the existing and planned LNG import terminals in the U.S., (2) which LNG import terminals
EPA evaluated for the Phase 111 rulemaking; and (3) the technology options available to control impingement and entrainment of
aquatic organisms.

1.0 EXISTING LNG IMPORT TERMINALS IN THE U.S.
The LNG industry in the United States has experienced periods of prolonged downturns, in part owing to price competition from
domestic sources of natural gas. (DOE 2004) Currently there are five existing onshore LNG import terminals and no existing offshore

LNG import terminals. The five existing onshore LNG import terminals are presented in Exhibit 3-78.

Exhibit 3-78. Five Existing Onshore LNG Import Terminals

L ocation 2003 LNG Imports, Billion 2004 LNG Storage Capacity, Operator
cubic feet (Bcf) Billion cubic feet (Bcf) P

Lake Charles, LA 238.2 6.3 Southern Union
Cove Point, MD 66.1 5.0 Dominion
Everett, MA 158.3 3.5 Tractebel

Elba Island, GA 43.9 4.0 El Paso/Southern LNG
G_uayanllla Bay, Puerto 130° N/A Enron/Edison MlSSlon
Rico (EcoElectrica)

Sources: (DOE 2004), (DOE 1995)

Although LNG imports exceeded historical highs in 2003, even at the current pace they represent only about 2.7 percent of U.S.
consumption and 13 percent of imports. Through expansions at three of the four facilities, the United States will increase its peak re-
gasification capacity by more than 40 percent from the 2002 level (3.2 Bcf/d) to approximately 4.6 Bcf/d in 2005. Additionally,
through recently announced additional expansion projects at Lake Charles and Cove Point, capacity would reach about 6.2 Bcf/d by
2008. (DOE 2004)

'U.S. Department of Energy, Energy Information Administration, 2004. “U.S. LNG Markets and Uses: June
2004 Update,” http://www.eia.doe.gov/pub/oil_gas/natural_gas/feature_articles/2004/Ing/Ing2004.pdf.

2U.S. DOE, Office of Fossil Energy, Order Granting Long-Term Authorization to Import Liquified Natural
Gas, Order No. 1042, http://www.fe.doe.gov/programs/gasregulation/authorizations/orders/ord1042.pdf, April 19,
1995.
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2.0 PLANNED LNG IMPORT TERMINALS IN THE U.S.

A competition to build LNG import terminals is taking place among U.S. and foreign companies in many regions of North America
because of the perceived opportunity in the growing LNG industry.® Interest in LNG imports has been rekindled by higher U.S.
natural gas prices in recent years and technological advances that have lowered costs for liquefaction, re-gasification, shipping, and
storing of LNG.*® Potential investment in re-gasification facilities in the U.S. is estimated at $15 billion.® Although LNG imports
currently make up a small percentage of total gas supplies, higher natural gas prices and recent expansions of existing LNG import
terminals and the constructions of new terminals will likely boost the net import of LNG from overseas. Net LNG imports are
estimated to increase from 0.2 trillion cubic feet in 2002 to 2.2 and 4.8 trillion cubic feet in 2010 and 2025, respectively, as planned
expansions at the four existing terminals are completed and new terminals are projected to start coming into operation in 2007.

As shown in Figure 3-78 a number of LNG import terminals have been proposed for development to meet the increased demand for
natural gas. (FERC 2004) There are at least 40 company announcements of proposed terminals targeted for North America. Many of
these projects are already before regulators, and, as of June 2004, some have achieved regulatory success. (DOE, 2004). Many of
these proposed projects are planned for the Gulf of Mexico (GOM) area due to the area’s largest demand for natural gas and
significant pipeline infrastructure.2 As shown in Figure 3-79, the Federal Energy Regulatory Commission (FERC) estimates that the
planned and pending LNG import terminals will tripled the U.S. capacity to import LNG.? However, not all planned LNG import
terminals will be built. It is estimated that in order to provide the needed LNG supply to the U.S. gas system, 10 to 12 LNG import
terminals will be built within the decade with an investment of more than $5 billion.*

*Remarks of Suedeen G. Kelly, Commissioner of Federal Energy Regulatory Commission, to the Natural
Gas Roundtable of Washington, "The Challenge of Natural Gas Interchangeability and Quality,” Washington, D.C.,
February 24, 2004. See http://www.ferc.gov/press-room/sp-current/02-24-04-kelly.pdf.

“Gaul, Damien, 2001. U.S. Department of Energy, Energy Information Administration, “U.S. LNG Markets
and Uses,” See http://www.eia.doe.gov/pub/oil_gas/natural_gas/feature_articles/2003/Ing/Ing2003.pdf

® University of Houston, 2003. “Introduction to LNG,”
http://www.energy.uh.edu/LNG/documents/IELE _introduction_to_LNG.pdf, January 2003.

¢ Kelly, Edward, 2004. “Factors Limit LNG’s Role In U.S. Market,” American Oil and Gas Reporter,
March 2004.

"U.S. Department of Energy, 2004. “Annual Energy Outlook 2004 with Projections to 2025,”
DOE/EIA-0383 (2004), January 2004. See http://www.eia.doe.gov/oiaf/aeo/.

8Meyer, Keith, 2004. The Regasification of North America, World Energy, Vol. 7, No. 1,
http://www.worldenergysource.com/articles/pdf/meyer WE_v7n1.pdf.

°U.S. Federal Energy Regulatory Commission, 2004. “LNG Briefing,”
http://www.ferc.gov/industries/gas/indus-act/Ing-briefing.pps, April 2004.

1% Hall, Wayne F. 2004. “The North American LNG Supply Chain: Strategies for Economic Growth,”
World Energy, Vol. 7, No. 1, http://www.worldenergysource.com/articles/pdf/hall WE_v7nl.pdf.
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Figure 3-78. Existing and Proposed North American LNG Terminals
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Figure 3-79. Current and Potential Future U.S. LNG Import Capacity
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A. Everatt, MA
B. Cove Point, MD : 1.0 Befd (Dominion — Cove Point LNG)
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1. Hackberry, LA : 1.5 Bcfd, (Sempra Energy)
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4. GuIf of Mexico: 0.5 Bcfd, (El Pasc Energy Bridge GOM, LLC)
5. Bahamas : 0.83 Befd, (Calypso Tractebel)*
6. Freeport, TX: 1.5 Bcfd, (Cheniere/Freeport LNG Dev.)

I

Proposed Terminals and Expansions — FERC

7. Fall River, MA : 0.8 Bcfd, (Weaver's Cove Energy/Hess LNG)

8. Long Beach, CA : 0.7 Bcfd, (MitsubishifConocoPhillips — Sound Energy Solutions)
9. Corpus Christi, TX ; 2.6 Befd, (Cheniere LNG Partners)

Sabine, LA : 2.6 Bofd (Cheniere LNG)

Corpus Christi, TX : 1.0 Befd (Vista Del Sol - ExxonMobil)
Sabine, TX : 1.0 Bcfd (Golden Fass - ExxonMaobil)

Logan Township, NJ : 1.2 Befd (Crown Landing LNG — BP)
Lake Charles, LA: 0.6 Bdd (Southern Union — Trunkline LNG)
Bahamas : 0.5Bcfd, (Seafarer - El Paso/FPL )

Corpus Christi, TX: 1.0 Bcfd (Occidental Energy Ventures)
Providence, RI : 0.5 Bcfd (Keyspan & BG LNG)

Port Arthur, TX: 1.5 Bcfd (Sempra)

Cove Point, MD : 0.8 Befd (Dominion)

California Offshore: 1.5 Bcfd (Cabrillo Port — BHP Billiton)
Louisiana Offshore : 1.0 Befd (Gulf Landing — Shelly

So. California Offshore : 0.5 Bcfd, (Crystal Energy)
Louisiana Offshore : 1.0 Befd (Main Pass McMoRan Exp.)
Gulf of Mexico: nfa (Compass Port - ConocoPhillips)
Gulf of Mexico : 2.8 Befd (Pearl Crossing - BxxonMobily

Brownsville, TX : nfa, (Cheniere LNG Partners)

Coos Bay, OR: 0.13 Befd, (Energy Projects Development)

Somerset, MA : 0.65 Bcfd (Somerset LNG)

Belmar, NJ Offshore : nfa (El Paso Global)

Altamira, Tamulipas ; 1.12 Bcfd, (Shell)

Baja California, MX : 1.0 Bcfd, (Sempra & Shell)

Baja California - Offshore : 1.4 Befd, (Chevron Texaco)

California - Offshore : 0.75 Bcfd, (Chevron Texaco)

St. John, NB : 1.0 Befd, (Canaport — Irving Oil)

Point Tupper, NS 1.0 Bcf/d (Bear Head LNG - Access Northeast Energy)
Pleasant Point, ME : 0.5 Bcf/d (Quoddy Bay, LLC)

Quebec City, QC : 0.5 Bcfd (Project Rabaska - Enbridge/Gaz Mel/Gaz de France
Lézaro Cirdenas, MX : 0.5 Befd (Tractebel/Repsol)

Riviére-du- Loup, QC: 0.5 Befd (Cacouna Energy — TransCanada/PetroCanada;
St. Helens, OR: 0.7 Bcfd (Port Westward LNG LLC)

Puerto Libertad, MX: 1.3 Bcfd (Sonora Pacific LNG)

Offshore Boston, MA: 0.8 Bcfd (Northeast Gateway — Excelerate Energy)
Kitimat, BC: 0.34 Befd (Galveston LNG)

Prince Rupert, BC: 0.30 Bcfd (WestPac Terminals)

Goldboro, N5 1.0 Befd (Keltic Petrochemicals)
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3.0 LNG IMPORT TERMINALS EPA EVALUATED FOR THE PHASE |1l RULEMAKING

EPA collected data on the re-gasification processes which are used at existing LNG import terminals and those that being proposed for
new facilities. For each facility EPA estimated whether: (1) these facilities are subject to the NPDES Permit Program; (2) these
facilities withdraw more than 2 MGD from surface waters; and (3) 25 percent of the surface water intake is use for cooling purposes.
EPA collected this data in order to determine whether LNG import terminals could potentially be subject to CWA § 316(b) national
technology-based standards to protect aquatic organisms from being killed or injured by impingement (being pinned against screens or
other parts of a cooling water intake structure) or entrainment (being drawn into cooling water systems and subjected to thermal,
physical or chemical stresses).

For many LNG import terminals most or all of the surface water intakes are used for the re-gasification process, an endothermic
process, and are not consider “water withdrawn for cooling purposes.” EPA stated in the preamble to the final Phase Il rule that
"water withdrawn for non-cooling purposes includes water withdrawn for warming by liquified natural gas facilities and water
withdrawn for public water systems by desalination facilities,” (July 9, 2004; 69 FR 41581). Consequently, warming waters used by a
LNG import terminal would not be considered "water withdrawn for cooling purposes” in determining whether a LNG import terminal
meets the threshold requirement of using at least 25 percent of water withdrawn for cooling purposes. Also, water used in a
manufacturing process either before or after it is used for cooling is considered process water — not cooling water — for the purposes of
calculating the percentage of a new facility's intake flow that is used for cooling purposes (see the definition of cooling water in 40
CFR 125.83)."

Thus, if an LNG import terminal uses less than 25 percent or none of its water for cooling purposes or does not meet the 2 MGD
intake flow threshold, the new facility rule specifies that the facility must meet § 316(b) requirements as specified by the NPDES
permit authority on a case-by-case basis, using best professional judgment (see 40 CFR 125.80(c)). (EPA, 2004 - clarification memo)

EPA is aware, however, that some new offshore LNG import terminals may use water for warming and cooling purposes. For
example, the draft Environmental Assessment for the Excelerate (formerly El Paso Energy Bridge Gulf of Mexico, LLC) LNG import
terminal notes that the total seawater demand for the vessel is 133 million gallons per day (MGD).*? The sea water intake serves the
following purposes: (1) total demand dedicated to the regasification system (76.1 MGD); (2) vessel's main condenser cooling system
(46.9 MGD); and (3) vessel's other cooling systems (10 MGD). This offshore LNG import terminal is subject to the NPDES Permit
Program®®; withdraws more than 2 MGD; and uses more than 25 percent of the seawater intake for cooling purposes.

3.1 Existing Onshore LNG Import Terminals

Since the 1970s, none of the four existing continental U.S. LNG import terminals use surface water for warming or cooling purposes,
only as an emergency backup source to their firewater systems.'*** For example, at the Dominion Cove Point, Maryland, facility all
water used on site is withdrawn from groundwater wells and is heated in the vaporizers and used to warm the LNG and convert back to
a gaseous state.'® Additionally, the EcoElectrica facility in Puerto Rico does use surface water for makeup and discharges blowdown
for the power plant cooling tower, but does not use surface water intakes directly for the LNG processing (warming or cooling). The

1U.S. EPA, 2004. “Clarification of Technology-based CWA § 316(b) Requirements for Liquified Natural
Gas (LNG) import terminals,” Memorandum, April 22, 2004.

12U.S. Coast Guard, 2003. Draft Environmental Assessment of the El Paso Energy Bridge Gulf of Mexico,
L.L.C., Deepwater Port License Application, Docket No. USCG-2003-14294, September 2003.

B3U.S. EPA, 2003. Letter from Lawrence E. Starfield, Acting U.S. EPA Region 6 Administrator to U.S.
Coast Guard Commander Mark Prescott, “EPA Authority Over Construction and Operation, EI Paso Energy Bridge
Deepwater Port Project,” March 28, 2003.

¥ E-mail communication from James Kelly, CH-IV International, to Carey A. Johnston, U.S. EPA, April
28, 2004.

5 Frangesh, Neal, 2004. Memorandum from Neal Frangesh, LGA Engineering, to David Moses, U.S. DOE,
“Existing U.S. LNG Import Terminals: Sources of Cooling Water and Firewater,” July 19, 2004.

18E-mail communication from Elizabeth Aldridge, Hutton & Williams, to Carey A. Johnston, U.S. EPA,
June 24, 2004.
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EcoElectrica facility integrates LNG vaporization with its power plant operations. Figure 3-80 describes how this facility uses a glycol
re-circulating heat exchanger in combination with a electric power generator to re-gasify the LNG.

Figure 3-80. EcoElectrica Simplified Flow Diagram
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3.2

New Onshore LNG Import Terminals

Current information indicates that all new onshore LNG import terminals are proposing to use LNG vaporization systems with no
surface water intakes (e.g., integration with other industrial facilities, ambient air vaporization through heating towers, gas-fired
heaters). Exhibit 3-79 lists proposed new onshore LNG import terminals and their vaporization design.

Exhibit 3-79. Proposed U.S. Onshore LNG Import Terminals®

Project Name/ Operator/ . Storage Sendout ; . LNG Ship

No. FEI%C Docket Norf Legeian Capacity Capacity Vaporizer Design Frequency

Closed-loop:
Freeport LNG Project 3 Air heat exchanger

1 (Cheniere/Freeport) Freeport, TX ?;nok’gzgc? V\(/I2t h | 1.5 Betd (heating tower) 200 ships/
CP03-75-000 160,000 m?) Supplemental gas- year
$400 million facility cost ' fired heater for cold

weather
Sabine Pass LNG and
Pipeline Project . 3

o | (Cheniere) fiméi‘?&za?ﬂn tanks each V\(/?th 26Bcfid | Slosed-loop: 300 ships/
CP04-38-000 Sabine Pass) 160,000 1) . Gas-fired heater year
CP04-47-000 '
$600 million facility cost
Cheniere Corpus Christi
LNG Terminal and Pipeline
Project - 480,000 m® (3 ) .

3 | (Cheniere) CoTpus ChMISt | tanks each with | 2.6 Beffd g;‘f?ﬂggﬂéa o 3ggr5h'p5/
CP04-37-000 160,000 m°) y
CP04-44-000
$450 million facility cost

Phase 1: Phase 1: 1
480,000 m* (3 ship/4 days
Golden Pass LNG Terminal 160,000 m? Phase 1: 1 (91 ships/

4 and Pipeline Project Sabine. TX tanks) Bcf/d Closed-loop: year)
(ExxonMobil) PF04-1-000 ’ Phase 2: Phase 2: 2 | Gas-fired heater Phase 2: 1
$600 million facility cost 800,000 m* (5 | Bcf/d ship/2 days

160,000m?* (183 ships/
tanks) year)
Vista del Sol LNG Terminal
Project 5 .

5 (ExxonMobil) Corpus Christi, ?:nolégzgc? V\(I?th Phase 1: 1 | Closed-loop: (1931h|p/4 days
PF04-3-000 TX 160000 M Bcf/d Gas-fired heater shipsiyear)
PF04-9-000 ,000 m’) psly
$600 million facility cost
Ingleside Energy Center 3 Closed-loop:

6 LNG Project Corpus Christi, ?zfnolégzgc? V\(/I2th 1 Bef/d Water heat exchanger 1 ship/3 days
(Occidental) TX 160,000 m°) (waste water from the
PF04-9-000 ' chemical plant)

7 E-mail communication from James Martin, FERC, to Carey A. Johnston, U.S. EPA, August, 4, 2004.
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Exhibit 3-79. Proposed U.S. Onshore LNG Import Terminals (continued)

Project Name/Operator/ . Storage Sendout . . LNG Ship

No. FERC Docket No. Location Capacity Capacity Vaporizer Design Frequency
Port Arthur LNG Receiving 480,000 m* (3 Innn- .

7 Terminal Project (Sempra) Port Arthur, TX tanks each with | 1.5 Bcf/d ggj‘:ﬁejgm&er 150 ships/
Docket No. PF04-11-000 160,000 m?) year
Cameron LNG, LLC
(Sempra Energy)

CP02-374-000 480,000 m3 (3 210 ships/

8 CP02-376-000 Hackberry, LA tanks each with | 1.5 Bcf/d Closed-loop car P
CP02-377-000 160,000 m3) y
CP02-378-000
$700 million facility cost
Weaver’s Cove LNG ) .

9 | CP04-36-000 Fall River, MA tza??k’g)oo m3 (L 1 0.4 Befid g;‘f‘;ﬂ;{;’%ﬂa or 52;0 ships/
$250 million facility cost y
BP Crown Landing LNG
PF04-2-000 Logan Township, 3 Closed-loop: 100 ships/

10 PF04-5-000 NJ 450,000 m 1.2 Bef/d Gas-fired heater year
$500 million facility cost
Long Beach LNG

. 320,000 m3 (2 i .

1 (Sound Energy Solutions) Long Beach, CA | tanks each with | 0.7 Bef/d Close_d-loop. 146 ships/
CP04-58-000 160,000 m3) Gas-fired heater year
$400 million facility cost ’

Keyspan & BG LNG Closed-loop:

12 CP04-223-000 Providence, RI 95,000 m? 0.5 Bef/d Gas-fired h%ﬁter 50 ships/ year
CP04-293-000

13 Somerset LNG Somerset, MA

. . Mobile, AL

14 Cheniere Mobile (Pinto Island) 1.0 Bcfd Closed-loop
Cherry Point Energy LLC - | Columbia River,

15| online in 2008 OR 05 Bef/d

16 Somerset LNG Somerset, MA
Waterbury LNG

17 ~online in 2007 Waterbury, CT 1.2 Bcf/d

18 Cheniere LNG Brownsville, TX 2 Bcf/d

Note:  The FERC docket for each onshore LNG import terminal can be accessed using the docket number and the following website:

http://elibrary.ferc.gov/idmws/docket_search.asp.

The CWA § 316(b) Phase I rule applies to new land-based facilities, including LNG import terminals, that (1) use cooling water

intake structures to withdraw water from waters of the United States; (2) are required to obtain an NPDES permit issued under CWA §
402; (3) have a design intake flow of greater than 2 MGD; and (4) use at least 25 percent of water withdrawn for cooling purposes (see
40 CFR 125.81). (EPA, 2004 - clarification memo). Under the Phase I rule, new facilities include only greenfield or stand alone
facilities. A greenfield facility is one that is constructed at a site at which no other source is located, or that totally replaces the process
or production equipment at an existing facility (see 40 CFR 125.83). A stand alone facility is a new, separate facility that is
constructed on property where an existing facility is located and whose processes are substantially independent of the existing facility
at the same site (see 40 CFR 125.83). In addition to being either a greenfield or stand alone facility, the facility must have commenced
construction after January 17, 2002 and must use a newly constructed cooling water intake structure or an existing cooling water
intake structure whose design capacity is increased (see 40 CFR 124.83).

Any land-based facility that meets the applicability criteria is subject to the Phase | rule, even if the facility or industrial sector was
not explicitly listed as a Phase | facility in the record to the Phase | rule. EPA found that the industries it analyzed could serve as
surrogates for other industries to which the new facility rule applies. Therefore, new land-based LNG import terminals that meet the
applicability criteria of the Phase I rule (see 40 CFR 125.81) are subject to the rule. EPA notes that the new facility rule does contain
an alternative requirements provision for situations when a particular facility has costs wholly out of proportion to those considered by
EPA in the rulemaking or when compliance would result in significant adverse impacts on local air quality, local water resources
(other than impingement and entrainment) or local energy markets (see 40 CFR 125.85).
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3.3 New Offshore LNG Import Terminals

The Phase | new facility rule does not apply to offshore facilities. EPA specifically exempted the offshore oil and gas extraction
industry in the Phase I rule (see 40 CFR 125.80(d)) and confirmed the exclusion of new offshore LNG import terminals from the Phase
I new facility rule in a recent memorandum to EPA Regions. (EPA, 2004 - clarification memo) EPA identified eleven company
announcements of proposed U.S. offshore LNG import terminals with one company proposing a pilot study (see Exhibit 3-80). A
large majority of the these facilities are planned for the Federal Outer Continental Shelf in 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. Coast Guard is responsible for developing and maintaining regulations and standards for deepwater ports. Current projects
include regulations for deepwater ports (33 CFR Subchapter NN), specifically updating existing rules and adding provisions for
natural gas. The passage of the Maritime Transportation Security Act of 2002 (MTSA), which added natural gas to the Deepwater
Port Act, heightened interest within the energy industry to develop deepwater ports.

The U.S. Coast Guard has primary authority over construction and siting of offshore LNG facilities, and oversees preparation of
environmental impact statements that examine the potential impact of the new facilities, as required by the National Environmental
Policy Act and the Deepwater Port Act of 1974 (DWPA), as amended (33 USC 1501 et seq). As specified by the Deepwater Port Act,
the environmental review and analysis must be completed within 356 days of the published Notice of Intent. Coast Guard oversight of
the offshore facilities continues as long as the facilities are operational, as the agency has responsibility for the safety and security of
LNG facilities and vessels in U.S. coastal waters. (DOE 2004) Eight deepwater port license applications have been received since the
Maritime Transportation Security Act was signed into law.’* EPA was able to summarize the most important information of these
eight proposed offshore LNG import terminals.

Exhibit 3-80. Proposed U.S. Offshore LNG Import Terminals

Compan EPA NPDES USCG Deepwater Port
No. (Faciiljit >ll\lame) Offshore Location Permit Licensing Information
y Information (Docket No.)
1 Excelerate West Cameron 603 - GOM Yes Yes
(GOM Energy Bridge) 100 miles offshore LA (14294)
2 ChevronTexaco Vermillion 140 - GOM Yes Yes
(Port Pelican) 37 nautical miles from LA (14134)
3 Shell West Cameron 213 - GOM Yes Yes
(Gulf Landing) 38 nautical miles from LA (16860)
4 BHP Billiton Offshore Oxnard, CA No Yes
(Cabrillo Port) 13.9 miles from CA (16877)
5 ConocoPhillips Mobile Block 910 No Yes
(Compass Port) 88°12' West, 30°5' North (17659)
6 Freeport McMoRan Main Pass 299 - GOM No Yes
(Main Pass Energy Hub) 16 miles from LA (17696)
7 Crystal Energy Offshore Ventura, CA No Yes
(Clearwater Port) 11 miles from CA (TBD)

®The Federal OCS starts approximately 10 miles from the Florida and Texas shores.

9'U.S. Coast Guard, 2004. Deepwater Ports Standards Division Website,
http://www.uscg.mil/hg/gm/mso/mso5.htm.
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Exhibit 3-80. Proposed U.S. Offshore LNG Import Terminals (continued)

Compan EPA NPDES USCG Deepwater Port
No. (FaciFI)it )I/\Iame) Offshore Location Permit Licensing Information
y Information (Docket No.)
8 ExxonMobil (Pearl West Cameron 220 - GOM No Yes
Crossing) 41 miles offshore LA (18474)
9 ChevronTexaco Offshore CA No No
(Port Penguin) Exact Location: TBD
Offshore Belmar, NJ
10 El Paso Global Exact Location: TBD No No
1 Excelerate Energy Offshore Boston, MA No No
(Northeast Gateway) Exact Location: TBD
12 Conversion Gas Imports Vermillion 179 - GOM No No

Note:  “EPA NPDES Permit Information” indicates whether the company has applied for an NPDES permit application. “USCG
Deepwater Port Licensing Information” indicates whether the company has applied for a deepwater port license. The USCG
docket for each Deepwater Port license application can be accessed using the docket number and the following website:
http://dms.dot.gov/search/searchFormSimple.cfm.

Excelerate - GOM Energy Bridge

Excelerate is proposing to construct, own, and operate an LNG import terminal 100 miles offshore in the GOM. The Excelerate GOM
Energy Bridge deepwater port will consist of a submerged turret loading (STL) system that is comprised of a submerged turret buoy;
chains, lines and anchors; a flexible riser; and a subsea manifold. Gas will be delivered to the deepwater port by conventional LNG
vessels which incorporate shipboard re-gasification capabilities.?® The vessels that will be used to deliver natural gas to the Excelerate
GOM Energy Bridge deepwater port will have a capacity to hold 138,000 m?® of LNG and, unlike all other LNG vessels currently in
operation, will re-gasify the LNG on-board at the point of delivery so that imports will consist of gas in its vaporous state, rather than
in a liquefied state. The a water depth at this deepwater port is 280 feet.?* This import terminal will vaporize and deliver natural gas
on average approximately 0.55 Bcfd of LNG. A fully loaded LNG vessel will be able to discharge its cargo in about six to eight days,
depending on operating conditions. The approximate cost of the STL subsea system is $50.7 million with a projected completion date
of December 2004. The following information comes from the Excelerate application for deepwater port license and draft
Environmental Assessment. (USCG, 2003 - draft EA El Paso)

When the specially configured LNG vessels reach the location of the deepwater port, they will retrieve and connect to the STL system.
For that purpose, a winch located on the LNG vessel will raise the submerged buoy from its subsurface location, where it is located
when not connected to an LNG vessel. The buoy will be drawn into an opening in the hull of the vessel. After it is secured to the
LNG vessel, the buoy will serve both as the mooring system for the vessel and as the offloading mechanism.

The maximum rate of discharge of the natural gas from an LNG vessel into the STL will be determined by a combination of the
availability of capacity on downstream pipelines and the re-gasification capabilities of the facilities located on-board each specially
configured LNG vessels. Each of the LNG vessels will have six shell-and-tube vaporizers located on-board. During the re-
gasification process, five of the vaporizers will normally be in operation, with the sixth serving as a backup or available for peak
demand. Each of the vaporizers will have a normal send-out capability of 0.1 Bcfd a peak capacity of 0.115 Bcfd.

Each specially configured LNG vessel will integrate complete offshore re-gasification capabilities into its shipboard system. The re-

gasification system can operate in open loop mode, closed loop mode, or together in a combination mode. In the open loop mode, the
LNG vessel will intake seawater from the surrounding area to heat the LNG. The warm seawater will pass through the shell and tube
vaporizer indirectly heating the LNG. Then the LNG vessel will discharge this water through its keel.

2E| Paso Energy Bridge GOM LLC Application for Deepwater Port License,
http://dmses.dot.gov/docimages/pdf84/219001 web.pdf, December 20, 2002.

21U.S. EPA, 2003. El Paso Energy Bridge Gulf of Mexico, LLC Draft NPDES Permit No. GM0000003,
Fact Sheet, http://www.epa.gov/region6/6wa/npdes/genpermt/gm3factsheet.pdf.
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In the closed loop mode, steam from the LNG vessel propulsion boilers will heat water circulated in a closed loop through the shell
and tube vaporizer and a steam heater. After the cycle, the water will be re-circulated through the system. There is no seawater intake
or discharge for the re-gasification process in the closed loop mode. The closed loop mode allows for LNG re-gasification when
surrounding seawater temperatures are too cold for the more efficient open loop mode. In the open loop mode, the system can re-
gasify up to 0.69 Bcfd. However, due to operating constraints related to downstream pipelines, the system for the Excelerate LNG
import terminal will re-gasify a maximum of 0.55 Bcfd in the open loop mode. Closed loop steam operations can re-gasify up to 0.45
Bcfd.

Excelerate is proposing to operate the specially configured LNG vessels in open loop mode exclusively. (USCG, 2003 - draft EA El
Paso) The open loop mode would draw seawater from the surrounding area at approximately 23.0 ft below the water surface. Intake
structures on the LNG vessels are sized to provide seawater for both standard ship operations and the warming water for the LNG
vaporizers. To supply natural gas at a rate of 0.55 Bcfd, the LNG vessel would require a total intake flow of 76.1 MGD. As
previously mentioned, this offshore LNG import terminal is subject to the NPDES Permit Program; withdraws more than 2 MGD in
the open loop mode; and uses more than 25 percent of the seawater intake for cooling purposes in the open loop mode.

Using a single sea chest inlet, the combined cooling water and warming water intake velocities would be approximately 3.9 feet per
second. A sea chest is an underwater compartment within the vessel’s hull through which sea water is drawn in or discharged. A
passive screen (strainer) is set along the flush line of the sea chest. Pumps draw seawater from open pipes in the sea chest cavity.
Excelerate is proposing to connect two of the LNG vessels four sea chests internally to increase the intake area and reduce average
intake velocity. Using this scenario, the intake velocity at the two sea chests would be approximately 1.0 feet per second. The sea
chest intakes incorporate metal slotted grating on 21 millimeters spacings to reduce the impingement of aquatic organisms. This mesh
size would not prevent the entrainment of eggs and larvae of marine fish species.

All of the seawater entering the sea chest intakes either for ship operations or for the re-gasification process will pass through a copper
cathode antifouling system. The copper anodes release a small amount of copper into the ships seawater system at the intake to
prevent biota in the seawater from establishing within the seawater flow path. This will also control non-native species. Temperature
of the discharge water will be approximately 13.5 °F less than the temperature of the intake water. A marine growth prevention system
with copper and aluminum anodes will treat seawater to prevent biological build-up in the onboard equipment.

ChevronTexaco - Port Pelican

Port Pelican LLC, a subsidiary of ChevronTexaco, is proposing to construct, own, and operate an LNG import terminal 37 nautical
miles offshore.? The water depth at the offshore LNG import terminal will be approximately 79 to 86 feet. The Port Pelican import
terminal will consist of two concrete gravity based structure (GBS) units fixed to the seabed, which will include integral LNG storage
tanks, support deck mounted LNG receiving and vaporization equipment and utilities, berthing accommodations for LNG carriers,
facilities for delivery of natural gas to a pipeline transportation system, and personnel accommodations.® The Port Pelican import
terminal will be constructed in two phases. Phase I includes the installation of two GBS structures with internal storage tanks and
facilities for LNG offloading, send out and vaporization to deliver a peak 1.0 Bcfd of natural gas to pipeline. Phase Il will increase the
capacity to 2.0 Bcfd of natural gas to pipeline. The approximate cost for this project is approximately $800 million for both phases.
Phase | is expect to be complete by 2006 with Phase Il completed by 2008. The following information comes from the Port Pelican
LLC application for deepwater port license and draft Environmental Impact Statement.*

Sea water will flow through intake screens to eliminate debris and marine life before being pumped to the vaporizers through strainers.
To control biofouling, sodium hypochlorite will be injected into the pump suction to achieve a free chlorine concentration of 0.2 ppm.
In addition, each pump will be shocked for 20 minutes three times per day at a level of 2.0 ppm free chlorine.

Two parallel vaporization trains (average capacity of 0.8 Bcfd and peak capacity of 1.0 Bcfd each) will be provided, one in Phase | and
a second in Phase I, to vaporize LNG and deliver natural gas at a pressure of up to 1,440 psig. Each 1.0 Bcfd train consists of six 0.2
Bcfd, each with an LNG sendout pump, an Open Rack Vaporizer (ORV), and a seawater lift pump. Five of the six trains will be

2U.S. EPA, 2003. Port Pelican LLC Draft NPDES Permit No. GM0000001, Fact Sheet,
http://www.epa.gov/earth1r6/6waqg/npdes/genpermt/draftgm0000001.pdf.

2port Pelican LLC Application for Deepwater Port License,
http://dmses.dot.gov/docimages/pdf84/210833_web.pdf, December 27, 2002.

#Draft Environmental Impact Statement for Port Pelican LLC Deepwater Port License Application,
http://dmses.dot.qov/docimages/pdf86/244607 web.pdf,

3-176



§ 316(b) Phase III - Technical Development Document Technology Cost Modules

operating during peak sendout rate (1.0 Bcfd each), and one will be used as a spare. The LNG flow rate will be approximately 178
tons/hour to deliver 0.2 Befd of gas. The intake water is not used for any cooling purposes.

The LNG sendout pumps will discharge LNG into the ORVs where it is warmed and flashed by seawater heat exchange at a peak
vaporizing capacity of 0.2 Bcfd. ORV technology uses seawater flowing over a series of panel coils to warm the LNG that is flowing
countercurrent within the panels (see Figure 3-81). Sea water flows through intake screens to eliminate debris and marine life, and is
then pumped to ORVs through strainers. Intake screens are designed and operated at intake velocities set to minimize impingement
and entrainment of marine organisms.

Figure 3-81. Open Rack Vaporizer (from Port Pelican LLC Deepwater Port License Application)

Open Rack Vaporizer
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Seawater lift pumps bring treated seawater to the top of ORVs. From there it cascades over the ORV panel coils and creates a falling
film of water which exchanges heat with the upward-flowing high pressure LNG from the sendout pumps. This process will warm the
LNG to approximately 35°F and in the process vaporize it; and it will cool the water by approximately 20°F. The cooled water is
collected in a concrete basin and discharged to the GOM after it passes once through the system.

The maximum seawater intake rate is 12,250 gallons per minute (GPM) per pump with an intake velocity of 0.5 feet per second per
pump. Seawater then flows from the bottom of the ORVs into a trench routed to the seawater outfall. At peak capacity, the seawater
lift pumps will circulate 88.2 MGD of water through the ORVs during Phase I (five out of six trains in use), and at the completion of
the Phase Il expansion, water circulated would be 176.4 MGD (10 out of 12 trains in use). During normal operations, four trains will
circulate 70.5 MGD of seawater during Phase I, and eight trains will circulate 141 MGD of seawater during Phase 1l through the
ORVs.

Shell - Gulf Landing

The Shell Gulf Landing LNG terminal facility (Gulf Landing LLC) will receive LNG from marine vessels, store the gas, then re-gasify
the LNG and deliver it to pipelines for distribution and sales to the United States. The facility throughput is planned at 7.7 million
tonnes per annum of LNG. This will be provided by approximately 135 carriers per year, dependent upon the size of the carriers used.
Each LNG carrier will unload its cargo into the terminal storage tanks. This process takes approximately 24 hours from arrival to
departure. The facility will vaporize and deliver natural gas at a rate of approximately 1.0 Bcfd on a continuous basis. The

3-177



§ 316(b) Phase III - Technical Development Document Technology Cost Modules

approximate cost is $700 million. Installation of the terminal is schedule for the 4" quarter of 2008 with the first deliveries of LNG
schedule for January 2009.%

Gulf Landing LLC has proposed discharges from six outfalls: (1) thermal water for open rack vaporizer (ORV) at 136 MGD; (2) deck
drainage wastewater at 0.0058 MGD; (3) uncontaminated deck water at 0.0209 MGD; (4) desalinization rejected water at 0.0254
MGD; (5) treated sanitary & domestic wastewater at 0.0075 MGD; and (6) firewater bypass at 0.5035 MGD.?* The intake water is not
used for any cooling purposes.

Outfall 001 discharges seawater that is passed through the ORV process system. Seawater from the intake structure is screened and
treated with sodium hypochlorite at the intake pumps to control marine growth in the system. The treated seawater is then distributed
to the ORV system. The ORYV serves as the warming energy to gasify the LNG. The water is cooled during this heat exchange to
about 18°F from the ambient intake seawater temperature.

The seawater is treated with sodium hypochlorite, at a continuos rate of approximately 2.0 mg/l. Periodically, each pump will be
shocked with 5.0 mg/I for one hour during every 8-hours of pump run time. At capacity, the facility will have four pumps. The ORV
intake structure is designed to limit intake water velocity to less than 0.5 feet per second. This velocity will help to lessen
impingement of marine aquatic organisms from the intake screens. The intake ports will be covered with a 0.25 inch mesh screen to
lessen entrainment.

As discussed in the draft Environmental Impact Statement for the Gulf Landing LLC deepwater port license application®” and in
responses to EPA questions,?® Gulf Landing LLC is taking the following steps to reduce entrainment and impingement of aquatic
organisms:

. Intakes are located as close as practical to the sea bottom to reduce the potential for entrainment of smaller aquatic organisms
which are more likely to be near the surface.

. The intakes are designed for horizontal flow to minimize the potential for water coning from the surface.

. Intake screens are provided with a 0.25 inch mesh screen to lessen entrainment.

. Intake screens with wedgewire technology to reduce the potential for impingement.

. Minimization of warming water throughput requirements for the installation by using the maximum practical inlet to outlet
seawater temperature change of 18°F.

. Limit water intake velocity to less than 0.5 feet per second. (This is based on 2 x 100% intake systems, which allow for
period cleaning; with the maximum throughput of the facility. In practice velocities during normal operation will significantly
lower.)

. A commitment to monitor impingement and entrapment of marine life during the first two years of operation to establish the

impact of the facility on marine life, and a commitment to implement reasonable and practical improvement measures if
warranted scientifically through the monitoring program.

BHP Billiton - Cabrillo Port

The BHP Billiton proposes to construct, own, and operate an LNG import terminal, Cabrillo Port, approximately 13.9 miles off the
coast of Ventura County in Southern California, in 2,900 feet of water. The permanently moored import facility (floating storage &
re-gasification unit) will include three storage tanks, eight vaporizers, and an underwater, 21.1 mile pipeline that would connect to an
existing onshore pipeline. Maximum water depth at the location of the planned mooring is about 2,900 feet. The floating storage and
re-gasification facility will vaporize and deliver natural gas at a maximum rate of approximately 1.5 billion cubic foot a day, with an
anticipated average rate of 0.6 to 0.9 Bcfd. The BHP Billiton LNG import terminal is designed to accommodate LNG carriers ranging

BGulf Landing LLC Application for Deepwater Port License,
http://dmses.dot.gov/docimages/pdf88/265164 web.pdf, January 14, 2004.

%.S. EPA, 2003. Gulf Landing LLC Draft NPDES Permit No. GM0000004, Fact Sheet,
http://www.epa.gov/earth1r6/6wqg/npdes/gmpn/gm4fact.pdf.

Z"Draft Environmental Impact Statement for The Gulf Landing LLC Deepwater Port License Application,
http://dmses.dot.gov/docimages/pdf89/286049 web.pdf, June 2004.

2E-mail communication from John Hritcko, Shell US Gas & Power, LLC, to Carey A. Johnston, U.S. EPA,
March 12, 2004, “Shell Responses to EPA Questions Dated October 23, 2003, Regarding Liquefied Natural Gas
Import Terminals.”
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in capacity from 100,000 m? to 220,000 m®. LNG carriers typically will be offloaded at a rate of 80,000 gallons per minute of LNG
through the liquid loading arms and stored in the LNG storage tanks at a temperature of approximately minus 260°F. This LNG
import terminal is projected to have 320,000 m® in storage capacity at the receiving facility. The approximate cost of this project is
$550 million with a projected completion date of 2008. The following information comes from the Cabrillo Port application for
deepwater port license.?

The BHP Billiton LNG import terminal is designed to no use sea water for the re-gasification process. This facility is proposing to use
submerged combustion vaporizers using LNG as the fuel. The LNG is pumped, as liquid, up to the 1,500 psig natural gas send out
pressure and maintained at that pressure through the vaporization process. The vaporization portion of the process re-gasifies the
LNG. The process will consist of eight submerged combustion vaporizers (SCVs). Each will have a maximum capacity of 198 short
tons per hour of LNG vaporized. The SCVs will superheat the resultant natural gas to a temperature of about 41 °F at a pressure of
about 1,500 psig. The combustion vaporization process is thermally stabilized by submersion in a water bath. No compression of the
natural gas is required.

BHP Billiton evaluated several options including the intermediate fluid vaporizers (IF) and open rack vaporizers (ORV). IFV and
ORV use seawater as a heat source while SCV uses natural gas combustion. For the BHP Billiton LNG import terminal the IFV and
ORYV alternatives would require about 50 MGD of seawater. In these alternatives, seawater would flow through the vaporizers and
then would be returned to the ocean at a lower than ambient temperature. BHP Billiton identified that the primary benefit of IFV and
ORYV relative to the proposed SCV is lower air emissions. SCV burns natural gas equivalent to 2% of the LNG throughput to generate
heat. Other industry estimates suggest that this energy penalty is closer to 1.5%. (Hall, 2004) This is similar to the 1.5% energy
penalty identified in the 316(b) Phase | new facility rule for cooling towers at electric power generators. The combustion process
relies on natural gas from LNG, so it is a cleaner fuel. With SCV the exhaust gases also flow directly through a water bath, which acts
as a quench and abatement system. The SCV air emissions will include oxides of nitrogen (NOx), and carbon dioxide. IFV and ORV
would introduce some air emissions, which are of an order of magnitude less than SCV's because of the incremental electricity
necessary to operate the large seawater pumps.

BHP Billiton identified concerns over the potential intake of 50 MGD of seawater associated with the IFV and ORYV alternatives.
Specifically, BHP Billiton identified concerns over entrainment and impingement of marine species, thermal plumes, turbidity, treated
water discharge and noise. Impingement could occur when fish and other aquatic life are trapped against the water intake screens.
These screens prevent marine organisms and debris from entering and interfering with the re-gasification process. Entrainment occurs
when aquatic organisms, including eggs and larvae, are drawn into the water intakes, through the facility, and then pumped back out.

Thermal plumes could result from the constant discharge of large quantities of relatively cold, and therefore relatively dense, water.
BHP Billiton identified that the proposed mooring location is of sufficient depth that a thermal plume would not be likely to impact the
sea floor. Turbidity would be a result of a thermal plume disturbing sea floor sediments. Additionally, the IFV and ORV alternatives
would likely use sodium hypochlorite or another oxidizer to control the growth of marine organisms in the IFV and ORV equipment.
BHP Billiton identified that discharge of the residual sodium hypochlorite in IFV and ORV water could impact marine organisms, and
would require a NPDES permit. Noise would be generated by the large seawater pumps required for the seawater intake alternatives.

In general, BHP Billiton identified that the use of IFV and ORV would be difficult to permit and operate because of water discharge
rules and restrictions and impacts to marine biota. The use of SCV would produce air emissions that could be minimized by emission
control technology. BHP Billiton select SCV for the re-gasification process as the re-gasification alternatives to SCV do not provide
clear environmental benefits.

ConocoPhillips - Compass Port

Compeass Port LLC, a wholly owned subsidiary of ConocoPhillips Company, proposes to construct, own, and operate an LNG import
terminal 33 miles from the southern city limit of Mobile, Alabama and 11 miles south of Dauphin Island, Alabama, in a water depth of
approximately 70 feet. The facility will vaporize and deliver natural gas at a rate of approximately 1 billion cubic foot a day on a
continuous basis. The maximum unloading period for a ship is designed to be 20 hours at this LNG import terminal. To achieve this
rate, the unloading system will be designed to deliver 255,000 cubic meters of LNG from a ship to the storage tanks within 12 to 14
hours. The expected completion date is 2009.

As shown in Figure 3-82, Compass Port LLC import terminal will incorporate: (1) docking facilities for conventional LNG carriers;
(2) unloading facilities for the unloading of LNG cargo; (3) two full containment tanks for the storage of LNG; (4) re-gasification
facilities to convert LNG into natural gas; (5) an offshore natural gas pipeline; and (6) related facilities to support the operation of

ZCabrillo Port Application for Deepwater Port License, http://dmses.dot.gov/docimages/p77/265927.doc,
January 21, 2004.
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Compass Port.*® Construction and installation of the proposed port will take approximately 42 months to complete, beginning in 2005,
providing for approximately 12 months for pre-construction activities. The following information comes from the Compass Port LLC
application for deepwater port license.

The Compass Port LLC import terminal will consist of two concrete gravity-based structures fixed to the seabed that contain the
integral LNG storage tanks, the LNG re-gasification facilities, and other operational equipment including mooring platforms, a
docking platform that contains LNG unloading equipment, and a flare platform. There also will be a separate platform for support
facilities such as personnel quarters, and other auxiliary structures.

The Compass Port LLC import terminal will utilize a total of six water intake structures and ORV for the re-gasification process. Each
intake structure will consist of a hollow steel caisson that will extend from a manifold on the cellar deck of the re-gasification platform
to beneath the water surface. Each steel caisson will be fixed to the re-gasification platform jacket structure by a series of welded
supports. A submersible pump will be located in each intake structure and will have a maximum design pumping capacity of 30.4
MGD. In normal operation only four pumps are working and in cold weather conditions five pumps are working for a total DIF of
152.2 MGD. The sixth pump is a kept and maintained as a spare.

Figure 3-82. Compass Port LLC Proposed LNG Import Terminal

Each intake caisson will be fitted with a cylindrical wedgewire screen with 0.25-inch slot size openings. Preliminary design estimates
are that each intake screen will measure approximately 3.9 feet in diameter and approximately 14.8 feet in length. The center of each
intake screen will be located at the mid-depth of the water column (approximately 36 feet below the water surface). The intake
pumping systems and screens will be designed to maintain a through-slot velocity of no greater than 0.5 feet per second. As needed, a
lifting mechanism will be used to lift the intake screens to the re-gasification platform for cleaning. The intake water is not used for
any cooling purposes.

To minimize biological fouling, seawater will be treated with sodium hypochlorite applied at a continuous rate of approximately 0.2
mg/l. Periodically, each pump will be shocked with 2.0 mg/I of hypochlorite for 20 minutes during every 8 hours of pump run time.
The facility will not shock any more than one unit at a time. Discharge seawater temperature will be approximately 14.8°F cooler than
the ambient water at the discharge points. The thermal discharge plume at 100 meters from the discharge location is predicted to
approach ambient temperature (less than 1°C below ambient).

Freeport McMoRan - Main Pass Energy Hub

The Main Pass Energy Hub (MPEH) is proposed to deliver an average of 1.0 Bcfd of LNG. The water depth at the LNG import
terminal is approximately 210 feet. The project involves the reuse of four existing platforms and three smaller bridge supports along

®Compass Port Application for Deepwater Port License,
http://dmses.dot.gov/docimages/pdf89/284087 web.pdf, March 29, 2004.
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with the interconnecting bridges formerly used in sulphur mining operations at Main Pass 299. This LNG import terminal will use salt
caverns its design and ORVs to re-gasify LNG at a design capacity of 1.6 Bcfd.®* The vaporized natural gas heated to 40° F. The
approximate cost of this project is $500 million with a projected completion date of 2006. The following description of the MPEH is
from the deepwater port license application for the Main Pass Energy Project.

At peak vaporization rate, all the ORVs will be in operation. Nine operating ORVs are required to meet the 1.6 Bcfd design
vaporization capacity with the gas conditioning plant in operation. ORVs utilize seawater as the heating medium for vaporization of
LNG. The heat transfer surface will be vertical, panel-shaped tubes of aluminum-zinc alloy for seawater resistance, and an aluminum
base/tube assembly. LNG will flow upward inside finned heat transfer tubes, with seawater flowing downward along the outside of
the tubes.

Six seawater lift pumps will be provided, each with a design capacity of 33.4 MGD (total of approximately 200 MGD) and a
differential head of 120 psi. Normally, five pumps will be in operation and one will be an installed spare. During winter operations
when seawater temperatures are lower, the sixth seawater lift pump may be operated to obtain adequate heat transfer. Seawater will be
pumped to the top of the ORVs where it will be distributed in overhead troughs to create a water film falling as a sheet in contact with
the vertical tube surface. The seawater temperature will be reduced by approximately 22°F through the ORV and will be collected in a
basin for discharge back to the sea. The intake water is not used for any cooling purposes.

Seawater lift pumps have intake screens to eliminate debris and minimize impacts on marine life. These screens are passive,
cylindrical wedgewire-type screens. They have no moving parts and are easy to maintain. The screens are designed so that the intake
flow is at a uniform low velocity across the entire screen surface and limited to 0.5 feet (0.2 meters) per second. The protective screen
has a slot width of 0.25 inches (0.6 cm). This will minimize impingement and entrainment of marine organisms. Concentrations of
marine organisms are greater near the water surface and decrease with depth. To minimize entrainment of marine organisms such as
ichthyoplankton (fish eggs and larvae), the top of the intake screens will be located deeper than 65 feet (19.8 meters) below MSL.
This location of seawater intake has the advantage of being well below the near-surface concentrations of marine organisms and
shallow enough for routine diver maintenance access. An automated air backwash system will periodically remove impinged debris
from the screen surface. The backwash system will be automated based on a timed sequence or measurement of pressure drop through
the screens.

Waters used in the vaporization of the LNG will be discharged through three outfall pipes at least 120 feet (37 meters) below MSL.
Each outfall pipe will have two 45-degree deflectors at the terminus in order to promote mixing with the surrounding waters. Sodium
hypochlorite will be injected continuously into the suction of the operating seawater lift pumps for bio-fouling control at a rate to attain
a residual chlorine level of 0.5 to 1.0 ppm. The system will be designed to inject up to 2.0 ppm continuously and up to 5.0 ppm on a
“shock” basis into each of the operating pumps and operating ORV inlet branch headers for 20 minutes every 24 hours; these latter
shock injections will be staggered so that no more than one point is shock-dosed at any one time. Operations will monitor the residual
chlorine levels and adjust the dosing rate as needed.

At peak capacity, the seawater lift pumps will circulate approximately 200 MGD of water through the ORVs. ORV maintenance will
consist of occasional cleaning, the frequency of which will depend on the cleanliness of the seawater. Daily observation will ensure
that ice does not build up on the panels.

$'Deepwater Port License Application for the Main Pass Energy Project,
http://dmses.dot.gov/docimages/pdf89/284544 web.pdf, February 2004.
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Crystal Energy - Clearwater Port

Crystal Energy LLC signed a long-term lease agreement to retrofit an existing offshore oil and gas facility (Platform Grace), located
11 miles offshore of Ventura County in Federal waters, as an LNG import terminal. The water depth at Platform Grace is 318 feet.®
The proposed project is estimated to deliver more than 200 billion cubic feet of natural gas from Alaska annually to California.®
Crystal Energy LLC estimates that approximately two to four ships per month will offload at this LNG import terminal. Each ship will
carry approximately 2.75 billion cubic feet of LNG, which will take approximately four days to offload. The peak LNG transmission
capacity for the project is projected to be 1.275 Bcfd with an average LNG transmission capacity of 0.8 Bcfd. This LNG import
terminal will not store any of the offloaded LNG at the receiving facility (Platform Grace). The approximate costs of this project is
$160 million with a projected completion date of 2006.

Use of this platform as a liquefied natural gas receiving and processing facility will require the installation of a cool down tank, four
liquefied natural gas pumps, four liquefied natural gas vaporizers, and reinstalling and upgrading the platform's power production
capability.* Crystal Energy LLC recently filed its deepwater port application with the U.S. Coast Guard, however, the docket for this
application has not been established. Initial indications are that this facility will use SCVs to re-gasify the LNG and not use an open
loop vaporization process with surface water intakes. This project also identifies that it would supply local jurisdictions with “up to 40
million gallons of clean water annually that are a byproduct of the re-gasification process.”*

Construction costs for the Crystal Clearwater Port project, which is anticipated to begin operation in 2007, are estimated at $300
million. The estimated life of the facility is approximately 50 to 100 years. This is based upon the original structural design of the
platform for offshore oil and gas drilling and production operations.

ExxonMobil (Pearl Crossing)

The application plan calls for the proposed deepwater port to be located in the Gulf of Mexico, approximately 41 miles south of the
Louisiana coast in West Cameron Block 220. It will be located in a water depth of approximately 62 feet.*®

The proposed Pearl Crossing LNG Terminal is a concrete Gravity Based Structure (GBS). The terminal proposes to install two
integral liquefied natural gas storage tanks and serve as the platform for vessels to offload and regasify LNG. The proposed GBS is a
double-walled concrete structure, rectilinear in shape, that would measure approximately 590 feet long by 295 feet wide. The structure
would rest on the seabed with a total terminal footprint (GBS plus jacket structures) area of approximately 12 acres. T he terminal
would include LNG storage tanks, equipment for receiving and vaporization of LNG, electric power generation, water purification,
nitrogen generation, sewage treatment and accommodations for up to 60 persons. The total net working capacity of the two integral
LNG storage tanks would be 250,000 m®,

Pearl Crossing would have the ability to accommodate two LNG carriers alongside that will have capacities ranging from 125,000 to
250,000 m? per vessel. This would allow one incoming LNG carrier to be secured to prepare to offload cargo, while another LNG
carrier is completing an offloading cycle. Offloading rates are expected to equal 14,000 m® per hour of LNG. Peak send out for this
project is projected to average over 2.0 Bcfd with a peak capacity of 2.8 Bcfd.

*|_arson, Eric, 2004. Presentation by Eric Larson, California Department of Fish and Game, “Navigational
Safety & Environmental Issues”, http://www.energy.ca.gov/Ing/documents/2004-02-24 DFG_LARSON.PDF,
February 24, 2004.

#Crystal Energy LLC, 2004. Press Release, “Crystal Energy Secures Agreement for Domestic Energy
Supply to Meet Urgent Natural Gas Demand,” http://www.crystalenergyllc.com/pdf/media/AGPA.pdf, January 28,
2004.

#See http://www.crystalenergyllc.com/fagq_operation.php

®Crystal Energy LLC, 2004. Press Release, “Crystal Energy Moves Forward to Bring Needed Natural Gas
to California,” http://www.crystalenergyllc.com/pdf/media/CrystalFilingPressRelease FINAL.pdf, February 11,
2004.

*Federal Register. 69 FR 43619. July 21, 2004.
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The re-gasification process would be accomplished through thirteen electric pumps that will each supply 19 MGD of seawater for the
ORV. Assuming a inlet to outlet water temperature decrease of 20°F, a volume of 247 MGD of surface water is required for peak
vaporization.*” The surface water intakes will utilize passive, cylindrical wedgewire-type screens with an automated air backwash
system. The slot size would be 0.25 inch or less to minimize impingement or entrainment of marine organisms. Seawater would be
treated with hypochlorite produced by an electrolytic chlorination unit prior to entering the seawater pump intake lines.

ChevronTexaco - Port Penquin

This is an off-shore Gravity Based Structure (GBS) project similar to the Chevron/Texaco project proposed for Baja California,
Mexico. This project is to have an LNG throughput of 0.5 Bcfd. ChevronTexaco has discussed the project publicly but has not
proposed a specific site. The location of this project has yet to be determined but will most likely be in southern California.®®

El Paso Global (Belmar, NJ Offshore)

EPA was unable to gather information on this facility.

Excelerate Energy (Northeast Gateway)

This facility is proposed to be sited offshore of Boston, MA. The average vaporization rate is projected to be 0.8 Bcfd (see Figure 3-
78). EPA was unable to gather other information on this proposed facility.

Conversion Gas Imports

Conversion Gas Imports (CGI) is conducting a study using salt caverns instead of man-made storage tanks to temporarily store LNG.
The CGI proposed terminal is designed to receive LNG directly from the tanker, pump the liquid stream to cavern injection pressures,
warm it to salt compatible temperatures, and inject the warmed dense phase natural gas into salt caverns for storage. There are no
vaporizer send-out limitations associated with cavern storage. The caverns can receive flow from a ship and redeliver to a pipeline
grid at rates greater than 3 Bcfd. LNG vessels are offloaded at rates comparable to the unloading rates at conventional liquid tank
based terminals.

CGl chose a Gulf of Mexico location in 30 meters of water, 75 kilometers off Louisiana on Vermilion block 179, for the upcoming
study because it is close to existing pipelines and on top of a salt formation starting 300 meters below the seabed.* As shown in
Figure 3-83, CGI’s proposed re-gasification system uses a simple pipe in pipe co-axial flow arrangement (LNG in inner pipe and
seawater between the inner pipe and outer pipe) running a calculated distance (2,500 feet) along the ocean floor from the offshore
underground salt caverns to shore. No gasified LNG is used in the warming process. It is unclear what quantity of seawater is used for
this re-gasification system, system’s the intake velocity of seawater, or the change in inlet to outlet seawater temperature. It is clear,
however, that any seawater intakes associated with this system are associated with the re-gasification (warming system).

$Deepwater Port License Application for Pearl Crossing LNG Project, Environmental Report,
http://dmses.dot.gov/docimages/pdf89/288088 web.pdf, May 2004.

%See http://www.energy.ca.gov/Ing/projects.html.

¥See http://www.conversiongas.com/ntml/news.html.
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Figure 3-83. Conversion Gas Imports Re-Gasification Schematic
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4.0 TECHNOLOGY OPTIONS AVAILABLE TO CONTROL IMPINGEMENT AND ENTRAINMENT OF AQUATIC
ORGANISMS

4.1 Summary of Technology Options to Control Impingement and Entrainment of Aquatic Organisms

As highlighted in this Chapter, re-gasification process of LNG is an endothermic process and requires a heat source. The LNG would
be pumped through some heating system, where it would absorb heat and vaporize, or re-gasify, into natural gas. Different
impingement and entrainment control options are available for onshore verses offshore LNG import terminals. Offshore LNG import
terminals may have significant space limitations which could significantly increase the costs and economic impacts and affect the
technical feasibility of implementing technology options available for onshore facilities. Moreover, one technology option for onshore
facilities, closed loop re-cycle with waste heat from another industrial facility, is not available for offshore facilities due to their
remoteness.

a. Onshore LNG Import Terminals

The entrainment or impingement control technologies available for onshore LNG import terminals are similar to other industries.
However, onshore LNG import terminals are better able to design their operations in order to not require surface water withdrawals.
All existing onshore LNG import terminals use LNG vaporization systems with no surface water intakes and current information
indicates that all new onshore LNG import terminals are proposing to use LNG vaporization systems with no surface water intakes.

Existing Onshore LNG Import Terminals

As previous mentioned, EPA identified that none of the four existing continental U.S. LNG import terminals use surface water for
warming or cooling purposes, only as an emergency backup source to their firewater systems. For example, at the Dominion Cove
Point, Maryland, facility all water used on site is withdrawn from groundwater wells and is heated in the vaporizers and used to warm
the LNG and convert back to a gaseous state.

The remaining existing U.S. onshore LNG import terminal, the EcoElectrica facility in Puerto Rico, does use surface water
for makeup and discharges blowdown for the power plant cooling tower, but does not use surface water intakes directly for the LNG
processing (warming or cooling). The EcoElectrica LNG import terminal is a closed-loop facility that is integrated with a 500
megawatt electric power generator. This integration has benefitted the LNG import capabilities and boosted the electric power
generator output by 10% (Hall, 2004).

The fact that all five existing onshore LNG import terminals use LNG vaporization systems with no surface water intakes
demonstrates that this zero-water intake technology is available for this industrial sector.
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New Onshore LNG Import Terminals

As detailed in Exhibit 3-78, current information shows that all new onshore LNG import terminals are proposing to use LNG
vaporization systems with no surface water intakes (e.g., integration with other industrial facilities, heating towers, gas-fired heaters).
Operating LNG import terminals in a closed-loop manner (i.e., no surface water withdrawals) is also consistent with recent
recommendations by the Export-Import Bank of the United States and the Gulf of Mexico Fishery Management Council to reduce
effluent discharges and minimize impingement and entrainment of aquatic organisms and the associated damages to recreational and
commercial fisheries and essential fish habitat.**** Some new facilities are also proposing to use waste heat from nearby industrial
facilities for their re-gasification (e.g., Ingleside Energy Center LNG Import Terminal, Corpus Christi, TX).

The integration of an LNG import terminal with a nearby or on-site industrial operation is a ‘win-win’ solution as it provides a
resource (cold water from LNG import terminal) to a nearby or on-site industrial facility. This integration can lead to the following
benefits for the nearby or on-site industrial facility: (1) increase operational efficiency, reduce operating costs, and (2) reduce or
eliminate thermal and chemical pollution and potential entrainment or impingement impacts from heat exchanger surface water
intakes. One estimate suggests that an electric power generator using cold water from an LNG import terminal can boost its efficiency
by 1 to 2%, resulting in cost savings (Hall, 2004). Finally, this integration reduces or eliminates the potential entrainment or
impingement impacts associated with the LNG re-gasification process as well as the thermal and chemical pollution associated with
the water intake LNG re-gasification processes.

b. Offshore Technology Options

As detailed in this chapter, the various re-gasification technologies proposed for offshore LNG import terminals include: (1) open rack
vaporizers (ORV); (2) submerged combustion vaporizers (SCV); (3) shell and tube vaporizors (STV); (4) closed-loop heat exchangers;
and (5) intermediate fluid vaporizers (IFV). Additionally, the CGI re-gasification process detailed above may find use in future LNG
import terminals.

Open Rack Vaporizer (ORV) Technology

It appears likely that six proposed U.S. offshore LNG import terminals will use Open Rack Vaporizer (ORV) technology for re-
gasification of LNG (i.e., Port Pelican, Gulf Landing, Compass Port, Main Pass Energy Hub, Pearl Crossing, Port Penguin). As
describe above and in Figure 3-81, this re-gasification technology uses large quantities of seawater (e.g., 50 to 200 MGD) flowing over
a series of panel coils to warm the LNG that is flowing countercurrent within the panels. Sea water flows through intake screens and

is then pumped to ORVs through strainers. Sodium hypochlorite is often injected into intake pumps as an anti-biofouling agent.

Pumps bring treated seawater to the top of ORVs, where it is released and creates a falling film of water which exchanges heat with
the upward-flowing high pressure LNG. This process will vaporize the LNG into natural gas, and seawater will be cooled by
approximately 10 to 20°F. There is the potential for localized cooling at the ORV topside and generation of fog or mist. Cooled
seawater is collected and discharged after it passes once through the system. The return seawater may contain 1 to 2 mg/L of
hypochlorite.

ORVs do not require combustion and are considered safe, as no moving parts are in contact with flammable fluids. ORVs do not
directly contribute to air emissions, but generate air emissions indirectly because of the electrical pump drives and electrical power
generation requirements.

All LNG import terminals propose to use ORV technology are designing the intakes with a through-screen velocity of 0.5 feet per
second or less in order to reduce impingement. Moreover, most of these LNG import terminals are proposing to use intake screens
with wedgewire technology to reduce the potential for impingement. Some are proposing to use cylindrical wedgewire screen with
0.25- inch slot size openings to reduce impingement and entrainment of aquatic organisms. Finally, some of these import terminals
using ORVs are proposing other control measures to reduce the impingement and entrainment of aquatic organisms:

. Locating the intakes as close as practical to the sea bottom to reduce the potential for entrainment of smaller aquatic
organisms which are more likely to be near the surface;

““Export-Import Bank of the United States, 2004. Environmental Guidelines - Table 10
Liquefied Natural Gas (LNG) Liquefaction Plants And Regasification Facilities,
http://www.exim.gov/products/policies/environment/envtbl10.html, Revised : July 2, 2004.

“Walker, Bobbi, 2004. Letter from Bobbi Walker, Gulf of Mexico Fishery Management Council, to
Rolland Schmitten, NOAA National Marine Fisheries Service, June 9, 2004.
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. Designing intakes for horizontal flow to minimize the potential for water coning from the surface; and

. Minimizing warming water throughput requirements for the installation by using the maximum practical inlet to outlet
seawater temperature change of 18°F;

. Automated air backwash system; and

. Committing to monitor impingement and entrapment of marine life during the first two years of operation to establish the

impact of the facility on marine life, and a commitment to implement reasonable and practical improvement measures if
warranted scientifically through the monitoring program.

It should be noted that monitoring may be necessary for proper siting of water intake structures to avoid or minimize entrainment
impacts.

Submerged Combustion Vaporizer (SCV) Technology

It appears likely that two proposed U.S. offshore LNG import terminals will use Submerged Combustion Vaporizer (SCV) technology
for re-gasification of LNG (i.e., Cabrillo Port, Crystal Energy). As describe above, this re-gasification technology uses submerged
combustion vaporizers using LNG as the fuel. The SCVs will superheat the resultant natural gas to a temperature of about 41 °‘F. The
combustion vaporization process is thermally stabilized by submersion in a water bath. No compression of the natural gas is required.
SCV burns natural gas equivalent to 1.5 to 2% of the LNG throughput to generate heat. This is similar to the 1.5% energy penalty
identified in the 316(b) Phase I new facility rule for cooling towers at electric power generators. Moreover, this 1.5% consumption of
LNG can be less than the LNG lost in transit on dedicated LNG tankers. The tanker’s LNG cargo is kept cool by evaporating a
fraction of the cargo (“boiloff”) and burning it as boiler fuel. Typically, 0.15 to 0.25 percent of the cargo is consumed per day, during
which the tanker will travel about 480 nautical miles.*

The combustion process relies on natural gas from LNG, so it is a cleaner fuel. With SCV the exhaust gases also flow directly through
a water bath, which acts as a quench and abatement system. The SCV air emissions will include oxides of nitrogen (NOx), and carbon
dioxide. The chief environmental benefit of this re-gasification technology is that it eliminates the issues associated with water intakes
(i.e., impingement and entrainment of aquatic organisms) and discharges (i.e., thermal and chemical pollution).

Shell and Tube Vaporizors

It appears likely that one proposed U.S. offshore LNG import terminals will use shell and tube vaporizor (STV) technology for
re-gasification of LNG (i.e., GOM Energy Bridge). This re-gasification technology uses seawater from seachests to provide the
necessary heat. The warming seawater will pass through the shell and tube vaporizer and indirectly heat the LNG. As describe above,
this re-gasification technology uses large quantities of seawater (e.g., approximately 80 MGD). The GOM Energy Bridge will draw
seawater from the surrounding area at approximately 23.0 feet below the water surface. Intake structures on the LNG vessels are sized
to provide seawater for both standard ship operations (including water intakes for cooling purposes) and the warming water for the
LNG vaporizers. As previously mentioned, this offshore LNG import terminal is subject to the NPDES Permit Program; withdraws
more than 2 MGD in the open loop mode; and uses more than 25 percent of the seawater intake for cooling purposes in the open loop
mode.

Using a single sea chest inlet, the combined cooling water and warming water intake velocities would be approximately 3.9 feet per
second. Excelerate is proposing to connect two of the LNG vessels four sea chests internally to increase the intake area and reduce
average intake velocity. Using this scenario, the intake velocity at the two sea chests would be approximately 1.0 feet per second. The
sea chest intakes incorporate metal slotted grating on 21 millimeters spacings to reduce the impingement of aquatic organisms. This
mesh size would not prevent the entrainment of eggs and larvae of marine fish species. It appears that future designs could reduce this
intake velocity to 0.5 feet per second to better control impingement. Other impingement and entrainment controls might include:

. Using intake screens with wedgewire technology to reduce the potential for impingement

. Locating the intakes as close as practical to the sea bottom to reduce the potential for entrainment of smaller aquatic
organisms which are more likely to be near the surface;

. Designing intakes for horizontal flow to minimize the potential for water coning from the surface; and

. Minimizing warming water throughput requirements for the installation by using the maximum practical inlet to outlet

seawater temperature change.

“2U.S. DOE/EIA, 2001. U.S. Natural Gas Markets: Mid-Term Prospects for Natural Gas Supply,
SR/OI1AF/2001-06, http://www.eia.doe.gov/oiaf/servicerpt/natgas/pdf/sroiaf(2001)06.pdf, December 2001.
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Closed-loop Heat Exchangers

It appears likely that one proposed U.S. offshore LNG import terminals has the potential to the use closed-loop heat exchangers for
re-gasification of LNG (i.e., GOM Energy Bridge). In the closed loop mode, steam from the LNG vessel propulsion boilers will heat
water circulated in a closed loop through the shell and tube vaporizer and a steam heater. After the cycle, the water will be re-
circulated through the system. There is no seawater intake or discharge for the re-gasification process in the closed loop mode. The
closed loop mode allows for LNG re-gasification when surrounding seawater temperatures are too cold for the more efficient open
loop mode. The chief environmental benefit of this re-gasification technology is that it eliminates the issues associated with water
intakes (i.e., impingement and entrainment of aquatic organisms) and discharges (i.e., thermal and chemical pollution). The main
disadvantage of this re-gasification system verses the shell and tube vaporizors (open loop) re-gasification system is that decreased rate
of LNG vaporization.

Intermediate Fluid Vaporizer (IFV) Technology

It appears likely that no proposed U.S. offshore LNG import terminals will use Intermediate Fluid VVaporizer (IFV) technology for re-
gasification of LNG. This re-gasification technology uses glycol/water mix to exchange heat with the LNG via a shell and tube
exchanger. The cold glycol mix is circulated continuously in a closed loop. A plate and frame or other type heat exchanger heats the
glycol mix using seawater as the heating medium. The equipment necessary for this system includes common heat exchangers and
pumps. Pumps are required for the seawater and for the circulated glycol mix. The quantity of circulated seawater is identical to that
required for the ORV, given environmental limits between the inlet and return water temperature. The LNG is vaporized from the heat
gained by the glycol and the glycol acquires heat from the seawater. The design must maintain LNG and glycol carefully to avoid
freezing on the glycol side of the vaporizer. In general, LNG import terminals using IFVs can use the same control measures as LNG
import terminals using ORVs to reduce the impingement and entrainment of aquatic organisms.

4.2 Incremental Costs Associated with Technology Options to Control Impingement and Entrainment of Aquatic Organisms

EPA estimated “sensitivity level” incremental technology option costs for new offshore LNG import terminals to control the
impingement and entrainment of aquatic organisms. EPA compared these incremental costs to the total estimated cost for construction
of a new offshore LNG import terminal to determine whether potential impingement and entrainment § 316(b) Phase 111 technology
options would impact the decision to begin construction of the new facility. EPA used information from USCG deepwater port
licensing applications (e.g., information on the type, size and number of the water intake structures) to estimate these “sensitivity
level” incremental costs for installation of impingement and entrainment equipment for some of the offshore LNG import terminals
identified in Exhibit 3-79.

EPA was unable to estimate “sensitivity level” incremental costs for all facilities in Exhibit 3-79 due to the lack of specific data on
water intake structure (e.g., intake pipe or caisson dimensions). However, these “sensitivity level” incremental costs are representative
for all facilities in Exhibit 3-79 as the facilities EPA used to develop “sensitivity level” incremental costs represent all major types of
vaporization designs (e.g., ORV, STV) and fixed and mobile, deepwater and shallow water LNG import terminals.

4.2.1  Offshore LNG Import Terminal Water Intake Pipe Design
EPA had sufficient water intake structures data for the following five proposed offshore LNG import terminals: Compass Port, GMO

Energy Bridge, Gulf Landing, Port Pelican, and Main Pass. To estimate a “sensitivity level” incremental cost for installation of
impingement and entrainment equipment, EPA determined design information on the type, size and number of the surface water
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intakes. EPA used design information for the five LNG import terminals from USCG dockets.*3##>464” Exhibit 3-81 shows the
design flow rate for each facility, the type of surface water intake that will be used, and the humber of intake structures.

Exhibit 3-81. Number and Type of Surface Water Intake Structures at Five Proposed Offshore LNG Import Terminals

LNG Project Name

Location

Total Design
Intake Flow*
(MGD)

Intake Structure Type

Number of
Intake
Structures

Conoco Phillips
(Compass Port)

Mobile Block 910
88°12' West, 30°5' North

182

Caisson with Submersible
Pumps

6

Excelerate
(GMO Energy Bridge)

LA, 116 miles South of
Cameron

133

Sea Chest

Shell
(Gulf Landing)

Chevron Texaco
(Port Pelican)

LA (West Cameron Block
213) south of Lake Charles

LA, 36 miles S-SW of
Freshwater City

136

176

Simple Pipes

Simple Pipes

Freeport McMoran
Main Pass Energy Hub

LA; 17 miles east of Pass a
Loutre

Sea Water Lift Pumps
with Screened Intakes

* Note: Total design intake flow for the entire LNG terminal

4.2.2  LNG Impingement and Entrainment Equipment Technology Options

EPA evaluated several impingement and entrainment control technology options for the different types of surface water intake
structures. EPA estimated incremental technology costs of velocity caps and screens for caissons, simple pipes, and suction lines
using sea water lift pumps. Velocity caps prevent impingement of marine life against the surface water intake while cylindrical
wedgewire screens prevent both impingement and entrainment of marine life into the surface water intake system. EPA evaluated flat
panel wedgewire screens for the sea chests surface water intake structures in order to prevent entrainment, and horizontal flow
diverters in order to prevent impingement by changing the direction of flow through the sea chest. Typically, stainless steel is used in
the manufacture of these types of water intake equipment, however new copper-nickel (CuNi) alloys are demonstrated technology for
improved bio-fouling control. In addition, air sparging can also be included with screening equipment to remove bio-fouling and clear
water intake structures. EPA costed the following technology options for the proposed offshore LNG import facilities included in the
sensitivity analysis:

. Cylindrical copper-nickel alloy wedgewire screens with air sparging on caissons and simple pipes;
. Cylindrical copper-nickel alloy wedgewire screens on sea water lift pumps; and
. Flat panel copper-nickel wedgewire screens on sea chests.

4 U.S. Coast Guard, 2002. Port Pelican Environmental Report, Version 1.0, Port Pelican L.L.C.
Deepwater Port Licence Application, Docket No. USGS-2002-14134.

4 U.S. Coast Guard, 2003. Draft Environmental Assessment of the El Paso Energy Bridge Gulf of Mexico,
L.L.C., Deepwater Port License Application, Docket No. USCG-2003-14294, September 2003.

4 U.S. Coast Guard, 2004. Draft Environmental Impact Statement Section 2 (Detailed Description of
Proposed Action and Alternatives) for The Gulf Landing LLC Deepwater Port License Application, Docket No.
USCG-2004-16860-30, July 2004.

4 U.S. Coast Guard, 2004. Compass Port Application for Deepwater Port License, Docket No. USCG-
2004-17659, March, 2004.

" U.S. Coast Guard, 2004. Deepwater Port License Application for the Main Pass Energy
Project, Docket No. USCG-2004-17696, February 2004.
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EPA estimates that these costs are likely overestimates as only the GMO Energy Bridge LNG terminal will require the installation of
horizontal flow diverters to lessen impingement.

4.2.3  LNG Cost Estimates for Impingement and Entrainment Options

EPA estimated installed capital costs for each technology option for the five LNG import terminals selected for this analysis.
Technology option equipment costs were developed by regression analysis.*® Exhibit 3-82 shows the cost equations for each
technology option and the design variable.

Exhibit 3-82. Cost Equations and Design Variables for Entrainment and Impingement Equipment at LNG Import Terminals

Impingement and
Entrainment Control
Equipment

Surface Water Intake
Structure Type

Cost Equation

Variable

Cylindrical copper-nickel
alloy wedgewire screens
with air sparging

Simple pipes and caissons

$ = 1360.3(x)+4087.2 (1%)

$ =883.67(x) - 5742.8 (additional)

Pipe Diameter
(inches)

Cylindrical copper-nickel

Sea water pump intakes

$ = 564.71(x) - 1389

Pipe Diameter

alloy wedgewire screens (inches)
Flat panel copper-nickel Sea Chests $=6.7734(x) - 0.273 Flow (gpm)
wedgewire screens

Horizontal Flow Diverter Sea Chests $ = 3.4995(x) + 0.001 Flow (gpm)

Exhibit 3-83 shows design information and the estimated cost to install impingement and entrainment control equipment at each LNG
import terminal. Exhibit 3-83 shows that the capital costs associated with the installation of impingement and entrainment control
equipment for most new LNG import terminals can reasonably be expected to be between $0.2 million and $0.9 million.

“8Hatch Associates, 2004. Draft Offshore and Coastal Oil and Gas Extraction Facilities Seawater Intake
Structure Modification Cost Estimate: Caisson and Simple Pipe. March 12, 2004.
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Overall, the costs for installation of impingement and entrainment control equipment at LNG import terminal surface water intakes is
very small relative to the total costs to construct a LNG import terminal. For example, the total construction costs for the Gulf
Landing, Main Pass, and Port Pelican LNG import terminals are estimated at $700 million, $500 million, and $500 million,
respectively (i.e., impingement and entrainment control equipment costs between $0.2 and $0.9 represent less than 0.1 percent of the
overall new facility construction costs).

4.2.4  Options for Closed Loop Water Systems at LNG Import Terminals

EPA examined an additional option for reducing impingement and entrainment of marine life at LNG import terminals. Specifically,
EPA examined the potential technology option of converting the vaporization systems from Open Rack Vaporizers (ORV) to
Submerged Combustion Vaporizers (SCV). In general, the ORV system uses ambient seawater as its sole source of heat in an open,
falling film type arrangement to vaporize LNG passing through tubes. SCV vaporize LNG contained inside stainless steel tubes in a
submerged water bath with a combustion burner and require no sea water intake. The ORV system has a lower operating cost then the
SVC, but normally a higher capital cost because of the larger equipment size, the added seawater intake/outfall system, the pumping
system, the large diameter seawater pipes, and the seawater treating system. The SCV requires fuel for the LNG vaporization, and the
fuel consumption amount is about 1.5% to 2% of the send-out gas. Thus, it has a higher operating cost than the ORV.*®

A recent options study prepared for ConocoPhillips Compass Port LNG receiving terminal examined both the capital and operating
costs for an ORV and SCV process. The study indicated the capital cost for the ORV and SCV processes at this 7.5 million tonne per
year (MMTPA) gas send out LNG receiving terminal would be approximately $45.3 million dollars and $34.3 million dollars,
respectively (Foster Wheeler USA, 2003). Operating costs for the ORV and SCV processes at the Compass Port LNG receiving
terminal were estimated to be $2.3 millon/year and $17.1 million/year, respectively. These SCV costs were developed using the
following price of natural gas: $1.9/MMBtu.

EPA used a ratio of the gas send-out capacities to relate the SCV costs derived for the Compass Port LNG receiving terminal to the
Gulf Landing, Port Pelican, and Main Pass Energy Hub LNG receiving terminals. The Compass Port LNG terminal is expected to
have a 7.5 MMTPA gas send-out rate when completed. Predicted peak natural gas send-out rates for Gulf Landing, Port Pelican, and
Main Pass are 9, 15, and 22.5 MMTPA, respectively. Exhibit 3-84 presents estimated “screening level” capital and operating costs for
using SCV systems at these facilities.

4 Foster Wheeler USA Corp, 2003. LNG Vaporizer Options Study for ConocoPhillips Compass Port GBS
LNG Receiving Terminal, First Draft. October 25, 2003.
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Exhibit 3-84. Screening Level Estimates for LNG Import Terminals to Construct and Operate SCV Systems

Compass Port (SCV) Gulf Landing Port Pelican Main Pass Energy
Hub
(Gl\jls\/ls_?lr;dA-)out Rate 75 9 15 22.5
giﬁopggs Port 1 L2 ’ °
g:l\:ﬂiﬁg:]c;?sts 34.3 41.2 68.6 102.9
Costs (Million ) 7L 205 - -

Overall the SCV system has lower capital costs than ORV systems and quick start-up but has higher operating costs (especially at gas
prices higher than $1.9/MMBtu). However, EPA considers this technology option as potentially viable as two of the proposed
offshore LNG import terminals are projecting to use SCV systems (i.e., Cabrillo Port, Crystal Energy). As previously mentioned, the
chief environmental benefit of this re-gasification technology is that it eliminates the issues associated with water intakes (i.e.,
impingement and entrainment of aquatic organisms) and discharges (i.e., thermal and chemical pollution). Additionally, offshore LNG
import terminals could use a combination of SCV and ORV systems to reduce surface water intakes and impingement and entrainment
impacts. The combination of SCV and ORV systems also provides a benefit of redundant vaporization systems in case of equipment
failure.

5.0 RATIONALE FOR ESTABLISHING IMPINGEMENT AND ENTRAINMENT CONTROLS USING BEST
PROFESSIONAL JUDGMENT

As previously mentioned, all five existing onshore LNG import terminals do not use surface water intakes for warming or cooling
purposes. The fact that all five existing onshore LNG import terminals use LNG vaporization systems with no surface water intakes
demonstrates that this zero-water intake technology is available for this industrial sector. As all existing LNG import terminals are
using zero-water intake technology, EPA decided not to set national technology-based standards for controlling impingement and
entrainment for this industrial sector.

As previously mentioned, EPA excluded new onshore LNG import terminals from the 8 316(b) Phase Il rulemaking as these facilities
are already regulated by the § 316(b) Phase | rulemaking (EPA, 2004 - clarification memo). If a new LNG import terminal uses less
than 25 percent or none of its water for cooling purposes or does not meet the 2 MGD intake flow threshold, the new facility rule
specifies that the new facility must meet § 316(b) requirements as specified by the NPDES permit authority on a case-by-case basis,
using best professional judgment (see 40 CFR 125.80(c)). Moreover, current information indicates that all new onshore LNG import
terminals are proposing to use LNG vaporization systems with no surface water intakes (e.g., integration with other industrial
facilities, ambient air vaporization through heating towers, gas-fired heaters).

All new offshore LNG import terminals projected to use surface water for their vaporization systems are also designed to use more
than 2 MGD of surface water. However, EPA could only identify one new offshore LNG import terminal (i.e., GOM Energy Bridge)
that is projected to use 25 percent or more of its surface water intake for cooling purposes. This means that there is only one facility
potentially within scope of the Phase Il rule. As there is only one facility potentially within scope of the Phase 11 rule, EPA decided
not to set national technology-based standards for controlling impingement and entrainment for this industrial sector. EPA will use
best professional judgment (see 40 CFR 125.80(c)) to establish technology-based controls for this facility. Additionally, the other new
offshore LNG import terminals must also meet § 316(b) requirements as specified by the NPDES permit authority on a case-by-case
basis, using best professional judgment (see 40 CFR 125.80(c)).
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V. FIXED AND VARIABLE O&M COSTS
1.0 DETERMINING FIXED VERSUS VARIABLE O&M COSTS

When developing the annual O&M cost estimates, the underlying assumption was that facilities were operating nearly continuously
with the only downtime being periodic routine maintenance. This routine maintenance was assumed to be approximately four weeks
per year. The economic model however, considers variations in capacity utilization. Lower capacity utilization factors result in
additional generating unit shutdown that may result in reduced O&M costs. However, it is not valid to assume that intake technology
O&M costs drop to zero during these additional shutdown periods. Even when the generating unit is shut down, there are some O&M
costs incurred. To account for this, total annual O&M costs were divided into fixed and variable components. Fixed O&M costs
include items that occur even when the unit is periodically shut down, and thus are assumed to occur year round. Variable O&M costs
apply to items that are allocable based on estimated intake operating time. The general assumption behind the fixed and variable
determination is that shutdown periods are relatively short (on the order of several hours to several weeks).

1.1 Overall Approach

The annual O&M cost estimates used in the cost models is the net O&M cost, which is the difference between the estimated baseline
and compliance O&M costs. Therefore, the fixed/variable proportions for each facility may vary depending on the mix of baseline and
compliance technologies. In order to account for this complexity, EPA calculated the fixed O&M costs separately for both the
baseline technology and each compliance technology and then calculated the total net fixed and variable components for each
facility/intake.

In order to simplify the methodology (i.e., avoid developing a whole new set of O&M cost equations), a single fixed O&M component
cost factor was estimated for each technology application represented by a single O&M cost equation. To calculate fixed O&M
factors, EPA first calculated fixed O&M cost factors for the range of data input values, using the assumptions described below, to
develop the cost equation. For baseline technologies, EPA selected the lowest value in the range of fixed component factors for each
technology application. The lowest value was chosen for baseline technologies to yield a high-side net compliance costs for
intermittently operating facilities. Similarly, for compliance technologies, EPA selected the highest value in the range of fixed
component factors for each technology application, again, to provide a high-side estimate.

For each O&M cost equation, a single value (expressed either as a percentage or decimal value) representing the fixed component of
O&M costs, is applied to each baseline and compliance technology O&M cost estimate for each facility. The variable O&M
component is the difference between total O&M costs and the fixed O&M cost component. The fixed and variable cost components
were then separately combined to derive the overall net fixed and overall net variable O&M costs for each facility/intake.

1.2 Estimating the Fixed/variable O&M Cost Mix

Depending on the technology, the O&M cost estimates may generally include components for labor, power, and materials. The cost
breakdown assumes facility downtime will be relatively short (hours to weeks). Thus, EPA assumes any periodic maintenance tasks
(e.g., changing screens, changing nets, or inspection/cleaning by divers) are performed regardless of plant operation, and therefore are
considered fixed costs. Fixed costs associated with episodic cost components are allocated according to whether they would still occur
even if the downtime coincided with the activity. For example, annual labor estimates for passive screens includes increased labor for
several weeks during high debris episodes. This increased labor is considered a 100% variable component because it would not be
performed if the system were not operating during this period. A discussion of the assumptions and rationale for each general
component is described below.

Power Requirements

In most cases, power costs are largely a variable cost. If there is a fixed power cost component, it will generally consists of low
frequency, intermittent operations necessary to maintain equipment in working condition. For example, a 1% fixed factor for this
component would equal roughly 1.0 hours of operation every four days for systems that normally operated continuously. Such a
duration and frequency is considered as reasonable for most applications. For systems already operating intermittently, a factor that
results in the equivalent of one hour of operation or one backwash every four days was used.
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Labor Requirements

Labor costs generally have one or more of the following components:

. Routine monitoring and maintenance

. Episodes requiring higher monitoring and maintenance (high debris episodes)
. Equipment deployment and removal

. Periodic inspection/cleaning by divers.

Routine Monitoring and Maintenance

This component includes monitoring/adjustment of the equipment operation, maintaining equipment (repairs & preventive O&M), and
cleaning. Of these the monitoring/adjustment and cleaning components will drop significantly when the intakes are not operating. A
range of 30% to 50% will be considered for the fixed component.

Episodes requiring higher monitoring and maintenance

This component is generally associated with equipment that is operating and will be assumed to be 100% variable.

Equipment deployment and removal

This activity is generally seasonal in nature and assumed performed regardless of operation (i.e., 100% fixed).

Periodic Inspection/Cleaning by Divers

This periodic maintenance task is assumed to be performed regardless of plant operation, and therefore is considered as 100% fixed
costs.

Equipment Replacement

The component includes two factors: parts replacement due to wear and tear (and varies with operation) and parts replacement due to
corrosion (and occurs regardless of operation). A range of 50% to 70% of these costs will be considered the fixed component.

Technology-Specific Input Factors

Traveling Screens

To determine the range of calculated total O&M fixed factors, fixed O&M cost factors (Exhibit 3-85) were applied to individual O&M
cost components for the various screen width values that were used to generate the O&M cost curves. As described earlier, the lowest
value of this range was selected for the baseline O&M fixed cost factor and the highest of this range was selected as the compliance
O&M fixed cost factor.

Exhibit 3-85. O&M Cost Component Fixed Factor

Routine Labor | Parts Replacement | Equipment Power Equipment
Deployment
All Traveling Screens Without Fish 0.5 0.7 0.05 1.0
Handling
All Traveling Screens 0.3 0.5 0.01 1.0
With Fish Handling

Passive Screens
The fixed O&M component was based on the following:

. Seasonal high debris period monitoring labor set equal to 0 hours
. Routine labor set at 50% of full time operation
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. Back washes are performed once every four days

. Dive team costs for new screens at existing offshore for high debris were set at 50% of full time operation

. Dive team costs for new screens at existing offshore were set equal to 0 assuming no net additional diver costs over what was
necessary for existing submerged intake without screens.

. The same assumptions are applied to both fine mesh and very fine mesh screens.

Velocity Caps

Because the O&M cost for velocity caps was based on annual inspection and cleaning by divers, the entire velocity cap O&M cost is
assumed to be fixed (100%).

Fish Barrier Nets

Fish barrier net O&M costs are based on deployment and removal of the nets plus periodic replacement of net materials. As described
above, EPA assumes seasonal deployment and removal is a 100% fixed O&M cost. EPA has assumed that the need for net
maintenance and replacement is a due to its presence in the waterbody and should not vary with the intake operation. Therefore,
entire fish barrier net O&M cost is assumed to be fixed (100%).

Aquatic Filter barriers

The O&M costs for aquatic filter barriers (AFB) includes both periodic maintenance and repair of the filter fabric and equipment plus
energy used in the operation of the airburst system. As with barrier nets the need for net repairs and replacement should not vary with
the intake operation. There may be a reduction in the deposition of sediment during the periods when the intake is not operating and as
a result there may be a reduction in the required frequency of airburst operation. However, the presence of tidal and other waterbody
currents may continue to deposit sediment on the filter fabric requiring periodic operation. Thus, the degree of reduction in the
airburst frequency will be dependent on site conditions. Additionally, the O&M costs provided by the vendor did not break out the
O&M costs by component. Therefore, EPA concluded that an assumption that AFB O&M costs is 100% fixed is reasonable and
represents a conservative estimate in that it will slightly overestimate O&M costs during periods when the intake is not operating.

Recirculating Wet Cooling Towers

Because the cooling tower O&M costs were derived using cost factors that estimate total O&M costs that are based on capital costs, a
detailed analysis is not possible. However, using the pumping and fan energy requirements described in the Proposed Rule
Development Document, EPA was able to estimate that the O&M energy component was under 50% of the total O&M cost. This
energy requirement reduction, coupled with reductions in labor and parts replacement requirements, should result in a fixed cost factor
of approximately 50%.

1.3 O&M Fixed Cost Factors

Exhibits 3-86 and 3-87 present the fixed O&M cost factors for baseline technologies and compliance technologies, respectively,
derived using the above assumptions.
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Exhibit 3-86. Baseline Technology Fixed O&M Cost Factors

Technology Description Application Water Type | Fixed Factor
Traveling Screen With Fish Handling 10 Ft Screen Wells Freshwater 0.28
Traveling Screen With Fish Handling 25 Ft Screen Wells Freshwater 0.30
Traveling Screen With Fish Handling 50 Ft Screen Wells Freshwater 0.32
Traveling Screen With Fish Handling 75 Ft Screen Wells Freshwater 0.33
Traveling Screen With Fish Handling 10 Ft Screen Wells Saltwater 0.31
Traveling Screen With Fish Handling 25 Ft Screen Wells Saltwater 0.34
Traveling Screen With Fish Handling 50 Ft Screen Wells Saltwater 0.36
Traveling Screen With Fish Handling 75 Ft Screen Wells Saltwater 0.38
Traveling Screen Without Fish Handling 10 Ft Screen Wells Freshwater 0.45
Traveling Screen Without Fish Handling 25 Ft Screen Wells Freshwater 0.47
Traveling Screen Without Fish Handling 50 Ft Screen Wells Freshwater 0.48
Traveling Screen Without Fish Handling 75 Ft Screen Wells Freshwater 0.49
Traveling Screen Without Fish Handling 10 Ft Screen Wells Saltwater 0.49
Traveling Screen Without Fish Handling 25 Ft Screen Wells Saltwater 0.51
Traveling Screen Without Fish Handling 50 Ft Screen Wells Saltwater 0.53
Traveling Screen Without Fish Handling 75 Ft Screen Wells Saltwater 0.53
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Exhibit 3-87. Compliance Technology Fixed O&M Cost Factors

Technology Description Application Water Type [ Fixed Factor
Aquatic Filter Barrier All All 1.0
Add Fish Barrier Net Using Anchors and Bouys All Freshwater 1.0
Add Fish Barrier Net Using Pilings for Support 10 Ft Net Depth Saltwater 1.0
Add Fish Barrier Net Using Pilings for Support 20 Ft Net Depth Saltwater 1.0
Add Fine Mesh Passive T-screens to Existing Offshore Intake High Debris All 0.21
Add Fine Mesh Passive T-screens to Existing Offshore Intake Low Debris All 0.27
Add Very Fine Mesh Passive T-screens to Existing Offshore Intake High Debris All 0.19
Add Very Fine Mesh Passive T-screens to Existing Offshore Intake Low Debris All 0.27
Relocate Intake Offshore with Fine Mesh Passive T-screens High Debris All 0.46
Relocate Intake Offshore with Fine Mesh Passive T-screens Low Debris All 0.56
Relocate Intake Offshore with Very Fine Mesh Passive T-screens High Debris All 0.38
Relocate Intake Offshore with Very Fine Mesh Passive T-screens Low Debris All 0.49
Traveling Screen With Fish Handling and Fine Mesh 10 Ft Screen Wells Freshwater 0.38
Traveling Screen With Fish Handling and Fine Mesh 25 Ft Screen Wells Freshwater 0.35
Traveling Screen With Fish Handling and Fine Mesh 50 Ft Screen Wells Freshwater 0.37
Traveling Screen With Fish Handling and Fine Mesh 75 Ft Screen Wells Freshwater 0.39
Traveling Screen With Fish Handling and Fine Mesh 10 Ft Screen Wells Saltwater 0.41
Traveling Screen With Fish Handling and Fine Mesh 25 Ft Screen Wells Saltwater 0.38
Traveling Screen With Fish Handling and Fine Mesh 50 Ft Screen Wells Saltwater 0.40
Traveling Screen With Fish Handling and Fine Mesh 75 Ft Screen Wells Saltwater 0.41
Traveling Screen With Fish Handling 10 Ft Screen Wells Freshwater 0.40
Traveling Screen With Fish Handling 25 Ft Screen Wells Freshwater 0.42
Traveling Screen With Fish Handling 50 Ft Screen Wells Freshwater 0.42
Traveling Screen With Fish Handling 75 Ft Screen Wells Freshwater 0.42
Traveling Screen With Fish Handling 10 Ft Screen Wells Saltwater 0.42
Traveling Screen With Fish Handling 25 Ft Screen Wells Saltwater 0.43
Traveling Screen With Fish Handling 50 Ft Screen Wells Saltwater 0.44
Traveling Screen With Fish Handling 75 Ft Screen Wells Saltwater 0.44
Traveling Screen Dual-Flow 10 Ft Screen Wells Freshwater 0.40
Traveling Screen Dual-Flow 25 Ft Screen Wells Freshwater 0.40
Traveling Screen Dual-Flow 50 Ft Screen Wells Freshwater 0.40
Traveling Screen Dual-Flow 75 Ft Screen Wells Freshwater 0.40
Traveling Screen Dual-Flow 10 Ft Screen Wells Saltwater 0.44
Traveling Screen Dual-Flow 25 Ft Screen Wells Saltwater 0.44
Traveling Screen Dual-Flow 50 Ft Screen Wells Saltwater 0.44
Traveling Screen Dual-Flow 75 Ft Screen Wells Saltwater 0.44
Velocity Cap All All 1.0
Cooling Towers All All 0.5
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Chapter 4: Impingement and Entrainment Controls

INTRODUCTION

This section provides a summary of the effects of impingement and entrainment, the development of the performance standards, and
the regulatory options that EPA considered for today’s proposed rule.

1.0 IMPINGEMENT AND ENTRAINMENT EFFECTS

The withdrawal of cooling water removes trillions of aquatic organisms from waters of the United States each year, including plankton
(small aquatic animals, including fish eggs and larvae), fish, crustaceans, shellfish, sea turtles, marine mammals, and many other forms
of aquatic life. Most impacts are to early life stages of fish and shellfish.

Aguatic organisms drawn into cooling water intake structures (CWIS) are either impinged on components of the intake structure or
entrained in the cooling water system itself. Impingement takes place when organisms are trapped on the outer part of an intake
structure or against a screening device during periods of intake water withdrawal. Impingement is caused primarily by hydraulic
forces in the intake stream. Impingement can result in (1) starvation and exhaustion; (2) asphyxiation when the fish are forced against
a screen by velocity forces that prevent proper gill movement or when organisms are removed from the water for prolonged periods;
and (3) descaling and abrasion by screen wash spray and other forms of physical damage.

Entrainment occurs when organisms are drawn into the intake water flow entering and passing through a cooling water intake structure
and into a cooling water system. Organisms that become entrained are those organisms that are small enough to pass through the
intake screens, primarily eggs and larval stages of fish and shellfish. As entrained organisms pass through a plant’s cooling water
system, they are subject to mechanical, thermal, and/or toxic stress. Sources of such stress include physical impacts in the pumps and
condenser tubing, pressure changes caused by diversion of the cooling water into the plant or by the hydraulic effects of the
condensers, sheer stress, thermal shock in the condenser and discharge tunnel, and chemical toxemia induced by antifouling agents
such as chlorine.

For a more detailed discussion of impingement and entrainment and the effects on aquatic organisms, refer to the preamble to the
proposed rule and The Regional Benefits Assessment for the Proposed Section 316(b) Rule for Phase 11 Facilities (EPA-821-R-04-
017).

2.0 PERFORMANCE STANDARDS

The performance standards for today’s proposed rule are similar to those required in the final Phase 11 regulations. Overall, the
performance standards that reflect best technology available under today’s proposed rule are not based on a single technology but,
rather, are based on consideration of a range of technologies that EPA has determined to be commercially available for the industries
affected as a whole and have acceptable non-water quality environmental impacts. Because the requirements implementing section
316(b) are applied in a variety of settings and to Phase I11 facilities of different types and sizes, no single technology is most effective
at all existing facilities, and a range of available technologies has been used to derive the performance standards.

EPA developed the performance standards for impingement mortality reduction based on an analysis of the efficacy of the following
technologies: (1) design and construction technologies such as fine and wide-mesh wedgewire screens, as well as aquatic filter barrier
systems, that can reduce mortality from impingement by up to 99 percent or greater compared with conventional once-through
systems; (2) barrier nets that may achieve reductions of 80 to 90 percent; and (3) modified screens and fish return systems, fish
diversion systems, and fine mesh traveling screens and fish return systems that have achieved reductions in impingement mortality
ranging from 60 to 90 percent as compared to conventional once-through systems.

Available performance data for entrainment reduction are not as comprehensive as impingement data. However, aquatic filter barrier
systems, fine mesh wedgewire screens, and fine mesh traveling screens with fish return systems have been shown to achieve 80 to 90
percent or greater reduction in entrainment compared with conventional once-through systems. EPA notes that screening to prevent
organism entrainment may cause impingement of those organisms instead.
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Based on the review of performance data, EPA continues to believe that an 80-95% reduction in impingement mortality and a 60-90%
reduction in entrainment are appropriate and technologically achievable. In Phase Il EPA provided examples of facilities in different
areas of the country sited on different waterbody types that are currently meeting or exceeding the performance standards (69 FR
41602). Some examples of potential Phase 111 facilities include the Sherburne County Generating Plant and the Tosco Refinery, as
described in the preamble. Possible examples of offshore oil and gas extraction facilities that also meet the performance standards
(using a combination of intake technologies and/or reduced through-screen intake velocity) are the drillship Transocean Deepwater
Discovery, the MODU Transocean Deepwater Horizon, the MODU Transocean Cajun Express, and the platform Aera Energy Ellen.
The ability of these facilities to meet the performance requirements suggests that while site-specific factors can influence the
performance of a given technology, it is the exceptional situation where no design or construction technology is capable of meeting the
performance standards. EPA opted for performance ranges instead of specific compliance thresholds to allow both the permittee and
the permitting authority a certain degree of flexibility in meeting the obligations under the final Phase Il rule. Further, EPA recognizes
that precise results may not be able to replicated in different waterbody types in different areas of the country.

3.0 REGULATORY OPTIONS CONSIDERED

In today’s proposed rule, EPA co-proposes three regulatory options based on design intake flow and source waterbody type that define
which facilities are Phase 111 existing facilities subject to uniform national requirements. These co-proposed options are:

»  The facility has a total design intake flow of 50 MGD or more, and is located on any source waterbody type;

»  The facility has a total design intake flow of 200 MGD or more, and is located on any source waterbody type;

«  The facility withdraws water from an ocean, estuary, tidal river or stream, or Great Lake and has a total design intake flow of 100
MGD or more.

The proposed rule would require Phase 11 existing facilities to meet performance standards similar to those required in the final Phase
Il rule, including a 80-95% reduction in impingement mortality and a 60-90% reduction in entrainment. The proposed rule also
provides for the same five compliance alternatives specified in the final Phase Il rule. If a facility is a point source that uses a cooling
water intake structure and has, or is required to have, an NPDES permit, but does not meet the definition of Phase 111 existing facility
under the corresponding regulatory option (e.g., the intake is below the specified MGD design intake flow threshold or does not meet
the 25% cooling purposes threshold) it would continue to be subject to permit conditions implementing section 316(b) of the Clean
Water Act set by the permit director on a case-by-case basis, using best professional judgment.

In developing the proposed Phase 111 rule, EPA considered several regulatory options based on varying flow regimes and waterbody
type. These options are based on applying the same performance standards and compliance alternatives as those being proposed (i.e.
the final Phase 11 performance standards and requirements including the use of case-by-case permit determinations based on best
professional judgment for facilities below the applicable thresholds) but using different design intake flow applicability thresholds. In
addition, EPA considered a number of options (specifically options 2, 3, 4, and 7 below) that would establish different performance
standards for certain groups or subcategories of Phase 11 existing facilities. Under these options, EPA would apply the proposed
performance standards and compliance alternatives (i.e. the Phase Il requirements) to the higher threshold facilities, apply the less-
stringent requirements as specified below to the middle flow threshold category, and would apply best professional judgment below
the lower threshold.

Each of the options considered for this proposal is described in detail below:

Option 1: Facilities with a design intake flow of 20 MGD or greater would be subject to the performance standards and compliance
alternatives proposed in today's rule and discussed above. Under this option, section 316(b) permit conditions for Phase Il facilities
with a design intake flow of less than 20 MGD would be established on a case-by-case, best professional judgment, basis.

Option 2: Facilities with a design intake flow of 50 MGD or greater, as well as facilities with a design intake flow between 20 and 50
MGD (20 MGD inclusive) when located on estuaries, oceans, or the Great Lakes would be subject to the performance standards and
compliance alternatives proposed in today's rule. Facilities with a design intake flow between 20 and 50 MGD (20 MGD inclusive)
that withdraw from freshwater rivers and lakes would have to meet the performance standards for impingement mortality only and not
for entrainment. Under this option, section 316(b) requiremtns for Phase Il facilities with a design intake flow of less than 20 MGD
would be established on a case-by-case, best professional judgment, basis.

Option 3: Facilities with a design intake flow of 50 MGD or greater would be subject to the performance standards and compliance
alternatives proposed in today's rule. Facilities with a design intake flow between 20 and 50 MGD (20 MGD inclusive) would have to
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meet the performance standards for impingement mortality only and not for entrainment. Under this option, section 316(b)
requirements for Phase 111 facilities with a design intake flow of less than 20 MGD would be established on a case-by-case, best
professional judgment, basis.

Option 4: Facilities with a design intake flow of 50 MGD or greater, as well as facilities with a DIF between 20 and 50 MGD (20
MGD inclusive) when located on estuaries, oceans, or the Great Lakes would be subject to the performance standards and compliance
alternatives proposed in today's rule and discussed above. Facilities that withdraw from freshwater rivers and lakes and all facilities
with a design intake flow of less than 20 MGD would have requirements established on a case-by-case, best professional judgment,
basis.

Option 5 (Co-proposed Option): Facilities with a design intake flow of 50 MGD or greater would be subject to the performance
standards and compliance alternatives proposed in today's rule and discussed above. Under this option, section 316(b) requirements
for Phase 111 facilities with a design intake flow of less than 50 MGD would be established on a case-by-case, best professional
judgment, basis.

Option 6: Facilities with a design intake flow of greater than 2 MGD would be subject to the proposed performance standards and
compliance alternatives. Under this option, section 316(b) requirements for Phase 11 facilities with a design intake flow of 2 MGD or
less would be established on a case-by-case, best professional judgment, basis.

Option 7: Facilities with a design intake flow of 50 MGD or greater would be subject to the performance standards and compliance
alternatives proposed in today's rule and discussed above. Facilities with a design intake flow between 30 and 50 MGD (30 MGD
inclusive) would have to meet the performance standards for impingement mortality only and not for entrainment. Under this option,
section 316(b) requirements for Phase 111 facilities with a design intake flow of less than 30 MGD would be established on a case-by-
case, best professional judgment, basis.

Option 8 (Co-proposed Option): Facilities with a design intake flow of 200 MGD or greater would be subject to the performance
standards and compliance alternatives proposed in today's rule and discussed above. Under this option, section 316(b) requirements
for Phase 111 facilities with a design intake flow of less than 200 MGD would be established on a case-by-case, best professional
judgment, basis.

Option 9 (Co-proposed Option): Facilities with a design intake flow of 100 MGD or greater and located on oceans, estuaries, and the
Great Lakes would be subject to the performance standards and compliance alternatives proposed in today's rule and discussed above.
Under this regulatory option, section 316(b) requirements for Phase 111 facilities with a design intake flow of less than 100 MGD
would be established on a case-by-case, best professional judgment, basis.

Exhibit 4-1 summarizes which facilities would be defined as existing Phase 111 facilities and which performance standards would apply
under each of the above options:

Exhibit 4-1. Performance Standards for the Regulatory Options Considered

Option Minimum Design Intake Flow Defining Facilities as Existing Phase 111 Facilities
2 MGD 20 MGD 30 MGD 50 MGD 100 MGD 200 MGD
1 BPJ I&E
2 BPJ Freshwater rivers and lakes: | only I&E
All other waterbodies: 1&E
3 BPJ | only I&E
4 BPJ Estuaries, oceans, Great Lakes: I&E I&E

All other waterbodies: BPJ

5 BPJ 1&E
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Exhibit 4-1. Performance Standards for the Regulatory Options Considered (continued)

Option Minimum Design Intake Flow Defining Facilities as Existing Phase 111 Facilities
2 MGD 20 MGD 30 MGD 50 MGD 100 MGD
6 I&E
7 BPJ I only 1&E
8 BPJ I&E
9 BPJ Estuaries, oceans, Great Lakes: 1&E
All other waterbodies: BPJ

Key:
BPJ - Best Professional Judgment
I&E - 80-95% reduction in impingement mortality and a 60-90% reduction in entrainment
I only - 80-95% reduction in impingement mortality
Estuaries - includes tidal rivers and streams
Lakes - includes lakes and reservoirs

4.0 OTHER CONSIDERATIONS

EPA considered a number of other issues relating to performance standards for Phase 111 facilities, including closed-cycle cooling and
the use of sea chests.

4.1 Closed Cycle Cooling

EPA based the Phase I (new facility) final rule performance standards on closed-cycle, recirculating systems (see 66 FR 65274).
Available data suggest that closed- cycle, recirculating cooling systems (e.g., cooling towers or ponds) can reduce mortality from
impingement by up to 98 percent and entrainment by up to 98 percent when compared with conventional once-through systems (see 69
FR 41601). In the final Phase Il rule, EPA did not select a regulatory scheme based on closed- cycle, recirculating cooling systems at
existing facilities based on (1) its generally high costs (due to conversions); (2) the fact that other technologies approach the
performance of this option, (3) concerns for potential energy impacts due to retrofitting existing facilities, and (4) other considerations
(see 69 FR 41605). For individual high-flow facilities to convert to wet towers the capital costs range from $130 to $200 million with
annual operating costs in the range of $4 to $20 million (see Phase Il final TDD, DCN 6-0004). Thus, basing the Phase Il existing
facility proposed rule on closed- cycle, recirculating cooling systems would cost more than $2 billion, a more than four-fold increase in
total national pre-tax annualized costs compared to today’s proposed option of $125 million, without proportionally greater benefits
than the proposed option. Therefore, EPA did not further consider closed- cycle, recirculating cooling systems as a basis for today’s
proposed performance standards for existing facilities.

4.2 Entrainment Reductions for Offshore Qil and Gas Facilities Using Sea Chests

Facilities using seachests may have limited opportunities to control entrainment as required by the Phase I rule. A 2003 literature
survey by Mineral Management Services (DCN 7-0012) identified no studies of impingement and entrainment impacts by oil and gas
extraction facilities with seachests, or evidence of entrainment controls successfully fitted to offshore oil and gas extraction facilities
such as drill ships, jack-ups, MODUSs, and barges. EPA’s data suggests the only physical technology controls for entrainment at
facilities with seachests would entail installation of equipment projecting beyond the hull of the vessel. Such controls may not be
feasible, even for new facilities that could avoid the challenges of retrofitting control technologies.
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Chapter 5: Costing Methodology for Model Facilities

INTRODUCTION

This chapter describes the methodology used to estimate engineering compliance costs associated with implementing the regulatory
options proposed for section 316(b) Phase 111 facilities. Chapter 3 of this document describes in detail the technologies and practices
used as the basis for the regulatory options. Section 1.0 of this chapter describes the regulatory control options considered by the
Agency. To assess the economic impact of these control options, EPA estimates the costs associated with regulatory compliance. The
methodology for technology and control costs for electric power generators and manufacturers is in section 2.0 of this chapter. The
full economic burden is a function of these costs of compliance, which may include initial fixed and capital costs, annual operating and
maintenance (O&M) costs, downtime costs, recordkeeping, monitoring, studies, and reporting costs. The results of the economic
impact analysis for the proposed regulation is found in the Economic Analysis (DCN 7-0002).

For the purpose of estimating incremental compliance costs attributable to the proposed rules, EPA traditionally develops either
facility-specific or model facility costs. Facility-specific compliance costs require detailed process information about many, if not all,
facilities in the industry. These data typically include production, capacity, water use, wastewater generation, overall management,
monitoring data, geographic location, financial conditions, and other industry-specific data that may be required for the analyses. EPA
used a detailed technical survey of electric power and manufacturing facilities® to determine how each regulatory option will impact
that facility, and to estimate the cost of installing new or additional controls. The cost and basis for each control is described in section
1 of this chapter.

When facility-specific data are not available, EPA develops model facilities to provide a reasonable representation of the industry.
EPA then determines the number of facilities that are represented by each model. Industry level costs are then calculated by
multiplying the model-specific costs by the number of facilities that are represented by each particular model.

For the section 316(b) Phase 111 proposed rule, EPA used the model facility approach. EPA primarily used facility-specific data,
supplemented where necessary by industry supplied data and follow-up interviews to clarify a facility’s responses. However, EPA did
not have sufficient data for all facilities potentially subject to the proposed Phase 111 rule. Therefore, EPA first calculated the facility-
specific costs for 346 facilities, and applied the model facility approach to each facility-specific cost to calculate the industry level
costs for 650 manufacturing and electric power producing facilities. EPA used the Cost Test Tool described in section 2.0 to calculate
the model-facility costs. Section 3.0 provides some examples. Section 4.0 provides an analysis of the confidence in accuracy of the
316(b) compliance cost modules. Section 5.0 provides an estimate of facility downtime.

1.0 REGULATORY OPTIONS

EPA proposed requirements for the location, design, construction, and capacity of cooling water intakes based on the waterbody type
and the volume of water withdrawn by a Phase 11 facility. The proposed rule describes three regulatory options based on design
intake flow and source waterbody type that define which facilities are Phase 111 existing facilities subject to uniform national
requirements:

» The facility has a total design intake flow of 50 MGD or more, and located on any waterbody type;

»  The facility has a total design intake flow of 200 MGD or more, and located on any waterbody type;

«  The facility withdraws water from an ocean, estuary, tidal river or stream, or Great Lake and has a total design intake flow of 100
MGD or more.

If a facility is a point source that uses a cooling water intake structure and has, or is required to have, an NPDES permit, but does not
meet the appropriate flow/source waterbody type threshold or the 25% cooling purposes threshold, it would be subject to permit
conditions implementing section 316(b) of the Clean Water Act set by the permit director on a case-by-case basis, using best

! EPA focused its survey and data collection efforts on six industrial categories that, as a whole, were
estimated to account for over 99 percent of all cooling water withdrawals: Utility Steam Electric, Nonutility Steam
Electric, Chemicals & Allied Products, Primary Metals Industries, Petroleum & Coal Products, and Paper & Allied
Products.
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professional judgment. For example, under the 100 MGD coastal and Great Lakes option, facilities withdrawing from a freshwater
river or stream would not be subject to national requirements.

Under the proposed rule, these facilities would be subject to the same requirements as under the final 316(b) rule for Phase 11, with
Phase 111 requirements specified in Part 125, Subpart K. Data analyzed from EPA’s detailed technical survey shows cooling water
intake structures at Phase Il electric power generating facilities are, in general, no different than those intake structures employed by
Phase 11 facilities, particularly manufacturing facilities and lower flow electric power generating facilities. These factors, plus EPA’s
additional experiences in section 316(b) Phase | and Phase 1l rulemakings (see EPA’s Final Response to Comments Document DCN 6-
5049A and the Phase Il Final Preamble 69 FR 41575), as well as Phase 111 stakeholders (such as small business concerns) led EPA to
develop the regulatory options described above. Facilities that would be subject to requirements on a case-by-case, best professional
judgment (BPJ) basis were assigned no costs.

The proposed Phase 111 rule also would make new offshore oil and gas extraction facilities subject to requirements similar to those
under the final Phase | new facility regulation (40 CFR 125 Subpart 1). Requirements for new offshore oil and gas extraction facilities
are proposed in a new Subpart N. For purposes of this proposed rule, new offshore oil and gas extraction facilities are those facilities
that are subject to the Oil and Gas Extraction Point Source Category Effluent Guidelines (i.e., 435.10 Offshore Subcategory or 435.40
Coastal Subcategory), and meet the definition of “new offshore oil and gas extraction facility” in proposed Subpart N, § 125.133.

1.1 Analysis of Capacity Utilization Rate

The final Phase 11 rule includes a provision that allows facilities that have either a historic capacity utilization rate of less than 15
percent or those agreeing to limit their future utilization rate to less than 15 percent to comply with impingement reduction
requirements only. For Detailed Questionnaire facilities expected to upgrade technologies as a result of the rule, the Agency
determined that 1.0 percent of the total actual annual intake of these facilities would be associated with those facilities falling below
the 15 percent capacity utilization threshold. Furthermore, 0.7 percent of the total actual annual intake of the Detailed Questionnaire
facilities expected to upgrade technologies could be attributed to those receiving relief from entrainment requirements due to the
threshold. For this small number of facilities and negligible percentage of affected intake flow, the Agency concludes that the capacity
utilization threshold will have no measurable national effect on the entrainment reduction of the final rule.

There is a potential for facilities to choose to operate at a lower capacity utilization rate in order to avoid entrainment requirements,
forego electricity production as a result, and thereby have an impact on local or regional energy markets. EPA examined the electricity
generation implications of the capacity utilization rate threshold at those facilities that are within close range of the capacity utilization
rate (i.e., those between 15 and 20 % historic capacity utilization) to determine if the facilities would economically benefit from
reduced entrainment requirements. EPA conducted a break-even analysis of the net revenue from electricity production foregone
compared against the savings of removing entrainment requirements for those facilities between 15 and 20 % historic capacity
utilization rates. Exhibit 5-1 presents the results of the break-even analysis. The median and average break-even capacity utilization
rates are less than 15.1 %. The Agency found one facility in its database of Phase Il facilities that might fall between 15 and 15.1 %
capacity utilization. The amount of electricity production foregone as a result of this facility’s change to avoid entrainment controls
would be on the order of 3,000 MWh per year. This is a negligible amount of electricity generation in any local or regional market.

The Agency analyzed all facilities projected under the threshold and examined the likely operating periods for these facilities. Of the
42 facilities projected to fall under the threshold 17 of these facilities would be subject to impingement only requirements regardless of
the existence of the utilization threshold. Further, of the 25 facilities (5 percent of Phase Il facilities) that would receive reduced
entrainment requirements under the capacity threshold, the total median operation period per year would be 28 days. Considering that
this operational period is broken about in two likely periods in winter and summer, the approximate 2-week period in each season
would likely overlap only a small portion of potential spawning periods. The operational flow of the facilities receiving reduced
entrainment requirements over the typical 28 days per year would be 1 % of the total annual intake of facilities within the scope of the
rule that are subject to entrainment reduction requirements. Therefore, the capacity utilization rate threshold will not appreciably
decrease the entrainment efficacy of the final rule.

EPA analyzed the cost to revenue ratios of facilities above and below the capacity utilization threshold. In addition, the Agency
analyzed cost to revenue ratios for facilities in absence of the capacity utilization threshold relief. The Agency determined that
facilities falling below the capacity utilization rate threshold of 15 percent would experience average cost to revenue ratios of 4.4 %
(median of 1.2 %) with the threshold relief from entrainment and approximately 6 % (median of 2.4 %) without the presence of the
ut