FINAL THESIS REPORT

HFS WAREHOUSE AND BAKERY EXPANSION

University Park, PA

JOSEPH RUTT
CONSTRUCTION MANAGMENT
DR CHIMAY ANUMBA



Housing and Food Services
Warehouse and Bakery Expansion

University Park, Pa

Building Information Project Team

Occupant Name — Penn State University Owner — Penn State University
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Size — 94,000 SF Architect — LSC Design Inc.

Dates of Construction — March 2015 — March 2016 Civil Engineer —Sweetland Engineering
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Delivery Method — Design Build Mechanical Engineer — Barton Associates

Food Services — McFarland Kistler & Associates Inc.

Architecture Structural System

25,000 square-foot freezer space addition Substructure — Normal weight concrete (150 pcf)
20,000 square-foot renovation of ambient storage Masonry — Concrete Block, Clay Facing Brick,
area Split Faced Block

5,000 square-foot office space renovations Superstructure — Steel Frame

Improvements to the baker production area Roof Structure — Steel Decking

Mechanical Systems Electrical System

Location — Mechanical Room on First Floor Location — South side of First Floor

Roof Top Units — Six VAV Units, Natural Gas Pad Mounted Utility Transformer

AHU — Eight Units, Freezer, Cooler, Dry Stock, Offices Main Distribution Panel —480/277V, 3PH, 4W

Fire Protection - Early Suppression Fast Response Back Up Power - 2 megawatt emergency generator
(ESFR) and 75 hp fire pump New 3000 amp electrical service

Joseph Rutt
Construction https://www.engr.psu.edu/ae/thesis/portfolios/2016/jxr977 /index.html
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EXECUTIVE SUMMARY

In every construction project there are many problematic areas that can be addressed
and analyzed to help the project succeed. The Housing and Food Services Warehouse
and Bakery expansion is like most projects and has several areas that need to be better
analyzed. With extensive research performed in the Fall Semester, | found four analyses
that focus on problematic features of The Housing and Food Services Warehouse and
Bakery expansion. They are based on areas of schedule and cost reduction using SIPs,
implementation of BIM, site safety and occupancy plan, and acquiring a LEED
certification.

ANALYSIS T: SIP ANALYSIS

This analysis focuses on reducing the time to renovate the office space in the Housing
and Food Services building. The area of investigation would be to see if implementing a
SIP schedule to the renovation of the office space would accelerate the schedule and
reduce office downtime.

ANALYSIS 2: BIM UTILIZATION

This analysis focuses on the use of BIM to improve the project. BIM was not used at all on
this project but could have been used to improve the project in several ways. BIM could
have been used from the start to turn the original building drawings into electronic files.
Having an electronic model of the HFS building could be used to show the problems with
the as-built. The electronic model will also allow for the use of clash detection software.
Both reasons explained above should help to greatly reduce the total amount of RFI's
and ASl's. BIM has many more uses, but for this project | recommend implementing BIM
at a small scale.

ANALYSIS 3: INDOOR AIR QUALITY

Indoor Air Quality (IAQ) is an important design criteria in foday'’s industry. It is especially
important in a facility such as The Housing and Food Service Warehouse and Bakery.
Analysis 3 focuses on determining the IAQ of the current system and determining an
alternate system through a mechanical breadth. After completing the analysis it was
determined that the current system fell somewhat short and a 100% outdoor air system
was chosen.

ANALYSIS 4: LEED CERTIFICATION

LEED Certification is the evaluation and qualification of a sustainable project. By taking
measures to increase LEED credits, the Housing and Food Services Warehouse and Bakery
expansion will benefit in terms of energy efficiency life cycle costs as well as building and
user performance.
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1.0 PROJECT BACKGROUND

The project for my senior thesis is the Housing and Food Services Warehouse and Bakery
Expansion for The Pennsylvania State University in University Park, Pennsylvania.
Scheduled for completion in March 2016, the project includes increasing freezer, cooler,
and dry storage capacity, expanding the bakery, and improving building systems. The
current plan will be funded through many sources such as, operational reserves, state
funding, self-supporting units, capital investments, and borrowing and debt services. At
University Park, its buildings are in need of major renovation and significant changes with
65% of the buildings older than 25 years.

Penn State has hired Architect LSC Design Inc. to design the addition and renovation of
the Housing Food and Services Warehouse and Bakery Expansion. LSC Design Inc. was
founded in 1980 as Land Survey Consultants, and has since grown to include
architecture, interior design, civil engineering, survey management and landscape
architecture. They are now known for their ability to listen and advocate for their clients,
like Penn State, and to effectively marry design with constructability within a budget and
schedule.

The 94,000 square foot existing HFS building will undergo approximately 44,500 square
feet of renovations during the three phases of construction. The warehouse will be
expanded on the north side by about 25,000 square feet. Starting with phase 1A, the
addition to the warehouse will be erected. The renovation of the south side willmake the
start of phase 1B. Phase 2 marks the start of the existing cooler and freezer renovation,
and construction of new racking within the cooler and freezer. Phase 3 starts with the
existing freezer. This will be renovated into more dry storage. The first part of phase 3 will
start with the southern part of the dry storage area and the offices. As the offices
contfinue to be renovated, the northern part of the dry storage area will start renovations.
This expansion will allow Penn State Housing and Food Services to increase the variety
and scope of product offerings to meet the culinary needs of students, faculty, staff and
visitors. This project also will provide opportunities to capitalize on additional direct
manufacturer relationships that will reduce overall food costs.

The goal of this renovation is to increase the capacity of freezer, cooler and dry goods
storage, improve workflow and provide more effective use of space. The project will
reorganize and expand the warehouse and bakery and replace aging and inefficient
building systems.
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1.1 CLIENT INFORMATION

Penn State expects to receive quality work from the contractor that is sesamless and neat
with a minimal loss of services. Another expectation of Penn State is to obtain a crew
that strives to be cost-effective, timely, and be a dependable resource to meet the
expectations of the project. Safety is one of the upmost concerns when dealing with
campus construction. When possible, there will be zero impact to vehicular traffic, and
parking. Site fencing will be used to keep pedestrians from entering the construction site.
Posting directional, hazard, and caution signs as well as making public notifications is a
standard for Penn State OPP. Penn State also ensures the safety of employees by setting
mandatory safety training, implementing and enforcing all safety practices and
standards, inspecting and repairing equipment, and utilizing appropriate PPE. Penn State
conducts a Contractor Performance Evaluation throughout the entire project to ensure
the quality of the building. Firms receiving an unsatisfactory mark will be considered for
removal from the Pre-qualified Bidders List for a period of no less than six months.

1.2 PROJECT DELIVERY AND STAFFING PLAN

The Housing and Food Services Warehouse and Bakery Expansion is a design build
contract between Kinsley Construction and Penn State University. This is chosen because
both design and construction is in the hands of a single entity. This creates cost savings
and time savings. It also reduces the administrative burden. This means the owner, Penn
State, is not required to invest time and money in coordinating between separate design
and construction contracts.

Pennsylvania State | Owner 9 Housing and Food Services Building | 814-863-5611

University University Park, PA

LSC Design Inc. Architect 320 N. George 5t. Suite 100 717-845-8383
York, PA

Carney Structural 320 N. George 5t. Suite 120 717-852-1260

Engineering Group | Engineer York, PA

Barton Associates | Mechanical | 329 Innovation Boulevard, Suite 112 | 814-237-2180
Engineer State College, PA

Sweetland Civil 600 Science Park Road 814-237-6518
Engineering Engineer State College, PA

Kinsley Contractor | 2700 Water Street P.O. Box 2886 717-741-3841
Construction York, PA

McFarland Kistler | Food 1130 Perry Hwy 412-367-1905
& AssociatesInc. | Service Pittsburgh, PA

Figure 1 - Delivery Method
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The staff of Kinsley Construction for this project is a team from York, Pennsylvania. Project
Manager, Kevin Finke, is the main contact for Kinsley Construction on this project. Below
are the details of the staffing plan.

Figure 2 - Staffing Plan

1.3 EXISTING SITE CONDITIONS

On the site for The Housing and Food Services Warehouse and Bakery expansion is set
back off Park Ave. To the west of the HFS Warehouse and Bakery is Penn State’s
Arboretum, and to the east is the Hostetter Business Services building. Directly to the
south is the Lewis Katz Law building. North of the HFS Warehouse and Bakery is a
parking lot that will be utilized as a material laydown area. The surrounding buildings
are not close enough to effect the construction of the Warehouse and Bakery. For the
duration of the project, the northern parking lot will be fenced off to store materials and
prevent pedestrians from entering the construction site.
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2.0 DESIGN AND CONSTRUCTION OVERVIEW

2.1 BUILDING SUMMARY

‘ o

The 94,000 square foot existing HFS building will undergo approximately 44,500 square
feet of renovations during the three phases of construction. The warehouse will be
expanded on the north side by about 25,000 square feet. This expansion will allow Penn
State Housing and Food Services to increase the variety and scope of product offerings
to meet the culinary needs of students, faculty, staff and visitors. This project also will
provide opportunities to capitalize on additional direct manufacturer relationships that
will reduce overall food costs.

The goal of this renovation is to increase the capacity of freezer, cooler and dry goods
storage, improve workflow and provide more effective use of space. The project will
reorganize and expand the warehouse and bakery and replace aging and inefficient
building systems. Early Suppression Fast Response (ESFR) and 75 hp fire pump will be
installed in the ambient storage and cooler/freezer addition.

The structural design of the existing building is primarily structural steel. The addition will
contfinue using structural steel, creating a uniform and continuous building. The design
of the electrical system has two power distributions of 208Y/120V, as well as a two
megawatt emergency generator for backup power. The HFS building will be in
compliance with the ASHRAE 62.1 requirements, and all demolished material will be
recycled wherever possible. Hazardous materials will be disposed of in the correct safe
manner.

2.2 SCHEDULE OVERVIEW

The existing HFS Warehouse and Bakery Expansion will undergo three phases from the
construction start date, March 274, 2015, and will be completed for owner occupancy
one year later, March 2016. The design phase started in November of 2013. Phase one
starts with the excavation and foundation of the warehouse addition located on the
north side. The freezer construction is also a part of phase one starting on March 16,
2015 and continuing for 146 days until October 51, 2015. New freezer and refrigeration
units will be installed to replace the aging and inefficient system currently in place. The
office and rear improvements will undergo MEP rough-in for ten days from June éth, 2015
to June 231, 2015. The MEP trim-outs will take about 5 days starting July 27t, 2015. The
MEP for the freezer and cooler in the bakery will take 28 days and will start on August 28,
2015. Renovations of the existing ambient storage area will be included in the third phase
starting on December 16™, 2015. The final MEP installation will be located in the new
office and consulting room. This will start October 15, 2015 and end in March 10™, 2016.
Some of these phases along with additional scheduled events can be seen in Table 1.
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Table 1 - Project Schedule Overview

Project Schedule Overview

Phase Duration | Start Date | End Date
Phase 1 - Storm water Management 65 2-Mar-15 | 29-May-15
Phase 1 - Freezer Construction 146 16-Mar-15 5-Oct-15

Phase 1A - Office & Rear Improvements 158 8-Apr-15 13-Nov-15
Phase 1B - Fire Pump Room & Bakery Area 134 12-May-15 | 13-Nov-15
Phase 2 - Exterior Improvements 46 15-Jul-15 16-Sep-15
Phase 2 - Renovate Existing Freezer & Cooler 56 29-Sep-15 | 15-Dec-15
Phase 3A - New Office & Consult Room 116 1-Oct-15 10-Mar-16
Phase 3 - Renovate Existing Ambient 55 16-Dec-15 1-Mar-16

2.3 COST OVERVIEW

The actual cost of construction for the 69,500 GSF addition and renovation for The
Housing and Food Service Warehouse and Bakery in State College, Pennsylvania was
$9.756,248 or $103.79/SF. This cost takes into account the cost of material, labor, and
equipment that is needed to construct the building. When including additional costs like
furnishings and equipment, the total project costsrises to $13,209,528 or $140.53/SF. A cost
breakdown of the different building systems, including the actual costs, cost per square
foot and the percentage of the total cost can be seen below in Table 2.
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Table 2 - Cost Summary

Actual Cost

Building System Cost/SF % Cost

Site Work $954,161 $10.15 9.78%
Demolition $512,203 $5.45 5.25%
Concrete $606,839 $6.46 6.22%
Masonry $563,911 $6.00 5.78%
Metals $1,330,752 $14.16 13.64%
Doors, Frames, & Hardware $378,542 $4.03 3.88%
Windows $1,102,456 $11.73 11.30%
Flooring $459,519 $4.89 4.71%
Plumbing $1,021,479 $10.87 10.47%
HVAC $1,420,510 $15.11 14.56%
Electrical $1,405,875 $14.96 14.41%
Total Construction Cost $9,756,248 $103.79 100%
Overall Project Cost $13,209,528 $140.53 135.40%

2.4 GENERAL CONDITIONS ESTIMATE

The general conditions estimate performed for The HFS Warehouse and Bakery Addition
and Renovation represents the operational costs of the jobsite for the general contractor
Kinsley Construction. The estimate was broken down into six different sections which
includes supervision/project management, field engineering, administrative, safety,
cleanup, and miscellaneous.

Table 3 - General Conditions Summary

General Conditions Summary

Section Cost per Month Total Cost
Project Management $27,784 $333,412.00
Field Engineering $2,069 $24,830.00
Administrative $5,933 $71,195.00
Safety $79 $950.00
Cleanup $7,442 $89,300.00
Miscellaneous $548 $6,580.00
Total $43,856 $526,267.00
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The table above shows the general conditions estimate summary for the six main
sections as noted above. The total cost of the project general conditions is $526,267.00
which is 4.05% of the design build contract value for the project at $13,209,528. With the
general conditions estimate taking place over a 12 month period | divided the total by
each month and found that general conditions cost around $43,856 per month. The
prices were found by using a combination of 2013 RS Means Construction Cost Data
and actual known costs from previous projects. The most expensive out of the six
sections was for project management. This section was 6.3% of the total cost, followed
by cleanup at about 17%, administrative at 13.5%, field engineering 4.7%, miscellaneous
1.2% and finally safety at less than 1%.

3.0 SIP ANALYSIS

3.1 PROBLEM IDENTIFICATION

The Housing Food and Services building is undergoing an addition and renovations to the
warehouse, bakery and office space. The northern office renovations start from April and
end in May 2015, and the southern office renovations take place from December 2015
to January 2016. This makes the office space unusable during these months. The
downtime causes congestion and inefficiency within the employees of the HFS Building.
There are multiple options to speed the construction up such as increased manpower or
working extra days. These options are limited by the size of the site and the owner’s
requirement that the site only be under construction for a certain period of the day due
to the proximity of the campus. Another option could be to change the schedule by
focusing on areas in which the project could be optimized. The office renovations have
an opportunity to compare and contrast the possible benefits of implementing SIPS.
Penn State will want to know if SIPS is beneficial for this project and future construction.

3.2 PROPOSED SOLUTIONS

SIPS will be used to reschedule certain tasks. Initially, the floor plan of the building will be
analyzed to determine which spaces to group together. The north and south offices will
be renovated at the same time instead of months apart. Next, interior systems will be
broken into major construction sequences and attributed certain durations. By involving
multiple trades in the schedule, work teams can follow one another throughout the
space and minimize unproductive time on site. These offices are relatively small, so it is
crifical to clear workers out as efficiently as possible. The renovations will take place
between the months of April to June.
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3.3 BACKGROUND RESEARCH

The Short Interval Project Schedule (SIPS) is a method of scheduling that involves a level
of detail not commonly found in a project schedule. Short Interval Project Schedule or
SIPS is taught as part of the construction management curriculum. The data on the
project is provided by the involved parties and allows for an analysis of the building and
room layout. There is data showing the effects of detailed schedules, prefabrication, and
forward thinking construction methods in the construction industry. It has been shown
through the class work on SIPS and the presentations by industry members that SIPS work
is better focused on repetitive sections of work, thus the options presented would be the
offices, bathrooms, and conference rooms.

3.4 ANALYSIS PROCEDURE

The first step in completing the SIPS analysis is creating a matrix schedule to determine if
it is logistically possible to complete the interior finishes. There were a total of 15 different
items included in the finishing stage ranging from hanging drywall to final cleanup.
Drawing from personal experience and using the CPM schedule for the project the matrix
schedule seen in Figure 4 was produced. The matrix schedule will enable the project
team to keep track of the work flow through the building and easily determine whether
or not progress was on track or not. The room order will follow the path of Figures 5 and
6.

The matrix schedule shows two important things, the flow of work from the first room
through the building to the last room and how the work is split up to develop the workday.
The different zones are shown in Figure 5 and 6 below. When deciding which tfrades were
to be used during the work shift the main factor was which trades would benefit most
from the extra space available during this time. It was decided that the drywall crew,
flooring contractors and painters would benefit most in this situation. Each of these
subcontractors require a substantial amount of their own space when completing their
tasks, and they could work much more efficiently.
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Office Renovation Activities
ID Activity
Hang Drywall
Spackle/Finish Drywall
3 Prep, Prime and Paint Walls
4 Prep, Prime and Paint Ceilings
5 Install Casework
Install Lighting Fixtures
Install Countertops
Install Hard Wood Flooring
Install Plumbing Fixtures
Final Paint
Install Door Hardware
12 Final Finish Carpentry
13 Install Carpet
Final Electric
Cleanup

Figure 4 - Parade of Trades
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JOSEPH RUTT | Consfruction Management



23 22

o ©°

Figure 6 - Order of Renovation cont.
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The matrix schedule resulted in an 11 week duration for the interior finishes of the HFS
Offices, finishing 5 weeks ahead of the original 16 week schedule and allowing the
employees to move back into their office sooner. In order for this schedule to be
accelerated enough and for it to be logistically possible to operate, it was necessary to
increase manpower for particular trades involved in the finishing process.

3.5 RECOMMENDATIONS

By investigation and applying a SIP Schedule for the interior renovation of the Housing
and Food Services office space, the project schedule should be accelerated to alleviate
office downtime by about five weeks. A smallincrease in man power for particular trades
was necessary.

4.0 BIM UTILIZATION

4.1 PROBLEM IDENTIFICATION

The schedule is a main concern for the owner. The project needs to finish on time so
regular production and storage can occur. One main issue that has held the project up
is that there was no as-built drawing for the original warehouse and bakery. There was a
lot of wasted time when the project team and the architect were trying to communicate
and collaborate. A large contingency was held in case any problems occurred during
construction. Many RFI's and ASI’'s were submitted and take time to get answers, which
can cause major schedule delays. The implementation of BIM will also help the owner
with operation and maintenance after the building is furned over.

4.2 PROPOSED SOLUTIONS

A possible solution to help with the large contingency and to help with future
maintenance could be the use of Building Information Modeling (BIM). It could be used
to create 3D models earlier in the project. This will allow for any issues to be corrected
before construction starts. A 4D model could also be used to display to the project team
the delivery and installation of many aspects of construction. A 4D model will be useful
and help demonstrate the procedure to the project team and subcontractors. After
completing the analysis there are several potential solutions that could occur.

e The cost of creating the 3D and 4D model is too high and outweighs the costs
saved from the use of BIM. If this is the case, BIM will not be ufilized.

e The amount of time saved by limiting RFI's is substantial and therefore BIM should
be utilized.

¢ The amount of tfime added by the creation of the 3D and 4D model is more than
the time saved and therefore BIM should not be utilized.
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4.3 BACKGROUND RESEARCH

BIM has many uses in the construction industry. BIM can be used for 3D coordination, site
utilization planning and analysis, structural analysis, digital fabrication, and facilities
management. Since the drawings were never put into 3D format, clash detection could
not be used and this resulted in the increased amount of RFI's on the project. My main
focus will be utilizihg 3D and 4D coordination. BIM could assist in the coordination of the
different systems and would have been able to find a lot earlier for the project. The
application of BIM could have benefited the overall project costs and schedule. The
Pennsylvania State University BIM Execution Planning Guide will be used to facilitate the
analysis.

4.4 ANALYSIS PROCEDURE

The following procedure should be completed to successful analysis the use of BIM on
The Housing and Food Service Warehouse and Bakery Addition and Renovation.

e Determine the different uses of 3D models for coordination.

e Lookinto reasons the owner decided to not use BIM initially.

e Evaluate the costs of a 3D and 4D model.

e Lookinto the estimated costs associated with change orders.

e Evaluate the duration of creating the 3D and 4D model.

o Determine possible schedule savings by limiting the number of RFI's.
¢ Research facility maintenance scenarios.

4.5 PREDICTED OUTCOME

With the use of 3D coordination the predicted outcome for this analysis is that BIM will be
very useful. A 3D model of the existing building will help substantially by preventing RFI's
and change orders. With the 3D model complete, clash detection software could be
used which will again limit the amount of RFl's and will save time for the project. The use
of a 4D model for construction of the warehouse bays is expected to be useful in
displaying the procedure and benefits.
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4.6 BIM UTILIZATION

Table 4 - BIM Use

X Plan X Design X Construct X Operate
Building
Programming Design Authorizing | X | Site Utilization Plan | X Maintenance
X Site Analysis X Design Reviews X | Construction System System Analysis
3D Coordination 3D Coordination Asset Management
Structural Analysis Digital Fabrication Space Tracking
Lighting Analysis 3D Planning Disaster Planning
Energy Analysis Record Modeling Record Modeling

Mechanical Analysis

Other Analysis

X Sustainability
Code Validation
X 4D Modeling 4D Modeling X 4D Modeling 4D Modeling
X Cost Estimation X Cost Estimation X Cost Estimation X Cost Estimation

Existing Conditions | X | Existing Conditions | X | Existing Conditions | X | Existing Conditions

When looking at BIM for this project, several areas could have been improved with the
use of BIM. These areas include 3D coordination, 4D modeling and facility maintenance.
Some typical BIM programs used could be programs such as AutoCAD Revit for 3D
modeling or a program such as Navisworks could be used for 4D modeling and facility
maintenance.

Before implementing BIM on a project, the project team, workers, and owner will need
to be able to use the programs to take full advantage of BIM's capabilities. Training
sessions can be used on site for the project team and workers, which will allow them to
fully understand and use BIM to its fullest extent. This training will not necessarily teach the
workers how to draw and model in Revit or Navisworks, but will show them how to properly
navigate through the model to find whatever they need. These training programs are
extremely beneficial when implementing BIM on a project.

BIM for The HFS Warehouse and Bakery Addition and Renovation was not utilized at all.
This does not mean that it could not have been beneficial. These analyzes would benefit
from BIM in many ways. Three of the main benefits would be displaying a 3D model to
help find the issues with an as-built drawings earlier on in the project and a 4D model to
help with the phase planning and the future maintenance required.

If a 3D model was created, the issues with the as-built drawings would have been found
much earlier on. When the designer using Revit was comparing the as-built to the actual
building when he was making the model, he would have found the issue. The 3D model
would have been created before the project even started, so all the issues would have
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been found before and construction took place. Finding these issues would have limited
the amount of RFI's and ASI's greafly.

LEVEL 1: BIM EXECUTION PLAKN
Project Tiths: Housing and Food

e and Bakery Expansion

BIM USES

trinpes

INFO EXCHANGE

Figure 7 - BIM Use Process Map

A 4D model could have been used to effectively show the construction sequence and
the different phases of construction. This would identify space and workspace conflicts
and would be able to resolve these issues ahead of the construction process.

A 4D model is a great way to show how the new construction activity will work.
Implementing the use of large equipment, new delivery tactics, and installation
techniques will improve the overall schedule of the project. This equipment and new
delivery method can be displayed accurately and to scale with the use of BIM.

In a 4D model, the equipment needed can clearly be displayed in its exact location and
its uses. BIM can be used to show the basic aspects of construction while still explaining
how the phase will flow with the rest of the construction activities.
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The 4D model can clearly display how construction around the addition proceeds with
the use of different colors. The model can also show the locations of the delivery trucks,
the equipment needed, the construction trailers and the laydown area for the materials.

The use of a 4D model can also help create maps for each phase of construction that
can be set up around the site on the inside of the building and or the exterior of the
building. These maps will allow for workers and pedestrians to see which activity is going
on and the current traffic plan around the site. This will be beneficial when tfraffic needs
to be closed off for the delivery. These maps can also help keep pedestrians out of
danger zones during the entire construction process.

With facilities management the owner has different ways of approaching issues to the
building. One option known as Space/Real Estate Management is where all the space is
clearly defined and anyone looking at the model can tell exactly what goes in the space
and what goes on in the space. The second option is Project Management, which helps
future contractors do any renovations that may occur. The last option is Asset
Management which helps with the equipment maintenance in the building.

4.7 RECOMMENDATIONS

In conclusion the implementation of BIM has many potential benefits to help with
coordination, phasing and facility maintenance. Using BIM can be very useful in limiting
the amount of time wasted with RFI's, can help with the phasing and construction
activities, and can aid with future maintenance.

5.0 INDOOR AIR QUALITY

5.1 PROBLEM IDENTIFICATION

Kinsley Construction did not seeking any LEED accreditation for The HFS Warehouse and
Bakery Expansion. A significant portion of the LEED credits come from the interior space
of the building to ensure that there are efficient systems, recycled materials, and what
could be most important, a healthy environment for the building occupants. In foday's
industry, indoor air quality (IAQ) is an important issue dealing with mechanical systems
that supply fresh air and the occupants’ health. IAQ is known to effect occupant health
in that contaminant concentrations in the environment are an important contributor to
the total air pollutant intake that an individual experiences.

The HFS facility’s indoor air quality is as especially important issue. When the mechanical
ducts were redesigned, it is uncertain that the same amount of outside air to recirculated
air fraction was kept consistent.
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5.2 PROPOSED SOLUTIONS

For this analysis an IAQ calculation for a single unit will be performed in order to determine
how the system performs compared to the IAQ standard. The analysis will be performed
in accordance to the ASHRAE Standard 62.1-2013. A definitive standard for this type of
facility was not able to be located so the performance of the current system will be
compared to the IAQ standard that one must reach in order to achieve the LEED credit
using Option 2 for Minimum Indoor Air Quality Performance. After it is determined as to
whether or not the current system performed to the standard, a Mechanical Breadth will
determine the correct size or system that will meet the standard.

X

ASHRAE

ANSIASHRAE Standard 62.1-2013

s ANSUASHRAE Standard 62.1-2010)
Includes ANSVASHRAE addenda Bsted In Appendix |

Ventilation
for Acceptable
Indoor Air Quality

See Appondix | for agproval dutes by the ASHPAE Stndads Comamines, the ASHRAE Board of Divectors, sad the Amerscan
Naticnad Sandards Imttue.

Thas standard s usder contirucus manterance by 3 Standing Seandard Project Commsttee (SSPC) for which the Standards Com-
miciee has esablihad 3 docunented program for reguar peblication of addenda or revisions, nchuding procedires for amely,
dooumented, consensus 5hn on requests for charge 1o any part of the standard. The change subawiral form, Inswectons, and
deadines may be obtained in secronic form from the ASHRAE websioe (www. sshras. org) o in paper form from the Manager of
Seandards. The latest edcn of an ASHRAE Seandard may ba purchased from the ASHRAE Web site (www.ashrse ceg) o frem
ASHRAE Customme Service, 1751 Tulie Circle, NE, Atlnta, GA 30J29-2305. E-mal ordersashraeceg Fac 404-321-5478.
Telughone: 404-636-8400 (worldwide), or tol free 1-800-5274713 {for ordars i US and Canada). For reprnt permission, go 1o

=
(Gns)

© 2013 ASHRAE BN 10412306
ey

Tris e 2 ficerced 1 Willom Surefleth (whatefeth@psu.ede). Dowdoed Duser 210/2004

Figure 8 - ASHRAE Standard 62.1 - 2013
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5.3 ANALYSIS PROCEDURE

To begin this analysis a single unit was chosen to analyze. The unit chosen is the largest
unit, Unit H, the office space at 3,015 square feet. Each room was broken down into its
own zone ASHRAE 62.1 (see Appendix E). The next step in determining the IAQ for this
unit was to calculate the zone floor area for each room along with the zone
population. With these variables you can calculate the Breathing Zone Outdoor Airflow
(Vbz) using equation 6.2.2.1 below.

Vbz =Rp X Pz + Ra x Az (6.2.2.1)
Where
Az = Zone floor areq, the net occupiable floor area of the ventilation zone, 12

Pz = Zone population, the number of people in the ventilation zone during typical
usage

Rp = Outdoor airflow rate required per person as determined from Table 6.2.2.1
Ra = Outdoor airflow rate required per unit area as determined from Table 6.2.2.1

The next step is to determine the Zone Air Distribution Effectiveness (Ez) (see Appendix
E). For this type of air distribution configuration the distribution effectiveness is 1.0. Using
this value and the values determined using equation 6.2.2.1, you can determine the
Zone Outdoor Airflow using equation 6.2.2.3 below.

Voz =Vbz/Ez (6.2.2.3)

Using equation 6.2.2.3 above the next step is fo calculate the Zone Outdoor Airflow for
each zone in Unit H. After completing this analysis and adding up the Zone Outdoor
Airflow for each zone it was determined that an additional 383 CFM of outdoor air
needs to be added to the system in order to meet the requirements set by the U.S.
Green Building Council in order to reach the Indoor Air Quality requirement. Table 5 on
the following page shows the steps taken in this portion of the analysis.
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Table 5 - Indoor Air Quality Analysis

Indoor Air Quality Analysis - Unit H
Zone Area | Zone Population | Breathing Zone Outdoor Airflow | Zone Air Distribution |Zone Qutdoor Airflow

Zone name Az (ftA2) Pz (people) Vbz (cfm) Effectiveness Ez Voz (cfm)

Restroom 214 2.00 0 1.00 0
Reception 144 1.44 16 1.00 16
Chef Office 215 4.30 58 1.00 58
Copy Room 152 1.52 17 1.00 17
Shared Confrence Room 488 4.88 54 1.00 54
Break Room 206 10.00; 62 1.00 62
Storage 115 0.23 15 1.00 15
Supply Closet 62 0.62 11 1.00 11
Corridor 226 0.00 0 1.00 0
Office A 256 2.56 28 1.00 28
Office B 156 1.56 17 1.00 10
Office C 155 1.55 17 1.00 10
System Area (sq ft) 3,015

System Population (people) 30.66

Uncorrected Outdoor Air Intake (¢fm) 295

OQutdoor Air Intake Flow (+30%) (cfm) 383

5.4 RECOMMENDATIONS

Indoor Air Quality (IAQ) is an important design criteria in today’s industry. It is especially
important in a facility such as The HFS Warehouse and Bakery. Analysis 3 focuses on
determining the IAQ of the current system and determining an alternate system through
a mechanical breadth. After completing the analysis it was determined that the current
system fell somewhat short and a 100% outdoor air system was chosen. It is
recommended to use the 100% outdoor air system for The Housing and Food Service
Warehouse and Bakery.
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6.0 MECHANICAL BREADTH

The main conftributor to indoor air quality is the ratio of outside air to recycled air that is
used in the system, the more outside air the better the IAQ. With that being the case, for
this mechanical breadth, using the outdoor air requirements from the analysis above, a
100% outdoor air unit design will be determined for Unit H.

In order to calculate the cooling and heating loads you first have to determine the
design parameters for the location of your building. For this case the building is located
in State College, PA and the design parameters for this area can be seen in Figure 9
below. The ASHRAE 1% parameters will be used for both the dry and wet bulb variables
for this analysis.

Summer Design Cooling

User iy = ASHRAE MaxDB/MCY
" Overnide & Defaut ¢ 04% 1%
Diybub | 30 [327 [30.1 57
wetbub | [74 [756 [745 [73
I Weather overrides apply to entire year?
Winter Design Heating
User Standard
" Overmide  Defaut ¢ 996%  99%
Drybub | [14 [11.6 [15.8 F
Optional Direct Dehumidification \Weather
--------- ASHRAE MaxDP/MCDE -
(¢ None ( 04% {12 " 2%
Diybub |23 81.7 [80.4 °F
Wetbulb |77.4 |76.3 |75.1 F
Dew point [75 5 [74.3 [73.1 °F

Modeling Method |I:I veride Design Day in Dsnio+1 _J

Figure 9 - Design Parameters
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The first step will be determining the cooling load for Unit H. When calculating the
cooling load, equation 1 below is used.

G(btu) = 4.5 CFM Ah (Equation 1)

In the equation above, 4.5 is a constant, the CFM refers to the total outdoor air supply
from the analysis above and delta h is the difference in enthalpy using a psychrometric
chart. For the cooling load the design parameters for Summer Design Cooling are used
from Figure 9 above. Those values are 90.1 for the Dry bulb and 74.5 for the Wet bulb.
For this analysis a relative humidity of 60% will be used with an indoor temperature of 75°
F. The psychrometric chart used to determine the enthalpy change, delta h, can be
seen below.

ASHRAE PSYCHROMETRIC CHART

ol

Seew

o s T

DRY-BULB TEMPERATURE, °F

Figure 10 - ASHRAE Psychrometric Chart for Cooling Load

From the chart above you can see that h1 = 38.8 btu/lbm and h2 = 30.4 btu/lbm. Using
these values and our previous outdoor air supply of 383 cfm you are left with the
equation below.

G(btu) = 4.5 (383) (38.8 - 30.4)

G(btu) = 14,477 .4 btuh = 14. 5 mbh
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The original system for this unit provided 54.9 mbh for cooling, for the 100% outside air
system the 14.5 mbh calculated will be added to this amount for a total of 69.4 mbh. A
new 100% outdoor air system will need to be able to support this cooling load in order
to meet that demand for this unit.

The next part of this analysis is to determine the heating load for Unit H. This is done by
finding the sensible load (gsens) and the latent load (glat) for the space. The sensible
heat load takes into consideration the difference between the outside temperature
and the amount of outside air needed. Equation 2 below shows this relationship.

g sens = 1.08 CFM AT (Equation 2)

Again using the design parameters for the State College, PA area the heating load was
designed with a Dry bulb temperature of 15.8° F. The calculated 383 cfm from the
previous analysis is also used along with the indoor temperature of 75° F. This calculation
is shown below.

g sens = 1.08 (383) (75 - 15.8)
g sens = 24,487.5 btuh = 24. 5 mbh

The heating load above is added to the current load of 100 mbh for a total of 124.5
mbh load for Unit H

The new 100% outdoor air system will need to be able to supply a cooling load of 69.4
mbh and a heating load of 124.5 mbh.

The next step for this mechanical breadth is to determine the cost implications with
changing the mechanical system from its current system to a 100% outdoor air system.
Cost information was taken from RS Means 2014 Mechanical Cost Data.

Using the loads from the first part of the analysis, another unit size was chosen and is
denoted as the 100% Outdoor Air Cooling/Heating System — Unit H. This system does not
differ much from the current system other than the increase in MBH for the heating
system. The cost difference, although more than the current system, is also not very
substantial at $280.00. This additional price can be offset by the deletion of the return air
ducts for the current system; these will no longer be needed with a system using 100%
outside air. This could not be as clearly shown for Unit H.

6.1 RECOMMENDATIONS

Following this mechanical breadth and analysis of the indoor air quality it would be
recommended to go forth with the 100% outdoor air system. The cost of this change
would not negatively affect the overall budget and it would provide residents with a
higher quality style of living.
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7.0 LEED CERTIFICATION

7.1 PROBLEM IDENTIFICATION

The original project took no considerations to pursue a LEED certification. After reviewing
the current design, renovation and addition, it became evident that the project already
would be capable of acquiring a LEED certification. With only minor changes, the project
is capable of acquiring at least 40 LEED points deeming it suitable for a LEED Certified
rating.

7.2 PROPOSED SOLUTIONS

The final analysis is the pursuit of a LEED Certification and a more sustainable project. The
current project plans and methods will be evaluated through the LEED Certification
process along with rational changes to acquire the most LEED points and highest LEED
certification.

Research of the new green buildings systems will evaluate the benefits of a sustainable
and LEED certified project. New systems and methods will be researched to maximize
energy and cost savings along with construction efficiency.

7.3 BACKGROUND RESEARCH

With the process of a LEED certification comes many other benefits to the construction
and lifespan of the project at hand. The process offers rigorous third party commissioning
to enhance the design and construction in many different ways. The certification of a
sustainable projects lets the owner as well as the users of the building know that effective
measures were taken to ensure an environmentally conscientious building was
produced.

The decision to pursue a LEED certified and green building can result in many different
benefits. Lower operating costs and higher asset value, reduced project waste, energy
conservation, a healthier, safer, and more productive environment for all future users,
reduced greenhouse gas emissions, and tax rebates are just a few of the incentives to
choose a green project.

7.4 ANALYSIS PROCEDURE

To produce a LEED Certified building there are many requirements, but it starts with the
LEED Checklist and a targeted level of certification. The LEED Checklist will allow the
owner and architect to look for certain points they can reasonably with minimum
changes to obtain, and there are others which they will coordinate the projects design
to obtain. After analyzing the checklist and even conducting a rough estimate of the
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cost of the projected points, the owner will then decide on the targeted level of
certification.

Through this analysis the targeted LEED points will be evaluated as the owner and
General Contractor would after the project was completed. The credits will be tallied
and if the project team succeeds the project will be awarded with one of the four LEED
Certifications. The LEED Checklist can be found on the USGBC's LEED website, which will
provide the guidelines for assessing the degree of sustainability incorporated in the
project. The credits awarded will be categorized under six LEED categories.

INTEGRATIVE PROJECT PLANNING AND DESIGN
Integrative Process — 1 point acquired

By intfegrating the project between multiple facets of the project team the project and
obtain this prerequisite the project will have to be integrated between four of the main
players in the construction process. This project would most easily be able to integrate
the architect, general contractor, civil engineer, and landscape architect, as these are
the most prevalent teams in the project’s completion.

LOCATION AND TRANSPORTATION
Sensitive Land Protection — 1 point acquired

The first LEED credit available is the Sensitive Land Protection credit, which defines any
development footprint not located on a land defined as Prime Farmland, Floodplains,
Species, Water Bodies, or Wetlands. These land types are further defined in the LEED v4
Building Design and Construction Addenda. With this criteria filled they can acquire one
credit for Sensitive Land Protection.

High Priority Site — 1 point acquired

To encourage project location in areas with development constraints and promote the
health of the surrounding area.

Surrounding Density and Diverse Uses — 2 points acquired

Construct or renovate the project on a previously developed site that was used for
industrial or commercial purposes.

Access to Quality Transit — 5 points acquired

Locate any functional entry of the project within a 4-mile (400-meter) walking distance
of existing or planned bus, streetcar, or rideshare stops, or within a 2-mile (800-meter)
walking distance of existing or planned bus rapid fransit stops, light or heavy rail stations,
commuter rail stations, or commuter ferry tferminals. Planned stops and stations may
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count if they are sited, funded, and under construction by the date of the certificate of
occupancy and are complete within 24 months of that date.

Bicycle Facilities — 1 point acquired

Design or locate the project such that a functional entry or bicycle storage is within a
200-yard (180- meter) walking distance or bicycling distance from a bicycle network that
connects to at least one of the following:

e Atleast 10 diverse uses

e A school or employment center, if the project total floor area is 50% or more
residential; or

e A bus rapid transit stop, light or heavy rail station, commuter rail station, or ferry
terminal. All destinations must be within a 3-mile (4800-meter) bicycling distance
of the project boundary.

SUSTAINABLE SITES
Site Assessment — 1 point acquired

Complete and document a site survey or assessmentl that includes the following
information:

e Topography. Contour mapping, unique topographic features, slope stability risks.

e Hydrology. Flood hazard areas, delineated wetlands, lakes, streams, shorelines,
rainwater collection and reuse opportunities, TR-55 initial water storage capacity
of the site (or local equivalent for projects outside the U.S.).

e Climate. Solar exposure, heat island effect potential, seasonal sun angles,
prevailing winds, monthly precipitation and temperature ranges.

e Vegetation. Primary vegetation types, greenfield areq, significant tfree mapping,
threatened or endangered species, unique habitat, invasive plant species.

¢ Soils. Natural Resources Conservation Service soils delineation, U.S. Department of
Agriculture prime farmland, healthy soils, previous development, disturbed soils
(local equivalent standards may be used for projects outside the U.S.).

¢ Human use. Views, adjacent transportation infrastructure, adjacent properties,
construction materials with existing recycle or reuse potential.

e Human health effects. Proximity of vulnerable populations, adjacent physical
activity opportunities, proximity to major sources of air pollution. The survey or
assessment should demonstrate the relationships between the site features and
topics listed above and how these features influenced the project design; give
the reasons for not addressing any of those topics.

Open Space — 1 point acquired
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Provide outdoor space greater than or equal to 30% of the total site area (including
building footprint). A minimum of 25% of that outdoor space must be vegetated (turf
grass does not count as vegetation) or have overhead vegetated canopy.

Rainwater Management — 1 point acquired

In a manner best replicating natural site hydrology processes, manage on site the runoff
from the developed site for the 95th percentile of regional or local rainfall events using
low-impact development (LID) and green infrastructure.

WATER EFFICIENCY
Indoor Water Use Reduction — 4 points acquired

All newly installed toilets, urinals, private lavatory faucets, and showerheads that are
eligible for labeling must be WaterSense labeled (or a local equivalent for projects
outside the U.S.).

Further reduce fixture and fitting water use from the calculated baseline in WE
Prerequisite Indoor Water Use Reduction. Additional potable water savings can be
earned above the prerequisite level using alternative water sources. Include fixtures and
fittings necessary to meet the needs of the occupants. Some of these fittings and fixtures
may be outside the tenant space (for Commercial Interiors) or project boundary (for New
Construction)

Water Metering — 1 point acquired

Install permanent water meters for two or more of the following water subsystems, as
applicable to the project.

ENERGY AND ATMOSPHERE
Optimize Energy Performance - 8 points acquired

Establish an energy performance target no later than the schematic design phase. The
target must be established as kBtu per square foot-year (kW per square meter-year) of
source energy use.

Enhanced Refrigerant Management — 1 point acquired

Select refrigerants that are used in heating, ventilating, air-conditioning, and refrigeration
(HVAC&R) equipment to minimize or eliminate the emission of compounds that
contribute to ozone depletion and climate change. The combination of all new and
existing base building and tenant HYAC&R equipment that serve the project.
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MATERIALS AND RESOURCES
Construction and Demolition Waste Management — 2 points acquired
Develop and implement a construction and demolition waste management plan:

e Establish waste diversion goals for the project by identifying at least five materials
(both structural and nonstructural) targeted for diversion. Approximate a
percentage of the overall project waste that these materials represent.

e Specify whether materials will be separated or comingled and describe the
diversion strategies planned for the project. Describe where the material will be
taken and how the recycling facility will process the material.

INDOOR ENVIRONMENTAL QUALITY

Enhanced Indoor Air Quality Strategies — 2 points acquired
Comply with the following requirements, as applicable.
Mechanically ventilated spaces:

e enfryway systems
e interior cross-contamination prevention
o filtration.

Naturally ventilated spaces:

e Entryway systems
¢ natural ventilation design calculations.

Mixed-mode systems:

Entryway systems

e interior cross-contamination prevention
o filtration

e natural ventilation design calculations
¢ mixed-mode design calculations

Low-Emitting Materials — 3 points acquired

This credit includes requirements for product manufacturing as well as project teams. It
covers volatile organic compound (VOC) emissions in the indoor air and the VOC
content of materials, as well as the testing methods by which indoor VOC emissions are
determined. Different materials must meet different requirements to be considered
compliant for this credit. The building interior and exterior are organized in seven
categories, each with different thresholds of compliance. The building interior is defined
as everything within the waterproofing membrane. The building exterior is defined as
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everything outside and inclusive of the primary and secondary weatherproofing system,
such as waterproofing membranes and air- and water-resistive barrier materials.

Construction Indoor Air Quality Management Plan — 1 point acquired

Develop and implement an indoor air quality (IAQ) management plan for the
construction and preoccupancy phases of the building. The plan must address all of the
following.

During construction, meet or exceed all applicable recommended control measures of
the Sheet Metal and Air Conditioning National Contractors Association (SMACNA) IAQ
Guidelines for Occupied Buildings under Construction, 2nd edition, 2007, ANSI/SMACNA
008-2008, Chapter 3.

Protect absorptive materials stored on-site and installed from moisture damage.

Do not operate permanently installed air-handling equipment during construction unless
filtration media with a minimum efficiency reporting value (MERV) of 8, as determined by
ASHRAE 52.2-2007, with errata (or equivalent filtration media class of F5 or higher, as
defined by CEN Standard EN 779-2002, Particulate Air Filters for General Ventilation,
Determination of the Filtration Performance), are installed at each return air grille and
return or transfer duct inlet opening such that there is no bypass around the filtration
media. Immediately before occupancy, replace all filtfration media with the final design
filtration media, installed in accordance with the manufacturer's recommendations.

Prohibit the use of tobacco products inside the building and within 25 feet (7.5 meters) of
the building entrance during construction.

Indoor Air Quality Assessment — 2 points acquired

After construction ends and before occupancy, but under ventilation conditions typical
foroccupancy, conduct baseline IAQ testing using protocols consistent with the methods
listed for all occupied spaces. Use current versions of ASTM standard methods, EPA
compendium methods, or ISO methods, as indicated. Laboratories that conduct the tests
for chemical analysis of formaldehyde and volatile 126 Updated to reflect the April 5,
2016 LEED v4 Building Design and Construction Addenda organic compounds must be
accredited under ISO/IEC 17025 for the test methods they use. Retail projects may
conduct the testing within 14 days of occupancy.

Interior Lighting — 1 point acquired

For all shared multioccupant spaces, meet all of the following requirements.
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e Have in place multizone conftrol systems that enable occupants to adjust the
lighting to meet group needs and preferences, with at least three lighting levels or
scenes (on, off, midlevel).

e Lighting for any presentation or projection wall must be separately controlled.

¢ Switches or manual controls must be located in the same space as the controlled
luminaires. A person operating the controls must have a direct line of sight to the
conftrolled luminaires.

INNOVATION
LEED Accredited Professional — 1 point acquired

At least one principal participant of the project tfeam must be a LEED Accredited
Professional (AP) with a specialty appropriate for the project.

REGIONAL PRIORITY
Regional Priority — 2 points acquired

Earn up to four of the six Regional Priority credits. These credits have been identified by
the USGBC regional councils and chapters as having additional regional importance for
the project’s region. A database of Regional Priority credits and their geographic
applicability is available on the USGBC website

JOSEPH RUTT | Construction Management



36

LEED v4 for BD+C: Warehouses and Distribution Centers
Project Checklist Project Name: Housing and Food Senice Warehouse and Bakery

Date: 4/4
Y ? N
1 .- credit  Integrative Process 1
10/ 1 | 5 Location and Transportation " 16 2 [ 2] 6 |Materials and Resources 13
credit  LEED for Neighborhood Development Location 16 Y Prereq Storage and Collection of Recyclables Required
1 credit  Sensitive Land Protection 1 52 Prereq Construction and Demolition Waste Management Planning Required
1|1 credit  High Priority Site 2 2 Credit Building Life-Cycle Impact Reduction 5
2 3 |credt  Surrounding Density and Diverse Uses 5 2 | credit Building Product Disclosure and Optimization - Environmental Product 2
Declarations
5 credit  Access to Quality Transit 5 2 |Credit Building Product Disclosure and Optimization - Sourcing of Raw Materials 2
1 credit  Bicycle Facilities 1 2 |credit Building Product Disclosure and Optimization - Material Ingredients 2
1 |credit  Reduced Parking Footprint 1 2 Credit Construction and Demolition Waste Management 2
1 |credit  Green Vehicles 1
91 | 6 Indoor Environmental Quality 16
3|2 ] 5 Sustainable Sites 10 LY | Prereq Minimum Indoor Air Quality Performance Required
Y Prereg  Construction Activity Pollution Prevention Required Y Prereq Environmental Tobacco Smoke Control Required
1 credit  Site Assessment 1 2 Credit Enhanced Indoor Air Quality Strategies 2
2 |credit  Site Development - Protect or Restore Habitat 2 3 Credit Low -Emitting Materials 3
1 credit  Open Space 1 1 Credit Construction Indoor Air Quality Management Plan 1
1|2 credit  Rainw ater Management 3 2 Credit Indoor Air Quality Assessment 2
2 |credit  Heat Island Reduction 2 1 |credit Thermal Comfort 1
1 |credit  Light Pollution Reduction 1 1|1 Credit Interior Lighting 2
3 |Credit Daylight 3
5 [ 2| 4 |Water Efficiency 11 1 |creat  Quality Views 1
Y prereq  Outdoor Water Use Reduction Required 1 |credit Acoustic Performance 1
T prereq  Indoor Water Use Reduction Required
52 prereq  Building-Level Water Metering Required 1|2 |3|Innovation 6
2 |credit  Outdoor Water Use Reduction 2 2|3 ICredll Innovation 5
4 2 |credit  Indoor Water Use Reduction 6 1 lcvednl LEED Accredited Professional 1
2 credit  Cooling Tow er Water Use 2
1 credit  \Water Metering 1 2 | 0| 2 Regional Priority 4
1 credit  Regional Priority: Specific Credit 1
9 12‘ # |[Energy and Atmosphere 33 1 Credit Regional Priority: Specific Credit 1
Y prereq  Fundamental Commissioning and Verification Required 1 |credit Regional Priority: Specific Credit 1
T Prereq  Minimum Energy Performance Required 1 |Credit Regional Priority: Specific Credit 1
T prereq  Building-Level Energy Metering Required
v preeq  Fundamental Refrigerant Management Required TOTALS Possible Points: 110
6 credit  Enhanced Commissioning 6 Certified: 40 to 49 points, Silver: 50 to 59 points, Gold: 60 to 79 points, Platinum: 80 to 110
8 10|credit ~ Optimize Energy Performance 18
1 credit  Advanced Energy Metering 1
2 |credit  Demand Response 2
B credit  Renew able Energy Production 3
1 credit  Enhanced Refrigerant Management 1
2 credit  Green Pow er and Carbon Offsets 2

Figure 11 - LEED Score Card

7.5 PREDICTED OUTCOME

The Housing and Food Services Warehouse and Bakery expansion already has potential
LEED points, but with the implementation of the proposed systems; there is even more
prospective points to be gained. The evaluation of the project after the changes have
been made should result in a least a LEED Certified accreditation.

7.6 RECOMMENDATIONS

In conclusion after implementing all of the previous analyses, it would be almost an
obvious decision to pursue a LEED Certification. The certification will not only
commemorate the sustainability considerations of this project, but also interconnect all
of the sustainable opportunities together. With a LEED score of 42 points, there may be
some points that the team didn’t intfend on achieving and some that they may have
already planned on acquiring that didn’t work out for them. As a backup there are 22
possible points, which may or may not be achievable, but four of them are guaranteed
if the owner is willing to pay for the additions.
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Of course the decision to pursue a LEED Certification is predominately up to the owner.
Although, there are clear reasons why this is a beneficial decision to the owner.
Sustainable buildings are a great representation of the principles and values the owner
wants to portray. Sustainable buildings are not only environmentally friendly but also very
cost saving in the long run

8.0 ELECTRICAL BREADTH

The existing design of the electrical system have two power distributions of 208Y/120V.
The breadth will focus on the possibility of updating the electrical system voltage to
480Y/277V from the existing design of 208Y/120V. For the convenience of comparing
system efficiency and cost effectiveness, the impact from the proposing LEED Analysis
will not be counted in this analysis; i.e. the addition power from the rooftop wind turbine
system will not be included in the LEED analysis. Because the original system is selected
based on a preliminary estimate, the exact electrical load that can be provide with the
on-site generator is undefined. Thus, in this analysis, the electric loads will be assumed to
meet the designed system.

Theoretically, with the rooftop turbine units and the pole mounted wind turbine, power
consumption of the building from the main power supply is expect to decrease and thus
reduce the building operation cost in long run. A life cycle cost analysis of the updated
system compared to the original design will be done in the Value Engineering Analysis.
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The existing electrical design for The HFS Warehouse and Bakery utilizes two parallel
services entrances connects to the switchgears with incoming service voltage of
208Y/120V.

Table é — Switchboard Schedule

POWER STYLE QED-2 SWITCHBOARD

DEVICE/FRAVE INFORMATION
[S6[ poisa] "tz | e e | # — i £ mmmm NOT_WRE RANGE S
1 juer| - 30004 - o e o - 9 -
2 |w - NN SC00A Mug A | S000A [ALSIG] 3 fucin Drecher Yeu| = | 30 = 750 kemil | < | 3/0 « 750 hoewt [F S50 0F4
3|1 Jesm - 2008 | = | 9 |Oece & veo| 1 | 3/0 = 360 bemit | 1 | #6 = 350 bewn
3|2 fesm o 2008 | = | % [Devmce & ves | t | 3/0 = 350 bt | 0 | 46 = 350 bewtt
3|3 |4sm «~ 2% | - ¥ Porel W18 Yes| 1 | 3/ = 350 kewit | #6 = 350 el
3|4 a5 by 2% | = | ¥ Porel v2A Yeu| ' | 3/0 = 330 kmil | #0 = 350 hoedl
3]s |esim Y] 225 | = | 3 Porel w32 vea| t | 3/0 « 350 ket | 1 | #6 « 350 howdt
LI L R A R w SO0 - 3 Wetce Convel Conter Yeu| 2 40 = S00%cr 2 4/0 « SOCherll
3|78 m AL M| - |- ves| 2| 4/0 - s00semt | 1 | $4 - 600 bawnt
3|9 |45 » 23| = | Perat V1A Yes| t | 3/ = 300 it | # ~ 350 howdl
3|9 |asm - 2% | - | ¥ Poe wic ves| 1 | 30 < 350 bewit | 7 | 96 < 350 hewd
3 |0 |45 i N 2% - ¥ POAS-3 Yea| ¢ 3/0 = 30 kit * #0 < 350 kel
3 |1 jes i - | - P s Yes | ! 3/0 — 3450 it | #6 — 350 hewlt
3 |12 ]esm w 1734 | - | @ w0 -1 ves| ! 10~ 4/0 MG | 1 | 96 — 350 bawit
4 |13 |45 "w 1WA | =~ | Pael L0 Yo | 1 #14 ~ 3/0 A 1 14 = 1/ Amc
o |re s w 1004 - ¥ Parel LMD Yeu| 1 $14 < 30 Mt 1 18~ /0 aes
¢ |18 jasm w 100 |~ | 3 Porel w Yea| t | -0 M | 7| 16 - 10 ams
o |8 [esin W 004 |~ | ¥ Poe 28 Yes| t | 4 =300 || #4 - 1/0
o |7 jasn w LY - » - ves | 14—~ 30 aws 1 #6 — 350 kewdt
4 | |as "w 1oa | - | oot - veu| 1 | e -0 | 1 | 46 - 350 ket
e |0 |eS im w 1004 - 3 Parel UM Yea | ! #14 = 30 AnC 1 $18 = 10 M
4« |20 |45 By 1004 - » 7S ~ B0 vYes| ! 14 = 30 ant L] P4 = 1/0 ans
o |2 fesin w 0 | = | 2 Poel i ves| t | e -30 a0 | v | 4= 10 ans
4 |22 |asw w woa | - | 3 pore 16 veul 1| e -30mec | 2 | 906 - 1/0 e
ES D w oA | = |»joc - Yo | 1t | $réa=30mc | 1 | $14 = 1/0 amC
o |2 a5 in L s - ¥ T = CPIAS/CPD Yes | ! P14 = 3/0 Ant L] P18 = 110 s
4« |25 |4d “w 1004 - 3 [SPAsE Yes | LA T ) 4 = /0 ams
4 |36 |45 "W WA | =~ |2 Pael vi6 ves| 1| gra -0 mG |0 | 91 - 10 e
4 |27 a5 w J00A | = | 3 lspasg Yeu | 1 #14 = 3/0 A 1 16 = 1/0 A
4 |28 |48 » LY 1004 - 30 [SPARE Yen | $14 = 3/0 Anc 1 $14 — 170 Ans
4 129 |45 e R 1008 - ¥ [SPasE Yeu| ¥ 14 = 3/0 A 1 14 = 10 ang
NE T " 10oa | - | ¥ Paw LA veu| t | a0 | 1| pra - 10 e
4 In|ase " “©A - | 3 pvss Yeu | ¥ 914 — 3/0 anc; 1 14— 10 A
4 |32 ]|as e " £ - » ot - 2 Yea | $18 = 3/0 s 1 18 = 1/0 Amc

The switchboard schedule shown above is used to determine the loads switchboards
need to feed for different setfs of feeders. All the feeders feed to lighting panels are
assumed to be supplied by 480Y/277V system. The calculations of new feeder sizes are
demonstrated below. The new proposed sizes exclude the calculation of grounding
wire.
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Table 7 - Feeder Sizes

NID De
GMO DEVICE/FRAME tr1p | Fuse/ | ¥P = )
) BRIcAY RATLIN AMP | TRIE ; QTY [PHASE WIRE RANGE EUT. WIRE E
g:
T - - — |DUQUES I - -
M NW 3000A Plug A | 3000A |A-LSIG| 3P |Main Breaker 2/0 = | 3/0 - 750 kemil - 31/0 = 750 kemil
2004 e 3P |Elevator B 3/0 = 350 kemil §6 = 350 kemil
2 2008 ) - ) = 350 kemil #6 — 350 kemil
3 | 4.5 in 15} 2258 = iP |Panel M1B 1 3/0 — 350 kemil 1 #6 — 350 kemil
3 4 22 - { -3 kemil
5 A - 3/0 — kemil
3 6 L A == Mot 2 1 - kemil 2
3 ] L R = 2 4/0 — cmil
3 | & 5B - ( 3/0 — 350 kemil
SA = e i kemil
3 SR - — 250 kemil
A - A ) = kemil

New voltage ratings are modified as showed in the previous table. The wire size is much
smaller when sized with conservative criteria. The feeder size differences are very
significant after the calculation.

8.2 CONCLUSION OF ELECTRICAL BREADTH

Based on the calculations, also given the condition of The HFS Warehouse and Bakery,
there will be a benefit if the wires are sized up. The payback periods are relatively short.
Thus the upsizing of the wires are recommended.

8.3 RECOMMENDATIONS

Based on the study, cost saving and benefits are reasonable for the improvement of
Value Engineering by implementing roof-top wind turbine system. The payback periods
are very short assuming the project can obtain funding from the state and industry.
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2.0 FINAL RECOMMENDATIONS

ANALYSIS 1: SIPS ANALYSIS

This analysis focuses on reducing the time to renovate the office space in the Housing
and Food Services building. The area of investigation would be to see if implementing a
SIP schedule to the renovation of the office space would accelerate the schedule and
reduce office downtime.

By investigation and applying a SIP Schedule for the interior renovation of the Housing
and Food Services office space, the project schedule should be accelerated to alleviate
office downtime by about five weeks. A smallincrease in man power for particular trades
was necessary.

ANALYSIS 2: BIM UTILIZATION

The schedule is a main concern for the owner. The project needs to finish on time so
regular production and storage can occur. One main issue that has held the project up
is that there was no as-built drawing for the original warehouse and bakery. There was a
lot of wasted time when the project team and the architect were trying to communicate
and collaborate. A large contingency was held in case any problems occurred during
construction. Many RFI's and ASI’'s were submitted and take time to get answers, which
can cause major schedule delays. The implementation of BIM will also help the owner
with operation and maintenance after the building is furned over.

In conclusion the implementation of BIM has many potential benefits to help with
coordination, phasing and facility maintenance. Using BIM can be very useful in limiting
the amount of time wasted with RFl's, can help with the phasing and construction
activities, and can aid with future maintenance.

ANALYSIS 3: INDOOR AIR QUALITY

Indoor Air Quality (IAQ) is an important design criteria in today’s industry. It is especially
important in a facility such as The HFS Warehouse and Bakery. Analysis 3 focuses on
determining the IAQ of the current system and determining an alternate system through
a mechanical breadth. After completing the analysis it was determined that the current
system fell somewhat short and a 100% outdoor air system was chosen. It is
recommended to use the 100% outdoor air system for The Housing and Food Service
Warehouse and Bakery.
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ANALYSIS 4: LEED CERTIFICATION

In conclusion after implementing all of the previous analyses, it would be almost an
obvious decision to pursue a LEED Certification. The certification will not only
commemorate the sustainability considerations of this project, but also interconnect all
of the sustainable opportunities together. With a LEED score of 42 points, there may be
some points that the tfeam didn’t infend on achieving and some that they may have
already planned on acquiring that didn't work out for them. As a backup there are 22
possible points, which may or may not be achievable, but four of them are guaranteed
if the owner is willing to pay for the additions.

Of course the decision to pursue a LEED Certification is predominately up to the owner.
Although, there are clear reasons why this is a beneficial decision to the owner.
Sustainable buildings are a great representation of the principles and values the owner
wants to portray. Sustainable buildings are not only environmentally friendly but also very
cost saving in the long run
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APPENDIX B: EXISTING SITE CONDITIONS

KEY:
=== Site Fencing B Fire Hydrant
Access Road I site Trailer
Traffic ; | Material Laydown

I Restroom
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APPENDIX C: GENERAL CONDITIONS ESTIMATE

Cost per Unit Quantity UOM Total Estimate

Code Work Description

Supervision/Proect Management

01.21.00 Project Manager Labor

01.21.00 1-Project Laborer

01.21.00 1-Project Laborer

01.21.00 Superintendent Labor

01.21.00 Asst. Superintendent Labor

01.21.00 Administration Clerical Labor
Subtotal

Field Engineering
01.32.23 Survey
01.43.39 Mockups
01.45.23 Testing & Allowances (Soils)
01.45.29 Concrete Testing
Subtotal

Administrative
01.32.33 Photographic Documentation
01.51.13 Trailer Electric Service Install
01.51.13 Trailer Electric Monthly Cost
01.51.13 Temp. Power Installaton
01.51.13 Temp. Power Usage
01.51.23 Temp. Heat - Equipment
01.51.29 Temp. Heat Fuel
01.51.33 Trailer Telephone Monthly Costs
01.51.36 Drinking Water & Cups
01.51.36 Temp. Water Installation
01.51.36 Temp. Water Usage
01.52.13 Site Trailer Set-up & Tear-down
01.52.13 Trailer Field Office Rental
01.52.13 Storage Containers/Trailers
01.52.19 Temp. Toilets (cost per based upon 5 toilets)
01.54.19 Rental Equipment
01.56.26 Temp. Fencing (émo-1yr rental with RR)
01.58.13 Temp. Project Signage
Subtotal
Safety
01.51.16 Fire Protection (fire extinguisers)
01.52.16 First Aid/Safety Supplies
Subtotal
Cleanup
01.74.13 Final Clean Building
01.74.19 Dumpsters
Subtotal
Miscellaeous
01.78.53 Drawing Reprodction
Subtotal

General Requirements Total

$2,415.00
$993.00
$993.00
$1,250.00
$880.00
$425.00

$850.00
$800.00
$1,200.00
$402.00

$25.00
$965.00
$550.00
$200.00
$300.00
$120.00
$3,575.00
$400.00
$50.00
$600.00
$30.00
$780.00
$500.00
$250.00
$500.00
$3,600.00
$4.50
$1,000.00

$65.00
$150.00

$0.35
$600.00

$0.07

32 Wk $76,656.00
63 Wk $63,038.00
32 Wk $31,519.00
63 Wk $79,354.00
63 Wk $55,865.00
63 Wk $26,980.00
$333,412.00

2 EA $1,700.00
1L $800.00

16 LS $20,069.00
61LS $2,261.00
$24,830.00

12 MO $300.00
1L $965.00

12 MO $6,600.00
218 $400.00

12 MO $3,600.00

2 Bldg. $240.00

2 Bldg. $7,150.00

12 MO $4,800.00
12 MO $600.00
1L $600.00

12 MO $360.00
1L $780.00

12 MO $6,000.00
12 MO $3,000.00
12 MO $6,000.00

6 EA $21,600.00
1600 LF $7,200.00
1L $1,000.00
$71,195.00

10 EA $650.00
218 $300.00
$950.00

94000 SF $32,900.00
94000 SF $56,400.00
$89,300.00

94000 SF $6,580.00
$6,580.00

$526,267.00
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APPENDIX D: SIPS MATRIX
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Office Renovation Activities
ID Activity
Hang Drywall
Spackle/Finish Drywall
3 Prep, Prime and Paint Walls
4 Prep, Prime and Paint Ceilings
Install Casework
Install Lighting Fixtures
Install Countertops
Install Hard Wood Flooring
Install Plumbing Fixtures
Final Paint
Install Door Hardware
12 Final Finish Carpentry
13 Install Carpet

Final Electric
Cleanup
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APPENDIX E: DUCT WORK TABLES
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Comments

Welded Ductwork

SMACNA" Ductwork

Not Suited for Ductwork

Sheet Metal Gauge

Sheet Thickness

(inches)
0 0.312
1 0.2810
2 0.2650
3 0.2500
4 0.2340
5 0.2187
6 0.2030
7 0.1875
8 0.1720
9 0.1560
10 0.1400
11 0.1250
12 0.1090
13 0.0937
14 0.0780
15 0.0700
16 0.0625
17 0.0560
18 0.0500
19 0.0437
20 0.0375
21 0.0343
22 0.0312
23 0.0280
24 0.0250
25 0.0218
L_26 0.0187 |

27 0.0170
28 0.0156
29 0.0140
30 0.0125
31 0.0109
32 0.0100
33 0.0093
34 0.0085
35 0.0078
36 0.0070
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sgsgs B85 -nweno 1003 IRERaa ISR NERERNBURRERRRIBEE AL

Bsgsg

Q.0051
00053
0.0055
0.00%
0.0003
0.00%

o7 |

Q0078
00085
0004
0.0%02
0.0108

00125 |

20w
g01%

00172 |

00188
00210
00250
00281
00313
0.0344
00375
00438
20500
003
0.0825
a3
a.07e1
00438
0,100
912%
0.1408
o158
01718
01875
0.2031
02138
02344
0.2500
088
0.2813
0312
03438
03750
0.4083
04375
04882

05000
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Shest Stee! Galvanized Stest Stainless. Steel Aluminum Trig
finches) (nches) (nches) (inches) (nches)
_0.00%0 0.0062 0.0040
00004 0.00% 0.0045
_0.0057 0.0070 0000 0.004
0.0075 0.0078 0.0088 0.008
0.0082 0.0058 0.0023 0.007
00000 0.0094 0.0071 0.008
0.0097 0.0102 0.0080 0.002
_0.0106 e o ™ 0.0108 0000 | 2010
00120 | 050 0.0 069 | 00125 0.0100 0.141 0.012
0.0135 0563 0017 g7 | 6o 0.0113 0.0 0.013
0014 | 0as 00w 0.781 0.01% 0.0129 0.178 0014
00184 0832 000 LY 0.0172 0012 0200 0.018
001 0750 002 0.0187 0.7%8 0.01% 0.24 0.018
0026 0875 0025 B 0.0219 o.01m 0.253 0.020
0023 100 oz 1% | 0.02%0 1.008 00! | 0204 002
0.02% 1125 0.031 1.281 0.0281 0.022 0.312 0.025
0029 1.250 0034 1403 oo 1.2 0.0253 0.357 0.028
00328 1378 0.037 1.531 00344 0.0288 9402 0.032
0.0350 1.50 0.040 10 | 0@ | 1512 0.030 0.452 9.0%
0.0418 1.7%0 004 1008 | 00437 0.03% 0.%07 0042
00478 | 200 | 00R A 21% & 0050 2018 | 004R &= 050 0.040
0.0838 22% 0028 2408 | o008 0.0463 0.638 0.088
00508 2500 0034 205 | 00925 252 0.0508 0717 0.085
0.0873 2813 071 29% | ooms 7 0.0871 0.508 0.072
00747 3125 aome 3281 0.0781 315 0.0841 0.605 0.083
G097 3T 0.00 390 | ooy SR | 0% 0.085
0104 4375 0.108 4531 0.108¢ 441 0.0908 1140 0.102
01198 500 0123 5158 = 012%0 504 2.0907 1280 0.120
01348 5.825 0.138 5.781 0.1408 587 0.10%9 1.438 0134
0145 | @20 018 | 640 | 01 01144 1014 L3, d
0.1644 | 8878 0.183 7.031 0.1719 LS 0.1288 1.613 0.105
01703 | 7500 0.1875 7.871 0 1443 203 0.180
0143 | 8125 0.2031 01820 2288 0.203
0.2002 8750 0.2187 01312 0.220
(72 | o3 824 0208 0.2%
0.2301 10.00 0.2500 02204 0.2
0.205% (Lo 0.204
0.2812 0.2883 0.300
0.3129 02249 0.340
0.3437 03348 0.380
0.37%0 0,40 0428
0.4002 0.4500 0.454
0.4375 05185 0.500
0.4087 0.5900
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APPENDIX F: LEED SCORE CARD

LEED v4 for BD+C: Warehouses and Distribution Centers

Project Checklist Project Name: Housing and Food Senice Warehouse and Bakery
Date: 4/4
credit  Integrative Process 1
10{ 1 [ 5 Location and Transportation " 16 2 [ 2 [ 6 Materials and Resources 13
credit  LEED for Neighborhood Development Location 16 Y Prereq Storage and Collection of Recyclables Required
1 credit  Sensitive Land Protection 1 T Prereq Construction and Demolition Waste Management Planning Required
1(1 credit  High Priority Site 2 2 Credit Building Life-Cycle Impact Reduction 5
2 3 |credit  Surrounding Density and Diverse Uses 5 2 | creai Building Product Disclosure and Optimization - Environmental Product 5
Declarations
5 credit  Access to Quality Transit 5 2 |Credit Building Product Disclosure and Optimization - Sourcing of Raw Materials 2
1 credit  Bicycle Facilities 1 2 |Credit Building Product Disclosure and Optimization - Material Ingredients 2
1 |credit  Reduced Parking Footprint 1 2 Credit Construction and Demolition Waste Management 2
1 |credit  Green Vehicles 1
9|1 | 6 [Indoor Environmental Quality 16
3|2 I 5 |Sustainable Sites 10 Y Prereq Minimum Indoor Air Quality Performance Required
Prereq Construction Activity Pollution Prevention Required Y Prereq Environmental Tobacco Smoke Control Required
1 credit  Site Assessment 1 2 Credit Enhanced Indoor Air Quality Strategies 2
2 | Credit Site Development - Protect or Restore Habitat 2 3 Credit Low -Emitting Materials 3
credit ~ Open Space 1 1 Credit Construction Indoor Air Quality Management Plan 1
2 credit  Rainw ater Management 3 2 Credit Indoor Air Quality Assessment 2
2 |credit  Heat Island Reduction 2 1 |credit Thermal Comfort 1
1 |credit  Light Pollution Reduction 1 11 Credit Interior Lighting 2
3 | Credit Daylight 3
5 [ 2 [ 4 |Water Efficiency 11 1 |credit  Quality Views 1
Y prereq  Outdoor Water Use Reduction Required 1 |Credit Acoustic Performance 1
T prereq  Indoor Water Use Reduction Required
T Prereq  Building-Level Water Metering Required 1| 2| 3 Innovation 6
2 | Credit Outdoor Water Use Reduction 2 2 | 3 |credit Innovation 5
4 2 |credit  Indoor Water Use Reduction 6 1 Credit LEED Accredited Professional 1
2 credit  Cooling Tow er Water Use 2
1 Credit  Water Metering 1 0 | 2 |Regional Priority 4
1 Credit Regional Priority: Specific Credit 1
9 12I # Energy and Atmosphere 33 1 Credit Regional Priority: Specific Credit 1
Y prereq  Fundamental Commissioning and Verification Required 1 |Credit Regional Priority: Specific Credit 1
T Prereq  Minimum Energy Performance Required 1 |Credit Regional Priority: Specific Credit 1
T prereq  Building-Level Energy Metering Required
Ty prereg  Fundamental Refrigerant Management Required LS Possible Points: 110
6 credit ~ Enhanced Commissioning 6 Certified: 40 to 49 points, Silver: 50 to 59 points, Gold: 60 to 79 points, Platinum: 80 to 110
8 10| credit ~ Optimize Energy Performance 18
1 credit ~ Advanced Energy Metering 1
2 |credit  Demand Response 2
3 Credit Renew able Energy Production 3
1 credit  Enhanced Refrigerant Management 1
2 credit ~ Green Pow er and Carbon Offsets 2
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APPENDIX G: EXISTING ELECTRICAL SYSTEM
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POWER STYLE QED=2 SWITCHBOARD

P LUG  INFORWATION
%%TC:; uﬁ':?« "‘“&f@““ % n,:;%r #” DESICRANON P IweE Wit AcelOn INGIT. WiE RACE MCCESSORIES

L (Lad - J0C0A - - = PPUCUESNE LOwT L= L] 9 -

3 L - N 30006 Mug A | S000A [A-LSIGE 3 Jvale Drecher Yeu | ~ 30 = 70 kmil - 3/0 « 750 hoeid  [OF S50 OF 4
L] 1 4S5 Y 2008 - ¥ Devpce 8 Yea | ! 3/0 = 30 hemil L) #6 = 30 kel
3 2 a5 NY} 2004 - ¥ Devrce A Yeu | ! 3/0 = 3O il ) #6 = 350 hemlt
3 3 J45 ~ 3% - ¥ Porel VI8 Yes | ! 3/0 = 350 Wi 1 #6 = 30 el
3 4 |45 - 3% - 3 Parel NIA Yeu | ! 30 = 320 kil 1 #9 ~ 350 kel
3|5 Jesm XN 2% - 3 Porel W39 Yea | 30 = 340 kit | 0 #5 = 350 howdt
3 L RA N e S00A - 3 etor Convol Corter Yo | 2 40 = 500%er 2 4/0 « S00erlt
3 7|78 \C 30A - ¥ EH - Yeu | 2 4/0 = S00ser 1 #4 ~ 600 ket
3 8 |45 e J3%A - 3 Parat V1A Yes | ! 30 = 300 kil 1 %~ 350 ed
3 L LN Y 2% - ¥ Parel NIC Y | ! 30 « 330 emil ' 6 <~ 350 ki
3 |%0 |eS N 2% - ¥ POAS-2 Yea | 3/0 =« 3O it * # < 350 kel
3 |1t jes e * 3% - ¥ pras Yes| ! 3/0 ~ 350 it 1 #6 — 350 bewlt
3 |0 bo 1734 - I M0 - 1 Yes | ! 10 = 4/0 Ang 1 % — X0 ket
‘. 13 |45 " 100A - ¥ Parel U0 Yes | 14 - 30 A ) 8 = 10 A
o |relesm " 1004 - 2 Parel LM1D Yeu | 1 $14 ~ 30 Ant ' $14 =~ 1/0 Ancc
¢ |18 |as m " 1004 - W Parel W Yea| ! g4 = 3/0 Ant 1 14 = 1)0 Anc
o |8 jes W 1004 - ¥ PParel U2 Yes | ! 14 = 30 s 1 14 = 10 st
o |7 Jasn w 1504 - » - ves | 1 14—~ 30 ansG 1 [
4« | |es " VEOA - 3 Jo0As ~ ) s | 1 $14 — 30 aws ' #6 — 330 herll
‘. M |eS i w 100A - 3 Parel UM Yaa | ! #1é = 3/0 AnC 9 P18 = 10 A
. 0 |45 n " 1004 - » s -~ B0 Yea | ! #14 = 30 ant ) 4 = 10
4 |2 jasin w 1004 - ¥ Parel LPIC ves | 14 = 30 Ao L $14 =~ 1/0 ans
4 WIS w 100A - 3 Parsl LG Yeul ? 14—~ 30 A 1 94 = 10 e
‘. 23|45 w S0A - »oc -t Yaa | ! $14 = A0 At 1 #1464 = 1/0 G
o |26 |asin "W 7oA - 3 [T = CPIASCPID Yes | P14 = 3/0 AnC 1 P18 = 110 aac
. 5 |40 LY VLA - 3 |SPASE Yeo | ! 14 =~ 30 ans L 4 = 10 s
4 LS R w 100A - ¥ Parel V16 Yesl ! #14 = 2/0 MG 1 014 = 1/0 MG
4 |27 a5 w 100A - » lspasy Yeu | ! #14 = 3/0 AnG 1 $14 « 10 s
. 28 |45 » " 1004 - 3 ISPASE Yeu | * $14 ~ 30 A 1 #14 ~ 170 anc
4 W |45 e o 100A - @ [SPAsE Yo | * P14 ~ 30 ans 1 14— 1/0 ang
4 |30 |as e " 1004 - ¥ Pawl UMA Yeu | ¢ P14 = A0 MG 1 14 - 1/0 ang
4 | ase " w0a - » fvss Yeu | P14~ 3/0 ans; 1 14 - 10 A
“ 32 |as e " STA - » o - 2 Y| $14 = /0 amc 1 $146 = 170 Amc

JOSEPH RUTT | Consfruction Management




56

JOSEPH RUTT | Consfruction Management

ORIGNINAL Design
SECT|CKT [ GMO DEVICE/FRAME ]RIP | FUSE/ | #P DESTGNATION —
NCY | WO |HRIGHY YIERG e | amIp e OTY [PHASE WIRE RANGE| OTY [NEUT. WIRE RANGE
Size Phase
H.Qam
ucT - 30008 - - — |DUQUESNE LIGHT - 9 = 9 =
2 |\ = NW 3000& Plug A | 3000A [A-LSIG| 3P [Main Breaker 2/0 = 3/0 = 750 kemil = | 3/0 - 750 kcmil
3 4.5 in B8 200a = 3P |Elevator B 1/0 1 3/0 = 350 kemil 6 = 250 kemil
3| 2 |45 in b 200a = 3P A 1/0 1 3/0 — 350 kemil 1 §6 — 350 kemil
3] 3 |45 in 2254 = 3P |Panel M1B 1/0 1 3/0 = 350 kemil 1 6 — 350 kemil
3| 4 |45 in b 225 - 3P |Panel M2A 1/0 1 3/0 — 350 kemil 1 #6 — 350 kemil
3] 5 |45in WA 2253 - 3P |Panel M2B 1/0 1 3/0 = 350 kemil 6 — 350 kemil
3 6 |75 in LC 600A = 3P |Motor Control 2/0 s 4/0 = 500kemil 2 4/0-500kemil
3] 7 [75in LC 3504 == 3p |cH = 1 2/0 2 4/0 = 500kemil 1 f4 — 600 kemil
3] 8 |45 in b 225A = 3P |Panel M1A 1/0 1 3/0 =350 kemil 1 #6 — 350 kemil
3] 9 |45 in A 225A = 3P |Panel MIC 1/0 1 3/0 — 350 kemil 1 f6 — 350 kemil
3| 10 |45 in J 225A = 3P |DOAS-2 1/0 1 3/0 — 350 kemil 1 #6 — 350 kemil
3 i1 | 4.5 in 3 22588 - ip |ATS-LS 1/0 1 3/0 = 350 kemil 1 6 = 350 kemil




