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Mr. Trevor Dickie

Project Manager – University of Minnesota

Capital Planning and Project Management
p: 612-625-9847  c: 612-743-9224  e: tjd@umn.edu  w: www.cppm.umn.edu 

400 Donhowe Building, 319 – 15th Avenue S.E., Minneapolis, MN 55455

RE:  Pre-design Submi! al for Mariucci Arena at the U of M Campus

Dear Mr. Dickie,

JLG Architects is pleased to submit the 100% submi! al for the renova" ons to Mariucci Arena at the University of 

Minnesota campus.  The report has been reviewed and approved by the U of M representa" ves, and has been 

prepared in accordance to the U of M Capital Planning and Project Management regula" ons for Predesign for 

Capital Budget Projects.  Direc" on from the University of Minnesota Athle" cs Administra" on and focus groups 

consis" ng (as iden" fi ed within this document) was also used in its prepara" on.

The basis of our work has been to provide professional analysis of the exis" ng condi" ons, the goals and objects 

iden" fi ed during our design process, and synthesis into a document that confi rm your project ra" onale and space 

requirements and provide the level of documenta" on to allow for fi nal planning, design, and construc" on.

Please extend our thanks to the Athle" c Department staff , various members of the U of M project team, and oth-

er individuals and organiza" ons that contributed their " me and energy to contribute to this document.  

Sincerely,

Jeff rey Hysjulien, AIA
Director of Sports & Recrea" on - JLG Architects

p: 612.746.4260   e: jhysjulien@jlgarchitects.com
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Mariucci Arena opened in 1993 and at the ! me was the premier collegiate hockey facility in the 

country.  Since then other facili! es have been built that exceed the quality level of team sup-

port areas that Mariucci Arena once led the na! on in.  Examples within the Big Ten conference 

include Penn St., Ohio St., and Wisconsin.  Currently the team support areas within Mariucci 

Arena are outdated and in need of renova! on to provide the spaces required to recruit the 

elite student athletes.  In addi! on, reducing the size of the ice sheet will aid in recruitment of 

student athletes. Rinks in the NHL are 85 feet by 200 feet so the student athletes can prac! ce 

and compete on an ice sheet at the University of Minnesota similar in size to the ice sheet they 

all strive to compete on.  The athle! c department also strives to retain student athlete loyalty 

post-gradua! on, thus the need for an M Club Le" er Winners Clubroom in Mariucci Arena. 

The objec! ve of this project is to provide the hockey student athletes and the coaching staff  

with the tools they need to con! nue to be successful.  The hockey locker room and offi  ces will 

provide the coaches with state of the art technology and fi nishes to aid in recrui! ng.  Recruit-

ment and development of those recruits is the lifeblood of any Division I hockey program.  A 

remodeled/expanded strength and condi! oning space will allow the student athletes to max-

imize their poten! al through strength training, skill development and proper nutri! on. Pro-

viding the M Club Room will allow the department to cul! vate donors to the hockey program.  

The refrigerant used in the arena to make ice is being phased out by interna! onal regula! ons 

and must be replaced.  At the same ! me, the piping and equipment used to provide cooling in 

the ice slab is reaching the end of its useful life and must be replaced.  Addi! onal revenues are 

expected with the size reduc! on of the ice sheet and approximately 200-250 addi! onal seats 

added to the facility, genera! ng addi! onal revenue for the athle! c department.

These renova! ons will require implementa! on of several phases of construc! on in order to 

align with funding and to be able to work around the necessary schedules of building users 

and athle! c seasons.

Summary
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Project Team

University of Minnesota

Intercollegiate Athle! cs (IA)
516 15th Ave. SE, Minneapolis, MN 55455

Tom McGinnis    Sr. Associate AD/CFO  612.624.4497

Sco!  Ellison    Associate Athle" cs Director 612.625.8860

Cory Chapman    Senior Director for Arenas  612.625.3007

Craig Flor    Mariucci Arena Facili" es Manager 612.625.8365

George Adzick    Director “M” Club  612.626.7305

Mens Hockey (User Group)

Don Lucia    Head Coach   612.625.2886 

Mike Guentzel    Associate Head Coach  612.625.2886

Grant Potulny    Assistant Coach   612.625.2886

Strength & Condi! oning (User Group)

Cal Dietz     Strength Coach   612.626.7845

Capital Planning & Project Management (CPPM)
400 Donohowe Building 319 15th Avenue SE, Minneapolis, MN 55455

Suzanne Smith    Assistant VP   612.624.8663

Monique MacKenzie   Departmental Director  612.624.3565

Trevor Dickie    Project Manager    612.625.9847

Vadim Romantes    Project Coordinator   612.625.5468

Department of Heath & Safety (DEHS)
W-145 Boynton Health Services 410 Church Street SE, Minneapolis, MN 55455

Mike Aus" n    Public Health Specialist   612.626.6436

Janet Dalgleish    Public Health Specialist   612.626.7095

Hazardous Materials
1521 4th Street SE, Minneapolis MN 55455

Sean Gabor    Team Manager    612.625.7547

John Allen    Program Manager  612.625.7547

Energy Management (EM)
400 Donohowe Building 319 15th Avenue SE, Minneapolis, MN 55455

Nirmal Jain    Mechanical Engineer   612.626.0645

Kevin DeRuyscher   Electrical Engineer  612.626.0182

Facili! es Management (FM)
L150 Mechanical EngineeringBuilding 111 Church Street SE, Minneapolis, MN 55455

Paul Krueger    Facili" es Project Coordinator 612.625.3830

Telecommunica! ons (OIT) 
2218 University Avenue SE, Minneapolis, MN 55455

Vanessa Swenson    Customer Service Coordinator 612.626.0981

Central Security 
2221 University Avenue SE, Minneapolis, MN 55455

Brian McDonald    Security Coordinator  612.625.1863
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LandCare
150 Food Opera! ons Building, 2904 Fairmount Street SE, Minneapolis, MN 55414

Tom Ritzer    Campus Landscape Architect 612.624.8225

Parking & Transporta! on 
300 Transpora! on & Safety Building 511 Washington Avenue SE, Minneapolis, MN 55455 

Puneet Vedi    Project Manager   612.625.8812  

Disability Services
University Avenue Gateway Center, Suite 180 200 Oak Street SE, Minneapolis, MN 55455

Roberta Kehne    Coordinator   612.624.1801

Waste Management
3009 Como Avenue SE, Minneapolis, MN 55414

Dana Donatucci    Facili! es Support Supervisor 612.624.8507

University Records
SB03 Donhowe Building, 319 15th Avenue SE, Minneapolis, MN 55455

John Cook    Engineering Records  612.625.6537

Building Codes
Room 270 Donhowe Building, 319 15th Avenue SE, Minneapolis, MN 55455

Clayton Talbot    Building Code Plans Examiner 612.626.2783

JLG Architects (Architect)
801 Washington Avenue N #120 Minneapolis, MN 55401

Jeff  Hysjulien     Project Manager   612.314.4741

Randy Lieberg    Pre-Design Architect  701.738.2202

Gino Gasparini    Recrui! ng & Arena Specialist 701.746.1727

Ross McIntyre    Project Coordinator  612.746.4754

Daniel Hillukka    Project Support   612.746.4754

 
525 Broadway, Alexandria, MN 56308

Bryan Ashe    Structural Engineer  320.759.9030

Studio Hive (Interiors)
901 North 3rd Street, Minneapolis, MN 55401

Shawn Gaither    Interior Architect   612.279.0432 

Rebecca Kundysek   Project Support   612.279.0432

Obermiller Nelson Engineering
2201 12th Street N,Fargo, ND 58102

David Obermiller, PE   Mechanical Engineering   701.280.0500

Andy Bartsch, PE    Electrical Engineering  701.280.0500

 

Stevens Engineers
2211 O’Neil Road, Hudson, WI 54016

Sco$  Ward    Ice Replacement   715.386.5819

JE Dunn
800 Washington Avenue North, Suite 600, Minneapolis, MN 55401 

Paul Miller    Cost Es! ma! ng/Scheduling 612.290.7126
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Historical Background

Mariucci Arena opened in 1993 and at the ! me was the premier collegiate hockey facility in the country.  Since 

then other facili! es have been built that exceed the quality level of team support areas that Mariucci Arena once 

led the na! on in.  Examples within the Big Ten conference include Penn St., Ohio St., and Wisconsin.  Currently 

the team support areas within Mariucci Arena are outdated and in need of renova! on to provide the spaces 

required to recruit the elite student athletes.  In addi! on, reducing the size of the ice sheet will aid in recruitment 

of student athletes. Rinks in the NHL are 85 feet by 200 feet so the student athletes can prac! ce and compete on 

an ice sheet at the University of Minnesota similar in size to the ice sheet they all strive to compete professionally 

on.  The athle! c department also strives to retain student athlete loyalty post-gradua! on, thus the need for an M 

Club Le" er Winners Clubroom in Mariucci Arena.  

Mission and Objec! ves

The objec! ve of this project is to provide the hockey student athletes and the coaching staff  with the tools they 

need to con! nue to be successful.  The hockey locker room and offi  ces will provide the coaches with state of the 

art technology and fi nishes to aid in recrui! ng.  Recruitment and development of those recruits is the lifeblood 

of any Division I hockey program.  A remodeled/expanded strength and condi! oning space will allow the student 

athletes to maximize their poten! al through strength training, skill development and proper nutri! on. Providing 

the M Club Room will allow the department to cul! vate donors to the hockey program.  The refrigerant used in 

the arena to make ice is being phased out by interna! onal regula! ons and must be replaced.  At the same ! me, 

the piping and equipment used to provide cooling in the ice slab is reaching the end of its useful life and must be 

replaced.  Addi! onal revenues are expected with the size reduc! on of the ice sheet and approximately 200-250 

addi! onal seats added to the facility, genera! ng addi! onal revenue for the athle! c department.

Instruc! onal, Research, Public Service, and Con! nuing Educa! on Func! ons

This project will provide the athle! c department with outreach opportuni! es with youth hockey camps and 

donor outreach.  Due to the specifi c nature of the athle! c needs and uses, the majority of the project does not 

contribute to instruc! onal, research, or public use.  Staff  and student athletes will con! nue to use the facility 

and spaces in the same manner that they do at this ! me, with the excep! on of any specialized pieces of training 

equipment, such as the Rapid Shot shoo! ng sta! ons.  On a University Program level, there are not an! cipated to 

be any changes.

Statutory Requirements and/or Other Mandates

Statutory requirements for this project include some minor building code updates and the interna! onal 2020 

phase out of Freon used to make ice in Mariucci Arena.  No infrastructure changes will be required for building 

code updates – all will be accommodated by the renova! ons and space planning.  Increase in sea! ng in the main 

arena bowl can be accommodated by the current exi! ng capacity of the building.  As noted in the design narra! ves 

for the ice systems elsewhere in this document, the R-22 (trade name Freon) refrigerant has recommended 

replacement with an ammonia refrigerant system.

The proposed use of ammonia in the renovated ice refrigera! on system will introduce the need for containment 

and mi! ga! on in fi nal design (refer to Sec! on 10.59 - Ice Systems, Appendix 5 - Ammonia Safety Planning 

Repor! ng Training, Appendix 6 - Ammonia Code Review Outline for addi! onal clarifi ca! on).  Part of this will 

require a wind study during future design phases for Mariucci and surrounding areas on campus to understand 

and plan for emergency procedures in the event of accidental fume discharge.
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Rela� onship to Strategic Academic Plan

The vast majority of the proposed spaces aff ected by the project are direct support for athle" c func" ons, both 

training and compe" " on.  The academic, and therefore Strategic Academic Plan benefi ts fall mostly under the 

umbrella of President Kaler’s ini" a" ve to Champion the University by improving the ability to recruit top student 

athletes and provide top notch entertainment experience for fans.  Providing lounge space within the team locker 

room suite will allow student athletes to study at the rink before prac" ce.

Current Facility Defi ciencies/Inadequacies

In 1993, the Gopher Men’s Hockey Program moved from the old Williams and Mariucci Arena to the newly 

constructed Mariucci Arena, a dedicated men’s hockey facility  The original capacity of 9,700 spectators was 

increased to 10,000 in 2002 by adding 18 luxury suites.  The latest upgrades to the facility came in 2012 with a 

new center-hung scoreboard and updated audio/visual infrastructure.  Mariucci Arena also includes locker rooms 

for the men’s hockey team, strength training space, and sports medicine and team administra" on offi  ces.  In 

addi" on to the men’s hockey program, athle" cs, central " cke" ng, athle" cs marke" ng, kinesiology classrooms and 

recrea" onal/public locker rooms are housed at Mariucci Arena.  

When Mariucci Arena was built, it was intended to be used solely for men’s hockey, but due to the increased 

demands from varsity athle" cs, several other sports u" lize parts of the facility. Addressing the buildings 

inadequacies through a series of phased construc" on projects will alleviate the issues confron" ng the building 

users.  The ini" al phase should address the Gopher Men’s Hockey Team Locker Suite, which consists of the players 

locker room, lounges and other support spaces that need to be added/increased in size.  Locker rooms on the 

lower level will require renova" on to accommodate the Hockey team suite changes.  Basic fi nishes and ameni" es 

are acceptable but physical space will interfere with new design for the main locker spaces. 

One of the spaces which is over-u" lized is the strength training room, which should be increased in size and 

updated to accommodate the increased use demand and the planned training program spaces. Administra" ve 

offi  ces should also be expanded and updated.  As part of this Pre Design process, the U of M Athle" c Department 

directed the design team to include program space for the Women’s Hockey program.  While this program 

operates out of Ridder Arena for prac" ce and all other ac" vi" es, its administra" on offi  ces are located in the 

Bierman Field Athle" c Building and are recommended to move to Mariucci.  Program space suggest that several 

opera" onal requirements be shared between Women’s and Men’s Hockey - support areas such as staff  break 

space and toilet facili" es. Otherwise each administra" ve area is connected but intended to remain independent.

Incorpora" ng a space for M-Club ac" vi" es during games, which can double as a conference room within the 

arena is also an item which should be pursued.  This item also raises the ques" on of u" lizing space within the 

building for storage, exis" ng volume adjacent to the loading dock under the sea" ng stadia’s should pursued to 

u" lize for building storage. 

The coaching staff  would like to reduce the current Olympic sized ice sheet to 90-92 feet wide with NHL corner 

radii.  When this modifi ca" on takes place, there will be addi" onal space which will allow for one row of seats 

around most of the sheet. The arena’s infrastructure is in great condi" on and has been well-maintained, but 

due to recent interna" onal regulatory changes that will take place in 2020, the ice sheet needs to be converted 

from R22 to ammonia (R-717).  This change will require minor building and system updates due to the chemical 

proper" es of the ammonia.
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Program Overview

The University of Minnesota Athle! cs Master Plan, completed in 2013 was used as the basis of program needs.  
The defi ciencies and program needs were developed through ini! al mee! ngs with stakeholders and CPPM 
representa! ves, among other building and environmental services representa! ves to verify and update the 
program of spaces from the Master Plan.  Some changes were made to the program, including addi! ons and 
dele! ons of necessary spaces.

Program spaces within Mariucci consist of administra! ve offi  ces, locker and support areas, strength training 
space, event mee! ng space, building storage, and building systems updates to mechanical, electrical, and ice 
refrigera! on.  Main goals for project success were iden! fi ed as:

PHASE I
• Renovate exis! ng Gopher and Visitor locker rooms.  Gopher locker area is to include athlete lounge, fi lm 

room and sports medicine (include new hot and cold plunge tubs).
• Provide renovated public restrooms on Level 0.
PHASE II
• Renovate and expand the exis! ng Strength Training Room (expansion into the south exterior building 

overhang).
• Add new Shoo! ng and Puck Handling Sta! ons.
• New offi  ce suite for Men’s Hockey.
PHASE III
• Expand the south side of Level 3 to include a new “M-Club” (alumni suite / sea! ng), considera! ons to stair 

and elevator access. Iden! fy and complete addi! onal structural work in lower levels for this op! on.
• Renovate area to accommodate addi! onal large storage.
PHASE IV
• Renovate ice rink to include a reduced sheet size (approx. 92’-6” x 200’-0”), lower sheet height to   

accommodate sight lines, and provide addi! onal sea! ng around the rink.
• Convert the exis! ng ice refrigerant system (the current R-22 system is being phased out per EPA), review 

addi! onal facility needs associated with a system change such as u! li! es, HVAC and future expansion to 
Ridder Arena.

The fi nal program of spaces diff ers from this list slightly in the following ways:
• Ridder Arena refrigera! on is being relegated to future development and is more fully described in the ice 

systems replacement design narra! ves and op! ons.
• No expansion to building footprint is in the fi nal design concept recommenda! ons.
• Public restrooms on Level 0 were not included in this Pre-Design.
• M-Club design does not include sea! ng/ice view as part of the fi nal recommenda! on, but is provided for in 

an add-alternate op! on.
• Elevator updates are included as possible cost add-alternate op! ons
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3.10

Weight Training Equipment List

Equipment Descrip! on Size(W”xL”xH”) Quan! ty

Double Sided Half Racks 49x76x94 4

Rack Pla" orms 73x97x_ 8

Weight Benches 24x55x_ 8

Bikes 20x49x_ 13

Keiser Func! onal Trainer 64x48x93 3

Keiser Performance Trainer 24x12x87 6

Revers Hypers 52.5x40x_ 3

Glute. Ham Raise 36x60x_x 4

Medicine Ball Storage 76x20.125x_ 2

Lateral Pull Downs 24x53x96 3

Dips Machine 38x52x64 3

Physio Ball Storage 18x54x82 1

Dumbbells and Racks 27x90.5x42.5 3

Dumbbell Benches 24x55x_ 6

Ke$ lebell Rack 26x90x29 1

Vibrator –Power Plates 38x46x60 3

Scale 24x19x_ 1

Leg Sled 68x107x66 2

Pit Sharks 62x66x60 3

Treadmills 48x77x_ 3

Ellip! cal 27x71x58 2

Rowers 24x94x_ 3

Versa Climbers 43x46x_ 3

Arc Trainer 37x76x62.5 1

• Women’s Hockey administra! ve offi  ces are moved into Mariucci and share minor support areas with Men’s 
Hockey administra! on.

The renova! ons will require Fixtures, Finishes, and Equipment (FF&E).  These fi nal needs are to be determined 
in the schema! c and design development phases of project design.  The weights and strength training room will 
require exact layout and planning for power, data, and other u! lity needs via communica! on with coaching staff , 
however space planning and programming for Pre Design was based on a specifi c list of equipment provided 
by strength and condi! oning staff .  Special equipment that requires specifi c infrastructure within the renovated 
spaces is rela! vely limited. The hydrotherapy spaces in the athle! c training area of the main locker suite will 
require two tubs with exterior dimensions of 10’x10’ in plan.  Design was based on Hydroworx brand hot/cold 
plunge tubs.  Also provided are a pair of Pro model Rapid Shot puck shoo! ng training sta! ons, with plan size of 
32’-8” long by 12’-6” wide and a height of 9’.  These are specialized and customized models and details for fi nal 
design are to be coordinated with the manufacturer and coaching staff .

(Phase 2)
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Stepper Mill 31.25x53x88 1

Storage Closet 12’3.5x7’5” 1

Storage Closet 14’4x9’4” 1

Ska! ng Treadmill 115x131x96 1

Storage Locker 22x8.5x28.25 1

Muscle Milk Cooler 2’6”x2’8”x6’7” 2

Russian Plyos 25x18x23 6

Plyo Box Sets 22x22x12 2

Plyo Box Sets 25x25x18 2

Plyo Box Sets 28x28x24 2

Plyo Box Sets 32x32x30 2

Inversion Tables 29x84x86 2

Standing Calf Raise 33x45x63 1

So"  Plyo Box Set 22x22x12 1

So"  Plyo Box Set 25x25x18 1

So"  Plyo Box Set 28x28x24 1

So"  Plyo Box Set 32x32x30 1

Bar Holders 32.5x26x_ 2

Bumper Plate Holders 49x15.5x_ 7

Foam Roller Storage 20x27x_ 1

Chalk Holders 26x26x24 3

Landmine 18x24x6 1

Lat Pulldown Storage 29x32x60 1

Weight Belt Rack 26x26x59 1

40 Yard Turf Area 25’x120’x0 1

Open Exercise Area 18’6”x23’x0 1





Mariucci Arena - University of Minnesota

4.0

4.0 Facility Program Development
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4.3

Facility Program Development

Only one University Program is directly aff ected by the proposed renova" on at Mariucci Arena.  The School of 

Kinesiology, part of CEHD, currently occupies approximately 3,700 square feet of space at the far north end of 

Level 1, SW quadrant.  During the second Phase (Phase II) the University will coordinate with the Kineosology 

Department, inconjuc" on with Intercollegiate Athle" cs, to review alternate space opportuni" es in advance of 

the renova" on to Mariucci Arena.  The resultant square footage in Mariucci will be used to house the new 

program space for Men’s & Women’s Hockey Offi  ces and Building Administra" on Offi  ces in addi" on to the 

expansion of the Strength Training Facility as indicated in this document.
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5.3

Financial Analysis

The project is expected to be fi nanced through dona" ons to the athle" c department and other Hockey Program 
fundraising eff orts.  State funds are not expected to be requested for this project. Revenue genera" on is not 
expected to change for the building with the excep" on of the fact that addi" onal revenues will be realized with 
the size reduc" on of the ice sheet as an addi" onal 200 to 250 seats will be added, to the facility during Phase IV, 
genera" ng approximately $200,000-$250,000/year.

No new building envelope square footage is being developed as a part of this project, and general use of spaces 
is remaining the same.  Building opera" ng cost will be changed through effi  ciencies in the refrigera" on system, 
re-allocated HVAC controls and systems, and enclosure of the NW storage space under the sea" ng structure.  The 
addi" on of 200-250 persons, as a result of the addi" onal sea" ng installed during Phase IV, for events is negligible 
on the hea" ng and cooling systems.
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6.3

Site Analysis

No new space is being constructed that will increase or change the building envelope at Mariucci Arena as part of 
this project.  A new entry door is planned for the Strength Training Room(Phase II) as indicated in the design plans.  
This exterior space is currently compacted earth under and exis! ng overhang and is adjacent to exis! ng exterior 
concrete slab and stair access to sidewalk level from the building.  New frost-protected stoop and concrete slab 
will be needed at the new door to accommodate, but will not aff ect landscape or pedestrian traffi  c pa% erns to 
and from the building.  All other access points are from exis! ng door loca! ons and have exis! ng paving to remain.
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7.3

Overview

Exis! ng interior condi! ons are all enclosed and environmentally controlled spaces, serviced by building HVAC and 
occupant comfort controls.  Some code-related improvements will be required as part of the renova! ons.

Occupied spaces – all renovated team suite, administra! on, strength training, and M-Club spaces will be designed 
to meet or exceed building code and accessibility requirements.

Building Egress and Life Safety – this project aff ects life safety in the following ways:
• Sea! ng bowl(Phase IV) – total added seats is to be approximately 200-250 addi! onal persons in the sea! ng 

bowl for an event.  Current exit paths and egress points can accommodate this increase without changes.
• Ice/Floor area (Phase IV) – ini! al building designs have 220 person exi! ng the ice surface via the home team 

bench, corridors, and exist stairs up to grade.  The home team suite design in this project package maintains 
this path via exis! ng corridor to allow emergency egress from the ice surface via exis! ng designated route.  
Final design must show this path and iden! fy life safety plans for this area.

• Administra! on (Phase II) – egress from administra! on is intended to be via central offi  ce suite corridor 
and exit doors at lobbies of each of the two hockey administra! on offi  ces.  Building administra! on will exit 
through the exis! ng west lobby.

• Weight and Strength Training (Phase II) – these spaces will con! nue to exit via current access directly to exit 
stair enclosures and direct to the outside.  One new door is being provided which increases the available 
egress more than what is currently there.

• M-Club (Phase III) – the M-Club occupancy is an! cipated and programmed to be 50 or less persons.  However, 
2 exit points leading directly to stair enclosures are provided.

The ice systems narra! ve describes requirements for the use of proposed ammonia within the facility.  Measures 
will have to be taken for HVAC and emergency fume release, as well as daily opera! on required by code for the 
use of ammonia refrigera! on systems.

Security for the building does not change compared to exis! ng condi! ons, however fi nal design phases must 
address specifi c opera! onal needs for individual access and control within the team suites, administra! on, and 
weights areas.  The M-Club security is handled the same way as the exis! ng club and suite spaces.

Codes

• 2012 Interna! onal Building Code adopted with state amendments, chapter 1305, eff ec! ve (an! cipated to be 
adopted Nov. 2013).

• 2000 Guidelines for the Rehabilia! on of Exis! ng Buildings adopted with state amendments, chapter 1311, 
eff ec! ve March 31, 2003.

• 2014 Na! onal Electrical Code, chapter 1315, eff ec! ve July 1, 2014.
• Minnesota Energy Code chapters 1322 & 1323, eff ec! ve June 1, 2009.
• Minnesota Acessibility Code (2006 IBC, 2003 ICC/ANSI 117.1) aopted with state amendments, chapter 

1341,eff ec! ve July 10 2007.
• 2006 Interna! onal Mechanical & Fuel Gas Codes adopted with state amendments, chapter 1346, eff ec! ve 

October 26, 2009.
• Minnesota State Plumbing Code, chapter 4715, eff ec! ve October 23, 2009.

2007 MN State Fire Code:

• 2006 Interna! onal Fire Code adopted with sate amendments, chapter 7511, eff ec! ve July 10, 2007.
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7.5

Hazardous Materials Survey

Summary:  An asbestos and lead hazard assessment was conducted on June 5, 2014.  The purpose of the 
hazard assessment was to determine if any asbestos containing material or lead paint was present in the 
areas where the rink and team areas are being remodeled in Mariucci Arena. 
 
Project Descrip! on: Facili! es Management Hazardous Materials Program surveyed the areas to be 
remodeled and took bulk samples of suspected asbestos containing materials and performed an XRF 
Spectrum Analyzer test for lead based paint on the painted surfaces in ques! on.   
 
Conclusions:  The bulk samples of suspect asbestos containing material (ACM) were analyzed via 
polarized light microscopy (PLM) for asbestos content. Any material that is greater than 1% asbestos is 
considered to be ACM. 
 
The following suspect materials tested none detected (ND) as ACM in the building:  
 
  •  <4” fi berglass pipe insula! on 
  •  4”-8” fi berglass pipe insula! on 
  •  spray-on fi reproofi ng 
  •  concrete block mortar 
  •  sheetrock and taping compound 
  •  baseboard adhesive 
  •  2’x4’ ceiling ! le, crater pinhole 
  •  grey sink undercoa! ng 
  •  fi berglass duct insula! on 
 
Analysis of Lead Results:  The following represents the features which contain lead based paint in the 
par! cular areas tested.  
 
 There was no lead based paint on the surfaces tested 
 
Observa! ons and Recommenda! ons: FMHMP recommends that throughout the general demoli! on 
ac! vi! es associated with this building that the contractor needs to follow OSHA regula! ons (1926.62 
Interim Lead Standard) and the 1.0 mg/cm2 with a .2 mg/cm2 varia! on standard for the XRF prescribed 
by Minnesota OSHA.
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8.3

PHASE I-        Locker Room Renova! ons 

o   Construc! on:                       $  2,969,041

o   Construc! on Costs by Owner:     $     381,709

o   Non-Construc! on:             $     572,000

o   FF&E                                     $     227,250

o   Total                                     $  4,150,000

 

PHASE II-        Men’s & Womens Hockey Offi  ces, Building Administra! on Offi  ces,  Strength  Training & Offi  ces

o   Construc! on:                      $  2,936,124

o   Construc! on Costs by Owner:    $  1,003,671

o   Non-Construc! on:             $     687,605

o   FF&E                                     $  1,447,600

o   Total                                     $  6,075,000

 

PHASE III-        M-Club & NW Storage

o   Construc! on:                      $     926,580

o   Construc! on Costs by Owner:    $     172,300

o   Non-Construc! on:             $     237,160

o   FF&E                                     $       63,960

o   Total                                     $  1,400,000

PHASE IV-        Ice Replacement (Refrigerant System, Reduce Ice Size, Lower Ice, Add Seats)

o   Construc! on:                      $  3,408,348

o   Construc! on Costs by Owner:     $      495,822

o   Non-Construc! on:             $      720,830

o   FF&E                                     $                  0

o   Total                                     $  4,625,000

 

 Total Project                           

o   Construc! on:                      $ 10,240,093

o   Construc! on Costs by Owner:     $   2,053,502

o   Non-Construc! on:             $   2,217,595

o   FF&E                                     $   1,738,810

o   Total                                     $ 16,250,000

 Funding: The iden! fi ed projects will be fully funded through Intercollegiate Athle! cs.

Budget/Funding Source
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8.4

Construc� on Cost Clarifi ca� ons and Assump� ons: 
Documents used to prepare this budget es! mate include the following (from JLG Architects): 

1) Team Lockers Floor Plan (received January 15, 2015)

2) Building Administra! on / Women’s Offi  ces Floor Plan (received July 16, 2014)

3) Men’s Offi  ces / Weights Offi  ces Floor Plan (received June 30, 2014)

4) Weights / Training Floor Plan (received June 30, 2014)

5) M-Club (Small) Op! on A Floor Plan (received July 16, 2014)

6) M-Club Op! on A Floor Plan (received June 30, 2014)

7) M-Club Op! on B Floor Plan (received June 30, 2014)

8) M-Club Op! on C Floor Plan (received June 30, 2014)

9) Pre-Design Dra$  Submi% al Narra! ve (received June 30, 2014)

10) As-Built Drawings for Mariucci Arena provided by the U of M

Escala! on 

Current market condi! on is refl ec! ng an escala! on factor of 6% per year.  Project budget pricing is based 

on midpoint of construc! on, June 2015 for a 5% escala! on factor.  June 2015 is the an! cipated midpoint 

of construc! on for Phase 1 of the Project.  Actual escala! on is to be determined at ! me of project phase 

commencing.

Budget Pricing

This budget es! mate was developed with cost opinions from a select group of subcontractors that have recently 

completed projects at the U of M.  JE Dunn completed quan! ty takeoff  for all construc! on systems with the 

preliminary plans from JLG Architects, and by referencing documents from other similar projects at the U of M.  

All budget es! mates were compared to historical cost data for other projects of this type.  
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8.5

Project Cost Es� mates with Alternates
 
Descrip� on   Quan� ty   Cost  Unit cost
PHASE I

Locker Rooms     10,963 SF    2,969,041 270.82 
PHASE II           
Men’s & Women’s Hockey Offi  ces, 
Building Administra" on  
& Strength Training & Offi  ce 14,951 SF    2,936,124 196.38
PHASE III

NW Storage Room      
M-Club Op" on A (Small)  5,784 SF       926,580 160.20
PHASE IV

Ice Replacement: Op" on 5 Ice            
System & Op" on 1 Electrical 22,000 SF    3,408,348  154.92

  

Total Construc" on Cost   53,698 SF    $10,240,093 $190.70

Alternates       Pending             Accepted         Rejected

PHASE I
1) In-fi ll Visitor Locker tunnel and add sea" ng   $15,468
PHASE I/II
2) Provide new AHU’s in lieu of re-using exis" ng.   $ 297,163
PHASE I/III
3) Addi" onal cost for soil modifi ca" on work required for M-Club
 Op" on A (Large Version) to be completed during the  
 Locker Room renova" ons.     $274,792
4) Deduct if soil solidifi ca" on for the M-Club op" on A is completed
 during the Locker Room Renova" ons  in lieu of 
 a' er Locker Room Renova" ons.    ($94,863)
PHASE II/III
5)Passenger Elevator Renova" on              $130,000
6)Service Elevator Renova" on              $120,000
PHASE III
7) M-Club Op" on A (Large)             (In addi" on to M-Club A(small) cost)$776,965
8) M-Club Op" on B                          $887,521
9) M-Club Op" on C                                      $1,117,388
PHASE IV
10) Upgrade refrigera" on system to accommodate ice systems 
 in both Mariucci and Ridder Arenas.            $942,052
2) Add an ammonia scrubber system for the 
 new ice refrigera" on system.    $304,660

**See appendix for full cost breakdown.**

Clarifi ca� ons

1.) Pricing based on construc" on during summer of 2015.

2.) pricing includes construc" on con" ngency of 8% and escala" on of 5% (escalated to mid-point contruc" on June 

2015.

3.) Locker Room renova" on cost does not include soil solidifi ca" on under foo" ngs required for M-Club Op" on A.

4.) Rough-in and cabling for A/V and voice/data is included.  Equipment and devices by U of M.

PHASE I

PHASE II           

PHASE III

PHASE IV
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9.3
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2015

AUG. 22ND PREDESIGN 
PACKAGE COMPLETE

SEPT. DESIGN TEAM RFP

DESIGN

OCT. BOARD OF REGENTS 
APPROVAL

FEB. BOARD OF REGENTS 
APPROVAL

BIDDING/PERMITTING

CONSTRUCTION 
LOCKER ROOM & STRUCTURAL 

OCT. 4TH U OF M MEN’S 
HOCKEY HOME OPENER

MEN’S & WOMEN’S 
HOCKEY OFFICES, STRENGTH 

TRAINING,  & BUILDING 
ADMINISTRATION OFFICES

 

NW STORAGE

 

ICE REPLACEMENT 
& SEATING

COSTS WILL BE BASED ON 
6% ESCALATION FACTOR 

BASED ON DATE OF AUTHORIZATION.

Project Schedule
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Area of Work

Ice Level - Ice Sheet

LINE OF DEMARCATION ILLUSTRATES THE 

EXTENTS OF WORK TO THE  EXISTING PLAN



UNIVERSITY OF MINNESOTA - MARIUCCI ARENA
© 2014 JLG ARCHITECTS JULY 2014       PROJECT # 01-176-14-1963

Area of Work

Ice Level - Team Locker Area

LINE OF DEMARCATION ILLUSTRATES THE 

EXTENTS OF WORK TO THE  EXISTING PLAN

(Phase 1)
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Area of Work

Main Level

LINE OF DEMARCATION ILLUSTRATES THE 

EXTENTS OF WORK TO THE  EXISTING PLAN

(Phase 2)
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Area of Work

Club Level

LINE OF DEMARCATION ILLUSTRATES THE 

EXTENTS OF WORK TO THE  EXISTING PLAN

(Phase 3)
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Additional Seating

Revised Ice Sheet

98 ADDITIONAL SEATS 14 ADDITIONAL SEATS 40 ADDITIONAL SEATS

27 ADDITIONAL SEATS 44 ADDITIONAL SEATS 27 ADDITIONAL SEATS

INFILL OF ACCESS WALKWAY WITH 

ADDITIONAL SEATING

(Phase 4)
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TEAM SPACE&
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Building Administration/Womens Offices
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(Phase 2)
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Mens Offices/Weights Offices

Main Level 
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Strength and Conditioning

Main Level
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-- SEE NARRATIVE
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M-Club -Option A (Small)

Upper Level

NEW M-CLUB 
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(Phase 3)
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M-Club -Option A (Large)

Upper Level

NEW M-CLUB 
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(Phase 3)
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M-Club Option B

Upper Level
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30” OC

(Phase 3)
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NEW M-CLUB 
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BAR BAR
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OPERABLE 
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M-Club Option C

Upper Level

NEW TOILET ROOMS FOR 

MEDIA

EXISTING MECHANICAL 

SPACE TO REMAIN

(Phase 3)
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Storage Addition

@ Loading Dock

PROPOSED 
STORAGE SPACE
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WALL LOCATION

10’ 40’20’
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ENTRY OPTION 
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SECTION

(Phase 3)
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Team Locker Room (Phase 1)
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Strength and Conditioning Room (Phase 2)
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Strength and Conditioning Room (Phase 2)
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Men’s Hockey Locker Suite & Support Spaces

Renovated Public/Visi� ng Team Locker Room

Skate Rental/Hall of Fame/Corridor Graphic Branding (Phase 1)

General

Items Not Included: Furniture, Audiovisual equipment, Move Costs, Art and Plants, hazardous abatement, 

specialty graphics unless noted otherwise.

Scope of Work:

The extent of this por! on of the project is located on the basement/ice level approximately from Stair L and 

Elevator C east to extent of excavated space and includes the areas bounded by the main corridors, and includes 

design descrip! ons for the following three areas:

1. Men’s Hockey Locker Suite & Support Spaces

2. Renovated Public/ Visi! ng Team Locker Rooms and Skate Rental

3. Hall of Fame/Corridor Graphic Branding

See plans for demarca! on lines.

Assump� ons: 

• Phone system and data ac! va! on to be provided by the owner.

• Provide in-wall fi re treated blocking as required for all millwork and wall mounted accessories. 

• Fire proof all penetra! ons as required. 

Building Requirments

This por! on of the Mariucci renova! on project does not have an exterior component.  All work is within exis! ng 

building shell.

Demoli� on 

• Refer to exis! ng plans to iden! fy extent of all walls being demolished.

• Collec! on, storage and disposal of all exis! ng items to be removed are to be performed in accordance 

with University standards.

• Unless indicated otherwise, demoli! on is to include walls, doors, hardware, fi xtures, ceilings, casework, 

millwork, and fi nish fl ooring as required to bring the space to a condi! on to recieve new work.

Materials & Finishes

• Unless noted otherwise, the following materials and fi nishes are to be used throughout locker and 

team spaces.

• Walls – 8” CMU, sealed & painted.  Some walls may receive graphic paint schemes (by this package) 

and applied branding graphics (by FFE package).  Walls full height to underside of structure above.  

Some 4” and 6” CMU walls in select applica! ons- alcove returns, wing walls, etc.

• Floors – Resilient sport fl ooring (Mondo skate fl ooring); Ceramic fl oor ! le; An! bacterial carpet; quarry 

! le, sealed concrete.

• Ceilings – ACT to be 2x2 moisture resis! ve ! les; moisture resis! ve gyp board; 
• Wood accents – dark oak stained paneling and running trim.
• Laminate – used in various areas including soffi  ts and graphics
• Glass – frosted and other decora! ve glass used in displays and accents.
• Plas! c toilet compartments – solid plas! c with stainless hardware.  Ceiling hung & braced.
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Men’s Hockey Locker Suite & Support Spaces

Renovated Public/Visi� ng Team Locker Room

Skate Rental/Hall of Fame/Corridor Graphic Branding (Phase 1)

General

Items Not Included: Furniture, Audiovisual equipment, Move Costs, Art and Plants, hazardous abatement, 

specialty graphics unless noted otherwise.

Scope of Work:

The extent of this por! on of the project is located on the basement/ice level approximately from Stair L and 

Elevator C east to extent of excavated space and includes the areas bounded by the main corridors, and includes 

design descrip! ons for the following three areas:

1. Men’s Hockey Locker Suite & Support Spaces

2. Renovated Public/ Visi! ng Team Locker Rooms and Skate Rental

3. Hall of Fame/Corridor Graphic Branding

See plans for demarca! on lines.

Assump� ons: 

• Phone system and data ac! va! on to be provided by the owner.

• Provide in-wall fi re treated blocking as required for all millwork and wall mounted accessories. 

• Fire proof all penetra! ons as required. 

Building Requirments

This por! on of the Mariucci renova! on project does not have an exterior component.  All work is within exis! ng 

building shell.

Demoli� on 

• Refer to exis! ng plans to iden! fy extent of all walls being demolished.

• Collec! on, storage and disposal of all exis! ng items to be removed are to be performed in accordance 

with University standards.

• Unless indicated otherwise, demoli! on is to include walls, doors, hardware, fi xtures, ceilings, casework, 

millwork, and fi nish fl ooring as required to bring the space to a condi! on to recieve new work.

Materials & Finishes

• Unless noted otherwise, the following materials and fi nishes are to be used throughout locker and 

team spaces.

• Walls – 8” CMU, sealed & painted.  Some walls may receive graphic paint schemes (by this package) 

and applied branding graphics (by FFE package).  Walls full height to underside of structure above.  

Some 4” and 6” CMU walls in select applica! ons- alcove returns, wing walls, etc.

• Floors – Resilient sport fl ooring (Mondo skate fl ooring); Ceramic fl oor ! le; An! bacterial carpet; quarry 

! le, sealed concrete.

• Ceilings – ACT to be 2x2 moisture resis! ve ! les; moisture resis! ve gyp board; 
• Wood accents – dark oak stained paneling and running trim.
• Laminate – used in various areas including soffi  ts and graphics
• Glass – frosted and other decora! ve glass used in displays and accents.
• Plas! c toilet compartments – solid plas! c with stainless hardware.  Ceiling hung & braced.
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• Solid surface counters – solid surface (Corian) or quartzite counters & backsplashes.  Integrated sinks in 

kitchen areas, ceramic underset in lavs.

Descrip� on of Spaces (Phase 1)

• Changing Room – Wood full height lockers with doors.  Skate fl ooring, vinyl base.  Grooming counter 
with solid surface, full height mirrors.  Small sink for toothbrushing.

• Main Locker Room – wood open lockers with custom fi nishes and accents.  Flooring is skate fl ooring, 
center to have custom team logo carpet.  Ceiling is custom gyp, laminate, and glass with mul$ ple layers 
and large lighted plas$ c team logo in center.  End wall is full wood casework with whiteboard and video 
smartboard.

• Showers/Toilets – ceramic $ le walls, skate fl ooring.  Gyp ceilings.  Solid surface/quartzite counters with 
moderate ceramic lavs. Exis$ ng sauna to be moved and relocated within new CMU shell.  Some wood 
millwork accents at entry transi$ on to rest of team suite.

• Team Lounge – carpet fl ooring, por$ on of fl oor is recessed 12”.  Built in bar sea$ ng, end wall casework 
(full wall) with video and electronics.  Team meal and dining area to have large format $ le fl ooring. 
Walls painted CMU with wood wainscot throughout and some millwork accents.  Serving counter at 
pass through at shared wall with kitchen.

• Kitchene% e – quarry $ le fl ooring, wood casework upper & lower cabs with solid surface/quartzite 
counters throughout.  Gyp ceiling.  Tile walls around casework.  Space for warming carts, microwave, 
coff ee and hot beverage machines, dishwasher, sink, etc.

• Team Video Room – painted CMU with wood wainscot walls.  Video wall is wood casework with wood 
soffi  t on 1/3 of ceiling.  2/3 ceiling ACT.  Carpet fl ooring throughout.  Three rows of stadium sea$ ng 
(Irwin Signature), one on the ground, two on raised steps.

• Equipment Work Room – skate fl ooring, laminate casework, solid surface counters.  Upper & lower 
cabs.  Painted CMU walls.  ACT ceiling.

• Team Storage – all spaces under arena sea$ ng risers to remain as is.  New painted HM doors on exis$ ng 
frames.

• Athle$ c Trainer – skate fl ooring throughout.  Wood casework and solid surface counters.  Painted CMU 
walls.  ACT ceilings.  Taping tables are FFE.  Walls along corridor and between taping area and offi  ce/
exam are to be half height CMU and upper por$ on aluminum storefront windows.

• Hydrotherapy – ceramic $ le walls and fl oors.  Ceiling painted gyp.  Raised fl oor with steps access, 
stainless steel handrail and guardrails.  (2) 10’x10’ tubs – Hydroworx Thermal and Polarplunge models.  
Shared walls with trainer space to be half height CMU and upper por$ on is aluminum storefront 
windows.

• Coaches locker (video review) – skate fl ooring perimeter, carpet under furniture and video area.  
Painted CMU walls, ACT ceiling.  Wood casework upper cabs over solid surface/quartzite counter with 
knee space underneath.

• Coaches Locker – skate fl ooring in all but shower.  Ceramic $ le on walls in toilet, shower, and lavatory.  
Wood lockers and accents in locker area.  Ceramic $ le on shower fl oor.  Ceiling painted gyp.

• Equipment Offi  ce – painted CMU walls.  Wall with door, CMU half wall with aluminum storefront 
window above.  Carpet fl oor, vinyl base. Wood casework and solid surface counter one wall.  Act 
ceiling.

• Equipment Storage – wood casework and solid surface counters along en$ re north wall.  Sealed 
concrete fl oor, vinyl base.  Painted exposed ceiling.  Painted CMU walls.  9’ wide manually operated 
Space Saver storage system along en$ re south wall.

• Laundry – painted CMU walls.  Sealed concrete fl oor, vinyl base.  Exposed painted ceiling.  Liquid 
reten$ on curb poured into exis$ ng fl oor at machine spaces.

• Public Locker Room (south) – some exis$ ng CMU walls to remain.  New paint on all, ceilings exposed 
painted to match exis$ ng.  Plas$ c bench on wall brackets, single plas$ c shelf with hanging rod and 
hooks below.  New skate fl ooring throughout.

• Public Locker Room (north) – to be used as visi$ ng team locker.  Some exis$ ng CMU walls to remain, 
new paint on all.  Ceilings exposed painted to match exis$ ng.  Painted open mesh dividers, open face 
individual lockers (25 total) 24” wide. New skate fl ooring throughout.

• Team suite corridor – painted CMU walls, edge soffi  t gyp, center high end ACT.  Pa% erned skate fl ooring 
throughout.  Elaborate custom built wood and laminate/glass entry “arch” at Main Corridor junc$ on.

• Main corridor (Hall of Fame) – pa% erned skate fl ooring, 20% wall surface custom wood accent wall, 
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60% wall surface custom laminate and glass graphics and display.  Ceiling edge gyp soffi  t, center high 
end ACT.

• Skate Rental – painted CMU walls, skate fl ooring, wood skate cubbies en$ re wall 2 walls.  Wood base 
cabs with solid surface counter one wall.  New metal “dutch” door with service counter ledge.  Exposed 

painted ceiling.

Electrical , Mechanical, and Plumbing Requirements

Restrooms- Provide university standard plumbing fi xtures and accessories. 
• Accessories to include: mirrors, soap dispenser, paper towel dispenser and disposal, feminine napkin 

disposal and napkin dispenser units, surface mounted toilet paper holder and u$ lity shelf in each 
toilet stall, and stainless steel grab bars in handicap stalls.  Refer to MEP pricing narra$ ve for more 
informa$ on.

Ligh$ ng:
• All areas u.n.o.- Assume 2x2 direct indirect fi xtures throughout- (1) fi xture per 80sf.
• Restrooms: Assume (2) LED down lights per room.
• Changing and Toilet/Shower spaces – Assume 2x2 direct indirect moisture resistant fi xtures.  

Downlights at lavatory and grooming counters.  Wet area sealed fl ush mount LED fi xtures in showers.
• Locker room – variety of custom LED pinhole, 1x2 LED fl ush mount strip ligh$ ng, and center hung 

custom plas$ c lighted “M: logo fi xture.  LED pinhole downligh$ ng in each level of each locker.  
Downlight direc$ onal ligh$ ng at video screen area.

• Kitchen – typical 2x2 lights.  Under counter lights along all casework.
• Lounge – 2x2 direct indirect fi xtures throughout.  Downligh$ ng at lounge video area and gaming areas.  

Edge downligh$ ng for wall wash accents every 12 feet at perimeter.
• Team video room – dimmable controls at video screen/podium.  Zoned downligh$ ng over sea$ ng and 

video areas.
• Equipment workroom, Training rooms, equipment storage, laundry – 2x2 typical fi xtures throughout.  

Under counter lights along all casework.
• Coaches locker – 2x2 direct indirect at main video area, wet use fl ush mounted LED downlight fi xtures 

in locker and toilet/shower areas.

Modify / extend exis$ ng sprinkler system as required.

Power/ Data: 

• Typical Rooms:  (1) dbl duplex, (2) duplex and (1) voice data
• Head coach spaces: Same as typical with (1) addi$ onal voice/data and (1) duplex for wall mounted TV/

video review system.
• Team Locker Room, Video Room: power, voice, data at main display wall in casework and at video wall.
• Changing Room: power and USB power at each player’s locker inside casework for charging personal 

devices.
• Equipment Work room: plugmold power along en$ re workbench.
• Team Lounge: (6) duplex, (2) voice data, (2) dbl duplex fl oor power/data at gaming area.  Power & data 

at video wall (south) casework. Power/USB power at curved bar rail for device charging.
• Kitchene* e: duplex GFCIs at 18” spacing along counters for serving.

• Training Room, Equipment Storage Room: plugmold GFCI along work counter.
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Strength and Condi� oning Renova� on Area (Phase 2)

General

Items Not Included: Furniture, Audiovisual equipment, Move Costs, Art and Plants, hazardous abatement, 
specialty graphics unless noted otherwise.

Scope of Work:
The extent of this por! on of the project is located on the First level approximately from Stair L and Elevator C 
east to extent of and including current Men’s Hockey Administra! on. 

See plans for demarca! on lines.

Assump� ons: 
• Phone system and data ac! va! on to be provided by the owner.
• Provide in-wall fi re treated blocking as required for all millwork and wall mounted accessories. 
• Fire proof all penetra! ons as required. 

 
Building Requirments
This por! on of the Mariucci renova! on project does not have an exterior component.  All work is within exis! ng 
building shell. 

Demoli� on 
• Refer to exis! ng plans to iden! fy extent of all walls being demolished.
• Collec! on, storage and disposal of all exis! ng items to be removed are to be performed in accordance 

with University standards.
• Unless indicated otherwise, demoli! on is to include walls, doors, hardware, fi xtures, ceilings, casework, 

millwork, and fi nish fl ooring as required to bring the space to an empty “shell” condi! on.

Materials & Finishes
• Unless noted otherwise, the following materials and fi nishes are to be used throughout weight room 

spaces.
• Walls – 8” CMU, sealed & painted.  Some walls may receive graphic paint schemes (by this package) 

and applied branding graphics (by FFE package).  Walls full height to underside of structure above.  
Some 4” and 6” CMU walls in select applica! ons- alcove returns, wing walls, etc.  

• Metal stud walls (3-5/8” or 6”) to have ba%  sound a% enua! on blankets and fi nished gyp board both 
sides.  

• Floors – Resilient sport fl ooring (Robbins Galaxy Fit); Ceramic fl oor ! le; An! bacterial carpet; raised 
resilient fl ooring, synthe! c turf, sealed concrete.

• Ceilings – ACT to be 2x2 moisture resis! ve ! les; moisture resis! ve gyp board; expose painted.
• Wood accents – dark oak stained paneling and running trim.
• Laminate – used in various areas including soffi  ts and graphics
• Glass – frosted and other decora! ve glass used in displays and accents.
• Plas! c toilet compartments – solid plas! c with stainless hardware.  Ceiling hung & braced.
• Solid surface counters – solid surface (Corian) or quartzite counters & backsplashes.  Integrated sinks in 

kitchen areas, ceramic underset in lavs.
• Doors & frames – wood doors with vision glazing, painted hollow metal frames.
• Specialty Ceiling in open weight space - perforated metal on metal framing hung from structure above.

Descrip� on of Spaces
• Offi  ces – assistant strength coaches share enlarged offi  ce.  Painted mtl stud walls, vinyl base, carpet 

fl oors.  ACT ceilings.  Head strength coach viewing windows on 2 walls.
• Toilets/Showers – ceramic ! le fl ooring and walls.  Solid surface counters with ceramic lavs.  Showers 

ceramic ! le all wall and fl oor, vinyl curtain, plas! c bench.  Roll in curbs for fl oor water reten! on.  Gyp 
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ceilings.
• Rapid Shot puck shoo! ng sta! ons – custom units will have mostly glazed walls, proprietary doors and 

ceiling lids at 10’ AFF.  End por! on will have mtl stud walls for puck return equipment. 
• Main weight room – Painted CMU with accent graphics.  Some high end metal column covers (Centria 

3000 series), mirrored walls on 100 lineal feet x 10 feet of space.  Ceilings exposed painted with 
perforated metal high end ACT system accents between columns.  Some gyp and laminate soffi  ts and 
fascia at column lines.  

1. Flooring high impact sport fl ooring.  
2. Turf area (padded non-fi lled short grass pro or premium turf).  
3. Running track – high impact resilient track surface.  
4. Heavy and free weights area to have raised 3.25” padded resilient sport fl ooring to match 

deck height of rack units.  Vinyl wall base.
5. Ves! bule – ceramic ! le fl oor, (2) painted walls, (2) storefront walls, gyp ceiling.  

Electrical , Mechanical, and Plumbing Requirements

Restrooms: Provide university standard plumbing fi xtures and accessories. Accessories to include: mirrors, soap 
dispenser, paper towel dispenser and disposal, feminine napkin disposal and napkin dispenser units, surface 
mounted toilet paper holder and u! lity shelf in each toilet stall, and stainless steel grab bars in handicap stalls.  
Refer to MEP pricing narra! ve for more informa! on.

Ligh! ng:
• All areas u.n.o.- Assume 2x2 direct indirect fi xtures throughout- (1) fi xture per 80sf.
• Changing and Toilet/Shower spaces – Assume 2x2 direct indirect moisture resistant fi xtures.  

Downlights at lavatory and grooming counters.  Wet area sealed fl ush mount LED fi xtures in showers.
• Main weight room – high effi  ciency LED downlights

Modify / extend exis! ng sprinkler system as required.

Power/ Data: 
• Offi  ce (typical):  (1) dbl duplex, (2) duplex and (1) voice data.
• Coach offi  ces: Same as Offi  ce with (1) addi! onal voice/data and (1) duplex for wall mounted TV.
• Main Circula! on/ Corridors:  Convenience outlets as required.
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Men’s Hockey Administra� on/Women’s Hockey Administra� on/Facili� es Administra� on

(Phase 2)

General
Items Not Included: Furniture, Audiovisual equipment, Move Costs, Art and Plants, hazardous abatement, 
specialty graphics.

Scope of Work:
The extent of this por! on of the project is located on the fi rst fl oor between Stair K and the West Entrance 
north of Stair M. The areas aff ected are defi ned as:

• Men’s Hockey Administra! on
• Women’s Hockey Administra! on
• Facili! es Administra! on

See plans for demarca! on lines.

Assump� ons: 
• Phone system and data ac! va! on to be provided by the owner.
• Provide in-wall fi re treated blocking as required for all millwork and wall mounted accessories. 
• Fire proof all penetra! ons as required. 

Building Requirements
Provide entry ves! bules at Women’s Administra! on as well as New Public Entry to Stair L and exis! ng elevator. 
Assume new glass entry doors at building envelope and interior aluminum storefront glazing between 
ves! bule and Recep! on areas.  Assume $5.50/sf for ceramic ! le fl ooring/ Gyp board ceiling/ (4) compact 
fl uorescent fi xtures in Women’s Entry, (6) compact fl uorescent fi xtures in Public Entry Ves! bule.

Demoli� on 

• Refer to exis! ng plans to iden! fy extent of all walls being demolished.
• Collec! on, storage and disposal of all exis! ng items to be removed are to be performed in accordance 

with University standards.

Wall Types
FULL HEIGHT PARTITION (TYPICAL ALL PARTITIONS U.N.O.) 
3-5/8” metal studs extended and a* ached to underside of deck above, full fi t, sound a* enua! on ba*  
insula! on with 5/8” Gyp. Bd. both sides and prepared to receive fi nal fi nish. – See Alternates.

SPECIALTY PARTITION (MEN’S AND WOMEN’S RECEPTION/VESTIBULES)

3-5/8” metal studs extended and a* ached to underside of deck above. 5/8” gyp. bd both sides. Provide 
allowance of $25/sf for specialty fi nish

Doors, Frames, Sidelights, Glazing and Hardware
Type A INTERIOR DOORS & FRAMES (NEW)- Storage, Restroom loca! ons

3’-0” x 9’-0” solid core wood door- species: Quarter sliced, balanced and book matched Maple. 
Door frame to be 1” hollow metal (painted) frame with University standard lever set hardware.- See 
alternates.

Type B INTERIOR DOORS & FRAMES WITH SIDELIGHT (NEW)- Offi  ce loca! ons
3’-0” x 9’-0” solid core wood door- species: : Quarter sliced, balanced and book matched Maple and 
sidelight with 1” hollow metal (painted) frame.  At these loca! ons provide 18” wide x full height 
integral sidelight with glass fi lm- 3M or equal.  Filmed area to be approximately 75% s.f. of the total 
glass area.  University standard lever set hardware. .- See alternates.

Type C GLASS DOORS AND SIDELIGHTS- Conference Room loca! ons
Provide channel set top and bo* om full height clear glass windows with pivot hinge glass doors 3’0 x 
9’0, (Herculite or equal)., Provide channel set top and bo* om glass panels full length of corridor wall 
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of conference rooms. Provide glass fi lm full width of panels- assume 75% of total glass area. 

Type D INTERIOR SLIDING DOORS & FRAMES (NEW)- Head Coach, and Recruit Lounge loca" ons
3’-0” x 9’-0” solid core wood door- species: : Quarter sliced, balanced and book matched Maple. Door 
frame to be sliding frame with University standard lever set hardware.- See alternates.
 

Finish Levels

Walls:
• All walls to receive painted fi nish, to be spray primed with Pra$  & Lambert, “Supreme One” primer or 

equal, U.N.O.
• Specialty – At Recep" on areas provide for 20 linear feet of specialty wall covering (both sides of wall- 

40 linear feet total) assume $30/ sf material. 
• Women/ Men’s Admin Restrooms – Ceramic Tile: Provide material allowance of $3.50/SF. Wall " le to 

be applied to all walls from 0” – 48” AFF.- all walls.
• Facility Admin Restrooms- Ceramic Tile: Provide material allowance of $1.50/SF. Wall " le to be applied 

to all walls from 0” – 48” AFF.- all walls.
• Wall Base –Wood: Provide maple wood base in Main Circula" on, Conference rooms, Head Coach 

Offi  ces and Recruite Lounge. Vinyl:  Provide vinyl base in all other loca" ons.

Floors: 

• Main Circula" on - Men’s and Women’s Hockey Admin – Carpet Tile:  Provide material allowance of 
$36/yd.

• Main Circula" on – Facility  Admin – Carpet Tile:  Provide material allowance of $28/yd.
• Offi  ce Areas – Men’s and Women’s Hockey Admin – Carpet Tile:  Provide material allowance of $36/yd.
• Offi  ce Areas – Facility  Admin – Carpet Tile:  Provide material allowance of $28/yd.
• Women/ Men’s Admin Restrooms – Ceramic Tile: Provide material allowance of $5.50/SF.
• Facility Admin Restrooms- Ceramic Tile: Provide material allowance of $2.50/SF. 
• Mail/ Copy/ Break/ Employee Lounge: Direct glue linoleum.

Ceilings:

• ACT - Armstrong Ul" ma 2x2 tegular edge " le with 9/16” grid, or equal. (u.n.o.)
• Gyp. Bd. – Assume (2) loca" ons of 300sf , Assume (2) loca" ons of 600sf, Assume (1) loca" on of 400sf.
• Specialty(RECEPTION & CONFERENCE):  Assume (2) loca" ons of specialty ceiling materials at $35/sf.

Millwork

• Recep" on- Men’s and Women’s Administra" on- Assume $12,000 per recep" on desk.
• Mail/ Copy – Break: Men’s and Women’s Administra" on- Assume quartz surface countertops at mail 

and Break- plam lower and upper cabinets.
• Employee Lounge: Facility Administra" on- plam countertops - plam lower and upper cabinets
• Women/ Men’s Admin Restrooms – Assume quartz surface sink top.
• Provide(2) custom built display units for trophy/ storage and display (assume $8,000.00 unit)

Electrical , Mechanical, and Plumbing Requirements

Restrooms:
Provide university standard plumbing fi xtures and accessories at restrooms and break / employee lounges: 
Accessories to include: mirrors, soap dispenser, paper towel dispenser and disposal, feminine napkin disposal 
and napkin dispenser units, surface mounted toilet paper holder and u" lity shelf in each toilet stall, and 
stainless steel grab bars in handicap stalls.  Refer to MEP pricing narra" ve for more informa" on.

Ligh! ng:
• All areas u.n.o.- Assume 2x2 direct indirect fi xtures throughout- (1) fi xture per 80sf.
• Men’s and Women’s Conference rooms: Assume (12) dimmable LED recessed cans per conference 
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room, (6) 2”x72” recessed slim line linear fl uorescent fi xtures.
• Restrooms: Assume (2) LED down lights per room.
• Men’s and Women’s Recep$ on Areas: Assume (6) LED down lights per Recep$ on area, 16’ linear feet of 

adjustable track ligh$ ng. Assume 35’ linear feet of LED tape light at ceiling cove.
• Break Mail/ Copy: Assume under counter task lights/ (3) decora$ ve pendants @ $350/ea.
• Display/Graphic Walls: Assume (1) adjustable wall washer fi xture every 2’-0” at these loca$ ons

Modify / extend exis$ ng sprinkler system as required.

Power/ Data: 
• Offi  ce (typical):  (1) dbl duplex, (2) duplex and (1) voice data.
• Head coach offi  ces and Recruit lounges: Same as Offi  ce with (1) addi$ onal voice/data and (1) duplex 

for wall mounted TV.
• Conference: (1) fl ush fl oor box for power and data, (2) wall duplex, (1) voice data, (1) wall mounted 

power and data for TV.
• Recep$ on: (1) fl ush fl oor box for Recep$ on desk, (2) wall duplex, (1) voice data.
• Mail/ Copy/ Break:  (4) duplex, (4) double duplex, (2) voice data.
• Employee Lounge: (2) duplex, (2) double duplex, (2) voice data.
• Main Circula$ on/ Corridors:  Convenience outlets as required.

Equipment

• Break Room / Employee Lounge: Provide allowance for (1) full sized refrigerator, under counter 
dishwasher, countertop microwave.

• Conference Rooms/ Recruite Lounges: Provide allowance for (1) GE profi le glass front beverage cooler 
(or equal) at each loca$ ons, Men’s and Women’s.

• Alternate -New Premium level elevator cab- Match same # of stops as exis$ ng, and provide front and 
rear entry to cab at fi rst fl oor level only.  Assume Etched stainless steel doors (inside and out); Carpet 
fl ooring $36/ ydWalls to be 1/3 Back painted glass/ 2/3 stainless steel.- Cab ceiling to be stainless steel 
with led down lights.

Alternates/ Unit Costs:

In lieu of full height walls throughout, assume only conference rooms, head coach and recruit lounges are full 
height. Remainder of walls to be 6” above 9’0 ceiling grid.- brace as required

In lieu of wood doors as specifi ed, provide University standard plain sliced red oak species.
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M CLUB  (PHASE 3)

General

Items Not Included: Furniture, Portable Bars, Audiovisual equipment, Move Costs, Art and Plants, hazardous 

abatement, specialty graphics.

Scope of Work:

The extent of the remodeling is primarily restricted to the area of the 3rd fl oor behind exis" ng press box. 

Note:  There is a request to price 3 op" ons for this M Club.  Op" ons will be labeled “A, B, C” (see a$ ached 

drawing).  At the " me of the report, Op" on A (Large) is the preferred op" on and used for programming and 

design.

Assump" ons: 
• Phone system and data ac" va" on to be provided by the owner. Cabling and networking to be provided 

by Contractor.
• Provide in-wall fi re treated blocking as required for all millwork and wall mounted accessories. 
• Fire proof all penetra" ons as required. 
• Material allowances iden" fi ed are cost to contractor and do not include any applicable mark-ups, taxes 

or freight charges. 

Demoli! on 
Refer to exis" ng plans to iden" fy extent of all walls being demolished.

Collec" on, storage and disposal of all exis" ng items to be removed are to be performed in accordance with 

University standards.

Wall Types

FULL HEIGHT PARTITION (TYPICAL ALL PARTITIONS U.N.O.) 

3-5/8” metal studs extended and a$ ached to underside of deck above, full fi t, sound a$ enua" on ba$  insula" on 

with 5/8” Gyp. Bd. both sides and prepared to receive fi nal fi nish. 

At Op" on C only, provide for manually operated moveable wall system, Hufcor or equal, with fabric fi nish.

FULL HEIGHT GLASS PARTITION (SEE PLANS FOR LOCATION) 

Provide ½” thick full height glazed par" " on with bu$  joint panels with pa$ erned fi lm channel set top and 

bo$ om.  Provide silicone caulking.  Assume glass fi lm applied to face of glass

Doors, Frames, Sidelights, Glazing and Hardware

Type A  INTERIOR DOORS & FRAMES (NEW) TYP.

3’-0” x 8’-0” solid core wood doors. Species to be plain sliced red oak. Door frame to be 1” 

hollow metal (painted) frame with University standard lever set hardware.

Type B  INTERIOR DOORS & FRAMES WITH SIDELIGHT (NEW) N/A

3’-0” x 9’-0” solid core sepele wood door and sidelight with 1” hollow metal (painted) frame.  

At these loca" ons provide 24” wide x full height integral sidelight with etched glass.  Etched 

area to be approximately 12 s.f. of the total glass area.  Sepele to be premium grade, quarter 

cut, clear fi nish, balance and slip match. University standard lever set hardware.
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Type C  GLASS DOORS AND SIDELIGHTS

At entry to M Club, provide channel set top and bo! om full height clear glass windows with 

pivot hinge glass doors 3’0 x 8’0, (Herculite or equal).  Assume 1 set of Double Doors (glass) 

with 3’ 0” Sidelight.  Provide 3M fi lm to face of doors and sidelight.

Interior Finishes

Walls:
• All walls to receive painted fi nish, to be spray primed with Pra!  & Lambert, “Supreme One” primer or 

equal, U.N.O.  Media/ Press in all op$ ons to receive new paint.
• Exis$ ng Premium Elevator Lobby and Corridor to M Club to receive new paint.
• Specialty – Provide for Op$ on A and B 500 SQ FT of specialty wall covering at $25/YD.  Provide for 

op$ on C 1000 SQ FT of specialty wall covering at $25/YD.
• Specialty – Provide Op$ on A and B 500 SQ FT of maple veneer wall paneling.  Provide for op$ on C 1000 

SQT of maple veneer wall paneling.
• Restrooms 

• Media - Ceramic Tile: Provide material allowance of $1.50/SF. Wall $ le to be applied to all 
walls from 0” – 48” AFF.

• M Club – Ceramic Tile: Provide material allowance of $3.50/SF. Wall $ le to be applied to all 
walls from 0” – 48” AFF.

• Wall Base – 4” High maple base.

Floors: 
• TYP. Carpet Tile (M Club and Premium Elevator Lobby/ Hallway) – Provide material allowance of $36/

SQ YD.
• Typ. Carpet Tile (Media/ Press) – Provide material allowance of $28/yd.

• Restrooms – Ceramic Tile: Provide material allowance of $5.50/SF.

Ceilings:
• ACT - Assume 200 SQ FT of Armstrong Ul$ ma 2x2 tegular edge $ le with 9/16” grid, or equal.
• Gyp. Bd Soffi  t – Assume 400 SQ FT of suspend ceiling element.
• Exposed – remainder of square footage to be exposed to view and painted
• Restrooms – Gyp Board.
• Specialty – suspended wood slat ceiling in maple species.  Assume 300 SQ FT in Op$ on A/B.  Assume 

600 SQ FT in Op$ on C.

Millwork
Display – Assume 10 Linear FT of Display cabinet – maple wood and glass face.

Coats – Assume 12 Linear FT for Plas$ c Laminate Coat Rod/Shelf.

Restroom – Provide for quartz surface sink top.

Loge Sea$ ng Areas (Op$ ons B & C) – Provide for 10” Deep x 1 ½” Thick Quartz surface drink rail with stainless 

steel drink edge, length as indicated on drawings.

Press Box (Op$ on C only) – provide cost to modify upper level press box as indicated on plan, include necessary 

wall construc$ on, pla* orm, stairs, and handrails. 

Electrical , Mechanical, and Plumbing Requirements

Restrooms - 

• Provide university standard plumbing fi xtures and accessories. Accessories to include: mirrors, soap 

dispenser, paper towel dispenser and disposal, feminine napkin disposal and napkin dispenser units, 

surface mounted toilet paper holder and u$ lity shelf in each toilet stall, and stainless steel grab bars in 

handicap stalls.  
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• Refer to MEP pricing narra! ve for more informa! on.

Modify and/or expand sprinkling system.

Ligh� ng – 

• Assume Press Box Restroom to receive 1 fl uorescent downlight each

• Assume M Club Restroom to receive 1 fl uorescent downlight each, and 1 decora! ve sconce, assume 

$350/sconse

• Assume 12 compact fl uorescent downlights at M Club entry

• Assume 400 LF of LED cove ligh! ng at Op! on A/B and 800 LF of LED cove ligh! ng at Op! on C

• Assume 8 decora! ve pendants at remainder of M Club area for Op! on C, Assume 4 decora! ve 

pendants at remainder of M Club area for Op! on A/B – Assume $2500/Pendant

• Assume Op! on A/B to receive 30 linear feet of adjustable track ligh! ng, Assume Op! on C to receive 60 

linear feet of adjustable track ligh! ng

• Assume linear recessed fl ourescent at ACT and wood slat ceilings.

Power -  

• In Op! on A/B provide for 2 fl ush mounted fl oor boxes, In Op! on C provide for 4 fl ush mounted fl oor 

boxes

• Provide for duplex power as required throughout. Assume duplex power at every 4 loge seats for 

Op! on B/C

• At Op! on C modifi ed media loca! ons: provide for wire mold power

• Provide for power and data at digital display loca! ons

Alternates/Unit Costs

In lieu of plain sliced red oak doors, provide quarter ! ght red maple
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STRUCTURAL SYSTEMS NARRATIVE       

Puck Handling Area (Phase 2):

The op! on of carving into the unexcavated space located east of grid M is not ideal for two reasons. First the 

southern por! on is backfi lled (see hatched area in Drawing 1) and provides support to the concrete slab-on-grade 

above. Secondly, one of the exis! ng foo! ngs (see clouded area in Drawing 1) is located above the fl oor eleva! on.  

 

Details Associated to Ice Rink Modifi ca" ons (Phase 4): 

The proposed ice rink will decrease from the original ice rink width; 100 feet to 92.5 feet. These limits are iden! fi ed 

in Drawing 2. This decrease in rink provides an opportunity for addi! onal sea! ng on each side of ice rink. The 

bo% om row of exis! ng sea! ng bears on a concrete shelf of 16 inches rise and 33 inches run. Con! nuing these 

dimensions only allows (1) addi! onal row of sea! ng. Corresponding proposed concrete construc! on is shown on 

Drawing 3.  

 

Drawing 4 is a plan view of the ice rink’s west end. This end provides Zamboni access to the ice. A con! nuous 

concrete grade beam is located along the outside limits of the exis! ng ice rink. It is iden! fi ed in Drawing 4. Due 

to the concrete grade beams exis! ng loca! on and eleva! on, it will need to be replaced with a splice as shown 

in Drawing 5. The splice limits are shown on Drawing 4. Temporary support will be necessary to excavate and 

construct new concrete grade beam under the exis! ng grade beam. Removing exis! ng concrete beam will occur 

a' er new splice is fully cured.    

 

“M Club” Structural System (Phase 4): 

The limits of the proposed “M Club Revised Op! on A” are highlighted in Drawing 6. Proposed construc! on 

consists of 3.5 inch light-weight concrete reinforced with WWF on 3 inch – 18 gauge galvanized composite metal 

deck; for a total structural thickness of 6.5 inches. This fl oor system will be supported by structural steel beams 

with headed steel studs for composite ac! on.  

 

Alterna! ve Op! ons were reviewed as iden! fi ed below. According to Facility Personnel, soil modifi ca! ons were 

required for the 2001 Mariucci Suites Renova! on project. The proposed infi ll is very similar, so we an! cipate 

soil modifi ca! ons will be required to increase allowable soil bearing capacity at building founda! ons for these 

alterna! ve op! ons.  

 

1. Op" on A: The limits of the proposed “M Club” Op! on A are highlighted in Drawing 6A. Proposed construc! on 

consists of 3.5 inch light-weight concrete reinforced with WWF on 3 inch – 18 gauge galvanized composite metal 

deck; for a total structural thickness of 6.5 inches. This fl oor system will be supported by structural steel beams 

with headed steel studs for composite ac! on. The probable es! mated quan! ty of structural steel framing is 

100,000 lbs.   

2. Op" on B: The limits of the proposed “M Club” Op! on B are highlighted in Drawing 6B. Proposed construc! on 

will be the same as Op! on A iden! fi ed above. The probable es! mated quan! ty of structural steel framing is 

145,000 lbs.   

3. Op" on C: The limits of the proposed “M Club” Op! on B are highlighted in Drawing 6B. Proposed construc! on 

will be the same as Op! on A iden! fi ed above. The probable es! mated quan! ty of structural steel framing is 

170,000 lbs.   
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Storage Area (Phase 3): 

A new storage area is proposed below the stadia alongside the ramp access in the northwest corner of the facility. 

This area would require a 6” thick reinforced concrete slab-on-grade and new steel lintel for the proposed opening 

in the exis! ng CMU wall. Addi! onal modifi ca! ons are as follows: 

1. The pictures show the soil sloping at a steep angle down to the ice level. Without a retaining system, this soil 

could become un-stable with the proposed addi! onal surcharge loads (storage and forkli$  traffi  c). We propose 

either a retaining wall system be incorporated and/or limit the proposed storage area’s extents to a safe distance 

away from the sloped edge. The safe distance can be provided by a Geotechnical Engineer.  

2.  The pictures show the soil sloping down to the CMU wall of the Mechanical Room. The exis! ng drawings indicate 

no reinforcement is provided in the CMU wall. This informa! on leads us to believe the CMU wall is not intended 

to support lateral forces from soil backfi ll. Therefore, we propose the same op! ons as iden! fi ed in Comment #1 

above.    
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(Phase 2)
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Mechanical Design Intent

The exis! ng HVAC Systems and Equipment in the proposed remodeled areas have been reviewed. All of the 

equipment and systems in the building were installed when the building was new in 1994 and are therefore about 

20 years old. The AHU’s and systems are mostly in good enough condi! on and of an age that replacement is not 

required at this ! me. The major issue concerning the AHU’s is the age of their temperature controls equipment 

and their accessibility for maintenance. The facili! es staff  indicated that all of the AHU’s  are capable of providing 

comfort and can therefore con! nue to be used. 

All of the AHU’s in the areas proposed to be remodeled will be provided with updated automa! c direct digital 

temperature controls 

 

Men’s Locker Room (Phase 1) : 

 

The AHU for the Men’s locker room is variable air volume (at the unit only) and has a chilled 

water cooling coil, steam hea! ng coil, heat recovery glycol heat coil, and relies upon 100% outside air. 

The associated exis! ng Exhaust Fan (EF) has a heat recovery coil. The AHU and EF have VFD’s 

installed to save energy. They can be slowed down by the facili! es staff  to save energy during unoccupied 

or low occupancy ! mes.  

 

One downside of the exis! ng AHU for the Men’s Locker Room  is its loca! on above the adjacent corridor ceiling 

and associated 

accessibility for maintenance. The issue with the AHU and EF age is the ability and  adaptability of the electronic 

temperature controls. The AHU and EF will be provided with new temperature controls and access to the 

equipment will be coordinated with general construc! on to make access more maintenance friendly. 

 

The lockers will have ven! la! on air directly connected to ductwork behind them. The ven! la! on air provided 

to the lockers will provide a signifi cant amount of fl ow to help dry the hockey players’ prac! ce uniforms and 

equipment and help prevent bacterial growth and odor.

 

The exis! ng visi! ng team locker room area is ven! lated with the same AHU that serves the adjacent space . This 

unit is a constant volume unit that has had a VFD installed to allow the AHU and 

EF to be modulated similar to the Men’s Locker Room AHU and EF. Since this project only 

aff ects a part of that system, both the AHU and EF will remain “as is” and as much as possible of the exis! ng 

ductwork will be reused. The system will remain constant volume. 

Women’s and Men’s Administra! ve Areas (Phase 2): 

 

The women’s and men’s administra! ve areas are provided with Variable Air Volume 

AHU’s and duct distribu! on systems. There is a separate AHU for each area. The fl oor plan changes will require 

the duct distribu! on system to be  

virtually new. In addi! on there is an exhaust fan that is in need of replacement in this area. New Electronic 

Automa! c Temperature Controls will be provided on each AHU. All new VAV units will be provided and shall have 

new controls.

 

There was some concern expressed by the staff  that the AHU’s should be considered for replacement if budget 

allows. Replacing the units has been included in an alternate cost in the budget.

Strength and Condi! oning (Phase 2): 

 

The strength and condi! oning area is currently fed by two constant volume AHU’s called out as AHU-8 and AHU-

12 on the exis! ng plans. The AHU’s are currently constant volume and will be provided with new Automa! c 

Temperature controls to convert them to variable air volume. A new variable air volume duct distribu! on system 
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will also be provided. The atmosphere in a weight room can feel stagnant and humid at ! mes. A humidity control 

system will be provided that will consists of a humidistat in the space that will increase air fl ow which will at ! mes 

require terminal hea! ng of the supply air through the VAV terminal hea! ng coil. 

 The staff  indicated that AHU-8 may need to me reviewed for replacement. This cost is included under the 

mechanical alternate.

M Club (Phase 3): 

 

The exis! ng ductwork that would end up in the M-Club is too low to allow the area to be used. The ducts that 

feed the upper stadia at this point will need to be revised so that the smaller duct does not cross under the 

larger supply duct. The ductwork will be revised in such a way that the new M-Club space will be provided with a 

terminal hea! ng coil for ven! la! on and temperature control. 

 

HVAC SYSTEMS

Design Condi� ons

Outdoor Temperatures and Humidity

The monthly outdoor dry bulb and wet bulb temperatures data is based on the 1.0% values from Chapter 27, 

Table 4B in the 2001 ASHRAE Fundamentals Handbook for Minneapolis-St. Paul.  The building cooling loads will be 

evaluated for each of the twelve months to determine the peak building load for incident solar angles, occupancy, 

and glass types.

The Winter Design dry bulb temperature represents the Minnesota Energy Code Hea! ng Design Condi! on and 

corresponds to the 0.4% winter design condi! on in Chapter 27, Table 1A in the 2001 ASHRAE Fundamentals 

handbook for Minneapolis-St. Paul.  This will be used to calculate the maximum hea! ng envelope load for the 

building (where required).

Instantaneous outside air loads such as air handling unit pre heat coils will be calculated using a winter design dry 

bulb temperature of  -30F.

Indoor Space Condi� ons

An ice arena is a specialized building with par! cular temperature and humidity requirements due to the needs 

resul! ng from the use of the ice. The ASHREA Handbook for Ice Rink HAVC Design will be consulted for design 

parameters as required. Exis! ng Condi! ons in the Ice Arena itself are 70 F and humidity levels not greater than 

60%. It is our understanding that ice is not currently “typically” maintained in the building during the summer 

months although at ! mes ice will be made for short “camps”. Most of the work on the project would not be in 

the Arena itself and will be more concerned with the locker rooms which have no standards to go by. The lockers 

will need to have odor and humidity control. The primary concern in this eff ort is the HVAC required for the locker 

rooms which are aff ected by the hockey players and ice skaters and the wet uniforms and water that mel! ng off  

the ice skates.

Summer and winter interior space condi! ons will be based on the Minnesota Energy Code and  University of 

Minnesota Standards.

Internal Heat Gains

Internal loads due to people, lights, and equipment will be determined based on the plans.

The heat release from occupants is determined based on an average sensible load of 250 Btu/hr per person and 

an average latent load of 200 Btu/hr per person.  Ligh! ng load es! mates are based on AHSRAE Standard 90.1-

1999 Table 9.3.1.2.  Ven! la! on and exhaust rates are based on ASHRAE Standard 62-2004 Addendum N Table 2.
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The eff ects of the ice sheet and associated temperature requirements on the surrounding spaces and associated 

loads will be taken into account. This includes spaces adjacent to the ice.

Noise Criteria

The HVAC related background sound levels will be designed to meet the design guidelines listed in the ASHRAE 

“Recommended Noise Levels”. University of Minnesota Standards will also be consulted.

Central Hea� ng and Cooling Systems

Central hea" ng and cooling systems are available in the building. Steam is available for pre-hea" ng outside air 

if required. Chilled water is available and already used at all AHU’s that feed the exis" ng spaces. Hot water is 

available and currently used in terminal hot water hea" ng coils.

Hea" ng system hot water is currently piped through all of the spaces being considered for remodeling. In most 

cases this hot water hea" ng circuit will be used as the source of heat for the remodeled spaces.

A new steam to hot water/glycol heat exchanger may be considered for pre-hea" ng 100% outside air for the 

locker rooms. Direct steam may be considered as an alternate. If direct steam is used the coils will be the ver" cal 

type with the steam supply header on the top and the condensate the bo$ om.

The hea" ng equipment will include AHU hea" ng coils, duct mounted terminal hea" ng coils associated with VAV 

boxes, baseboard radia" on, cabinet unit heaters and suspended unit heaters. 

The AHU’s will be provided with chilled water from the central chilled water system. The chilled water system 

has enough capacity for the changes to the AHU’s that will be required. All central sta" on air handling units will 

be designed with full airside economizer. All AHU’s will be standard stock equipment from Trane, Daikin, York or 

Carrier.

Isola" on valves, control valves, air vents, etc. in fi nished spaces shall be installed concealed but readily accessible.

Air Handling Equipment and Ven� la� on Systems

Locker Rooms:

The exis" ng AHU for the locker rooms was a constant volume unit (now converted to variable air volume) that 

draws in 100% outside air and has a heat recovery coil to preheat the air as well as a steam hea" ng coil for the 

remaining heat required. The AHU also has a chilled water cooling coil. The exhaust in the locker rooms is provided 

with a heat recovery coil in the exhaust fan cabinet. The heat recovery coil system is a glycol runaround loop type. 

The AHU distributes the supply air into the locker room area. There are four constant volume terminal hea" ng coils 

for temperature control of the diff erent areas in the locker rooms. All of the locker room air is 100% exhausted. 

The ven" la" on system to the locker room area will be changed to variable air volume with terminal hea" ng coils. 

All of the supply and exhaust ductwork will be provided with VAV boxes to control air fl ow to the various spaces. 

Appropriate air quan" " es will be provided in the locker room areas that are prone to signifi cant odors and need 

humidity control. The air to the locker rooms can be subcooled and heated at the AHU if high humidity levels are 

sensed in designated areas in the locker rooms. 

Supply air and exhaust air in the locker rooms will have VAV boxes. The exhaust and supply air VAV boxes will 

modulate in unison with the exhaust being 5% higher than the supply to maintain a nega" ve pressure in areas 
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that need to have their odors contained. The Building Automa! on System will allow the building operators an 

opportunity to modulate or set air fl ow rates based on ! me of day or occupancy. The goal is to keep the locker 

rooms fresh while using as li$ le energy as possible.

In addi! on to the odor control through the BAS, humidistats will be installed in the “wet areas” in the locker room. 

The humidistats will increase the VAV air fl ow to full to meet the humidity setpoint. The terminal hea! ng coil will 

heat the air if required to maintain the thermostat set point.

In addi! on to the AHU for the overall locker room area a blower coil “bake-out” unit will be provided for the main 

locker room itself. This unit will allow the temperature in the locker room to be raised up to 100F for 2 to 3 hours 

to help dry clothing and equipment as quickly as possible. A distribu! on system that allows for air fl ow through 

the individual lockers to help dry cloths will be used. Addi! onally skate and glove drying systems will be provided 

as stand-alone equipment or built-in.

The exis! ng locker room ven! la! on system heat recovery system is about 50% effi  cient. A more energy effi  cient 

AHU and Exhaust Fan could be provided with a heat wheel type energy recovery unit that will allow an increase to 

70% heat recovery. The new AHU would have a heat recovery wheel, self-contained exhaust fan, hot water glycol 

hea! ng coil (or steam), chilled water hea! ng coil (installed prior to the hea! ng coil), 2” Merv 8 and 4” Merv 13 

fi lters on the exhaust and outside air in front of the wheel sec! on and shall be variable air volume. Close a$ en! on 

to the space available for a new AHU of this type will be required. The alternate to replacing this unit has been 

budgeted for in the mechanical alternate.

Offi  ce and Team Space and Administra! on:

There are two exis! ng AHU’s that feed the Team Space/Administra! on area. The AHU’s are variable air volume 

units that originally had inlet vanes. The inlet vanes have been locked open and a variable frequency drive has 

been added to the units. The AHU’s have an economizer sec! on, fi lter sec! on, hot water hea! ng coil and chilled 

water coil. The AHU’s do not have direct relief air. The Arena has an air pressure control system and the relief air is 

exhausted as required through the pressure control system exhaust fans. The VAV boxes in the distribu! on system 

have terminal hea! ng coils and old electronic controls.

The staff  had expressed some concern with the age of the AHU’s. The two exis! ng AHU’s are over 20 years old and 

could be replaced with a single new VAV AHU that would feed the en! re remodeled area. This has been budgeted 

under the mechanical alternates. The new AHU would have an economizer system, 2” Merv 8 and 4” Merv 13 

fi lter sec! on, chilled water cooling coil, hot water hea! ng coil (the requirement for this needs to be verifi ed as it 

may not be required), and variable speed drive. 

New VAV boxes with terminal hea! ng coils will need to be provided for the remodeled areas and will have new 

DDC controls. The new VAV boxes and associated controls will allow for be$ er temperature control and energy 

op! miza! on along with trouble shoo! ng at the Building Controls System Front End. 

Strength and Condi! oning:

There are two exis! ng AHU’s that feed the strength and condi! oning spaces. The AHU’s are constant air volume 

units that have had a variable frequency drive added. The AHU’s have an economizer sec! on, hot water hea! ng 

coil and chilled water coil. The AHU’s do not have a direct relief air. The Arena has an air pressure control system 

and the relief air is exhausted as required through the pressure control system exhaust fans. The AHU’s have 

individual thermostats that control the hea! ng and cooling coils in the units to maintain thermostat setpoint.

The staff  had expressed some concern with the age of the AHU’s. The two exis! ng AHU’s are over 20 years old 

and should be replaced with a single new VAV AHU that would feed the en! re remodeled area. This has been 

budgeted under the mechanical alternates. New AHU’s would have an economizer system, 2” Merv 8 and 4” Merv 

13 fi lter sec! on, chilled water cooling coil, hot water hea! ng coil (the requirement for this needs to be verifi ed 

as it may not be required), and variable speed drive. New VAV boxes will need to be provided for the remodeled 
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areas and will have new DDC controls. The new VAV boxes and associated terminal hea! ng coils and controls will 

allow for be" er temperature control and energy op! miza! on along with trouble shoo! ng at the Building Controls 

System Front End. 

M-Club Op! on:

The area where the M-Club is proposed, is currently ven! lated by two AHU’s. One AHU feeds the Southeast 

corner of the Arena and one AHU feeds the Southwest corner of the Arena. Each of these AHU’s has a branch duct 

that feeds the upper part of the Arena and the main duct feeds the lower part of the Arena stadia. Each of these 

two ducts has a hea! ng coil to allow separate temperature control of the lower sea! ng and the upper sea! ng. 

The duct distribu! on is such that each of these smaller ducts that feed the upper part of the Arena have to go 

under the main ducts that feed the en! re lower and middle sea! ng sec! ons of the Arena. This results in these 

ducts being very low. The smaller branch ducts in this area need to be revised and raised to increase head room 

in the proposed M-Club. 

There are two op! ons to ven! late heat and air condi! on the proposed M-Club area. The exis! ng AHU’s that 

currently feed the Arena do have cooling coils in the AHU’s and have a terminal hea! ng coil for the upper and 

lower level ductwork. Therefore the small ducts for the upper level could be used to provide for the HVAC needs 

of the M-Club However that would mean that any! me the M-Club is used during non-game ! mes the two 

AHU’s that serve the Arena would have to run. Due to this a separate VAV AHU for the M-Club will be provided. 

The AHU would have an economizer sec! on, 2” Merv 8 and 4” Merv 13 fi lter sec! on, cooling coil, hea! ng coil 

(verify if required) and variable air fl ow fan.  The M-Club could then be controlled on its own and could operate 

independent of other func! ons in the Arena.

The small ducts would then also be able to be revised so they do not extend below the larger Lower Arena ducts 

which will get the head room needed in the new space. They would poten! ally be revised to provide air fl ow 

below the new M-Club Suite.

New Ice Equipment Room:

The new ice equipment room will need to have an emergency exhaust system and 24 hour general ven! la! on 

system to keep fresh air moving in the room. A separate small AHU with economizer control as well as a room 

exhaust fan to maintain a nega! ve pressure in the room will be provided. The AHU should have a cooling coil and 

hea! ng coil to help maintain humidity in the room to reduce swee! ng of the chilled water equipment and piping 

and keep the air in the room fresh. 

The emergency exhaust system will consist of an emergency fan sized per code requirement for the refrigerant 

selected. There shall also be a non-heated make-up air system ducted directly to the outside. The exhaust air shall 

be discharged in a loca! on that will not se" le into poten! al breathing zones outside. The emergency ven! la! on 

system will be ! ed to sensors for whatever refrigerant is selected. 

 

HVAC Terminal Equipment

Variable Air Volume Terminal Units (VAV Boxes)

The variable air volume air handling units will distribute air to VAV boxes with terminal hea! ng coils serving each 

individual temperature control zone.  Each VAV box shall have its own wall mounted DDC space temperature 

sensor to control it supply air damper and two-way hot water coil valve and/or perimeter hea! ng valve.

Miscellaneous Hea! ng Units

Horizontal hot water unit heaters will provide hea! ng in unfi nished areas with exterior wall exposures.  Recessed 

hot water cabinet unit heaters will provide hea! ng for stairwells and entrance ves! bules.  Hydronic fi nned tube 

radia! on will be provided at offi  ces with exterior exposures.

General Exhaust
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Dedicated exhaust systems(s) will be provided for new toilet rooms and janitors’ closets. If exis! ng exhaust 

systems are available and have excess capacity and can be ! ed into, they will be used. TAB reports of the HVAC 

system will need to be verifi ed.

Locker Room Exhaust

Locker room exhaust will be revised to variable air volume to control odors and humidity. The exhaust will be 

controllable/schedulable from the Building Automa! on System Front End.

Locker Room and Weight Room Humidity Control

The locker rooms and the weight/training areas will be provided with room level humidity control through the 

use of their VAV Boxes and humidistats in the room. When a humidistat set point calls for humidity reduc! on the 

VAV box will go to its full cooling ven! la! on rate to provide maximum air to the space. The space thermostat shall 

control the space temperature.

Heat Recovery/Energy Effi  ciency

Heat recovery from exhaust air and ice equipment as well as variable exhaust fl ow will allow the building to 

operate properly and effi  ciently. 

All supply and outdoor air duct work shall be externally insulated.  Ductwork in high fi nish areas shall be concealed.  

Flexible duct runs shall not exceed six (6) feet.

Sound levels of all HVAC systems and equipment shall be at or below University acceptable levels. 

All HVAC systems shall be tested and balanced by a NEBB or AABC cer! fi ed contractor.

Control Systems

The Arena currently has an electronic temperature control system by Trane. The system is 20 years old which is 

considered an! quated  for an electronic control system. All new controls will be be provided for all new and re-

used mechanical equipment and systems using current technology with BacNet MSTP. The new controls will be 

able to be monitored on the exis! ng Front End. All AHU’s, VAV boxes and hea! ng equipment shall be ! ed into the 

DDC system and available for monitoring, modifying and trouble shoo! ng.

Duct and Pipe Sizing Criteria

Duct Sizing Criteria:  Ducts shall be sized based on a pressure drop of 0.075”/100'  un! l air velocity reaches 1,000 

fpm which corresponds to about 3,000 cfm. Above 3,000 cfm ductwork should be sized at 1,000 fpm unless space 

requirements limit the size. Higher veloci! es can be used but sound will then need to be taken into account. Pipe 

Sizing Criteria:  Hydronic piping for building hea! ng and cooling systems shall be sized based on the following 

criteria:

Smaller than or equal to 2”

Maximum velocity = 7fps

Larger than 2”

Maximum pressure drop = 4 ' . w.g/100'  pipe

Design pressure drop = 3 '  w.g./100 '  pipe

Fire Protec! on System
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The building has an exis! ng fi re protec! on sprinkler system that will be modifi ed to handle all the new spaces. 

Plumbing Systems:

The exis! ng plumbing system in the building will be used to ! e into any revised distribu! on and fi xtures required. 

Floor cu$  ng and patching will be required for the installa! on of new waste piping for new plumbing fi xtures in 

the locker rooms.

All plumbing fi xtures shall meet University of Minnesota standards.

The new domes! c hot water, cold water, recircula! ng hot water, waste and vent piping will be connected to 

exis! ng. Exis! ng piping should be adequately sized.
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Electrical Systems Narra� ve

Overview
This narra! ve document summarizes the exis! ng electrical work associated with the major electrical systems 
(Division 26), electronic communica! ons systems (Division 27), and electronic safety and security systems 
(Division 28) work to be included in the project.

This document is intended to serve as a basis to support discussion, further design, and aid in preliminary cost 
es! ma! ng.

The project includes:
• Renova! on of the Administra! ve offi  ce spaces (Men’s & Women’s Hockey staff )
• Renova! on of the exis! ng Home & Visitor locker rooms
• Renova! on of the Strength Training area
• Addi! on of the ‘M’ Club area
• Ice replacement

1. Lowering of the ice sheet eleva! on & refrigerant replacement
2. Addi! onal perimeter sea! ng

• Alternate- Retrofi t of the exis! ng elevator
• New NW Storage Area.

Scope

This document will review exis! ng installa! ons and electrical work required for the project.

Electrical systems (Division 26) discussed in this document:
• Low voltage power distribu! on system.
• Emergency power distribu! on system.        
• Engine-generator.
• General interior ligh! ng systems.
• Ligh! ng control systems.
• Emergency interior and exterior ligh! ng systems and egress signage (exit signs).

Electronic communica! ons systems (Division 27) included in this document:
• Structured cabling for voice / data communica! on systems.
• Audio / Video systems.
• Electronic safety and security systems (Division 28) included in this document:
• Fire alarm system.
• Video surveillance system equipment (cameras, video recorders, etc.).
• Electronic Access Control and Door Monitoring System.

Technical Criteria

Codes: The following is a par! al list of applicable codes governing the systems described herein:
• Interna! onal Building Code (IBC) 2006.
• Interna! onal Mechanical Code (IMC) 2006.
• Interna! onal Fire Code (IFC) 2006.
• Energy Standard for Buildings Except Low-Rise Residen! al Buildings ANSI/ASHRAE/IESNA Standard 90.1-

2004.
• NFPA 70 Na! onal Electrical Code - 2011.
• NFPA 72 Na! onal Fire Alarm and Signaling Code.
• NFPA 101 Life Safety Code.
• Americans with Disabili! es Act (ADA).

Standards: The following is a par! al list of design and installa! on standards governing the systems described 
herein:

• BICSI Telecommunica! ons Distribu! on Methods Manual.
• IES Ligh! ng Handbook, Tenth Edi! on.
• Interna! onal Electrical Tes! ng Associa! on (NETA) Standards.
• Na! onal Electrical Contractors Associa! on (NECA) Standards.
• University of Minnesota Capital Planning and Project Management Design Standards.
• Sustainability requirements of the State of Minnesota Sustainable Building Guidelines (B3-MSBG) while 

not required they will be used as a guide during design. Sustainable and energy effi  cient design is a high 
priority for the project.
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Descrip� on of Electrical Systems

General Notes on Exis! ng Systems
• The exis! ng 3,000-amp, 480/277-volt electrical service has adequate capacity for the proposed 

renova! ons with the excep! on of op! on for ice system replacement (see below).
• The exis! ng emergency generator providing emergency ligh! ng has adequate capacity to provide 

emergency ligh! ng power for the proposed renova! ons.
1. Exis! ng installa! on will need to be reviewed for code compliance to review separa! on of NEC 

defi ned emergency loads from legally required stand-by and op! onal stand-by loads.
2. Likely a new automa! c transfer switch and branch circuit panels needs to be added for emergency 

loads.
• The exis! ng fi re alarm system include voice evacua! on. 
• Exis! ng security system equipment will be replaced throughout the renovated areas of the project. 

Currently these systems are planned to be owner furnished owner installed equipment.
• Review the mechanical narra! ve for associated mechanical equipment changes. Each space will include 

new air handling equipment (some spaces two smaller units are replaced by a new single larger unit). 
The M Club will be provided with a new air handling unit.

Administra! ve Offi  ce Spaces (Men’s & Women’s Hockey Staff ) - (Phase 2)

• There is currently one electrical room located in the proposed renovated space.
1. It is likely that new general use 208/120-volt branch panels and transformers will need to be added 

to serve branch circuits in these areas.
• Exis! ng ligh! ng in this area is to be demolished. New ligh! ng will be provided. The ligh! ng design in 

these areas will important to match the level of architectural fi nish in these areas.
• New ligh! ng systems should strive to be as energy effi  cient as possible including reducing the installed 

ligh! ng Wa' s per square to be less than code minimums. 
• Ligh! ng controls will be included to turn lights off  when spaces are unoccupied. Occupancy sensors will 

be used throughout with manual override switches located in spaces that allow lights to manually be 
turned off  when desired.

• Structured cabling for voice and data will be demolished and new cabling will be installed. There is an 
exis! ng cable tray running through the space. 
1. Space should be planned in this space or the strength training area for a telecommunica! ons room 

to serve these spaces.
• The exis! ng fi re alarm control panel is located in this area and will need to be relocated.
• Wireless LAN coverage to be provided throughout.

Renova! on Of The Exis! ng Home & Visitor Locker Rooms  (Phase 1)

• There is currently one room with an electrical panel located in the proposed renovated space. This 
panel will be relocated and replaced with new. With the addi! on of hydrotherapy pools a new 208/120 
volt panel and transformer will be needed. 

• In this area there is laundry equipment that will need to be relocated along with new electrical circuits 
to the new laundry area.

• The renovated locker area will include hydrotherapy pools.
• Exis! ng ligh! ng in this area is to be demolished. New ligh! ng will be provided. It is an! cipated that 

the locker rooms, media rooms, and similar spaces will include dimmable ligh! ng. The ligh! ng design 
in these areas will important to match the level of architectural fi nish in these areas and to meet the 
project goals. Ligh! ng design in these areas is likely to be very high end.

• New ligh! ng systems should strive to be as energy effi  cient as possible including reducing the installed 
ligh! ng Wa' s per square to be less than code minimums. 

• Ligh! ng controls will be included to turn lights off  when spaces are unoccupied. Occupancy sensors will 
be used throughout with manual override switches located in spaces that allow lights to manually be 
turned off  when desired. Ligh! ng control systems in the locker room and team video room will include 
RS-232 type interfacing with  A/V systems provided in these rooms. Showers will be provided with wall 
box ! mers for ligh! ng control in lieu of occupancy sensors. 

• Structured cabling for voice and data will be demolished and new cabling will be installed. There is an 
exis! ng cable tray running through the space. 

• The exis! ng fi re alarm control panel is located in this area and will need to be relocated.
• New fi re alarm devices will be provided.
• There is an exis! ng sound system in the locker room that will be replaced.
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• New audio / video systems will include:
1. High quality video displays and sound system in the locker room and team video room. 
2. Both rooms will require video switching (allowing both digital and VGA inputs), audio switching, 

local input plates, and touch panels with control system.
3. An! cipated that inputs for both the locker room and video room will include (but not limited to) the 

following:
• Streaming from LAN
• Live arena video and audio feed.
• Satellite TV.
• Cable TV.
• Local blue ray player.
• Local CPU.

4. It is an! cipated that a Smart podium or similar system be provided for use with the displays in the 
fi lm room and locker room.

• The new locker rooms will include wireless LAN coverage throughout.

Renova! on Of The Strength Training Area  (Phase 2)

• There is currently one electrical room located in the proposed renovated space. It is an! cipated that this 
room will be relocated these panels should be replaced with new. 
1. One room in area 3 (at grid T-15), includes two general use branch panels and one transformer. 

• It is likely that new general use 208/120-volt branch panels and transformers will need to be added to 
serve branch circuits in these areas.

• Exis! ng ligh! ng in this area is to be demolished. New ligh! ng will be provided. Again, the ligh! ng design 
will need to be matched to the level of architectural fi nish and should strive to provide high level of fi nish 
to the space.

• New ligh! ng systems should strive to be as energy effi  cient as possible including reducing the installed 
ligh! ng Wa% s per square to be less than code minimums. 

• Ligh! ng controls will be included to turn lights off  when spaces are unoccupied. Occupancy sensors will 
be used throughout with manual override switches located in spaces that allow lights to manually be 
turned off  when desired.

• Structured cabling for voice and data will be demolished and new cabling will be installed. There is an 
exis! ng cable tray running through the space. 
1. Space should be planned in this space or the administra! ve offi  ce area for a telecommunica! ons 

room to serve these spaces.
• Wireless LAN coverage to be provided throughout.
• New fi re alarm devices will be provided. 

Addi! on Of The ‘M’ Club Area  (Phase 3)

• There is currently one electrical room located adjacent to this space. In this room is four branch circuit 
panels and three transformers along with a panel serving the scoreboard. With the addi! on of club 
space a new 208/120 volt panel and transformer will be needed. 

• Exis! ng ligh! ng in this area is to be removed and reinstalled below the new ‘M’ club fl oor similar to the 
installa! on under the suites on the opposite side of the concourse. 

• New ligh! ng will be provided in the ‘M’ Club. It is an! cipated that dimmable ligh! ng will be provided. 
The ligh! ng design in these areas will important to match the level of architectural fi nish in these areas 
and to meet the project goals. Ligh! ng design in this areas is likely to be very high end.

• New ligh! ng systems should strive to be as energy effi  cient as possible including reducing the installed 
ligh! ng Wa% s per square to be less than code minimums. 

• Ligh! ng controls will be included to turn lights off  when spaces are unoccupied. Occupancy sensors will 
be used throughout with manual override switches located in spaces that allow lights to manually be 
turned off  when desired. Ligh! ng control systems will include RS-232 type interfacing with  A/V systems 
provided in this room. 

• Structured cabling for voice and data will be provided for wired LAN outlets and wireless LAN access 
points. 

• There is an exis! ng cable tray running through the space. That will need to be worked around or relocated.
• The fi re alarm system will need to be extended to cover the new ‘M’ club. New fi re alarm devices will 

be provided.
• New audio / video systems will include:

1. High quality video displays and sound system to be provided in the ‘M’ club. 
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2. System will require video switching (allowing both digital and VGA inputs), audio switching, local 
input plates, and touch panels with control system.

3. It is an! cipated that inputs will include (but not limited to) the following:
• Streaming from LAN
• Live arena video and audio feed.
• Satellite TV.
• Cable TV.
• Local blue ray player.
• Microphone (wired).
• Wireless microphone.

4. The new locker rooms will include wireless LAN coverage throughout.
5. Ligh! ng under the M-Club will be designed to be consistent with the adjacent concourse ligh! ng 

in regards to light levels, uniformity, and aesthe! cs. Considera! on will be given to matching the 
ligh! ng layout provided on the opposite side of the arena under the suites.

Ice Replacement (Phase 4)

Currently, mul! ple op! ons for ice system replacement are being considered.
• Scenario 1: Replace Mariucci’s refrigera! on system with new indirect system of similar capacity. 

1. Demolish exis! ng electrical wiring to allow equipment removal.
2. Replace exis! ng 800-amp motor control center with new 1,000-amp motor control center and 

provide branch circuit wiring to new equipment. Include replacement of 800-amp switch at main 
switchboard with 1,200 switch fused at 1,000-amps.

• Scenario 2: Replace Mariucci’s refrigera! on system with a system that will serve both Mariucci and 
Ridder. 
1. Demolish exis! ng electrical wiring to allow equipment removal.
2. Demolish exis! ng 800-amp motor control center.
3. Provide new 1,600-amp motor control center and provide branch circuit wiring to new equipment. 

Include new 600-amp 15 kV pad mounted switch, 15 kV feeders to ! e into exis! ng system, and new 
2,000-amp service switchboard.
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ICE SYSTEMS (PHASE 4)

BACKGROUND
The ice system (refrigera! on system and ice rink fl oor) is original to the construc! on of Mariucci Arena in 1993.  
The 21-year old direct-type refrigera! on system has been very well maintained and has served the facility well. 
However, the upcoming phase-out of the R-22 refrigerant in the current system (8,000 pounds), along with 
associated safety and environmental concerns requires the University to plan for its replacement. The exis! ng 
dasher board system was replaced in 2010.
As an industry overall, ice system designs are currently evolving due to some fairly signifi cant factors:

• Many ice systems are nearing the end of their useful life and will require major repairs, improvements or 
replacement to maintain a safe and reliable opera! ng system.

• Ozone deple! ng refrigerants, such as R-22, are currently being phased out.  Refrigerants with high Global 
Warming Poten! al (GWP) are also star! ng to see more restric! ons.

• New technology is improving the effi  ciency and reducing the energy use of equipment and systems.
• Innova! on in the industry is bringing forward new concepts and ideas.
• Funding opportuni! es are increasing through u! li! es and being discussed more frequently at the State 

level. 

PURPOSE
The ice system is one of these most cri! cal systems to the opera! on of Mariucci Arena.  Planning for the 
replacement of this system is part of the University’s con! nued eff ort to improve the safety, performance, 
opera! on and effi  ciency of the facility and con! nue to provide the highest ice quality for its rich and storied 
tradi! on of Division I hockey, recrea! onal leagues and other user groups. 

The primary objec! ves of this pre-design study are as follows:
• Iden! fy and evaluate the best system op! ons for replacing the exis! ng ice system that will increase 

safety, maximize performance and energy effi  ciency and provide superior ice quality for the next 25+ 
years.

• Iden! fy and evaluate uses for waste heat recovered from the refrigera! on system.
• Iden! fy related improvements that may be required.  
• Consider the future replacement of the ice system in Ridder Arena (14-years old) and poten! ally sharing 

a refrigera! on system to improve effi  ciency and minimize costs.
• Provide accurate conceptual cost es! mates and project schedules to assist the University in making 

informed decisions on the recommended project(s). 
• Recommend improvements that maximize energy effi  ciency while incorpora! ng sustainable design 

prac! ces that reduce the use of fossil fuels, the produc! on of greenhouse gas emissions, and reduce 
total energy use of the systems and facility.  

• Iden! fy poten! al regulatory or patent restric! ons for recommended op! ons using new technology.

It is recommended that the fi ndings presented in this sec! on be used to plan for the future replacement of the 
ice system and related improvements.   The informa! on in this report should also be used to assist in iden! fying 
possible rebates or grant programs from u! lity or energy companies or departments, state and federal agencies, 
or other sources.  

ICE SYSTEMS – EXISTING CONDITIONS

GENERAL
Both Mariucci and Ridder Arenas are served by direct-type ice systems that include a refrigera! on system, ice 
rink fl oor and dasher board system.  R-22 refrigerant is used as the primary refrigerant in both systems.  Mariucci 
Arena’s ice system is 21-years old and is nearing its expected life of 25-years.  Ridder Arena is 14-years old.  

Defi ni! ons for the two types of ice systems used in ice rink facili! es and several other common terms referenced 
throughout this sec! on are provided below:

• Ice System:  A term that collec! vely refers to the refrigera! on system, ice rink fl oor system, waste heat 
recovery systems and dasher board systems.   

• Direct System:  A direct refrigera! on system circulates the primary refrigerant (e.g. R-22) directly through 
the ice rink fl oor.  There is no secondary solu! on or refrigerant.  This is the type of system that serves 
both Mariucci and Ridder Arenas. 
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• Indirect System:  An indirect refrigera! on system uses two refrigerants.  A primary refrigerant (e.g. R-22) 
which is stays confi ned in the refrigera! on room and a secondary refrigerant (e.g. glycol or calcium 
chloride) that is circulated in the rink fl oor.  The heat exchange between the primary and secondary 
refrigerants takes place in the refrigera! on room.  

• HCFC:  Hydrochlorofl uorocarbon (e.g. R-22, etc.)
• HFC:  Hyrdrofl uorocarbon (e.g. R134a, R404A, R407C, R410, R507, etc.)
• Natural Refrigerants:  Natural occurring refrigerants such as ammonia (R717), carbon dioxide (CO2, 

R744) and hydrocarbons.
• Synthe! c  Refrigerants:  Ar! fi cial refrigerants such as HCFC and HFC type refrigerants.

EXISTING CONDITIONS  � MARIUCCI ARENA
Stevens toured Mariucci Arena with the University personnel and the facility’s management and opera! ng and 
maintenance personnel and have the following observa! ons and comments.

a. Ice opera! onal season: September 1 to March 15 (7 months) and from late July to early August.  The 
facility’s ice system has the capacity to operate year round (12 months). 

b. Overall, the ice system has been very well maintained by the facility’s opera! onal and maintenance 
personnel.  An opera! on log is maintained by the facility’s staff .

c. Refrigera! on System.  Mariucci Arena is served by a direct-type refrigera! on system manufactured by 
Holmsten Ice Rinks.  The majority of the components include three 8-cylinder York compressors, one 
low pressure receiver, three pumper drum vessels, and one motor control center.  The total system 
capacity is approximately 210 tons. The 21-year old refrigera! on system is nearing its expected life 
of 25 years. The system is in fair condi! on for its age.  It is becoming more diffi  cult to maintain with 
its outdated electrical and control systems, discon! nued compressors units, etc. Some improvements 
have been performed on the refrigera! on package over the years including several leaks.  

d. Cooling Tower.  The exis! ng cooling tower is an evapora! ve condenser type system, manufactured by 
Bal! more Aircoil and replaced new in 2010.  This system uses air and water to dissipate heat for the 
refrigera! on processes.  The water is treated with several diff erent chemicals to prevent algae and scale 
build-up.  The remote sump and pump for the unit is located in the emergency generator room.

e. Waste heat recovery system(s). There is a waste heat recovery system that recovers a por! on of the 
waste heat generated from the refrigera! on system and uses it to serve the exis! ng subfl oor 
hea! ng (front preven! on system) beneath the ice rink fl oor and the snow melt pit.  The subfl oor 
hea! ng system is reportedly in good working order minimizing the concern of frost build-up beneath 
the ice rink fl oor.  The ground temperature next to the rink fl oor was recently measured at 56 F by 
facility personnel.  Frost build-up beneath the ice rink fl oor, is a common concern and problem with the 
Holmsten direct systems.  There are no current visible or reported signs of frost heave, such as cracked 
perimeter concrete or building walls. 

f. Ice rink fl oor.  There were no exis! ng as-built drawings to reference for the ice rink fl oor design, however, 
a typical Holmsten Ice Rink fl oor design includes: 6 inch subfl oor sand layer and hea! ng system; 4 
inches of fl oor insula! on; ½ inch schedule 40 steel tubing installed at 4 inches on-center with welded 
connec! ons at each end of the con! nous piping; and 6 inches of reinforced concrete.  This fl oor is 
nearing its life expectancy of 25 years.  It is very typical for the rink fl oors in a Holmsten Ice Rink System 
to be the fi rst components to fail which make it the weakest part of the system.   So far, there are no 
reported problems with the exis! ng rink fl oor or with ice quality.

g. Refrigera! on room.  The exis! ng refrigera! on room is located in the lower level of  Mariucci Arena on 
the west end of the facility and is approximately 850 square feet in size.   There are two egress points 
for this room neither of which go directly to the exterior of the building.

h. Life safety systems.  The refrigera! on room is equipped with an R-22 leak detec! on system.  There is 
no emergency power shunt trip for the refrigera! on system or an energizer switch for the emergency 
ven! la! on system on the exterior of the mechanical room door(s) as required by code.  It was not noted 
when pressure relief valves on the systems were last replaced.  Replacement is required every 5 years.

i. Ven! la! on system.  There is an exis! ng mechanical ven! la! on system in the refrigera! on room as 
required by code. .

j. Dasher board system.  The exis! ng dasher board system was replaced in 2008 and is in very good 
condi! on except for the so*  caprail material on top of the dasher board panel.  This material is showing 
signs of wear will need to be replaced soon.   The dasher board system is an aluminum-framed system 
with a supported tempered-glass shielding system.  

k. Site.  The exis! ng groundwater table was reported to be an issue during the original construc! on of the 
facility.  No water has been observed this spring or summer, during a period of substan! al rainfall, in the 
exis! ng six foot deep sump well in the lower level of the facility. 
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ICE SYSTEMS – PROPOSED SYSTEMS OR RECOMMENDATIONS

GENERAL
Holmsten Ice Rink’s R-22 direct-type ice system is one of the most effi  cient systems designed for ice rink 
applica" ons.  However, because of the following factors, this type of system is no longer a viable type of system 
to use in today’s ice arena facili" es:

• Requires a large quan" ty of R-22 refrigerant (8,000 pounds vs. 1,200-1,500 pounds on a modern 
indirect system).

• Refrigerant is circulated through the ice rink fl oor, poten" ally exposing spectators to refrigerant if a 
leak occurs.

• R-22 is currently on a phase out schedule mandated by the EPA.
• The rink fl oor, with its ½ inch diameter steel piping, is typically the fi rst part of the system to fail.   The 

supply of the tubing has been limited since 2005 and alternate material is labor intensive to install, 
making the replacement of a direct fl oor very costly.  

Since this is a pre-design study for a new ice system, and given the age of the exis" ng system; the op" on of simply 
making improvements to the exis" ng direct refrigerated ice system and essen" ally opera" ng the same system 
would not address the system’s primary failure point, the ice rink fl oor. All of the op" ons presented in this study 
include changing from a direct system to an indirect system except for one CO2 based op" on.   Indirect systems 
require a secondary heat exchange process making them less energy effi  cient than direct systems.  However, 
increasing the use of waste heat and/or sharing a common refrigera" on system for both arenas will lessen the 
diff erence in effi  ciency between the two types of systems.

In addi" on, the equipment, materials and systems recommended in this study are of the similar quality and 
life expectancy as the exis" ng systems, which is general classifi ed as industrial-grade refrigera" on.  As opposed 
to a lesser quality or lower cost op" ons such as commercial-grade type systems that can be found in, and are 
comparable to, supermarket applica" ons.

The following op! ons will be discussed in this sec! on:

Op! on 1: Do nothing. Con" nue to maintain exis" ng systems.
Op! on 2:   Make improvements to the exis" ng direct system(s).
Op! on 3: Convert to an indirect, industrial grade, R-22 or other hydrofl uorocarbons (HFCs) based system 

using the exis" ng refrigera" on equipment.  
Op! on 4: New indirect, industrial grade, HFC based system.
Op! on 5: New indirect, industrial grade, ammonia based system.
Op! on 6: New indirect, carbon dioxide (CO2) based system. 
Op! on 7: New direct, carbon dioxide (CO2) based system.
Op! on 8:      Combined, indirect, industrial grade HFC system to serve 2 ice rinks. 
Op! on 9:      Combined, indirect, industrial ammonia system to serve 2 ice rinks. 
Op! on 10:    Combined, indirect, carbon dioxide (CO2) system to serve 2 ice rinks. 

Op! on 11:    Combined, direct, carbon dioxide (CO2) system to serve 2 ice rinks. 

DESIGN CONSIDERATIONS
Before the system op" ons are discussed in more detail, a general discussion of seven (7) major design factors and 
considera" ons that the design team feels are most important to consider when evalua" ng ice system op" ons are 
presented below.  A general understanding of these factors, we believe, will aid the University in making the best 
possible selec" on for improving or replacing the exis" ng ice systems. In a historically slow-changing industry, the 
somewhat recent updated environmental regula" ons and increasing energy costs have brought new innova" ons 
and technology to the ice rink industry.  

1.  Selec! on of Primary Refrigerant
Many countries, including the United States, have set targets, established regula" ons and developed programs 
with goals for reducing the environmental impact caused by the emissions or release of synthe" c refrigerants 
to the atmosphere.  
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R-22 refrigerant has been the most popular refrigerant used in ice rink applica! ons in recent history and the 
most recent synthe! c refrigerant to be targeted.  With the signing of the Montreal Protocol, the United States 
Environmental Protec! on Agency (EPA) implemented the fi nal rule of Sec! on 604 of the Clean Air Act in July 
1992, limi! ng the produc! on and consump! on of a set of chemicals known to deplete the stratospheric ozone 
layer as measured by their ozone deple! ng poten! al (ODP).  R-22, which also has a high global warming poten! al 
(GWP), is one of these targeted chemicals.  

Regula! ons on R-22 started taking eff ect in 2010 and will con! nue to signifi cantly reduce the allowances to 
produce and import R-22 through 2020 when produc! on and importa! on in the U.S. will be halted all together.  
The U.S. EPA has proposed to signifi cantly reduce allowances by 11-17% per year through 2014. 

In addi! on to the current regula! ons on refrigerants that aff ect the ozone, there is now pressure to consider 
phasing-out refrigerants that contribute to global warming, as measured by their global warming poten! al 
(GWP).  This aff ects mainly hydrofl uorocarbons (HFCs) like those used in blended refrigerants such as R-507A, 
R407C, R-404A etc.  The European Union has been on the leading edge of this change.  The European Parliament 
passed legisla! on called the “F Gas Direc! ve” that became eff ec! ve in 2007, that requires very strict inspec! on 
of systems for leakage, rigorous record keeping, and mandatory training and cer! fi ca! on on systems using HFCs.  
Most recently, the European Union has ! ghten these restric! ons with an informal agreement in December, 
2013.  The changes include increasing taxes on HFC’s and providing incen! ves for using natural refrigerants.

Currently, the ice rink industry is caught in a transi! on period for refrigerants as new environmental regula! ons 
are implemented.  Careful considera! on and evalua! on of the current refrigerant op! ons should be made.  
The replacement refrigerants for HCFC refrigerants (i.e. R-22, etc.) are fairly new with a limited history and 
performance data in this applica! on.  The almost certain future regula! ons of HFC refrigerants (i.e. R-507, 
R407C, etc.), which are used in many of the R-22 replacement refrigerants, should be considered.  

Manufacturers are developing transi! on refrigerants with no signifi cant impact on the environment such as 
HFO’s (hydrofl uoro-olefi ns) a fourth genera! on fl uorine-based gas.  HFOs have zero ozone deple! ng poten! al 
and low global warming poten! al.  Their availability is limited and not currently being used in the ice rink industry.

Large global companies, such as Coca Cola, are leading the charge to ban HFCs and use natural refrigerants 
such as CO2, hydrocarbons and ammonia.  Both ammonia and CO2 are naturally occurring refrigerants with 
zero ozone deple! ng poten! als (ODP).  The global warming poten! al (GWP) is zero for ammonia and one for 
CO2. Between 2004 and 2012, twenty four ice ska! ng facili! es in Europe have switched over to using CO2 as 
the secondary refrigerant with ammonia as the primary.  The fi rst CO2-based ice system in North America, and 
the fi rst direct CO2-based system in the world, opened in 2011 in Quebec, Canada with a second rink opening 
in Montreal in 2012.  

In addi! on to environmental and regulatory concerns, other factors that should be considered when comparing 
primary refrigerants are listed below.  

Loca! on:  it is important to consider local temperatures and weather pa* erns when selec! ng refrigerants.  For 
example, CO2 is more likely to be aff ected by ambient condi! ons than other refrigerants.  CO2 is most effi  cient in 
colder climates.  The following is a par! al list of CO2 ice rinks that are currently in opera! on or under construc! on 
world-wide.  Note that most if not all are located north of Montreal or Quebec, Canada:

  Indirect CO2 Systems
  Dollard-des-Ormeaux Civic Centre, Canada, 2012
               Stade de la Cite des Jeunes – Riviere-du-Loup, Qc, Canada.  Complete Nov. 2013
  Lacroix-Du! l Sport Complex – St-Georges, Qc, Canada.  Complete Nov. 2013 
  Curling Roberval – Roberval, Qc, Canada.  3 sheets.  Complete Nov. 2013
  Rosaire-Belanger Sports Center – Riviere-Bleue, Qc, Canada.  Complete Nov 2013
  Cynthia-Coull Arena – Longueuil, Qc, Canada.  Complete Nov. 2013
 
  Direct CO2 Systems
  Arena Marcel Du! l, Les Costeaux, Qc, Canada.  1 Sheet.  2010.
  Concordia College, Montreal, Canada. 1 sheet, 600 seats. Recently completed.
                St-Gedeon-de-Beauce Arena, Canada.
                Isa! s Sport Chambly, Chambly, Qc, Canada.  3 sheets, Completed July 2012.

30+ direct CO2 or Ammonia/CO2 systems in Europe 
CO2 ice rink systems started in the year 2000 in Europe.
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Effi  ciency:  Compared to HFCs, ammonia and CO2 refrigerants are signifi cantly more effi  cient, providing greater 
capacity at less horsepower.  The winner between ammonia and CO2 is less clear.  It has been shown that CO2 is 
most effi  cient in colder climates.  As the ambient temperature rises above CO2’s cri$ cal temperature of 86 F, the 
capacity and performance of the system drops mainly due to the change from subcri$ cal opera$ on (condensing 
with gas cooler) to transcri$ cal (no condensing takes place).  It has been determined that, in general, the 
effi  ciency of CO2 based ice systems is greater than HCFC-based systems. 
A technical paper presented at the 2013 Industrial Refrigera$ on Conference and Exhibi$ on presented by the 
Interna$ onal Ins$ tute of Ammonia Refrigera$ on (IIAR) concluded that an indirect ammonia/glycol ice system 
with waste heat recovery is the best solu$ on from an energy perspec$ ve when compared to a transcri$ cal CO2 
system and an ammonia/glycol system without waste heat recovery systems. 

In contrast, a September 2012 Master of Science Thesis paper on “Carbon Dioxide in Ice Rink Refrigera$ on” 
by Tuyet Nguyen at the KTH School of Industrial Engineering and Management, Stockholm, Sweden showed 
through simula$ on that direct CO2 systems in ice rink applica$ ons is 30% lower in energy consump$ on than an 
indirect ammonia/brine system and 46% lower than and indirect CO2/brine system.  CO2 systems also had the 
highest energy savings in regards to waste heat recovery poten$ al.  The study also concluded that the overall life 
cycle of a direct CO2 system is approximately 13% lower than an indirect ammonia/brine system.  Finally, it was 
noted that a direct CO2 system has the high poten$ al to be the next genera$ on refrigera$ on system in ice rink 
applica$ ons but the transcri$ cal working may restrict it to cooler climates.

In both cases, signifi cant modeling was performed with numerous  scenarios.   It is likely that, as the rapid 
development of CO2 in the supermarket industry con$ nues and further development of CO2 transcri$ cal (both 
subcri$ cal and supercri$ cal states of opera$ on) technology progress, greater system effi  ciencies will be realized 
in the near future.
 
System Charge:  The following table lists approximate system charges for the proposed ice systems with various 
refrigerants.  One main restric$ on when using CO2 direct systems is current industry codes restrict the amount 
of refrigerant in a system based on arena volume or space.  Depending on the size of the facility, a direct CO2 
system may not meet code requirements.

Table 1.  Typical System Charge for Single Ice Sheet

Refrigerant Charge (pounds)
Ammonia (indirect) 600-800
HFC (indirect)** 1,200-1,500
CO2 (indirect) 600-800
CO2 (direct) 5,000–7,000

** Omni Center systems

Composi! on:  While ammonia and CO2 are natural or “pure” refrigerants, the HFC refrigerants replacing R-22 
are “blended” refrigerants, meaning they are a mixture of several diff erent, individual refrigerants.  Since 
refrigerants have diff erent proper$ es, each one reacts diff erently to changes in its proper$ es, such as pressure 
and velocity.  When a leak occurs, varying amounts of each refrigerant may leak out, throwing the original 
mixture out of balance and poten$ ally forcing the replacement of the en$ re charge, rather than simply adding 
the amount that was lost.

Safety: HFC refrigerants have the least safety concerns of the refrigerants that are discussed in this report, 
although they can be diffi  cult to detect without a leak detec$ on system.  Ammonia on the other hand, is 
considered a high health hazard because it is corrosive to the skin, eyes and lungs.  Exposure of 300 parts per 
million (ppm) is immediately dangerous to life and health.  It can be explosive if released in an enclosed space 
with a source of igni$ on or if the vessel is exposed to fi re.  It is fortunate that ammonia has a low odor threshold 
(20 ppm) forcing people to seek relief at much lower concentra$ ons, and because if its effi  cient composi$ on, the 
system charge can be signifi cantly reduced.  Ammonia has mild fl ammability.  There are also safety devices and 
systems available to help detect, signal, and prevent dangerous situa$ ons.  

CO2 is a non-toxic, non-fl ammable and non-explosive gas. The one disadvantage of using CO2 in ice rink 
applica$ ons is the opera$ ng pressures are between pressures of 300 and 1800 psi compared to ammonia and 
HFC-based systems that operate at maximum pressures of 300-350 psi.   The following is table comparing CO2 
and ammonia safety limita$ ons.
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Table 2.  Refrigerant Safety Limita! ons

Parameter Ammonia CO2
TLV (Threshold Limit Value) 25 ppm 5,000 ppm
STEL (Short Term Exposure Limit) 35 ppm 30,000 ppm
Revised IDLH (Immediate Dangerous to Life and Health) 500 ppm 40,000 ppm
LFL (Lower Flammability Limits) 15% Non-fl ammable
GROUP (ASHRAE, 1992) B2 Toxic A1 Non-Toxic

Cost: The increasing environmental regula! ons are certainly impac! ng the price of R-22.  As the industry 
experienced in March of 2012 when the price suddenly jumped overnight from $7 per pound to $13 per 
pound. The cost is currently fl uctua! ng from highs around $18 to $22 per pound to low around $8 per pound. 
Replacement or “drop-in” refrigerants for R-22 are currently on the market and becoming more available.  
Ammonia and CO2 are currently $2.00 per pound.

Addi! onal Regula! ons:  Regula! ons on HFC refrigerants would be similar to the exis! ng R-22 system.  Ammonia 
is probably among the most regulated refrigerants.  For example:
• Facili! es containing 500 pounds of ammonia or more must be reported to the local emergency planning 

commi' ee.
• Facili! es containing over a threshold quan! ty (TQ) must submit a risk management plan to the U.S. 

Environmental Protec! on Agency. Typically TQ around 10,000 pounds.
• Losses of over 100 pounds must be reported to the Na! onal Response Center within 15 minutes. 
Since CO2 is very new to the ice rink industry in North America, it will likely be regulated similar to an ammonia-
based system.  This assump! on was used in this evalua! on and in determining cost es! mates.

Repor! ng a Release of R-22:  With the exis! ng aging R-22 direct refrigera! on system at the facility it is important 
to understand the repor! ng requirement if a release occurs. There are requirements for governments, local 
authori! es and facili! es to report hazardous and toxic chemicals.  For accidental releases of refrigerant a report 
must be fi led under the Emergency Planning and Community Right-To-Know Act (EPCRA).  For an ice system, 
the repor! ng trigger leak for CFC (e.g. R-12) or HCFC (e.g. R-22) type refrigerant is 35 percent annually.  The 
Environmental Protec! on Agency, under the Clean Air Act (Sec! on 608), also requires a report for the release of 
HCFC type refrigerants. 

There are government regula! ons for repairing leaks in a refrigera! on system.  If during the course of a 12-month 
period, an appliance is leaking refrigerants beyond the trigger rate, the owner must take ac! on to repair it. In 
general, the owner needs to make suitable repairs to the appliance within 30 days of fi nding out about the leak. 
Or, make plans to retrofi t or re! re the appliance within 30 days, and act on the plan within a year of the plan 
date. 

Other Considera! ons: It is recommended that prior to making a change in the type of refrigerant that is used, 
that the proposed changes be reviewed in detail with the University’s insurance carrier, risk management 
consultant, the fi re marshal, fi re department and other interested par! es.

2.  Selec! on of Secondary Refrigerants
There are two main secondary refrigerants that are used for ice arena applica! ons, calcium chloride (o+ en 
referred to as “brine”) and ethylene glycol.  In some cases, although fairly rare, propylene glycol is used.  A 
diluted ammonia solu! on is being used in Europe with increased frequency.   A comparison of the secondary 
refrigerants provided below.

Effi  ciency:  The effi  ciency of the secondary refrigerant is determined by a number of factors including thermal 
conduc! vity, specifi c heat, fl uid fl ow characteris! cs, surface area, etc.  Calcium chloride is a salt and water 
mixture.  The chemical proper! es of the calcium chloride solu! on allow it to be pumped easier and to transfer 
heat at a higher rate than glycol.  Therefore, the refrigera! on equipment can be reduced in size.  This leads to 
an overall system effi  ciency of 8% of 12% greater than ethylene glycol.  Propylene glycol is less effi  cient than 
ethylene. 

Environment:  Since calcium chloride is a mixture of salt and water it poses li' le harm to the environment if a 
leak or spill occurs.  Ethylene glycol on the other hand will remain in high concentra! ons in the soils for long 
periods of ! me.  Propylene glycol is less toxic than ethylene glycol.  It is a food-based glycol that is much more 
environmentally friendly than ethylene glycol.  

Corrosiveness:  The disadvantage of using calcium chloride is that it can become corrosive when exposed to 
air.  Systems using calcium chloride require more monitoring and maintenance.  Once mixed with ammonia 
refrigerant, the corrosiveness increases substan! ally and poten! ally turns into a hazardous chemical.  There are 
inhibitors that are mixed with the solu! on to aid in corrosion preven! on and many rinks in North America have 
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used this solu! on for 50+ years. Glycol on the other hand is not corrosive. 

Typically, the types of heat exchangers available for use with CO2 systems are limited because of the higher 
opera! ng pressures and usually require a glycol solu! on.

Cost:  At a mixture of 21% concentra! on, calcium chloride is approximately $1.00 per gallon compared to glycol, 
35% concentra! on at $9.00 per gallon.  A new indirect ice system for this facility will require approximately 4,000 
gallons of a secondary refrigerant. 

Monitoring:  A more extensive monitoring program will be required with calcium chloride than with glycol and 
generally requires sampling and tes! ng once or twice a year.

3.  Quality of Materials and Equipment
Balancing the ini! al cost of materials and equipment with energy savings can be diffi  cult during the budge! ng 
process of the project.    

For example, in the ice rink fl oor, there are several diff erent types of piping arrangements and designs to consider.  
The tradi! onal design of rink fl oor piping systems used clamped connec! ons using hose clamps to connect the 
poly rink piping to a steel header system.  Around 1995, the industry replaced the hose clamp connec! ons 
with heat fused connec! ons, similar to what the natural gas companies’ use for their pipelines.  Fusion weld 
technology has eliminated the need or use of corrosive materials in the rink fl oor and provided the opportunity 
for a virtually seamless piping system that can extend the life of the rink fl oor from 25 years to over 40 years.   
Another important choice is the selec! on between the use of steel pipe or polyethylene pipe.  Polyethylene pipe 
is signifi cantly less cost but does not transfer heat as effi  ciently.  For most community based rinks, polyethylene 
pipe is the most cost eff ec! ve pipe material.  For larger venues such as Mariucci Arena, steel pipe systems are 
preferred.

4.  System Design
A thorough design of the ice system is cri! cal in maximizing its effi  ciency. Examples of design elements that 
should be thoroughly evaluated during the design phase include:

• Reduce refrigerant charge.  Minimizing the amount of refrigerant used in the systems will  reduce the 
safety, environment and fi nancial risks.

• Lowering condensing temperatures.  Lowering the condensing temperature of the refrigera! on system 
increases its effi  ciency but decreases the amount of waste heat that is generated.  

• Compressor op! ons.  Depending on the refrigerant selec! on, there is typically more than one op! on 
for the type of compressor that could be used including semi-herme! c, open drive or reciproca! ng, 
screw, etc.  Con! nuous advances in technology are increasing the number of op! ons available for ice 
rink applica! ons.

• Floa! ng head pressure.  Allowing the head pressure of the system to vary based on ambient temperatures 
can provide a signifi cant energy savings over a fi xed se*  ng.  However, this results in less waste heat 
being available from the system and, in one recent study, has been shown to have an overall nega! ve 
eff ect on energy savings. Variable frequency drives.  The use of variable frequency drives on pumps 
and compressors can be benefi cial not only for energy savings but control of ice temperatures as well.

• Variable frequency drives.  The use of variable frequency drives on pumps and compressors can be 
benefi cial not only for energy savings but control of ice temperatures as well.

• Controls.  System control op! ons range from very basic to a complete integrated building or energy 
management system.  

Finding the balance between system and equipment op! ons is key to a successful and effi  cient design.

5.  Energy Source
As energy costs rise, alterna! ve sources of energy, such as geothermal, natural gas, or co-genera! on, may look 
more a/ rac! ve.   Electricity s! ll remains the most prac! cal energy source for these types of systems.   Stevens 
has designed several geothermal systems and can provide informa! on on these systems if desired.   However, 
geothermal technology is not likely a good fi t for this facility.

6.  Waste Heat Recovery
Refrigera! on systems generate a large amount of heat that is typically wasted into the atmosphere.  A 
refrigera! on system for a single ice sheet can typically generate enough waste heat to serve the subfl oor hea! ng 
system, snowmelt pit, the dehumidifi ca! on system, and poten! ally preheat domes! c water source or in-coming 
air.  Historically, ice rink facili! es have only captured and reused approximately 25% of the waste heat generated.  
It has now become normal design prac! ce in the ice rink industry to capture 90% or more of the waste heat 
and reuse this “free energy” throughout the facility.  While all ice rinks have a demand for heat during most, if 
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not all of the season; the heat recovery systems are especially benefi cial for arenas where the greatest heat is 
required for the longest period of " me (e.g. northern U.S. and Canada).  At least one recent major study shows 
that systems that recover waste heat and use it throughout the facility will operate much more effi  ciently than 
systems that do not.   

Table 2.  Es" mate of Total Waste Heat Available

Units - MBH Winter Spring/Fall Summer
1 sheet 410 550 700
2 sheets 800 1100 1500

Some uses for waste heat include:

Snow Melt Pit Opera" ons (basic heat recovery):  This is a very common use of the waste heat.  In this op" on, 
waste heat is captured from the refrigera" on process through the use of a heat exchanger which will reject the 
heat into a solu" on of glycol and water.  The glycol solu" on is then pumped to a coil located in the snow melt 
pit.  This process will eliminate or greatly reduce the use of other sources of heat such as natural gas or electric 
boiler systems.  

This system will also eliminate the need to melt snow with hot water from the domes" c water system which is 
o% en installed as a band-aid for an underperforming or broken system.  A boiler can be connected to the waste 
heat system to provide snow mel" ng when the ice plant is turned off .

Subfl oor Hea" ng System (basic heat recovery - frost preven" on system):  This is another very common use of 
waste heat.  In this op" on, waste heat is captured from the refrigera" on process through the use of a heat 
exchanger which will reject the heat into a solu" on of glycol and water.  The glycol solu" on is then pumped 
through a system of pipes located beneath the ice sheet and insula" on system.  The subfl oor hea" ng system 
prevents the ground from freezing below the ice rink fl oor.  Frost heave is a common problem with the direct 
Holmsten Ice Rink systems, especially for the earlier installa" ons were the piping systems used thin walled pipe 
and hose clamps and had a high failure rate.

Domes" c Hot Water Preheat (enhanced heat recovery):  In this op" on high temperature waste heat is captured 
from the refrigera" on process through the use of heat recovery water heaters.  The water heaters are specifi cally 
designed to capture heat from the refrigera" on systems.  The system has proven to greatly reduce the domes" c 
water hea" ng needs of the facility. 

Resurfacer Water Preheat (enhanced heat recovery):  Most ice arena facili" es have water heaters dedicated to 
providing the ice resurfacers with hot water for fl ooding and resurfacing the ice sheet.  A waste heat recovery 
system could be installed that is similar to the domes" c hot water preheat system described above.      

Building Heat (enhanced heat recovery): Waste heat can be used to off set the hea" ng needs of the building.  
Ice arenas require heat on nearly a constant basis.  In this op" on waste heat is captured from the refrigera" on 
process through the use of a heat exchanger which will reject the heat into a solu" on of glycol and water.  The 
glycol solu" on is then pumped over to a hea" ng coil located in an air handler unit.  The air handler can run 
whenever the refrigera" on system is opera" onal.  This process is a+ rac" ve because it presents a nearly constant 
use for the waste heat.     

This op" on is viable for most refrigerant systems and becomes even more viable for the CO2-based refrigera" on 
system.  The CO2-based refrigera" on system operates at very high pressures and the heat rejected from the 
system will be at correspondingly higher temperatures.  It is much less expensive to use the waste heat when it 
is at the higher temperatures provided by the CO2-based refrigera" on system.   However, waste heat from CO2 
systems can be limi" ng when ambient air temperatures are higher.  
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Exterior Snow Mel! ng System:  Waste heat can also be used for exterior snow mel! ng use.  Piping can be 
installed in sidewalks or ramps and waste heat from the ice plant can be used to keep the surfaces clean of snow 

and dry.  This can be a 
good use of the waste 
heat but its use is limited 
to a small percentage of 
the total hours available in 
a year.  

During the design phase, 
the facility’s layout 
and poten! al use for 
waste heat from the 
refrigera! on system 
should be evaluated in 

depth to determine the benefi t of each system.

7. Sustainability
Sustainability goes hand-in-hand with all the items in this list of considera! ons.  Energy savings, through smart 
design prac! ces, translates directly into the reduc! on of green house gas emissions such as carbon dioxide.   
There is a signifi cant opportunity for the University to lower the carbon footprint of Mariucci and Ridder 
Arenas by reducing or elimina! ng the use of HCFC refrigerants and increasing the use of waste heat from the 
refrigera! on system.  

ICE SYSTEM REPLACEMENT OPTIONS ! RECOMMENDATIONS
The following improvement op! ons were evaluated in this study with the following recommenda! ons:

Op" on 1:  Do Nothing – Maintain Exis� ng Systems.  The University may elect to keep opera! ng the exis! ng R-22 
direct refrigera! on system.  Some of the poten! al downsides, or risks, involved in con! nuing to operate the 
exis! ng system for too much longer are as follows:

• On-going Maintenance and Equipment Costs:  The equipment and parts on the refrigera! on system will 
con! nue to require replacement  in the near term.  It’s similar to driving a vehicle with high miles; the 
longer it runs, the more costly it becomes to repair and the lower the return on investment.  Parts for 
the exis! ng York compressors are no longer manufactured and becoming extremely diffi  cult to fi nd and 
costly to purchase.  Some valve manufacturers (like Sporlan) no longer manufacture some of the valves 
used on the system. Major improvements to the exis! ng refrigera! on system will soon be required to 
extend its safe and useful life.

• Safety:  The direct ice system circulates R-22 refrigerant in the ice rink fl oor, which is located in the 
occupied space of the facility, poten! ally exposing hundreds to thousands of spectators, skaters and 
workers to leaking refrigerant as the fl oor system ages.

• Dependability:  The risk of problems occurring with the refrigera! on system, and therefore, the risk of 
losing the ice sheet, increases as the system ages.  

• Cost and future availability of refrigerant:  As the system ages, the risk of a major release of refrigerant 
increases.  A single direct system like Mariucci contains approximately 8,000 pounds of R-22 refrigerant 
with a replacement costs (refrigerant only) ranging from $144,000 to $176,000.  As the phase-out date 
for R-22 approaches, the cost will con! nue to increase.  Since 2005, the cost of R-22 refrigerant has 
risen 850%.  Depending on the availability of R-22 when this occurs, the University may be forced to 
install a new blended refrigerant which will require addi! onal modifi ca! ons to the system.  The total 
es! mated R-22 charge for both arenas is 14,000 to 16,000 pounds.  

• Environmental:  The exis! ng system uses a large volume of R-22 refrigerant with a high ozone deple! ng 
poten! al (ODP) and global warming poten! al (GWP) ra! ng.   R-22 refrigerant is scheduled to be phased 
out of produc! on in the near future.   

Because of these concerns, we do not recommend replacing the exis! ng direct refrigera! on system with a new 
direct R-22 refrigera! on system or rink fl oor in any of the facili! es.

Pictures from le!  to right:  snow melt pit, subfl ooring hea� ng, prehea� ng water
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Op� on 2:  Make Improvements to the Exis� ng Systems.  Holmsten Ice Rinks provided good quality vessels (e.g. 
high pressure receiver, pumper drums, etc.) with their systems.  This opens up the op! on of renova! ng the 
exis! ng refrigera! on system to extend its useful, dependable, and safe life.   This op! on has successfully been 
performed at several facili! es such as Gustavus Adolphus College, University of Minnesota-Duluth, Verizon 
Wireless Center-Mankato and others.  

If the exis! ng refrigera! on system(s) is going to remain in place, whether in its current opera! on as a direct 
system, or converted into an indirect ice system, we recommend the following improvements be performed on 
the exis! ng refrigera! on system.

a. Replace relief valves on all vessels:  Relief valves are required on all high pressure vessels and should be 
replaced every fi ve years.  These are important safety devices and should be maintained on a regular 
basis.  This work will include installing pressure reliefs on the pumper drums which were not typically 
installed.

b. Replace and install monitoring devices on the refrigera! on system:  Quality monitoring devices such as 
pressure, temperature and pressure gauges are extremely important in monitoring and troubleshoo! ng 
the system.  These devices will allow the facility’s staff  to more accurately assess and adjust the 
performance of various systems and to pinpoint problem areas.     

c. Inves! gate the integrity of the exis! ng steel vessels and piping systems:  Corrosion along the bo% om of 
the low pressure receiver is common in these systems and is visible by staining on the jacket or covering 
of the insula! on systems.   The extent of any corrosion cannot be determined without removing the 
insula! on.  The recommended repair includes: removing several sec! ons of the exis! ng insula! on on 
the system; conduc! ng a visual inspec! on of the vessels and piping; and conduc! ng a non-destruc! ve 
ultra sound tests of the steel.  If high levels of corrosion are found, the en! re insula! on system should 
be removed; the surface of the vessels and piping should be sanded, primed, painted; and then the 
en! re system should be re-insulated. 
If the steel vessels and piping systems are found to be in good shape, this system could last another 
15 or more years with the other recommended improvements completed and with con! nued proper 
maintenance.  If extensive corrosion is found, the vessels should be repaired and recer! fi ed and/
or replace and piping should be replaced before reinsula! ng. Poor insula! on can aid in pre-mature 
corrosion and loss of effi  ciency.

d. Reinsulate vessels and piping.  New insula! ng systems will improve the effi  ciency and integrity of the 
system and extend its life expectancy.  

e. Pain! ng.  Prime and paint all exposed steel equipment, piping and supports.
f. Isolate the compressors:  It is common to fi nd vibra! on problems in skid-mounted packages such as 

this one.  Although there are no reported vibra! on issues with this system, it is recommended that the 
frames beneath the two compressors be separated from the skid package.

g. Replace dump solenoids on each pumper:  The coils in the exis! ng solenoid valves (typically Sporlan) 
have a tendency to dry out.  Solenoid valves manufactured by Hanson or Parker seem to work be% er 
for this applica! on and reportedly have fewer problems.  Replace one valve on each pumper drum.

h. Replace vent solenoids on each pumper with same materials:  Inspect and replace the exis! ng valve 
(typically a Sporlan MA50) with same model.  This valve cannot be replaced with a higher quality valve 
as manufactured by Hanson due to the inadequate space.  

i. Replace exis! ng compressor controls:  A control system for the compressor can vary greatly in cost 
depending on the programming and level of control and monitoring desired.  The cost provided in the 
table below is for a fairly basic control system with remote access and monitoring capabili! es.

j. Replace compressors:  Parts for the exis! ng York compressor can be diffi  cult to fi nd since they are no 
longer in produc! on.  These compressors can be rebuilt and reused for well over 30 years.  However, 
if the compressors need replacement, they should be replaced by compressors that can be used in a 
future refrigera! on system.

Op� on 3: Convert exis� ng direct system to an indirect, industrial grade, R-22 or other hydrofl uorocarbons (HFCs) 
based system using the exis� ng refrigera� on equipment.  Only recently has this op! on proven feasible for 
conver! ng Holmsten refrigera! on packages from direct to indirect systems while using the exis! ng refrigera! on 
equipment.  

The op! on includes conver! ng the exis! ng refrigera! on system to an indirect system by installing a new heat 
exchanger and rink pumps.  This op! on includes reusing the exis! ng low pressure receiver, pumper drums and 
piping, and main motor control center.  The exis! ng system would be updated as recommended in Op! on 1.   

This op! on will substan! ally reduce the charge of R-22 in the system to approximately 1,200 pounds.  A reduc! on 
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from 8,000 pounds of R-22 down to 1,200 pounds of R-22 will no! ceably reduce the facility’s carbon footprint.  
The University could store the extra R-22 refrigerant for future use at Mariucci and Ridder Arenas.

Under this op! on the ice rink fl oor would require replacement.  The University would like lower the eleva! on 
of the rink fl oor and reduce the width of the fl oor.  See the architectural sec! on of this report for discussion on 
lowering the ice sheet and associated changes to site lines, etc.   The current ice rink fl oor (ice sheet) is 100 feet 
wide x 200 feet long (Olympic size) with a 20 foot radius.  The typical radius of an Olympic size ice rink fl oor is 28 
feet. The University requested the rink be reduced to 90 feet x 200 feet x 24 foot radius.  The 2012-2014 NCAA 
rulebook recommends 85 feet x 200 feet x 20 foot radius. However, we have found that the newer Collegiate 
Division 1 Men’s hockey facili! es are increasingly selec! ng a rink width of 90 feet over the tradi! onal NHL 
standard width of 85 feet.   The following tables outline standard NHL, NCAA and USA Hockey rink dimensions 
and some comparable college facili! es.

Table 3.  Standard Ice Rink Dimensions

Level
Rink Dimensions (� )

Length Width Radius

NHL 200 85 28
NCAA (2012-2014) 200 85 20
USA Hockey (2007) 200 85 28

Table 4. Examples of Ice Rink Floor Sizes for Collegiate Division 1 Facili! es  

Facility Rink Dimensions (� )
Length Width Radius

Mariucci Arena, University of Minnesota – 1994 200 100 20
Mariucci Arena, University of Minnesota – 2015 future 200 92.5 24
Ridder Arena, University of Minnesota – 2007 200 85 22
Ralph Engelstad Arena, Univ. of N. Dakota – 2000 Main 200 85 28
Ralph Engelstad Arena, Univ. of N. Dakota – 2000 Prac! ce 200 100 28
Amsoil Arena, University of Duluth – 2010 200 85 28
Sanford Center, Bemidji State – 2010 200 85 20
Kohl Center, University of Wisconsin -  original 200 93
LaBahn Arena, University of Wisconsin – 2012 200 90 28
Compton Family Ice Arena, Notre Dame-2012 Rink 1 200 90 22
Compton Family Ice Arena, Notre Dame-2012 Rink 2 200 100 28
John Macinnes Student Arena, Mich Tech, 1975 & 2012 200 85 22
Pengula Ice Arena, Penn State, 2013 Rink 1 – prelim only 200 85 28
Pengula Ice Arena, Penn State, 2013 Rink 2 – prelim only 200 85 28
Verizon Wireless Center, Minnesota State, 1994 200 100 28
Verizon Wireless Center, Minnesota State, 2013 200 88.3 24
Yost Arena, University of Michigan, 1975 & 2012 200 85 28
Sullivan Arena, University of Anchorage-AK, 1981 200 98 24

Op! on 4:  New indirect, industrial grade, HFC system. This op! on includes replacing the en! re refrigera! on 
system and concrete ice rink fl oor with an industrial grade fl ooded chiller, new blended HFC refrigerant, 
reciproca! ng compressors, pumps, and concrete rink fl oor (as described in Op! on 3).  

Op! on 5: New indirect, industrial grade, ammonia based system. This op! on is the same as Op! on 5 but replaces 
the use of a new blended HFC type refrigerant with ammonia refrigerant.  This op! on typically requires more 
extensive modifi ca! ons to the refrigera! on room to meet safety and code requirements such as ves! bules 
constructed at exis! ng doors as discussed later in this sec! on.

Op! ons 6 and 7:  New indirect or direct, carbon dioxide (CO2) based system. Con! nuing the discussion from 
the refrigerant discussion earlier in the report, the use of CO2 refrigerant will likely be the next substan! al 
“innova! on” in the ice rink industry.  Currently European countries are using CO2 as a secondary refrigerant 
in twenty four ice rink applica! ons.  A% er this fall more than 15 rinks in Canada will be opera! ng with CO2 ice 
systems with several direct systems.  CO2 applica! ons in the U.S are rapidly increasing mainly in the supermarket 
industry.  However the selec! on of equipment is limited and the regulatory codes are s! ll under development.

The use of carbon dioxide as the primary refrigerant changes the type of refrigera! on equipment presented 
previous op! ons. CO2 systems will be provided on equipment or skid packages as shown in the photographs 
in this sec! on.  Further design is required to determine whether a CO2 based system will fi t in the exis! ng 
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refrigera! on room.  The north wall will need to be removed to provide access.      

Because this is a new technology and applica! on, there is fairly limited informa! on on the systems.  The cost 
es! mates should be updated as the desired project date approaches.

The most effi  cient CO2 system is the direct system where CO2 is circulated throughout the rink fl oor.  This type 
of system has been successfully installed, in the past year, in a facility in Montreal, Canada.  The rink fl oor is 
constructed with stainless steel tubing with mechanical connec! ons at 4 inches on center.  The main concern 
and rela! vely unknown is the cost and durability of the rink fl oor materials.  The alternate to stainless steel pipe 
is poly coated copper piping as is used in many of Europe’s CO2 based ice rinks.

In addi! on to its effi  ciency, the waste heat that is generated from these systems ranges from 140-170 F as 
compared to an HFC or ammonia system where the majority of the useable waste heat is at temperatures of 
80-85 F.  The higher temperature waste heat allows the heat recovery systems to be size up to 20% smaller than 
standard systems.  

It is recommended that a CO2 refrigerant based ice systems be further evaluated during the design phase of 
the project because technology is changing fairly quickly.  If the University is interested in pursuing the use 
of CO2 refrigerant, we encourage a site visit to at least one facility that is currently using this type of system 
along with in-depth discussion with the facility’s management and opera! on personnel and manufacturer’s 
representa! ves.  Possible loca! ons include:
• Quebec and Montreal Canada – CO2 based ice systems
• Sweden – direct Ammonia/CO2 ice systems and CO2 equipment manufacturers.
• Eagle River, Alaska – schedule to start up in the fall of 2014.

Op� on 8:     Combined, indirect, industrial grade HFC system to serve 2 ice rinks.  See general discussion of 
common systems in Op! on 9 below.

Op� on 9:  Combined, indirect, industrial ammonia system to serve 2 ice rinks. This op! on includes replacing 
the exis! ng two individual refrigera! on systems in Mariucci and Ridder Arenas with a new common system.  
A common refrigera! on system that includes both ice sheets off ers advantages such as lower life cycle costs, 
higher effi  ciency, and lower opera! on and maintenance costs compared to two separate single ice systems.  
Stevens completed a detailed energy study for the renova! on of a two-sheet ice arena in 2010.  The results of 
the study showed the following:
• A new combined indirect ammonia/brine system replacing the two exis! ng individual systems (R-22 direct 

and R-22 indirect systems) results in  12% decrease in electrical energy use.
• New combined ammonia system in-place-of two new individual indirect R-22 indirect industrial grade 

systems results in 27% decrease in electrical energy use.
• New combined indirect ammonia/brine system in-place-of two new individual indirect R-507 commercial 

grade systems results in 58% decrease in electrical energy use.
While the major advantage of a combined or common refrigera! on system serving mul! ple ice sheets is an 
increase in effi  ciencies; a disadvantage is that a major problem with the refrigera! on system could cause both 
ice sheets to be out of service.  However, this can be addressed by designing back-up systems where deemed 
cost eff ec! ve.    

A common ice system could be installed in phases.  This is a real advantage for the University.  The new 
refrigera! on system for Mariucci could be replaced with a system that is designed to serve both arenas in Phase 
1. The extra equipment for Ridder would not be installed un! l that exis! ng 14-year old system is ready to be 
replaced. In the mean! me, the R-22 refrigerant salvaged from Mariucci’s system can be used to keep Ridder’s 
system up and running, minimizing R-22 refrigerant replacement costs.   Phase 2 would include installing the 
fi nal compressors, pumps, piping and controls to serve Ridder Arena, replacing the exis! ng ice rink fl oor with a 
concrete rink fl oor, and other improvements.  

The exis! ng ice rink fl oor in Mariucci Arena would be replaced with a concrete rink fl oor as described in Op! on 
3.  Building and HVAC improvements would be performed as discussed in elsewhere in the report.

Op� ons 10 and 11:  Combined, indirect or direct, carbon dioxide (CO2) system to serve both Mariucci and Ridder 
Arenas as described in the previous op! ons.  

Summary of Ice System Replacement Recommenda� on:  It is recommended that the exis! ng refrigera! on 
serving Mariucci Arena be replaced with an ammonia based industrial grade refrigera! on system as described 



Pre-design for Mariucci Arena - Rink, Weight Room & Team Area Remodels
University of Minnesota, Minneapolis, Minnesota. Project #: 01-176-14-1963

10.71

Picture Window ( from le+  to right) 

Op! ons 4&6 – Industrial grade “skid package” refrigera! on system.

Op! ons 6&7 – CO2-based refrigera! on package system.

Op! ons 8&9 – Industrial grade, “combined” refrigera! on system designed for mul! ple ice sheets

in Op! on 5 for the following reasons:
• Best available proven technology for this applica! on;
• Proven performance and dependability;
• Maximum opera! onal effi  ciency;
• Longevity of equipment and refrigerant.  Other refrigerants may be faced with future restric! ons;
• Low cost refrigerant;
• Availability of equipment and parts; and
• Availability of skilled ammonia contractors

It is also recommended that the concrete ice rink fl oor be replaced with an indirect type system that uses steel 
rink piping in place of commonly used polyethylene piping.  Steel piping will provide higher performance and 
faster reac! on ! me for game events.

It is not recommended that a combined refrigera! on system (Op! ons 8-11), serving both Mariucci and Ridder 
Arenas, not be installed.   The exis! ng Mariucci refrigera! on room is on the smaller side (850 square feet) of what 
is required to support a common refrigera! on system, even taking into account that part of the refrigera! on 
system (i.e. the condenser tank, water pump, etc.) could be located in the emergency generator room as it is 
now.  Ridder Arena’s refrigera! on room is much larger at 1,000 SF and would likely be adequate for a common 
system, however, given the 14 years old system has 16 plus years of useful life, the ! ming doesn’t work out.  At 
this ! me, unless there is space adjacent to Mariucci’s refrigera! on room to expand the current footprint of the 
room, we recommend maintaining two separate refrigera! on systems.
Safety should be considered the highest priority as discussed under the Design Considera! ons sec! on of Sec! on 
4.0.  Addi! onal safety devices and systems are required by code regula! ons for an ammonia based system.  In 
addi! on, we recommend the University conduct a wind or air dispersion study to model a poten! al ammonia 
release, through the refrigera! on room ven! la! on system, to determine how the ammonia would be dispersed 
in this area of campus.   

The University may also want to consider adding a scrubber system to the refrigera! on room ven! la! on system 
to lessen the concern over a release.  The most common type of scrubber for this applica! on is a wet scrubber 
where a water stream absorbs the ammonia from the air stream.  The ammonia is highly soluble in water.  The 
ammonia contaminated solu! on is either returned to a water tank or to the sanitary sewer.  The waste water 
will contain a solu! on of ammonia sulfate that, in most cases, can be introduced into the public sewer system, 
if approved by the local sewer u! lity.  In some cases may need treatment before disposal.  Possible loca! ons 
for the scrubber where not iden! fi ed in this study and will require a rated space if located inside the facility.  
Loca! ng the unit outdoors will require freeze protec! on of the unit and other complica! ons.  The exhaust will 
need to be located 25 feet from any building opening.  A scrubber system is not currently required by any codes 
or regula! ons.  The cost of this system has been included in the study as an op! on

BUILDING SYSTEMS  ! RECOMMENDATIONS

The following are recommended improvements to the exis! ng refrigera! on room.  With an area of 850 square 
feet, the exis! ng refrigera! on room is large enough to house a new indirect refrigera! on system to serve Mariucci 
Arena.   A preliminary code review has determined that an exterior egress is not required if ammonia refrigerant 
is selected as long as both exis! ng doors are enclosed with ves! bules.  This will decrease the exis! ng room by 
approximately 80 square feet leaving a room of 770 square feet for the new refrigera! on system.  However, it 
was noted that the exis! ng condenser tank, pump and chemicals is located in the generator room lessen the 
space requirements for the new system.  

The exis! ng room is of marginal sized for a combined refrigera! on system especially if ammonia is selected and 
may also be ! ght for a CO2 packaged system.  
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HVAC, plumbing and electrical system modifi ca" ons to the exis" ng refrigera" on room are discussed elsewhere 
in this report.

OTHER RECOMMENDATIONS
Dasher Board System Improvements.  Budget for replacing the so$  caprail on the dasher board system.  Expected 
life of this material is 5 years.  Evaluate the feasibility and benefi t of changing from tempered glass shielding 
to acrylic.  Acrylic shielding is now common in NHL facili" es and becoming more common in college facili" es.  
Acrylic shielding will increase safety but also increases maintenance costs.

Waste heat recovery systems.  Heat recovery systems should be incorporated in the design of the new system.  
In addi" on to the standard heat recovery system for the snow melt pit; the waste heat should be used for other 
purposes such as prehea" ng resurfacer or domes" c water.

Groundwater.  Con" nue to monitor the groundwater levels.  
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