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Dear Mr. Jaeger: 

LKPB Engineers greatly appreciates the opportunity to work with the State of Minnesota on this project.  
The Centennial Office Building is a long standing monument on the Capitol Complex and we enjoyed 
digging into the building’s inner electrical system. 
 
This Schematic Design report and the accompanying drawing set represent a useful design direction.  
While the project is indefinitely on hold, the information inside represents months of discussions and 
decisions, arriving at a feasible design for implementation.  Please review the documents.  If there are 
any questions or comments on any topic in the report, please contact me. 
 
Sincerely, 
 
LKPB Engineers, Inc. 
 
 
 
Allen V. Theisen, P. E. 
Vice President 
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This electrical system upgrade is an exciting project for Plant Management.  It essentially 
replaces the building’s power distribution system with whole new equipment, eliminating a 
number of maintenance and troublesome issues.  This report introduces the project in the 
paragraphs below by describing the Project Basis, the Scope of Services, and introducing the 
Team. 

Project Basis 
 
The State of Minnesota constructed the Centennial Office Building (COB) in 1958 to meet the 
growing need for state services.  Its electrical systems construction mimicked the modern 
construction methods for large buildings.  Many of these methods are still used today because 
of their robust nature.  Unfortunately, the equipment installed at the building’s birth remains in 
the building and urgently needs updating. 

Aged equipment is the first item driving the project basis.  Plant Management stated that nearly 
all of the original equipment still in service and other equipment installed over 30 years has 
become a maintenance problem.  They find it hard to obtain parts for old equipment and 
increasingly find equipment wear. 

Electrical code violations occur periodically throughout the building.  Some occur due to 
changing codes where updated safety considerations changed a legal installation to an 
installation that no longer complies.  Other situations were a result of careless installation and 
missed red tag on inspection.  The upgrade will eliminate electrical code issues. 

The tenants noted an annoying 60 cycle hum as insulation began breaking down in riser closet 
transformers.  This noise distracted tenants located near electrical closets and affected 
productivity.  The noise seems to occur across the facility.  Mitigating the problem is also part of 
the project basis. 

From the first years this electrical system was in service, the state has modified the system to 
meet changing needs.  The electrical system now consists of an overly complex arrangement 
where electrical feeders, branch circuits, and equipment support the building in a spaghetti like 
mess.  This project is to mitigate everything it can. 

The building’s emergency egress lighting system is another project driver.  The system lights far 
more than just the path of egress.  Reducing the emergency lighting to more accurately 
represent a path of egress lighting system is part of the state’s overall plan to reduce energy 
consumption. 

These items, along with a few small ancillary items, create the basis for the electrical upgrade.  
In short, the aging electrical system needs an upgrade to address failing equipment, code 
issues, and an overly complex distribution system. 

 
  

I N T R O D U C T I O N 
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Scope of Services  
 
The design team was selected to provide full engineering consulting services.  The process 
began with an extended schematic design where an extensive site survey was conducted, 
owner programming performed, and this report assembled.  At the end of Schematic Design, 
the state will set the project budget based on the design team’s recommendations and 
determine direction for completing the remainder of design and construction services.   

As the project proceeds through Design Development and Construction Documents phases, a 
construction cost estimate will be prepared at the end of each design phase to reaffirm the 
project budget.  Also during these two phases, the design team will develop a Basis for Design.  
This document will define criteria from which the commissioning agent will perform their 
services.  An important part of any system installation is its final installation performance.  The 
design team and commissioning agent interaction will assure that the new electrical system will 
perform as intended and meet the owner’s needs. 

At the completion of Construction Documents, the design team will turn over the construction 
documents and the State will post them for bid.  During the bid period, the design team will 
facilitate a pre-bid meeting and facility tour.  The team will also field contractor questions and 
issue addendum prior to the bid date. 

After receiving the bid packages, the design team will assist the State with contractor 
evaluations.  There may be references to check, follow up to conduct, and recommendations to 
make.  The goal is to hire the most qualified contractor for the project. 

Construction administration services consist of the typical support as defined under the State’s 
basic services agreement.  These services include but are not limited to: 

 Act as the State’s representative for construction and manage all communications with 
the contractor. 

 Perform construction observations to ensure construction document conformance. 
 Review applications for payment to ensure equitable payment for completed work. 
 Review equipment submittals 
 Manage and process any construction changes 
 Perform a system 10 month review prior to warranty end and facilitate resolving any 

warranty issues. 
 
The Design Team shall have an Electrical Engineer as Team Lead, skilled in project 
management.  This skillset will translate into a successfully completed electrical system upgrade 
for this building. 
 
Third is an introduction to the team.  The published RFP defined a selection process where the 
most qualified team is chosen through the State Designer Selection Board.  LKPB Engineers 
assembled the highly qualified team shown below and embarked on the project’s complex 
design. 
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The Centennial Office Building electrical system upgrade is a project that Plant Management 
has deemed necessary for over a decade.  The existing electrical system consists of wide 
mixture of original building equipment to new backup power systems.  The modifications over 
the years created a mass of electrical tendrils that crisscross throughout the building.  The 
upgrade is an effort to bring order to the electrical system and address other concerns that 
accompany an aged over modified system. 

This Schematic Design Report goes into detail describing the need to address four primary 
electrical system items.  It also expands on these items and describes a number of attached 
smaller issues.  For the purposes of summarizing the scope involved, the following is a list of 
the primary system items Plant Management wants addressed.  We leave the smaller issues for 
the in-depth, full report reader. 

Primary Electrical System Issues 

 Replace All Electrical Service Equipment – The electrical service equipment is aged 
and parts are becoming hard to find.  This affects the ability to modify and maintain the 
equipment. 

 Replace the Bus Duct Riser System – The bus ducts are original to the building and 
are hard to access in certain areas.  Lack of access plays into the ability to maintain the 
equipment.  Couple this with the difficulty finding parts this issue necessitates equipment 
replacement. 

 Transformer Replacements – Existing transformers located in electrical closets have 
increasingly become noisy.  Removing these transformers and reconfiguring the branch 
distribution system to decrease the noise is a tenant priority. 

 Reconfiguring the Backup Power System – The backup power system is oversized 
for the building and improperly supports the building life safety systems.  This report 
makes recommendation to address the oversize and presents a plan to remedy the life 
safety system support. 

This report describes the Centennial Office Building’s existing electrical system and 
diagrammatically reflects the description in an accompanying set of plans.  It presents a plan for 
upgrading this system with new equipment to address the primary electrical system items and 
accompanying smaller issues.  The report appendices contain more detailed information about 
existing equipment, new design direction, equipment selections, and recommended processes. 

The report’s electrical design direction is a result of three months of intensive site survey, 
multiple planning meetings, and extensive industry research.  The building’s electrical systems 
are complex and serve a diverse set of office building constituents and equipment.  Meeting the 
needs meant that the design team needed to understand not only what the electrical system 
serves, but also how the building is used.  Schematic design was extended to 30 % of the 
design phase to gain an understanding of the building, its use, and Plant Management’s 
desires.  This report reflects this effort. 

  

E X E C U T I V E  S U M M A R Y 
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This project requires a few design approaches that use unique equipment and services.  These 
approaches will be apparent when reading about grounding and addressing transformer noise.   

A unique approach will also appear where the design team recommended an electrical service 
switchover.  Plant Management clearly defined that this project must minimize down time for the 
building.  This included restricting power outages to times outside regular business hours.  
These requirements lead to developing a planned service migration that would require only one 
or two building outages. 

Estimated Project Budget 
The design team’s estimated project budget consists of a joint effort by engineers, an electrical 
contractor, architect, cost estimator, and factory representatives.  The team performed 
equipment take-offs and labor estimates to summarize actual installations.  Some square foot 
estimating was included to account for loosely defined project scope, but these estimates 
represent a small minority. 

A more detailed spreadsheet of the schematic budget can be found later in the report, but the 
following is a summary of the budget. 

Electrical Systems $7,461,000.00 

Mechanical Systems $114,860.00 

Architectural Systems $481,500.00 

General Conditions $805,736.00 

Subtotal $8,863,096.00 
10% Design Contingency $886,309.60 

Total Budget Estimate $9,749,405.60 
 
This Schematic Design report was written as a standalone electrical upgrade.  Near the end of 
the schematic phase, the design team found that the project cost would be well in excess of the 
planned budget.  Plant Management weighed the options for proceeding with the project verses 
waiting with the upgrade until a total building renovation occurred.  The final decision was driven 
by the cost of performing the upgrade while the building is occupied and the building wide 
tenant impact.  The design team found that the project labor cost was at least two thirds higher 
than that of a vacant building renovation.  Combine this with the tenant impacts, it seemed 
impractical to move ahead with the project. 
 
The result of the Schematic design findings placed the electrical upgrade on hold.  The following 
report presents the criteria for which a stand along electrical project, but many aspects can 
integrate into a full building renovation. 
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The Electrical Service Equipment 
The original Centennial Office Building began with a simpler electrical system than it has today.  
Over the years the tenant needs demanded more robust electrical support and so began the 
changes and upgrades to a mix of electrical equipment spanning 60 years. 

A few aspects of the 1958 original building electrical system remain today.  Most of these 
original components are replacement targets for this project.  Of these components, the RE&I 
medium voltage switches are at the top of the list. 

The RE&I switches were the first point of utility connection back in 1958.  Power entered the 
building from Northern States Power, terminated on the four switches, then distributed to the 
downstream equipment.  Today, the electrical system uses only two of the four switches in a 
13.8 kV switching scheme downstream from a pair of motorized, 13.8 kV G&W switches. 

In 1995, Plant Management Division began upgrading the 
campus electrical distribution system and to service all 
buildings with two 13.8 kV loops.  The COB receives electrical 
power from campus loops S1 and S2 in 1998.  The upgrade 
brought increased reliability across campus.  In order for the 
individual buildings to take advantage of this reliability, a new 
13.8 kV switching scheme was needed at the service entry 
point.  Thus the installation of the G&W switches (shown at 
the right).  These switches allow the campus electricians to 
seamlessly switch between the two campus loops affecting 
minimal building downtime. 

The 1958 plans indicate that the RE&I equipment connected  
two unit substations.  Today there are four.  Two receive power from the RE&I switches and two 
receive power directly from the G&W switches.  To see the existing interconnections between 
the campus loops, the 13.8 kV switches, and the unit substations, please refer to Sheet ED1.1.0 
– Existing Partial One-line in the plan set. 

Four main switchboards supply power to the entire building.  Switchboards #1 and #2 consist of 
two of the above mentioned unit substations, configured as a main-tie-main, double ended 
substation.  Switchboards #3 and #4 stand alone, supporting their respective areas of the 
building.  Appendix A contains a listing of the existing switchboards with the equipment they 
serve.  Refer to Appendix A for more information about these switchboards. 

One main electrical room houses the above mentioned equipment.  At the close of this project, 
the electrical room will no longer contain electrical service equipment.  PMD may choose to 
repurpose the space for storage, maintenance staff muster space or other such useful 
purposes. 

  

E X I S T I N G  S YS T E M  D E S C R I P T I O N 
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The Backup Power System 
A portion of this building is supported by a two megawatt 
(2 MW) engine generator.  This generator is located 
inside the building adjacent to the loading dock on the 
south end of the facility.  This Tier 2 rated system has a 
10,000 gallon diesel tank that could fuel the generator for 
approximately 70 hours running at full load. 

The generator currently supports about 40% of the main 
service connections.  While it has the capacity to back up 
the entire building, it currently supports the building 
lighting, a major IT tenant, and life safety loads such as 
the fire pump and elevators. 

Throughout the schematic design, the group pursued several courses of action to create a 
backup power system that is appropriately sized for this building and its program.  One scheme 
removed the 2 MW system and replaced it with two 750 kW generators.  This scheme provided 
ample power to support life safety loads, optional standby loads, and a redundant backup power 
system for MnIT.  Early on, it was determined that this scheme would adversely affect the 
project budget and was abandon. 

A second scheme brought to the building an existing 350 kW generator from the State’s 321 
Grove Street facility.  In this scheme, the 2 MW system would be dedicated to the MnIT group 
and the 350 kW system would support building life safety and select optional standby loads.  
The design team determined that the entire 350 kW capacity is needed to support egress 
lighting, the starting and running of an elevator, the starting and running of the fire pump, and 
the starting and running of stair pressurization fans.  Plant Management wanted to use spare 
capacity to support  general building, non-essential loads.  Since the generator capacity was 
spoken for by the life safety loads, this approach was abandoned.   

The goal of relocating the 350 kW generator was to separate COB backup power from MnIT 
backup power.  It made no sense to relocate the generator if it supported only life safety for 
COB and offered no opportunity to create optional standby support.  Since the budget would not 
support purchasing a new larger generator to create separation, a third scheme developed. 

The third scheme will leave the 2 MW generator in place and separate COB loads from MnIT 
loads within the building.  PMD and the design team are currently searching for ways to use the 
2 MW generator more effectively. 

The Distribution System 

The building’s internal electrical distribution 
system breaks down into several separate 
arteries.  Each has its distinct purpose serving 
equipment, areas, or tenants within the 
building.  Below is a general list of the major 
distribution arteries in the building.  For a 
detailed description of the distribution system 
and the areas served by them, see the existing 
system’s electrical riser diagram on sheet 
ED1.1.1-Riser diagram demolition attached. 
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Distribution Artery Area Served 

Four bus ducts – A, B, C, D 

These bus ducts rise from the ground floor 
through the 5th floor supplying power primarily 
to the equipment directly supporting the 
building users. 

ATS #1 

Supplies both optional standby and life safety 
loads.  80% - 90% of the building lighting 
receives power from this switch via a system 
of panels labeled EGH. The building elevators 
also reside on this transfer switch, fed by a 
dedicated feeder. 

ATS #2 The building Fire Pump 

MnIT 

(ATS #3, ATS #4, ATS #5, ATS #6, ATS #7, 
ATS #9, ATS #11) 

This group’s equipment primarily resides on 
the south half of 5th floor.  The equipment is 
supplied power through a redundant system of 
transfer switches and UPS power systems 

ATS #8 This serves the parking ramp lighting 

Mechanical system loads MCC-1, MCC-2a, ramp exhaust, mechanical 
systems control power. 

Miscellaneous loads 
These loads are a small part of what is not 
included above.  These include general 
electrical power to the ramp. 

Note:  There is no ATS #10.  This transfer switch was removed from the engine generator room 
leaving its enclosure as a cabling section for other equipment in the room. 

The Life Safety Systems 
The required life safety systems for COB consist of egress lighting, a fire pump, fire alarm 
system, an elevator, and stair pressurization fans.  All except the stair pressurization fans 
receive power off from the backup power system.  While the generator supports most of the 
required systems, the distribution system serving them does not appropriately separate life 
safety from other building loads. 

The National Electrical Code requires an electrically separate distribution system for loads that 
support a building’s life safety systems.  This requirement ensures a measure of protection for 
life safety systems if there is a failure (e.g. short circuit or breakdown) in the system that 
supplies normal or optional standby power to a building.  The COB life safety systems reside on 
the same distribution power system as other loads.  This project will create a life safety 
distribution system and separate loads such as IT, from life safety loads. 

The building lighting system is 80% to 90% generator supported.  During this project, a lighting 
separation will be created that lights only the path of egress with emergency lighting.  The 
normal power system or the optional standby system will power the remaining lighting. 
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Separating the egress lighting resolves two issues PMD struggled with over the years.  First, it 
creates the required separation of life safety systems from other building systems to meet code 
requirements.  Second, it opens up the opportunity to implement energy saving control options 
on the general lighting system.   

While the systems are integrated, extinguishing general office lighting means extinguishing 
egress lighting.  Implementing code compliant egress lighting control means extensively 
controlling general office lighting as well.  This leaves the option of leaving too many lights on or 
controlling more egress lighting than necessary.  The first wastes energy and the second does 
not meet the building program needs. 

Communications Cabling 

This building contains a great deal of communications cabling.  
Since communications systems have changed more than any 
other building systems over the last 60 years, any 
infrastructure preparation installed to accommodate cabling is 
severely outdated.  As a result, communications cable 
pathways installed over the past 20+ years used the most 
logical and available route.  Most of the floor to floor routes 
exist in the electrical riser closets. 

Removing communications cables from electrical rooms is one 
of the PMD goals for this project.  Demolishing some of the 
cables will be easy.  An example is old telephone system 
cabling.  Most of the building converted to IP telephone 
systems within the last five years, eliminating the need for the 
supporting cable system. 

A share of the cables will need relocation.  Recently, the state 
completed a major fiber optic backbone cabling project within 
COB.  These cables rise through the C & B electrical closets.   

The design team was tasked to assess the extent of the 
communications cable system in the closets.  From this, the 
team will develop a scope and budget to achieve the cable 
removal goal.  This task is currently underway and will add to 
this report in addenda. 

Existing HVAC Systems 
As part of the recent MNIT HUB project, there were six (6) Liebert MCM-160 units installed that 
provided 304 MBH capacity to the building.  Per conversations with the client, this provides 
adequate capability to provide electrical and communications closet cooling for this project given 
that the closets need less than 10% of this total capacity.  This is the dry-cooler portion of the 
system that will operate 24 hours, seven days a week to maintain temperature in the space. 
Within existing spaces B2, B4 and B6, the existing mechanical systems will remain in place, if 
ceilings are to change, these need to be temporarily supported during construction and then 
rehung.  Within space B87B, the existing mechanical systems will remain in place.  If ceilings 
are to change these need to be temporarily supported during construction and then rehung.  
Within existing spaces G26, G53, 226, 270, 418 and 484, the existing mechanical systems will 
remain in place.  If ceilings are to change these need to be temporarily supported during 
construction and then rehung. 
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Existing Fire Sprinkler System 
The building contains an existing wet-pipe fire sprinkler system with supplemental fire pump 
currently provides coverage of the spaces affected per this scope.  The systems requiring 
modification during construction will be designed to provide a level of fire protection consistent 
with the fire hazard in accordance with the requirements of local codes, NFPA and the local fire 
authority. 
 
Existing Architectural Systems – Demolition and Area Preparation 
The existing architectural demolition will follow the construction path defined by the electrical 
system installation.  As with the electrical system, work will begin in the new electrical room. 

Demolition in the new space will begin prior to issuing 
construction documents.  The team believes it is important to 
survey and understand what is above the existing ceiling spaces 
(see adjacent photo).  The State has agreed to contract an early 
demolition package to remove the ceilings where the new 
electrical services will reside.  This will provide the opportunity to 
define what equipment is installed and resolve any code or 
construction issues. 

Three primary architectural construction items require demolition.  The first occurs in the same 
space where the early demolition package took place.  The new electrical room will take over 
three large rooms and a number of small rooms on the west side of the building.  Walls need to 
come down and doors removed in order to create the space.  See detail 4 on sheet ED0.00 for 
the scope of demolition of rooms B2, B4, and B6. 

The second demolition area deals with the basement level 
corridor and ceilings in rooms west of the corridor.  The 
contractors will move equipment and materials in and out of the 
building using the lower level corridor.  The design team is 
recommending that the doors, door frames, and ceilings be 
removed.  This will allow the maximum space for continuous 
access to work spaces.  Additionally, the acoustical ceilings in the 
basement rooms along the west end of the building must 
temporarily come out.  This allows access to the building 
structure for mounting feeder conduits, cable tray, and other new equipment. 

The last demolition areas occur on the upper floors.  Each floor requires an expansion of 
electrical closets.  Most expansions occur at the north – A closet, where additional space is 
claimed and a new opening cut into the existing electrical closet.  These expansions and the 
new openings are best represented on the plan sheets E1.1.0 through E1.6.0. 

Other miscellaneous demolition will be necessary to complete this project.  Further project 
definition is needed to refine where these areas will occur. 
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Introduction 
Updating the COB electrical system is more complicated than just replacing all of the electrical 
equipment.  Some of the existing equipment is less than two years old.  Some equipment is 
original to the building.  The design team waded through existing construction documents and 
surveyed the facility to determine what is usable and what must be replaced. 

The system update must also reconcile existing equipment and systems with code changes that 
occurred over the course of time.  Good examples of this include changes in electrical room 
exiting requirements, and life safety system updates.  Reconciling these two items and 
addressing other facility issues are written below. 

As the design team proceeded through Schematic Design, it was clear there were certain 
themes PMD wanted to carry through the project. These topics were mentioned often in the 
biweekly design meetings and garnered attention.  The team noted them and integrated them 
into the design.  The list is as follows: 

One opportunity to build this right – Both PMD and the design team agree that it is 
vitally important to design a robust system that is flexible enough to support building 
modifications over the coming years.  These criteria stretch from the equipment 
specified, the installation criteria, to the overall design.  To achieve the goal, the design 
team and the owner have met at lease every other week to review progress and to refine 
design direction.  During these meetings, the design team carefully noted specific 
equipment requirements and manufacturer prerequisites the owner desired.  The team 
has also documented specific installation criteria asked for by PMD. 

Reaching these goals also meant honing the design parameters to align with the project 
budget.  As with most large projects, issues even remotely related to the project scope 
are tossed into the mix.  The schematic design process is expected to determine what is 
really important to attain the goals and what is fluff.  In the end, this process will provide 
the robust flexible system needed to productively use COB for years to come. 

Designing a system for the Tenants – One of the reasons this project came into being 
was because the electrical system did not meet or interfered with tenant needs.  A 
tenant interference example is the noise created by transformer hum.  Every electrical 
closet contains at least one transformer.  In a share of cases the transformers are lightly 
loaded and hum continuously.  Because there is little noise isolation between the 
electrical closet and the tenant spaces, this constant 60 hertz hum becomes 
monotonously intrusive for people sitting in close proximity.  The design team was 
tasked to resolve this issue. 

Another example includes the needs of the COB’s largest client; MnIT.  This tenant 
group requires an elaborate backup power system to keep their equipment operational.  
The existing electrical system meets their needs, but has quirks that compromise the 
power quality during backup system servicing.  The design team was asked to address 
these quirks and resolve them. 

  

N E W  S Y S T E M  R E C O M M E N D A T I O N S 
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The entire construction process will occur while the building is occupied.  This means 
that the contractor must build the new electrical system before the existing system is 
removed from service.  As a result the electrical system renewal process will affect the 
tenants.  The design team’s task is to develop a plan that will minimize the tenant impact 
while allowing construction to proceed.  See the Appendix E: Remodeled Electrical 
System Switchover – Existing to New for proposed approaches to minimize the impact. 

Separating MnIT from COB – Because MnIT is a large tenant and because their IT 
equipment will continue to require special electrical system support, this project will 
separate the IT systems support from the general COB tenant space support. 

Energy conservation – Decreasing energy use is state mandated for every project with 
a budget over $100,000.  While this project’s equipment modifications do not 
significantly change energy consumption there are two aspects of energy reduction 
focus.   

The existing electrical system uses transformers consisting primarily of the standard 
efficiency type.  Along with this, larger lightly loaded transformers are less efficient than 
a more heavily loaded smaller transformer.  This project will specify the highest 
efficiency transformers available and then “right size” the transformers to effectively load 
the transformers for improved efficiency. 

The second energy reduction effort addresses building lighting use.  The building lighting 
is 80% to 90% supported by the backup power system.  The lighting is also connected in 
such a way that these very same lights act as the egress lighting system.  Egress 
lighting is typically left on 24/7.  When it is controlled, it is left on for longer periods of 
time than general area lighting.  Overall, this arrangement leaves more lighting on for an 
extended period of time than is necessary.  This project will reduce the amount of egress 
lighting to a level closer to the required amount, reducing the lighting energy 
consumption in the building through reduced use. 

Design Approach 
Accompanying this written report is a schematic design set of plans.  The plans convey design 
intent complimentary to this written document.  Occasionally this report directly refers to the plan 
set.  This report and the plan set are meant to convey the Schematic Design as a complete 
package. 

The Building’s Main Electrical Services 
The capitol complex receives power from Xcel Energy via three of the utility’s area substations.  
Four campus loops connect to these substations.  Two of them (Loops S1 & S2) serve COB. 

The building’s new main electrical services will consist of four power sources.  Each contains a 
medium voltage switch and a unit substation transformer attached to a main circuit breaker.  
The design configures these power sources in pairs.  One pair is dedicated to the MnIT 
equipment while the other pair supports the remainder of the building. 

The team designed the electrical services in redundant pairs such that any one of two services 
can receive maintenance while the second service supports its portion of the building fully.  
Please see plan sheet E3.0.0 accompanying this report for the services’ schematic one-line and 
Appendix A for equipment cut sheets. 
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The four services consist of the following equipment. 

Equipment 
Designation 

Equipment 
Description 

Equipment  
Rating 

Notes 

Service Tap S1 13.8 kV bus bar and 
taps 

 S1 campus loop connection 

Service Tap S2 13.8 kV bus bar and 
taps 

 S2 campus loop connection 

COB SW-1 13.8 kV switch with over 
current protective relay 

 Tie switch connection to COB 
SW-2 

COB SW-2 13.8 kV switch with over 
current protective relay 

 Tie switch connection to COB 
SW-1 

COB SW-3 13.8 kV switch with over 
current protective relay 

 Tie switch connection to COB 
SW-4 

COB SW-4 13.8 kV switch with over 
current protective relay 

 Tie switch connection to COB 
SW-3 

COB T1 13.8 kV to 480/277 volt 
unit substation 
transformer 

2000 kVa Cast coil transformer 

COB T2 13.8 kV to 480/277 volt 
unit substation 
transformer 

2000 kVa Cast coil transformer 

COB T3 13.8 kV to 480/277 volt 
unit substation 
transformer 

750 kVa Cast coil transformer 

Service dedicated to MnIT 

COB T4 13.8 kV to 480/277 volt 
unit substation 
transformer 

750 kVa Cast coil transformer 

Service dedicated to MnIT 

MCB-1 Draw out electronic 
circuit breaker 

2500 Amperes GFCI and phase differential 
detection 

MCB-2 Draw out electronic 
circuit breaker 

2500 Amperes GFCI and phase differential 
detection 

MCB-3 Draw out electronic 
circuit breaker 

1000 Amperes GFCI and phase differential 
detection 

Service dedicated to MnIT 

MCB-4 Draw out electronic 
circuit breaker 

1000 Amperes GFCI and phase differential 
detection 

Service dedicated to MnIT 

TCB-1/2 Draw out electronic 
circuit breaker 

2500 Amperes Electronic interlock with MCB-
1 & MCB-2 

TCB-3/4 Draw out electronic 
circuit breaker 

1000 Amperes Electronic interlock with MCB-
3 & MCB-4 

Service dedicated to MnIT 
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The system obtains power from load break style cable connections in a manhole east of the 
building.  Loop S1 and S2 each contain one spare connection.  The design intent uses these to 
connections to provide power to the new electrical system.  The contractor will connect to each 
loop at the beginning of the renovation with a new pair of 13.8 kV service lines, leaving the 
existing system active until the end of the project. 

There are two empty conduits between the manhole and a cable pull box located just inside the 
building’s east basement wall.  The contractor will pull new cables into the building using these 
conduits and terminate them on a set of fixed termination buses in the main electrical room.  
This arrangement allows the 13.8 kV service feeders to supply power to all four substations 
without extensively modify the loop connections in the manhole.  Additionally, this cabling 
scheme builds in system flexibility and robustness.  The arrangement allows for easy 
maintenance on downstream equipment and room for additional connections. 

PMD standardized the 13.8 kV switching and over current protection systems for buildings on 
the campus.  Any new projects or upgrades receive G&W’s SF6 series switches.  The standard 
asks the design team to specify the switches with motorized operators for automatic transfer.  
This allows staff to remotely switch between campus loops S1 & S2 and enables the switches to 
automatically switch between loops when there is a power failure.  See plan sheet E3.0.0 for the 
medium voltage oneline diagram and switch configuration. 

The standard also asks that the team specify the switches with gas pressure gauge and fill 
valve and ground lugs.  Voltage and current sensing are options that will accompany the 
automatic transfer option. 

Electrical Distribution Switchgear 
This equipment starts the distribution pathways to the entire building and is considered the 
beginning of the building’s main electrical arteries.  Refer to plan sheets E1.0.1 and E1.0.2 for 
the equipment locations.  Refer to the building riser diagram sheets E3.0.0 – E3.0.6 for their 
interconnection within the system. 

There are three pieces of main building switchgear.  The first is a lineup labeled COB-1 and 
COB-2.  This lineup serves most of COB, including the general mechanical systems, the two 
bus duct risers, and the ramp. 

The second is a lineup labeled COB-3 and COB-4.  This lineup is dedicated to serving the 
tenant MnIT.  This includes their two UPS systems and their two mechanical cooling system 
risers. 

The third lineup is labeled Backup Riser System.  This lineup serves the building’s backup 
power system.  Included in this system are the life safety riser and the two optional standby 
risers. 

Each of these three lineups contain draw out style circuit breakers that protect their respective 
downstream equipment.  PMD specifically requested that the design team specify switch gear 
for the main service equipment to assist them with building maintenance.  While either switch 
gear or switch boards will electrically protect the equipment, switch gear will allow maintenance 
staff to draw out the over current protective device, disconnecting it from the power source, 
before working on it.  This feature is not available in switch boards.  Staff must de-energize the 
entire board if they wish to work on a specific piece of equipment. 

See plan sheet E3.0.1 for the lineup configurations. 
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Backup Power Systems 
The backup power system goals may be one of the more difficult aspects of the project.  PMD is 
searching for a more effective way to use the 2.0 MW system because its capacity well exceeds 
the COB electrical load connected to the system. 

The design team is also challenged with separating life safety electrical loads from optional 
standby loads.  The available space to install equipment to address this challenge is slim.  
Adding to this, the equipment used for generator maintenance and testing is inconvenient to use 
and is outside code compliance. 

Since the building will remain occupied for the duration of the project and the backup power 
system is required to support the system, the design team approached the system upgrade in 
the same manner as the normal power system upgrade.  The design specifies the installation of 
the new backup power system infrastructure before the existing system is deconstructed. 

There are three components supported by the backup power system.  The life safety system is 
the first and the only system that legally requires backup power in the building.  The second is 
the complex optional standby system for MnIT.  The third is the optional standby system for the 
rest of the building. 

Life Safety System – The life safety code requires that several systems in this building remain 
operational when there is a power outage.  These systems must have power to help occupants 
safely exit the building in the event of an emergency.  The systems must also assist emergency 
personnel in their actions within the building.  This building’s systems include: 

COB Life Safety Systems  

1. Egress Lighting – This lighting is used to illuminate the path of egress that guides 
occupants out of the building. 

2. Fire Pump – This pump boosts the water pressure in the fire sprinkler system.  When a 
sprinkler head activates, the pump starts and boosts the system pressure throughout the 
building.  The generator must support both the starting and the running of the fire pump. 

3. Stair Pressurization Fans – High rise buildings such as this must have systems that keep 
smoke out of the stair towers.  These towers are the main path of egress if there is a fire 
and pressurizing them pushes smoke out when doors open during the exiting process. 

4. Elevator(s) – This building must have at least one elevator operating during a power 
outage.  Elevators, just like fire pumps, require more current to start than when they are 
running.  Because of this fact, the generator size is adjusted upward to support the 
additional demand. 

5. Fire Alarm System – All aspects of this detection and notification system receive support 
from the life safety branch of the system.  Because of this building’s size, the fire alarm 
system consists of multiple main components spread throughout the building.  These 
main components are powered locally rather than from the main fire alarm panel.  This 
translates to a need for life safety power across the facility. 

The design team plans to locate this new life safety switchgear in Room B24E located in the 
southwest corner of the lower level. 

  



 
Centennial Office Building  LKPB Engineer Project No. 2014.079.00 
Electrical Distribution Upgrades RECS Project No. 02CO0018 
MN State Capitol Complex, St. Paul MN 
© LKPB 2015  Page 17 of 78 

MnIT Optional Standby System – The complicated backup system dedicated to MnIT 
maintains power to the state’s telecommunications hub.  Their 5th floor data center has 
redundant uninterruptable power, redundant backup power distribution, and redundant cooling 
systems.  The building generator supports all of these loads. 

These redundant systems are design to avoid situations where equipment breakdown causes a 
power outage or cooling shortage in the data center.  The systems also allow maintenance 
while the data center remains fully operational.  The design team will leave much of this existing 
optional standby electrical system intact, but will reconfigure both the main and backup power 
sources so that the distribution system serves MnIT separately from the rest of the COB 
distribution system.  This entails specifying separate distribution components from the backup 
power source.  See the Optional Standby and UPS Riser diagram on sheet E3.0.4 for 
component definition. 

The backup power switchgear for MnIT feeds transfer switches that support UPS-A, UPS-B, 
Mech-A, Mech-B and the other dedicated MnIT distribution equipment.  The design team plans 
to locate this dedicated switchgear in Room B20. 

COB Optional Standby System – The COB optional standby system is designed with flexibility 
in mind, but purposefully limits the amount of power available on the system.  PMD and the 
design team deeply discussed the building program needs with respect to backup power.  It was 
made clear to the design team that it is not the state’s intent to have a fully functional building 
during a power outage.  In general, outages occur during significant events (e.g. severe 
weather, utility equipment overload during peak demand, etc).  When these events occur, there 
is reduced staff working in the building and those who are working may have concerns outside 
the workplace.  The building should close if an extended outage occurs. 

This said, there are exceptions to the rule where certain building functions must continue to 
function.  To support these exceptions, the new system design will include a small piece of 
switchgear that supports an optional standby riser on each end of the building.  See sheet 
E3.0.4 for the Optional Standby and UPS Riser System for the system configuration.  The 
planned location for this equipment is not determined at this time. 

Electrical Riser System 
Five new electrical riser systems will supply power to the building.  Three of the four systems 
originate at the switchgear noted above.  The fourth originates at the UPS distribution boards 
located in the 5th Floor D-Riser Closet.  The five system descriptions are as follows: 

Normal Riser System – Through most of the Schematic Design phase, two major riser 
concepts dominated design discussion.  One concept involves a 480/277 volt bus duct 
system with four 225 kVa transformers feeding 208/120 volt distribution boards.  The 
other involves a 208/120 volt bus duct system with larger transformers located in the 
basement. 

There are pro’s and con’s to both approaches.  If the design specifies the 208 volt bus 
duct, the owner’s request to eliminate transformer noise on the upper floors easily 
becomes a reality.  All 120/208 volt electrical loads are served directly from the bus duct 
and the closet transformers are no longer necessary. 

The con’s to the 208 volt bus duct include the need to also specify a new lighting system 
riser and an overall higher materials and installation cost.  There is also a reduced 
reliability factor for the design.  The transformer supporting the bus duct sets up a single 
point of equipment failure at each riser. 
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The con’s in the 480 volt bus duct design revolve primarily around the need to place 
transformers on the upper floors leaving the possibility of noise infiltrating the tenant 
spaces.  When the comparison analysis was complete, the 480 volt bus duct pro’s 
outweighed the cons.  The design did not need a lighting riser, the design was more 
robust, and the system cost less.  The result, it was integrated into the final schematic 
design. 

The chosen concept consists of two 800 ampere, 480/277 volt bus ducts.  One rises 
through the building in expanded electrical closets on the north side of the building.  This 
riser is designated Riser-A.  The second rises through the building in the existing south 
side electrical closets.  This riser is designated Riser-D. 

The concept also includes 225 kVa transformers that tap off from the bus ducts on floors 
Ground, 2nd, and 4th and feed 208/120 volt distribution boards.  These, in turn, will 
support the existing panelboards that serve tenants.  Refer to the plan sheets E3.0.2 and 
E3.0.3 for the schematic system risers. 

Life Safety Riser System – This riser system also consists of two sets of conduits and 
panels.  One 100 ampere feeder rises through the building in the north side A-Electrical 
closets.  The second in the south side D-Electrical closets. 

The life safety risers do not support a great deal of building load.  They support only the 
egress lighting and the occasional 120 volt life safety system (e.g. fire alarm power 
supplies).  To support these small loads, one 480/277 volt and one 208/120 volt panel 
are placed on floors one and four for each riser.  Refer to plan sheet E3.0.5 for the 
Emergency System riser configuration. 

MnIT Optional Standby System – For all practical purposes, this optional standby 
system is the existing equipment and feeders that currently serve MnIT.  The few 
exceptions include relocation or replacement of select automatic transfer switches.  The 
Existing Systems Description earlier in this report and the Appendix A equipment 
spreadsheet lists these transfer switches.  The existing system riser diagram and the 
Demolition plan sheets show their locations.  The new optional standby riser diagram on 
plan sheet E3.0.4 mimics the MnIT riser system shown on the existing plans. 

The existing system description indicates that seven transfer switches support MnIT.  
Three of these switches, ATS-5, ATS-9, and ATS-11 reside in the existing electrical 
room B87B.  These three switches will either be relocated or be replaced by new 
switches.  As mentioned earlier in this report, the design will remove as much existing 
electrical equipment from the existing electrical room as possible and every effort will be 
made to meet this goal. 

COB Optional Standby System – The design creates two 200 ampere optional standby 
risers in the building.  One 200 ampere feeder rises through the building in the north side 
A-Electrical closets.  The second in the south side D-Electrical closets.  One 480/277 
volt and one 208/120 volt panel are placed on 1st and 4th floors for each riser.  Refer to 
plan sheet E3.0.4 for the optional standby System configuration. 

UPS Riser System – Schematic design discussions covered a number of topics.  During 
the October 2nd, 2014 meeting, there was a request to provide UPS power for the IP 
phone systems and some of the IT closet loads in the building.  This raised the question 
about the extent and type of power needed in the closets. 
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The extent of and type of power needed was communicated at the October 23rd meeting.  
With input given by MnIT, the design team would work up a scheme that supports dual 
power supply equipment.   

Almost all of  the equipment is small and rack mount 120 volt loads, with a share 
containing dual power supplies.  Discussions ensued about whether to provide dual UPS 
risers to support two power supplies.  MnIT staff considered one UPS source as a 
reasonable level of backup power.  The primary source for dual power supply equipment 
could originate from the building’s normal power system. 

From this, the design team created a scheme where a 208/120 volt UPS riser will follow 
the same scheme as the emergency and optional standby system riser schemes.  A 100 
ampere, 3-phase riser will reside in the north A-closets and the south D-closets.  Once 
again, panels will reside on 1st and 4th floors.  See the plan sheet E3.0.4 for the UPS 
riser system configuration. 

Constructing the new riser system to create an electrical infrastructure to keep the building 
operation challenged PMD and the design team to minimize the tenant impact.  The new risers 
could not physically co-exist with the existing risers because of space limitations in existing 
closets.  Conversely, acquiring additional closet spaces is logistically difficult. 

The new riser system will require space on each floor to house the new bus ducts, new 
transformers, and new distribution panels.  This translates to floor space acquisition 
negotiations with multiple tenants.  To minimize the acquisition impact, area in and around the 
north A-closet and south D-closet were selected for use. 

As the design team laid out equipment, they found that very little additional real estate was 
needed outside the larger D-closets.  Only Ground floor would require closet expansion.  The 
north A-closets are a different story. 

The existing A-closets are not as large as their south riser counterparts.  In addition, existing 
equipment typically occupies every inch of wall space.  The solution proposes that  this project 
creates closet expansions directly north of the existing A-closets, expanding space capacity 
approximately than 70 square feet.  Refer to the floor plan sheets E1.1.0 – E1.1.6 for the 
proposed closet expansions. 

When these closet expansions occur, the project will also implement further noise mitigation 
factors to greatly reduce (if not eliminate) transformer noise.  These factors include: 

 Removing all existing transformers in the upper floor closets and refeeding panels from a 
new riser system. 

 Acoustically treat the electrical closets with full height walls, acoustic wall insulation 
panels, and wall seals. 

 Provide new transformers rated with sound levels -8 dB below industry standards. 
 Implement transformer mounting criteria that isolates equipment and mitigates their 

humming sound. 
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New HVAC Systems 
Main Electrical Room B4:  Provide two (2) Liebert MMD96F evaporator units will handle the 
cooling for the Main Electrical Room B4 that will house a total of 2750 kVA in operation at any 
one time.  Each unit will provide eight (8) tons of mechanical cooling.  These units will be fully 
redundant so that during maintenance or other periods of downtime, this space remains at or 
below the required set-point.  Remote condensing units are the existing Liebert units as 
mentioned above, and refrigerant piping installed between these units to comply with the 
manufacturer’s recommendations. 

Remote Electrical closets (that require cooling):  Provide six (6) Liebert MMD18F evaporator 
units that will handle the cooling for the Ground Floor (Room G26 and G53), Second Floor 
(Room 226 and 270) and Fourth Floor (Room 418 and 484) electrical closets that will each 
house a 225 kVA transformer.  Each unit will provide 1.5 tons of mechanical cooling.  Remote 
condensing units are the existing Liebert units as mentioned above, and refrigerant piping 
installed between these units to comply with the manufacturer’s recommendations. 

Sensors  
All spaces will have temperature sensors for each Split System Cooling unit. 

New Fire Sprinkler Systems 
The new fire protection system will essentially modify sprinkler head branches and head 
locations.  As ceilings are taken out of existing spaces and spaces modified, the branch piping 
will be reconfigured to appropriately cover the remodeled spaces. 

Fire protection piping will be light wall steel piping with threaded or mechanical grooved-end 
fittings and will be extended above grade within ceiling and wall cavities to fire sprinklers located 
throughout the building.  Exposed piping will be Schedule 40 black steel piping. 

Fire sprinklers will be conventional wet or dry types consistent with fire protection required and 
with the architectural design.  Sprinklers in areas with ceilings will be concealed type with white 
flat ceiling plate.  Exposed areas will have upright heads. 
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Bid and Construction Process 
Bid Phase 
Plant Management discussed creating a bid package that will award the electrical system 
upgrade to the most qualified contractor.  While project cost is a key consideration in selecting a 
contractor because the renovation cost must meet the budget, there are several other factors 
that play into successfully completing the project. 

Discussions during schematic design meetings set forth the importance of: 

 A contractor with capitol complex campus experience. 
 A project manager with good organizational and good communications skills. 
 An electrical contractor with a history working in buildings with large, complex electrical 

systems. 
 An electrical contractor with 13.8 kV electrical system experience. 

Plant Management also expressed criteria important for their constituents.  They asked that 
these criteria also factor into the contractor selection. 

 The 5th floor data center must remain operational during the project. 
 A quiet work atmosphere is important for staff.  No disruptive work is allowed on 

occupied floors during normal business hours. 
 The building will remain occupied the duration of the project.  It is expected that electrical 

power will be available during work hours.  Note that there are building areas where 
work hours fall outside the 8 to 4 workday.  This necessitates close coordination when 
scheduling outages. 

 Project progress and planned work areas must be coordinated through proper channels. 

The design team will integrate the above criteria into the bid documents.  Some of the criteria 
will require that contractors submit an experience resume.  Other criteria will require the bidding 
contractors to submit an action plan.  Each of these components, with the bid number, will 
determine the most qualified contractor. 

The design team will continue working with Plant Management to refine the criteria during 
design development.  Integrating the criteria into the specification front end will need careful 
coordination with RECS and the state’s contracts group.  When contractors submit their project 
bids, they must clearly understand that the lowest price may or may not receive the award. 

Construction Phase 
Early Demolition Package – The construction phase will begin with an early bid package to 
remove the ceilings in the new electrical room.  The timing for the demolition will occur during 
the construction document phase, at the request of the design team.  Both the design team and 
the owner agreed that it is vitally important to understand what is concealed above the ceilings 
to avoid change orders during the construction phase.  It is very likely that the contractor 
awarded the ceiling demolition will not bid on the complete electrical upgrade package. 

B I D  A N D  C O N S T R U C T I O N  P R OC E S S  
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Construction Upgrade Package – The construction phase upgrading the electrical system will 
be a well-coordinated effort between the contractor, the design team, and the owner.  Each of 
these three players has a key role in creating a smooth transition from the old electrical system 
to the new.  This phase is where the most qualified contractor’s skills come into play.  The 
contractor’s ability to quickly understand the project, plan the construction, and communicate 
with the team will greatly enhance the project outcome. 

The owner has indicated that they need to stay well informed regarding construction progress, 
planned outages, and areas of work.  Knowing this, the design team recommended 
incorporating these desires into the construction documents as a framework under which the 
contractor must work.  Doing so will communicate that the contractor must keep the facility 
operational and stay within the confines defined by the owner. 

The contract documents will require the contractor to develop a work plan using the specified 
framework as a guide.  The framework will ask for: 

1. A schedule defining affected work areas, planned outages, equipment deliveries, and 
other critical work items. 

2. A review of the recommended electrical system replacement sequence, updated with 
perspectives gained after acquiring an understanding of the building. 

3. A matrix defining the communications paths for certain aspects of the project.  Contracts 
generally mandate that communications travel through the design team.  Because the 
electrical power loss has a direct impact on the building users, certain circumstances 
may dictate an alternate communications path directly with the owner. 

4. A process for communicating a two week look ahead. 
5. A reaction plan if an unplanned outage occurs. 
6. A framework for biweekly meetings that visually updates where work is occurring, what 

critical path items are starting/underway/ending. 
7. Providing information to the owner that allows them to give their users a measured level 

of information about construction progress. 

From this, the contractor will create and submit their work plan for an interactive review and 
comment. 

The construction process is expected to take a year.  Shortly after contracts are signed, the 
shop drawing process begins.  This is the point where the commissioning agent becomes 
integrally involved with the project.  After the engineer checks the equipment submittals, the 
commissioning agent will cross check them against the basis of design and the specifications.  
This quality control step will ensure that the design intent is met with the equipment ordered. 

Weekly meetings will begin as the contractor familiarizes themselves with the building.  Prior to 
and following each of the meetings, the design team will walk the site with the contractor and 
owner’s representative.  This level of interaction between the team members will maintain the 
consistency needed to communicate issues, expectations, and resolutions. 

From this point, the project construction is a methodical step-by-step process upgrading the 
electrical system.  The continued construction process will receive weekly over site by the 
design team and intermittent interface with the commissioning agent as new systems come on 
line. 

As the project construction comes to a close, the final system adjustments begin.  These 
adjustments rely on existing building conditions and require live onsite measurements.  The 
electrical contractor will take these measurements and give them to the design team.  The 
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design team will incorporate them into the electrical system fault current and coordination 
studies to produce device settings and arc fault potential information. 

The arc fault potential information provides the electrical contractor their final piece of 
information needed to complete arc fault potential hazard labeling.  In coordination with the 
commissioning agent, these labels are created and adhered to the building’s electrical 
equipment. 

The device settings produced from the coordination study provide the electrical contractor with 
circuit breaker and relay setting information.  The final system adjustments on medium voltage 
switches, switchgear, and switchboards ensure that over current and short circuit devices trip in 
appropriate order.  These settings are the final items required to complete the system 
installation. 

10 Month Warranty – State contracts require that a 10 month warranty walk through occur.  This 
process provides the owner the opportunity to verify new equipment performance prior to the 
end of the one year warranty period.  This walkthrough will be attended by the design team, the 
prime contractor, and the owner.  Any adjustments or equipment issues will be noted and 
addressed prior to the close of the year. 
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B U D G E T  

Electrical Systems Budget Estimate
Equipement Description Estimated Budget Notes

Medium Voltage Equipment $1,524,000
Includes G&W switches, unit substations, MCB's and 

13.8 kV demo (switches and cables)

Demolition & Removal $770,000 Removes existing equipment and feeders entirely

Switchgear & Switchboards $375,000

Riser Bus Duct, Panels, Transformers $450,000 Reflects Scheme #1

Distribution Feeders Includes pipe & wire.  Does not include 13.8 kV feeders

Normal System $2,650,000

Backup System $1,250,000

Backup System Modifications & Upgrades $250,000

Includes $$ for the existing States Electric gear and a 

new distribution switchboard that feeds elevators, 

fans, fire pump, lighting riser, optional standby system.

Life Safety Lighting Systems Upgrads $100,000 Consists of primarily recircuiting - Mostly labor and 

Stair Pressurization Fans $12,000 Reconnecting fans, new branch ciruit feeds.

Life Safety - Fire Pump & Elevators $60,000 Reconnecting equipment, new branch ciruit feeds.

Cable Tray $20,000 24" cable tray running the length of the building

Subtotal $7,461,000
Numbers include 20% markup, $5000 for permit, 1.5X 

for shift work and some 2X for weekend labor

Mechanical Systems Budget Estimate
Equipement Description Estimated Budget Notes

Fire Protection $22,110.00 $3 PSF for remodel areas

HVAC/Cooling Equipment $73,600.00 6 units at $5600, 2 units at $20,000

Miscellaneous items $19,150.00

Subtotaal $114,860.00

Architectural Systems Budget Estimate
Equipement Description Estimated Budget Notes

Basement Level Construction $212,500.00

Ground through 5th Floor Construction $269,000.00

Subtotal $481,500.00

Project Construction Subtotal $8,057,360.00

10% General Conditions $805,736.00 General contractor management, markup, permits, etc.

Project Construction Cost $8,863,096.00

10% Design Contingency $886,309.60
Contingency held for scope changes and unforseen 

building conditions

Total Project Budget $9,749,405.60



 
Centennial Office Building  LKPB Engineer Project No. 2014.079.00 
Electrical Distribution Upgrades RECS Project No. 02CO0018 
MN State Capitol Complex, St. Paul MN 
© LKPB 2015  Page 25 of 78 

 
 
 
 
 
 
This schedule was developed near the end of Schematic Design as a template for review by the 
PMD.  It is included here to provide a framework for what the design team considered a 
reasonable starting point for the defining the project’s life.  Refinements will take place as the 
project progresses 
 
The design phases take into account a review process by PMD and allow for some unforeseen 
roadblocks.  Knowing that schematic design accounted for 30% of the design, a shortened 
design development phase is planned.  Construction documents phase will button up the details 
needed to issue a bid package. 
 
Depending on the exact posting date, contractors will receive three to four weeks to assemble a 
project bid number.  After the bids are received, the contractor will receive a notice to proceed 
and sign contracts.  The period between bid and construction start is known as Contract 
Negotiations.  The duration typically takes less than three weeks for a project this size.  Note 
that the schedule allows for allows for this process to occur. 
 
The design team believes that this project will extend through the better part of a year.  A large 
share of the work will occur off hours and critical electrical system switch overs will occur on 
weekends or holidays.  The time of day in which work occurs has an effect on project duration 
because of an inherent lag in communication lines between contractor working off hours, the 
design team responding most hours, and the owner working primarily during the day.  
Additionally, extensive planning is needed for major power outages and only select days are 
possible outage candidates. 
 
The following is the proposed project schedule. 
 
Project Schedule 
Schematic Design Complete January 22, 2015 

Design Development Complete March 12, 2015 

Construction Documents Complete May 22, 2015 

Bidding Complete June 18, 2015 

Begin Construction July 13, 2015 

Complete Construction July 2016 

Warranty Walkthrough May 2017 
 
The following page contains a graphical representation of the schedule. 
 
  

P R O J E C T  S C H E D U L E 
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This concludes the Schematic Design presentation.  The bulk of the efforts involved with 
Schematic Design included existing system discovery, system programming, and early project 
engineering.  The additional efforts put forth to accurately estimate the project represent the 
design team’s ability to pull together the necessary pieces and assign value on a complex 
project. 

Moving forward with the concepts defined in this report requires further understanding of the 
existing building.  It also requires the necessary steps into engineering details not yet addressed 
in this project.  Adding these details to the design during Design Development and Construction 
Document phases will solidify the design and gain a complete bid package. 

 
  

C O N C L U S I O N 
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Appendix A – Spreadsheet of Major Equipment – 

Replace/Reuse 
 
Appendix B – Riser Diagrams – 11/ 17 foldouts 
 
Appendix C – Equipment Cut Sheets 
 
Appendix D – Basis of Design Specific Lists 

 
Appendix E – Recommended Electrical System Switchover – 

 Existing to New 

 
  

A P P E N D I C I E S 
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Appendix A – Spreadsheet of Major Equipment – 

Replace/Reuse 
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Appendix B – Riser Diagrams – 11/ 17 foldouts 

 

(These sheets are duplicated in the larger plan set.) 

 

1. 13.8KV Distribution One-Line 

2. Normal Riser System Switchgear New 

3. Normal Riser System A & B New 

4. Normal Riser System C & D New 

5. Optional Standby and UPS System 

6. Emergency System – Riser 

7. Emergency Generator System – One Line Diagram 
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Appendix C – Equipment Cut Sheets 
 
 
8. G&W Medium Voltage SF6 Switch 

9. Square D Medium Voltage Cast Transformers 

10. 480 Volt Unit Substations 1 and 2 

11. 480 Volt Unit Substations 3 and 4 

12. ASCO 7000 Bypass Isolation ATS 

13. 15 kV Multi-Conductor Cable for Cable Tray Installation 

14. 15 kV Single Cable for Conduit Installation 

15. Dead Break Junctions 

16. 200 Ampere Dead Break Connectors 
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G&W Medium Voltage SF6 Switch 
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Square D Medium Voltage Cast Transformers
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480 Volt Unit Substations 1 and 2
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480 Volt Unit Substations 3 and 4
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ASCO 7000 Bypass Isolation ATS
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15 kV Multi-Conductor Cable for Cable Tray Installation
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15 kV Single Cable for Conduit Installation
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Dead Break Junctions
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200 Ampere Dead Break Connectors
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Appendix D – Basis of Design Specific Lists 
 
Appendix D – Basis of Design List 
 
Appendix D contains an initial list of equipment and processes integrated into the project.  The 
list was developed from owner requirements, industry standard practices, and necessities driven 
by engineering design.  Along with this Schematic Design report, this list defines the basis of 
design from which the commissioning agent may use to commission this project.  This list will 
likely grow as the project progresses through construction documents. 

Arc Fault Labeling 
a) Obtain the fault current report from the engineer and verify the appropriate equipment 

labeling against the level of available energy.  Refer to labeling specifications for label 
requirements. 

Electrical Services Switch Over Plan 
a) Develop a detailed switchover plan for changing building electrical services from the 

existing to the new.  This plan will likely contain several phases that need refinement as 
the project progresses. 

b) Review the plan with the owner and engineer prior to each phases implementation to 
incorporate any last minute modifications. 

c) Review the plan with the workforce 

Low Voltage Transformers 
a) Verify the transformer construction, verifying that the %Z, power rating, dB ratings, 

efficiency, temperature ratings, transformer composition, and factory tests meet the 
specifications. 

b) Verify the transformer installation methods meet the specifications.  Clearances, and 
isolation methods are particularly important sound transmission limiting. 

c) Measure the sound levels created by the low voltage transformers to ensure noise 
transmission does not transfer into the tenant workspace.  Measure the appropriate 
frequency inside the electrical space, outside the electrical space at the door and 
surrounding walls. 

Mechanical Systems Controls 
a) Verify the interface between the existing building control system and the new equipment 

provided for the lower level main electrical room and the upper floor electrical closets.  
Control points and sequences are defined in the mechanical specifications. 

Medium Voltage Cables 
a) Verify the cable material makeup and construction, verifying that it meets the 

specifications. 

b) Observe the cable installation to verify that installation did not exceed the manufacturer's 
recommended pulling tensions based on the type of cable pulling attachment.  Cable pulling 
tension shall be monitored during installation with a recording dynometer to assure tension does 
not exceed maximum sidewall bearing pressure during pulls around a bend. 

c) Perform high potential testing on the cables according to the specifications. 
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Medium Voltage Switches 
a) Verify the switch construction, ensuring that equipment ratings meet the specifications, 

specified accessories and functions are provided, factory tests and onsite tests are 
performed. 

Medium Voltage Transformers 
a) Verify the transformer construction, ensuring that the %Z, BIL rating, power rating, dB 

ratings, efficiency, temperature ratings, transformer composition, and factory tests meet 
the specifications. 

Selective Coordination 
a) Verify proper equipment settings or equipment provided to ensure coordination defined 

by the engineer’s coordination report. 

Switch Gear 
a) Verify that equipment ratings meet the specifications, specified accessories and 

functions are provided, factory tests and onsite tests are performed. 

b) Verify that the equipment and installation meets UL 1558 requirements. 

Switchboards 
a) Verify that equipment ratings meet the specifications, specified accessories and 

functions are provided, factory tests and onsite tests are performed. 

b) Verify that the equipment and installation meets UL 891 requirements. 

Systems Grounding 
a) Verify the electrical grounding system connections as defined by the engineer and as 

required by the National Electrical Code. 

b) Review the electrical grounding system resistance data to ensure compliance with the 
National Electrical Code and the specifications. 

c) Review the measurement data for the step and touch potential on the 13.8 kV system.  
Compare the measurement data with the specified system design to ensure compliance. 

Transfer Switch Testing 
a) Perform live testing on the existing transfer switches following the electrical services 

switch over.  Verify that that systems transfer to backup power system and return to 
normal utility power as originally installed. 

b) Verify that generator interface occurs based on the new electrical service connections to 
transfer switches.  Verify electrical system monitoring circuits, alarm circuits, power 
circuits, etc. are operational. 
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Appendix E – Recommended Electrical System Switchover – 

 Existing to New 

I. Exhibit E:  System Switchover  - Existing to New Outline 

A. Systems Migration 

1. Phase I Recommended Procedure 

a) New electrical service equipment must be active before any 
existing equipment can switch to the new system.  Based on how 
the existing system is configured, both of the new double ended 
switchgear (COB – 1&2, COB – 3&4) must energize to begin 
switchover.  The gear need only receive power from one of the 
unit substations serving the respective lineups, but connecting 
power to all four unit substations is recommended.  This will 
provide flexibility during the electrical system migration. 

b) Two campus loop outages will be required in order to activate the 
four unit substations.  The electrical contractor must connect to 
the spare barrels on loops S1 and S2.  Coordinating with PMD, 
affected campus buildings must receive notice that campus loop 
outages will occur and the campus electricians must transfer other 
buildings to one of two loops prior to deactivating the second loop.  
The same process must occur prior to connecting to the first loop. 

c) Prior to deactivating, disconnecting, and/or temporarily using the 
existing equipment, it must be tested and evaluated for use.  If an 
existing switching mechanism did not receive maintenance 
recently, we recommend maintenance to ensure use during the 
transition period. 

d) It is recommended that the electrical system switchover begins by 
moving all of the equipment currently connected to existing unit 
substation #3.  The quantities of loads are few and the 
connections relatively easy to migrate.  The following are the 
recommended migration efforts. 

(1) ATS #4 (serving Mech-B) would move off from unit 
substation #3 and onto the new COB unit substation #3. 

(2) ATS #7 (serving CEH-F5-DP1 in Rm B2) would move off 
from unit substation #3 and onto the new COB unit 
substation #3. 

(3) MCC-1 & MCC-2A would move off from unit substation#3 
and onto COB unit substation #2. 
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2. Phase II Recommended Procedure 

a) This phase primarily moves equipment off from unit substation #4, 
allowing it to shutdown at the end of the phase.  The following are 
the recommended migration efforts. 

(1) ATS #6 (serving DP-B & UPS-B) would move off from 
existing unit substation #4 and onto the COB unit 
substation #4. 

(2) The following items will move from existing unit substation 
#4 to a new 600 ampere distribution board located in the 
new electrical room.  These items are smaller feeders  
(e.g. 400 amperes) and do not merit draw out switchgear 
connections. 

(a) The feeder for panels H17, H18, H20 

(b) The feeders for panels H13, H14, H15 

(c) The feeder for panel H12 

(d) The feeders for the two Ramp exhaust fans 

(e) Replace the existing Ramp transformer with a 
smaller transformer (30 kVa or 45 kVa) and move 
to the feeder. 

(3) Move the feeder for Panel B-3B-1 onto the new COB unit 
substation #1 

(4) Demolish ATS #1 and connect the feeder for the existing 
distribution board to COB unit substation #3  

3. Phase III Recommended Procedure 

a) This phase primarily moves equipment off from unit substations #1 
and #2, allowing both to shutdown at the end of the phase.  The 
following equipment will transfer over to the new electrical 
services. 

(1) The feeder for  ATS-5 to COB unit substation #4 

(2) The feeder for ATW-8 (parking ramp emergency loads) to 
COB unit substation #2. 

(3) The feeder for existing bus duct C can be eliminated after 
the existing tenant panels are connected to the new riser D 

(4) The feeder for existing bus duct D can be eliminated after 
the existing tenant panels are connected to the new riser D 

(5) Move the feeder for MCC-2b to COB unit substation #2 
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(6) Move the feeder for ATS-3 (serving UPS-A) to COB unit 
substation #4 

(7) Move the feeder for ATS-9 (serving Mech-A) to COB unit 
substation #4  

(8) The feeder for existing bus duct B can be eliminated after 
the existing tenant panels are connected to the new riser D 

(9) The feeder for existing bus duct A can be eliminated after 
the existing tenant panels are connected to the new riser D 

4. Phase IV Recommended Procedure 

a) Now that all unit substations are off line, the existing 13.8 kV 
feeder may be taken off the existing G&W switches PSS-1 & PSS-
2 and the cables removed from the conduits between them and 
the manhole.  This will involve another pair of campus coordinated 
outages on campus loops S1 & S2.  The electrical contractor must 
disconnect the cables from loops S1 and S2 in the manhole east 
of the building.  Coordinating with PMD, affected campus buildings 
must receive notice that campus loop outages will occur and the 
campus electricians must transfer other buildings to between the 
loops prior to deactivating and disconnecting each respective 
loop. 
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