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Executive Summary

OBJECTIVE
The Utility Master Plan is intended to provide the Ohio University (OU) campus in
Athens, Ohio with a long range vision for efficient and reliable utility generation and delivery,
as well as effective energy conservation measures. This effort is based upon 20-year campus
growth identified in the Campus Master Plan.

BACKGROUND
The energy systems on the OU campus include a partial centralized chilled water
system, a historic centralized steam system, an electric distribution network, and a centralized
domestic hot water system.

Future Campus Planning
Future utility requirements were developed based upon the conversation with the
campus planner and the architect developing the Campus Master Plan. The current plan
identifies new buildings and the renovation of existing facilities over the next 20 years. A site
plan indicating the potential locations of the future buildings is presented in Figure 1-1. For
each of these projects, individual utility loads were assigned based upon load factors
consistent with similar buildings on the existing campus. The building projects were divided
into phases as follows:


Near Term Projects during 2015 – 2017



Six-Year Plan



20-Year Plan
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Figure 1-1
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Campus Carbon Goals
The University adopted the Ohio University Sustainability Plan of 2012. The plan
identifies 35 benchmarks. The top four are as follows:
1. Reduce institutional greenhouse gas emissions across all campuses.
 Athens Campus 25% below 2005 levels by 2030
 80% below 2005 levels by 2050
 Carbon neutrality by 2075
2. Reduce campus building energy intensity.
 Reduce building energy intensity 20% below 2004 levels by 2014 and 40%

below 2004 levels by 2030. Avoid 24 megawatt (MW) peak on Athens
Campus. Lower peak to 23 MW by 2016
 Ensure new construction/renovation projects achieve lower energy use per

gross square foot than the campus average as measure by MMBTU/gsf.
3. Increase renewable energy generation and sourcing.
 20% of all campus energy use by 2020.
4. LEED Certify new buildings and major renovations on all campuses.
 LEED Silver minimum certification for all new buildings and renovation

projects budgeted at or above $2 million, effective FY 2011

Achieving carbon neutrality with current technology would require heating the
buildings with an electric powered source. Based upon 100% resistance heat, the potential
electric load for the campus could increase to approximately 68.5 megawatts (MW). The
additional electric consumed by the campus would have to be generated by a renewable
source. The existing electrical infrastructure cannot support a future load based on electric
heating. Moving to an electric driven heating system will require expansion of the existing
electric substation and c a m p u s distribution system. The current cost of electricity is four
times the cost of natural gas. Because of these factors, it is not economically feasible to
achieve carbon neutrality in this manner.

BUILDING ENERGY USE
The University is in the process of evaluating methods to reduce energy use within
existing buildings. There is a potential that through energy reduction, the annual energy use for
the campus could be reduced as much as 20% to 30%. To achieve this reduction, the
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University must invest in energy savings programs within the buildings as identified in the OU
Sustainability Plan. This would also reduce the peak loads for the energy utilities (chilled
water, steam, and electric). However, for this Utility Master Planning effort, the load growth
calculated and the corresponding future capacity of generation equipment (boilers, chiller, and
electric substations) does not include any energy savings from such programs.

Future Building Design
To help reduce the energy consumption on campus, future buildings cannot be
designed as i n t h e p a s t . New design standards must be developed to ensure that the
buildings are being designed to the lowest energy level as possible. The campus design
standards should be re-evaluated over time to include newer technologies. The following are
some basic design standards to be considered:

Chilled Water
Building terminal units should be designed around water systems and the temperature
difference should be at least 16F to 18F, higher if possible.

Heating Hot Water / Steam
Building heating systems for future buildings should be hot water based systems. A
life cycle cost analysis should be completed for evaluating and installing terminal units with
an entering water temperature of 140F versus a standard 180F. The temperature difference
for the hot water system should be at a minimum 30F to 40F. If steam is required within a
future building for a process need, it should be supported locally and not by the existing
distribution system.
Ventilation
Building design should include an exhaust energy recovery system, including minimum
outside air requirements and demand control ventilation.

Electric
Building designs should include standard approaches for connection to the campus
distribution system. This connection approach would determine the number of sources and
transformers are required for the design and should be based on the critical nature of the
building. Building primary side overcurrent protection should be standardized to pre-approved
February 26, 2017
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fuses, so impacts to the distribution system are minimized. Lastly, arc flash levels should be
evaluated during the design to improve personnel safety. It is recommended that 208/120V
secondary transformers be limited to 500kVA in size due to the high arc flash levels produced
in the buildings.
Building controls should include lighting and night time set-backs to reduce overall
energy usage.

EXISTING DISTRIBUTION ASSESSMENT SYSTEM
Tunnel System
The majority of the steam, electric and domestic hot water distribution systems are
located in tunnels throughout the campus. A condition assessment was performed for the
entire system to identify deficiencies, required repairs and upgrades and to determine the
potential use of the tunnels for the future. Sections of the tunnel need to be replaced because
of reliability concerns and risks to public safety. A site plan indicating the sections of tunnel
requiring replacement or upgrades is presented in Confidential Appendix Figure 10-1. The cost
to upgrade the existing tunnel system over the next 10 years, to allow for continued use of
steam, is approximately $34 million. Figure 1-2 identifies scope items and anticipated costs
needed for t u n n e l r e p a i r s :
Costs in Millions

Structural Upgrades / Replacement
Steam / Condensate Piping Upgrades
Electrical Upgrades
Ventilation / Sump Pumps / Abatement
Total

$
$
$
$
$

24.3
6.1
0.2
3.4
34.0

Figure 1-2
The cost for the upgrades to the existing tunnels can be reduced if strategic replacement of the
steam piping to a hot water distribution is implemented.

Flooding Plain Issues
In the 5% annual flood event, portions of the campus tunnels used for utility
distribution, including the Old Heating Plant Tunnel back to and including the lower level of
Lausche Heating Plant will be flooded. Flooding of the tunnels will cause steam/water
hammering and will saturate the insulation. If the insulation is not tolerable to submersion, it
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will be destroyed. The 2% and 1% annual flood event will flood the operating floor of Lausche
Heating Plant and the West Green Chiller Plant in addition to the tunnels discussed in the 5%
event.
There is little concern during a flood event for the electrical cable routed through the
tunnels as the cable and splices are rated for submersion in water. Due to issues with the
steam system described above, the steam insulation must be repaired prior to re-energizing the
system after a flood. If the steam is brought back on-line without the insulation, the electric
distribution adjacent to the steam lines in the tunnels will be at significant risk of damage and
potentially failure.

If the University makes an investment to relocate the steam piping from the tunnels to a
direct buried system, it will be more cost effective and more efficient to install hot water
piping. The relocation of the steam piping to a direct buried system (either steam or hot water)
will require significant phasing over a 10 to 15 year time period.

CHILLED WATER ANALYSIS
There are four chillers that provide cooling to the central distribution system.
Approximately 45% of the campus is connected to the central chilled water system. Of the
buildings currently not connected to the central chilled water system, 18 utilize a b u i l d i n g
b a s e d c o o l i n g s y s t e m . The remaining buildings utilize window units for space
cooling and would require a complete building renovation before connecting to the central
chilled water system.

Consolidating the cooling systems into a central chilled water system provides
s e v e r a l benefits:


Improved efficiency



Reduced capacity needs through system diversity and shared redundancy



Extended unit life cycle



Reduced maintenance costs

The preliminary Campus Master Plan has identified several new facilities that will
require cooling and the renovation of several buildings that will have cooling added.
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The total cooling load for the campus is projected to increase to 18,800 tons (~90%
higher than the current load) through the 20-year planning cycle. With the existing central
plant capacity at 8,700 tons, additional capacity will be required. It is recommended that a
second chilled water plant be constructed to support the future cooling capacity needs of the
campus.

The future plant would have a total installed capacity of 10,000 tons, and would operate
in conjunction with the existing West Green Chiller Plant. The installation of four 2,500 ton
units in the new chilled water plant, and the reuse of the Nelson Commons chiller (1,200 tons)
and the recently removed Chiller No. 2 (1,250 tons), would ensure adequate firm capacity for
the system through 2034. One of the 2,500 ton units in the future plant would be installed
initially with the construction of the plant in 2017. Chiller No. 2 (originally installed in the
West Green Chilller Plant and having a capacity of 1,250 tons) could also be installed at this
time for added near term capacity.
Seven options were reviewed for the future 10,000 ton chilled water plant. The review
included costs, location, availability for future geothermal wells, and distribution. The
recommendation identified the location adjacent to Ping Recreational Center as the most
advantageous site. The University prefers not to locate the new chiller plant at this site because
of higher land use priorities identified in the Comprehensive Master Plan. Ann alternative site
could be the area adjacent to Rugby Field.

The cost to construct a new central chiller plant with a single 2,500 ton chiller and
associated auxiliary equipment is approximately $23.0 million.

ELECTRICAL SYSTEM ANALYSIS
Existing Electrical System
Currently there are two transformers which supply power to the OU campus. The
campus is provided power at 69kV via a distribution loop circuit from American Electric
Power (AEP). The majority of the distribution on the campus is at 12.47kV, however there are
also some legacy 2.4kV un-grounded systems still in operation. The AEP distribution to the
campus has not been as reliable as expected and has had 2 or 3 outages in recent years that had
an impact on the campus.

In September 2015, a sinkhole was discovered in the OU substation yard. Historical
research, sewer and water line investigation and geological investigations around the area
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found the soil in the substation yard to be unstable. As a result of the sinkhole, several
electrical components (Outdoor Fused Line-up, PLC & battery enclosure and the main
transformers) have begun to settle in the substation yard. The most substantial settling has
been at the Outdoor Fused Line-up, which serves the Ridges and the West Green Chiller Plant.

The electric distribution system is largely a single radial distribution, meaning that
single points of failure exist throughout the system. Only Nelson Substation, East Green
Substation, the Ridges and Clippinger Laboratory have redundant power sources in the event
of failures. The current system configuration is inflexible and does not provide the reliability
that a campus the size of OU requires.

There are two distribution points in one of the major campus circuits (identified as the
OU2 circuit), that supply the southern portion of campus, and are located within the 5% (20yr)
flood plain. Having these distribution stations located within the flood plain presents a
significant risk to continued campus operations during a major flood event.

A computer power system model was developed to simulate the electrical distribution
network. The findings are summarized below:

1. A load flow study was performed to validate that the system has adequate capacity to

support the demand load in various switching scenarios. The 600A SF6 Puffer Switch
located in the substation yard contains a tie switch which cannot be used without
exceeding the rating of the switch.
2. The short circuit evaluation revealed that the fuses located in the OU1B switchgear

are not properly rated for the system fault current. The fuses need to be replaced with
higher fault rated fuses. Failure to make the modification could lead to electrical
equipment damage if a fault current is experienced.
3. The results of the coordination study showed the OU system to be severely mis-

coordinated, likely from years of expansion without an overall distribution topology
in mind. OU’s d i s t r i b u t i o n system relies on fuses to provide protection for
equipment in the event of an electrical fault. The NEC requires that systems be
selectively coordinated in terms of system protection; that is a fault is isolated as
close as possible to the faulted equipment and not permitted to propagate through the
system. A system that is not properly coordinated will experience more outages to
larger areas of the system than a system with proper coordination. The result on OU’s

February 26, 2017

DRAFT

Page 14 of 180

Ohio University 2016 Utility Master Plan
system is that a fault at a single building transformer is capable of tripping the entire
distribution circuit. The OU distribution system as it is configured cannot be
coordinated without changing the system topology, replacing equipment or a
combination of both.
4. An arc flash analysis indicates the majority of the OU medium voltage distribution

system is low Arc Flash Category, 0 or 1. Due to the issue with coordination, the
short term recommendation is to label the distribution system with generic arc flash
warning labels in order to comply with NFPA 70E and OSHA. Once any changes are
made to the system to address coordination concerns, it would be recommended that
t h e system be labeled with the specific Arc Flash values at each location to inform
personnel of the hazards. In addition to the arc flash labels, NFPA 70E and OSHA
require a facility to have an electrical safety plan which outlines the worker’s
responsibilities and what they are permitted to do on an energized system. This does
not exist for the OU electric distribution system.

Future Electrical System
The Campus Master Plan has identified several new facilities that will add load to the
current electric distribution system. In addition, the Campus Master Plan has also identified
several building renovations which will have air conditioning systems added to them, in turn
increasing the c a m p u s electric load as the majority of the chilled water generation is
supplied by the electric system.
Several options were reviewed for the location of a new electric substation to support
the campus growth. The options included costs, availability for future growth, and distribution
circuit extensions required to reach the proposed location. The costs required to address the
settling issues at the existing main substation site were included in the evaluation. The location
adjacent to Facilities Maintenance Building No. 3 is the most advantageous site for a new
electric substation. AEP has an interest in upgrading the 69kV system that serves OU, which
is expected to address the AEP supply concerns.
The existing 12.47kV main switchgear should be replaced to include electronic relays
and a SCADA control system from a single manufacturer. The existing system is a
customized, proprietary system which makes system support difficult for OU. A nonproprietary system from a manufacturer that can provide continued system support for the life
of the system is recommended. In addition, t h e existing outdoor fused switchgear and indoor
fused switchgear should be removed. All 69kV equipment and the two main transformers are
in good condition and should remain in service, provided that the ground can be stabilized. The
existing site provides expansion options so that an additional third main transformer could be
installed to support the projected campus load growth.
February 26, 2017
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Several system topologies were reviewed to provide OU with a flexible and reliable
electric distribution network that can be coordinated to minimize faults. The recommended
topology is a hybrid loop system that will provide a resilient distribution system, while
minimizing equipment and cable costs. A new three bus distribution lineup has been proposed
at the Old Heating Plant to support the loop distribution network to the existing campus
buildings. A new third feeder from the OU substation to the Old Heating Plant would be
installed in a new duct bank to provide geographic separation from the steam tunnel and the
existing feeders. The benefits of this approach include:


Improved system reliability



Limited exposure of the electrical system to the flood plain



Improved system flexibility for existing loads and future growth



Provides a potential future site for additional service point from AEP



Provides a potential future site for centralized generation

STEAM SYSTEMS
The University is in the process of replacing two coal fuel boilers with natural gas and
No. 2 fuel oil fired steam boilers. A third coal fired boiler was converted to natural gas and no
longer burns coal. Temporary boilers have been being installed as an interim measure. A total
of $34 million of repairs to the tunnel and associated steam systems are required to continue to
distribute steam throughout the 20 year plan.

The steam system is inherently inefficient when compared to other methods of campus
heating. Along with the inefficiency, the steam plant is located in the flood plain. It is
recommended that the University invest in a system to address these issues and would be more
efficient in operation.
The campus steam load is anticipated to increase from 180,000 pounds per hour (pph)
to 224,000 pph with the addition of the projects identified in the Campus Master Plan. This
assumes that the University does not invest in reducing energy within the buildings. The peak
load of the campus could remain the same depending on the proactive approach to the
renovation of buildings. The following is a list of the heating systems evaluated to support this
future load growth:


Converting to a Centralized High Temperature Hot Water System



Natural Gas Fired Packaged Boilers



Retrofit of Existing Solid Boilers to Burn Biomass
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Combustion Turbine with a Back Pressure Steam Turbine (Cogeneration)



Engine Generators (Cogeneration)



Heating Hot Water System



Geothermal



Individual Boiler System



Electric Generated Heating System

There are approximately 40 buildings that currently utilize steam for either heating the
building or for a process load (kitchen equipment, autoclaves). The cost to convert these
buildings to utilize a hot water system is approximately $10 million. This conversion would
result in the buildings operating at a similar temperature to existing buildings (180oF to
200oF). The 180oF to 200oF is considered to be a medium hot water temperature (MHTW)
system. In this temperature range, a geothermal system would not be able to operate during the
winter months without some type of supplemental heating system (i.e. operation of a natural
gas hot water generator). Utilization of geothermal throughout the entire year would require
the conversion of every building on campus to a low temperature hot water (LTHW) 140°F
system at a cost of approximately $480 million.

The option also considered continuing the heating generation within the Lausche Plant
(central) or constructing a New Plant (district) that would either supplement Lausche or
replace it completely. The results of a detailed energy cost model and life cycle cost analysis
for campus heating options indicate that utilizing a natural gas boiler and generating steam at
the Lausche Plant provides the greatest economic advantage. The total capital cost, annual
savings (through 2035), total present value, and carbon emissions are summarized in Figure
1-3.
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Figure 1-3
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The options and justification include:


Natural Gas Fired Packaged Boilers at the Lausche Plant
o



10 MW Combustion Turbine in a New Building at the Lausche Plant Site
o



Justification: Provides a construction benefit for distribution piping

Medium Hot Water Temperature Distribution at Satellite Plant (Partial Geothermal)
o



Justification: Has lowest present value for hot water systems

Medium Hot Water Temperature Distribution at Satellite Plant
o



Justification: Next lowest present value and provides standby power

Medium Hot Water Temperature Distribution at Lausche Plant
o



Justification: The lowest capital cost and present value option and would be the
easiest to implement

Justification: Reduces carbon footprint for the campus

Electric Generated Heating System
o

Justification: Has the lowest carbon footprint

Based upon the life cycle cost, maintaining the existing steam system would be the
recommended approach, but this has none of the carbon savings when compared to the other
options. The option that best balances carbon reduction and cost efficiency is the installation
of a hot water district system and small geothermal wells system to support a portion of the
campus. The first phase of work includes the construction of a chiller and hot water plant at
the Rugby Field, which would include a 2,500 ton chiller and two 25,000 mbh hot water
generators. The second phase includes drilling geothermal wells and installation a 2,500 ton
heat recovery chiller. The heat recovered from the chiller could be distributed to the hot water
system.

The third phase would be to construct an additional geothermal plant on the southern
portion of campus (by Ping Recreation Center). This plant would house an additional 2,500
ton heat recovery chiller and a steam to water heat exchanger, and should be sized for a total
of two 2,500 ton heat recovery chillers.

A large campus geothermal system is not recommended for the following reasons:
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1. Geothermal systems rely on electricity for the heating and cooling cycle. Since

electric is four times more expensive than natural gas, the option has one of the
highest life cycle costs (LCC)
2. A large scale geothermal well system is not a proven technology (no large scale

system operating more than 10 years)
3. There is not adequate space (land) for a campus wide geothermal system, based

upon industry standard design for geothermal wells
 Either more wells or change in spacing might be required for campus wide

geothermal system (this was not included in the analysis)
4. Due to the geographic location of OU, there are periods throughout the year where

the outside air temperature would require the operation of a natural gas based
heating system. A large investment is still required for natural gas system as a
backup system.

DOMESTIC HOT WATER ANALYSIS
Domestic hot water is generated from steam heat exchangers in the Lausche Heating
Plant and is distributed through the tunnel system to the point of use. Several buildings have
been recently connected to the domestic hot water system. A number of issues with the
domestic hot water system were observed when the connections were made. Based upon field
investigation, the issues are isolated within the buildings and not due to distribution limitation.
With the future phasing out of steam, it is recommended that future buildings install
individual self-contained domestic hot water systems (either gas if possible or electric).

RECOMMENDED UTILITY CORRIDORS
The long term campus plan is to repair sections of the steam tunnel and infrastructure
distribution required to maintain reliable and safe operation. The phased replacement of the
steam piping with hot water is recommended. The district heating plant should be located on
the western portion of campus. The evaluation of the location of the future hot water piping
compared to the existing utilities and future planning was completed to help identify utility
corridors. The general routing of the piping is presented in Confidential Appendix Figure 10-2.
In the future, the majority of the tunnels will only contain electric feeders. Some portions will
have chilled water piping.
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RECOMMENDATION AND IMPLEMENTATION
The Ohio University Utility Master Plan is intended to provide a guideline to maintain
and upgrade utility infrastructure for improved reliability and efficiency, while complying
with policies regarding sustainability and stewardship. The University is committed to
reducing energy use and carbon emissions as a fundamental goal of the sustainable program.
Throughout the system analysis, options were developed and ranked based upon life cycle
costs and qualitative considerations such as reliability, energy savings, and carbon reductions.
While the proposed master plan is based primarily upon life cycle cost and qualitative
considerations; many additional projects may be warranted based upon energy savings or
carbon reductions depending upon the priority and cost advantages associated with these
benefits. The recommendations for the campus utility infrastructure upgrades, as well as the
timing and funding requirements compared to the current Energy Infrastructure Projects
Initiative (EIPI), are listed in Figure 1-4.
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Figure 1-4
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Introduction
BACKGROUND
Ohio University (OU) main campus is an 1,850-acre campus in Athens, Ohio. The University
completed a Comprehensive Master Plan in 2016 which guides the university in translating its
strategic goals and objectives into a physical plan that identifies where the university is focusing
its resources to meet present and future demands on facilities. The Comprehensive Master Plan
provided a foundation from which the planned improvement, upgrade and expansion of the
campus utility infrastructure evolved.
For the past several years, the University has been developing and implementing plans for
energy infrastructure improvements to meet commitments towards three main principles:




Manage Risk: Improve system reliability and provide redundancy
Support Sustainability: Responsible energy use, work towards alternative energy use
Enable Future Growth: Operate and expand energy production and distribution
systems, modernize energy systems, integrate planning

Planning for energy infrastructure utilities is complex, requiring consideration for the
interconnectivity between various systems, respecting and supporting campus growth, and the
dynamics of transitioning to more sustainable methods. Implementation strategies have evolved
as a better understanding of existing energy infrastructure conditions are known and needs
identified in the Comprehensive Master Plan (CMP) have been prioritized in the Six-Year
Capital Improvement Plan (CIP).
In 2011, the campus contemplated a project to replace the Lausche Heating Plant with a
cogeneration plant. Three factors led to change the scope of the Lausche project: changing
energy markets, a better understanding of construction costs, and infrastructure challenges for a
combined heating and power plant. A redefined project, the Energy Infrastructure Projects
Initiative (EIP), with a $79 million budget allocation was presented to the Board of Trustees in
June 2014 designed to address the following:





Address critical energy infrastructure needs
Make progress towards sustainability goals
Meet institutional objectives and commitments
Regulatory compliance
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Figure 2-1
In June of 2014, the Board of Trustees authorized a Utility Master Plan (UMP) to develop a
comprehensive energy study for the campus:





Evaluate and document existing conditions for all energy systems: steam; electric;
domestic hot water and chilled water
The UMP excludes:
o Water lines
o Storm and sanitary sewer lines
o Gas lines which are owned and maintained by Columbia Gas of Ohio, Inc.
o Voice and data lines
Prepare planning documents for the repair, modification, and capacity additions to energy
systems
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While planning has evolved, the institution has made significant progress through projects such
as:







Transitioning from coal to gas
Multiple tunnel repairs
Boiler repair and replacements
Utility metering
Chiller replacements
Miscellaneous electrical, gas and utility upgrades

The EIP has evolved through discoveries during the Utility Master Planning process as has the
allocation of the $79 million budget. The goals remain consistent:
 Conservation still key
 Completion of the Utility Master Plan
 Steam
o Complete transition off coal
o Address critical infrastructure failures
o Annual maintenance to keep system operational
 Chilled Water
o Address building chiller failures
o Address critical maintenance and safety concerns
o Meet short term needs to support Clippinger Addition and upgrades to Seigfred
Hall
o Partial funding of new chilled water plant on northeast side of campus
 Electric
o Deferral of non-critical and non-safety related maintenance needs until at least FY
2023
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Figure 2-2
The scope of the UMP included:




Evaluation and documentation of existing conditions for all energy systems on the
Athens campus: steam; electric; domestic hot water and chilled water
 Specifically excluded from the UMP were: water lines; storm and sanitary
sewer lines; gas lines which are owned and maintained by Columbia Gas of
Ohio, Inc.; and, voice and data lines
Preparation of planning documents for the repair, modification, and capacity
additions to energy systems

RMF was engaged to assist in this effort in December 2014.
The Utility Master Plan for the Athens Campus provides Ohio University with a long range
vision for efficient and reliable utility generation and delivery, as well as effective energy
conservation measures. This plan has been done within a context that respects and supports the
goals and objectives of the Ohio University Athens Campus-Comprehensive Master Plan, the
Ohio University Climate Action Plan and the Ohio University Sustainability Plan.
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APPROACH AND METHODOLOGY
This study includes an evaluation of the existing steam, chilled water, electric, and central
domestic hot water generation and distribution systems. The analysis of the generation
equipment is based on age, condition, capacity and efficiency. The distribution systems are
assessed based upon age, condition, reliability, and capacity. The existing systems are then
evaluated based upon the ability to serve the existing and future phased development of the
campus. Deficiencies and limitations in the existing systems are summarized and corrective
options that meet established levels of reliability are developed. For each option, an economic
analysis is developed that considers energy, operating and capital cost requirements. All options
are compared to determine the cost effectiveness of each.
The environmental impact and sustainability benefits of each option are discussed and then
prioritized in relation to the previously mentioned OU principles. The recommendations
including estimated capital costs and schedule requirements are compiled into an implementation
plan synchronized with the current campus growth. System analysis options were developed and
ranked based upon life cycle costs and qualitative considerations such as reliability and
operations. In addition to life cycle cost and energy savings, carbon reductions are key factors
contributing to the final recommendation. The University is committed to reducing energy use
and carbon emissions as a fundamental goal of the sustainable program. While the proposed
master plan is based primarily upon life cycle cost and qualitative considerations; many
additional projects may be warranted based upon energy savings or carbon reductions depending
upon the priority and cost advantages associated with these benefits.
UTILITY PLANNING PROCESS
Approach and Methodology
At the beginning of the project, existing conditions were considered to be the state of all utilities
at the end of calendar year 2014. Any new building projects and renovations (such as the
recently connected Housing Phase1, and recently renovated Tupper Hall, McCracken Hall and
Radio TV Communications Building) would be considered future and assessed for all utilities in
the later sections.
The assessment of the existing energy infrastructure for the University is divided into the
following systems:






Utility Distribution System
Cooling Systems (plants and distribution)
Electrical System (generation and distribution)
Central Heating System (generation and distribution)
Central Domestic Hot Water System (generation and distribution)
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The above components were reviewed based upon age, condition, reliability, efficiency,
capacity, cost of operations and sustainability.
Physical Surveys
The physical surveys performed by the team included assembling equipment nameplate and
actual capacity ratings for key equipment and systems. Discovery and documentation for key
distribution system data including pipe size, valve, cable, circuit breaker and fuse information
was also included in the surveys. Field collection of missing information took place, as well as
field collection/survey of equipment suspected of being in the flood plain.
Assessments
The system assessments developed peak, monthly, and average energy load estimates for each
building on campus. These estimates are intended to be reflective of the building type and use,
the building’s size, and the Athens climate. The estimates have been checked against the limited
metering data available and approximate total to the energy load flow curves. Recommendations
have been made based on metering systems and data structures.
Data and GIS
The efforts of the Utility Master Plan updated and corrected existing campus utility maps,
locating and spatially coordinating the tunnels, chilled water, steam, and electric systems. This
information allowed the design firm to advise recommended changes to each system.
The geospatial maps of the systems were updated to show manholes and vaults, and elevations of
key components, including building mechanical rooms and electric rooms. Engineering
schematics were developed for steam, domestic hot water, chilled water, and electricity by
including information such as anchors, expansion joints, valves, traps, switches, and circuit
breakers. Geospatial maps have been developed for the 5%, 2% and 1% exceedance flood impact
zones and specifically locate major utilities components at or below each elevation, including
building electrical and mechanical rooms.
UTILITY COSTS
The University has maintained the annual costs and corresponding consumption for electric,
water, coal, and natural gas for 2014 as shown in Figure 2-3.
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Figure 2-3
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The following is a comparison of the average utility costs in 2014.

Utility
Electric
Natural Gas

Average
Costs
$0.06 / kWh
$4.70 /MMBTU

Average(COMMENT
– maybe substitute
Normalized.
Cost
Comparison
$17.58 / mmbtu
$4.70 / mmbtu

The annual electric cost is approximately 4 times more than the cost for natural gas.
The University committed to cease burning coal at the Lausche Heating Plant by the end of
2015. OU recently installed temporary natural gas fired boilers with distillate oil back-up
capability to replace the recently retired coal burning equipment. The temporary boilers will
remain in service until permanent boilers are installed to replace the coal fired units. None of the
future steam generating options in this Utility Master Plan include the use of coal. The Lausche
Heating Plant successfully achieved the goal and stopped burning coal in December 2015.
The forecasting of future utility electric and natural gas rates was included as part of the
planning effort. The electric rate forecasts were comprised of three primary components: energy,
capacity, and transmission and distribution (delivery service). The forecast for natural gas was
based upon three components: commodity costs, locational basis differentials, and transportation
and delivery (delivery service). The escalated utility rates are summarized in Figure 2-4.
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Figure 2-4
February 26, 2017

DRAFT

Page 31 of 180

Ohio University 2016 Utility Master Plan
ECONOMIC FACTORS
The economic analyses developed in this report are based upon a 25-year life cycle, a 5%
discount rate and nominal 2% annual escalation rates for non-fuel costs. A summary of these
escalation rates and corresponding present value factors are presented in Figure 2-5.
The present value factors (PVF) are utilized as follows:
Annual (re-occurring) costs x PVF = 25-year present value
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Figure 2-5
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OHIO UNIVERSITY SUSTAINABILITY PLAN
The University has a sustainability plan (developed in 2012) that identifies 35 benchmarks,
including the following top four and associated target dates:
Reduce institutional greenhouse gas emissions across all campuses.
 Athens Campus 25% below 2005 levels by 2030
 80% below 2005 levels by 2050
 Carbon neutrality by 2075
2. Reduce campus building energy intensity.
 Reduce building energy intensity 20% below 2004 levels by 2014 and 40% below
2004 levels by 2030. Avoid 24 megawatt (MW) peak on Athens Campus.
Lower peak to 23 MW by 2016.
 Ensure new construction/renovation projects achieve lower MMBTU/gsf energy
profile than campus average.
3. Increase renewable energy generation and sourcing
 20% of all campus energy use by 2020.
4. LEED Certify new buildings and major renovations on all campuses.
 LEED Silver minimum certification for all new buildings and renovation projects
budgeted at or above $2 million, effective FY 2011.
1.

REFERENCES
The following references were utilized in this report:
1. Site visits to Ohio University, various dates.
2. Conversations with Ohio University personnel, various dates.
3. Conversations with Ayers Saint Gross on Campus Master Plan, various dates.
4. Progress Meeting No. 1 – January 27, 2015, Ohio University, Athens, OH.
5. Progress Meeting No. 2 – February 19, 2015, Ohio University, Athens, OH.
6. Progress Meeting No. 3 – March 5, 2015, Ohio University, Athens, OH.
7. Progress Meeting No. 4 – March 18, 2015, Ohio University, Athens, OH.
8. Monthly Project Review – March 19, 2015, Ohio University, Athens, OH
9. Progress Meeting No. 5 – April 2, 2015, Ohio University, Athens, OH.
10. Progress Meeting No. 6 – April 16, 2015, Ohio University, Athens, OH.
11. Monthly Project Review – April 30, 2015, Ohio University, Athens, OH
12. Progress Meeting No. 7 – May 27, 2015, Ohio University, Athens, OH.
13. Meeting on Sustainability – May 28, 2015, Ohio University, Athens, OH
14. Monthly Project Review – June 10, 2015, Ohio University, Athens, OH
15. Monthly Project Review – July 28, 2015, Ohio University, Athens, OH
16. Monthly Project Review – August 24, 2015, Ohio University, Athens, OH
17. Ohio University Chilled Water System Study, Woolpert, 7/2009
18. Ohio University Chilled Water Hydraulic Study, Woolpert 9/2010
19. Power Plant Feasibility Study, RMF Engineering, Inc., 4/2012
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20. Chilled Water Hydraulic Analysis, RMF Engineering, Inc., 11/2014
21. Various Building Design Mechanical Drawings (as noted in Figure 2-6 and Figure 2-7)

February 26, 2017

DRAFT

Page 35 of 180

Ohio University 2016 Utility Master Plan

Figure 2-6

February 26, 2017

DRAFT

Page 36 of 180

Ohio University 2016 Utility Master Plan

Figure 2-7
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Utility Distribution System
OVERVIEW
The University maintains approximately 30,000 linear feet of underground tunnels on the
campus to support the distribution of steam, domestic hot water, and electric. A general
assessment of the existing tunnels was performed to identify areas that need to be repaired or
abandoned and replaced. The assessment of the tunnels includes an evaluation of the structure,
the entire steam system, condensate system, domestic hot water system, and electrical
distribution feeders.
The following tunnel sections, approximately 8,000 linear feet (25%) of the tunnel system, are in
need of some type of repair (inclusive of structural, mechanical and electrical):
1. Chubb Hall to E. Union
a. E. Union
2. Scripps - Cutler (Tunnel 12)
3. Wilson Branch Tunnel
4. Lindley Branch Tunnel
5. Music / Siegfried (Tunnel 14)
6. Grover – Clippinger Tunnel
7. Grosvenor – Wilson Tunnel
8. Grosvenor – James Tunnel
9. Richland Ave. Tunnel (and Porter Branch)
10. E. Green Dr. and Branch Tunnels
A. Shively and Botanical Research Branch
B. E. Green Dr. North End
11. Wilson – Irvine Tunnel
Structural Assessment
Of the 11 sections of tunnel identified above, there are the five sections that have significant
structural concerns and need to be replaced as soon as practically feasible:
 Chubb Hall to East Green Drive (1)
 Scripps Hall to Cutler Hall (2)
 Wilson Branch (3)
 Shively and Botanical Research Branch (10A)
 East Green Drive North End of the tunnel (10B)
The estimated cost to replace these tunnel sections is $18.8 million. These tunnel segments have
significant structural issues and should be addressed if they continue to be utilized for steam
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system piping. The tunnel replacement estimate is based on a unit cost of $8,300 per foot of
tunnel and includes a complete structural replacement, new lighting and sump pumps, and
complete replacement of all mechanical piping, supports and insulation. The estimate accounts
for all construction costs, including soft costs. Individual projects should be initiated by the
University for each tunnel section to be replaced. Design considerations and challenges for each
project include:










Chubb Hall to East Green Drive
o This tunnel section is approximately 1,100 feet long and varies along its length in
degree of disrepair. From Chubb Hall to the intersection of S. College St. and E.
Union St. is in the direst need of replacement.
o Portions of this tunnel section are approximately 10 feet deep which will make
excavation and shoring challenging.
o The tunnel crosses under E. Union St. and any construction activities will require
road closure.
o Repairing the steam line will require phasing to limit outages to buildings along S.
College St. and E. Union St. Taking this segment of steam line off line will break
the low pressure steam loop and create a loss of system redundancy during
construction.
Scripps Hall to Cutler Hall
o This tunnel section is in an area of high pedestrian traffic and a comprehensive
traffic control plan will be required to ensure public safety.
o Seasonal building loads will need to be evaluated to minimize utility disruptions
to Cutler Hall and McGuffey Hall.
Wilson Branch
o This tunnel section is in an area of high pedestrian traffic and a comprehensive
traffic control plan will be required to ensure public safety.
o Steam service to Wilson Hall and Galbreath Memorial Chapel will be disrupted.
o This branch tunnel connects to the University Terrace tunnel and any work at the
intersection will require closing a portion of the road.
Shively and Botanical Research Branch
o This tunnel section is in an area of high pedestrian traffic and a comprehensive
traffic control plan will be required to ensure public safety.
East Green Drive North End of the tunnel
o The tunnel crosses under E. Unions St. and any construction activities will require
closing the road.
o Repairing the steam line will require careful phasing to limit outages to
McCracken Hall, the Music Rehearsal Hall, Glidden Hall and the Sculpture
Studio. Taking this stretch of steam line off line will break the low pressure steam
loop and create a loss of system redundancy.
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The following segments require moderate structural repairs to increase the remaining life by
approximately 40 years. These repairs are needed to address deferred maintenance and should be
implemented over the next ten years.





Grosvenor Hall to James Hall
Lindley Branch
East Green Drive and Branch Tunnels
Wilson to Irvine

Moderate structural repairs include partial or full roof replacement, patching walls and floors, or
replacing selected segments of tunnel wall. Detailed structural assessments have been developed
for each tunnel section listed. The estimated cost for the repairs is approximately $5.5 million.
Steam System Piping Assessment
When assessing the steam and condensate piping in the tunnel the following conditions were
observed:
 Steam and/or condensate leaks due to corroded pipe
 Steam and/or condensate leaks due to faulty isolation valves
 Expansion joint repair and/or damage
 Pipe supports missing and/or damaged
 Disabled, damaged and/or nonfunctioning steam traps
 Insulation missing and/or damaged
 Asbestos abatement
The most extensive pipe damage was found throughout the condensate system, with many large
holes identified in heavily corroded condensate pipe. While several ground water leaks were
found throughout the tunnel system, the large majority of water damage is due to significant
condensate leaks. There are many tunnel sections, such as the Lindley tunnel, the E. Green area
tunnels, and the McCracken/Music tunnel, where leaking condensate has corroded floor mounted
pipe supports to the point where they have failed. The failed pipe supports have left steam lines
improperly supported and vulnerable to rupture in the event of water hammer, or even normal
thermal cycling as lines are de-energized for maintenance or repair.
Leaking expansion joints were also observed on all mechanical systems throughout the tunnel
system. Moisture and excessive corrosion on the expansion joint pistons will restrict the
movement of the joint and create excessive forces during thermal expansion. Failed or damaged
expansion joints can potentially lead to broken anchors and ruptured steam lines. The various
leaks from expansion joints, valves and corroded pipe have also led to many
electric/communication cables being fully submerged.
All of the conditions described above have left much of the tunnel system vulnerable to future
utility disruptions caused by a system failure.
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The majority (~85%) of the steam distribution system is located directly under campus sidewalks
and there are access hatches every 200-300 feet. A ruptured steam line in a heavily populated
area could pose a serious public safety hazard, so it is imperative to repair the steam piping and
support system to the standards outlined in ASME B31.1.
All sections identified for repair require some steam system piping upgrades. The total cost for
the steam piping upgrades is $6.1 million. Detailed piping assessments and full steam trap
analysis have been developed for each tunnel section.
Electrical Distribution Assessment
While the majority of the electrical distribution network in the tunnels appears to be in good
condition, there are two major concerns with the continued operation of these electrical feeders.
The first concern is that several distribution feeders are not correctly supported and siting
directly on the tunnel floor, or worse are laying directly on live steam piping. The cables which
are on the steam lines are at increased risk of failure due to the high temperature condition as
described below. Ultimately, this condition will lead to failures. The other unsupported cables
are at increased risk due to personnel stepping on the cables again, potentially leading to failure.
The un-supported cable also presents a safety concern for operators as they are forced to
“weave” though live cables in certain areas to again access for work activities. The cost to repair
the feeder supports and properly rack the cables is estimated to be approximately $0.3 million.
The second concern, and the larger issue, is that the feeders are located in a heated space. As the
electrical demand on a particular cable increases, the temperature of that cable also increases.
This additional heat is normally rejected into the ambient environment. However, the increased
ambient temperature in the tunnels will limit the heat rejection of the cable and therefor increase
the internal temperature of the cable during high electric load conditions. Per the National
Electrical Code (NEC) Table 310.15(B)(2)(b) cables which are installed in an environment with
an ambient temperature greater than 40° C (104° F) need to have their full load capacity de-rated
to address this issue. The average temperature in the tunnel system at OU is approximately 50° C
(122° F) and some areas have been recorded at 64° C (147° F). This issue will be taken into
account when distribution capacity is discussed. The short term solution is to repair the
insulation on the steam system. If the steam will remain in the tunnels, the electrical distribution
should be moved out of the tunnel and into duct banks. If the selected direction is to eliminate
the steam distribution, then the tunnels can continue to provide a pathway for the electrical
distribution system.
Ventilation/ Sump Pumps / Abatement / Lighting Replacement
Approximately 7,000 feet of the tunnel system originally had ventilation fans installed. Currently
50% have been abandoned or are no longer operational. Sections that do not incorporate forced
ventilation rely only on natural ventilation which is not sufficient. The lack of tunnel ventilation
has led to excessive condensation in many areas, reducing the remaining life of the tunnel and
steam system piping. The recommendation is to replace all inoperable ventilation fans and
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maintain the equipment to ensure proper ventilation of tunnel sections designed for forced
mechanical ventilation. For tunnels without a current forced ventilation system, a project should
be initiated by OU to investigate the modifications required to accommodate a forced ventilation
system.
Most of the tunnel sump pump pits are undersized and lead to short-cycling of sump pumps.
Many of the pump floats are improperly installed and the water overflows the sump before the
float switch will energize the pump. Sump pump manufactures routinely publish operational
guide lines that will limit the number of start/stop cycles within a given time period. The existing
pits should be enlarged to approximately 4’ x 4’ x 3’ deep so there is sufficient capacity to allow
the pumps to operate within the parameters specified by the manufacturer, ultimately prolonging
the life of the pump. Inoperable sump pumps were found in the following three tunnel sections.
Since there was no standby pump in any of these sections, all had standing water at the time of
the survey.
 Music / Siegfried (Tunnel 14)
 Grosvenor to Wilson
 Wilson to Irvine
The sump pumps are also subjected to elevated temperatures due to various leaks in the
condensate system. Most of the pumps installed within the tunnel system are not designed for hot
water and are quickly damaged when continuously exposed to the condensate. When the tunnel
floods, the water will not only affect the structural portion of the tunnels, but when the water
reaches the steam piping and the insulation, the insulation disintegrates. The uninsulated pipes
start heating the tunnel space.
All sump pumps should be replaced with a unit rated to continuously pump 200° F water, such as
the Weil Series 1400 pump with a power cable rated for high temperature service. Float switches
should also be replaced with high temperature units such as the Anchor Scientific Roto-Float
SST.
A project should be initiated by OU to evaluate all tunnel sumps for capacity and float
installation. At a minimum, a duplex pump system with an alternating lead/lag pump
configuration and alarm signals to indicate high water levels should be installed.
The Music to Siegfried section of tunnel requires abatement before any repair work can
commence. The RTEC/Lasher/Haning branch tunnel has also been identified as containing
asbestos and should be abated. This tunnel section contains live steam and condensate pipes but
has been deemed inaccessible by the University because of the presence of hazardous materials,
so any valves, steam traps and other maintenance items located in this section cannot be
accessed. This tunnel section was excluded from the survey.
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All of the tunnel sections identified for repairs need additional or upgraded lighting systems.
Detailed information regarding tunnel lighting upgrades has been developed. The total cost to
add ventilation, sump pumps, abate the tunnels, and add lighting is approximately $3.4 million.
Tunnel System Summary
An estimate to repair or replace the tunnels and also a phasing plan is summarized in Figure 3-1.
The total cost over the next 10 years is approximately $34 million. These costs do not include
additional tunnel segments for new buildings. The $34 million is the cost to return the tunnels to
a fully repaired condition that will last for the next 40 years (if properly maintained) for the
continued distribution of steam, condensate and domestic hot water systems. The total cost of the
tunnel work can be reduced if the steam piping is removed and the tunnel is repurposed for only
electric and communication distribution. Even when removing the steam system and repurposing
the tunnels, there will still be a minimum level of steam system repairs required to keep the
system operational until it can be completely decommissioned. Further discussion on the cost to
replace the steam system piping versus tunnel repurposing is addressed in STEAM SYSTEM
ANALYSIS 6.2. The detailed analysis includes an implementation schedule for both cases that
identifies capital required for tunnel repair projects over the next 10 years. The phasing of annual
repair costs for the steam distribution tunnel is approximately $5 million per year for eight years.
It is not anticipated that the University can support implementing $5 million per year for repairs
of the tunnel, but this would be required to maintain steam on the campus. In Medium
Temperature Hot Water System 6.2.6, the cost to convert a portion of the campus to hot water
was developed to reduce the amount of steam maintenance costs.
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Figure 3-1
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FLOOD PLAIN
The existing campus has an exposure risk to flooding from the Hocking River. The Hocking
River Flood Insurance Study (FIS) is currently being revised by the Federal Emergency
Management Agency (FEMA) and new limits and elevations for several flood events will be
changing in the area around the University. The scope for the Utility Master Plan is to analyze
the 5%, 2%, and 1% annual flood events (previously 20yr, 50yr, and 100yr respectively) effect
on current utilities for the revised flood events. The areas affected by the 5%, 2%, and 1% annual
flood events are presented in Confidential Appendix Figure 10-3, Figure 10-4and Figure 10-5
respectively.

Tunnels
In a 5% annual flood event, portions of the campus tunnels used for distribution including the
Old Heating Plant Tunnel back to and including the lower level of Lausche Heating Plant will be
flooded. Flooding of the steam tunnels will cause steam/water hammering with the system active
and will saturate the insulation which, if not tolerable to submersion, will ruin the insulation. The
2% and 1% annual flood event will flood the operating floor of Lausche Heating Plant and the
West Green Chiller Plant.
Moving the steam piping out of the tunnels to a direct buried system would be the only way to
resolve the heating issues during a flood event. The relocation of the steam piping to a direct
buried system (either steam or hot water) will require significant phasing over 10 to 15 year time
period. A cost comparison of this is developed in Chapter 6 - Central Heating System.
There is no concern during a flood event for the electrical cable routed through the tunnels as the
cable and splices are rated for submersion in water. However, due to the issues with the steam
system described above, after the flood occurs the steam insulation must be repaired prior to reenergizing the system. If the steam is brought back on-line without the insulation, the electric
distribution adjacent to the steam lines in the tunnels will be at significant risk.
Electric
The impacts to the electrical system under the various flood conditions are presented in Figure
3-2.
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Figure 3-2
As indicated in the table, two distribution station locations are within the 5% (20yr) flood plain,
Boyd Hall and Stocker Center. Boyd is a major distribution point for the OU2 circuit and an
outage at this equipment would significantly impact the southern portion of campus as presented
in Red on Figure No. 3-3. Building outages would include Stocker, Convocation Center, Grover
Center, Baker Center, Ping Center, Bird Arena, Sargent, Wilson, James and Irvine. Nelson could
also experience and outage, if the Clippinger/Race St. tie circuit is not utilized.
Figure 3-3 assumes that this tie circuit has been energized and Nelson is served from Alden
Library.
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Figure 3-3
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Grover substation and Music/Glidden substation are located within the 1% (100yr) flood plain.
The Grover substation feeds primarily athletic facilities which during a flood event would be unoccupied and could be shutdown.
Flood Event Action Measures
The following measures are recommended for each flood event:
5% Annual Event
The campus steam distribution system should be shut down to avoid damage from steam/water
hammering and the plant steam generation should be shut down as the distribution system is no
longer active. The buildings connected to the steam distribution system will not have heat.
Once floodwaters subside, all tunnel piping that becomes submerged should be re-insulated prior
to restoring steam service... About 7,000 feet of steam line is estimated to be impacted, requiring
seven days of around the clock work at an estimated construction cost of $1,050,000. The
condensate return insulation could be repaired at a later date. This estimate is based on using
cellular glass insulation which would be more resilient to future exposure to water than the
fiberglass or calcium silicate currently installed on much of the tunnel piping. Portions of the
tunnel between the Old Heating Plant and the Richland Avenue Bridge, along with the RTEC
branch tunnel, have been identified has containing asbestos. Therefore, an abatement effort
would have to be included in the clean-up measures after the first flood event. Since the piping
would be re-insulated with non-asbestos containing materials, this effort would not be necessary
after subsequent flood events.
In order to prevent damage of electrical equipment and subsequent outages, measures should be
implemented to stop water from entering the Stocker and Boyd electrical rooms or the electric
service should be de-energized to these substations. Depending on which substation is affected,
the electrical outage may interrupt service to nearly half of the campus buildings.
With respect to Boyd and Stocker, there is no room to increase the height of the switchgear and
the installation of any barriers would cause issues with normal operations making mitigation
technics extremely difficult if not impossible. Given that Boyd is a major distribution point for
the OU2 circuit and several other buildings are served from the switchgear, the location of the
switchgear within the flood elevation poses significant risk to University operations. In order to
mitigate this risk, it is recommended that the Boyd switchgear be relocated. Further discussion
and recommendations are presented in Section 5.2.4.
Above 5% Annual Event to 2% Annual Event
These measures are in addition to the measures above for the 5% event. Lausche Heating Plant
and the West Green Chiller Plant should be shut down and evacuated as the operating floors will
be flooded.
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1% Annual Flood Event
These measures are in addition to those previously discussed. Grover Hall and Music Hall
electrical rooms will be flooded with approximately one foot or less of water. The electrical
outage at Music Hall would take out service to seventeen campus buildings. To prevent electrical
outages and damage, preventative measures should be implemented to stop the water from
entering the electrical rooms, such as a permanent barrier around the equipment or a temporary
sand bag dike. Should the permanent measure not be installed or the temporary not able to be
installed during an event the electric service should be de-energized to Grover and Music. Given
the frequency of this type of flood and the relatively low levels of water, the construction of a
permanent barrier is recommended around these stations.
Other Considerations
Additional steps can be implemented to mitigate the effects and damage during flooding. The
University should consider pre-purchasing and strategically staging materials that can be used by
University personnel or local contractors for flood mitigation. Materials to consider for prepurchasing include:
 Portable dams (tiger dams)
 Pumps
 Sand Bags
 Sheet piling
Unfortunately, there is no one fix, but there are steps that can be taken to get in the right
direction to mitigate risks in future events.
The focus of efforts shall be to:




Stop the water before it gets to the tunnels
Raise tunnel openings
If water does get to the tunnel, how to mitigate further damage (flood doors, sandbags,
reducing penetrations in new tunnels)
 Knowing when to shut steam distribution off and resultant affects
 Knowing when to shut the steam generation service down
 Prepare a Flood Action Plan that outlines measures the University can implement to
reduce impacts during significant flooding events.
Plan for the future including:






Flood proofing new tunnels in flood areas
Any openings in new tunnels shall be above the 1% annual flood event including
ventilation intakes and exhausts.
Tunnel openings at buildings or critical intersections shall be equipped with flood doors
or other means of isolation should the result flooding further impact utilities or the
building.
Water level sensors shall be placed in new and existing tunnels that report back to the
power plant control room.
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HOT WATER DISTRIBUTION ANALYSIS
Due to the condition of the existing steam distribution, the tunnels and the potential of flooding
issues, a hot water system distribution system was considered as an option for campus heating.
The hot water piping would be direct buried and not located in the tunnel, so it would not be
affected by flooding. The hot water could be generated at the Lausche Plant or at an alternative
location.
The plant location has a significant impact on the steam distribution. The previous steam model
was utilized to simulate peak steam export from the Lausche Heating Plant. The future loads
were added to the system to simulate the future operation. The only two piping segments with
high velocities (above 12,000 FPM) was the piping from Old Heating Plant to Research
Technology Center (13,000 FPM) and the low pressure piping adjacent to Scripps Hall (13,000
FPM). This assumes that the campus will continue to use steam for heating buildings as they are
today, but with adding insulation, fixing steam traps, and completing energy reductions in the
building, the peak load for the site will decrease. This piping will be able to support the future
load growth. Based upon the hydraulic model, no major piping upgrades (due to size) to support
future load growth are required.
However, with the flooding issues for the plant and the distribution, the inherent inefficiency to
generate steam, and the reduction in required use for steam within the building, a long term
vision should include eliminating steam use for heating.
The costs to install the hot water distribution throughout the entire campus can range from $55.0
million to $63 million, depending on the location of the hot water generators. The cost to install
all the hot water piping in a single year could be as much as double and would require significant
portion of the campus to be closed at the same time. To convert the entire campus to a hot water
distribution would require a minimum of five to ten years. This includes time for procurement,
design and construction. In the meantime, the steam system would still need to be operational.
This would require reinvestment into the existing steam distribution and tunnel system to repair
many of the items previously identified in this section of the study.
The minimum upgrades to the existing tunnels and steam distribution required if the campus
were to go to hot water would be approximately $22.9 million over the next 10 years. The costs
to maintain steam throughout the entire planning process was estimated to be $34 million.
The following section discusses the location of the hot water generators.
Hot Water Generation System Located at Lausche
One location for the hot water generators is in the existing Lausche Heating Plant. In fact, the
first phase would include installation of steam to hot water heat exchangers at the plant. This
would allow for the permanent natural gas steam boilers to operate fully throughout the life
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cycle. After the entire campus is converted to hot water, the boilers could be replaced with hot
water generators.
The cost to install this piping is approximately $55 million. The first phase of construction would
be located around Lausche Heating Plant and then move east. The following is a summary of all
major advantages and disadvantages of the hot water plant located at the Lausche:
Plant in Lausche
Advantages

Disadvantages

• Adjacent to steam boilers allowing for
generation to hot water earlier
• Only purchasing steam to hot water heat
exchangers and pumps (no additional
boilers)

• Not adjacent to well fields for future
geothermal
• Complexity in phasing in hot water piping

Hot Water Generation System Located in Satellite Plant
The second location for the hot water generators was located on the eastern portion of the
campus (possibly the existing Rugby Field or in a parking lot adjacent to Jefferson Hall). This
would require installation of natural gas hot water boilers in the new plant.
For this option, the assumption is that the plant would be located at Rugby Field. The cost to
install this hot water distribution piping is approximately $63 million. The first phase of
construction would be on the eastern portion of campus. This portion of campus has the most
significant steam distribution and tunnel issues (poor insulation, structurally damaged tunnels,
etc.).
Satellite Plant
Advantages

Disadvantages

• Allows for geothermal wells
• Easier to phase the hot water piping
• Address steam piping concerns in the first
10 years

• Requires a new building service
• Requires natural gas service
• Requires natural gas hot water boilers

RECOMMENDED UTILITY CORRIDORS
The long term campus plan is to repair sections of the steam tunnel and distribution system that
are required to maintain reliable and safe operation. The replacement of the steam piping with
hot water is also recommended. The district heating plant should be located on the western
portion of campus. The evaluation of the location of the future hot water piping compared to the
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existing utilities and future planning was completed to help identify utility corridors. Section
views for multiple utility corridor segments for the campus are summarized in Figure 3-4 and
Figure 3-5. In the future, the majority of the tunnels will only have electric conduits in them.
Some portions will have chilled water piping. The hot water piping will be a direct buried
system.

Figure 3-4
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Figure 3-5
RECOMMENDED UTILITY CORRIDORS
The long term campus plan is to repair sections of the steam tunnel and distribution system that
are required to maintain reliable and safe operation. The replacement of the steam piping with
hot water is also recommended. The district heating plant should be located on the western
portion of campus. The evaluation of the location of the future hot water piping compared to the
existing utilities and future planning was completed to help identify utility corridors. In the
future, the majority of the tunnels will only have electric conduits in them. Some portions will
have chilled water piping. The hot water piping will be a direct buried system.
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Cooling Systems
SYSTEM OVERVIEW

Figure 4-1
Used to cool spaces



Chilled water plants
6.8 miles of distribution pipe

At the end of 2014, approximately 41%, or 2.9 million gross square feet (gsf), of the main
campus (not including the Ridges Area) was connected to the centralized chilled water
distribution system. The chilled water system is primarily served by the West Green Chilled
Water Plant located in the western portion of campus. In addition to the chillers located within
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the West Green Plant, there is an additional chiller plant located on the east side of the campus
within the Nelson Commons Building, as well as several building system chillers throughout the
site.
Plant Chilled Water System Generation
The cooling requirements of the buildings connected to the OU centralized chilled water
distribution system are served by three chillers located in the West Green Chiller Plant and a
single unit in Nelson Commons. The capacity and ages of the chiller units are indicated below:
Design
Plant
Chiller
Date
Drive
Capacity
Location
No.
Installed Manufac.
Type
Type
(tons)
W.G.
1
2001
McQuay
Centrif.
Electric
2,500
W.G.
2
2015
Trane
Centrif.
Electric
2,500
W.G.
3
2013
JCI/York Centrif.
Steam
2,500*
Nelson
4
2008
York
Centrif.
Electric
1,200
8,700
Installed Capacity
Firm Capacity (w/o Chiller No.
6,200
* Capacity based upon delta-T of 12.5F or more. If delta-T is less, capacity is
limited.
Firm capacity is defined as the total output without the availability of the largest individual
chiller unit. To ensure an adequate reliability level, most facilities maintain a firm capacity
greater than the peak load. All of the centrifugal chillers utilize the refrigerant HFC-134a.
The West Green Plant includes six packaged cooling towers, with one cell capable of supporting
1,250 tons of electric centrifugal chillers load in reserve. The Nelson Commons Plant has a
single tower, sized for heat rejection of the 1200 ton electric centrifugal chiller.
The West Green chilled water pumping system is variable primary, and includes four primary
chilled water pumps designed to circulate the chilled water through the West Green Plant and the
distribution system. Each of these pumps is designed for 6,000 gallons per minute (gpm) at 180
feet of head.
Similarly, the Nelson Commons chiller system uses a variable primary pumping system (with a
single pump, no standby) to circulate chilled water through the Nelson chiller and the
distribution system. This pump was designed to supply 2,560 gpm at 150 feet of head.
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In addition to the chillers described above, there are currently two chillers located in the Ridges
Chilled Water Plant to handle the cooling loads in the buildings located at the Ridges. There are
also three packaged cooling towers located outside the plant. Available chiller data is indicated
below:
Plant
Chiller
Location
No.
Ridges
1
Ridges
2

Date
Installed
1999
2008

Manufac.
Carrier
Carrier

Design
Drive
Capacity
Type
Type
(tons)
Centrif.
Electric
800
Centrif.
Electric
800
Installed Capacity
1,600

Building Chilled Water Pumping / Control Revisions
The University has issues with staging and controlling the cooling equipment (chillers, pumps,
and cooling) at the Lausche plant. An investigation of the staging and control issues is beyond
the scope of this effort. A study/design has been initiated to address these issues.
Chiller No. 3 Analysis
Chiller No. 3 (Steam Drive Chiller) was designed at a 16°F chilled water temperature range;
however, the typical campus has a system chilled water temperature differential of 8°F to 10°F.
Because of the low temperature differential, Chiller No. 3 is not able to achieve its full capacity
and is only able to produce approximately 75%of the capacity or 1,875 tons. The manufacturer
quoted a cost of $105,000 in 2013, to replace the water boxes only. This would allow the chiller
to operate at lower temperature difference but would not allow the chiller to operate below 80%
capacity (2,000 tons). This work is recommended to be completed, so the University can
generate 100% capacity of the unit.
The following is the cost to operate the steam driven chiller compared to an electric chiller:
Steam
Electric
Driven
Chiller
Chiller
Chiller Efficiency

0.60 kW/ton

12.00 pph/ton

Condenser Water
Efficiency:

0.15 kW/ton

0.20 kW/ton

$.045 / ton-hour

$0.065 / ton-hour

Unitary Cost:

Note: Electric costs based upon $0.060/ kWh
Steam costs based upon $4.30/ Mlbs (natural gas only and 80% boiler eff.)
The cost to operate the steam driven chiller on average is 45% higher than the cost to operate an
electric centrifugal chiller based on the commodity pricing indicated above. The cost to replace
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the existing steam driven chiller with a new electric chiller at the correct design conditions is
approximately $1.0 million. The cost for a new steam driven chiller is approximately $2.0
million. If OU were able to sell the existing chiller for half the original cost, then they could buy
a new electric centrifugal chiller.
Individual Building System Chillers
In addition to the plant chillers, the University has several building chillers throughout campus.
These building chillers do not contribute to the cooling on site, but can be dedicated to serve
isolated buildings that would be valved off of the central system for load shedding purposes. The
cooling capacity that is most utilized for this purpose are the units at Grover Center. The
locations and capacities of the building chillers are as follows:
Building
Location

Porter Hall
Grover Center
Clippinger Labs
Nelson

Chiller
No.

Date
Installed

1
2
1
2
1
2
1
2

1994
1994
2000
2000
1983
1991
1989
1981

Manufac.

Chiller
Type

Design
Capacity
(tons)

Trane
Trane
Trane
Trane
Trane
Trane
Carrier
McQuay

W/C
Absorber
W/C
W/C
Elec.
Absorber
A/C
A/C

250
250
400
400
280
550
210
195

Notes

CT Not Functional
Abandoned
Functional
Functional
Not Functional
Not Functional
Potentially
Not Functional

There is a potential to having Radio and Television building (RTV) connected to the centralized
system in 2016. The two currently operating chillers (150 ton electric screw and 400 ton steam
absorber) in the penthouse mechanical room in this facility are designed to remain as standby
units, in parallel with the district cooling system. These two units can also be considered for load
shed duty, as required.
In addition to these building chillers, whose buildings are connected to the centralized chilled
water system, there are 18 unconnected buildings that utilize 27 chiller units for their cooling
load. The total cooling capacity of these chillers is approximately 5,580. These chillers vary in
age and a summary of the building chiller ages is presented in Figure 4-2. The published
American Society of Heating Refrigeration and Air Conditioning Engineers (ASHRAE) average
life cycle for a water-cooled chiller is 23 years. Currently, 19 of the 27 building chiller units
(2,675 tons total) are older than 23 years and are beyond their useful life.
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Figure 4-2
Existing Chilled Water Loads
There is minimal meter data available for chilled water and the peak load and load profiles were
developed utilizing design drawings and electric meter data.
The connected cooling load is defined as the design cooling capacity of all equipment/coils
connected to the chilled water system. The connected cooling load of the campus buildings was
developed from review of original design documents. These investigations also provided the
design entering and leaving chilled water temperatures for each building or coil. For two of the
buildings, (Convocation Center and Johnson Hall), design drawings were either not available or
not complete, so unitary loads were used to develop the connected loads. The cooling load based
upon the design drawings is summarized in Figure 4-3. Similar to the steam analysis, the
building areas for the different space utilizations were summed together. The total connected
chilled water load and building area were utilized to develop the average chilled water load for
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the different space utilization and was applied to the buildings without design documents. A
summary of the unitary load calculation is presented in Figure 4-4.
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Figure 4-3
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Figure 4-4
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Also, for buildings (e.g. Johnson Hall) where the design entering and leaving water temperatures
were unavailable, the average temperature difference of the system (10°F) was assumed. The
total connected load of the system is approximately 9,150 tons.
As mentioned earlier, there is no meter data to verify the individual cooling loads of each
building or the associated chiller operation at the plants. To estimate what the peak load (loop
load) of the system is, a diversity factor was applied to individual buildings’ connected loads
based upon their space utilization. For buildings that have lab/medical spaces, a diversity factor
of 0.90 to 0.95 was applied, while other buildings, such as classrooms, office and dormitory
spaces had a 0.60 diversity factor applied. Using these diversity factors, the estimated peak
(loop) load is approximately 7,800 tons. A summary of the existing cooling loads for the
centralized chilled water system is presented in Figure 4-5.

Figure 4-5
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The estimated loop load of 7,800 tons is beyond the firm capacity of the chiller plants (6,200
tons), which would require all the chillers at the plant to operate or would require having
building chillers operate to reduce the peak cooling load. Of the currently functional building
chillers, the only units that would be able to reduce the load to below the total capacity of the
chiller plants are the two 400 ton chillers in Grover. Based upon design documents, the pumps
for the Grover Center should be able to export into the system, however, OU facilities have
reported that this cannot be achieved when Grover Center chillers are online. For the purpose of
this analysis, the building would be isolated from the centralized chilled water system when the
chillers are online, reducing the peak load from 7,800 tons to 7,110 tons.
The annual cooling load profile was developed utilizing the electric meter data. It was assumed
that any electric usage beyond 12,000 kW would be associated with electric cooling. Electric
cooling load is defined as any cooling that occurs on campus that utilizes electricity. This cooling
load profile, presented in Figure 4-6, includes all cooling equipment. This includes all chilled
water equipment currently connected to the centralized chilled water system as well as additional
water cooled, air cooled, absorptions units, DX units and window units.
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Figure 4-6
This cooling load profile was compared to the concurrent wet-bub temperature as a validation of
the data, and is presented in Figure 4-7. Again, the trend of increased electric usage beyond 50 –
55°F is due to an increase in summer cooling that occurred.
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Figure 4-7
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To simulate the chilled water portion of the total cooling load, the peak cooling load was reduced
to 7,800 tons and the load profile is presented in Figure 4-8. This peak chilled water load
represents the total chilled water load of the centralized system. A typical daily chilled water
load profile will be developed for each month later in the report.

Figure 4-8
A load duration curve for the chilled water load is presented in Figure 4-9. This figure indicates
the number of hours in which the load profile is above a certain load.
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Figure 4-9
System Delta-T
The OU campus’ central chilled water system has experienced low delta-T conditions at part
load in the past. The delta-T reportedly ranges from 12F or more, at peak cooling periods, to 6°F
or less, during cool weather. In large part, this is caused by the configuration of the connected
buildings, some of which have constant flow chilled water systems, with 3-way coil control
valves. It may also be partially due to the condition of aged heat transfer coils and the
condition/calibration/tuning of the control systems. A previous project entitled “Building Chilled
Water Pumping/Control Revisions” recommended the replacement of most of the 3-way valves
and the installation of new controls for the existing building coils and for many of the building
interfaces to the distribution piping. It is anticipated that the system delta-T is expected to remain
at 10 to 12F or higher, year round.
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Chilled Water Distribution
The chilled water generated in the various plants is distributed to the individual campus facilities
via a supply and return chilled water piping system. All of the piping distribution system is direct
buried and consists of ductile iron piping.
Hydraulic Model of Existing Centralized Distribution
A computerized hydraulic model was developed to simulate the distribution network and
determine the capacity of the existing system. The software utilized, Pipe Flo Professional, was
developed by Engineered Software Company. The pipe diameter, segment length, and roughness
factor for each pipe, as well as the peak flow demand for each building, were entered into the
computer model. The results of the model indicate the flow, velocity, and pressure loss for each
pipe segment, as well as the total distribution loss and building loss at each facility. The building
loss represents 12 feet of head loss associated with the interface valve at the building. Friction
losses are calculated in the program using the Hazen Williams formula as follows:
hf = 0.002083 x L x (100 / C )1.85 x (gpm1.85 / D4.8655)
hf = head loss due to friction (feet)
L = length of pipe (feet)
C = roughness factor
D = pipe inside diameter (inches)
gpm = flow (gallons per minute)
The limiting velocity criteria for peak flow conditions is between 12 and 16 feet per second
(FPS) for cement-lined ductile iron piping ranging from 6 to 24-inches in diameter. This velocity
limitation is based upon potential water hammer and pressure losses occurring within the
distribution system. The larger pipe diameters (larger than 12-inch) can sustain higher velocities
(16 FPS), while the relatively smaller pipes are limited to 12 FPS.
The pumping at the West Green Plant as well as the existing distribution system was assessed
using the hydraulic model, which was based upon Grover Center being isolated from the system
to reduce the load below the available capacity at the West Green Plant. The chiller located at
Nelson Commons (1,200 tons) was base loaded and the chillers at the West Green Plant would
support the rest of the load. Based upon the results, there are no pipe segments that experience a
high velocity (i.e. greater than 12 fps).
The pumping requirements of the three functional West Green pumps were assessed within the
hydraulic model for this scenario and the associated pump and system curves are presented in
Figure 4-10. The system curve includes a minimum 12 foot loss to account for the
control/interface valve associated with the building connection. All three functional pumps are
able to support the load under this scenario.
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Figure 4-10
FUTURE COOLING ANALYSIS
Future Cooling Load
There will be several building projects in which the timing of the connection to the central
chilled water system will occur in a different year than the building project itself. The reason is
that these facilities are planned to be connected to a local chilled water district system (Bentley
Hall or Alden Library) before that system is connected to the central system. The following is a
list of the buildings and associated local chilled water district system:
Indiv. CHW System
Alden Library – 2020
Connection to Central System
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Bentley Hall – 2031
Connection to Central System

Bentley Hall
Lindley Hall
Copeland Hall
Chubb Hall

For the existing buildings not currently connected, the potential chilled water connected loads
were developed from a review of original design documents. For buildings where information
was not available or for future building projects, the loads were developed based upon unitary
loads (gsf/ton). The Housing Development Phase 1 (297,000 gsf) was under construction at the
beginning of this study and its load is 570 tons, based upon design documents. The resulting
unitary load (525 gsf per ton) was applied to phases 2A, 2B and 3 of the Housing Development,
which are slated to be constructed in 2020. A summary of the chilled water loads for the future
building projects are summarized in Figure 4-11. At the end of the full buildout, it is estimated
that the cooling load connected to the centralized chilled water system will be approximately
18,800 tons.
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Figure 4-11
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Size of Plant and Main Distribution Piping
A summary of the future load growth for the campus compared to the future required chiller
capacity is presented in Figure 4-12. Until the future plant is built, there will be periods that
building chillers will need to be utilized to support campus cooling demand. To support the
future connected cooling load, the centralized cooling system will need an additional 10,000 tons
of capacity. This assumes that the original West Green Chiller No. 2 (1,250 tons) and the Nelson
Chiller (1,200 tons) would be relocated to the new plant. These relocated chillers are less than 10
years old and still have remaining useful life.

Figure 4-12
A floor plan of the potential chilled water plant is presented in Figure 4-13. As mentioned
previously, the plant would be constructed with five (5) chiller bays; the fifth bay could be
utilized for the relocated chiller from Nelson Commons (1,200 tons) and/or the relocated West
Green Chiller No. 2 (1,250 tons). Cooling towers would be located on the roof of the new chiller
plant.
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Figure 4-13
The supply and return chilled water distribution piping from the proposed plant to the existing
chilled water distribution piping should be sized to support the total potential export of 10,000
tons. At a 10.7°F delta-T, the associated flow is approximately 22,500 gpm which results in a
velocity of approximately 7.1 fps through 36-inch supply and return piping.
Potential Chiller Plant Siting Analysis
Several options were reviewed for the potential location of a future 12,500 ton chilled water
plant during the Chilled Water Hydraulic Analysis (November 2014). The options initially
evaluated were New West Green, North Plant and Re-use of Old Heating Plant.
For this study, the locations were expanded to include the following locations:



West Green Plant
The Ridges
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Rec Open Space [Tennis Bubble]
Lot 55
Rugby Fields
Old Heating Plant
Hooper Street

Hydraulics were performed for each site location to determine the minimum amount of
distribution piping required to support the future loading. A description of the options and
required plant distribution piping required is as follows:
Option A (West Green Plant) – This option involves the construction of a new chilled
water plant adjacent to the existing West Green Plant. One clear benefit of a New West
Green Plant option is that the co-located chiller plants would be easier to maintain; both
sites would be manned by the same operators. Their proximity to one another could also
be a potential disadvantage if an area-wide power outage or similar geographical problem
arose. Approximately 3,200 trench feet (TF) or trench feet of chilled water piping will be
required.
Option B (The Ridges) – This option involves the construction of a new chilled water
plant at the Ridges. This option requires chilled water distribution piping to be extended
underneath the Richland Avenue Bridge that crosses the Hocking River. Approximately
5,000 TF of chilled water piping would be required to connect to the existing system.
Option C (Rec Open Space [Tennis Bubble]) – This option involves the construction of
a new plant on the southeastern portion of campus south of Adams Hall and East of the
Indoor Tennis Courts. This site has a higher potential for geothermal technology because
of its proximity to the University owned golf course. Approximately 1,400 TF of chilled
water piping would be required to connect to the existing system.
Option D (Lot 55) – This potential site is on the eastern portion of campus located at the
corner of Rufus Street and South Green Drive. Similar to the Rec Open Space option, Lot
55 is in proximity to open field area that could be utilized for geothermal technology.
This site location is not currently owned by the University and the property would need
to be acquired. Approximately 3,300 TF of chilled water piping would be required to
connect to the existing system.
Option E (Rugby Fields) – The Rugby Fields location is similar to the Lot 55 option in
that there are opportunities for potential geothermal technology. It is located on the east
side of campus at the corner of North McKinley Avenue and Mill Street. For this option,
approximately 3,200 TF of chilled water piping would be required to connect to the
existing system. As an alternative for this site location, the lot adjacent to Jefferson Hall
could be utilized and this would allow for less required distribution piping.
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Option F (Old Heating Plant) – This option is to re-use the Old Heating Plant for a
chilled water plant site. During this study, it was determined that the building would need
to be demolished and a new plant constructed due to the limiting size of the original
building. There may be a limitation of cooling tower space for this option that needs to be
investigated. At a minimum, provisions would have to be taken to relocate/replace
functioning electrical equipment currently located in the building. Approximately 2,500
TF of chilled water piping would be required to connect to the existing system.
Option G (Hooper Street) – This is the second option located on the southern portion of
campus, across the Hocking River away from the main campus. The University does not
own the property and would need to acquire it. Approximately 4,000 TF of chilled water
piping would be required to connect to the existing system.
Plant Project Costs
Each site was evaluated based upon project costs (construction costs and 30% soft costs).
Criteria compared included plant equipment, plant building, distribution for plant connection,
and electric costs. Additional premiums were added to account for bridge crossings,
building/equipment in flood plain, and potential demolition of existing buildings. A summary of
the project costs for each option is presented in Figure No. 4-14.

Figure 4-14
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The seven (7) site locations were evaluated and ranked from an architectural perspective by ASG
in “Proposed Chilled Water Plant Site Selection Criteria” – October 2014. The various criteria
are as follows:
 Aesthetics/Visibility
 Parcel Size
 University Owned
 Neighborhood Issues
 Floodplain Issues
 Near Future Transportation Corridor
 Near Existing CHW Loop
 Roadway Access to Site
 Level Grade
 Close to Large Electricity Source (AEP supply)
Each site location was given an initial score (1 – 5), and the initial scores were weighted, based
upon a criteria weight. Under the architectural criteria, the West Green Plant had the highest
ranking of all the site locations.
The various chilled water sites were further evaluated and ranked from an engineering
perspective and below are the criteria for these rankings:
 Total Construction Cost
 First Phase Construction Cost
 Potential Additional Contingencies
 CHW Plant Site Redundancy
 Ease of Excavation
 Thermal Storage Site Aesthetics
 Potable Water Capacity
 Close to Future Ground Source Field
 Centralized Plant Operators
Similar to the architectural rankings, each of the site locations was given an initial score (1 – 5)
which was weighted based upon a criteria weight. Under the engineering rankings, the site
location with the highest ranking was Rec Open Space (Tennis Bubble). A summary of the
architectural and engineering criteria is presented in Figure 4-15
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Figure 4-15
When the two characterizations (architectural and engineering) are combined, the site location
that has the highest weighted combined scores is the Rec Open Space (Tennis Bubble).
During the course of this study, it was decided by OU senior staff that the Rec Open Space may
not be a viable option from the University perspective and that another recommendation may
need to be implemented. From an engineering standpoint, the Rugby Field site would allow for
better hydraulics by allowing for chilled water production from opposite sides of the campus.
The site is also in the proximity to open field area that could allow for potential geothermal
technology.
Phase I Costs for Preferred Options
From the recommendation of a previous RMF study, the University budgeted for the
construction of the plant (located at West Green). The original budget of $15.4 million included
items for the building cost (for 7500 ton plant), two 2500 ton chillers and electric substation
connection. It did not include additional site work / flood issues, distribution piping costs for
plant connection as well as additional electrical substation costs. A comparison of the chilled
water site project costs for phase 1 (2,500 tons) for the top preferred site locations is presented in
Figure 4-16.
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Figure 4-16
The electric cost identified in Figure 4-16 only includes the distribution cost to connected back to
the Old Heating Plant which would allow for a redundant feed to the new District Chiller Plant.
In the electrical section of this report there is a discussion on how to upgrade the existing Old
Heating Plant. As an alternative to the Old Heating Plant connection, OU could connect directly
to the main switch gear located at Lausche. This would provide the New District cooling plant
with a single feed, not as reliable, but would not require any switchgear upgrade. The cost for
this connection is approximately the same as the cable length is increased, however only a single
cable is installed in lieu of redundant sets of cables. With a single feeder configuration, assuming
a 500 kcmil cable size, the maximum supported load will be 8 MVA. (approx. 7,500 tons of
cooling)
Both sites are in the vicinity to open space that could be utilized for geothermal wells and both
sites could support the installation of a hot water boiler, which could be the start for phasing the
heating systems to a hot water distribution system. The site location having the lowest first cost
is the Rec Open Space.
Alternative Chilled Water Technologies
To address the projected capacity deficiencies, several chilled water generation options were
considered for the future satellite plant. Each option includes 10,000 tons of chilled water
capacity. In addition to the base option of all electric centrifugal chillers the following
technologies were considered:


Steam turbine driven centrifugal chillers
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Single-stage steam absorption chillers
Chilled water thermal storage
Ice storage system

Steam Absorption Chillers
A single-stage absorption chiller utilizes low pressure steam (~15 psig) to generate chilled water
through an absorption refrigeration cycle. These units are applicable when a heating source
(typically steam) is readily available and electric utility rates are significantly high. A typical unit
requires approximately 20 pounds of steam per hour to generate one ton of refrigeration. In
addition, the condenser water flow rate is approximately four gallons per ton-hour of
refrigeration (twice the rate of an electric centrifugal unit). Single-stage absorption chillers also
require approximately two to three times the floor space as an electric centrifugal unit. In a
hybrid (combination electric centrifugal and single-stage absorption mix) application where the
electric rate varies according to the time of day, the operation of these units must be carefully
watched to ensure that the most cost effective technology is being operated at each rate interval.
The University is currently in the process of removing older existing absorption chillers from
existing buildings and replacing them with electric centrifugal or connecting to the central
chilled water distribution system. The transition away from s steam absorption chillers could
result in as much as a one hundred basis point reduction in carbon emissions when complete.
Steam Turbine Chillers
The steam turbine driven centrifugal chillers include a condensing turbine mounted directly on
the centrifugal chiller to drive the compressor in lieu of an electric motor. The operating scheme
and efficiency of this technology is similar to the engine driven chiller. An exhaust stack is not
needed; however, a surface condenser to condense the sub-atmospheric turbine exhaust is
required. Typically, turbine driven chillers work best with a cogeneration system and are located
adjacent to the steam plant (similar to existing Chiller No. 3).
A summary of the unitary operating costs for the single stage and the steam turbine driven
centrifugal chiller versus the cost to operate an electric centrifugal chiller is presented in Figure
4-17. Based upon the current unitary fuel costs the electric centrifugal chillers ($0.045 / ton-hr)
are the most cost effective chiller technology to operate during the current market rate. Since the
electric centrifugal chiller approach also has the lowest first cost. The recommend approach is
electric centrifugal chillers.
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Figure 4-17
If a cogeneration system were to be installed, centralized steam driven cooling can be utilized to
maintain a steam load during the summer months.
A single absorption unit within a building will operate based upon the load of that individual
building; therefore, the University does not have control over the steam demand associated with
the individual building steam absorption unit. To provide better control in maintaining summer
steam load targets it is preferred that steam turbine chiller units are located in district cooling
plants rather than individual buildings. Within the district plant the chillers can be staged on and
off as needed to maintain the desired summer steam load profile. Future installation of
absorption chillers in single building application is not recommended because the load of the
building will determine the amount of cooling required and the corresponding steam use. The
chiller located within a single building does not offer the flexibility as a chiller in a large plant. If
a combustion turbine is added in the future, then maintain some steam driven cooling capacity
equivalent to the unfired steam rate of the plant will provide significant savings (Existing Chiller
No. 3).
Chilled Water Storage
There are two primary types of thermal storage system: ice storage and chilled water storage. A
chilled water storage system operates by generating and storing chilled water (at approximately
42F) during off-peak electric rate time, and discharges the chilled water during the on-peak rate
periods to provide system cooling in lieu of electric chiller operation. This allows a consistent
chiller design and configuration for the central plant without the need for an intermediary fluid or
low temperature operation. The storage volume required is typically 10 times the volume
required for an ice system.

February 26, 2017

DRAFT

Page 81 of 180

Ohio University 2016 Utility Master Plan
Since a chilled water system operates as an open system the location of the chilled water storage
tanks should be higher than the elevation of the highest cooling coil. For OU the location of the
highest cooling coil is in Radio and Television (RTV) Building. The following is a comparison
of the different chiller site location elevations to the highest point on the campus.
Tank Height
RTV Grade
RTV Height
Top of RTV

Plant Location
West Green Plant
The Ridges
Rec Open Space [Tennis
Bubble]
Lot 55
Rugby Fields
Old Heating Plant
Hooper Street

75
698
7
782

ft
ft
floor
ft

Grade
Elevation
644 ft
648 ft
634
632
630
646
742

ft
ft
ft
ft
ft

12 ft/floor

Top of Tank
(At Grade)
719 ft
723 ft
709
707
705
721
817

ft
ft
ft
ft
ft

84 ft high

Required Rise
Above Grade
63 ft
59 ft
73
75
77
61
0

ft
ft
ft
ft
ft

Based upon the elevation difference, there is only one site (Hooper) that with the chilled water
storage tank would be above the RTV elevation. This would require OU to purchase this site.
The RTV is not the only building that has an elevation higher than the chiller sites. The
following fifteen buildings have elevations higher than the sites:
Kantner Hall
Radio TV Communications
Schoonover
Memorial Auditorium
Lindley Hall

Galbreath Memorial
Chapel
Wilson Hall
Ellis Hall
Alden Library
Copeland Hall

Scripps Hall
Cutler Hall
McGuffey Hall
Chubb Hall
Tupper Hall

The thermal storage systems are most economically justified when the electric utility provider
includes an on-peak demand charge or there is a significant difference in on-peak and off-peak
energy rates. For OU the demand charge, peak load contribution (PLC), is based upon the
average peak demand measured on the five highest-demand days of the summer (JuneSeptember). Typically, the on-peak hours are Monday through Friday 7:00 am to 11:00 pm. The
average projected capacity charge for AEP is approximately $140 /MW-day ($4.34 / kW-month).
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The estimated future annual chilled water load profile (year 2035) and the escalated hourly
electric rates were utilized to simulate the annual electric savings for the chilled water storage
system. The estimated peak daily chilled water load profile during August and the estimated
chiller operation are presented in Figure 4-18. Based upon this load curve, the chilled water
storage tank is approximately 30,000 ton-hours or 2.6 million gallons and would be 75 feet in
diameter and 75 feet tall. The energy savings (not including the capacity charge savings) is
summarized in Figure 4-19. The following is the total annual savings including the capacity
charge.
PLC (Without Thermal Storage)
PLC (With Thermal Storage
PLC savings
Capacity Savings
Annual usage savings
Total Annual Savings

14,100 kW
11,000 kW
3,100 kW/month
$161,000 / yr
$58,000 /yr
$220,000 /yr

Figure 4-18
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Figure 4-19
The installation of the chilled water storage tank would allow the University to operate chillers
during lower electric periods to charge the tank and discharge the tank during higher electric rate
periods. Typically, the nighttime electric rates and the chilled water load are low, but there is a
potential that the future electric rates in the evening will be higher than the daytime. The tank
would then need to be charge during the day when the peak cooling load is high and would
require an additional chiller to be purchased. However, the following analysis assumes that the
electric rates are going to be similar in the future as they are today (lower electric rates at night).
The installation of the chilled water storage tank would replace the need to install a 2500 ton
chiller (~$5.8 million). The cost for the chilled water storage tank is approximately $5.6 million
(including soft costs). However, that cost does not include any masking of the tank, having
chilled water cross the river, purchasing of the site, or accommodation of unusual site conditions.
The total estimated cost for the chilled water storage system including the additional costs is
approximately $8.0 million. Currently the University purchases electric at a flat rate and it does
not vary depending on time of use. The annual costs were developed utilizing 2013 PJM hourly
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electric rates. The simple payback for installing the chilled water storage tank is approximately
10 years. The capital cost for each option is summarized in Figure 4-20.

Figure 4-20
The following are two alternatives to have the chilled water storage tank each chiller plant
location:
1. Install heat exchangers in the 15 buildings that have elevation above the tank elevation.
The installed heat exchanger would have to be design to have a 44F entering chilled
water temperature rather than a typical 42F design.
2. Raise the tank an additional 15 feet to 30 feet. This would have the tank height at 90 feet
to 100 feet tall.
Based upon the economics and the difficulty to architecturally site the thermal storage tank, it is
not recommended for the OU campus.
Ice Storage System
An ice storage system is based upon the same economic and operational principles as the chilled
water storage system with the exception that during ice generation the chillers are operated at
substantially lower temperatures than chilled water is typically stored (at approximately 22F to
28F) in lieu of chilled water. The generation of ice requires additional energy and the utilization
of an intermediary fluid (typically a glycol solution). The equipment selection and chiller type
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are based upon the “ice duty” which results in inefficiencies when these chillers are operated in
the standard chilled water mode. Significant ice storage volume is also necessary. This storage
can be in the form of commercially available modules or custom concrete vaults and coils. In
general ice storage will utilize 30% more energy than a typical chilled water system.
Unlike the chilled water storage system, the ice system can be installed as a closed looped
system and can be installed at any of the chiller plant locations.
The following is the total annual savings including the capacity charge.
PLC (Without Thermal Storage)
14,100 kW
PLC (With Thermal Storage
11,000 kW
PLC savings
3,100 kW/month
Capacity Savings
$161,000 / yr
Annual usage savings
$ 8,000 /yr
Total Annual Savings
$169,000 /yr
The costs premium for the chillers able to produce ice, heat exchangers, additional pumps, and
the ice vault is approximately $7.3 million. The simple payback for installing the ice system
storage tank is approximately 9 years. The capital cost for each option is summarized in Figure
4-21. Since the payback is over 5 years and the operation of the ice system requires more energy
than a traditional system, the ice storage system is not recommended for the OU site.

Figure 4-21
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ELECTRICAL SYSTEM
System Overview

Figure 5-1
Electricity for the majority of campus is received from AEP Ohio at switchyard near Lausche
and distributed to campus.



18.2 miles of high voltage distribution
Electric substations & switchgear

Incoming Electric Services (AEP)
Electric service for the OU campus is provided from an electric substation located to the north
west of the Lausche Heating Plant. The 69kV incoming service from American Electric Power
(AEP) is transformed at the OU owned substation to 12.47kV to serve the campus. The two
incoming feeders from AEP are part of a loop, with one end originating at the AEP Elliot Rd
substation and the other end originating at the AEP Strouds Run substation. The existing
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configuration at Elliot Rd and Strouds Run is that the 69kV is derived from a transformer which
also has a 12.47kV tertiary winding. This “3rd” winding with a lower voltage has some adverse
effects on the 69kV distribution to the campus and has resulted in some AEP outages. Due to the
loop configuration, the 69kV circuit breaker in the OU substation yard is operated normally
closed and is controlled by AEP. The 69kV circuit switches which supply each main transformer
are under the control of OU.
The OU substation is configured in a Main-Tie-Main configuration with the two redundant
transformers for the campus base rated at 20 MVA (18MW). These transformers also have
forced air cooling fans making the full load rating of each transformer 33.3 MVA (30MW). Due
to the Main-Tie-Main configuration the total capacity of this system is 43 MVA with a
corresponding firm capacity of 30 MVA.
The main 12.47kV switchgear is Square D metal clad switchgear rated for 2000A (43MVA) and
is housed in an outdoor NEMA 3R rated enclosure. The switchgear has capacity for up to eight
(8) distribution feeders, however it is currently underutilized as only five (5) are in service. The
switchgear and substation protection system is comprised of electronic relays manufactured by
GE and Basler. Bus and transformer differential protection is utilized for rapid equipment
protection during a fault condition. The main and tie breakers have automatic transfer controls to
provide automatic switching in the event of a transformer failure, however this logic has never
been fully tested and commissioned and is deemed “un-reliable”. In addition, the current
SCADA (Switchgear Control and Data Acquisition) system is a proprietary system created by
Fosdick and Hilmer (F&H). OU does not have the original software program and support from
F&H has historically been from one individual, which leads to questions of continued support for
this custom system. Lastly, there have been issues discovered with the system since the
switchgear was never properly commissioned. One example is that a current transformer on the
F3 circuit was found to be installed backward. This was not found until preventative
maintenance relay testing was performed.
The West State St. substation which serves the OU Research Park receives a separate 69kV feed
directly from the AEP Clark Street substation. The 69kV service is stepped down to 12.47kV via
a 10/14 MVA transformer. A simplified single line of the electrical system is presented in Figure
5-2.
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Figure 5-2
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In September 2015, a sinkhole formed in the OU substation yard. RMF performed
historical research, sewer and water line investigation and geological investigations
around the area. The findings were as follows:
o The substation site is built over an area that was previously used as a dumping
location for construction debris.
o There were previous reports of unacceptable soil in the substation area during past
construction projects.
o Surrounding buildings (FM3 and Food Services) were constructed on pile
foundations.
o Water line and drainage line investigation did not reveal significant breaks or
openings.
o RMF performed shear wave velocity testing and soil borings in the substation area
and found that the soil has low shear making it susceptible to earthquakes.
As a result of the sinkhole, several electrical components (Outdoor Fused Line-up,
PLC & battery enclosure and the main transformers) have begun to settle in the
substation yard. The most substantial settling has been at the Outdoor Fused Line-up,
which serves the Ridges and the West Green Chiller Plant. OU initiated a project to
remove the loads from the Outdoor Fused line-up and relocated them to the main
switchgear and also to attempt to stabilize the soil in the remaining areas of the
substation yard. As of December 2016, the loads have been transferred to the main
switchgear settlement monitoring has been initiated.

Total Campus Electric Loads
The 2013 and 2014 electric bill is summarized in Figure 5-3. The peak electric demand for was
approximately 23,500 kVA. Also from the bills, the unitary cost for power for the campus was
approximately $0.056 per kWh average over the 12-month period for 2013 and $0.060 per kWh
for 2014.
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Figure 5-3
Campus Distribution Feeders
There are four (5) distribution feeders installed for the OU campus. One feeder, designated F3, is
a single radial feed which serves the Lausche Heating Plant. A second feeder, designated F1, is a
single radial feed which serves a 12.47kV, 600A outdoor fused switch lineup at the Ridges. The
third distribution feeder (F7) serves the West Green Chiller Plant in a single radial configuration.
The main campus distribution is served via distribution feeders F2 and F8 which are configured
in a single radial feeder configuration. These feeders supply a 12.47kV, 1200A indoor fused
switch lineup with a tie breaker. This switchgear also provides a redundant feed and a backup
source for the Ridges Campus. The two distribution feeders then connect to an obsolete 600A,
SF6 puffer style switch in the OU substation yard. This switch does contain a tie switch, however
due to the loading on the F2 and F8 feeder described later, cannot be utilized. The puffer switch
no longer serves a useful purpose for the system and should be removed. From this point, these

February 26, 2017

DRAFT

Page 91 of 180

Ohio University 2016 Utility Master Plan
feeders traverse the campus, to two main distribution points, the Old Heating Plant (OHP) via
steam tunnel and Lausche Heating Plant via underground duct bank. The OHP distribution
circuit is commonly referred to as OU1 while the Lausche distribution circuit is commonly
referred to as OU2.
The OU1 circuit mainly distributes from the OHP at 12.47kV largely via the tunnel system to the
campus buildings. There are some smaller distribution points on this circuit located in Alden
Library, Music/Glidden Hall, Radio & TV, Morton Hall and the East Green Substation. The
switchgear in the OHP is two (2) separate fused switch lineups designated OU1A and OU1B.
The OU1A lineup is outdated and replacement parts have been difficult to find. OU1B is newer,
and does not have the same concerns. There is also a 12.47kV to 2.4kV unit substation in the
OHP which distributes to limited older buildings via the tunnel system. The 2.4kV system is
operated as an un-grounded system which was typical at the time of installation. Un-grounded
systems do not have a common ground reference and could have stray currents on cables and
equipment where operators are not expecting it creating a safety concern.
The OU2 circuit mainly distributes from the outdoor switchgear at Lausche and the indoor
switchgear on the 1st floor of Boyd Hall at 12.47kV via underground conduits. The switchgear
outside Lausche is two (2) separate fused switch lineups designated OU2A and OU2B. The lines
are outdoors and while are in good condition are exposed to the elements. The ability to work on
then during weather events is difficult. There is also a pole mounted capacitor bank which due to
the terminations being un-protected has caused some outage to this circuit.
The Boyd switchgear consists of 2 separate fused switch lineups designated Boyd II and Boyd
III. These lineups are housed in the first floor of Boyd Hall adjacent to the parking garage. There
are additional distribution points for this circuit located at Stocker Hall, Nelson Commons and
outside of Grover. The switchgear outside of Grover contains a 2.4kV transformer which
supplies Peden Stadium and the Life Science Lab as an un-grounded system.
There is a tie circuit in place via two pad mounted 600A, SF6 switches located at Clippinger Hall
and Race St. This circuit enables power to be served to Clippinger Hall, Nelson Substation and
East Green Substation from either OU1 or OU2. These buildings/substations represent the only
points with redundant power on the system with the exception of the feeds to the Ridges
Campus.
The majority of the building transformers are served directly by at 12.47kV and have either a
480/277V or 208/120V secondary for use within each building.
The Ridges Campus is served from the main switchgear and the 12.47kV indoor switchgear in
Facilities Maintenance No. 3 building. Redundant feeders traverse south to the river in
underground conduits and then transition to overhead cables to cross the Hocking River. Once on
the south side of the river, the cable transitions back to underground conduits and travel up the
hill to a 12.47kV outdoor fused switch lineup in the wooded area north of the Ridges
Auditorium. The pathway to this switchgear is extremely overgrown, making access to this
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switchgear in poor weather difficult. From the outdoor switchgear, three distribution sections
provide 12.47kV power to Building 32, Konneker Biotech Center, Lin Museum, Building 44 and
a 2,4kV transformer located in Lin Museum. The 2.4kV transformer provides power to the
remaining portion of the Ridges Campus via a switchgear lineup in the Building 33 power plant.
The feeders from Building 33 are routed in a mix of overhead cables and underground conduits
and tunnels to each building.
The existing campus distribution network was evaluated for single points of failure in the
system. Several outage scenarios were examined including:
 Equipment Failure
 Fire in a manhole
 Overloading of circuits
 Environmental Impacts (Floods)
The results of this analysis are summarized in Figure 5-4. The majority of the campus loads have
a single source of power including the heating and cooling plants. The existing system topology
has a risk of prolonged outages as alternate power sources do not exist. Most buildings on
campus have emergency generators which would provide emergency power to life safety loads.
This is not indicated on the outage maps. See 5.1.7 for further discussion.
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Figure 5-4
Building Loads
The electric load data was based upon metered data provided by OU from September 2013 thru
February 2015. The data is collected from a several existing electric meters on the campus and is
in hour increments. The data provided recorded voltage and power factor information for all
main distribution feeders and the majority of the individual buildings on the campus. Where data
was missing for a specific building, unitary factors were developed using existing OU usage data
for buildings with similar usage types which allowed calculation of the loads for the building in
question. Once all loads where developed a profile of the OU campus was developed and is
presented in Figure 5-5. Individual feeder loads where examined to determine the loading
capacity of each distribution feeder. These loads are presented in Figure 5-6. Alternate loading
scenarios were also reviewed. Alternative scenarios are included in Figure 5-7.
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Figure 5-5
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Figure 5-6
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Figure 5-7
Power System Studies
A computerized power system model was developed to simulate the electrical distribution
network and determine the capacity of the existing system. The software utilized, PowerTools
for Windows version 7.0.4.0, was developed by SKM System Analysis, Inc. The cable size,
length, ambient temperature for each circuit, transformer size, impedance and load demand for
each building were entered into the computer model. Additionally, all protective device settings
(fuses and relays) were included. The data was obtained through field investigation. Any missing
or assumed information was identified in the report.

February 26, 2017

DRAFT

Page 97 of 180

Ohio University 2016 Utility Master Plan
Analyses for load flow, short circuit evaluation, system protective coordination and arc flash
levels were all performed. The results are summarized below:








Load Flow Study – The purpose of a load flow study is to verify that the system has
enough capacity to support the demand load in various switch scenarios. The majority of
the OU system has adequate capacity for the current loads, however under some
alternative configurations (failure of one source) there are issues as listed below:
o 600A SF6 Puffer Switch – The tie circuit switch cannot be used without
exceeding the rating of the switch. As of the writing of this report, this switch was
being considered for removal.
Short Circuit Evaluation – A short circuit evaluation confirms that the equipment in the
distribution system is properly rated for the available fault current. While each piece of
equipment has a specific rating to which it is manufactured, the maximum fault current
on the system can vary based on several factors, including utility contribution,
generation, cable lengths, etc. The majority of the OU system is adequately rated for the
available fault current on the system. The following areas are not fully rated and the fuses
should be replaced with fuses having a high interrupting rating.
o OU1B
Coordination Study – The purpose of the coordination system is to examine if the system
protective devices are set and configured such that the closest device to a fault interrupts
that fault. This methodology ensures that the minimum amount of the system is impacted
by the fault. The OU system is severely mis-coordinated, likely from years of
expansion without an overall distribution topology in mind. The mis-coordination means
that a fault at a single building transformer is capable of tripping the entire distribution
circuit. Specific reasons for the mis-coordination are discussed below in Section 3.6.6.
Detailed Time Current Curves and areas of concern are listed in the power system study.
Arc Flash Analysis – An arc flash analysis utilizes the information gathered from the
short circuit evaluation and the coordination study to determine the available energy at all
accessible points on the system in the event of a fault. The amount of incident energy
determines the level of personal protective equipment (PPE) that operators are required to
wear when interacting with an energized system. The majority of the OU distribution
system is relatively low Arc Flash Category, 0 or 1. Due to the issue with coordination,
the short term recommendation is to label the distribution system with generic arc flash
warning labels in order to comply with NFPA 70E and OSHA. Once any changes are
made to the system to address coordination concerns, it would be recommended that the
system be labeled with the specific Arc Flash values at each location to inform personnel
of the hazards.
o Electrical Safety Plan - In addition to the arc flash labels, NFPA 70E and OSHA
require a facility to have an electrical safety plan which outlines the worker’s
responsibilities and what they are permitted to do on an energized system. This
does not exist for the OU system.
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The power system studies for the OU campus only included the electrical distribution system.
Studies were not performed in any of the campus buildings to evaluate the low voltage (<600V)
electrical equipment. It is recommended that a project be created to perform power system
studies on all campus buildings. Due to large transformer sizes throughout the system, some
buildings will have significant fault current on the main distribution equipment, particularly
those buildings with 208V service. This condition could present a working hazard for
maintenance personnel. OU is in the process of implementing Building Design Standards to
address these situations moving forward.
System Overcurrent Protection
OU’s distribution system relies on fuses to provide protection for equipment in the event of an
electrical fault. The NEC requires that systems be selectively coordinated in terms of system
protection; that is a fault is isolated as close as possible to the faulted equipment and not
permitted to propagate through the system. A system that is not properly coordinated will
experience more outages to larger areas of the system than a system with proper coordination.
Typically, overcurrent protection is provided by either relays and circuit breakers or fuses, each
with advantages and disadvantages.


Relays and Circuit Breakers – These devices are extremely flexible and can be adjusted
to change system conditions. In the event of fault, the relay and circuit breaker are simply
reset to restore the system to service. Relays are complex to program and adjust and
require some type of power source to power the relay and control circuit. They are
reliable; however, both relays and circuit breakers require testing every 5 years. Due to
the increased complexity of relays, additional staffing needs would be required to
maintain the system.
 Fuses – These devices are extremely reliable and do not require external power to
operate. In the event of a fault, fuses will “self-destruct” to protect the system, making
replacement a necessity to restore system operation. In order to adjust to a changing
system, fuses must be replaced with a new size or type. They do not require periodic
testing, however do require a large quantity of spares on hand. Unless the same type of
relay is used throughout the system, more than 2 or 3 levels of coordination is extremely
difficult without some level of mis-coordination.
OU’s system has been built up over time with little attention paid to overall system topology.
This has resulted in a system with essentially two (2) main circuits and several branches off of
those main circuits. This type of approach makes system coordination impossible as there are
several “layers” or steps that need to be coordinated before getting back to the beginning of the
main circuit. In order to coordinate this type of system sacrifices or trade-offs are required,
resulting in a system more susceptible to outages due to faults. Additionally, there is a higher
probability of equipment damage due these faults, which would increase the time until the
system could be restored. Specific issues with the overall system configuration are:
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System Fusing - Due to the way the system has been expanded there are several levels of
fusing, maximum of seven (7), between the feeder source at the OU substation and the
building transformer. This many fuses in line between source and load are impossible to
coordinate due to timing and fault current limitations while maintaining equipment
protection. Typically, on a distribution system the layers of fuses between the feeder
source and the building transformer would not exceed three (3) or four (4) with the vast
majority of systems not having more than two (2) layers. In addition, there are fuses very
close the substation, which reduce the benefits of the electronic relays at the main
substation. Relays allow more flexibility with system coordination and protection. Figure
5-8 illustrates the limitations of fault current when coordinating fuse curves.
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Figure 5-8
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Fault Detection and Timing – Since the OU system is largely made up of fuses, low level
fault detection and single phase ground fault detection is problematic. Due to the nature
of fuses, the minimum melting time and maximum clearing time is a fixed characteristic
based on fuse type and manufacturer. This means that for the same model fuse, if the fuse
size is increased, so is the time required for the fuse to interrupt the same fault level. This
condition adds to the limitation of the system since increase fault clearing time is
inversely related to the effect on personnel safety (Arc Flash). The single phase fault
detection or ground fault is the most common scenario for a distribution system. If these
types of faults can be detected and cleared quickly, equipment damage and arc flash
levels are reduced.
Fuse Type – As mentioned, the fuse characteristics are defined by the manufacturer.
Unfortunately, most manufacturer fuse curves have unique shapes. This means that two
same sized fuses which are in-line from two different manufactures may have a
coordination conflict between them. The different curve shapes may also require fuses to
be upsized from the ideal size in order to maintain coordination. Different fuse shapes are
illustrated on the previous Figure 5-8 between the Crawford fuse and the Nelson Fuse 8.
In order to achieve complete coordination, the Nelson Fuse 8 would need to be increased
to the next size to prevent overlap.
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Figure 5-9
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An example of these issues is presented in Figure 5-8, which shows the multiple layers of
coordination and fuse sizes for the entire system between Nelson Substation and OU substation.
To have a properly coordinated system, the fuse sizes for OU2A and Boyd would need to be
reduced as presented in Figure 5-9. This solution is not possible as the reduced fuse sizes also
reduce the capacity of the circuit and the system would not be able to support the normal load
current of the circuit.
An outage event occurred in October 2015 related to a transformer failure at Lindley Hall, which
is several levels down in the system. This failure was able to trip the main F2 relay at the main
switchgear causing an outage to the entire OU1 circuit. This was due to the mis-coordination
issue as the F2 relay operated before the fuses. This outage scenario is presented in Figure 5-10
and exemplifies the issues with the current distribution system. A second event occurred in
December 2015 on a different transformer, which had the similar results on the system, and
outage to a larger portion of the campus. This type of event will continue to occur on the system
until the system is coordinated.

Figure 5-10
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The OU distribution system as it is configured cannot be coordinated without changing the
system topology, replacing equipment or a combination of both. Additional discussion and
recommendations are presented in Division 4.
Emergency Generators
Currently there are one hundred and twelve (112) emergency generators installed at building
throughout the campus. Ninety-five percent (95%) of these generators are used for legally
required or life safety operation. This means that only limited loads (lighting, elevators, and fire
pumps) within the buildings are provided power from the generator through transfer switches.
The remaining 5% of the units are large enough to provide some additional back-up power to
other loads in the building. Seventy percent (70%) of the generators on the campus are natural
gas while the remainder are diesel fuel.
Based on input from OU, the following buildings where identified as critical loads. The table
below lists the building average load, size of the emergency generator currently installed and the
total percentage of the building currently supplied generator power in the event of an electrical
outage.

BUILDING
BAKER
CENTER
BENTLEY
&
BENTLEY
ANNEX
LIFE
SCIENCE
PING
CENTER
RIDGES 25
(BIOTECH)

YEAR GROSS GENERATOR
BUILT SQ. FT.
SIZE (kW)

FUEL
TYPE

BUILDING
AVG
LOAD
(kW)

BUILDING
LOAD
BACKED UP
BY
GENERATOR

2006

89,985

60

Natural
Gas

365

16%

1923

56,772

100

Natural
Gas

235

43%

2002

73,854

150

384

39%

1995

169,324

100

301

33%

1902

57,630

125

337

37%
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FUTURE ELECTRICAL DISTRIBUTION SYSTEM
Future Electric Loads
Based on the available information at the time of this report from the Campus Master Plan,
future building project loads were developed based upon unitary loads (VA/sf). The Housing
Development Phase 1 (297,000 gsf) was under construction during the beginning of this study
and its load is 550 kW, based upon design documents. The resulting unitary load (2.02 VA per
square foot) was applied to phases 2A, 2B and 3 of the Housing Development, which are slated
to be constructed in 2020. A summary of the electric loads for the future building projects are
summarized in Figure 5-11. This table also includes additional electric load to support the project
chilled water production capacity of the system.
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Figure 5-11
The projected load growth of the campus in relation to the firm capacity of the OU substation is
presented in Figure 5-12. From this chart, it can be seen that the capacity of the substation is
adequate to support the campus over the next 20 years.
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Figure 5-12
Future Incoming Electric Service
The AEP distribution to the campus has not been as reliable as expected and has had 2 to 3
outages in recent years. Additional outages to the campus where caused by internal OU controls
which were not enabled. As part of this study, discussions where held with AEP to understand
their distribution topology in the area and to discuss possible upgrades to improve the power
delivery to OU.
AEP is currently in the process of upgrading the 69kV system which serves the Athens, OH area
including OU. Additional improvements have been proposed by AEP including:



Separation of the local distribution (12.47kV) from the distribution transformers at Elliot
Rd and Strouds Run to enhance the reliability of the 69kV distribution system.
Upgrade of the 69kV overhead distribution line between Elliot Rd and Strouds Run with
Steel Poles and expanded right of way.
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Installation of automated switching on the 138kV circuits which supply Elliot Rd and
Strouds Run substations.
These proposed improvements are expected to address the AEP supply concerns to the OU
campus and provide for additional future load growth of the campus.
In addition to the AEP reliability improvements, several options were reviewed for the optimal
location of the OU electric substation, which include the following locations:
 Existing Location (Lausche)
 Lucky Dog Site
 Bike Path
 Rugby Fields
 Clark St.
 Hooper Street
 Elliot Rd
 Ridges
These options were largely driven by the proximity to AEP distribution, thermal production
plants and the campus master plan. Cost estimates for the existing Lausche site and the Lucky
Dog Site were evaluated as follows:
Switchgear Upgrade
Building / Site Modifications
Distribution Circuits
Construction Risk Contingency (20%)
Subtotal
30% Project Costs
Total Project Costs

Lausche
$2.5 Million
$2.9 Million
$1.1 Million
$1.3 Million
$7.8 Million
$2.34 Million
$10.3 Million

Lucky Dog
$7.5 Million
$5.5 Million
$8.1 Million
$4.2 Million
$25.3 Million
$7.6 Million
$32.9 Million

The outcome of the analysis showed that the existing OU substation location presented many
benefits; no additional cost to move, potential area for expansion, and close to other utility
infrastructure and thermal production facilities. To move the substation to the Lucky Dog site
would require a premium of $23 million dollars, largely due to the additional 69kV equipment
and distribution circuit extensions. Even though a re-stabilization project will be required at the
Lausche site, for which an additional $2 million dollars was included in the estimate above, the
Lausche site still presented the most cost-effective solution for the campus.
The future electric load for the campus is projected to increase by 9 MVA over the next 10 years.
This increase can be supported by the main substation, however it will within three percent (3%)
of the rated capacity of the transformers. Additionally, if the campus decides to pursue electric
resistance heating options, this point could be reached in as little as 6 years. The load growth is
presented in Figure 5-13.
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Figure 5-13
Additional capacity should be planned for when the OU substation yard is renovated to stabilize
the soil. Possible expansion opportunities exist to the North, South and West of the existing yard
which could be utilized for a 3rd transformer to include the substation capacity to 66 MVA.
Expansion to the North and West will require capturing and closing portions of Riverside Dr. or
West Green Dr. respectively. In the short term, expansion to the south is hindered by the
temporary gas boilers, so any expansion in that direction will need to be scheduled after the
Lausche Boiler plant is renovated. The additional 3rd transformer is estimated to be $2 million
dollars.
The following additional items are recommended for inclusion into to substation renovation:


Replacement of the Main Switchgear – As mentioned in previously, there is a 2000A
Main-Tie-Main lineup of circuit breaker switchgear in the OU Substation yard. This
switchgear is currently underutilized, not fully built out and the automatic controls are
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un-tested and proprietary. The switchgear is outdoors which hinders troubleshooting and
maintenance in inclement weather.
o It is recommended that the switchgear be replaced with 3000A metal clad
switchgear in either a pre-engineered walk-in aisle building or an architectural
building. The new switchgear should allow for three load buses and could be
configured in a “ring” bus configuration for maximum reliability to the campus.
A “ring” bus would increase the available fault current on the system, as all three
transformers would be paralleled, however would ensure the maximum up-time
for all campus loads in response to a fault event. If three transformers where
installed in a “ring” bus configuration, the approx. fault current on the system
would be 26kA based on current utility contribution. If this option is selected,
fault limiting reactors may be required to reduce the fault current on the
distribution feeders.
o New electronic relays and SCADA control system should be included with the
replacement switchgear to provide the campus with automated control and a
platform to aid in troubleshooting system failures. This system should be from
an industry manufacturer and not proprietary, in order to allow OU several
options for system support. Schweitzer Engineering Laboratories (SEL) relays
and SCADA control system is recommended based on their performance and
product support capabilities.
Removal of Fused Switch Lineups – The FM3 Indoor distribution switchgear and the
puffer switch should be removed from service and the main switchgear should be
utilized to its full capacity. This will reduce on-going switchgear maintenance,
complication with system configurations and improve system protective coordination by
reducing layers of fusing.
Install Low-Resistance Ground Protection – The most common fault on an electrical
system is a line to ground (SLG) fault. The existing system is configured as a solidly
grounded system. This type of system is the easiest system to maintain and troubleshoot
however creates more equipment damage as more energy is available during a fault. A
low resistance grounding system incorporates a resistor in the neutral or ground return
path so that during a fault event, the current flow is limited to a specific value, normally
200 – 600 amps. This approach allows for faster detection of a fault, since the relays can
be more sensitive, and reduces the available energy thereby reducing equipment
damage. The grounding resistor is typically installed between the transformer neutral
point and ground as presented in Figure 5-14. This type of installation can be easily
installed on the existing OU transformers. The drawbacks to this type of system are:
o No single phase loads on the distribution system are permitted. Since the ground
path contains a resistor, loads which would normally be connected phase to
neutral will appear as a fault.
o SLG ground faults on overhead lines are typically transient faults, (cables being
blown into a grounded object) so the application of low resistance grounding
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could cause nuisance tripping on these circuits. On the OU campus is particular
to the case of the Ridges feeders.
o Any surge arrestors on the system need to be rated for full line-to-line voltage.
During a fault condition, however brief, the voltage on the ground conductor
(normally 0V) will rise to the line voltage of the faulted phase (7.2kV). This
means that the voltage potential between the now elevated ground and the unfaulted phases is now line-to-line voltage (12.47kV). If the arrestors are not
adequately rated, then during a fault event it is possible flash over could occur,
creating a more severe fault and longer troubleshooting time.
The cost for these recommendations is included in the Lausche estimate above.
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Figure 5-14
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Future Campus Electrical Distribution
Several issues were noted in Section 3 which existing on the current OU electric distribution
system. A summary of the issues is:
 Lack of system redundancy and resiliency.
 In-ability of the system to be selectively coordinated.
 Aging distribution equipment
 Major distribution equipment in the flood plain
Lack of system redundancy and resiliency and the in-ability of the system to be selectively
coordinated are issues caused by the overall distribution topology of the system. The current
system is a largely radial system, which provides a single source of power to all system loads
with no options for alternate connections. Due to the large number of layers of fusing, the current
system cannot be coordinated without modifications.
Some fuses may be able to be replaced with models which would coordinate better, however this
will only be possible in limited cases. Due to the large number of manufacturers of fused
switches on campus, S&C, Square D, Cutler-Hammer, most fuse types will not be able to be
changed. In addition, some of the fused switchgear is obsolete and replacement parts are not
available. Since changing a small portion of the fuses will not correct the issue, larger changes to
the system topology will be required.
In the near term, a project to replace the existing fuses on campus with the appropriate sizes
identified in the power system study is required. This will improve the reliability and fault
tolerance of the system in the near term, while alternative distribution methods are evaluated.
This effort is estimated to cost $1 million dollars.
In order minimize the system topology changes, an option to maintain the current radial
distribution was examined. This option would eliminate the fuse layers to allow for system
coordination but would require the following:


Requires a switchgear lineup with forty-five (45) circuit breakers (or multiple switchgear
lineups with a portion of the circuit breakers)
 Requires investment in duct banks as pathways will need to be enlarged to support the
large number of circuits.
 The space required for a switchgear lineup of this size would be 2,500 sqft.
 Equipment cost of approximately $4.2 million dollars. With the addition of a building,
duct bank and wiring costs, the total cost is approximately $10.5 million dollars.
This option was abandoned due to the large cost of equipment, large space requirement,
relatively little overall system resiliency and capacity improvement.
Other options were considered which would provide an alternate source of power and additional
system flexibility. These options included a loop approach and a dual radial approach. The two
approaches are illustrated in Figure 5-15 and Figure 5-16, respectively.
February 26, 2017

DRAFT

Page 114 of 180

Ohio University 2016 Utility Master Plan

Loop Feeder Configuration

Figure 5-15
Radial Feeder Pair Configuration

Figure 5-16
The “loop” term refers to the primary cable configuration. In normal configurations, each loop
would be normally open and the feeders operated in radial mode. One section of each loop will
be fed from each bus of the main or distribution switchgear. The open point of the loop could
then be closed to supply all the loads on the loop from one side of the switchgear or the other
during a maintenance or emergency event. The open point of the loop can move from switch to
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switch throughout the system, providing a system with multiple sources and flexibility in
response to faults or maintenance. Due to the physical nature of the loop system, it requires less
of an investment in distribution cabling.
Operationally, radial feeder pairs differ significantly from loop feeders. A radial feeder supplies
load in only one direction, from the source end to the load. In this design, all radial feeders
would originate at the main or distribution switchgear and terminate at each building
transformer. Each feeder of the feeder pair is connected to separate buses of the switchgear.
Radial feeders may also be tapped with multiple branches that radiate from the main feeder to
supply multiple loads as needed. Unlike the loop feeder configuration, where each building
primary switch is capable of opening the loop, radial feeder pair configurations are unaffected by
each building primary switch position. This type of system would require additional switches in
all building and additional cables in the system to create the dual feeder. This type of system
provides multiple sources to each building and is more flexible than a loop approach to system
changes as each building can be isolated without effects to the other on the loop.
The table below summarizes the distribution options available for the campus and associated
costs. These costs include required switchgear, switches, cable and duct bank. Modifications to
the main substation yard and transformers are not included.
Radial (existing topology)
Loop Approach
Dual Radial Approach
Hybrid Approach (described below)

$10.5 Million
$21.8 Million
$35.3 Million
$14.5 Million

To allow for a high reliability system to support the campus in the most cost effective manner
possible, a hybrid loop approach is recommended. With this approach, the backbone of the
system will be configured in a loop approach, however the loop will not extend all the way to
every building on campus. The loop will include all critical buildings, however to minimize the
cost of switchgear and cable, pad mount switches will be used in areas to serve a cluster of
buildings. Since most campus buildings do not have space in the electric rooms to allow for
additional switches, the majority of the pad mount switches will need to be located outside.
These switches will have two sources from the distribution loop, however each building will
continue to be served in a radial manner. This approach will allow the reduction of fuse layers in
the system, improve system reliability and flexibility and can be implemented in phases. This
approach is presented in Figure 5-17. The overall approach will include the following:
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Figure 5-17






Two (2) 600A loop circuits will be created around the Lausche area supplied from the
main switchgear to provide power for the West Green Chiller Plant, Lausche Heating
Plant, Central Foods, Human Resources, University Service Center and Facilities
Management buildings. This loop can utilize a good portion of the existing duct banks in
the area. The cost to add this loop is approximately $1.3 million dollars.
The feeders to the Ridges Campus will remain as a dual radial system, however both
feeds be directly supplied by the main switchgear and the Outdoor Fused switchgear
should be eliminated. Due to environmental exposures, such as ice and wind storms, and
to permit the use of a low-resistance grounded system, the overhead conductors feeding
the Ridges should be relocated underground. The approximate cost to relocate these
feeders under the river is $0.7 million.
The campus distribution system should be re-configured utilizing a series of 400A or
600A loop feeders to service specified geographic areas of the campus. This type of
system will provide redundant circuits to all distribution points and also help to reduce
the number of coordination layers in the system. Long term plans should include a loop
switch for each building and the planned phase out of the “distribution point” approach.
The majority existing pathways, utility tunnels and existing duct bank, can be re-used.
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New duct bank would be required to install pad mounted switches. The cost to revise the
system topology is approximately $4.2 million dollars.
In order to support the electric demands required by the proposed chiller plant at the
Rugby Field location, a new duct bank would be added to extend the distribution system
from the Race St. switch, on the south side of Morton Hall, to the proposed chiller plant
location. New distribution feeders would be required from the OHP switchgear to supply
the load of the proposed plant. This circuit would also be a loop feeder and would also
service some building load. The distribution costs for this work is approximately $1.6
million and should be installed with the chiller plant project.
To aid in system troubleshooting and improve system restoration time, it is recommended
that fault detectors be installed on the loop cables. A fault detector is an indicator which
can be placed on the cables in pad mount switches or manholes, which will indicate if
fault current has passed through the detector. These detectors should be placed in key
locations which would assist the electricians in identifying the location of the fault
quickly and isolating the damage section of the system. It is recommended that fault
indicators be installed as soon as possible into the system for this purpose. These locators
can then be re-located as the system topology is updated.

A portion of the OHP switchgear is obsolete and presents a risk to continued operation. The
Lausche outdoor switchgear is also a similar vintage and has been a source of outages as well.
This presents an opportunity for the University as the OHP site is an excellent site for centralized
campus distribution. The location is outside the flood plain limits and currently has half of the
distribution pathways in place. This location coupled with improves at the Lausche switchgear
yard will create a solid backbone for a revised electric loop distribution system. The following
items are recommended at the OHP site.




A new three (3) bus, Main-Tie-Main-Tie-Main lineup of circuit breaker switchgear be
installed to alleviate the coordination concerns mentioned previously and provide
flexibility for bus loading and maintenance. The installation of a “ring” bus at this
location is also possible, however if a “ring” bus is implemented at the main switchgear
would have limited benefit. The system should be integrated in to the SCADA system at
the main substation, so operators can easily access both systems. Circuit breakers would
also provide a means for load shedding circuits in the event that the University where to
explore on-site power generation in the future.
The new switchgear could be placed in the existing OHP building or in a new structure
adjacent to the existing building. The existing OHP building has space, a new roof and
distribution access, however a phased installation would need to be carefully planned out
to maintain campus operations. A new structure would require coordination with campus
planning and distribution pathway extensions, however does offer the potential for
additional space to be built above the substation, such as offices or classrooms. As the
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OHP site is located close to Union St, this additional space may be a beneficial option for
the University.
The two existing OU1 and OU2 feeders would be re-routed and extended (OU2 only)
through the OHP steam tunnel to feed the new switchgear from the main substation. An
additional feeder would be installed to provide power to the third bus of the OHP
switchgear. This feeder would be routed in a new duct bank from the main substation to
the OHP to provide a geographically separate path from the steam tunnel, which contains
the existing OU1 and OU2 circuits.
The OHP location would also provide an opportunity to a centralized backup system for
the campus. Diesel or Natural Gas generators could be installed and connected directly to
the new OHP switchgear via paralleling controls to provide large blocks of backup power
in the event of a utility outage. It is estimated that 6-8 MW of backup power could be
located at this site. Any backup generation would need to be reviewed and discussed with
AEP to understand all the requirements of an interconnect agreement. The generation
would be intended for large scale backup power, not life-safety power. Life-safety
generation or batteries should remain at the building level; however, the bulk generation
would supply all other required backup requirement.
The cost to add a new a new distribution station is approximately $9.0 million which
includes cable and distribution modifications. The cost for the new 3rd feeder is
approximately $1.3 million inclusive of the duct bank.

Flood Plain Electrical Mitigation
As noted in Section 3, portions of the electrical distribution system are within the 5%
(20yr) flood plain. The most significant location is Boyd as this location contains the distribution
circuits for the majority of the southern portion of campus.


To address the situation of a critical distribution point at Boyd being located with and
below the 5% (20yr) flood elevation, the distribution circuits currently served from Boyd
should be re-located to the new OHP switchgear. This will allow the Boyd II and Boyd
III switchgear to be removed and reduce the impacts to the electrical distribution in the
event of a flood to that area of campus. The distribution costs to connect all the load from
Boyd Hall to the OHP is approximately $2.6 million. This work can be done at a later
date than the OHP and other distribution upgrades, however should be performed as soon
as possible to mitigate the potential risk in a flood event.

Campus Electrical Standards
In addition to the proposed changes to the distribution topology, equipment replacements
and coordination improvements, RMF recommends that a campus electrical distribution standard
be developed and implemented. The development of standards will provide a guide to other
engineers and the system operators for future projects. This will provide a consistent direction
for the growth of the distribution system and minimize operator training, maintenance and
troubleshooting time. Items recommended for inclusion in the campus standards are:
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Standard Fusing – As mentioned in Section 3, fuse timing curves can vary by
manufacturer and models. In order to reduce the possibility of coordination issues, it is
recommended that a few standard fuse manufacturers be permitted which display similar
curves and have been evaluated with the campus utility engineers or managers. By
limiting the manufactures and models, OU can still maintain a competitive purchasing
arrangement, while reducing future coordination issues, controlling arc flash hazards and
limiting the amount of spare fuses required to be maintained.
Transformer Sizing – Building transformers are the largest driver for the arc flash levels
within each building. The lower the voltage on these transformers, the higher the
available fault current. In order to minimize the amount of fault current available, it is
recommended that a limit be placed on the 208/120V secondary transformers. This will
also reduce the costs required for the building switchgear. A limit of approx. 500kVA is
recommended for 208/120V secondary transformers. If larger than 500kVA is required,
then a 480/277V secondary transformer should be utilized with smaller 480V-208/120V
transformers installed where needed throughout the building.
Fault Ratings of Equipment – To aid in standardizing the equipment on campus, any
equipment, switches or transformers, should be rated for a minimum of 25kA fault
current. With the current system configuration this will ensure that all equipment on the
medium voltage distribution system is properly rated for the available fault current on the
system.
Building Service – Currently some of the more critical use buildings on campus have a
single transformer. This creates a single point of failure for that building, no matter how
resilient the distribution system. A standard should be developed for minimum
requirements for building service based on the critical nature of the building. For
example, a critical research building would be a Main-Tie-Main configuration with two
redundant transformers, while a less critical building may continue with a single
transformer configuration.
It is further recommended that the campus develop an electrical system maintenance and
safety plan. This plan should detail the regular maintenance intervals required for all
equipment on the system and contain the latest test reports. The most up to date power
system models should also be kept in this file and should be maintained as new buildings
or system changes are implemented. This will provide the utility managers a very good
base point for how their system is intended to operate and provide a guideline for
upcoming maintenance funding. Lastly, the plan should include a description of how
personnel are expected to interact with any electrical equipment. If equipment is
permitted to be worked on while energized, the plan will need to detail the PPE
requirements at all locations as prescribed by the Arc Flash Analysis. An electrical safety
plan is an OSHA requirement and should be implemented immediately.
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Central Heating System
System Overview
Steam is used to heat buildings, and in some process loads




Lausche Heating Plant (4 boilers)
4.4 miles of tunnels
2.2 miles of direct buried pipes

Figure 6-1
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Steam System Generation
The steam requirements of OU are primarily served by four boilers located in the Lausche
Heating Plant. The capacity and ages of the units are indicated Figure 6-2 below:
Design
Boiler
Date
Design
Capacity
No.
Installed
Fuel(s)
Pressure
(pph)
160 psig
70,000
1
1964 (retubed 2009) Coal / Nat. Gas
2
1964 (retubed 2009)
Coal
160 psig
70,000
3
1964 (retubed 2009)
Coal
160 psig
70,000
4
1994 (retubed 2009)
Nat. Gas
750 psig
120,000
Total
330,000
210,000
Firm Capacity (w/o Boiler No. 4)
Notes: Maximum output is based upon conversations with OU personnel
Figure 6-2

Maximum
Output
(pph)
40,000
65,000
65,000
120,000
290,000
170,000

The maximum allowable working pressure for Boiler No. 4 is 750 pound per square inch gauge
(psig). All the existing boilers generate steam at 135 psig. The firm capacity is defined as the
output of the generation system without the operation of the largest boiler (120,000 pph). For
OU, the firm capacity is the total output without Boiler No. 4 which is approximately 170,000
pph. The firm capacity of a steam generating system is typically maintained at a level greater
than the peak boiler load to ensure reliable steam supply. The peak boiler load for the campus is
approximately 180,000 pph according to the operators and confirmed through reviewing boiler
chart recorders. The existing plant does not have adequate firm capacity to reliably support the
reported peak campus steam demand.
Temporary Boiler Installation
The University made a commitment to cease burning coal by the end of calendar year 2015. To
achieve this commitment while maintaining the distribution of reliable steam to the campus, the
installation of temporary boilers was required. The design of the temporary boilers included the
installation of two rental boilers with a capacity of 82,500 pph each. The firm capacity, when
burning natural gas, is increased to 205,000 pph, which is greater than the peak boiler load. The
temporary boilers are equipped to burn fuel oil as a secondary fuel in the event of a natural gas
outage or curtailment. Total capacity when burning fuel oil is limited to 165,000 pph (the
operation of the two temporary boiler units).
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Steam Generation Assessment
A review of the existing equipment within the Central Steam Plant was conducted. Based on the
condition assessment, the plant is operating in good condition. The following are the systems and
a summary of the general condition:



All boilers have been recently re-tubed.
There are two deaerators currently installed in the plant and in good working condition.
DA-1 was installed in 2009 and DA-2 was installed in 1994. Each deaerator feeds into an
independent set of feed water pumps. The two pump sets discharge into a common feed
water header.
 A reverse osmosis make-up water system was installed in 2011. The system is in good
condition, but plant personnel have expressed concern that the system cannot keep up
with the makeup water demand when the plant is operating at peak load. This requires
further evaluation during the design phase.
 Breeching and Stack:
o The existing brick stack is 1966 vintage, approx. 175’ high.
o A new Gunite liner was applied in the stack in 2007 or 2008.
o An aerial inspection at the top of the stack identified loss of bricks. The
University has decided to move forward with an emergency repair of the top
portion of the stack to keep it safely operational.
o After the emergency repair, the stack is in an acceptable working condition for
short term use (less than five years).
Boiler No. 4 and all of the major steam plant auxiliaries have yet to reach the end of their useful
life expectancy and should be considered for continued operation. The capacity of the reverse
osmosis system should be further investigated after additional repairs are made to the condensate
return system.
Existing Back Pressure Steam Turbine
The Central Steam Plant has a back pressure steam turbine installed that is not operational. The
turbine has not operated in years and would require a significant overhaul to become operational.
Since the turbine is not operational an internal inspection of the turbine (including the blades)
should be completed to identify the entire cost to overhaul the turbine. The estimated cost to
overhaul the existing back pressure steam turbine is half the cost to install a new turbine
(~$624,000). The following are the assumption to calculate the annual savings to operate the
back pressure steam turbine:






Power Generated: 725 kW
Hours of Operation: 3,000 hour (Equivalent Full Load Hours)
Total Annual Generated: 2,175,000 kWh
Electric Costs: $0.060 /kWh (2014 costs)
Additional Maintenance Costs: $0.015 / kWh generated



Annual Savings (W/O Additional Maintenance): $130,500 per year
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 Annual Savings (W/ Additional Maintenance): $ 95,900 per year
The simple payback to overhaul the steam back pressure turbine is approximately 6.5 years.
Since the true condition of the turbine is unknown, the operation of the turbine would increase
the complexity of the plant, and the simple payback is beyond 5 years, it is not recommended to
overhaul the steam back pressure turbine. Since this potential project does not address
maintenance or reliability issues, the priority of the project should be moved to the bottom and
deferred.
Lausche Heating Plant Steam Production and Fuel Use
The steam produced and fuel consumed by each boiler in the Lausche Heating Plant for June
2012 through November 2014 is summarized in

Figure 6-3 . Based upon the monthly metered steam produced and monthly fuel consumption, a
boiler efficiency was calculated which represents the efficiency by which the boilers convert fuel
energy into the steam produced. The corresponding efficiency of the boilers appears to be
approximately 10% to 15% higher than realistic values for these units. It is not uncommon for
steam meters to be out of calibration and this level of precision will not have a major impact on
the analysis. An assumption on the efficiency of the natural gas boilers and coal boilers was
made to help adjust the amount of steam produced. The reduced steam load is summarized in
Figure 6-4. The combined boiler efficiency (for both natural gas and coal boilers) is estimated to
be 70% to 75%.
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Figure 6-3
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Figure 6-4
Annual Steam Load Profile
The steam load data is initially based upon daily steam production readings from 2010 through
2011. An average hourly steam production was generated from the daily steam production and
the hourly data was estimated. The peak steam load was reported to be 180,000 pounds per hour
(pph). This hourly steam data was compared to more recent data that was metered on an hourly
basis from March 2012 through September 2013 from the gas usage. For the summer months, the
load profile is based upon the metered data from the gas boilers and for the winter months, the
load profile is based upon the daily steam production from the boiler logs. The hourly load data
was adjusted and is presented in Figure 6-5.
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Figure 6-5
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The adjusted annual load profile was compared to dry-bulb temperature and is presented in
Figure 6-6. This comparison validates the data.

Figure 6-6
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A load duration curve for the steam load is presented in Figure 6-6. This figure indicates the
number of hours in which the load profile is above a certain load.

Figure 6-6
Building Steam Use Summary
A review of building drawings was completed to identify the individual building steam load. Of
the 101 buildings connected to the steam system, 60 buildings had design drawings available that
could be summarized. The steam load for the buildings with design drawing information is
summarized in Figure 6-7. The building areas for the different space utilizations were summed
together. The total connected steam load and building area were utilized to develop the average
steam load for the different space utilization and was applied to the buildings without design
documents. A summary of the unitary load calculation is presented in Figure 6-8. The unitary
steam factors were then applied to the buildings that did not have design documents to estimate
the total steam consumed at these buildings.
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Figure 6-7
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Figure 6-8
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The buildings are not currently metered and determining the current steam loss through the
distribution cannot be completed. A typical loss through a campus of this size, age and condition
would be approximately 15%. This correlates to an annual cost of approximately $0.5 million per
year.
The following actions are recommended to identify the distribution losses and to maximize the
distribution system efficiency:
 Add metering at the boilers to trend steam produced at the Lausche Heating Plant
 Add metering to trend the export steam from the plant on an hourly basis
 Develop a steam trap maintenance plans
 Add metering to trend the steam consumption at each individual building
The total connected heating load including buildings without available design drawings is
approximately 270,000 pph. All the buildings will not peak at the same time so a system
diversity factor was developed to identify the peak building load. Assuming a 15% distribution
loss on top of the 10% in-plant steam use the coincident peak building load is approximately
180,000 pph. This corresponds to a system diversity factor 0.67. The individual non-coincident
and coincident peak building loads is summarized in Figure 6-9and Figure 6-10.
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Figure 6-9
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Figure 6-10
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The following is a summary of the peak steam requirements:
Estimated Peak Building Load:
Distribution Loss:
Exported Load:
In-Plant Steam Use:
Boiler Output:

138,000 pph
24,000 pph
162,000 pph
18,000 pph
180,000 pph

Steam Distribution
Steam is distributed to the campus buildings via a distribution piping network comprised of
direct-buried, tunnel systems, and overhead steam lines. Below is a summary of piping lengths
based upon the installation type:
Tunnel:
Overhead:
Direct Buried:

21,700 linear feet (lf) (58%)
8,700 lf (24%)
6,800 lf (18%)

The steam is distributed from the Lausche Heating Plant through a high pressure system (125
psig) and a low pressure system (18 psig). Pressure reducing stations installed in the high
pressure distribution system reduce the steam pressure to 18 psig. The distribution system
includes condensate return lines installed in parallel to the steam piping. Based upon the water
bills for Lausche Heating Plant and the corresponding daily steam produced, during the winter
months only 15% to 20% of the condensate is returned to the plant. Approximately 80% to 85%
of the water is make-up.
The capacity of the distribution system was evaluated based upon pipe velocity at peak
conditions and resulting steam pressure at the buildings. Steam piping velocities should be
maintained below 12,000 feet per minute (200 feet per second) to avoid condensate entrainment
and excessive pressure drops. Based upon a plant supply pressure of 110 psig, the minimum
building pressures are targeted to be 10 psig at peak load conditions. A computerized model of
the steam distribution system was developed based upon the piping lengths, diameters and
estimated building loads. The results of the model identify the flow and velocity in each pipe
segment as well as the resulting pressure at the buildings. The piping configuration input into the
model was based upon site plans and existing documentation.
The peak boiler load of 180,000 pph represents the total steam generated of which approximately
10% is utilized within the Heating Plant for process loads and the remainder (165,000 pph) is
distributed to the campus buildings. The in-plant usage represents process steam supplied to the
deaerator for heating make-up water and returned condensate and heat losses within the steam
plant.
To complete the model, the steam load at each building was estimated based upon the building
area and an average unitary steam load of 43 British Thermal Units per hour per gross square
foot (btu/hr/gsf) which is comparable to similar facilities. The peak individual heating loads for
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the existing buildings are summarized in Figure 6-11and Figure 6-12. The load at each building
was proportioned such that the total distribution load is approximately 165,000 pph. The total
steam to reach each building will be slightly less depending upon distribution losses. For this
analysis the distribution losses were not included and therefore the results may be slightly
conservative.
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Figure 6-11
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Figure 6-12
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The results of the hydraulic model indicate that no pipe segments exceed 12,000 fpm, though
there are some segments that are between 10,000 fpm and 12,000 fpm which would indicate that
the area of distribution is currently at capacity. The minimum building pressures at each main
area of campus are labeled on the figure. All building pressures are at or above 10 psig. The
existing distribution has adequate capacity to support the current peak loads.
Ridges Heating Plant Assessment
The Ridges area, on the southwestern portion of campus, is across the Hocking River and is
comprised of 46 buildings totaling approximately 640,000 gsf; however, several buildings are
not being utilized. The Ridges Heating Plant is a 16,500 gsf brick structure that houses two
40,000 pph abandoned coal boilers, three operational 200 HP (6,700 pph) fire-tube boilers and
all required auxiliary systems. The current steam load of the Ridges site is estimated to be
approximately 12,000 pph. This would require two of the three boilers to operate during peak
conditions. The boiler operation is cycled throughout the year and is anticipated to be able to
operate for at least the next ten years.
There is an eight-inch steam line connecting the main campus steam loop to the steam
distribution on the Ridges Campus. This steam line is closed due to leaks and piping failing and
the Ridges Heating Plant serves the entire load of the Ridges Campus. The piping will have to be
replaced if the Lausche plant were to supply steam to the Ridges campus. The estimated cost to
replace the 3,000 linear trench foot (TF) of steam and condensate piping is approximately $4.7
million and the estimate cost to replace three 200 HP fire-tube boilers is approximately $1.3
million. It is more economical to replace the boilers than to replace the piping.
STEAM SYSTEM ANALYSIS
Based upon the 20 year plan the steam load will increase from 180,000 pounds per hour (pph) to
223,000 pph. The load growth for the future buildings is based upon maintaining the same usage
as the existing buildings. This anticipated growth is higher than the existing firm capacity
(205,000 pph). If OU were to design buildings more efficiently or address steam usage within the
buildings, the load could be reduced below the existing firm capacity. For planning purposes, the
future load growth will be maintained at the 223,000 pph after full buildout.
A matrix was developed to identify steam system modernization options based upon plant
location, system type and capacity levels. The following sections provide a description of the
development of the option matrix. Boiler Plant Locations
One of the primary concerns with modernizing the Lausche Heating Plant is the limited space
available within and surrounding the plant. The current site constraints limit the addition of new
equipment without demolishing the existing system components. Therefore, renovating the plant
would include demolishing the existing coal boilers, solid fuel handling systems and air pollution
control equipment before installing new equipment. The installation of the temporary natural gas
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boilers will be utilized while the new boilers are installed (the installation of temporary boilers
has already been completed).).
Due to the condition of the existing steam distribution, the tunnels and the potential of flooding
issues, a hot water system distribution system was considered as an option for campus heating.
The hot water piping would be direct buried and not located in the tunnel, so it would not be
affected by flooding. The hot water could be generated at the Lausche Plant or at an alternative
location.
The plant location has a significant impact on the steam distribution. The previous steam model
was utilized to simulate peak steam export from the Lausche Heating Plant. The future loads
were added to the system to simulate the future operation. The only two piping segments with
high velocities (above 12,000 FPM) was the piping from Old Heating Plant to Research
Technology Center (13,000 FPM) and the low pressure piping adjacent to Scripps Hall (13,000
FPM). This assumes that the campus will continue to use steam for heating buildings as they are
today, but with adding insulation, fixing steam traps, and completing energy reductions in the
building, the peak load for the site will decrease. This piping will be able to support the future
load growth. Based upon the hydraulic model, no major piping upgrades (due to size) to support
future load growth are required.
However, with the flooding issues for the plant and the distribution, the inherent inefficiency to
generate steam, and the reduction in required use for steam within the building, a long term
vision should include eliminating steam use for heating.
Heating Systems Evaluated
Two major types of distribution systems were evaluated. The first option is maintaining the
existing steam distribution system and the second option considered the phased installation of a
campus hot water distribution system.
Along with the distribution, changes in steam generation system were also considered. The
following is a list of the general systems evaluated:
 Natural Gas Fired Packaged Boilers
 Retrofit Existing Solid Boilers to Burn Biomass
 Combustion Turbine with a back pressure steam turbine (cogeneration)
 Engine Generators (cogeneration)
 Heating Hot Water System
 Geothermal
 Individual Boiler Systems
 Electric Generation Heating System
The above systems were expanded and evaluated for various equipment capacities as well.
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The Campus Sustainability plan indicated that the University wants to be carbon neutral by 2075.
To achieve this with current technology, the heating for the campus cannot be achieved by
utilizing natural gas. Utilizing electric for heating and then generating the electricity through a
renewable source would allow the University to meets its carbon neutrality goal. However, the
cost of current electricity is four times natural gas. Of the above mentioned alternatives to steam,
only two (Geothermal and Electric Generation Heating System) utilize electricity to generate the
heating.
Natural Gas Fired Packaged Boilers
A comparison of the future steam load development versus the existing reliable steam generation
capacity is presented in Figure 6-13. The replacement of the three coal units with two packaged
natural gas fired boilers at a capacity of 110,000 pph was considered the “Base Option.” Under
this scenario the two new 110,000 pph boilers combined with Boiler No. 4 would have a total
capacity of 340,000 pph with a firm capacity of 220,000 pph. This would result in “spare boiler
area” which would allow for a fourth boiler in the future, if necessary.

Figure 6-13
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Retrofit Existing Solid Fuel Boilers to Burn Biomass
Since the existing Boiler Nos. 1 through 3 are designed to burn solid fuel, the conversion of the
plant to burn a biomass fuel was considered. The potential biomass fuel would need to be similar
in physical characteristics to coal or able to be pelletized in order to burn in the stoker boilers.
Ideally, the fuel should be readily available with non-volatile rates that can be secured for at least
a five to ten year period. Currently there are no biofuels available at a unitary rate of $6.50 per
million British Thermal Units (MMBtu) or less which can be contracted for a significant period
(greater than 5-year period). However, this option was evaluated based upon fuel rate of $6.50
per MMBtu for comparison.
To convert the existing units to burn a biomass fuel similar to waste wood products would
require a minimum the following additions and modifications:
 Combustion Controls Upgrade
 Combustion Air Modifications
 Over-fire Air Upgrades
 New and/or modified fuel conveying system
 Fuel Bunker Modifications
 Fuel Feeder Modifications
 Fuel Handling Controls Modifications
In addition to the above upgrades, because biomass has significantly lower heat content, the
output of the boilers would be reduced approximately 50% to 70%. The resulting capacity of the
steam plant would 225,000 pph with a firm capacity of 105,000 pph (at 50% capacity).
Therefore, with this option a fifth boiler rated at 120,000 pph would also be required. It should
also be noted that the solid fuel boilers would likely require replacement within the next 10 to 15
years. For this analysis a replacement with packaged natural gas fired boilers was included in
year 15.
The following is a summary of the anticipated capital cost associated with this option:
Boiler Plant Upgrade
Building / Site Modifications
Construction Risk Contingency (30%)
Subtotal
30% Project Costs
Total Project Costs
15-year Replacement Costs

$16.1 Million
$2.0 Million
$5.4 Million
$23.5 Million
$7.1 Million
$30.6 Million
$5.5 Million

The complete economics for each option are compared at the end of this section.
Combustion Turbine and Steam Turbine
A natural gas-fired combustion turbine utilizes the expansion of heated air/fuel mixture to drive a
turbine coupled to a generator, thereby producing electric power. The high temperature
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combustion turbine exhaust gas is circulated through a heat recovery steam generator (HRSG) to
produce steam to supplement the existing steam generation equipment. A duct burner can be
added to increase the total steam generation capacity of the HRSG. The generation of electric
power by a combustion turbine has an efficiency of approximately 35%. When the waste heat is
utilized by HRSG to generate useful steam, the efficiency increased to 70%. This efficiency is
significantly greater than typical fossil fuel power plants which also generate at an efficiency of
approximately 35%. To optimize a combustion turbine system, the waste heat generated by the
turbine should be fully utilized. A 10 MW power generation capacity corresponds to the
minimum future campus electric load. This load matching is established to maximize the system
economics and facilitate system operation. Combustion turbine utilized in a cogeneration
configuration are intended as base loaded machines and should not be continuously staged on
and off. Therefore, operationally it is preferred for the unit to be operated continuously at full
capacity. The incoming natural gas pressure would need to be increased to 300- 350 psig with
the installation of an on-site natural gas compressor station.
The existing Lausche Plant has limited space to support a combustion turbine system. This
construction would result in utilizing a full capacity temporary steam plant for multiple years
while the existing boilers and coal handling systems are demolished and the plant is expanded.
Engine Generators
An option was considered that included large scale, internal combustion engines to generate
electric power in a cogeneration arrangement. Waste heat from the engines would be used to
generate steam for distribution to the campus. The engine considered is a Wartsila (20V34SG)
natural gas-fired 10 MW unit.
The new existing natural gas line supplies natural gas pressures between 50 psig to 90 psig. A 70
psig natural gas supply is needed for an engine generator, which will require on-site natural gas
compressors. The heat recovery steam generators associated with this option will be relatively
small. Unlike the combustion turbine, a supplemental duct burner is not feasible. The engine
generator options include the installation of two 110,000 pph natural gas boilers.
Because of its quick-start capabilities the engine generator also provides a more readily available
on-site electric generation source for standby power.
Medium Temperature Hot Water System
As an alternative to producing steam, the potential of converting the campus from steam to hot
water was evaluated. The buildings that currently convert steam to hot water for heating
purposes are designed for a supply temperature between 200F to 210F. The University has two
options in consideration for converting the remainder of the campus to a hot water heating
system. The University could design all buildings to operate with a supply temperature between
180F and 200F. This is considered to be a medium temperature hot water system. There are no
manufacturers that can generate hot water above 170F connected to a geothermal system, but
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during non-heating peak periods (March through November) the buildings might be able to
operate at a lower supply temperature allowing for some integration with a geothermal system.
This option will still require a natural gas boiler.
A review of design drawings for each building and a review with the OU staff identified how the
steam was utilized in each building. Of the 104 buildings connected to the steam distribution
system, 60 buildings convert the steam to hot water for heating. The 23 building use steam for
heating either through air handling units or radiators. There are 15 buildings that utilize the steam
for some process load (cage washing, dish washing, autoclaves, humidification, or kitchen use).
The remaining six buildings utilize steam for absorption chillers, but for the majority of these
buildings convert the steam to hot water. A site plan indicating building steam use is presented in
Figure 6-14.
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Figure 6-14
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The cost to convert the buildings from steam to hot water was based upon unitary costs. If the
building utilized steam to radiators the unitary cost was based upon $12.00 per square foot.
These costs include minor architectural work, and piping replacement. The unitary cost to
replace the air handling unit was based upon $5.00 per cubic feet minute (cfm). The total cost to
covert the buildings that utilize steam for heating is approximately $6.3 million and is
summarized in Figure 6-15 and Figure 6-16.

Figure 6-15
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Figure 6-16
An estimated cost to replace the process steam equipment to either natural gas or installation of a
dedicated steam boiler system was based upon a unitary cost of $35 per pph. The cost to convert
the process buildings is estimated to be $3.9 million, also summarized in Figure No. 6-16. The
total cost to convert the entire campus to a medium hot water system (180F to 200F supply) is
approximately $10.2 million.
The costs to install the hot water distribution throughout the entire campus can range from $55
million to $63 million, depending on the location of the hot water generators. The cost to install
all the hot water piping in a single year could be as much as double and would require significant
portion of the campus to be closed at the same time. To convert the entire campus to a hot water
distribution would require a minimum of five to ten years. This includes time for procurement,
design and construction. In the meantime, the steam system would still need to be operational.
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The minimum upgrades to the existing tunnels and steam distribution required if the campus
were to go to hot water would be approximately $22.9 million over the next 10 years. The costs
to maintain steam throughout the entire planning process was estimated to be $34 million.
The following section discusses the location of the hot water generators.
Medium Temperature Hot Water System Located at Lausche
One location for the hot water generators is in the existing Lausche Heating Plant. In fact, the
first phase would include installation of steam to hot water heat exchangers at the plant. This
would allow for the permanent natural gas steam boilers to operate fully throughout the life
cycle. After the entire campus is converted to hot water, the boilers could be replaced with hot
water generators. The cost for the steam and hot water equipment is approximately $24 million.
The cost to install hot water piping is approximately $55 million. The first phase of construction
would be located around Lausche Heating Plant and then move east. The following is a summary
of all major advantages and disadvantages of the hot water plant located at the Lausche:
Plant in Lausche
Advantages

Disadvantages

• Adjacent to steam boilers allowing for
generation to hot water earlier
• Only purchasing steam to hot water heat
exchangers and pumps (no additional boilers)

• Not adjacent to well fields for future
geothermal
• Complexity in phasing in hot water piping

Medium Temperature Hot Water System Located in Satellite Plant
The second location for the hot water generators was located on the eastern portion of the
campus (possibly the existing Rugby Field or in a parking lot adjacent to Jefferson Hall). This
would require installation of natural gas hot water boilers in the new plant. The cost for
equipment and the additional building is approximately $29.5 million.
For this option, the assumption is that the plant would be located at Rugby Field. The cost to
install this hot water distribution piping is approximately $63 million. The first phase of
construction would be on the eastern portion of campus. This portion of campus has the most
significant steam distribution and tunnel issues (poor insulation, structurally damaged tunnels,
etc.).
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Satellite Plant
Advantages

Disadvantages

• Allows for geothermal wells
• Easier to phase the hot water piping
• Address steam piping concerns in the first
10 years

• Requires a new building service
• Requires natural gas service
• Requires natural gas hot water boilers

Low Temperature Hot Water System
To have the campus operate year round on a geothermal system, all the building heating systems
would need to be designed to operate 140F. This would require significant upgrades to all the
existing buildings. The estimated cost to convert all the buildings to operate on low temperature
hot water was estimated based upon a unitary cost of $60 per gross square foot. That corresponds
to a project cost of approximately $480 million. This does not include the new boilers,
geothermal wells, or piping, it is just the cost to renovate the buildings.
Geothermal (Closed-Loop Ground-Coupled)
Another enhancement considered was the installation of a ground-coupled heat pump system.
Essentially the ground is utilized as a heat source during the winter and heat sink during the
summer for water-source heat pumps. The heat pump system could be installed within a single
building or a larger heat pump chiller could be utilized within a district cooling plant. When
utilized in a district plant, the connection to a hot water system is needed.
The system could be implemented for new building or could be part of an existing building
retrofit. When in cooling mode the heat pump will operate slightly more efficient than a watercooled centrifugal chiller, because of the consistent lower ground temperature. In heating mode,
the heat pump is limited to relatively low hot water supply temperatures. To have year round
heating the heating operation supply temperatures of 140oF to 150oF are targeted. This can be
accommodated for new building designs, but it is more difficult in building retrofits.
A campus wide geothermal system would require approximately 6,800 wells. Typical designs for
geothermal systems have been limited to small scale and/or in locations of the country with little
heating loads. A large scale geothermal system to support the entire campus in Ohio has not been
operating for more than 10 years to provide data on how the effect of spacing on the wells have
or have not changed. There are concerns that with typical geothermal well spacing and design,
the wells capacity may reduce over time. Either the spacing of the wells would need to increase
or the general layout of the wells would need to be different. The following analysis assumes that
a typical design would be acceptable, but there is further study required to identify the feasibility
of installing 6,800 tons worth of wells throughout the campus. It is recommended that a small
pilot project (Ping or District Plant) be completed to verify the potential heat balance issues.
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Industry standards identified the wells spacing of 20 feet and 400 feet deep. The following is
summary of the potential number of wells:
Well
Field
No.

Well Field
Location
Description

Number
of
Wells

1

Lausche

---

2

Aquatic Center

220

3

Golf Course

4

Lot 55

5

Rugby Field

6

Hooper Street

Total

Comments
Wells located in a wellhead protection zone/ future
building location

6,100
880
1,630
660

Located across the river

9,490

There is a lack of sites that can support a large number of wells (over 1,000 wells).
The cost per well was assumed to be $12,000 per well. Three alternatives were evaluated for the
district hot water option. The first option was to serve the entire campus from geothermal wells
and only have the boiler operate during peak conditions. The cost to install ~8,800 for cooling
was estimated to be approximately $106 million.
The second option was installing 2,500 tons of geothermal wells and the last option was
installing 5,000 tons of geothermal wells. The Rugby field could support the 2,500 tons worth
wells on its sites, but to get to 5,000 tons an additional well field (potentially by Ping Recreation
Center) would be required. The cost for the partial geothermal system was estimated to be $15
million and $30 million respectively.
Electric Generating Heating System
There are two different approaches to have the campus converted to electric generation. The first
is to go to each building and install electric resistance heating. The installation of the electric
heating would require a review of the building electric service. The second approach is to
continue with the hot water distribution system and install electric boilers instead of the natural
gas boilers.
In either scenario, the installation of a new substation ($15 million) will be required. A
comparison of the electric load growth with and without the electric heating option is discussed
later in this report.
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Life Cycle Cost Screening for All Options
An evaluation of all the combinations of plant locations, steam generation systems and capacities
was developed based upon a life cycle cost comparison. The present value of the life cycle costs
include annual operating costs and the initial project capital costs combined to develop a lump
expense over a 25-year period. The options with the lowest life cycle costs represent the best
value to the University.
The annual operating costs were estimated based upon the load profile, equipment efficiencies
and utility rates. The annual operating costs include natural gas costs, electric charges, and
additional maintenance. These projected costs were then converted to a single present value
utilizing a 5% annual discount rate and a 2% utility escalation rate.
The capital cost of each option was developed based upon unitary costs for system components
and building and site modifications. The estimated capital cost was added to the present value of
annual operating costs to sum a total present value of life cycle costs for the option. This process
was repeated for each option. A comparison of the present value of the life cycle costs for each
option is presented in Figure 6-17. The options that are highlighted are the preferred alternatives
identified for further analysis. These seven options and justification are listed below:

Figure 6-17
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Option No. 1A - Natural Gas Fired Packaged Boilers at the Lausche Plant
o Justification: The lowest capital cost and present value option and would be the
easiest to implement
Option No. 1C - 10 MW Combustion Turbine in a New Building at the Lausche Plant site
o Justification: Next lowest present value and provides standby power
Option No. 2A - Medium Hot Water Temperature Distribution at Lausche Plant
o Justification: Has lowest present value for hot water systems
Option No. 3A -Medium Hot Water Temperature Distribution at Satellite Plant
o Justification: Provides a construction benefit for distribution piping
Option No. 3C - Medium Hot Water Temperature Distribution at Satellite Plant (Partial
Geothermal)
o Justification: Reduces carbon footprint for the campus
Option No. 4A- Low Temperature Hot Water Distribution at Satellite Plant (Full
Geothermal)
o Justification: Has the lowest carbon footprint
Option No. 5 - Electric Generating Heating System
o Justification: Has the lowest carbon footprint

Impact of CO2 Emissions
The potential annual CO2 emissions rate for each option was compared to the existing (coal
based) emissions. The total CO2 represents the estimated amount of carbon dioxide that would be
produced by the fuel use at the Lausche Heating Plant plus the total purchased electric. A
nominal emissions rate for the region of 1.6 lbs/kWh was utilized (based upon calculation done
by the University). The following is summary of the equivalent CO2 reduction in metric tonnes
per year (tpy) associated with each option:
Existing Coal-Fired Boilers based upon future loads
Natural Gas Fired Packaged Boilers at the Lausche Plant
10 MW Combustion Turbine in a New Building at the Lausche Plant Site
Medium Hot Water Distribution at the Lausche Plant Site
Medium Hot Water Distribution at the Satellite Site
Medium Hot Water Distribution at the Satellite Site (Partial Geothermal)
Low Hot Water Distribution at the Satellite Site (Fully Geothermal)
Electric Generating Heating System

177,600 tpy
142,700 tpy (25%)
112,500 tpy (39%)
134,600 tpy (24%)
134,600 tpy (24%)
135,600 tpy (23%)
147,600 tpy (17%)
207,800 tpy (-17%)

The amount of renewable source generated for each option compared to the annual fuel
consumption is summarized in Figure 6-18. The cogeneration options (10 MW Combustion
Turbine and Engine Generator) require more renewable power generation than electric load, to
achieve one of OU Sustainability Benchmarks. The reason the geothermal and electric
generating options have increased carbon emission is due to the fact that the electricity purchased
from the grid is generated by coal. The more electric power from the utility grid will increase the
carbon footprint. However, OU is in process of purchasing “green” power and the utility
company is in the process of retiring existing coal fired power plants. Both of these factors will
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reduce the carbon footprint of the campus. The following is the carbon emissions if OU
purchases all electric from a “green” source:
Existing Coal-Fired Boilers based upon future loads
Natural Gas Fired Packaged Boilers at the Lausche Plant
10 MW Combustion Turbine in a New Building at the Lausche Plant Site
Medium Hot Water Distribution at the Lausche Plant Site
Medium Hot Water Distribution at the Satellite Site
Medium Hot Water Distribution at the Satellite Site (Partial Geothermal)
Low Hot Water Distribution at the Satellite Site (Fully Geothermal)
Electric Generating Heating System

82,600 tpy
37,400 tpy (55%)
65,600 tpy (20%)
29,300 tpy (65%)
29,300 tpy (65%)
22,800 tpy (72%)
--- tpy (100%)
--- tpy (100%)

Figure 6-18
Fuel Cost Sensitivity
The existing steam system is inefficient (higher carbon footprint), is susceptible to flooding, and
requires significant investment to repair. Based upon these criteria the long term vision of the
campus will not include steam options.
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The natural gas and electric rates are at historic lows and with the national move to provide
electric with more renewables sources, the future of electric costs is a variable. A comparison of
the present value for each of the hot water options at the varying fuel costs is presented in Figure
6-19 The lowest present value option is still to install a traditional hot water boiler system either
within the plant or at a satellite plant.

Figure 6-19
Preferred Options
Based upon the life cycle cost, maintaining the existing steam system would be the
recommended approach, however it has one of the lowest carbon savings. The option saving
carbon and considered cost efficient is the installation of a hot water district system with
geothermal wells to support portion of the campus. The first phase of construction includes
construction of a chiller and hot water plant at the Rugby Field. A 2500 ton chiller and two
25,000 mbh hot water generators would be installed. The second phase would include drilling
geothermal wells and installing a 2500 ton heat recovery chiller. The heat from the chiller can be
distributed to the hot water system. The third phase would be to construct an additional
geothermal plant on the southern portion of campus (by Ping Recreation Center). This plant
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would house an additional 2500 ton heat recovery chiller and a steam to water heat exchanger
and should be sized for a total of two 2500 ton heat recovery chillers.
With the installation of the new steam boilers and the repairs to the steam tunnel, the
recommended hot water district can be completed within 10-years. There is no trigger to
complete the hot water system. The overall cost for the hot water district approach is:
District plant and boilers:

$10.7 million

Building steam to hot water conversion:

$10.5 million

Phase 1 hot water piping (7,300 LF):

$15.2 million

Geothermal wells at district plant:

$20.0 million

Phase 2-4 hot water piping:

$47.5 million

Geothermal wells at Ping:

$20.0 million

It is recommended that the new chilled water district plant have adequate capacity for the new
boilers and the hot water piping should be installed at the same time as the chilled water piping.
OVERALL STEAM RECOMMENDATION
The following is the overall steam recommendation for the system:
Near Term:


Install permanent steam boilers:

$15.0 million

District plant and boilers:
Building steam to hot water conversion:
Phase 1 hot water piping (7,300 LF):
Geothermal wells at district plant:
Phase 2-4 hot water piping:
Geothermal wells at Ping:

$10.7 million
$10.5 million
$15.2 million
$20.0 million
$47.5 million
$20.0 million

Long Term:
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Centralized Domestic Hot Water System
SYSTEM OVERVIEW
Lausche Heating Plant generates hot water and distributes it to 77 buildings throughout the
campus. The following is an analysis of that system.

Figure 7-1
Domestic Hot Water Generation
The domestic hot water is generated from steam heat exchangers in the Lausche Heating Plant.
There are four heat exchangers located in the mezzanine, two of which are sized for 12,100
MBH and the other two are sized for 9,750 MBH, (220 gpm and 150 gpm, respectively). Since
the study was initiated two of the four heat exchangers have been removed from service.
At the end of March 2015, temporary water flow meters were installed on the domestic hot water
supply and return piping in the plant to determine the building load of the system. A summary of
the hot water flows is presented in Figure 7-2. The maximum domestic hot water supply flow
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was approximately 250 gpm and the typical domestic hot water return flow was approximately
60 gpm
.

Figure 7-2
Domestic Hot Water Distribution
There are three domestic hot water pumps in the basement of the Lausche Heating Plant that
distribute the domestic hot water to campus, though typically only one operates at a time. The
hot water is distributed throughout campus through four sets of mains from the plant and returns
to the plant via smaller sets of mains. The four supply and return mains from the plant are as
follows:





1-inch supply / ¾-inch return to/from University Garage
4-inch supply / 1½-inch return to/from Food Services Building
4-inch supply / 2-inch return to/from Life Sciences Tunnel
6-inch supply / 2-inch return to/from Stocker Center Tunnel
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Approximately 96% of the supply and return piping (21,270 trench feet) is installed in the
existing steam tunnels with the remaining 850 trench feet being direct buried piping. Throughout
the distribution there is a set of five booster pumping stations that increase pressure to the supply
portion of the system. These booster stations are located as follows:
 Old Heating Plant (Add pressure to the loop)
 Grover Center (Add pressure to the loop)
 Morton Hall (Add pressure to the loop)
 Grosvenor Hall (Boosts to the radial feed serving Convocation Center)
 Jefferson Hall (Boosts the radial feed serving Jefferson, Johnson and Reed Halls)
A site plan indicating which buildings are served from the domestic hot water distribution system
is presented in Figure 7-3.
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Figure 7-3
A summary of the building domestic hot water loads is presented in Figure 7-4 and Figure 7-5.
The connected loads of the buildings were based upon the space utilization and potential
occupancy of the building. The connected load was then compared to the peak load (developed
from meter data) to establish peak load for each building.
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Figure 7-4
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Figure 7-5
A computerized hydraulic model was developed to simulate the distribution network and
determine the capacity of the existing system. The software utilized, PIPE2000, was developed
by KYPIPE. The pipe diameter, segment length, and roughness factor for each pipe, as well as
the peak flow demand for each building were entered into the computer model. The results of the
model indicate the flow, velocity, and pressure loss for each pipe segment, as well as the total
building pressure at each facility. Friction losses are calculated in the program using the Hazen
Williams formula as follows:
hf = 0.002083 x L x (100 / C )1.85 x (gpm1.85 / D4.8655)
hf = head loss due to friction (feet)
L = length of pipe (feet)
C = roughness factor
D = pipe inside diameter (inches)
gpm = flow (gallons per minute)
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The limiting velocity criteria for peak flow conditions is 8 feet per second (FPS) for copper
piping ranging up to 8-inches in diameter. This velocity limitation is based upon potential water
hammer and pressure losses occurring within the distribution system. There are no high
velocities in the existing systems and there are also no pressure issues.
Domestic Hot Water Analysis
Based upon the hydraulic modeling, there appear to be no issues with the distribution system
hydraulically. However, operators of the system have reported issues with the system. They have
reported that the system as a whole is difficult to operate and have had issues in specific
buildings. From the condition assessment, it was determined that while portions of the
distribution were in fair condition, that there were portions in which expansion joints
experienced leaks and that there was failing pipe. Bush Hall, for example, has been reported that
some of the end fixtures within the building have a green material (lime scale) and there were
some issues with certain fixtures not getting hot water. It was determined that there was nothing
wrong with the building connection and that further investigation within the building would be
required to determine the buildings issues.
Because of the system’s complexity and the operator’s difficulty in operating it, it is
recommended that any future building projects be served domestic hot water from either direct
steam from Central Plant or individual gas or electric boilers systems within the building.

February 26, 2017

DRAFT

Page 163 of 180

Ohio University 2016 Utility Master Plan

February 26, 2017

DRAFT

Page 164 of 180

Ohio University 2016 Utility Master Plan
Campus Carbon
Utility Related Carbon Emissions
The University has been documenting the carbon footprint for the campus since 2005. Figure 8-1
and Figure 8-2 summarize carbon emissions since 2011:

Emissions

2011

81,314
Scope 1
85,564
Scope 2
Scope 3 T&D only 5,289
172,167
Total

2012
64,347
77,756
7,850
149,953

2013
2014
2015
(MT eCO2/year )
54,847 64,896 64,441
77,470 74,855 73,287
7,822
7,558
7,399
140,139 147,309 145,127

2016*
42,287
77,542
7,829
127,658

*Offsets of 19,087 can be subtracted from these numbers due to the purchase of RECs.
With offsets, Scope 2 emissions in 2016 are 58,455 MTPY and Total emissions are
108,571 MTPY.
Figure 8-1

Figure 8-2
Scope 1 refers to direct emissions or emissions from sources that are owned or controlled by OU.
An example of Scope 1 emissions is the burning of fuel on campus. Scope 2 refers to indirect
emissions which are defined as emissions that are a consequence of the activities of OU, but
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occur at sources owned or controlled by another entity. An example of scope 2 emissions is the
purchase of electricity from off-site sources.
Figure 8-3 lists the campus carbon emissions based upon utility meter data for 2014:

Type
Steam
Generation
Campus
Electric

Fuel
Coal Consumed
Natural Gas
Consumed:
Natural Gas
Consumed:
Electric Purchased

2014
Consumption

Carbon
Emission
(TPY)

Carbon
Emission
(%)

16,100 tons

37,200

25

485,600 MMBtu

25,800

18

33,100 MMBtu

1,800

1

107,300 MWh/yr

81,100

55

145,900

---

Total
Note: Carbon Emission factors developed by University.
Figure 8-3

Strategies for Carbon Reduction
Conservation
Not using energy, the “Nega-Watt” remains the most effective means to reduce carbon
emissions. The University is pursuing several strategies to reduce energy conservation:




Implementation of the Capital Improvement Plans (CIP) will lead to improved building
energy performance as buildings are renovated with updated building controls,
mechanical, building envelop, door and window systems that use less energy
Completion of the Utility Metering project in late 2017 will make it easier to identify
high energy use facilities and initiate corrections

Cooling
Energy for cooling is provided by both steam and electricity. Currently there are 7 absorption
chillers located throughout the campus with a total capacity of 2,180 tons. When these units are
either replaced or the buildings are connected to the central chilled water system, there is a
reduction in the campus carbon emissions. Figure 8-4 lists the potential carbon savings by
removing the absorption chillers:
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Chiller capacity:
Estimated chiller eff.:
Equivalent full load hours:
Distribution loss:
Total steam consumed:
Ex. nat. gas boiler eff.:
Natural gas consumed:
Carbon emissions:
Electric chiller efficiency:
Electric consumed:
Potential carbon emissions:

1,780 tons excluding 400 ton back-up unit at Ping Center
20 pph/ton
1,000 hours
15%
41,000 Mlbs
78%
52,600 MMBTU
2,790 TPY
0.6 kW/ton
1,068 MWh/yr
730 TPY (100 basis point reduction)

Figure 8-4
The steam absorption chillers, many of which are at the end of their useful life, will be phased
out within the next five to ten years.
The balance of cooling, whether it be window units, building based units or central chilled water
is and will likely continue to be powered by electricity. In January 2016, the University
transitioned 50% of all electricity used on the Athens campus is now from renewable sources
cutting in half carbon emissions attributable to cooling. The transition of the remaining electric
load resources has the potential to reduce the carbon emissions from cooling to near zero.
Conservation can defer or avoid the need to add cooling capacity. A discussion of options for
cooling is contained in Chapters 4.2.5 - 4.2.9
Electricity
In January 2016, the University transitioned 50% of all electricity used on the Athens campus is
now from renewable sources cutting in half carbon emissions attributable to electric use. The
transition of the remaining electric load to renewable resources has the potential to reduce the
carbon emissions for electricity to near zero.
Electricity from wind energy purchased though Renewable Energy Certificates appears to be the
best available option at the time of this plan is written. Local wind generation is not an option
because if the lack of wind. The cost of solar photovoltaic electricity has dropped in the last two
years but still remains at a substantial premium before the cost of land in considered when
compared to wind energy purchased through Renewable Energy Certificates.
As the University transitions from fossil fuel based cooling, the use of electricity and peak
demand is likely to increase. Conservation can defer or avoid the need to add electricity capacity.
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Heating
The University stopped burning coal November 26, 2015 and is currently using two temporary
boilers for steam production. The resultant carbon emission reduction came from two factors:



the transition from coal to natural gas;
the improved efficiency of the temporary boilers.

Figure 8-5 itemizes how the components of the carbon emission reduction:
Estimated coal boiler efficiency:
Estimated steam generated by coal:
New boiler efficiency:
80%
Fuel consumed:
Carbon emission:

60%
231,800 Mobs
289,800 MMBtu
21,800 TPY (15% reduction)

Figure 8-5
Both the fuel switch off of coal and the retirement of the steam absorption chiller can reduce
total the total carbon emissions by a combined total of 16% (22,500 tonnes per year).
Carbon reductions for heating on campus beyond this reduction becomes harder to achieve.
Conservation remains a key art of the strategy. Chapter7.1.3 - Domestic Hot Water Analysis
contains a recommendation to move towards building based generation of domestic hot water.
The existing District Domestic Hot Water System is in very poor state and wastes energy.
Building based systems will be more efficient and have the option of using a renewable energy
source for generating hot water.
While the University reduced carbon emissions for heating by 50% with the transition off coal,
the elimination of carbon emissions in the generation of heat for the campus cannot be achieved
by utilizing natural gas. Utilizing electric for heating and then generating the electricity through a
renewable source would allow the University to meets its carbon neutrality goal. However, the
cost of current electricity is four times natural gas. Of the above mentioned alternatives to steam,
only two (Geothermal and Electric Generation Heating System) utilize electricity to generate the
heating.
Chapter 6.2 - STEAM SYSTEM ANALYSIS and contain an analysis of options and
recommendations for heating:
• Natural Gas Fired Packaged Boilers
• Retrofit Existing Solid Boilers to Burn Biomass
• Combustion Turbine with a back pressure steam turbine (cogeneration)
• Engine Generators (cogeneration)
• Heating Hot Water System
• Geothermal
• Individual Boiler Systems
• Electric Generation Heating System
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Implementation of both the near term and long term recommendations contained in Chapter 6.3 OVERALL STEAM RECOMMENDATION will require significant capital investment that will
take years to implement unless new renewable technologies for generating heat become
available.
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