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This feasibility study explored the op  ons for improvements and poten  al expansion of the ice arena 
facili  es on the Missoula County Fairgrounds. The building program, concept drawings and associated 
cost es  mates were derived from a collabora  ve process involving Missoula residents, fairground and 
arena staff , city staff , community group stakeholders and engineering and architectural consultants.

Process
The study process was organized around an intensive, two-
day design workshop. The intent was to gather stakehold-
er feedback as effi  ciently as possible, and create design 
op  ons that refl ected community feedback and input. 
A  er assessing the exis  ng site and building, the 292 team 
created ini  al concept op  ons. The op  ons were discussed 
at an open community mee  ng, a  er which the 292 team 
revised the op  ons to refl ect the feedback. The revised 
op  ons were presented at another community mee  ng 
and a  endees indicated their preferences for the poten  al 
future building and it’s loca  on on the fairgrounds site. The 
fi nal concept op  ons were developed based on the prefer-
ences and issues highlighted at the design workshop.

Site and Exis  ng Building Assessment
The 292 team toured the exis  ng site and building. Assess-
ment fi ndings and recommenda  ons for upgrades or re-
placement are included in a following sec  on of the report. 
Some of the recommenda  ons pertain to life safety (LS) 
system improvements that require immediate a  en  on. 
Those include:

• Refrigera  on LS #1: Verifi ca  on.  Verify all life safety 
systems are opera  ng properly and automa  cally if 
required.  Incorporate rou  ne opera  onal checks of 
the system into standard opera  ng procedures for the 
facility.  

• Refrigera  on LS #2: Leak detec  on system.  Install strobe 
and audible alarm devices on the exterior of each refrig-
era  on room door. Connect the leak detec  on system to 
the fi re alarm system if one exists for the building.  

• Refrigera  on LS #3: Emergency power shunt trip.  Install 
one addi  onal device on exterior of building in a lock box.  
Coordinate the key loca  on with the fi re department, 
fi rst responders, etc.  

• Refrigera  on LS #4: Pressure relief valves.  Replace all 
pressure relief valves over 5 years of age. 

• Refrigera  on LS #5:Absorp  on tank.  Verify the correct 
amount of water is maintained in the tank to dilute 700 
pounds of ammonia.  Code ANSI/IIAR 2-2014 Sec  on 
15.5.3 states: where pressure relief devices discharge to 
a water tank, the tank shall be sized to contain 1 gallon 

of water for each pound of ammonia that would be 
released in 1 hour from the largest relief device connect-
ed to the discharge pipe. The water shall be prevented 
from freezing. The discharge pipe from the pressure relief 
device shall distribute ammonia in the bo  om of the tank 
but no lower than 33   below max liquid level. The tank 
shall be large enough to contain the volume of water and 
ammonia without overfl owing. The eff ect of backpres-
sure due to the sta  c head of water in the tank shall be 
considered in the relief vent piping design. 

• Refrigera  on LS #6: Emergency ven  la  on system. Install 
an emergency ac  va  on switch at each door for the 
refrigera  on room.  The switch for the exterior door can 
be located in the same lock box as the emergency power 
shunt trip for the refrigera  on room. 

• Refrigera  on LS #7: Eyewash/shower sta  on.  Install 
one eyewash/shower sta  on inside the refrigera  on 
room and one directly outside the refrigera  on room as 
required by code.

• Refrigera  on LS #8: Ammonia dump system.  Verify the 
system is in good working order.  Install signage on out-
side of building. 

• Refrigera  on LS #9: Label and code all ammonia piping 
and control valves.  All piping shall be color codes and 
piping and valves clearly labeled.

• Refrigera  on LS #10: Display drawing of ammonia system 
and control valve loca  on.  A schema  c fl ow diagram of 
the refrigera  on system should be clearly displayed.
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Final Concept
The resul  ng concept includes a three-sheet ice arena 
with spectator sea  ng, a curling ice sheet, team rooms, a 
restaurant, mul  -purpose rooms, training and team spaces 
for the Bruins, and other suppor  ng spaces. The outdoor, 
covered ice rink can be used throughout the year, especial-
ly during the fair, for various ac  vi  es. 

The massing and form of the spaces  aligning the central 
lobby refl ect the energe  c ac  vity that happens inside 
the ice and curling arenas. On the exterior, a durable and 

effi  cient precast concrete building systems was selected to 
enclose the large ice arena spaces; glass and wood were 
used at the smaller-scale spaces where people enter the 
building and where the building relates to exterior gath-
ering spaces. The uneven, peaked massing of the small-
er-scale spaces is intended to refl ect the energe  c ac  vity 
within the building, and the distant mountains beyond. 

Cost Es  mate
[summary to be included here]
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The ice arena feasibility study was prepared over the fall and winter of 2017/2018 and was centered around a workshop 
process. The workshop was held on site in Missoula; addi  onal mee  ngs were held via conference call. The workshop set 
the design direc  on and fi nal concept development. 

Design Workshop
On November 25-26, 2017, the 292 Design Group team 
conducted a two-day design charre  e ( or design workshop) 
at the Missoula County Fairgrounds.  The workshop began 
with a tour of the fairgrounds (led by Emily Bentley, Director 
of the Missoula County Fairgrounds) and a site evalua  on 
of the exis  ng Glacier Arena. (See the evalua  on in the FA-
CILITIES ASSESSMENT & RECOMMENDATIONS sec  on that 
follows).  A  er the tour, 292 conducted a  kickoff  mee  ng  in 
the Educa  on Building with fairgrounds’ staff , the director of 
the Glacier Rink and users of the ice arena.   The discussion 
at that mee  ng addressed the challenges with the exis  ng 
center including  the building’s poor physical condi  on, the  
shortage of available ice  me for the various users of the 
facility, inadequacies of the basic support func  ons (locker 
rooms, restrooms, maintenance space), poor spectator 
facili  es, and diffi  cul  es transi  oning to curling. Staff  and 
users discussed their goals for the facility and which needs 
were the most urgent to address. The shortage of available 
ice  me was one of the greatest needs. 

Building Site
Upon examining the exis  ng building and the surrounding 
site area, 292 ques  oned the site area available for the 
proposed new and expanded rink at the northwest corner of 
the fairgrounds.  Further evalua  on led to the recommenda-
 on that an area at the southwest corner of the fairgrounds 

was a more appropriate site for the new Glacier Rink, and 
more in keeping with the goals of the new fairgrounds mas-
ter plan.  Issues suppor  ng the site at the southwest corner 
of the fairgrounds include:

1. The larger site area can accommodate the approxi-
mately 180,000 square-foot structure.

2. There is less interference to the historic parade ground 
located on the north.

3. The northwest entry is a signifi cant entry point to the 
fairgrounds and the historical grounds. A southwest site 
allows this entry to remain.

4. The large mass of the proposed structure would be 
farther from the small scale historical buildings and not 
detract from their presence.

5. The building could provide indoor or covered spaces for 
the horse and livestock ac  vi  es in the southern part of 
the grounds.

6. The southern loca  on could create a new lively entry 
point to the fair and ac  vity on Russell Street.

 

Facility  Program
The 292 team prepared a summary of the needs of the 
facility and developed a proposed building program.  The 
program (see the BUILDING PROGRAM sec  on that follows) 
responds to the conclusion of the marke  ng/opera  ons 
study (prepared by Ballard*King) on the future usage of the 
building, the needs as presented by the users and staff  of 
the facility, and the recommended design standards for the 
facility.

Design Studies
With the informa  on from the site visit, the kickoff  mee  ng 
and the dra   program, the 292 team prepared a series of  
ini  al planning studies that illustrated poten  al si  ng of the 
building, the facili  es interior layout and confi gura  on; and  
the project’s poten  al phasing. These ini  al studies were 
presented on the morning of the second day on site to a 
variety of stakeholders.  The discussion and feedback led to 
a second round of design inves  ga  ons.  

Community Mee  ng
A  er further development of the ini  al ideas, concept plans 
were presented at a community-wide mee  ng on the eve-
ning of the second day on site.   A diverse group of approx-
imately 80 interested users, stakeholders and concerned 
public a  ended the mee  ng.  292 presented three op  ons 
to the assembled group; a vigorous discussion followed. At 
the conclusion of the discussion, the a  endees were asked 
to vote on their preferred concept plan and the components 
of the design that they felt best responded to their idea of 
the facility. ( The red dots on the diagrams in the CONCEPTS 
sec  on represent the mee  ng a  endee preferences.)  

Plan Development
Based on the community feedback and addi  onal discus-
sions with fairground and city staff , the 292 team prepared 
a fi nal concept plan. The plan was developed to address the 
community feedback, issues of effi  cient opera  ons, user 
safety and convenience, the best way to serve the diverse 
users groups,  promo  ng the economic success of the build-
ing, and responding to results of the Ballard*King study.  

The fi nal concept plan demonstrates a comprehensive 
response to the needs of the Missoula ice community and 
prepares a road map for the future.   
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Glacier Ice Rink (GIR), located on the Missoula County Fairgrounds in Missoula, Montana, has a long-standing tradi  on of 
providing ice-related ac  vi  es in the state.  GIR is owned by the County and is operated by the Missoula Area Youth Hockey 
Associa  on (MAYHA), a nonprofi t organiza  on. All equipment and interior improvements have been funded and installed 
by MAYHA 

The rink is open 10 months a year and accommodates youth and adult hockey leagues, hockey tournaments and public 
ska  ng sessions. The indoor rink is open from the end of August through the end of June; the outdoor rink operates from 
the end of October un  l the end of March. Glacier Ice Rink is also home to the Missoula Figure Ska  ng Club, the Missoula 
Curling Club, University of Montana Men’s and Women’s Hockey Clubs, the Missoula Referees Associa  on, and the Wom-
en's Hockey Associa  on of Missoula (WHAM). GIR is home to the Missoula Jr. Bruins as an extension of the Bruins youth 
hockey organiza  on.  

The GIR began with construc  on of the facility in 1996. The facility consists of one indoor ice rink and one covered outdoor 
ice rink. The indoor rink includes locker rooms, concessions, warming room, skate sharpening room, offi  ces, and sea  ng for 
600 spectators. 

Purpose
The exis  ng facility—in opera  on for 22 years— is show-
ing signs of deteriora  on. Missoula County and the Youth 
Hockey Associa  on are interested in determining the 
condi  on of the facility and in determining capital improve-
ment projects. The goal of this study is to provide a scope 
of work for future projects along with budget and project 
scheduling to assist the County and Youth Hockey Associ-
a  on in making informed decisions. As part of the facility 
assessment, master planning of the fairgrounds will be 
studied to determine how the ice rink fi ts into the future 
vision of the fairgrounds.  292 Design Group and a special-
ized team of sub-consultants were retained by Missoula 
County to prepare a facility assessment and preliminary 
scope of work for future improvements.

The primary objec  ves of the facility evalua  on study are 
as follows:

• Evaluate building systems, including condi  on of exterior 
walls, roof, and interior construc  on. Evalua  on will be a 
visual evalua  on along with recommended replacement 
op  ons. 

• Evaluate exis  ng refrigera  on and HVAC systems.
• Provide cost es  mates along with an  cipated construc-

 on schedules of recommended improvements to assist 
the County in making informed decisions.  

• Provide professional opinion of overall condi  on of 
exis  ng facility and expected life span of structure if le   in 
current condi  on. 

Photos: glaciericerink.com
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The primary objec  ves of the fairgrounds master plan study are as follows:
• Study the possibility of adding a third ice rink to the exis  ng facility.
• Study the possibility of building a new ice arena facility in a diff erent loca  on on the fairgrounds site.
• The study of these two op  ons were conducted during an on-site design workshop located at the fairgrounds on Tuesday 

October 24, 2017 and Wednesday October 25, 2017. 

It is recommended that the fi ndings presented in this report be used to improve the opera  ons and maintenance of the 
exis  ng facility along with assis  ng in the planning and budge  ng of a new facility.  

Inves  ga  on Methods and Documents
Various methods were used to evaluate the exis  ng facility:

• Visual Observa  ons:  A site visit was conducted on October 24, 2017 to observe the facility and its mechanical, electrical, ice 
and building systems.

• Interviews:  During the on-site visit, discussions were conducted with facility staff  to document exis  ng issues and discuss 
historical problems with facility systems.  

• Research:  Where applicable, addi  onal research was conducted to provide accurate and detailed informa  on regarding 
improvements or systems recommenda  ons.

• Documents:  Bleacher drawings were received and reviewed for the evalua  on.

Es  mated Project Costs
The proposed cost es  mates presented within this report were developed by es  ma  ng the probable construc  on costs 
based on similar types of construc  on projects and work performed and bid in 2016-2018, unless otherwise noted. The 
new facility cost es  mate was prepared by Jackson Contractor Group, Inc. The es  mated costs include all materials and 
labor for a complete installa  on, unless otherwise noted.  Costs will vary depending on the  me of year the projects are bid, 
the current economic climate, and the size of the project.

In addi  on to the probable construc  on costs of the proposed work, other associated project costs are included to provide 
a total es  mate cost for the project.  The Es  mate, Design and Con  ngency line items are included during the preliminary 
phase of design because the exact scope of the project has not yet been determined. 

Applicable Codes and Standards
The following Codes are currently enforced by the City of Missoula

• Interna  onal Building Code, 2012
• Interna  onal Mechanical Code, 2012
• Interna  onal Energy Conserva  on Code, 2012
• Interna  onal Fuel Gas Code, 2012
• Na  onal Electric Code, 2014
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SITE
General
Glacier Ice Rink is located at 1101 South Avenue West in Missoula, Montana.  

Observa  ons
The 292 team walked the site to understand the exis  ng site condi  ons and overall fairgrounds layout.  The ice arena sits 
in the northwest corner of the fairgrounds at the intersec  on of South Avenue West and South Russel Street, a busy and 
heavily-traveled intersec  on that is bisected by third street, Brooks Street. 

There are two main access points into the fairgrounds, Fair Way and Stephens Avenue. A racetrack comprises half of the 
area in the southern por  on of the fairgrounds. The site is a highly visible within the City, and has a very nice center that 
consists of historic fairground buildings. The exis  ng ice arena’s posi  on at the northwest corner of the site obscures views 
into the beau  ful grounds, but the outdoor arena has fantas  c views to the surrounding mountains. Overall, the site off ers 
plenty of opportuni  es: the topography is rela  vely fl at, the site has access to u  li  es, and the synergy of being located on 
the County Fairgrounds makes it part of a vibrant central core. 

Overall, the ice arena site is well maintained and u  lizes the available area very well by sharing the parking infrastructure. 
(The arena shares a parking lot with fairground buildings located to the east of the ice rink.) No immediate improvements to 
the site are an  cipated for the current ice arena. 

South Ave. W

S
ou

th
 R

us
se

ll 
S

t.

Bro
ok

s S
t.

Racetrack

Historic
Buildings



FACILITIES ASSESSMENT & RECOMMENDATIONS
Architecture

 Missoula County Fairgrounds Ice Facilities  |  292  |  7

In the current fairgrounds master plan, the ice arena will be relocated to the southwest corner of the site, providing for easy 
access off  of Russell Street. The racetrack will be eliminated and be replaced with a new carnival grounds, livestock center, 
and rodeo arena. The site master plan below illustrates the new vision for the fairgrounds.   
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Exis  ng Building
General
The exis  ng ice arena consists of two major structures: 
a pre-engineered steel frame indoor rink and a pre-engi-
neered steel frame exterior covered rink.

Over the years improvements have been made to the 
facility including:

• Replaced dasher board system in 2002
• Built out locker rooms, mezzanine, concessions stand, et. 

In 2007
• Added 3rd compressor and replaced chiller vessel when 

refrigera  on system was relocated in 2007. 
• Replaced a refrigera  on compressor in 2015
• Replaced a condenser in 2016
• Added bleachers in 2016

The indoor rink is entered through three sets of double 
doors on the east side of the building. Once inside the are-
na, bleacher sea  ng is located on the le  ; arena support 
spaces consis  ng of restrooms, concessions, locker rooms, 
pro-shop/skate rental, and referees room are located on 
the right. Above these space is a large mezzanine with 
facility offi  ces and Junior Bruins locker facili  es.  The rink is 
an NHL-size, 85’x200’, ice sheet. 

The structure is a pre-engineered steel frame building with 
steel girts and fi berglass insula  on system. The roof con-
sists of fi berglass insula  on with prefi nished metal panel 
roofi ng. 

A unique component of the wall system is a clerestory 
window system (approximately four  feet high) located at 
the top of the wall. This allows natural daylight to enter the 
ice arena. 

The indoor rooms are built with concrete block or wood 
wall construc  on. 

The outdoor covered rink can be accessed through the 
indoor rink or directly from outside. The west and south 
sides of the outdoor rink have full walls; the north and east 
walls are open. The open sides of the building off er terrifi c 
views to the mountains. The walls on the other two sides 
of the rink protect the ice surface from excessive sun and 
wind. 

Main entry and adjacent bleacher sea  ng.

Arena support spaces with mezzanine above.

Outdoor rink.
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Observa  ons
The following fi eld observa  ons were noted:

• Overall the building is well maintained but is showing the 
wear and tear of a 20-plus year-old ice arena built with 
pre-engineered metal construc  on.

• The exterior metal panels are dented, and paint is star  ng 
to peel in some areas.

• The steel frame is in good condi  on; the indoor arena 
steel frame should be cleaned and painted.

• The insula  on system is not recommended for an ice are-
na facility because of the moisture and type of abuse an 
indoor ice arena is subject to. Refer to mechanical review 
sec  on of this study for more in-depth issue with u  lizing 
fi berglass insula  on for an ice arena.

• Wood frame construc  on is not allowed in assembly 
occupancies, such as an ice arena. So, the team rooms 
and spaces built u  lizing this type of construc  on are non-
code compliant.

• The exis  ng roof system is nearing the end of its useful life 
and is star  ng to leak in a few areas. As men  oned above, 
fi berglass insula  on is not recommended for use in ice 
arenas.

• For a descrip  on and evalua  on of the mechanical, elec-
trical, and ice systems refer to the MEP and Ice summaries 
that follow.

Outdoor rink.

Insula  on at indoor rink.

Wood construc  on at referee room.
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Building Systems Evalua  on
GIR Evalua  on
The indoor rink roof system, originally installed in 1997,  is ge   ng to the end of its useful life.  Given the age of the roof, it 
has held up well. Advances in and understanding of arena roof and wall systems has evolved; we know more about how to 
deal with temperature, humidity, and seasons of opera  on. Rinks today are running all year long with no or short periods 
of ice removal. Even if they are not running year round, the ice is going in earlier and coming out later.  This extension of 
the ice season has increased the thermal and moisture stresses on an ice arena. Because of this, be  er roof systems and 
approaches have been developed.

For reroofi ng the building, a variety of op  ons exist.
First Op  on:
Remove the exis  ng metal panels and 
provide a new mechanically-seamed 
metal roof system. Install new 10” 
fi berglass insula  on with a perforated 
Low-E barrier.

Pros: Provides a new water  ght roof 
system.

Cons: Condensa  on will develop 
within this system and cause dripping 
onto the ice surface. The inside sur-
face of the metal deck, which acts like 
a vapor barrier, will be very close to 
the outside air temperature. So, when 
the arena dew point temperature 
exceeds the outside air temperature 
condensa  on will form. 

The 292 team does not recommend 
this system because of the condensa-
 on issues.  This system is constantly 

being replaced in ice arenas.  It is a 
good system if the arena was only run 
in the winter, from late November to 
mid-March.  Even during these  mes 
there could be periods when con-
densa  on forms because of unsea-
sonably warm weather. The benefi t 
of the Missoula climate, which is 
rela  vely dry, allows this system to 
work; but, there will s  ll be periods of 
 me when condensa  on is forming 

between the metal deck and insula-
 on. Also, there are be  er systems 

available today to help create a more 
thermally-effi  cient building.

Second Op  on:
Leave the exis  ng metal roof deck in 
place and install two layers of rigid 
insula  on over the exis  ng metal 
roof system for a total R-value of 30. 
Install a new metal standing-seam 
roof system over the rigid insula  on. 
Remove the exis  ng fi berglass insula-
 on and install a Low-E barrier below 

the metal deck. Note, the exis  ng 
fi berglass insula  on must be removed 
in order for the metal deck to stay at 
a temperature that will minimize the 
chance of condensa  on forming on 
the deck.

Pros: Maintains the temperature 
of the underside of the metal deck 
above freezing, therefore elimina  ng 
the chance for condensa  on to devel-
op due to outside temperature vari-
a  ons. This approach also eliminates 
areas that can harbor mold growth. 
The amount of ice maintenance is 
minimized by elimina  ng the  me 
required to remove bumps and ridges 
formed from condensa  on dripping 
on the ice. The exis  ng roof structure 
is protected from deteriora  on and 
rust due to condensa  on within the 
roof structure. The dehumidifi ca  on 
system can work more effi  ciently 
because it is not also trying to remove 
the moisture in the facility caused by 
condensa  on.  

Cons: This roof system is expensive. 
Also, the exis  ng roof structure will 
need to be analyzed to verify that it 
can support the addi  onal load of the 
new roof materials. 

Third Op  on:
Remove the exis  ng fi berglass insu-
la  on and metal roof decking and 
replace with an R-30 metal skinned 
rigid foam panel. This panel can be 
secured to the exis  ng steel frame.

Pros: Keeps the underside of the 
metal deck above freezing, therefore 
elimina  ng the chance for conden-
sa  on to develop due to outside 
temperature varia  ons. The amount 
of ice maintenance is minimized by 
elimina  ng the  me required to re-
move bumps and ridges formed from 
condensa  on dripping on the ice. The 
dehumidifi ca  on system can work 
more effi  ciently because it is not also 
trying to remove the moisture in the 
facility caused by condensa  on.  This 
is a high-quality thermal insula  on 
system.

Cons: This roof system is expensive. 

Based on the site visit and preliminary 
analysis, the 292 team would recom-
mend Op  on Two or Three. But given 
the unknowns with the structural 
capacity of the exis  ng roof structure 
and given the poten  al cost of this 
system, detailed plans and specifi ca-
 ons would need to be developed to 

help in determining the most appro-
priate solu  on for the arena. 

R #1
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Exterior walls
The exterior walls of the indoor ice arena consist of steel girt framing with metal panels on the exterior, fi berglass insula  on 
in the cavity space, and a fabric or gypsum board liner on the interior face.  

For an ice arena, this type of wall system typically results in moisture being present in the wall system. In the winter months, 
warmer moist air from within the arena condenses between the metal panel and insula  on because the metal panel is 
colder than the indoor rink temperature. So, depending on the season, the dew point loca  on within the wall changes, or 
to put it another way: the vapor barrier needs to be on the exterior of the wall in the summer and the interior of the wall in 
the winter. 

To solve this problem, an insula  on system is required that has an integral vapor barrier. Rigid insula  on has this property. 

Wall Solu  on:
The most appropriate way to remedy wall condensa  on is to install a rigid foam metal panel system on the exterior face 
of the exis  ng wall construc  on. This new panel would be clipped to the metal framing. The bo  om edge of the panel will 
need to be sealed against the concrete fl oor/founda  on. By placing the foamed panel at the exterior, it prevents moisture 
and water vapor from migra  ng into the wall assembly. To help protect the interior of the building from abuse, typically a 
secondary metal wall panel is installed on the interior of the wall. This panel acts as a sacrifi cial barrier that can be replaced 
when it gets dented.

Interior Walls:
The interior wall construc  on consists of concrete block or wood-framed studs with either gypsum board or wood struc-
tural sheathing (OSB). The wood-framed construc  on, as men  oned above, is not allowed in assembly-type occupancies 
based on today’s building codes. Any interior wall built of this type of construc  on should be replaced in the future with 
appropriate wall types. Appropriate wall types for interior ice arena construc  on are either concrete block, or metal-framed 
walls with siliconized gypsum panels. These types of gypsum board panels have no organic fi llers or facings that can harbor 
mold growth. 

R #2

R #3
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FACILITIES ASSESSMENT & RECOMMENDATIONS

Exis  ng Building Envelope
The exis  ng building is a premanufactured metal building with fi berglass insula  on and an interior vapor barrier.  This type 
of construc  on typically leads to serious condensa  on issues in the insula  on system whenever the outdoor dew point 
is higher than inside arena temperature.  Heat from the ceiling over the ice con  nuously radiates down to the ice surface 
which results in cooling of the interior surface of the roof deck.  This radia  on based cooling eff ect results in ceiling tem-
peratures above the arena that are typically around 45 F.  Moisture from the outdoor air migrates through the fi berglass 
roofi ng insula  on system and condenses on the outside surface of the interior ceiling system.  Water then collects and 
then drips down onto the ice surface.  Damage from this eff ect is normally also seen as rust build up on the surfaces of the 
building structure over the ice.  During our ini  al inves  ga  on of the arena we did not no  ce a large amount of rust on the 
building structure.  We did locate several areas where black spots were forming on the arena ceiling which is likely some 
form of mold growth.  To accurately access the amount of damage that is occurring in the arena envelope system we would 
need to remove several por  ons of the interior metal surface and inspect the roofi ng, insula  on, and interior ceiling panel 
for moisture damage.

The facility has several factors that are working in its favor to minimize moisture damage to the building envelope:
• The moisture content of the outdoor air in Missoula in very low.  This minimizes the amount of hours that the wet bulb 

temperature of the outdoor air is higher than the than interior surface temperature of the arena.  
• The facility is operated during the winter months when outdoor air wet bulb temperatures are typically very low.  This 

also minimizes the number of hours that the wet bulb temperature of the outdoor air is higher than the than interior 
surface temperature of the arena.

Regardless of the average outdoor air moisture content there are most certainly  mes when moisture is condensing in the 
building envelope.  Over  me this degrades the insula  on system and compromises the structural integrity of the roof deck.

We recommend that building envelope upgrades be considered if the facility is considering year-round use.  Replacing the 
fi berglass insula  on with a board type insula  on system will minimize condensa  on and the resul  ng moisture related 
damage to the building.

Exis  ng Fire Protec  on Systems
The exis  ng building is protected by an automa  c fi re protec  on system.  The system appeared to be in working order.  
Upgrades to the exis  ng system will need to be made to accommodate any fl oor plan modifi ca  ons or building addi  ons.

Exis  ng Arena HVAC and Dehumidifi ca  on Systems  
Indoor arena hea  ng
The main arena is heated with a series of gas fi red infra-red tube heaters.  The heaters are posi  ve pressure heaters 
with outdoor air and fl ues pipes extended up through the roof of the building.  Arena staff  indicated that the units were 
func  onal but were seldom used and are only intended to heat the spectators when spectators are present.  The type of 
heaters installed in the facility have fl ues that are extended up through the roof.  This results in a path where moisture can 
migrate down into the arena through the fl ue, condense on the inside of the radiant heaters, and quickly damage the heat-
ers.  The heaters are near the end of their expected service life and should be considered for replacement.

We recommend that the radiant heaters be replaced with condensing style radiant heaters which are designed with 
materials and drainage systems that can accommodate the high moisture condi  ons.  Es  mated replacement costs are 
approximately $40,000. 

R #1

R #2
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Indoor arena ven  la  on
The main arena has four exhaust fans which are used to ven  late the arena.  The fans are located on the roof over the ice 
surface.  Two intake louvers are located on the south end of the arena which open when the exhaust fans run.  This allows 
cold untreated air to enter the arena.  The system is controlled by a carbon monoxide detec  on system.  The arena had 
a faint smell of combus  on products during our visit.  While the ven  la  on system is likely code compliant it has several 
opera  onal disadvantages that should be considered:

• The intake louvers have been in place for 15 years.  They are a path for moisture to migrate into the building and should 
be inspected periodically for proper opera  on.

• The exhaust fans are near the end of their expected service life, so they should be inspected periodically for proper op-
era  on and maintenance requirements.  They are also located over the ice surface where the radia  on cooling eff ect is 
at its maximum.  It is very common for moisture from the outdoor air to migrate into the building through the exhaust 
fans, condense inside the ductwork, and then drip down onto the ice.

• When the ven  la  on system is ac  vated untreated air is pulled into the building through the intake louvers.  During 
winter use this results in uncomfortable cold air for the building occupants.  During summer use this would result in a 
serious moisture problem with moist untreated air introduced into the building directly adjacent to the ice surface.  

The ven  la  on system is 15 years old and should be inspected periodically for proper opera  on. Es  mated replacement 
costs are approximately $18,000. This cost is provided for reference for future budget planning. 

Indoor arena dehumidifi ca  on
The indoor arena does not have a dehumidifi ca  on system.  Arena staff  indicated that moisture is not a huge issue due to 
the typically dry outdoor air condi  ons.  They did indicate that occasional issues with fog at ice level and some condensa-
 on occurs.  The metal building showed minimal rust which would normally be present in an ice arena with no working 

dehumidifi ca  on system.  We recommend that the facility consider adding a dehumidifi ca  on system sized to properly 
dehumidify and ven  late the arena.  The system can be designed to dehumidify and heat the outdoor air before it is intro-
duced into the arena.  This eliminates the problems associated with the outdoor air intake louvers and will improve interior 
air condi  ons.

We recommend that a dehumidifi ca  on and ven  la  on system be considered for the facility.  Es  mated costs are ap-
proximately $150,000. 

Outdoor arena
The outdoor arena is open to outdoor condi  ons.  The arena has considerable issues with water condensing on the bo  om 
of the roof deck and dripping down on to the ice surface.  This is likely caused by both radiant cooling of the roof deck to the 
ice surface and night sky cooling of the roof deck to the atmosphere.  We discussed the possibility of adding low velocity, 
high volume fans under the roof enclosure to help keep moisture from condensing on the bo  om of the structure.

We recommend that high volume, low velocity fans be installed in the outdoor rink to reduce condensa  on on the roof 
deck.  Es  mated costs to add the fans are approximately $18,000. 

Team Room HVAC Systems
The facility has numerous team rooms that were built to varying degrees of code compliance.

1. The Bruin’s Hockey Team Room is heated and ven  lated with a furnace system.  The furnace is ducted with 100% out-
side air which is pretreated with electric hea  ng coils.  All air is exhausted from the room.  The room appeared to have 
a code compliant ven  la  on system.  The system was installed in 2007 and is working properly. The system should last 
another 10 years with proper maintenance.

2. Four standard size team rooms are heated and ven  lated with a second furnace system.  The furnace is ducted 

R #3

R #4

R #5
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with 100% outside air which is pretreated with electric hea  ng coils.  All air is exhausted from the room.  The rooms 
appeared to have a code compliant ven  la  on system.  The system was installed in 2007 and is working properly; it 
should last another 10 years with proper maintenance.

3. Four addi  onal non-compliant wood team rooms are open to the arena with no ceilings or ven  la  on systems.  We 
assume the wood structures will be replaced with code compliant team rooms.

Es  mated costs to add ven  la  on systems for the team rooms is approximately $30,000.

4. We were informed that an addi  onal wood team room is constructed for the outdoor ice sheet but the team room 
was not built at the  me of our visit.

Refrigera  on Machinery Room Exhaust System
The refrigera  on machinery room is exhausted by two exhaust systems.  One exhaust fan system runs con  nuously, and 
the second system runs during an ammonia leak.  The room contained an ammonia detec  on system that staff  stated was 
func  onal.  The system did not have emergency ven  la  on system controls at the exit doors which would be required to 
comply with current codes.  The system appeared to be func  onal and was most likely compliant with the codes in place 
when the building was constructed.  The exhaust fans and intake louvers are at the end of their expected life and should 
be considered for replacement.  We also recommend upda  ng the safety controls to current code requirements.

Es  mated costs to replace the machinery room ven  la  on system is approximately $35,000.

Lobby HVAC Systems
The Lobby is open to the arena environment and does not contain any addi  onal hea  ng or cooling systems.  The open 
lobby concept allows outdoor air to infi ltrate directly into the arena through the entry doors.  

We recommend that the facility consider adding a condi  oned lobby to create a buff er between the outdoor air and 
arena environments.

Resurfacer Room Items
The following items were noted in the resurfacer room and adjacent areas.
1. Propane resurfacers and gas edgers are used to maintain ice surfaces.
2. Arena ven  la  on systems are not typically operated during resurfacing opera  ons.  We suspect this is the cause of the 

combus  on product odor in the building.
3. The resurfacer room was very small but func  onal.
4. Water hea  ng and pretreatment equipment is located in an adjacent water service room.  Resurfacer water is so  -

ened and fi ltered with a reverse osmosis water fi lter which includes a large water storage tank.  The system has ade-
quate capacity to meet the needs of the facility.

The resurfacer room unit heater is near the end of its expected life and should be considered for replacement.  Es  mated 
replacement costs are approximately $4,000.

R #6
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General
The exis  ng ice arena is served by an indirect-type ice system that includes a refrigera  on system, two NHL size ice sheets 
(one indoor and one outdoor) with dasher board systems.  Ammonia refrigerant is the primary refrigerant, while a calci-
um-chloride water solu  on serves as the secondary refrigerant that is circulated throughout the ice rink fl oors.   The Glacier 
Ice Rink facility opened in 1997.  A used refrigera  on system was installed at that  me.  The manufacturing date of the 
refrigera  on system is believed to be 1968.  A typical life expectancy for this type of refrigera  on equipment is 25-30 years.    

The Glacier Ice Rink facility is a mul  -purpose complex that is operated by the Missoula Area Youth Hockey Associa  on 
(MAYHA) and located on the Missoula County fairgrounds. The County owns the building; all equipment and interior 
improvements have been funded and installed by MAYHA.  The facility includes two ice rinks, sea  ng for approximately 600 
spectators with standing room for approximately 200 addi  onal spectators, locker rooms, concessions and support spaces.  
The facility is currently opera  ng in ice-mode from August through June each year.  

Ice Systems
Stevens toured the facility — which was constructed in 1996-1997 and opened in 1997 — with the facility staff , County staff  
and members of the Missoula Area Youth Hockey Associa  on (MAYHA).  The ice system was opera  ng during our site visit. 
We have the following observa  ons and comments.  

indoor arena
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Facility improvements
The following changes have been 
made to the facility and systems over 
the years.

1997 – Installed used refrigera  on 
system (1968)

2000 – Expanded building two bays for 
locker rooms, etc

2002 – Replaced indoor dasher board 
system with a used system.

2007 – Built out locker rooms, etc.

2007 – Chiller vessel was replaced

2007 - Outdoor ice rink constructed 
with a new dasher board system.

2007 – Added third compressor when 
refrigera  on was moved.

2015 – Replaced 1 compressor.

2016 – Replaced condenser for refriger-
a  on system.

User groups
User groups of the Glacier Ice Rink 
include the Jr. Bruins hockey team, 
the Missoula Figure Ska  ng Club, the 
Missoula Curling Club and the Wom-
en’s Hockey Associa  on of Missoula.

Ice opera  onal season
The facility is currently opera  ng as 
follows:

 – Indoor rink:   Operates from the end 
of August through the end of June 
(10 months).  

 – Outdoor rink:  Operates from the end 
of October to the end of March (5 
months). 

 – The fair takes over the building for 5 
weeks during the off  season. 

Current condi  on 
The ice system has been well main-
tained by the facility’s opera  onal and 
maintenance personnel, especially 
when considering the age of some of 
the refrigera  on system equipment.  

Refrigera  on System
The arena is served by an indirect 
ammonia/brine refrigera  on system 
with a capacity of 200 tons, manu-
factured by Cimco Refrigera  on, that 
includes:

 – Three (3) Mycom reciproca  ng 
belt driven compressors (models 
C6WOAA, N4WA, N6AM). The head 
cooling systems are working well and 
problem free even with the plas  c 
piping system. Two new compressors 
were installed in 2015.

 – One fl ooded chiller vessel (assumed 
to be built in 1968).

 – Two (2) rink fl oor circula  on pumps 
with fl owrates of 1100 gpm to the 
indoor rink and 700 gpm to the 
outdoor rink.  These are assumed to 
be new when the facility was built in 
1997.

 – Two (2) roof mounted evapora  ve 
condensers (BAC model VC1-65).  
New as of 2015.

 – Controls.  Cimco TC2100 Tempera-
ture Controller.  All three compressors 
turn on at one  me and shut off  at 

one  me.  The rink pumps are con-
trolled by return brine temperature.  

 – The brine piping is PVC material and 
not ideal material to be used for fl uid 
at temperatures below freezing.  
This system operates around 14F.  
However, no reported problems are 
occurring with the piping system.

 – An ammonia charge is 700 pounds is 
in the system per the nameplate on 
the system.

 – The refrigera  on system was report-
edly moved to its present loca  on in 
2007.

Waste heat recovery system
There are three separate waste heat 
recovery systems.  A heat exchanger 
and large tank serve the subfl oor 
hea  ng system for the indoor rink 
and the snow melt pit.  Both systems 
are reportedly in good working order.  
A separate desuperheater type heat 
exchanger was providing preheat for 
domes  c water and in-fl oor hea  ng 
in the locker rooms, concession stand 
and bathrooms.

Two of the three compressors on the ammonia refrigera  on system have been replaced.  
The remainder of the system has well exceeded its 25-year life expectancy.
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Ice rink fl oors  
There were no drawings available for 
either the indoor or outdoor ice rink 
fl oors so the design of the piping sys-
tem is unknown.  Both ice rink fl oors 
are reported to be standard NHL size 
of 200’ by 85’.  The header piping for 
both rinks are located in open trench-
es on the ends of the rink fl oor.  The 
headers are reportedly 6” PVC. The 
rink piping is likely low or medium 
density polyethylene and is clamped 
to the header pipe risers.  There have 
been reported leak(s) in or near the 
header pipes on the indoor rink.  A 
leak stop product called Rink Pro Seal-
er was installed in the system fairly 
recently and stopped the leaks in the 
system.  The installa  on of this prod-
uct has reportedly not aff ected the 
heat transfer in the ice rink fl oor, but 
did slightly increase the pressure loss 
and pump energy use in the system.  
The facility staff  have been fi ltering 
the sealer product out of the system 
through a brine fi lter system.  

Refrigera  on room  
The exis  ng refrigera  on is approxi-
mately 720 square feet and appears 
to provide adequate space; however, 
the clearances around the refriger-
a  on equipment is concerning from 
a safety standpoint.  Other systems 
related to the refrigera  on room 
include:

 – Life safety systems.  
1. Leak detec  on system.  The re-

frigera  on room is equipped with 
a new ammonia leak detec  on 
system manufactured by Cali-
bra  on Technologies with one 
sensor.  A second sensor is planned 
to be added soon.   An ammonia 
leak occurred two years ago.  It is 
unknown if the system is connected 
to the fi re alarm system.   Strobe 
lights for this system appear to be 
located inside the refrigera  on 

room and one in the arena space 
by the main leak detec  on panel.  
A strobe and audible alarm device 
is required on the exterior of each 
entrance to the refrigera  on room.

2. Emergency power shunt trip.  
There is one emergency power 
shunt trip, which de-energizes the 
refrigera  on system. It is located 
on the exterior of interior door to 
the refrigera  on room.    

3. Pressure relief valves.  Pressure re-
lief valves reportedly haven’t been 
changed for 20 years.  Replace-
ment is required by code every 5 
years.

4. Absorp  on tank.  There is an 
absorp  on tank that is used to 
contain the ammonia discharge 
through the pressure relief valve 
and systems.

5. Emergency ven  la  on system. 
There is a mechanical ven  la  on 
system in the refrigera  on room.  
One fan runs con  nuously and a 
second fan is reportedly designed 
for emergency evacua  on and 

ac  vates at 30 ppm of ammonia 
through the leak detec  on system.  
There was not an emergency 
ac  va  on switch located on the ex-
terior of either refrigera  on room 
doors as required by code.

6. Eyewash/shower sta  on.  There 
were no eyewash/shower sta  ons 
visible.

7. Ammonia dump system.  There is 
an ammonia dump system located 
on the exterior of the building that 
allows fi rst responders to dump 
the ammonia in the system prior 
to entering the refrigera  on room.  
No one could confi rm if this system 
is in good working order. 

8. Breathing apparatus.  There 
appeared to be a container on the 
interior door to the refrigera  on 
room that may have contained a 
breathing apparatus.  This device is 
required by code.

9. Door signage is provided on all 
doors but is inconsistent. For exam-
ple, the interior door only includes 
Cimco’s plaque.  There should 

Life Safety devices such as strobes, audible alarms and emergency switches are missing at 
the exterior access to the refrigera  on room.
Life Safety devices such as strobes, audible alarms and emergency switches are missing at 
the exterior access to the refrigera  on room.
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be safety diamonds, authorized 
personnel signs and other required 
signage at each door.  

10. Stevens did not verify the func  on 
or opera  on of any life safety 
system. 

 – Unit heater.  There is a small exis  ng 
electric unit heater in this room. 

 – Egress.  There is one interior door 
and one exterior door for this room 
which exceeds the code requirement.  
There is no ves  bule on the interior 
door.  The doors do not have panic 
hardware installed on them.

 – Envelope.  The ceiling in the room is 
constructed of suspended ceiling-type 
material with removable panels.  It 
was not determined how well the 
room is sealed off  from the other inte-
rior rooms or spaces of the facility.  

Dasher Board System
Indoor system.  The age of this sys-
tem is unknown since it was a used 
system when it was installed in 2003.  
It is a steel framed system with poly 
facing, caprail and kickplate materi-
als.  The shielding is a tempered glass 
material.  There is protec  ve ne   ng 
on the en  re perimeter of the rink. 
The dasher board system and shield-
ing system remains in place during 
the off -season and County fair.  

Outdoor system. This system is ap-
proximately 10 years old, was man-
ufactured and installed by Becker 
Arena Products and appears to be in 
good condi  on.   It is a steel framed 
system with poly facing, caprail and 
kickplate materials.  The shielding is 
a combina  on of glass and acrylic 
material.  There is protec  ve ne   ng 
on at least one end of the rink.  

Arena HVAC and dehumidifi ca  on 
systems

 – Indoor rink. There are 4 large fans in 
the indoor arena for ven  la  ng this 
space.  There is no dehumidifi ca  on 
system.  The inside temperature in 
the arena is maintained around 40F 
during the winter months.

 – Outdoor rink.  There is reportedly a 
lot of condensa  on that forms under 
the roof structure and around the ice 
arena in the outdoor ice rink.  

 – See Mechanical Sec  on of report for 
addi  onal informa  on.

Building control system  
There is no central building manage-
ment or energy management system 
in this facility at this  me.

Low emissivity ceiling  
There is no low emissivity ceiling in 
this facility.

Fire alarm system  
This system was not included in the 
scope of the study.  It is assumed this 
system is rou  nely tested on a regular 
basis.  See Mechanical Sec  on of 
report for addi  onal informa  on.

Ice quality 
The ice on both sheets is reportedly 
maintained at a thickness of ¾” to 
1.5”.

Resurfacer
A propane driven resurfacer is used 
in this facility along with a gasoline 
driven edger.  The resurfacer was 
recently rebuilt.

The exis  ng refrigera  on room has a suspended ceiling.  It should be verifi ed that the 
room is fully sealed off  (with fi re ra  ng) from all interior spaces of the facility.
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Recommendations Summary: Architecture

Architecture #1
Based on the site visit and preliminary 
analysis, the 292 team would recom-
mend Op  on Two or Three. But given 
the unknowns with the structural 
capacity of the exis  ng roof structure 
and given the poten  al cost of this 
system, detailed plans and specifi ca-
 ons would need to be developed to 

help in determining the most appro-
priate solu  on for the arena. 

Architecture #2
The most appropriate way to remedy 
wall condensa  on is to install a rigid 
foam metal panel system on the 
exterior face of the exis  ng wall 
construc  on. This new panel would 
be clipped to the metal framing. The 
bo  om edge of the panel will need to 
be sealed against the concrete fl oor/
founda  on. By placing the foamed 
panel at the exterior, it prevents mois-
ture and water vapor from migra  ng 
into the wall assembly. To help pro-
tect the interior of the building from 
abuse, typically a secondary metal 
wall panel is installed on the interior 
of the wall. This panel acts as a sacrifi -
cial barrier that can be replaced when 
it gets dented.

Architecture #3
Wood-framed construc  on is not 
allowed in assembly-type occupan-
cies based on today’s building codes. 
Any interior wall built of this type 
of construc  on should be replaced 
in the future with appropriate wall 
types. Appropriate wall types for inte-
rior ice arena construc  on are either 
concrete block, or metal-framed walls 
with siliconized gypsum panels. These 
types of gypsum board panels have 
no organic fi llers or facings that can 
harbor mold growth. 
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MEP #1
We recommend that building enve-
lope upgrades be considered if the 
facility is considering year-round use.  
Replacing the fi berglass insula  on 
with a board type insula  on system 
will minimize condensa  on and the 
resul  ng moisture related damage to 
the building.

MEP #2
We recommend that the radiant 
heaters be replaced with condens-
ing style radiant heaters which are 
designed with materials and drainage 
systems that can accommodate the 
high moisture condi  ons.  Es  mated 
replacement costs are approximately 
$40,000. 

MEP #3
The ven  la  on system is 15 years old 
and should be inspected periodical-
ly for proper opera  on. Es  mated 
replacement costs are approximately 
$18,000. This cost is provided for 
reference for future budget planning.

MEP #4
We recommend that a dehumidi-
fi ca  on and ven  la  on system be 
considered for the facility.  Es  mated 
costs are approximately $150,000. 

MEP #5
We recommend that high volume, 
low velocity fans be installed in the 
outdoor rink to reduce condensa  on 
on the roof deck.  Es  mated costs 
to add the fans are approximately 
$18,000. 

MEP #6
Four addi  onal non-compliant wood 
team rooms  - which are assumed for 
replacement - will require ven  la  on 
systems.
Es  mated costs to add ven  la  on sys-
tems for the team rooms is approxi-
mately $30,000.

MEP #7
Refrigera  on Machinery Room 
exhaust fans and intake louvers are 
at the end of their expected life and 
should be considered for replace-
ment.  We also recommend upda  ng 
the safety controls to current code 
requirements. Es  mated costs to re-
place the machinery room ven  la  on 
system is approximately $35,000.

MEP #8
We recommend that the facility con-
sider adding a condi  oned lobby to 
create a buff er between the outdoor 
air and arena environments.

MEP #9
The resurfacer room unit heater is 
near the end of its expected life and 
should be considered for replace-
ment.  Es  mated replacement costs 
are approximately $4,000.

Recommendations Summary: MEP Systems
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Since the current plan for this facility is to remove and replace it with a new ice arena facility, the recommended repairs and 
improvements outlined in this sec  on are simply to extend the life of the exis  ng ice system and increase safety and aware-
ness of using ammonia refrigerant.  Recommenda  ons for long-term improvements or replacement of major systems are 
not included in this report.   Cost es  mates are provided for each recommenda  on where applicable.

Life Safety System Improvements

Refrigera  on LS #1
Verifi ca  on.  Verify all life safety 
systems are opera  ng properly and 
automa  cally if required.  Incorpo-
rate rou  ne opera  onal checks of 
the system into standard opera  ng 
procedures for the facility.  

Es  mated cost:  Annual budget item.

Refrigera  on LS #2
Leak detec  on system.  Install strobe 
and audible alarm devices on the 
exterior of each refrigera  on room 
door. Connect the leak detec  on 
system to the fi re alarm system if one 
exists for the building.  

Es  mated cost:  $2,000.

Refrigera  on LS #3
Emergency power shunt trip.  Install 
one addi  onal device on exterior of 
building in a lock box.  Coordinate the 
key loca  on with the fi re department, 
fi rst responders, etc.  

Es  mated cost: $1,000 – $1,500

Refrigera  on LS #4
Pressure relief valves.  Replace all 
pressure relief valves over 5 years of 
age. 

Es  mated cost:  $3,500 - $6,000

Refrigera  on LS #5
Absorp  on tank.  Verify the correct 
amount of water is maintained in the 
tank to dilute 700 pounds of ammo-
nia.  Code ANSI/IIAR 2-2014 Sec  on 
15.5.3 states: where pressure relief 
devices discharge to a water tank, the 
tank shall be sized to contain 1 gallon 
of water for each pound of ammonia 

that would be released in 1 hour from 
the largest relief device connected to 
the discharge pipe. The water shall 
be prevented from freezing. The dis-
charge pipe from the pressure relief 
device shall distribute ammonia in 
the bo  om of the tank but no lower 
than 33   below max liquid level. The 
tank shall be large enough to contain 
the volume of water and ammonia 
without overfl owing. The eff ect of 
backpressure due to the sta  c head 
of water in the tank shall be consid-
ered in the relief vent piping design. 

 Es  mated cost: Annual budget item.

Refrigera  on LS #6
Emergency ven  la  on system. Install 
an emergency ac  va  on switch at 
each door for the refrigera  on room.  
The switch for the exterior door can 
be located in the same lock box as the 
emergency power shunt trip for the 
refrigera  on room. 

Es  mated cost: $1,000 - $1,500

Refrigera  on LS #7
Eyewash/shower sta  on.  Install one 
eyewash/shower sta  on inside the 
refrigera  on room and one directly 
outside the refrigera  on room as 
required by code.

Es  mated cost:  $15,000 - $18,000.

Refrigera  on LS #8
Ammonia dump system.  Verify the 
system is in good working order.  In-
stall signage on outside of building. 

Es  mated cost:  $200.

Refrigera  on LS #9
Label and code all ammonia piping 
and control valves.  All piping shall 
be color codes and piping and valves 
clearly labeled.

Refrigera  on LS #10
Display drawing of ammonia sys-
tem and control valve loca  on.  A 
schema  c fl ow diagram of the 
refrigera  on system should be clearly 
displayed.

Recommendations Summary: Ice
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Refrigera  on System Improvements

Refrigera  on RS #1
Controls.  The facility staff  indicat-
ed they are considering installing a 
new Honeywell T-775 controller for 
controlling the compressors and/or 
pumps to replace the outdated Cimco 
controller.  We recommend making 
this change as soon as feasible.   Con-
sider changing the compressor stag-
ing from an “all on or all off ” mode 
to stepping up and down cylinders 
on each compressor.  The change in 
compressor opera  on should reduce 
energy costs.

Cost Es  mate:  $1,500 - $3,000

Refrigera  on RS #2
Compressor.  Budget to replace the 
last of the three original compressors.  

Budget es  mate:  $45,000 -$60,000

Refrigera  on RS #3
Roof access to condenser systems.  
Install a pla  orm and railings, on 
the roof, from the roof’s edge to the 
condenser pla  orm to provide a safe 
walking pla  orm for the opera  ng 
staff  when working on or monitoring 
the condenser system.  Install safety 
railings on the exis  ng condenser 
pla  orm. Currently a ladder is used 
to access the roof and then facility 
staff  are required to walk on a sloped 
metal roof to access the equipment 
pla  orm.  

Cost Es  mate:  $3,000 - $8,000 

Waste Heat Recovery Systems.

Refrigera  on WH #1
Verify that the subfl oor hea  ng sys-
tem is working under each rink fl oor.  
It is very important to keep the soils 
under the rink fl oor above freezing to 
protect the rink fl oor and structure 
from damage due to frost build up.   
Verify that the sensors in subfl oor are 
calibrated.  

Cost es  mate to replace sensor:  
$600 - $1,000

Ice rink fl oors.  

Refrigera  on IF #1
Repair any leak(s) when found in the 
in header or piping systems asap.  Air 
will quickly deplete the inhibitor in 
the brine solu  on resul  ng in corro-
sion of all steel components.  In this 
system, that includes any steel brine 
piping and the chiller vessel.  Not 
addressing this problem in a  mely 
manner will result in costly repairs 
and sudden failure of the system.  

Cost es  mate:  $100 - $4,000

Refrigera  on room improvements.

Refrigera  on RR #1
Install 6’x6’ ves  bule on interior door 
to provide separa  on between the 
refrigera  on room and the public 
spaces.  This is not required by code 
recommended.  This would likely 
need to be located outside of the 
refrigera  on room.  

Cost es  mate:  $7,000 - $12,000 

Refrigera  on RR #2
Replace the exis  ng interior door 
with a one-hour fi re rated and 
sealed door with egress hardware as 
required by code.  

Cost es  mate:  $1,500 to $2,000

Refrigera  on RR #3
Seal en  re room for fi re protec  on 
and vapor migra  on.  This includes 
sealing all pipe penetra  ons, joist 
penetra  ons in common wall with 
arena space, etc.  

Cost es  mate:  $3,000 to $8,000

Refrigera  on RR #4
All materials and equipment not 
related to the refrigera  on system 
should be removed from the room to 
provide adequate space and clearanc-
es for safe opera  on and egress. 

Con  nued monitoring and tes  ng.

Refrigera  on CMT #1
Monitor the condi  on of all systems 
for life and safety concerns.

Refrigera  on CMT #2
Monitor for refrigerant leaks in the 
system.

Refrigera  on CMT #3
Monitor and test all fl uids in the 
system twice a year. If required, add 
inhibitor to the calcium chloride 
(brine) solu  on or replace the en  re 
system charge.   Repair exis  ng leak in 
rink piping system as soon as possible 
as discussed under the fl oor recom-
menda  ons above.  Air will quickly 
deplete the inhibitor in the brine 
solu  on resul  ng in corrosion of all 
steel components.  In this system, 
that includes any steel brine piping 
and the chiller vessel.  Not addressing 
this problem in a  mely manner will 
result in costly repairs and sudden 
failure of the system.  

Cost es  mate:  $800 to $2,000

Refrigera  on CMT #4
Con  nue to monitor the condi  on 
of the concrete ice rink fl oor in the 
indoor facility and surrounding perim-

Recommendations Summary: Ice
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eter concrete and walls.  Document 
all cracking, heaving, movement, etc. 

Refrigera  on CMT #5
Con  nue to perform the required 
maintenance on all equipment and 
systems.  

Cost es  mate: Annual budget

Dasher Board System. 

Refrigera  on DB #1 
The life expectancy of a typical dasher 
board system is 20 – 25 years.   Both 
systems are in fair to good condi  on.  
Con  nue to maintain the exis  ng 
systems in good, safe working order.

Cost Es  mate:  Annual budget item.

Training.  

Refrigera  on T #1 
It is strongly recommended that the 
opera  on and maintenance per-
sonnel for this facility be thoroughly 
trained, by cer  fi ed professionals, 
in ammonia refrigera  on system 
opera  on, maintenance and safety 
prior to star  ng up the system. Local 
refrigera  on companies and contrac-
tors off er ammonia training annually. 
OSHA requires that all personnel 
who are expected to chemicals must 
be trained according to Sec  on 
1910.120(q).  Ammonia emergen-
cy response classes are available 
through local refrigera  on contrac-
tors, University’s, etc.  

Cost Es  mate:  $600-$2,000 + travel 
expenses.

The following is a par  al list of train-
ing resources:

 – Interna  onal Ins  tute of Ammonia 
Refrigera  on (IIAR)

 – Refrigera  on Engineers & Technicians 
Associa  on (RETA)

 – U.S. Ice Rink Associa  on (formerly 
Serving the American Rinks or STAR).

Emergency Planning:  

Refrigera  on EP #1 
It is recommended that the facility 
management and Owners consult, 
and work closely with, the following 
agencies to develop an emergency 
planning document (e.g. Process 
Hazard Analysis Plan, Emergency Re-
sponse Plan, Risk Management Plan, 
etc.) for the ammonia refrigera  on 
system and con  nued training and 
educa  on.   The exis  ng refrigera  on 
system is documented to hold 700 
pounds of ammonia.  This is below 
the quan  ty required to submit a 
formal Risk Management Plan to the 
EPA un Sec  on 112(r) of the 1990 
Clean Air Act amendments.  The plan 
should be reviewed with all facility 
staff  and updated annually.

 – Local Fire Chief – Work closely with 
the fi re department in developing an 
emergency preparedness plan and 
fi rst response procedures as required 
by code.

 – Local Fire Marshal.
 – Other agencies with jurisdic  ons over 

this building.
 – Owner’s insurance company.
 – Risk management consultant.

It is recommended that the follow-
ing planning items to consider (at 
minimum):

 – Educate and train opera  on and 
maintenance staff .

 – Partner with local fi re department or 
other trained professionals to respond 
to ammonia-related emergencies.

 – Maintain a visible list of emergency 
contacts.

 – Label or code all ammonia piping and 
control valves.

 – Display drawing of refrigera  on 
schema  c or fl ow diagram clearly 
showing control valve loca  ons.

 – Implement a high level of preventa-
 ve maintenance.

 – Conduct periodic emergency drills.

Repor  ng:  

Refrigera  on R #1
File reports according to all federal, 
state and local requirements.  Here 
are two ammonia related repor  ng 
requirements that may pertain to this 
facility.

Tier II Report:  
Sec  on 312 of the Emergency 
Planning and Community Right-to-
Know Act (EPCRA) requires regulated 
facili  es to fi le an annual chemical 
inventory, the Tier II Report.  The 
Tier II report contains basic facility 
iden  fi ca  on informa  on, employee 
contact informa  on for both emer-
gencies and non-emergencies, and 
chemical (i.e. ammonia) informa  on.    
Emergency responders use Tier II 
informa  on to determine the hazards 
that they may be exposed to while 
responding to an emergency.  State & 
local agencies, working with facili  es 
subject to EPCRA, use the Tier II data 
to improve chemical safety & protect 
the public environmental health.

A facility is required to submit a Tier II 
Report if it maintains MSDS sheet per 
OSHA’s Hazard Communica  on Stan-
dard and if the quan   es stored on-
site equal to or exceed the following:

 – For Extremely Hazard Substances 
(EHS’s), either 500 pounds or the 
Threshold Planning Quan  ty (TPQ), 
whichever is lower.  Ammonia is 
classifi ed as an EHS.  The exis  ng 
system at the Glacier Ice Rink holds 
700 pounds.

 – For all other hazardous chemicals, 
10,000 pounds.

Tier II Reports must be submi  ed by 
March 1st of every year to the State 
Emergency Response Commission 
(SERC), Local Emergency Planning 
Commi  ee (LEPC), and the local fi re 
department.  The requirements vary 
by state.  EPA has developed the Tier2 

Recommendations Summary: Ice
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Submit so  ware to assist facili  es 
electronically prepare their inven-
tory.  Some states (Minnesota and 
California) have developed their own 
online repor  ng system.  Some states 
may require addi  onal informa  on 
be submi  ed such as emergency 
response policies/procedures, etc.  

General Duty Clause: 
EPA’s General Duty Clause (CAA 
Sec  on 112(r)(1)) states that “the 
owners and operators of sta  on-
ary sources producing, processing, 
handling, or storing such substances 
(i.e. chemicals in 40 CFR Part 68 
or any other extremely hazardous 
substances (EHS)) have a general duty 
to iden  fy hazards which may result 
from (such) releases using appropri-
ate hazard assessment techniques, 
to design and maintain a safe facility 
taking such steps to prevent releases, 
and to minimize the consequences of 
accidental releases which do occur”.  

Cost Es  mate for GDC Report:  
$4,500 - $6,000

Owners are responsible for:
 – Knowing the hazards associated with 

the use of ammonia and evalua  ng 
the impacts of an ammonia release at 
their facility.

 – Designing and maintaining a safe fa-
cility to prevent accidental ammonia 
releases; and 

 – Minimizing the consequences of am-
monia releases that do occur.

The GDC applies to any sta  onary 
source producing, processing, han-
dling, or storing regulated substances 
or other EHS (e.g. ammonia) chemi-
cals.  There is no threshold quan  ty 
associated with the GDC.

The EPA’s GDC fact sheet list the 
following general compliance guide-
lines:

 – Iden  fy the hazards associated with 
the use of ammonia and device/im-

plement a plan to reduce the hazards.  
This may require the development 
of an accidental release preven  on 
program tailored to your facility.

 – Be aware of accidents and other in-
cidents in your industry that indicate 
poten  al hazards. 

 – Comply with relevant industry codes, 
prac  ces, or standards (e.g. IIAR, 
ANSI, ASHRAE, etc.).

Recommendations Summary: Ice
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Concept op  ons 1-3 on the following pages were devel-
oped during the on-site design workshop, and refl ect com-
munity feedback and input. The red and blue dots indicate 
which site and components of the ice facility the mee  ng 
a  endees preferred.

The fi nal concept op  on and exterior imagery follows the 
ini  al workshop op  ons.

Initial Site & Facility Options 
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Initial Site & Facility Options
Concept Option #1: Site 
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Main Level

Upper Level

Initial Site & Facility Options
Concept Option #1: Main & Upper Levels
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Initial Site & Facility Options
Concept Option #2: Site 
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Main Level Upper Level

Initial Site & Facility Options
Concept Option #2: Main & Upper Levels 
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Initial Site & Facility Options
Revised Concept: Site 
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Main Level

Upper Level

Initial Site & Facility Options
Revised Concept: Main & Upper Levels 
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Concept Design
The ac  vi  es within the new Glacier Ice Rink – hockey, fi gure ska  ng, curling – are all exci  ng and highly energe  c ac  vi-
 es.  Located within the Missoula County fairgrounds, which hosts a variety of community ac  vi  es throughout the year, 

the new ice center will be a dynamic addi  on to the city of Missoula, the surrounding area and the State of Montana.  The 
design a  empts to celebrate the ac  vi  es within and outside of the facility, and the re-imaging of the fairgrounds itself. The 
new Glacier Ice Rink would be a building that welcome everyone in the community, whether they are on the ice or not.  

Components
The proposed, new Glacier Ice Rink houses two indoor 
ska  ng and hockey arenas, an curling arena, an outdoor 
covered ice sheet, a restaurant, pro shop, and home offi  ces 
of the Missoula Bruins hockey team with their necessary 
support spaces of locker rooms and training areas. 

Building Massing
The arenas are tall and expansive spaces which make the 
mass of the building quite large. Integra  ng this large struc-
ture sensi  vely into the fabric of the fairgrounds is cri  cal.  
The design mi  gates these large masses by placing the 
more human-scale elements along the Russell street and 
southwest entry into the fairgrounds.

Building Entry and Outdoor Spaces
The fairgrounds is, in many ways, a collec  on of outdoor 
spaces and the new ice arena addresses this idea by creat-
ing an entry that is aligned with an outdoor gathering area. 

The new ice center’s entry along Russell Street is focused 
on an outdoor gathering space with central fi re pit. This 
courtyard gathering space is defi ned by the building on one 
side and a trellis on the other. The trellis, extending from 
the building’s main entry to the street, is a buff er that also 
directs visitors into the ice facility.  On the other side of the 
courtyard space is the covered open ice arena. The out-
door arena can be used year round for a range of ac  vi  es, 
especially during the fair.

Interior Organiza  on and Gathering
As visitors enter the building, the dynamic forms of the 
spaces – lobby, pro shop, restaurant – respond to the 
energe  c ac  vi  es within.  The tall open sunlit space 
connects the various ice venues and is intended to act as a 
welcoming community gathering area for spectators and 
par  cipants alike. Each of the ice venues open to this space 
so the visitor can absorb the energy within each space and 
share in the excitement.  The restaurant provides viewing 
into the curling center; the upper balcony provides views 
to the main arena.

Missoula County Fairgrounds Master Plan

Final Concept Plans 
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Exterior Image, Massing and Materials
The exterior image of the building is a response to the 
energy of the ac  vi  es and the vernacular architecture of 
the fairgrounds. The building is dis  nctly contemporary, 
expressing today’s view of architecture, but it remains 
responsive to the character of the fairgrounds.  

Inser  ng a building as large as the new Glacier Ice Arena 
is a delicate challenge.  Placing human-scale elements 
along the fairground edges (with the large volume space 
behind them) reduces the scale of the building to visitors; 
it creates a more sensi  ve connec  on to the exis  ng 
fairgrounds and a friendlier approach to the building.  The 
addi  on of wood elements on the entry trellis and building 
facade refl ects the areas lumber-industry history, as well as 
the community’s love of the environment and outdoors.  

The larger volume spaces are constructed of precast con-
crete wall panels.  Concrete wall panels have been proven 
to be the most cost eff ec  ve and durable material for en-
closing large volumes requiring sensi  ve humidity control.  
The exterior of the panels are ar  culated with board forms 
cast into the molds in a warm brown color, responding to 
the wood elsewhere on the building. 

A variety of window openings are used to enliven the 
building.  Some are small human scale windows at street 
level with views to the ac  vi  es inside; others are larger 
windows allow natural light into ice arena spaces. 

Note: 
The proposed building image represents the possibili  es 
of what the Glacier Rink could be, and are not meant to 
be a fi nal design direc  on.  When the project proceeds to 
implementa  on, the building design would certainly be 
studied in greater detail. Hopefully these images inspire 
the community and illustrate the poten  al of what the fu-
ture center will mean to the Missoula County Fairgrounds 
and the City of Missoula.

Final Concept Plans 
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RINK
2

RINK
1

TEAM

MECH

PUBLIC

RINK
3

TEAMFIG.

REF. REF.

CURL.

CURL.

BRUINS

SEAT. SEAT.

RINK
1

Rink 1 includes an NHL-size ice sheet 
(85’x200’) and bleacher sea  ng for 450 
spectators. Sea  ng is accessed from 
the main fl oor of the rink. Team rooms, 
referee rooms, coaches rooms are ac-
cessed from a shared corridor with Rink 
2. Figure ska  ng spaces are accessed 
directly from the deck. 

RINK
2

Rink 2 includes an NHL-size ice sheet 
(85’x200’) and permanent bleacher 
sea  ng for more 1,300 spectators 
(shown on upper fl oor plan). Sea  ng 
is accessed from both the lower and 
upper levels. Direct access to team 
rooms, referee rooms and other ska  ng 
support spaces is provided.

RINK
3

Rink 3 is a covered, outdoor rink includ-
ing an NHL-size ice sheet (85’x200’) and 
bleacher sea  ng for 450 spectators. 
Sea  ng is accessed from the main fl oor 
of the rink. Connec  ons to the corri-
dor in Rink 2 provides access to team 
rooms, referee rooms and other ska  ng 
support spaces

CURL.
          

CURL.

The curling area includes 3 curling rinks 
and an ice makers room. It also includes 
support spaces such as locker rooms, of-
fi ces and a players’ area with restrooms.

PARTY

Party rooms are located throughout the 
facility with access to various ice rinks. 
One party room is located adjacent to 
fi gure ska  ng spaces; two other party 
rooms are located amongst team rooms 
near Rink 2.

TEAM
          

BRUINS

Team areas are centrally located 
between the rinks. They include team 
rooms  (with toilets and showers) for 
youth, home and visitors varsity teams; 
coaches rooms; referee rooms; and 
storage. The Missoula Junior Bruins 
space is located apart from other 
team rooms, and can be accessed 
directly from Rink 2. Team areas can be 
accessed from all rinks; fl oor levels in 
the corridors of this area are ramped to 
address the diff erent fl oor eleva  ons 
required for rink and main lobby access.

REF.

Referee rooms are located amongst 
team rooms on either side of Rink 2.

LOBBY

The lobby space serves as an event 
pre-func  on area; vending and cafe 
sea  ng for concessions and viewing is 
provided. All rinks can be accessed from 
the lobby.

PUBLIC

The public area includes a variety of 
spaces: a restaurant, retail, concessions, 
 cke  ng, restrooms and management 

offi  ces. Most of the spaces are located 
within the main lobby, with the excep-
 on of skate changing areas which are 

located within the arena spaces.

MECH

The mechanical areas includes spaces 
for the building and ice refrigera  on 
equipment, ice resurfacers, and storage.

SEAT.

Bleacher sea  ng for 900 (450 in each 
rink) spectators —accessed from the 
rink decks—is located in rinks 1 and 3.

Final Concept Plan: Main Level

LOBBY

PARTY
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LOBBY PUBLIC

TEAM

SEAT. SEAT.

PARTY

MECH

TEAM
      

A dryland training space, with equip-
ment to improve balance, coordina  on, 
strength and skill training, can be ac-
cessed directly from the concourse level 
of rinks 1 and 2.

LOBBY

The lobby space serves as an event 
pre-func  on area; cafe sea  ng for 
concessions and viewing is provided. A 
stair gives access to the restaurant on 
the main level.

PUBLIC

Beverage concessions, a mul  -purpose 
mee  ng space, and restrooms are locat-
ed off  the lobby.  

SEAT.

Rink 2 includes a press box area and 
sea  ng for more than 1,300 specta-
tors. Standing area with snack rails are 
included at the concourse level.

PARTY

Two party rooms are located off  the 
lobby near Rink 1 and curling.

MECH

The mechanical areas includes spaces 
for maintenance, and building and 
elevator equipment.

Final Concept Plan: Upper Level
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Component Diagram

Indoor Arena Rink #1
$14,347,823   – $15,400,000

Indoor Rink #2
$12,131,314   – $13,492,000

Outdoor Rink
$3,108,000   – $3,301,000

This diagram illustrates the overall ice facility 
components and their associated costs. The low end of 
the range indicates cost of the components should the 
facility be constructed at one  me; the upper end of 
the range indicates the cost should the components be 
constructed individually.

Indoor Rink #2:
Includes the far west rink and support spaces such as 
team rooms and public areas. Access is along the north. 

Curling Rink & Restaurant
Includes construc  on of the curling rink and its support 
spaces, the restaurant and kitchen spaces.

Indoor Arena Rink #1:
Includes the main arena, team rooms, Bruin spaces and 
other support spaces.

Outdoor Rink:
Includes the outdoor, covered rink.

Note:
The order at which components will be constructed may 
shi   depending upon poten  al funding or partnership 
opportuni  es.

Curling Rink & Restaurant
$6,182,197   – $6,418,000
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Final Concept Plan: Exterior Images
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MEP

Building Envelope
The envelope of a new ice arena should be designed to minimize condensa  on inside the wall and roof systems.  We rec-
ommend rigid, vapor resistant insula  on products be used. 

Building Mechanical Systems:
Ice arenas require specialized design of the building mechanical systems.  Energy effi  ciency should be a primary concern 
along with simple controls to accommodate the varied use of building ac  vi  es.  We recommend the following systems be 
considered:

Indoor Arena Environments
• Desiccant based dehumidifi ca  on systems should be designed to maintain rink temperatures at 50F and dewpoint tem-

peratures at 35F.  The systems should be designed to pretreat the required ven  la  on air into the arena.  This eliminates the 
primary source of humidity in   the arena and it allows the arena to be con  nuously ven  lated to control contaminants while 
providing clean outdoor air for building occupants.  The system controls should be designed to allow mul  ple occupant level 
uses in the arena along with a purge mode to be used during resurfacing and ice edging opera  ons.

• Arena spectator areas should be heated with condensing style radiant heaters.  Side shields should be installed along the ice 
side of the heaters to prevent radiant heat transfer to ice surface.  The heaters allow warm spectator areas without adding a 
signifi cant heat load to the ice surface.

• It is possible to design arena hea  ng and ven  la  ng systems which will maintain ideal indoor arena condi  ons on a year-round 
basis and allow year-round use of the arena.

• Trench drains should be provided at entry points to the arena to collect snow and water from resurfacer opera  ons.

Team Rooms
• Team rooms are typically very humid, odiferous spaces which require specialized ven  la  on considera  ons.  We recommend 

ven  la  ng the spaces at twice the code mandated ven  la  on rate.  Air to air heat exchangers can be used to greatly reduce 
energy costs and cooling systems should be considered for summer  me use of the rooms.  Controls should be designed to 
automa  cally energize the ven  la  on system when the rooms are occupied.  This reduces energy costs and allows the rooms 
to be used without staff  having to worry about turning on or off  the ven  la  on system.

• Piping and mechanical systems should be located to minimize abuse.

Plumbing Systems
• Plumbing systems should also be designed to minimize abuse.

Lobby HVAC Systems
• Lobbies should be heated, cooled, and dehumidifi ed.
• Special considera  on should be given to glass on interior arena walls and exterior wall systems to prevent condensa  on.
• Low return air openings should be provided to collect cold air off  the fl oor and return it back to the HVAC system.

Resurfacer Rooms.
• Resurfacer rooms should be heated, cooled, and dehumidifi ed.  The rooms contain a high moisture load and can become 

humid and contaminated if the rooms are not properly condi  oned and ven  lated.
• Floors should be sloped to trench drains to minimize accumula  on of water.
• Resurfacer opera  ons require specialized water treatment and water hea  ng.  Water heaters using refrigera  on waste heat 

should be considered to reduce energy costs and increase refrigera  on plant effi  ciency.
• Snow melt pits should be designed to accommodate resurfacer opera  ons and minimize required maintenance  me.
• Resurfacer fi ll sta  ons and hose reels should be designed to simplify resurfacing opera  ons and allow variable temperature 

water to supplied during diff ering ice maintenance procedures.
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IceIce

General Considera  ons
In general, the ice system includes the refrigera  on systems, ice rink fl oor systems, waste heat recovery systems and dasher 
board systems. The proposed new ice arena facility on the Missoula Fairgrounds could have up to 4 ice surfaces including 
one main arena, one outdoor rink, a second indoor arena and a curling facility with 8 sheets.  

Ice System Op  ons
Five refrigera  on op  ons were evaluated for this facility. 
Op  on 1: 
New indirect, com-
mercial grade, HFC 
based system. SKID 
PACKAGE

Op  on 2: 
New indirect, 
industrial grade, HFC 
based system.

Op  on 3: 
New indirect, indus-
trial grade, ammonia 
based system.

Op  on 4a: 
New indirect, car-
bon dioxide (CO2) 
based system. SKID 
PACKAGE

Op  on 4b: 
New direct, carbon 
dioxide (CO2) based 
system. SKID PACK-
AGE.

Quality Levels
There are two levels of quality for the ice system discussed in this sec  on:

• Commercial grade systems.  These systems are similar to supermarket type refrigera  on systems, built on a rack package, and 
have a lower life expectancy.  These systems typically use copper and PVC pipe in place of steel; disposable type compressors 
in place of rebuildable ones; direct expansion type heat exchangers in place of fl ooded type systems; etc.  This is the type of 
system that is currently serving the facility.

• Industrial grade systems. These systems are typically s  ck built on site, have a longer life expectancy, and are generally more 
effi  cient to operate.  The exis  ng refrigera  on system at the Glacier Ice Arena fall under this category.

Energy Effi  ciency
The es  mated energy effi  ciency of each op  on is given to provide a rough order of magnitude only and may not be specifi c 
to this facility.  The effi  ciency of each system can vary greatly depending on the facility type, programming, building con-
struc  on, opera  ons, weather, length of season, etc.  

Direct/Indirect Refrigerants
The term “direct” when referring to the ice system means the primary refrigerant (ammonia, R-134a, CO2, etc) is circulated 
through the refrigera  on system and through the ice rink fl oor.  The term “indirect” means the primary refrigerant remains 
in the mechanical room and a secondary fl uid such as glycol or brine is circulated through the ice rink fl oor.  The exis  ng 
ice system at Glacier Ice Rink is an indirect system with ammonia as the primary refrigerant and brine as the secondary 
refrigerant.

Ice Rink Floor
Each op  on includes concrete ice rink fl oor(s) that consist of the following:

• 5” thick reinforced concrete fl oor
• 3” fl oor insula  on
• High density polyethylene piping for the cold fl oor, the subfl oor hea  ng system and all header piping systems with fusion 

welded connec  ons.
• Subfl oor hea  ng system for frost protec  on.

Waste Heat Recovery
Each op  on includes waste heat recovery systems for the snow melt pit(s), subfl oor hea  ng system(s), and prehea  ng 
resurfacer water.
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Op  on 1:  New indirect, commercial grade, HFC-based system (R-134a, R448a, etc.)
Descrip  on:  This system includes a direct expansion chiller, blended HFC refrigerant, semi-herme  c compressors and 
pumps.  This is a packaged system.  

Advantages:
• Lower capital cost.  
• Poten  ally less space required.  
• Lower refrigerant charge.

• Higher poten  al to be converted to 
another synthe  c refrigerant type, 
than an industrial grade HFC-based 

system, as synthe  c refrigerants are 
phased out in the future.

Disadvantages:
• Lower quality of materials and 

equipment than ammonia exis  ng 
system.  For example, the compres-
sors would be replaced and not 
re-built, uses copper piping in place 
of steel, etc.

• Lower life expectancy (approx. 20 
years vs. 30 years for an industrial 
grade system).

• Lower effi  ciency than industrial 
grade system.  Es  mated at 40-50% 
less than exis  ng indirect ammonia 
system.

• Future regula  ons of HFC refriger-
ants are uncertain.

• Less waste heat available to recov-
ery and use from system.

• Equipment arrangement makes 

maintenance more diffi  cult and 
poten  ally less safe.

• Requires much greater precision 
in se   ng controls when opera  ng 
mul  ple sheets from one refrigera-
 on system.  These types of systems 

to not react well when serving more 
than one sheet of ice.  

Cost Es  mate: 
Not provided for this op  on.

Recommenda  on:  
We don’t recommend this system be installed in this facility because of the lower effi  ciency, lower life expectancy, unknown 
future of synthe  c refrigerants and these systems require much more monitoring when serving more than one ice sheet.

Op  on 2:  New indirect, industrial grade, HFC-based system (R-134a, 448A, etc.)
Descrip  on:  This op  on includes a new industrial grade HFC-based system, similar quality to the exis  ng ammonia refriger-
a  on system.

Advantages:
• Higher effi  ciency than commercial 

grade system.

• Longer life expectancy, 30+ years.
• Equal in quality to exis  ng ice 

system.

• Less safety restric  ons than ammo-
nia refrigerant.

Disadvantages:
• Requires more space.  Exis  ng ice 

equipment room will need to be 
expanded.

• Less effi  cient than natural refrig-
erants like ammonia.  Es  mated 
15%-20% less effi  cient than exis  ng 
ammonia indirect system.

• Future regula  ons of HFC refriger-
ants are uncertain.

• Typically, HFC refrigerants are 
blended refrigerants that poten  ally 
present addi  onal concerns.

• Higher refrigerant and lubricant 
costs.

• If a direct expansion type system is 
used, greater precision in se   ng 
controls when opera  ng mul  ple 
sheets is required for a common 
refrigera  on system.

Cost Es  mate:  
Not provided for this op  on.

Recommenda  on:  
Since the facility staff  at the Glacier Ice Rink is familiar with ammonia refrigerant, we don’t recommend this op  on, which is 
a change to synthe  c refrigerants, due to the lower effi  ciency and the unknown future of synthe  c refrigerants. 



BUILDING SYSTEMS

 Missoula County Fairgrounds Ice Facilities  |  292  |  43

Ice

Op  on 3:  New indirect, industrial grade, ammonia-based system
This op  on is the same as Op  on 2 but replaces the use of a new blended HFC type refrigerant with ammonia refrigerant. 

Advantages:
• Best available proven technology for this applica  on.
• Proven performance and dependability.
• Maximum opera  onal effi  ciency.  Same or slightly be  er 

effi  ciency than exis  ng ammonia system.
• Sustainability.  Ammonia is a naturally occurring refriger-

ant.
• Longevity of equipment and refrigerant (30+ years).  Syn-

the  c refrigerants are faced with future restric  ons with 
high global warming poten  als.  Ammonia is also a pure 
refrigerant.

• Lower cost refrigerant.
• Availability of equipment and parts.
• Exis  ng staff  at the Glacier Ice Rink are already familiar 

with ammonia refrigera  on systems.

Disadvantages:
• Poten  ally greater health/safety hazards in comparison to 

synthe  c refrigerants
• Requires an exterior wall for ven  la  on louver and pres-

sure relief lines.  This is already included in the conceptual 

plans.
• May require addi  onal fi re proofi ng of equipment room.  
• Greater ven  la  on requirements in room.
• Higher capital costs.

Cost Es  mate (2019):  Cost es  mates do not include con  ngencies, so   costs, etc. 
Indoor Arena Rink #1, #2 and 
Outdoor Rink:  $3,200,000

Curling Rink (ice system separate from rinks #1, #2 and 
Outdoor Rink): $1,450,000

Recommenda  ons:  This is recommended based on the increased effi  ciency, the use of natural refrigerants and the exist-
ing staff  is already familiar with this type of system.  However, the Owner should be mindful of the greater health hazard 
over synthe  c or HFC refrigerants such as R-134a.   It would be prudent to include the fi re marshal, fi re department, fi re 
responders, insurance company and other interested par  es in early discussions of the proposed facility.  

Op  ons 4a and 4b:  New indirect or direct carbon dioxide (CO2)-based system
This op  on includes a new CO2-based ice system and ice rink fl oors.  The use of CO2 refrigerant may likely be the next sub-
stan  al “innova  on” in the ice rink industry.  There are currently 6 CO2 based systems opera  ng in the United States with 5 
of them located in Alaska. The fi rst one was installed in 2014.

Advantages:
• Higher effi  ciency.  CO2 indirect is es  mated less effi  cient 

than indirect ammonia system outlined in Op  on 3. CO2 
direct is es  mated at 5-10% more effi  cient than an indirect 
ammonia system.

• Poten  ally higher heat recovery temperatures.
• Poten  ally less space required than an industrial grade 

system due to smaller equipment and package or skid type 
fabrica  on.

Disadvantages:
• Higher equipment costs due to limited availability.
• Higher rink fl oor costs for direct system.
• Fewer contractors familiar with technology.
• Poten  al patent confl icts on using CO2 technology in ice 

rinks facili  es.
• Proprietary control systems used with this technology.

• Code regulated maximum quan  ty of CO2 in arena space 
which will likely require more expensive ven  la  on and life 
safety systems for a direct CO2 system.

• Drop off  of effi  ciency in warmer temperatures. 
• Addi  onal safety devices and systems may be required.   

Cost Es  mate:  Not provided for this op  on.

Recommenda  ons:  It is recommended that a CO2 refrigerant-based ice system be evaluated as an op  on by the Own-
er.  If the Owner 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.  

It is also recommended that a more in-depth study of CO2 system op  ons (e.g. common vs. single systems, single circuit vs. 
mul  -circuit systems, direct vs. indirect systems, etc.) and code requirements be performed during the preliminary design 
phase of the project to determine the feasibility of a CO2 ice system in this facility.
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Dasher Board Systems
The dasher board system is the system that is located around the perimeter of each ice rink fl oor to contain the play on the 
ice.  The dasher board system includes:  the lower panels; the shielding; the protec  ve ne   ng; the player’s, penalty and of-
fi cial boxes and benches, scoreboards, and related accessories.  The system shall be designed for safety, enhance playability, 
and op  mize spectator viewing. 

For a community facility like this one, we recommend the following general system:
• Steel or aluminum frames.
• 6’ high glass shielding system with 

aluminum support posts.
• 6’ seamless glass shielding system 

on bleach sides of rink.
• Nylon protec  ve ne   ng.

• Standard size player’s penalty and 
offi  cial boxes with water bo  le 
shelves.

• Zamboni and access gates.
• Backer panels to cover the backside 

of the board system in the public 

areas of the rink.
• Extra pieces of glass shielding.
• Standard colors for polyethylene 

materials.
• Wireless goal light system for main 

rink.

Construc  on Cost Es  mate
The construc  on cost es  mate for these systems is as follows.  The cost es  mates do not include resurfacers, edgers, goals 
and nets, tools, divider walls, etc. and do not include con  ngencies, so   costs, etc.

Main and Outdoor Rink:  $400,000
Second indoor prac  ce rink:  $180,000
Curling ice system-poly curb:  $8,000

Other Op  ons
Other op  ons to consider include the following.  Some of these op  ons improve the safety of the system. 

• Flexible glass shielding
• Acrylic shielding (in place of glass) 

with fl exible supports and fl exible 
shielding system.

• Increase height of shielding on ends 
of rink for the main rink. 

• Flexible board system.
• Flexible caprail or topsill.

• Backer panels around en  re rink 
perimeter.

• Removable panels for dry fl oor 
events.

• Flush mounted kick plate to improve 
playability.  This system can be used 
since dashers are located on the ice 
sheet.

• Kevlar protec  ve ne   ng on ends 
and radii to improve viewing.

• Storage carts for glass, boards, etc.
• Custom colors.
• Adver  sement panels.
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The following cost es  mates indicate the cost of 
construc  on should the en  re facility be constructed at 
one  me or if facility components were to be constructed 
individually. Es  mates are based on today’s building costs. 
For each year the project is delayed, the cost es  mate 
will need to be updated to take into account infl a  on and 
market condi  ons.

Construc  on Cost: Complete Facility
$35,769,334.00 

Construc  on Cost: Individual Components
Indoor Rink (Rink 2)  $12,131,314 — $13,492,000
Curling Rink & Restaurant $6,182,197 — $6,418,000
Indoor Arena (Rink 1)  $14,347,823 — $15,400,000
Outdoor Rink (Rink 3)  $3,108,000 — $3,301,000

Note:
(1) A cost range is provided for individual components to 
take into account future unknown scheduling, material 
prices and wage increases. The low end of the range 
indicates cost of the components should the facility be 
constructed at one  me; the upper end of the range 
indicates the cost should the components be constructed 
individually.

(2) The costs listed above do not include so   costs. So   
costs for a project of this scope typically run between 
10-20%. A detailed analysis of so   costs will need to be 
performed in order to refi ne the percentage. 
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Missoula Ice Survey Results
March 2018

1

2

Increased anticipated use by:
1. Curling +20%
2. Parties and Private Rental +18
3. Spectating +18%
4. Junior Hockey +11%
5. Public skate +8%
6. Youth Hockey +8%
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3

Respondents are pleased with the 
Fairgrounds Schematic Design

The majority of respondents had not 
attended the public workshop on 
October 25, 2017

4

Excited for:
1. Increased time on the ice
2. Less late night games
3. Reliable high quality ice

Respondents expect to use a new facility 
for more opportunities year round!
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5

MOST critical to customers:
1. Parking
2. Heated bleacher area
3. Skate sharpening

LEAST important to customers:
1. Sit down dining
2. Proshop
3. Coaches office space

6

Similar anticipated restaurant and proshop use
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7

The majority of respondents are willing 
to support a new facility financially

8

Score 5.8 out of 6 for a year round inside (3rd?) rink
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9

Respondent’s Demographics

9
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