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Executive Summary

Lessoway Moir Partners was retained by Energy Solutions Centre in Whitehorse, Yukon to
complete a study of two energy-saving alternatives at the Icy Waters Ltd. fish farm including;

1. Use of free cooling for the refrigeration units at the plant, and
2. Provision of a heat pump to heat and/or cool the hatchery process water.

The first energy option; installation of a free cooling system for the refrigeration units in the
plant, was reviewed and estimated to result in annual energy savings of only $200 to $300. The
estimated installation and design costs were excessive relative to the potential energy savings
and resulted in a disproportionately long payback period. As such, provision of a free cooling
system for the refrigeration units is not recommended.

The second energy-saving option reviewed; installation of a heat pump system for cooling the
egg incubation water and heating frey tank water, would result in an increased window of export
for the eggs, increased production in the frey, and significantly decreased operating costs
compared to the existing oil boiler system. Application of the secondary sales program in
conjunction with the installation is a strong contributor to the decreased operating costs with
power rate of 3.3 cents per kWh and no demand charges. Total installation cost is estimated at
$415,000, with annual energy savings of $86,000, a return on investment of 20% over 15 years,
and a resulting simple payback of 4.8 years.

It should be noted that there is a also the option of eliminating the new electric boiler from the
above design and using the existing oil boiler to supplement the heat pumps thereby reducing the
total installation cost. With this option, however, the total installation cost is estimated at
$360,000 with annual energy savings of $67,000, a return on investment of 17% over 15 years,
and a resulting simple payback of 5.4 years.
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Introduction

Icy Waters Ltd. 1s an Arctic Charr fish farm located in Whitehorse, Yukon. The farm
encompasses all stages of fish development from the hatchery to the processing unit and is
highly dependent on export of eggs as well as processed fish. Energy use is one of the greatest
cost drivers of the farm and methods of reducing those costs are being sought. Some ideas were
first presented in a grant application by Jonathan Lucas, General Manager of Icy Waters Ltd.
(IWL), to the Yukon Innovation Technology Centre in early 2002, herein referred to as the YITC
application. This application is found in Appendix 1 and the ideas that were identified in it are:

1. Free cooling in the processing plant freezer and cooler
2. Use of heat pump technology for cooling egg incubation water.
3. Use of heat pump technology for heating water for 12 frey tanks.
This report expands on these ideas and investigates the feasibility of them. A site visit was

conducted on November 20, 2002 and information gathered both over the phone from staff at lcy

Waters and from records held by the Energy Solutions Centre of previous investigations done in
late 2001 and 2002.
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method and involves blowing cold outside air into the cooler or freezer with a fan. It includes a
temperature controller that shuts down the system once the outside air temperature rises above
the desired indoor cooler or freezer temperature, and then the existing chiller resumes operation.

The second method requires a glycol-filled coil run in a loop between outside and inside,
transferring the cold from out to in. Again, once the outside air temperature rises above the
desired cooler or freezer temperature, the conventional chiller takes over. This method is more
expensive to install and less efficient than the direct method, but it has other significant
advantages. The glycol loop method allows for far greater control on the quality of air going
through the cooler or freezer, as it is not as dependent on the quality of air being taken from
outside. Fish products may be sensitive to humidity levels, potential vehicle or building exhaust,
or dust particles that could be introduced in the direct free cooling system.

4. Results

Using Whitehorse temperature data, it was calculated that free cooling is available for
approximately 46% of the year for the cooler and less than 1% of the year for the freezer. The
latter is due to the necessity of providing -40°C to the freezer in order to maintain a temperature
of -23°C. Appendix 2 has a table showing these calculations, and also showing that there are
approximately 14 degree days where free cooling is available at -40°C supply temperature or
lower, and approximately 1509 degree days where free cooling is available at -6.7°C supply
temperature or lower. Since free cooling is essentially unavailable for the freezer, no further
investigation was done for it.

The following figure summarizes the calculations that are outlined in Appendix 2 for free
cooling of the cooler using the direct method:

Heat gain for cooler 5855 Btuh
% of chiller unit operation time in winter (below -6.7°C) | 34%
Effective run time of chiller in winter 1272 hrs
Outdoor air fan power costs per winter $143
Chiller unit costs per winter $373
Savings achieved with free cooling per year $230

Figure 2 Free Cooling Results

Since the cooler unit is mainly outdoors with only one wall affected by heat gain from the
interior, the estimated chiller unit run time is 34% of the time that free cooling is available — that
is 16% of the year (34% of 46%). This is the main reason that the savings are small for
introducing free cooling. With total savings estimated at only $230 per year it is clear that
payback on installation of the free cooling system will be very long and it is not recommended to
proceed with the installation.

The glycol loop method is even more expensive to install and is slightly less efficient resulting in

lower savings and a higher payback period. It is not recommended to proceed with free cooling
for the plant with either method.
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The heat pump process involves a cycle of evaporation, compression, condensation and
expansion. A refrigerant is used as the heat transfer medium, and it starts in the cycle as cold
liquid that passes through the water-to-refrigerant heat exchanger (HEX-1) and absorbs heat
from the water source, thus cooling the water for the eggs. The refrigerant evaporates into a gas
as heat is absorbed. The gaseous refrigerant passes through a compressor where the refrigerant is
pressurized, raising its temperature to over 80°C. The hot gas then circulates through a
refrigerant-to-water heat exchanger (HEX-2) where heat is removed as the cooler water passes
over it, thus heating the water to the frey tanks. The refrigerant in the mean time has released its
heat energy and returns to the water-to-refrigerant heat exchanger (HEX-1) where the process is
repeated.

Two 30-ton heat pumps will be needed to cool approximately 5.7 L/s (340 L/min) for the eggs
while heating the estimated 4L/s for the frey in the summer. These same 2 heat pumps will be
used to cool the 4L/s of frey discharge water to heat the 4L/s incoming frey water in the winter.
An electric boiler is recommended for the shoulder seasons, for example in March when it is
assumed that source water temperature is 3°C. At these times cooling is needed for the eggs but
there 1s not enough heat extracted to heat the frey tanks. The electric boiler is far less energy
efficient than the heat pumps but is necessary and still qualifies for secondary sales. It is sized
for 100% backup to the heat pumps but may be sized for less than that if it is determined that it is
advantageous to stretch the heat pump season, resulting in a lower cost. The advantage of having
the electric boiler installed rather than using the existing oil boiler is to provide a complete
electrical system that may take advantage of the secondary power sales program. This is
discussed in more detail in the results section.

Three shell and tube heat exchangers are also needed, one for each side of the heat pumps and
one for the boiler. The third one would replace the existing heat exchanger used with the oil
boiler. These “OC” type shell and tube heat exchangers are designed specifically for ease of
cleaning. In the past Icy Waters staff has had difficulty with their plate heat exchangers because
of the frequency with which they needed cleaning. A level controller is also provided for the
header for the frey tanks. This is to ensure that oxygenated water does not overflow nto the
drain.
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4. Assumptions

the flow rates to the incubation trays and frey tanks is constant
frey tank turnover rate is 3 tanks per hour

operation is 24 hrs. per day, 365 days per year

water temperatures are as follows:

December, January, February = 2°C

November and March = 3°C

October and April = 4°C

September and May = 5°C

June, July, August = 7°C

5. head pressure of supply water insufficient for heat exchangers HEX-1 & HEX-2; pumps
required

bl S

6. there is adequate space for the new equipment
7. oxygenation of frey tank water occurs in header
8. frey size is between 0.1 and 0.4 grams in the 12 frey tanks
9. food to weight gain conversionrateis 1 : 1.5
5. Results

It is stated in the YITC application that by cooling the egg incubation water and maintaining 2°C,
the window for shipment and sales of the eggs may be doubled. This would allow for more
flexibility regarding customer requirements and for the ability to sell eggs over a longer period of
time. Tt is difficult to quantify the financial benefits of this without knowing the fish farming
business in more detail.

The YITC application also explains how fish growth is calculated based on water temperature,
stage of growth, and conversion rate.

Temperature 2°C 7°C 14°C
Growth per day 1.6% 2.7% 3.9%
Time to reach 0.4 grams | 12 weeks | 7.5 weeks | 5 weeks

Figure 7 Frey growth rates

Figure 7 above estimates the gain in production that could be attained by heating the frey water
to 14°C. Frey growth from 0.1 grams to 0.4 grams in weight would be approximately 2.4 times
faster in the winter compared to unheated water, and about 1.5 times faster in the summer. With
a yearly average growth rate increase of 2 times, it can be predicted that frey production during
this period will double what it would be without heated water. Some heating is done with the
boilers now, so the new system will essentially result in growth rates of 1.5 times today’s rates in
the winter, and no increase in the summer.

To heat this water year-round to14°C using the existing oil boilers, which have an estimated
seasonal efficiency of 70%, would cost in the order of $114,000 per year at $0.60 per litre of oil,
as calculated in Figure 8 below. The present day operational cost is estimated at $82,000 per
year since heating in winter is only to about 7°C rather than 14°C. With a new boiler with 85%
efficiency the cost for year-round heating to14°C would drop to an estimated $94,000 per year,
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still significantly higher than the heat pumps operational cost of approximately $86,000 per year
as calculated in Figure 9.

HEAT 12 FREY TANKS WITH OIL BOILER
LITRES OF OIL CONSUMED
Bailer Efficiency (%)

AT(°C) BTUH Days 70% 85%
Winter 12 684736 90 57587 47425
Nov & Mar 11 627675 61 35779 20465
Oct & Apr 10 570613 61 32526 26786
Sept&May 9 513552 61 29273 24107
Summer 7 399429 92 34339 28279
Total Litres: | 189504 | 156062

$/Litre  COST OF OIL CONSUMPTION
$060] $113702 | $ 93637
Figure 8 Oil boiler consumption and cost

Electricity consumption with heat pumps and existing oil boiler

Month Spring = Heat 70% eff.
Water Pump Heat Oil Boiler  Qil Boiler Total Total
Temp.  operation Pump operation Litresper Pumps KWper KWper Total KV
(°c) (%) KW (%) Month KW Hr. Day per Mont
January 2 100 40 0% 0 8 48 1152 35712
February 2 100 40 0% 0 8 48 1152 32256
March 3 20 8 80% 14546 12 20 430 14880
April 4 40 16 60% 9598 12 28 6872 20160
May 5 60 24 40% 5951 12 36 864 26784
June 7 100 40 0% 0 8 48 1152 34560
July 7 100 40 0% 0 8 48 1152 35712
August 7 100 40 0% 0 8 48 1152 35712
September 5 60 24 40% 5759 12 36 864 25920
October 4 40 16 60% 9918 12 28 672 20832
November 3 20 8 80% 14077 12 20 480 14400
December 2 100 40 0% 0 8 48 1152 35712
40 200
TOTAL Litres per Year: 59848 TOTAL KW per Year: 332640
kWh $/KWh Litres Total
Regular Rate: 332640 0.15 59848 $85,805
Secondary Power: 332640 0.033 59848 $46,886

kWh x $/kWh + litres x $0.60/litre = $/year
Figure 9 Heat pump system operating costs with existing oil boiler

By taking advantage of the secondary power sales program, resulting yearly heating costs in the
order of $47,000 are achieved. The secondary power sales program is a Yukon Energy program
which utilizes “surplus power”. Since we are not connected to the main grid outside the territory
we do not have the ability to sell off surplus power needed and produced for stable service. The
utility has developed this program as a means to equalize the power consumption to the power
production. The term “surplus power” refers to the times when the utility is producing more
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hydro power than it is selling. The program consists of the installation of an electric heating
system and a separate electrical service and meter. The system must have the ability of being
turned off with 24 hours notice when Yukon Energy determines that surplus power is
unavailable, and thus a 100% backup system is needed. In this case the backup system is the
existing oil boiler system. This surplus power is sold at a fixed rate of 3.3 cents per kilowatt
hour based on the meter reading of the system’s independent meter, and there are no demand
charges. This rate may change, as the rate is set at 10% less than the “avoided cost of diesel fuel
oil”.

The yearly heating cost of about $47,000 may be further reduced by installing an electric boiler
for the spring and fall seasons, dropping the use of the oil boiler even more. Under secondary
sales the total heating costs would be in the order of $28,000 — resulting in an estimated savings
of $86,000 per year compared to using the existing oil boiler for the full heating, or an estimated
savings of $54,000 per year compared to today’s energy use.

Electricity consumption with heat pumps and new electric boiler
Spring Heat Electric
Water Pump Heat Boiler Electric Total Total Total
Temp. operation Pump operation Boiler Pumps KW KW per KW pe:
Month (°C) (%) KwW (%) KwW Kw per Hr. Day Month
January 2 100 40 0 0 8 48 1152 35712
February 2 100 40 0 0 8 48 1152 32256
March 3 20 8 80 160 12 180 4320 13392
April 4 40 16 60 120 12 148 3552 10656(
May 5 60 24 40 80 12 116 2784 86304
June 7 100 40 0 0 8 48 1152 34560
July 7 100 40 0 0 8 48 1152 35712
August 7 100 40 0 0 8 48 1152 35712
September 5 60 24 40 80 12 116 2784 83520
October 4 40 16 60 120 12 148 3552 110112
November 3 20 8 80 160 12 180 4320 12960(
December 2 100 40 0 0 8 48 1152 35712
40 200
TOTAL KW per Year 85968(
kwh X $/kWh = $lyear
Regular Rate: 859680 0.15 $128,952
Secondary Power. 859680 0.033  $28,369

Figure 10 Heat pump system operating costs with electric boiler

The oil boiler is used for space heating of the residence upstairs as well, and the secondary sales
program could also apply to it. No calculations were made for this but it is worth considering if
an electric boiler is installed.

Figure 11 below summarizes the equipment selection for the heat pump system installation,
along with the associated costs. Our opinion of probable cost for the total equipment and
installation is $415,000 and with the yearly savings estimated at $86,000, a simple payback of
4 8 years results. This is without considering the increased fish production rate and the longer
export time that will be available with the cooled incubation water.
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Icy Waters Heat Pumps Cost Estimate

item Description No.JIf ltem Cost Total $
Water Furnace (Heat Pump) 30 ton water to water heat pump 2 35,000 $ 70,000
Heat exchanger Cooling Side Heat Exchanger (HEX-1) 1 9249 $ 9,249
Heat exchanger Heating Side Heat Exchanger (HEX-2 & HEX-3) 2 5679 $ 11,358
Electric Hot Water Boiler 210 KW (716000 btu/hr) CSA approved 1 27,000 $ 27,000
Pumps Base mounted centrifugal 5 2,000 $ 10,000
Valves 4" Gate valve 27 680 $ 18,360
Valves 4" check valve and strainer 10 500 $ 5,000
Controls Water level, sensors, wiring, etc 1 5000 $ 5,000
Piping 4" Sch-40 Galvanized steel pipe (FT) 650 34 21,775
_ S U0 plagtic B
Freight to Whitehorse 1 8,000 $ 8,000
Instailation Labour 1 120,000 $ 120,000
Electrical service New meter, service, etc. 1 25000 $ 25,000
Engineering fee Electrical, Mechanical 1 35,000 $ 35,000
Contingency 15% $ 49,611
Grand Total Preliminary Estimate $ 415,353
Figure 11 Equipment and installation costs
The specification information for the equipment is found in Appendix 11.
8 ‘(i(fll/\ljc 5 in s FJV }fxﬂ ~ g bl LSf i hrasnag
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Recommendations

1. Free Cooling

Installation of a free cooling system will only result in energy savings of a couple of hundred
dollars a year. The cost of installation and design therefore outweighs the benefits in operating
costs. It is not recommended to install a free cooling system.

2. Heat Pumps

It is recommended to install the heat pump system including the electric boiler for cooling the
egg incubation water and heating the frey tank water. It is also recommended to apply for use of
the secondary sales program in conjunction with the installation. The results would be increased
window of export for the eggs, increased production rates in the frey, and significantly decreased
I operating costs as compared to the existing oil boiler system.

Total installation cost is approximately $415,000, with annual energy savings of $86,000, a
return on investment of 20% over 15 years, and a resulting simple payback of 4.8 years.

Total installation cost without the electric boiler is approximately $360,000 with annual energy
savings of $67,000, a return on investment of 17% over 15 years, and a resulting simple payback
of 5.4 years.
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Icy Wgtelﬁ Ltd.

Innovative Projects for which funding is sought fmm the Yukon Technology Innovation
Centre, ;

|
Three innovative projects using technology and applications new to the Yukon, Canada,
and aquaculture have been identified at Icy Waters Ltd. As previously discussed each
project will require a large amount of work to pmgress through the grant apphcanon
stage. Consequently I would like to introduce each project in terms of its aims, the
technology used and its application, and request that YTIC review these introductions. If

the projects are deemed to fall within the scope of‘YTIC funding, detailed grant
applications will follow.

Company Background

Icy Waters Ltd. farms and produces Arctic Charr year round. The facility compnses a
certified broodstock and hatchery unit, tank farm and ponds for grow-out, processing unit
with freezers and coolers, and associated offices for administration. The company has 15
employees. Icy Waters Lid. began fish farming in ﬂ987 and has been expanding,
evolving and developing since then. The following three projects have been identified as
highly important to the increased efficiency and sustainability of the entire unit, and take
advantage of new technology and its application. .

1) _Use of Chilled Wate crease Fish Egg Incubatio

Icy Waters Ltd. (IWL) has developed a broodstock program that allows eggs to stripped
from fish in the fall, and also springtime, by ahcra:nou of their photoperiod. A number of
broodstock are kept in a light regime which is exactly opposite the natural cycle, thus
these fish believe actual springtime to be their fall,.thus they mature in spring. This
allows IWL to harvest eggs twice per year.

IWL uses these eggs to produce its own fish, but also has egg sales in North and South
America, Europe and Asia, thus exporting from bdth the Territory and Canada.

The physical movement of eggs is quite straightforward, and if properly packed eggs may
be transported around the world for up to 72 houts‘ However transportation must be
caompleted before the egg reaches the eritical pre-hatch stage. During this stage any

physical shock will cause the eggshell to rupture prematurely, leading to the death of the
hatched alevin.

Fish egg development iz controlled by temperature Higher temperatures speed
development, lower temperatures slow development (within biological limits).

Development is measured in ATU (ambient tempetature units) of DD (degree days), i.e.
one day at 4°C is 4DD, or 4ATU. The cnitical pre-hatch stage of development begins at
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360 DD and no transportation is possible after this time, i.e. if the eggs are not sold, aor
the customer is unable to accept the eges before this time. then the eggs and/or sale is

lnet

Historically the incubation temperature of the watfcr varies from 3-6°C for the fall eggs,
and 3-7°C for the spring eggs. averaging around 4'C and 5.5°C respectively. If IWL were
able to control and cool the incubation water to an average of 2°C and 3°C. it is clear that
the window of sales and shipment would be doubled. This would allow IWL. 1o sell eggs
over a longer period of time and become considerably more flexible regarding customer
requirements. Additionally egg quality and ensuing frv quality is improved if the
incubation temperatures remain stable and below 7°C. Caoling would ensure this and will
improve ege/fry quality

Technology: The water will be chilled using heax pump technology with supporting
“free-cooling”. ;

Hest pumps are considerably more efficient than conventional electric chillers, and whilst
conventional chillers vent the removed heat to thelatmosphere, heat pump technology
allows this heat to be used elsewhere. The IWL hatchery has a requirement for heat in its
hatcherv fish tanks throughout the year. which is currentlv provided by oil burning
boilers. It is envisaged some of this heat will be reblaced from the cooling of the
ingibation water

“Free-cooling” involves taking advantage of the Yrukon winter, and placing a glycol filled
coil in the freezing air outside the hatchery. This coil is then run ta anather coil inside the
hatchery placed in the water to be cooled. A smallielectric pump then circulates the
glycol through the system, moving “cold” from the air outside the hatchery to the water
inside the hatchery. Control equipment ensures the process is regulated, and if free-

couling is insufficient for the system requirements| the heat pump system is automatically
activated. '

2)_Processing Plant: Innov for F r and Cooler Units

IWL processing plant has a cooler, main freezer, and blast freezer. These are presently
cooled with compressors, the waste heat venting off to the atmosphere. It is planned to
replace this system with heat pumps. The heat liberated by the heat pumps is to be used to
reduce reliance on the oil burning boiler that presehtly heats the office/processing unit.

As above, “free-cooling”™ units will be added, al]ov{ying IWL to take advantage of the
freezing Yukon temperatures, the heat pumps acting as “support” cooling in winter and
fully functional in summer. Control equipment will regulate the temperatures in each of
the cold units and switch from “free-cooling’ to heat pumps as required.




3) _Juvenile Fish Stages - G wth Enhancement

Fish growth is temperature dependant. Within bioiogical Iimits the warmer the water the
faster the growth. Depending on the size of the fish, a rise of 2’C can result in a growth
rate increase of between 10%-30%. Consequently water temperature is critical to fish
production. The ability to raise fish rearing water te.mperatures economically has a huge,
positive effect on productivity. 5
The juvenile stages of Arctic Charr rearing use les;s water than the grow out. Thus the
costs of heating this amount of water is less than for the grow out stages.

Juvenile stages grow faster (in percentage increase terms) than older fish. It is vital for
the successful economics of the farm that fish in the juvenile stages grow as fast as
possible to be of a large size, as early as possible, for stocking in the tank farm. At any
temperature 200g juveniles will reach market size iconsidembly faster than 100g
juveniles, as the smaller fish will never catch up and the size difference will increase
pro-rata as both groups of fish grow. f
Conventional heating using oil-fired boilers is presi;ently used in the hatchery to heat a
small volume of water to increase growth in the youngest fish. This is expensive and
inefficient. It is also totally impractical for larger volumes of water.

It is proposed to replace the boilers with heat pumps, to increase temperature within the
hatchery by an average of 5°C over the year. Addiﬁonally heat pump technology will be
installed in our pre-grow out juvenile facility to mcrease the average water temnperature
by the same amount. |
It is proposed that the average weight of our juven’iles just prior to tank farm stocking
could be increased to 200g. Presently these juveniles are stocked at an average of 70-80g.
These juveniles would also be ready for transfer earlier in the year than under present
rearing conditions. The subsequent shortening of the production cycle by at least 6
months will make a considerable difference to the economics of this company.

Project B d

The GM at IWL (Jonathan F. Lucas) believed savings in heat and power could be made
throughout the facility by using new technology, or new applications of old technology,
along with use of renewable sources of energy. Dan Flynn and Doug MacLean st Yukon
Energy Solutions were contacted, and it was felt tHe vnique nature of the TWL facility
lent itself to the introduction of heat pump technology. A site meeting was arranged with
representatives of Histech Energy Solutions Ing, CE]gary Histech are highly interested in
the possibilities afforded by the IWL facility and believe significant savings and




5

}
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!
|

production gains can be made. The application of heat pump technology to aquacufture
has never been undertaken in the Yukon, and onl)} rarely (if ever) in Canada.
!

Cooling of water to delay development of eggs ddes occur in one specialised egg
production farm in Scotland, UK. It does not prwénﬂy occur in the Yukon. IWL is not
aware of any companies practicing this with Arctﬁ: Charr, or other salmonids in Canada

|
However Histech and YES require a very considex]kable amount of work and information
to be prepared before the project can be fully quantified, gains and savings confirmed,
and quotes prepared.

i
TWL requests that YTIC consider these 3 projects;tefore the closing date of 31 Jamuary
2002, and discuss with IWL whether they would be suitable for support from YTIC. If
YTIC can support these projects IWL will ga aheez.d to prepare the projects for Histech
and YES, and submit a complete proposal to YTI(‘;Z for each.
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stimated Costs and Benefits of instaiﬁi:g Heat Pwmp icchngiogyina
New Application at Icy Waters Ltd

Use of this technology in a new application is seerll as a major component in aflowing Icy
Waters Ltd. achieve the following goals: f
1) Growing Arctic Charr to market size faster |
2) Growing Arctic Charr larger, i.e more fish in the larger market size bands, which are
more valuable per Ib than smaller fish. ;
3) Reduction of summer mortality due to high water temperatures
4) Satisfying customer demand, Presently Icy Waters Ltd cannot satisfy market demand
for its fish. By shortening the growing cycle of the fish, Tcy Waters Ltd will be able to
increase the biomass of fish produced, without actually increasing the biomass of fish
held on the farm, The fish will simply be required to be in the growing tanks for less
time. i
5) Consequently unit cost of fish production wili )decrease, making the farm more
economical. i
6) Additionally reliance on oil-fired heating will be removed, with the following
benefits: i
1) Heats pumps are electrically power:bd, This is produced in an
environmentally friendly manner id the Yukon.
i) Removal of oil burning removes a release of combustion products within
the City of Whitehorse. ;
1il) Requirement for oil in the City of Whitehorse is decreased, decreasing
trucking costs (environmental, road maintainance etc.)
iv)  Heat pumps are more economical than oil burning boilers, thus the
production of heat is cheaper, reduging costs to the farm.
v) Maintainance of heat pumps is more straightforward than oil-fired boilers.
vi) Tt would not be economically possible to heat this amount of water by this
amount of degrees with oil-burning technology. Thus Icy Waters Ltd.
could not fulfi] the goals above. 1
Application of Heat Pump technology to aquaculnlére is unknown in the Yukon, and most
of Canada. Should this project go ahead Icy Waters Ltd would view the investment as a
showcase for other Yukon/Canadian businesses and these would be welcome to view the
Icy Waters Ltd. installation, and discuss all aspects of the design, costs and benefits,

It is envisioned that 2 systems be installed:

I

A) To enable the water supplied to the production jfacilities of the hatchery to be raised by

5°C over the year. This would increase water temperatures from a range of 3-8°C, to 8-
13°C. ‘




|
|

B) To enable the water supplied to the juvenile prc‘)duction facilities to br raised by 6’C
over the year. This would increase water temperatures from & range of 2-8°C, to0 8-14°C.

A third system would ideally complete the systemi Thig would be required to cool the
tank farm water during summer. Presently this water can reach a high of 19°C

Above 16°C feeding appetite begins to decrease rapidly, and at 18°C mortalities begin to
occur due to heat stress. As the temperature rises beyond 18°C, mortalities increase still
further (see extract “The Culture of Arctic Charr™ [i- A Literature Review, Lucas &
Lucas, 1992, unpublished, for Skye & Lochalsh LEC/Highlands and Islands Enterprise
Board, Scotland, UK.) Thus during the warmest rﬁonths, Icy Waters Ltd. actually has
restricted fish growth due to high temperatures, aﬁd increased mortalities. Additionally
high water temperatures cannot hold as nmuch dlssmlved oxygen as cooler temperatures,
thus Icy Waters Ltd. must produce more oxygen m summer, to maintain fish that areon a
restricted diet because the water temperature is too high. Reducing these summer
temperatures by 3°C would reduce mortality due to heat stress significantly, and also
significantly increase the opportunity for growth ob the farm.

Growth Benefit i

!
Growth of the fish is directly related to temperature. They will eat more, and convert this
food into flesh more efficiently as the temperature|rises. The maximum effect ocours at
around 15-16’C, above which appetite and conversion decreases with temperature.
A considerable amount of research has been undertaken to establish the correct feeding
rates for fish at various temperatures (see attached|tables). As an example, if we look at
0.1-0.4g fish in the hatchery, at 4°C they require 2}8% bodyweight feed per day, therefore
at a conversion rate of 1:1.5 (for example), they wﬂl increase weight by 1. 86%/day If the
water temperamre is raised to 8°C, feed reqmrement is 4.5%, and weight gain at the same
conversion rate is 3%, or growth is increased by 1J6 times, Thus the time taken to grow
from 0.1 to 0.4 g is reduced 1.6 times, if this was ordmanhy 4 weeks at 4°C, it would
now be 2.5 weeks.
Exanunmg the juvenile situation: (eg) a 10g fish af 2°C feeds at 1%, and converts at
1:1.3, it would grow at 0.77%/day. At 6°C the samle fish at the same conversion rate
would grow at 1.08%/day, or 1.4 times faster; at 8'C this would be ! .7 times faster.

This growth increase in the hatchery and juvenile s[tagcs of the fish production means the
fish will be larger, and be moved to the main grow out facility sooner than is presently
the case. Additionally if the tank farm water can be cooled in the summer, growth can
continue at the most optimal temperatures throughput the summer. The fish will therefore
reach market size faster, be larger at market size, and also due to the speedier movement
of fish through the system production biomass wﬂl increase. Thus allowing Icy Waters
Ltd to fulfil its goals listed above. |

i
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Capital Costs |

l

Both IRAP, and Yukon Energy Solutions are bei:% approached for support, and to
explore further avenues for funding, t

|

System A requires 7 heat pump units of size 30 tonnes each
{

System B requires 9 heat pump units of size 30 toﬁnes each
|

(tonnes refers to heat capacity, 1 tonne =12000 BTU)

|
Heat pumps have been quoted for by Histech, Calgary, Alberta. and cost is:

System A $155,000
System B $196,000

i
i
!
i
|
i

Lo .
My experience in aquaculture estimates that installation costs will be 100% of system
costs, thus total project costs will be $702,000. |

!

|

i

Ruanning Costs
|

The yearly operating costs indicate the incredible efficiency of these systems:

!
System A: $30000 per year '
System B: $35000 per year !
Tank farm cooling: FREE.

Whenever tank farm cooling is required System Aland B will take their required heat

from the tank farm water, thus cooling it. A and Biwill take enough heat to drop 200Us of
tank farm water by 2.7°C.

Present operating costs - oil costs for the hatchery |boiler, to heat 13 /s of water by an
average of 4’C, with no cooling’ !

2000/2001: $15841 |
2001/present: $16671 (estimated year cosJ >$20,000)

To operate this type of temperature manipulation using oil fired systems would cost the
following: ;

|
|
System A:  $89,000 E

System B: $107,000
With NO cooling, |

Clearly oil burning is inefficient, uneconomic, and|environmentally unfriendly.



Installation of the Heat Pump Technology in this ﬂew application will allow Icy Waters
Ltd. to achieve its goals.
fcy Waters Ltd. understands this to be a major mn#:vanve project, and is secking support
from YTIC. However lcy Waters Ltd. is actively seeking support elsewhere, and asks that
YTIC consider supporting the project in associatidn with other agencies

§

|

|







[CY WATERS LTD. 4/96
GROW OUT - CHARR PRODUCTION

FEEDING GUIDELINES

273 T137

TE@

M ICY WATERS US

PN o JLl

Percent of Body Weight Fed Per Day
Averags Fish Size | Pellet Size Water Temperature (C)

Weight (gms) mm 2 4 6 8 10 12 14 16
0.05-0.1 mash 27 32 4.1 5.3 6.0 8.3 8.5 7.8
0.1-04 #0 24 28 3.8 4,5 50 5.4 5.8 6.2
04-40 #1 2.0 24 2.8 3.2 38 42 5.0 55
4.0-10 #2 1.3 1.7 1.8 2.0 2.2 26 2.9 3.2
10-25 vve/1.5 1.0 1.3 1.4 1.7 2.0 2.3 26 3.0
25-50 1.5 08 11 13 18 1.7 1.9 24 2.3
50-100 | 20 | 08 1.0 1.2 1.4 1.6 1.8 2.0 2.0
100 - 150 20/25 0.7 0.8 1.1 1.3 1.5 1.7 1.9 1.8
150 - 250 2.5 0.6 0.8 1.0 1.2 1.4 1.8 1.8 1.8
250 - 450 2.5 0.5 07 0.9 1.1 1.3 1.5 1.7 1.7
450-750 3.5 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.6
750 - 1000 3.5 0.3 0.5 0.7 0.9 1.1 1.3 1.5 1.5
1000 - 2000 5.0 0.2 0.4 0.6 0.8 1.0 1.2 1.2 1.2
2000 + €5 0.2 0.4 0.5 0.6 0.7 08 038 0.8

1. Feeding Table should be used as a guide to calculate peliet size and daily ration.

2. Careful observation of feeding response is critical to determine actual daity food intake.

3. Good environmental conditions are important in order to achleve maximum feeding levels,

4. Feed should be presented over a period of 12 hours or longer. Frequent small meals may provide optimal results.
5. Autornatic feeders should be supplemented with hand feeding to gauge feeding system efficlency.

6. Wasted feed may indicate that meal size is too large or daily ration is toc high. Make changes as needed.

7. Feed cautiously at high temperatures when metabolic rates are high to avoid oxygen depletion.

SRR SRS
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NOTES:
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ICY WATERS ENERGY STUDY

lcy Waters Equipment

Plant

Processing Room
Room 1: Chiller, 4 C
Room 2: Blast freezer (not used)
Room 3: Freezer -23 C
Mechanical Room:
1. Boiler to heat slab in processing room
a. Beckett/Hydrotherm HY201
b. Model # OR140
¢. Fuel: O1l
d. Output: 112,000 Btu/h
2. Compressor for chiller
a. Copeland condensing unit
b. Model # F3W0-01510CFV-001
c. A:135
2 x Compressors for blast freezers (not used)
a. Copeland condensing unit
b Model # W3DL-1500TSC050
c. AT762
4 Compressor for freezer (too high to see, assume same as blast freezer
COmpressor).
a. Copeland condensing unit
b. Model # W3DL-1500TSC050
c. AT762

(S

Office

1. 2 x DMO Industries oil furnaces:
a. Model #: AF65XN
b. No other specs. available

Hatchery

Boiler Room

1. Boiler #1
a. Calortecnica (Y-3117)
b. Model #: CB4A
c. Fuel: Oil
d. Output: ? Btu/h
e. Year 1996

2 Boiler #2 (turned off)
a. Super Hot
b. Model #: AO490

S.BIRRELL MAY 23, 2002
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ICY WATERS ENERGY STUDY

¢. Fuel: O1l
d. Output: 392,000 Btu/h
e. Year 7

a. Baldor industrial motor
b. Cat # 84 7201024
c. Size:0.5hp

4 Hot water tank
a. John Wood Ltd.
b. Model #; 1W ?5250F
c. Size: 40 gallon

Rooftop Header Tank Room

1. Heat exchanger #1
a. AlphaLaval Plate Heat Exchanger
b. Type: A10-BFG
c. Pmax = 150 psig
d. Tmax=150F

2. Heat exchanger #2 (not used)
a. Mueller Accu-Therm Plate Heat Exchanger (Gea-Ahlborn, Germany)
b. Model # AT80 B-20
c. Pmax: 100 psi
d. Tmax: 150 F

a. Baldor

b. Cat. # VM3613T (Spec: 36A03X100)
c. Size: 5 hp, 3450 rpm

d Nema nom. eff: 85.5 %

Pumphouse

1. Electric submersible pump
a. Grindex
b. Type: fixed speed
c. Size: 18 hp (67)
2. Electric submersible pump backup
a. Grindex
b. Type: fixed speed
c. Size: 12hp (477)

O, Shed

1. 2 x compressors for oxygen - Photo: P5140002

Sullair screw compressors, Tatung Co. Ultra Power Series
Model: TBO154DBA

Size: 15 hp, 1750 rpm

Nema fi. eff : 88.5

Date: 1993

o a0 ow

S.BIRRELL MAY 23, 2002 273




ICY WATERS ENERGY STUDY

2. 2 x separators - Photo P5140001
a AirSep
b no specs.
3. 2 x tanks - Photo P5140003
a. Enermax
b. Serial # 9631B (crn 1051 .4)
c. Size: 50 psig

d Date: 1995
4. Pump
a. Size: 30 hp
5. Backup pump
a. Size: 20 hp
Filter Shed
1. 2 xpumps

a. Berkeley (Berkeley #: MGP20F-02)
b. Model: C48M2EC15
c. Size: 1.5 hp, 40 psi
2. 2 x filters
a. P.R.A Rotofilter
b. Model: RFM 4872
c. Size: 0.33hp, 12gpm backflush
d. Ultramite motor; input 0.88hp @ 1750 rpm

Greenhouse 1b

1. Suspended radiant heater - Photo P5080020
a. Gordon Ray IR Radiant Heater
b. Model: RTH-75B
c. Input: 75,000 Btw/h Output: 67,500 Btu/h
d. Fuel: LPG (propane)

S.BIRRELL MAY 23, 2002
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Versatec 15 and 30 Ton Commercial Specifications Catalog

Flexibility:

* Designed to operate with liquid temperatures of 20¥¥ to

120YF (20-90 EST, 30-120 ELT)

Heated and chilled water from the same machine

Modularized design for optimum capacity matching and

staging

* Compact size allows passage through most doors

» Fast response lessens system changeover time on two-
pipe fan-coil systems

* Replacement for low efficiency water-cooled chillers

« Replacement for electric boilers

¢ Used for tempering of outside air

Efficiency:

* High cooling EERS

« High heating COPs

Quality:

* Stainless steel brazed plate heat exchangers

» Long-life hermetic compressors
» Bidirectional thermostatic expansion valves

: VLW
* Heavy duty FPT liquid fitings Features
* Environmentally friendly HCFC 22

» Compressor conirol module

« Liquid line filter-dryers

* 24 VAC-75 VA controls transformer with circuit hreaker

Options:

» Choice of rail base or casters

* Lead-lag controls with phase protection (180 phase
protection only)

* Stainless steef cabinet

* Cooling only or heating only units

« Sound attenuation package

Accessories (Field Installed)

* Towet/boiler loop control panel
* Hose kits

¢ Solenoid Valve

s Ball Values

« External heat exchangers

¢ Freeze Protection
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Versatec 15 and 30 Ton Commercial Specifications Catalog

General - The liquid source water-to-water heat
pump shall be a single packaged, heat only, cool oaly, or a
reverse-cycle heating/cooling unit. The unit shall be listed
by a nationally recognized safety-testing laboratory or
agency, such as ETL Testing Laboratory or Canadian
Standards Association (CSA). Each unit shall be run-tested
at the factory. Each unit shall be pailet mounted.

The ugits shall be warranted by the manufacturer
against defects in materials and workmanship for a period
of one year.

Optional extended warranties with coverage up
to five years shall be available.

The liquid source water-to-water heat pump unit, as
manufactured by WaterFurnace International, Fort Wayne,
Indiana, shall be designed to operate with source liquid
temperature between 20YF and 90YF .

Casing and Cabinet - The cabinet shall be
fabricated from heavy-gauge, powder coated, galvanized
steel (optional stainless steel is available). The interior
shall be insulated with 1/2-inch thick, multi-density, coated
glass fiber with edges sealed or tucked under flanges. All
units shall have 7/8-inch and 1-1/8-inch knockouts for
entrance of low and line voltage wiring.

Refrigerant Circuit - All units shall contain a
sealed refrigerant circuit including one or two hermetic
motor-compressor(s), bidirectional thermal expansion
valve assembly(s), reversing valve(s) (if applicable),
brazed plate water-to-refrigerant heat exchangers, factory-
installed high- and low-pressure safety switches and service
ports, and liquid fine filter-dryer (s).

Thermostat/Controller (Field Installed) -
A single- or multi-stage 24 VAC thermostat or liquid
controller shall be used to turn the heat pump on and off
and to switch it from cooling to heating if necessary.
Multiple water-to-water heat pumps shall be controlled
from one thermostat/controller.

Solenoid Valve (Field Installed) - To accommo-
date the need to stop lignid low through either side of the
water-to-water unit, 4 24 VAC solenoid valve (24 VA

Compressor (s) shall be designed for heat pump duty ~ Ep gineering
with internal isolation and mounted on rubber vibration Guide
isolators. Compressor motors shall have overload cpe as
Specification:

protection.

An optional sound attenuation package shall be
available, and shall be placed around the compressor(s).

The water-to-refrigerant heat exchangers shail be a
brazed plate stainfess steel capable of withstanding 450
PSIG working pressure on the refrigerant and water sides.
The thermal expansion valve assembly shall provide proper
superheat over the liquid temperature range with minimal
“hunting,” The assembly shall operate bidirectionatly
without the use of check valves. Externally mounted
pressure controlled water regulating flow valves are not
acceptable.

Electrical - Controls and safety devices will be factory
wired and mounted within the unit. Controls shall include
compressor contactor(s), 24VAC-75VA transformer with
built-in circit breaker, reversing vatve coil(s) (if
applicable), and anti short-cycle protection. A terminal
block with screw terminals will be provided for field
conirol wiring. To prevent short cycling when the safety
controls are activated, the reset relay shall provide a
lockout circnit that requires resetting of low voltage supply
of main circuit breaker. A lockout indicating signal shall
be provided on the low voltage terminal block.

Piping - All supply and return water connections shall
be FPT copper threaded fittings.

maxinum current draw) shall be furnished. Dual solencid ~ Accessories
or larger current valves may overload the unit’s trans- and Other
former and may require a separate transformer. It/they .

shall be wired to the heat pump so as to be energized Options
whenever there is a call for compressor operation. The
solenoid valve(s) will be quick opening and spring
returned closed. Slow opening valves will be 2cceptable
only if equipped with an end switch to permit compressor
operation only after full opening. The body size of the
valve(s) shall match the water connection size(s) of the
heat pump.
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Notes:
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Hot Waster Bollers - FE-070-W
up to and Including FB-700-W

4

(=)

Dimensions and Welghts _

FARARRRELL

EMGINEERIHNG

F.903

Model FEW - ToTa)) g30 T 67 105 ] 175 | 286 |420 |60 | 706"
Unit Size: RWITTZ77307 777071108 175 | 280 | 420! 560 | 7CQ
K 121301 701105/175|28.0/42.0,550]700
" Helght . s s g s s a2 T p
¢A) Boflar Cverall IN| 24 | 24 | 85 VBS ] E5 557 55 | 56 | 55
. ..MM 610|610 1400/1400/1400 1400/ 14001 1400 1400
(8 Hot Water Oullet IN{18.25018.25( 45.5 |45.5 [45.25(45.25] 45 {44,75{44.50
MM| 464 | 464 |1156/115611149) 1149111431 113711130
(€) Return Water Inlot IN| 4| 4 [95(05|/95195]¢5]95]¢&3
MM| 100|100 | 241 | 241 | 241 ] 241 | 241 [ 241 | 241
(Dy Drain Outlet IN| 4 { 4 6 {6 ) 6 {65651 7
MM/ 100|100 (1501150 | 150 | 150} 1658} 165 | 160
Width & Dapth S I
(B Bdtler Diarneter IN} 20 |20 17 |24 | 28 | 36 | 40°] 447 80
e e VM BOB | 508 | 430 16101 710 | 915 110151112011270
() Overcll Deplh Blectric™ IN{ 49 [ 49 [ 41 {41 [ 48160 { - [ - .
. _Panel to Drain MM{1245/12451 1041104111219} 1524
(&) Bofler Width Overall IN| 32 | 32 | 40 |40 | 44 | 68| + | « .
MM]| 813 | 813 | 10161016/ 1118 1727
Minimum Clearances e
() Floor to Cefling IN| ma [Na | 95 198 | 95 1 95795 [ 9571 98
o rtemove glements MM 2415(2415]2415] 2415 2415/ 24152415
() Front of Bollor IN) 24 | 24 | 32 |32 | 34| 36| 36 ) 3| B
. MM10| 610 8151815 | 865 | 915 | 2151 918 | 918
(J) Sidos & Rear of Bojer IND 24 (724 124 [24 247 24 124 [ 24| 24
e o ernemrrnen MM 610 {610 ] 61061010101 6101 6101 6101 10
Boller Connection Sizes o .
(&Y Hor Water Gullet N|172511.2611.80]1.80] 2 | 2 250 3 | 3
e MM| 32| 32 | 40 |40 | 60 | 50 { 65 75 1 75,
(L) Return Werter inlot IN|1.25]1.25]150{1.50] 2 | 2 [2580( 3 | 3
e e MM B2 132 | 40140 | B0 4 B0 | 68| 75 | 7D
(M} Drain Cutlet T 1] VY 18 128 18 158 2
e mxr e e MM 28 1 25 1 25 1 25 [ 32 | 32 | 40| 40 | 50
(N) Safety Valve INTT.251).25(1.25]1.25{1.25] 1.50 | 2.00] 2.00 | 2.50
et L. MM 32 (821 832132 321 40 801 300 &3
O O e P& 1) Kk SRR o i r s s e
Epproximate SKip Weight ™ "TB] 420 [430 | 880 | 950 {1226]1380 :esolmso 2560
. KGI 191204 2631386 1 556 ] 623 | 83297711043
$pecificaions
Ratingt . e g g
Output 1000 BTU/HR | 41 | 10) | 235 | 359 | 585 938 |1406 1876 | 2344
e e JOOQKCAL/HR | 10 | 28 | 891 90,1147 ] 23¢ [ 3541 472 | 540
Nurnber of Blernents 1 2121 3] 8. 416, .8.1.10,
Electric Power Requirements (In Ampsy*t e s g
208V, 80/60CY. 3Phase | 34 | 84 1194 | 292 4851 780 | - [ .- | .-
240V, 50/60CY, 3Phase . ... 1.29 [ 78 L 16R 1252} 4201 670 4 - L - .| ...
480V, §0/60 CY, 3 Phase 18 ] 36 | 8§ 11271218 333 1505, | 675 .1 B4S
Water Contont GAL| 13 | 13| 20 | 50| 66 (133133180 | 213
LTR | 49 | 49 | 75 | 189 249 503 ) 803 | 481 | 800

* Consult !actorY.
NA » Notl Applicable

Only soloctod modals are shown: Modols FB-015.W, 018-W, 024-W. 036.W. 140.W, 210-W, 350-W, 490-W,
end 630-W are aise avaiable. Consult factory.
Dimengions arp aporoxumate. We resarve tha nght 1o ehange dimensiong and/ar gpecifications
**For othar ungpociiied vollagos, censult factary.

Industrial/Commercial Division

Fulton Boller Works, Inc.

=Fulton

3081 Port 8., Box 257
Pulaski, New York USA 13142
Call 315.298:5121

Fax 315-298-6390

g wildMulivn, com
wolz tde www fullon.com

Fulton Boller Works, inc.
Fulton Thormal Corparation

Fulten Bodar Worka Ine & Bullon Tharmnt Cerporation st part of 1hn Fuiter Group of Gontpands,
manutaciundrs of high pfack mdusinabeommariat near Kansler products

HWE

1200163

229 .50
[k v
Printad i LIGA
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- TYPE "OC" HEAT EXCHANGERS (Straight Tube—Channel Head Design)
DIMENSIONS | "9_%’;’1\;3: ;t;zig;atltaunbt::‘ﬂoatmg head

Shel diameter in inches

Tubae (8ngth in feet
X‘-Numbu of tube passes

Compigte galgy number consists of axample: oc-hs.

1
HEAD CONN, | SHELL GCONN. OVERALL
N&lf;g;k 1502 ANS 150¢ ANSI LENGTH DIMENSIONS IN INCHES
FLANGES FLANGES (INCHES) I
te2 |20 2 | 1t ] 2 | Al oAl ma| B €1 Bl ElF |G| €] ol sl ok
PASS  !PASS| PASS | SMALL] LARGE| PASS | PASS Max,

0C-62-* NPT 24 3 & 38% | 14% 0 13% ] 9% {10 54 | 6% {10 T3 (12% [12% 18 74 17

3
0C-63* | 3 |2-NPT.| 2% | 3 | 59 | S0% | 26%| 25% | 9% |10 | 5% | 6% |10% | 7% |12% (12% |19 ] 18| 29
0C-64-* | 3 [ZNPT.| 2% | 3 | 71 | 62| 38% | 37% | 9% |10 | 5% | 6% |10% | 7% |12 |12% |19 | 31 41
0C-65* | 3 [2NPT.| 26 | 3 | 83 | 74% | 50% | 29% | 9% |10 | 5% | 6% |10% | 7% |12 112% |19 | 43 83
0C-66* | 3 |2NPT.] 2% | 3 | 95 | 867 | 62% | 61% | 9% |10 | 5% | 6% |10% | 7% |12% |12% |18 | 55| €5
oc-67-* | 3 |2NPT.] 2s | 3 (107 | ean | mu| 73| ow |10 | osw | e 10| 7w (2w eyl | er] 7
0C-68-* | 3 [2-NPT.| 204 | 3 | 110 | 110% | 86% | 5% | 9% |10 | 5% | 6% | 10% | 7% |12% [12% |19 | 75| 89
“0C60+ | 3 |2NPY.| 2% | 3 | 131 | 1224 | 96| 97% | 9% |10 | 5% | 6% |10% | 7% |12% |12% | 18 | 91101
' 0c-610~ | 3 [2-NPT.] 2% | 3 | 143 | 1347 | 1103 | 109% | 9% [10 | 5% | 6% |10% ] 7% |14 [12% ] 19 {103]113
0C-83* | 4 | 2% 3 | 4 | B1%)| 5% | 25% | 24% |10% [11% | 5% | 8% |12 ] 8% [13% 114 |21 [ 16| 28
o8+ | 4| 2 30 4 | 7% | BAv | 3% | 36% |10% |11% | 5% | % |12% | 8% |13 (14 |2l | 28] 40
' 0C-85* | 4 | 2% 3| & | B5%| 76% | 45% | 48Y% [10% [11% | SK | 8% |12% | 8% [13% (14 |21 | 40! 52
0c-86-* | 4 | 2 3 1 & | o | B8R4 | G1% | 60% |10% |11% | 5% | 8% [12% | 8% |13 (14 |20 | 52 64
ac-87 | 4 | 2% | 3 | 4 [109%|100% | 73% ] 72% [10% |11% | 5% | 9% |12% | 8% 131 |14 |21 | 64| 78
0C-88-* | & | 2 3| & |12 112% | 85% | 84% [10% |11% | 5% | 8% |12 | 8% |13% |14 |21 | 76| 88
{ 0c-83-* | 4 | s 3 | & [ 133% | 1245 | 97% | 96% |10% |11% | 5% | 8% |12 | 8% |13% (14 |21 | 88 |100
0C-810-* | 4 | 2% 3 | 4 [14%% | 136%: |109% | 108% |10% [11% | 5% | 8% |12% | 8% [13% |14 |21 [100 {112
OC-811-* | 4 | 24 | 3 | & [157% | 148% [121% | 120% [10% {13% | 5% | 8% |12 | 8% N3y (14 |21 {112 |12
P ocarar | 4 | o2 | 3 | 4 | 169% | 160% | 139% | 132% | 10% | 113 | 5% | 8% [12% | 8% [13% |14 |21 [1oa {13
oc-108* | 6 | 4 4 V6 | 78 61 | 35% | 33% [12%4 |13% | T% (10% |1455 | 9% [15% |16y [26 | 241 38
0C-105* | 6 | 4 4 |6 | o0% | 79% | 47% | 45% |12% |13% | 7% |10% |14% | 9% |15% |16% | 26 | 36 | 5D
0C-106-* | & | 4 8 1 6 [102%| 9136 | 59% | 5% [12% |13% | 7% |10% |14% | 5% |15% |16 |26 | 48| 62
0C07* | 6 | 4 4 | 8 | 114%|103% | 71% | 69% [12%4 [13% | 7% |10% |Ms | 9% [15% [16% | 26 | 60| 74
0Ca08~ | 6 | 4 4 | B | 126% | 115% | 83% | 81% |12% |13% | 7% |10% |14% | 9% |15 |16% |26 | 72| 88
' 0C-109* | 6 | 4 8 | 6 |138%|127% | 95% | 93% (124 |13%% | 7% |10% |14% | 9% |15% |16% |26 | 84| o8
0C-1010*| 6 | ¢4 4 | 6 [150% | 135% |107% [105% |12% [13% | 7% |10% |14% | 9% |15% |16% | 26 | 96 |110
ocio1tr| 6 | 4 4 | & (162% | 151% |119% | 117% [12% [13% | 7% [10% {19% | 9% [15% |16% | 26 |108 |122
§ 0C-1012-*| 6 | 4 4| 6 | 174% | 183% |131% | 129% [ 12% |13% | 7% |10% |14% | 9% [15%4 |16% |26 [120 134
0c-1013+] 6 | 4 ¢ | B | 186% | 175% |143% | 181% |12% [13% | 7% |10% |12% | % |15% [16% | 26 {132 (146
E 0C-1014~ 6 | 4 4 | & |108% | 1873 |155% | 153% |12% |13% | 7vi |10% |14% | 9% [15% [16% |26 |144 |158
0C-126* | 6 | 4 | 4 | 6 |10 92% | 59% | 570 |13% |14% | 7% |12% |16% |10% {16 (17 |28 | 47 62
oc127x | 6 | 4 4 | 6 |116% | 104% | 7134 | 69% |13% 141 | 7% |12% |16% [10% (16 [17 |28 | 59| 74
g oc-128% | 6 | A | 6 | 128% | 116% | 83| B\ |13% |14% | 7% |12% |16% | 10% (16 (17 |28 | 7i] 86
0c-129* | § | 4 £ | & [120% | 128% | 95% | 934 |13% [14% | 7% [12% {16% | 10% (26 |17 |28 | 83| 98
oc-1210+| 6 | 4 & | 6 | 152 | 180% [107% | 105% | 13% |14 | 7% |12% [1e% | 103 [16 |17 |28 | 95 (110
E oc-1211-*| 6 | 4 4 | 6 | 164w |152% |119% | 117% (134 |46 | 7% |12% |16% |10% {16 (17 |28 107 [122

NOTES: Bolt holes straddie center lings on flsngad openings, Legs available at extrs cost. Removable bundle. Removabls heads. Channel covers
removable. Dimanzions are subject ta change. it exact dimenslony ars needed for layolt, write for certifiad drawings, Se= front page for Hange con-
ngction sizes and construction materials,

; [MPORTANT: Dasignate 1 or 2 pass where asterisk appears. As, Bg, Gs with smailer listed shell openings. A, Bu, GL with largar Jisted shelt apenings.
Different size Shell Connectinns avalfable to sult flow requirement.

BS, BL, G and overall langth dimensions gre based upon one-pass head conngctions.
(cantihued next page) 3
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TYPE “OC" HEAT EXCHANGERS (Straight Tube—Bonnet Head Design)
DIMENSIONS FOR OC-62 through 0C-1214

NOTES: Bolt hales straddle center lines on flanged apanin
Dimensions are subject to change, If exact dimens

¥ PASS

5. Legs availgble at extra cost. Removable bundie., Remaovable heads.

ons are needed for fayout, write for certifiad drawings.

H

SRMZE REQD TO

RE

BUNBLE

1

"OC type straight tube—~foating tube shest

A 13955y
b B PASAY < uri.m
_punm v T esuer
[ b VALYE OPENING
t
/ |
T ~ - L
Ml ’
p
b NPT %
] ’ K x v
G MIN. ! I3 MAX. |

[ ad
DARK

—outside packed lantern
Shell diameter in inches

NS

Complate sales numbar consists of example: OC-86-*

Tube length in feat
tNumber of tube passes

HEAD DIMENSIONS IN INCHES

DIMENSIONS IN INCHES

NL?#‘BTEH 1 PASS 2 PASS 1 PASS 2 PASS gs:gz:
R st w lx i a e | cflole |rlaefuwifs il imin]Prie] T v S
0C-62-* 2% NPT| 134} 2NPT| 8% | 324 | 84| 31 { 7% | 13% | 7{ 1| 25 {10%] 240 6% 6 6% | 84 ¥ | LNPT| 2NRPT| 128
0C-63-* [ 2% NPT| 1%} 2 NPT| 3% | 4434 | 8u| 43 ) 7% ) 25% | 19} 11| 37 |10 2% | 6% ) 6VA 641 8% % | INPT| 2NPT| 194
OC-64-* 1 2% NPT} 1% 2NPT| 3% | S6% | 8% | 55 | 73% | 3734 | 31] 11 48] 10%) 241 6% | 6| 6% | 84] % | LINPT[ 2NPT] 26.0
OC-65-* | 2% NPT| 1% 2NPT| 3% | 68%{ 8% | 67 | 7% { 45% | 43{ 11| 61 |10%| 24| 6% 64| &% | 8% % | 1 NPT 2NPTl 326
OC-86-* | 2% NPT 1%/| 2NPTI 3% | 804 { 8% | 79 | 7% | 613 | 55) 11} 73 )10%) 2Y| 6% | 6'Vis| 6% ] 8% % | 1NPT] 2'NPT] 381
DC-87-* 1214 NPT| 134) ZNPT| 3% | 92% | 8% 91 | 7% | 73% | 67] 11 [ 85| 10%] 23] 6% 6" 6% | 8%) % | 1 NPT| ZNPT] 457
OC-B8-* |21 NPT| 1% 2NPT| 3% [ 10434 84| 108 | 734§ 85% | 79] 11 | 97 [10% 2% | 6% 6"4) 6% | 8% % | 1INPT| 2NeT| 527
OC-69-* (2% NPT| 1%| INPT| 3% (116% | B {115 | 7% | 97% [ S1[ 11 1100 [10% | 2% | 6% |6« | 6% | 84| % | LNPT] 2NPT| 56.8
OC-610-* |24 NPT| 1% | 2NPT| 3% [128%4 | 6% {127 | 7% [109% {1031 11 |120 j10% | 2% | B% | 6's | 6% | BY] % | 1NPT| 2NPT| 653
0C-82-+ A NPT 1441 3NPT| & 33% ) e 32 8% 13U | 712 A% a1 8% |7 |9 | 10%| % {14 NPT 2% NPT 248
0C-83-* 4 NPTy 1341 3NPT| § 45% | 94e) 84% B34 ) 25Y | 191 12| 36 |12%| 2% ] B% |7 § | 10%] % (1% NPTI2% NPT 371
0C-34-» 4 NPT{ 11 INPT| 5 575 9% S6W| 8%} 37 | 31 12 4B (12K 2% 8% 17 § {10%] % |14 KPT2% NPT 495
0C-B5-* 4 NPT| 1%] 3INPT} § 69% | 9%l 68%) B% | 49% | 43} 12| 60 |12%( 2% ! 8% |7 9 11| % 14 NPT{2%4 NPT} 6).9
QC-86-* 4 NPT 1% | 3NPT! § Bl% | 9| B0%) B% | BlYA | 550 12| 72 |12%] 2% | 8% |7 |9 |10%i % |1% NPT{2% NPT| 744
0C-87-* 4 NPT| 1%1{ 3NPT{ & 93% | 9| S2%) 83| Y | 67] 12 ) B4 |124| 214 B 7 9 | 10%) % {1% NPT{Z24 NPT} 86.8
OC-88-* | ANPTI 141 3NPT) 5 [105% 1 $'4) 10434 8% | &% | 78] 12| 86 |12 2% | 8%{7 |9 | 10%]| % [1% NPT{2% NPT| 99.2
0C-83-* ANPTL 1] INPT) 5 J117% ) 9% 216%| 8% | 970 | 91) 12 J108 {124 2% | 8% |7 9 | 10%] % {14 NPT}214 NPT] 111.6
> 0C-810-* ANPTY 1T NPT & J129% | O%ia] 128%] 834 1109% (103 12 {120 124! 2% | 8% [7 9 1 10%] % |4 NPT 204 NPT| 124.1
0C-811.* NPT 1%L ANPTL 5 [141% | S [ 140%) 8% (121% |15} 12 1132 1241 24 | 8% |7 9 110%] % (1% NPT 2% NPT 1365
DC-B12-¢ | "4 NPT{ 1% 3NPT 5 [153% | 9% | 1524) 8% [133% {127} 12 (144 |12} 2% | B% (7 & |10%| % {1% NPT|24 NPT) 148.9
0C-104-+ 4ANPT| %) A NPT| Sy | 58 % 58% 9 36% | 2913 | 50 [1a%| 24| 10% | 9% | 8% 11%] % [3% NPT| INPT] 87
0C-105-= | 4 NPT) 1% 4 NPT 5% | 70 9% | 68%| 9 484 | 41113 | 62 [ M%) 241 0% {934 | 9| 14 % {1% NPT| 3 NPT} 109
0C-106-* ANPT| %] 4 NPT| 5% | 82. | 9% | 80% § 60% | 53113 1 74 11434 2W 1 10% | 8% | 9% ; 114) %4 |Ds NPT] 3 NPT) 131
0c.107-* 4 NPT| 1%4| 4 NPT} 5% { 94 8% 924l 9 72% | 65} 13 | 86 (4% 24| 10% [ 9% | 9% | L1t T |14 NPT] 3 NPT| 153
0C-108-* | ANPT| 14| 4 NPT| 5% |106 9% | 10444 9 B4 1 77113 1 98 | 14%) 24 10% | B4 | 9| | WA |1 NPT] 3 NPT] 175
0C-108-* | A NPT} 134! 4 NPT} 5% | 118 S| L6k 9 964 | BA] 13 {110 {1454 2% ) 10% | 8% | 956} 1% 74 [1% NPT| 3 NPT} 197
0C-1010-*| 4 NPT| 1%4] 4 NPT| 5% 130 9% 1 128% 9 |108% 0L} 13 {122 [ AS4] 2% ) 10% 1 9% | % | 11%| % |1% NPT| 3 NPT} 219
0C-1011-*| 4 NPT| 134 4 NPT| 5% | 142 A% | 1404{ & [120% (113§ 13 [134 [14%4) 2% | 10% | 9% | 9% 11%| % [1% NPT{ 3 NPT} 241
OC-iOIE-* A.NPT 1141 4 NPT] 504 (154 Q% | 1524 8 {12214 [125) 13 [146 } 145 2V; ) 10% ) 9% | 9% | 11M4] % |1% NPT{ 3 NPT| 263
OC.1013-+] ANPT| 1% | 4NPT| 5% [166 | 0% |164%| 9 |1A4% [137 [13 (158 [1454 | 2% [10% |9% | 9% | 11%] % |1% NPT| 3 NPT 284
0C-1014-*{ ANPT| 4| 4 NPT| 5% (178 0% {17841 0 1186V 1149113 1170 |14% ] 24 J10% 193 | 9% | 11%) % | 1% NPT 3 NPT} 306

Bt
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