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Thesis Abstract

@ Stephen Kelchaw

Size: 368,000 sf
-Height: 2 Stories
-Project Cost: ~$119.2 M

-Construction Dates: Phase |: Aug 08 - Dec "10
Phaze lI: Jan '11 - Aug 12

-Dehvery Method: Design-Bid-Build

Building Envelope

-White single-ply flat roof

-Standing seam curved metal roofing
-Brick and stone masonry facade with
ChU back-up wall

-Cast stone profile separates bnck and
stone facade

Lighting/Electrical

-Typical lighting consists of surface
mounted T8 flucrescent and CHL's
-480Y 277V and 208Y/120V distributed
throughout building

-More than 70 panel boards

-Lighting controlled with cccupancy
sensors and photosensors

& Construction Management @

Project Team

-Owner: Upper Dublin School District
-Architect: Gilbert Architects

-CM: D'Huy Engineenng

-SitefCivil: ChMX Engineenng
-Structural: Baker, Ingram, & Associates
-MEP: Snyder Hoffman Associates
-LEED: 7 Group

-304 Geothermal Wells with a water/glycol mix
-Eleven (11) Energy Recovery Units (ERU)
-Twelve [12) Heat Recovery Units (HRL)
-Temperature confrolled through ATC system
-Ductless Split-System Arr Condiioning Urits
VAV and Fan-Powered VAV boxes

-Classroom live lood: 40psf

-Spread footing support columns

-1st Foor: 4" 506G with 4x&6-W2.9 x W29 WWF
on drainage fill and vapor retarder

-2nd Floor: Structural steel framing with slab on
metal deck

-Load-beanng ChU walls and steel joists

http:/ fwww engr.psu_edufaefthesis/portfolios 201 0/slk030
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Executive Summary

The research topics included in this analysis deals with the construction of the new
Upper Dublin High School. This construction of this project was approved through public
referendum. For this reason, the school district needed to support of the public and thus
held a variety of fown meetings to view their opinions. Two of the main requests were
that this building was energy efficient and can be used as a teaching tool for the
students. For this reason, the Upper Dublin School District decided to pursue LEED
certification. Their initial goal was a LEED Silver rating, but they are currently on track to
achieve LEED Gold.

This thesis starts with a fairly thorough description of the project. This takes a look at the
owner, the project schedule and site layouts. It also includes information on the phasing
sequence of this project and a description of the main building systems.

This leads info my main thesis analysis. For my first analysis | have studied the impact
implementing LEED on a project actually has. This takes a look at this topic through
independent research and through conversation with members of the project team.
This includes conversation with the owner, construction manager, and the LEED
consultant.

This moves into my second analysis, an evaluation of the geothermal well system. This
takes a look at this system through the expected energy reduction in comparison to
traditional heating and cooling systems, as well as the costs and constructability. From
here, | move into my first breadth topic. For this breadth | try to supplement the energy
used by the geothermal well system with solar electric panels.

For my third analysis | take a look at implementing a small rain water collection system.
Although the original intenfion was to supplement the water use in the building, it was
found through my research that there is not the space or available money to complete
this successfully. Instead, this system will be implemented with the sole purpose of
educating the students. This rainwater collection system must also be relatable and cost
friendly for the students to implement a similar system in their own home.

My final analysis topic deals with the evaluation of the lighting system. This analysis takes
a look at the components that make up the lighting system and how they compare to
other traditional lighting systems. This leads into my second breadth topic. This breadth
topic deals with the replacement of the current high-output T5 fluorescent lighting with
15 fluorescent tubes.

Following all of my analysis topics are my conclusions. This includes conclusions on each
of my analysis topics and the thesis in general. Following this is the summary of the main
thesis investigation areas. This includes the requirement for the MAE program of the
graduate classes that were used to help throughout this thesis.
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Project Overview

Client Information

The owner of the new Upper Dublin High School is the Upper Dublin School District. The
school is located in Fort Washington, PA on the site of the old, and sfill in use, high
school. Upper Dublin is the home of the Cardinals and enrolls approximately 1,500
students with a 99% graduation rate. The mission statement can be seen written below:

“The mission of the School District of Upper Dublin is to provide a safe, supportive environment for
all students to become lifelong learners and contributing members of a changing society. Additionally,
UDHS works very hard to ensure that its points of pride are maintained and/or exceeded during the course
of the year, including:

Blue Ribbon School of Excellence

Graduation rate of 99.9%

College Placement of 96% enrolled in post-high school education

Graduates admitted to high-level and elite universities, service academics and university honors
programs

18 AP and 29 Honors courses

10% of class achieves National Merit recognition

Ranked 8th in Philadelphia Magazine's 100 Best Public and Private Schools

Named best High School in Montgomery County by Philadelphia Inquirer

2012 completion of state-of-the-art high school with cutting-edge instructional space”

The purpose for the construction of a new high school is ultimately to update the old
and outdated high school that was built in 1948. This new high school will add much
needed space and better facilities to help reach the goals mentioned in the mission
statement.

During construction, UDSD would, above all, like an on-tfime, on-budget project that
takes special care not to disrupt students in adjacent spaces throughout the entire
process. Work on a construction site can be very loud. This is something that must be
taken into account as school will be in session during a large part of construction.
Another goal for the owner would be to have certain spaces in the new high school
available before the entire process is complete. By the end of 2009, construction of the
gymnasium and natatorium was complete and ready for use by the owner.

The schedule for this project is extremely important due to the phased occupancy
requirements. As part of the new building is completed and ready for use, another
section of the old building will be torn down. Coordination of these activities is
extremely important to ensure that the students and faculty have all the resources they
need throughout the entire process.

This project was approved through public referendum. The total budget for this project
is $119 million with a four-year long construction schedule. Since this was approved
through public referendum, the Upper Dublin School district wanted to give the local
people exactly what they wanted. Throughout many town meetings on the subject, a
majority of the requests from the public was to create an energy efficient school. This
led the school district to pursue LEED Certification for the new high school building. They
set their sights to obtain a minimum of LEED Silver, but are on the right track currently to
obtain LEED Gold.
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Project Overview

Main Project Team

The main project team consists of the following members:

Table 1: Main Project Team

Project Area of Expertise Company

Owner The Upper Dublin School District
Architect Gilbert Architects, Inc.
Construction Manager D'Huy Engineering, Inc.
LEED Consultant 7 Group
Site/Civil CMX Engineering
Food Service RMC&A
Structural Baker, Ingram & Associates
Mechanical/Plumbing/Sprinkler/Electrical Snyder Hoffman Associates
Acoustical Consultant Metropolitan Acoustics
Pool Consultant Wallover Architects, Inc.

Site Plan of Existing Conditions

The Upper Dublin High School is located on approximately 50 acres of land, north of
Loch Alsh Avenue and west of Fort Washington Avenue. Bordering the site is Loch Alsh
Avenue to the south, residential properties to the north, Fort Washington Expressway (SR
309) to the west, and Fort Washington Avenue to the east. The construction of the new
high school requires the demolition of the existing bus garage and the old high school.
This will be done in phases in order to keep the high school open during the entire
length of the construction project. The site plan of the existing structures before
construction can be seen in Figure 1, below. The overall demolition and phasing
sequence can be seen in Figure 2. Refer to Appendix A for a complete, full-scale site
layout drawing for each phase of construction. All existing lines for electric, sewage,
etc. will be utilized for the construction of the new high school. This will limit the cost of
adding new Uutility lines, where instead the old ones will just have to be reconnected.
These utilities can easily be seen in the Utility Plans for Phase 1 and 2, located in
Appendix B.
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Project Overview

Figure 2: Existing Site Phasing Activities
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Project Overview

Construction fences will border the entire site up to the old high school. Entrances for
construction vehicles will change based on the phase. During Phase 1, the entrance for
construction vehicles will be on the north side of the site off of Loch Alsh Avenue. Once
Phase 1 is complete, this entrance will be closed and all future entrance to the site will
be to the rear of the building off of Fort Washington Avenue. Since this is being built on
the site of the existing high school, fire hydrants and lights are already in place. These
will be moved accordingly during different phases of construction, but will stay in place
as long as possible. Most of the parking for the existing high school is located in the
Phase 2 area or directly across the street. This will not disrupt traffic flow during
construction of Phase 1. During the second phase, more parking will have been
created behind the building in the Phase 1 location. This is also where classes and
sporting activities will commence, so pedestrian and traffic flow will once again not be
disrupted.

Project Summary Schedule

Due fto the complexity and long time frame of this project, it has been split into two
major phases. These two phases are then split up info many smaller sub-phases. For this
reason, creating a summary schedule makes it very difficult to really encompass the
thoughtfulness and careful planning that went into this project. The project summary
schedule, shown in Figure 1, highlights the major activities and milestones throughout
the course of this four-year long project.
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Project Overview

Project Sequencing

The Upper Dublin High School Project presents many different challenges with creating
an effective schedule. It requires very careful and creative planning to produce a
construction sequence that satisfies the expectations of the owner, and met the needs
of the students and faculty at the Upper Dublin High School. The timeline for the
construction of this project will take four years to complete. Also, the location is on the
site of the existing Upper Dublin High School. For these reasons, multiple phases will be
needed to successfully build the new high school, while ensuring that the students have
a place to attend classes.

There are two major phases for this construction project, with each containing several
sub-phases. The direction of each phase will flow from the north-west to the south-east
of the project site. This direction has been chosen because the existing high school is
situated more towards the east side of the project site. This will leave more of the
existing high school standing until sections of the new high school can be completed.
As sections of the existing high school are demolished and sections of the new high
school are finished, students will be able to utilize that new space to make up for what
they lost. Construction has already started in June, 2008, and is scheduled for final
completion in August, 2012. A graphical representation of the phasing sequence can
be found in Figure 4, on the following page. The detailed project schedule for this
project can be found in Appendix C.

During each stage of the process, some amount of demolition will first occur. Once that
specific section of the existing high school has been demolished and removed,
excavation and foundation work will begin. As the substructure is completed, the
superstructure will follow. In the meantime, more demolition will take place for
upcoming phases of the project. This will ensure that construction flow is continuous and
smooth throughout the entire length of time. Subsequent to the superstructure is the
building enclosure. This is a key step in the process, because once it has been
completed and that section of the building is watertight, all interior work can
commence. Interior work will start with the plumbing rough-in. This will be followed by
the mechanical rough-in, and the general carpentry work. Once all the interior walls
have been constructed, the electrical rough-in can begin. Finally, all interior finishes can
be installed to complete that phase of the project. This process will continue in a similar
manner for each phase and sub-phase of the project. The entire building has been
broken up into multiple sections. This will make determining a location in the building
much easier, especially when reading the schedule. A diagram of the building divisions
can be found following the phasing sequence, in Figure 5.

Commissioning and testing will take place periodically throughout most of the
construction process, with a majority of the testing happening during the second phase
of the project. This can significantly save time and money on the project if any major
errors do occur. Due to the sustainability goals for this project, enhanced commissioning
will take place. This practice will take a much deeper look into the design and
functionality of the building systems, creating a much more efficient building.

Stephen Kelchaw e Thesis Final Report 7



Project Overview

Construction Phasing Flow Diagram

Eeye
== Oid High 3chool
L _1 Demoltion

Existing Old
High School

I~} New Construction/
L1 New High School

Phase |A and Paorfial Phas= 1B
{Mary 2008 - September 2008)

2 Phaz= IB to Partial Phase |E
[Septemiber 2002 - January 2010)

3 Phase |[E fo Phase |H
{January 2010 - December 2010)

Phacize lIA - Phasze |IB
[Jornwary 2011 - August 2011)

[Auvgust 2011 - June 2012)

Figure 4: Phasing Sequence
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Project Overview

BUILDING “A" .
NORTH ‘D

Figure 5: Building Divisions

Building Systems Summary

Table 2: Building Systems Summary

Yes N[e) Work Scope \
Demolition Required?
Structural Steel Frame

Castin Place Concrete

Precast Concrete
Mechanical System
Electrical System
Masonry
Curtain Wall
X Support of Excavation

X X[ X | X | X| X| X

>

The purpose of this section is to provide a description of the key aspects of the design
and construction for this project. The following paragraphs will summarize each of the
items used on this project contained in the above table, Table 2.

Demolition Required:

The construction of the new Upper Dublin High School is located on the site of the
existing high school. Therefore, the demolition of the old structure is needed to make
way for the new one. Since this job will take approximately four years to complete, the
construction of the new school will be done in multiple phases. The first phase (Phase IA)
will begin with the demolition and asbestos abatement of the bus garage and a partial
section of the old high school located in approximately the north corner of the site. This

Stephen Kelchaw e Thesis Final Report g




Project Overview

will make way for the construction of the new gymnasium and natatorium. In a similar
manner, all new phases of demolition and construction will work continuously from the
northern to the southern corner of the site.

Although this may seem odd to do the demolition and construction in multiple phases,
this is completely necessary as to not disrupt classes for the high school students present
during the length of the project. The goal with this method is to keep students in the old
building as long as possible until a section of the new high school is completed. Once
this is done, students will be able to utilize parts of the new building, while more
demolition and construction take place. Refer to the previous section, “Project
Sequencing”, and the construction drawings in Appendix A for a better description of
how this procedure will take place.

As a part of the LEED requirement, all stone and masonry from the demolition of the old
building will be crushed and used as a fill material for the new high school. Materials
such as metals, glass, wood, etc. will be recycled as well.

Structural Steel Frame:

The structural system of this building consists of a steel frame with load-bearing CMU
block walls. Most of the structural steel contained in this building is dedicated to the
floor and roof frame construction, but there are also many W-series structural steel
columns located throughout the building. The structural steel members that support
most of the second floor (40 pounds per square foot classroom live load) are W18x35 |
beams spanning approximately 30 feet with 6 foot spacing. Typical floor assemblies are
made up of one of two different assemblies. Floor construction type F-1 is 1.5 inch, 20
gage composite decking and 4.5 inches NW concrete topping with éx6 W2.1xW2.1
WWE. This provides a total floor thickness of 6 inches. Floor construction type F-2 is 2 inch,
18 gage composite decking and 3.25 inches LW concrete topping with 6xé6 W1.4xW1.4
WWE. This provides a total floor thickness of 5.25 inches. These floor types are based on
the loading in that particular area of the building.

The roof construction takes on many different shapes due to its varying architectural
design. There are multiple flat and curved roofs situated around the building. All roof
construction consists of a structural steel frame with one of the several assemblies listed
below:

Roof Type R-1: 1.5 inch, 20 gage, Type B roof deck
Roof Type R-2: 2inch, 16 gage, ER2RA

Roof Type R-3: 2 inch, 20 gage, ER2RA

Roof Type R-4: 3.5 inch, 18 gage, EPIC ER3.5A
Roof Type R-5: 2 inch, 18 gage, ER2R

Roof Type R-6: 2 inch, 18 gage, ER2RA

Roof Type R-7: 3 inch, 20 gage, Type N roof deck

As was just mentioned, the structural steel frame for the roof varies throughout the
building due to its loading and architectural design. Some of the typical variations seen
throughout the building are 68DLH19 bar joists above the gymnasium and natatorium
spaces, and 22K5 bar joists. Depending on the structural needs, there are also a variety
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Project Overview

of W-series | beams in certain locations. Finally, curved steel frusses were used to support
and create the arched roofs found on the building.

Since this is such a large building and there are many heavy structural steel members,
such as the roof trusses above the gymnasium and natatorium, a crawler crane will be
used throughout construction. The western side of the building is adjacent to a main
street, so the only position for the crane is on the rear side (eastern) of the building. This
area will be the future site of a parking lot and a bus drop-off point, so there is more
than sufficient space for the crane to move around. Also, by placing the crane here,
there is no worry about the swing radius being over any area other than the
construction site.

Cast in Place Concrete:

Most of the cast in place concrete on this project can be found in the foundation and
first floor. The foundation is made up of spread footings that range in size from 4'x4’ all
the way up to 20'x20’ to support either a structural steel column or a load-bearing CMU
wall. These footings also range from 1’ to 5’ in depth. Most of the first floor is made up of
a 4 in slab on grade with é6xé6 - W2.9xW2.9 WWF on 4 inches drainage fill and vapor
retarder. As was mentioned earlier in the Structural Steel Frame section, the second
floor also has cast in place concrete on metal deck. This varies between two different
floor assembilies. Type F-1 has 1.5 inch, 20 gage composite decking and 4.5 inches NW
concrete topping with éxé6 W2.1xW2.1 WWF, for a total floor thickness of 6 inches. Floor
construction type F-2 has 2 inch, 18 gage composite decking and 3.25 inches LW
concrete topping with é6x6 W1.4xW1.4 WWF, for a total floor thickness of 5.25 inches.
Depending on the location of the pour, the concrete is placed either directly from the
truck or with the use of a pump.

Precast Concrete:

Precast concrete can be found on the exterior surface as a profile piece that separates
the lower split face CMU facade from the upper brick veneer facade. Other than
precast concrete, there is also a large amount of cast stone masonry facade
populated around the many main exterior entrances to the building. It is also the
material that makes up the lintels and sills above and below the windows, respectively.
All of the precast concrete and cast stone masonry will be incorporated with the brick
and stone facade. All surrounding joints are filled with mortar and secured to the CMU
back-up wall with masonry ties. The cast stone lintels are supported with steel angles,
also tied into the CMU back-up walll.

Mechanical System:

One of the more interesting features of the new high school is the geothermal heat
pump system. Since the Earth holds a fairly constant temperature of around 55 degree
Fahrenheit all year round, this geothermal system will provide very high energy efficient
heating and cooling throughout the year. This system contains a total of 320 wells at a
depth of 400 feet. The wells are separated into 20 different circuits for a total of 16 wells
per circuit. Each well is made from 1.5 inch SDR 11 Polyethylene pipe and connected to
a 4 inch supply and return main branch of the same material. The fluid mixture is made
up of a Glycol/Water mixture of 20 percent Propylene Glycol mixture with a flow rate of
3800 GPM. Figure 6, below, shows a typical well assembly.
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Figure 6: Geothermal Well Detail

The mechanical system also contains 11 Innovent brand Energy Recovery Units (ERU).
These units help add to the efficiency of the building with the use of the enthalpy
wheel. As the conditioned air leaves the building, it passes through the enthalpy wheel
and, in turn, heats or cools the wheel membrane depending on the season. This wheel
is constantly spinning. As it reaches the top of the unit, where the supply air flows
through, the temperature of the membrane is then passed on to the incoming air. This
natural process reduces the load on the building, by allowing the outside air to enter
the system at a temperature closer to the indoor conditions than it would have been
otherwise. There are a total of 12 Innovent brand Heating Recovery Units (HRU)
throughout the building as well. These range in size from 2500-20000 CFM supply air and
2800-17000 CFM return air capacity. Most of these systems are strategically placed on
the building rooftop near the location it will be serving. The remainder of the ERU’s and
HRU's are located in a penthouse near the gymnasium. There are several mechanical
rooms located throughout the building containing heat pumps, boilers, etc. The indoor
air is closely controlled through a full building Automatic Temperature Control (ATC)
system along with VAV and fan powered VAV boxes.

The Upper Dublin High School has a fully automated, fire suppression system. Smoke
detectors and audio/visual fire alarms are located throughout the entire building. A
majority of the building, especially in all the classrooms and corridors, are equipped
with quick-response concealed sprinkler heads colored to match the ceiling. This will
provide a more appealing aesthetic feature instead of the sprinkler heads hanging in
the open space. Due to the large size of the two floor levels, each floor is divided into
multiple zones for fire protection. Each zone is fitted with a hydraulically calculated
zone control valve and riser. Black steel schedule 40 piping is typical for all fire
suppression lines.

Electrical:
Electrical lines are run into the building through underground power lines. Incoming
power first enters a 2500 KVA 13.2KV-480/277V, 3®, 4W pad mounted transformer to be
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stepped down for distribution throughout the building. Once inside, power is run
through multiple distribution centers around the building and distributed as 480/277V.
This is then stepped down to 120/208V through multiple fransformers. There are more
than 90 panel boards to power lighting, receptacles, equipment, etc. around the
building. Most of the building’s lighting consists of surface mounted T8 and T5
fluorescent bulbs.

In case of emergency, there are two emergency back-up generators to power
emergency lighting and equipment. There is one 250KW emergency generator in a
mechanical room on the first floor, and one 450KW portable emergency generator
located outside the building.

In order to create more efficient usage of lighting, occupancy sensors and
photosensors are equipped throughout the entire building. This reduces the cost of
wasted energy due to lights being left on in empty classrooms and bathrooms. This
strategy is one of many used at the new Upper Dublin High School to meet the desired
goal of LEED Silver Certification.

Masonry:
The new Upper Dublin High School contains a large amount of load bearing and non-

load bearing CMU block as well as brick and cast stone veneer. Although many of the
interior walls are made of drywall over steel studs, there are also many interior wall
assemblies made up of concrete block. This can be found inside many of the large
rooms such as the gymnasium and natatorium among others. Many of these walls act
as bearing support for the steel structure. A typical load bearing CMU wall detail can
be seen in Figure 7, below. The concrete block is properly secured to the steel structure
with masonry ties. The masonry ties are fastened to the steel frame and inserted in the
mortar joint between rows of CMU block. Masonry ties are also needed to connect the
brick and cast stone veneer to the CMU backup wall. A typical corner detail can be
found in Figure 8, below. Since the building is at a reasonable height, single-pole or
swing stage scaffolding will likely be used.
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Thesis Theme

As what comes with the initial idea to start any
construction project, the source of money to pay
for the project is always a major concern. When
the Upper Dublin School District decided to build
a new high school, they made sure to keep the
local public and their opinions in mind. This
particular high school construction project was
approved by public referendum and has a total
project budget of approximately $119 million.
Since this was such a large amount of money, the
school district held multiple town meetings to
ensure that the public would get exactly what
they wanted in a new high school. This would also
ensure that the school district would have the
support of the local community in their endeavors.

Although all the typical topics associated with the construction of a new high school,
such as better and more high tech facilities, were brought up there was also a different
trend. Many of the people wanted to see a much more sustainable and energy
efficient building than is usually typical for high school construction. This idea comes at
a very good time, as the deregulation of Pennsylvania energy rates threaten to create
much higher than normal electricity bills. This frequent request from the public pushed
the Upper Dublin School District to pursue an energy efficient building certified by LEED.

The idea of creating a “green” building certified by LEED adds an extra level to a
project. This means more of an understanding of how all the building components work
together to create one energy efficient and environmentally friendly structure.
Implementing LEED into a construction project, and what comes with it, will be the main
theme of this thesis. This can be found in each analysis topic and breadth study. The first
analysis topic, “Analysis One — Impact of LEED on a project”, will directly address this
theme.
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Introduction

High-performance green buildings are becoming increasingly more popular throughout
the United States. Throughout the past five years | have spent in college, the idea of
integrating LEED into projects has become much more of a prominent topic each year.
It can be confusing to really understand what it means to take on a LEED project.
People often have much differing views on this topic and whether or not it adds value
to the overall finished project. For example, | have seen that there are many people
that only view LEED as a point system. When deciding to pursue LEED on a project, their
initial tactic is to run through the point system and check off random points without any
actual reasoning to support it. This is due to the mindset that they should assume the
most amount of points possible to obtain a high rank in the LEED Certification system.
There must be another, more organized and proper manner to go about this. Many
other people have the impression that taking on a LEED project will, without doubt,
create much more up front costs than with a non-LEED project. This view may lead an
owner to steer away from this type of project and employ much less efficient, cheaper
building systems. Throughout this analysis, a better solution to these topics, along with
many others, will be derived.

The first question that someone may ask is why would someone want to create a high-
performance green building? In the case of the Upper Dublin School District it was
largely due to the opinions and requests of the public. Since this project was approved
through public referendum, the school district held many town meetings to gain the
local support and to make sure they got exactly what they wanted. According to
“Sustainable Construction: Green Building Design and Delivery” by Charles J. Kibert,
there are three primary reasons as to why this tfrend is becoming much more popular in
the United States. The first reason is that this type of construction addresses the
increasing negative issues associated with the impact our society has on the
environment. It also helps to reduce the consumption of natural resources, leaving less
of a strain on future generations. Another reason is that on a life-cycle costs basis, green
buildings make much more sense economically. With very energy efficient systems,
better windows and infiltration protection, and less thermal transmittance through the
building enclosure, a green building will cost much less to operate over time than will a
building that does not take these components into consideration. Also, rising energy
and water costs will not affect a green building as much because it requires much less
of these resources. Finally, green buildings take info account the health and well-being
of its occupants. By creating an indoor environment with better air quality, people are
less likely to become ill due to contamination. This also leads to less time employees will
take off due to illness and a much more productive work environment. [1]

Although the reasons mentioned in the previous paragraph help promote LEED as the
optimal addition to any construction project, there are still barriers holding back green
building construction in the United States. Financial concerns are often at the top of this
list. There is a perceived higher cost for this type of construction assumed by many
people. Although some building components will cost more up front, there are also
many options that will cot little or no additional costs to the project. There is limited
research supporting green building projects, as well as how they benefit the end user of
the building through a better indoor environment. Finally, there is a lack of awareness
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through a continued superiority of conventional thinking and worry that there is too
much risk involved. These barriers present concerns for owners with a lack of experience
with this type of project. These problems are a usual occurrence until further research
can be performed to verify the benefits of a high-performance green building. The
following sections will look further into these benefits and associated concerns in order
to get a true idea of what it means to implement LEED on a project. [2]

Analysis One Problem Statement

The following paragraph provides a reiteration of the problem statement from my thesis
proposal report. These questions will be used as the guidelines throughout this analysis.

When an owner says that they want their project to be “sustainable” and obtain LEED
certification, it can be unsure what this will actually entail. The question at hand is how
does implementing LEED affect the overall project? Also, how does this change the
project structure and tfimeline?

LEED School Construction Project Case Study

The U.S Green Building Council (USGBC) website offers a variety of different case studies
for successfully completed LEED certified projects. During my initial research | happened
to stumble upon a high school construction project of similar size to the Upper Dublin
High School. The following paragraphs provide my analysis of this project as it pertains
to sustainability. For a copy of the actual case study found on the USGBC website, refer
to Appendix D [3].

The high school featured in this case study is Fossil Ridge High School located in Fort
Collins, Colorado and is one of 45 schools contained in the Poudre School District. This
project attained a LEED Silver rating through a variety of interesting “green” ideas and
technologies. Although this is was not the first high performance building that was
constructed by the Poudre School District, it was the first building to pursue LEED
Certification. Among the many reasons for the school district to go after LEED
certification, one of the main reasons was to provide third-party validation. This is very
important, not only to the school district, but to the community as well because it helps
verify that the building will perform as it was expected. Just as the Upper Dublin School
District did at the start of their project, the Poudre School District sought out the opinions
of not only the architects and engineers, but from teachers, maintenance, and the
community to make sure they would be able to provide exactly what the people
wanted.

From the case study, it appears s if there were three major concerns. These were to
construct a building that was healthy, energy efficient, and can be used as a teaching
tool. A healthy building was created through operable windows, carbon dioxide
sensors, and low VOC paints and furnishings. Each of these add together to create
excellent indoor air quality. This building is extremely energy efficient, 60% more efficient
than high schools of similar size as noted in the case study. This was reached through a
variety of technologies such as occupancy sensors for the lights and on the HVAC caoils,
heat wheels, and the creation of ice during off-peak hours to keep the building cool
throughout the day. Also, some of the energy used in this building is purchased from a
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wind farm to make use of reusable energy resources. Finally, all of the different
technologies used throughout this building aide as a teaching tool for students. These
students will be the next generation of scientists, politicians, etc. So, exposing them to
these different types of technologies will influence their choices in the future to make a
much more positive impact on the environment.

One other thing that was stressed throughout this case study was that there was no
extra cost associated with this project going for LEED Certification. This building is very
efficient on both water consumption and energy, creating extra savings for the school
district. This saved money can be used more beneficially by being put back intfo the
classroom. All of these savings can be used to buy students better equipment, books,
etc.

After reviewing this case study, it appears that this project was extremely successful in
meeting the requests and goals of the school district and the community. Even on such
a large-scale project there were no additional costs to pursue LEED certification. By
using the LEED process they obtained third-party verification and creating a large
amount of savings through reduced water usage and energy consumption. These
savings can be used for future expenses in the classrooms. Overall, it appears that the
choice to pursue LEED had a very positive impact on both the school district and the
community.

The LEED Certification Process

One of the many reasons to pursue LEED Certification for a building is that they provide
third-party validation that the building performs as it was intended to. With that comes
a lot of extra paperwork to document everything LEED needs to know before a building
can receive its rating by the USGBC. The following steps summarize the LEED
certification process. “These steps include:

1. Ensuring that the building is eligible for certification.

2. Registering the project with the USGBC.

3. Ensuring and documenting that the project meets the prerequisites of the
applicable LEED rating system.

4. Documenting that the project attains at least the minimum number of points to
achieve at least the minimum rating, the Certified level.

5. Submitting online to the USGBC the required documentation demonstrating that

both the prerequisites and points have been achieved.

If necessary, appealing points denied by the USGBC.

7. Receiving final notification from the USGBC that the project has been certified.”
[4]

o

As you can see, there is a large amount of documentation that must be done. This is
completely necessary, because without it the USGBC could not actually verify if this
project is of LEED standard or not. This paperwork is not the burden of one individual,
but is split up among the entire project team. One person, usually the LEED Consultant,
is then in charge to collect all of this documentation, make sure that it is properly
formatted and consistent, and submit the documentation to LEED-Online. An example
of how this work is divided can be found in the next section.
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The LEED Checklist and Project Team Responsibilities

One of the main components of the LEED certification process is the LEED checklist. This
is, often times, used incorrectly in that it is not supposed to be thought of as a way to
get as many points as possible. The LEED checklist has been carefully designed by the
USGBC and should be used as a guideline to create the high performance building
envisioned at the start of a project. The main thing is to first make sure that all the
prerequisites are made for each category. This is mandatory for a building to become
certified. After that, all the other points are completely optional. This creates the
opportunity look at the building as whole. By doing this, you can design all the building
systems to work together, rather than just going after random points for the benefit of
obtaining a higher rating.

This type of design is called the Integrative Design Process. This process is a way of
designing the building as to maximize the potential of all the building components by
understanding how each component affects the other. For example, energy savings
tactics such as lighting occupancy sensors and larger amounts of natural light were
used on this project. For the purpose of this example, say that these tactics reduce
energy consumption by 15%. Now, the geothermal well system can be designed 15%
smaller to reflect the reduced energy consumption. This is how the Integrative Design
Process works. By understanding how one component of the building affects the other,
you can create a much more efficient and effective design.

As was mentioned in the previous section, the documentation needed to prove that a
certain point was obtained is not the responsibility of one particular individual. Instead,
depending on what building component the point relates to, that determines who has
the responsibility to complete all the documentation. This doesn’t make the paperwork
process seem as much of a hassle as one might first believe. Usually, the LEED
Consultant has the responsibility, among other things, to gather all the documentation
and verifying that it is complete and consistent throughout.

The checklist being used for the Upper Dublin High School project is the original LEED for
Schools, which was released in 2007. The original goal of the Upper Dublin School District
was to reach a LEED Silver rating for this project, but it is currently on its way to reach a
Gold rating. A copy of the LEED checklist used for this project can be found in Appendix
E. A copy of the LEED responsibility matrix for this project can be found in Appendix F.

Summary of Interviews

The best way to gain an understanding of the impact implementing LEED on a project is
to discuss this topic with members of the actual project team. The sections below
provide a summary of the comments made on this subject from three different
perspectives. These are the owner, the construction manager, and the LEED consultant.

Owner

The owner of this project is the Upper Dublin School District. Speaking to me on their
behalf was the Superintendent of Schools, Michael Pladus. The following paragraphs
reflect the information gathered during our conversation.
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At first, going for LEED Certification was not even on their list of ideas, but can be
credited to the efforts and opinions of the public. This project is different from ever other
project in Pennsylvania because it was passed through a public referendum. For this
reason, the school district needed to gain a lot of public support. They held a lot of
town meetings to fry and understand what the community wanted in a new high
school. Many of the local people wanted energy conservation. As a result of these
meetings, the school board made the commitment to seek a minimum LEED Silver.
Going for LEED Silver would also help them receive money from the state. In order for
the school board to prove that it actually built this type of building, LEED Certification
would be sought after. This is because LEED provides a basis of actually proving you
created an environmentally friendly, energy efficient building, rather than just saying
you did it.

As far as any experience goes, this is the first green building that both the
superintendent and the school district undertook. This meant that some things would
have to be done differently. Mainly, there are more things that have to be considered.
You need to bring together all the consultants with all the engineers. You also need to
provide more specialized services. It adds some things that wouldn’t normally be
associated with a building construction project. As far as his role on this project and
what he had to do differently, the superintended represents the school district. They try
to be very inclusionary with the public, since it was approved through referendum. They
wanted a unique building that also met their unique educational program. They
wanted to make sure their educational model drove the design of the building, but
they also wanted a very green and cost effective building. His job is/was to make sure
the design addresses all those needs.

There is also often a concern with additional costs associated with this type of
construction. In Michael's opinion, the intention is that, hopefully, some of the extra
costs can be offset with energy savings. For example, the geothermal well system, with
a 12-15 year payback, can help reduce the total energy costs saving money in the
long run. This is also beneficial due to the state deregulations on energy costs. Finally,
when asked if he would pursue another LEED project in the future, his response was
simply, “Absolutely.”

Construction Manager
The construction manager on this project is D'Huy Engineering. Speaking to me on their
behalf was Warren Gericke. The following paragraphs reflect the information gathered
during our conversation.

One major concern for the CM on a project is how implementing something like this will
affect scheduling and the overall project timeline. As far as Warren is concerned,
implementing LEED doesn’t change the structure or timeline of the project, but it does
change the cost. By going for LEED on this project creates an exira $1 - $2 million dollars
extra cost. This is mostly due to the paperwork. They also need a LEED consultant and
need to be independently commissioned besides their own start-up and testing of
equipment.

The project still has the same day-to-day activities and staffing. The crews still install
roofing, masonry, etc. except that some f the materials may be more efficient and
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more environmentally friendly than others. There is an increased amount of paperwork.
Every submittal also has a LEED verification attached. Contractors have to add a
summary to any products they use. Any data associated with a LEED product has to be
submitted. This project uses LEED online. This is where all the material sheets and LEED
verification papers can be uploaded. LEED looks at end of project at all the materials.
LEED looks and verifies all the information before certifying a building. Also, a different
skill set is not necessarily required for a LEED project. This project uses almost the same
crew as a previous project with D'Huy Engineering. That project was not a LEED project,
and actually had more sophisticated lighting that utilized daylight harvesting.

Finally, he had this opinion as far as the benefit of going after LEED certification for a
project. All the stuff done on this project can be done without going for LEED
certification. The only real difference is that you won't get the plaque to prove that you
have a LEED building. One of the main benefits of having a LEED building is for
marketing purposes. Having that plaque is proof that you are doing your part for the
environment and that you care about it. It also gives you the ability fo say you have a
LEED building.

LEED Consultant

The LEED consultant for this project is 7 Group. Speaking to me on their behalf was
Marcus Sheffer. The following paragraphs reflect the information gathered during our
conversation.

This paragraph deals with the topic of the affect on the project timeline. This question
depends on project team, mainly have they done a project like this before? This is due
to a learning curve associated with LEED. If this is new to a project team, they can
spend more fime figuring out what is supposed to be done, rather than actually doing
it. That is why there is a current market for LEED consultants. Some project teams are
experienced with LEED projects and know what exactly has to be done, so it's not a big
deal. By far, the biggest variable is experience, which could affect the project
fremendously. There's no reason you shouldn't meet a conventional timeline.

As far as project structure, the variable is what you normally do for project structure.
One example is building commissioning. If you have an owner that usually does that it
doesn’'t change the structure. At a minimum there are three things that must be done
for a LEED project: building commissioning, most of the time an energy model, and time
in doing all the paperwork. Everything else is completely optional. Except for the
prerequisites, the LEED checklist is a guideline for what can be done. None of this should
affect the timeline, especially with an experienced team.

As far as the responsibilities of the LEED consultant, they vary considerably, and depend
on what specific services are needed. On this specific project, 7 Group does energy
modeling and consults for LEED. Typically, by way of a LEED consultant, they basically fill
the vacuum of the knowledge of LEED and sustainability. LEED is trying to change the
market. The LEED Consultant basically teaches how to apply LEED. They keep the
scorecard, facilitate, schedule meetings, and advise how to implement LEED and score
points. Another role is someone to review and/or coordinate the LEED
documentation/paperwork. This usually kicks in at the end of the design phase or in the
early construction phase. There doesn’t have to be a LEED consultant. If the project
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team is experienced enough and has all the capabilities, they have no need to hire a
LEED Consultant. It is very rare that a LEED consultant puts together all the
documentation. You need the different levels of expertise from all the different entities.
One entity can't do the storm water analysis, energy model, and day lighting analysis.
The LEED consultant coordinates that effort. They also make sure all the paperwork is
consistent. USGBC looks for consistency, it is very important for the certification process.
7 Group also did the energy model and day lighting analysis for this project. He also
said that the LEED consultant is not completely necessary for this type of project, as
mentioned previously. There are, however, other necessary entities for a LEED project.
These entities are a third party commissioning agent, and usually an energy modeler as
the only added services.

As far as additional costs associated with this type of project, most of the extra costs
associated with this type of project come from paperwork and design services. On the
materials side, mostly conventional materials were used on this project. This meaning
that there wasn’t any certified wood, etc. used on the project that would add cost.
Some other extra components used in this project are CO2 sensors to evaluate indoor
air quality. Also, an effort was made to optimize day lighting performance. In the end,
the project was within budget, so there were no extra costs for the project as a whole.

This usually brings up the topic of payback. According to Marcus, payback is irrelevant
on projects that don’t have the extra money to spend. For projects that don’t have a
certain budget, which usually doesn’t happen, payback can be compared between
different types of the same building element. You can look at one component instead
of the whole. This can be done with any building, not just a LEED building. It all depends
on what is being used as the baseline.

When asked about pursuing LEED and what has to be done to reach a certain rating
he said, that's something that you want to discover early in a project. Some people
look at it for the extra money they can receive from the state. This depends first on
aspirations. You should also take an early walk through the LEED checklist. This gives you
conversation about different subjects that are raised. Or you can use that for deeper
more meaningful conversations. This is why the LEED checklist has question marks. If you
don’t know that you will get that point, you can use the question mark and come back
to it later. This still isn’t about points, but rather the checklist helps you understand how
the design will affect the overall project design. For example, rainwater harvesting
effects like 7 different credits. This may narrow down what you go after. He also added,
LEED is not meant to be looked at by way of how many points can be obtained. It's not
supposed to be about the points, but there’s a big part of market that only looks at
LEED as a point hunting exercise. That is not the correct way to go about it. 7 Group
uses an integrative design, which also looks a cost effective strategies. With the
integrative design approach, the building is looked at as a group of individual pieces.

An example to make a building more energy efficient is to add insulation, add better
day lighting, better windows, etc. They cost more up front, but save on other systems in
the building. In this example, reducing the energy need by 30-40% reduces the size of
the geothermal well system by 30-40%. This leaves exira money to pay for the other
upgrades. People often look at this in terms of payback from energy. Since the school
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district only has a certain amount of money, payback is completely unnecessary. The
best way to get cost effective strategies is to figure out how one system impacts
another.

Marcus seemed to have similar opinions to the owner and CM as for the benefit of
LEED. He says the benefit of LEED is the difference between saying you did something
and proving you did something. They provide third party certification. LEED requires you
to prove that you created a sustainable building. If an owner is not interested in that
then they don’'t have to spend the extra money and time to obtain the certification.
There are many shades of green and green building design. LEED gives you a baseline
definition of the shade of green.

Finally, we spoke briefly about the length of time after a project is complete until the
building receives validation. In Marcus’'s opinion, it's too long. You have a choice to
submit a chunk of credits early in the process, but this doesn’t necessarily make the
certification process go any faster. If you do it at the end it is a minimum 3 month
process. Either way, the timeframe is the same. A lot of projects don't finish up
paperwork until the building is actually occupied. There wasn't a timeframe before, but
there is one now for submitting all the paperwork. For a long project you must petition
the USGBC to have an extension on filing paperwork.

Final Analysis

High-performance green buildings have become increasingly more popular over the
past few years. As a result of this new movement, people are becoming more
interested in constructing LEED certified projects. The main reason for this analysis was to
understand what it meant to pursue LEED on a project and its affects on the overall
project fimeline and structure.

One of the main concerns with a LEED project is that people assume that it will add
extra cost. | have found this to not be true, depending on what LEED credits are sought
after, and how well of an integrative design approach is taken initially on the project.
The first step for an owner after deciding to pursue LEED on a project is to take an initial
run through of the LEED checklist with the engineers and architect. This will give the
entire project team an idea of which points should further be pursued. From there,
each credit can be looked at from the perspective of how each credit will affect each
other. This will help in the long run by reducing unnecessary spending on useless credifs.
Also, saving money through reduced energy costs, for example, on one part of the
project may open the doors to better and more efficient materials for another LEED
credit. This tactic of saving money in one area and spending the saved money in
another area will balance out to create a net zero in exira expenses.

The only major difference as far as the project timeline is the need for a larger volume
of paperwork. This is due to the very thorough documentation needed to be certified
by LEED. Although this may sound like a daunting task at first glance, it is not much extra
work at all. This is due to the paperwork being divided up by the type of work involved
with the credit. For example, if the LEED credit involves storm water drainage, the civil
engineer would likely be in charge of completing this paperwork.
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When talking about the project structure, not much has to change. The only real
difference is the addition of a LEED consultant, if needed, and a third-party
commissioning agent to the project team. Other than that, all of the same crews that
would normally work on a construction project would be involved. Also, a higher level
of skills is not required for the laborers performing the work. Although they may be using
better materials, they will still be installing roofing, lighting, etc. just as they would on any
other project.

The main benefit that seems apparent from all individuals | have spoken with is that
LEED is the difference between saying you built a high-performance green building and
actually proving it. This shows the public that you care about the environment and are
actually doing your part. It also reassures them that their son/daughter will be attending
a healthier and more educational facility.

In conclusion, LEED is more than just a point system. It is a guideline to create a high-
performance building that provides benefits to the environment and any person that
uses it. It is the ability to prove that a building meets the expectations sought after from
the start of the project, and with little or no extra costs. It is my opinion that
implementing LEED on a project creates a positive impact and should be pursued on
any construction project.

Stephen Kelchaw e Thesis Final Report 24



Analysis Two — Geothermal Well Evaluation

Introduction

As was found through town meetings prior to the design of this school and was
discussed previously in Analysis One, many of the people wanted an energy efficient
building. In order to give the people exactly what they wanted, the Upper Dublin
School District attacked the area where a large amount of a building's energy
consumption comes from, the heating and cooling system. By equipping the building
with - a much more efficient way of heating and cooling, especially on such a large
scale, large amounts of money can be saved on yearly energy costs. Therefore, the
school district decided to go with a geothermal heating/cooling system for the new
high school.

Although this type of system may seem to be on the cutting edge of technology, it has
actually been around for quite some time. The first instance of this technology was built
by Robert C. Webber in the late 1940’'s, in which he created the first direct exchange
ground source heat pump. This technology changed through the years as better
mafterials, such a polybutylene pipe, were incorporated. There is currently more than
one million of these type of systems installed around the world.

This type of system, even for how many are installed worldwide, sfill is rising in popularity.
Just like any other heating/cooling system, geothermal has both pros and cons
associated with it. These will be looked at in greater detail throughout this analysis, as
well as the effects this type of system has on the construction and schedule of a
project.

Analysis Two Problem Statement

The following paragraph provides a reiteration of the problem statement from my thesis
proposal report. These questions will be used as the guidelines throughout this analysis.

What are the values of installing a geothermal well system compared to a “standard”
heating and cooling method? Also, what is the expected lifecycle and payback for this
particular system? Finally, how does this system affect the overall construction process,
including schedule and cost considerations?

How This System Works Compared to Conventional Systems

There are three major components to a geothermal heating and cooling system. These
are the heat pump, the heat source, and the ductwork to the space. The following
paragraphs will explain these components.

A geothermal heating and cooling system makes use of a geothermal heat pump, also
known as a ground source heat pump. This is similar to the heat pump used in a
refrigerator or air conditioner, in which the heat pump moves heat from one place to
another. This is often from the outside to the inside of a building. For conventional
systems, the source of heat usually comes from the outside air. Based on the fime of
year, the heat pump will either extract heat from the outside air or put heat into it. For
example, during the winter a heat pump will extract heat from the outside air before
being conditioned and put into the space. This requires the heat pump to work much
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harder during periods of extremely low temperatures. This will also require the heat
pump fo consume much more electricity than normal.

This is where the ground source heat pump differs in that its source of heat comes from
the steady temperature below the earth’s surface. This temperature is fairly constant,
approximately 55°F, throughout the year only a few feet from the earth’s surface. This is
a major advantage, especially on the extremely hot days of the summer, or the very
cold days of the winter.

As was stated in the previous paragraph, a geothermal heat pump'’s source of heat is
from the steady temperature of the earth. This requires a loop containing water, or a
water/antifreeze mix, to extract the heat from. There are two basic types of loops, open
and closed. An open loop system draws water from an aquifer to be passed through
the heat pump. This water is then discharged back to the aquifer at some distance
from the first. A closed loop consists of a water or water/antifreeze mixture that is
continuously circulated through a buried pipe. The particular system used at the Upper
Dublin High School is a closed loop system. This is considered to be more
environmentally friendly, because the closed loop helps prevent contamination into the
soil. During the winter, the cold fluid will circulate down the pipe into the earth. This will
then be heated as it comes back up from the bottom of the loop. The warm liquid will
then go through the heat pump and its heat will be extracted. Likewise, in the summer
the liguid will be warmed from the hot air in the space. This will be sent intfo the earth
where it will cool before coming back up to the surface. This cool liquid can then be
used to extract heat from the space.

The Value of a Geothermal Well System

Throughout my research | have found a number of reasons why a geothermal system is
a great choice for heating and cooling a building. As was found in the previous section,
geothermal heat pumps have much better efficiency than air source heat pumps
because the uniform temperature of the earth is much more consistent than air
temperatures. This significantly reduces the amount of work the heat pump must do,
especially during extreme high or low temperatures, thus reducing the amount of
energy consumption.

Another value to this type of system is that it has much less mechanical parts and most
of its components are underground. This protects the system from outdoor weather
conditions, which may harm mechanical parts on conventional systems. This makes the
system much more durable with a life cycle of approximately 25 to 50 years. Since this
system uses much less energy than a conventional system and doesn’t require the
burning of coal or natural gas, it has some of the lowest CO2 emissions of any available
technology. In terms of the energy it does use, studies have shown that around 70
percent of this comes from renewable energy from the earth.

The one major downfall associated with a geothermal system as well. For one thing, it
requires much more up-front costs, estimates have shown to be 2-3 times more, than a
conventional heating and cooling system. These costs, however, can be recouped
fairly quickly with the significant reduction in energy consumption.
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Details of the Upper Dublin Geothermal System

Due to the large size of this project, a very large geothermal well field was needed to
provide enough capacity to heat and cool the entire building. This was very easy for
the Upper Dublin School District, because they had more than enough room on their
site for a well field of such size. The location is in the north-west corner of the site under
what will be part of a future sports field.

This system contains a total of 320 wells spaced at 15 feet on-center in both directions
at a depth of 400 feet. The wells are separated intfo 20 different circuits for a total of 16
wells per circuit. Each well is made from 1.5 inch SDR 11 Polyethylene pipe and
connected to a 4 inch supply and return main branch of the same material. All of these
branches run info a 14" main heat pump supply and return pipe into the building. The
fluid mixture is made up of a Glycol/Water mixture of 20 percent Propylene Glycol
mixture with a flow rate of 3800 GPM. The location and details for this system can be
found in Appendix G.

Summary of Interview with Construction Manager

The best way to understand the benefit of a geothermal system and its affects on a
construction project is to learn from the actual individuals involved with the project. For
this reason, | chose to speak with the construction manager, D'Huy Engineering.
Speaking on their behalf was Warren Gericke. The following paragraphs summarize our
conversation.

We began our conversation with the crew that was in charge of installing the system.
According to Warren, there was a specialty contractor that did the well field drilling.
They also do the testing and put the piping in he ground. The piping is brought as far as
into the mechanical space of the building. From there, the mechanical crew takes
over. The well field drillers were actually a subcontractor to the mechanical contractor.
This strengthens the fact that you don’'t need special skills to work on a high
performance building. In this case, there was only the need of a specialty contractor to
dig the very deep wells. Other than that, the same mechanical crew completed all the
work.

Our conversation moved to the advantages and disadvantages of using this type of
system. One of the major advantages to a geothermal well system is that it eliminates
the need for hot water boilers and chillers. This gets rid of the load on non-renewable
resources. One of the major disadvantages is the increased maintenance costs of the
heat pumps. There are hundreds of heat pumps in this system, one for each classroom
space, etc. There is the risk of compressor failures, and much more equipment to look
after. Payback has been calculated to be 15 years. It's cheaper to put in a standard
system, but they use more gas/oil etc. and cost more in the long run.

Finally, we spoke about its affect on the schedule and construction process. This
particular installation did not cause any delays for other work to be completed on the
project. Also, this did not cause any changes to the schedule because the well field
was so large and was separate from project, unlike if it was under a parking lot. The well
was drilled simultaneously as they ran main underground feeders so parking lot can be
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put in. Although this sounds great so far, it does come with a price. For this installation
the total cost, including the well field drilling was about $8.5 million. The well field drilling
accounted for nearly one-quarter of the total cost.

Final Analysis

One of the major costs of energy for a building comes from the heating and cooling
system. This is something that many of the local people wanted to see taken into
consideration during the design. This led the Upper Dublin School District to implement a
geothermal well system. This type of system provides many advantages over other
conventional systems. For one thing, it makes use of the nearly constant year round
temperature of the earth rather than the variable air temperatures as a form of heat
source. By doing this, a geothermal system is much more efficient when heating and
cooling a space and uses much less energy.

Geothermal systems have much less mechanical parts, and many of its components
are underground, preventing and damage from exposure to weather. This makes the
system much more durable, with and expected durability of 25 to 50 years. Also, since
there aren’t any exterior condensing units, this system doesn’t create any noise other
than from the mechanical space. In terms of environmental impact, studies have
shown that 70 percent of its energy use comes from renewable energy from the earth.

There are, however, some downfalls to this system. There is definitely a much higher
initial cost than with a conventional system. This system in particular cost about $8.5
million including all the materials and labor. This extra cost is expected to be made
back in approximately 15 years through the major savings in annual energy costs.

As far as scheduling issues, | think this depends on the location of the well field. For
example, this project had a large area separate from the actual high school
construction site. For this reason, drilling of the well field was able to go on at the same
time as construction of the high school. All that was dependent was the supply and
return piping from the well field to the building. This was done early in the project, so it
had no affect on the schedule. Now, if the well field was located closer to the building
under the parking lot, this would have presented a problem with the schedule. This
would have delayed construction of other parts of the building until the well field was in
place. Also, it would delay the finishing of the parking lot area.

In conclusion, | find that the geothermal heating and cooling system comes with many
more pros than cons. It is an extremely efficient, energy saving system. It is also very
durable and quiet. Although it costs much more up front, if it is within the budget of the
project this money can be made back in a short time period. Finally, depending on the
location of the well field on the site, the installation of this system does not create any
significant change to the overall project structure and timeline.
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Introduction

In the previous analysis, it was found that the geothermal heating and cooling system
provides many added benefits to counteract the large initial cost of installation. This is a
very efficient system, since it uses the relatively constant temperature of the Earth to
transfer heat to and from the building. Depending on the time of year, the Earth can be
used as either the heat source, or the heat sink for this system. It was also found that
approximately 70% of the energy used by this systemm comes from the renewable
energy of the earth. This leaves 30% of the energy coming from electricity, and opens
the doors for the possibility to further reduce the energy consumption of this building.
The purpose of this breadth analysis is to find a suitable system that can either replace
or supplement the energy consumed by the geothermal well system.

Mechanical Breadth Problem Statement

The following paragraph provides a reiteration of the problem statement from my thesis
proposal report. These questions will be used as the guidelines throughout this analysis.

During my review and analysis of the geothermal well system that will be used on the
project, an alternate system can also be researched. This system must provide the same
benefit expected from the geothermal well system. The main reason for using a
geothermal system in this building is for energy savings. To prove that a different system
is comparable to the existing one, a performance and energy analysis must be done
for both systems and a comparison must be made. Total cost of implementing the
system and constructability will also be taken into consideration. At a minimum, if no
realistic system can be applied a supplemental system to the geothermal wells can be
incorporated.

Replace or Supplement

Due to the extremely positive results found in the analysis of the geothermal well system,
| have decided to keep this system as a part of my analysis. Therefore, | will look intfo a
system that can help supplement the energy used by the geothermal well system in
order to make it even more efficient than it already is.

Geosolar Systems

A geosolar system is commonly referred to a combination of heating a liquid from the
energy of the earth and the sun. Usually, cool water flows through solar arrays, which
heat it up and send it to combine with the heated water from the geothermal system.
Although this adds more efficiency to the heating system, it does require running a lot of
extra piping and can be very costly after the construction of a project is complete.
Instead of using solar to make the water heating more efficient, you can also use the
solar energy to create electricity. This electricity can be stored and used to run the
geothermal heat pumps. In this way, it will make the system more efficient by
decreasing energy consumption. With the deregulation of the Pennsylvania energy
rates, any reduction in energy costs is a good enough incentive on its own.

Stephen Kelchaw e Thesis Final Report 29



Breadth Topic One — Mechanical

Solar electric systems convert sunlight intfo electricity through the use of semiconductor
material. These systems, commonly referred to as photovoltaic (PV) systems, produce
minimal power, but through modular expansion can adapt to electrical demands
through the use of panels, modules, and arrays. PV arrays can be mounted at a fixed
southern angle or on a tracking device to follow the sun throughout the day.

Renewable energy is a pollution-free producer of electricity for use in any facility
system. Active solar systems also provide an excellent opportunity for educational
outreach. Their non-obtrusive nature is easily adaptable to many existing facilities and
the expandable characteristics of PV's allow for continual system upgrades.

This type of system is considered to be an active solar system. An active system utilizes
solar gain to heat fluids or produce electricity for facility consumption. Active systems
reduce the monthly heating bills and the quantity of air pollution and green house
gasses created by traditional heating fuels. System selection is dependent on a number
of factors including site, design and heating needs. This site has a lot of opportunity for
solar electric systems due to the large amount of flat roof area. Efficiency is also
impacted by quality of installation and maintenance. Minimal maintenance,
approximately 8-16 hours, per year should be considered for a typical system.

Solar Electric System Selection

In selecting a solar electric system my main goal is to find a product that is very efficient
and in a reasonable price range. Also, size and durability play an important role in this
selection. The size is important because if a selected solar electric product is too big
and heavy, this will affect the loading capacity that was designed for this building.

The particular solar panel that | have chosen to use in this analysis is the ES-A Series
Photovoltaic Solar Panel from Evergreen Solar [5]. This has been found to produce the
most energy, at 210 W, than many others that | have looked at. It was also one of the
cheapest in terms of $/Watt at $3.24/Watt [6]. The technical sheet for this particular
solar panel can be found in Appendix H.

The electricity generated from this panel would be integrated with the grid of the utility
company. This is like actually selling electricity to the electric company. Since the
electricity is flowing into the grid, it makes the electric meter flow backwards to reflect
that energy is being produced rather than used. This is also much more cost effective
than buying solar batteries to store the energy. This also is maintenance free unlike solar
batteries.

Cost and Performance

When using a solar panel to supplement the energy used by the geothermal heat
pumps, | had to first consider how much energy was consumed by the heat pump.
There are 180 heat pumps throughout the building consuming an average of 4,000 VA
for a total of 720,000 VA. The relationship between VA and Watts lies in the power factor
(PF). Since a power factor for these particular heat pumps could be found, for the
purpose of this analysis | will use a 0.9 PF. This means that these heat pumps consume an
average of 720,000 VA x (0.9), which equates to 648,000 Watts.
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With one photovoltaic panel creating 210 W of energy, this would require 3,085 solar
panels. At $680.40 each, this would cost approximately $2.1 Million just for the solar
panels. There are also other costs associated with this such as installation fees, mounting
hardware, wiring, etc. This turns into a very costly addition to cover the electricity used
by the geothermal heat pumps. The other problem is that this many solar panels would
require such a large amount of roof space to install.

Now, you could just install enough solar panels to supplement a fraction of the energy
used. At approximately 4,000 VA per heat pump and a 0.9 PF, one heat pump would
use 3,600 W of energy. This would still take 17 solar panels to create enough electricity.
This still does appear to be a feasible addition.

Final Analysis

The overall goal of this breadth analysis was either to replace the geothermal well
system with another more feasible heating and cooling system, or, at a minimum, to
supplement that system in some way. Due to the large amount of positive results from
the analysis of the geothermal well system in the previous analysis, | decided to try and
supplement the system in some way. In order to keep the sustainability aspect, | chose
to use some form of solar energy. There were two possible ways to supplement this
system with solar, either through solar heating of the fluid or through the solar electricity.
Because of all the extra piping that would come with solar water heating, | decided to
look into solar electricity. This would be much easy from a constructability standpoint,
because all the panels would be installed on the roof and wiring could be run and
connected to the grid.

In calculating the amount of panels that would be needed to create an equivalent
amount of energy in comparison to the geothermal heat pumps, it was found that you
would need approximately 3,085 panels. This would cost you approximately $2.1 Million
just for the panels. Also, with that many panels a large amount of the roof surface
would be required. This could bring with it negative impacts as far as the structural
capacity of the roof. Even considering a fraction of the energy, it would take
approximately 17 solar panels to cover the electricity consumed by one heat pump.

In conclusion, supplementing the geothermal well system in terms of energy
consumption with solar panels is not a feasible solution. The solar panels don't generate
enough electricity per panel and do not justify the associated cost. The only benefit
with adding the panels is a reduced amount of energy used by the building. With that
being said, the huge initial cost would take long to make up and the roof was not
designed to handle the additional loading.
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Introduction

The new Upper Dublin High School has thus far taken into consideration the opinions of
the public as far as creating an energy efficient building through use of many
innovative technologies. Another area of concern is effective water use in a building
and water conservation. The water that enters a building has been filtered and
cleaned as to make it safe for human consumption. The problem is, that water use in
many parts of the building and the surrounding landscape don't require potable water,
or water that is safe for human consumption. For example, the water used in tfoilefs,
dishwashers, and landscaping don't require the use of potable water, but rather can
utilize rainwater. The purpose of this analysis is to take a look into rainwater collection
and how it would be beneficial to the overall design of this building.

Analysis Three Problem Statement

The following paragraph provides a reiteration of the problem statement from my thesis
proposal report. These questions will be used as the guidelines throughout this analysis.

In order to supplement the water use in the Upper Dublin High School, what would be
the most effective and cost friendly rainwater collection system to use on this projecte
Also, how can this be incorporated into the final design of this building? Finally, what
would be the benefit of using this type of system?2

Water Use Reduction Tactics

The Upper Dublin School District has taken the idea of water conservation into
consideration and it is reflected in the technologies implemented into this building. They
have met Credits 1.1 and 1.2 for “Water Efficient Landscaping” under the Water
Efficiency category of the LEED checklist. This is a significant reduction because they
have such a large amount of landscaped area on their site, especially with all the
sports fields. They also created efficient water use inside the building. They implemented
technologies such as waterless urinals and automatic sinks in the bathroom. This will
further help reduce the amount of water used in this building. In fact, this school has
also met Credits 3.1 and 3.2 for “Water Use Reduction: 20% and 30%" under the Water
Efficiency category. All of these credits can be found in the LEED checklist found in
Appendix E.

As you can see, a lot has already been done to decrease the amount of potable water
used in this building. This brings with it an added benefit to implementing a rainwater
collection system. With significant water reduction throughout the building, a smaller
rainwater collection system can be used, thus reducing the overall cost and space that
this would take up. This point led me to discussions with the owner and the construction
manager on this topic.

Discussions with the Owner and CM

My discussion began with the construction manager of this project, D'Huy Engineering.
Speaking to me on their behalf was Warren Gericke. Warren explained to me that
rainwater collection was not considered at all during the design of this building. He said
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they already did a lot in ways to reduce water use throughout and around the building.
He was unsure of the exact reason why this was not considered, but felt that is was
mainly due to cost considerations and space. There wasn't a lot of room on this site fo
put large barrels to collect rainwater. This would mean that any system implemented
would have to take this info consideration. He also felt that implementing rainwater
collection would be a great idea. There is a lot of roof area to collect the water from,
and the area receives a good amount of water each year.

My discussion then moved over to the owner. Speaking on behalf of the Upper Dublin
School District was Michael Pladus. He also said that rainwater collection was not
considered for this project. This was mainly due to added cost and space. He felt the
same way as Warren that the design team implemented enough strategies to make this
building very water efficient. He also added that much was done in terms of storm
water management as far as quality and quantity control. This was accomplished
mainly through storm water basins running around the perimeter under the school. In
terms of adding a rainwater collection system to the school, he felt that it would be a
great idea. His main interest in this idea is that it would be a great teaching tool for the
stfudents to learn more about water conservation. This is a very important thing,
because the students are our future. The more they can take out of this school as far as
what can be done to protect the environment and our natural resources, the better.

From my discussion | found out that rainwater collection wasn’t a thought on this
project, mainly due to costs and space. Any added rainwater collection system would
have to address both of these issues. One of the other added benefits is that this system
can be used as a teaching tool for the students. This was the main concern of the
Superintendent of Schools, Michael Pladus. This would also have to be ftaken into
consideration when implementing a rainwater collection system.

Rainwater Harvesting Selection

A rainwater collection system implemented into this school would have to consider
three main things. These are a low cost to install, a small size, and it must be visible to be
used as a teaching tool. These things being considered, | would suggest implementing
small rainwater collection barrels at downspout locations in several spots around the
building. This suggestion will be further researched throughout the rest of this section.

The new Upper Dublin High School is a 362,000 square foot building with a vast array of
roof areas. With an average annual rainfall amount of approximately 48" [7], there are
hundreds of thousands of gallons that fall from this roof each year. The problem is that
collecting all this water would require a massive amount of space and a lot of added
cost, which is unpractical and unfeasible. The main purpose of this system is not to
collect every drop of rain that falls from the roof, but rather collect a small fraction of
that to supplement water use and mainly be used as a teaching tool.
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Before a rainwater collection system can be implemented,
two things must be considered. These are the type of barrel
that will be used and the location. In selecting a rainwater
collection barrel my three main criteria were the size, cost,
and ease of use and installation. This led me to the
Aquascape, Inc. RainXchange website where | found their 75-
gallon capacity rain barrel, as seen in Figure 9 [8]. This rain
barrel comes in either terra cofta or sandstone and has a
planter built in to the top. This will allow it to blend well into the
landscape as to not make it stick out and ruin the overall
appearance of the landscape. These rain barrels can be
connected in series in case one of the barrels fills up. There is
also an internal overflow system in case any or all of the
connected rain barrels reach their maximum 75-gallon
capacity. These barrels are not overly expensive either, at

$250 each [9]. Installation is also very easy. The downspout of Figure 9: Rain Barrel
the gutter system runs right down into a small hole in the top of

the barrel. This continues to fill until it either overflows into another barrel or overflows
completely, in which it is dispersed out the bottom. When the stored water is ready to
be used, it can be removed from a valve at the bottom of the barrel. The Aquascape
website also offers an installation guide and owners manual, which can be seen in
Appendix I. One may ask why such a small barrel would be chosen and what the
benefit of this barrel is. The main concern of this analysis was to make sure that it could
be used as a teaching tool for the students, is cost effective, and is easy to install. This
rain barrel meets all three of those criteria. The best thing about it is that these are
reasonable for the average student to implement in their own home. This makes this
type of rain barrel much more effective because it is relatable in that it is not some
huge system that is completely infeasible for a student to get something out of.

The other important factor with this rain barrel is the location. The best location is
somewhere around the school in which students can see these barrels from inside the
building and also have access to look up close to them. That is why my suggestion for
placement of these rain barrels is in the central courtyard of the school. This is easily
accessible by the students, and can be seen from either the library, cafeteria, or
surrounding windows. This central location is the best for all students to have access to
this barrel both physically and visually. The water collected from these rain barrels can
further be used by the students to water the landscape in the courtyard.

Now that the type of rain barrel and the location has been decided, the next question
is how many barrels should be used. There is an average rainfall amount of 4" per
month in this area. With four rain barrels connected in series for a 300-gallon capacity,
this system has the ability to collect rain off of 120 square feet of roof area per month. In
order to make sure that only this amount of roof area conftributes to the rainwater runoff
in an attempt to direct the other runoff into the storm drainage system, a small portion
of the roof can be sectioned off to redirect this water to the rain barrels. The only other
extra requirement that would be needed is a small amount of guttering to transport the
rain water directly into the rain barrels. The following figure, Figure 10 shows the
proposed layout of this system.
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4 - RainXchange rain barrels
connected in series

120 sq. fi. sectioned off
area of roof. Water to be
drained into rain barrels.

Figure 10: Proposed rain barrel layout

Final Analysis

In conclusion, the large amount of roof area has the potential to collect a vast amount
of rainwater that can further be used throughout this building and in the surrounding
landscape. The designers for the Upper Dublin High School has already done a great
job in reducing the amount of water usage throughout the building by including
waterless urinals and automatic faucets in the bathroom. They have also reduced the
water needed for the landscape by more than 50 percent. In order to further increase
the water efficiency of this building | chose to look into rainwater harvesting.

After discussions with both the owner and the construction manager on the project, |
found out that rainwater harvesting was not considered mainly because of the extra
cost and the small amount of space to include a large rainwater catchment system.
They did, however, think that rainwater collection would have been a great thing to
add as far as education for the students. For these reasons | chose to look info a small
rainwater catchment system that was affordable and with the main purpose of
providing education for the students of this school.
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This was accomplished with the use of four 75-gallon capacity RainXchance rain
barrels. At only $250 each, these are affordable and feasible for a student to implement
in their own home. This was thought to be a great teaching tool for the students
because it is relatable and not something that was out of their price range. These rain
barrels were positioned in the central courtyard of the building in an area that is
accessible and visible for all students. The only added costs other than that of the rain
barrels is to install a small amount of guttering and section off a portion of the roof to
direct the flow of water into these barrels.

Overall, although it wasn't feasible to implement a large rainwater collection system to
supplement and reduce the buildings water use, it did meet the goal of providing an
educational tool for students. In the end, this is one of the most important aspects of this
building, since this is meant to be a place of learning. This gives the students something
sustainable that they can recreate in their own homes.
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Introduction

According to the U.S. department of energy, lighting loads currently consume 40% of a
building’s energy. This is the same amount of energy that is consumed heating and
cooling the building. Reducing this load has the potential to have a significant impact
on the total energy consumption of the facility. Therefore, this was a critical area to
consider during the design of the lighting system for the new Upper Dublin High School.
By implementing efficient lighting in this building, the Upper Dublin School District will
have the potential to further save money on annual energy costs. With the state
deregulations in the energy rate caps, this may have much more of an impact in the
future.

Analysis Four Problem Statement

The following paragraph provides a reiteration of the problem statement from my thesis
proposal report. These questions will be used as the guidelines throughout this analysis.

How efficient and how much energy savings can be expected from the lighting system
used in the Upper Dublin High School? How does this system compare to other lighting
systems used in buildings today?

Lighting System Details

The main lighting type used throughout the classrooms of this school is energy efficient,
high-output T5 linear-fluorescent lighting. The manufacturer for this lighting fixture is
Finelite. More specifically, the catalog number for this light fixture is $12-8"-2T5HO-SC-EP-
277-AC18"-CE. This following list breaks down this catalog number to further describe
this fixture.

S12 - Finelite Series 12 model

8’ — 8 feet section length

2T5HO - Total of two high output T5 fluorescent bulbs per fixture

SC - Single circuit

EP - Extended Performance Reflector System

277 - 277 voltage

AC18” — Semi-adjustable aircraft cable mounting system spaced at 18"
CE - Curved end cap

This information comes from the technical sheet provided by the Finelite website. To
take a look at this Technical Sheet, please see Appendix J. The high output T5 lamp is
said to have the highest efficiency than any other comparable T8 and T12 lamps. This
will be looked at in greater detail in the following sections.

This is not the only component that makes up the lighting system. Each classroom is also
equipped with occupancy and daylight sensors. The occupancy sensors do just as their
name describes. They sense when a room is occupied. This makes the lighting system
much more efficient because is removes the possibility of lights being left on in the room
when it is unoccupied. That would be a major waste of energy, so the occupancy
sensors help address that.
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The daylight sensors are similar to that of the occupancy sensors, except that they
sense when there is enough light present in the room from natural day lighting.
According to the LEED checklist for this building, this school meets the criteria for Credit
8.1 — "Daylight 75% of classrooms”, and is currently unsure whether they meet the
criteria for "Daylight in 90% of classrooms.” Refer to Appendix E for the LEED Checklist
used on this project. This is a huge energy saver, because most of the classroom space
will be used during the daytime hours. By allowing a large amount of natural light to
enter these classroom spaces and powering off lights during this time, even less
electricity will be used by the lighting system. All of these components working together
create the main lighting system for the classroom spaces in this school.

Efficiency, Savings, and Industry Comparison

The T5 lighting used in this building is considered to be some of the most efficient
fluorescent tube lighting in the industry today. This is said to replace the most popularly
used T8 fluorescent tube lighting. Both of these types replaced the much older T12
fluorescent lighting. One may ask what the difference is between T8 and T5 lighting, as
well as how they compare in terms of cost and efficiency. The following paragraphs will
address these issues.

The first question may be what “18" and “T5” actually stand for. The “T" in this
abbreviation is for the tubular shape of the bulb. The number refers to the size of its
diameter in eighths of an inch. A T8 bulb is 8/8" or 1" in diameter, whereas a T5 bulb is
5/8" in diameter. Other than a difference in diameter, they also have a difference in
length. A T5 bulb is slightly shorter than a T8 bulb. For this reason, a T5 cannot directly
replace a T8. This means that it requires a slightly different sized fixture. Another major
difference is that T5 bulbs require a smaller bi-pin socket and a different ballast to
operate. In comparison of a T12 and a T8, the only real size difference is in the diameter.
Other than that, the pins and lengths are the same. As you can see, replacing a T8
fixture with a T5 fixture can cost significantly more than going from a T12 to a T8.

In terms of how they compare by performance, a 2-light T5 fixture will typically produce
more light than a 3-light T8 fixture. One major advantage that stems from this is that by
having more light produced, a lesser amount of fixtures will be needed to provide the
same amount of light. This is very beneficial on large projects, because this can save a
lot of up-front costs and energy. The other advantage is that you will need less lamps
with a T5 fixture.

The question of cost and efficiency is also very important when trying to consider
between the T5 and T8 fixtures. The life cycle of both of these bulbs are measured to be
about the same, 20,000 hours. This depends on factors such as the amount of times the
light is switched on and off throughout it's life cycle. If you leave the light on for longer
periods of time, it will last much longer. This presents a problem with the sensors in the
room. They will cause the lights to be turned on and off more times than if this has to be
done manually.

In terms of cost, T5's are approximately 3-4 times that of a T8. This extra cost should be
justified by much better efficiency. The following table, Table 3 displays several different
factors that help determine the efficiency three different fluorescent lighting types.
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These factors include (1) The Color Rendering Index (CRI), which represents the quality
of light on a scale of 0-100; (2) The Efficacy measured in lumens per watt, which
measures the quantity of light; (3) the Co-efficiency of Utilization [10].

Table 3: Lighting Efficiency Comparison

Lamp Type Color Rendering =iilelele)Y Co:effic;iency of
Index (CRI) (lumens/watt) Utilization (CU)
T12 62 78 0.46
18 85 92 0.76
15 85 103 0.90

As you can see from Table 3 the T5 bulb is the most efficient out of the three. In relation
to the T8, the T5 bulb is only 9.0% more efficient. This does not seem to make up the
large difference in pricing, but, as was mentioned earlier, the higher light output of the
T5 lamps mean less total fixtures than with a T8 lamp. Depending on the size of the
project, this can help make back much of the extra money.

In the end, the use of high output T5 lighting, occupancy sensors, and daylight sensors
work together to significantly help decrease the amount of energy used from lighting
costs. This reduction in lighting load also means the load on the HVAC system will be
reduced since the fixtures are not producing as much heat. Obtained from industry
averages for this kind of set-up, it is estimated that the combination of technologies
used in this lighting system will decrease the overall lighting load by up to 80%
compared to standard switching controls.

Final Analysis

One of the major areas of energy usage in a building comes from the lighting system.
This can contribute up to 40% of a building's energy use, which is the same amount as
the heating/cooling system. This creates the opportunity for savings through a creative
lighting system design. The purpose of this analysis was to analyze the main classroom
lighting system used in the new Upper Dublin High School in terms of its efficiency and
how it compares to other typical industry lighting systems.

The main classroom lighting system used in this high school is made up of high output TS
fluorescent lighting. Typical of each room are a total of six 8' long, two-lamp Finelite
fixtures. Complimenting the light fixtures are automatic lighting conftrols: occupancy
and daylight sensors. The daylight sensors are used to measure the amount of daylight
present in the room. When it reaches an optimal level, it reduces the artificial lighting in
the room, thus saving electricity. The occupancy sensors work in the same manner by
shutting off the classroom lighting when the room is not occupied. Together these
components are meant to create a highly efficient, energy saving lighting system.

In terms of other typical industry lighting, the T5 lamps used in this school are meant to
replace T8 lamps. When comparing these two types of lamps, many pros and cons
were found as to justify whether or not T5's are a better, more economical choice. As to
the physical differences between these two, T5 lamps are slightly smaller than T8 lamps.
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T5 bulbs also require a smaller bi-pin connection and ballast to operate. This means that
a T5 bulb cannot directly replace a T8 bulb. In terms of performance, a two-lamp T5
fixture will produce more light than a three-lamp T8 fixture. The initial rated light output
of a high-output T5 is 5,000 lumens, whereas for a T8 fluorescent it is only 2,950 lumens
[T1]. This leads to smaller fixtures and a reduced amount of lamps, saving money on
both electricity and material cost. Although this can save a lot on larger projects, this
doesn’'t seem like a reasonable solution for a smaller project. This is because T5 lamps
cost 3-4 times as much as a similar sized T8 lamp, and is only 9% more efficient with the
same 20,000 hour life cycle.

In conclusion, the entire combination of the high output T5 fluorescents, the occupancy
sensors, and the daylight sensors work together to decrease lighting loads by up to 80%
compared to standard switching controls. This will further help the Upper Dublin High
School save money on annual energy costs. Overall this seems to be an exfremely
efficient lighting system.
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Introduction

The previous analysis of the current lighting system used in this high school was found to
be overall very efficient. High output T5 fluorescent lighting offers efficient performance
while requiring a lesser number of lighting fixtures than with previous T8 fluorescent
technology. The question at hand is, what other lighting technologies are available
today on the market?2 Perhaps there is an even newer technology than TS fluorescents
that will eventually make them obsolete in the lighting industry. The main goal of this
breadth analysis is to take a look outside the standard lighting option of linear-
fluorescent tubes and find a suitable replacement.

Lighting/Electrical Breadth Problem Statement

The following paragraph provides a reiteration of the problem statement from my thesis
proposal report. These questions will be used as the guidelines throughout this analysis.

Analyzing the current lighting system in the Upper Dublin High School brings with it the
possibility of a different, more efficient system that could have been used. An alternate
lighting system will be considered during the analysis of the current lighting system. This
will require calculation of lighting loads throughout the building that will be consumed
by this alternate system. This breadth will make use of the topics and ideas learned
during the lighting electrical classes.

Alternative Lighting Selection

There are many different ways to light a space. The problem is finding the most suitable
replacement for this particular classroom space. As was mentioned in the previous
analysis of the lighting system, this school utilizes two-lamp, high-output T5 fluorescent
lighting in these spaces. Throughout my research, my two main criteria for selection was
a product that (1) made sense price-wise as a suitable replacement, and (2) did not
create a large amount of work or time to replace. Both of these criteria were thought to
be met when | came across LED fluorescent tubes. This type of lighting mimics that of
the current fluorescent tube lighting, except it contains LED’s in the tube rather than a
gas. Therefore, this technology will be used as the basis for a replacement of the
current classroom lighting. The particular lighting selection used for this analysis will
come from EarthLED products [12].

About LED Fluorescent Tube Lighting

As was just mentioned in the previous section, LED fluorescent tube lighting mimics
regular fluorescent tube lighting, except that it utilizes LED’ on the inside of the tube
rather than gas. This comes with many added benefits compared to traditional
fluorescent tube lighting. For one thing, the lifespan of LED tubes are estimated to be
50,000 hours. This far exceeds the average 20,000 hour lifespan of fluorescent tubes by
2.5 times. Another major advantage of LED tubes is that they do not require a ballast to
run. This will further help to decrease energy usage and future maintenance costs. LED
tubes start instantly and provide continuous, flicker-free light as is associated with
fluorescent tubes. Also, LED tubes are not temperature sensitive and do not contain any
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mercury as does traditional fluorescent tubes. Finally, the amount of energy consumed
by LED tubes is significantly lower than in the high output T5 fluorescents. A 4-foot
EarthLED LED tube will consume 12 watts of power, whereas a high output T5 will
consume a nominal 54 watts power. This is a huge advantage for LED tubes because it
can help to further decrease the lighting load on the building and save the Upper
Dublin School District more money.

With the advantages come some disadvantages. One of the major disadvantages |
have seen is that the lumens, or amount of light produced by the light, are significantly
lower in LED tubes than in the high output T5 fluorescents. This means that it will take
more LED tubes to create the same amount of light as the high-output T5 lighting.
Another disadvantage is the initial cost for LED ftubes. For the particular product being
used for this analysis, one 4-foot T5 LED tube replacement will cost about $75. This is
approximately 8-10 times the cost of regular T5 fluorescent tubes. These get much
cheaper as you buy in bulk, where a 4-pack of the same LED tubes will only cost about
$260. Surely this cost must be justified to suggest LED tubes as a suitable replacement.

LED Tube Replacement

One of the main reasons | chose these LED tubes as a replacement for the current high-
output T5 fluorescents is that they can be used in the same fixture with a few wiring
changes. This is a major money saver in that all the school district would need to buy is
the actual lamp, instead of the lamp and a fixture. Since the LED tube does not require
a ballast to run, the ballast in the current light fixture would need to be disconnected
and bypassed. Then, the LED tube can be inserted into the same mini bi-pin piece and
be turned on. This is another huge money saver, because this work will only take a very
short amount of time to do and can be done by the maintenance staff at the high
school. This gets rid of the extra cost of hiring an outside electrician to do this work. The
EarthLED website offers instruction on rerouting the wiring for the fixture in their
installation guide. This can be found in Appendix K.

Load Reduction and Cost

Replacing the current high-output T5 fluorescent lighting with LED ftubes has sounded
very convincing up to this point. This section will take a look at some of the more
important factors that will determine whether or not this is a suitable replacement.

One advantage that LED tube manufacturers try to push is the amount of energy
savings that they create. The following table, Table 4 compares the amount of energy
savings that would be created.
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Table 4: T5 Fluorescent vs. LED Tube Energy and Cost Savings Comparison

Energy and Cost Savings Comparison

Lamp Type HO T5 Fluorescent T5 LED Replacement
Power Consumption (W) 54 12
1 lamp KWH/Year! 157.86 35.04
$/Year? 23.65 5.26
Classroom
(4 lamps per KWH/Year 3789 841
fixture, =6
fixtures per $/Year 568 126
room)
Building KWH/Year 443,271 98,392
(=117
classroom
spaces) $/Year 66,409 14,770
KWH/Year - 344,879
Total Savings
$/Year - 51,639

As you can see from the table, replacing the high-output T5 fluorescents with the T5 LED
tubes producing significant savings in energy costs per year. The next concern is the
payback fime for the extra cost of the LED tubes. In calculating simple payback, a price
of $260.00 will be used for a 4-lamp set [13]. With approximately 117 classrooms and 24
lamps per classroom, this results in 2808 total lamps, or 702 sets of 4 for a total of
$182,520. With an average annual savings of $51,639 per year this leads to
approximately 3.5 years payback. According to the Table 4, the amounts were
calculated using 8 hours run time per day for 365 days per year. With the average
50,000 hour lifespan of the LED tubes, this results to just over 17 years of service. With this
length of service and only a 3.5 year payback this definitely seems to be a very positive
investment.

The other major concern beside the amount of savings and payback is the quality and
amount of light produced by each of these lighting types. As is found in the previous
analysis, a high-output TS fluorescent has an initial light output of 5000 lumens. In
comparison to the T5 LED tubes this is significantly higher, since it only produces 900
lumens of light per lamp. This major difference will create a much dimmer and possibly
less than desirable environment in the classroom. Because of this, a greater amount of
the LED T5 tubes would be needed to produce the same amount of light as one high-
output T5 fluorescent. This results in extra fixtures, bulbs, and wiring by a professional
electrician adding significant cost to this replacement.

1 Calculation is based on 8 hours run time per day for 365 days per year.

2 Calculation is based on an average Pennsylvania electric rate of $0.15 per KWH.
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Final Analysis

In an effort to increase the already very efficient lighting system used in the new Upper
Dublin High School, | chose to look into a more efficient lighting type. This replacement
would have to be a new technology that would make replacement easy and cost
effective. For these reasons, | decided to use T5 LED tubes as my replacement option.
This lamp was compared to the current high-output TS fluorescents through a variety of
criteria. The following paragraphs summarize my analysis.

LED tube lighting offers a lot of advantages in comparison to fluorescent lighting. It has
a much longer life, is mercury free, and uses a significant lower amount of energy. Also,
LED lighting is flicker-free and does not require the use of ballasts. This further saves on
energy and costs, as ballasts can be expensive to replace. LED tube lighting can be
installed in the same fixture as fluorescent lamp. The only change that needs to be
made is that the ballast must be bypassed because it is not necessary. This is a very
simple procedure that can be done by the schools maintenance crew in a short
amount of time. This will remove the exira cost associated with hiring an electrician.
Once the wiring changes are complete, the LED tube can be placed in the same
fixture as the old fluorescent lamp. This will further save money by reusing the old lighting
fixtures.

In comparing energy savings, it was found that by replacing the fluorescent lights in the
classrooms with LED lights approximately $51,000 can be saved annually in electric
costs. This large amount of savings will help to cover the very expensive price of the LED
lomps in about 3.5 years. With an estimated lifespan of over 17 years, the LED
replacement tube looks to be the most reasonable choice.

The problem, though, lies in the amount of light produced by the two different lights.
The rated light output for the high-output T5's is 5,000 lumens, whereas for the LED's it is
only 900 lumens. This is significantly lower, which will create a noticeable difference in
the brightness of the room. In order to combat this difference, more LED tubes would be
needed, thus increasing the amount of fixtures, lamps, wiring, and ultimately the cost.

In conclusion, | find that LED fluorescent tubes offer many more advantages than
disadvantages. One of the most important things to point out is the incredible amount
of money that would be saved if using this technology. That being said, | think that LED
technology is on its way to replace fluorescent lighting in the future, but is not quite
there yet.
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In conclusion, the main theme of this thesis report was the idea of sustainability. Since
this building is pursuing LEED certification, specifically a minimum of LEED Silver, they
have implemented a lot of new and innovative technologies into the building. Of the
many goals of this project, some of the main goals were to create an energy efficient
building that would be extremely educational for the students. | feel that with all the
different technologies implemented into the design of this building, they have
successfully accomplished this goal.

My thesis is made up of a variety of different analyses. My first analysis was of the
impact implementing LEED on a project has for the overall project. This was
accomplished through independent research and interviews with multiple facets of the
project team. From my research, LEED was found to be a very beneficial thing, but | felt
| obtained better and more valuable results by speaking with people actually
associated with this type of project. Their opinions of LEED were very similar in that they
all had a positive experience thus far and would definitely pursue this type of project in
the future. As far as how LEED impacted the project, most of the extra work associated
was the increased amount of paperwork. There was no major difference in scheduling
or the knowledge of the craftsmen working on the project. Finally, since this project had
a set budget there was no added expense to implement LEED.

My second analysis dealt with an evaluation of the geothermal well system. It was
found that the only real specialty work needed to be done was by the company that
drilled the holes for the wells. Other than that it was just the usual running of piping into
the building and distributing that to the mechanical equipment. This is also a very
efficient system, with approximately 70% of the electricity used coming from the earth.
This will significantly reduce the overall energy consumption of the building. This type of
system had no effect on scheduling that resulted in delays. This was partially due to the
geothermal well system location away from the actual building. This allowed the crew
to work on the geothermal well system while other work was being completed on the
high school. This may not be the case if the geothermal well system was located closer
to the building under a parking lot, for instance.

This brought me to my first breadth topic. In this breadth analysis, | fried to supplement
the electric consumption of the geothermal heat pumps by installing solar electric
panels. This analysis proved to be unsuccessful in that the cost and amount of solar
panels needed to even cover the electric usage of one heat pump was impractical.
These types of solar panels are better suited for smaller buildings and to combat items
with smaller electric consumption, such as the lighting.

For my third analysis | looked into implementing some sort of rainwater collection system
to supplement the water usage in the building. Much has already been done by the
design team, such as implementing waterless urinals and automatic faucets in the
bathroom, to create an efficient use of water throughout the building. When discussing
this idea with the owner, | found out that the main reasons why rainwater collection was
not implemented was due to added costs and not enough area to store a collection
tank. He did say, however, that rainwater collection would be beneficial to be used as
a teaching tool for the students. | feel that | successfully accomplished this by
implementing four 75-gallon capacity rain barrels info the central courtyard of the
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school. These rain barrels are inexpensive and a relatable for the students in that they
can be purchased and implemented into their own homes. This would be a great way
to take something they learned from the school and use it in their daily life.

My fourth analysis dealt with an evaluation of the lighting system. The lighting system at
the Upper Dublin High School was found to be very efficient. This system utilized high-
output T5 fluorescents along with daylight sensors and occupancy sensors. One major
component of this analysis was a comparison of the T5 fluorescents to the T8
fluorescents. As a result of my analysis, it was found that the high-output T5's were
slightly more efficient than the T8's but this efficiency did not justify the extra cost.

The analysis of the lighting system brought me into my second breadth topic. For this
breadth topic | decided to find a suitable replacement for the T5 fluorescents. This was
accomplished through a comparison of implementing T5 LED tubes. The LED tubes
could be installed in the same fixture as the T5 with a small change in the wiring. This
was necessary due to the fact that LED lights do not require a ballast to run. The LED
lights are much more expensive than the T5's, but they made that up quickly with the
significant reduction in energy costs. The only real problem with this was that the
amount of light produced by the LED’s was significantly smaller than that of the high-
output T5 fluorescents. This would require a larger amount of fixtures to create the same
amount of light, thus adding to the costs.

Overall, | feel that my thesis was very successful. The main intention of my thesis was to
learn about the idea of sustainability on projects and take a look into some of the
technologies implemented. The research performed throughout this thesis allowed me
to look at real world applications of these technologies and to compare them to other
technologies. This will help me with my future career, as it provides me with some basis
of knowledge in multiple aspects of the construction industry.
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Weight Matrix

The following weight matrix describes how much of my thesis focuses on the following
four areas: Critical Issues Research, Value Engineering, Constructability Review, and
Schedule Reduction. The percentages represents how much time was estimated to be
spent in each area for each analysis topic.

Description Research Value Eng. Const. Rev. | Sched. Red.
Analysis One 10% 8% 5% 5% (10 to 40%)
Analysis Two 10% 5% 7% 6% (10 to 40%)
Analysis Three 5% 5% 7% 5% (10 to 40%)
Analysis Four 5% 5% 7% 5% (10 to 40%)
Total (10to 30%) | (10 to 30%) (10 to 30%) (10 to 30%) 100%

Critical Issues Research

The critical industry issue that has been researched throughout my senior thesis studies is
sustainability in the construction industry. This is increasingly becoming a more important
topic of discussion for projects and is being incorporated into the design more often
than ever before. This topic is particularly close to the project | studied due to the goal
of the Upper Dublin School District to obtain LEED Certification, more importantly LEED
Silver, for the construction of the new Upper Dublin High School. This is a critical industry
issue due to the exira level of discussion and planning it creates for a project. New
ideas and technologies will now have to be considered rather than creating cookie
cutter type projects with less than efficient systems and designs. All of my analyses are
connected through this idea of sustainability. Most importantly, Analysis One looked at
this critical industry issue from the standpoint of its effectiveness compared to how it
changes the project structure.

Value Engineering Analysis

As was mentioned several fimes before, one of the main goals of the owner is to create
a LEED Silver building. Although this may require higher costs up front, designing the
building this way can save the district more money down the road and create a much
more attractive building in the process. Two of my analyses, Analysis Two and Four,
allowed for value engineering strategies to be incorporated. Both of these analyses
looked at the value of mechanical and lighting systems that will be used in the building.
Addifional research was performed fo find a realistic replacement/addition to these
products with which will provide the same expected results for less of a cost. Also,
strategies for reducing the schedule and increasing the constructability of the product
were considered.

Constructability Review

Constructabillity issues were analyzed during my analysis of the geothermal wells, the
lighting system, and the research into a supplemental rainwater collection system. All
suggestions made during the final analysis of each of these systems were made with the
goal in mind of creating a more constructible building. This is extremely important,
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because any process during construction that is made easier can save time and
money on a project. This also reduces the overall complexity of a building.

Schedule Reduction/Acceleration Proposal

This topic was concentrated most heavily in the same three analyses as was mentioned
in the previous section, Constructability Review. As strategies are sought after to
increase the constructability of a designed system in the building, chances for schedule
reduction were also made possible. Both of these activities go hand in hand and can
make a good project even better. The overall success of this project will, in the end, be
determined by a project that is completed on time and on budget. That is why it was
an important part to consider all of these components throughout my thesis research.

Graduate Class Incorporation

As was required by the Integrated Masters Program, part of the research done in this
thesis had to incorporate ideas and skills learned from graduate class work. In
particular, the theories and information gathered from AE 597D: “Sustainable Building
Methods” helped throughout my senior thesis project. During this class, LEED and its
benefits were thoroughly discussed, as well as sustainable technologies and building
methods. The topics discussed during AE 572: “Project Development and Delivery
Planning” also helped benefit my thesis research. This class tfaught me different methods
to describe and calculate the value of different construction elements. These were
used during much of the evaluation needed to complete my thesis studies successfully.
It also tfaught me a variety of research methods that were used throughout my entire
thesis project to pull everything together.
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& >~ TEMPORARY ROADWAY TO BE
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SEPERATE CONTRACT, 6.C. TO
REMOVE IWHEN CONSTRUCTING
REMAINDER OF WEST DRIVE
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INSTALL CONSTRUCTION AREA FENCING TO SEPARATE PHASE I CONSTRUCTION /
DEMOLITION AREAS, RELOCATE AND MODIFY AS REQUIRED. IN ALL PHASES. ALL
- T AREAS OUTSIDE CONSTRUCTION FENCE WILL BE USED FOR PUBLIC AND STUDENT
— ACCESS. NO BELOW GRADE FENCE POSTS ARE PERMITTED WITHIN TRANSCO
RIGHT OF WAY.
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@ DESIGNATE CONSTRUCTION STAGING AND PARKING AREAS. INSTALL ALL OFFICE

TRAILERS, PROVIDE POWER , TELEPHONE AND HIGH SPEED INTERNET WIRING FOR
! USE OF OFFICE TRAILERS BY AUGUST 20, 2008. STRIP TOPSOIL, INSTALL

o GEOTEXTILE FABRIC AND STONE BASE TO STABILIZE AREA.
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AND PARKING LOT INCLUDING LINE STRIPING FOR SCHOOL STAFF AT FUTURE BUS
GARAGE SITE. COMPLETED NO LATER THAN AUGUST 1, 2008
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INSTALL SHORT TERM CONSTRUCTION ENTRANCE UNTIL WEST DRIVE IS
STABILIZED. DETERMINE TRAFFIC PATTERNS AND INSTALL TEMPORARY TRAFFIC
| SIGNAGE.
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é REMOVE FUEL AND ACID NEUTRALIZATION STORAGE TANKS.

PAVING, PERVIOUS PAVING T INSTALLED
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6 SITE GRADING AND EXCAVATION FOR NEW PARKING AREAS IN PHASE I AREA.
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INSTALL PERMANENT SITE CONSTRUCTION WHERE FEASIBLE INCLUDING STORM
I WATER DRAINAGE, UTILITIES, CURBS, ETC.
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PHASE I AREA, INCLUDING REMOVAL OF UNDERGROUND STORAGE TANKS.
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0 UPPER DUBLIN SCHOOL DISTRICT TO RELOCATE EXISTING BUILDING

! FURNISHINGS (WITHIN PHASE I) AND EQUIPMENT TO MODULAR CLASSROOMS.
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@ CONSTRUCT AND INSTALL BASE COURSE OF PAVING AND SIDEWALKS INCLUDING
TEMPORARY LINE STRIPING ON BINDER COURSE AT ATHLETIC FIELD PARKING

AND ROADWAYS (WEST & STADIUM DRIVE) FROM LOCH ALSH AVENUE NO LATER
| THAN AUGUST 25, 2008.
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@ PARTIAL BASE COURSE CONSTRUCTION FOR ROADWAY IS BY OWNER UNDER
SEPARATE CONTRACT.

$ TEMPORARY LANDSCAPING INSTALLED BEFORE AUGUST 25, 2008, RELOCATE
LANDSCAPING PRIOR TO MODULARS BEING REMOVED.
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ASBESTOS ABATEMENT AND ABATEMENT OF OTHER ENVIRONMENTAL J
MATERIALS AT EXISTING SCHOOL (EAST TO WEST) WITHIN PHASE [ AREA. v
COMPLETE ALL WORK BY AUGUST 15, 2008.
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INSTALL, AFTER COMPLETION OF BORE HOLES AND PIPING, TEMPORARY STONE
CONTRACTORS P, NG LOT, MODIFY CONSTRUCTION FENCING AS NEEDED.
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FOLLOWING DEMOLITION PROCEED WITH CONSTRUCTION OF NEW BUILDING.
® INSTALL BINDER COURSE AT NEW PARKING AREAS, FOR STAGING USE B
OCTOBER 1, 2008.
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PHASE IC: (JUNE 1, 2009 to AUGUST 25, 2009)

SR 2022 SEG. 0050 FORT WASHINGTON AVENUE
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TA:  MAY 2008 o AUGUST 25,2008
IB:  AUGUST 25,2008 o JUNEI,2009

IC:  JUNE1,2009 o AUGUST 25,2009
ID:  AUGUST 25,2009 o DECEMBER I,2009
[E: DECEMBER1,2009 to  JUNEI,2010

IF:  JUNEI,2010 o AUGUST 25,2010
IG:  AUGUST 25,2010 o DECEMBER 1,2010 JUNE 2009 —
[H:  DECEMBER1,2010 to  JANUARYS5,2011
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LOT CONSTRUCTION ONLY
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I 1 1/2 YRS. POOL & GYM COMPLETE

COMPLETION DATE OF NEW SWIMMING POOL & GYMNASIUM : DECEMBER 1, 2009 DECEMBER 2009 —
PARTIAL OWNER OCCUPANCY OF NEW SECOND FLOOR : NOVEMBER 10, 2010.
FINAL COMPLETION OF PHASE I CONSTRUCTION: DECEMBER 1, 2010

2 1/2 YRS. PHASE I CONSTRUCTION COMPLETE

JUNE 2010
PHASEII —
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° _ MA: JANUARYS, 2011  to  JUNEI, 2011 —
‘ “ MB: JUNEI,2011 o AUGUST 25,2011 DECEMBER 2010
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D: JUNEI,2012 o AUGUST 12012
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TOWNSHIP OF UPPER DUBLIN, MONTGOMERY COUNTY

UPPER DUBLIN HIGH SCHOOL
SCHOOL DISTRICT OF UPPER DUBLIN
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L ? FINAL COMPLETION OF ALL CONSTRUCTION ACTIVITIES : AUGUST 1, 2012
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\\ 1. COORDINATE ALL ACTIVITIES WITH E&S PLANS.
N\
74 DRAWN BY
V4 2. PHASING PLANS HAVE GENERAL INFORMATION ONLY, REFERENCE PLANS AND
\\ SPECIFICATIONS FOR ADDITIONAL INFORMATION. CAD NO.
/ / i Z - o MATCH LINE | _ 3. COORDINATE ALL ACTIVITIES WITH ALL PHASING AND PROJECT DRAWINGS PROJECT NO. 0648
\ / / it — W % /i 7/ 7. VYY) AND SPECIFICATIONS.
~ \ SHEET NO.

4, COORDINATE ALL ACTIVITIES WITH REQUIREMENTS FOR OCCUPANCYOF
SCHOOL AND SITE BY STUDENTS, STAFF AND PUBLIC. 1 = d d
5. ALL PHASING AND MILESTONE REQUIREMENTS SHALL BE INCORPORATED IN ]

THE PROJECT SCHEDULE AND WILL ONLY BE CHANGED AFTER WRITTEN
APPROVAL FROM CONSTRUCTION MANAGER.
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AT EXTENSION OF SOUTH DRIVE, INSTALL BINDER COURSE AS WEATHER
PERMITS.
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e - ° | SYSTEMS MUST BE COMPLETE BEFORE TURNING OVER GYMNASIUM / POOL TO
. - e . - OWNER, OWNER'S PERSONEL MUST BE PROVIDED ACCESS TO MECHANICAL ROOM ]
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LIBRARY, AFTER RELOCATION OF EXISTING LIBRARY, AND CONTINUE
CONSTRUCTION OF PHASE T AREAS.

\ AREA FOR BORE HOLES FOR
GROUND SOURCE HEAT PUMPS
(APPROXIMATE AREA 2 ACRE!
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PHASE IF: (JUNE 1, 2010 to AUGUST 25, 2010)
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282.05'
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0 CONTINUE WITH CONSTRUCTION OF NEW BUILDING WITHIN PHASE I AREA.

PAVING, PERVIOUS PAVING T INSTALLED
i QST PRIOR TO TURNING OVER LO ONNER

B TRIAN PATH FROM NEA
G IUM TO EXISTING ATHLETIC
° FIELDS
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PHASE I OCCUPANCY, INCLUDING PEDESTRIAN PLAZA, ALONG LOCH ALSH
AVENUE - PARKING AREAS, CURBS, SIDEWALKS, ROADS, WITHIN FENCED AREA,
EXISTING CURBS, SIDEWALKS AND PARKING TO REMAIN INTACT UNTIL PHASE IID.

@ INSTALL NEW SITE IMPROVEMENTS AS FEASIBLE OR REQUIRED TO COMPLETE
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e CLEAN ALL BINDER COURSE AREAS IN PARKING LOTS AND ROADWAYS, REPAIR
ANY DAMAGED AREAS, INSTALL LEVELING COURSE AS REQUIRED AND PROVIDE
FINAL PAVING AND STRIPING.

PHASE IG: (AUGUST 25, 2010 to DECEMBER 1, 2010)
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aA 6 PROCEED WITH SEEDING AND LANDSCAPING WITHIN PHASE [ AREA.

ADDENDA SET

| stone @ FINAL CLEAN UP, INSPECTIONS AND SYSTEMS TRAINING FOR PHASE I AREA.

AREA FOR NEA
STORM BASIN

° AREA FOR CONSTRUCTION
o MATERIAL STAGING
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CLEAN ALL BINDER COURSE AREAS IN PARKING LOTS AND ROADWAYS, REPAIR
ANY DAMAGED AREAS, INSTALL LEVELING COURSE AS REQUIRED AND PROVIDE
I FINAL PAVING AND STRIPING.
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RESTORE CONSTRUCTION STAGING AND PARKING AREAS, AND CONSTRUCT FINAL
WORK.
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@ FINAL CLEAN UP, INSPECTIONS AND SYSTEMS TRAINING FOR PHASE I AREAS.
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CONSTRUCTION STAGING TO PHASE I BY APRIL 30, 2011

6 CONTRACTOR COORDINATION FOR PHASE II CONSTRUCTION.

" PHASES OF CONSTRUCTION FOR NEW HIGH SCHOOL

PHASE ]

[A: MAY 2008 to AUGUST 25,2008
IB:  AUGUST 25,2008 to JUNE 1, 2009

IC:  JUNEI,2009 to AUGUST 25, 2009
ID: AUGUST 25, 2009 to DECEMBER 1, 2009
IE:  DECEMBER 1,2009  to JUNE 1, 2010

IF:  JUNET,2010 to AUGUST 25,2010
IG:  AUGUST 25,2010 to DECEMBER 1, 2010
[H:  DECEMBER 1,2010  to JANUARY §, 2011
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COMPLETION DATE OF NEW SWIMMING POOL & GYMNASIUM : DECEMBER 1, 2009
PARTIAL OWNER OCCUPANCY OF NEW SECOND FLOOR : NOVEMBER 10, 2010.
FINAL COMPLETION OF PHASE I CONSTRUCTION: DECEMBER 1, 2010
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GENERAL NOTES:

1. COORDINATE ALL ACTIVITIES WITH E&S PLANS.

DRAWN BY

2. PHASING PLANS HAVE GENERAL INFORMATION ONLY, REFERENCE PLANS AND
SPECIFICATIONS FOR ADDITIONAL INFORMATION. CAD NO.
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3. COORDINATE ALL ACTIVITIES WITH ALL PHASING AND PROJECT DRAWINGS PROJECT NO. Oe48
AND SPECIFICATIONS.
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- - —— S PHASE Il CONSTRUCTION - MILESTONES

JANUARY 5, 2011 to AUGUST 25, 2012

PHASE IIA: (JANUARY 5, 2011 to JUNE 1, 2011)

—

CONSTRUCTION TRAFFIC PERMITTED
FOR PHASE IT HIGH SCHOOL BUILDING
CONSTRUCTION =\

o ( O T

o

*NO DEMOLITION OF EXISTING BUILDINGS WITHIN PHASE I AREAS MAY BEGIN
Q UNTIL ALL OF PHASE I NEW CONSTRUCTION IS COMPLETE AND IS OCCUPIED BY

G ﬁ o O OWNER.
3 ﬁ r . AV OWNER TO REMOVE MODULAR CLASSROOMS, UPON COMPLETION OF PHASE I

o

I %

N

BUILDING, FROM SITE UNDER SEPERATE CONTRACT.

6 BUS PARKING / PICKUP TO REMAIN AT LOCH ALSH AVENUE UNTIL APRIL 30, 2011.

] o CREATE NEW CONSTRUCTION ENTRANCE.
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of the data or plans without the permission of

reproduce, distribute, or otherwise make use
Gilbert Architects, Inc.

Gilbert Architects, Inc. retains all ownership,
copyright, and other intellectual property
interests in the data and information on these
plans. The receiver warrants that it will not

0 oozmoEUE,m>rroozmawcﬁudozmﬂ>o_zovwmhon>ﬂmqo§>mm:ET%WFwou
2011.

o]

WEST DRIVE

PROVIDE 35' WIDE CLEAR AREA INSTALL UPTO (3) 12' WIDE GATES IN FENCING FOR
SCHOOL DELIVERIES AND ACCESS UNTIL APRIL 30,2011. THEREAFTER ENTIRE
AREA SHAL BE TURNED OVER TO SCHOOL.

I//, ENOSUmHm?:vo_cﬁqwdmcwo_uo_um\EQASuNOZmmHQz>Qm>ZUmdﬁEzmg
APRIL 30, 2011.

| INSTALL CONSTRUCTION AREA FENCE TO SEPARATE PHASE Il CONSTRUCTION /
J DEMOLITION AREAS. ALL AREAS OUTSIDE CONSTRUCTION FENCE WILL BE USED
: FOR PUBLIC AND STUDENT ACCESS. NO BELOW GRADE FENCE POSTS ARE

PERMITTED WITHIN TRANSCO RIGHT OF WAY.

Inc.

<I11

b

o

[ e

D'HUY
ENGINEERING

o

gl INIinign

A_mv DESIGNATE CONSTRUCTION STAGING AND PARKING AREAS.

CONSULTING ENGINEERS

LEGAL RIGHT-OF—WAY

Umﬂmaézmvéﬁmoézmwu,Egmﬂmwﬁémwzm>ZUHZm1_,>ELHmeO§W<
TRAFFIC SIGNAGE.

0 SITE AND BUILDING ENVIRONMENTAL REMEDIATION WITHIN PHASE I AREA.

/
:
i
!

ATTUTTTATITTTTTTTU

0 BEGIN BUILDING DEMOLITION OF EXISTING BUILDING IN PHASE II AREA.

S 4259'00" 1

5
L)

mxo><>doz>z_um,_,oEs2>HmWU§HZ>Qm>Hm5dwmmdmﬂow.cﬂm@ymm
PARKING, DRIVEWAYS AND OTHER PARKING AREAS.

]
|
|
g
|

282.05'

0 COMPLETE EXISTING BUILDING DEMOLITION AND CREATE STONE STAGING AREA.

RELOCATE STAGING AREA AND CONSTRUCTION FENCE BY APRIL 30, 2011,
. CONTINUE BUS PICK UP / DROP OFF AT LOCH ALSH AVENUE UNTIL STAGING IS
RELOCATED TO PHASE Il AREA

wmQmen><>H~oz>2Uoozmd&odozOmZméwcHﬁUHzmmoczc>ﬂHozmE
PHASE II AREA.

| Jﬁ PHASE IIB: (JUNE 1, 2011 to AUGUST 25, 2011)

CONTINUE WITH CONSTRUCTION OF NEW BUILDING WITHIN PHASE I AREA.

o

9/13/08

N\
O .

COMPLETE PERMANENT SITE IMPROVEMENTS.

\% Py ] MAINTAIN TEMPORARY CONSTRUCTION FOR ACCESS AND FUTURE REMOVAL OF
s i - \ OFFICE TRAILERS.

CONSTRUCTION FENCE LOCATION BY AUGUST Skl

I, 20ll, FENCE AT NEN DRIVE AND !
BUS/STAFF PARKING TO BE REMOVED e —

ADDENDA SET

17, W I I I

)
Y

INSTALL CURBS AND PAVING AT FUTURE BUS PICK-UP AND STAFF PARKING

AREAS, INCLUDING DRIVEWAY TO FORT WASHINGTON AVENUE, READY FOR USE

BY OWNER NO LATER THAN AUGUST 25, 2011. RELOCATE CONSTRUCTION FENCE
| AS NEEDED.

/

% GOMPLETE DRIVE TO FORT NASHINGTON

N N N A ,,5,,,J,“w - )ﬁZhW*)&CW._-_\MO__
I o % a

AL ] R | e .
T -
=P —==] |
§ Q 3 Q‘ CONSTRUCTION FENCE LOGATION ()

Q ASSIGNED BY CM AFTER APRIL 30, 201l MODIFY
CONSTRUCTION FENCE LOCATION ‘6 A5 DIRECTED BY CM.
INTIL APRIL 20, 20l .

Uit

L N I S O

—t

CONSTRUCTION TRAFFIC PERMITTED
FOR PHASE II BUILDING OOZm,:aQ_,_OZN -

I

@Zj

o @ CLEAN ALL BINDER COURSE AREAS IN PARKING LOTS AND ROADWAYS, REPAIR
% ANY DAMAGED AREAS, INSTALL LEVELING COURSE AS REQUIRED AND PROVIDE
FINAL PAVING AND STRIPING, COMPLETE BY JULY 30, 2011.

4’ CONC. WALK

%

o

]

[ <] ]

A

I L I 1 ! I Il ! Il I Il IINEN
u — T

::::f%t A.uv 2
LT T I TT = T T T T

N i Ty Jc L :

@ Aé Q///////////// NSNS NNYNSNNSSSYS bl 2/@ /! — I WES
&\ Do e

EAX L8

PHASE IIC: (AUGUST 25, 2011 to JUNE 1, 2012)

g I

NORTH DRIVE

CONTINUE WITH CONSTRUCTION OF NEW BUILDING WITHIN PHASE I AREA.

+208' TO THE CENTERLINE OF HAWTHORNE LANE

10

INSTALL NEW SITE IMPROVEMENTS IN PHASE Il AREA - SIDEWALKS, CURBS,
PARKING AREAS, LANDSCAPING AND PLANTING.

Gilbert Architects Inc.

626 North Charlotte Street

Lancaster, PA17603
P: 717.291.1077 F: 717.392.3923

10451 Mill Run Circle , Suite 400
P: 410.356.8856 F: 410.654.8802

P:302.449.2492 F: 302.449.2493
Owings Mills, MD 21117

100 South Broad Street, Suite A

Middletown, DE 19709

e ———— PHASE IID: (JUNE 1, 2012 to AUGUST 1, 2012)

@EEEEEE i ﬁ»@
|
I

NN "W

(@ TEMP. BUS PICK-UP / DROP-OFF 2B @ ¥
/

=

| ES =Ll

6 BEGIN ROAD AND SITE IMPROVEMENTS ALONG LOCH ALSH AVENUE - CURBS AND
SIDEWALKS. AFTER JUNE 15, 2012.

WEST DRIVE
' 1

COMPLETE ROAD AND SITE IMPROVEMENTS INCLUDING COMPLETION OF
PEDESTRIAN PLAZA AT LOCH ALSH AVENUE BY AUGUST 25, 2012.

f
OO &

6 REMOVE OFFICE TRAILERS AND COMPLETE PERMANENT SITE IMPROVEMENTS
AND ATHLETIC FIELDS FOR ENTIRE PROJECT, INCLUDING SIDEWALKS, RAMPS
AND STAIRS.

6 wmmHoEwnozm,_,wco,:ozOmEom,_,ermwoonocz_uHZQLGEZQEMZOSFO_”
TEMPORARY UTILITIES.

Ibert

PHASE I NEW CONSTRUCTION AREAS READY FOR OWNER OCCUPANCY AUGUST 1,
2012.

Q FINAL CLEAN UP, INSPECTIONS AND SYSTEMS TRAINING FOR PHASE IT AREA.

1

L | PROPOSED PHASEII
J NEW CONSTRUCTION

| OO0ed

TEMPORARY OFF SITE PARKING LOT TO BE RESTORED BY SEPERATE CONTRACT
(NOT IN THIS CONTRACT)

SR 2022 SEG. 0050 FORT WASHINGTON AVENUE

1 PHASES OF CONSTRUCTION FOR NEW HIGH SCHOOL

PHASE |

% d TTTTTTUTTIT

J
CONST N ¥ SOUTH DRIVE Ik

PHASING TIME LINES

MAY 2008 —

i
- T

A

" IA: MAY 2008 to AUGUST 25, 2008
IB:  AUGUST 25,2008 to JUNE 1, 2009

IC:  JUNE1,2009 to AUGUST 25, 2009
ID:  AUGUST 25,2009 to DECEMBER 1, 2009
IE:  DECEMBER1,2009  to JUNE 1, 2010

: IF:  JUNEL,2010 to AUGUST 25,2010
03 o N\ IG:  AUGUST 25,2010 to DECEMBER 1, 2010 JUNE 2009 —

Qj [H:  DECEMBER1,2010  to JANUARY 5, 2011

TR , 7 JIILI L
NN INNNNNN N7 47%457#4//%%%4%7%4%@?

&
%
&

PHASE 1B

\
\
\
M
__—
ZaN
N
)
\
\
L\
- W
/6\
VY
% BEp
i
UL T

&

IC

I 11/2 YRS. POOL & GYM COMPLETE

‘. . A —_ S
| Muo.y °

RN ECEER o o .o o o) fp
TR TU T

T
T= N
= Ms %Q NARS

O
T f

o
vﬂ%g 7
[F

COMPLETION DATE OF NEW SWIMMING POOL & GYMNASIUM : DECEMBER 1,2009  DECEMBER 2009 —
PARTIAL OWNER OCCUPANCY OF NEW SECOND FLOOR : NOVEMBER 10, 2010.
FINAL COMPLETION OF PHASE I CONSTRUCTION: DECEMBER 1, 2010

CONSTRUCTION TRAFFIC PERMITTED
B ONLY FOR CONSTRUCTION OF LOCH
ALSH AVENUE IMPROVEMENTS

212 YRS. PHASE I CONSTRUCTION COMPLETE

IF [PHASEIE| ID

PHASEII JUNE 2010

|
G

[IA:  JANUARY 5,2011 to JUNE 1, 2011 —_
IIB: JUNEI,2011 to AUGUST 25,2011 DECEMBER 2010
IIC:  AUGUST 25,2011 to JUNE 1,2012
[ID: JUNET,2012 to AUGUST 1, 2012

o

2 T

TEMPORARY STONE
/ PARKING LOT

Jopod ]

IH
|

4 YEARS PROJECT COMPLETION

L1
m

JUNE 2011 =—

11B

| FINAL COMPLETION OF ALL CONSTRUCTION ACTIVITIES : AUGUST 1, 2012

LTI T L

|

1 1/2 YRS. AUDITORIUM COMPLETE I

IIC| PHASEIIC

° AUGUST 2012

TEMPORARY STONE
PARKING LOT

LT L]

% W =
V4 \| I_l,w et

<
om@m

SITE PHASING PLAN - PHASE I
UPPER DUBLIN HIGH SCHOOL
=| SCHOOL DISTRICT OF UPPER DUBLIN
TOWNSHIP OF UPPER DUBLIN, MONTGOMERY COUNTY

NEW:

o—
-

P.D.E. PROJECT
3404

GENERAL NOTES: REVISION DATE(S)

1. COORDINATE ALL ACTIVITIES WITH E&S PLANS.

_—

\

D

]

-
P

TTIETT T TTT T oo T g

\
)

2. PHASING PLANS HAVE GENERAL INFORMATION ONLY, REFERENCE PLANS AND
SPECIFICATIONS FOR ADDITIONAL INFORMATION.

DRAWN BY

| 3. COORDINATE ALL ACTIVITIES WITH ALL PHASING AND PROJECT DRAWINGS CAD NO
AND SPECIFICATIONS. .

L T B

N _; . ] MATCH LINE |
7 7 = =

® i
S

PROJECT NO. 0648

4. COORDINATE ALL ACTIVITIES WITH REQUIREMENTS FOR OCCUPANCYOF
SCHOOL AND SITE BY STUDENTS, STAFF AND PUBLIC. SHEET NO.

5. ALL PHASING AND MILESTONE REQUIREMENTS SHALL BE INCORPORATED IN
! THE PROJECT SCHEDULE AND WILL ONLY BE CHANGED AFTER WRITTEN
|

N

| APPROVAL FROM CONSTRUCTION MANAGER.

:

DATE 04/04/2005




Appendix

Appendix B
Site Utility Plans
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Appendix

Appendix C

Detailed Project Schedule

Stephen Kelchaw e Thesis Final Report g0



ID [Task Name Duration Start Finish Predecessors 2007 2008 2009 2010 2011 2012
o[N[DlJ[FIM]AIM[I[I[ATS[OINID[I[FIM[AIM[ITI]A[S[OINID[I[FIM]AIM[I[I[A]S[OIN[D[I[FIMIAIMII[I]ATS[OIN[D[I[FIM[AIMII[I]A[S]OINID]I[FIM[AIMII[I]ATS]
1 |Hire Architect/CM/Consultants Odays Wed11/1/06 Wed 11/1/06 ¢ 1111
2 |Conceptual Design Phase 98 days Wed 11/1/06 Fri 3/16/07 [
3 |Referendum Vote 0 days Tue 3/20/07 Tue 3/20/07 & 3/20
4 |Schematic Design Phase 27 days Thu 3/22/07 Fri 4/27/07 @
5 |Design Development Phase 175days  Mon 3/26/07 Fri 11/23/07 [
6  |Construction Document Phase 105days  Mon 10/1/07 Fri 2/22/08 [
7 |Bid Advertisement 6 days Fri 2/29/08 Fri 3/7/08 0
8 |Receive/Review Bids 9 days Wed 4/9/08  Mon 4/21/08 @
9 |School Board Approval Odays Mon 4/28/08  Mon 4/28/08 & 4/28
10 |Issue Notice of Intent Award Odays Wed 4/30/08 Wed 4/30/08 & 4/30
11 |Notice to Proceed 0 days Fri 6/13/08 Fri 6/13/08 & 6/13
12 Begin Phase 1 664 days  Mon 6/16/08 Thu 12/30/10 e
13 |Obtain Bonds/Insurance Odays Mon 6/16/08 Mon 6/16/08 ¢ 6/16
14  |Obtain Permits Odays Mon 6/16/08 Mon 6/16/08 ¢ 6/16
15 |Mobilize Office Trailers lday Tue6/17/08  Tue 6/17/08 I
16 |Prepare/Submit Shop Drawings,Submittals,etc. 111 days Mon 6/16/08 Mon 11/17/08 [F—
17 |Review/Approve Shop Drawings, Submittals, etc. 121 days Tue 6/17/08 Tue 12/2/08 —
18 |Asbestos Abatement, Transportation Garage 4 days Tue 6/17/08 Fri 6/20/08 I
19 |Install Temporary Utilities 6 days Mon 6/23/08 Mon 6/30/08 0
20 |Site Remediation Transportation Garage 4 days Fri 7/11/08 Wed 7/16/08 0
21 |Excavate/Install Inlets/Drains/Piping 26 days Wed 7/9/08  Wed 8/13/08 =
22 |Building Demolition, Transportation Garage 11 days Wed 7/23/08 Wed 8/6/08 =
23 |Asbestos Abatement, Old High School "Area A" 7 days Tue 7/1/08 Wed 7/9/08 ]
24 |Building Demolition, Old High School "Area A" 25 days Fri 7/11/08  Thu 8/14/08 7@
25 |Asbestos Abatement, Old High School "Area B" 23 days Tue 7/15/08 Thu 8/14/08 =
26  |Building Demolition, Old High School "Area B" 25days  Mon 8/18/08 Fri 9/19/08 =]
27 |Install Ground Source Heat Pumps 30 days Fri 8/15/08 Thu 9/25/08 =]
28 |Install Piping Heat Pumps to New Building 29 days  Mon 9/29/08 Thu 11/6/08 =]
29 |Area"A" General 211 days Fri 8/8/08 Fri 5/29/09 )
30 Pool Construction 148 days  Wed 11/5/08 Fri 5/29/09 [
31 Substructure Area A 88 days Fri 8/8/08  Tue 12/9/08 [
32 Superstructure Area A 30days  Thu 9/18/08 Wed 10/29/08 ==
33 Building Enclosure Area A 131 days Thu 10/23/08 Thu 4/23/09 [F—
34 Rough-In Plumbing 3days Mon 10/20/08 Wed 10/22/08 )
35 Rough-In Mechanical 33 days Mon 10/20/08 Wed 12/3/08 =
36 Rough-In Electric 18 days Mon 10/20/08 Wed 11/12/08 @
37 |Area"A" First Floor 249 days Wed 9/10/08 Mon 8/24/09 )
38 Rough-In Plumbing 71days Thu 12/11/08 Thu 3/19/09 [
39 Rough-In Mechanical 133 days Thu 12/11/08  Mon 6/15/09 [
40 Rough-In General Construction 182 days Thu 10/23/08 Fri 7/3/09 [F—
41 Rough-In Electric 213 days Wed 9/10/08 Fri 7/3/09 [ —
42 Interior Finishes 91 days Mon 4/20/09  Mon 8/24/09 [
43 |Area"A" Second Floor 54 days Fri 10/31/08 Wed 1/14/09 =)
44 Rough-In Plumbing 41 days Fri 10/31/08 Fri 12/26/08 (==
45 Rough-In Mechanical 47 days Fri 10/31/08 Mon 1/5/09 &
46 Rough-In General Construction 29 days Fri 10/31/08 Wed 12/10/08 =]
a7 Rough-In Electric 33 days Fri 10/31/08 Tue 12/16/08 =]
48 Interior Finishes 37 days Tue 11/25/08 Wed 1/14/09 =
49 |Area"B" General 115days Wed 8/20/08  Tue 1/27/09 P
50 Substructure Area B 90 days Wed 8/20/08 Tue 12/23/08 e
51 Superstructure Area B 33 days Thu 10/2/08 Mon 11/17/08 =]
52 Building Enclosure Area B 59 days Thu 11/6/08 Tue 1/27/09 [
53 Rough-In Mechanical 27 days Fri 11/7/08 Mon 12/15/08 =]
54 |Area "B" First Floor 244 days Thu 11/6/08 Tue 10/13/09 PSS
55 Superstructure 1 day Fri 12/5/08 Fri 12/5/08 I
56 Rough-In Plumbing 109 days  Thu 11/6/08 Tue 4/7/09 [
57 Rough-In Mechanical 141 days Thu 11/6/08 Thu 5/21/09 [
58 Rough-In General Construction 139 days Thu 11/6/08 Tue 5/19/09 [
59 Rough-In Electric 132 days Thu 11/6/08 Fri 5/8/09 [
60 Interior Finishes 126 days Tue 4/21/09  Tue 10/13/09 [
61 |Area"B" Second Floor 151 days Wed 11/19/08 Wed 6/17/09 )
Task )  Progress s Summary ===y  External Tasks ) Deadline <
Split Milestone @ Project Summary F————"""0J  External Milestone <
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ID [Task Name Duration Start Finish Predecessors 2007 2008 2009 2010 2011 2012
o[N[DlJ[FIM]AIM[I[I[ATS[OINID[I[FIM[AIM[ITI[A[S[OINID[I[FIM]A[M[I[I[A]S[OIN[D[I[FIMIAIMII[I]ATS[OIN[D[I[FIM[AIMII[I]AS]OINID]I[FIMIAIMII[I]ATS]
62 Superstructure lday Tue 12/16/08 Tue 12/16/08 I
63 Rough-In Plumbing 47 days Wed 11/19/08  Thu 1/22/09 (=]
64 Rough-In Mechanical 120 days Wed 11/19/08 Tue 5/5/09 [
65 Rough-In General Construction 117 days Wed 11/19/08 Thu 4/30/09 [
66 Rough-In Electric 122 days Wed 11/19/08 Thu 5/7/09 [
67 Interior Finishes 109 days Fri 1/16/09 Wed 6/17/09 [
68 |Area"C" General 176 days Wed 10/22/08 Wed 6/24/09 )
69 Substructure Area C 148 days Wed 10/22/08 Fri 5/15/09 [
70 Superstructure Area C 52 days Wed 12/17/08  Thu 2/26/09 [
71 Building Enclosure Area C 99 days Fri 2/6/09  Wed 6/24/09 [F—
72 Rough-In Mechanical 20 days Mon 5/4/09 Fri 5/29/09 @
73 |Area"C" First Floor Classroms 184 days Fri 2/6/09 Wed 10/21/09 )
74 Superstructure lday Mon5/18/09 Mon 5/18/09 1
75 Rough-In Plumbing 73 days Fri 2/6/09 Tue 5/19/09 [
76 Rough-In Mechanical 80 days Fri 2/6/09 Thu 5/28/09 [
77 Rough-In General Construction 107 days Fri 2/6/09 Mon 7/6/09 [
78 Rough-In Electric 102 days Fri 2/6/09  Mon 6/29/09 [
79 Interior Finishes 118 days Mon 5/11/09 Wed 10/21/09 [
80 |Area "C" Second Floor Labs/Classrooms 178 days Fri 2/6/09 Tue 10/13/09 S e
81 Superstructure 1 day Mon 6/1/09 Mon 6/1/09 I
82 Rough-In Plumbing 87 days Fri 2/6/09 Mon 6/8/09 [
83 Rough-In Mechanical 21 days Mon 5/4/09 Mon 6/1/09 @
84 Rough-In General Construction 58 days Mon 5/4/09  Wed 7/22/09 [
85 Rough-In Electric 54 days Mon 5/4/09  Thu 7/16/09 [
86 Interior Finishes 118 days Fri 5/1/09  Tue 10/13/09 [
87 |Area"D" General 109 days Mon 9/29/08  Thu 2/26/09 N e
88 Substructure Area D 90 days  Mon 9/29/08 Fri 1/30/09 [
89 Superstructure Area D 47 days Thu 11/6/08 Fri 1/9/09 ===
90 Building Enclosure Area D 47 days Tue 12/23/08  Wed 2/25/09 ==
91 Rough-In Mechanical 27 days Tue 12/30/08 Wed 2/4/09 ==
92 Rough-In General Construction 6 days Thu 2/19/09 Thu 2/26/09 0
93 |Area "D" First Floor Kitchen/Classrooms 207 days Tue 12/16/08 Wed 9/30/09 J )
94 Rough-In Plumbing 195days Tue 12/16/08  Mon 9/14/09 [
95 Rough-In Mechanical lday Tue 12/23/08 Tue 12/23/08 1
96 Rough-In General Construction 202 days Tue 12/23/08 Wed 9/30/09 [F—
97 Rough-In Electric 154 days Tue 12/23/08 Fri 7/24/09 [F—
98 Interior Finishes 17 days Wed 6/17/09 Thu 7/9/09 @
99 |Area "D" Second Floor Classrooms 260 days Mon 10/13/08 Fri 10/9/09 )
100 Rough-In Plumbing 126 days Tue 1/13/09 Tue 7/7/09 [
101 Rough-In Mechanical 157 days Tue 1/13/09  Wed 8/19/09 [
102 Rough-In General Construction 194 days  Tue 1/13/09 Fri 10/9/09 [
103 Rough-In Electric 172 days  Tue 1/13/09 Wed 9/9/09 [
104 Interior Finishes 221 days Mon 10/13/08  Mon 8/17/09 [ ——
105 |Area"E" General 186 days Thu 10/30/08  Thu 7/16/09 Py
106 Substructure Area E 115days Thu 10/30/08 Wed 4/8/09 [
107 Superstructure Area E 50 days Fri 1/9/09  Thu 3/19/09 [
108 Building Enclosure Area E 100 days Fri 2/27/09 Thu 7/16/09 [
109 Rough-In Mechanical 10 days Wed 4/8/09 Tue 4/21/09 @
110 Rough-In Electric 10 days Mon 5/18/09 Fri 5/29/09 @
111 |Area"E" First Floor 204 days Fri 2/27/09  Wed 12/9/09 ¢ )
112 Superstructure 1 day Mon 4/6/09 Mon 4/6/09 1
113 Rough-In Plumbing 88 days Fri 2/27/09 Tue 6/30/09 [F—
114 Rough-In Mechanical 116 days Fri 2/27/09 Fri 8/7/09 [
115 Rough-In General Construction 126 days Fri 2/27/09 Fri 8/21/09 [
116 Rough-In Electric 126 days Fri 2/27/09 Fri 8/21/09 [
117 Interior Finishes 127 days Tue 6/16/09  Wed 12/9/09 [
118 |Area"E" Second Floor 164 days Mon 3/23/09  Thu 11/5/09 e —
119 Superstructure 1 day Wed 4/8/09 Wed 4/8/09 I
120 Rough-In Plumbing 55days  Mon 3/23/09 Fri 6/5/09 [
121 Rough-In Mechanical 63 days Mon 3/23/09 Wed 6/17/09 [
122 Rough-In General Construction 105days  Mon 3/23/09 Fri 8/14/09 [
Task @G——"" Progress EEm—————  Summary P=—========g  External Tasks . Deadlne <
Split Milestone @ Project Summary ")  External Milestone <
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ID [Task Name Duration Start Finish Predecessors 2007 2008 2009 2010 2011 2012
o[N[DlJ[FIMIAIM[a[3]Als[o[N[D]J[FIM[AIMII]a[AlsIOIN[DII[FIMIAIM[a[3]Als[o[N[D]J[FIM[AIM[I[I]A[S[OINID[I[FIM[AIM]J]I[ATSIOIN[DII[FIM[AIM[I[I]A]S]
123 Rough-In Electric 105days  Mon 3/23/09 Fri 8/14/09 [
124 Interior Finishes 123 days Tue 5/19/09 Thu 11/5/09 [F—
125 |Area"F" General 245 days Tue 10/14/08 Mon 9/21/09 )
126 Substructure Area F 89 days Tue 10/14/08 Fri 2/13/09 [
127 Superstructure Area F 49 days Tue 11/25/08 Fri 1/30/09 [
128 Building Enclosure Area F 46 days Fri 1/9/09 Fri 3/13/09 ==
129 Rough-In Plumbing 79 days Fri 1/9/09  Wed 4/29/09 [
130 Rough-In Mechanical 86 days Fri 1/9/09 Fri 5/8/09 (===
131 Rough-In General Construction 92 days Fri 1/9/09  Mon 5/18/09 [
132 Rough-In Electric 102 days Fri 1/9/09 Mon 6/1/09 [F—
133 Interior Finishes 104 days Wed 4/29/09  Mon 9/21/09 [F—
134 |Area"G" General 321 days Mon 5/4/09  Mon 7/26/10 JEEEEEEEEEESESES—S—_——
135 Substructure Area G 257 days Mon 5/4/09 Tue 4/27/10
136 Superstructure Area G 255 days Mon 6/1/09 Fri 5/21/10 e )
137 Building Enclosure Area G 310days  Tue 5/19/09 Mon 7/26/10 e
138 Rough-In Mechanical 234 days  Mon 6/15/09 Thu 5/6/10 s )
139 Rough-In Electric 225 days Mon 6/8/09 Fri 4/16/10 s
140 |Area"G" First Floor 395days  Tue 5/19/09 Mon 11/22/10 e e
141 Superstructure 217 days Wed 6/17/09  Thu 4/15/10 [ eee—
142 Rough-In Plumbing 285 days Tue 5/19/09  Mon 6/21/10 e )
143 Rough-In Mechanical 297 days Tue 5/19/09 Wed 7/7/10 e
144 Rough-In General Construction 311 days Wed 7/1/09 Wed 9/8/10 )
145 Rough-In Electric 326 days  Tue 5/19/09  Tue 8/17/10 s )
146 Interior Finishes 328 days  Thu 8/20/09 Mon 11/22/10 %
147 |Area"G" Second Floor 381 days Tue 6/2/09 Tue 11/16/10 % )
148 Superstructure 219days  Tue 6/23/09 Fri 4/23/10 [
149 Rough-In Plumbing 302 days Tue 6/2/09  Wed 7/28/10 %
150 Rough-In Mechanical 291 days Tue 6/2/09 Tue 7/13/10 %
151 Rough-In General Construction 319 days Tue 6/2/09 Fri 8/20/10
152 Rough-In Electric 317 days Tue 6/2/09  Wed 8/18/10 %
153 Interior Finishes 318 days Fri 8/28/09 Tue 11/16/10 e
154 |Area "K" General 62 days Wed 5/4/11  Thu 7/28/11 )
155 Substructure Area K 58 days  Tue5/10/11  Thu 7/28/11 [
156 Superstructure Area K 25 days Wed 5/4/11 Tue 6/7/11 ==
157 |Testing 130 days Mon 11/16/09 Fri 5/14/10 [
158 |Project Closeout - Phase 1 79 days Fri 8/27/10 Wed 12/15/10 [
159 Begin Phase 2 423 days  Fri12/17/10  Tue 7/31/12 —_——
160 |Area "H" General 151 days  Tue 2/22/11  Tue 9/20/11 P
161 Substructure Area H 87 days  Tue 2/22/11 Wed 6/22/11 [
162 Superstructure Area H 37days Wed3/23/11  Thu5/12/11 ==
163 Building Enclosure Area H 95days Wed5/11/11  Tue 9/20/11 [
164 Rough-In Mechanical 14 days Tue 6/7/11 Fri 6/24/11 @
165 Rough-In Electric 10days  Tue5/31/11 Mon 6/13/11 5]
166 |Area"H" First Floor 268 days Wed 5/4/11 Fri 5/11/12 )
167 Superstructure lday Wed5/18/11 Wed 5/18/11 I
168 Rough-In Plumbing 84 days Wed 5/4/11  Mon 8/29/11 [
169 Rough-In Mechanical 95 days Wed 5/4/11  Tue 9/13/11 [
170 Rough-In General Construction 113 days Fri 6/24/11 Tue 11/29/11 [=———————]
171 Rough-In Electric 126 days Wed 5/4/11 Wed 10/26/11 [
172 Interior Finishes 186 days Fri 8/26/11 Fri 5/11/12 [
173 |Area"H" Second Floor 189 days Tue 5/24/11 Fri 2/10/12 ——————y
174 Superstructure 3 days Thu 6/16/11  Mon 6/20/11 |
175 Rough-In Plumbing 46 days Tue 5/24/11 Tue 7/26/11 [
176 Rough-In Mechanical 68 days Tue 5/24/11 Thu 8/25/11 [
177 Rough-In General Construction 120 days  Tue 5/24/11  Mon 11/7/11 [
178 Rough-In Electric 105days  Tue 5/24/11 Mon 10/17/11 [
179 Interior Finishes 129 days  Tue 8/16/11 Fri 2/10/12 [
180 |Area"J" First Floor Rooms and Auditorium 260 days  Tue 5/24/11 Mon 5/21/12 ¢ )
181 Superstructure lday Thu6/16/11  Thu6/16/11 I
182 Rough-In Plumbing 70 days  Tue5/24/11  Mon 8/29/11 [
183 Rough-In Mechanical 91 days Tue 5/24/11 Tue 9/27/11 [
Task G Progress s Summary ===y  External Tasks 1 Deadline <
Split Milestone @ Project Summary CF """  External Milestone <
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ID [Task Name Duration Start Finish Predecessors 2007 2008 2009 2010 2011 2012
o[N[DlJ[FIM]AIM[I[I[ATS[OINID[I[FIM[AIM[ITI[A[S[OINID[I[FIM]A[M[I[I[A]S[OIN[D[I[FIMIAIMII[I]ATS[OIN[D[I[FIM[AIMII[I]AS]OINID]I[FIMIAIMII[I]ATS]

184 Rough-In General Construction 109 days Thu 6/2/11  Tue 11/1/11 [

185 Rough-In Electric 111days  Tue 5/24/11 Tue 10/25/11 [F—

186 Interior Finishes 198 days Thu 8/18/11  Mon 5/21/12 [F—

187 |Area"J" Second Floor Rooms and Auditorium 177 days Thu 6/2/11 Fri 2/3/12 )

188 Superstructure 1 day Fri 6/17/11 Fri 6/17/11 1

189 Rough-In Plumbing 48 days Thu 6/2/11 Mon 8/8/11 (==

190 Rough-In Mechanical 57 days Thu 6/2/11 Fri 8/19/11 [

191 Rough-In General Construction 89 days Thu 6/9/11 Tue 10/11/11 [

192 Rough-In Electric 89 days Thu 6/2/11  Tue 10/4/11 [

193 Interior Finishes 120 days  Mon 8/22/11 Fri 2/3/12 [

194 |Area"K" General 53 days Thu 6/9/11 Mon 8/22/11 e

195 Substructure Area K 4 days Fri6/17/11  Wed 6/22/11 i

196 Superstructure Area K 5 days Thu 6/9/11  Wed 6/15/11 0

197 Building Enclosure Area K 47 days Fri 6/17/11  Mon 8/22/11 =

198 Rough-In Mechanical 37days  Thu 6/23/11 Fri 8/12/11 -

199 |Area"K" First Floor 245 days Fri 6/17/11  Thu 5/24/12 N )

200 Superstructure lday Mon7/11/11 Mon 7/11/11 I

201 Rough-In Plumbing 34 days Mon 7/18/11 Thu 9/1/11 =]

202 Rough-In Mechanical 105 days Fri6/17/11 Thu 11/10/11 [

203 Rough-In General Construction 88 days Mon 8/1/11 Wed 11/30/11 [F—

204 Rough-In Electric 110 days Fri6/17/11 Thu 11/17/11 [F—

205 Interior Finishes 137 days Wed 11/16/11  Thu 5/24/12 [

206 |Testing 752 days Thu 4/9/09 Fri 2/24/12 ]

207 |Project Closeout 229 days  Thu9/15/11  Tue 7/31/12 0

208 |Final Completion 0 days Wed 8/1/12 Wed 8/1/12 @ 8/1
Task G Progress — Summary ===y  External Tasks 1 Deadline <
Split Milestone @ Project Summary CF """  External Milestone <
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PROJECT PROFILE

FOSSIL RIDGE HIGH SCHOOL
FORT COLLINS, COLORADO

$11,500.......

water savings

0 additional cost for LEED

LEED" Facts

Fossil Ridge High School
Fort Collins, CO

LEED for New Construction
Certification awarded July 12, 2005

Silver

Sustainable Sites
Water Efficiency
Energy & Atmosphere

Materials & Resources

Indoor Environmental
Quality

Innovation & Design

*Out of a possible 69 points




PROJECT PROFILE

FOSSIL RIDGE HIGH SCHOOL

Energy Savings = Classroom Spending

‘When building a new high school in Fort Collins, Colorado, Poudre School District’s primary goal
was to provide students with the healthiest, most comfortable learning environment possible.
Poudre also wanted the school to be flexible and adaptable; to make it a teaching tool for
environmental stewardship; and to build it for no added cost. To achieve these goals, the

district chose to pursue LEED” certification for the new Fossil Ridge High School. The result

is a state-of-the-art, 290,000-square-foot building with capacity for 1,800 students—all of
whom will learn in an environmentally responsible, healthy building that’s saving the school
district money.

Poudre had built two high performance schools in the past, but wanted LEED certification
for Fossil Ridge because of the added benefits of third-party validation. LEED gave the
district confidence that its new school would perform as expected, and enabled the district
to benchmark the building’s performance. LEED also helped justify green practices by
demonstrating to building operators how their actions can have a positive impact throughout
the building.

Like all school districts, Poudre has to make decisions based on a tight budget. LEED delivered
ahigher quality building for no added cost: at $179 per square foot, including design fees,
furnishings and equipment, Fossil Ridge’s cost compares favorably with other school building
projectsin the region. And that doesn’t include the significant savings from reduced water and
energy use. “Fossil Ridge’s energy bills will be about one-third less than the newest high school
in the district of the same size,” said Stu Reeve, energy manager for the district. “And the dollars
saved go right back into the classroom.”

Poudre’s success was a result of involving not just architects and engineers, but also teachers,
maintenance staff, and others from the very beginning. Making sure that everyone at the school
was committed to achieving LEED goals helped the project team build a school that met the
district’s goals for student health, operating efficiency, and environmental stewardship, at no
additional cost.

Many studies show that natural lighting improves students’ reading and math scores, so the team
focused on daylighting strategies such as placing windows on multiple sides of classrooms, roof
monitors, and Solatubes to bring light into interior spaces. Superior indoor air qualityis alsoa
primary concern for schools, so the building features operable windows to let in fresh air; carbon
dioxide sensors; and paints and furnishings with low volatile organic compounds (VOCs).

Fossil Ridge is 60% more energy efficient than comparable buildings because of innovative
measures including lighting occupancy sensors; connecting HVAC coils to occupancy; and heat
wheels for heat recovery. Iceis made and stored during off-peak nighttime hours to cool the
building during the day, and energy use is offset by wind power purchases. Water conservation
is akey concern across Colorado, so Fossil Ridge uses a raw water pond for campus irrigation;
installed low-flow faucets and toilets; and has artificial turf for the athletic field.

The project team saved fuel and transportation costs by using regionally manufactured materials
whenever possible, and gave priority to products with high recycled content. Nearly 75% of the
construction waste was diverted from landfills through recycling. Fossil Ridge is also aliving
educational tool, showing the next generation the importance of environmental stewardship and
how it can be achieved.

ABOUT POUDRE SCHOOL DISTRICTS

The Poudre School District comprises 45 schools and nearly 22,500 students around the city

of Fort Collins, Colorado. The District has won awards for outstanding student test scores and
graduation rates, and strives “to support and inspire every child to think, tolearn, to care, and to
graduate prepared to be successful in a changing world.”

“Building a LEED certified school

Is the right thing to do, the right
thing to teach kids, and the right
message to send to the community.
And it doesn’t cost more.”

Michael Spearnak
Poudre School District

Owner: Poudre School District
Architect: RB+B Architects
Contractor: Haselden Construction, Inc.
Project size: 290,000 square feet

Total Project cost: $179 per square foot; $28,889
per student

Photography courtesy of RB+B Architects, Inc.

The LEED® Green Building Rating System™is the
national benchmark for the design, construction,
and operations of high-performance green buildings.
Visit the U.S. Green Building Council’s Web site at
www.usgbc.org to learn more about how you can
make LEED work for you.

© 2006 U.S. Green Building Council.
Printed on 100% post www.usghc.org
consumer recycled, process

chlorine-free paper with non-toxic soy inks. 202 828-7422
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Upper Dublin High School

LEED for Schools Checklist

4 IS EEERSIIES

Yes ? No
[11
Y

N
Y
Y
Y

N
Y

N
Y

N
Y
Yes ? No
4
Y
Y

N
Y
Y

N

N
Yes ? No

| 12 Energy & Atmosphere 17 Points

<|=<[=<|=<] <

Prereq 1

Prereq 2

Credit 1

Credit 2

Credit 3

Credit 4.1
Credit 4.2
Credit 4.3
Credit 4.4
Credit 5.1

Credit 5.2

Credit 6.1
Credit 6.2
Credit 7.1

Credit 7.2

Credit 8

Credit 9
Credit 10

Credit 1.1
Credit 1.2
Credit 2

Credit 3.1
Credit 3.2
Credit 3.3
Credit 4

Prereq 1
Prereq 2
Prereq 3

Credit 1.1

Credit 1.2
Credit 1.3

Credit 1.4

Credit 1.5

Credit 1.6

Credit 1.7
Credit 1.8
Credit 1.9
Credit 1.10
Credit 2.1
Credit 2.2

Credit 2.3
Credit 3

January 10, 2008

Construction Activity Pollution Prevention

Environmental Site Assessment

Site Selection

Development Density & Community Connectivity

Brownfield Redevelopment

Alternative Transportation, Public Transportation Access
Alternative Transportation, Bicycle Use

Alternative Transportation, Low-Emitting and Fuel-Efficient Vehicles
Alternative Transportation, Parking Capacity

Site Development, Protect or Restore Habitat

Site Development, Maximize Open Space
Stormwater Design, Quantity Control

Stormwater Design, Quality Control
Heat Island Effect, Non-Roof

Heat Island Effect, Roof

Light Pollution Reduction

Site Master Plan
Joint Use of Facilities

Water Efficient Landscaping, Reduce by 50%

Water Efficient Landscaping, No Potable Use or No Irrigation
Innovative Wastewater Technologies

Water Use Reduction, 20% Reduction

Water Use Reduction, 30% Reduction

Water Use Reduction, 40% Reduction

Process Water Use Reduction

Fundamental Commissioning of the Building Energy Systems
Minimum Energy Performance
Fundamental refrigerant Management

Optimize Energy Performance, 10.5% New / 3.5% EXxisting

Optimize Energy Performance, 14% New / 7% EXxisting
Optimize Energy Performance, 17.5% New /10.5% EXxisting

Optimize Energy Performance, 21% New / 14% EXxisting
Optimize Energy Performance, 24.5% New / 17.5% EXxisting

Optimize Energy Performance, 28% New / 21% EXxisting

Optimize Energy Performance, 31.5% New / 24.5% EXxisting
Optimize Energy Performance, 35% New / 28% EXxisting
Optimize Energy Performance, 38.5% New / 31.5% EXxisting
Optimize Energy Performance, 42% New / 35% EXxisting
On-Site Renewable Energy, 2.5%

On-Site Renewable Energy, 7.5%

On-Site Renewable Energy, 12.5%

Enhanced Commissioning

Page 1

16 Points

Required

Required

N = T = T T S e e e S

KW Water Efficiency 7 Points

N = = = = S =

Required
Required
Required

N = T = T = Y S S S

N

Prepared by 7 Group, LLC



Credit 4
Credit 5

Credit 6

Enhanced Refrigerant Management
Measurement & Verification

Green Power

7 Materials & Resources

Y
N
Yes ? No
6
N
N
N
Y
Y
N
N
Y
Y
Y
Y
N
N
Yes ? No
15
Y
N
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Yes ? No
| 4
Y
Y
Y
Y
Yes ? No
52

Prereq 1

Credit 1.1
Credit 1.2
Credit 1.3
Credit 2.1
Credit 2.2
Credit 3.1
Credit 3.2
Credit 4.1
Credit 4.2
Credit 5.1
Credit 5.2
Credit 6

Credit 7

Prereq 1
Prereq 2
Prereq 3
Credit 1
Credit 2
Credit 3.1
Credit 3.2
Credit 4.1
Credit 4.2
Credit 4.3

Credit4.4

Credit5

Credit 6.1
Credit 6.2
Credit 7.1
Credit 7.2
Credit 8.1

Credit 8.2
Credit 9
Credit 10

Storage & Collection of Recyclables

Building Reuse, Maintain 75% of Existing Walls, Floors & Roof

Building Reuse, Maintain 100% of Existing Walls, Floors & Roof

Building Reuse, Maintain 50% of Interior Non-Structural Elements
Construction Waste Management, Divert 50% from Disposal
Construction Waste Management, Divert 75% from Disposal

Materials Reuse, 5%

Materials Reuse, 10%

Recycled Content, 10% (post-comsumer + 1/2 pre-consumer)

Recycled Content, 20% (post-consumer + 1/2 pre-consumer)

Regional Materials, 10% Extracted, Processed & Manufactured Regionally
Regional Materials, 20% Extracted, Processed & Manufactured Regionally
Rapidly Renewable Materials

Certified Wood

Minimum IAQ Performance

Environmental Tobacco Smoke (ETS) Control

Minimum Acoustical Performance

Outdoor Air Delivery Monitoring

Increase Ventilation

Construction IAQ Management Plan, During Construction
Construction IAQ Management Plan, Before Occupancy
Low-Emitting Materials, Adhesives & Sealants
Low-Emitting Materials, Paints

Low-Emitting Materials, Carpet

Low-Emitting Materials, Composite Wood

Indoor Chemical & Pollutant Source Control
Controllability of Systems, Lighting
Controllability of Systems, Thermal Comfort
Thermal Comfort, Design

Thermal Comfort, Verification

Daylight & Views, Daylight 75% of Classrooms
Daylight & Views, Daylight 90% of Classrooms
Daylight & Views, Daylight 75% of other spaces
Daylight & Views, Views for 90% of Spaces
Enhanced Acoustical Performance

Mold Prevention

Innovation & Design Process

Credit 1.1
Credit 1.2
Credit 1.3
Credit 1.4
Credit 2
Credit 3

Innovation in Design:

Innovation in Design: Exemplary Performance MRc5
Innovation in Design: Green Building Education
Innovation in Design: Exemplary Performance MRc4
LEED Accredited Professional

School As a Teaching Tool

Certified 29-36 points Silver 37-43 points Gold 44-57 points Platinum 58-79 points

January 10, 2008

Page 2

13 Points

Required

R N = = = T T S S e S S Y

8l Indoor Environmental Quality 20 Points

Required
Required
Required

R N e e

[EEY

L I = T =Y S S SN S

6 Points

N = = = =

i8] Project Totals 79 Points

Prepared by 7 Group, LLC
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s
W I I I : I l' D - 5120 |8|o|R|o|2]s g’
. B lel |2|8|s/5|2|3|58|5/8)3
LEADERSHIP IN ENERGY & ENVIRGNMENTAL DESIGN Ol X2 RN £13|2|8 fg’ gz
HOHEHEHREERRE
LEED® for Schools Documentation Responsibility Matrix AN HHE g
Upper Dublin High School . 818|218 |9(8|8|8|23
Yes 2 Fort Washington, PA 2"
Sustainable Sites 16 Points
Project Narrative and Information X
Drawings and images X
Sspl [ C |Erosion & Sedimentation Control Required
Complete the LEED Submittal Template X

Prepare a narrative in a Word file describing the E&S control provisions. If a local standard
has been followed, please provide specific information to demonstrate that the local
standard is equal to or more stringent than the referenced 2003 EPA Construction General
Permit NPDES program.

Provide project drawings that show erosion and sedimentation control measures
implemented on the site.

ssp2_ [ D [Environmental Site Assessment Required

Complete the LEED Submittal Template X

Provide documentation of the Phase | Environmental Site Assessment or documentation X
from local, state or federal government agency determining that the site is contaminated
Provide documentation of the Phase Il Environmental Site Assessment or X
documentation from local, state or federal government agency if applicable
Provide documentation that remediation efforts have been performed on the site to clean up
or stabilize contaminants. Documentation might include copies of subcontractor contract, X
bills and/or receipts, or remediation plan check/punch list
Provide a narrative the describes the site assessment process and the remediation
measures (if applicable).

[ Y] [ssct  [D]site Selection 1

Complete the LEED Submittal Template X
If not meeting any of the required criteria, prepare a narrative to detail special
circumstances.

Provide a site and surrounding context plan indicating any bodies of water and/or wetlands
within 100" of the proposed building. Include the 100 year FEMA flood plane map and a line
indicating a boundary 5' in elevation above the 100-year flood line if either crosses the site.
If neither line crosses the site, indicate the nearest USGS elevation contour line.

Provide evidence that the project's location is not prime farmland, habitat for
endangered/threatened species or public parkland.
[Y] [ssc2 [ D [Development Density & Urban Redevelopment 1

Complete the LEED Submittal Template, selecting the appropriate compliance path | ‘ | ‘x‘ | ‘ ‘ ‘ ‘ | | | |
|Community Connectivity

Prepare a site vicinity plan with site location highlighted and a graphic scale, indicating the
1/2-mile community radius and the locations of the community services and residential X
areas (of at least 10 units/acre) within the 1/2-mile radius.

Provide listing - including business name and service type - of all community services within

; " X
the 1/2 mile radius.
Optional: Prepare a narrative describing any special circumstances or considerations M
regarding the approach to the credit
[v] [ssc3  [D]Brownfield Redevelopment 1
Complete the LEED Submittal Template X

Prepare a narrative in a Word file describing the site contamination and remediation efforts
undertaken by the project.

Provide documentation of the Phase Il Environmental Site Assessment or documentation
from local, state or federal government agency naming the site a brownfield.

Provide documentation that remediation efforts have been performed on the site to clean up
or stabilize contaminants. Documentation might include copies of subcontractor contract, X
bills and/or receipts, or remediation plan check/punch list

Optional: Prepare a narrative describing any special circumstances or considerations
regarding the approach to the credit

[Y] [ ssc4.2 [ D Alternative Transportation, Bicycle Storage & Changing Rooms 1
Complete the LEED Submittal Template, selecting the appropriate compliance path X

Provide site/floor plans indicating the location of the bicycle securing apparatus and
changing/shower facilities.

Provide the building full-time equivalent (FTE) occupants, number of students above the
third grade level, and number of transients for the project.

x x x

[ Y] [sscas [D]Alternative Transportation, Low-Emission and Fuel Efficient Vehicles 1
Complete the LEED Submittal Template, selecting the appropriate compliance path | ‘ | ‘ ‘ X | ‘ ‘ ‘ ‘ | | | |
|Preferred Parking for Low-Emitting/Fuel Efficient Vehicles
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Provide the total on-site parking capacity and quantity of preferred parking spaces. X
Provide site drawing or parking plan highlighting preferred parking for low-emitting/fuel X
efficient vehicles and the one designated carpooldrop-off area.
Optional: Prepare a narrative describing any special circumstances or considerations X
regarding the approach to the credit
[Y] [ Ssc4.4 [ D [Alternative Transportation, Parking Capacity 1
Complete the LEED Submittal Template, selecting the appropriate compliance path X
Provide the total parking capacity of the site X
Provide the number of parking spaces required for the project by local zoning and number of X
preferred parking spaces for car/vanpools.
Provide a narrative describing how the preferred parking spaces are reserved solely for X X
carpool/vanpools.
Provide a copy of an excerprt from the local zoning ordinace highlighting the parking X
requirements applicable to the project's site and/or use.
[v] [ Ssc5.2 [ Dsite Development, Maximize Open Space 1
Complete the LEED Submittal Template, selecting the appropriate compliance path X
Provide the area of the dedicated vegetated open space. X
Include site/landscape plan that includes information regarding the dedicated vegetated X
open space.
|Areas with zero open space requirements (equal to 20% of site)
Provide the project site area. X
Optional: Prepare a narrative describing any special circumstances or considerations X
regarding the approach to the credit
[v] [ Ssc6.1 [D[stormwater Design, Quantity Control 1
Complete the LEED Submittal Template, selecting the appropriate compliance path X
Provide pre-development and post-development stormwater runoff rate AND quantity X
calculations
|Existing site imperviousness is LESS than or equal to 50%
Provide the following: pre-development site runoff rate and quantity, post-development site x
runoff rate and quantity
Prepare narrative describing the project site conditions, measures taken, and controls
implemented to prevent excessive stream velocities and associated erosion. (required if do X
not comply with the first part of this option).
| Y ‘ |SSC6.2 | D |St0rmwater Design, Quality Control 1
Complete the LEED Submittal Template X
For non-structural controls, provide list of Best Management Practices (BMPs), including a
description of each BMP's contribution to stormwater filtration and the percentage annual X
rainfall treated by each BMP
Provide a list of structural controls, including a description of the pollutant removal X
performance of each control and the percent annual rainfall treated by each control
Provide calculations demonstrating percentage of annual rainfall treated by each X
control measure
Optional: Prepare a narrative describing any special circumstances or considerations X
regarding the approach to the credit
[v] [ Ssc7.2 [D[Heat Island Effect, Roof 1
Complete the LEED Submittal Template, selecting the appropriate compliance path X
Provide roof drawings highlighting the location and quantity of specific roof materials and/or X
green roof systems
Provide project roof area. X
Provide total area of green roof systems and SRI compliant roofing materials X
Provide a list of installed roofing materials and their SRI values X
Optional: Prepare a narrative describing any special circumstances or considerations X
regarding the approach to the credit
[ ] 2 [sscg [D]Light Pollution Reduction 1
Complete the LEED Submittal Template X
Provide project site/exterior lighting plans that document location and type of site lighting X
fi ior lighting
Provide interior lighting plans/sections that document location and type of lighting fixtures. X
Provide an interior and exterior lighting fixture schedule X
|For Projects with Exterior Lighting
Prepare narrative that includes specific information regarding the light trespass analysis and M
any additional comments or notes regarding special circumstances.
Provide location of each installed exterior sports facility luminaire; site area to be
illuminated by the luminaires; installed Light Power Density (LPD); and the X

ASHRAE-allowable LPD
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Provide location of each installed exterior luminaire; site area to be illuminated by the
luminaires; installed Light Power Density (LPD); and the ASHRAE-allowable LPD

Provide a photometric site plan. Include project boundary, avg, max, and
max/min ratio. Provide a 10 foot horizontal and five foot vertical grid to
demonstrate light trespass requirement

Select and verify zone classification for project site

Provide the luminaire type/ID; quantity installed; initial lamp lumens per luminaire; and initial
lamp lumens above 90 degrees from nadir

Optional: Prepare a narrative describing any special circumstances or considerations
regarding the approach to the credit

v ]

|SSclO | D |J0int Use of Facilities 1

Complete the LEED Submittal Template

Provide a contract or signed agreement documenting the approval of the joint
use facilities.

Provide drawings that show separation and security between the joint use
spaces and the rest of project along with the shared restroom facilities.

X

Optional: Prepare a narrative describing any special circumstances or considerations
regarding the approach to the credit

X

IS \Vater Efficiency 7 Points

Y WECcl.1 | D (Water Efficient Landscaping, Reduce by 50% 1

Y WECc1.2 | D (Water Efficient Landscaping, No Potable Use or No Irrigation 1
Complete the LEED Submittal Template, selecting the appropriate compliance path X
Provide landscaping plan showing the location of landscaped areas for the project. Provide
a plant listing and narrative which explains that the landscaping does not require permanent X
irrigation.

Y WECc3.1 | D (Water Use Reduction, 20% Reduction

Y WECc3.2 | D |Water Use Reduction, 30% Reduction

EZEM Energy & Atmosphere 17 Points

Complete the LEED Submittal Template X
Prepare a narrative describing the potable water reduction strategies. Include specific data M
regarding water saving fixtures and reclaimed water usage.

Provide the project's calculated FTE and transient occupants with gender distribution X X

Provide the project's calculated baseline case and design case water usage for flush and M

flow fixtures.

Provide the following fixture information: fixture manufacturer, fixture model and flush rate
in gallons per flush OR flow rate in gallons per minute and duration

Provide cut sheets for all water consuming fixtures necessary for the occupancy use of the
building, with water conservation specifications highlighted.

X

EApl | © |Fundamental Commissioning of the Buidling Energy Systems Required
Complete the LEED Submittal Template X
Prepare a narrative description of the systems that were commissioned and the results of X
the commissioning process.
Provide a copy of the project's Commissioning Plan X

EAp2 [ D [Minimum Energy Performance Required

Complete the LEED Submittal Template, selecting the appropriate compliance path

EAp3 [ D [Fundamental Refrigerant Management Required

Complete the LEED Submittal Template

EAcL.1 [ D |Optimize Energy Performance, 10.5% New / 3.5% Existing

Optimize Energy Performance, 14% New / 7% Existing

EAc1.2 [ D [Optimize Energy Performance, 17.5% New / 10.5% Existing

Optimize Energy Performance, 21% New / 14% Existing

EAc1.3 [ D [Optimize Energy Performance, 24.5% New / 17.5% Existing

Optimize Energy Performance, 28% New / 21% Existing

EAcl.4 [ D |Optimize Energy Performance, 31.5% New / 24.5% Existing

Optimize Energy Performance, 35% New / 28% Existing

<<<<<==

EAcL.5 [ D [Optimize Energy Performance, 38.5% New / 31.5% Existing

Plr|rlr|rr|rr|r|r

Optimize Energy Performance, 42% New / 35% Existing

Complete the LEED Submittal Template, selecting the appropriate compliance path | X ‘ ‘ ‘ | | | |
Option 1: Performance Rating Method - Submittal Template input:

Provide General Information including simulation program, number of stories, principal M

heating source, weather file, climate zone, percentage of new construction, etc.

Provide a space summary of conditioned and unconditioned area by occupancy type X
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Provide the number of advisory messages from the simulation output files

Provide model input parameters for Baseline Design and Proposed Design cases

Provide energy type summary, listing energy types and utility rates

Provide Baseline Performance and Proposed Building Results by End Use

X | X | X | X

Provide a narrative describing the major building systems including building envelope,
mechanical, lighting, and hot water systems. Include a list of all energy saving measures
incorporated in the building design. Describe the energy modeling software, weather file
used and ASHRAE 90.1 BER table used.

x

Provide a quantitative summary table (as per LEED Reference Guide) showing the energy
saving measures incorporated in the building design. These summary tables should include
detailed data on both design and budget assumptions.

Provide a summary printout from an energy simulation package demonstrating that the
design energy cost is lower than the energy cost budget as defined in ASHRAE/IESNA 90.1-
1999, Section 11. The summary printout should contain all the information requested by the
ASHRAE/IESNA 90.1-1999, Section 11 ECB.

Include a table listing baseline and proposed comparisons of all energy model variables that
differ between the two cases. Compare local code requirements to proposed building
characteristics if applicable

Provide a completed and signed copy of both pages of the Energy Cost Budget (ECB)
Comnliance Report,

The summary printouts from the modeling software should include reports equivalent to the
following DOE2 reports: BEPS, BEPU and ES-D.

For energy saving measures using the ASHRAE 90.1 Section 11.5 Exceptional Calculation
Methods provide a narrative description of the calculation or modeling procedure used to
determine the savings. Such measures could include demand controlled ventilation,
occupancy sensors, and others measures that require a change in ventilation rates or
schedules.

[v]

[EAcs

[ € [Enhanced Commissioning 1

Complete the LEED Submittal Template

Indicate the date(s) and by whom the following tasks were completed: Cx Design Review of

OPR, BOD, and design documents prior to mid-CDs; Cx review of contractor submittals;

preparation of systems manual for operating commissioned systems; operation and

maintenance training of operating personnel and building occupants; a plan for resolving

outstanding issues following Cx review of building operation 10 months after io-month
ubstantial completion

Prepare a narrative describing the specific enhanced commissioning processes that were
employed on the project

Optional: Prepare a narrative describing any special circumstances or considerations
regarding the approach to the credit

[v]

[ EAca

[ D [Enhanced Refrigerant Management 1

Complete the LEED Submittal Template

Complete the refrigerant impact calculation in the Submittal Template.

Prepare a narrative to support credit compliance.

Provide equipment schedules and cut sheets highlighting refrigerant information for all
HVAC&R system components.

X X |[X | X

[ ]2 [EAcs

[Ccreen Power 1

Complete the LEED Submittal Template, selecting the appropriate compliance path

Provide the Total Annual Electrical Energy Usage, green power purchase type and
provider(s), contract term and total amount of annual green power purchase

Provide a copy of the purchase contract(s) for power generated from renewable sources.

X

Provide documentation that the supplied renewable power is Green-e certified or meets the
referenced Green-e requirements.

X

Materials & Resources 13 Points

plan

MRpl [ D [storage & Collection of Recyclables Required

Complete the LEED Submittal Template X
Provide a plan drawing indicating the area(s) dedicated to recycled material collection and X
storage.
Prepare a narrative describing the recycling program in the facility. X

Y MRc2.1 | C |Construction Waste Management, Divert 50% 1

Y MRc2.2 | C |Construction Waste Management, Divert 75% 1
Complete the LEED Submittal Template X
Calculate percentage of diverted construction waste by listing quantities for each waste
material and the landfill and/or recycling hauler and disposal location for each in the X
Submittal Template calculator.
Provide a narrative describing the project's construction waste management approach and X
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Submit a copy of the project's construction waste management plan X
Provide a summary log of all construction waste generated by type, the quantities of each
type that were diverted and landfilled, and the total percentage of waste diverted from X
landfill disposal.
Provide sample waste hauling trip tickets, certificates, receipts X
If an existing building is being reused and contributes to this calculation, provide a narrative M
explaining the assumptions for those calculations.
Optional: Prepare a narrative describing any special circumstances or considerations X
regarding the approach to the credit
Y MRc4.1 | C |Recycled Content, Specify 10% (post-consumer + 1/2 pre-consumer) 1
Y MRc4.2 | C |Recycled Content, Specify 20% (post-consumer + 1/2 pre-consumer) 1
Complete the LEED Submittal Template X
Calculate Combined Recycled Content Value by providing Total Materials Value and listing
the cost, manufacturer, recycled content, and recycled content information source for each X X

‘material in the Submittal Template calculator.

Provide a product cut sheet, product literature, or letter from the manufacturer/supplier that
clearly indicates whether each material contains post-consumer and/or pre-consumer X | X[ X|X
recycled material or both, and the percentages by weight.

Optional: Prepare a narrative describing any special circumstances or considerations

regarding the approach to the credit X
Y MRc5.1 | C |Regional Materials, 10% Extracted, Processed & Manufactured Regionally 1
Y MRc5.2 | C |Regional Materials, 20% Extracted, Processed & Manufactured Regionally 1
Complete the LEED Submittal Template X
Calculate the percentage of regional materials by providing Total Materials Value and listing
the cost, harvest distance, manufacture distance, and harvest/manufacture information X X
source for each material in the Submittal Template calculator.
Provide a product cut sheet, product literature, or letter from the manufacturer/supplier
verifying the location of manufacture and extraction, harvesting, or recovery for each X | X[ x|Xx
material.
Optional: Prepare a narrative describing any special circumstances or considerations X

regarding the approach to the credit

Indoor Environmental Quality 20 Points

EQpLl [ D [Minimum IAQ Performance Required
Complete the LEED Submittal Template, selecting the appropriate compliance path X

Prepare a narrative describing the ventilation design including information regarding fresh
air intake volumes and any special conditions affecting the ventilation design.

|Mechanica|ly Ventilated Spaces
Meet the minimum requirements of ASHRAE Standard 62.1-2004 X
Provide supporting documentation describing the procedure employed in the IAQ analysis

(Ventilation Rate Procedure) X
Provide documentation of design criteria and assumptions. X
Provide a design summary table including space names, area (sq ft), # of people per space, M
cfm per person, and total cfm.
If there are any extenuating circumstances like reduced occupancy times, allowing for
reduced ventilation, provide a schedule, narrative and any other relevant documentation to X
express so.
EQp2 [ D [Environmental Tobacco Smoke (ETS) Control Required
Complete the LEED Submittal Template X
Optional: Prepare a narrative describing any special circumstances or considerations X
regarding the approach to the credit
EQp3 [ D [Minimum Accoustical Performance 1
Complete the LEED Submittal Template X
Provide a narrative describing the procedure for taking the RT measurements X
Provide a narrative describing the procedure for taking the STC measurements X
[ Y] [EQet [DJoutdoor Air Delivery Monitoring 1
Complete the LEED Submittal Template, selecting the appropriate compliance path X
Prepare a narrative describing the project's ventilation design and CO2 monitoring system,
including specific information regarding location and quantity of installed monitors, X
operational parameters, sequence of operation, alarm configuration, CO2 concentration
differentials, and setpoints.
Provide drawings highlighting the location and type of installed CO2 sensors (and, if X
applicable, natural ventilation components such as operable windows, air intakes, etc.).
Provide summary of target CO2 differentials per end use, including how target X
CO2 differentials are measured and maintained
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Provide specifications and cut sheets highlighting the installed carbon dioxide monitoring X
system, including both the exterior and interior sensors.
[ Y[ [EQe3.1 [€]cConstruction IAQ Management Plan, During Construction 1
Complete the LEED Submittal Template X
Provide a copy of the project's Construction Indoor Air Quality (IAQ) Management Plan. X
Provide photographs highlighting the implemented construction IAQ practices. X X
Provide filter manufacturer, model #, MERV rating, and location of installation for X X
all filtration media utilized during construction
Provide cut sheets indicating MERV value for all filtration media used during construction X X
and installed immediately before occupancy.
Optional: Prepare a narrative describing any special circumstances or considerations X
regarding the approach to the credit
[v] [ EQc32 [€construction IAQ Management Plan, Before Occupancy 1
Complete the LEED Submittal Template, selecting the appropriate compliance path | ‘ | ‘ ‘ | ‘ ‘ ‘ X ‘ | | | | |
|IAQ Testing
Prepare a narrative describing the specific flush-out procedures OR IAQ testing process X
and results
Provide a copy of the Indoor Air Quality testing report if this compliance path pursued. X
Optional: Prepare a narrative describing any special circumstances or considerations M
regarding the approach to the credit.
[ Y] [EQeal [€]Low-Emitting Materials, Adhesives & Sealants 1
Complete the LEED Submittal Template X
Provide product name, manufacturer, status of compliance with the required testing protocol M | x|xlx X
and the source of compliance statement for each adhesive and sealant.
Provide cut sheets, Material Safety Data Sheets (MSDSs), product data sheets, or letters
from manufacturers clearly indicating that the product has met the requirements of the X | X [x|X X
testing protocol.
[v] [EQc4.2 [ € Low-Emitting Materials, Paints & Coatings 1
Complete the LEED Submittal Template X
Provide product name, manufacturer, status of compliance with the required testing protocol X < | x| x!|x X
and the source of compliance statement for each paint or coating.
Provide cut sheets, Material Safety Data Sheets (MSDSs), product data sheets, or letters
from manufacturers clearly indicating that the product has met the requirements of the X | X |[X|X X
testing protocol.
[v] [ EQc4.3 [ '€ [Low-Emitting Materials, Flooring Systems 1
Complete the LEED Submittal Template X
Provide product name, manufacturer, status of compliance with the required testing protocol X % | x
and the source of compliance statement for each indoor flooring system.
Provide cut sheets or letters from product manufacturers clearly indicating that all flooring % | x
systems meet the requirements of the testing protocol.
[ [ 2 [EQca4 [€Low-Emitting Materials, Composite Wood & Agrifiber Products 1
Complete the LEED Submittal Template X
Provide product name, manufacturer, verification that product contains no urea-
formaldehyde, and the source of compliance statement for composite wood and agrifiber M < x|x!x X
product and status of compliance with the required testing protocol and the source of
compliance statement for each indoor flooring system
Provide cut sheets clearly indicating the bonding agents for each composite wood and
agrifiber product used in the project, demonstrating that no added urea formaldehyde resins x| x| x|x X
are used in these products that the product has met the requirements of the testing
protocol
Optional: Prepare a narrative describing any special circumstances or considerations
regarding the approach to the credit
[Y] [EQce.1 [ D [Controllability of Systems, Lighting 1
Complete the LEED Submittal Template X
Provide the number of individual workstations, the number of those with individual lighting
controls, and descriptions of lighting controls in shared multi-occupant spaces and all X
classrooms and core learning spaces.
Prepare a narrative describing the lighting control strategy including data about the type and
location of individual controls and also the type and location of controls for shared multi- X
occupant spaces and all classrooms and core learning spaces.
Provide lighting control plans and cut sheets of lighting controls serving the building. X
Optional: Prepare a narrative describing any special circumstances or considerations X
regarding the approach to the credit
[v] [ EQc 6.2 [ DControllability of Systems, Thermal Comfort 1
Complete the LEED Submittal Template | ‘ | ‘ ‘ | ‘ X ‘ ‘ ‘ | | | | |
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Provide the number of individual workstations, the number of those with individual thermal
comfort controls, and descriptions of thermal comfort controls in shared multi-occupant
spaces.

Prepare a narrative describing the project's thermal comfort control strategy, including data
about the type and location of individual and shared group-occupancy controls.

Provide thermal comfort control plans and cut sheets of thermal comfort control systems
serving the building.

Optional: Prepare a narrative describing any special circumstances or considerations
regarding the approach to the credit

[ Y] [EQe7.1 [ [Thermal Comfort, Design - Comply with ASHRAE 55-2004, Section 6.1.1 1

Complete the LEED Submittal Template

Prepare a narrative describing the method used to establish the thermal comfort conditions
and how the systems design addresses the design criteria. Include information regarding
compliance with the referenced standard.

| Y ‘ |EQc7.2 | D |Therma| Comfort, Verification 1

Complete the LEED Submittal Template

Prepare a narrative describing the survey planned for the validation of the thermal comfort
conditions. Include specific descriptions of the provisions for creating a plan for corrective
action.

Provide a copy of the survey and the corrective action plan intended for use.

Y EQc8.1

D

Daylight & Views, Daylight 75% of Classrooms 1

o)

Daylight & Views, Daylight 90% of Classrooms 1

O

Daylight & Views, Daylight 75% of other spaces 1

Complete the LEED Submittal Template, selecting the appropriate compliance path

Prepare a narrative describing any special occupancy areas that have been excluded from
compliance. Include a detailed description of the space function and provide an explanation
as to why the inclusion of daylight would hinder the normal tasks/function of each excluded
area. For computer simulations or physical measurements, include a detailed description of
the method used to determine daylighting contributions, along with specific information
regarding actual or simulated time of day, weather conditions, measurement equipment or
software used, and the calculation methodology for determining final daylighted area.

Glazing Factor Calculation Method

Computer Simulation Method

Provide calculations tabulated in the LEED Calculator spreadsheet to demonstrate a
minimum Daylight Factor of 2% in 75% of all space occupied for critical visual tasks

Provide glazing cut sheets highlighting Tvis values to support above calculations

Provide floor plan drawings indicating regularly occupied spaces and identifying
the spaces excluded from the calculations

Provide typical room and/or building sections and/or interior elevations highlighting borrowed
lights, skylights, and/or shading devices for direct sun control

For computer simulations, provide drawings depicting the illumination simulation results and
lighting level calculations

[y

[EQcs2 [D

|Day|ight & Views, Views for 90% of Spaces 1

Complete the LEED Submittal Template

Provide drawings showing the line of sight from interior spaces through exterior windows in
both plan and sectional view.

Prepare a narrative for inclusion into the Submittal Template describing any special
occupancy areas that have been excluded from compliance. Include a detailed description
of the space function and provide an explanation as to why the inclusion of views would
hinder the normal tasks/function of each excluded area.

Optional: Prepare a narrative describing any special circumstances or considerations
regarding the approach to the credit

Provide calculations tabulated in a spreadsheet and drawings highlighting direct
line of sight zone to support declaration

[V [ews

[D

|Enhanced Accoustical Performance 2

Complete the LEED Submittal Template

|Option 1

Provide a narrative describing the procedure for taking the RT measurements

|Option 2

Provide a narrative describing the procedure for taking the STC measurements

Optional: Prepare a narrative describing any special circumstances or considerations
regarding the approach to the credit

[v] [EQcio [D

[Mold Prevention 1

Complete the LEED Submittal Template

Provide a narrative describing method used to limit relative humidity to 60%
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Provide a copy of the IAQ Management Plan

Optional: Prepare a narrative describing any special circumstances or considerations
regarding the approach to the credit

Innovation & Design Process 6 Points

[ | 2 [ibetl [Dinnovation in Design: t 1

Complete the LEED Submittal Template

Include the following information: credit title; narrative statement of credit intent; narrative
statement describing credit requirements; and narrative describing the project's approach to
the credit. Additionally, provide any other supporting documentation or drawings.

Also attach the relevant submittals as evidence of compliance

[v]

[1Bc12 [Dinnovation in Design: Exemplary Performance MRc5 1

Complete the LEED Submittal Template

Include the following information: credit title; narrative statement of credit intent; narrative
statement describing credit requirements; and narrative describing the project's approach to
the credit. Additionally, provide any other supporting documentation or drawings.

Also attach the relevant submittals as evidence of compliance

[v]

[1Bc1:3 [Dinnovation in Design: Green Building Education 1

Complete the LEED Submittal Template

Include the following information: credit title; narrative statement of credit intent; narrative
statement describing credit requirements; and narrative describing the project's approach to
the credit. Additionally, provide any other supporting documentation or drawings.

Also attach the relevant submittals as evidence of compliance

[v]

[Dc1.4 [B]innovation in Design: Exemplary Performance MRc4 1

Complete the LEED Submittal Template

Include the following information: credit title; narrative statement of credit intent; narrative
statement describing credit requirements; and narrative describing the project's approach to
the credit. Additionally, provide any other supporting documentation or drawings.

Also attach the relevant submittals as evidence of compliance

[ Y] [ibc2  [€JLEED® Accredited Professional i

Complete the LEED Submittal Template

Provide a copy of LEED AP certificate

| » [ibcs

[ D[school As a Teaching Tool 1

Complete the LEED Submittal Template

Provide a narrative describing the means by how the curriculum was established
through a collaborative process.

Provide documentation that shows the curriculum meets state standards.

Provide a copy of the curriculum

Project Totals 79 Points

Certified 29-36 points  Silver 37-43 points Gold 43-57 points Platinum 58-79 points

normal font
italic font

= documentation required on the LEED On-Line Submittal Template
= additional helpful documentation

n = Design Submittal Credit

= Construction Submittal Credit

Prepared by 7group
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Appendix G

Geothermal Well Field Location and Details
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GEOTHERMAL NOTES -

MECHANICAL

1. All work is to be installed in accordance with 2006 International Building Code; 2006 International Mechanical Code; 2006 International
Plumbing Code; All NFPA Codes; Commonwealth of Pennsylvania Codes; Montgomery County Codes; Upper Dublin Township Codes; and all
applicable codes. The contractor shall obtain all permits associated with the described work.

2. Verify all existing conditions prior to commencing any work. Geothermal Well locations to be coordinated with Architect and General
Contractor. Verify exact location of all site utilities prior to commencing any work.

3. The Contractor shall be responsible for all working conditions and shall maintain a safe working environment at the job site for all

employees.

4. All excavation, trenching, drilling, casing, pumping, backfilling and work associated with the installation of below grade horizontal and

vertical geothermal piping shall be by the bore hole drilling contractor.

5. The bore hole drilling contractor shall be experienced in deep bore hole drilling and shall have a minimum of ten years drilling

experience within the geographic vicinity of the project or shall subcontract to an approved drilling contractor with equivalent experience.

6. The vertical holes shall be drilled no closer than 15 feet apart and shall, on the case of wet holes, be held open by a "mud” casing
so that the piping can be inserted. The piping shall be tested in accordance with other sections of this specification prior to insertion.
Loops must be installed from or by a mechanical device, so that the pipe is not rolled out on the ground before insertion.

7. Fusion elbows should be used at the bore hole seal; however, the bore seal may be affixed to the casing 90 inches below grade if
the loop tubing can be curved on a radius no less than 60 inches. When elbows are utilized, the bore hole casing is to be cut off at

least 34 inches below grade (52 inches is recommended), so that the elbows and connecting lateral runs never come nearer than 30

inches (48 inches is recommended) to the final grade. Elbows must be lower than all remaining piping on the system to eliminate air
entrapment at the elbow. All polyethylene pipe should be supported before and during backfill, with wood, styrofoam or sprayed polyethylene

foam supports.

8. The piping shall be capped and protected until such time that it is connected to the manifold piping.

9. Supply and return pipes and/or bundles of supply and return pipes must be a minimum of six inches apart in trenches, with an
additional inch added per pipe in bundles over one pipe; E.G., four pipe bundles to be ten inches apart: 6"+1°+1"+17+1"=10.

10.

11.

Approved bore hole seals should be tightened to manufacturer’s specifications.

to the engineer’'s review. The sleeve is to be properly cemented into the foundation and sealed with insulated packing and water—proof

mastic.

12.

least one inch thick, when specified. Spray foam should be no

All lateral pipes from Bore Hole Seal Through Building Penetration will be sprayed with closed cell polyethylene foam insulation, at

less than 1.75 LBS/Ft.”3. If sprayed foam is used, all seals and lateral

piping must be approved by an inspector prior to insulating.

13.

All Foundation Penetrations are to be a min of 54" below grade, and through a sleeve of either Metal or Plastic Construction subject

When spray foam is not used, the first layer of backfill is to be 12" of sand or “drilling” six inches below the lateral piping and six

inches above, then in as many applications as necessary fill with twelve to eighteen inches of earth. (Carefully tamped), and finally, fill the
remainder of trench with soil until grade is achieved as specified by the general contractor.

14.

The system must be power flushed prior to final fill and charging. A minimum flow rate of 2 feet per second must be achieved and

maintained for 20 minutes to eliminate trapped air and debris from piping. The entrapment of air in the earth system will severely impede
the system performance. Extreme care must be taken when flushing the system.

15.

The system shall be charged with a 20% propelyene glycol solution and chemically treated in accordance with the project

specifications for condenser water system water treatment.

16.

Backfilling of the trenching may be performed after the system has been successfully tested, charged, and the engineer, at his

discretion, has inspected the installation.

17.

18.

19.

The contractor shall mark all buried pipe with underground “warning tape” at a depth of 24 inches.

The contractor shall warrant (100% parts and labor) the functional integrity of the outside piping system for five years.

GROUTING (WELL /CASING)

20.

The contractor shall maintain an accurate record of all pipe locations and at the completion of the work, deliver to the owner a set
of "as—built” site plans.

Bore holes in vertical heat exchangers shall be tremi—grouted. Grouting of vertical heat exchangers shall be done in accordance with

jurisdictional requirements and IGSHPA standards. Grouting with cement or bentonite or with mixture of the same shall immediately follow
the completion of drilling and installation of each heat exchanger. A large capacity grout mixer/seperate holding tank are required and a
minimum of 1" diameter polyethylene tubing shall be used as the tremi—grout pipe. The tremi—qgrout pipe shall be attached to the u—bend
heat exchanger before it is lowered into the ground.

21.

When heat exchanger field is expected to operate above freezing (no Anti—freeze System), bentonite—based grouts shall be used. When

heat exchanger field is expected to operate below freezing (Anti—freeze System), in very dense or hard solids or rock, cement based grout

shall be used.

22.

Grouting procedures to be followed:

1. Monitor the grouting operation to ensure grout is being adequately mixed in correct proportions and that the viscosity is
adequate for pumping down the borehole.

A3 to 4

NOoOORUD

PIPING SYSTEMS TEST

23.

24.

The grout contractor should have spare grout pipes, hoses, fittings, readily available on-—site.
A moyno screw—type pump or a piston pump shall be used to pump grouts down the borehole.

inch inside diameter suction line and a 1 to 2 inch discharge line shall be used.

Cement—based grout shall consist of neat cement with 3 to 4 percent bentonite powder by weight.
A water to cement ratio by weight of 0.55 to 0.60 shall be used.
Bentonite based grout shall be Benseal/EZ—mud or Benseal/Aqua—grout or as deemed equal by engineer.

Provide all necessary equipment and perform all work required in connection with all piping system tests.

At the water working pressure of the pipe installed, all water piping systems shall be tested. Each section tested shall be slowly filled

with water. Care shall be taken to expel all air from pipes. If necessary, the pressure, as measured at the point of lowest elevation, shall

be applied for not less than one—half (1/2) hour. When the test pressure has fallen over 5%, the point of leakage shall be found, repaired
and test repeated. This procedure shall be followed until the piping systems have been proved absolutely tight. The use of any chemicals,

any "Stop—Leak” compounds, any mastic or any other temporary means shall not be used for repairing leaks during or subsequent to

these tests.

25. Prior to insertion

of the vertical piping, the well drilling contractor shall release the factory air pressure charge from the

supply/return/"U” Bend assembly and water pressure test the piping to a pressure of 100 PSI. The test must be maintained for four hours
without the pressure falling more than three PSI.

26. Loops must pass

the test at the following milestones: 1. Before insertion into hole. 2. After insertion into hole. 3. After penetratio

n of

foundation by horizontal lateral, also affixed to the vertical loop Before Foaming, and Backfill. 4. During startup and acceptance procedure

of complete system.

27.

systems are to be tested, adjusted, and balanced to provide performance as indicated on drawings.

28.
well drilling.

29. ntractor shall
30. Refer to the
a. G.C. shall
b. G.C. shall
c. G.C. shall
d. G.C. shall

working

the top

coordinate with the Site Gradin

< N N N 7

civil drawings for well field installation and coordination with the G.C. The well field area shall be prepared as follows:

coordinate work with M.C. including but not limited to the sequencing of the relocation of fill.
strip, stockpile, and stabilize topsoil.
install silt fence as shown per the plans.

grade the area to a 2’ sumped area below finished grade with a 2% sloped working surface throughout the entire

area. Sumped area shall be measured from the highest elevation of the working surface to the lowest elevation

of the berm. Install and stabilize berm around entire working area as necessary. Top of berm shall be a minimum

of 2° wide with a maximum of 3:1 slopes.

e. M.C. shall
bermed

—h

G.C. shall

I uie]

work).

M.C. shall

P

systems.

31. Coordinate utility crossings with 12” supply, return, and spare runs with G.C./Site Contractor. /(\
=t /\/\/\((/u\(/\/\(/l\((/\/\(/.\/\

install well fields, piping systems, and pump all water needing to be discharged to the surface outside of the
area through pump water filter bags.

M.C. shall comply with all requirements and details for Erosion and Sediment Control, (See Civil Drawings and Specifications).

provide necessary ramps to access working areas.

M.C. shall complete well installations, piping systems, backfill and compact areas over wells and pipes, and perform general
cleanup.
M.C. shall return working surface to approximate level of 2’ below finished grade (level of working surface before M.C. started

M.C. shall complete trenching, bedding, backfilling, and compaction for pipe associated with well field installation.

remove spoils from trenching and drilling from the site.

G.C. shall maintain berms and ramps.
m. G.C. shall cover and stabilize surface areas upon completion of installation of wells without damaging any wells and piping

/\/\/\,

Plan to provide reguired separgtion from finished grade and proposed c:::mw\l/

Provide evidence of and certification of pressure testing, and acceptance of all work performed by signature of contract inspector. All

Accurately locate all existing underground utilities, septic systems and any other existing conditions that may affect work prior to
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evergreen

Think Beyond.

ES-A SERIES

photovoltaic panels

200, 205 & 210 W

Best power tolerance available

A range of high quality String Ribbon™ solar panels
offering exceptional performance, cost effective
installation and industry-leading environmental
credentials made with our revolutionary wafer

technology.
* No power below nameplate
Never pay for power you're not getting

* Get up to 5W more than nameplate*
For enhanced field performance

¢ Industry’s lowest voltage per watt rating
Delivers the most cost-effective installs

* UL4703 certified cables
For use with the highest efficiency transformer-less inverters

* New extended length cables
Eliminates home-run wiring

* New MC® Type 4 lockable connectors**
Complies with the latest codes for accessible arrays

¢ Most extensive range of mounting options
Allows installs virtually anywhere and anyhow

¢ Smallest carbon footprint of any manufacturer
For the greenest of the green

* 100% cardboard-free packaging
Minimizes job site waste and disposal costs

e 5 year workmanship and 25 year power warranty***

E Born in the USA

*Maximum power up to 4.99 W above nameplate rating; **Locking sleeve not supplied with the panel.
***Eor full details see the Evergreen Solar Limited Warranty available on request or online.
This product is designed to meet UL 1703, UL 4703, UL Fire Safety Class C, [EC 61215 Ed.2 and IEC 61730 Class A standards.
String Ribbon is a trademark of Evergreen Solar, Inc. Evergreen Solar's wafer manufacturing technology is patented in the United States and other countries.



Electrical Characteristics
Standard Test Conditions (STC)'

ES-A-200 ES-A-205 ES-A-210
-fa2* -fa2* -fa2*

Prp? 200 205 210 w
Pilerance ~ -0/+4.99  -0/+4.99  -0/+4.99 W
Prmp, max 204.99 209.99 214.99 W
Prp, min 200.00 205.00 210.00 w
Trin 12.7 13.1 13.4 %
Ppi® 180.6 185.2 189.8 W
Vip 18.1 18.4 18.7 V
Imp 11.05 11.15 11.23 A
Voc 22.5 22.8 231 \%
lsc 12.00 12.10 12.20 A
Nominal Operating Cell

Temperature Conditions (NOCT)*

Tnocr 44.8 44.8 448  °C
Prmax 146.4 150.1 153.7 W
Vinp 16.7 16.8 17.0 V
mp 8.76 8.93 9.04 A
Voc 20.5 20.7 21.0 Vv
lsc 9.60 9.68 9.76 A

71000 W/m?, 25°C cell temperature, AM 1.5 spectrum;
2 Maximum power point or rated power
3 At PV-USA Test Conditions: 1000 W/m?, 20°C ambient temperature,
1 m/s wind speed
4800 W/m?, 20°C ambient temperature, 1 m/s wind speed, AM 1.5 spectrum
* f-framed, a-low voltage, 2-matt blue (textured) cells

Low Irradiance

The typical relative reduction of module efficiency at an
irradiance of 200W/m? both at 25°C cell temperature and
spectrum AM 1.5 is 0%.

Temperature Coefficients

oPrp  -0.45 %/ °C
OVep  -0.43 %/ °C
olme  -0.02 %/ °C
oVee  -0.32 %/ °C
ole  -0.003 %/ °C

System Design

Series Fuse Rating® 20 A

Maximum System Voltage (UL) 600 V

Evergreen Solar, Inc.
www.evergreensolar.com

5 Also known as Maximum Reverse Current.

ELECTRICAL EQUIPMENT
CHECK WITH YOUR INSTALLER

Worldwide Headquarters

138 Bartlett Street, Marlboro, MA 01752 USA
T: +1 508.357.2221 F: +1 508.229.0747

info@evergreensolar.com

Mechanical Specifications
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All dimensions in inches; panel weight 41 lbos

Product constructed with 114 poly-crystalline silicon solar cells, anti-reflective
tempered solar glass, EVA encapsulant, polymer back-skin and a double-walled
anodized aluminum frame. Product packaging tested to International Safe Transit
Association (ISTA) Standard 2B. All specifications in this product information sheet
conform to EN50380. See the Evergreen Solar Safety, Installation and Operation
Manual and Mounting Design Guide for further information on approved installa-
tion and use of this product.

Due to continuous innovation, research and product improvement, the specifica-
tions in this product information sheet are subject to change without notice. No
rights can be derived from this product information sheet and Evergreen Solar
assumes no liability whatsoever connected to or resulting from the use of any
information contained herein.

Partner:

ES-A_200_205_210_US_010908; effective September 1<t 2008

Customer Service - Americas and Asia

T: +1 508.357.2221 F: +1 508.229.0747
sales@evergreensolar.com

138 Bartlett Street, Marlboro, MA 01752 USA
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* Step-by-Step Installation Instructions

for the RainXchange™ Rain Barrel
{Hem #9876 - Terra Cotta)
{ftem #38767 - Sandsione)

Thank you for choasing Aguascape's Rain¥change™

Rain Bamel, the visually ppealing option to capturing
raimwater from your maf.

How it works:

Rainwater travels through your downspout and enters
the RainXchange™ Rain Barrel filter screen, removing
lange debris such as leaves, sticks, and also prevents
mosquitoes from entering the Ralnchange™ Rain
Barrel. When your RainXchange™ Rain Barrel is full,
the harrel will divert the excess water through a large
internal 1%" overflow pipa, and out the hoktom where

it can be directed away from your foundation, The
Rainkchange™ Rain Barrel can hold up to 75 gallons of
rainwater for future use. Multiple Rain¥change™ Rain
Bairels can be connected together to incraase water
storage using the optional connection kit (item #agg11).

Aegiascape, Ine.
5L Charles, ILS0174 « Brampton, 0N LET 347
WHLAGUASCEREInG.com

Your RainXchange™ Rain Barrel
includes the following:

+ Brass spigot

« 4" gverflow pipe
» Oerflow elbow

» Zipties (2)

» Tedlon tape

15 VanTal

Installation Tocls Needed
{not included):

« Hacksaw

« | ovel

= Tape measiee

« Pencil or marker
« Pligrs

» Scresy driver

= Gloves

» Safely glasses




Installing the Spigot

13 Wrap the treads of

the brass spigot

Wrap fha thresds of he beas spigot

vtk Tefbon Rage and install it dalo the 14”
hulkhead Frﬂ:ni angugh toseat e
phveadds i, bt do not vertighten.
CRUTEON: Be covelal o st cross-thad
witen: hresding Ibe beazs apigat fedy lhe %
trikhend fiting.

Installing the

Overflow Plumbing

2) Wrap the threads of
the overflow elhow

Weep fhe threed s of the cverfow eltew
with Tefon tapes and kst ol 1 inlo e
wnemide of the I bulihead Bting, with

r

i

f

i
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the itk Tacing lowasds The apenig 31
Hho st of the Rainichange™ Bain Baned.

3) Overflow piipe assembly
Takn oo pipe assenitdy whap the
threads with Teflan ar'iﬂll?m the
¥ bubkbaad Bfing inside tha botiam of the
Balridchanpe™ Rale R,

Prepare Base 3

4} Prepare the Ranicheamnge™
Rain Bamel locaion
Moke sumitat the kication the
Foimcharge™ Rain Bamelis poing tobe
pieoed is fimnly pecked end el While the
Raimdchange™ Rain Bamel is ralstvaly light
ehes emphy, i will weigh apresimatety £0
paunds when Sill, s0a o base is ecombial
for suppor, IF dessives], poncreda patie blcks
i bie wrseed o bl a base,

b\ s ."_"__'"__J'{

“mli__q__h r
=

Installing the RainXchange™
Rain Barrel Beneath

Hhe Dowaspout
5) Place Rairichange™ Rain
Bamrel in frong of dawnspoet
» Pz fha Rainfz hange™ Rais Dam)
[rwih Thes 1 &t ached | in ooed of the
Bowaspout that you inbend 1o use. This
s where you will meed {n:lelemaine the
sectbom of downzpoe Bl willl el e
be cut ¢4E. The diwnspout shauld ba
‘rimmaid 50 Btk 5 poutibow chears dhe
tep e 0 fhe BainXchanpe™ Raln Bamid,
Markiha location be s remmed.

B el I S A e e =

by e rogions with hesry rerdoll T
patlema, or have 2 larps ares of mef
Feeding one dowrspord an addiing
45 hmmmﬂad fecrle 8 "y
ke direclly inls theepening,

&

Ermie & “meaey” ey demcly b apeing. -

&) Cut off section of downsport
Lo th straps that hoid the demnipist 1o
the dde of the heuse and asing & tackaw,
cansfuby et off ths section o doversout wu
marked. |§ msded, 3 pieca of chritiand bix
can be placed hefilnd the ams pou arculting
a0 that the s&e bilade Sos not come letn
coebact with the sie el yeur hose,

CAUTIOR: Edges of the dewrapout maybe
sharp. The usaod work ghoves 5 sscemnendal
Fleiveys wear sefoly plassss when autting if
e clers et ot s et el Thers
is2 pontial slecdmaution or firebamed whan
cutting fhaough the domespod.

k1oL

Install dowrepout elbow

Inginli ke dewerspmd elbewy tn e feshlycuk
mtion of down apeul Yeu will reed in cimg

e battom of S divwnspout pips inesed
an sk the dowins ook s will Tt cslo L
Secorely sbtsch o d meypout back o the
sideaf the bewse wsing the Hmps.

Pace overffow drain pips
R e wter awagriom

edundaiurisng
B i f dhowiispeat pipe Bty ol off

n stap # o tha and ok the s dlbr
o if desired, you may 158 2 T diameles,
it -poefictted cisrugaled pipa, Wikh the
cermi it e, you haree the otion b bury
it. Make: sre thet you Sope sway from the
R e hesge™ Rain Bere b koep mater
freant pebeding Bk oot feundabion,
wormended tok e end of he gipeds oen o

T ) i
i Hy
| —
—

Firtal Assembly

9 Secure e cover
The Raintehangs™Rah Bard sones
with taezle ties, sethess insecm theaner
it RairEchanpe™ Rein Beael g wem
it e itk I s, oot iclubesl)

B ekt OF hesd e |;"'.:‘-

10} Skark caphuring mimaing
W ot A drocss spiget s ully
o biphumicg bhe Bardlo clezhwisa
wurdi f shape.

Connecting Rain
Barrels In Series

Wibe wrsieg roir o ome RaieRchange™ Rain
Bardl fo cpture ralmater, you will need i por-
s il #3811 fo itk the bk fo pach
o This sllows waber b fow b U st Samd
It the et when the water capacity saches i
maxinnse gk

treractig Eivkhung” Enndamels mier

Maintenance

Your Reinchangs™ Rain Bl shodd

equin iy Bl saineante You wieont

o parindualipcheck {hatthe SHer screen i cloer,
Toclisan, jud bash off smy v i bwigs thet
ity hergt callected o Rup of e seremn



Winterization

= [Fyulivein an anas fhat mperienmes
feraperalurms bekw ::»uﬁw; i will g
o pegare eur Rebiehang™ Rain Bamel
fior Tk winter.

figtion #1 — Leawe the Rain Bareed adsids

o O e s st i Dt the water drain
v Hommren 1 did and ummms the cerfior
g:mmm:-btﬂjha:l fitting lozaled in the

af the boerel. The suatlm pips will

it b ivstalbed diin g the wiadr slowing
e water enbering bhe beawsd 1o drais b
Replae fha lid. Lesve the spigal open dusing
I winilis,

Nption K7 -- Ramaom e Ezn Barel

or Winder Flarapn

Yo can b corapleetynerrinat fh bamel
from the gubskbaof fhe houws durfag the wirter,
Tl the slegs sbove and tip the bamel i
i aed remaining watir, You'll din
el 10 24 8 beenpriry dewns o exiension
onbeBe exisfing dowaapoat o essere peper
draimge svay Fom th bundation,

VEARNIEE Do ot use tirvested raimwates for
drinking. cooking or bething. ¥ moszkiler hes
beon wd on e roef, Jot & fow nain ety
brgfenss the lemel bedoe coliecting walir

Klmzys secarely attach the Renichange™
FeainBamnl lidte avoid a child dosming.
Foewer use ihe Raln¥change™ Bain Bamel
withoed iha lid sacirely £lizchad. Do not
b chrifldren 4o pliyen, in o aroiind the
Rairlicksnge™ Rain Bsrrel

Tt iyt b B0 0 TR

Helpful Tips:
Fanting Area

® Your Buindbchargs™ Rain Barmel i inddes
an inlsgrated phiete thal Bedps nahalio
theRain Bamed into the-edsting landwape
1F e o 5 misaboary, Thero doe threa
dissples located on the bothom o the placier
e, You condnl boles i place of 1he
distpless A narsiani walir will propedy drain
Treen year plants, Using Uhe dirgples a3 8
staibg poind we sugpest driling holes ezing
A LT dedll bt oot included). 1F mon
drglape b needd, 10 8 eger S8 bEumi
il gt the desired sim.

=t g moammended that when wisg the
fhrﬂkgmtlmdfﬂkmmﬂllm
e, such 33 coconut Bber, mass, o planfing
i b esed {0 prevent any soil Fem
passing Shrnugh the dreinapehoks,

Benmzsing Your Rain Waker

= Whan arcessing yeur min wabiy, siegly place
your walering can uader the spigol, oper
e 11! [ youir wadering cin iste bigadoft
uinder th spigst, vou can arsily altach a shesl
38" garden hess jet included] b ihe spigst
nd Billyorie werhestg can ising the hose,
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Guide d'installation et manue
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= Lunettes de protection
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AQUASCARE

Pose du robinet

1) Entourer le filetage du
rohinet de ruban de t&flon
e ek il o st s et che
ek e L o it b bied fhare e !

detraersn de coisarde i o Senaresser por biea

feamm o e ol o i gy,
WESE EH GRRDE : Frenes gardeda ne pas
tauzer b fiatapaen foant embine ala
Trinieride de chion,

lnstallation du couds
de trop-plein
2) Entonrer le filetage du
conds de trop-plein
Etnirez lo fildtage du rode ds trop-plein de

rutnan g efin et viserde & |inienimr &
recond de trawersie da cojson ded po,en

g |

arjirtant Termbout de sartio vies Towehie
ol A 't du bae derbcupiradion
Rairfichenge”.

3 Installation dhu wnyanr da-trap-plein
Enlesraz I du bugau d trog-plain da
ubem e dlon of vissoe-ie de T radars
Irtrevansde o clolsen g 2 o qui e e
i B s i pératenr Rainichan ™.

Préparation de la base

4) Prparation de ks base sur
Faquelle represra le hae de
récupliaton Ranchanpe™
fosurer-wus que b uriace e |aqeelle e
nicipéradow Easlehange” sira plackest
whide o denivean, o secupiriten dest pas
rda loand & vide, mak som paids peut stieh-
dreemizn E00 b lorsqe’ estromplid'ean.
¥ sk dnre Wi impert ot qu'd repess sar une

=
W

Temntggal |
i_ﬁ (H’ ]
|

Tped atd

bank b solida. Wous pasvaz, par menpl,
Finhollir surunk hase da pavis de cimenl,

Mise en place du récupéra-

teur RainXchanpe® sous la

descente de ka goultiére

5} Mise an place do Meupbrar

RainXchanpe™ devant a descenss

de L2 potiére

= Placat |y vicupimbeur daeu da pluks Roin-
chaupe” {reen snn couestlel devant e
s de deacente dowt wens vouks moiEdils
Ibspuii e . Voo 5 dhivor oo inderian b i e
miries queiie section &) buven di descenle
ilfizirdra eomper. Le fuysy de descente dod
e cougd do v o Jo ciud e

Sedissis du estupkrion Raicichange”.
Marguer Mendrol od coupst

# Sivotss hatiter dans wnanegion & orte Insgllation du coutde de descems ieres etapes
viomiiria @ 5 hww&ﬁ&ﬂ' ;ﬁ& K InstalBirbe coude de deseacds & Pistrimit g il
maisaelie i |2 descernbeesk bks grands, il kbt e 05 iz B el Viuss 91 Mise en place du carerche
st panseilid'aputer un eode & 150 powr st e Teotetmitd dy tigan dsdlpscente Deocettiches aboblageenes ot busclen mec e
driger le débl dirciment dans Tovestine vers Tintésier poes te ke coude sy ajste i Rairiictan g™ dlbs st & atich
Aurmipiratar, Rettaches selidaraitt b tigais de Aseonts b Eangck 0 dodren Yar panezios
e e b ok 3 Tl s samghes, edgtpack b d Lo cadina heotuml
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Lotk e dest e e v o !
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RAINXCHANGI

~ioE

Hivérisation Conseils utiles
# Sivous habitez dans une région ol le mercore Plantes srnementales
peut descendre sous les 32 °F ou 0 °C, = Yotre récupérateur Rainkchange™ comporte
vous deraz protéger votre récupérateur une jardiniere qui favorise son intégration au

Raintchange™ pour |'hiver,

Option 1 - Laisser le récupérateur en place

= (uvrez la robinet de laiton et laissez ['eau se
vidanger. Retirez le couvercle et dévissez le
tuyau de trop-plein de la traversée de clofson
situde dans |2 bas du récupérateur. i faut
enlever fe tuyau de trop-plein pour |'River afin
que 'eau qui péndtre dans le récupérateur
puissa s'écouter. Replacez ke couvercle,
Laissez ke robinet ouvert,

Option 2 - Ranger le récupérateur

jusquau printermps

Vious poivez aussi enlever e ricupérateur de

son emplacement prés de la maison pour Thiver,

Suivez les étapes décrites précédemment e

inclinez e récupérateur pour bien évacuer toute

F'eaw. Yous devez ajouter au tuyau de descente

the fa gouttiere une rallonge temporaire pour

diéarier 'eau afin qu'elle ne s"accumule pas prés

des fondations de la maison,

MISE EN GARDE : Ne consommez pas 'sau de
phak paur boire, pour faire la cuisine ni pour
wous |aver, 31 un herbicide de contrile des
mousses a 64 répandu sur ka toiture, attendes
aprés quelques AVErses pOur COMMEnCEr 4
recuellir l'eau de plule. Attachez toufours
sofidement le couvercle du récupérateur Raink-
change™ peur prévenir qu'un enfant puisse

5"y nayer. N'utilisez jamais le récupératewr
Rain¥change™ si be couvercle n'est pas solide-
ment fied, Ne laissez pas les enfants jouer &
Vintérieur ni autour du récupérateur,

Itemdirticle #99600.01 5003

paysage, Les trols rainures pratiguéss dans
le fond de 1a jardiniére servent au drainage.
Vous pouver y percer des trous si vous jugez
que kes rainures ne sont pas suffisantes pour
bien drainer la teme de vos plantes. Envous
guldant sur les rainures, nots vous sugeérons
de percer das trous & Paide d'un foret de 4 oo
de % pouce (non fournd). Au besoin, utiliser un
foret d'un diamétre supérieur.

® Sivous utilisez la jardinigre intégrée, il est
cons#ilé d'en recouvrir le fond avec une toile
oy un reyitement de fibre de coco, de mousse

o de substrat pour empécher la teme de fuir
par les trous de drainage.

Uilisation de Feau de pluie

» Pour utiliser Meau de pluie recusillie dans le
bac, placez simplement votre arrosoir sous le
robinet &t remplissez-le. 5 1'arrosoir est trop
haut pour passer sous |e robinet, vous pouvez
Tacilamesnt firer au rebinet un bout de tuyay
d'armsage de 3 de po (non foumil.

www.aguascapeinc.com

200 Aquascape, Inc. » All Worldwide Rights Reserved
Tous droits réservés parieut dans je monds

Losznue vous ufilisez I jardindére, recouvez-en to fond
#ves une faile o un revBtement da fhra de cosa, de mousse
0w tie subsirat pour empdcher |2 tere de fuir par les trous
de drainage.

Tl (7801 70853 {90 LE
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FINELITE

Series 12-

P, S12-1 Technical Sheet

Project

Firm Name

Date Type

Series 12-P and S12-1 have a modern style with pleasing
curves and a low profile that add richness to a wide variety
of architectural settings. This luminaire uses sophisticated
designs and manufacturing techniques to produce a product
that is as affordable as it is beautiful. Series 12-P has two
rows of perforations while S12-1 is 100% indirect. Both
are available in 2, 3, and 4 T8 lamps and 1, 2 or 3 T5 or

T5HO lampsin 4', 8', and 12" lengths. Available with standard
flat endcaps or optional curved die-cast endcaps.

4 N

......
. .
R

9.0"

N

LAMPING

/

Available in 2, 3, or 4 T8, and 1, 2, or 3 T5 or
T5HO lamp cross sections.

STANDARD PLUG-TOGETHER WIRING
Plug-together wiring is standard on all fixtures.
Die-formed aligner plate comes factory installed
for smooth joints.

-

~

N

TIGHT JOINS

Fixtures connect together tightly and die-formed
internal aligner plate ensures that there are no
light leaks.

Series 12-P with optional curved die-cast endcap.

FEATURES

4 N

\

S2-1
S12-1is 100% indirect.

STANDARD FLAT ENDCAP

-

Curved Balancer Assembly
with standard Fully Adjustable
hanging hardware.

Gripper Detail

Locked

position /

Turn to lock
Hand tighten only

Unlocked position:
A/C slides

STANDARD FIXTURE SUPPORT
The Curved Balancer improves the strength of the hardware connection and improves installation.
The balancer arrives attached to the fully adjustable hanging hardware. Simply adjust the bottom nut
to the desired height, secure it to the balancer cable, adjust the side-to-side level, and secure the top
nut. Install safety stop into fixture body.

/ Curved Balancer Assembly with optional Semi-Adjustable hanging hardware. \
Step 1 Step 2
Balancer Cable Balancer Cable
- Secure Top
= '/\ l Kep Nut on l
/ga Top of Cable
==
New
Curved G <g" New Curved
@ancer Bottom Kep Nut Balancer Bottom Kep Nut

OPTIONAL SEMI-ADJUSTABLE CABLE SUPPORT

Optional Semi-Adjustable aircraft cable, (AC) + 0.5" in lengths of 12", 15", 18", 21", 24", 27", 30", 36".
Aircraft cable assembly screws into the balancer. Attach Curved Balancer in the same way as Fully

Adjustable assembly.

Finelite, Inc. e 30500 Whipple Road

Union City, CA 94587-1530

510/ 441-1100

e Fax:510/441-1510 o

www.finelite.com
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FINELITE

Series 12-P, S12-1 Technical Sheet

Series 12-P and S12-1 are available in the lengths shown below.

P I H

pl i !

12’ ! 12'0” !

Flat Endcap adds 0.1" each end.

Curved Endcap adds 5.0" each end.

16’ ! 80" | 80"

20 | 120" |

80" |

120" |

WIDE SPREAD OPTICS (WSO0)
Special wide spread reflector gives extended distribution and is especially
effective in low ceiling areas.

CONSTRUCTION: Body is 20-gauge die-formed steel
with 18-gauge die-formed internal joiner system, plug-
together wiring standard. All components are hard-tooled
to tolerances of 0.010". Precision-punched 0.093" diam-
eter perforations cover the bottom side of the fixture in
two parallel columns.

ENDCAPS: (FE) Flat endcap standard, 20 gauge die-
formed steel, adds 0.1" at each end.

Optional: (CE) Curved endcap, aluminum die-cast
endcap with 0.100" reveal, adds 5.0" at each end.

REFLECTORS: Two reflector systems are available.
Die-formed pre-painted aluminum, (91W). Optional:
Extended Performance Reflector System (EP). T5 or
T5HO lamps die-formed pre-painted aluminum, (96W).
(WS0) Wide Spread Optic system for 1 T5HO.

ACCESSORY: Optional Dust Cover, clear acrylic, T8
lamps only. NOTE: Will significantly impact light level
performance. Consult Factory.

Clearperf Lens

Modular section lengths offer standard 4'0",
8'0" and 12'0" support spacing that aligns with
grid ceiling systems.

Additional 4', 8' or 12' segments can be added
to create runs as long as required.

CLEARPERF LENS™

Optional Clearperf Lens assures perforations stay clear and clean,

comes standard with TSHO configurations. Made of semi-translucent

opal acrylic.

SPECIFICATIONS

ACCESSORY: Optional Clearperf Lens™, factory
installed, semi-translucent opal acrylic, UV stable,
covers perforations inside fixture. Standard with
T5HO lamps. NOTE: Impacts light level performance.
Contact Factory.

ELECTRICAL: 120 or 277V prewired. Fixture and elec-
trical components are UL/C-UL listed and fixture will
bear UL/C-UL labels. Optional Adders 347V ballast,
prewired dual circuit, emergency circuits, emergency
battery packs.

LAMPING: Available in 2, 3, or 4 T8 lamp cross
sections or 1, 2, or 3 T5 or T5HO. Contact factory for 1
T8 lamp cross section.

BALLAST: Electronic instant-start ballast <10% THD,
.88 BF standard for T8 lamps. Electronic rapid-start
ballasts <10% THD, 1.0 BF standard for T5/T5HO
lamps. Optional adders: rapid-start ballasts (standard
for T5/T5H0), 347V, emergency battery packs,
dimming ballasts (controls by others). Requires low-
profile ballasts and battery packs.

MOUNTING OPTIONS: Semi-adjustable aircraft cable,
(AC) £ 0.5"in lengths of 12", 15", 18", 21", 24", 27", 30",
and 36". Order length, e.g., AC 18". Optional Adders:
fully adjustable aircraft cable (FA) in lengths up to 150"
Rigid stems (Stem).

SUPPORT CABLES: Plated steel cable and hardware.

FEED: 18 gauge straight cord. 14 gauge feed cord used
when fixture current exceeds 6 amps. Optional Adders:
Coil Cord Feed, Rigid Stem Feed.

FINISHES: Finelite Signal White standard. Optional
Adders: 185 colors available from Tiger Drylac’s RAL
color chart.

LENGTHS: 4', 8', and 12' section lengths can be
combined to make longer runs. Contact factory for
additional lengths.

WEIGHT: Fixture weight = 2.6 to 3.6 Ib/ft. with curved
endcaps. Fixture weight 2.0 Ib/ft. with flat endcaps.

WALL MOUNT: Complementary wall mount available.

ORDERING GUIDE

$12-P - 32' - 218 - SC - 91W - 277 - AC 18" - FE - C1 - .88

Finelite Series 12 (P-Perforated, I-Indirect)
Run length (4', 8', 12" multiples standard)

Number of lamps in cross section (2, 3, 4, T8 or 1, 2, 3 lamp T5 or T5HO)

Circuiting (SC-single circuit, DC-dual circuit)

Reflector system (91W, EP, WSO)

Voltage (120, 277, 347 Volt)
Mounting (AC/FA/Stem)

Endcap FE (flat), CE (curved)

Ceiling type (C1-1" T-bar, C2-9/16" T-bar, C3-Slot Grid, C4-Hard Ceiling)
Ballast factor (Standard .88 for T8 lamps, 1.0 for T5 or T5HO)

Finelite, Inc. e 30500 Whipple Road

Union City, CA 94587-1530

510/ 441-1100

e Fax:510/441-1510 o

www.finelite.com
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DIE‘ECTLEDFL

EarthLED DirectLED FL USER GUIDE

EarthLED L EarthLED -~ PR
DirecTlLED DirecTLED
Fluorescent Tube Aeplacement Salution High Power Fluorescent Tube Replacement Solution

-—
Ag

EarthLED DirectLED FL EarthLED DirectLED FL PRO
Requires No Ballast Requires No Ballast

NOTE: This user guide will explain the steps necessary to use and insure peak performance from your
new EarthLED DirectLED FL. It is intended to be used as a reference only, by a fully-qualified
electrician or technician. This document should never be considered a substitute for any provision of a
regulation or state and/or local code. Please read this entire user guide to fully understand and safely
use this product. Specifications are subject to change without notice.

GETTING STARTED

EarthLED DirectLED FL LED Fluorescent Lights are the next generation solution to replace conventional
fluorescent tubes. LED tubes are more efficient and more reliable and are well-suited for use
anywhere conventional fluorescent tubes are used such as homes, offices, museums, galleries, shop
windows, hotels, restaurants, meeting rooms, etc. EarthLED DirectLED FL are CE approved and RoHS
compliant.

This guide contains important information about installing and operating your new EarthLED DirectLED
FL safely and accurately.

Unpacking
1) Unpack and carefully examine the product. 2) Report any damage and save all packing materials if
any part is damaged during transport. 3) Do not attempt to use this apparatus if it is damaged.

Warnings

1) Risk of electric shock. Ensure that the power supply is off when wiring sections of the device.

2) The device should be installed by a qualified electrician or technician in accordance with all relevant
local codes.

User Responsibilities

It is the responsibility of the contractor, installer, purchaser, owner, and user to install, maintain, and
operate the device in such a manner as to comply with all state and local laws, ordinances, and
regulations. Note: The instructions and precautions set forth in this user guide are not necessarily all-
inclusive, all conceivable, or relevant to all applications as Advanced Lumonics, LLC cannot anticipate
all conceivable or unique situations.



PLANNING THE INSTALLATION This device installation requires planning to ensure successful
installation with minimal complications and down time.

Installation Steps

Retrofit — existing fixture with ballast

1) Take out ballast and starter if so equipped (disconnect the wires and either leave the ballast in
place or remove it).

2) After disconnecting the ballast, reconnect the circuit. There are two sets of wires that connect to
each bulb — only one set is needed to be connected to the respective hot and cold wires. Refer to the
wiring diagram.

3) If you have a fixture with more than one tube holder (double or quads), make sure only one wire
set from each additional fixture is going to the hot and cold supply wires. Disconnect any jumper
wires connecting the additional fixtures to each other. In effect, on a single tube there were four
wires (two at each end) going to the hot and cold supply wires. Now you only need one going to the
hot and cold supply wires from each fixture. Refer to the wiring diagram.

4) Install the EarthLED DirectLED FL into the fluorescent light fixture.

5) Inspect all wiring connections prior to turning on the power.

6) Switch on the power to light EarthLED DirectLED FL .

New Installation — fixture without a ballast.

1)There are two sets of wires that connect to each bulb — only one set is needed to be connected to
the respective hot and cold wires. Refer to the wiring diagram.

2) If you have a fixture with more than one tube holder (double or quads), make sure that only one
wire set from each additional fixture is going to the hot and cold supply wires. Disconnect any jumper
wire connecting the additional fixtures to each other. In effect, on a single tube there were four wires
(two at each end) going to the hot and cold supply wires. Now you only need one going to the hot
and cold from each fixture. Refer to the wiring diagram.

3) Install EarthLED DirectLED FL into the fluorescent light fixture.

4) Inspect all wiring connections prior to turning on the power.

5) Switch on the power to light EarthLED DirectLED FL .



Wiring Diagram
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Stephen L. Kelchaw

2351 W. Venisa Drive, Hazle Township, PA 18202
E-mail: slk5030@psu.edu

Education

The Pennsylvania State University University Park, PA
Architectural Engineering

Construction Management Option

Integrated B.A.E/M.A.E. Degree

Senior Thesis

Title: The Upper Dublin High School Construction Project Analysis
Thesis Supervisor: Robert J. Holland
Associate Professor of Architecture/Architectural Engineering

Work Experience

Summer 2009 ARAMARK Technical Services Philadelphia, PA
Junior Project Engineer

¢ Performed building commissioning tests and composed reports

e Assisted in performing energy audits/assessments

e Reviewed submittals, created punchilists, etc.
Supervisor: Matt Judge, Director of Technical Services

Summer 2008 Masonry Preservation Services, Inc. Berwick, PA
Junior Project Manager

e Assisted with building forensics, solutions, and reports

e Conducted various quality and performance tests

e Ordered materials and created reconstruction plans
Supervisor: Erik Valentino, Vice President — Masonry Preservation Services, Inc.

Summer 2005/07 American Homes Enterprises, Inc. Hazleton, PA
Craftsman
e Performed basic carpentry work such as framing, roofing, and installation
of windows and doors
e Ran electrical wiring and plumbing
e Read construction documents
Supervisor: Jim Fisher, Owner — American Homes Enterprises, Inc.




Honors and Organizations

The Schreyer Honors College

The National Society of Leadership and Success

Tau Beta Pi, The Engineering Honor Society

Phi Alpha Epsilon, The Architectural Engineering Honor Society

Grants and Scholarships

e The Mervin G. and Patricia C. Schaeffer Scholarship in Engineering

Engineering Certification

e Passed the Fundamentals of Engineering (FE) Exam. Will obtain Engineer-
in-Training (EIT) status upon graduation.

Tutoring Experience

Fall/Spring 2006-2008 University Learning Centers Penn State University
Technology Tutor

e Assisted students in understanding difficult technology related concepts
and skills.

e Taught students new skills mainly in the following areas: C++ programming,
website development, Adobe Photoshop, and recording and video
editing.

e Aided with basic computer-related troubleshooting solutions.
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