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Statistics

GSF: 254,878

Height: 3 Stories @ 70’

Project Cost: $7.25 Million

Dates Of Construction: Dec 2011—August 2013
Delivery: CM at Risk, Cost + Fee w/ GMP

Project Team

Owner: Prince George’s County Public Schools

Architect: WMCRP Architects

CM: HESS Construction + Engineering Services

Civil engineer: KCl Technologies, Inc

Structural Engineer: ReSTL Designers, Inc.
Mechanical/Electrical Engineer: Allen & Schariff Corporation

Structural

The structural system is a combination of both load bearing CMU
walls and structural steel. Columns consist of HSS members and
wide flange beams supported by 18” by 18” concrete piers on

spread footings. Floors consist of 3-1/4” light weight concrete on
composite steel decking.

Mechanical

The mechanical system consists of 9 water to water heat pump mod-
ules to manage the 437 geothermal wells that provide heating and
cooling for the school. Additionally there are 2 DOAS and 23 AHU'’s.

Electrical

Building is fed by two 2,500 KVA pad mounted transformers supplied
by PEPCO. Each of which tie into their own 3,000 amp 480/277 volt
switchboard

Architecture

The building exterior consists primarily of ground face CMU glazed
curtain walls and several different styles of aluminum wall panels. In
the heart of the building is a large rotunda and spiral stair case topped
with a glazed curtain wall that creates a nice architectural feature.

http://www.engr.psu.edu/ae/thesis/portfolios/2013/brs5156/index.html
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EXECUTIVE SUMMARY

The following report contains four in-depth analyses that focus on some of, if not all of, the
following core areas of investigation: Critical Industry Issues, Value Engineering, Constructability
Review, and Schedule Reduction/Acceleration. Additionally, a mechanical redesign breadth and a
structural breadth were performed in an attempt to validate changing the current fully
geothermal system to a hybrid system.

Analysis #1: Mechanical System

The results of this analysis and subsequent breadth validated changing the current
geothermal mechanical system into a hybrid system. The results showed that with a minor
structural redesign the roof of the mechanical room would be able to support a 352 ton cooling
tower. Due to the cooling and heating load characteristics of the building it was found that a fully
geothermal system was not the most efficient system. By using a cooling tower to supplement the
peak load conditions the upfront cost of installation would be cheaper by $1,347,349.40 and it
would take over 200 years for the fully geothermal system to prove more cost efficient.

Analysis #2: Solar Energy Conversion System (SECS)

The owner’s goal for this project was to create a state-of-the-art educational facility,
particularly in the field of science and technology. If a photovoltaic array were incorporated into
the building it could possibly serve an educational function while saving money on utility bills.
For this analysis a PV array was designed with an upfront cost of roughly $660,000 with a payback
period just under five years. Additionally if this system were chosen to be implemented it could
be installed in a timely manner and have little to no impact on the project schedule.

Analysis #3: Alternate Delivery Method

Due to several delays on the project, poor communication, and problems associated with
the construction drawings the construction management agency was put under a lot of pressure.
The current CM @ Risk delivery method did not provide them with much leverage when it came
to dealing with subcontractors and they suffered from that as a result. This analysis compares the
current delivery method against a design-build delivery system. The findings showed that a
design-build approach would increase construction and delivery speeds, reduce cost and schedule
growth, foster more collaboration between parties, and reduce owner risk. However it would
reduce owner input as well.

Analysis #4: Facade Prefabrication

In an attempt to reduce the project schedule a prefabricated fagade system was
investigated. It was found that this approach added an additional 8% to the current price of the
facade. With this considered, it is still suggested that a precast fagade be implemented because it
reduces the schedule by 6 weeks, would create a cleaner site, allow for higher quality control, and
be safer among other things.

Brady Sheerin|Construction Management
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Introduction

The original high school at this
undisclosed location was completed in the early
60’s and over half of it has never been renovated.
Due to this, the Prince George County Public
School District (PGCPS) saw a need to build a
replacement school. The project consists of a
255,000 SF school, a field house, 6 tennis courts, a
football field surrounded by a track, a baseball
field, a softball field, and a soccer field. Hess
Construction + Engineering Services has been Figure 1: New Facility

contracted to build this $74.25 million project,
which does not include the cost of demolition (See Figure 1 for a rendering of the school).

The project entails the demolition of the existing school and the construction of a new
state-of-the-art facility. The new school is located within close proximity of the present one so
that it can be tied into the existing gymnasium which was completed in 2003. The new three
story building consists of two, three story classroom wings, a connecting atrium, an auditorium,
cafeteria, administrative offices, culinary labs, and auxiliary gym facilities connected to the
existing gym. In the heart of the building is a large rotunda and spiral stair case topped with a
curtain wall that serves as an architectural feature. Typical finishes consist of painted CMU and
abuse-resistant gypsum drywall, tile, resilient
flooring, and acoustical tiled ceilings.

The exterior for the building is comprised
of 4 differently colored Trenwyth/Prairie Stone
ground-face CMU blocks, prefabricated
architectural Aluminum faced plastic core panels,
Phenolic panels, corrugated steel panels,
perforated aluminum panels, and translucent
curtain-walls. The windows are aluminum with a
low-E insulating glass. The roof is primarily built-
up-roofing with a white cap sheet on top of fiber

glass insulation to reduce the heat island effect.

Figure 2: Classroom Wing GF CMU Facade

The school has been designed to achieve a LEED Gold rating by acquiring no less than 39
points under the US Green Building Councils LEED® Green Building Rating System ™ for New
Construction. The majority of the projects points will be coming from Sustainable Sights and
Indoor Environmental Quality. Several ways this rating will be achieved is by focusing on
alternative transportation, water efficiency, reducing the heat island effect of the roof,
recycling/managing construction waste, and using Low-Emitting Materials. However the
building falls short of capturing any points for day lighting and renewable energy.

Brady Sheerin|Construction Management
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Client Info

Prince George’s County Public Schools (PGCPS) is a district located in the state of
Maryland. Their mission is to “advance the achievement of its diverse student body through
community, engagement, sound policy, governance, accountability, and fiscal responsibility.”
PGCPS oversees over 200 schools in g different districts.

The reason PGCPS is replacing the existing high school is because over 50 percent of the
buildings are over 40 years old and haven’t seen any renovations in that time. Based on academic
program requirements and existing conditions of the facilities the Board and State were able to
justify approving the construction of a new school. Originally the project was designed for a
capacity of 2,300 students because of projected enrollment growth in the area. Unfortunately, the
State did not approve the student capacity because of a surplus of seats in high schools. This
caused a redesign in the building which omitted one of the three classroom wings reducing the
schools capacity to 1,200; which correlates more closely with current enrollment trends.

PGCPS, more specifically the current tenants of the existing high school, have several
concerns with the construction of the new school primarily stemming from the fact that the two
are in such close proximity. First and foremost they are concerned for the safety of their students
and staff, because construction will be taking place concurrently with the present school year.
They have expressed concerns about heavy equipment, noise levels, fumes, and dust control. Due
to this HESS Construction has been able to implement strategies and schedule activities to
mitigate these concerns. Another hot topic has been the issue of available parking. With all of
the work taking place, most of the existing parking has been taken over and torn out. To remedy
this HESS has turned over a temporary parking lot to be used until the final lot is complete.
Additionally any and all utility shut downs must occur during non-school hours.

The School is scheduled to be complete in August 2013 for the start of the school year.
However, temporary occupancy may be granted in some areas of the building as long as it does
not interfere with the completion of other construction activities. The new high school will meet
the owner’s needs by providing a much needed up to date, state-of-the-art facility for its students.

Brady Sheerin|Construction Management
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Project Delivery Method

The delivery method used for this project is a CM at Risk, Cost plus Fee with a GMP. This
delivery system was chosen because of the economic climate and the intrinsic benefits it has for
the owner. Over the years HESS Construction has been able to foster a longstanding relationship
with PGCPS which has helped them secure many projects with the district. HESS prides itself on
only pursing jobs in education and for this reason, claims to be able to provide a much better

product than their competitors.

PGCPS holds contracts with the architect, construction manager and a third party
consultant. HESS construction holds lump sum contracts with all of their subcontractors and
prequalifies each one based off of relevant quantitative experience, requisite skills, project
capacity and work history. All subs were required to submit a Bid Bond on AIA Document A-310
issued by a surety licensed to issue bonds in the state of Maryland with their bids. The bond
capacity had to be at least 95 percent of the largest possible total of bids submitted.

If for some reason the subcontractor awarded is unable to carry out the contract they
would then be responsible to pay HESS the difference in their contract, amount and the
subsequently hired sub, as liquidation damages.

For a visual representation of the contracts held on this project reference figure 3.

PGCPS
(Owner)
[ [ |
Hess Construction | WMCRP Re ?:;:::astive
(CM Agency) | (Architect) P
|
Trade Klinker & Associates R.D wil Sust(a:lnablli.Deﬂgn Weigand Associates
Contractors (Fire Protection Aot ne 28 (LEED
Eitoanc (Acoustics/Theater) (LEED Gatinteao it
E Documentation) g
KCI Technologies Inc. ReSTL Designers Inc. Seotech Englucess. glen b Shar!ff corp.
(Civil Engineer) (Structural Engineer) jne. {Mechanical/
(Soils Engineer) Electrical Engineer)

Figure 3: Project Delivery Method

Brady Sheerin|Construction Management
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Hess’ Project Team

Andrew Hess Charles Hess
i (President & CEO) ‘ (CEO)
I
Steve Groth
(Vice President)
Charlie Ravenna Kassia Aaron
(Project Manager) (Project Admin.)
I |
Eric Osborne Daniel Amaya Mike Armstrong
(Project Superintendent) (Site Superintendent) (MEP Superintendent)
Justin Peak
(Field Engineer)

Figure 4: Hess Staffing Plan

Figure 4 depicts the staffing plan used on this project. Hess assigns their teams based on
project size and complexity. Throughout the course of the project this team will be altered
depending on the needs of the project. During the beginning phases of the job only the Field
Engineer and Site Superintendent are on site every day. As time progresses and construction
starts to pick up the rest of the project staff from the PM down move out to the field full time
with the exception of the MEP Superintendent who splits his time between two different jobs. As
time progresses the MEP Superintendent starts dedicating more time to the job and the Site
Superintendent starts phasing out. By the time the job is about to be turned over the only two
people dedicating all of their time to the job are the Project Admin and Field Engineer.

Brady Sheerin|Construction Management
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Project Schedule Summary

The project schedule on this job is of
extreme importance. Although the entire job is
scheduled to be completed in 3 years, Hess only

has 18 months to construct a brand new school, so
it is imperative that the project team not fall
behind. The notice to proceed for this job was
given on the 1" of December 2011, two months after V D

it was supposed to, and the school must be

complete and turned over in August for the 2013

school year.

B
2

There are four major phases to this project. ' .4 l

The first of which deals with the construction of

the high schools building pad, football stadium,

football field house, and tennis courts. This phase Figure 5: Building Section Breakdown
is scheduled to start at the notice to proceed and
be completed in 240 days. The building pad preparation, rough grade and utilities are on the
critical path and need to be completed in order to start foundations. In order to prepare the
building pad the site had to be cleared of all existing features. This included the partial
demolition of the existing gymnasium. Once the site was cleared, fill had to be brought on site
and compacted to provide adequate bearing for the schools foundation. This whole process took
approximately 65 days, at which point the foundation work began. The rest of the items
mentioned in this phase are not on the critical path and therefore not as important to complete

on time.

Phase 2 overlaps with phase 1 and relates to the construction of the school and the work
associated with that task. In all, this phase is scheduled to take 385 days. The erection of the sub
and superstructure are on the critical path followed by the enclosure, rough-ins, and finishes.
Because of the size of the building there is substantial overlap between these activities so that
multiple activities could occur simultaneously. The path of construction for this work went from
section F to E, to D, to G, to C, to B, to A (reference Figure 5). This staggering can also be seen in
the schedule for interiors; however there is much more overlap in different section of the
building. Substantial completion for the new school is set for July 25™ 2013, and final completion
is set for September 20" 2013.

At the completion of phase 2 partial demolition of the existing school commences to make
way for a new bus loop. Once this phase is complete phase 4 begins with the demolition of the
rest of the building and a parking lot is placed on the footprint of the old school. When it is all
said and done the whole project will be completed on July 25™ 2014.

A detailed schedule of 150 line items can be seen in Appendix B. To keep the schedule
concise only the most important and significant activities are listed.

Brady Sheerin|Construction Management
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Local Conditions

Soils and Subsurface Conditions

For this project GEOTECH ENGINEERS, INC. performed 37 test borings and soil
laboratory tests in order to prepare a geotechnical report. It was found that the majority of the
soils on-site were clays with a water table ranging from 12 to 17.7 feet below grade. Through these
findings they recommended using controlled fill for the building support, compacted to at least
95 percent per ASTM D-1557. The existing grade of the proposed building footprint has an overall
drop in elevation of 16 feet from elevation 185 to 169. The design elevation for the slab-on-grade is
184.4; this requires that a large quantity of fill be brought on site. All existing areas within the
outline of the building foundation must be removed and replaced with suitable fill if the current
grade elevation is above 176. Additionally any area where the existing soil is within five feet of the
bottom of a footing it is to be undercut and replaced with control fill.

Parking

Figure 6: Arial View of Local Conditions

Figure 6 illustrates the existing conditions of the local geography of the site. To the east
and south the site is bounded by residential neighborhoods. This poses a problem because the
local municipality will not allow construction deliveries or parking to take place on these roads.
The west provides no relief either because there is an interstate in the way. To solve the problem
of access and parking to the site a new road, from the south, was installed. This road serves as
both temporary parking for construction vehicles, and as the only means of access to and from
the site.

Brady Sheerin|Construction Management
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Other
> To protect against frost perimeter footings should be placed at a minimum of 2.5 feet
below the final exterior grade.

A\

Average tipping fees in Maryland run about $68/ton
> High crime rate area
o Concerns about break ins and thefts

Site Plan for Existing Conditions

The existing conditions and site plans for this job can be seen in Appendix C. The access
road to the south is the only means of transporting materials to and from the site. It also serves as
parking for laborers.

The “Site Clearing and Building Pad Fill Site Plan” illustrates the initial layout of the
construction fence and entrance gates. It also shows where the replacement school will be
constructed and the key features of the site layout. At this point in time there are no designated
vehicular paths due to the amount of site clearing that needs to be done.

The next site layout displays the plan for the foundation and SOG. At this point in the
project the construction fence has been moved to create more room for construction activities.
The portion of the new school that is faded illustrates the work that still needs to be completed.
The area that is illuminated represents completed foundations and partial SOGs. At this point in
the project access paths have been established. At the same time foundations are being installed
on the west side of the site, wells are being drilled for the geothermal field in the east. It can also
be seen that a portion of the existing school has been demolished and the gymnasium has been
left in place so that it can be incorporated into the new school.

The final site plan shows the layout for the superstructure. It is at this time that a crawler
crane is brought onto site and additional laydown areas are established. Due to a delay in the
schedule a second smaller crane was brought on site to erect sections D and E. laydown areas for
the cranes are placed both on the site near the building footprint and on the SOG. Because the
foundations have been poured there is no longer vehicular access through the center of the
building.
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Building System Summary

The following information found on Table 1 describes key aspects of the design and construction

of the building and its systems for this high school project.

Yes

No Work Scope

If yes, address these questions / issues

. Demolition Types of materials, lead paint, or asbestos?
Structural Steel type of bracing, composite slab?, crane size /
X Framing type / location(s)
Cast in Place Horiz. and Vert. Formwork types, concrete
X
Concrete placement methods
Precast Concrete Casting location, connection methods, crane
size / type / location(s)
Mechanical Mech. Room locations, system type, types of
X System distribution systems, types of fire suppression
N Electrical System  size / capacity, redundancy
Masonry Load bearing or veneer, connection details,
X scaffolding
Curtain wall Materials included, construction methods,
X design responsibility
Support of Type of excavation support system,
X Excavation dewatering system, permanent vs. temporary
Table 1: Building System Summary
Demolition

There is a significant amount of demolition involved in this project, the majority of which
will take place after the completion of the new school. Special considerations regarding asbestos
abatement will have to be taken when demolishing the existing school structure which was
erected in 1959, along with its several additions. However, the existing gymnasium which was
completed in 2003 will remain and tie into the new high school.

Other Items to be demolished are the existing parking lots, football field/track, bus loop,
and walkways. See highlighted items on figure 7 for visual representation of items to be demoed.

Brady Sheerin|Construction Management




April 3, 2013 SENIOR THESIS FINAL REPORT

Figure 7: Demo Plan

Structural Steel Framing

The new high school is a combination of both CMU load bearing walls and structural
steel. The columns for the building are hollow structural steel (HSS) members and wide flange
beams supported by at least an 18” by 18” concrete pier on spread footings. Columns are spliced at
the third floor level for areas D, E and F. All wide flange beams and girders conform to either
ASTM A-572 or A-992 and are of grade 50 (50,000 KSI). Lateral structural steel support is
accomplished through the use of cross bracing in 33 different locations and welded moment
connections in four bays.

The floors-on-deck of the building are
constructed of 3-1/4” light weight concrete on 2”
galvanized composite steel deck with welded-
wire-fabric, and shear studs. Roofs are
comprised of 20 gauge 1-1/2” type B roof deck on
K-Series and LH joists.

A 150 ton crawler crane was scheduled to
place all structural steel for the building, but
because of a loss of time in the schedule a

second crane was brought on site to expedite

Figure 8: Steel Erection in Section F

construction. (Figure 8 depicts steel erection in
section F)
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Cast in Place Concrete

All cast in place concrete used on this project
is designed per ACI 318-05. Additionally all concrete
is to have a compressive strength at 28 days of 4,000

psi.

On this project CIP concrete pours were
achieved by direct pours and by utilizing concrete
pump trucks. Normal weight concrete was used for
the foundations, auditorium stage wall, and S.O.G.,
while light weight concrete was used for slab on deck.
To form the auditorium wall interlocking panels were
placed on an arced radius and temporarily braced
(see Figure 9). All other formwork was site
constructed out of plywood and 2x4’s.

Mechanical System
The mechanical room for the high school is

located on the first floor in the south west corner of e .
the building. To ensure the building operates and Figure 9: Auditorium Form Work @ Stage Wall
performs as intended a Building Automation System

(BAS) is used to observe and control the schools environment which is monitored both on and
offsite. If communication with the system is ever lost the controller will revert to its inherent set
points.

The mechanical room has nine 30 ton water to water heat pump modules to manage the
four geothermal fields and two geothermal vaults of 437 combined wells all at a depth of 400 feet.
The 12” supply and return pipes for this system travel over 1,600 feet each, from building stub up
to geothermal vault. The fields encompass approximately 207,000 square feet and sit underneath
the proposed football and baseball fields. In addition to the nine modules the mechanical room
also houses 10 pumps, four expansion tanks, two gas-fired hot water boilers, and a slew of other
equipment.

There are two Dedicated Outdoor Air Systems (DOAS) with a combined 28,170 CFM
capacity that serve the north and south wings of the building. Each of these DOAS’s have a heat
recovery wheel and are connected to three indoor air handling units (one on each floor of the
classroom wings.) In addition to this there are 17 separate rooftop air handling units, nine of
which have energy recovery wheels. To ensure a healthy indoor air quality all outdoor air intakes
have an airflow monitoring system to measure contaminants in the air. Air flow is distributed
throughout the building in sheet metal ducts and zone controlled by VAV boxes.

Fire suppression for the school consists of an automatic sprinkler system with high
temperature heads in conjunction with a heat and smoke detection system. In locations where
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duct penetrates fire rated walls fire-dampers are installed. The server room for the school (Rm. F-
255) works on a pre-action fire protection system to make sure the system doesn’t accidentally go
off.

Electrical System

The main electrical room is located in the south west corner of the building and is fed
from two separate 2,500 KVA pad mounted transformers supplied by PEPCO just outside the
building. Each transformer ties into its own 3,000 amp 480/277 volt switchboard with ground
fault protection. A backup generator is located in close proximity to the building to power
emergency equipment in the event of a power outage.

Additional panelboards and step down transformers are located throughout the building
to supply power to all necessary equipment.

Masonry

As was mentioned before, a large portion of this high school is constructed out of load
bearing concrete masonry units (CMU’s). Building sections A, B, C, and G are comprised almost
entirely out of load bearing CMU walls. These walls range greatly in thickness depending on their
location in the building. In some cases they serve as both structure and architectural fagade.
Much of the masonry units are placed off of scaffolding.

Curtain Wall

The exterior for the school is comprised primarily of ground-face CMU and several
different styles of wall panels. Consideration was taken by the architect to pick materials that
would complement the exterior facade of the existing gymnasium. Additionally there are a
number of glazed curtain walls with different glazing provisions that relate to their orientation on
the building. Due to the nature of the building fagade, much of it will be installed off of
scaffolding.

LEED

This project has been designed to achieve a LEED Gold rating by acquiring no less than 39
points under the US Green Building Councils LEED® Green Building Rating System ™ for New
Construction. The majority of the projects points will be coming from Sustainable Sights and
Indoor Environmental Quality. Several ways this rating will be achieved is by focusing on
alternative transportation, water efficiency, reducing the heat island effect of the roof,
recycling/managing construction waste, and using Low-Emitting Materials. One of the most
significant features is the use of geothermal energy, which is the utilization of the earth’s natural
heat. Geothermal is an economical, pollution free and renewable source of heating and cooling.
However, the building falls short of capturing any points for day lighting.

Brady Sheerin|Construction Management




April 3, 2013 SENIOR THESIS FINAL REPORT

Constructability Challenges

The soil that the proposed replacement school will sit on had been found to be unsuitable
material by the geotechnical engineer. The entire footprint of the building sat on moderately
compressible fill that had been placed during the construction of the existing school. This meant
that all of the existing soil had to be undercut and controlled fill had to be brought on site. Based
on the geotechnical engineers recommendations the new fill had to be compacted to 95 percent
of the maximum dry density as determined by ASTM D-1557. The way HESS overcame this was by
monitoring the settlement with the use of settlement plates to insure that the soil would not
settle excessively. This was a huge concern because even with the new fill, it was expected that
the soil underneath it would still settle. The settlement plates were installed prior to fill
placement and were monitored every day before and during fill placement and for three weeks
after the completion of new fill. Foundations were not allowed to be placed during this time.

Another constructability challenge was that HESS was given a later than expected notice
to proceed date. On top of that S.A. Halac the structural subcontractor showed up on site two
weeks late, which further impacted the schedule. This was extremely important to overcome,
because they were already working on a tight schedule, in which they had to get a 255,000 square
foot high school built and occupied in 18 months. This required them to find ways to shorten the
critical path because 7 months into the project they were behind schedule by a month and a half.
The way they overcame this was by accelerating their steel contractor by requiring them to bring
a second crane on site. This allowed for them to set steel in two different sections of the building
simultaneously.

A third constructability challenge had to do
with poor sequencing. When the schedule was
originally created not enough consideration was

taken concerning school functions and the summer
school timetable. Operations such as temporary
utility shut downs, road closures and specific
construction activities had to be re-sequenced. The WD

project staff overcame this by regularly meeting

with the school to find times when they would be

allowed to complete the necessary work outside of

B |
the original time frame. C A

_4 I

Figure 10: Building Layout
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Value Engineering Topics

There were three notable instances of value engineering that were implemented on this
job. They were a reduction in school size, a change in finishes, and a change to the telecom
package.

The biggest and most significant VE change was the reduction in the size of the school.
The school was initially designed to have three educational wings as can be seen in Figure 11, but
one of the wings was omitted (reference Figure 12) so that the project could stay on budget. This
seriously detracted from the goals of the owner because they wanted a school designed with
population growth in mind, but it saved them $28 million. As the building stands right now, it
will not be large enough to accommodate all of the students enrolled there. This means that the
school will have to set up trailers to house the surplus of students. This was a large sacrifice that

the owner had to make that they did not have control over.

Figure 12: Revised Building Footprint

In another attempt to save money, some of the finishes were changed as well. For
instance, instead of using custom casework throughout the school, the owner was forced to select
casework with a more standard finish to stay on budget. This was also the case when selecting
floor finishes. The owner was not very satisfied with having to make these decisions because they
wanted the biggest, best, and nicest things for their school, but instead had to select a lesser
product.

One more way the owner tried to reduce costs was by changing the scope of the telecom
package for the building. Instead of having the contractor purchase and install all of the
equipment, the school decided that they would buy their own equipment. The contractor is still
responsible for roughing in all of the data wire, but not for supplying the equipment. Although
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this did not save the owner much it did negate the markup expense the contractor placed on the
equipment.

It can be seen that adhering to the budget provided by the state caused a lot of VE
implementation, all of which the owner was not very happy to have to do. The only VE change
that was not accepted was the use of PVC sewer above grade in the building. The reason this was
declined was because it was not code-compliant since the building has plenum ceiling spaces.
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Technical Analysis #1 — Mechanical System

Problem Identification

In order to complete this project with the provided budget the owner had to value engineer out a
lot of high end features and equipment that they wanted to keep. To address this [ would suggest
tweaking the current mechanical system because it has one of the most significant costs
associated with the new high school. The current mechanical system is a geothermal system
consisting of 437 wells all at a depth of 400 feet. By switching this to a hybrid geothermal system
the owner will still get the benefits associated with geothermal wells, but should have money left
over to add value to their building. This reduction in cost would be related to the need to drill
fewer wells, which are very expensive.

Research Goal

The goal of this topic is to perform a value engineering analysis of the current mechanical system.
To do this [ will further investigate geothermal systems and hybrid geothermal systems. [ will
propose reducing the number of wells and modular geothermal heat pumps to reduce the costs of
the mechanical system. To regain the loss in heating and cooling capacity that this will cause I
will implement a cooling tower and boiler into the system. At this point I will determine if there
are benefits associated with sizing down the geothermal fields and the implications that this
would have. I will then perform life cycle cost analyses of the two systems to determine the
validity of this approach. At this point, if there are any savings, [ will determine what items they
could be applied to that the owner had to value engineered out.

Research Steps
> Investigate the current geothermal well system
» Determine the size of cooling tower and boiler needed for a revised hybrid geothermal
systems
> Redesign geothermal system by decreasing the number of wells and increasing the size of
the mechanical equipment

A\

Contact project team for cost information

A\ 4

Perform cost analysis
» Determine constructability issues and perform a payback period analysis

Resources and Tools to be used

» Hess Construction contacts
Industry professionals
RS Means
Applicable literature & AE 404 notes
Mechanical classmates

YV V V V V

AE department faculty
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Preliminary Research

Hybrid geothermal systems are sometimes capable of providing an owner a more cost
effective system than a strictly geothermal system depending on the geographical location and
load requirements for a building. This is because strictly geothermal systems are most efficient
when the differences between the peak cooling and heating loads are within 10% of each other.
When they are not it is more practical to supplement a portion of the peak cooling or heating load
with a cooling tower or boiler, depending on which one controls.

A reason that some owners may shy away from a hybrid system is because they might be
worried about compromising on environmental benefits. However it is important to note that
choosing a hybrid system does not sacrifice the environmental benefits of a fully geothermal
system because the equipment does not operate frequently. Instead, the supplemental equipment
typically only runs during rare circumstances.

Figure 14 shows three case studies in which the rate of return for hybrid geothermal
systems was faster than that of fully geothermal systems. This makes sense when one considers
Figure 13 which depicts the first cost of a geothermal system, hybrid system, and a conventional
HVAC system. By reducing the number of wells, which are very expensive, the overall cost of the
system can be dramatically reduced.

[ Invest in hybrid GSHP vs. conventional HVAC FIRST COSTS
M Fully invest in GSHP vs. hybrid
14% Cooling [ GHX | Other
tower cost cost costs
=
< 12%
g $12
=]
o
e 10% R ——
<]
v
= e 311
S 8% S
-
= o
s (]
g 6% w $10
Q o
%)
= a% | =
g 4 o
& 5 %9
é a ] L
$8
0 . .
Cashman East CTA Tobacco Lofts GSHP Hybrid = Conventional
Figure 14: The Economics of Hybrid Systems Figure 13: First Cost Comparison
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Findings from Ensuing Breadths

» Cost Savings from reduction of wells: $1,420,250

> Cost of Cooling Tower (Including Shipping): $68,005
o Running Cost for a typical year: $5,846.70
o Yearly Maintenance Cost: $823

» Cost of Structural Redesign: $4,896.60

» Cooling Tower Operating Weight: 25,333 Ibs.

» Cooling Tower Shipping Weight: 11,664 1bs.

Payback Period

Table 2 depicts the difference in cost between the two systems. Because the TRANE
TRACE 700 modeling software could not model a geothermal system it was not possible to
determine the difference between the yearly running and maintenance cost of the geothermal
wells for the two systems. For this reason it was assumed that the costs associated with the wells
would be the same. In reality it is likely that the cost of running the geothermal wells for the
hybrid system would be lower because the pumps would be required to do less work, but the
maintenance cost would be about the same. The hybrid geothermal system includes the cost of
the structural redesign, the cooling tower and its yearly running and maintenance costs.

Cost of Difference in Yearly | Difference in Difference in

t t of Well
System Cost of Wells Cooling Tower Running Costs Maintenace Costs| Structural Cost

Fully Geothermal $2,840,500.00 - - - -
Hybrid Geothermal | $1,420,250.00 $68,005.00 $5,846.70 $823.00 $4,896.60

Table 2: Cost Difference between Systems

Based on this information the total first cost for the Fully Geothermal system is
$2,840,500, and the first cost of the hybrid system is $1,493,151.60 (price includes wells, cooling
tower, and structural redesign). Each year the hybrid geothermal system would cost $6,669.70
more to operate than the current system. Based on this it would take just over 202 years until the
fully geothermal system would prove to be the more economical system (see figure 15).
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Payback Period

$3,500,000

$3,000,000 /

/
$2,500,000 /

$2,000,000

Geothermal System
——— Hybrid Geothermal

$1,500,000

$1,000,000

Difference in First Cost & Operating Cost

0 50 100 150 200 250

Years

Figure 15: Hybrid vs. Geothermal Payback Period

Constructability

On the current schedule there are seven months dedicated to geothermal well drilling. By
reducing the number of wells by half three months can be saved on this operation. This means
that construction on the baseball, softball and football fields can start sooner. It is important to
note that these items are not on the critical path so they will not affect the completion of the
building. Additionally, because the fields are so far away from where the school is being
constructed there would be no benefit seen from less site congestion (see Figure 16).

| GEOTHERMALFIELDS

e

Figure 16: Current Geothermal Fields
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Another concern associated with a hybrid system is the additional structural concerns
associated with putting a cooling tower on the roof of the mechanical room. The actual process of
placing the cooling tower does not pose a concern because the tower weighs less than 6 tons and
there is a 150 ton crane already on site. Figure 17 shows the proposed location of the cooling
tower. The tower is placed on the roof of the mechanical room so that it can be easily tied into
the existing system.
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Figure 17: Proposed Location of Cooling Tower

Conclusion

Based on all of the provided information and the results found during the mechanical and
structural breadth it is advised that a hybrid geothermal system be utilized on this project.
PGCPS would benefit from an upfront savings of $1,347,348.40 which they could use to invest
back into the school. If they were to set aside $500,000 of this savings they would have
$847,348.40 left over to spend on the telecom package, the custom casework they wanted, and
nicer finishes and the hybrid system would still be more cost efficient up until 75 years.

This $847,000 could also be used to cover the cost of the artificial turf football field which
was bid as an alternate and came in at $680,000.

The findings of this analysis suggest that a strictly geothermal system at this site is not the
most practical design for the geographical location and that a hybrid system would be more
efficient.
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Mechanical Breadth

Current System Analysis

As previously mentioned the existing mechanical design for the school utilizes a vast
geothermal well system. The well fields consist of 437 wells with a depth of 400 feet each with
extensive lateral runs. Given that the soil conditions are sandy/silty soils, it is assumed that each
well will offset a capacity of 1.6 tons of heating/cooling. Therefore, it is assumed that the well field
will supplement approximately 700 tons.

With regards to mechanical equipment, the building utilizes nine 30 ton heat pump
modules, which is the primary source of heating and cooling generation. Additionally there are
nine exterior air handling units equipped with their own internal heat pump units to meet the
varying heating and cooling requirements of their respective zones. The combination of these two
heat pump configurations comprises a total of 342.2 tons of heating and cooling generation for
the building. Although they do not make up any significant amount of thermal generation, it
should also be noted that the building design also contains two packaged rooftop electric cooling
units (12.3 tons), one small water source heat pump (3.2 tons), and one split system air-cooled
computer room A/C (“CRAC”) unit (3.7 tons).

To analyze the mechanical requirements of the design, an energy model was created using
the Trane TRACE 700 modeling software. This was done to determine the ratio of the heating to
cooling load demand. With this information it is possible to determine the practicality of
implementing such an extensive and costly geothermal well field.

The following procedures and assumptions were made in the calculation of the building
load and energy consumption:

1. The building was broken up into 9 large zones based on use and conditioning
requirements (see Figure 18):

101. Gym - Existing Mechanical System To Remain
(not included in energy model)
102.  Cafeteria
103.  Kitchen Labs
104.  Classroom Wing 1
105.  Classroom Wing 2
106.  Lecture Hall
107.  Transition Spaces (All Corridors, Lobbies, and Open Gathering Spaces)
108.  Administration (Offices)
109.  Auditorium
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Figure 18: Building Broken Up into Zones

2. Take offs from the existing drawings were made for each of the respective zones to
include:
a. Floor Area (SF)
b. Roof Area (SF)
c. Wall Area (SF) and Orientation (off by a factor of 24 degrees East of South)
i. North
ii. South
iii. East
iv. West
d. Floor Heights
e. Occupancy density

*See Table 3*
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# | Zone Name B;il:::slg Floor (sf) N E S w :(I;tf Roof |Height| Occ ’;,IE: (::: sx:_;ltle
101|Gym I-AJB 37700| 4972 |6537| 6076 |10608| 20593 | 17033 | 43.4

102|Cafeteria 1I-C 19355| 4973 | 1227 |13826| 1582 | 12590 9870 16 | 1397

103|Kitchen 111-C 10343| - [5095| - 1583 | 10343 16 127

104|Classrooms |I1I-D 20657(10455 | 1814 [10826| 3747 | 20657 - 45.4 | 134 2 41314
105|Classrooms |IV-E 15980| 9360 | 2514 | 7601 | 3747 | 15980 - 45.4 | 918 2 31960
106|Lecture Hall |[N/A 2815 - - - | 2064 | 2815 45.4 | 230

Centrla Core

107|Transition [& Atrium 5746| 1813 | - | 434 | 1537 | 5746 45.4 | 120 2 11492
108|Admin V-B,F 26638| 3368|8973| 1790 - 22048 9201 35 | 385
109|Auditorium [Vi-G 31176| 7336 (7475| - 6271| 7298 7856 51 [1587

Table 3: Building Takeoffs

3. This information was then input to the Trane Trace 700 energy modeling software
utilizing the weather data for Washington, DC. This was found to be the closest region
with comparable weather data for the location of the facility.

4. The data was then input for the ventilation and internal load requirements specific to each
room. This was done using baseline values from ASHRAE Tables go.1 and 62.1 (see
Appendix D) in conjunction with the prescribed alterations defined in the existing
mechanical drawings (See Table 4).
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PROJECT REQUIREMENTS - HVAC AND LIGHTING LEED

SPATIAL TYPE OR Z0M
TTEM BRUT ADMIN. CLASGROOM CAFETERIA GYMNASIM ALUDITORILUM
NOTES AREA
SPACE TEMPERATLRE HTG T0°F. CLG T&F HT& T0°F; CLG T&°F HTG T0°F: CLG T6°F HTG 70°F; LG T&°F HTG T0°F; CLG T&°F
LOCAL STAT ADJUSTMENT 1 Y Y Y Yr Y r
SETROINT ADUUST LIMIT +H-2F - 2FF +-2F - 2F +H-2F  +-XF +#-F  #-TFF H=2F - FF
SPACE HUMIDITY 2 50% +10% EO% +10% 50% +10% 50% + 10% 50% + 10%
PRESSURE RELATIONGHIPS. 3
FILTRATION 4 NGTE 2 NOTE2 NOTE2 NOTEZ NOTE 2
DUTSIDE AR ¢ VENTILATION RATES 5 20 CFM PER PERSON 20 CR PER PERSON CODE OR LEED CCOE OR LEED CODE OR LEED
REGUIREMENTS REGUIREMENTS REGUIREMENTS
SOUND AND NCISE LEVELS [ NGTET MNOTET NOTE1 NOTE NOTE1
OCOUPACNY SCHEDULE 7 NGTE 3 NOTER NOTE3 NOTE 2 NOTE3
OCOUPANT ACCESS TO OVERRIDE 8 TEG NO NO NG N
UNCCCURED MODE
SPECIAL HEATING / COCLING 2 KA L) WA WA Wik
GPERATING REGUIREMENTS
GPECIAL EXHALIST REGUREMENTS 0
LIGHTING CONTROLS n N 05 WA WA
PROJECT NOTES:
1. DOCUMENT UNUSUAL NOISE ANDYOR VERATIONS DURING PERFORMANCE VERIFICATION PHASE.
2. PROVIDE MERV 13 FILTERS FOR ALL UMITS SERVING REGULARLY (CCUPIED AREAS.
3. OCCUPANCY SCHEDULE DEPENDS ON AFTER SCHOOL ACTIVITES. WEEKDAY AND WEEKEND SCHEDULES WILL HAVE TO BE ADUUSTED.
4. PROVIDE CONTROLS FOR AUTCHMATIC TURN-OFF OF NGN-EMERGENCY INTERICR LIGHTING DURING NON-BUSINESS HOURS.
SCIENCE KITCHEN MULTI-PURROSE TV STUDIC COMPUTER LAB TELECOM FROJECT
CLASSROOMS ROOMS CLOSET NCTES
HTE T0°F; CLG T6°F HTE T0°F; CLs TEF HTE T0°F; CLG Ta°F HT& T0°F; CLi TE°F HTiz 70°F; Ol 75°F HTG &&°F, CLG TIF
Y r Y r Y r Y Y r Y r
#=2F +=-2F H=2F  +=-2F HaIF 4= IF H=2F 4= IF H=TF - IF H=2F  +=2F
50%+10% 50% +10% 50% + 10% 0% +10% 50% +10% 50% +10%
NEGATIVE PRESSURE KITCHEM WILL HaIF 4= IF
BE EXHALSTED
NOTE 2 NOTE2 NOTE2 NITE2 NOTE2 NOTE2
CODE OR LEED CODE GRLEED CODE OR LEED CODE OR LEED CODE OR LEED CODE OR LEED
FEQUIREMENTS REQUIREMENTS REGUIREMENTS REGUIREMENTS REGUIREMENTS REQUIREHENTS
NOTE NCTET NOTE 1 NOTE 1 NGTET NCTET
NGTE 3 NOTE3 NOTE 3 NOTES NOTE3 NOTE3
NG D NO NO L) L)
L N& Ni& L WA Ni&
] N& 05 L a5 Ni&

Table 4: Project Specific Ventilation Requirements

Brady Sheerin|Construction Management




April 3, 2013 SENIOR THESIS FINAL REPORT

5. The envelope of the building was then translated into the energy modeling software. The
existing wall types (as shown in Fig 19) were used to calculate the thermal integrity of the

design.
EXTERIOE WALL FINISHES
SCALE: 574" = 1-07
BASE BID
GROUND FACE CMU ALUM. COMP, 11/2" MTL 3" METAL
EGF-A, EGF-B, EGF-C & EGF-D EWP-A EWP-C EWP-E
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Corresponding U Values

Ground Face CMU Alum. Comp. 11/2" MTL 3" mtl
Metal Stud
Substrate 0.04143 0.04347 0.04124 0.03985
Masonry
Substrate 0.08424 0.08423 0.08123 0.07965

Figure 19: Envelope Wall Types

In comparing these values with the Minimum requirements for wall types in Zone 4
(Shown in Figure 20) it is clear to see that the existing wall types greatly surpass these minimum
requirements and as such will not need to be improved.
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Figure 20: Zone Type by Geographic Location

6. The system of the building was then modeled to generate the basic load calculations. A

system with a boiler for heating and air-water chiller for cooling was selected because

Trace7oo does not have any system settings for geothermal wells. It was found that the

utilization of this configuration generated accurate building demand/load results.

Additionally, heat recovery wheels were modeled in the air handling units to compensate

for a minor reduction in building load. This was done to maintain accuracy with the

existing system which has implemented a basic heat recovery wheel in each air handler.

7. The following results were generated by
the model. The ratio of which can be seen
by Figure 21.

i.  Total Peak Heating Load: 275 tons
ii.  Total Peak Cooling Load: 738 tons

Building Load Profile

m Total
Heating

m Total
Cooling

Figure 21: Building Load Profile
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8. In comparing this with the installed mechanical equipment design it was found that the
energy model created was within a 2-3 % error range as shown by Table 5

Total Cooling Capacity Installed(Geothermal+Equipment) 718.47
Traceyoo Building Cooling Load Profile 738
% Deviation 2.72

Table 5: Installed vs. Modeled Cooling Deviation

9. Since the cooling demand load greatly exceeds the heating load requirements it is clear
that the cooling load controlled in the design of the current geothermal system. The
following breakdown of the cooling load was created to determine the amount of cooling
being supplemented by the use of the 437 geothermal wells in conjunction with the

installed equipment.

Existing Cooling Load Requirement Breakdown

2%  o%

m Packaged Rooftop Electric
1% Cooling Unit

Water source heat pump

Split System Air-Cooled
Computer Room A/C Unit

Geothermal Wells

97%

Figure 22 Existing Cooling Load Requirement Breakdown by Equipment
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Mechanical Redesign

Given the data collected above, it is suggested that a reconfiguration of the mechanical
system be implemented to optimize the system efficiency while controlling first cost. The
designed geothermal well system contains 437 wells at an installed price of $6,500 a well, resulting
in a total upfront cost of $2,840,500. To help alleviate the financial restrictions associated with the
project, it is proposed that a Hybrid geothermal system be used in place of the existing system to
reduce upfront cost, while still providing an efficient, environmentally friendly solution.

To achieve an appropriate redesign of this system it is recommended that the geothermal
well fields be sized such that the heating and cooling loads offset by the wells are comparable.
The remaining cooling load will then be supplemented by the installation of a cooling tower on
the roof of the mechanical room. To determine an optimum ratio of heating to cooling the Trane
Trace 700 energy model outputs were used to determine the typical weekly loads and peak load
demand per month (see Figures 23 & 24) In comparing the heating and cooling load variation per
month, it is determined that the new geothermal well field be sized to supplement 350 tons of
cooling. This results in a 50% reduction in geothermal wells which saves approximately $1,420,250
in upfront costs. Additionally as is shown by Figure 24, this configuration will be effective for the
majority of days during a typical year. It can thus be assumed, that even in a worst case scenario,
that the new cooling tower will only be used during the months of May through September.

Peak Monthly Heating Vs. Cooling Load
800

700
600

Ul
o
o

-#-Heating
“8-Cooling
Geothermal

Load (Tons)
Y
o
o

w
o
o

200
100

0 ———
1 2 3 4 5 6 7 8 9 10 11 12
Month

Figure 23: Peak Monthly Heating vs. Cooling Load
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Typical Building Monthly Heating/Cooling Demand
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Figure 24: Typical Building Monthly Heating & Cooling Demand

This redesign results in a new building load profile that is depicted in figure 25. This
design is much more efficient than the existing one because the heating and cooling loads are

within the 10% range previously mentioned.

After determining the geothermal design capacity, a 352 ton cooling tower was selected to
supplement the remaining cooling load. A Marley NC8407M-"1 steel cooling tower was selected to

calculate the energy and payback values for
the system redesign and structural breadth.

(See page 34)

Based on the performance
characteristics found on the spec sheet in
Appendix E and the typical running
expectations it was found that this cooling
tower will cost $5,846.70 to run each year
assuming a utility rate of 13¢/kWh and cost an
additional $823/year to maintain.

Revised Building Load Profile
W Total
Cooling

M Total
Heating

Figure 25: Revised Building Load Profile
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Structural Breadth

Description/Steps Taken

The first step of this breadth was determining the existing structural layout of the roof
over the mechanical room which can be seen in figure 26. The room is 36’ by 54" and enclosed by
12” reinforced CMU block. The roof of the room is supported by 26Kg joists spaced at 6’ o.c. with
1.5” type B, 18 gauge roof deck.
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Figure 26: Existing Structural Roof Framing

The next step was determining the loads of the existing roof. It is a built-up-roof'so 20
pounds per square foot was assumed for the dead load with an additional 10 pounds for
miscellaneous items (i.e. ductwork, lights, plumbing, etc.). According to the structural drawings
the snow load for the roof was 19.3 pounds and the roof live load was 30 lbs. This meant that the
live load would control for the calculations performed on the attached pages.

After determining the size and weight of the selected cooling tower (12’ x 21" and 25,3331bs)
it was determined that the current structural system would not be adequate in supporting the
load and several of the trusses would have to be removed and replaced with wide flange beams.
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The Vulcraft Product Information from AE 404 was consulted to determine the maximum
allowable spacing of the beams based off of the current roof deck. Based on the catalogs, for a
three span condition, the 18 gauge Type B roof deck could hold an ultimate weight of 66 pounds
at a span of g feet. The current ultimate roof load is 60 pounds so this span was determined to be
acceptable.

At this point the roof structure was redesigned by removing four joists and replacing them
with 3 girders. Calculations were run to determine the size of the girders (see calculations
section). Based off of the placement of the cooling tower it was determined that (1) W16x31, (2)
Wi4x30, and (2) W8x10 were needed to support the cooling tower. For simplicity, and because
there is very little difference in cost ($2/LF) it was decided to use three W16x31 beams and
eliminate the two Wi4x30’s. A cost of the described members and subsequent redesign cost can
be seen in Table 6.

Member | Quantity LF Cost/LF | Total Cost
Wi6x31 3 36 $56.50 $6,102.00
Wigx3o 0 36 $54.50 $0.00
W8x10 2 21 $26.50 $1,113.00
26Kg -4 36 $16.10 -$2,318.40

Redesign Cost: $4,896.60

Table 6: Structural Redesign Cost
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Structural Calculations
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Figure 27: Structural Calculations Page 1 of 4
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Figure 28: Structural Calculations Page 2 of 4
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Technical Analysis #2 — Solar Energy Conversion System (SECS)

Problem Identification

The owner’s goal for this project was to create a state-of-the-art educational facility,
particularly in the field of science and technology. To do this many innovative design processes
were incorporated into the plan for the school. However, little emphasis was placed on solar
design. With that mind, if a photovoltaic array were incorporated into the building it could
possibly serve an educational function while saving money on utility bills.

The use of a PV system for this project is ideal because the owner is a school district and
they will own and operate the building for years and years to come.

Research Goal

The goal of this analysis is to see if the use of a photovoltaic array would be beneficial on
this project. It will determine whether or not it is feasible, what the advantages and
disadvantages associated with it are, and the associated costs of a PV array. This analysis will
determine the amount of power that can be generated from the use of an array based off of a
typical solar year. That information will be translated into potential monthly savings. This
analysis will cover the upfront costs of the system including installation, and determine what the
payback period will be. It will also determine the most viable roof locations for implementation.

The intent of this analysis is to show that a PV array would prove to be a beneficial
investment for the owner. The overall goal is to find out if the long term benefits of a PV system
can outweigh the upfront costs for the given local.

Research Steps
» Determine solar angles of the given local
» Pick equipment
» Evaluate optimal PV array (quantity, size, cost)
» Perform payback analysis

Tools

EGEE 437 class material

System Advisory Model (SAM)

Project Team & Industry Professionals

SECS textbook

Faculty

RS Means

Google SketchUp

University of Oregon Solar Radiation Sun Path Chart Program
Scilab

Y VY

V VV YV VYV
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Background Information

The use and knowledge of solar energy conversions systems (SECS) has risen and fallen
through the decades, which can largely be contributed to access to fuels. In times when sources
of fuel are abundant and costs are low people do not consider solar energy to be efficient.
However, when fuels become scarce and their prices rise it is often followed by the exploration of
alternate sources of energy. In times like this, people often look toward the sun in hopes of
finding efficient ways of harnessing its power. Some methods of doing this involve solar hot
water panels, solar chimneys, solar gardens, and of course photovoltaics.

Photovoltaics have come a long way in recent years and are becoming more popular still.
The country of Germany is well known for its successful use of PV systems on a grand scale. They
provide the perfect example for how successful these systems can be, especially when one
considers that their solar utility (effective W/m?) is less than that of America.

For these reasons photovoltaic panels are consistently being researched and reformed,
which has made them more affordable and efficient. There is a much better understanding of
how to optimize the performance of a SECS today than ever before. Additionally, depending on
the location, the federal and state government often provides incentives to curb the high costs of
implementing these systems.

Photovoltaic cells work by converting solar energy into electricity. They do this by using
materials that capture photons, typically silicon, which then release electrons. These electrons
then create a current that can be used to power equipment or charge a battery. An inverter is
often used in a PV system to convert the current from DC to AC. Photovoltaic cells are placed
together in series in a module, often referred to as a panel, which is then connected to a string. A
number of strings are what is often referred to as an array.

PV arrays can be implemented into buildings in two primary ways. They can be integrated
into the building or mounted on or offsite. The location of this project is in a relatively unsafe
area and therefore it would not be logical to have them mounted at ground level, even though the
site would be large enough to accommodate an array. To eliminate concerns of potential damage,
the roof of the high school will be investigated because it provides a lot of unused real estate.

It is very important to take shading into consideration when designing a PV array. The
cells of a PV module act like a bunch of batteries connected in series. If you were to take one of
those batteries out then the whole system wouldn’t be able to supply any electricity. The same is
true for a module. If you were to cast a shadow on one of the cells of a module it would be the
equivalent of removing a battery. For this reason modules now come with a number of bypass
diodes which allow the module to work when part of it is shaded, although much less efficiently.
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Building Analysis and Shading Concerns

To make sure that it is possible to
use a PV system on this school a building
and site analysis was performed. This is
necessary so that it can be determined
where the system has the most direct
access to solar irradiance.

The construction of the new high
school is located at latitude 38.8° north
and is oriented 24° east of south. This has

the potential to cause some problems
because for the given location the optimal
direction to point the collector is due Figure 31: Google SketchUp Model of Building
south. This means that instead of being

able to run collectors parallel with the roof line they will have to be installed at an angle.

The design of the high school has several rooflines which vary in heights (see Figure 31).
This causes considerable shading during different times of the day and year (reference Figures 32-
34). The only viable option where shading is not a concern is on the roof of sections D, and E.
These sections just so happen to be the tallest portions of the building and the tallest structures in
the area. The only shading that will occur in these sections will be due to the parapet wall which
is 1.5” tall and from the PV panels themselves.

~._— 400 pm

Figure 33: Solar Shading on the Winter Solstice
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o .
Figure 34: Solar Shading on the Summer Solstice

Figure 35 depicts the shading that will occur do to the parapet wall if the solar panels are
placed a distance of 7 feet away. It is important to remember that the panels will not be running
parallel with the parapet wall and therefore only a corner of the string will be shaded as opposed
to the entire bottom row of a string. This will only affect one module in the whole string and will
not pose a problem because of the bypass diodes mentioned earlier. The months and times where
the data intersects with the shaded area correlate to the time of day and month when the bottom
corner of the string will be shaded. This impact is diminished even more when one considers that
the solar utility during the early morning hours contributes almost nothing compared to the
overall utility throughout the whole day. Figure 36 depicts the script that was used in Scilab to
create these data points. The same script was used multiple times for different points along the

parapet wall.
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Figure 35: Shading On PV Panels Due to Parapet Wall
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Figure 36: Scilab Script to Determine Shading Angles

The next obstacle to overcome is determining the type and quantity of modules to use.
For the given coordinates of the building SAM provides an optimal tilt of 33° for the modules. It
was decided that the panels would be fixed as opposed to using a solar tracking axis mount
because it is significantly less expensive to install and provides much less opportunity for failures
and breakdowns.

Once a module is selected it is important to find out how many can fit in a given area, and
in what arrangement they can be placed. Figure 37 depicts the proposed installation roof area
that was discussed above. Instinctively one

might think that packing in as many panels as

possible would be ideal, however this would lead

to a very inefficient array design. It is imperative

that the amount of shading that occurs from one

module to another is taken into consideration. If BB

panels are placed too close together they will be
shaded by the ones in front of them for the

majority of the day. The goal here is to 1=t -B-k

maximize the number of panels and diminish ' e

solar shading which are conflicting objectives. = =
- &:k

Figure 37: Optimal Area for PV Panels
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PV Array Design
The following section will break down the steps taken to design the PV system.

Step 1: Selecting a Module

The SPR-240E-WHT-D Module from SunPower was selected because of its high efficiency
0f 19.31% and relatively low cost. A module from SunPower was chosen because they have some of
the most efficient modules on the market.

SunPower SPR-240E-WHT-D Specs:

Width : 5.5
Length: 2’

72 cells

3 bypass diodes

YV V VYV

Maximum Power (P,,;,): 240.165 W

Until recently it was believed that tilting a collector to the same angle as the latitude was
the most efficient practice, but that has recently been disproven. Therefore these modules will be
installed at a tilt of 33° to maximize the efficiency given a latitude of 38.8° N. This value was
calculated using SAM. With this information and the module dimensions spacing criteria can be
determined for the given local. Modules will be installed at a portrait orientation.

Spacing was determined by running several simulations in SAM and by performing the
same shading analysis that was used on the parapet walls (see Figure 41). Based off of different
row spacing’s the annual Energy Output and system performance factor was determined and is
depicted in Table 7. Based on the values found it was evident that a spacing of 15" would provide
the most effective array (see Figure 39). By looking at Figure 38 it can be seen that right around
15’ the effective energy output starts to plateau. This row spacing was chosen because it produces
a high annual energy, the overall system performance is high, and it allows for many modules to

be used.
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Table 7: Row Spacing vs. Array Efficiency 160000
¢
150000 T T T T T ]
5 10 15 20 25 30 35
Row Spacing (ft)

Figure 38: Depiction of Row Spacing and Efficiency
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Figure 39: PV Array Layout & Dimensions
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Figure 40: Shading Caused by PV Panels @ 15' Row Spacing
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Step 2: Determining the # of Modules

Based off of the row spacing it was determined that 370 modules could be installed on the
roof of section D and 260 could be installed on section E. This gives a total of 630 modules.
Figure 41 and 42 give a visual representation of what this would look like.

Figure 40: Model with PV Panels

Step 3: Sizing the Inverter

As was mentioned earlier inverters are used to convert DC current into AC current so that
it can be used in a building. In order to size an inverter it needs to be determined how much load
the array is capable of producing. Because the modules are set up in two different sections of the
building more than one inverter will be needed. For this project 5 inverters will be utilized, 2 in
section E and 3 in section D of the building. The Inverter that was selected was from Xantrex
Technologies, Inc. and it was the PV30-480xfrmr 480V model. It was decided to use 5 separate
inverters of this model because it was more cost efficient than other options.

Array Load: (630 Modules) x (240.165 Wy./Module) = 151303.95 Wy,
Total Inverter Capacity: (32206 Wy /Inverter) x (5 Inverters) = 161030 Wy,
Finding Capacity = (151303.95)/(161030) = 94%

For simplicity reasons
there will be 10 modules per

string. With a max power
2 Strings in

voltage of 40.5 V per module Parallel

this correlates to 405 V per

string. The selected Inverter is

rated for 330V - 480V so the I
string falls within the necessary
range (see Figure 43).

Figure 42: Visual Representation of PV System
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Project Cost and Incentives

A barrier that often prevents owners from incorporating a PV system into their project is
the large upfront cost of the system. Fortunately for Maryland there are a lot of incentives
available that help curb this cost. The system that has been outlined above has a price tag of
$662,173.54. Table 8 shows the breakdown of these costs. Because the building is a school and
has been commissioned by PGCPS District they do not have to pay any sales tax which exempts
them from what would have been an additional cost of $37,551.62.

Module 630  units 0.2 kWdc/unit 151.304 kWdc 2.05 $/Wdc $310,173.20
Inverter 5  units 30 KkWac/unit 149.85 kWac 037  $/Wac $55,444-50
Balancing of System, equipment 0.43  $/Wdc $65,060.72,
Installation labor 0.48 $/Wdc $72,625.92
Installer margin and overhead 0.81 $/Wdc $122,556.24

|Total Direct Cost $625,860.58

Permitting, Environmental Studies 0.23  $/Wdc $34,799.92|
Grid interconnection 0.01 $/Wdc $1,513.04
Sales Tax 0% $0.00

|Total Indirect Cost $36,312.96

Total Installed Cost: $662,173.54
Cost/Capacity: $4.38

Table 8: Project Finance

A property tax exemption for solar and wind energy systems was enacted in 2008 and
provides a 100% real property tax exemption in the state of Maryland. This policy applies to
commercial, industrial, and residential properties. Additional the federal and state government
provides a 30% and a 25% tax credit respectively. This means that within the first year PGCPS will
receive $364,195 in incentives if they decided to implement this system.

Another incentive that’s available comes from the utility company. Legislation mandates
that a certain percentage of a utility companies energy generation must come from renewable
sources such as wind or solar. By 2020 two percent of the energy utility companies generate must
come from renewable sources. Because of this SREC’s or Solar Renewable Energy Certificates can
be sold to electricity suppliers so that they can meet the mandated requirements. One SREC is
equivalent to one MWh of solar generated electricity and anyone with a PV system is allowed to
sell SREC’s to a utility company. The value of SRECs can be relatively volatile because it’s based
on a supply and demand model. Currently in Maryland one SREC sells for $120, but in previous
years they have gone for as much as $375. To be conservative, this analysis will consider a value of
$120 per SREC deescalating at a rate of 10% over a 10 year period.
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PV System Assumptions
The following are assumptions that were made when creating the system model on SAM:

» Solar data was extrapolated from typical meteorological years.
Flat Plate PV for Commercial Bldg.

Modules are rack mounted

Roof albedo (reflectance) is 0.75 due to white roof

Performance Adjustments due to shading can be seen in Table g
Wiring losses 0.99

Annual average soiling loses 0.95

Estimated DC power derate 0.955

25 Year Analysis

YV V V VYV YVYYVYY

Net Salvage Value of 30% of installed cost after 25 years

Hourly Factors (24-hour profile for each month) 0=No Output, 1=Full Output 0
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Table 9: Shading Adjustments

Payback Period
To determine if installing a PV

T/f——*-vé
e ]

(L ){r——ﬂ,é MK

I
//

system would be practical it is imperative
that a payback period is completed. In
order to properly complete a payback
period it is important to know the
aforementioned incentives and the local
utility rate. According to NREL the
National Renewable Energy Laboratory,

Electricity Price
{cents/kwh)

Maryland has an average electricity rate

between 13-15 cents/kWh. To be -
conservative 13 cents/kWh will be used in ﬁ .
this analysis. (See Figure 44) SN

A ity Aebarss - sch 30,2010

Figure 43: Electrical Rates by Region
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Table 10 shows the values from the SAM input pages that were used for this model. Based
off of a 2.5% inflation rate, a first year operating cost of $6,336.95, a utility cost of $0.13/kWh, and
an annual performance depreciation depicted in figure 45, the payback period for this system is
4.99 years. Ifno incentives were available the same system would take 18.19 years to pay off.

Values from SAM input pages

Financing

System Costs

0 1 12

13 14 15 16 17
Year

Analysis Parameters Total Installed Cost $662,173.00
Analysis Period 25 peration and Maintenance
Inflation Rate 2.50% Fixed O&M ($/kW-yr) $20.00
Real Discount Rate 5.20% Fixed O&M Real Esc. 0%
Tax and Insurance Rates Variable O&M ($/MWh) $0.00
Federal Tax 28.00% Variable O&M Real Esc. 0%
State Tax 7.00% Fuel Cost ($/MMBtu) $0.00
Sales Tax 0.00% Fuel Cost Real Esc. 0%
Insurance 0.50% Fixed (Annual) O&M ($/yr) $0.00
Salvage Value Fixed (Annual) O&M Real Esc. 0%
Net Salvage Value 30.00% System and Annual Performance
End of Analysis Period Value $198,651.90 Availability (year 1) 100.00%
Property Tax Degradation (%/year) 0.50%
Assessed Percent 20.00% System Size (kW) 151.304
Asssessed Value $132,434.60 Heat Rate (MMBtus/MWh) o
Assessed Value Decline 0.00% First Year Annual Output (kWh) 203286
PropertyTax 0.00%
Loan Parameters
Amount $0.00
Loan (Debt) Percent 0.00%
Term 25
Rate 4.50%
Table 10: Values from SAM Input Pages
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Figure 44: Annual Energy Output
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Figure 46 depicts the yearly cash flow and total accrued cash value for a 25 year period. At
year 25 the salvage value is added back into the model. With all things considered, after this 25
year period the PV system should make the owner a profit of $533,553.00.
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Figure 45: Cash Flow and Accrued Expenses/Revenue

Constructability

To determine how long it would take to install the system RS Means was consulted.
According to the provided data an electrician would be able to install 8 modules per day and 5
inverters in 2 days. It would also take a roofer a day to install 4 mounting frames. Table 11 shows
the breakdown of inverters, modules, and mounting frames per roof section.

Module 370 8/day/electrician 46.25
D Mounting Rack 37 4/day/roofer 9.25
Inverter 3 3/daz/electrician 1
Module 260 8/day/electrician 32.5
E Mounting Rack 26 4/day/roofer 6.5
Inverter 2 2/day/electrician 1

Table 11: Installation Durations
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According to the most up-to-date schedule the roof in sections E and D should be
completed on December 28™ and December 31 respectively. This is right around the time that
the exterior enclosure will be completed in these areas too. At this time the installation of the PV
panels could begin with little to no impact on other trade work.

The first step would be for the roofers to layout and install the mounting racks on sections
D and E. To complete this 3 roofer’s would work on the roof in section D and 2 would work in
Section E. This would allow both sections to be completed within 4 days while allotting time for
the initial layout.

The second step would be to install the modules on the racks. To complete this process 4
electricians would work on the roof in section D of the building and 3 would work in section E.
With this distribution of labor all of
the modules should be able to be
installed within 12 days in section D

Available Space for >

and 1 days in section E as long as
Inverters

there are no delays due to weather.
On the last day the Inverters will be
hooked up next to the air-handling-
units in each section of the roof.
Figure 47 displays all possible
Inverter locations.

The installation of these
panels should take 17 working days
for section D and 16 for section E.
The whole process would not impact

Figure 46: Possible Inverter Locations

the completion date of the school

and could be completed relatively fast. The benefit of this system is that it can be installation at
any time after the roofis complete. This would allow the panels to be installed in the spring
months to allow for the weather to improve so the electricians and roofers aren’t working in poor
weather conditions.

Conclusion

With a relatively short payback period of 4.99 years it would be advisable for PGCPS to
consider implementing a PV system on their new school. After paying off the initial cost of the
system PGCPS could benefit from a reduction in utility bills and reinvest any savings back into
their school district. PGCPS would have to weigh the long term benefits of the system against the
upfront costs and come to their own conclusion based on the presented data.

This system was chosen because it is very simple and would not require extensive
maintenance or repairs. There are no moving parts which eliminates any possible mechanical
failures that can occur with a tracking photovoltaic system. Additionally, PGCPS would not have
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to worry about cleaning the modules unless under unusual circumstances because the glass faces
of the modules are self-cleaning when exposed to sunlight.

Technical Analysis #3 — Alternate Delivery Method

Problem Identification

The project had a late start due to a two month delay on the notice-to-proceed. This had
a significant impact on the schedule and project team because the school was still required to be
completed and open for classes in August of 2013. Unfortunately for the CM Agency (Hess
Construction), the subcontractors were only required to meet the deadlines set by the original
schedule, as per their contracts. This caused Hess Construction a number of problems with their
subcontractors when they tried to accelerate the schedule. In one instance Hess had to pay the
cost of bringing another crane on site to try and catch up.

There were also a significant amount of problems associated with the construction
drawings that could have been mitigated had there been early involvement from other trades.
Additionally there were problems with the design coming in well above the allotted budget for
the project. This required a lot of value engineering which required compromising on a lot of the
high end finishes that the owner didn’t want to lose. In some cases whole packets of work were
eliminated.

Research Goal

The goal of this analysis is to investigate the potential benefits of using an integrated
design-build contract as opposed to the current method. The analysis will focus on comparing
the two methods against each other using available data. To assist in illustrating the differences
project organizational maps will be created. This will help demonstration the differences in
communication and coordination throughout a projects life.

Research Steps
» Obtain a generic design-build contract from Hess Construction
Analyze the two different contract types
Create process maps
Investigate the potential benefits of both contract styles

YV V V

Explain the results of the research and make recommendations

Tools used
» Microsoft Visio
> Project Staff
» Relevant Publications
> Industry Professionals
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Choosing a Delivery System

There are a lot of things to consider when determining the most appropriate delivery
method for a project. What works on one project could yield disastrous results for another. Some
of the things to consider are: project goals, site conditions, allotted schedule, project budget, and
parties at risk. Owners often want the highest quality project for the lowest cost, delivered within
a short time period. However, it is likely that some of those desires will take precedence over
others and there is usually a delivery method tailored to those wants.

Current Contract Approach: CM @ Risk

The delivery system used for this school was a CM at Risk, Cost plus Fee with a GMP.
Prince George County Public Schools, (PGCPS) the owner, holds a contract with the
architect/engineer, construction manager, and a third party consultant. Hess construction holds
lump sum contracts with their subcontractors all of which are prequalified based off of
quantitative experience, requisite skills, project capacity, and work history. (See Figure 48)

' ,
l Re ?':Isr;rtiiive EasID
! P (Owner)
|
[ |
HESS Construction | | Architect/Engineer
(Construction Manager) (WMCRP)

|
|

S U B S

Figure 47: CM @ Risk Process

A CM at Risk delivery system is one where the owner contracts with both a designer and
contractor somewhat concurrently. The owner will select a designer to design a facility; in this
case it is WMCRP. They will then select the construction manager who will provide input during
the design phase and ensure the work based off of the plans and specifications. However, the CM
Company will not perform any of the work, instead they will subcontract parts of the construction
scope to specialty contractors once a portion of the design is finished. After the facility has been
constructed by the CM it is turned over to the owner. A process map of this delivery method can
be seen in Figure 49.

In this delivery system the construction manager takes on the risk of getting the project
completed, but does not perform any of the physical work. Instead they manage the construction
processes and flow of communication. They guarantee the owner that the project will be
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completed by a certain date for a guaranteed

maximum price (GMP). If the final cost of the e

project were to exceed the GMP then the Based on Needs of Students, Faculty,

construction manager would be responsible for Staff and Community

those costs. Additionally, if the CM agency fails
to deliver the building by the predetermined date

they risk facing liquidation damages. P y ' )
p : | Identify Project

The CM agency acts as an advisor during

the design and development phase of the project.

i -

< Select A/E. >

They assist in estimating construction costs,

scheduling, and provide constructability

guidance based off of the owners and designers

goals. o

e
Input Select CM b

CM @ Risk Advantages

A CM at Risk contract allows for some

Construction
Documents
Created

overlap to occur during the design and

construction phases of a project. This allows the

design team to receive constructability input _Owner & CHI>

ree on GMP

during the design. This is important because it

mitigates otherwise potential design flaws which
could be either impossible to construct or very

expensive. It can also lead to earlier selections on

Al d . Furth hi CM Collects Bids
materials and equipment. Furthermore this ‘ B
contract method allows for construction to begin
prior to the completion of the entire design. This v
is advantageous on a project such as this one Blbs Chomimra
because of the tight time frame that the building - Building With CM

- Supervision
needs to be constructed within.
Within this instance Hess Construction S

and PGCPS negotiated a guaranteed maximum (’ﬁu'ldmg Jurned Ovef
to Owner

price (GMP). This gives the owner the benefit of . ;

. . . Figure 48: CM @ Risk Process Map
knowing exactly how much the school is going to
cost them during the design phase. It also transfers risk from the owner onto Hess Construction
by making them the single entity responsible for the completion of the job. However because
they hold a separate contract with the architect PGCPS is responsible for any items missing from
the construction documents.
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CM @ Risk Disadvantages

Although there are many advantages to using a CM at risk delivery method there are also
some negatives as well. In order for this delivery method to work all of the parties involved need
to be able to work well together. The role of the CM agency switches from a design advisor to a
management role once construction begins. At this time disagreements over construction
quality, impacts to the schedule, budget concerns, and completeness of design documents can
arise. If the contractual parties involved consistently disagree on these issues adversarial
relationships might develop. Even though a fixed GMP is inherently adjusted for incomplete
portions of the design disputes can still arise over assumptions that were used to come to that
price.

As mentioned before, one of the biggest risks to completing this project on time came
when the notice to proceed was delayed by two months. This delay was caused by the owner
because of bureaucratic school policies. This posed a large problem for Hess because they were
still required to complete the school by the original date, but the subcontractors could only be
held liable to the bid document schedule. Because of Hess’ contract with PGCPS the costs that
were incurred to make up this delay, through overtime and bringing on another crane, were
imposed on Hess.

Additional Drawbacks:

Owner has reduced control over construction process

=

Possible scope busts or overlaps

Higher CM fees for uncertainty due to lack of details in documents

Owner holds multiple contracts

Designer and builder could be a source of conflict due to separate contracts with the

VoW

owner

Alternate Contract Approach: Design-Build

In the United States 40% of all non-residential design and construction is delivered using
a design-build contract according to the Design/Build Institute of America. It is estimated that by
2015 over 50% of projects will use this method. This approach allows the owner to hold a contract
with only one entity that is responsible for both design and construction. This can be achieved in
four different ways: 1) the owner can contract with a design-build firm that has both construction
and design abilities; 2) the contract can be held by a joint venture between a designer and
contractor; 3) the contract can be with a designer who holds a contract with a contractor; or 4)
vice-versa or option three. In each scenario the owner only holds one contract for the whole
project instead of multiple contracts. In the past Hess Construction has used the forth method
described when working on a design-build project.

In a design-build contract the firm that is hired by the owner takes on the risk for every
aspect of the project. The entire cost of the job is written in their contract and they are
responsible for how it is spent. In this delivery method the client chooses a design-build entity to
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create and build their facility based off of the clients design requirements. As the design is being
developed the constructor provides input into the design and constructs finished portions of the
design, similar to the CM at risk method. Once the building is complete it is turned over to the
client to occupy. Refer to Figure 51 for a process map that illustrates this process.

PGCPS
(Owner)

l

HESS Construction
(Design Builder)

| | |

Architect Consultants Subcontractors
(WMCRP)
Engineers Suppliers

Figure 49: Design-Build Delivery Method

Design-Build Advantages

There are many benefits to using a design-build delivery system. One of the biggest
advantages is that the owner essentially has no risk. The designer and contractor interact with
each other sooner and are solely responsible for any and all design errors. This earlier interaction
allows them to work toward the owner’s goals which increases efficiency and prevents conflicts.
Because the architect and contractor are not separately contracted there is no adversarial
relationship between the two. Even if there were, the owner wouldn’t have to mediate between
the two because they only hold a single contract and therefore only have one point of contact.
This also greatly reduces any problems associated with RFI’s because everyone is working
underneath a single umbrella. On this project that would be an extremely important benefit
because of the high number of RFI’s and the often slow response time.
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This method would be a good choice REE.[ssued
for this project because it places an emphasis
on cost control. The price of the building

would be known early on and fixed; therefore - —

) ( Design-Build
there would not be any surprises to the owner \Glleam Saleated
later on in the project. With a design-build
contract a negotiated GMP can be achieved i b 4

; L Meeting With Owner to
very early on in the process as well. This is Establish Project Goals/
important to the owner because they are a Requirements
school district and they are working within a -
tight budget. Additionally the owner would . Design P
not have to worry about claims stemming Development
from omissions from the construction v

. \ 4
documents or design errors because that Construcability T—
o Revi : Value Engineering
would all fall under the responsibility of the eviews & Ongoing| —» G No
. . . . ) 1 Budget Analysis 5
design-build entity. Unlike a CM at risk
delivery method, where the owner furnishes
the specs and plans that the architect created P .
. —~ Designand
and would therefore be responsible for the Budget Met

costs associated with any errors.

Additional Benefits:

/ ~ :
m
»

.

P .
- .

1. Conducive to enhanced value < Owner Review
engineering implementation.

{

2. Construction starts before the design

is completed Construction
Documents Prepared

3. Early collaboration enhances

constructability \ 4

4. Schedule reduction due to earlier Construct
Project

equipment procurement and start of

construction work v

. Enhanced teamwork Building Turned Ove
6. Requires less owner expertise to Owner
7

Owner has flexibility in selecting from

U1

different design-build companies Figure 50: Design-Build Process Map

Brady Sheerin|Construction Management




April 3, 2013 SENIOR THESIS FINAL REPORT

Design-Build Disadvantages

As with every type of delivery method there are some disadvantages or things to consider
when selecting the design-build approach. For it to be successful the project has to be clearly
defined by the owner. In this approach the owner needs to be very good at expressing what they
want incorporated into the building from the very beginning of the project. Any ambiguity could
result in the owner not receiving what they desire. This is because the owner has very little input
into the construction of the building once the project is underway. This contract method
provides the owner with a-hands-off style compared to other contract types. Due to this the
owner must be willing to accept some uncertainty with the final outcome of the building.

Another disadvantage of this method is the loss of checks and balances between the
contractor and architect because they are working under the same umbrella. In other contract
types they typically keep each other in check because the architect is trying to represent the
owner’s design goals while the contractor is trying to hold the architect to a budget. When they
work together no party is really responsible for representing the owner.

Lastly design changes after construction starts are expensive. This is because construction
starts before the design is finalized so if something is changed, but has already been implemented,
it would be expensive to change it. A design-build approach can be more expensive because more
parties are involved earlier on in the life of the project. However these expenses can be recouped
through the advantages previously mentioned, and can even prove to be less expensive than other
delivery methods.

Additional Drawbacks:

Owner should be knowledgeable in design-build process
Difficult to obtain competitive bids
Possible restrictions by state laws and regulations

Wy o

Needs extensive communication prior to start of project

Potential Impacts of Using a Design-Build Approach

Although it would be difficult to explicitly quantify, it is fairly safe to assume that a
design-build contract approach on this project would have a positive impact on reducing the
schedule. Throughout the duration of the project there were many RFI’s that arose that needed
immediate attention so that they would not hold up the construction process. Unfortunately they
didn’t always receive the immediate attention they required. Some of these instances included,
but were not limited to: locations of bearing plates in CMU masonry walls, clarifications on the
footing depth near the loading dock in section C of the building, rerouting of sewer line so paving
could occur, and clarifications on column locations.

In the examples given work had to be stopped in areas of the building until a response was
given. This meant that trades had to stop working in those areas and move to other parts of the
building to perform work. This constant shuffling of laborers from one area to the next of the
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building without completing what they were initially working on created inefficiencies and
therefore impacted the schedule. Even though none of these RFI’s individually caused a
significant delay on the schedule, collectively they did.

Had this been a design-build project the construction drawings would have been at a
much higher quality based on the research that has been performed for this analysis. Even if
these problems were encountered under this delivery method the responses would be much more
immediate because of the closer collaboration between all of the parties involved.

There were many problems associated with the construction drawings that ranged from
door and window locations not given to dimensions not lining up from one set of drawings to the
next. One glaring example that took months to resolve was a clash of ductwork, ceiling height,
and plumbing pipe in section D of the school. The easiest solution would have been to lower the
drop ceiling, but the architect would not allow it. This caused an extensive reroute of the
systems. Figure 52 and 53 shows the initial location of the incident. It is likely that this would
have been able to be resolved much sooner if the contract method been different.

14 (635 CFH)

Figure 52: Plumbing Area D Football Figure 51: Mechanical Area D Football

One of the biggest issues associated with the CM at Risk delivery method was caused by
the two month delay in the schedule. Financially this only affected Hess construction because the
subcontractors were only held to the original bid document schedule. To make up this time the
project staff had to cover the cost of bringing a second crane onto the site to erect steel. They also
had to start a six day work week and cover the cost of overtime. It was very difficult for Hess to
get the subcontractors to accelerate their schedules and work an additional day because the delay
had very little impact on them. Had a design-build contract been used everyone would have had
some “skin in the game” which would have spread out the additional costs incurred and made
everyone more willing to make sacrifices to get the job finished.

Managing the project would become easier as well because there would be more support
from subcontractors and collaboration and communication would increase. This would create a
more streamlined project and the project staff would be better equipped to quickly adapt to
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unforeseen conditions. Additionally the risk would be lower because the construction documents
would be better and everyone involved would share the risk.

Another problem that was encountered on this project was getting the BIM completed on
schedule. Initially the goal was to have all of the modeling and clash detections completed for the
trades so that the drawings could be used as fabrication models. However, due to a lack of
motivation on the part of the subcontractors the construction in some areas of the building
surpassed the completion of the models. Consequently the benefits of BIM were not being
adequately utilized.

DB & CM @ Risk Quantitative Evidence

Mark Konchar, Author of “A Comparison of United States Project Delivery Systems”, wrote
a report providing empirical evidence concerning the difference between cost, schedule, and
quality attributes of three different project delivery types. Those delivery methods were Design-
Build, CM-at-Risk, and Design-Bid-Build. He accomplished this by using project data he
gathered from 351 different building projects in the United States which were categorized into six
separate facility types. By using nearly a 100 descriptive and interacting variables he was able to
explain project cost, quality, and schedule performance based on the delivery method. Of the 351
projects 44% of them used a design-build delivery method, 23% used CM-at-risk, and 33% were
design-bid-build. Figure 54 shows this breakdown. For the sake of this report only design-build
and CM-at-risk will be discussed.
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Figure 53: Distribution by Facility
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Construction Speed

Construction Speed was defined in this report by the square footage of work that was
installed per month. It did not take the design period into consideration. After performing
extensive calculations and research Dr. Konchar found that design-build projects were on average
completed 7% faster than CM-at-risk projects.

Delivery Speed

Delivery speed differed from construction speed in that it included both design and
construction durations into the analysis. Dr. Konchar found that design-build projects were on
average 23.5% faster than CM-at-risk projects.

Unit Cost

Unit cost is defined by the total square footage of a building divided by its final cost.
According to the presented data design-build projects were 4.5% less expensive than CM-at-risk
buildings.

Cost Growth

Cost growth analyzed the difference between the initial cost that was contracted at the
beginning of the project and the final cost at its completion. This analysis showed that design-
build projects cost growth was on average 1% less than CM at risk projects.

Schedule Growth

Schedule growth analyzed the difference between originally planned completion dates and actual
completion dates. Dr. Konchars findings showed that design-build projects schedule growth was
on average 2.18% less than CM-at-risk.

Quantitative Advantage to Using Design-
Build vs. CM @ Risk

25.00% 23.5%
E 20.00%
E
]
E 15.00%
&
£ 000
2 10.00% 9%
¢ 4.5%

0.00% i

Construction  Delivery Speed Unit Cost Cost Growth ~ Schedule Growth
Speed
Criteria

Figure 54: Design-Build vs. CM @ Risk Improvement
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Conclusion

Changing the delivery method would undoubtedly foster more collaboration between all
parties involved on this project. The design period would be reduced, which is critical because a
poor design can cause delays in the start of construction. These delays occur due to poor
planning, undefined scope, incomplete detailing, bad communication, and not selecting materials
soon enough. With this delivery method many of these issues could be eliminated or mitigated.
There would be fewer issues with the drawings, it would allow for faster procurement of
equipment, materials, and allow construction to start sooner. After weighing all of the benefits
against the potential disadvantages it is clear that this delivery method would be more
advantageous for Hess Construction.

However a CM-at-risk delivery method can still be more appealing to the owner because it
allows them more input throughout the duration of the project. They are also not as concerned
with construction speed, delivery speed, cost growth, or schedule growth because they hold a
GMP contract with a strict completion date. One benefit the owner would receive is less risk,
because they could hold only one contract and would not be responsible for furnishing any of the
drawings and specifications. This would eliminate any costly and unforeseen change orders.

In the end the owner would have to weigh the pros and cons of each delivery method
based off of their wants and determine which best suits them.
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Technical Analysis #4 — Facade Prefabrication

Problem Identification

With a two month delay on the notice-to-proceed the already tight schedule to complete
the high school was reduced to only 18 months. For that reason a prefabricated fagade will be
analyzed for this analysis in hopes of alleviating time spent on the enclosure, which is on the
critical path. The current fagade of the school is comprised primarily of 4” ground-face CMU’s.
The architect chose to clad the exterior of the building in CMU’s in order to compliment the
exterior fagade of the existing gymnasium.

The current procedure for installing the fagade is by a process known as “stick-building”,
or hand laying the units one by one off of scaffolding. For a project of this size this requires an
exorbitant amount of man power and time. Additionally, it is less safe than prefabricated panels
because it creates a more congested and dirty site. This masonry work took a total of four months
to complete, which hindered other enclosure, and finishing trades from beginning work in areas
of the building.

Research Goal

The goal of this approach is to determine the ability for schedule acceleration by utilizing
a precast architectural fagade. This will allow the building to be enclosed at an earlier date and
reduce the overall project schedule. The cost impacts, whether positive or negative, will also be
investigated and evaluated to determine if this idea is viable.

Research Steps

» Investigate the current facade systems
Determine the area of the building that will be prefabricated
Analyze the construction schedule and cost for the current enclosure
Contact manufacturer to determine erection times and costs
Select a panelized system to replace the current “stick-built” method
Rework the construction schedule and budget with the new system
Study Feasibility

YV VYV VY

Tools

Project Staff

AE Department Staff
Excel

Y VY

Microsoft Project

Industry Professionals

Precast Manufacturer contacts
Revit

vV V V V V

Brady Sheerin|Construction Management Page 66




April 3, 2013 SENIOR THESIS FINAL REPORT

Current Fagade Assembly

The current ground-face CMU fagade is attached to the building using two different
methods. Approximately 27,300 SF is attached to a structural masonry substrate, and another
41,700 SF is attached to metal studs spaced 16” on-center with a %2” gypsum sheathing backing.
The facade is attached to a masonry substrate in areas A, B, C, and G of the building and
connected to metal studs in areas D, E, and F. (Reference Figures 56 and 57)

Ll
— — L _
<C —
& - METAL 5TUDS é oMU
® = ]
m ~ — 6" BATTINSULATION ('D ] 2" RIGID INSULATION
2 )
(D L 1/2" GYPSUM SHEATHING a AIR BARRIER SYSTEM
O ] ABS-IP
SYSTE
: AIR BARRIER SYSTEM
— | ABS-YP "4 o GROUND FACE CMU
{)) Z
| | |r— GROUND FACE CMU O
s < |
Ll i = |
Figure 55: Current Facade Composition Figure 56: Current Facade Composition

The start date on the fagade was
dependent on the completion of the structure in

the aforementioned areas. For areas D, E, and F

this means that the structural studs and sheathing
had to be installed around the perimeter of the
building. In areas A, B, C and G this meant that
the steel joists and decking had to be connected
and detailed.

The acquisition of a second crane allowed
for structural members of sections D & E to be

placed while F was also being erected. Once F was
complete, the crane that was used in section F of Figure 57: Building Section Breakdown
the building was used to place joist and metal

deck in sections A, B, and C. Finally the crane was moved one last time to finish G. No work
could be completed in areas where the cranes were performing lifts due to safety concerns.
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Once the structure in an area was finished, the enclosure began. Tables 12 and 13 show the
scheduled finish dates for the structure in each section of the building. They also show the
subsequent start and finish dates for the ground-face CMU veneer.

Area F
Metal Stud Installation Start:  8/30/2012 Masonry Veneer Start: 9/5/2012
Finish: 9/6/2012 Finish: 9/25/2012
Area E
Metal Stud Installation Start: 9/18/2012 Masonry Veneer Start: 10/16/2012
Finish: 10/15/2012 Finish: 11/20/2012
Area D
Metal Stud Installation Start: 10/1/2012 Masonry Veneer Start: 10/17/2012
Finish: 10/23/2012 Finish: 12/21/2012
Table 12: Scheduled Completion Dates for Structure
Area G
Structure Finished: 11/20/2012 Masonry Veneer Start: 11/26/2012
Finish: 1/8/2013
Area C
Structure Finished: 10/22/2012 Masonry Veneer Start: 10/23/2012
Finish: 12/18/2012
Area B
Structure Finished: 11/6/2012 Masonry Veneer Start: 11/8/2012
Finish: 11/20/2012
Area A
Structure Finished: 10/12/2012 Masonry Veneer Start: 10/15/2012
Finish:  10/29/2012

Table 13: Scheduled Completion Dates for Structure
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Prefabricated facade

The proposed design for sections F, E, and D will span all three floors and eliminate the
need for metal stud installation. It will also eliminate the need for setting up and tearing down
scaffolding. For these sections panels will span at least the length of a floor and half the width
between columns. This means that each panel will be approximately 400 - 200 SF. In order to
ship the panels without requiring a permit the heights of the panels cannot exceed 13'6”. Figure
59 shows a visual representation of what the panels will look like.

e TLL VLIS L LI T LIS LI T LSS LIS LI LG LIS LIS RIS SR/
Vo SIS LIS LI LIS SIS LTI LIS LIS LIS YI TI LTS LIL LIS IS LIS S

Figure 58: Section to be Panelized and Visual Representation

Upon consulting Mark Taylor of Nitterhouse Concrete, 5/8” GF veneer —>
it was determined that a 9” insulated precast panel with a thin
veneer could be used to meet the architects design goals.
Panels will be connected to the structural frame of the building

”»
3~ concrete

2” rigid Insulation
using metal flanges. A structural analysis was not performed for

the sake of this analysis. Figure 60 to the right shows a cross 4" concrete
section of the proposed panel. The panels do not incorporate

an air cavity because the density of the precast panels will not

allow any moisture to pass through.

The panels that will be installed in areas A, B, C, and G of Figure 59: Cross Section of Panel
the building will be 4” thick with 2 inches of rigid insulation
applied to the back.
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Panel Quantity Calculation

The total number of panels that will be needed for the facade is 342. The following will
give a detailed breakdown of how many panels each section of the building will have. It is
important to note that the panel sizes given will have openings in them for windows and doors.
(Reference Figures 61-66)

Section D

R =0 O

Square Footage of ground-face CMU = 18,550

(36) 29’4” x 12’6” panels

(26) 16’ x 12'6” panels

(2) 10’ x 8 panels
(8) 16’ x 8 panels
(16) 16 x 74" panels

(1) 20’ x 5’ Panel

Total: 89 panels Figure 60: Section D Facade

Section E

Square Footage of ground-face CMU = 17,150

(28) 29’4” x12'6” panels

(28) 16’ x 12’6” panels
(2) 10’ x 8 panels e
(8) 16’ x 8 panels | i {_—_j
(16) 16 x 7'4” panels

(1) 20’ x 5" panel

Total: 83 Panels

Figure 61: Section E Facade
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Section F

Square footage of ground-face CMU = 6,060 T T 7 II

(3) 177 x 10” panels

(1) 4’ x 20’ panel O

(1) 8 x 20’ panel

(4) 16’ x 76” panels

(2) 16’ x 13’ panels
(2) 16’ x 6'6” panels
(15) 1’ x 22’ panels 0

(3) 1’ x 20’ panels

(2) 1’ x 31 panels

Total: 33 Panels Figure 62: Section F Facade

Section G

Square footage of ground-face CMU = 11,200

(15) 10’ x 25’ panels
(5) 11" x 25’ panels

(2) 9’ x 25’ panels
(2) 76" x 25" panels
(1) 9’ x 30’ panels
(2) 9’ x 10’ panels
(4) 12’ x 25’ panels
(1) 8 x 33" panel

(6) 10’ x 25" panels

(10) 1" x 23’ panels

Figure 63: Section G Facade

Total: 48 Panels
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Section C

Square footage of ground-face = 9,950

(43) 10’ x18'9” panels
(6) 12’ x18'9” panels

(2) 6'9” x 30" panels

(2) 6'9” x 20’ panels
(4) 12" x 3’ panels

Total: 57 Panels

Sections A & B

Square footage of ground-face = 5,470

(24) 10’ x18’9” panels
(4) 12’ x18’9” panels

(4) 6 x18'9” panels

Total: 32 Panels

Figure 65: Section A & B Facade
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Cost Impacts

The cost of the current ground face CMU fagade on this building is $2,233,500. The cost of
the CMU fagade in sections A, B, C, and G, which equates to 27,300 SF, is approximately $14.10/SF.
This price appears low because the Masonry substrate is not considered a part of the system. The
cost for the facade in sections F, E, and D (41,700 SF) is approximately $44.33/SF.

The cost of the prefabricated panels which includes fabrication, delivery, and installation
runs $35.00/SF. This means that the use of prefabricated panels on this building would cost
$2,415,000, which is $181,500 more expensive than the current system. There is also an additional
cost of $17,800 for keeping one of the two cranes onsite for an additional month to perform this
work. This brings the total cost to $2,432,800. However, because using a precast fagade is
expected to decrease the overall project duration by 6 weeks $22,700 is saved in GC costs.

Total Cost of Original Facade: $2,233,500
Total Cost of Prefabricate Fagade: $2,410,100.
Difference: ($176,600)

Schedule Impacts

The use of precast panels for the facade will help speed up construction time and reduce
delays caused by the weather. The lead time for these panels will typically take 5 to 6 months, so
for this strategy to be viable it would have to be incorporated early on in the project.

Production rates for the installation of panels of this size vary from 15-30 minutes a panel
depending on who is providing the information. For the sake of this analysis an average of one
panel every 24 minutes will be allotted. It is expected that the first few panels will take longer,
but because of the inherent learning curve associated with this work the process should become
more streamlined over time. The 24 minutes also takes into account the need to reposition the
crane throughout the process. Based on this information Table 14 was created to show the total
time required to install the ground face CMU fagade on each section of the building.

Section |# of Panels| Avg. Time/Panel |Total Time (min) Total Time (Work Days)

D 89 24|min 2136 4.45
E 83 24|min 1992 4.15
F 33 24|min 792 1.65
G 48 24|min 1152 2.4
C 57 24|min 1368 2.85
A&B 32 24|min 768 1.6

Total Days Spent: 17.1

Table 14: Time Required to Install Precast Facade Panels
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By incorporating this

adjusted information for section Original Duration | Adjusted Duration | Reduction In Schedule
installation of the facade into (8 Hr. Days) (8 Hr. Days) (8 Hr. Days)

the original schedule, it is D: 60 4.45 55.55
clear to see that this approach E: 46 4.15 41.85
saves a significant amount of F: 19 1.65 17.35
time (reference Table 15). In G: 32 2.4 29.6
sections F, E, and D of the C: 41 2.85 38.15
building this method is A&B: 27 1.6 25.4
particularly advantageous Table 15: Schedule Reduction Due to Precast

because it eliminates the need

to install metal studs. This whole process which would have originally taken approximately 4
months can be compressed down into just over 17 days. However this does not correlate to a 3 %2
month reduction in the schedule. It does allow for a reduction in schedule in each section of the
building though. This means that trades that were held up by the facade can get started
significantly earlier.

In terms of the overall project schedule, the building should be able to be completed 6
weeks sooner by utilizing a precast facade (see Figure 67).

ID Task Name Duration Start Sep 12 Oct'12 Nov '12 Dec'12 Jan'13
26 2 9 16 23 30 7 14 21 28 a 11 18 25 2 9 16 23 30 6 13
1 Original Enclosure F Timeline 19days Thu8/30/12 e —
& Enclosure F Revised 1.65 days Thu 8/30/12 =
7 Original Enclosure E Timeline 46days Tue9/18/12 v v
10 Enclosure E Revised 4.15 days Tue 9/18/12 E—a
1 Original Enclosure D Timeline 60days Mon 10/1/12
16 Enclosure D Revised 4.45 days Mon 10/1/12 L3
17 Original Enclosure G Timeline 32days Mon 11/26/12
21 Enclosure G Revised 2.4days Mon 11/26/12 £a
22 Original Enclosure C Timeline 41days Tue 10/23/12
27 Enclosure C Revised 2.85 days Tue 10/23/12 2
% Original Enclosure A & B Timeline 27 days Mon 10/15/12 v
30 Enclosure B Revised 1.6days Mon 10/15/12 =

Figure 66: Adjusted Schedule Gant Chart

Conclusion

Switching the installation method of the envelope on this project has a wide range of
benefits. The results of this analysis show that the cost of using a prefabricated fagade is 8% more
expensive than the currently proposed method. However this additional cost is diminished by the
fact that it allows the overall project to be completed 6 weeks sooner, which is extremely
important because this job is so time constrained. Switching to precast also creates a much
cleaner site with less congestion, frees up work space sooner, allows for higher quality control,
and is much safer than having laborers working off of scaffolding.

Based on the current time constraints on the project and additional benefits received from
switching to precast, it is advised that this method be used.
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Final Conclusion

By completing the four in-depth analyses which focused on critical industry issues, value
engineering, constructability, and schedule the validity of the proposals for each analysis can be
evaluated. The goal behind each one of these analyses was to try and find areas of the project that
could be improved or altered to make the overall project run more smoothly.

The results of the mechanical analysis and breadths showed that by changing the current
geothermal mechanical system into a hybrid system that it would be more efficient. This could be
easily done by altering the structural design on the roof of the mechanical room so that it would
be able support a 352 ton cooling tower. This change would result in the elimination of 4 joists to
be replaced with three girders. This would have very little impact on constructability; one would
only have to take into consideration new bearing plate heights for the girders. Installing the
tower is not a large concern either because the 150 ton crane that would already be on site could
easily place the unit. Due to the load characteristics of the building this cooling tower would
typically only run a couple months out of the year. It would also greatly reduce the first cost of
the system.

The owner was very adamant about creating a state-of-the-art facility, particularly in the
field of science and technology. A great way of approaching this goal would be to implement
systems that are cutting edge and gaining notoriety. Solar energy conversion systems definitely
fall within that spectrum and Maryland provides great incentives for renewable energy projects.
The system that was proposed would begin making money for the school district within five years
of its implementation which is a strong reason for implementing a SECS on the school. The
money that the system would generate could be extremely valuable to the district. Additionally it
would not have a noticeable impact on the schedule of the project and it would be very easy to
install.

Due to many of the difficulties that were associated with the project it was important to
investigate the effect that an alternate delivery approach might have. A considerable amount of
investigation was performed and it was determined that a design-build approach could
potentially be a more efficient delivery method based on the problems occurred on this job. The
findings showed that a design-build approach would increase construction and delivery speeds,
reduce cost and schedule growth, foster more collaboration between parties, and reduce owner
risk. However it would reduce owner input as well. The main beneficiary of this change in
delivery method would be the construction manager and at the end of the day it is a decision that
is up to the owner. Although they would receive some benefits by switching to this method they
also receive some disadvantages. The major advantages gained by switching to this method are
not necessarily seen by the owner.

Lastly schedule was a huge concern for this project and it was made even more important
when the notice to proceed was given two months late. In an attempt to find ways to reduce the
schedule a prefabricated facade system was investigated. Even though this approach added an
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additional 8% to the current price of the facade, it is still suggested that it be used. A precast
facade would reduce the schedule by 6 weeks, create a cleaner site, allow for higher quality
control, and create a safer site, among other things.
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APPENDIX B: Detailed Project Schedule
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ID Task Name Duration |Start Finish 2012 2013 2014 2015
H2 H1 ‘ H2 H1 H2 H1 H2 H1
1 |PH 1 BLDG Pad/FB Stadium/Field House/ Tennis CTS 240 days Thu12/1/11 Wed 10/31/1: =9
2 Notice to proceed Odays Thu12/1/11 Thu12/1/11 Notice to proceed
3 Site Work 239 days Thu12/1/11 Tue 10/30/12 =
4 layout of silt fence & inlet protection 9days Thu12/1/11 Tue 12/13/11 layout of silt fence & inlet protection
5 Inspection for S&EC 1 day Thu 12/15/11 Thu 12/15/11 X Inspection for S&EC
6 BLDG pad Preparation 65 days Fril2/16/11 Thu3/15/12 P——
7 selective clearing 6days  Fri12/16/11 Fri12/23/11 O selective clearing
8 install storm drain basin & trap 23 days Tue 12/27/11 Thu 1/26/12 Eug install storm drain basin & trap
9 Ex. SD Demo/Remaining clearing 8days  Fri1/27/12 Tue2/7/12 O Ex. SD Demo/Remaining clearing
10 complete 1st half building pad Odays  Fri3/2/12 Fri 3/2/12 ¢ complete 1st half building pad
11 undercut & remove unsuitable soils 19days Thu2/9/12 Tue 3/6/12 @ undercut & remove uns.itable soils
12 fill and grade 20days Fri2/17/12 Thu3/15/12 Eaa fill and grade
13 complete 2nd half building pad Odays Thu3/15/12 Thu3/15/12 ¢ complete 2nd half bui ding pad
14 Rough Grade & Utilities @ East Side of Site 56 days Tue 12/27/11 Tue 3/13/12 VGV
15 selective clearing 8days  Tue 12/27/11 Thu 1/5/12 O selective clearing
16 install storm drain basin & trap 45 days  Fri 1/6/12 Thu 3/8/12 L7 install storm drain basir) & trap
17 rough grading 3days  Fri3/9/12 Tue 3/13/12 I rough grading
18 rough grading and utilites complete Odays Tue3/13/12 Tue 3/13/12 4 rough grading and util tes complete
19 Geothermal Fields 144 days Wed 3/14/12 Mon 10/1/12 P ——
20 Drill Wells and pipe wells for field 1 & 2 55 days Wed 3/14/12 Tue 5/29/12 B Drill Wells and pipe wells for field 1 & 2
21 Set Vault #1 / Connect Pipes 10 days Wed 5/30/12 Tue 6/12/12 O Set Vault #1 / Connect Pipes
22 Drill Wells and pipe wells for field 3 & 4 77 days Tue 5/15/12 Wed 8/29/12 Eamg Drill Wells and pipe wells for field 3 & 4
23 Set Vault #2 / Connect Pipes 11 days Thu 8/30/12 Thu9/13/12 @ SetVault #2 / Connect Pipes
24 S&R pipes from vaults to new BLDG 8days  Fri9/14/12 Tue 9/25/12 O $&R pipes from vaults to new BLDG
25 Geothermal Complete Odays Mon10/1/12 Mon 10/1/12 ¢ Geothermal Complete
26 Tennis Courts 73 days Fri6/8/12  Tue 9/18/12 .
27 Install Tennis Courts 73 days Fri6/8/12 Tue 9/18/12 C 3 Install Tennis Courts
28 Tennis Courts Complete Odays Tue9/18/12 Tue9/18/12 ¢ Tennis Courts Complete
29 Football Field 109 days Thu5/31/12 Tue 10/30/12 =
30 Rough Grade 6days Thu5/31/12 Thu6/7/12 O Rough Grade
31 Construct Field 103 days Fri6/8/12  Tue 10/30/12 L 1 Construct Field
32 Substantial completion Odays  Tue 10/30/12 Tue 10/30/12 ¢ Substantial completion
33 Field House 104 days Fri6/8/12  Wed 10/31/1: Py
34 Building pad & footings 11 days Fri 6/8/12 Fri 6/22/12 O Building pad & footings
35 U/G plumbing and Electric 9days Mon6/18/12 Thu 6/28/12 O U/G plumting and Electric
36 SOG & masonry bearing walls 20 days Fri6/29/12 Thu 7/26/12 C'3J SOG & masonry bearing walls
37 Plumbing/Electrical rough in 7days  Fri 8/3/12 Mon 8/13/12 O Plumbing/Electrical rough in
38 Roof 20 days Mon8/6/12 Fri8/31/12 C3 Roof
39 overhead rough in and Equipment installation 15 days Tue 9/4/12 Mon 9/24/12 £3 overhead rough in and Equipment installation
40 interior finishes 32 days Tue9/18/12 Wed 10/31/1:2 L 3 interior finishes
41 PH 1 Substantial Completion Odays Wed 10/31/1:Wed 10/31/1: & PH 1 Substantial Completion
Task N Project Summary P Inactive Milestone Manual Summary Rollup Deadline 4
Project: Detailed Schedule Split s External Tasks ‘ Inactive Summary V ) Manual Summary Pe—————————= Progress e ]
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Summary PRSIy |nactive Task \ Duration-only Finish-only d
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1D Task Name Duration |Start Finish 2012 2013 2014 2015
H2 H1 | H2 H1 | H2 H1 H2 H1
42  |PH 2A: New School & Associated Work 385 days Mon4/2/12 Fri 9/20/13 P R R EEEESIS=
43 Structure 167 days Mon 4/2/12 Tue 11/20/12 ———
44 Building EXCV/FRP Footings 92 days Mon4/2/12 Tue 8/7/12 Casmmmmg Building EXCV/FRP Footings
45 Underground Elec. & plumbing Rough in 88 days Thu4/26/12 Sat8/25/12 iy Underground Elec. & plumbing Rough in
46 Building SOG 89 days Sat 5/5/12 Wed 9/5/12 Cllaag Bujlding SOG
47 Area F 59 days Tue 7/10/12 Sun 9/30/12 P—
48 Erect Steel & Decking 43 days Tue 7/10/12 Thu 9/6/12 Mg Erect Steel & Decking
49 MEP Prep For SOD 21 days Mon7/30/12 Mon 8/27/12 MEP Prep For SOD
50 CMU Bearing Walls 11 days Tue 8/21/12 Tue 9/4/12 @ CMVU Bearing Walls
51 SOD 2 days Fri 9/28/12  Sun9/30/12 IS0D
52 Area E 28 days Fri8/10/12 Tue 9/18/12 =
53 Erect Steel & Decking 24 days  Fri8/10/12 Wed 9/12/12 Emg Erect Steel & Decking
54 MEP Prep For SOD 7days  Wed 8/29/12 Thu 9/6/12 @ MIP Prep For SOD
55 SOD 4 days Thu 9/13/12 Tue 9/18/12 I SPoD
56 Area D 31 days Tue8/21/12 Tue 10/2/12 vy
57 Erect Steel & Decking 27 days Tue 8/21/12 Wed 9/26/12 Ema Erect Steel & Decking
58 MEP Prep For SOD 7 days Wed 9/12/12 Thu 9/20/12 0 MEP Prep For SOD
59 SOD 4 days Thu 9/27/12 Tue 10/2/12 I SOD
60 Area G 86 days Tue7/24/12 Tue 11/20/12 P— —
61 CMU Bearing Walls 44 days Tue 7/24/12 Fri9/21/12 Eaaa (MU Bearing Walls
62 Erect Steel & Decking 37 days Mon 10/1/12 Tue 11/20/12 C 3 Erect Steel & Decking
63 MEP Prep For SOD 3 days Fri 10/26/12 Tue 10/30/12 I MEP Prep For SOD
64 SOD 2 days Wed 10/31/12Thu 11/1/12 I SOD
65 Area C 57 days Fri8/3/12 Mon 10/22/1: P—
66 CMU Bearing Walls 21 days Fri8/3/12 Fri 8/31/12 CJ CMU Bearing Walls
67 Erect Steel & Decking 34 days Wed9/5/12 Mon 10/22/1: L1 Erect Steel & Decking
68 AreaB&A 56 days Tue 8/21/12 Tue 11/6/12 =
69 CMU Bearing Walls 27 days Tue 8/21/12 Wed 9/26/12 L3 CMU Bearing Walls
70 Erect Steel & Decking 22 days Mon 10/8/12 Tue 11/6/12 I3 Erect Steel & Decking
71 Enclosure 105 days Wed 9/5/12 Tue 1/29/13 o 4
72 Ground Face CMU 78 days Wed 9/5/12 Fri 12/21/12 L 1 Ground Face CMU
73 Glazing & Windows 104 days Wed 9/5/12 Mon 1/28/13 L 1 Glazing & Windows
74 Ext Wall Panels 77 days Wed 9/26/12 Thu 1/10/13 L3 Ext Wall Panels
75 Roofing 105 days Wed 9/5/12 Tue 1/29/13 L 17 Roofing
76 1st Floor Rough-Ins 118 days Wed 9/5/12 Fri2/15/13 P mm——
i Interior walls 47 days Wed 9/5/12 Thu 11/8/12 £ 3 Interior walls
78 Mechanical Pipe 110 days Mon9/10/12 Fri 2/8/13 L 1 Mechanical Pipe
79 Cable trays 60 days Fri9/28/12 Thu 12/20/12 C 1 Cabletrays
80 Ductwork 88 days Fri9/28/12 Tue 1/29/13 E 3 Ductwork
81 Plumbing Pipe 66 days Tue 10/16/12 Tue 1/15/13 L 1 Plumbing Pipe
82 set electrical panels 65 days Fri 10/26/12 Thu 1/24/13 L 3 setelectrical panels
Task N Project Summary P Inactive Milestone Manual Summary Rollup s——=========== Deadline 4
Project: Detailed Schedule Split v External Tasks ‘ Inactive Summary U1 Manual Summary P————— Progress E—
Date: Fri 10/12/12 Milestone ¢ External Milestone 4 Manual Task D) Start-only C
Summary PRI Inactive Task Duration-only Finish-only |
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1D Task Name Duration |Start Finish 2012 2013 2014 2015
H2 H1 H2 H1 | H2 H1 H2 H1

83 electrical OH & conduit 41 days Wed 10/31/1:Wed 12/26/1: Gy electrical OH & conduit

84 insulation 81 days Fri 10/26/12 Fri2/15/13 Cllag insulation

85 sprinkler mains & branches 59 days Tue 11/6/12 Fri1/25/13 Eammmmg sprinkler mains & branches

86 pull wire 26 days Sat1/5/13  Fri2/8/13 Eaa pull wire

87 2nd Floor Rough-Ins 138 days Mon 9/10/12 Wed 3/20/13 =

88 Interior walls 40 days Mon 9/10/12 Fri 11/2/12 Gamag Interior walls

89 Mechanical Pipe 85days Thu9/20/12 Wed 1/16/13 [ s Mechanical Pipe

90 Cable trays 45 days Tue 10/2/12 Mon 12/3/12 Dl Cable trays

91 Ductwork 53 days Tue 11/6/12 Thu 1/17/13 Eaag Ductwork

92 Plumbing Pipe 38 days Fri11/16/12 Tue 1/8/13 Eammg Plumbing Pipe

93 set electrical panels 25days Mon1/7/13 Fri2/8/13 Eua set electrical panels

94 electrical OH & conduit 50 days Thu 1/10/13 Wed 3/20/13 Gy electrical OH & conduit

95 insulation 66 days Wed 11/28/12Wed 2/27/13 Cllg insulation

96 sprinkler mains & branches 50 days Wed 12/5/12 Tue 2/12/13 Eaag sprinkler mains & branches

97 pull wire 26 days Tue 2/12/13 Tue 3/19/13 a3 pull wire

98 3rd Floor Rough-Ins 119 days Wed 9/12/12 Mon 2/25/13 P ——————

99 Interior walls 32 days Wed9/12/12 Thu 10/25/12 L 3 Interior walls

100 Mechanical Pipe 30 days Tue 9/25/12 Mon 11/5/12 L 3 Mechanical Pipe

101 Cable trays 22 days Wed 10/10/12Thu 11/8/12 [z73 Cable trays

102 Ductwork 41 days Thu 10/18/12 Thu 12/13/12 G Ductwork

103 Plumbing Pipe 24 days Fri 12/14/12 Wed 1/16/13 C3 Plumbing Pipe

104 set electrical panels 15days Thu11/1/12 Wed 11/21/1: set electrical panels

105 electrical OH & conduit 61 days Wed 11/7/12 Wed 1/30/13 Eiua electrical OH & conduit

106 insulation 25 days Wed 12/19/12Tue 1/22/13 Emg insulation

107 sprinkler mains & branches 45 days Tue 10/30/12 Mon 12/31/12 L7 sprinkler mains & branches

108 pull wire 26 days Mon 1/21/13 Mon 2/25/13 £ 3 pull wire

109 Finishes 169 days Tue 10/23/12 Fri 6/14/13 L 4

110 1st Floor 166 days Tue 10/23/12 Tue 6/11/13 C 1 1st Floor

111 2nd Floor 112 days Sat1/5/13  Sat 6/8/13 E=—— 7 2ndFloor

112 3rd Floor 106 days Sun 1/20/13 Fri6/14/13 =7 3rd Floor

113 Building Close-Out 70 days Mon 6/17/13 Fri 9/20/13 pu——y

114 Final MEP Inspections 10 days Mon6/17/13 Fri6/28/13 g Final MEP Inspections

115 Final Fire alarm Inspections 6days Mon7/1/13 Mon 7/8/13 O Final Fire alarm Inspections

116 Building Inspection S5days Tue7/9/13 Mon 7/15/13 I Building Inspection

117 Issue Certificate of Occupancy 3days Tue 7/16/13 Thu7/18/13 T Issue Certificate of Occupancy

118 Substantial completion Odays Thu7/25/13 Thu7/25/13 4 Substantial completion

119 Punchlist completion 41 days Fri7/26/13  Fri9/20/13 L3 Punchlist completion

120 final completion Odays  Fri9/20/13  Fri9/20/13 ¢ final completion

121 |Phase 2B: Drive Isle 41 days Fri7/26/13  Fri 9/20/13 —

122 Owner moved out of Demo Area 7days  Fri7/26/13 Mon 8/5/13 O Owner moved out of Demo Area
123 Cut & Cap utilites 4days Tue8/6/13  Fri8/9/13 T Cut & Cap utilites
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ID Task Name Duration |Start Finish 2012 2013 2014 2015
H2 H1 H2 H1 ! H2 H1 | H2 H1
124 excavate to subgrade 17 days Mon 8/12/13 Tue 9/3/13 @ excavate to subgrade
125 | layout/grade for curb/gutter 2days Wed9/4/13 Thu9/5/13 I layout/grade for curb/gutter
126 storm drain and curb and gutter S5days Wed9/4/13 Tue9/10/13 T storm drain and curb and gutter
127 site lighting 3days  Fri9/6/13 Tue 9/10/13 I site lighting
128 sidewalks 5days Tue9/10/13 Mon 9/16/13 T sidewalks
129 stone and pave for bus loop 3days Tue9/17/13 Thu9/19/13 T stone and pave for bus loop
130 bus loop complete Odays  Fri9/20/13  Fri9/20/13 4 bus loop complete
131 |Phase 3: BLDG DEMO/NEW PKG LOT 196 days Tue 8/6/13 Tue5/6/14 PR
132 remaining owner move out 21 days Tue8/6/13 Tue9/3/13 remaining owner move out
133 remove classroom trailers 40 days Tue 8/6/13  Mon 9/30/13 G remove classroom trailers
134 hazmat abatement 22 days Wed9/4/13 Thu 10/3/13 Eag hazmat abatement
135 | complete bldg demo 48 days Fri10/4/13  Tue 12/10/13 Gaa complete bldg demo
136 | excavate and rough grade 22 days Thu 12/12/13 Fri 1/10/14 g excavate and rough grade
137 basins, dikes and associated storm drains 19 days Mon 1/13/14 Thu 2/6/14 basins, dikes and associated storm drains
138 | p-lot layout/grade 5days Wed2/12/14 Tue 2/18/14 U p-lot layout/grade
139 | p-lot curb/gutter 13 days Thu 2/20/14 Mon 3/10/14 = p-lot curb/gutter
140 | p-lot lighting/sidewalks 19 days Thu 2/20/14 Tue 3/18/14 G p-lot lighting/sidewalks
141 p-lot base pave 18 days Thu 3/20/14 Mon 4/14/14 L3 p-lot base pave
142 | set light poles and fixtures 6days Tue4/15/14 Tue4/22/14 1 set light poles and fixtures
143 landscaping 6days  Fri4/18/14 Fri4/25/14 1 landscaping
144 | final pave and stripe all paving areas 6days Tue4/29/14 Tue5/6/14 @ final paye and stripe all paving areas
145 | site work complete Odays Tue5/6/14 Tue5/6/14 ¢ site wark complete
146 |Phase 4: Baseball & Softball Fields 55days Tue 4/1/14 Mon6/16/14 —
147 build fields 55days Tue4/1/14 Mon6/16/14 Cammmmg build fields
148 phase 4 complete Odays Mon6/16/14 Mon 6/16/14 ¢ phase 4 complete
149 |Close Out S5days Sat7/19/14 Fri7/25/14
150 Building LEED flush out 6 days Sat 7/19/14 Fri7/25/14 I Building LEED flush out
Task . Project Summary P Inactive Milestone Manual Summary Rollup Deadline 4
Project: Detailed Schedule Split v External Tasks ( Inactive Summary @ 7 Manual Summary P——————§ Progress ————
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APPENDIX C: Existing Conditions & Site Plans
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APPENDIX D: ASHRAE Tables



TAELE 6-1  MINIMUM VENTILATION RATES IN BREATHING ZONE
(This table is not valid in isolation; it must be used in conjunclion with the accompanying notes.)

Poople Outdoor  Arez Outdoor Defaukt Vahaes
O TR e T ey M
Category Class
cim/person Lis-person ofm/fi® Lism? ﬁﬁf:; cfm/person  Lis-person
Correclional Facilifies
Cell 3 1.3 0,12 0.6 - 25 16 449 2
Diayrsom 5 135 006 03 30 T 15 1
(reard stations 5 15 LT 0.3 15 9 4.5 1
Booking/witing T35 EX LT 03 ) k. 4.4 2
Edecational Facilltios
Daycare (through age 4) 16 5 .18 0 5 17 8.6 2
Dayeare glckroam 1 5 {18 09 25 17 8.6 3
Classroams (apes 58} 10 5 002 D6 25 15 74 1
Clpssrooms (age 9 phas) [ k] 012 0.6 i5 13 a.7 |
Lacturs clussronm 1.5 1K 04 03 ik 2 43 |
Lecture hall (fixed seats) T4 18 .05 03 150 & 4.0 1
Art clagsroom L 5 LA B 09 0 19 9.3 ]
Selence laboratories L 5 o1 09 23 17 B.6 z
Uni'-u'sil?'.l'mllcgc 10 5 08 .9 25 17 B 2
Wookd/medtal shop L 5 01E I 20 19 9.3 ¥
Comgputer lah 11} 5 niz LT 23 15 T4k 1
Medin center ([} ] nmiz 06 A 25 53 T4 i
busiciibeater/dance 1] 5 0,06 03 335 1z 59 1
dlulii-use azzembly T.5 £ 0,06 ] e ] 4.1 |
Food and Beverage Service
Feestaurant dining rocms T.5 38 018 ng L 4] 3.1 2
Cafeteria/fast-food diming Tea 38 0.1% K] 100 9 4.7
Bars, eockiail lounges 1.5 3% 018 0% Lo L 47 2
Greneral
Break rooms 5 15 DG 03 25 10 5.1 1
Coltes siations 3 15 11 03 H 11 55 |
Conference/meshing ¥ 25 000G 03 50 f 3.1 |
Comidors - - UG 03 - 1
Etorage rooms = = ni2 06 B - 1
Hotels, Motels, Resorts, Dormitories
Bedroom/lmving romn 5 A 0,06 03 10 11 33 1
Barracks slecping arcas 5 25 0.06 {3 20 5 4.0 1
Laundry rooms, central 5 25 01z [IE) 10 17 25 2
Laundry rooms within 5 25 012 06 10 17 3 1
twelling ueits
Lobbissfprefamction T35 18 0.0 L 30 n 4.8 1
Mubipurpose assembly 5 2.5 006 03 120 & 28 1
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TABLE 6-1  MINIMUM VENTILATION RATES IN BREATHING ZONE (comtintred)
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

Feaple Culd oor Area Ootdoor Defant Valucs
Occapancy TR TR e Temen o anay A
Category Class
cfmiperson Lfspersan cfmift’  Lism’® qf'r:,m:rii efm/persnn Lésperson
Office Buildings —
Ofice space 5 25 0.0 03 5 i) &3 1
Reception arzns i 25 0.0 03 3n 7 35 1
Telephoneidatn eolry 1 2.5 .06 03 60 1] in 1
Main eabry lobbdes 1 2,5 0,06 03 0 i1 55 1
WHiscellancous Spaces
Bank waultsfaie deposit 5 25 .06 03 5 17 85 2
Comper (nod printing) 5 2.5 0.06 0.3 4 0 10.0
i’::‘“" bquipment - - 006 03 B - 1
Elevaior machine rooms - - 0.0z 0.6 B - 1
Pharmiacy (prep. area) ] 2.4 018 LR I 3 11.5 2
Phato siadios 5 25 0,12 0.6 1] 17 85 1
Shippingreceiving - - .12 .6 B - 1
Telepheme closets - - {000 0l - i
Transporiation waiting 7.3 3.8 0.06 03 (L] ] 41
Warehouses - = 0.06 0.3 B - 2
Puablic Assembly Spaces
Auditorium seating arca 3 2.5 0.06 043 140 5 27 i
E.-I:Ei:f religious 5 2.5 006 03 120 6 28 1
Conrtrooms 5 25 .06 0.3 | 7] 29 |
Legislative chombers 3 25 0.0 0.3 50 ] 31 1
Libraries 5 2.5 0.1z 0.6 10 7 ] 1
Lobhies 3 2,5 0.0 03 130 3 7 1
Muszeams (childran's) 75 3% 0.1z 0.8 | 11 i3 |
Museams/pallerizs ] 34 0.06G 03 40 ] 4.6 |
Residential
Travelling unil ] 2.5 006 03 FG F 1
Common corridors - - 0.0 0.3 1
Retail
Sales {except as below] 7.5 ER .12 0.4 15 16 78 2
Mall common arcas 1.5 R 0.0 0.3 2 9 B 1
Barberzhop 7.5 34 0.04 0.3 25 /] 50 a
Beauty and noil zalons 20 10 Q.12 0.5 23 25 124 2
Pzt shops (animal aress) 75 R 0.18 04 L] 26 128 2
Supermarkel 7.5 38 L] 03 ] 15 ] 1
Clodn-opersted laundres 7.4 34 0.0 03 0 11 53 2
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TABLE 61 MINIMUM VENTILATION RATES IN EREATHING ZONE fcentinved)
{This table is not valid in iselation; it must be used in conjunction with the accompanying notes.)

People Dhatdasy Area Dartdans Drefault Valaes
— Ch TR e e A
Caiegory Class
cim/person Lispersen  ofm/ft*  Lism?® ij;:':]u;::: cfm/person  Lis-person
Sports and Entertainment -
Snoris arera (play area) - - 030 1.5 E -
Gy, atadium (play ares) - - 030 15 0 2
Spectator areas 1.5 1& G 03 150 B 4.0 1
Swimming (pool & deck] - = 4% 24 C - 2
Discofdance Moars 20 [11] [LL 03 100 i | 103 1
ﬁ‘h clubfacroblcs X Iy LIS 03 40 23 108 2
Health clubfweight rooms 20 1 i 03 In 26 130 2
Bowling alley (seating) 1 5 0,12 0.6 410 13 6.5 I
Crambling cazinos 1.5 38 018 09 120 G 4.6 1
{Game areadas 15 £ LN R 20 i7 83 1
Slepes, studins L 3 LG 0.3 o T il 54 i
GEMERAL MOTES FOR TABLE -1

1 Rclaged requiremenis: The miss @ this Bblc wen based on all ather apglicalbls roqueem ents of thez glandard being mek.

2 Smoking This tablz applics i ne-smaking arcas. Rotes for smeddng permitted spaces must be determined wsing other meihods. See Sostios 629 Ty vendildion reguirements
in#meking srcas.

3 Alr demedty; Voluectnic airilow rades am based om an air dersy ol 0075 Ih.“-'Tr" (1.2 k:,,,l'm!'r.. which comaspands io dry v al o baromeirio pressare of [ aim {1013 kPa) and
an s lsmperoiice of TOPF (2170, Rates sy e adjmted G gzt dosity bul such adjesiment i3 sol reguined s complisnze with Uhis stesdard

4  TwiaaM scoupant demsdly; The delaell nccispast density shall b used when sohual sccupanl densfy is ol kngem

5 Defsal combined ouidoor abr rede (per persanjc 1his cale |s based an e defiod oocopan dessicg

& Unlisied weoupancies 17 e ocoupancy calegory for @ proposcd spoce or sone is nod Fafcd, the mgeiroments foe the listed eccopancy cafegory that is most similar i temms of

coompant derssty, polbvities and building caressmction shall be osed.

Higa bl care faelllces: Racs @l ke defomsindl in sezondance with Appealix E,

=

TEM-SPECIFIC MOTES FOR TABLE &1

Far high schpol ned collzgs litearics, s Valtsz ghwsm for Peblic Amcmbly Spacor—Ldranes.

Hafe may nofd be sufflalers when siored maierials molaie thoss having potentially harmésl enissions.

Ruse dipeg sl mllaw for hitnadicy contral, Additicsal wentilition ar Jebasidhilication may Be pigqaies]

Epic docs nol inclids spocial exkasist for shgo offtcis, o, dry o o, smeoke,

When sosbeion equprosid i imlended [ Be w el o e poying sunbee, additioeed dilulion vemilalion sdfer ssire comlisl ghall be peswided.
Dol occtipancy for dwelling units shall o fwo pereons for sindio and onc-bodroam imiis, with cac pdditioeal porsen for coch sddilioeed hedraom
Al foem e residemiial dwelling shall ned be recirosl sted or imrefemed o any oihor spaoe culside of that dwelling,

omEmEohE»
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TABLE9.6.1 Lighting Power Densities Using the Space-by-Space Method (continued)

Common Space Types” LPD, Wit Hultdlng_—ﬂpe:illc Space Types LPD, Wi
Workshop 1.9 Relipious Buildings
Babes Area [for accent lighting, sce Section 9.6.2¢h)] 1.7 Worship Fulpit, Chaoir 1.4
. Fellowship Hall 09
Retml f
Sales Arca [for accent lighting, see Section 9.6.5{c)] 1.7
Mall Concoarse 7
Sports Arena
Ring Spors Area 27
Court Sports Arca 13
Indonr Playing Freld Arsa 1.4
Warchouse
Fine Materml Storage 4
Medium/Bulky Maierial Storage 0.4
Parking Gurage—Garage Ares 0.2
Trangportation
Airport—{oncourse 0.6
ApnTrain/Bus—Baggage Area 1.0
Terminal—Ticket Counter 1.5

“In cams whene Bolly & comtmion apect Mepesnd 2 holding-specific tepe are listed, the boilding specific space tvpo shall apply
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TABLE 9.6.1

Lighting Power Densities Using the Space-by-Space Method

Commaen Space Types® LPD, Wit Building-Specific Space Types LPD, Wit
TE:I.l'ﬁm—Ennlual:d 1.1 Cpmnasium/Exercizse Center
Office—Cpen Plan 1.1 Playing Area 1.4
—I;_‘emﬂ:ru:umﬂdcu:ing.lh{ullipurpm: 1.3 Exercese Arca 0.9
Classroom'Lecture Training I A4 CourthoussPolice Station'Penitentiary
For Penitonstiany 1.3 Couriroom 1.9
Lok 1.3 Confinement Cells [
For Hotel 1.1 Tudges” Chambers 1.3
For Performing Arls Thealer 33 Fire Siations
For Motion Picture Theater 1.1 Engine Foom 0.8
AndienceSealing Area 0.5 Blecping Quarters 03
For Gymnasium 0.4 Post Office —\.."".iIJ.r[i..TtE Area 1.2
For Exerciss Center .3 Comvention Center—Exhibit Bpace 1.3
For Convention Ceter 0.7 Library
For Penitentinry 0.7 Card File and Cataloging 1.1
For Religions Buildings 1.7 Siacks 1.7
For Sports Arena 0.4 Beading Area 1.2
For Performing Ars Theater 26 Haospital
For Motion Picture Theater 1.2 Emerpancy 2.7
For Transportation 0.5 Recovery 0.3
Atrium—Firat Three Floors I;I.ﬁ Murses" Station 1.0
Atrum—Each ﬁdduiu.r.m! Flooe D2 ExamiTreatment 1.5
LoungeRecreation 1.2 Pharmacy 1.2
For Hespital 0.8 Patient Room 0.7
Dining Acres 0.9 Operating Room 2.2
For Penitentizry 1.3 Mursery 0.6
For Hotsl 1.3 Bledical Supgly 1.4
For Maolel 2 Physical Therapy 0o
For Bar Lounge/Leisure Dining 14 Radiology 0.4
For Family Dining 2.1 Loundry—Washing 0.6
Food Preparation 1.2 Automotive—ServiceRepair 0.7
Laboratory % 1.4 Manutacturmg .
Restrooms "H.';' Lover Hay (=25 fi Floor to Ceiling Height) 1.2
Dressing/Locker/Fitting Room 0.6 High Bay (=25 1t Floor to Ceiling Height) 1.7
Comridor Transition 0.5 Dretailed Manufacturing 2.1
For Haspual 1.0 Egpuirpment Boom 1.2
~ For Manufacturing Facility (1] Control Room 0.5
Stairs—Aclive .6 ||[.:L=b'j';1uut Ciuest Rooms L.
Active Siorage 0.8 Iﬂu:-nnil-:-r_'.r---u'«ring Chuariers .1 A
For Hospital 09 [Museum '
Inactive Stompe 0.3 General Exhibifion 1.0
For Museum 0.8 Restartion 1.7
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APPENDIX E: Cooling Tower Spec Sheet
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SPX

ENGINEERING DATA

NC" 8400 steel

COOLING TOWER

> Marley:



Overview

Marley's flagship factory-assembled cooling tower,
providing higher performance, fast installation and
easy maintenance.

Primary Benefits

= Higher tonnage and efficiency per cell can lower
energy costs up to 20%

= Up to 64% less installation time per cell, providing
over $1400 savings per cell, over previous
designs

= Less than half the maintenance costs for gear
drives compared to belt drive systems

Benefit Detail
Higher Tonnage and Efficiency:

= Highest capacity package cooling tower in the
market* helps to reduce the number of cells
required, saving purchasing costs

= Higher efficiency design can provide up to 20%
lower energy costs

Fast Installation:
= Up to 64% faster installation than previous
designs provides over $1000 in savings per cell
= Quick Installation features include:
— Factory-mounted terminal box option — provides
a single location for all controls wiring
— Quick-Install guardrails and aluminum ladders
and welded aluminum safety cages options

— Four-point support allows parallel I-beams in
any direction or separate piers

*as of May, 2010

)
=
s
2
>
=
=1
=
=
=
S
=
=
=
8
=)
s
&
@
S
=
S

NC INSIGHT

.
1500 - & |
2
=
1420 K $16,381
1400 3
8
das = $13064
&
o
1300 2
8
=
N/& £
MARLEY  BACS EVAPCO® MARLEY  BAC.
a0hp  S0hp

* assumes nameplate motor horsepower for a 610 ton codling
tower with a footprint of 250 sq ft — $0.10/kWh and 50%
annual usage

field instalfation hours fatest design  previous design
Ladder and Guardrail 2 3
Ladder Safety Cage 25 4

Fan Cylinder 0 1

Access Platform 5 7
Factory Installed Terminal Box 4 16

total 11.25 3

based on $75/hour, savings per fower celf would be over $1,480

Benefit Detail
Easy Maintenance:
*  Gear drive standard — 5 year no-hassle operation

« Integral louvers and eliminators provide water
containment and freezing prevention compared to
blade louvers used by other manufacturers

+ Bolted and/or welded basins stop leaks better
than tap screwed connections used by other
manufacturers

+ Large access doors and a flat fan deck designed
as a walking surface makes tower service checks
easier

Special Design Considerations
+ ASHRAE® Std. 90.1 compliant
+  Full set of design options:
— CTI Certified sound options including
attenuation and/or Ultra Quiet fan
— Splash fill for dirty water applications -NC Alpha
- Plume abatement - NCWD
— Marley controls and VFD options for superior
energy management
« 3D configuration specific drawings provided with
quotes and orders
+  FM Approval option on every model including FRP
fan cylinder and PVC inlet piping

Capacity Range
101 to 1439 tons per cell at 95°/86°/78°F
3083 to 4307 GPM per cell hydraulic limit

NC INSIGHT

No-Hassle System 5 Geareducer®  belt drive

Annual Maintenance $624 $2.380
5 Year Maintenance $4,270 $11,900
example savings $7630

Technical Features

* Induced draft, crossflow design with vertical
air discharge

» Non-corrosive stainless steel or galvanized
structure with bolted galvanized or welded
stainless steel cold water basin

+ TEFC motor, low sound fan standard

«  Drift rates as low as 0.001%

+  Belt drive available on all models up to 60hp

+ Assembled with as much as 71% recycled
content

Common Applications

HVAC

+  Mission critical data centers, hospitals and health
treatment facilities, commercial buildings, schools
and colleges

Industrial

+  Chemical, fertilizer, grain processing, ethanol
production, metals, mining, oil refining, textiles and
steel production

Power Generation

+ Turbine inlet cooling, jacket cooling and trim
cooling during peak heat load
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el Cooling Tower — Sound Control

THE NC—QUIET BY DESIGN

The NC is the result of extensive design studies focused on
cooling tower sound control. These studies were complicated by the
fact that the cooling tower market is typically driven by one of two
powerful, yet often conflicting requirements. The most common is for
a cooling tower that provides the required heat rejection capacity with
a high level of reliability at low cost. Sound control, while important, is
not the primary consideration for this application.

The other requirement, which is becoming ever more important in
our crowded, fast-paced society, is driven by conditions that demand
the lowest practical sound level. Energy efficiency, reliability, ease of
maintenance and reasonable cost, while still extremely important, are
not the highest priorities

In the first case, sound is important, while in the second case it
is extremely important, To best satisfy these two competing market
requirements we created a multi-tiered approach, through key
mechanical equipment selections, to sound control. The result is more
options than any other cooling tower on the market today.

The resultis aline of towers capable of meeting all but the most
restrictive noise limitations—and that will react favorably to natural
attenuation. Where the tower has been sized to operate within an
enclosure, the enclosure itself will have a damping effect on sound.
Sound also declines with distance—by about 8 dBA each time the
distance doubles

All standard NC cooling towers are equipped with low sound fans.
This in combination with zero-splash crossflow film-fill results in a line
of towers capable of meeting most noise limitations. Where noise at
a critical point is likely to exceed an acceptable limit, several other
options are available—listed below in ascending order of cost impact:

= The Marley "Quiet Package" includes the affordable Quiet Fan
mechanical option, optimized to achieve the lowest possible
sound levels while maintaining efficiency.

= A Marley Variable Speed Drive automatically minimizes the
tower's noise level during periods of reduced load and/or
reduced ambient temperature without sacrificing the system's
ability to maintain a constant cold water temperature, This is a
relatively inexpensive solution, and can pay for itself quickly in
reduced energy costs. The natural nighttime reduction in wet-
bulb temperature makes this a very feasible solution in most
areas of the world, It also eliminates fan cycling. In combination
with a Marley Quiet Package, the Marley Variable Speed Drive is
capable of meeting all but the most restrictive noise limitations.

= The most extreme cases may require inlet and discharge sound
attenuator sections—however, the static pressure loss imposed
by discharge attenuators may necessitate an increase in tower
size. Two stages of inlet or discharge attenuators supported
by the tower and designed and tested for the most stringent
requirements are available as an option. See page 24,

= For more severe cases requiring the lowest possible fan sound
levels the Marley "Ultra Quiet" fan option is now available on
most NG models. Tower height will increase—obtain current sales
drawings from your Marley sales representative for accurate
dimensions,

The advantage is yours. You now have the choices you need to
balance your projects performance, space and cost requirements with your
sound level needs for a win-win solution to your cooling system design.,

ENCLOSURES

Occasionally, cooling towers are located inside architectural

enclosures for aesthetic reasons. Although NC towers adapt well to
enclosures, the designer must realize the potential impact of a poorly
arranged enclosure on the tower's performance and operation, The

designer must take care to provide generous air inlet paths, and
the tower's fan cylinder discharge height should not be lower than
the elevation of the top of the enclosure. Marley Technical Report
#H-004 “External Influences on Cooling Tower Performance” is

available at spxcooling.com or from your Marley sales representative.

As suggested in the aforementioned Technical Report, it may also devices ir

be advisable to specify a design wet-bulb temperature 1°F higher

SYSTEM CLEANLINESS

talling

than normal to compensate for potential recirculation initiated by the WATER TREATMENT

enclosure. You'll benefit from discussing your project with your Marley

sales representative.

Marley “Ultra Quiet” fan

additional
NC User Manual

4 CAUTION

The cooling towsr must be lox

and direction to avoid the possibility

discharge air being drawn in

the cooling tower is in compliance with applicable air

clean air codes

pollution, fire 2

TYPICAL APPLICATIONS
The N

g the all stainless steel co n option, the NC

y applied in unusually

H

erating environn

WeVET, 1

APPLICATIONS REQUIRING ALTERNATIVE COOLING
TOWER SELECTIONS

« Ethylene glycol content—can plug
algae accumulate to feed on the

» Fatty acid content-
( nt manufac
serious threat for p

ufing and some

pose
* Particulate carry over—ofte
plants—can both cause fill plt

ging fill pa
ind in st
jing, anc

Is on tower structure.

potentially damaging
= Pulp carry over—typical o aper industr
pracessin ar tri

used. Causes fill plugging
ALTERNATIVE SELECTIONS

Ir n NC, SPX
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AtIC Lata
5 dBA Design Shipping Dimensions
ta for preliminary layouts only. Obtain Model Nominal Tons Motar §-0" fron Oporating wz' mJ -
current drawing from your Marley sales represe note 2 note 3 hp o WT;?“‘ \r‘} L w H A
UPDATE" NCB401G-1 101 2
NC8401H-1 3
8401 K-1 |
= 7889 664 12410" 10-214" 6-0%
=3 NG8401M-1 159 75 73
8401N-1 175 10 76
8401P-1 198 15 78
131 »
A Sound dBA Approach SA02FRE il
NCBA02K-1 5 8
Various low sound options are available fi 02M-1 75 10319 8-g'"
19 dB reduction from the standard dBA opti NCB402N-1 76
in the schematic da . Consult UPDATE 02P-1 15 79
selection software for performance, sound le and NC84020-1 20 81
dimensions.
15 )
EEAN AMN ; 7442 T 8-8%"
342 20 8
w B —p b—MIN NCBA03R-1 66 25 81
NC8403S-1 386 30 54
- — — - NC8403T-1 493 40 85
| 31 1 74
[
412 20
19480 8685 9-10%" 19411 N-11% 10-2%"
25 81
INSTALLED \ o 34
HEIGHT
515 10 87
|
I
HINGED ACCESS
DOOR L——— NOTE
SIDE ELEVATION AIR INLET ELEVATION 1 Use this bulletin for preliminary layouts only. Obtain current drawings 5

All table data is per cell
tes number of

our Marley sales representati
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\ J 8 ; Schematic Data
Use this data for preliminary layouts only. Obtain
current drawing from your Marley sales representative. Nominal Tons. Design Shipping S
Model Nominal Tons with Motor Operating Woight
note 2 note 3 VR Cylinder hp Waeight 2
2 i 1o L w A
TM-1 75
ign requirements. it i
498 1 7
468 20
510 11664 1-10%" 210" 12-2%4"
540 79
9 40
629 50
664 60 84
NC8409P-1 488 502 15 65
NC84 53 20 &7
NC840 586 5
NC84005-1 616 636 30 79 30654 1370 14-0%"
—— Aun ——7 NC840T-1 40 79
NC8409U-1 50 81
3l —pe— MIN NC840 761 60 o8
T T
\ |
{ [
\‘ ‘\
| | A Sound dBA Approach
16-5 3/
INSTALLED Various low sound options are available from 2 to
HEIGHT 19 dB reduction from the standard dBA options
in the schematic data table, Consult UPDATE
111 340 selection software for performance, sound levels and
IN:;Q_#?D dimensions
y ’ NOTE
" HINGED ACCESS 1 Use this bulletin for preliminary layouts only. ¢
DOOR ———L— fro tative. All tal
SIDE ELEYATION AIR INLET ELEVATION :

n.
)n O5°F HW. 85°F CW. 78°F WB an
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Use this data for preliminary la

only. Obtain

current drawing from your Marley sales repr

esentative,

Nominal Tons Design .
Model Norminal Tons with Motor e % Upura?um h;":l'z;""“q Dimerekony
UPDATE w bl note 2 note 3 VR Cylinder hp Kbt Waight 0 » A L
at spxcoolingcom/update e B
recommendatior d 636 671

ign requiremen

85 40 77 3768 H-10%" 29" TilgN
56 T o 50 78
| NC8411V-1 961 82
ICBA1TW-1 974 1019 7 4
NC8412Q-1 711 747 2 a7
\ - -
1 61 " o

43515 20358 13-10%
8412U-1 968 1012 50 78
NCB412 102 1068 6 80
NC8412W-1 1087 1136 75 84
IC: X-1 83 0 83
2050
\ f
| S —| .
23-4"
INSTALLED A Sound dBA Approach
HEIGHT
Various sound options are avallable from 2 to
eduction from the standard dBA of
1iematic data table. Consult UPDATE
18"10"
INSTALLED software for performance, sound levels and
HEIGHT
NOTE
1 Use this bulletin for preliminary layouts only. Obtain current drawings according to GPM
— HINGED ACCESS i from your Marley sales representative. All table data r o t sizes and details
00R 2 ates number n may be 1" ¢
SIDE ELEYATION AIR INLET ELEVATION
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this data for preliminary layouts only. Obtain
current drawing from

Marley sales representative,

PLAN
\ A mn -
\ ¢
22'5" 3t — MIN
T T i
\ [ \ /
1 [ ! |
| C‘ \ I
\ B " e [' 1}

271 %"
INSTALLED
HEIGHT

227 3he"

INSTALLED

HEIGHT

“— HINGED ACCESS
i DOOR
SIDE ELEVATION

t——L—

AIR INLET ELEVATION

teel C wer Data
Nominal Tons Design
dBA Shippin Dimensions
Model Nominal Tons with Motor = Operating 1ppng
e 50" from o Waeight
note @ Cylindor hp oigh
4 P air infet face t" 3 1 A c
75 3 ( |
i ‘ 42930 11097 191"
a1 ) 5 |
99 1 6 \
1129 |
1214 ) |
814 |
87 921 3¢ 0
949 999 4¢ 7
1048 1108 78 S 142V 13-9%
107 170 60 80 ‘

A Sound dBA Approach

Various low sound

ptions are avallable from 2 to
C om the standard

opt
sult UPDATE
software for performance, sound levels and

matic data table.

NOTE
1 Use this bulletin for preliminary layouts only. Obtain current
from y: Marley sales represer All table data 5

rding to GPM and ar
nd details

additional informatio
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or a tower used with a remote or indoor stor

r on a concrete cold water basin is usually a

also d—see

tative for complete

MAKEUP

The amount of water cor ling tower

y with the heat lo

tantly evaporated from a

naintain ¢

circulating w

The NCis e
makeup valves
on th

ndicate

ally nish

r a concentration of 3

your i remote

Vma\r' If

silable for del e Marley valve(s)

controf

ronic liquid-leve!

spxcooling.com/watercalc
s still being d co

rnatives.

sult your Marley

Makeup Water Flow Required-GPM
1o Mainain Three (3) Concentrations

Cooling “Range” (HW - CW)
Tower GPM

5°F 10°F 15F 20°F 30°F 40°F
200 2 3 4 5 8 10
1000 e
1500 10
2000 13
3000 19
4000 95
5000
8000

, multiply tab

valve.

Makeup Valve Flow Capacities—-GPM

1" Diameter Valve 2" Diameter Valve
10 30
30 143
40 106 160
50 17 167

sure exceeds 50 psig, use pressure

eding the above limitations, us
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C 1a ot C
5 TOWER G INLET
H
o
s
o
z
K
) Q
-
)
z
o
— MARLEY HC =
5 7] BALANCING VALVE
‘%‘» OPTION NOTE 6
=
FACE OF VALYE TURER
INLET FLANGE P
52 op OF
2 DISTRIBUTION——
T - BASIN
S J
USE FOR INLET
STANC LIFT ELEVATION
| i
X S
SINGLE CELL MULTICELL
Dimensions
Model Fan Diameter | Inlet Diameter
J K s P Q
99" 79" 2at6"
9'-g" 8-8'" ga" 2at6"
NC8 1-6% T8 %" 8-814 2at8"
NC8405 8LTU" 10-2%" 108* 2at8"
NC8407 90/ 12( 2at8
NC8409 - 144 24t 10

203"

MARLEY HC
BALANCING VALVE
OPTION NOTE 6

TOWER
FACE OF VALVE AT
=® INLET FLANGE T~ 0N
z
=i
= TOP OF ——
L 1 DISTRIBUTION | (
BASIN
s J
INLET
Uee FOR ELEVATION
E e |
- —
SINGLE CELL MULTICELL
Dimensions
Model Fan Diameter | Inlet Diamster
J s
2at 10"
144 2at 10"
183 2at 10"
144 2 at 10"

NOTE

1 Use this bulletin for preliminary layouts only. Ob

biping must be supp
g drawings for details

current drawings

anciny
equal floy

mains
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¢ TOWER CELL

oO—

FACE OF 12" DIA. SIDE

EACEPESIbE } emcizope  NLETCONNECTION
INLET CONNECTION 12" BIDE INLET TTOWER /" INLETNOTE 5
SINGLE SIDE ( \ J { \ ( )
INLETNOTE
SIDE INLET § TOWER EXHOTES — ‘ - i
i
W4 )  —, S z
| — 5
] :
— 1 B
1 ‘ B | ‘ 3 b U
L1 el NG| i |
0 62 0 — — —
i ‘ ‘ \ S o | @INLET G TOWER
1 | = = ! . ' POF — FACE OF
f T 12°INLET ¢ | SUPPORT 12" DIA. BOTTOM | &g }
GINLET / GINLET GTOWER b\ b 27 INLET CONNECTION
BINGLE BOTTOM - TOP OF FACE OF L / 1
INLET NOTE & s D SUPPORT  BOTTOM INLET —E L 6INGLE BOTTOM L 8INGLE BOTTOM
CONNECTION INLET NOTE 6 INLET NOTE
- BINGLE BOTTOM
INLETNOTE 6
Dimensions
Model
B c E
Dimensions NC8411 161" 7 4-6
Madel inlet Diametar
B c D E 1611
NGS4: T-6The 5 19-1084" 737" 4-6"
20 8" 101084 !
NC8405 )’ 10"
NC840T 911 7-0Ye" 210 10" NOTE
NCB400 92%' 210" 10" 1 Use this bulletin for preliminary layouts only. Obtain curre Jings r
2 lateral loac
in the interal

. Marley dran

ump

Contact your

rmation.
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BOTTOM OF
COLLECTION
TOP OF
BASIN FLOOR 1oP0F
REMOVABLE
gsump ; OUTLET
fRINACLOCREEN T SEE TAB TOWER COLLECTION
BUCTION CONNECTION — GTOWER g y 137 — BAGIN FLOOR
TABLE FOR SIZE  \ QY}:‘R_,F!’?Y,’, / { <
A ' | - I
\ ? ~TR EEN  BOTTOM
\ DRAIN AND CLEAN-OUT 5 s / OF BASIN
\ Dimensions e -8 le’ l FLOOR
\ Modsl 3
A B < -
o 27 5/ 1
19 TOWER SECTION .
CELL
NOTE EOTTOM OL
o 117" —3 ALS0 A BL U ToPOF
g ! SUPPORT
\ — 21450 —t
—TOP OF o \_SUMP OUTLET  MINC ANCE
SUPPORT R
OR € SECTION BOTTOM OUTLET CONNECTION
DRAIN AND OYERFLOW CONNECTION o T
OPTION 1 Y%A DEPRESSED SIDE-OUTLET
NCBA14 WA [ 1% SUMP CONNECTION
Maximum GPM Per Outlet Diameter
Outlet Diameter
Outlet Type Flow Type Model - = = = - = 7
WELDING & & 8" 12 1 E 18 2 2
TOWER 4
4 ‘| H BEVEL— ~—MECHANICAL ol NCB401 thru N
! COUPLING GROOVE e W TN
—BUCTION HOOD purp flow w/o antivor
pun
- A REMOVABLE Sump
TRAGH SCREEN
—
SUCTION CONNECTION R mp . b
sl Arpdbi — ‘ B ] Outlet o0C 515
SUPPORT

G TOWER CELL

SECTON

e outlet is not

CASED-FACE OUTLET CONNECTION

> the top of support on moc
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’ i ’ — L —
OVERALL OF BASIN OVERALL OF BASIN
FE S SR - r—p—— D——p—1 4——— OVERALL LENGTH OF BASIN
GANCHOR  ANCHORG| GANCHOR  ANCHORE
BOLT BOLT BOLT eoLt ] r—t——D— BUANOTE7 —4—1"
20 - 2 i —— | G ANCHOR  ANCHOR§ §ANCHOR ~ ANCHORG
e X p; o BOLT BOLT | |BOLT BOLT
v a  WOBOLTS REQD. g — 1| PR | T— 8 S | |
23 MODELS NC8407 23 1| I 52 2108 1 ‘| A
3 B THRUNCB414 g% 1 it Il o 1= H
z Z i n B i ‘ i
| 22 | T
o - HOLES FOR | <] \ {1 [
s z 54" DIA. ANCHOR | Ed \ { b
= S BOLTS 4 OR BREQD | {f |
5 9 | - HOLES FOR /] |
& | = 214" DIA. ANCHOR I !
£ s ! = BOLTS 4 OR B/CELL (’( |
) 1 =< I I
= o £E o : g IJ) ! TWO BOLTS REQD.
3 z | f (’ ! MODELS NCB407
P 3 ! £ o ] ! THRU NCB414
3 & | H /! |
=z [~ HOLES FOR 3 | b If |
| 3/ DIA. ANCHOR = | 2 I |
BOLTS 4 OR & REQD | g Il !
o | 3 /] i
S 4
1= | = I i
23 = — — i i
o s p G I |
A /! I
- L o+ {1 |
: 11 |
T
TOWER COLLECTION TOWER COLLECION e ¢ A—— i
BASIN BASIN
SUPPORTING STEEL SUPPORTING STEEL ALTERNATE — TOWER COLLECTION
SINGLE CELL SINGLE CELL BASIN
SUPPORTING STEEL
MULTICELL
R Wind p an:
Dimensions MINIMUM BEARING WIDTH MUST BE
Mode! PROVIDED BY BEAM FLANGE OR BEARING
w L c D cal Reaction at TvER PLATE AT EACH ANCHOR BOLT LOCATION. TOWER
COLLSWON = COLLECION —
1210 125 -4 589 1972 BASIN Ligg
142 13-9'4' PORT
SUPPORT —
1 o 17-9% % 16844 961 BY OTHERS 4
191 9-10%’ 9-8%’ .
2 X NORMAL 0o
210 11-10% 11-8% GAUGE #— NORMAL
9 13-10% 13-8% GAUGE
NCSa11 22 1-10% 8¢ VIEW A SECTION B
3-10°% 3616
NCB4 11-10%" 2.0 1-8% 93¢ 107 NOTE
e 1 Use this bulletin for preliminary layouts only. Obtain current drawings 5
- sales representa and overfl
and anchor Y
ed flush and 8

NC Models with Velocity Recovery Cylinder

5375

NC8411 11-10%" 1-8%

NCB412 10% 220 13-8%

NC8413 1-10% 20-0'4' 11-8%" 10778
NCB414 200'% 1
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STEAM JET BASIN HEATERS

n the

oling tower can freeze. A

mbient air tempera

26 protectior
n the side

directly in

NC Drain-Down Capacity

Range of Tower rain Down Drain Down

2 Maximum Gaflons Maxmum Gallons

ts in the cold wate

basin and may water to the basin, and the excess

zing by adding t

INDOOR STORAGE TANK

by gravity frc

able cor hutdown, all exy
» Stainless stee immersion heater(s) typical drain-down capacitie Il 205 5
ngs are provided in the side of the 1o not produce tanks, many of our 600-800 668 NCB411
lied by reputable manufacturer 10101 e

s depends — <
neater contair
Transformer to canvert power supply to 24 for control 710-1030 L4
circuit 1040-1390 NC841
—Solid state circuit board for temperature and low- ROLP W
{off operation
ter cutof
Enclosure may be mounted on the side of the tower
+ Control probe in the collection basin to r 41
NG8406 1120 NG841

Heater components are normally shipped separately for
nstallation by othes

Note:
hutdown—including the makeup water line—should be electrically 01¢
tra

y exposed piping that is still filled w

and insulated (by others). NC8407 151¢

58414

olumes will usually be les
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NC Cooling S & rmatior
w D
+
y OFFSET MAY BE REQUIRED OFFSET MAY BE REQUIRED
| FOR BALANCED LIFT FOR BALANCED LIFT
: CENTER OF ‘ CENTER OF
TOWER — | TOWER —~—u
1 ~ .
% LIFTING > — LIFTING
~— ~. LFTNG
o~ T~ ~6LNG
' |
e
Lo SIDE ELEVATION L L AIR INLET ELEVATION
) Des Opel
et Add To Design <| bnera"ng Weight
Model
L w D H Discharge Attenuator Inlet Attonuators
Model Width Minimum Sling Length
NCB401 &7 60
o
NC8403 g-6" 80
NCE405 10-C ¥
NCB405
NCB407 . 12-0 30
NC8409 —~r
NC8att
NC8412 120 180"
NCB414 Top 9.0
ede NC2414 Bottom 8-0
NC8414 NOTE
. ) 1%,
. rinstallations, overall length of shackle pins should not
. vad lifts or where additional safety is requirec ben
NOTE "
1 Use this bulletin for preliminary layouts only. ¢ 1 by the tow al support not
n ur M s nt table data

ot available for NC models

s with h scharge attenuat ith velocity

recovery cylinder
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NC 8400 steel

S PX cooling tower

ENGINEERING DATA

SPX COOLING TECHNOLOGIES, INCG
7401 WEST 129 STREET

OVERLAND PARK, KANSAS 66213 USA
P: 913 664 7400

F: 913 664 7439

sprcocling@spx.com

In the interest of technological progress, all products are subject to design and/or
material change without notice

ISSUED 12/2012 TECH-NC-12A
COPYRIGHT ©2012 8PX Corporation
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Yes ? No

1] 3]

Prereq 1 Construction Activity Pollution Prevention Required Required
1 Credit 1 Site Selection 1 1
1 Credit 2 Development Density & Community Connectivity 1 5
1 Credit 3 Brownfield Redevelopment 1 1
1 Credit4.1  Alternative Transportation, Public Transportation Access 1 6
1 Credit4.2  Alternative Transportation, Bicycle Storage & Changing Rooms 1 1
1 Credit4.3  Alternative Transportation, Low-Emitting & Fuel-Efficient Vehicles 1 3
1 Credit4.4  Alternative Transportation, Parking Capacity 1 2
1 |Credit5.1  Site Development, Protect or Restore Habitat 1 1
1 Credit5.2  Site Development, Maximize Open Space 1 1
1 Credit6.1  Stormwater Design, Quantity Control 1 1
1 Credit6.2  Stormwater Design, Quality Control 1 1
1 |Credit7.1  Heat Island Effect, Non-Roof 1 1
1 Credit7.2  Heat Island Effect, Roof 1 1
Credit 8 Light Pollution Reduction 1 1

Required
1 Credit1.1 ~ Water Efficient Landscaping, Reduce by 50% 1 2
1 Credit 1.2  Water Efficient Landscaping, No Potable Use or No Irrigation 1 2
1 |Credit 2 Innovative Wastewater Technologies 1 2
1 Credit3.1 ~ Water Use Reduction, 20% Reduction 1 2
1 Credit3.2  Water Use Reduction, 30% Reduction 1 2
[8]1]8]
Prereq 1 Fundamental Commissioning of the Building Energy Systems Required
Prereq 2 Minimum Energy Performance Required
Prereq 3 Fundamental Refrigerant Management Required
*Note for EAc1:AllLEED for New Construction projects registered after June 26", 2007 are required to achieve at least two (2) points under
EAcl
| 6] [4]|credita  Optimize Energy Performance 1010
| [10.5% New Buildings or 3.5% Existing Building Renovations 1
| |14% New Buildings or 7% Existing Building Renovations 2
| |17.5% New Buildings or 10.5% Existing Building Renovations 3
21% New Buildings or 14% Existing Building Renovations 4
| |24.5% New Buildings or 17.5% Existing Building Renovations 5
| 6 [28% New Buildings or 21% Existing Building Renovations 6
| |31.5% New Buildings or 24.5% Existing Building Renovations 7
| |35% New Buildings or 28% Existing Building Renovations 8
| |38.5% New Buildings or 31.5% Existing Building Renovations 9
| |42% New Buildings or 35% Existing Building Renovations 10
-- Credit 2 On-Site Renewable Energy 1t03
| |2.5% Renewable Energy 1
| |7.5% Renewable Energy 2
| |12.5% Renewable Energy 3
1 Credit 3 Enhanced Commissioning 1
Credit 4 Enhanced Refrigerant Management 1
1 Credit 5 Measurement & Verification 1
1 |credite Green Power 1
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Prereq 1 Storage & Collection of Recyclables Required
1 |Credit1.1  Building Reuse, Maintain 75% of Existing Walls, Floors & Roof 1
1 |Credit1.2 Building Reuse, Maintain 100% of Existing Walls, Floors & Roof 1
1 |Credit 1.3 Building Reuse, Maintain 50% of Interior Non-Structural Elements 1
1 Credit2.1  Construction Waste Management, Divert 50% from Disposal 1
1 Credit 2.2 Construction Waste Management, Divert 75% from Disposal 1
1 [Credit3.1  Materials Reuse, 5% 1
1 |Credit3.2  Materials Reuse,10% 1
1 Credit4.1  Recycled Content, 10% (post-consumer + % pre-consumer) 1
1 Credit42  Recycled Content, 20% (post-consumer + % pre-consumer) 1
1 Credit5.1  Regional Materials, 10% Extracted, Processed & Manufactured Regic 1
1 Credit 5.2 Regional Materials, 20% Extracted, Processed & Manufactured Regic 1
1 |Credit6 Rapidly Renewable Materials 1
Credit 7 Certified Wood 1
Yes ? No
| 4]
2 Prereql  Minimum IAQ Performance Required
Prereq 2 Environmental Tobacco Smoke (ETS) Control Required
1 Credit 1 Outdoor Air Delivery Monitoring 1
1 [Credit2 Increased Ventilation 1
1 Credit3.1  Construction IAQ Management Plan, During Construction 1
1 Credit3.2  Construction IAQ Management Plan, Before Occupancy 1
1 Credit4.1  Low-Emitting Materials, Adhesives & Sealants 1
1 Credit4.2  Low-Emitting Materials, Paints & Coatings 1
1 Credit 4.3 Low-Emitting Materials, Carpet Systems 1
1 Credit4.4  Low-Emitting Materials, Composite Wood & Agrifiber Products 1
1 |Credit5 Indoor Chemical & Pollutant Source Control 1
1 Credit6.1  Controllability of Systems, Lighting 1
1 Credit6.2  Controllability of Systems, Thermal Comfort 1
1 Credit7.1  Thermal Comfort, Design 1
1 Credit7.2  Thermal Comfort, Verification 1
1 [Credit8.1  Daylight & Views, Daylight 75% of Spaces 1
1 [Credit8.2  Daylight & Views, Views for 90% of Spaces 1
Yes ? No
5[ | |
1 Credit 1.1 Innovation in Design: Provide Specific Title 1
1 Credit1.2  Innovation in Design: Provide Specific Title 1
1 Credit1.3  Innovation in Design: Provide Specific Title 1
1 Credit1.4  Innovation in Design: Provide Specific Title 1
1 Credit 2 LEED® Accredited Professional 1

Yes ? No

. Project Totals (pre-certification estimates) 69 Points

Certified: 26-32 points, Silver: 33-38 points, Gold: 39-51 points, Platinum: 52-69 points
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