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EXECUTIVE SUMMARY

The intent of this study is to determine the requirements for enhancing the existing ICS facilities
so that the facilities could achieve a 50 year design life. The enhancements also address pump
capacity improvements and operation and maintenance issues.

The ICS facility modifications required at the three canals include:

e Removal of the Phase 1 and Phase 2 pumps and power units. New 350 cfs form suction
intake pumps and power units would be installed in place of the removed pump units.

e Provide an enclosure around the Phase 1 engine platforms and the Phase 3 pump
platforms to protect the equipment from wind blown debris.

e Provide butterfly valves on the existing discharge pipes.

e Replace the existing knife gates and hoisting equipment with roller gates and hydraulic
hoisting equipment.
e Provide coating and corrosion protection on the exposed steel material.

The ICS facility pump capacity improvements include:

e An additional 8-350 cfs form suction intake pumps at 17" Street along with two
additional 9" diameter discharge pipes and a pump platform with a protective enclosure.

e An additional 2-350 cfs form suction intake pumps at Orleans Avenue along with one
additional 9 diameter discharge pipes and a pump platform and a protective enclosure.

e An additional 6-350 cfs form suction intake pumps at London Avenue along with two
additional 9 diameter discharge pipes and a pump platform with a protective enclosure.

The Capitol Costs and associated Operation and Maintenance costs for the enhanced facilities
were evaluated. Tables E-1 and E-2 document the Capitol Costs and the Life Cycle Costs
associated with the enhanced ICS facilities. Generally, the O&M requirements for the enhanced
ICS facilities will be greater than the O&M requirements for the proposed Permanent Pump
Stations. The reason for this is that the ICS facilities were not planned and constructed in a
manner to reduce operation and maintenance needs. They were planned and constructed as an
emergency action to temporarily protect the outfall canals and adjacent communities from
flooding that might occur if a hurricane event occurred prior to construction of the permanent
protection system.
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Table E-1 — Cost Estimate for Enhanced ICS Facilities

Permanent Enhancements of ICS
- ICS . Capacity
Facilit .
y Enhancement I_\/_Iamt. improvement TOTALS
Facility Costs
Costs Costs

A. 17th STREET CANAL $ 125,039,826 X $ 56,188,253 $ 181,228,079

B. ORLEANS AVE. CANAL $ 68,487,729 X $ 15,015,699 $ 83,503,428

C. LONDON AVE. CANAL $ 82,598,997 X $ 42,903,197 $ 125,502,194

D. MAINTENANCE FACILITY X $ 41,556,365 X $ 41,556,365

TOTALS = $276,126,552 | $ 41,556,365 | $ 114,107,149 | $ 431,790,066
Life Cycle Costs for Permanent Enhancements of ICS
. iti Historic
Eacilit Initial )
y Capitol Costs SOOYeartI__CC ?\EI) \_(etar LCC O&M Costs CTOtIaICLIfi
) perating aintenance | from S&WB ycle Costs
A 17CtRSEEET $181,228079 | ¢ 8765499 | $ 14180752 | $ 6475000 | $ 231,150,470
B. ORéENAEE AVE. $ 83,503,428 $ 7,747,030 $ 10,190,011 $ 4,550,000 $ 162,395,443
C. LONDON AVE.
CANAL $ 125,502,194 $ 6,450,798 $ 5,354,002 $ 2,100,000 $ 104,057,245
TOTALS = $431,790,066 | $ 22,963,327 | $ 29,724,765 | $ 13,125,000 | $ 497,603,158

Table E-2 — Life Cycle Cost for Enhanced ICS Facilities
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1. INTRODUCTION

Interim Control Structures (ICS) are located in the 17" Street, Orleans Avenue and London
Avenue Canals near the confluence with Lake Pontchartrain. The ICS facilities generally are
assumed to have a 5 year life. The ICS facilities include a substantial amount of infrastructure
consisting of non-overflow structures, gate closure structures, pumps and pump power units,
pump platforms and engine platforms. An investigation was performed to determine what
modifications are required to extend the life of the ICS facilities from a 5 year design life to a 50
year design life. The investigation answered three primary questions. These questions are:

A. What modifications are required in order to make the ICS permanent assuming a 50 year
design life as the basis?

B. What modifications will have to be made to allow the capacity of the ICS to be increased to
the required capacity at each of the three sites?

C. What are the estimated Operations and Maintenance costs of the permanent facility?

Modifications to upgrade the ICS facilities to a 50 year design life considered aesthetic
considerations, maintainability, operability, accessibility, corrosion protection, lightening
protection, longevity and replacement of components, accessibility, safe room for operators,
standby power, controls and other associated issues. The considerations are evaluated against
their current state and the desired state with required modifications identified.

The evaluation of the hydraulic requirements of the ICS facilities intake and discharge capacity
is based on model studies performed by ERCD. Additional, information associated with overall
pump capacities is further evaluated by comparison the required canal flow rate and anticipated
pump capacity to maintain the water elevation in the canals at a safe water elevation.

ICS Permanent Enhancement Study 1
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2. ICSFACILITIES - 50 YEAR LIFE
2.1 Existing ICS Facility Description

Review of the existing ICS facilities included review of existing reports, and contract plans. A
site inspection of all three ICS facilities was performed to further understand the layout and
overall size of the facilities. The following information was reviewed:

e Phase 2 Conceptual Design Services for Permanent Flood Stations and Canal Closures at
Outfalls, Alternative Considerations Report, prepared by Black & Veatch, dated
December 2006.

e ICS Phase 1 Construction Plans for the 17" Street Canal and Construction Plan
Modifications, prepared by Linfield, Hunter, & Junius, INC., dated January 2006.

e ICS Phase 1 Construction Plans for the Orleans Avenue, prepared by URS, January 2006.

e ICS Phase 1 Construction Plans for the London Avenue prepared by URS, January 2006.

e Data Report on Phase 1 Model Study of Interim Pumping Station at London Avenue
Canal, by Dr. Stephen T. Maynord, dated October 2006.

e Data Report on Model Study of Interim Pumping Station at 17th Street Canal- Existing
18 Hydraulic Pumps and Original Design of 11 Direct Drive Pumps, by Dr. John E. Hite,
Jr. and Dr. Stephen T. Maynord, dated February 2007.

The ICS facilities are comprised of non-overflow structures, a gate closure structure, and pump
systems. These facilities were constructed in three phases. Phase 1 included the non-overflow
structures, the gate closure structure, MWI hydraulic pumps and pump platforms, power units
and the engine platforms. Phase 2 included additional MWI hydraulic pumps, power units and
pump platforms. Phase 3 included Fairbanks Morse and Patterson direct drive diesel pumps,
power units and pump platforms. The 17" Street Canal ICS includes all three construction
phases; the Orleans Avenue Canal ICS includes phase 1 construction only; and the London
Avenue Canal ICS includes phases 1 and 3.

2.1.1 Non-Overflow Structures

The non-overflow structures transition from the existing line of protection to the gate closure
structure. In all cases, the non-overflow structures are sheet pile cofferdams that are filled with
soil. Table 1 documents the specific geometry and cell types for each ICS Facility. The Orleans
Avenue and London Avenue non-overflow structures are wider and the cell sheet piles are
embedded to greater depths.

ICS Permanent Enhancement Study 2
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Table 1 — Non-Overflow Information

Parameter - ICS Facility
17" Street Orleans Ave London Ave

Length of Left Non-Overflow ~315’ ~125’ ~97’

NA (Ties Into ~125’ ~97’

Existing
Length of Right Non-Overflow Protection)
Cofferdam Cell Type Arch Cellular Cellular
Cell Width (Gravity Section) 24'-10.25" 60.59° 45.94°
Cell Height Above Grade ~12.0’ ~16.0’ ~16.0’
Sheet Pile Penetration into Soil -27.00' -50.00° -54.00°
Sheet Pile Type PZ 27.5 PZ 27.5 PZ 27.5
Soil Fill Yes Yes Yes
Reinforced Reinforced

Cell Cap Material Crushed Stone | Concrete Cap Concrete Cap
Steel Piles (Placed in Interior of H14x73 H14x73
Cells to Support Concrete Cap) NA Tip Elev. -70.0 | Tip Elev. -66.25’

2.1.2 Gate Closure Structure

The primary elements of the closure structures are foundation soil improvements (not provided at
London Avenue ICS), riprap protection, structural steel substructure, structural steel
superstructure, grated platform, abutments, gate seal, bulkheads, bulkhead hoist and bulkhead
slots. Further investigation shows that scour pads and erosion prevention measures were
constructed upstream, downstream and along the sides of the gate closure structures to ensure the
closure remains in place during significant storm events. The gate closure structures house
bulkheads that can be lowered through static water to separate the canals from Lake
Pontchartrain. Table 2 summarizes the gate closure opening dimensions and capacity. A
comprehensive description of the existing gate closure structures is provided in Appendix A.

Table 2 — Gate Closure Dimensions and Capacities

Parameter - ICS Facility
17" Street Orleans Ave London Ave
Low Lake Elevation +1’ +1’ +1’
Gate Sill Elevation -10° -8’ -8’
Water Passage Height 11’ 9’ 9’
Gate Opening Width 10.25’ 10.25’ 10.25’
Number of Gates 11 5 13
Water Passage Width 112.75’ 51.25’° 133.25’
Water Passage Area 1240.25 sf 461.25 sf 1199.25 sf
Flow-rate 12500 cfs 3390 cfs 8980 cfs
Water Velocity 10.08 ft/sec 7.35 ft/sec 7.49 ft/sec
ICS Permanent Enhancement Study 3
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2.1.3 Pumping Facilities

The pump facilities include the pumps, power units, pump platforms, discharge piping and
engine platforms. The pump facilities can be organized in phases that reflect the construction
activity at the ICS facilities. Details of the structures installed during each phase is provided in
Appendix B (includes phase 1 description only, no specific data was provided for the phase 2
and 3 construction activities). The pump installation phases are defined as follows:

e Phase 1 — Hydraulically driven pumps made by MWI with power units placed at the
engine platforms on the protected side of the canals (except the west side engine platform
at 17™ Street is on the non-protected side of the canal.

e Phase 2 — Hydraulically driven pumps made by MWI with power units placed at the
phase 2 pump platforms.

e Phase 3 — Diesel direct drive pumps made by Fairbanks Morse and Patterson with power
unit at the phase 3 pump platforms.

During Phase 1, hydraulically driven pumps by MWI were installed on platforms over the canals.
The hydraulic power units were placed on the engine platforms located on the high bank on each
side of the canal. One of the engine platforms was constructed on the un-protected side of the
canal levees due to site restrictions.

In a second phase, 6 hydraulically driven pumps by MWI were installed at 17" Street. Except in
this installation, both the hydraulically driven pumps and the hydraulic power units were
installed together on new platforms over the canals. These pump/power unit platforms are
structural steel frames that support galvanized steel grating.

In the third phase which is currently under construction, 11 new Fairbanks Morse pumps are
being installed at 17" Street and 8 Patterson pumps are being installed at London Street. These
pumps are line-shaft pumps direct driven by diesel engines through a right angle drive. Both the
pump and engine are installed on platforms over the canal. Also installed as part of the third
phase were 14 additional MWI hydraulically driven pumps. These pumps are being installed in
two rows along the gate closure platform just upstream of the knife gates. The hydraulic power
units are being installed on the gate structure platform over the canal.

Table 3 shows the number of pumps, type of pumps and the location of the power units for each
ICS Facility for each pump installation phase.

ICS Permanent Enhancement Study 4
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Table 3 — Pump Systems at Each ICS Facility

Parameter ICS Facility
17" Street Orleans Ave London Ave
» Number of Pumps 12 10 12
o | Pump Type MWI MWI MWI
& | Power Unit Location Engine Engine Platforms Engine
Q. Platforms Platforms
Number of Pumps 6 NA NA
S | Pump Type MWI NA NA
& | Power Unit Location Pump NA NA
o Platform
Number of Pumps 11/14 NA 8
Pump Type Fairbanks NA Patterson
Morse/MWI
o | Power Unit Location Pump NA Pump
@ Platform/Gate Platform
| Closure
Q- Platform

Shop drawings were not available for review of the MWI, Fairbanks Morse, or Patterson Pumps.
The pumping facilities are fairly consistent from canal to canal except for overall pump capacity.
The pumps are placed in a line parallel to the flow in the canal. In some cases, the pumps are
isolated with baffles and screens and in other cases they are not. At the 17" Street Canal, where
a larger pumping capacity is required, the pumps are spread out along both sides of the canal and
along the closure structure platform. The generator units are located below an open-air canopy
(engine platforms) on pump platforms near the canal and on the closure structure platform.

The MWI pumps are fabricated pumps with the propellers made of stainless steel and carbon
steel housings. The propeller is driven by a hydraulic motor directed attached to the propeller.
As such, the drive unit is normally submerged in the canal where it is subject to leakage and
corrosion. The hydraulic motor is driven by hydraulic fluid at pressures in excess of 3000 psig.
The pressure is created by a hydraulic power unit which consists of a diesel engine and a
hydraulic pump. Four 3 inch and 2 smaller hydraulic lines connect the hydraulic motor to the
hydraulic power unit. To power the 32 MWI units at 17" Street, there is approximately 10 miles
of hydraulic pipes and hoses with over half of these over the canal.

The original MWI1 units were hung from the platform into the canal without any baffling. The
second set of pumping units were also hung from platforms, but divider walls were provided
between the units and a back wall provided behind the pumps which was an improvement in the
hydraulic design. The Fairbanks Morse and Patterson pumps are being installed with COE Type
10 Formed Suction Inlets (FSI), which is an improvement over the baffled chambers. The set of
MWI pumps installed at the 17" Street gate closure structure are not baffled.

ICS Permanent Enhancement Study 5
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2.1.4 Existing ICS Electrical System

The electrical systems are somewhat consistent at each of the three facilities. Generally, the 17"
Street, Orleans Avenue and London Avenue ICS facility electrical and communication systems
are almost identical in configuration.

2.1.4.1 Monitoring & Control Communication

The monitoring and control functions at each of the ICS facilities are accomplished through a
common Supervisory Control and Data Acquisition (SCADA) system. Canal level data is
collected from level sensors ranging in quantities from 6 to 7, located along the length of the
canal. This information is culminated during each SCADA scan which is approximately every
second, through Data Collection Panel (DCP) located near each sensor. The DCP identification
is the nearest east-west street which the panel is located. Data is culminated from each of the
panels via one pair of a 12 pair fiber optic (FO) cable which routes through the length of the
canal. This FO cable has nine spare pairs with the two remaining used for remote control and
Ethernet communications. The FO cable terminates at the SCADA cabinet located in the ICS
safe house, housing the SCADA server. SCADA monitoring and control of diesel engine and
hydraulic pumping systems is accomplished through Modbus communications with the
associated equipment control panels.

Primary communication from the ICS facilities is via microwave communications between the
ICS facility and with their respective primary pumping stations, Drainage Pumping Stations
(DPS) 3, 4, 6 and 7. The microwave system has two channels available which offers one channel
for operation and a second for redundancy. Ultimately, all communications are received by DPS
6 which in turn transmits this information to the Emergency Operations Control (EOC) Center
located in the USACE office via Southern Bell’s communication network. Additional
communication redundancy is through satellite communications via rivergages.com.
Rivergages.com polls canal level information every 15 minutes, capturing comparisons between
the last reading and the most current.

The SCADA system, as well as the diesel and hydraulic pumping equipment controls derive their
primary power from the local utility. The utility service is backed up through an automatic
transfer switch by redundant emergency diesel generation units, of which the selection of
emergency generation unit operation is via a manual transfer switch. The SCADA system is
additionally supported with an Uninterruptible Power System. System monitoring and control is
performed at the EOC. At this location, operators are able to monitor the entire system, as well
as monitor and control each canal and its associated ICS structure operating components through
drill down screens on the human-machine interface (HMI) monitor/server. At present, SCADA
monitoring and control of the gate structure equipment is being considered in a current
modification.
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2.1.4.2 Electrical Systems Installation

The above grade electrical cable and raceway at each ICS facility consists of galvanized rigid
steel conduit which is customary in industrial applications. Electrical boxes and enclosures
installed are of the appropriate type and rating for there application.

2.1.5 Corrosion Protection System

The ICS facilities were evaluated to determine construction materials and if corrosion protection
was provided. The Phase | features, construction material and corrosion protection system that
were installed at the three ICS facilities is presented in Table 4. The remaining Phase Il and
Phase Il components at each location will be evaluated as the design information becomes
available. The complete corrosion protection system investigation and evaluation is provided in
Appendix C.

Table 4 — Existing Corrosion Protection System (Phase 1 Construction)

Location Structure Uee Of_ Materials SGEIIT Co_rrosmn
Construction Protection
17" Non-Overflow Section Sheet Piling Carbon Steel None
Street Gate Closure Structure Pipe Piling Carbon Steel Protective Coating
ICS Substructure
Facility | Pumps Vertical Turbine | Information Not | Protective Coating and
Available Cathodic Protection
Pump Platform H Piling and Carbon Steel None
Substructure Sheet Piling
Power Unit Platform Pipe Piling Carbon Steel None
Substructure
Orleans | Non-Overflow Section Sheet Piling Carbon Steel None
Avenue | Gate Closure Structure Pipe Piling Carbon Steel Protective Coating
ICS Substructure
Facility | Pumps Vertical Turbine | Information Not | Protective Coating and
Available Cathodic Protection
Pump Platform H Piling Carbon Steel None
Substructure
Power Unit Platform H Piling Carbon Steel None
Substructure
London | Non-Overflow Section Sheet Piling Carbon Steel None
Avenue | Gate Closure Structure Pipe Piling Carbon Steel Protective Coating
ICS Substructure
Facility | Pumps Vertical Turbine | Information Not | Protective Coating and
Available Cathodic Protection
Pump Platform H Piling Carbon Steel None
Substructure
Power Unit Platform H Piling Carbon Steel None
Substructure
ICS Permanent Enhancement Study 7
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2.2 ICS Facility Design, Operation and Maintenance Requirements

In order to determine whether the existing ICS facilities are acceptable or need to be modified,
requirements need to be established that define the basic intent of the facility. Generally, the
basic requirements associated with enhancing the existing facilities so that they achieve a 50 year
design life were determined based on O&M issues, technical design and flood fighting issues.
The following is the list of requirements each facility was evaluated against to determine if
modification of the ICS facility was required:

e Pump Capacity — the pump capacities for each canal need to achieve the required canal
capacity. These capacities for each canal are 12500 cfs, 3390 cfs, and 8980 cfs for the
17" Street, Orleans Avenue and London Avenue Canals respectively.

e Pump Availability — the pumps need to have the appropriate start-up time and availability
to pump as necessary. The pump systems should be designed to allow for efficient start
up times so that operations personnel have time to prepare the ICS facility for a potential
storm event.

e Pump O&M - the existing pump arrangement needs to be arranged to reduce the overall
level of operation and maintenance or at least allow for acceptable levels of operation and
maintenance.

e Pump Controls — placement of pump controls to allow for operation from a centralized
location on site needs to be provided. Remote operation of the pumps will allow for
efficient and safe operation during storm events.

e Electrical and Communications — the electrical and communications systems need to be
reliable and redundant.

e Non-Overflow Sections — the structural and geotechnical systems need to be able to
transfer the storm event loading into the foundation safely.

e Gate Closure Structure — the structural and geotechnical systems need to be able to
transfer the storm event loading into the foundation safely.

e Canal Erosion — the channel upstream and downstream of the gate closure structure needs
to be protected against erosion.

e Knife Gates (Bulkheads) — allow for remote operation of the knife gates and ability to
close gates through differential head.

e Corrosion Protection — protection to prevent failure of the structural systems. The
exposed steel needs to be protected against corrosion to reduce maintenance costs
associated with replacing or repairing damage structural steel members.

e Flood Fighting Philosophy — provide access to the power units and fuel systems to allow
for operation of pumps as necessary. The pump power units, hydraulic piping, fuel
storage tanks and gate hoisting equipment need to be protected against flying debris
associated with hurricane storm events.

2.3 ICS Facilities Evaluation
A list of deficiencies associated with the existing ICS facilities was developed based on

comparison against the operation and maintenance requirements. The primary purpose of the list
is to identify aspects of the existing facility that need to be modified to allow the ICS facilities to
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function as permanent facilities with a 50 year life. A comprehensive list of the deficiencies for
each ICS facility are included in Appendix D. The deficiencies are organized around the five
main ICS features: non-overflow structures, gate closure structures, pumps, power units, and
miscellaneous features.

The deficiencies documented in Appendix D were further screened to determine the best solution
for modifying the ICS facilities. During the screening process the deficiencies and solutions
were organized around main deficiency categories. The screening of the deficiencies showed
that they could be organized around the following main categories:

e Pump Operation and Maintenance
Hydraulic Fluid/Qil Control

Power Unit Operation and Maintenance
Gate Operation

Coating Issues

Need for a Maintenance Facility

Solutions for the main deficiency categories where then determined through a project team
brainstorming process. Tables 5, 6 and 7 document the primary deficiencies and potential
solutions for each deficiency. Other observations regarding the ICS facilities were documented
as well.

2.3.1 Non-Overflow Structures

The non-overflow structures appear to be stable against potential flood related loading
conditions; however this should be verified. The depth of sheet pile, steel pile and concrete pile
embedment matches and exceeds similar flood control foundation systems located in New
Orleans. The most stable structures appear to be those installed at Orleans Avenue. The Orleans
Avenue non-overflow cofferdam cell diameter (60 feet) is larger than the cofferdams constructed
at 17" Street and London Avenue. The cofferdam cells are capped with reinforced concrete
slabs that are supported by steel piles with a tip elevation of -70.0. London Avenue is similar to
Orleans except that the cell diameter is 45 feet. An arch cellular cofferdam was installed at 17"
Street. The arch depth is ~25 feet and the sheet piles are embedded to -27 feet. The cells are
capped with gravel. In all cases, the non-overflow structures should be evaluated against the
proposed loading conditions to confirm that the structures are stable. The 17" Street non-
overflow section appears to be less conservative than the non-overflow sections constructed at
Orleans and London Avenues.

2.3.2 Gate Closure Structures

The gate closure structures appear to be stable against potential flood related loading conditions;
however, this should be verified with a detailed analysis. The depth of sheet pile, steel pile and
concrete pile embedment matches and exceeds similar flood control foundation systems located
in New Orleans. The most stable structures appear to be those installed at 17" Street Canal. The
17" Street ICS gate closure structures include robust abutments with sheet pile embedment to
elevation -64.0 feet. 28-30” diameter steel pipe piles are driven down in the interior of the
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abutment cofferdams. The pipe piles have a tip elevation of -122.0°. The cofferdam is filled
with granular fill from existing grade (varies from -5 to +0) and capped with a 1’ thick reinforced
concrete cap. The substructure of the gate closure structure is founded on 161-30” diameter steel
pipe piles with a top elevation of -14.0” and a tip elevation of -106.0’. The pipe piles support an
8’ thick reinforced concrete cap that has a top elevation of -10.0°. These piles are surrounded by
jacket structure that is comprised of sheet pile (PZ-36 sheets) with a top elevation of -10.0’ and a
tip elevation of -64.0°. There is a 200 foot riprap pad upstream and downstream of the gate
closure monolith. The soil below the 3’ thick riprap pad was improved using soil mixing
techniques down to elevation -70.0°. The soil mixing extends 50 feet upstream and downstream
of the closure structure and as far as 200 feet in some locations. The Orleans Avenue ICS gate
closure monolith includes a gate closure structure, and upstream and downstream soil mixing and
riprap. The gate closure structure is founded on 18-24" diameter steel pip piles with a tip
elevation of -112.0 feet and extend up to elevation +13.0 feet. Concrete is placed in the pipe
piles from elevation -60.0 feet to elevation +13.0 feet. The soil mixing extends upstream and
downstream of the closure structure 50 feet. The riprap area extends upstream and downstream
of the closure structure 300 feet. London Avenue foundation system is similar to Orleans, except
that no soil mixing was included. The connection between the closure structure and the non-
overflow cofferdams appears to have been field modified due to either miss-alignment or poor
contract plan details. On both sides of the gate closure structure, sheet pile pieces are welded
and bolted together to bridge between the two systems. This area appears to be susceptible to
failure during flood loading conditions.

2.3.3 Knife Gate Closure

The most likely scenario that would result in a need to close the knife gates is a hurricane event.
The current standard operating plan for closing of the gates includes use of divers to remove
sediment and closure while through static water conditions. The process to close the gates may
take as long as 5 days. The closure time should be reduced to less that an hour.

The current gate closing process requires divers to remove sediment form the seal area. At all
ICS facilities the gate seal is a recessed area that accumulates silts and debris. Removal of the
recessed seal will eliminate the need for divers. Additionally, most emergency scenarios for
closing the gates will require that the gates move through differential head. Gates with rollers
are required to move through differential head.

2.3.4 Pump Systems

The phase 1 and phase 2 pumps are hydraulic MWI pump units and the phase 3 pumps are diesel
driven direct line Fairbanks Morse and Patterson pumps. The advantages and disadvantages of
each are as follows:

Phase 1and 2 MWI pump unit disadvantages are that the pump units are in-efficient; the
hydraulic motor is submerged and subject to corrosion and leakage; the MWI units have six
hydraulic hoses submerged in the canal; the units require two hydraulic cooling coil in the canal
where it is subject to fouling with biologic growth and floating material; the units require a
significant amount of hydraulic fluid which can be a disposal problem when changed, and has
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the potential to leak a great deal of hydraulic fluid into the canal; and the Phase 1 pumps and
power units are too far apart. The distance between the pumps and power units exceed the
recommended distance per the manufacturer. The hydraulic fluid pressure in the pipe may
exceed the allowable 3000 psi capacity of the pipe.

Indications from MWI catalogs indicate that potentially bio-degradable hydraulic fluid may be
available, but without shop drawings it is unknown whether that can be used in this installation.
Even if bio-degradable hydraulic fluid is used, leakage and spills will have a negative visual
impact on the canal if not an environmental impact.

The main advantage of the Fairbanks and Patterson units are that the units are direct driven by
the engines. This eliminates the in-efficiency of converting diesel power to a hydraulic pump,
hydraulic losses in the long hydraulic pipelines, and than converting hydraulic energy at the
pump through the hydraulic motor. This installation also eliminates the potential of major spills
of hydraulic fluid. The disadvantage of this installation is that it has an internal shaft from the
top of the platform down to the impeller. Steady bearings are required to keep the shaft straight.
Failure of the bearing lubrication system can result in dramatic and catastrophic failure of the

pump.
2.3.5 Corrosion Protection.

Black & Veatch has assumed that the soils along each ICS installation vary widely in corrosive
characteristics. Some areas are relatively noncorrosive, but many areas have the potential to be
quite corrosive, especially when wet. The corrosive characteristics are low electrical resistivity
and high concentrations of chloride and sulfate salts. Because of the potential for encountering
corrosive soils, cathodic protection of the ICS structures will be necessary. Impressed current
type cathodic protection is proposed for the structure.

Black & Veatch has assumed that the Lake Ponchartrain water around each ICS installation has
the potential to be quite corrosive, especially when salinity levels increase. The corrosive
characteristics of the lake water are low electrical resistivity and high concentrations of chloride
and sulfate salts. Because of the potential for encountering corrosive waters in the splash, tidal
and continuously submerged zones, a combination of protective coatings and cathodic protection
of the ICS structures will be necessary. Coal tar epoxy, surface tolerant epoxies, epoxy mastics
and polyurethane coating materials are proposed for the structure. Impressed current type
cathodic protection is proposed for the structure.

The equations determining the allowable corrosion (sacrificial steel) at any point in the non-
overflow structure sheet piling indicate there is a large safety factor in the cofferdam design.
About 0.25 inches (250 mils) of corrosion can be tolerated without catastrophic results. Based
on the average (4.5 mils/year) and maximum (9.0 mils/year) submerged zone corrosion rates
given in Appendix C Table 1.4-1, the estimated service life of the non-overflow structure is in
the range of 28 to 55 years. Note that the estimated service life is calculated based on corrosion
rates taken from the literature. Actual corrosion rates at each ICS can differ from the estimated
corrosion rate by as much as an order of magnitude. A method for determining the actual
corrosion rate at each ICS location is presented in Appendix C Section 6.0.
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Due to the lack of actual and historical information relative to the site corrosivity, the effect of
corrosion allowance on the structure life has not been considered. For the purpose of this
analysis, supplemental corrosion protection has been proposed so that net metal loss due to
corrosion is negligible over the 50 year structure life.

2.3.6 Electrical and Communication Systems.

The only observed lightning protection at each of the ICS was on the tower structures supporting
the microwave communication hardware. As indicated on the construction drawings, grounding
has been considered in all power circuitry. Grounding is provided at the equipment platform
structures.

Though the diesels are rated for outdoor applications, all electrical starting and operating
components are subject to the environment. This will attribute to connection corrosion and
component life.

ICS Permanent Enhancement Study 12
Final Report



Table 5 — 17" Street Canal ICS Primary Deficiencies and Solutions

Main
Deficiency Description of Deficiency Issues Potential Solutions for Each Issue
Category
a. Existing pumps will require annual maintenance,
thus need for pump lifting facility
b. Pump supports at platforms include shear tabs a/b/c. Remove phase 1 pumps and replace with
p and other shims to align with platform framing, may generator/motor set. Motor at pump platform and
ump A N ; . )
T . lead to significant vibrations gene_rator at engine p_Iat_form along side of canal. Will
require removal of existing platform and replacement
c. Layout of 17th Street ICS increases O&M with new pump platform.
requirements to the point that daily maintenance
may need to be performed to ensure proper
operation.
a. Power Unit location over canal will allow for
leakage of hydraulic fluid into canal. Phase 1 pumps
only. a/c. Remove phase 1 pumps and replace with
. S . . . generator/motor set. Motor at pump platform and
E.regggrr:suIr|10eg:1IadlIgwg]b%elspf;gill(jrévﬁlrlnﬁlspg’n\<ljvnh fluid generator at engine platform along side of canal. Will
. . . . require removal of existing platform and replacement
Hydraulic exposed to hurricane wind blown debris. Fuel with new pump platform
Fluid/Oil storage tanks are single walled tanks that are '
Control exposed to hurricane wind blown debris. b. Replace single wall piping and tanks with double
¢. Hydraulic fluid piping runs are too long. wall piping and tanks.
d. No fluid makeup or waste storage available on d. Need asite fluid storage facility.
site. This will hamper proper O&M of the pump
systems..
a. Phase 1 power units are located at engine
platform along the canal bank, while phase 2 power a. Move all phase 2 power units to engine platform
units are located at pump platforms in canal. This with phase 1 power units. This will improve O&M of
complicates maintenance, exposes canal to the pump systems. Provide an enclosure around the
Power Unit leakage, and may place personnel in dangerous phase 3 pump an d power units at the pump platform.
Maintenance | working conditions due to congestion at canal
platforms. b. Provide hurricane enclosures for all power units.
This will include protection around canal phase 3 and
b. Phase 1, 2 and 3 power units are all exposed to upper bank phase 1 and 2 based units.
hurricane wind blown debris.
a. Gates with rollers to allow for response to
emergency closures during differential head
conditions. The operation of the gates will most
likely occur during differential head situations.
b. Need quicker response time for placement of alb Rolling Gates
Gatq ga_te;. The prgparatlon time needed to operate the c. Protection of Hoisting Equipment with housing.
Operation existing gates is 5 days.

c. Hoisting equipment is exposed to hurricane
blown debris.

d. Remote operation of gates is needed to protect
personnel during storm events..

d. Location of Controls at Safe House

Coating Issues

a. No coating provided on all major elements of the
facility.

a.. Provide coating and cathodic protection for all
major elements of facility.

Need for a a. Lack of maintenance facility with room for storage . . .
; ; a. Construct maintenance facility, may be one facility
Maintenance of parts, maintenance bays, and O&M manual/as- that services all three ICS facilities
Facility built storage. ’
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Table 6 — Orleans Avenue Canal ICS Primary Deficiencies and Solutions

c. Hoisting equipment is exposed to hurricane
blown debris.

d. Remote operation of gates is needed to protect
personnel during storm events..

Main
Deficiency Description of Deficiency Issues Potential Solutions for Each Issue
Category
a. Existing pumps will require annual maintenance,
thus need for pump lifting facility a/b. Remove phase 1 pumps and replace with
Pum generator/motor set. Motor at pump platform and
. p b. Pump supports at platforms include shear tabs generator at engine platform along side of canal. Will
Maintenance - . : h : L
and other shims to align with platform framing, may require removal of existing platform and replacement
lead to significant vibrations with new pump platform
a. Power Unit location over canal will allow for
leakage of hydraulic fluid into canal. Phase 1 pumps
only. al/c. Remove phase 1 pumps and replace with
. S . . . generator/motor set. Motor at pump platform and
b}e?ggrr::ﬁg?%gﬂb%s fég%'frévﬁmfg}]\émh fluid generator at engine platform along side of canal. Will
. p ; 'ep . require removal of existing platform and replacement
Hydraulic exposed to hurricane wind blown debris. Fuel with new pump platform
Fluid/Oil storage tanks are single walled tanks that are '
Control exposed to hurricane wind blown debris. b. Replace single wall piping and tanks with double
¢. Hydraulic fluid piping runs are too long. wall piping and tanks.
d. No fluid makeup or waste storage available on d. Need asite fluid storage facility.
site. This will hamper proper O&M of the pump
systems..
. . . a. Provide hurricane enclosures for all power units.
Power Unit a. Power units are not protected from hurricane S .
8 ; . This will include protection around the upper bank
Maintenance wind blown debris. -
based units.
a. Gates with rollers to allow for response to
emergency closures during differential head
conditions. The operation of the gates will most
likely occur during differential head situations.
b. Need quicker response time for placement of alb Rolling Gates
Gatq ga;e;. The prgparatlon time needed to operate the c. Protection of Hoisting Equipment with housing.
Operation existing gates is 5 days.

d. Location of Controls at Safe House

Coating Issues

a. No corrosion protection provided for various ICS
features.

a.. Provide coating and cathodic protection for all
major elements of facility.

Need for a
Maintenance
Facility

a. Lack of maintenance facility with room for storage
of parts, maintenance bays, and O&M manual/as-
built storage.

a. Construct maintenance facility, may be one facility
that services all three ICS facilities.
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Table 7 — London Avenue Canal ICS Primary Deficiencies and Solutions

Main
Deficiency Description of Deficiency Issues Potential Solutions for Each Issue
Category
a. Existing phase 1 pumps will require annual
maintenance, thus need for pump lifting facility a/b. Remove phase 1 pumps and replace with
Pum generator/motor set. Motor at pump platform and
: P b. Phase 1 pump supports at platforms include generator at engine platform along side of canal. Will
Maintenance - : . f L
shear tabs and other shims to align with platform require removal of existing platform and replacement
framing, may lead to significant vibrations with new pump platform.
a. Power Unit location over canal will allow for
leakage of hydraulic fluid into canal. Phase 1 pumps
only. a/c. Remove phase 1 pumps and replace with
. S . . . generator/motor set. Motor at pump platform and
b}e?ggrr::uzggglg:/sg]bgl; fég%'frévﬁmfg}]\émh fluid generator at engine platform along side of canal. Will
. p ; 'ep . require removal of existing platform and replacement
Hydraulic exposed to hurricane wind blown debris. Fuel with new pump platform
Fluid/Oil storage tanks are single walled tanks that are '
Control exposed to hurricane wind blown debris. b. Replace single wall piping and tanks with double
¢. Hydraulic fluid piping runs are too long. wall piping and tanks.
d. No fluid makeup or waste storage available on d. Need asite fluid storage facility.
site. This will hamper proper O&M of the pump
systems..
Power Unit a. Power units are not protected from hurricane a. Provide hurricane enclosures for all power units.
. " . P This will include protection around the upper bank
Maintenance | wind blown debris. .
based units.
a. Gates with rollers to allow for response to
emergency closures during differential head
conditions. The operation of the gates will most
likely occur during differential head situations.
. . Rollin
b. Need quicker response time for placement of alb Rolling Gates
Gate_ ga.te; The pre_zparatlon time needed to operate the c. Protection of Hoisting Equipment with housing.
Operation existing gates is 5 days.

c. Hoisting equipment is exposed to hurricane
blown debris.

d. Remote operation of gates is needed to protect
personnel during storm events..

d. Location of Controls at Safe House

Coating Issues

a. No corrosion protection provided for various ICS
features.

a.. Provide coating and cathodic protection for all
major elements of facility.

Need for a a. Lack of maintenance facility with room for storage . . .
Maintenance | of parts, maintenance bays, and O&M manual/as- a. Construct maintenance fac_l_ll_ty, may be one facility
- ; ’ ' that services all three ICS facilities.
Facility built storage.
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2.4  Alternative Screening.

The Project Team screened the ICS alternatives versus four primary alternatives. The primary
alternatives are as follows:

Alt 1. Cover Up Existing ICS Facilities.

Alt 2. Do Nothing to Existing ICS Facilities and Simply Account for O&M Requirements.

Alt 3. Develop a New Pump Facility using the ICS Non-Overflow and Gate Closure
Structures.

Alt 4. Re-Arrange and Replace Existing ICS Facility and Equipment.

The Project Team compared the deficiency solutions versus the primary alternatives. Table 8
documents the alternative screen process and defines the overall primary alternatives for each
ICS Facility. The Alternative costs for each facility are built around these primary alternatives.

Table 8 — Alternatives Screening

i Primary . :
ICS Facility ANTETRE Alternative Screening
17th Street Canal ICS Not Acceptable, due to risk of hydraulic fluid spills into canal, and overall maintenance
i Alt 1l ; . L
Facility problems associated with layout of facility.
Alt 2 Not Acceptable because O&M requirements would demand daily maintenance over 50 year
life and risk associated with hydraulic fluid spills and oil spills into canal.
Alt3 Acceptable, a new plant incorporating non-overflow and gate closure structures.
Alt 4 Acceptable, re-arrangement of power units and replacement of pumps would reduce
O&M, improve reliability and provide greater protection against fluid spills into canal.
Orleans Avenue Alt 1 Acceptable with replacement of the phase 1 pumps with new pumps. The pumps would
Canal ICS Facility have a motor at the pump platforms and a generator unit at the engine platform.
Alt 2 Not Acceptable because O&M requirements would demand daily mainteance over 50 year
life and risk associated with hydarulic fluid spills and oil spills into canal.
Accetable, a new plant incorporating non-overflow and gate closure structures;
Alt3 however, scurtiny of the canal hydraulic operations scenario implies this may be
unnecessary.
Alt4 Not Applicable based on Alt 1 Solution.
Acceptable with replacement of the phase 1 pumps with new pumps. The pumps would
London Avenue . :
s Altl have a motor at the pump platforms and a generator unit at the engine platform. The
Canal ICS Facility -
Phase 3 pump platforms would be protected by a building enclosure.
Alt 2 Not Acceptable because O&M requirements would demand daily mainteance over 50 year
life and risk associated with hydarulic fluid spills and oil spills into canal.
Accetable, a new plant incorporating non-overflow and gate closure structures;
Alt3 however, scurtiny of the canal hydraulic operations scenario implies this may be
unnecessary.
Alt4 Not Applicable based on Alt 1 Solution.
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2.5 ICS Facility Modification Recommendations
2.5.1 Alternate 3 — All ICS Facilities

Construction of replacement pump stations at the 17" Street Canal, Orleans Avenue Canal and
the London Avenue Canal is based on the phase 1 permanent pump station study.

2.5.2 Alternative 4 — 17" Street ICS Facility Modifications

The 17" Street ICS facility requires the following modifications to allow the facility to achieve a
50 year design life.

A. Pump and Power Unit Replacement. Replace Phase 1 and Phase 2 Pumps and Power Units
with a pump that is similar to the Phase 3 pumps, but has a motor at the pump platform and a
generator at the engine platform. The existing pump platform and suction basin will remain.
The pump platform decking support beams may need to be re-positioned to fit the new
pumps. The new pumps will be ~350 cfs direct drive pumps. Specific construction activities
associated with the replacement are as follows:

e Remove 12 Phase 1 MWI Hydraulic Pumps (6 located on each side of channel)

e Remove 12 Phase 1 MWI Hydraulic Pump Power Units (6 located on each side of
channel on existing engine platforms)

e Remove 6 Phase 2 MWI Hydraulic Pumps (4 located on west side of canal and 2 located
on east side of canal)

e Remove 6 Phase 2 MWI Hydraulic Pump Power Units (4 located on west side phase 2
pump platforms and 2 located on east side phase 2 pump platforms)

e |[nstall 18 new 350 cfs form suction intake pumps. The new pumps will be similar to the
Phase 3 pumps.

e [nstall 18 new electric drive power units.

e |t is assumed the phase 1 and phase 2 pump platform decking and beam systems may
need to be re-arranged to accommodate the new pumps.

e Remove the 14 temporary MWI Hydraulic Pumps and all appurtenances located on the
gate closure structure access platform.

e Remove the 14 temporary MWI Hydraulic Power Units located on the gate closure
structure.

e Remove the associated discharge piping. Assume approximately 30 feet of 3’ diameter
steel discharge piping per pump.

e |[nstall butterfly valves on existing 7-9” diameter steel discharge pipes. The butterfly
valves will provide a positive cut-off to prevent water from flowing from the lake surge
into the canal in the event that a discharge pipe fails.

e Remove and replace gate closure access platform with a platform of enhanced support
capacity.
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B. Engine Platform. The area of the Engine Platform needs to be increased to accommodate
four additional power units on the west side and two additional power units on the east side.
Options are to increase the size of the existing engine platform or to construct a stand-alone
platform adjacent to the existing platform. The engine platform expansion will match the
construction of the existing platforms. The existing engine platforms need to be expanded to
house the 6 additional power units. Each power unit is allocated ~493 square feet (12.33” x
40 ) of floor space. The estimate provides for a 2500 SF area stand-alone platform both for
east and west sides.

C. Engine Platform Enclosure. The expanded engine platforms will be enclosed with a structure
that protects the power units from hurricane wind blown debris, from daily weather and to
improve the ability to perform maintenance and operation. The enclosure will also protect
personnel from wind blown debris and rain during a hurricane event. The enclosures will
require the following construction activity:

e Demolish the existing security/debris fencing
e Demolish the metal roofing and siding, including all siding and roof purlins

e Assume the addition of new structural steel frames matching the existing frames are
required, and new support columns at ends of the structure.

e Assume purlins are installed that match the existing purlin size.

e Assume a 6 inch thick reinforced pre-cast concrete wall panels are placed around the
perimeter of the generator units.

e Assume the roofing system is a standing seam metal roof is supported off a metal deck
that is connected to the purlins.

D. Phase 3 Pump Platform Enclosure. Provide a building around the Phase 3 pump platform to
protect the power units from hurricane wind blown debris, from daily weather and to
improve the ability to perform maintenance and operation. This enclosure is estimated to be
similar to the engine platform enclosures. Specific details of the phase 3 pump platforms
were not provided.

E. Knife Gate Replacement. The existing gates will be demolished and new gates with rollers
will be installed. The new gates will require new gate guides, and hoisting equipment. No
demolition of the existing gate structure is required. The existing gate sill may need local
demolition to allow the sill depression to be filled with concrete. The new gate hoisting
equipment will be provided with an enclosure to protect against wind blown debris.
Installation of new gate guides and new rolling gates will require a cofferdam system to
dewater the area just upstream and downstream of the gate closure structure. The roller gate
construction activities will include:

e |[nstall a steel sheet pile cofferdam both upstream and downstream of the gate closure
structure. The cofferdam will tie-into the abutment cells.

e Remove and dispose of the existing 11 knife gates.
e Attach new structural steel wide flange gate guides to the existing gate guides.
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e Weld asill plate in between the new wide flange guides at the concrete sill cap. Plate to
be leveled as required to align with bottom of new gates.

Place grout under the sill plate and in the existing sill depression.
Cap the sill depression with a plate that is welded to the existing metal embedments.
Install 11 new rolling gates.

Install horizontal channels and plates to form hoisting equipment rack at the top of the
new gate guides. The channels and plates shall be attached to the gate guides using
bolted connections.

e |[nstall hoisting equipment for each gate. The hoisting equipment shall be motor driven
hydraulic gate operators and be attached to the hoisting equipment rack.

e [nstall metal housing around hoisting equipment to protect the equipment from wind
blown debris.

e Make electrical connection between gate operation control box and each gate motor.

F. Removal of Hydraulic Fluid Piping. Remove and dispose of the existing 3” dia. and 1” dia.
existing hydraulic piping. The hydraulic systems are being replaced with electrical direct
drive pumps that are operated using diesel fuel. The existing piping shall be drained, flushed
& cleaned prior to offsite removal. The electrical power supply conduit to operate the new
pump motors will be placed on the existing hydraulic pipe supports.

G. Fuel Tank Replacement. Replace single wall fuel storage tanks with double wall storage
tanks. The new tanks shall have a 20,000 gallon capacity. The maximum size of the tanks
shall be 10.5 feet in diameter and 31 feet long. The existing single-wall tank shall be
drained, flushed & cleaned prior to offsite removal.

2.5.3 Alternative 1 - Orleans Avenue ICS Facility Modifications

The Orleans Avenue Canal ICS alternative includes the following requirements based on the
deficiency evaluation:

A. Pump and Power Unit Replacement. Replace Phase 1 Pumps and Power Units with a pump
that is similar to the Phase 3 pumps, but has a motor at the pump platform and a generator at
the engine platform. The existing pump platform and suction basin will remain. The pump
platform decking support beams may need to be re-positioned to fit the new pumps. Specific
construction activities associated with the replacement are as follows:

e Remove 10 Phase 1 MWI Hydraulic Pumps (5 located on each side of channel)

e Remove 10 Phase 1 MWI Hydraulic Pump Power Units (5 located on each side of
channel on existing engine platforms)

e |[nstall 10 new 350 cfs FSI pumps. The new pumps will be similar to the Phase 3 pumps.
e Install 10 new electric drive power units.

e |t is assumed the phase 1 pump platform decking and beam systems may need to be re-
arranged to accommodate the new pumps.
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e [nstall butterfly valves on the existing 4-9” diameter steel discharge pipes. The butterfly
valves will provide a positive cut-off to prevent water from flowing from the lake surge
into the canal in the event that a discharge pipe fails.

B. Engine Platform Enclosure. The engine platforms will be enclosed with a structure that
protects the power units from hurricane wind blown debris, from daily weather and to
improve the ability to perform maintenance and operation. The enclosure will also protect
personnel from wind blown debris and rain during a hurricane event. The enclosures will
require the following construction activity:

e Demolish the existing security/debris fencing

Demolish the metal roofing and purlins and siding, incl all siding and roof purlins
Assume three additional structural steel frames matching the existing frames are required.
Assume purlins are installed that match the existing purlin size.

Assume a 6 inch thick reinforced pre-cast concrete wall panels are placed around the
perimeter of the generator units.

e Assume the roofing system is a standing seam metal roof is supported off a metal deck
that is connected to the purlins.

C. Knife Gate Replacement. The existing gates will be demolished and new gates with rollers
will be installed. The new gates will require new gate guides, and hoisting equipment. No
demolition of the existing gate structure is required. The existing gate sill may need local
demolition to allow the sill depression to be filled with concrete. The new gate hoisting
equipment will be provided with an enclosure to protect against wind blown debris.
Installation of new gate guides and new rolling gates will require a cofferdam system to
dewater the area just upstream and downstream of the gate closure structure. The roller gate
construction activities will include:

e |[nstall a steel sheet pile cofferdam both upstream and downstream of the gate closure
structure. The cofferdam will tie-into the abutment cells.

e Remove and dispose of the existing 5 knife gates.
Attach new structural steel wide flange gate guides to the existing gate guides.

e Weld asill plate in between the new wide flange guides at the concrete sill cap. Plate to
be leveled as required to align with bottom of new gates.

e Place grout under the sill plate and in the existing sill depression.

e Cap the sill depression with a plate that is welded to the existing metal embedments.

e [nstall 5 new rolling gates.

e |nstall horizontal channels and plates to form hoisting equipment rack at the top of the

new gate guides. The channels and plates shall be attached to the gate guides using
bolted connections.

e Install hoisting equipment for each gate. The hoisting equipment shall be motor driven
hydraulic gate operators and be attached to the hoisting equipment rack.

e [nstall metal housing around hoisting equipment to protect the equipment from wind
blown debris.

e Make electrical connection between gate operation control box and each gate motor.
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D. Removal of Hydraulic Fluid Piping. Demolish existing hydraulic piping. The hydraulic
systems are being replaced with electrical direct drive pumps that are operated using diesel
fuel. The electrical conduit to operate the pump motors will be placed on the existing
hydraulic pipe supports. The existing piping shall be drained, flushed & cleaned prior to
offsite removal.

E. Fuel Tank Replacement. Replace single wall fuel storage tanks with double wall storage
tanks. The new tanks shall have a 20,000 gallon capacity. The maximum size of the tanks
shall be 10.5 feet in diameter and 31 feet long. The existing single-wall tank shall be
drained, flushed & cleaned prior to offsite removal.

2.5.4 Alternative 1 - London Avenue ICS Facility Modifications

The London Avenue Canal ICS alternative includes the following requirements based on the
deficiency evaluation:

A. Pump and Power Unit Replacement. Replace Phase 1 Pumps and Power Units with a pump
that is similar to the Phase 3 pumps, but has a motor at the pump platform and a generator at
the engine platform. The existing pump platform and suction basin will remain. The pump
platform decking support beams may need to be re-positioned to fit the new pumps. Specific
construction activities associated with the replacement are as follows:

e Remove 12 Phase 1 MWI Hydraulic Pumps (5 located on each side of channel)

e Remove 12 Phase 1 MWI Hydraulic Pump Power Units (5 located on each side of
channel on existing engine platforms)

e |[nstall 12 new 350 cfs FSI pumps. The new pumps will be similar to the Phase 3 pumps.

e |[nstall 12 new electric power units.

e [tis assumed the phase 1 pump platforms decking and beam systems may need to be re-
arranged to accommodate the new pumps.

e |[nstall butterfly valves on the existing 8-9” diameter steel discharge pipes. The butterfly
valves will provide a positive cut-off to prevent water from flowing from the lake surge
into the canal in the event that a discharge pipe fails.

B. Engine Platform Enclosure. The engine platforms will be enclosed with a structure that
protects the power units from hurricane wind blown debris, from daily weather and to
improve the ability to perform maintenance and operation. The enclosure will also protect
personnel from wind blown debris and rain during a hurricane event. The enclosures will
require the following construction activity:

e Demolish the existing security/debris fencing

Demolish the metal roofing and purlins

Assume three additional structural steel frames matching the existing frames are required.
Assume purlins are installed that match the existing purlin size.

Assume a 12 inch thick reinforced pre-cast concrete wall panels are placed around the
perimeter of the generator units.
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e Assume the roofing system is a standing seam metal roof is supported off a metal deck
that is connected to the purlins.

C. Phase 3 Pump Platform Enclosure. Provide a building around the Phase 3 pump platform to
protect the power units from hurricane wind blown debris, from daily weather and to
improve the ability to perform maintenance and operation. This enclosure is estimated to be
similar to the engine platform enclosures. Specific details of the phase 3 pump platforms
were not provided.

D. Knife Gate Replacement. The existing gates will be demolished and new gates with rollers
will be installed. The new gates will require new gate guides, and hoisting equipment. No
demolition of the existing gate structure is required. The existing gate sill may need local
demolition to allow the sill depression to be filled with concrete. The new gate hoisting
equipment will be provided with an enclosure to protect against wind blown debris.
Installation of new gate guides and new rolling gates will require a cofferdam system to
dewater the area just upstream and downstream of the gate closure structure. The roller gate
construction activities will include:

e |[nstall a steel sheet pile cofferdam both upstream and downstream of the gate closure
structure. The cofferdam will tie-into the abutment cells.

e Remove and dispose of the existing 13 knife gates.
e Attach new structural steel wide flange gate guides to the existing gate guides.

Weld a sill plate in between the new wide flange guides at the concrete sill cap. Plate to
be leveled as required to align with bottom of new gates.

Place grout under the sill plate and in the existing sill depression.
Cap the sill depression with a plate that is welded to the existing metal embedments.
Install 13 new rolling gates.

Install horizontal channels and plates to form hoisting equipment rack at the top of the

new gate guides. The channels and plates shall be attached to the gate guides using

bolted connections.

e |[nstall hoisting equipment for each gate. The hoisting equipment shall be motor driven
hydraulic gate operators and be attached to the hoisting equipment rack.

e |[nstall metal housing around hoisting equipment to protect the equipment from wind

blown debris.

e Make electrical connection between gate operation control box and each gate motor.

E. Removal of Hydraulic Fluid Piping. Demolish existing hydraulic piping. The hydraulic
systems are being replaced with electrical direct drive pumps that are operated using diesel
fuel. The electrical conduit to operate the pump motors will be placed on the existing
hydraulic pipe supports. The existing piping shall be drained, flushed & cleaned prior to
offsite removal.

e F. Fuel Tank Replacement. Replace single wall fuel storage tanks with double wall
storage tanks. The new tanks shall have a 20,000 gallon capacity. The maximum size of
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the tanks shall be 10.5 feet in diameter and 31 feet long. The existing single-wall tank
shall be drained, flushed & cleaned prior to offsite removal.

2.5.5 Maintenance Facility

Each ICS facility needs a maintenance and storage building. Construction of a common heavy
maintenance facility that includes storage space for parts, tools and equipment and maintenance
areas (with overhead cranes) would significantly reduce the redundancy of constructing three
separate buildings. The 25,000 square foot single story building will be a pre-engineered rigid
frame building with a roof deck supporting a standing seam metal roof. The foundation system
will include standard shallow footings with a slab on grade working floor level.

2.5.6 Fluid Storage Facility (On-site)

Each ICS facility needs a fluid storage facility. A 2,000 square foot waste oil storage, make up
oil storage and maintenance building would be constructed at each ICS facility. This would
allow for on-site operation and maintenance support. These buildings would be constructed
using similar structural systems as the larger maintenance building.

2.5.7 Corrosion Modifications to ICS Facilities

Corrosion protection at each ICS facility is required to allow the structures to maintain a 50-year
life. The corrosion protection recommendations are as follows:

e Atmospheric Zone - Steel structures exposed in the atmospheric zone should be protected
against corrosion by application of a protective coating. ICS components that require
coating include the: 1) engine platform substructures, 2) hydraulic piping and pipe
supports, 3) pump platform substructures, 4) discharge piping supports, 5) discharge
piping internal surfaces, 6) non-overflow substructures and 7) gate closure structures.

Acceptable, alternative coating materials and methods of application are listed in Table 9.

Table 9 — Atmospheric Zone Coating Materials and Methods

. Number DFT :
Coating System of Coats (mils) Surface Preparation
Coal Tar Epoxy 2 16 - 20 Cg:g;"rﬁ:]‘;a('sgga)“
Surface Tolerant Epoxy / 2 6-8 High Pressure Water
Urethane Jetting (SP 12)
Epoxy Mastic i
(Aluminum Pigmented) 2 12-16 Power Tool Clean (SP 3)

e Splash Zone - Steel structures exposed in the splash zone should be protected against
corrosion by application of a protective coating. 1CS components that require coating
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include the: 1) hydraulic piping supports, 2) pump platform substructures, 3) discharge
piping supports, 4) non-overflow substructures and 5) gate closure structures.

Acceptable, alternative coating materials and methods of application are listed in Table
10.

Table 10 - Splash Zone Coating Materials and Methods

Coating System glfuénogi; (lrjnfll,- ) Surface Preparation
Commercial Blast
Coal Tar Epoxy 2 16 - 20 Cleaning (SP6)
Surface Tolerant Epoxy / 2 10 -12 High Pressure Water
Surface Tolerant Epoxy Jetting (SP 12)
Epoxy Mastic i
(Aluminum Pigmented) 2 12-16 Power Tool Clean (SP 3)

Tidal Zone - Steel structures exposed in the tidal zone should be protected against
corrosion by application of a protective coating and impressed current cathodic
protection. ICS components that require coating and cathodic protection include the: 1)
hydraulic piping supports, 2) pump platform substructures, 3) discharge piping supports,
4) non-overflow substructures and 5) gate closure structures.

Acceptable, alternative coating materials and methods of application are listed in Table
11.

Protective coatings should extend to elevation 3 feet below MLW. To accomplish this,
dewatering of the structure on the protected side and flood site will be required.

Table 11 - Tidal Zone Coating Materials and Methods

. Number DFT :
Coating System of Coats (mils) Surface Preparation
Near White Metal Blast
Coal Tar Epoxy 2 16 - 20 Cleaning (SP 10)
Surface Tolerant Epoxy / 2 10-12 High Pressure Water
Surface Tolerant Epoxy Jetting (SP 12)
: Near White Metal Blast
Elastomeric Polyurethane 1 30 Cleaning (SP 10)

Continuously Submerged Zone - Steel structures exposed in the continuously
submerged zone should be protected against corrosion by application of an impressed
current cathodic protection system. 1CS components that require cathodic protection
include the: 1) hydraulic piping supports, 2) pump platform substructures, 3) discharge
piping supports, 4) non-overflow substructures and 5) gate closure structures.

Soil Zone - Steel structures exposed in the soil zone should be protected against
corrosion by application of an impressed current cathodic protection system. ICS
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components that require cathodic protection include the: 1) engine platform
substructures, 2) hydraulic piping supports, 3) pump platform substructures, 4) discharge
piping supports, 5) non-overflow sub structures and 6) gate closure structures.

2.5.8 Electrical Improvements

Lightning protection is recommended for the gate structure, equipment platforms & enclosures,
any other proposed structure, or existing structures not otherwise grounded.

Though metal handrails, platforms and supporting members form a contiguous assembly through
both welded and bolted connections, the integrity of the later can vary over time due to
corrosion. To aid in the protection of facility personnel, it is recommended that additional
earthen ground connections be provided through exothermic connections. Additionally, the
equipment platform enclose structure and the fabric of the equipment platform security fence
should be grounded.

Based on facility visits, the observation and recommendation is to include additional fastening of
exterior walkway lighting fixture supports to both horizontal members of the walkway handrails.

Based on the recommendation that motor driven pumps replace the existing hydraulic driven
pumps, diesel engine driven generators with associated motor circuit protection and starter will
be provided to support each pump motor. Due to the size of the motors, medium voltage (MV)
generation, circuit protection, motor starting equipment and circuit cabling has been considered
within the costing alternatives.

2.5.9 Communications

It is considered that incremental SCADA (Supervisory Control And Data Acquisition) interface
will be required, but the magnitude may be minimal based on the systems present interface with
the diesel driven hydraulic assembly as compared to a diesel driven generator with respective
circuit protection and starting equipment.

Incremental SCADA modifications to interface with ICS enhancements. Provide for upgrade of
SCADA monitoring and control equipment to accommodate transition from a hydraulic driven
system to a diesel driven system. Includes installation of conduit, wiring, devices, interface with
existing / new equipment and current SCADA monitoring system. Includes SCADA upgrades
per pump and to remote motors. Assume existing SCADA system is adequate for all Phase 3
monitoring.

It is considered that incremental SCADA interface will be required, but the magnitude may be
minimal based on the systems present interface with the diesel driven hydraulic assembly as
compared to a diesel driven generator with respective circuit protection and starting equipment.
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3.0 ICSHYDRAULIC CAPACITY

The process of modifying the ICS facilities to allow them to achieve a 50 year design life
included an evaluation of the existing pump capacity. The ICS facility gate system will be
closed for certain lake surge situations. When the gates close, the pump systems will be used to
transfer canal water into Lake Pontchartrain.

The 17" Street ICS facility currently has a total of 43 pumps (phase 1, 2 and 3 combined) while
the Orleans Avenue ICS facility has 10 total pumps (phase 1) and the London Avenue ICS
facility has 20 pumps (phase 1 and 3 combined). These pumps need to match the canal
maximum flow capacity of 12500 cfs, 3390 cfs, 8980 cfs for the 17" Street, Orleans and London
Canals respectively.

The pump capacity of the ICS facilities was determined based on review of model study reports
produced in December 2006 and February 2007, and using pump curves acquired from the
manufactures for the type of pumps at each facility.

Based on review of this information, the total ICS pump capacity does not achieve the canal flow
capacity for normal lake conditions and surcharged lake conditions. Thus, additional pump
capacity is required at each ICS facility.

3.1 Existing ICS Facility Pump Capacities

Performance curves for the three pumps were obtained from the pump manufactures. There are
32 pumps manufactured by MWI at the 17" Street I1CS facility, 10 pumps manufactured by MWI
at the Orleans ICS facility and 12 pumps manufactured by MWI at the London Avenue ICS
facility. Additionally, there are 11 pumps manufactured by Fairbanks Morse at the 17" Street
ICS facility and 8 pumps manufactured by Patterson at the London Avenue ICS facility.

A review of the performance curves indicate that the MWI pumps were rated for a maximum
head of approximately 16.5 feet. The new Patterson Pumps and Fairbanks Morse Pumps are
rated for over 20 feet of head. The exact head ratings are not clear from the data obtained. A
note on the MWI curve indicates that the engine furnished is rated 720 horsepower. A review of
the MWI performance curves demonstrates that at similar heads that the MWI pumps will
overload the 720 horsepower engines.

At 20 feet of head, the MW!I units have a brake horsepower requirement of about 720. Allowing
for the efficiency of the hydraulic pumps, hydraulic motor, and losses in the hydraulic pipes and
hoses, the brake horsepower requirement of the units should be well in excess of the nameplate
rating of the engine.

Therefore it is doubtful that the MWI pumps can operate at lake levels resulting from a lake
surge. The core requirement for the permanent pumping stations for the enhanced ICS facilities
is that they should be able to pump the full canal capacity during a lake surge.
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Based on the performance curves obtained from the manufactures, the estimated flow rate of the
ICS facilities is indicated in Tables 12, 13, and 14. The pump capacity of each station as
currently configured is not capable of matching the required capacity of the canal when the gates
are closed. These values are rough estimates based on acquired information and are not based on
any hydraulic calculations. Additionally, the supplied performance curves are not specific to the
installed pumps. Performance curves for the supplied pumps were not available.

Table 12 — 17" Street ICS Facility Existing Pump Capacity

17" Street ICS Facility
Parameter MWI FELAOENLE Patterson
Pumps JUUETS Pumps
Pumps
= No. of Pumps 32 11 0
= Capacity (each cfs) 190 350 0
c .
g S Pump Type Total Capacity 6,080 3,850 0
§ 8 g () .
& o 5| ICS Total Capacity (cfs) 9,930
O Z & Total Canal Capacity (cfs) 12,500
- No. of Pumps 32 11 0
S & | Capacity (each cfs) 0 350 0
= .
% 7 Pump Type Total Capacity 0 3,850 0
S e | (cf)
S S | ICS Total Capacity (cfs) 3,850
O @ | Total Canal Capacity (cfs) 12,500
Table 13 — Orleans Avenue ICS Facility Existing Pump Capacity
Orleans Avenue ICS Facility
Parameter Mwi | Fairbanks oo eron
Pumps Morse Pumps
Pumps
- No. of Pumps 10 0 0
= _ Capacity (each cfs) 190 0 0
% S Pump Type Total Capacity 1,900 0 0
S 5 o) .
& o 5| ICS Total Capacity (cfs) 1,900
O Z @ Total Canal Capacity (cfs) 3,390
= No. of Pumps 10 0 0
S & | Capacity (each cfs) 0 0 0
23 Pump Type Total Capacity 0 0 0
ERED)
S S | ICS Total Capacity (cfs) 0
O & | Total Canal Capacity (cfs) 3,390
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Table 14 — London Avenue ICS Facility Existing Pump Capacity

London Avenue ICS Facility

Parameter MWI Fal\'ggfsr;ks Patterson
Pumps Pumps Pumps

c No. of Pumps 12 0 8
s Capacity (each cfs) 190 0 350
>E Pump Type Total Capacity
€5 .l ch) 2,280 0 2,800
gD =1 ICS Total Capacity (cfs) 5,080
O Z @ Total Canal Capacity (cfs) 8,980
= No. of Pumps 12 0 8
S & | Capacity (each cfs) 0 0 350
2a Pump Type Total Capacity 0 0 0
g e L(cfs)
S S | ICS Total Capacity (cfs) 2,800
O @ | Total Canal Capacity (cfs) 8,980

3.2 Modified ICS Facility Pump Capacities

The modified ICS facilities include replacement of the MWI pump systems with new 350 cfs
form suction intake pumps. Using the manufacturer acquired pump rating curves, these pumps

appear to have the capacity to pump against the potential lake surge near the rated capacity.
Review of the pump capacities of the modified plants show that additional pumps need to be

added to the 17" Street, Orleans Avenue and London Avenue ICS facilities to match the canal
flow capacity. The pumps will require additional pump platforms, power units, oil supply lines,
controls, and other support items. The additional pumps required to match the canal capacity are

developed into pump capacity alternatives.

The pump capacity of each modified ICS facility along with the additional pumps required to

meet or exceed the canal flow capacity are documented in Tables 15, 16, and 17.
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Table 15 — Modified 17" Street ICS Facility Pump Capacity
With Additional Pump Capacity

Modified 17" Street ICS | Additional FSI
Parameter Facility Pumps to Meet
Fairbanks Patterson or Exceed
Morse Pumps Pumps Canal Capacity
- No. of Pumps 18 11 8
= Capacity (each cfs) 350 350 350
2E § E’C‘;rs*)‘p Type Total Capacity 6,300 3,850 2,800
5 £11CS Total Capacity (cfs) 12,950
O Z @] Total Canal Capacity (cfs) 12,500
- No. of Pumps 18 11 8
S & | Capacity (each cfs) 350 350 350
% i E’C‘;rsr)‘p Type Total Capacity 6,300 3,850 2,800
S S | ICS Total Capacity (cfs) 12,950
O @ | Total Canal Capacity (cfs) 12,500
Table 16 — Modified Orleans Avenue ICS Facility Pump Capacity
With Additional Pump Capacity
Modified Orleans Avenue | Additional FSI
Parameter ICS Facility Pumps to Meet
Fairbanks Patterson or Exceed
Morse Pumps Pumps Canal Capacity
- No. of Pumps 0 10 2
= Capacity (each cfs) 0 350 350
2 S Pump Type Total Capacity 0 3500 200
S 53) 3 (cfs) _ '
& o 5| ICS Total Capacity (cfs) 4,200
O Z @ Total Canal Capacity (cfs) 3,850
- No. of Pumps 0 10 2
S & | Capacity (each cfs) 0 350 350
g 7 Pump Type Total Capacity 0 3,500 200
S e | (cf)
S S | ICS Total Capacity (cfs) 4,200
O @ | Total Canal Capacity (cfs) 3,850
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Table 17 — Modified London Avenue ICS Facility Pump Capacity
With Additional Pump Capacity

Modified London Avenue | Additional FSI
Parameter ICS Facility Pumps to Meet
Fairbanks Patterson or Exceed

Morse Pumps Pumps Canal Capacity

- No. of Pumps 0 20 6

= Capacity (each cfs) 0 350 350

g g § E’Ct;rsr)\p Type Total Capacity 0 7,000 2100

= g’ ICS Total Capacity (cfs) 9,100

O Z 0| Total Canal Capacity (cfs) 8,980

- No. of Pumps 0 20 6

S & | Capacity (each cfs) 0 350 350

dL:>; o Pump Type Total Capacity 0 7.000 2,100

S e | (cf)

S S | ICS Total Capacity (cfs) 9,100

O @ | Total Canal Capacity (cfs) 8,980

3.3 ICS Facility Intake and Discharge Hydraulics

Evaluation of the ICS facility intake and discharge hydraulics is based on comparison to
established standards, review of the model studies and information gathered during site
inspections.

The standards set up by the Hydraulic Institute provides recommendations for pump intake
layout and size. This information is often used to perform initial pump design. As long as
significant deviations from the standards are not made, then the designer may assume that the
pumps will move water near their rated capacity.

The Hydraulic Institute recommendations provides guidance that accounts for many aspects of
pump performance. The guidance accounts for the following:

e Isolate the pumps to prevent pump interference. The inflow to one pump should never
have to flow under or past the inlet to a second pump as this causes increased velocity
under the second pump.

e Confine the flow to the pump intake by providing a narrow baffled channel to the pump.
The channel width should not exceed twice the diameter of the inlet to the pump.

e Provide fillets at the edges of the channel and under the pump to further confine the flow
and to prevent underwater vortices from forming.

e Provide a straight length of approach to the pump that is five times the diameter of the
inlet to the pump.

e Provide screens at the entrance to the channel where the main flow is at right angles to
the channel to reduce the rotation at the entrance of the channel due to the right angle
change of direction in the channel.
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e Minimize the ratio of cross-flow velocity. The velocity of the main flow should not be
greater than 1.5 times the velocity in the pump channel. This helps reduce the tendency
to develop rotation in the pump inlet.

The MWI pumps are propeller pumps. Propeller pumps position the pump propeller very close
to the pump inlet. Thus, the propeller is sensitive to the inlet flow conditions to the pump. The
Hydraulic Institute has set up standards designed to provide uniform flow to the pump and
minimize the amount of swirl or rotation of the water under the inlet. Unsteady flow into the
impeller can result in un-balanced loading of the propeller with increased vibration, cavitation,
reduced flow and shortened pump life. Swirl or rotation under the impeller changes the angle of
attach of the propeller which can result in reduced flow and reduced horsepower or increased
flow and increased horsepower depending on whether the swirl is in the same direction or
opposite direction of the propeller.

If the pumping station does not meet the Hydraulic Institute recommendations for pump intake
layout and size, the Hydraulic Institute recommends a physical model test of the pump station be
performed. The model test should evaluate the affects the proposed intake and discharge
geometry may have on pump performance. Features such as baffling, fillets, flow vanes, etc
should be modeled to evaluate their affects on performance.

Physical model tests were performed on the 17" Street and London Avenue Pumping Stations.
The reports indicated that the modeling was preliminary and the model tests did not completely
model the pumping stations as they are actually configured. Sometime after the model testing
was initiated, the Phase 3 pumps were provided with Formed Suction Inlets (FSI). Some effort
was made to test the effect of the FSI. However, the impact of the FSI units was not modeled
beyond the preliminary evaluation.

The report indicated that the performance of the pumping station intakes was un-acceptable.
There were strong vortices shown for many of the pump locations. Almost all pump locations
had un-acceptable pre-swirl or pre-rotation of the water in the pumps. Both of these conditions
will lead to operational problems such as reduced capacity, excessive power draw, excessive
vibration, and pre-mature failure of the pumping units.

The report indicated potential fixes such as vertical baffle plates around the pump to straighten
the flow and prevent the pre-rotation and a horizontal grating suspended from the platform to
break up surface vortices. Preliminary evaluation of the impacts of these fixes was performed,;
however, a complete evaluation of these fixes was not modeled.

Replacement of the existing phase 1 and phase 2 pumps with form suction intake pumps is
recommended. Future physical model testing at the time of the Phase 1 and 2 pump replacement
should explore the impact that baffling and screening may have on the performance of the FSI
units.

The following observations were made regarding the pumping station intake hydraulics:

e The pumping units installed during the three phases of pump installation had increasing
levels of compliance.
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e The first set of pumps just hang into the canal with limited baffling or channelization.

The 17" Street Pumps were provided with baffles behind the pumps and end plates at the
ends of the pumping station with no internal baffles. The Orleans and London Avenue
ICS facilities have the pumps hanging free into the canal from a platform with no baffles.
Based on review of the Hydraulic Institute recommendations and the model studies, this
pump configuration will reduce the performance of the pumps. This pump configuration
will result in high vibration, low capacity, shortened bearing life, and high pump wear.
This inlet layout is unacceptable for the existing pumps. Replacement of the existing
pumps with FSI pumps appears to be acceptable. Though a model study of this
configuration with the FSI pumps should be performed.

The 17" Street ICS phase 2 pumps are installed in baffled channels. No drawings were
available so the dimensions were not checked. There intake to the pumps was not
screened. The cross flow velocities may impact the pump performance without the
screens. Again, replacement of the existing pumps with FSI pumps appears to be
acceptable. Though a model study of this configuration with the FSI pumps should be
performed.

The phase 3 pumps are direct drive pumps with COE Formed Suction Inlet. These inlets
provide a special channelization to the pumps, which is intended to address the inlet
hydraulic issues. The FSI do not provide protection against high cross flow velocities or
the lack of screens. Model testing of the FSI units is recommended.

The temporary pumps located on the gate closure structure at 17" Street will increase the
velocity of flow in the canal in front of the other pumps. This will increase the cross flow
velocity, which will aggravate the unsteady flow situation.

3.4 Pump Capacity Improvements

The proposed ICS facility modification alternatives presented in Section 3 include the
recommendation for replacement of the phase 1 and phase 2 pumps with form suction intake
pumps. However, the new FSI pumps along with the existing phase 3 pumps do not allow the
ICS facilities to match the maximum flow capacity of the canals. Thus, the following Capacity
Improvements are recommended for each ICS facility.

A. 17th Street ICS facility Capacity Improvement. Add an additional 8 FSI pumps with
diesel driven power units. The construction activities associated with this improvement
includes:

Add 8 additional 350 cfs FSI pump units. Assume all 8 pumps are added along the west
bank.

Add 8 additional diesel driven electric power units.

Provide a structural steel pump platform. The platform will be similar to the phase 3
pump platforms. The pumps, and power units will be supported on the platform.

Provide an enclosure around the power units.
Provide diesel fuel pipe supply lines to the power units.
Provide SCADA and control connection to the power units.
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Install two 9’ diameter steel discharge pipes. The discharge pipes will be supported on
pipe supports similar to the phase 1 pipe supports. The pipes will pass through the
cellular cofferdam non-overflow structure.

A rip-rap scour protection pad will be provided at the discharge pipe outlets. 48 riprap
will be placed around the outlets in a 10’ radial pattern.

B. Orleans Avenue ICS Facility Capacity Improvement. Add an additional 2 FSI pumps
with diesel driven power units. The construction activities associated with this improvement
includes:

Add 2 additional 350 cfs FSI pump units. Assume all 2 pumps are added along the west
bank.

Add 2 additional diesel driven electric power units.

Provide a structural steel pump platform. The platform will be similar to the phase 3
pump platforms. The pumps, and power units will be supported on the platform.

Provide an enclosure around the power units.
Provide diesel fuel pipe supply lines to the power units.
Provide SCADA and control connection to the power units.

Install one 9’ diameter steel discharge pipe. The discharge pipe will be supported on pipe
supports similar to the phase 1 pipe supports. The pipe will pass through the cellular
cofferdam non-overflow structure.

A rip-rap scour protection pad will be provided at the discharge pipe outlet. 48” riprap
will be placed around the outlet in a 10’ radial pattern.

C. London Avenue ICS facility Capacity Improvement. Add an additional 6 FSI pumps with
diesel driven power units. The construction activities associated with this improvement
includes:

Add 6 additional 350 cfs FSI pump units. Assume all 6 pumps are added along the west
bank.

Add 6 additional diesel driven electric power units.

e Provide a structural steel pump platform. The platform will be similar to the phase 3
pump platforms. The pumps, and power units will be supported on the platform.

e Provide an enclosure around the power units.

e Provide diesel fuel pipe supply lines to the power units.

e Provide SCADA and control connection to the power units.

e Install two 9’ diameter steel discharge pipes. The discharge pipes will be supported on
pipe supports similar to the phase 1 pipe supports. The pipes will pass through the
cellular cofferdam non-overflow structure.

e Arip-rap scour protection pad will be provided at the discharge pipe outlets. 48 riprap
will be placed around the outlets in a 10’ radial pattern.

ICS Permanent Enhancement Study 33

Final Report



4.0 OPERATION AND MAINTEANCE COSTS FOR THE ICS FACILITIES

The scope of work is to determine operations and maintenance costs of the modified ICS, life
cycle costs (LCC) over their design life of 50 years, and the capital costs of the modifications
required to allow the Interim Closure Structures to function at full required capacity.

The LCC will be added to the initial capital costs for modifying and improving the ICS facilities
and thus allow for comparison with the Permanent Pump Station Options previously presented.
Therefore, the LCC will be generated using the same basis as the Permanent Pump Station
Options. The fundamental O&M consideration in the previous LCC used a factor provided by
the New Orleans Sewerage and Water Board (SWB) of $500,000/1000 cfs as a labor and
materials historical O&M factor. This factor remains valid and serves as common point for both
the pump stations O&M in the Conceptual Design Report for Permanent Flood Gates and Pump
Stations dated July 31, 2006 and for the ICS facilities.

4.1 Operation and Maintenance Staff Requirements

The enhanced ICS facilities will require a full time operation and maintenance staff to perform
daily and yearly O&M work. Additional support will be required to accomplish major
maintenance activities due to the facility condition and configuration. This additional support
operations and maintenance staff is above and beyond that required for a typical permanent
facility. The added staff required is indicated below:

Operations Staff:
e Operation and Maintenance Chief (over all three facilities)
e Three Operators (one per facility)

Maintenance Staff:

e Operation and Maintenance Chief (see above)
Electrical Foreman (over all three facilities)
Mechanical Foreman (over all three facilities)
Three Electrical Trade Laborers
Three Mechanical Trade Laborers

4.2  Specific Operation and Maintenance Requirements

Specific operation and maintenance requirements typical for facilities of this type would include
the following:

e The pumps have grease lubricators. Typically these require daily inspection while
operating and charging with grease every five days of operation. Inspection and topping
off engine fluid levels during the lubrication process is required. Operation and charging
with grease occurs quarterly during every year.

e Engines will require an oil change and new oil filters once every year.
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Flush engine radiators after every other oil change (two year).
Pumps will be pulled for inspection every ten years.
Check and adjust propeller clearance every five years.

The form suction intake pumps are susceptible to biological growth. Pumps should be
run every two to four weeks to dislodge the growth.

e The engines will require a top end overhaul every 20,000 hours of operation. This will
occur once (at the 20th year) during the 50 year design life of the facility.

e The engines will require a full overhaul every 40,000 hours of operation. Assume that
this will occur once (at the 40th year) during the 50 year design life of the facility. Truck
mounted cranes will remove the engines and place them on flatbed trucks.

e The motors (gear box) will require an oil change every five years. Work will be
accomplished on the pump platforms.

e The motors (electric) will require cleaning and inspection every 10 years.

e Pumps (Patterson and Fairbanks) should last the full 50 year design life of the facility.
Pumps are pulled for a re-build once (at the 25th year) during the design life of the
facility.

e Replace accessory equipment, oil pump, fuel pumps, battery chargers, jacket water
heaters, flexible connectors, radiators and related parts every 10 years.

e [nspect and clean engines every ten years.

e (Clean and flush fuel oil storage tanks and piping annually.

e Operate the rolling gates annually. The operation of the gates will include an evaluation
of the gate hoisting system as well.

e Operate the discharge pipe butterfly valves annually.
e Daily inspection and lubrication of rotating equipment during operation.

4.2.1 Pump & Engine Maintenance Rationale

Historically these pump installations have operated in the range of 150 to 320 hours per year.
Following discussions with pump and engine manufacturer representatives it was determined due
to this limited run time complete pump and engine overhauls would be estimated to occur once
in the life cycle, roughly at the 25" year. A Morrison Pump manufacturer representative
recommended to budget 20 percent of the new pump cost for a complete rebuild. Engine O&M
costs were provided for routine consumable materials, as well as one complete overhaul, by a
local Caterpillar representative, Louisiana Machinery Inc.

4.3 Operation and Maintenance Costs

To identify and quantify the O&M issues, Table 18 provides categorization of O&M functions
into groups that indicate the relative degree of O&M effort required for the enhanced ICSs as
compared to the permanent pump stations in the Conceptual Design Report for Permanent Flood
Gates and Pump Stations dated July 31, 2006. A three tier rating system is employed against
these categories to facilitate this comparison. New pump stations similar to the ones described in
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the Conceptual Design Report are considered the Baseline (B) and form the benchmark for
determining the relative O&M required as described below:

B- Indicates that modified ICS facility will require substantially less O&M funds for the
O&M category than baseline

B Indicates that modified ICS facility will require similar O&M funds for the O&M
category to baseline

B+ Indicates that modified ICS facility will require substantially less O&M funds for the
O&M category than baseline

4.3.1 Operation and Maintenance Cost Rationale.

Calculations utilized to prepare the LCC analysis are being prepared in accordance with
Department of the Army Engineering Technical Letter ETL 1110-2-361. This letter, titled
Engineering and Design Life Cycle Design and Performance of Structures for Local Flood
Protection, presents the following formula for determining life cycle costs; PV = C (IIF)".
Where PV is the present value, C is the current cost of the work, IIF is the inflation interest
factor, and n is the number of years. This method seems especially appropriate for life cycle
evaluations of infrastructure for flood protection structures which have a long life expectancy
and a need for continuous high reliability. IIF is a single parameter which combines the effects
of inflation and discounting over long periods of time. This factor of 0.98 represents historic
discount rates 2 percent higher than inflation rates.

In addition, the following criteria were used to develop the various costs:

e Electrical energy costs were calculated at $.03024 per kWh

e Functional life of the ICS 50 years.

o Costs of labor are adjusted to reflect "area cost factor" based on Davis-Bacon wage rates
as applied to the Jefferson Parrish, Louisiana. Labor costs include base rates and fringes.
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Table 18 — O&M Comparison - ICS Facilities & Permanent Pump Stations

O&M Category

Rating

Notes

Labor - Operations

B+

See description in section below for
rating rationale

metallic surfaces on site

Labor - Maintenance B+ See description in section below for
rating rationale
Structural — includes non-overflow | B The modifications included in the capital
section, platforms, gates and cost increase longevity of modified ICS
buildings to 50 years without significant O&M.
Canals/Floodwalls including B The corrosion protection modifications
transitions included in the capital cost increase
longevity of modified ICS to 50 years.
Mechanical including HVAC, B The modifications included in the capital
piping, and fuel farm cost increase longevity of modified ICS
to 50 years without significant O&M.
Electrical including generators, B The modifications included in the capital
distribution, and communications cost increase longevity of modified ICS
to 50 years without significant O&M.
Pumping including pumps, drives, | B+ See description in section below for
and ancillary equipment rating rationale
Corrosion Protection including all B+ See description in section below for

rating rationale

4.3.2 Additional Operation and Maintenance Labor Costs.

The staffing requirements are included in the O&M cost analysis. Periodic metal surface
preparation, painting, and coating is anticipated to be subcontracted. Thus, additional
maintenance staff for these activities has not been considered.

4.3.3 Additional Pumping Unit Costs.

Modified ICS facilities will require additional pumps, pump platforms, power units, oil

supply lines, controls, and other support items. These costs are reflected in the cost analysis.

In addition to the material costs of the items above, additional energy costs, losses in
efficiencies, costs of consumables, and inventories were considered in the lifecycle

calculations.

4.3.4 Corrosion Protection Costs.

Steel components of the ICS structures, subject to corrosion, are required to be protected from

corrosion to reduce repair and/or replacement costs and maximize life cycle. Various solutions

to mitigate corrosion have been estimated and included in the lifetime cycle cost estimate.
Mitigation solutions costs include: coal tar epoxy, surface tolerant epoxies, epoxy mastics,
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polyurethane coating materials and impressed current cathodic protection systems. In addition to
the initial capital costs, periodic inspections, re-applications, energy costs and lifecycle
replacements of sacrificial anodes were considered. This periodic metal surface preparation,
painting, and coating activities are anticipated to be subcontracted. Thus, additional maintenance
staff for these activities has not been considered.
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5. COST ESTIMATE

The basis of cost estimate is intended to reflect level of concept development for the designated
enhancements of Interim Control Structures (ICS) located in the 17" Street, Orleans Avenue and
London Avenue Canals near the confluence with Lake Pontchartrain. These enhancements are
applied to extend the present 5-yr life of the ICS to a 50-yr life. Table 19 provides the summary
estimated capitol costs for each ICS facility. Table 20 provides the summary of the estimated
life cycle costs for each ICS facility. Refer to Appendix E for the cost evaluation documentation.

Application of design and construction contingencies within the evaluation addresses the issues
of uncertainties relating to the current level of understanding within this reconnaissance level
study. The breakdown description of task items describes the various significant components to
which costs are applied.

Quantities associated with material reflect the level of conceptual development defined in this
report. Cost of materials is based on application of typical and usual materials applied to an RCC
dam project as described in this Study. Costs of various tasks reflect the level of magnitude of
concept development. The cost evaluation is developed basis on the level of understanding and
uncertainty as described in the Study, and is within the parameters of inclusions, limitations and
exclusions as defined within the report.

The cost evaluation develops separate construction costs for ICS enhancements in the 17" Street,
Orleans Avenue and London Avenue Canals. Additionally, estimated costs are provided for a
common Maintenance Facility intended to support maintenance, parts, and records storage. The
estimate reflects costs for Capacity Improvements associated with report recommendations to
provide additional new pumps, associated platforms, and appurtenances to increase pumping
capacity at each canal. Capacity Improvements construction costs are provided separate from the
primary ICS enhancement construction costs. These summary costs are considered of a rough-
order-of-magnitude in nature, and are not intended to be interpreted as definitive construction
costs, nor are recommended to be utilized for budgetary purposes.

Table 19 — Cost Estimate for Enhanced ICS Facilities

Permanent Enhancements of ICS
Facility Enhalrf:gment I_\/!aint. im%rig\?grlr%nt TOTALS
Costs Facility Costs Costs
A. 17th STREET CANAL $ 125,039,826 X $ 56,188,253 $ 181,228,079
B. ORLEANS AVE. CANAL $ 68,487,729 X $ 15,015,699 $ 83,503,428
C. LONDON AVE. CANAL $ 82,598,997 X $ 42,903,197 $ 125,502,194
D. MAINTENANCE FACILITY X $ 41,556,365 X $ 41,556,365
TOTALS = $276,126,552 | $ 41,556,365 | $ 114,107,149 | $ 431,790,066
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Table 20 — Life Cycle Cost for Enhanced ICS Facilities

Life Cycle Costs for Permanent Enhancements of ICS

Final Report

. it Historic
Facilit Initial '
y Capitol Costs 5(2) Yeartl__CC 5&2 \_(e;ar LCC O&M Costs C:Totlalcl:_lf(?[
() perating aintenance | ¢-om S&WB ycle Costs
A 1223}5'55 $ 181,228,079 $ 8,765,499 $ 14,180,752 $ 6,475,000 $ 231,150,470
B. ORCI;E,G /TE’ AVE. $ 83,503,428 $ 7,747,030 $ 10,190,011 $ 4,550,000 $ 162,395,443
C. LONDON AVE.
CANAL $ 125,502,194 $ 6,450,798 $ 5,354,002 $ 2,100,000 $ 104,057,245
TOTALS = $431,790,066 | $ 22,963,327 | $ 29,724,765 | $ 13,125,000 | $ 497,603,158
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Appendix A

Gate Closure
Monoliths



Each closure structure monolith consists of upstream and downstream soil improvements,
erosion protection, abutments, soil improvements, deep soil foundations, steel framing
and gates. The specific details for each gate closure monolith are discussed in this
appendix.

17" Street Gate Closure Monolith includes:

The 17" Street Gate Closure Monolith can be defined by the following features:

Abutments

Upstream and Downstream Erosion Protection
Closure Monolith Substructure

Closure Monolith Superstructure

Bulkheads

Figure 1 shows the overall gate monolith site plan. The existing system appears to be
well detailed to prevent erosion damage caused by scouring or head cutting in the canal.
The structures are well connected and the foundation systems are robust. The foundation
depth appears to be acceptable for these types of structures in the New Orleans area. The
major features of the gate closure monolith are indicated.

The left and right abutments of the gate closure structures consist of PZ-35 sheet piles
with a top elevation of +16.0 and a tip elev. Of -64.0 feet. The piles are arranged in a
rectangular form that measures 27°-5 5/8” by 55°-2 % and 28°-9 ¥4 by 55°-2 %.“. Two
9’ diameter discharge pipes pass through the abutments at elevation +3.000. The pipes
are supported on a 4’ thick reinforced concrete slab that rests on 28-30” diameter steel
pipe piles. The pipe piles have a tip elevation of -122.0°. The cofferdam is filled with
granular fill from existing grade (varies from -5 to +0) and capped with a 1 thick
reinforced concrete cap. Figure 2 shows the abutment features.

The left and right abutments of the gate closure structures consist of PZ-35 sheet piles
with a top elevation of +16.0 and a tip elevation of -64.0 feet. The piles are arranged in a
rectangular form that measures 27°-5 5/8” by 55°-2 % and 28°-9 %" by 55’-2 %*. Two
9’ diameter discharge pipes pass through the abutments at elevation +3.000. The pipes
are supported on a 4’ thick reinforced concrete slab that rests on 28-30” diameter steel
pipe piles. The pipe piles have a tip elevation of -122.0°. The cofferdam is filled with
granular fill from existing grade (varies from -5 to +0) and capped with a 1 thick
reinforced concrete cap.

There is a 200 foot riprap pad upstream and downstream of the gate closure monolith.
The soil below the 3’ thick riprap pad was improved using soil mixing techniques down
to elevation -70.0°. The soil mixing was to achieve 1000 psf cohesion at 28 days. The
soil mixing pattern on the upstream or canal side of the gate closure monolith forms a
“U” shape that follows the existing canal I-walls that form the canal banks and the gate
closure monolith with the open end of the “U” towards the canal. The legs and base of



the “U” are 50 feet wide and the legs of the “U” extend to the downstream end of the
riprap. Downstream or on the Lake Side of the gate closure monolith the soil mixing
pattern forms an “L” shape that is ~ 50° wide against the closure monolith and 75 wide
along the east canal bank. The legs of the “L” are located along the gate closure monolith
and the east bank line along the existing I-wall that forms the canal banks. The soil
mixing along the canal I-wall extends downstream to a pipe outfall structure which is
short of the end of the riprap pad.
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Figure 1 - 17" Street 1CS Phase 1 Gate Closure Monolith Site Plan
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Figure 2 - 17" Street ICS Phase 1 Gate Closure Monolith Plan

The gate closure monolith substructure includes a jacket structure that is comprised of
sheet pile (PZ-36 sheets) with a top elevation of -10.0” and a tip elevation of -64.0’.
Figure 3 shows the jacket structure and interior pipe piles supporting a concrete slab and
the superstructure. The jacket structure sheet piles extend across the canal in line with
the upstream and downstream face of the abutments. The interior of the jacket structure
is filled with 161-30” diameter steel pipe piles with a top elevation of -14.0” and a tip
elevation of -106.0°. The pipe piles support an 8’ thick reinforced concrete cap that has a
top elevation of -10.0’.

The gate closure monolith super structure is comprised of steel frames made from 30”
diameter steel pipe piles that are welded together. Details of the superstructure are shown
in Figure 4. The pipe pile frames support a 4” galvanized steel grating that forms the
downstream decking for the gate closure monolith. The decking is located at elevation
+14.33’. There are 11 bulkheads that can be lowered to separate the canal from Lake
Pontchartrain. The support structure for the bulkheads consists of 30” diameter pipe piles
that support the bulkhead guides and bulkheads. W21x101 steel beams are used as the
guides. The bulkhead guides are embedded in the substructure concrete slab at elevation
-10.0” and extend up to elevation +29.0 feet. The guides are tied back to the pipe pile
frames with W24x68 lateral support beams.

The bulkhead leafs consist of structural steel plates and W15x49.5 steel shapes that are
welded together to support a %2 inch skin plate. The skin plate is located on the upstream
side of the bulkheads. The bulkheads do not have wheels and can be lowered through
static water.
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Figure 3 - 17" Street Phase 1 Gate Closure Monolith Substructure



FLOOD 5IDE

PROTECTED SIDE

u. e | . L |y
BY  zBj E T m gl | = o
T gy - = | © |
e ."BWE ] “1le =
a1 T.._l._" I I “ - == u —\l
U = =y = 0 aE
LT 1 = et i | B -
SR e PR BT | A
K [ _ = u ) — . -
A fr n e8] =
s E ~ |
¥ u O +
(2 )]
d = .
5 as 3
& + Ei
L& " 1 .
= =i z HY
it M

JFF WALl

CLT=—

TIoN (B

T y -
.|_|.q| Y A s R N
N ey S B (I R N
+_ ~2E NN
d r W_u | b \ ......,. (=
o FATRELY
— | Tabe ur
— N T T
a2 e N
—~
24 I
ST e
= z [N
5| | =
S
(¢D) ¥
Qg 2
m O | B
© ¥ N
O c o
e X I
€T d e
L =
Y & “ —
"} ;
_/. =g

h
|
-

F
L

SE

- alE

Figure 4 - 17" Street Phase 1 Gate Closure Monolith Superstructure



The riprap protection extends upstream and downstream of the gate seal approximately
300 feet. 36” riprap is placed to elevation -8.0 feet and extends up the channel banks to
elevation +5.0 feet. Figures 3, 4, and 5 show general plans and sections of the riprap
protection area. 48” riprap is located at the pipe discharge outlet as shown in figure 6.
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Figure 3 — Orleans Avenues Phase 1 ICS Riprap Details
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The Orleans Avenue Gate Closure Monolith:

The Orleans Avenue Gate Closure Monolith can be defined by the following features:

Upstream and Downstream Erosion Protection
Closure Monolith Substructure

Closure Monolith Superstructure
Bulkheads

Figure 1 shows the overall gate monolith site plan. The existing system appears to be
well detailed to prevent erosion damage caused by scouring or head cutting in the canal.
The non-overflow section performs the abutments of the closure structure monolith and
thus acts to prevent scour and head cutting around the closure structure. The foundation

depth appears to be acceptable for these types of structures in the New Orleans area. The

major features of the gate closure monolith are indicated.
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The major elements of the Orleans Avenue Gate Closure Monolith substructure consists
of soil improvements using deep soil mixing, riprap erosion protection, gate seal and the
gate monolith superstructure. Improvement of the foundation soils using soil mixing was
performed upstream and downstream of the gate seal. Details of the soil mixing program
are shown in Figure 2. Generally, the soil mixing improved the soils directly in the
channel bottom for a distance of 50 feet upstream and downstream of the gate seal with a
tip elevation of -50.0’. The top elevation of the soil mixing system is -11.0 feet.
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The gate closure monolith substructure consists of 18-24" diameter steel pip piles with a
tip elevation of -112.0 feet and extend up to elevation +13.0 feet. Concrete is placed in
the pipe piles from elevation -60.0 feet to elevation +13.0 feet. The gate superstructure
was constructed by placing a 30” diameter steel pipe pile over the 24” pipe piles from
elevation -10.0 feet up to elevation +13.0 feet. The annular space between the pipe piles
is filled with grout. Pile shear connectors are used to connect the 24” and 30” piles. 18”
and 10” structural steel pile are welded to the 30 steel pipe piles to form a structural
frame that supports the closure gate platform. The platform consists of galvanized steel
grating that is supported by W16x50 and W14x90 steel beams connected to the pipe
frames. The bulkhead guides are fabricated from W21 steel members that are supported
off of the pipe frames by W36x150 steel beams and embedded into the gate seal 7 feet
(tip elevation -15.0 feet). Figures 6 and 7 show details of the substructure and
superstructure.

The gate seal is located downstream of the gate closure monolith superstructure. The
gate seal acts to prevent head cutting and to provide a seal for the bulkheads. Two lines
of PZ 27 sheet pile are driven into the soil and extend between the left and right non-
overflow monoliths. The sheet pile have a top elevation of -8.0 feet and a tip elevation of



-50.0 feet. An 8 foot thick reinforced concrete cap is placed at the top of the gate seal.
Studs from the sheet pile tie into the concrete cap. Figures 7 and 8 show the gate seal
location and details.

The bulkhead leafs consist of structural steel plates and WT15x45 steel shapes that are
welded together to support a ¥z inch skin plate. The skin plate is located on the upstream
side of the bulkheads. The bulkheads do not have wheels and can be lowered through
static water.
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The London Avenue Gate Closure Monolith:

The London Avenue Gate Closure Monolith can be defined by the following features:

Upstream and Downstream Erosion Protection
Closure Monolith Substructure

Closure Monolith Superstructure

Bulkheads

Figure 1 shows the overall gate monolith site plan. The existing system appears to be
well detailed to prevent erosion damage caused by scouring or head cutting in the canal.
The non-overflow section are the abutments of the closure structure monolith and thus act
to prevent scour and head cutting around the closure structure. The foundation depth
appears to be acceptable for these types of structures in the New Orleans area. The major
features of the gate closure monolith are indicated.
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Figure 1 — London Avenue Phase 1 ICS Gate Closure Monolith Plan

The major elements of the London Avenue Gate Closure Monolith substructure consists
of riprap erosion protection, gate seal and the gate monolith superstructure. The riprap
erosion protection area extends upstream and downstream of the gate seal approximately
300 feet. The 36 riprap is placed with a bottom elevation of -11.0 feet and a top finished
elevation of -8.0 feet. The riprap extends up to elevation +5.0 along the canal banks



through the riprap protection area. 48” riprap is placed under the discharge pipe outfall to
provided additional scour protection. Figure 2 shows the riprap details at the gate closure
monolith.
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Figure 2 — London Avenue Phase 1 Riprap Protection Pad Detail

The gate closure monolith substructure consists of 42-24” diameter steel pip piles with a
tip elevation of -110.0 feet and extend up to elevation +13.0 feet. Concrete is placed in
the pipe piles from elevation ~ -20.0 feet to elevation +13.0 feet. The gate superstructure
was constructed by placing a 30 diameter steel pipe pile over the 24” pipe piles from
elevation -10.0 feet up to elevation +13.0 feet. The annular space between the pipe piles
is filled with grout. Pile shear connectors are used to connect the 24 and 30" piles. 18”
and 10” structural steel pile are welded to the 30 steel pipe piles to form a structural
frame that supports the closure gate platform. The platform consists of galvanized steel
grating that is supported by W16x50 and W14x50 steel beams connected to the pipe
frames. The bulkhead guides are fabricated from W18 steel members that are supported
off of the pipe frames by W36x150 steel beams and embedded into the gate seal 24 feet
(tip elevation -30.0 feet). Figures 3, 4 and 5 show details of the substructure and
superstructure.

The gate seal is located downstream of the gate closure monolith superstructure. The
gate seal acts to prevent head cutting and to provide a seal for the bulkheads. Two lines
of PZ 27 sheet pile are driven into the soil and extend between the left and right non-
overflow monoliths. The sheet pile have a top elevation of -8.0 feet and a tip elevation of
-68.0 feet. An 8 foot thick reinforced concrete cap is placed at the top of the gate seal.
Studs from the sheet pile tie into the concrete cap. Figures 6 and 7 show the gate seal
location and details.

The bulkhead leafs consist of structural steel plates and WT15x45 steel shapes that are
welded together to support a %2 inch skin plate. The skin plate is located on the upstream



side of the bulkheads. The bulkheads do not have wheels and can be lowered through
static water.
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Appendix B

Types of Facllity
Installations
(By Phases)



There are three pump installation phases. During each phase pumps were added to
specific ICS facilities to increase the overall pumping capacity. The pump installation
phase includes a significant amount of foundation, substructure and superstructure
construction. The type of facility installed during each phases is described below.

Phase 1 Pump Installation.

The phase 1 pump installation included installation of pumps, power units, pump
platform foundation substructure, suction basins, pump platform superstructure and