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DISCLAIMER

This report was prepared by Kinectrics North America. as an account of work sponsored by
FirstEnergy for the sole use of FirstEnergy for the purpose of the FirstEnergy Bay Shore Reverse

‘Louver Fish Diversion Project. Kinectrics North America takes reasonable steps to ensure that
all work performed shall meet the industry standards as set out in Kinectrics North America’s
Quality Manual, and that all reports shall be reasonably free of errors, inaccuracies or
omissions. Kinectrics North America’s total aggregate liability arising from any cause shall not
exceed the Contract maximum Liabilities.

NEITHER FIRSTENERGY, KINECTRICS NORTH AMERICA NOR ANY PERSON ACTING ON
BEHALF OF THEM:

MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER, EXPRESS OR IMPLIED,
OR ASSUMES ANY LEGAL LIABILITY OF RESPONSIBILITY FOR ANY THIRD PARTY’S
USE, OR THE RESULTS OF SUCH USE, WITH RESPECT TO

)] THE USE OF ANY INFORMATION, APPARATUS, METHOD, PROCESS, OR
SIMILAR ITEM DISCLOSED {N THIS REPORT INCLUDING THE
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OF ANY
INFORMATION CONTAINED IN THIS REPORT OR THE RESPECTIVE WORKS
OR SERVICES SUPPLIED OR PERFORMED BY KINECTRICS INC.

OR

i) (i) THAT SUCH USE DOES NOT INFRINGE ON OR INTERFERE WITH
PRIVATELY OWNED RIGHTS, INCLUDING ANY PARTY'S INTELLECTUAL
PROPERTY.

ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY WHATSOEVER
(INCLUDING ANY CONSEQUENTIAL DAMAGES RESULTING FROM SELECTION OR USE
OF THIS REPORT OR ANY INFORMATION, APPARATUS, METHOD, PROCESS, OR
SIMILAR ITEM DISCLOSED IN THIS REPORT BY ANY PARTY OTHER THAN
FIRSTENERGY FOR WHOM IT WAS PREPARED AND SUBJECT TO THE TERMS AND
CONDITIONS OF THE CONTRACT.

@ Kinectrics North America, 2011.
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1.0 INTRODUCTION

Extensive research has been conducted on various fish protection systems in an attempt to
reduce both entrainment (E) and impingement (I). Since the technology for impingement
reduction is often different from enfrainment technologies, integrated systems are often used to
“address the different Tife history stages of fish, notably larvae, juvenile and adult fish;

A preliminary evaluation of various mitigation options for reducing fish impingement ‘and
entrainment at Bay Shore Power Plant was conducted by Kinectrics in 2008 (Ager and Lin
2009). At that time, a reversed louver system with a culvert bypass offered maximum predicted
reduction for impingement. A follow-up study suggested that further modifications to the louver
(smaller stat angle, smaller open spacing and placement of a solid bottom overlay) and a fine
mesh angled screen placed behind the louver may offer further entrainment and impingement
reductions (Lin and Patrick 2010).

A pilot project was conducted at the Bay Shore intake channel using an angled reversed louver
array and a sample angled fine mesh screen to determine its effectiveness in reducmg IfE. The
pilot project was installed in April 2010 with data collection and evaiuatsons commencing in May
and continuing throughout the summer and early fall periods. The pllot louver was designed to
test the louver performance with respect to I/£ and fish response and give guidance for
operational issues. The pilot fouver was installed at an angle of approximately 20-22 degrees to
the channel shoreline and extended 140 feet in length with 7 sections of 20 feet each. The
louver terminated at about 50 feet perpendicular to the shoreline at a depth of about 14 feet
which was nearly 25% of the distance across the channel.

In order to extend this reverse louver design to a full scale application at Bay Shore, a
preliminary engineering design report was prepared (Kinectrics Report No: K-409054-001-DR-
0001-R02) to define the major issues to be addressed for the design of an integrated fish
diversion system (i.e. “the Fish Diversion System”, FDS). The integrated FDS will consist of the
following components:

1. Trash Diversion/Handiing System
2. Reverse Louver Array

3. Fish Pump and Fish Return System
4. Fine Mesh Traveling Screens

The objective of this engineering design review report is to present and evaluate conceptual
FDS designs. The evaluation of the conceptual designs is based on the foliowing:

1. Ability to meet the design criteria compiled in Kinecirics Report No: K-409054-
001-DR-0001-R02

2. Cost estimation of the components

3. Cost estimation for construction and installation

4. Longterm performance

5. Maintenance and regulatory requirements.
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2.0 GENERAL SYSTEM DESCRIPTION

it is necessary for Bay Shore Power Piant to meet the proposed OEPA guidelines for
entrainment and impingement reductions as per their NPDES Permit:

e Entrainment- 60% (eggs and larval fish)
o Impingement- 80% (juvenile and adult fish)

Operational experience shows that single mode system for fish diversion systems do not
generally meet the proposed guidelines for both entrainment and impingement reduction and
survivability.

As noted above, integrated systems are generaily used to address the different life history
stages of fish, notably larvae, juvenile and adult fish. For example, at the Brunswick Plant in
North Carolina, mitigation technologies include a fish diversion structure (9.4 mm mesh screens)
at the mouth of the intake channel to reduce impingement of large organisms, 1mim fine-mesh
traveling screens to reduce entrainment of larvae, a fish return system to return impinged
organisms back to the estuary, and by using flow minimization to reduce impingement and
entrainment (Thompson 2000).

To meet NPDES Permit targets to reduce impingement by 80% and entrainment by 60% with
optimal survival a multi-component integrated fish diversion system has been developed for Bay
Shore Power Plant. The flow diagram presented in Figure 1 shows the integrated muiti-mode
fish diversion system to be considered for installation at Bay Shore Power Plant (Figure 1).

The multi-component integrated fish diversion system design for Bay Shore is composed of the
following systems.

Trash Diversion/Handling System

Reverse Louver Array

Fish Pump and Fish Return System

Fine Mesh Traveling Screens - will be reviewed and assessed by Kinectrics to
provide a summary of the available suppiiers and an assessment of screens able
to safely handle eggs, larval fish and adult fish.

PON~

COMPONENT 1

The first component of the Bay Shore Power Plant integrated fish diversion system is the debris
handiing system. The primary function of the debris handiing system is to divert trash and debris
entering the intake channel away from the louver array and fine mesh raveling screens to an
area where it can be removed easily and disposed of. The debris boom may aiso aid in
passively directing larval fish and/or eggs in the upper water column fowards the east shore line
closer fo the fish bypass pumps and hence optimize survival. Juvenile and adult fish may also
be diverted, although the expected diversion efficiency is expected to be low.

KINECTRICS NORTH AMERICA CONFIDENTIAL Kinectrics Report No: K-409054-CDE-0001-R02
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COMPONENT 2

The second stage of the fish diversion system is a reversed louver array which is instailed
downstream of the debris diversion system. The function of the reversed louver array is to
increase the survival of fish by diverting them in the intake channel away from the station and
the traveling screens where fish are subjected to different types of strésses associated with high
flows, physical abrasion, and handling off a vertical traveling screen. The solid overlay on the
bottom will also be effective in diverting a proportion of fish eggs and larvae based on Pilot
Project resuits (Ager et al. 2011), and literature results.

The reverse louver array will be installed at an angle of 22° to the current flow. As the fish
encounter the array they will travel along it towards the fish pump bypass or swim back out the
channel. Some residual fish passage through the louver array is expected to occur. The fish
accumulating at the fish pump will be pumped back to the Maumee River downstream from the
Bay Shore intake channel entrance.

COMPONENT 3

The third stage of the system is the transport system where the fish, larvae and eggs will be
transported unharmed to an environmentally preferred location (Maumee River). In an earlier
design the intent was to have a small channel where the water coming off the end of the reverse
louver would flow past the plant intake and into the discharge channel. During the course of the
project it was found the delta temperature in the immediate discharge vicinity was higher than
some fish species could tolerate ( 5° F), which would add stress resulting in increased mortality.
After significant discussion and evaluation, it was concluded that the Best location for the fish to
be transported to was back to the Maumee River. The other major part of the transport system
is the fish pumps which are designed to safely move fish from one location to another. The
pump station is integral to the end of the louver array. The fish transport system has been
designed to operate effectively with varying water heights and fish loading scenarios.

COMPONENT 4

The final component of the Bay Shore Power Plant fish diversion system is a series of fine mesh
traveling screens to be installed in the existing screen house of the plant. Larval fish and eggs
and residual juvenile fish that inadvertently make it past the debris and louver array will end up
on the fine mesh traveling screens where they will be washed off the screen into a fish frough
and diverted back into the fish pump station to be transported back to the Maumee River and
eventually to Lake Erie.
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system designed for Bay Shore Power Plant.

2.1 Codes and Standards

KINECTRICS NORTH AMERICA CONFIDENTIAL

Process flow diagram of the multi.component integrated fish diversion
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o  CAN/CSA-S16-01 “Limit States Design of Steel Structures”
« Al HDPE piping to comply with AWWA C906
~» All permanent structures to comply with Ohio Building Codes
s Investigate the need for a NPDES permit for HDPE discharge pipe

s Ohio electrical codes
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3.0 CONSTRUCTION AND INSTALLATION PLAN

The process flow diagram shows the suggested construction steps for the instaliation of the fish
diversion system at Bay Shore. The layout of the proposed integrated fish diversion system is

shown in K-408054-GA-0001.
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Figure 2. Construction and installation process flow diagram
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The instaliation of the integrated fish diversion system shall be carried out in such a way as to
ensure that maximum station water flow into the intake structure is not inferrupted and routine
construction procedures can be followed. Construction and dredging methodology will require
special attention to sediment suspension, fish spawning periods, and plant cooling water
turbidity.

1. The proposed plan requires the installation of fine mesh traveling screens on two screen
houses and installation of fish troughs to move fish from the fine mesh screens to the fish
pump station for safe transport to the Maumee River. The additional fine mesh travelling
screens will be scheduled for instaliation as the operating schedule permits.

2. Dredging of the infake channel is required to provide a base levei from which fo instail the
louver panels. The dredging operation and the disposal of the dredged material will be
done with the USACOE and the Port Authority cooperation.

The condition of the intake channe! bottom will be considered to determine the degree of
dredging that may be required to support the foundations for the system. Historical and
plant “as built” dredging details were reviewed to try to determine the approximate length of
time between dredging. A set of existing bathymetry measurements and sediment probes
were conducted in November 2010 and the results are documented in the Appendix 1. The
design basis for flow velocities will be the existing channel profile before any future
dredging. [t is estimated from the data available to date that an average of 7’ (2.1m) of
sediment will be required fo be removed from approximately 200’ width of channel and from
the bridg% to the County drain which is about 400’ of channel. This is about 21,000 yd® or
16,000 m°.

Estimates were obtained of suction dredging from $14-19/m® and up to $20,000 for
additional mobilization and demobilization. This did not include disposal, only pumping to a
disposal site on shore: The budgetary estimate for dredging without disposal would be
$244-324,000. This should be considered conservative as the 7’ sediment depth was
on the high side of the average.
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Figure 3. General dredge plan
(See Appendix 1 for dredging profiles)

3. The fish pump station will be installed.
4. The pumps, MCC and power connections will be made.

5. The piping for transporting fish will be instailed including the discharge into the Maumee

River. HDPE piping connection made to the fish pump station and exit from the fish pump
station.

6. The MDPE piping will be instalied along the east shore to aliow vehicle access for debris
removal from the debris boom.

7. Installation of the shore line sheet piles — the sheet piles removes the slope grade to the
bottom of the channel and this provides a base starting point for the installation of the
louver array and debris screen.

8. Louver attachment slider systems will be installed on the completed fish pump station vauit

and shore line pile.

8. A debris boom attachment system will be installed on the shore pile and existing east shore

sheet pile wall.
10. The louver array will then be installed in the channel.
11. The debris boom will then be installed.

12. Commissioning and evaluation

KINECTRICS NORTH AMERICA CONFIDENTIAL Kinectrics Report No: K-408054-CDE-0001-R02
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The system operates in a passive manner except for the fish pumps and its effectiveness can
only be determined by sampling after the system has been in operation. There are no special
commissioning requirements for the system except for the standard operating conditions and
start up for the fish pumps. A standby pump will be planned but the actual requirement should
be accessed during the detailed engineering phase. It will need to be assessed o determine if
fwo pumps could allow for maintenance to be performed without the need to rely ona complete -
system shutdown. Any one of the two pumps or any two of the three pumps may be capable of
running the fish transport system.

The process of cleaning the debris and bio-fouling in and around the FDS should be
considered part of the evaluation process. The debris will be diverte(:'i by the FDS {o a location
that will be amenable to the removal of the debris from the channel by a mechanism that would
operate in all four seasons. At worst case the barrier cleaning process shall be capable of
being handled by standard materials handiing equipment similar to what is done at the plant at
present. The debris removal mechanism will need to be operated intérmitiently and seasonally
as debris builds up. It is desirable not to have debris build up in the vicinity of the fish pumps.
The debris handling system shall not result in increased bank erosion or flow turbulence to
create increased bottom sediment erosion.

The major requirement of the fish diversion design, construction and installation is to prevent
any disruption to the stable supply of cooling water to the plant at full operating conditions.

Procedures for fine mesh screen and louver cleaning shall ensure that the risk of diver activity
around the intake is minimal. Most routine pump maintenance can be accomplished without
diver support.

The debris booms, louver arrays, fine mesh screens and fish pumps and bypass piping will be
inspected at regular intervals during the prime operating season. The design of the system will
accommodate inspection by a combination of divers and plant personnel.

The FDS should be inspected as soon as practical after major rain storm event, after the ice
thaw in the spring or after the fall debris flows which tend to coincide with storms.

KINECTRICS NORTH AMERICA _CONFIDENTIAL, Kinectrics Report No; K-409054-CDE-0001-RO2
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4.0 FiSH DIVERSION COMPONENT DESCRIPTION AND FUNCTIONAL CRITERIA
4.1 Debris Diversion System {DDS)

The debris diversion system is the first component of the fish diversion system. The system is
designed to divert the floating debris in the channel away from the face of the reverse louver
and the trash racks at the plant intake channel so it can be removed from the water and placed
onshore for disposal. The reverse louver is designed fo divert debris as well but due to the low
cost of the floating debris boom it was seen as a cost effective approach for keeping debris
away from the louver and fish pump station. Although part of the FDS system, the debris may
be handied completely separate from the louver, fish fransport system and fine mesh fraveling
screens. The proposed removal of debris at the old coal unioading dock keeps the bridge over
the intake free of obstruction, allows easy fruck access, and provides a large enough area to
stock pile debris for periodic removal. The roufing of the HDPE pipe from the fish pump station
woulid fravel along the east shoretine and the debris wouid need to be removed from the water
and placed in trucks across this iocation on the east shore. A crossover with concrete support
footings wili be required o drive a clamshell and trucks across the HDPE pipe.

Although not absolutely mandatory if it is decided not to employ the separate debris boom than
the debris removal from the fish pump station trash rack should be reviewed and an automated
debris removal system should be considered or a more vigorous maintenance schedule shouid
be implemented to ensure debris does not block or interfere with the fish pumps. If a floating
louver array is chosen {o be the best option for the reverse louver than the number of pilings in
the center of the channel should also be reviewed if a debris boom is not in place. The
assumptions made for debris loading on the floating louver array were that only moderate
loading would occur with up to 1 foot deep layer of debris. The expected loading on the floating
reverse louver would be higher as all floating debris would be stopped by the array and would
work its way fo the fish pump station.

Debris should not enter the fish pumping system because of concemns of fish mortality while
being transported long distances with debris. There may be operational issues with the fish
pumps due to excessive debris loading. Smaller debris that still manages to enter the screen
house would exit off the screens fo the discharge channel by a separate pipe.

Functions of the debris system include the following:

1. Prevent/reduce debris from entering the fish pump intake but at the same time not hinder
fish from accessingj the fish pump enfrance.

2. Prevent/reduce debris from blocking the reverse louver array.

3. Prevent/reduce de!;}ris from impacting on the fine mesh traveling screens.

4. Provide some passive diversion of fish eggs and larvae away from the fraveling screens
and towards the fish pump.

5. Divert some juvenife and adult fish immediately towards the fish pump.

The debris handiing system will rise and fall with varying daily and seasonal water heights.
Many different commercially available debris boom companies were contacted (web site, phone,

KINECTRICS NORTH AMERICA CONFIDENTIAL Kinectrics Report No: K-408054-CDE-0001-R02
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presentatibn). The short list of three suppliers (Slickbar, Fleet Technologies and Tuffboom) was
narrowed down to a preferred supplier based on the following criteria;

- engineering design
- quality, durability of product.
- constructed of non-corroding and anti biofouling materials.
- abundant history of boom fabrication over many years.
- positive OPEX for similar environmental conditions.
- customer service, willingness to incorporate customer design fequirements and site
specific needs. '
- local, well respected manufacturer.
- minimum scheduled delivery time.

The floating debris boom that displayed the highest level of operating experience, durability,
reliability and remained cost-effective was Tuffboom (Worthington Products, located in Canton,
Ohio). This product has an extensive list of installations in hydro electric dam sites and
municipal water supplies. Key features of this product include the following:

- constructed of high density UV resistant polyethylene having a closed celi foam core
- galvanized steel framework, each section 130” in length :

- heavy duty galvanized connecting hardware

- designed to connect under slung mesh or solid panels of varying depth

- floatation of 700 lbs per section

- fiexible rubber sheathing overlaps panel seams

- slider assembly at anchorage ends to compensate for water level fluctuations

- optional boat gate, functions without disconnecting boom.

- acts as a partial ice control boom

This boom can be equipped with robust sliders on each end to allow for substantial changes in
water levels. The boom can extend underwater from 1 ft to 10 ft in depth. Most commercially
supplied systems for debris are made between 1 and 4 ft. The deflector can be a solid wall or a
HDG mesh screen and requires virtually no cleaning or maintenance. This boom does not need
to be removed in the winter and is made for heavy freeze thaw conditions. Once the end pilings
are instailed, the installation is very quick as the whole system comes assembied and can be
craned into the water and floated into place for connection. Due fo the floating nature of the
boom it will aiso divert pack and frazil ice and any extreme ice build up will push under the
boom. The boom is deployed with 6-8 % stack in the cable to allow for some flexibility to debris
build up and ice flows. The debris boom will be installed at an angle of approximately 40-50° to
the shore line. This will allow for sideways downstream movement of the debris along the boom
to the comner near the shore. The debris can then be removed by the standard clam shell
attachment on an excavator and loaded in a truck when enough debris is accumulated. The
whole intention of the debris boom is to be a robust barrier capable of being banged around by
human and natural elements, requiring next to no maintenance and having a long life
expectancy.
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4.2 Reversed Louver Array (RLA)

The reversed louver array is designed to address a significant portion of the impingeable fish
and to a lesser extent the reduction of entrainment of larvae and eggs prior to entering the
screen house. The function of the reversed louver array is threefold:

1) To remove potentially vulnerable species such as shiners and gizzard shad early in the
channel prior to entering the plant screen house, and therefore improve survivability.

2) The diverted fish (larvae and eggs) along the solid overlay and louver itself are transported
via a fish pump back into the Maumee River unharmed.

3) To divert or minimize debris which will impact performance of fish, egg and larval
survivability on the traveling screens, and thereby improving survivability.

The specific features which determine the effectiveness of louver to divert fish are frame angie,
slat angie, slat length, slat spacing and a bottom overiay fish guide. Fish avoidance responses
are expected from large schools encountering the louver since the entire school would respond
as a single unit, and would not fend to pass through the louver slats opening in the reversed
mode. In addition, avoidance behavior is also expected based on the slat length which is
selected to create a space perception cue to the fish.

The louver array will be angled at approximately 21-22 degrees. This is fo allow for maximum
sweep velocities along the louver array under standard operating conditions of the plant.

The reverse louver will need to be treated with a coating for bio-fouling or it will require cleaning
frequently during each season to avoid zebra mussel build up. Treatment options that were
considered for bio-fouling include the following:

Copper cladding of the louver system

Fine copper wire embedded in the HDPE slats
Silicon Based coatings

Copper based coatings

In water diver cleaning with no treatments

RN

The louver system was considered as a permanent structure that is similar to a set of bar racks.
However, with issues relating to ice flows and changing water levels, the cost of such a rigid
structure was estimated to'be extremely high. The next option considered was a hinged
approach where the louver was supported from above with a head rail and the bottom of the
louver would be free to move if extreme pressures were to build up (e.g. water heads from
blockages or ice flows or extreme debris fiows). In this case the bottom guiding wall would be
fixed to the hinged panels. The last option considered was a floating louver array where the
louver could be suspended from a set of floats and where the louvers hang below the floats and
the guiding wall would be hinged off the boftom of the louver. In this configuration the louver
would move up and down with the water level and the guiding wall would hinge or collapse out
of the way. This way the louver would always be in the water column and the guiding wall would
be fully extended in average to high water levels but be reduced during low water periods.

It was decided that either the hinged approach or the floating louver would be the most practical
and cost effective. Further analysis suggested that the floating louver array is recommended
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and would be constructed in a very similar fashion to the commercially available debris screen.
A proven commercially avaitable floatation structure would be used to suspend the louver and
guiding walil. The array would be supported every 100" with a pipe piling and a sliding
attachment to allow for varying water heights. The HDPE slats have neutral buoyancy and
would assist with the floatation. The guiding wall would have a HDPE cover which is neutral as

cwell

Key features of the Floating Reverse Louver System include the following:

- Worthington's Boatbuster 20 is constructed with dual side by side floats connected by a
heavy duty galvanized steel framework

- Each 130" section has 1500 tbs floatation

- This system can accommodate under siung HDPE reverse louver sections

- Hinged guiding wall sections can be supported below the jouver sections

- Slider assemblies at appropriate 100" intervals will allow the system to fluctuate with the
water level elevation changes )

- Flexible rubber sheathing overlaps the panel seams to preveﬁt fish passage

- A deflector on the surface would prevent fish from going over if the buoyancy of the
system created the floatation to be lower in the water column.

- Floating arrays will be assembled on shore and can be craned into location

4.3  Fish Transport System (FTS)

The fish pump and transport system is used to transport fish diverted away from the station to
the Maumee River. Factors considered in the design of the fish transport system include
location, type of pump, size, impeller speed, fish density, sweep velocity along louver to pump,
attraction velocity (if required), and quantity of flow.

The fish transport system uses three Hidrostal pumps. Two pumps will run continuously at any
one time and all three pumps are operated in the rotation selected. The two operating pumps
will increase bypass fiow along the last few sections of the louver array and pass both fish and
flow to the Maumee River through a 42" diameter HDPE pipe which would run paraliel to the
existing intake channel towards the Maumee River. The length of the transport system is
estimated to 5,000 feet. A standby pump will be planned but the actual requirement should be
assessed during the detailed engineering phase. It will need to be assessed to determine if two
pumps could allow for maintenance to be performed without the need to rely on a complete
system shutdown. Any one of the two pumps or any two of the three pumps may be capable of
running the fish transport system.

Factors considered in the selection of the discharge location include the following:

1. deita temperature from the intake to the discharge point of the HDPE pipe
2. icing conditions of the routing of the HDPE pipe

3. direction of river flow when fish pump is operating

4. under water route versus on land
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5. elevation change from the fish pump to the discharge location and its route
6. cost of the installation and type of instaliation required
7. location of the fish pump station in the channel

Factors considered when choosing the size and type of transport pipe include the following:

UV resistance

time fish are in the pipe
velocity of fish in the pipe
inside surface of the pipe
corrosion resistance

flexibility during the installation
method of entry to the water

Noohun=
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Factors considered when choosing the fish pumps include the following:

1. size of fish to be transported

2. type offish

3. type of operation, seasonal or continuous

4. total displacement head required

5. function required, to move fish or water and fish
6. depth of water around fish pumps

7. debris loading at the pump station

8. rpm versus survivability

9. varying water levels vs tdh

10. operating experience with existing species

After consideration of many options for fish discharge and fish pump station locations, the
option selected was to recommend the use of three 127 hidrostal pumps contained in a fish
pumping station on the east side of the intake channel in front of the caisson pifing on the east
side of the existing bridge. From the pump station, a 42” DR26 HDPE pipe will exit the fish
pump station and be installed on the shoreline along the existing intake channel out to the east
side of the intake entrance from the Maumee River.

4.4  Fine Mesh Traveling Screens

Due to the inability of reverse louver arrays to effectively handie entrainment it was determined
that the 80% target of entrainment reduction could not be achieved without the use of an
additionat technology to compliment the reverse louver arrays. Preliminary results with the
louver array with bottom overlay suggest that 25-28% of the larvae could be diverted based on a
depth preference for the lower depths (Ager et al. 2011). A much lower effectiveness (possibly
up to 10%) would likely occur with eggs since egg distribution is more uniform within the water
column based on preliminary field data.

Initially, fine mesh screens were considered to be installed behind the reverse louver arrays
which would have required substantial maintenance to avoid total blockage Several techniques
were considered to release the “impinged” eggs and larvae along these fine mesh static
screens to the pumping station for transport back to the river. After looking at water pumps,
bubblers and compressed air nozzles it was determined that it would be difficult for the eggs
and larvae to move along the fine mesh screens towards the fish pumping station without being
damaged. At this point the decision was made to focus on fine mesh travelling screens (2 mm)
that can be installed at the existing plant pump house. The main function of the fine mesh
traveling screen component of the integrated system is to collect and divert organisms which
include eggs and larvae unharmed towards the fish trough transport system. This is an
expensive but necessary option fo remove eggs and larvae. The main advantage of these
traveiling screens is that they can be maintained on a continuous basis and eggs and larvae
can be removed in a fashion that will optimize their survivability. These screens have been
designed to effectively separate the debris from the eggs and larvae, and recently there has
been OPEX in the lab and in the field on the performance of some manufacturers.

Thru-Flow and Dual-Flow screen systems were both considered for Bay Shore to reduce both
entrainment and impingement losses. Dual flow screens use an "outside-to-inside" flow pattern
to ensure that debris is always maintained on the upstream side for a given channel width, dual
flow screens generally offer greater surface area and lower head losses and thus lower average
through screen velocities because both sides of the screen are filtering flow. The issue again
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comes down {o price and fish survival. is the added cost of the dual flow screens required to
meet the target entrainment reductions {and survival)? I is difficult o answer this question
stricily based on fish survival and USEPA316B issues so other benefits are being considered.

A major additional advantage of the dual-flow over the thru-flow screens is the improved debris
and fish separation, and less debris carryover. If more carry-over occurs, there would be more
loss of biological material (eggs, larvae, and juvenile fish) which would result in a lower
survivability. Debris and fish separation will be very important in larvai and juvenile fish survival.
It also expected to be important for eggs and larval fish.

The design specifications for both types of the screen systems require a water supply of 746
MGPD to the plant, and 2mm or lower fine mesh screens. The fish handling system includes
fish buckets as well as different sprays systems for separation of debris and fish. During low
water level pericds the dual flow screens have a larger screening area and would be more
successful in operating during heavy debris andfor fish runs.
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5.0 CONCEPTUAL DESIGNS FOR THE INTEGRATED FISH DIVERSION SYSTEM

Two conceptual designs have been generated for review by Bay Shore Power Plant. The
conceptual designs have the same layout and common components that do not change
between the two concepts. The only difference would be in the reverse louver array which can
be a static hinged design or a floating concept. The following components are common fo both -
designs:

1. Debris Handling System
2. Fish Transport System
3. Fine Mesh Traveling Screens

The two options being con:slidered for the reversed louver array include:

1. Static hinged louver system and
2. Floating louver design.

Both options will accommodate the design requirements of the reéverse louver array. Both
approaches will allow for severe water level variations, ice loads and cleaning options. The
floating louver array is more cost effective in that it can be assembled on shore and most of the
construction can be done off-site. The only issue with the floating louver array is that the
materials of construction for the louver slats must be HDPE in order for it to be buoyant enough
for reasonable floatation. A static hinged approach would allow for thé slats to be manufactured
from steel which would reduce the capital costs for the louver panels. However the louver
construction costs will be substantially lower for the floating louver than for the piling and
structural framework required for the static hinged louver approach. Both approaches are
expected to perform similarly in terms of biological effectiveness.

The biological effectiveness of the fish diversion system using either the floating or static louver
array is expected to meet the fish diversion (survival) requirements as set out by the OEPA (i.e.
80%}.

The key design constraint considered in the FDS solution is the “security of the cooling water
supply to the plant at fulf capacity”. Both of the louver concepts will accomplish this key issue
as they are both designed to allow water past in a blockage situation or fow water conditions.

All pricing in this section includes a 25% contingency. It assumes all standard deliveries and no

provision for rush or shortened delivery times. In most cases it does not assume transportation
to site with the exception of the fish pumps.

§.1 Fish Diversion System General Layout

The general layout of the Bay Shore Power Plant fish diversion system is shown in Figure 4
(see Kinectrics Drawing number K-409054-GA-0001).
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5.2 Debris Handing System

The debris handling system consists of a series of floats in a steel framework with short panels
hanging approximately 48" below the float. The debris handling system is installed on a 40-50°
angle to the intake flow. “The debris handiing boom will be attached fo shore pilings via a cable
attachment to a sliding rail supplied as part of the system. The shore attachments are equipped
with a sliding rail to allow the floating boom to move up and down with the water column.
Excessive loading such as ice flows will result in the debris boom flexing and allowing passage.
Any debris floating down thie intake channe! will be diverted along the debris system and work
its way to shore. The recommended debris boom and all of its attachments are commercially
available and are modular to allow for easy expansion or replacement if required. The function
of the design is to divert as much floating debris as possible in a cost-effective manner from the
water intake channel to the shore line. The debris screen needs to withstand winter conditions
especially freezing and ice flows. The conceptual design and photos are below.

Each screen attaches easily and securely to the underside of the TUFFBOOM barrier via two
specially modified connector lugs shown in Figure 5 below. Individual screen sections are
connected together, Figure 5, via chain to form a durable underwater barrier to sub-surface
debris. Tuffboom debris screens are made from rigid tubular steel framing and include a choice
of facing materials including: open %" diamond pattern metal mesh, sheet metal, solid rubber
sheeting, or HDPE sheet.

The properties of construction are:

o Heavy-wall impact resistant polyethylene with max. UV resistance.

« Unsinkable solid infernal core of non-water absorbing foam fill. Maintains buoyancy even
when punctured.

s High load bearing internal steet channel provides strength and ballast, resists horizontal
and vertical loads.

» Load-rated galvanized safety shackle connections permit full movement with minimat

wear.

Fully-interchangeable connection hardware.

Connections are designed for continuous motion and heavy loads

Option of Mold-in Graphics™ with standard or customized warmings.

Exceptional debris ioad capacity.

Available in International Orange, Safety Yellow, Log Boom Brown, Forest Green, Black,

White, Red, Navy, Gray, Sand Tan.

High Visibility, high buoyancy for maximum freeboard visibility

Weight: Approximately 141 Ibs (64 kq) per unit

Center to Center Length: 136 in (3.45m)

Float Unit Length: 120 in (3.05)

Buoyancy: approximately 700 Ibs (317 kg) per unit.
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Fidure 5. Debris handling system details.

s

Budgetary Pricing for the Debris Screen

The debris screen and its sliding shore attachments are commercially available off the shelf with
no extra detailed engineering required. The budgetary price for this equipment is $65-75,000
with delivery at about 8 weeks. The price is about $40-48,000 for the debris boom panels
and $23,500 for the two end slider rails. A boat gate if required would be about an
additional $10,000-12,000. This would only be required if boat access is necessary behind the
debris screen or in front of the louver.

The system can be installed with very litfle effort once the shore attachments are in place. The
installed budget for the entire debris system would be about $100,000.
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5.3 Fish Transport System

The function of the fish transport system is to move as efficiently as possible all the fish, eggs
and larvae that come off the reverse louvers and the fine mesh travelling screens to a
biologically preferred location away from the plant without inflicting any additional damage to the
organisms and with the least level of stress. The discharge point must have a water temperature
not more than 5° F higher or lower than the intake water temperature at the fish pumping
station. The approximate temperature distribution for intake and channel discharge sections for
November is shown in Figure 6. The main component of this system is a pump specifically
designed to transport fish. Detailed specifications of the fish pump are summarized in Appendix
2. The hidrostal fish pumps and impellers are specially designed to operate at lower rpm.

The design of the fish transport system takes into account the following factors:

1. Pump speed compensation for fluctuating water levels to maintain suitable bypass flow
during changing Total Displacement Head (TDH).

2. Transport the fish, eggs and larvae to a discharge location where there is less than a 5°F
increase in the discharge temperature from the intake temperature.

3. Maximum fish spherical circumference of 8" diameter.

Pumps:

Each Hidrostal pump model L12V-H will operate at 500-600 rpm. The pump motor is 60 Hp and
is rated for 75 amps full load at 460V/3/60 will incorporate a variable frequency drive
interlocked to the intake water level to automatically maintain the pump RFPM at about 520.

The electrical requirements of the pumps will require an electrical rcom, connection to the grid,
switch gear, transformers, etc.

The pump station drawing (Figure 7, drawing K-408054-GA-0005) shows the requirements for
the pump control and operation. The following components are referenced:

1. MCC model/manufacturer
2. Interface required from MCC to station control for remote control and alarm
3. Variable frequency drives
4. Ultra sonic depth transducer
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The fish will generally approach the louver and will make their way along the louver following the
sweep of the water generated by the reversed louver slats. The fish will end up in the corner in
front of the fish pump station. The draw from the fish pumps will eventually pull the fish through
a trash rack in front of the fish pump station to the inside of the pumping station. To avoid the
accumulation of fish af the end of the louver the fish are moved by the fish pumps o the smooth
walled HDPE pipe.

1.

Each pump will deliver 4000-5000 USGPM. Based on the performance curve the
pumps will be set at 520 rpm for 25ft TDH. The water level used for the maximum head
was the minimum normal water of 568". During the commissioning phase the pump
speed and controi will be adjusted to optimize the pump operation and fish survival.

The pumps will be controlled with a variable frequency drive to ensure they are running
in the right part of the pump efficiency curve during high and low water levels. An ultra
sonic sensor will be used for feedback control of the pump speed to maintain a uniform
water flow in the transport pipe.

The fish traﬂsporg pipe will be 42" IPS DR26 HDPE, resulting in an 1.D.of 38,575,

The water flow in the discharge pipe with the following:
a. Three pumps running would be about 4.1 fi/sec in the pipe (16,000 gpm). This
velocity may result in slightly increased fish mortality.
b. Two pumps running the flow rate would be about 2.8 ft/sec in the pipe (10,000

gpm)

The fish pump(s) will provide capacity to pump 400 ton/hr of fish based on 50/50 water
fo fish by volume. This data was provided by Weir Canada as a conservative estimate
of the track record from fish farms and unloading boats for fisheries.

The 12" pumps will pump a fish with a girth up to 8 3/8" and have a 26 5/8"
impeller. The trash racks in front of the pumps will ensure that fish with a girth in
excess of 7"-7.5" will not enter the pump.

The suction inlet of the pumps will be 16" and 26" with the suction bell.

The exit from the fish pump station {o the 42" HDPE pipe will have a 12x18" increaser,
then 18" pipe. !oqg radius elbow is preferred to connect the 18" fo the 42" HDPE pipe

The variable frequency drive changes automatically with the water height and it is
using a 4-20 mA signal from the ultrasonic level sensor.
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HDPE Pipe:

The water velocity in fransport pipes is designed to have a normal flow that is less than 3 ft /fs.
The piping for the fish transport system is proposed to be a 42" IPS DR26 HDPE pipe with a
length of approximately 5000 ft along the east side of the existing intake channel. The size of
the pipe chosen was based on a compromise between flow ratein the pipe and fish residence -
time in the pipe. Obviously the least time in the pipe the better for fish survival however to
accomplish this the flow rate needs to be high. The residence time in a 48 “ pipe would have
increased to about 40 minutes from the 30 minutes projected for the 42° pipe. It is necessary to
keep the velocity down to about 3 fi/s if possible to ensure fish are not damaged in transport.
The pipe should have all smooth inside surfaces to avoid any fish damage during the ride back
to the river and no 90° elbows but should incorporate a Tee near the discharge end of the pipe
before the entrance to the Maumee River for access and sampling. During the fusion process to
connect the 50’ lengths of pipe the inside fusion weids wiil need to be scrapped smooth. The
fish will be discharged below the water level about 80 feet from shore on the down river side of
the intake channel entrancé from the Maumee River. The pipe will need to be instailed at grade
following the installation guidelines of Appendix 4.

There must be a concrete road crossover for the pipe at the east sheat pile wall to access the
debris removal area of the debris boom east shore termination point. This will allow a clam shell
excavator to pass over the pipe to get to the waters edge to reach the debris in the channel.
Trucks will also need to access this area to remove any debris lifted to shore. It is important that
the crossover has a concrete footing to provide radial support to avoid future crushing of the

pipe.

The pipe will need to be buried to grade past this location. From this point to the end of the
intake the pipe can be at grade until it crosses under the road at the end of the infake channel to
enter the river below grade to avoid ice pack damage to the pipe.

Fish Station:

The fish station must be able to house three 12" fish pumps and wiil have a footprint dimension
of about 5 meters wide by 4.5 meters deep. The top elevation of the fish pump station would be
at 575'. The pumps must be mounted on a concrete base and the base elevation must provide a
minimum of 10 feet of water depth for the pumps to operate without them encountering
suction/cavitation problems. The final pump station will be designed during the detailed
engineering phase and will be constructed of concrete or sheet piting with structural steel
support. The back wall of the station will need to be concrete to provide support for a guide rail
that is used for routine or emergency pump maintenance.

The pumps must be elevated from the channel bottom to avoid sediment build up in the fish
pump station. The fish pump station will have frash racks on the entire front face of the station
with openings about 6" wide fo allow for fish passage but prevent large debris from entering the
pump area.

Fish Trough:

The fish frough return system from the fine mesh traveling screens will be directed to the fish
pump station as well. This fish trough should be an enclosed HDPE pipe. This pipe should have
minimal changes in direction, be smooth inside and no elbows. It can be a 16° DR 26 HDPE
pipe with an 1.D. of 14.7”, The fish trough pipe will need to fransition from the fish trough exit
from the fine mesh travelling screens and continue under the existing roadway/bridge from the
plant in a curved fashion around the east roadway support caisson to an open water discharge
inside the pumping station. The exit from the fish trough pipe should discharge at the 575
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elevation to avoid any potential for it to become frozen. It will be self draining and a gravity
discharge with no pressure except gravity.

P
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Budgetary Pricing for the Fish Pumps

The budget pricing given by the manufacturer for three Pumps, fast-out elbows, guide rails and
brackets, lifting chains, ultra sound water level sensors, motor control centers with VFD's for
indoor installation, stari-up supervision and freight to site is about $1,000,000 with delivery at
about 30 weeks.

Budgetary Pricing for the discharge fish transfer pipe and on-site assembly

Static and Surge Pressure for DR26 HDPE pipe
Working pressure (WPR): 64 psi

WPR & dynamic Surge: 96 psi

WPR & Occasional Dynamic Surge: 128 psi

OPTION 1:
Pipe size and specifications:

42° 3 IPS DR26 HDPE pipe (Supplied in 50t lengths)
OD: 42.00" f 1066.80mm

ID: 38.575" 1 979.81mm

Cost: $127/ft x 5000ft = $635,715

42" & 1PS DR 26 HDPE Tee (1)
Cost: $8,975

42° @ five segment elbows
Cost: $9450eax 2 = $18,900

42" & IPS HDPE Flange Assembly
(includes Stub end and Ductile fron Ring)
Cost: $3,755eax2 = $7,510

Estimated time for on-site fusion/day
Cost: $4,500x 15 = $67,500

Estimated travel and mobilization
Cost: $6,000

TOTAL COST: $744,600 delivery estimated at 12 weeks

in pipe water velocity (assumes 10,000 USGPM flow, two pumps operating) will be 2.80 ft/sec
(0.86 m/sec) with an estimated head loss of 2.4 ft over 5000 feet and 4.1 ft/sec (1.28 m/sec)
with all three pumps operating. All three pumps would be considered for operation during
spawning season. This would only be considered for periadic operation and not on a continual
basis.

The estimated time for fish to be in this pipe before discharge will be about 30 minutes.
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OPTION 2.
Pipe size and specifications

1200mm@ metric DR26 HDPE pipe (Supplied in 501t lengths)
ID: 43.518" 1 979.81mm
Cost: $158/ft x 5000ft = $790,000

1200mm@ metric DR26 HDPE Tee (1)
Cost: $9,135

1200 mm @ five segment elbows
Cost: $10,450 x 2 = $20,900

1200mm& metric DR26 HDPE Flange Assembly
(Includes Stub end and Ductile Iron Ring)
Cost: $7,425 x 2 = $14,850

Estimated time for on-site fusion/day
Cost: $4,500 x 15 = $67,500

Estimated travel and mobilization
Cost: $6,000

TOTAL COST = $899,250 delivery estimated at 12 weeks

In pipe water velocity (assumes 10,000 USGPM fiow, two pumps operating) will be 2.1 ft/sec
(0.66 m/sec) with an estimated head loss of 1.4 ft over 5000 feet and 3.1 ft/sec (0.96 m/sec)
with all three pumps operating. All three pumps would be considered for operation during
spawning season. This would only be considered for periodic operation and not on a continual

basis.

The estimated time for fish to be in this bigger pipe before discharge will be about 40 minutes.
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8.4 Reversed Louver Array

The reversed louver array has two conceptual design options the floating louver array or the
static hinged louver array. Table 1 summarizes the design parameters of the static hinged and
floating louver designs. Table 2 summaries the performance requirements of each louver
design.

Table 1. Design Parameter comparison

ouver Approac 2]

Louver Sweep or Bypass Same Same

Velocity: '

Louver Slat Velocity: - Same Same

Louver Slat Angle Same Same

Louver Slat Spacing: Sarme Same

Current Velocity: ‘ Same Same

Louver Frame Angle: Same Same

Pressure Gradient  ° Same Same

Turbulence: ‘ Same Same

Space Perception Cues: Same Same

Bottom Overlay/Guiding Fixed height 25% of Variable from 5% at

Wall : minimum water depth. minimum water depth to
About 4’ in height and 25% at maximum water
fixed depth

Table 2. Design Performance Requirements

' Divert and process :‘i\'ger debris Same Same
Sediment Control | Same Same
Pack and Frazil Ice Flows Same Same
Biofouling ’ Same Same
. Louver flow stays
_ Louver flow increases :
Varying Water Levels . constant with lower
with lower water levels water levels
Louver water flow Louver water flow
Varying Plant Operating Levels increases with plant increases with plant
operating levels operating levels
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Taking into consideration the performance requirements and design parameters; the floating
louver system offers the most flexible design to ensure consistent louver effectiveness and
capability to ensure water flow to the plant. The constructionfinstallation costs would be lower
for the floating array as the piling and steel support structures are minimal compared to the
static hinged array. This louver array will have Iess |mpact from silt bu;id up cover:nglburymg the
guiding wali than a static array. :

The louver array wilf start from the west shore near the County drain and connect to the fish
pump station at the east side of the intake channel near the road crossover. The louver frame is
installed at a 20-22° angle to the intake flow or centerline of the chanriel. The shore installation
of the sheet pile sections is identical for both louver concept designs. The sheet pile wall will
cover the entire water column. The attachment mechanism is shown in Figure 8 and is a 57
schedule 80 pipe with commercially available sliding floats. Figure 9 shows the louver slat
design for both the floating and static louver panels. Figure 10 shows the shoreline attachment
and wedge installation. '

Figure 6. Shore line pile and fish station attachment system for the louver array
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Figure 7. Louver design and slat layout
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Figure 8.
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Shore line attachment and wedge installation
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5.4.1 Static Hinged Reversed Louver Array (SHRL)

Figure 11 shows the static hinged reversed louver array in cross-sectional view. Once the
shore line piles are installed, the static reversed louver array requires the installation of a series
of 16" (1/2” wall) stesl piles spaced 20’ apart (Figure 12).

When the piles are completely installed the fish guide wall sections are installed by sliding the
panel down each pair of piles starting from pile #1 to the pump station (Figure 13). These
guiding walls are stationary and will be subject to siltation. As silt builds up in front and behind
the guiding wall its effectiveness as a fish diversion tool will be reduced substantially. The
guiding wall is 4’ in height and will increase the flow rate locally of the water through the louver
slats

When the fish guide wall installation is complete the pile caps (Figure 14) are attached fo the
piles. The pile caps are used to attach the 12" wide flange “"H" beams (50 Ib/ft) to the pile. The
span béam supports the louver panels and provides the hinge point for the louver arrays (Figure
15).

The gap between the louver panels will be filled with flexible rubber sheet seals to prevent fish
passage between the panels.
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Figure 10.  Louver pile
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Figure 12, Static Hinged Louver pile cap arrangement.
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Static Hinged Louver specifications and budget pricing

Oft 8in x 18ft HDPE Slat Assembly
%" x 15" x 18 ft slat construction c/w copper imbedded both sides
Cost: $75,400 ea

oft 6in x 18ft HDPE Slat Assembly

%" x 15" x 18 ft construction c/fw NO copper imbedded both side
Cost: $45,900 ea

» HDG Steel frames for above HDPE slat arrays and assembly with rubber gaskets are
each at $9,060 with assembly (25 required)
+ HDG bottom static guiding wall with HDPE covering will be $8,300 each (13 required)
» 16" Pipe pilings (0.5" wall) , 45 * length each $2,700 (13 required)
« 12" H beams 20’ long (50 Ib/ft) HDG fabricated each $3,900 (13 required)
+ HDG Pile caps each $1,800 (13 required)
e 2x150° feet of 1/4°x 20’ sheet pile wal($0.9/Ib) 60,000 lbs= $54,000 , installation $4/ft* x
6000 =$24,000, hardware and mobilization =$20,000, Total=$98,000
The static hinged array will consist of 25 panels with a total cost estimated at $2,426,600 with
the copper wire antifouling freatment and $1,689,100 without copper wire antifouling.
The same static hinged louver array can also be constructed from 4" plate steel slats and
structural steel frame rather than HDPE siats and steel frame. This hinged steel version of the
above with a silicon based coating for anti fouling protection would be $ 1,243,600 and without

any anti fouling protection the budgetary price of would be $991,600. It is expected that this anti
fouling coating would need to be replaced every 3-5 years in order to be effective.
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64.2 Floating Reversed Louver Array

Figure 16 shows the cross-sectional view of the floating reversed louver. The shore line piles
are installed in the same manner as the static louver. The floating louver array requires only two
additional piles at 100’ intervals. When the piles are installed the floating louver array can be
installed.

The gaps between each set of the floating louver panels are covered with rubber sheeting
(Figure 17) to avoid passage of small fish, eggs and larvae.

The louver panels and the fish guide wall are combined into one panel that is attached fo a
floating framework (Figure 18). Starting from the west shore and the sheet pile wall termination,
the first floating louver section is attached to pile #1. The 100’ floating section is then attached
to pile #2 which are both equipped with a slider which allows the louver section to move up and
down with the intake water level. Each floating section is attached to the next until the louver
reaches the pump station. At the pump station the floating louvers are also attached to a slider
fastened to the pump station wall. Again the slider allows the entire fléating louver to move with
the fluctuating water levels of the intake channel.

The floating louver is held in place by cables attached to the sliding devices mounted to each
set of pilings.

The floating louver array moves with the water level of the intake. At the attachment points of
each 100’ section the array is attached to a float guide that allows the louver array to move up
and down with the water level. At the lowest water level (566’) the water would be about 12’ in
the center of the channel and the louver would be 100% of the water ¢olumn and there would be
essentially no guiding wall. If no debris boom is chosen as an option than the 100’ spacing
between pilings shouid be reviewed as the debris loading at any particular point in fime would
be considered much higher.
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Figure 17. Floating L.ouver Rubber Gap Covers
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Floating Louver budget pricing

10ft 10in x 12ft HDPE Slat Assembly
34" x 167 x 12 ft slat construction ¢/w copper imbedded both sides
Cost: $57,450 ea

10ft 10in x 12ft HDPE Slat Assembly
%" x 15" x 12 ft construction c/w NO copper imbedded both side
Cost: $34,900 ea

» HDG Steel frames for above HDPE slat arrays and assembly dre each at $8,060 with
assembly and
» The HDG folding guiding wall with HDPE covering will be $6,500 each.
2x150’ feet of 1/4™x 20’ sheet pile wall ($0.9/b) 60,000 lbs= $54,000 , installation $4/ft” x
8000 =$24,000, hardware and mobilization =$20,000, Total=$98,000
Each flotation unit for the louver array will cost $711,000 ea

The total floating array will consist of 23 panels with a total materials cost estimated at
$2,007,230 with the copper antifouling treatment and $1,488,580 without copper antifouling.
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65.4.3 Recommended Louver Design Option

Table 3 summarizes the construction of the two louver concepts. Based on feasibility and ease
of installation it is recommended that the floating louver array be installed.

Table 3. Construction and Installation

Shore Attachment 1 1
Sheet Pile Shere 1 1
Fish Pump Crib Attachment 1 1

Louver Paneis Fixed Position Moves with Water

Level
Fish guide Fixed Position Moves with Water
Level
Varying Intake Water Levels Fixed Position Movest.:g; Water
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6.5 Fine Mesh Traveling Screens

1. At Bay Shore TGS screens 1 and 9 are permanently shut down.
2. The site has 2 sets of stop-logs to block water flow, oneis‘in each bay 1 and 8.
3. Bay Shore has requested that 1 and 9 should be replaced first.

4. Bay Shore screen bays 1 to 6 are of different width than bays ?to 9. As a result the stop
logs are not interchangeable. Screens 1 to 6 are physically much closer together above
floor grade than the others.

The screen suppliers are to supply a new fish trough to exit from screen house. The trough is to
be connected to the fish fransport system via a 16" HDPE DR26 pipe.

FirstEnergy - normal operating head differential is 5’ and up to 15 on start up.

FirstEnergy - The design criteria is considered normal at a water level at 571-572" with a thru
screen velocity of 1 fifs and at low water level at 568’ a thru screen velocity of 1.5 ftfsec.

FirstEneray - based on 80% screen blockage the 746 MGPD flow must be maintained. This
would resuit in a fiow of 1.13 fi/sec and 5” of head loss.

Kinectrics considered both “thru-flow” and “dual-flow” systems from béth an engineering and
biological perspective. Several criteria were reviewed including demonstrated effectiveness for
both entrainment and impingement survival, what fine mesh screens are available, debris/ fish
separation and carryover, and operating experience (OPEX). Kinectrics held discussions
directly with two vendors Intralox and OVIVO on the two different alternatives. Kinectrics aiso
participated on discussions with two other vendors Atlas and Superior. In addition FirstEnergy
issued an RFQ where Kinecrics carry out evaluations on the responsés to this RFQ. Three of
the vendors provided a “thru-flow” design (either carbon steel- $S{ or engineered polymer-
Hydrolox, Superior), and two vendors (OVIVO and Atlas) considered and proposed “dual-flow”
screens for this project. It shouid also be noted that both Atlas and OVIVO can provide a thru-
fiow design screen but did hot.

The expected USEPA316b Rule will likely recommend fine mesh screen sizes 2 mm or smaller
(Table 4). Still, 2 2-mm mesh size will not be 100% effective in reducing larval and egg passage
through the mesh. In field studies conducted on the Great Lakes, nets with 500 microns (or

0. 5mm) are typically used in scientific larval fow studies. However, such nets are not always
effective in collecting all species of fish eggs (Auer 1982, 2009). A 0.5 mm mesh or smaller is
not feasible at Bay Shore. The proposed 2 mm mesh will be partially clogged under some
operating conditions at Bay Shore, and will likely be closer to 1 mm. Based on recent EPRI
(2009) lab studies, both Hydrolox (not slotted) and OVIVO screens have shown high survivat for
a 1.78 and 2 mm mesh under laboratory conditions (in addition tests were conducted under
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ideal conditions with no debris, Table 4). Survival typically exceeded 80% for 12 mm larvae.
With debris, a lower survival performance would be expected.

Essentially for eggs and larvae survival, the lower the through screen velocity the better. There
have been lab based tests (EPRI 2009) conducted up o 1.5 fifsec (0.5, 1.0 and 1.5 fps) but
there is no comparative OPEX above 1.5 fi/sec. A screen with a higher screen area is also
expected to have less impact on eggs and larvae. The actual upper limit is not well defined
number. Still, SSI proposes a through-screen velocity of 1.6 fps which is an unknown, and
hence a risk fo the station. Kinecirics does not believe a through-screen velocity is critical if less
than 1.5 fi/sec which most vendors are (possible exception of 8SI). Above this number it is less
clear.

One of the disadvantages of the Hydrolox/Superior screen is that, the HDPE mesh is not square
but slotted with slot sizes ranging up to 19 mm (e.g. 1. 78 mm x 19 mm) within the screen
matrix. This will result in a further loss in performance in egg and larvae survival {the slotted
mesh was not evaluated in the 2009 EPRI lab studies since prototype systems provided from
each of the vendors were small relative to proposed field installations).

Hydrolox, Superior, SSI, OVIVO and Atlas have all shown or claim high survival for fish
impingement (Table 4). Ho;wever, studies are limited, and there are no recent studies where
both a thru-flow design from one vendor is compared fo another with dual-flow at the same
plant, especially for fine mesh screens. lt should be noted that there is considerable variability in
power plant design, water intake body, flows and velocities, and species impinged, so that 1-2
studies would still not be statistically robust to compare performance of one system over
another.

Still, one of the major advantages of the dual-flow over the thru-flow screens is the improved
debris and fish separation, and less debris carryover (Table 4). If more carry-over occurs, there
would be more loss of biolpgical material (eggs, larvae, and juvenile fish) which would result in a
lower survivability. Debris and fish separation will be very important in larval and juvenile fish
survival. The claimed reduction of carry- over would also reduce the maintenance requirement
on condenser tube cleaning which is a significant additional advantage to the plant. Hydrolox
polymeric screens claim to outlast steel mesh screens by 2-5 times and require less
maintenance but we have not found enough operating experience or long enough track record
to validate these two claims.

Another important component of any of the screen systems is the fish bucket design (Table 4).
All vendors have claimed fish friendly bucket designs; although OVIVO has more design
experience based on Fletcher's (1984) earlier work on hydraulics. The fish buckets incorporate
what is referred o as a sta:Eled fluid zone, protecting the fish until they are flushed out by water
at 6 to 10 psi. This occurs iwhen the buckets are at a 45 degree angle at the top of the system
and are introduced fo a fish trough. A high pressure spray is introduced on the down side of the
system to remove debris and clean the screens. A separate frough removes debris.
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Wash Water Requirements

For fish handling for dual-flow systems, it is unciear why Atlas proposes a three (3) spray
system- fish removai, fish survival and debris. The pressures for the fish removal and survival
are identical (115 GPM @ 10-15psi). The water required for the debris removal is proposed as
500GPM @ 40psi. The total water requirement is 730 GPM/screen but at a lower water
pressure than the others. There is some concern with the depth of water in the fish return trough
proposed by Atlas (Table 4). A 2" plus water depth is proposed which is too low for fish return
systems. The 4"plus water depth suggested by OVIVO is standard and more adequate for fish
survival. Atlas does use the highest level of spray water.

For the OVIVO dual flow screens, they propose 350 GPM @ 5 to 10 ;5‘_si for the fish boxes and
another 150 GPM @ 80 psi for the debris wash. This is a total water requirement of
430GPM/screen. This does not include any water for the fish trough.

For fish handling for thru-flow systems, the Hydrolox screens from Intralox and Superior
claim to require about 102 GPM @ 40 psi for the fish trough and 270-290 GPM @ 100 psi for
the separate debris trough. This resuits in a total minimum water requirement of 372 GPM;
however, there was no water requirement stated for the fish troughs but was discussed that it
could be supplied by low pressure plant water supply.

The S8l screens claim to require 270 GPM @20psi for the fish sprays/trough and 230GPM
{@80-100 psi for the debris sprays which resuits in a total water requirement of 500GPM.

In summary, vendors with dual-fiow designs are preferred over Hydrolox, SS1 and Superior thru-
flow designs for both entrainment and impingement survival and from both engineering and
biological perspectives. A major disadvantage of the Hydrolox/Superior design is the slotted
mesh which could result in passage of eggs and larvae, and hence survivorship. The new
1.78mm Hydrolox mesh design has not yet been used at a plant and hence has no track record.
If FirstEnergy were to choose the Hydrolox screens from Intralox or Superior it should be
considered the prototype installation which carries many operational and performance risks.

Aside from the delivery uncertainty as many of the components have not been manufactured
yet, also operationally the fish/debris separation efficiency and the clean ability during high fish
and debris loading periods have not been proven. With no operating experience on their fine
mesh screens, it is difficult to recommend the Hydrolox screens for the first two screens as they
will be a core component of supplying cooling water at Bay Shore. If these screens were to be
purchased as back up screens or the last two screens being purchased and would be part of a
rotation there would be less risk as any operational problems could be resolved without
affecting core plant capacity.

Considering the poor status of the existing screens at Bay Shore it is difficult to select a screen
that is new to the market even though there is a good track record for the existing Hydrolox
screen at Bay Shore (with the larger mesh size). A first step could be to replace the existing
6mm mesh on the existing Hydrolox screen with the new 1.78mm slofted mesh and monitor its
performance. If substantial problems arose the mesh could be changed back in a couple days

KINECTRICS NORTH AMERICA CONFIDENTIAL Kinectrics Report No: K-409054-CDE-0001-RG2
Page 54 of 110




without major disruptions. Even if it was found that the Hydrolox screen was the most efficient
for fish, eggs and larvae survivability {although doubtful given their slotted design), it would be
too risky to recommend this screen given the poor status of the existing screens at Bay Shore.

Therefore the OVIVO and Atlas designs are recommended for consideration because of their
dual-flow characteristics. The advantages of the higher surface screening area, more uniform,
mesh size, lower debris carry over, inherent lower piant maintenance for the condenser tube
cleaning, lower head operation and ability to operate during higher fish and debris runs make
the dual flow screens a safer choice for a fine mesh traveling screen. Since fine mesh screen
compliance will likely be important in the revised USEPA316B Rule, the manufacturer with the
most successful operating experience is the safest choice.

Of the duat flow systems, OVIVO is the preferred technical system based on information
submitted and OPEX (e.g. fine mesh lab trails) but there are obvious concerns with price and
delivery. With the information received to date the OVIVO screens have much higher levels of
OPEX. if Atlas could supply some additional operating experience than they could be
considered more seriously as they are substantial cheaper and have a more acceptable delivery
schedule. Still, Atlas has to provide OPEX on fish handling at an operating facility.

We further recommend that FirstEnergy seriously consider the cost effectiveness of refurbishing
1-2 of the existing screens until there is more operating experience for some of the vendors, and
there is a ciearer direction from the EPA on their 316B requiremenis.
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Table 4. FINE MESH (2 mm or less) SCREENS FOR FISH PROTECTION- ENGINEERING
AND BIOLOGICAL CRITERIA FOR CONSIDERATION AT BAY SHORE FOR THROUGH
FLOW AND DUAL FLOW SYSTEMS

CRITERIA

1 Ptential Vendor-Hydrolox,

. THRU FLOW {STRAIGHT _

THRU FLOW}- all water
passes from one side fo the
other through both the
ascending and descending
sides of the moving screen

DUAL FLOW (QUTTOIN =
FLOW}- mesh panels move
more paraliel to flow from
both ascending and
descending sides of the
band. Water passes through
and exits at back of screen
*Potential Vendors-OVIVO,

Superior, SSi Atlas
Flow Patterns Single pass Duat flow
OPEX (Operating Experience) | Limited since new fine slotted | Exténsive (including

mesh polymer technology for
Hydrolox and Superior has yet
to be manufactured
commercially or installed in
the field

international- OVIVO e.g.
most plants in UK and France
use dual flow)

Debris Carry-over

Some (twigs, sticks, leaves,
fish, algae, mussels) by pass
the screen into the plant

No. Still occurs but reduced
considerably. Design prevents
debris by-pass with lower thru
screéen velocities,

Debris and fish separation

Hydrolox claims to have good
debris/fish separation with 372
GPM of water in separate
troughs.

S5 talk about a deflector for
debris and sprays for fish,
unclear as to whether it is truly
designed for 3168 although
there appear to be separate
froughs.

Dual flow screen design

and, different spray pressures
restlt in better debris/fish
separation and less debris
cairy over

OVIVO- two sprays (fish,
debris)

Atias- three sprays {fish
removal, fish survival, debris)

Fine mesh size(s) available

1.78 mm wide (not square)-
no OPEX for field trails. Slot
lengths vary from 6 mm to 19
mm.

0.5mm, 1.0mm, 2.0mm and
higher (0.5 and 1.0 OPEX-
field OVIVO trails ongoing)

EPA Rule for Screens Definitely < 2mm possibly as | Definitely < 2mm possibly as
(expected) low as 1 mm in freshwater low as 1 mm in freshwater
bodies (may be issue for bodies
Hydrolox/Superior if 1 mm)
Demonstrated Yes- (performance species Yes- performance species

IMPINGEMENT survival (Lab
and/or Field)- coarse mesh.

specific (typically over 90% for
robust species but
considerably lower {<50%) for
some pelagic schooling
species).

specific (typically over 90% for
robust species but
considerably lower (<50%) for
some pelagic schooling
species).
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Hydrolox LAB tests- Alden
(2006)- >85% for robust
species

Hydrolox FIELD- Barrett Plant
(2008)- 6.8 to 100% range.
Robust species exceed 90%.
S8l none reported.

OVIVO FIELD- Dunkirk Plant
(2000) ~variable with species
ranging from about 18 {0
100%. Robust species exceed
90%.

ATLAS FIELD- claim 90-
94%(no supporting
documentation provided)

Recently demonstrated
ENTRAINMENT reduction-
fine mesh (LAB)-

Yes (EPRI 2009)- LAB (1.78
mm not square). Hydrolox
only.

Post collection survival
(survival off screens)-
exceeded 80% for larvae > 12
mm. In some replicates,
survival considerably higher
(100%).

Screen velocity up to 1.5 fps
had no or minor effect on
post-collection survival.

However, tests conducted
under “clean” water
conditions. With debris,
survival expected fo be lower.

Yes (EPRI 2009)- LAB (2.0
mm)- OVIVO only

Post collection survival
(survival off screens)-
exceeded 80% for larvae > 12
mm. In some replicates,
survival considerably higher
(100%).

Screen velocity up to 1.5 fps
had no cr minor effect on
post-coliection survival.

However, tests conducted
under “clean” water
conditions, With debris,
survival expected 1o be lower.
For this reason, dual flow is a
preferred option.

Fish handling sysiem
including fish buckets

Yes, all 3 vendors claim
separate fish and debris
buckets but the separation
efficiency and technique are
unclear.

Yes- S.LM.P.L.E. system with

| improved design over thru

flow (OVIVO). Better bucket
design (OVIVO) for fish
survival and capture.

Atlas reports the standard
Ristroph bucket with no
enhancements for fish survival
or capture

Trough- 4” or higher OVIVO
Trough- 27 or higher Atlas

*Both Atlas and OVIVO can provide thru-flow but are recommending dual-flow for Bay

Shore
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6.0 ENGINEERING CALCULATIONS
6.1 Load Calculations on Static Louver Array

The purpose of this section is to calculate the dynamic force created by the movement of water

Assumptions:

Assuming the louver panels across the channel provide complete blockage (100% clogged),
results in a drag coefficient of 2. This analysis will give you the force on the panels created
when water approaches the panels with a certain velocity, and then comes to a complete stop
(stagnation pressure). In reality, the water will flow through the paneis while creating some
dynamic flow effects in front and behind the panels such as eddy's, and will therefore have a
drag coefficient of something less than 2. However, this is the force caused by current only,
and assumes there is no elevation difference from one side of the panels to the other. In
addition, this approach does not address ice forces, dynamic forces caused by wave or storm
action, effect of eddy's in front or behind, or any other related forces that may be presented to
the system.

Parameters:

Flow velocity in channel (V1) = 0.75mfs, uniform top to bottom and across Width of louver =
61m (200 ft) Depth of channel = 5m (average of deepest point in each 25ft cross section is
approx 4.6m) Cross section profile is rectangular (61m x 5m cross sectional area) Assume drag
coefficient of 2 (Cd=2) Assume flow stops at wall, V2=0 Assume elevation difference = 0

Drag force Fd= 1/2 x Cd x VA2 x A x density

Fd=1/2 x 2 x (0.75%2 m2/s2) x 61m x 5m x 1000kg/m3
Fd=171,563 N

Fd=38,587 Ibsf

For reference:

Determine the elevation difference to develop an equivalent static force Fs= 1/2 x density x
gravity x width x height*2

Fs=1/2 x 1000 kg/m3 x 9.81 m/s2 x 81m x h*2

Fs=299,205 x h*2

To develop 171,563N, h=0.75m = 2.5 ft (across entire width)

6.2  Load Calculations on Floating Louver Array

6.3 Load Calculations on Debris Screen

The debris boom manufacturer was given the conditions in the channel of 1.5 fps flowrate of
water and to assume a safety factor of 2 times for the calculation. The debris screens
recommended are 48” deep in the water column and the boom would be oriented 40-50° to the
flow of water in the channe!l. The worst case assumption of 2 feet of ice cover could generate up
to 51,000 Ibs of force on the boom cable. This force would be mostly applied {o the upstream
piling or anchor. The force on the upstream anchor could be up to 32,100 Ibs and 18,900 tbs on
the downstream anchor.( reference is Paul Meeks, Worthington Products Inc.).
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In more typical conditions where there is little to no ice flows or hormal debris flows the
expected loading on the upstream anchor would be 6250 Ibs and 3700 Ibs on the downstream
anchor. Assuming a safety factor of 2 again the resuiting normal peak design load with no ice
would be 12,500 tbs on the upstream anchor and 7,400 Ibs on the downstream anchor.
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7.0  BILL OF MATERIALS AND COST SUMMARY WITH INSTALLATION ESTIMATES

All pricing in this section includes a 25% contingency. it assumes all standard deliveries and no
provision for rush or shortened delivery times. In most cases it does not assume fransportation
to site with the exception of the fish pumps.

71 Debris Boom

Table 5. Materials — Debris Boom

Component

l‘ﬂoating debris boom modules with 4' submerged screen 320 $ 12500 | $ 40,000.00
panels, 320 ft

end sliders 2{$ 1150000 | $ 23,000.00
boat gate optional 1] 8 12;000.00 5 12,000.00
Total ‘ 3 75,000.00

Floating Debris Boom Installation:

1. Install two shoreline sliders attachments ( 2 days, work boat required)

2. Crane debris boom modules info the water and make boom to boom connections (2
days, 80 ton hydraulic crane and workboats required) A

3. Boat gate installation { 1 day, 80 ton hydrauiic crane and workboat required)

Estimated to require 4-5 days of time and cost about $21,500.
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7.1 Floating Louvers with Guiding Wall

Table 6. Materials — Floating Louvers with Guiding Wall

Materials 10" 10" wide x 12" high HDPE Siat Assembly 23
{Option 1) ¢/w copper imbedded wire both sides, 3/4" x
15" x 12° HDPE slats

Materials 10' 10" wide x 12" high HDPE Siat Assembly 23| § 34,900.00 | S 802,700.00
(Option 2) bare w/no copper imbedded wire , 3/4" x 15"
x 12" HDPE siats

7,450.00

321,

Materials 10° 10" wide x 12 high HDG steel frames to 2318 8,060.00 | & 185,380.00
(all options) | contain HDPE arrays with rubber sheeting
gaskets
Materials 10* 10" wide x 12* high HDG folding guiding 231 % 6,500.00 | S 149,500.00
{all options} | wall, tube construction with HDPE covering
Materials Commercially available floatation unit to 231 8§ 11,000.00 | & 253,000.00
{all options} | carry the louver array
Materials 175 linear feet of sheet piling, 1/4" x 20° 70,000 1 & 090 | § 63,000.00
(all options} | sheets, Ibs
Materials hardware 118 2,000.00 | § 2,000.00
(all options)
Total Materials {Option 1} 5  1,974,230.00
Total Materials {Option 2} 5 1,455,580.00

Floating Louver Installation:

1. The first step for the floating louver installation is the shore connections. The sliding float
attachment must be installed on the sidewsll of the fish pump station.

2. The 175 of sheet pile wall must be laid out and started from the west shore. The wall will
ke anchored on each end with a 16” pipe pile. The pipe pile on the west sheore should be
installed and then the 175’ of wall. The wall will be finished with another 16” pipe pile.

3. Atthe end of the sheet pile wall and on the second pile a floatation slider must be
installed on the pipe pile. The slider can be installed on an “H" pile attached fo the pipe
pile.

4. Another 16" pipe pile must be installed near the center of the channel.

5. Two additional floatation sliders must be installed on this pipe pile using “H” beams. This
will result in three separate sets of floatation louvers at about 100’ in length. Each will
float independently on its own set of sliders. Each module will be attached o each other
using rubber sheeting fo seal the gaps between modules.

6. Each set of floating louver modules can be assembled on shore and craned into the
water. Once fioating in the water the modules can be connected to each other and
attached to their respective sliders between each set of pilings and the fish pump
station,

k]
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This installation including the sheet pile wall will require about 3-4 weeks and cost

approximately $30-35,000 for the sheet pile wall and $63-75,000 for the other two pilfings,
module assembly and installation in the channel.

7.3  Static Louver Assembly with Guiding Wall

Table 7. Materials — Static Louver Assembly with Guiding Wall

Materials 9' 6" wide x 18" high HDPE Slat Assembly ¢/w 25 | §75,400.00 S 1,885,000.00
{Option 1} copper imbedded wire both sides, 3/4" x15" x18'
HDPE slats
Materials 9' 6" wide x 18’ high HDPE Slat Assembly bare no 25 | $45,900.00 $ 1,147,500.00
{Option 2) copper imbadded wire, 3/4" x15" x18' HDPE slats
Materials 9' 5" wide x 18" high HDG plate steel {1/4") Slat 25| $28,0R0.00 | $ 702,000.00
{Option 3) Assembly with Si coating
Materials 9' 6" wide x 18" high HDG plate steel {1/4") Slat 25 | $18,000.00 S 450,000.00
{Option 4) Assembly with no bio fouling coating
Materials 9' 6" wide x18' high HDG steel frames to contain 251§ 9,060.00 $  226,500.00
(all options) | HDPE arrays with rubber sheeting gaskets
Materials 20 x4 HDG static bottom guiding wall, tube 13| $ 8,300.00 S 107,900.00
{all options) | construction, with HDPE covering
Materials 16" pipe pilings(0.5" wall), 45' length 13| % 270000 | S 35100.00
(all options)
Materials 12" H beams 20' long(50 Ib/ft) HDG fabricated to 131 $ 3,900.00 S 50,700.00
{all options) | attach to pile caps with hinges )
Materials HDG pile caps with mounting hardware 13| 5 1,80000 | $  23,400.00
{al options} ’
Materials 175 linear feet of sheet piling, 1/4" x 20" sheets, 70000 { 50.9/1b S  63,000.00
{all options) | lbs
Materials hardware 11 % 200000 | § 2,000.00
{ali options)
Total Materials Option 1 $ 2,393,600.00
Total Materials Option 2 4 1,656,100.00
Total Materials Option 3 $ 1,210,600.00
Total Materials Option 4 $§ 958,600.00
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Static Hinged Louver Installation;

1.

2.

Noo

The first step for the static hinged louver installation is the same as the floating louver
which is the shore connections.

The 175’ of sheet pile wall must be laid out and started from the west shore. The walt will
be anchored on each end with a 16" pipe pile. The pipe pile on the west shore should be
installed and then the 175’ of wall. The wall will be finished with another 16" pipe pile.

At this point 16 “ pipe piles will need to be installed every 20’ until the fish pump station

is reached. The piles need to be installed with a reasonable good level of accuracy.
Once compiete they can all be cut off fo the correct elevation.

After the piles are all cut to length the fixed guiding walls can be slide over the piles and
slid down to the bottom. Divers will need to check for obstructions to ensure the guiding
walls are on bottom.

The pile caps can all be installed on the top of the piles.

The 12" *H" beams can then be bolted to the pile caps.

Once the entire structure is in place with the guiding wall in place, the hinged louver
panels can be craned into place and fixed to the top rail

This installation including the sheet pile wall will require about 6-8 weeks and cost
approximately $30-35,000 for the sheet pile wall and $185- 195,000 for the other 13 pilings, the
guiding wall, pile caps, and "H" beam hinge rails. The louver panels depending on whether they
are constructed from steel or HDPE will require $85-165,000 for mounting as a barge and crane
would be required for the steel louvers.
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7.4 Pumps and Piping

Table 8. Materials — Pump and Piping

Materials three pump package fast-out etbows, guide rails
and brackets, lifting chains, ultra sound water
level sensors, motor control centers with VFD's
for indoor installation, start-up supervision and

freight to site. 1] $ 1,000,000.00 | $ 1,000,000.00
Materials 42" IPS DR 26 HDPE pipe 5000 % 127.00 | § £35,000.00
Materials 42" IPS DR 26 HDPE pipe Tee 1] s 8,975.00 | § 8,975.00
Materials 42" IS DR 26 HDPE pipe five segmented elbows
158 945000 | S 9,450.00
Materials 42" IPS DR 26 HDPE pipe flange assembly
215 3,750.00 | $ 7,500.00
Materials 42" steel pipe end blind flange, HDG and
fabricated 118 2,650.00 | § 2,650.00
Materials 14"1PS DR 17 HDPE pipe flange assembly e
6t 58 27500 | S 1,650.00
Materials 14"IPS DR 17 HDPE pipe
. 300| § 2800 | § 8,400.00
Materiais 14" [PS DR 26 pipe smooth radius 90
3|5 1,20000 | § 3,600.00
Materials 12" to 14" 1PS DR 26 increaser
3|8 600.00 | $ 1,800.00
Total Materials $ 1,679,025.00

Fish Pumping Station and Pump Installation;

1. Install Coffer dam sheet pite wall for de watering the fish pump station location and
install the 16" pipe piling against the fish pump station for louver connection.
De- water the inside of the coffer dam
Remove silt down to the original clay bottom at about 544’ elevation
Prepare the base and pour the new concrete base for the fish pump station
Pour the concrete for the back wall
Mount the trash rack for the fish station entrance
Mount the fast out elbows and guide rails to the concrete base for the fish pump
attachment
Install the fish pumps
Provide elecfrical and control connection to the pumps from the plant
. Install the 14" piping connections from the fish pump discharges to the 42" HDPE end
blank flange plate on shore
11. install the 16 * HDPE pipe from the screen house fish troughs to the fish station under
the roadway to the top of the fish pump station
12. Remove the front of the coffer dam to allow water to enter the fish pumping station

SO NoaALd

o
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Total time for installation assuming no scheduled downtime and good site access with
reasonable weather would be 6-8 weeks. The estimated cost for installation would be $187,000.

42"HDPE Pipe and Discharge Installafion:

1. Prepare the site from the plant o the discharge location with a bull dozer to remove
debris and provide a uniform base for the pipe installation

2. The pipe needs to be routed along the east sheet pile wall until the wall protrudes out
into channel then the pipe should continue on land only buried4 feet below grade until
the pipe passes the debris removal area. A proper road crossing will need to be
constructed above the pipe until it passes this area. Then, a shallow 30" deep trench
should be excavated for the entire length of the pipe before it goes underground for the
discharge back into the river

3. The 50 pipe lengths can then be fused together beside the trench on site

4. The pipe should be pushed into the trench and the backfill cover cap can be placed on
the pipe for the entire length from the station until it reaches the point at the end of the
infake channel. Some additional loads of fill may be required to properly cover the pipe
with fill to avoid future erosion.

5. Atthe end of the existing intake channel a 42” pipe tee must be installed before the pipe
is routed under the roadway to the water. The trench must be dug under the existing
road at the end of the intake channel and the 42" pipe must be routed into the river
under the bank and along the river boitom so as to avoid ice damage to the pipe in the
future. The pipe must be buried and armor stone must be put back along the bank to
avoid ice packs from pushing the pipe where it enters the water. The 42" pipe sections
must be fused on shore and put in place beside the trench to prepare to be fowed into
place with a small tug boat. The pipe would then be sank to the right location on the river
bottom and installed and backfilled correctly as per Appendix 4. Gambian stone must be
placed in piles on top of the pipe underwater to hoid it in location. The entrance around
the underwater pipe discharge point must be surrounded with Gambian stone {o support
the pipe discharge from movement and vibration.

6. The pipe would be routed from a straight run along the side of the intake channelto a
gentle curve after the tee to an easterly direction under the dike roadway and into the
river. This will require on site fusion as the trench is being excavated to the water.

This installation is estimated to require 6-8 weeks with reasonable non winter weather and is
expected o cost about $75,000 for the fusion welding and $83,000 for the pipe installation on
land and $93,000 for the in water installation.

7.5 Fine Mesh Screen Installation

Detailed proposals were received by vendors which outlined the equipment costs but left the
instaliation costs up to FirstEnergy. It has been estimated that it would require 2-4 weeks to
install 2 screens. The external costs fo remove an existing screen and install a screen would
depend which screen was ‘selected as some screens require some modifications {o the screen
house structure and roof. More detailed installation costs can be estimated in the detailed
engineering phase when the screen vendor has been selected. At the very least a 160 ton
hydraulic crane will be required for 2-3 weeks which will cost about $25-35,000.
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8.0 PREDICTED MORTALITY ASSOCIATED WITH DIFFERENT COMPONENTS OF AN
INTEGRATED FISH PROTECTION SYSTEM

Predicted mortality for both entrainment and impingement associated with different components
of an integrated fish protection system is shown in Tables 9 and 10, respectively. These

- estimates are based on several assumptions some of which-are unknown since there is no -
OPEX to verify these mortalities. For example, while there are references on fish survival
passage through a fish pump and transport system (Patrick and Sim 1985, Rodgers and Patrick
1985, Helfrinch et al. 2007), there appears to be no data for entrainment organisms including
eggs and larval fish. These estimates are therefore based on Best Professional Judgment (BPJ)
concerning the technology as well as from discussions with other professional staff. These
estimates also assume all entrained organisms and fish are alive and heaithy prior to being
impinged or entrained. it also assumes that resuits from field studies will be similar to that found
in the lab (especially for iarvae).

ENTRAINMENT- The predicted overall mortality for larval fish and eggs associated with the
integrated system is 25%, or a survival rate of 75%. This estimate is based primarily on data
available from larval fish (not eggs), and is assumed that mortality for eggs is similar to that of
larval fish. Much of the information is also based on lab studies {e.g. survival), and large
differences in survival are éxpected for the different species entrained at Bay Shore (likely in the
range from 20 to 100%). .

The predicted results clearly indicate the importance of the fine mesh screens where most of
the mortality is expected to occur (20%). The fine mesh screen mortality estimate assumes
a dual flow system with no carryover. If camryover occurs, there likely will be additional
mortality associated with the screen design. Losses associated with a through-flow fine mesh
screen may add at a minimum, 10% or more mortality with passage of carryover on some
enfrainment events. For example, coliection efficiency in lab based tests for various flow-
through systems averaged 84% for all species for flows of 1 and 1.5 fps (i.e. 16% loss of larvae
which were not collected, EPR! 2009). The “uncollected” larval fish were atiributed to gaps
between panels, seals, efc: which is essentially “carryover”. Off-screen survival for impinged
eggs and larvae may still reach 80% for through-flow screens but losses will occur for entrained
organisms through or around the screens as “carryover”. Therefore, it is critical that dual flow
screens are considered at Bay Shore for entrainment survival. If not, survival rate would be
lower (and likely closer to the 60% OEPA guideline; i.e. estimated duat flow survival of 76%
minus 10% loss of carryover).

The 75% survival estimate with dual flow screens should meet OEPA’s guidelines, but will not
likely meet USEPA316b guidelines if cooling towers or equivalent (90%) are proposed in their
revised Rule. Other changes will also be required such as operational flow changes during the
“peak” periods when entrainment occurs.

IMPINGEMENT- The predicted overall mortality for juvenile and adult fish associated with the
integrated system is 11.5%, or a survival rate of 88.5%. This estimate is based on available
literature (e.g. Griffiths 1984, Patrick and McKinley 1987, EPRI 2001), BPJ and expected
performance of the louver array in diverting fish towards the fish pump and transport system
(Ager et al. 2011). It is likely a conservative estimate since it does not include any fish diversion
from the debris boom, or fish diverted by the fouver which may eventually back out the channel
fowards the river. The approach velocities are very low in the channel.

The mortality estimate assumes a dual flow system with no carryover. If carryover occurs, there
likely would be additional mortality but it would be considered insignificant. Since only 15% of
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the fish are expected to pass though the louver array towards the screens, differences in
mortality between through-flow and dual flow screen designs would not be expected to be large.
Therefore, it is not critical that dual flow screens are be considered at Bay Shore if a louver
array is in place for impingement survival.

Based on this analysis, an integrated fish diversion system consisting of the following
components is recommended for Bay Shore Power Plant:

Trash Diversion/Handling System
Reverse Louver Array

Fish Pump and Fish Return System
Fine Mesh Traveling Screens

PON-

It is likely not critical that dual flow screens are required to meet OEPA’s guidelines for

impingement mortality. However, a dual flow fine mesh screen is recommended to reduce
entrainment mortality.
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Table 9. Predicted Entrainment Losses (Mortality) Associated with Different Components
of an Integrated Fish Protection System at Bay Shore.

TECHNOLOGY CUMULATIVE - = CUMULATIVE
| COMPONENT - - MORTALITY (%}  SURVIVAL (%)
Debris Boom ' 0 0 100

MORTALITY (%)

Louver 25% larvae diverted 25 97.5
towards fish pump and
transport system (Ager et
al. 2011). Assume 10%
mortality (pump-5%, pipe
transpott- 5%)

Fine Mesh Screen 75% larvae pass though 17.5 82.5
(2 mm)* louvers towards
pumphouse.

Assume overall 20%
mortality (80% survival-
EPRI 2009) or 15%
mortality based on
expected % larvae x
expected mortality rate (75
x0.2).

Fish Pump Assume no carryover, and 21.25 78.75
75% pass from
screenhouse to pump.
Assume 5% mortality
associated with pumps or
3.75% mortality based on
expected % larvae x
expected mortality rate (75

x 0.05)
Fish Transport Assume 5% mortality 25 75
System associated with pipe

transport or 3.75%

mortality based on
expected % larvae x
expected mortality rate (75
x 0.05) ‘
*assumes dual flow with no carryover. If through-flow used, an additional loss of at least 10%

mortality associated with carryover (i.e. entrained), although off-screen survival may still be 80%.
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Table 10. Predicted Impingement Losses (Mortality) Associated with Different
Components of an Infegrated Fish Protection System at Bay Shore.

Louver 85% fish diverted towards 8.5 91.5
fish pump and transport
system. Assume 10%
mortality (pump-5%, pipe
transport- 5%)

Fine Mesh Screen 15% fish pass though 10 90
(2 mm)* louvers towards
pumphouse.

Assume overall 10%
mortality (90% survival-
Barrett 2008, Dunkirk 2000
or 1.5% mortality based on
% expected fish x expected
mortality (15 x 0.1).

Fish Pump Assume no carryover, and 10.75 89.25
15% pass from
screenhouse to pump.
Assume 5% mortality
associated with pumps.
0.75% mortality based on
% expected fish x expected
mortality (15 x 0.05)

Fish Transport Assume 5% mortality 11.5 88.5
System associated with pumps.
0.75% mortality based on
% expected fish x expected
mortality (15 x 0.05)

*assumes dual flow with no carryover. If through-flow used, some additional loss may occur with
carryover but is not expected to be significant since only 16% of the fish will likely enter the
screen house. The screen survival will likely still be 90%.
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9.0 REQUIREMENTS FOR THE PERMISSION TO INSTALL(PTI) APPLICAT!ON

The following is a list of the requirements for the application document for the permission
to install:

Complete Ohio EPA Form A Permit-to-Install/Plan Appi‘oval Application.
Compilete Ohio EPA Division of Surface Water Anti- Degradatnon Addendum.
Assemble Plans (prepared by others) into a package to be submitted to Chio
EPA. Plans are to include the following per OEPA Guidance for Section
316(b)Part Vil (F)(3) Site Specific Technology Plan:

a. A narrative description of the design and operation of all existing and
proppsed design and construction technologies!

b. An engineering estimate of the efficacy of the proposed and/or
implemented design and construction technologies.

c. A demonstration that the proposed and/or implemented design and
construction technologies achieve an efficacy that is as close as
practicabie to the applicabie performance standards.

d. Design and engineering calcuiations, drawings, and estimates prepared
by a qualified professional to support the elements of a Site-Specific
Technology Plan.

4. Relevant reports are:

*Modeling of Options to Address Entrainment and impmgement Reductions at Bay
Shore” Kinectrics Report No. 409025-001-RA-0001-R00, dated January 2010.

W=

“FirstEnergy Bay Shore Power Plant integrated Reversed Louver Fish Diversion System,
Concept Design Evaluation” Kinectrics Report No. K-409054-CDE-0001-R01, dated
March 18, 2011.

5. Coordinate questions regarding specifics of items 1-4 with First Energy,
Kinectrics, and the Ohio EPA.

6. Submit draft of items 1-3 to First Energy and Kinectrics by June 1, 2011 for
review and comment.

7. Submit Final of items 1-3 to Ohio EPA by July 1, 2011.
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Appendix 1: Existing Bottom Condition Profiles
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b2 7 EL 571.08)
SHEET PILING--. MMMMMMMMMMJMMLJM T -SHEET PILING
ow o a7 et
- _25
— — J— — _ — (_ _ DREDGE DEPTH
EL 556.65] EL.58655  EL 55375 gL 53375 ) : = EL, 5558
1557 (5,5 . 7.3 e CE186) -
EL. 546.06' fEL, 548 — 1954 DREDGE
25.0% - DEPTH EL, 544,00
ASSUMPTIONS LEGEND
1, DREDGE DEPTHS CONSTANT THROUGHOUT CHANNEL SOFT SEDMENT
2, DEEPEST BORTION (?F 1854 DREDGE DEPTH IS CENTERED YWTHIN CHANNEL
NOTE: HORIZONTAL SCALE 1S 40% OF VERTICAL SCALE FIRM BOTTOM
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Appendix 1 (Cont'd) .
Existing Bottom Condition Profiles

50 FEET FROM INTAKE
WEST EAST
WATER SURFACE
{EL, 571,05}
g HEET PLING
, g F3
EL. 568,05 EL. 568,08 e il
a0 v, (201 N .
- Et(- s e ssess EL. 587.25° ﬁ'{‘_f:g‘.,zﬁ-“- L. 581.05" —
2B s ot e e | DREDGE DEPTH
o e - g = EL, 555.6'
EL. B54.05 I~
[, +17.0% e
S B S TEL SMR05 ¢ Bl DS - —
i il WOORRR ol NI s N s | [ 1854 DREDGE
EL. S4L.0F = DEPTH EL, 544,00
24.07
LEGEND
1. DRETGE DEPTHS CONSTANT THROUGHOUT GHANNEL SOFT SERIMENT
3. DEEPEST PORTION OF 1854 DREDGE DEPTH IS GENTERED WITHIN CHANNEL o
=
NOTE; HORIZONTAL SCALE IS 40% OF VERTICAL SCALE FIRM BOTTOM
75 FEET FROM INTAKE
WEST EAST
210 -
__‘2'5-_.[__ WATER SURFACE
R PR A s
1 HEET PILING
Bt. 571057 EL. 57105  r
o | e 7
* Bl 56205 -
1. }582.05° EL.SSL05  EL, 857,28 —
o grsseog  (1A0)  (a8) .. DREDGEOEPTH
. o = ELSSSS
[ —
18, ‘
L. 55006 ¢ o') -
(% A 0Ky RO 5 - - S -
=t T .. N . = 1954 DREDGE
| — _ ‘ : =™  DEPTHEL. 544
ABSUMPTIONS ! LEGEND
1. DREDGE DEPTHS CONSTANT THROUGHOUT CHANNEL SOFT SEDIMENT
2 DEEREST PORTION OF 1954 DREDGE DEPTH IS CENTERED WITHRN CHANNEL A
NOTE: HORIZONTAL SCALE IS 40% OF VERTIGAL SCALE %—{! FIRM 2OTTOM
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Appendix 1 (Cont'd)
Existing Bottom Condition Profiles

100 FEET FROM INTAKE
wEST GAST
- et IATER SURFACE
Bl = T
1 SMEET PILING
BL 510,55 E
(0.69 7

EL, 5578
139

EL, 557.8°

M O O
i

— DREDGE DEFTH
EL. 5568
- g 1854 DREDGE
o e - DERTH EL. 5440
LEGEND
ASSUNMPTIONS §
1, OREDGE DEPTHS CONSTANT THROUGHOUT CHANNEL SOFT BECIMENT
2, DEEPEST PORTION OF 1854 DREDGE DERTH IS CENTERED WITHIN CHANNEL —
FIRM BOTTOM
NOTE; HORIZONTAL SCALE I8 40% OF VERTICAL SCALE 3

125 FEET FROM INTAKE
WEsT EAsT
28t
wmzs-——l WATER SURFACE
el (B 57O
1 SHEET PILING
EL 5708 — 7
©8) =
— . DREDGEOEPTH
T pLwsss
656 DREDGE
DEPTH EL, 5440
LEGEND -
ASSUMPTIONS "
1, DRECGE PEPTHS CONBTANT THAOUGHOUT CHANNEL SCFT SECITENT
%, DEEPEST #ORYIONOF 1954 DREGGE DEFYH IS CENTERED WETHIN GHANNEL, —
FIRM BOTTOM
NOTE: HORIZONTAL SCALE IS £0% OF VERTICAL SCALE o
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Appendix 1 (Cont'd)
Existing Bottom Condition Profiles

150 FEET FROM INTAKE
235"
I *——ﬂﬁ‘—i YWATER SURFAGE
T (kL 569.55)
SHEETPILING
EL. 569.55 EL. 58955 ,_4
B o 7
Ei] L
B DREGGE DEPTH
- - £t 5558
Lo 1954 DREDGE
P DERTH EL, 544.0°
LEGEND
ASEUMPTIONS SOFT SEDIMENT
1. DREDGE DEPTHS CONSTANT THROUGHOUT CHANNEL
2. DEEPEST PORTION OF 1962 DREUGE DEFTH IS CENTERED WITHIN CHANNEL —
FIRM SOTTOM
HOTE: HORIZONTAL SCALE I8 40% OF VERTICAL SCALE o
175 FEET FROM INTAKE
WEST EAST
Y S WATER SURFACE
(EL. 568.55)
HEET PILING
EL, 569,85 EL. 569,59' ol
0y [ 0 7
o, - "f
™,
“EL, 564,55 =
. (807 —
EL| 584:65%, .
607 - &, EL 558,08 —
e loua  DREOGE DEPTH
— e EL, 6556
1303 EL 55455 ] —
Mo R L -
1954 DREDGE
DEPTH EL. 544.0'
LEGEND
ASSUMPTIONS

1. DREDGE DEPTHS CONSTANT THROUGHOUT CHANNEL

2. DEEPEST PORTION OF 1854 DREDGE DEPTH IS CENTERED WITHIN CHANNEL

NOTE: HORIZONTAL SCALE IS 40% OF VERTICAL SCALE
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K
i-2\_| FIRM BOTTOM
:

nectrics Report No: K-409054-CDE-0001-R02

Page 74 of 110

TN




Appendix 1 (Conf'd)
Existing Bottom Condition Profiles

200 FEET FROM INTAKE
WEST EAST
180"

B L

WATER SURFACE
—-'7(1-1559‘55)
LUJJIIHHHHI‘%HIIHII%HIIHIIIIHIIi[IH!IHIIIII‘IHII%HI§§IIHI|1IIIH;IIIH%HI’{}/I SHEET PILING

EL, 560.55" Ei. 560.65'

0oy [ (0] AT @
£L, 567.05nELs 557.05" s
25 WS : -
1%.“.‘557 55 €L, 55?’@55 :
J— 557,55, a1 BST 5! Lo DREDGE DEPTH
W ,‘2.)“_ """m‘ .— £l 5558
o 1954 DREDGE
il DEPTH EL., 5448
LEGEND —
ASSUMPTIONS >
1. DREDGE DEPTHS CONSTANT THROUGHOUT CHANNEL | SOFT SEDIMENT
2, DEEPEST PORTION OF 1854 DREDGE DEPTH IS CENTERED WITHIN CHANNEL —
FIRM BOTTOM
NOTE: HORIZONTAL SCALE 15 40% OF VERTICAL SCALE =]
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Appendix 2: Hidrostal Specifications

PART 1 GENERAL

1.01 There shall be supplied as shown by the plans K-409054- GA~OOO1 wet pit screw
centrifugal submersible pumps specifically designed to pump live fish with a survivai rate not
less than 95%. The Enginéer and/or owner may at their discretion, request from the pump
manufacturer actual survival rate tests, conducted on different fish species.

1.02 QUALITY ASSURANCE

A. All pumping equipment furnished under this Section shall be of a design and
manufacture that has been used in similar applications and it shall be demonstrated to the
satisfaction of the Owner that the quality is equal to equipment made by that manufacturer
specifically named herein. Manufacturers shall provide evidence of at least five (5) installations
with contact names, in which the proposed pumps have provided satlsfactory performance for a
minimum of five (5) years in a similar application. No consideration will be given to an
individually sized pump that hasn't been commercially available for fifteen (15) years.

B. To insure a consistent high standard of quality, the manufacturer of this pumping
equipment shail comply with the requirements of the 1SO 9001 Quality System, and such
compliance shall be verified by an independent certification agency approved by the
International Organization for Standardization. Documentation shall be submitted for approval
showing compliance with this requirement, and the equipment will not be released for shipment
untii approved.

C. Unit responsibility. Screw centrifugal pump, complete with submersible motor, fast out
and lifting cable or pump base, and all other specified accessories and appurtenances shall be
furnished by the pump manufacturer to insure compatibility and integrity of the individual
components, and provide the specified warranty for all components.

D. The screw centrifugal pumps specified in this section shall be furnished by and be the
product of one manufacturer.

103 PERFORMANCE
A. The pumps shall be designed for continuous operation and will be operated continuously

under normal service. To minimize operation power costs, the hydrauilic efficiency shall be 70%
minimum, and must be guaranteed by the manufacturer.
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B. OPERATION CRITERIA

Flow [TDH [Max. [Pump [Brake Min. NominaliMax.
GPM FT Pump [Efficiency HP Shut-Off (Motor  Motor
RPM % Required TDH HF RPM
Design 4,000 25 500 70 36 50 60 580
Condition
Secondary 5,000 (30 570 70 54 64 50 580
Condition
C. PUMP CRITERIA
1. Minimum suction diameter 16"
2. Minimum discharge diameter 12"
3 Minimum non-compressible 8.375"
solids passage
PART 2 PRODUCTS
201 A PUMPS
1. Design
a. The basic design shall be a single-passage, clog-free pump, utilizing a screw-centrifugal

impeller. The overall pump design shall combine high efficiency, low required NPSH and a
large solid passage.
b. The hydraulic design of the impeller shall combine the action of a positive displacement
screw with the action of a single-vane centrifugal impeller to provide a single, non-bifurcated
flow stream with only gradual changes in flow direction.
1) The impeller vane shall be designed specifically for the fishing industry, to assure
efficient, damage and stress free live fish transportation. The impeller will be enclosed
with the proper vane leading edge to maintain the specified fish survival rate.
2) The impeller flange or impeller shall contain a spiral groove on the rear face so
that any solids in the pumped media are discharged from the space between the back
plate and the rear of the impeller.
c. In order to maintain optimum running clearances along the entire iength of the impeller
to maintain design hydraulic efficiencies, the geometry of the impeller vane and suction piece
shall be conical, so any axial adjustment of the impeller will cause the clearance between the
impeller and suction piece to change uniformly along the entire length of the impeller. Designs
incorporating curved, or combination curved/conical impeller and suction piece are not
acceptable because in such designs clearances cannot be adjusted uniformly over the full
length of the impeller.
d. Suction and discharge flanges shall be drilled to meet ANSI 125 Ib. bolting.
e. Sealing. All mating surfaces in pump casing and in motor housing shall be machined
and fitted with nitrile O-rings for watertight seal.
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2. Materials of Construction

a. Cast Iron Construction

1) The pump volute, back plate, and suction piece shall be of closed-grained cast
iron, ASTM A 48-CL30.

""" 2) --The impeller shall be of stainless steel, ASTM A 743, and shall be both statically
and dynamically balanced.
3) The suction piece or impeller shall be externally adjustab!e to compensate for
wear by means of shims or regulating screws so that the necessary running clearances
between the liner and impeiler can be maintained for optimum hydraulic efficiency.

B. SUBMERSIBLE MOTOR

1. Design
a. Motors shall be non~explos:on proof design.
b. The motors shall be of the submersible type, suitable for fu!|~|oad continuous operation

fully submerged in the pumped liquid of up to 65 foot depths. Motors shall be of the "air-filled"
type, to optimize efficiency, with stator and rotor housed in a watertzght chamber containing only
air. Motors of the "oil-filled" type, with stator and rotor immersed in oil.or motors which circulate
the pumped media through internal cooling media channels, ports, or jackets are not
acceptable.

c. Motor excess heat shall be dissipated directly from the exposed stator housing to
surrounding pump liquid for adequate motor cooling at any continuous power output up to and
including rated power in ambient of 40°C.

d. Motor stator windings and leads shali be insulated with moisture-resistant Class F
insulation for operation at temperatures up to 155 degrees Celsius.
e. Motors shall have the stator varnish applied by the "vacuum-pressure impregnation”

method to ensure thorough and complete varnish penetration. The stator shall be heat-shrink
fitted into the stator housing.
f. Motor cable-entry sealing assembly shall consist of the following five components to
ensure a positive, redundantly watertight seal:
1) The sealing components shall be mechanically isolated from cable strains by a
two-piece restraining clamp, which will securely grip the cable above the moisture-
sealing components and bear any mechanical forces applied to the cable.
2) The cable moisture seal shall consist of an elastomer grommet, prevented from
extruding past the cable by stainless-steel retaining washers on either side. The
grommet shail be compressed tightly against the cable outside diameter (and the entry
assembly inner diameter) by a screwed follower gland.
3) Each individual conductor shall be interrupted by a solid-copper isolation dam to
prevent wicking of moisture through the conductor strands.
4) The cable insulation shall be sealed by an epoxy poured into the cable entry and
totally encapsulating the stripped-back insulation and the individual copper dams. This
poured epoxy seal shall also function as a redundant seal for the cable outside diameter.
5) The cable free end shall be sealed from moisture-entry during shipping, storage,
and prior to connection to the control panel by a plastic sleeve securely clamped over
the cable end.

a. Motors which use only a compress-grommet gland, or only a poured epoxy seal, without
benefit of redundancy of both types together are not equal or acceptable.
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h. Shatft sealing shall be by independently-mounted, tandem mechanical seals coniained in
an oil chamber that is formed as an intrinsic part of the motor frame and allows the seals 1o be
completely submerged in and lubricated by the oil bath.
1) The mechanical seal nearest the bearing shall utilize carbon/ceramic faces, and
shall isolate the seal cooling ol from the motor frame.
2) The mechanical seal nearest the impeller shall be a stainless steel or rubber
bellows-type construction firmly attached to the rotating face and clamped to the shaft, to
prevent contaminants from contacting the stainiess-steel spring which loads the seal
face. The seal faces shall be a solid tungsten-carbide rotating face running against a
solid silicon-carbide stationary face. Seals with both faces of similar materials, or seals
with bonded, soldered, or converted face surfaces are not equal or acceptable.
3) The mechanical seal nearest the impeller shall be contained in a seal chamber
formed by the impeller flange and a recess cast into the motor frame. To prevent debris
from entering the chamber and to prolong the mechanical seal life, a flush port shall be
provided so that an optional external water flush can be supplied directly into the seal
chamber.
4) The mechanical seal nearest the impeller shall be isolated from contaminants in
the pumped media by a labyrinth-fit between the backside of the impeller and the back
plate, as well as by pump-out grooves cast into the impelier back shroud and into the
back plate, to minimize debris reaching the shaft seal.
5) Both inner and outer seals shall be dimensionally interchangeable with standard
off-the-shelf, inch-size, John Crane mechanical seals, or equal, to allow second-source
availability of seals from local distributors for emergency repairs.
i The thrust bearings shall be designed io take the full axial load of the impelier.
i Motors shall be submersible, 3 phases, 60 cycles, with HP, RPM, and voltage as follows:
60 HP, 600 RPM, 460 Volts

k. The submersible power and instrumentations cables shall be ft. long.
2. Protection Devices. The motor shall be provided with the following protection devices:
a. Two normally closed thermal sensors embedded in the stator windings, wired in series,

will open a protective circuit if winding temperature exceeds rated operating temperature.
These sensors automatically reset when winding temperature has cooled to a safe operating
femperature.

b. A conductivity probe to monitor the moisture content of the oit in the chamber between
the outer and the inner mechanical seals. The probe shall be wired to a separate protective
circuit, which, when connected to a conductivity-sensitive relay in the control panel, will trip an
alarm if moisture content of the oil indicates a failure of the outer mechanical seal. The pump
supplier shall supply the necessary monitor for each pump, to be installed in the MCC by the
contractor.

C. MOUNTING

Fast Out. The manufacturer shall provide a fast-out fixture which shall be permanently mounted
in the wet well as shown by the plans. The fixture shall cantilever the eniire pump volute and
motor from the volute discharge flange, providing an unobstructed sump floor under the pump;
The fixture shall include 90 degree cast-iron piping elbow fo connect to vertical piping, and shall
provide mounts for two galvanized steel rails of standard schedule 40 pipe (provided by others),
which will guide the pump into position. The pump shall be supported by a positive
metal-to-metal interlocking flange, which is additionally sealed by a leak proof nitrile rubber ring
pressed against the fixture flange by the weight of the pump.

KINECTRICS NORTH AMERICA CONFIDENTIAL Kinechics Report No: K-409054.CDE-0001-R02
Page 79 of 110



Anchor bolts. The contractor shall supply Stainless steel anchor boits as recommended by the
pump manufacturer.

Pump #iting: The pump manufacturer shall supply the necessary lifting device including
“shackles, chain, rope and eye grip for use with the customier's crane. 7 7

INTERNAL FINISH

The outside impeiler shroud and internal passage shall be polished smooth to protect fish from
discaling, eye and fins injury, etc.

The casing volute shall be ground smooth form any sharp surfaces and epoxy coated. The
suction cover shall also be machined smooth.

The fast out elbow internal passage shall be ground smooth form any sharp surfaces and epoxy
coated.
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Appendix 3: HDPE Pipe Water Flow Data
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48 INCH METRIC SCLAIRPIPE

VELOCITY, VELOCYYY HEAD AND HEAD LOSS / 1000 FEET; (HAZEN WILLYAMS FORMULAL)

DESICN STEESS =
COEFFICIENT G = 150 GONSTANT

800 PSI

bR 32.5 DR 26 PR 21
I.D.=44,302 I.D.=43.526 I.D.=42,616

FLOWS VEL VEL HP HD LOSS VEL VEL HD HD LOSS VEL VEL BED HD LOSS
USGPH FPS FEET §T/1000 FPS FEET PT/I000 FPS  FRERT  FT/1000
1000 8.2 G.TO 200 0.2 OO0 .00 0.2 000 0.00
20600 0.4 0.00 0.01 ¢.4 O.00 0.01 0.3  0.00 0.01
3000 0.6 ©.01 6.03 0.6 0.01 0.03 0.7 Q.01 0.03
4300 c.§ 0G0 0.04 0.8  0.01 0.05 0.9 0.0t .05
5000 1.0 G.02 0.07 el D02 G.07 1.1  8.62 0.08
7000 1.5 8.03 0.12 1.5 0.04 0. 14 L.& G.04 0.15
000 1.9 0.06 0.2¢ i.® 0.0 0.22 2.0 0.06 0.24
11000 2.3 0,08 0.23 2.4 0,09 G.31 Z.53  0.10 .35
13000 2.7 .11 0.3% 2.8 0.2 0:43 2,9 6.13 Q.47
15660 3.1 Q.15 0. 51 3.2 0.8 0.56 3.4 (.18 0.62
17000 3.5 Q.20 D.64 3.7  0.21 0.70 3.8  0.23 0.78
13000 4.0  0.23 0.7% 4.1 D26 C.86 4.3 0.29 0.96
21000 4.4 B30 0.95 4,3 032 L.G4 4.7 G.35 1.15
23000 &8 D.36 1,13 5.0 0.39 1.23 5.2 (.42 1,37
25000 5.2 0.43 331 Jh Q.46 1.43 5.6  0.50 1.59
29000 6.1 0.57 1.73 6.3 0.61 1.89 6.5  0.67 2.10
33000 6.9 OG.74 2.20 7.1 Q.80 2.40 7.5 0.87 2,66
37000 7.7 Q.93 2.72 8.0 L.00 2.56 8.4 1.0% 3.29
41000 8.6 1L.15 3.28 8.9 .23 3.58 9.3 1.34 3.9%
45000 9.4 1.38 3.80 2.7 l.48 4.28 10.2  l.61 4,73
50000 10.4 170 £.76 10.8 1.83 5.17 1.3 1.99 5.75
55000 11,5  2.06 5.66  1l.9 2.21 8.37 1244  Z.4] §.86
80000 12,5 2.45 6.65 13.0 2.63 7.25  13.6 2.87 8.06
$5000 13.6 287 7-71 14,1  3.0% 8.41 14,7 3.37 .35
70000 14,6 333 8.84 15.1 3.38 .65 15.8 3.81 10.72
78000 15,9 3.93 10.30¢  16.4 4.22 18,23 37.2  4.60 12.49
82000 17.1  4.57 11.8% 17.7 431 12.93  18.5 3.38 14.37
88000 8.4  5.27 13.51  19.0 5.6 la.76 19,9 6.17 16.38
1%.6 6.61 15,27  20.3 H.46 16.8% 21,2 7.04 i8.51

mnooh

THY HEAD LOSSES CAN BE CORRECIED FOR OTHER C VALUES BY MULTIPLYING THE BZAD LGSS 3Y THE PFOLLOWING CORBECIION FACTORS:

<
150
140
130

CORRECTION PACTOR

1.00
1.14
1.30

¢
120
110
100

CORRECTION FACIOR

1,51
1.77
.12
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42 INCH TIPS

SCLAIRPIPE

VELOCTTY, VELGCITY HEAD AND HEAD LOSS -/ 1000 FEET; (HAZEN WILLIAMS FORMULA})

BESIGR STRESS = 8O0 BSL
CORFFICIENT C = 130 CONSTANT
DR 32.5 DR 26 DR 21
I,D.=38.261 1.0.=38.576 I.D.=37.760
FLOWS VEL VEEL 80 4D LOSS VEL VEL Bb HD LOSS VEL VEL HD HD LOSS
useed FPS FEET FT/I000 FPS FRET FT/I000  FPS PEEY  FU/1000
800 6.2 G608 0.00 6.2 0.00 Q.00 0.2 0.00 0.00
1600 G.4 0,00 .01 0.6 .00 .02 0.5 0.00 Q.02
2800 6.6 0.1 .23 0.7 .01 0.03 0.7 G401 .05
3200 0.8 Q.01 0.05 G.8 Q.01 G.06 0.2 0.0l 0.6
A000 . 0,02 0.08 I,1 Q.02 06.09 .1 0.02 0.19
5600 1.5 0.03 0.15 .5 0.0 0.16 1.6  0.0% 0. 18
7100 1.8 0.08 0.24 2.6 0.06 0.26 2.1 0.7 0.2%
3800 2,3 D.02 0.34 2.4 C.0% 0.37 2.5 0.10 .41
10800 2.7 0.1l 0.43 2.8 0,12 0.47 2.8 0.13 0.53
12000 3.2 2.18 .61 3.3 0.17 0.66 L4 0.1 D.74
14000 T S« N 0.81 3.5 0.13 0.88 4.0 9,25 0.98
16600 4,2 0.28 1.03 d.4 0,30 1.13 4.6 .33 1.25
18000 5.8  0.36 1.29 5.0 0.38 1.40 5.2 Q.42 1.56
20000 5.3  0.46 1.56 5.5 Q.47 171 5.7 G.52 1.96
22000 5.8 D.53 1.87 6.1 G.57 2.03 8.3 0.82 2.2
25006 6uf  0.62 2.38 5.9 0.74 2.38 7.2 D81 Z.87
2800C 7.4 0.86 2,92 7.7 0.93 3.18 8.0 1L.01 3,53
31c00 8.2 1.06 3.52 8.5 l.14 3.85 8.9 l.24 4,27
34000 .0 1.27 4.18 9.4 1.37 4. 56 2.8 1.49 5. 06
37000 9.8 1.31 4.88  10.2  1.62 5.33  IC.6 1,77 5.92
41000 0.9 1.83 S.31  1l1.3 1.99 .44 11.8  2.17 7.16
45000 Hh.e 2,23 .02, 1244 . 240 T 12,8 . 2.61 .. 8.5L
43000 13.0  2.65 8.22 13.5 2.8% 2,96 l14.1  3.10 9,96
33000 lé.t  3.10 $.50 4.6 3.32 16,37 13.2  3.63 11,52
57008 15,1 3.58 10.87  15.7 3.85 11.86 16,4 &.18 13,18
§2000 15.5  4.24 12.71 17.1 4.55 13.86 7.8 4B 15.41
57000 17.8 4,95 14.87 18,4 5.31 16.00 13.3  5.79 17.7¢
72000 3.1 571 16.7% 15,8  6.1% 18.28  20.7  b.59 20.32
77000 0.4 6.53 18.98 21.2 7.02 20,70 2Z.1 7.85 23,01

THE HEAD LOSSES CAN BE CORRECTED FOR OTHER C VALUES BY MULTIPLYING THE HEAD LOSS BY THE FOLLOWING CORRECTION FACTORS:

c
150
140
130

CORRECTION FACIOR

1.0
1.14
1.30

[+
i
i10
Heil

CORRECTION FACLOR

1.51
1.77
2.12
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Appendix 4: Buried Pipe Iinstallation
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KWH PIPE Fage 17

HURIED PIPE INSTALLATION
Iniroduetion

Iy mevy Goptowe grade piping sppticatlon, e guality of the instalistion & oae of the key
faciars in the long-ferm: performansce of piping materals. In mary applisations SCLAIRPIRE
ofiers savers uniges quaiities thal can akd In sader and fasler installation, These qusiiies are
anhaneed by propar design considerations and Inslalialion procadures,

This secion offers 2 gulde 1o gond undarrouns) Inslaliation of SCLAIRPIRE ard shauld
serve i suppiement o specliving engnesr's knowlatge of focal conditions. Other guides o
below grade piging hsiaiiations are contabed in pubilsslions such az ASCEWPDF Manuals of
Pragtice nnd ABTM Standasdt D231 - *Steederd Pecommendsd Praction for Undsrground
Instaliation of Floxibie Tharmoplsstic Sewsr Pipe,”

Excovation uf Trench

The franch shauld ke dug 1o e reguirod allgnneont and depth shawn oy e santrasl
drawings, o 6e dirsstad by ihe stipsising enginesr, and oy se fa s advaacs of gee laying
a5 i perelie. The esoommanied trench opering for the installation of seatianous Bngthe ol
Pipa assembied shove the french is aboven in Tablo &, Whare apass ar grousd conditona do
net pereilt iy pdndrsane specilind trench openings, [olning and laying may e condusted n he
trench, using the feining maching or Bange connaclions. In special coses whers sench
sifewalls are sloped, shorter trenthes may be used, ,

__Tha Tlexibllity ang Bght welght of SCLAIRFIFE, tegether with s ability 12 ba thammally
Tused ilo long lorgites above ground, perel fhe use of indallstion teohniques whish are
differsnt trom- hase used for Byl plsiog reetadsly,

Juining e ppe abovs ground aliows the use ol narower trench witkths where ground
conditions peimlt. Slot trenches exbavated by :otery fronchears, back-hoas or bucket shovals

pre ideal, v o

FIGURE 8 « Tranch Exoavelion

A fitengs, service connections and similar work Tecatfons wiera I Is necengary 1o
dogsand Inlo tha trancl, the ireneh should be braced end diained so Hiat the constnetion orew
can work safely and afficlently s raquired by losst salety codes and reguintians,
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KivH PIPE
TARLE &
TRENGH OPENING FOR THE INSTALLATION OF JOINED LENGTHS
OF POLYETHYLENE PIPE
Wominal Pipa Size Dopth ol Tranch
{inches)

============;ﬁ:::m:::;m;::m::..‘mmm.‘.::.:mmmmmmmmmmm.’x;maxmm:::m::x‘:

3 5 7 9 11 13 15
W2 3 8 0 i 13 12 12 12
4 -« 8 ] 18 18 21 23 24 25
IR 7 by 25 28 30 3z 34
16 . 22 b4 & 3 as 3g 42 44
24 - 40 28 a5 43 4B 53 57 &1
42 .83 2% 46 54 a1 &7 73 79

NOTE: The vaiues in this teble are based on Instaflation conditlons at 73°F They are given as
& guide only, and are calculated Lsing the fargest pipe In aach group.

‘Trench Widiha

Einge flexible pipa has to support, st most, only the walght of {he “prism® or vortog!

eolumn of soit direetly ovar he pipe, the precaution of keoping the tranch as namow s
posalbie i pot the concarn that It s for a righd plpe which gan be subjected to the welght of the
sof breslde the priam 6y woll se he prism itssll With PE pipa, widanivg tha drench wilh

generally not cause a loading preatar than e prignt Ioad on the plpa. Tronch width In lirm,

sable niound 15 determined by the practical conslderation of altowing sulficiart mom far tho
propear propovation of tha iranch bottom and placement and compaction af the pipa

ambedmant materdslz, and the aeanomic sonskdoralion of fhe cosla of excavation and of

impartad smbadmend materials,
Tranch widih in firm, stakle ground will genenally be determined

the plpa sze and

compasling equipment used. The fohowing Bble ghves minimum terch wdth values, The

tranch witlty may meed 10 be incraasad mr he values in Table & to allow for sullitlent glearance
beiwaen the ranch sifewalls and the plpe for compaction equipmant. Typlcaly for larga

18" and larger), this required clonrancs wit vary from £2 40 18 inches., 1f o or
ald [rs tha same traneh, sulficlant space must be providad batwasn he pipes so
lx ingtallod by tronching or

be 7 sitice the trenching machine or

diametar pipe E
o plga ane
that em

adment maferfal can e compactad. Whan the
plougihirg, the trancky width may b laas Ihan that glven In

plough typleally shapas e franch boilom to provide approprigte haunching for the pipa.
TABLE 7 - Minimure Trench Width in Stablz Qround

Mominzl Pipe Side (in.)

3018
181042
48 s largar
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KWH FIPE Fage 19

Ground conditens may not permit sharp trangh profies i sardy, silty aesas. The frengh
walla may be sloped atan angle of 45 dogrens or the angle of regoss af the makeeyd, When
wide trenches are necessary, he in2ial bedding malarial shoukd be compastad I arder to
withstand the final earih banial load,

Preparation of Tranch Boltom

For pressyre syslems such ai walsrmaing, sewage forcemaing, or long distance
frangmissiar: lings, the accurate lsvelling of trench bottoms. is not esseniial unless specified in
fhe: drawing. For presoureless systams such a5 gravity deainage systems, e slope shauld be
graded as svenly as ifwoukl be lor other piping materdale.

Flat Tranch Botbun

Betkding I3 hot mecessary H the botiom of the trench iz feasonabiy smoath and etraight
ard the soil i5 essentlally free of rock. An undisturbed hotiom meeting thess requirements is
ideat. When tranch hottoms must be disturbed, they shuuid be compasted to a densily at least
aqual 1o e denslty of the swrounding bedding matedal, Large rogks, slones and bowlders
shotdd be rempved fo pravids a adndmen of 8 inches of 2lear bedding materdal on eash side of
and below ai pipe and acressades. Excavations beiow subyracle shoukd be led and levelled
with suilable materisl spptoved by the supevising englneer, Generally smooth stones no Jarger
than o incheg i any dimseasion gie acceplable ¥ mixed with sandy sofl or clay, Al slzes of
SCLAIRPIE will aceomediate themeelves to rench boitams that ate semowhat uneven, Sharg-
aigod rooks o hierd shule, howsver, o creale everstieszad areas n the pips wall which can
damays the pipe when 3 & backBlag. {see fgurs 10}

FIGUBE 14 - Flat Trench Bottem

Excavation In Shale and Loose Rocky Scll

To avold *point conlacts® whi Inose rock, ard o provide & unliom bed for the
polysthylens plpe 1o rast en, the treteh should ba excavaled af least slx inches daapar than
grada, The ronch bottorm shauld then be Nkad o arade with sslected filt approved by the
supervising englnaer, tamped 1o 90 per cant Standard Prostor Density or gremer, {(see
figure 11}
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FIGURE 11 - mproved Trench Bottony
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Excavation In Solld Rotk

Andriing should be preparad in the same manner as for "Excavatin In Shale and Looss
Rocky Sedl", In cases whers the excavalad Irench siopes sharply and graund watar flows
through |, the trench bottom should be filled with conrse crughed stoas {1 ingh minyus) and
compaciad fo 8¢ per cent Slandard Prociar Dansity or greater In arder (o help pravent the
washing oul of the bedding and the subsadaet aeifiement of the pipeling.,

Solls Reqquiring Special Treatment

Unstahle soils, aych ue wet clay and sandy solls with poor bearing strength, should ba
avecavated 4 10 B Inchoe deaper than spacifist for the plps invent. The trench bottom shoutd ba
refillod with salacted impaned or excavater meteriat {nrawed, srushed stone, 810 10 provide
uniform aupport for the palysthyfars pipe, a3 already discussad In this seclion, In unsiable
organis soils, where the ground water lable can cover tha pipa al ite Installed sfevation, axira
weight may be added o Impart nogatlve buoyancy to fhe pipe, I specifiad by the suparviatng
anpinear. The waights should be designad 1o nol sxeaed the boarlng sirengih of tha loundation
materigl,

Fiating the Pipe in the Tranch

Pipa and accessonad should be inspected for defects prior to thair iowsting Ints the
Teanch. Under no ¢lrcumstances chould they be dropped, dumpad ar mllad Into the trench, AH
Toralgn matiar of dirt must ba rempyad fram the imarior and ends of the pige and accessories
before fhey ars kweted info the position in ihe tranth. Pipe should be kept clean by means
approvad by the suservising anginesr balore, dudng and after laylng.

Pipa is usually Jolned above ground and taid out abova the right-af-way bistore or during
excavation. i may ba placed in the tronch an tha digging progresses, theraby keeping &
ralnimuen amesint of trench apen behind the digger. In spocial clroumstancas, the pipe iy be
prajoined into dangths of approximately 500 fael, stored In an assembly aron, and then pultsd to
Iha instaliation site. Tiwwe thay can be either thamally fussd or mechanically cotnected
Ingjathar.
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Pipe sizgs up (o 6 ir, romingt dismeter may be moved
manually Ina tha trench, Al arger plpe, fiings,
valvas, hydrards and secensorles should bo lowersd
carefully using suileble mobile equipaant I mssnar
Tha! will provent damage io pipe and fillags. Typioa
aguipment vsed e place pipe Into tha trench wauid
include back-hoes, cranes and telescoping litng
aquipment. For HRg long lengths of Jelred pipe, band
o mylon rope shinpe are mandatooy o minkmlze
damage 1o tha plpe. It Is ecommended thal sliags ba
used when handling pips of any length,

Assombly of Final Plpe Connestions:

Fused Joints

Plpe Lo be Joined i e frengl By thermal fusion showdd be ined [n the same manner
85 for pie julned ouislds the trench. Conswlt the “lolnlrg. Provadsre” saction for & more
delallnd dascrlplion of ihis presess, Lengths of glpe shoult be afiowad to ool 1o the amblan
soif lempeoratuce belore gny joining i3 seriormed.

Flangead Jolnts

Donnections to nisiat #ings, valves, tanks, purmps, ar othar ples matarials o
gensrally wade by Hings sssemblies, They may also be used: 1o connee! b of
polyelhylons pipe, where Resion 5 impractical,

Whare nesessary o siminme galvaniz correslon, kswalng steevas can be vsed o
sapatale the bolt from the mets slip-on Jange. Altermathvely, Bl polyetylens Hm "wbing
may e pulted over the Tange assemibly and ightly taped o the pipe on each siie with plastic
tape. The lengthis} of plpo to be connscled should ke mode longer atd sliowed 1o cool In
amblont soll lemporaturs balore making up the Jeink. The (e te be jelned most be propeily
aligned and, I ppgsible, irstalied o fl ong faee B0 compraadion aainst he other.

Under no ciroumstancos should the bolts be used 1o poll up the miating faces to ovancome
an evident gap or misalpreent. These brlted joints should be kdt exposad for a mintmum of &
hours and than rstightancd pror 1o pressurs tesitng.

Instaliation of Fitlngs ond Valves

All fittings should bs carefully Inspacted and clanned befars bsing sty lowered into
the {rench, Well compactesd {90 por oent Stardard Prostor Dansily or granten srshed stons or
graved should be applied in & k. Jayerm (exlanding 1o the tronch walls) .t & sibows, tees, wyes
and other fifings so that the Mlings s encased in stable badkiitl, The sompacied matarsl
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should extend a minimam distance of thrae pips diamatars beyond the ends of the filling unipss
the same compaction has bean speclfiad by the suparviging erginear for the rerrainder of the
plpaiing. |
All geared valvos, and any other valves designated, shioultt be set in masonry valve pits,
urlass otherwiso spacified by the supervising enginaer, The wrench nuta should e readily
atcsssabla (or eperafion through tha manhole ogening, Pits shauld be constructed in & mannay
that will parmit minar vake rapais and afiord protection for the pipe agsinst impact o
seilemant whare the pipe pasges through the pit walls, Castiron valve boxes should be Ry
supported piier ke haskiiling and compacted to the finished grade to prevent Hltng or tipplog.

Joints at Filtings and Stcuclures

Apiative movament between polyathyioneg pipe, itings and other rigld structuras should
ke prevented & Hanged joints. This may be done by elher: ansuring that tha salt beardng Y
pipe will provide equal, long-term support for the plpe and tha fiting; or by suppoating the fitting
and the length of pipe {suppor! equal to at Jeas five times tha length of the [ling) by means of
continueus lengituding! fimber(s) ar a concrete cradle contesad wunder the fiting.

Wiers polyeinylene pipe fs connecied 1o Manged plpys or itings Gived in a rigid
structre, such as a valve pit or manhols, & rainforsed concrale pag shauwld be powred under
ihs pipe and the fiange, and the pad connectad to the structure by meane of a reinlorGing rod.
This support ahould extand from the flanged joint: a minimum of ona pips diameler for plpe
Yargar then 12 i, nomioal; or A mdmimam of oao ft. for smallar plpe. In such cases, assembliss
simitar o thoae shown in ligures 13{) and 13{b) have proven to be effective in preventing
damags 1o e connaclldns. Allarnatively, In stadle, well compacted sofis where settlament is
unkikoly, a rotaining davite can be clamped to fne pipe embeddad in the wall. Where
SOLAIRPIPE axtends trough 8 wall, 88 in 4 manhala for example, srchor assemblies similar
e figure 13{e) showd be used to aveld movermant of the pipe through the wall,

FIGURE 13 - Buried Connactions to Rigld Strustures

132) SCLAMPMPE HIGH-DENSITY
POLYETHYLENE PIPE

RUBRER PASDING TO HOLD

WRAP ARDUND PIFE
SADDLE FASTENED TO
CONGRETE

ey e P CIERBRANY,

MM
F BT SR

Sl e

WELL-COMPACTED BACKFILL
OR LINDISTURBED GROUNG
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FIGLIRE 13 - Buried Connections to Righd Structures (cont'd)
1363

SNUG-FIT 3TEEL IWCLAMPS

WITH RUBGER PAGDING Y0 R0LD
PLRE, RUBBER PADDING T3

EXTEND BEYORD DONCRETE S400LE

SCLAIRPIPE /@ Siwis
HIGH-DENSITY R et
YAt i
o
e

POLYETHYLENE PIPE

WELL-CONPACTED BACKFILL
Gi UNDISTURBED GROUND

%6

ANGHORING COLLAR [NOT WATERTIGHT]

18" RED RUBSIER

GR NEOPAENE - GROET

INPLADE

ﬁ-)" ;r,ﬁi'r-
BTEEL WRAPCLA i,
ABGUND CLANES S0

%)

RS FL W-,‘ffq o

e
WELL-COMPACTED BACKFILL

NOTE: For methods of watertight eniry (o 2 segnhole oo Tawee 24 (P, 34)
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Seotting of Hydrams

Hydrants should ba mspeciad, lowarsd intz ihe trench ang joinad 1o SCLAIMPIPE as
epacified In the pracading sectisns, Boaring pads ahculd bo provided os detaliod In fgiee 14,
Where required e bared! draln shiguld be clear for adoquate drainags, Hydeants should be
pasitianed 1o provide carhplets aocenslbliity while minimizing the possibility of damags from
wahitles ar Injury 19 padeatriane, Al hydrants should be independently supparied prior o
bagkiiting o ensure ihal excessive tovouing ar bending stressses are not placed on tha lange
connections and that the hydrants contite te stand plumb, Each hydrant should ba connectad
1o the main and contrallad by an independent gate vatvg unless alhenvize spacified by the
supervising engineer.

FIGURE 14 - Hydrant Connaction

=%r'
SELY

Prassurs Tasting of SCLAIRPIPE

Prasswa tastlag with alr s not rapommaended for SCLAIRBIPE high density
poiysthylons plpa under any oroumstances, Watsr 1S tha racameanded presswre medium
Tor ihe gressung feoting uf SCLAIRPIPE piping systems. Testing can be done befoere ar alter tha
pipa is in the tranch. [f the pipe must bo bacidiiled bafons It 18 tested, he mechanical olnts
ghondd ba left open for visual inspection durlng testing,

Bagic Pracedure for Pressure Jesting

When pressuized, SCLAIRPIPE axtialts a ralatively rapid rale of initi! deformation {i.e.
rollceable radial expansion], foliowsd by o slowar, mare conglant rate of deformation vith time.
As the pipe expands, the progssurn decroases and more witer must be pumped Into the syslom
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b mmaklain the presaurs, IF o leak exists in the syslem, the amourd of water waouited to
rreintain the gressure will be oungideratly more than this pro-defeerinad smount of rake-up
water. The pressung Yest invelves pressurizing the plpe and atding raake-un watar untif e gips
hag reached is Initial deformation. This level of delomation Is ustally aisined alter @ to 4 hoyrs
apending oo the size of ke pipe. it s chameterzed by a nolcastie reduction in e amown: of
rrvalce-p witter requised to retumn the plplng system 1o the et preasuea, s at ks fime that
the aclual test period begins. Ha duration can be 1 1o 3 hours, AL fhw e of the test petiod, &
mizgasurad amount of meke-up watsr showld ba added Lo retum the ple 1 Te tost essure.
“Thes amount of make-up water should not sxceed the allowanon. ghvern i Table 8,

The amaint af sxpansion Eking plece during the pressurs testing of SCLAIRPIEE is
also depandent gn the igmparatuss of the pipe during lesting, The temperature of the pipa Gan
be takan a5 an average of the fempemiuns of the waler pumpad Inte the ipe and tha
temperzium of the emply pips Immedislely before festing (ambient 2ir tamparatuse), When
testing lhe pipes ot temperatirey helow 73.4°F, the amount of make-up wsater shown in Table 8
shalid he multipliad by the sppropdate comeciion fastor takon from figure 15,

FGURE 15 - Comecilon Factor for Pressurs Testing

CORTLCTHRE FARTdR
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TABLE 8
ALLOWANCE FOR EXPANSION UNDER TEST PRESSURE®

Allowange for Expansior [5.8. gat per 180 It. of pips] at 73.4°F

Mominad T oy 2 hour 3 hour
Ple Tast Tost Tast
Eize {in.}
3 0.1y 015 .25
4 313 8,25 04
6 0.5 0.8 0.9
5 0.5 1.9 1.8
{0 0.7 1.3 a4
H 1.0 20 i
12 1.1 2.3 34
14 14 a7 4.2
14 27 32 50
18 22 4.3 a5
24 27 5.5 an
25 35 7.8 1035
24 4.8 8.8 133
28 5.5 1.4 187
32 70 143 25
a6 20 18.0 ae
40 1.0 220 30
42 128 25.0 ars
48 180 32.0 ABG
54 205 4.5 2.0
63 284 B3O 86.0

“Those aflewansces rsfar b the actus Test Perlad,
Tosting Duistdo te Thansh

H agreed to by the sUparvising anginear; srosatite leating: with water ean ba éontlucied
altor jolning ks camplele, belore faying the pipe Inte thé tranch, The pipe should b sibiacted
10 & masdmem hydrastatio tast presaure of 1.5 imes the mied pressura of the gipo (1.5 X e
Standard Pragsure Hating as oblaTmad from Table 9] for 4 maximum garod of 3 hours. Tha
pipa can ba naintalred of the “Tost Pressure™ by the poriedio addition of make-up water,

As the lnas prassure-tightness is determined by visual examination, it Is not hecessary
{0 onlibrale the make-up veater for the fofial stratching of tha plpa. The fused joints shoulld Bs
examined for leakege and any Joints showlng leakage must be ramoved from the plpeline. The
pipe should then be rejoined, and the system taleslad,

NOTE: It Is tha rospongibiilly of the Contrasior io ensure that nommal salely pracautians Bre
ahsarvad tor ahave ground hydrostefic pressura tasts,
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TABLE 8
STANDARD PRESSURE BATHNG
Hydioaiglin Standard Pressurs Aaling (DR)
Design [peig & 75.4°F|
Ensin

r

338 26 21 17 155 135 © 8 74 63

solipsl &0 & 80 100 110 128 160 210 250 300

Preasure 1esting in the Trench ‘

Adter she pipeling has been faid It can ke Mled wils water snd subjected te a hydrosiatic
pressure test, The *Test Prageura” should be 50 par cont greater an e rated pressurs of the
plpe at the lowest slevation of the system for a parficular pressure rating of pipe. When in
thir apinion of the supobaing anginasr, locel condiiges requite the the renches be bookfiled
imimadiately aiter the plpe has beon fald, the pressie taet reay commence; after e Backiling
has hoen complated and at leas! 7 dayg aller the luat concrate bearing pad has been cast,

The test procacire cohslels of two sleps: the initial expansion phase and tha best
perlad. in prdor te accomoiate e inilial expansion of the pipe under test, sulliclent make-up
weler is addad to the systers af hourdy intervals, relursing the piping systom ta the Tost
Pressure. This rapressuvizalion |s rapeated 3 Imes afior the priginal pressurdzation of the pipe.
After {he completion of the initie] expangion phase, feg. 3 houts after indialy pressurizing the
piplg syslam under losl] e acluel lus! peried will begin, The Tast Pariod must not exceed 3
hours, Aller this Teat Parind, & megsured ahsount of make-s weader shoxild bo added to return
{bver piing symten b Ko Tagk Presiun. The aroeard of make-up waler should not suteed the
aflowanan givery In Table 6§,

NOTE:Ander o circwmsiances should the total time ander test axcsed sight (8) las st 1.8
times the pragsure afing, IF the test is not complated dua fo lpakage, squipmant fallure or any
athe reasen within thig tme perded, the 125t socller shouid b pomitied $o *rolax® for an
additfonal efght hour perind prier fo starting the next festing seguencs.

Backfiting and Tamping

The backfliing should bo camiad o auending b ons of the ollowing methods: with
reforencoe o one of the following sub-Beclions; ae requizad by the dmwings; or a5 ofiessise
spectied by the suparvishg anginaar. The g refsrad to throughout this section are thoss
shown in Flgure 16,
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FIGURE 16 - Boskiilling and Tamping

T .,ﬁt’ 5

FINIEHED GRADE

P
S
e e SINANL BACGKFILY

L5 4T,

HNITIAL BACKFILL

T HAUNCHING

7T seooe
MAY HOT BE REQUIRED
—— FOUNDATION

Unless olhordise specified by the supenvlsing engineer, the “Haunching” and “initiaf
Backill® shauld ba edmpleted prior W0 the {sakage tast, with the remainder of the backil
compated] after the completion of & satisfactary test. In &ll cases the Haunching and Intial
Buckil material must he placsr and compacted to provide suppart as specitied by the
spervising enginear. :

Tha partioular maberial uaed for backliling will vary assarding to local conditions, the
iype of appiicatian and the specitic requirements of the suparisiag snginesr. In general, thioe
typos of backfill matarlal heve baen found scceptable lor the stelation of SCLAIRPIPE. Full
retads on theas bedding maferials can b found In thesa basle eaference works | {1) WPGF -
‘Manual of Practica™ #F0-5; {2) “Standerd Handbeok of Plant Engingedng®, MeQraw-+il ino.;
{3} ASTM D2z21, “Underground Instafiation of Flexible Tharmoplastic Sewar Plpe®; (4) PRI
No.TR31, “Undargzound Instalistion of Polyolatin Pipg",

The folknwing includes a aumber of procass materials and soil classiticatinng Ysted
under the "Unifted Sodl Classification System.”

CLASS | - Angular 14 in. 16 1-1/2 in. gratiad slans, inctuding a mumbar of matedals thal may
be avaliable lacally sitch as coral crushed slag, crushed stona and crushad shalls,

CLASS Il - Coarse sands and gravels having & 1-1/2 in. maximum patiicle size, irgigding
variously graded sands and gravels conlaining smali percentagas of finas, gonetally grarular
and ron-coheslve, olinar wet or dry. Soil types GW, GP, SW ant SP ara Includad In thls class,

CLASS I - Fina sands and clay gravels, lncluding fine sands; sand-clay and gravael-olay
mixtures, Soll types GM, GC, SM and SC are included In this clags.
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Heunching andd nitlel Baokil

Tha requirsgnts for Hrunching wad Initlel Backiil using Olass ¥, Clase § and Glass 1l
materials are given it ASTH D2321, The spetilic compacifan regulrsments may vary from job
to job bt in general, Haunching and Inltist Backfill should be osmpacled to 8¢ percent
Standare Procioy Denshy as detarmined by the *Amerdesn Aserciabion of State Highway
Otfiglats Method: T85% [a canain ron-edtical applications, & lower fevel of compaction can be
sperifind by the superdsing engimaer, Compaction should be caried out In & In, bayers unfit the
top of the pine Iz reachad, Compantion direclly over the ppe should be avolded with less than
ons fant of cover on lop of 1he pipe,

FIGURE 17 - Haunching Small Diamater Pipe

Final Backifi!

Final bckBE to finlshed grade may be excavated materal or olher spll, This matorint
must ba vnirozet, frae lrom woitds, lumps of ey, Stones and bouldars over B I, in ol isnoest
diamata, In il cases (he superlsiog enginser should judge the sullshity of (he materst fne
use as backl Under cenaln condiflons, e type of fosl backil maleral may be inpotant i
the design of tha plofiy systers and methods for appiyiog the Iniflal BxokRll ehould apply

Flnal Backiiif Gader Foady

“renohes in e dght of way of & road shoultt e beckied fo fnlshed grade wilk as
approved grannuiar setferat o 8 eompacian of B30 peroont Stendard Pocke, of o &
compaton deamity spociled by the aupervising enginger,

MOTE: Whera The pine crosses & rond or S8 of way, The copovdsing snginest shoit sonsider
e uss of & culver of easlng lor easler accessabiiily 1o the pipating {eg. removing the pips
from the culvort to chares pipe sizo),
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g Tranch

A
S

FIGURE 18 « Multiple Pipes In

Two or Mora Plpes In a Common Trench

in tha case of indiiple plpes in fhe some ench, the requlrements praviously cublined
apply in 8l cazes, Care must be faken in the spacihg of plpes to pow for Tull and adaguate
cempaction of the Haunshing and Initial backidl, around each glpa, using corwentional
compaction sauipment, 33 shown In Figure 19, The stipervising enginear should examing each
pesticular application to decide whether an embankment condition appiies wihen deslgning &

suppart for the soll arcund the plps.
FiBsLRE 19 - Twe or More Pipes in s Common Trenich
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SURFAGE INSTALLATION
Intreduction

Although for practival snd tradifonal reacons mesk pinslines are instalied balow ground,
somatimes dor & nurmber of reasens, an above ground insialiation could ba a batter cheige, An
dhave pround instalistion may be necessary becauss of environmental or othar factes (e.g. an
ahzasive slusry ling requirlng perodle rotalion; ansas of diffeult nealton ik uastable gisund
a5 in begs gr permalrost; of arens whers excavation 1s Impractcal as in aress of solid ook
Surlace Installations alst ponmst eagy seoess 1o he pipeline in e evaat of line locksge and
can simplify fine relocallan (2.4. relosation of tallings, dradging end temmoany water supply
lines)

Surface Preparation

Tha propasad pipeling soute should be carsfully surveyed to ensize thal proper grading
can ba achievad and {hat the pipe Wil nol be bent to greater extent than s minmum Dending
radius, althet horzanialy or vertically. }

Tha plpe bed ehowid net be lecated diraclly adjsent to 5 roadway whare Il eould be
damagad by pasalng iraffiz or enowpiows. The pips bad showld ba constructed I 8 manner
similar to that usad in constnefng an unpaved secatdany mad, The bed shawld be formed in
{ayars, naol compactad to 90 percent Standard Prador Densiy, to suppost the walghl of tha
plpe and finstad trafic Alarg the jop of the bad, The aldes of the bed should ba covensd with
“ip-sag®™ ar & winimum of 2 i, graved o crushad rock to preveat orosion, {san Figure 803

FIGURE 20 - Typles! Pile Bed

——5FT, ORLARGER
j CORPALTED
FIHE BEDDING

COMPALTED
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=" HERVY GRAVEL
ORGRUSHED

: a4 :
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It the plpe bad uns slose fo a walorcourse, It should o pralacted Wit larpe Yigrap™ or
sanchcemel] bags. Where I crogses o walercouss, the bed should b pariorated with culvens
of sultable dimengions; with the enfrances protacied soalns! sroslon,

The dimangions and slops of the bod dapend on local gonditions. tn most giuations, an
adaquats Yop widih should ba allowed dor both stabiily and access to the pipaline and to
acetmodate its thevmal sxpansion or contraciion. The surface of the bed should be compacted
smoothly so that the pipaline is continususly supparted, Shap rucks must be removed lo avoid
point loading on the pipe should plps eovament agete,

FHAURE 21 « Typleal Surfase instaliatioh

Mindmum Permanent Bending Fadius

BCLAAPIPE becnuse of ks Nexlbility, ean ba fleld bent during instatiation, olten
eliminaling the need for bends of 46 dagroes or lasa, Swespiag directionat changes farger than
45 degress car also b made but minfotn beeding radd mus! be observed,

Table 10 glves mullipliars for caleutating fa sinimum parmanent banding ragil for
SCLAIRPIPE in both prosetire and non-pisssure service. The minimum parmanent bandlng
ragggd l(in Inches] (s equal 4o the nomisal plpe diameler Gn Inches) tmes the approprate
1y 7.

TABLE 1D
MULTIPLIERS FOR MIBIMUM BENDING RADH

Application MultipHer
Fregaure Pipe 54
Mon-Pressure Plpe 35

Wharg space will nol poanit the use of the eninlmum hending radius. standard Fabrlcated
polyethylane Nflings: sliouskd be usad,
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Connectiony o Fillings and Strushres

£z n conneplions mads in buded Instalatons, retative movemen batwaen the
nolyethylene pipe, filings and other fgid stractures should ba prevented ol lenged jnints,
Flease tefor o the ffiowlng seclicns in the BURIED INSTALLATION shapler of thls dosument
for more specliic information on assembly and connectiens to gt structures for surfane
Insizliations: “Aseambly of Fing Pipe Connections” *Instaliation of Filngs vl Valves"; “Joinls
al Filtfmess snd Stuctures®,

Therg are some spoecial mnmdmaﬂmm however, far swrifeoe piping systoms, When
fitings wre inclgliad on tha surfaos, you mist pravent potential movement by ancuting thal the
haunshing iz firmly compeadtad honaatn the pips and Hitings. Where bearing strength of the sol
is iadeguate fo suppor heawy figings, valvas or chisiers of iimgs. concrels baaring pads,
targe grqugh i arga fo peovide 2 slable supoon, shoudd be uged,

‘ Where polysihidene pipe iz 1o e connegled. fo Hanged [:&Epﬁ or 1o fitings fxed in a rigld
: siretare, a reinforced-concrede pad should be poured wunder the pipe 2rd tha llangs and the
pad should be conkedled 1o fhe sfuciure by means of 4 reinfodng ted. This connection is
fuite sloaliar (o the ones discsased In the BURIED INSTALLATION chapler, For delalls on the
i diftersnoes in connestions between buried and surface Inslaliatiens cpmpare Figure 13 {Burad)
with Figura B2 (Scrdaee). Alemaively i sinble wel-eompacted solls whara selfament is
. unlikely, a retalnlng device should be welded ko the pipe embatided in fhe wall, Figuse 23
deseribas same of ific sevaral methods that have been used i provids a walarkight anky
at r manholg.

FIGUAE 22 - Surfane Conmmelions ta Rigid Strusiures

RIGHE INTEGRAL PAAT
Of STRUCTURE \

SRUG-PT STEEL U-ULAMPE
WitH AUBSEN PADDING YO
HULD PIPE

WELL COMPACTED BACKFILL PO =S
OR UNDISTURBED GROUND B0LT ACCESSIBILITY
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FIGURE 23 - Melhods of Watertight Enkry at a Manhole

23 a) 23 b)
MODUléAsHEAL
NG OR CASIN
g:.g!l'-iﬂ {LE. LINKBEAL}

APERTURE

el

EXPANDABLE ' coumis
INTERNAL i
BAND

0 BOOT
fl.e. KORN-SEAL)

23¢) . 234

ED f WATERSTOR
AED RUBBE ’ warens

N WATERSTOP!
%Y RETAINING COLLAR
7 {ON FIPE BURFACE)

iR —

]
FLEXIBLE "' SLIP-ON"
CONCAETE MARHOLE
ADAPTER

Tharmal Effects

SCLAIRPMIPE high danslty poyathylens pipe has a relatively high cosficient of ingar
&xpansion when comparat 10 stenl pipg. Taken by Haslf, this tastar mighl cause concern abaut
longitudingl stresses in the piping systom. Howaver, tharg are othar factors affselting the
axparsion facter, One facter is thal SCLAYRPIPE has a relatively low mudulus of slastoly,
Another fastar Is thai stress relaxation scours in most typleat instaalians, rapldly i fiest, and
fhan more gradually,
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As a rosull, although tharnad expamslon thouki be & considerstion [t the deaign and
construstion of & SOLMRPIPE piping system, genstally, no special provedures are required,
Day-fo-clay varjalions In ambisnt gir lemperalures wi cause unrestrained SCLAIRPIPE to
conract or expand. During Irstalialion, when Iha pios is emply, hig affect la meorg pronounced
snd must be: aken Into acoount when jeining pre-determined Jengths of pipe. During nermal
oparation, movaiment of the pipe i5 ganarally much lower becauss of the relatively constant
{emparature of the Huid in he plpsline.

Tha coofflcient of thermal sxpanslon lor SCLAIRPIPE high dersity palvethyiene pipe i
anproximataly 0.7 InOD L per gegres F Atcordingly, 100 %, of uprestialned SCLAIBPIPE
pan shrirk o gapand longifedinglly about 1.0, for every 10°F change In tempeamiure,
Bocalss BCLAINFIPE axhibils a lower moduius of elasticity (apparent modules) as temparad
to 1igld or sonvantional pipe, the strassas Intueed in e gipe when restraired, and the jonoe
transterted 16 the restisbilng deidce arg raletively Iow. Ag a result, the pipaline is normally
eilowetd tp move [aterelly as femperatures shangs. Tho plpe is restrained ony by areas whare
pipe mavement is Hkely to causn damage 10 ploe e, to attached of surttumding etraciures, ar
maka access e the sight of way diflioult,

Latetal Movemernd

The pipe, when [eid on a prepared bed, smay be allowed 1o move latoraly, Normally S
pipe should be anchored at Intervale along Hs length allowing the pipe to deflact kxtaatly
bebwaen the anchors, (see Figure 24} This method |s the simplest where sdoguate space on
e b Is avallable {6 accomodals this deflection, On nomal slralght wurs, the specing of the
anchors depends an the allowahle Bteral displasement erd the degree of curvalure of the
plpaiing. The Intaral displacement depends an fhe exparted lemperaturs changs, F the pipeling
is Inslalled iy mid-simmer, e dispianemeant wil be the lzmes); as the tempsrature drops, the
dispiacement wilf decrezze as the pipe contraois.

FIGURE 24 - Lataral Seffsction Due fo Thermal Movemant

SCLARPIPE

PIPE ANCHDR
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Whare the pips dlameter is small In relation to the length between anchors, the amaun?
of lateral daflaction can be caloulated as follows:

Whaors -

TABLE 11

Tamperature
Ghange

AW ™ B#L‘\} AT

Aw = Wlem! deflestion of the pips )

L = langth of pipe belween anchors (L)
AT = {ermpersture varalion (°F}
B = coeflicient for consistancy In units
{8 w Q0067 {lor it and *Fi}

LATERAL DEFLECTION OF ANCHORED PIPE

Anchor Bpacing

{°F

% 50

v

{Faat)

20
40
Bl
BO

B75 1.50
110 210
1.30 280
1.50 a.00

220
3.20
aso
4.50

NOTE: Thess datlectivns are theorefioal maxintums; actual defiestians wilt ganerally be less
due Lo the plpe's stiffness and 1he frictlon betwaan the pipa and e ground,
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This relationship can bie used to calewlade both sxpansion and contraction. f fhe pipe i
instetied al the warmest tme of year, | ean be defiscied during instaltation In such & wagt ity
when the temperature draps the deflaclion will decrease, Tho cauation can alse be veed t
calouiate, for varlous anchor spasings, the amount of deflection that wif acewr a6 the pigeline
expands at warmer famperaturas, ,

itls not necessary @ provids for & gingle bend belvaen anckers, The defieclion may be
achieved by “snaling” the pipe so et 1he sum of the individus! defecfions is aquivalert 1o the
Aw, above, Hewewar, o should be taken not 1o exoeed the minkvwen bending radius, Anchors
should by used on shisn betnds {0 prevent all pipe movarant from gonsertraling in this area.
Slmilarly, anchars shouef be used to pravent the pipe from moving up sgeinet an existing
stractude or reek gifdcrag, o from moving fsell off the plpe bed: or taslie,

Longitusdingl Movement

When latsral deflsction |s unaccaptable, hamally induced maverment may be
awbmadaled by several types of sliding joints. Bacstse of (dolion the actual amount of
mavement will be less thar thaf calcufated using the coeflicient of hermal axpansion ad
seniravtion, However, iz coefficlent calculalion will provide sxpensien langth that can b Lsed
for the design of e shiding jofnt.

Whien the tength of the pipe s leng in relation to the pipe dismater (In exeess of 100 13,
it may be necessary to restraln the pipeline dxterally b ensure ot the tharmal movament is
taken up by the stiding foint and not By snaking. This can be accomplished by Instafing guide
posts or hoops af approximataly 10 ft. intervals for pips sizas up to 121, dameter, or 8120 1t
intervals for all targer sizes. Alemetively, the pipe can be placad b & weeodan tough to reducs
friction,

Gravity siding joints can bs Fabricated on-gite, Por ez, 1 may be feasibl o
accomodale thermal movesmnt by Blowing the ploe 1o slide I one side of 8 drop box or
marthole as showr i fipure 26,

FIGURE 25 - Siitding Connestion of g Manhole

RELARMIRE
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Restrained Plpelines

The forees davetopsd in SCLARPIPE high densly poyothylens pipe dee 10 chongas In
lerperatutes gre vory w when ompared 1o metal plpe, & Is often {easibla 10 restraln or
parfially restealn the pipe In lovations whare itwill be subject 1o temperature chiangas. The
method Hogd 1 restrain e plpaling will vary ascorting to the lamparature changs expacied,
tha steepngss of $1o pipeline gradus and the soll upon which the plpaline is taid. Design of the
pipe reslraints and caleulation of the aliowatde loads imposad on (ham should B2 lafl to the
engineer designing the piply system, Por additonal intormation or fechnical assistance on
plping system dasign, plesse contast your KW Plpa roprasantative.

Probably the most comman and mosl cost-affactive methad of anchoring or restaining
the pipeline s a stratagically placad plle of soll, or a conlinuous berm, A berm also offars other
advantagss: bt wili reduce ths lompsrature variationa In the pipelineg; minimizes the occurence of
freaze-up avon in cazes whats the frast pansdration in the berm reachos the leve) of the
pipaling; and alse provides pratection agalnst damage,

‘The helght ang dimetisions of the berm or embankment will vary with the purposs givan
to lLand the nalura of the matardsl ussd to conatrut it. # is always recommended that the pipe

tie placad on a well compasiad boltom iayer, Afso, Be matorial supporting the pips Beraiy
should be compaeted in a manner siilar to thal for a burked Instaliation. (see Figure 26)

FIGUAE 28 - Typical Barm or Embankment
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in zreas whee solf sover is minimal, or for instaliations dirsclly an reck surfacss, 8
cradie support with spociaily designad mek anchoss can be used. (see figers 28)

FIGURE 28 - Anehoting: Bystem for Bock Installadion

TWO FIECE STEEL CLAMP WITH
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Crst in place o7 bolban Somorete ocks &9 a simple, but sormewhal exponsive, aliermativa of
restplining thie pips In arcas of unstabls soll {see figures 22 end 300, Whiere the bolkon anchors
or bands zre usad, thelr width sheald be 2t lenst a8 large as the outsida diameter of tha pipe
ani may. B some cotos, retuls & rubder Blanket belween the ancher and the dlpe,

FIGURE 28 FIGLAE 30
Cagbin-Place Concrate Block Bolt-on Coacrele Block
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Avery efective and often used way of anchoring the pipe is the use of wooden sinepars and
sirapping {aee figuras 31 and 32). In effett the stee! sirapping acls as a rellaf mechanism
beoause of their tendency 10 break loose it the fateral loads reach unusually high levals. This
malhod i not designed 1o restraln tongltudingt moveman) of the pipoling,

FIGURE 3% FIGURE 32
Bolt-on Woodan Blocks Wondan Sleapar and $trapping
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Menhardzal restrainis can Also be uzed for tresfie or ridge cmasing applications.
Anchiote ger be placed af the ends of g pipaline or at intormedide poinds, Those placad on the
plpalive ands shauld restrain both Jongituding! and Smaral movement, Normnally those st
intermadiate points are designed primarily 1o reslraln lateral movemeant. Pootly deslgnad
Anshars may themeaives become the source of future problems. Accondingly, thay should bo
designad to eliminate “stress risers” and they must be firmly baddod 1o peavant tham from
ginking.
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Appendix 5: TUFFBOOM Barrier System Specifications

Wurth:ng’mn Products, inc.

QM Barrier System

Canadian Specifications

DETAILS OF CONSTRUCTION
Floatafion Leg Booms.

Floatafion logs shall be new boorm logs not previcusky
used for any other purpose and shall be supplied by a
manufacturer with not less than S-years experience
providing ings booms for the specifed purpose.
Floatation logs shall consist of an extemnal encasement
¢AY, internal foam il (B) end infemal structurs] steel
miember (G} through which all extsmal interboam
connections are sifached. Each floatation log shall be
eylindrical in shape and shall includs recessed
ongitudiral ribbing to provide Impact shength and load
resisiance. The nominal diameter shall be 16-inches as
mensured with a 16-inch dismeter zircle femplate placed
at one end of the fistation log. Flotation logs shalt be
120-inches in length. The assembled fength of each
floatation log as messured fom center of inferboom
eormector to center of interboom conrector on the
oppasite and of the boom log shall be 135.-nehes in
length phis/minus 2-inches. The average fotal dry weight
of each floatation iog with the botlom steel connector
plate shatt be 140 pounds. Each flotation log shell be
designed to mainiain it original buoyancy whern supplied
with underwaler scresn attachments. This buoyancy
shal not be reduced even if the floatation unit is
streehurally damaged or punciured.

Encasement °A”. shall he rotationally molded using
refationally molding grade linear low densilty polyethylene
or finear medium grade polysthylene. Polvethylens
encasement shalf have a mintimun: density of 0,835
glem® as defermined by ASTA D1505-68 and he UW-
siabiiized for long-term environmental exposure. The
nominal wak thickness. of the polyethvlene encasement
sheall be 0.7704nch. The standard encasement color
ahall be yellow (FS-12655) per Transport Canada
requirements unless aifernate colors are requesied.

intemnat Feam °B°. Polystyrene shaill meet the
reguiremenis of ASTM C-578 and shall have a minimum
in-plage density of 0.8 pounds per cubic foctand a
maximunt fi-place density of 1.2 pounds per cubic foot,
Water absorplion of polystyrene shail not exceed 3% by
volume 6s fested per ASTM C-272. Polystvrene shall be
unable to support combustion without an extemal heat
sourge, Polystyrene Tili shall fake up o minimm of 95%
of the interior volunte of the beom. Undsrne
circumstanees will the percentage of foam i be less
than 80% of the interior volume of the boom. Palystyrene
shall be produced by a manufzcturer who has been
continpously engaged in the production of stwene foam

for flotation for & mintmum of fve years. The buoyaney of
the floatation unit will not be reduced as long as the fosm
rmaing i plase.

Internat Structurat Steel Member °C°. Each fioatation ing
shaill be febricated with & struckural steel channel
agoeording to ASTM ASYZ2.Grade 50 structural steel, with
2 4" minimum exiernal channe! width and & minimum
uliimate tengile sfrength of 57,000 pounds. The weight of
each channel shall nof be less than 5.4-pounds perfoot.
Materal certification shall be made availabie by the
mtnufacturer on request. The structural channel shall be
loeated such that it is on the iterdor of each fioatation
logy, ventered across the width and positioned on the
bottom inferor surface {0 provide anli-rolling leatures 1o
the boom unit. The intemal chanrel must be positively
secured in place such that it cannot separate from the
}wom encasement nor can if rotate independently from
the encasement material, Manufachurer shall warant
that the internal stes! shall not retate independentfy from:
the encazement. Materials that are molded in place or
Ewough wall mold-in channels or hars are not pemitted
due to the different frermal properiies of stest and
polyethyiene and the resuliing ask of physical separalion
of materiat in the Held. All load bearng conascions
between foatation logs shall de desighed such that the
joad 1= digtibuted through this ehannel,

Interboom Connection Hardware

Al connecting hardware between fioatation wnits shall
consist of botiom stes! connector plates {item “A%), load-
rated galvanized safely shackles {Rem “B*) and load-
rated gajvanized weldiess links {item 0% The shrength
of the connection assermbly is essantial to the long term:
performanes of the bopm line. Therefore, e
Manufzcturer must provide cerfified test resuﬂs of the
lenped apacity of connection assembly . The connections
hetween fiotation units shall be engineered o minimize
wear ahd maximize lead-bearing capatity. Al external
cormesting hardware snost be of galvanized steel
construclion. The use of non-metafiic matenals, sueh as
pve belling, or other materials that can be cut, ripped,
torm or are subject o environmental degradation shall not
he accepiable. (See nole below for corrosive water
emvironments).
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Waorthington Products, Inc.
TUFFBOQOM Barrier System

Canadian Specifications '

lfem “A”. Botiom steel connector plates shall be
fabricated from stuctural steel plate aceording to ASTM
AST2, Grade 50, *Specification for Siructurat Steel*.
Connechon plates or bars must be lested (o asaure they
meet or exceed the breaking strength of the shackies
and links. Botiorn plates shall be factory assembled 1o
the floatation units prior to shipment.

ftem "B®. Connection shackles shall have a minimum pin
diameter of %-inch, be of a safely type with a heavy-hex
stybe caslle nut, lock washer and galvanized colter pin.
Connection shackles must be hot dipped gatvanized for
corrosion resistance and have a WEL (Woiking Load
Limit) of not less than 4-34 tons stamped on the body.
The WLL rating shall be clearly identified on the body of
each shackle. The minimum average tensile breaking
strength of each shackle shall be 68,000 s and be
certifind tabe proof tested to 57,000 pounds working
capacity. Manufaciurer is responsible for providing
testing certificate aftesting to load capability of
connectors upen request. Each shackle shall be supplied
with a galvanized stect straight cotter pin ta prevent the
safety bolt from coming loose. *R” type cotler pins shall
net be accepiable.

ltem °C*. Weldiess linke shall he %-inch, be hot-dipped
gelvanized for corosion resistance and have 2 WLEL
(workirig load limit) of not less than 4-3/4 fons. The WLL
rating shall be clearly identified on the body of sach
ghackle. The minimum average tensile breaking strength
of each shackle shall be 63,000 ibs and be cerfified to be
proof tested to 57,000 pounds working capacify. The
weldiess fink may be substituted with altemate
‘conneciors in order to achisve a wider gap between
floatation unitz. Where any atemate conneotor is utiized
it must exceed the 57,008 pound proof tested working
capacity of the weldlass link.

Testing: Manufacturer must provide cerification of test
results from an ndependent cerlified taboratory
vafidating the load bearing capacity of the entire
conmection assembly. For purposes of definiion, the
connection assembly consists of the ateel member
attached to the boom, shackies and links. Tesfing shall
consist of & standand pull test to breaking point of an
entine connection assembly.

Colorz The default color of the floatation log booms shall
meet Transport Canada resirements for safety yellow
per FS-13655. Allernade colors are available on request.
Where an altemate color is desited, the color choice
shall be efearly stated in the fingl specification and on the
purchase requisition..

OPTIONALANCILLIARY ITEMS:

The items shown balow._‘ may be specified by the owner
as additional ifems to be inchuded in the scope of supply.
Where such items are included in the acope of supply,
the retevant specification shall apply.

GraphiesfLettering:

Graphics shall be the millennium type mold-in graphic.
Standard graphics shall be black tettering using 4° high
Arial font type graphic. Standard graphic panels shal be
placed on the upstream face of the each boom and shall
read: <= DAM AHEAD KEEP AWAY «=. Alterniate:
wording/symbols may be specified by the praject camer
prior fo commencement of production.

Debris Screans:

Debyis sereens shall be fabricated from structural stest
tubing and shall consist of an cuter rectangutar frame
with vertical support tubes spaced on approximately 30°
centers. An expanded metsl wire mesh aveday ahall be
wehied fo the support frfame. Unless otherwise
specified, the expanded meta! shall be a %" expanded
medal mesh in a diamend pattem. Sereens shall be
aitached to the booms on both ends in such & manner as
to minimize the spacing batween the top of the somsen
and the bottom of the boom while simultanectsly
pesniting the booms {0 swivel or it independently from
the booms. Screens shall include a chain or cable that
affixes the botiom of each sereen to the next screen unit.
The screen length shall be such that there is nol more
than a 6 gap belween sereen units when installed.

The floating banier shall be equivalent or superiar to the
TUFFBOOM system as Manufactured by Worthington
Products, inc. [$-B00-859-2977) of Canton,

Ohio or approved equal.

KINECTRICS NORTH AMERICA _CONFIDENTIAL

Kinectrics Report No: K-409054-CDE-0001-R02
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Chemstress Consultant Company FirstEnergy

39 South Main Street Fish Diversion Project
Akron, Ohio 44308 Engineering Report
PROJECT PURPOSE

FirstEnergy Generation Corporation is currently in the construction document
phase for the building of a new fish diversion system for the intake channel at the
Bay Shore Plant in Oregon, Ohio. This new system will reduce the amount of
debris entering the existing water intake structure, and more importantly the
amount of fish being impinged or entrained at the same intake structure for the
plant.

The existing intake structure takes in water directly from the intake channel which
is fed directly from the Maumee Bay and River. The intake structure currently
has an exterior screening process which stops debris at the mouth of the intake
allowing for sometimes large quantities of debris. Within the intake structure
there are screens which separate off small immature fish which are many times
pulled into the facility and then transported through a fish trough to the existing
outlet channel. The new diversion system is being designed to divert the fish
from ever entering the intake structure to and also return extremely small fish
and eggs that may enter back to a fish pumping station that will transport the
diverted fish back the river waters and ultimately to the Maumaee Bay.

The following is being provided as an engineering summary report for the Bay
Shore Plant Fish Diversion System and will provide information regarding Design
Basis, Design Parameters, Start-Up Plan, and Compliance Schedule:

DESIGN BASIS

The Preliminary Engineering Report was prepared by Kinectrics North America
and is dated April 20, 2011. The new system has been designed in accordance
with the said report. The basis for the design was established to meet several
parameters:

» The diversion wall or screens should provide a natural egress to the
transportation pumps without endangering the population by causing an
abruptness of {ravel path.

« Transport pipe will provide an approiate volume of water to allow for
stability of the ambient water temperatures and chemical make up for the
fish to be transported without negatively affecting the population.
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Akron, Chio 44308 Engineering Report

Provide appropriate flow velocities to allow the fish to move towads the
ultimate discharge point but not too much as to negatively affect the
population.

The transport system shoulid allow for the ability to sample the population
to assure effective operation.

Maintain 750 MGPD of intake flow to the plant.

The system shall result in a reduction in impingement of 80% and 60% in
gntrainment.

The new Fish Diversion System is being provided to allow for the above
mentioned needed modifications in order to meet the requirements established
by the in-place NQDES Permit. The entire system wil include the following:

o

Trash Diversion/Handling System is being provided to divert trash and
debris entering the intake channel away from the louver array and fine
mesh traveling screens to an area where it can be removed easily and
disposed of. The debris boom may also aid in passively directing larval
fish and/or eggs in the upper water column towards the East shore line
closer to th? fish bypass pumps. Juvenile and adult fish may also be
diverted, but this effect will not be significant.

Reverse Louver Array is being provided as the main fish diversion system.
This system is a reversed louver arraywhich is installed downstream of the
debris screens or diversion system. The function of the fish diversion
louvers is to increase the survival-of the fish by diverting them-in-the intake
channel away from the station and traveling screens where the fish are
subjected to different types of stresses associated with high flows,
physical abrasion, and handling off a vertical traveling screen. The solid
portion of the louver along the bottom will also be effective in diverting a
proportion of fish eggs and larvae.

Fish Pump and Fish Return System will fransport the fish, larvae and eggs
unharmed to an environmentally preferred location in the Maumee River
and ultimately in Maumee Bay. This will be achieved with the instailation
of new transport pumps designed to safely move fish from one location to
another. This pump station is integral to the end of the fish diversion
louver. The transport pipe being provided is a 42 inch diameter pipe to
allow for enough volume of water as to allow for the preferred environment
for the survival of the fish, larvae and eggs.

Page 4 of 6
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DESIGN PARAMETERS

The potential flows to be received by the Intake Structure are expected to be 750
MGPD. The proposed trash screen and fish diversion louver will allow for these
flows to be provided at any water level that the intake channel has historically
reached.

The water levels are expected to reach an extreme elevation of approximately
578 feet while dropping to a minimum elevation of around 563 feet. The frash
louvers will screelj debris to a point approximately four feet below the water’s
surface, and the fixed diversion louver will allow minimally uninhibited flows for
any water above elevation 559 feet. The channel bottom is approximately at 555
feet with some variations in silted bottom elevations.

The allowable velocities to accommodate the diverted fish will be between 2 fps
and 3 fps at any ohe time. These velocities are deemed sufficient enough to
keep the fish moving towards the discharge while providing a comfortable
velocity for the fish. -

The system is designed to allow a smooth transition back info the waters.

The system has been set up to allow for grab samples as indicated in the
NPDES. Two sampling structures will be provided to allow for these samples to
be taken from and the fish collected will be transported and stored in a holding
tank for observation to determine the condition of the diverted population. These
structures could also be used to mechanically isolate areas of the pipe for
maintenance reasons as well,

START-UP PLAN

The following is a summary of anticipated start-up situations and expected
adjustments to the process over a period of time fo establish accurate
information to evajuate accurately the quality of the discharge waters in terms of
recovered fish population. The anticipated start-up plan is as follows:

General Start-Up: | March 1, 2013 to April 1, 2013

This stage of the start-up will involve the operation of the equipment and
instrumentation for the fish transport pump system. This process will involve the
setting of the valves and establishing propoer operation of the pumps and
instrumentation. The General Start-Up will include testing of the operations and
establish initial settings of the new level controls and evaluate the flows provided
to the discharge transportation piping.
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Final Start-Up: April 1, 2013

OPERATION & MONITORING SCHEDULE

The following is provided as representation of FirstEnergy Generation Corp. plan
for performing adequate sampling of final effluents, and establishment of a
Operation and Monitoring Plan to achieve compliance with established criteria by
the City of Massillon and the OEPA:!

1. Begin Construction: ' March 1, 2012
2. Complete Construction: March 1, 2013
3. Complete Start-Up,Testing, & Training: April 1, 2013
4. Begin Operation: Aprit 1, 2013
5. Potentially Begin Sampling: May 1, 2013

Upon completion of the two year time period for establishing an accurate
representation of the effluent, meetings will be held as required with the OEPA to
anaylize the sampling results and if the effluent is not in compliance with
established criteria an Action Plan will be mutually agreed upon. If the system is
determined to be in compliance with the requirements in place, the sampling
procedures will continue as a period operation to assure continued compliance. .

Page 6 of 6
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BOWSER-MORNER, INC.
1419 Miami Street (43605) - P. Q. Box 838 - Toledo, Ohic 43697-0838
419-691-4800

Engineering Service Report

Client: Chemstress Consultant Co.
Attention: Bradley W. Lightfoot, P.E.
39 South Main Strest
Akron, Ohio 44308

Project: SOIL EXPLORATION,
First Energy Bay Shore,
Fish Diversion Project,
Oregon, Lucas County, Ohio

Job No.: 154944 ' Report No.: 154944-0611-2933
Date of Service: June 24, 2011 Engineer: J. Richard Hoppenjans, P.E., F. ASCE, D. GE
Report Consists of 8 Pages

Ladies and Gentlemen:

In accordance with your instructions, Bowser-Momer, Inc. has begun to perform engineering
services lo identify site soil and groundwater conditions relative to the installation of a 42-inch
discharge pipe which will run from the Bay Shore Power Plant Screen House northward and info
Maumee Bay. We are performing these services in anticipation of detailed test borings and
Iaboratory tests, which are pending.

Bowser-Morner has performed dozens of test borings at the Bay Shore Power Station over the
last 35 years. We are also the Geotechnical Engineer of Record for the Confined Disposal
Racilities in the Bay. Geologically, the site is situated in a glacial till deposit which consists of an
unsorted, unstratified mixture of clay, silt, sand, and coarser fragments deposited by glacial ice.
Bedrock at the plant site is on the order of 120 to 130 feet deep. Attached with this report is a site
plan with representative test boring locations indicated. Also attached are the boring logs for
these four borings. We have also attached: a cross-section of soil test boring data that was
perforied in 1966 for the construction of a portion of the existing power plant.

If there are any questions, please contact us.
Respectfully sublnitted,
BOWSER-MORNER, INC.

This document was originally issued by J. Richai'd Hoppenjans, P.E., ¥. ASCE, D. GE. on
6/24/11. This document is not considered a sealed document. This document has been
produced from material that was stored and/or transmitted electronically and may have
been inadvertently altered. Rely only on final hard-copy materials bearing the consultant’s
original signature,

J. Richard Hoppenjans, P.E., F. ASCE, D. GE
Vice President, District Manager, Chief Engineer
JRH:mlj

All Reports Remaln The Confidential Properly Of Bowser-Mormer And Na Publication Or Distribution Of Reports May 8e Made Without Cur
Expross Written Consent, Except As Authorized By Confract, Resufts Contained In This Report Are Refleciive Only OF The ltams
Calibrated Or Tested. Unjess Otherwise Agreed, Samples Or Specimens Will Be Discarded Or Refurned At Bowser-Morner's Discretion.






LOG OF RORING RO. 1
Demineralized Water Storage Tank, Toledo Edison Bay Shore Station, Toledo, OH
BORING LOCATION: As shown on boring location plan DATE STARTED: 11/13/84
SURFACE ELEVATION: 580.5 * DATE COMPLETED: 11/13/84
STRATLIM DESCRIFTION OF MATERIAL SAMPLE BLOWS PER N BLOWS
ND, & SAMPLE 8" ON /FT. OR
TYPE DEPTH SAMPLER CORE REC.
g.0' ) {FILL) Topsoil ‘
6" Very stiff brown & gray ciay,
- some sitt, trace of sand - moist 1A 1.0- 2.5 6-9-10 18
08 1c | 4.0~ 6.0 24"
pee 18 6.0- 7.5 6-8-13 22
. {Becomes very stiff at 7.5%)
0.0 (Becomes medium stiff with thin 2h | 9.0-10.5| 4-5-5 10
sand partings at 10.0')
- 2C 12.0-14.0 17"
. 14.0'} Soft gray clay, some s1tt, trace 34 114.0-15.5 | 1-2-2 4
115.0' of sand, trace of gravel - moist
jj 19.0'} Very soft gray clay, some silt, 48 119.0-20.5; 1-1-2 3
20.0’ some sand, trace of gravel - moist
i 3C [22.0-24.0
— 0 56 124.0-25.5 3~5-6 11
628 (Becomes stiff at 25.5')
00 6A 129.0-30.5 | 4-6-7 13
e Bottom of boring at 30.5°
methon:  Hollow Auger WATER DESERVATIONS TYPE SAMPLER:
recumician:  BK/PF wimiaL ogern: 0.9 Med, z'o vy. X A, SPLITSPOON
39005 COMPLETION DEPYTH: None X 8. L'] ner
0B NO.2 DEFTH AETER: HAS, A ¢, SHELSY TURE

2815

*Taken in augers

IfI-1

BOWSER ~ MORNER







1.OG OF BORING ®O. 1

DEVELOPMEHT OF DRY_FLY ASH STORAGE AREA NEAR BAY SHQRE_STATION - TOLEDG, OHIO

BORIG LOCATION:  As shown on borimg location plan BATE STARTED: 112481
SURFACE ELEVATION: 581.3" (I.G.L.D.) PATE COMPLETED:  17_94.81
STRATUM DESCRIPTION OF MATERIAL SAMPLE BLOWS PEA N BLOWS
MO, & SAMFLE 8" ON /BT, OR
TYPE DEPTH SAMPLER CORE REC,
0.0V (FILL) Gravel
I T
- 0.5 (FILL) Hard brown and gray. clay, soms
» gilt, some sand, trace of gravel, 14 1.0- 2.5 12-18-24 42
moist .
- Becomn tiff at 4.0°
o (Becomes very stiff at ) 24 | 3.5- 5.0 | 8-11-16 27
- (Becomes medium stiff at 8.5') 3 8.5.10.0 3= 4e 5 9
0"
- 12.0°
e 13.5" Medivm dense gray sand and silt, wet
. _ he B
- Stiff gray organic silt and clay, bA 13'5,15'0 - 8~ 4 12
13 moist
 19.0 54 ]18.5-20.0 | 3~ 3~ 5 3
120! Medium stiff gray clay and gilt,
traces of sand and gravel, moist
T 64 123.5-25.0 b b 5 9
L
B 7A  |28.5-30.0 | 2- 4- 5 9
Bottom of boring at 30.0°
FETHOD: Hollow Auger WATER OBEERVATIONS VPR SAMPLERN:
P ' :
TECHKICIAN: BC and BF ieriaL peers: 13,0 (mpf?nm) X A, SELIT SPOON
COMPLETION DEPTH: ‘1'3 ' 0 5.
JOB NO. 33737 (j1) pepra arten: . 0.0 wrs _Tone & SHELBY TUSE

BOWSER — MORNER
TIT-1 TESTING LABORATORIES, INC.
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LOG OF BORING NO. 9
DEVELOPMENT OF DRY FLY ASH STORAGE AREA NEAR BAY S,H‘{j.’,,i}'.f‘.:-_“STAT}LON - TOLEDO, OHIO
BORING LOCATION:  As shown on boring location plan DATE STARTED: 11~24-8]
SURFACE ELEVATION: 581.77 (I.3.L.D.) PDATE CORPLETED: 11-24-81
STRATUM DESCRIFTION GF MATERLAL SAMPLE BLOWS PER  |"N" ELOWS
N, & SAMPLE & ON /FT, CR
TYPE DEPTH SAMPLER CORE REC.
] 0.0 (FILL) Gravel
ot
0 (FILL) Hard brown and gray clay, 1A 1.0~ 2.5 | 15-18-20 38
o some silt, some sand, trace of
= gravel, moist
- (Becomes very stiff with a gray sand 24 3.5~ 5.0 15~10-14 24
5 seam at 4.0')
L 9.0 3A 8.5-10.0 2—~ 2~ 3 3
N Soft gray clay and silt, trace of
sand, moist
B 44 113.5-15.0 | 2~ 2~ 5 7
L
o 54 [18.5-20.0 | 2-.2- 3 5
-~ 23.57
- Medium stiff gray clay, some silt, 64 123.5-25.0 3- 33 8
1251 . some sand, trace of gravel, moist
B 74 128.5-30.0 | 4~ b= 5 9
307
mETHOD:  Hollow Auger WATEH OBSERVATIONS TYRE BAMPLER:
. 39.0" {(medium) X . : !
rECHMIGIAN: BC and RF HOETEAL DEPTH: e B, SELIT SPOON
COMPLETION QEFTI: o,
JOB NG.: 33737 (L) DEPTH AFTES: HRS. ¢, SHELBY TUGE

BOWSER ~ MORNER
TERTING LABORATORIES, INC.
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LOG OF BORING NO. 2 - continued
DEVELOPMENT OF DRY FLY ASH STORAGE ARFA NEAR BAY SHORE STATION - TOLEDO, OHIO
BORING LOCATION: As shown on boring location plan DATE STARTED: 11~24-81
SURFADE ELEVATION: 581.7' (L.G.L.D.) DATE COMPLETED: 11-24-81
STRATUM DESCRIPTION OF MATERIAL . SAMPLE BLOWS PER TN BLOWS
NO, & SAMPLE 6" ON /ET, OR
TYPE DEPTH SAMPLER CORE REC,
1300
— (Becomes very stiff at 34.5%) 8A 133.5-35.0 g- 8-11 19
135
407 9A 38.5-40,0 5 7-11 18
— (Becomes hard at 43.5')
ZS' 10A [ 43.5-45.0 14£-20-17 37
ELE 114 48.5-50.0 11~-23-29 52
T 1ZA 54.5~55.0 11-21-23 b4
Bottom of boring at 55.0°
METHOD: Hollow Auger . WATER OSSERVATIONS TYFE BAMPLER:
. . 39.07 (medium) 4 .
TECHMICIAN: BC an_d R 1 I8N FTIAL .EEF' TH: A, SPLIT 8POON
COMPLETION DEFTH: L. N0OTE 2.
SO NO.: 33737 (31) DEPTH AFTER: HRS. G, SHELSY TUBE
BOWSER - MORNER

TESTING LARSRATORIES, O
I7I-3
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DEVELOPMENT OF DRY "’E'LY ASH STORAGE AREA NEAR BAY SHORE STATION ~ TOLEDO, OHIO

LOG OF BORING NG, 3

SORING LOCATION: As shown on boring location plan DATE STARTED: 11-24~81
SHRFACE ELEVATIONM: 581.9" (L.G.L.D.) DATE COMPLETED: 131-24~81
STRATUR DESCRIPTION OF MATERIAL SAMPLE BLOWS PER TN BLOWS
NO. & SAMPLE £ on /FT. OR
TYPE DEPTH SAMPLER CORE REC.
0.0% (FILL) Gravel
1
03 (FILL) Very stiff brown and gray
- elay, some silt, some sand, trace 1A 1.0- 2.5 9-11~15 26
- of gravel, moist
24 3.5~ 5.0 5- 7-10 17
51 (Possible original soil at 5.0}
- 3A 8.5-10.0 1- 3~ 7 10
10!
T 13.57 : . 44 |13.5-15.0 1 2- 2- 4 6
LY Medium stiff brown and gray silt and
- sand, moist
— 18,5
20" Stiff gray clay, some silt, some san  118.5-20.0 6 T— 8 15
Jr— sand, trace of gravel, moist
I 6A |23.5-25.0 3~ 5- 8 13
250,
s T4 28.5~30.0 5~ 7- 8 15
Bottom of boring at 30.0°
METHOD: Hollow Auger WATEN OESERVATIONE TYPRE SAMPLEN:
. . None X
PECHMICIAN: BC and RF IMUTIAL DESTH A, SFLIT SFOON
COMPLETION CEPTH: _ HODE B,
JOB KO- 33737 {31 DEPTH AFTER: 2+ 0 uas, Hone 2. BMELSY TUBE

BOWSER — MORNER

TESTING LARORATORIES, NG,

Til~4
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Chemstress Consultant Compa " FirstEnergy

39 South Main Street Fish Diversion Project
Akron, Ohio 44308 Drawing List
Project Na. 5802 June 27, 2011

Drawing List

Drawing Rev. Title
SK-1 2 Title Sheet
SK-2 2 Site Notes
SK-3 2 Structural Notes
SK-4 2 Overall Site Plan
SK-5 5 Pump Chamber, Diversion and Debris Screen Plan
SK-6 3 Diversion and Debris Screen Elevations
SK-7 3 Diversion Screen Details
SK-8 5 Plan and Profile Sheet 1
SK-9 4 Plan and Profile Sheet 2
SK-10 4 Plan and Profile Sheet 3
SK-11 4 Plan and Profile Sheet 4
SK-12 4 Plan and Profile Sheet 5
SK-13 4 Plan and Profile Sheet 6
SK-14 2 Plan and Profile Sheet 7
SK-15 3 Plan and Profile Sheet 8
SK-16 2 Plan and Profile Sheet 9
SK-17 2 Cross Sections






