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As world demand for fish increases, market opportunities abound for growers of high
quality product with the added social capital provided byenvironmentally benign land-
based production.

O amgis First Nation (Kuterra LP) and Taste of B.C are two Canadian producers currently
demonstrating the technical, biological and economic feasibility of m@rculating
aquaculture systems (RAS). They offer this cost overview of their newly constructed
land-based facilities with the intention of providing useful information to anyone
considering development of similar facilities.

Taste of B.C.isal00matEA OI 11T AOTUAAO OZAI EI U AEAOI 6
i OAET AT x O Quingls &) Atlantic sdinkoA opération idarger: 470 metric
tonnes/year facility that intends longer term commercial scale upDespite the unique
aspects of each, the cost sicture and identified efficiencies should be applicable to the
development of any commercial RAS facility.

In addition to presenting a summary of costs, the report includes potential opportunities
for cost reduction that were identified by the operatorspuilders, engineers, etc. These
are simply high-level ideas for consideration and were not fully evaluated as part of this
project.

Listed costs are based on expense records, and the assessment assumes that each facility

was designed and constructed foliwing best practices and according to local building
codes, safety standards and environmental regulations. Unique requirements and
standards are flagged.

The costs and other information supplied in this report were based on the status of the

®lamgis project as of May 2013 and the Taste of BC facility as of November 2013. As with

all RAS facilities, capital investments and modifications are ongoing. However, the
following presents essentially the startup costs for both facilities.
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The facilities: basic characteristics

Oamgis RAS Taste of B.C. RAS
Location Port McNeil, B.C. Nanaimo, B.C.
1o OOOABMgsREMA O 4acres near city, privately
Nation Reserve lands owned by Taste of BC
Species Atlantic salmon. Steelhead salmon (Rainbow
Sold under Kuterra brand trout)

Optimal/current 470 metric tonnes of market size 100 metric tonnes/year
production fish/year

Long-term goal Plan to expand capaity to No current expansion plans
commercial scale (>1000
mt/year)

Smolt Outside purchase Quarantine Outside purchase, certified
used. 3 inputs/year disease free. No quarantine

necessary.6.5inputs/year

Feed 1418 kg feed/day 315 kg feed/day

Key components 5, 500 n? fiberglass tanks 15 fiberglass tanks, rangig in
2, 250 m? fiberglass tanks size from 5 n?to 96 m3
2 independent RAS systems and Single RAS system and purge
purge
VSA oxygen generator with LOX VSA oxygen generator with
back-up LOX backup
Fluidized sand biofilter Fluidized sand biofilter
Groundwater supply Groundwater supply (artesian
(drill wells) wells)

Low head oxygenators (LHO) Low head oxygenators (LHO)
2956 m? steel building 1164 m2fabric on steel bldg.




Quick summary of total development costs

| Oamgis RAS Taste of BC
$000 $/kg $000 $/kg
production production
RAS systems 5,068 57% 10.8 913 60% 9.1
Civil works & site 1,542 17% 3.3 186 12% 1.9
prep
Main building 1,290 15% 2.7 193 13% 1.9
Aquaculture 864 10% 1.8 42 3% 0.4
equipment
Other equipment 79 1% 0.2 187 12% 1.9
TOTAL 8,843 100%  18.8 1,521 100% 15.2
DEVELOPMENT
None*
Other: front -end 537 65%
engineering,
planning permits
Pre-production 295 45% None*
operating
expenses
TOTAL OTHER 832 100%

1 Upfront planning efforts by owner were not tracked or valued. Minimal ugront
permit requirements on private lands (not on a flood plain).

Capital Costs by Component  other

Equi t i
Aquaculture qmll?;:en Capital Costs by Component
Equipment Miscellaneous
10% Aquaculture 12%
Equipment
S % N

Civil Works &
Site
Development.
17% :

Civil Works & Site
Development
12%

Oamgis FNRAS Taste of BC RAS



Development Cost Breakdown by Class

(No chart available for Taste of BC)



O amais facility
Overview of systems and components
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Production, purge and quarantine systems are housed in a 29561{81,823 sq. ft.) steel
building with concrete foundation and floors.

The main production system consists of five, 500 fiberglass culture tanks serviced
by an RASreatment system which includes tankside Low Head Oxygenators (LHOSs)
plus a centralized water treatment system comprising rotary drum filters, a Cstripper,
fluidized sand bed biofilter, pump sump, and header tank. The main recirculating flow
pumps (axal flow type) supply a total flow of about 20,000 gal./min. (90 r¥/min.) while
maintaining the water level in the header tank, which supplies water by gravity to the
LHOs and biofilters. Flow exiting the LHOs enters the adjoining culture tank and flow
exiting the biofilters enters the CQ stripping unit.

Culture tank volumes are exchanged approximately every 45 minutes. Supplemental
oxygen is generated on site and is supplied to the LHOs (and emergency tank sparging
system) based on individual tank oxyge levels. Alkalinity is maintained by an automatic
sodium hydroxide dosing system based on water PH.

A controls system monitors and regulates pump speed, drum filter backwash cycles,
oxygen delivery, and sodium hydroxide dosing (for alkalinity control) lased on preset

and monitored conditions. An ozone system has recently been added to facilitate removal
of fine suspended and dissolved solids.

Smoltsare purchased from outside sourcs., sca smaller ssparate quarantine facility

(one 250 n® tank with ind ependent RAS system) was constructed as a biosecurity
measure. This ensures that new fish are disease free before moving them in with the rest
of the population. The Quarantine RAS system is essentially a duplicate of the main
system at a smaller scale ahso serves as an interesting cost comparison.

A pre-harvest off-flavour purge facility consists of a 250 tank serviced by a partial
reuse facility, including a recirculating pump, sump header tank, LHO and £€ripper.
Water exchange rates ar@ariable depending on purge needs. Recirdating flow is about
1500 gal/min. (5700 liters/min. ). Purgedischargewater feeds the main production
system Controls are similar to the main system but without the alkalinity controls.

Water is supplied from groundwater wells and disinfected with UV dosage of 68j/cm 2
(designed for 2x maximum flow)

Effluent : Filter solid wastes (drum filter backwash) flow into gravity thickening tanks.
These were designed to produce 10% thickened solids (sludge). The sludge that ects
at the base of these tanks regularly pumped to a main storage tank, which is emptied
as required (pumped) to a transport truck. The supernatant from the settlement tanks
and main effluent from the facility flows by gravity into a chlorination tank, then a de
chlorination tank, then into one of two infiltration basins, and then to ground. Only one
basin is used at a time, so regular fallowing can maintain sediment permeability.



Geothermal wells provide heat sources and sinks for two heat pumps andeiat
exchangers. The heat pumpsiove heat to androm the geothermal wells, culture tanks
(tank base heating/cooling coils) and air heating/cooling units. Building ventilation is
also used to control air heat retention, humidity/condensation and Cgevels.

A singlebackup generator with automatic switching provides emergency power.
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3ECTI EEEAAT O AEAAOI 00 A AARAGIcidy, dod OAT T DI
related opportunities for cost savings

Objective to achieve best fish performance:

A Conservativewater quality criteria were incorporated which increased facility cost,
including limits on dissolved oxygen, carborioxide, total ammonia nitrogen, and
nitrite nitrogen. UV disinfectionsystemwas designed to provide considerable
redundancy to ensure sbcks were protected

HVAC system and insulation were installed to control temperatures.

Biosecurity: Smoltsare beingpurchased from outside sourcs. Therefore, as a
biosecurity measurea separatequarantine facility (an independent RAS system) was
constructed to hold newly introduced fish ensuring that new smolts are disease free
before moving them in with the rest of the population.

To T

Objective to serve as a model and information source for other RAS developments:

A The facility is equipped with additionalresearch-related monitoring equipment for
many types of system performance metrics, including real time power use on key
components. The monitoring and control system is designed to maximize data capture
and storage.

I AEAAOE O Aam@isl susiaifahildy géals:
A The facility has several unique features designed to address environmental questions
and concerns, including groundwater monitoring wells (for monitoring effluent
impacts on groundwater quality) and effluent disinfection. These are in addition tthe
O1 1 01 Al 6 AET OT1 EAO OAIT OAT AT A AZ£EAE OAT O cOI
AAOGAOI ET AA AU OEA /[EAAEbedsfstean. DOT GEI EOU O £
A In order to generatea positive cash flow the facility had tobe capable of providinga
consistent supgy of fish to themarkets.

Relatively remote location:
A Cost efficiencies in purchase, maintenance and transport of materiasd equipment
and considerable savings in terms ofiving out allowances for workers, competitive
pricing, direct labour costs éc. could be achievedn a site closer to larger supply and
service centers.
Objective toexpand to commercial scaleventually:
A 4aEA POTEAAO EO Oi A1 A0 OEAT xEAO AT O1I A AA
generally thought to be greater than 1000miyear. Increasing production scalen the
near future will reduce unit capital (particularly for concrete) and operating costs, as
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well as risk (redundancies are more affordable) Original desgns made specific
provision for this by creating a robust sysém that could be modified or expanded
easily usingproven industrial grade components,components that could be sourced
and maintained locally, and designs that offered maximum flexibility

Land ownership:
1 4EA OE Odingi€Fdst Nation Reserve Land
Opportunities for constructioncost savings based on this project:

1 Minimize overlaps between funding, design and construction to asure effective
tendering processes and to minimize higher costs resulting from interruptions during
construction, e.g,

o Disruption of project task sequencing caused by a delay in heating system
funding meant the concrete floor and then LHOs had to be installed after the
roof was in place, and some roof girders had to be replaced to provide access.

0 Seasonally related cost ineases resulted when some summertime activities
had to be shifted to fall and winter.

o0 Stop-starts incurred additional remobilization and travel costs.

1 Ensure that engineering assumptions are apprajate for the project. Standard
engineering design assmptions are not necessarily appropriate for RAS systems.
For example, a reexamination of the standard assumptions for the design of
concrete tank structures resulted in a considerable change in wall thickness (and
rebar requirements) on many elements wih considerable savings.

1 Develop engineering design stadards (best design practices) specificallydr land-
based aquaculture facilities.Consider, for example, aquacultur@ppropriate risk vs.
cost and longevity vs. technological depreciation. Similg, choice of appropriate
materials and components should take into account all costs, longevity and risk, as
well as Return On hvestment (ROI). For example, when sizing plumbing, consider
capital and opeiting costs as well as hydraulic needs.

9 Structural designs/ engineering should integrate as many elements of the facility as
possible to reducecosts. For example;oncrete tank bases, treatment systems and
building foundations could be integratedinto one design so that loads can be shared,
overall structure complexity reduced and sizing of elements (concrete costs) reduced.

1 Fabric over steel building structures can be considerably less expensive than pre
engineered steel buildings if optimal width and minimum scale thresholds for these
types of buildings are observed during facility design.

1 Increase use ofmodular designs and components that are refined and cost efficient to
build, and reduce engineering cost by amortizing fixed designs over multiple projects.

12



1 Incorporate consideration ofthe most cost-efficient construction methodsin all new
designs, e.g. use ofrpcast concrete components or stayn-place forming.

1 Increase scale: se larger (>1000n?) and deeper tanks as an avenue to reduced
capital cost, reduced operating costs and potentially iproved fish performance.
Extend this to the design and construction of other components.

1 New designs should incorporateconsideration ofthe most cost efficient construction
methods (eg., use of preast concrete components or stay in place forming)

The HVAC system, quarantine tank, and automation contributed to higher ekeical costs
compared withthe4 AOOA 1 £ " # 6 Qlid AAiAckudefhésE. A Oh xEEAE
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Taste of BC
Overview of systems and components

All systems are housed in a fabric on stealdme building roughly 1164 m? (12,528 sq.
ft.). Flooring is primarily gravel with one section of concrete next to the purge facility.

The main production system consists of 13 fiberglass tanks ranging from 8@&to 96m3
serviced by a centralized water treament system that includes a fluidized sand bed
biofilter, Low Head Oxygenator (LHO), rotary drum filters, C{stripper, pump sump, and
header tank. Three recirculating axial flow pumpssupply a totd flow of 6845 usgpm
(26m3/min) to the header tank. The reader tank supplies water by gravity to the
adjacent LHO, biofilter and Cgstripper; flow exiting the LHO enters culture tanks and
flow exiting the biofilter enters the CQ stripping unit.

Culture tank volumes are exchanged approximately once every 20 60 minutes
depending on biomass. Supplemental oxygen is provided from an oxygen generator
and/or liquid oxygen (LOX) storage tank to the LHOs based ananual adjustment.

A manually adjusted dosing station using NaOH or CaGblution maintains alkalinity.

Thecontrols system relies on1) manual responseto monitored parameters andalarm
conditions for key equipment and2) automatic response tooxygen concentration in the
main treatment system.Large recirculation pumps and blowers incorporate variable
speed drives for manual speed control. Smaller pumps and blower use manual on/off
switches. Influent water supply is regulated using a combination of manual and
automated (water level) control.

14



An off-flavour purge facility consists of twg 25n® fiberglass tanks servicedby a partial
reuse facility (PRAqua Oxytower)that includes LHOCOZ2stripper and header tank unit
Certrifugal pumps with a combined flow of 500 usgpm (1.9r%min) lift water to the top
of the header tank. Treated water then flows by graty to the fish rearing tanks.Controls
are similar to the main system with the exception of alkalinity control. Purgeutture tank
volumes are exchange approximately once every 4 minutes. It is anticipated that total
flow rates in the purge systemwill average about 21gal./min. (79.5 liters/min. , 418 I/kg
annual production) at steady state operationPurge discharge water feedshe main
production system.

The mainwater supply is pumped from a groundwater supplied pond (artesian), filtered
through sandthen UV disinfected. Influent water is disinfected witha UV doseof 55
mJ/cm?2 (new lamp capacity)

Effluent: Filtered solid wastes (drum filter backwash) flow into septic tanks which serve
as partial gravity thickening tanks. The settled thickened solidthat collect at the base of
these tanks are pumped out as required to a transport truck. Effluents flow untreated to
ground through a closed loop system involving a pond/ ditch and wetlands.

At time of writing there was noback-up generator or heatin g/ cooling system. A back
up generator has since been added but was not included in this cost analysis.

15



Significant factors affecting development costs of Taste of B.C facility,
and relate d opportunities for cost savings

Location near city of Nanaimo:

A
A

Next to a city that serves as a major supply and service center, including a major RAS
system and designer, PRAqua Ltd.
Closeto Vancouver Island University

Fish and water factors:

T
1
1

No quarantine facility was necessaryCertified diseasefree trout fry (20g) are
availableevery 8 weeks as required.

Water quality requirements were less stringentcompared with ®lamgis Atlantic
salmon project.

The TABC bioplan is based on grading and transferring the fish three times prior to
harvest. While this results in béter capacity utilization compared with fewer
handling events, the benefit wil be offset to some degree bkiigher labour costs and
reduced fish performance.

| AEAAOEOA O1 OAI AET Oi All OAAIT A jpnmm |1 AOOEA
model for land-based aquaculture:

A

Adherence to strict capital cost limits and the use of simple, practical and proven
technologies were priorities. To achieve these goals, some sacrifice in risk, reliability
and labour cost were acceptable to the owners. Some emples of cost savings:

o No heating/cooling system

o Predominance of manual controls over automation

o Fabric on steel building with primarily gravel floor

o No backup generator (nitially). It was assumed that &xygen would be able to
maintain fish for 2 days, andther parameters also manageable for that time.
Artesian groundwater supply given minimalUV disinfection
0 Extensive use of used equipment and stringent procurement processes.

o

The facility will serve as a research and developmenmest facility for PRAqualtd..,a
training facility for Vancouver Island University,and a Canadian "Model Aquafarm"
demonstration and research facility (http: //www.ipsfad.ca). These additional
functions can be supported without significant additional capital expense while
providi ng potential future support and offsets to operating costswhich will help
meet the challenge of operating o smaller scée than farms serving mainstream
markets.

Land ownership:

T

Taste of BC owners/managers live orsite and personally own the freeholdand.
ToBC Aquafarms holds a 2§ear lease, under generally accepted commercial lease
structure and rate (70% d current value amortized over D years).

16



1 Owner/management structure and multiple roles assumed by the owners during
construction and operation provided savings in noncapital costs.

Existing equipment included a fish health laboratory, infiltration ditches and pond from a

small pre-existing trout farm.
A Minimal new aquaculture equipment was purchased.
A Some trout are grown onsite in an older facilty with established equipment.

17



Oamgis FN and Taste of BCcapital cost comparison

Summary

Capital costs can be minimized through sacrifices of risk, component longevity, operating

AT 6OOh AZEOE DPAOA Oi AT AA AT ATT OO-AKE/OG AGP 1D AEQ
difficult to determine. With the continued sharing of results for these types of projects

over the next few years, the solutions will become more optimal and ultimately the

industry more profitable.

Oamgis Taste of B.C.

Production 470mt/ year 100mt/year Rainbow

Atlantic salmon trout

j ReelheadO AT [ 1T 1

RAS systems $10.80kg $9.10kg
Main building $2.80/kg ($444/m2) $1.90/kg ($144/m 2)
Civil works and other site developments $3.3kg $3.7/kg
Equipment $2.00kg $0.42/kg
Total Develo pment Cost $19/kg $15/kg

(development cost /kg annual production)

The Taste of BC facility was built at a considerably lower unit cost compared with the
Oamgis FN facility, with differences largely attributable to a number of underlying
decision elemens and trade-offs which should be taken into consideration by developers
of future RAS facilities:

Location :

1 A site close to a major supply, service and labour center helps ensure competitive
tendering processes, minimize livingout allowances and equipnent mobilization
and other transportation costs. These advantages over a relatively remote
location carry forward into operating costs involving supplies, services and
labour. Cost of land, flood risk, site drainageyater supply and access to
infrastruct ure such as processingnust be taken into account.

Land ownership:

1 Private land may offer a faster track to a secure lease and asset protection, and be
therefore more attractive to lenders or investors, compared to special regulated
situations such as pubic lands or First Nation sites whee there may betime-

18



consuming requirements for government approvals or environmental due
diligence.
T &01 AET C CADPO bPOI 0OAdngiss® bekdlopnieA £ O OEA 0.
1 There is no direct evidence regarding how thewnership/management structure
impacted relative costs, and while ownefoperator may prove the lowestcost
development model, it depends on the capability of the owner(s). With the Taste
of BC owneroperator, costs seemed more easily and efficiently controlled
becAOOA OEAOA xAO 111U 1T1A an@HN pArgjdctihddd O8 #1
multiple stakeholders to satisfy, so the number of features and requirements (and
costs) tended to increase with time.

Risk:

1 Acceptably higherToBCrisk allowed for cost sawngs by minimizing equipment
redundancy, backup systems, biosecurity measures, etc.

Production scale :
T #1 i DT TATO AT A ET OOAI I ACangisFN AdanthigherEAO 1T £ (
capital costs but lower future operating costs.

Automation :

1 Higher capital costs of more automated feeding, heating and other systems
established byO amgis FN are also expected to payack in lower operating costs
particularly with increasing scale

Species

1 Locally, cetified disease-free Steelhead almon fry are available when required
and have less stringent water quality requirements comared with Atlantic
salmon. Atlanticsalmonsmolts are not certified diseasefree (so quarantine
facility required) and availability is limited.

Engineering and design:

1 Lacking engineering standard best design practices specifically for RAS facility
construction, O E Aamgs.FN facility was designed using standard industrial
design engineering practices, whicimay have resulted in in som&omponents
being overbuilt in same respects..

1 ToBC benefitted from being ald@ to use some existingquipment.

1 Fabric on steel buildings (ToBC) can be considerably less expensive than steel

Z A N N~ A o~ N
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f ToBC budgeted forbutdid T O Ai b1 T U OAI PAOAOOOA Al 1T OOI
installed a heating and cooling system with the expectation of better fish
performance. There is probably an optimum degree of temperature control that
will provide the best return on investment. A systm allowing some seasonal drift
in temperatures is probably more cost efficient than tightly controlling or not
controlling temperature. In a temperate climate, use of (a) an insulated building

(b) effective management of evaporative cooling in the G&tripper or other

aeration equipment,and (c) fans and ducting to direct air borne heat loads (g.
from mechanical equipment),has the potential to significantly reduce heating and
cooling needs at minimal cost.

Comparison of major general specifications , with cost advantages

Category Namgis First Nation (NFN) Taste of BC (TOBC)
General Metric Comments & Relative Impact (savings= () Metric Comments & Relative Impact (savings= ()
Species Salmon Atlantic salmon Trout Rainbow trout (Steelhead)

Annual Production
Cohorts/year

Production Cycle (average

54 weeks 45 weeks

weeks)
Tank t Fish graded and transferred once prior to :ISh gra.dedt O?]ce antd ga?tsferred th{ee

ank managemen harvest. Better fish performance imes prior to harvest. Better capacity W

utilization.
Fry/ smolt size 100 gm 20 gm
Quarantine System for new Independent RAS system for new smolts. .
fry/smolts Yes Risk mitigation No No Quarantine system W)
Harest size 5000 gm 2000 gm
Harvest schedule bi-weekly (Every two weeks) 17 weeks/cohort weekly 8 weeks/cohort
Total Mortality (with culls) 11% 15%
FCRb 1.05 Lower feed cost 1.10
Total feed 494 mtlyr 127 mt/yr
Maximum density 75 kg/m3 80 kg/m3  Slightly better tank utilization w
TGC (cycle) 2.4 [cycle 2.1 /cycle
Temperature 15¢ Temperature is controlled. Better fish 15¢ Budgeted but not controlled (no heat/cool
performance. equipment)

Tank turn over 45 min Main production tanks 40 min Main production tanks
Oxygen 100% Better fish performance (?) 80% Reduced Oxygen supply capacity /cost |
COo2 12 mg/l 16 mg/l Reduced CO2 stripping capacity /cost [
Unionized Ammonia 0.010 mg/l 0.012 mg/l
Nitrate 75 mg/l 75 mg/l
Influent UV dose (end of 60 mjlcm2 Risk mitigation (required due to location) 40 mjlem2 Reduce equipment capacity requirement.

lamp)

Water use (unit average)

More production => Better economies of

470 mt/year
scale

3 lyear Stock every four months

550 I/kg feed

100 mt/year

Stock every 8 weeks. More stable

6.5 /year  biomass/ Higher throughput.=> Better [

330 I/kg feed

capacity utilization.

Should be the same as NFN given the
same nitrate limits (?)

Technologies

Fluidized Sand Biofilter

Low head oxygenator

CO2 stripper: Flat orifice plate crown nozzles
Rotary drum filter (54 micron)

Dual drain "Cornel style tanks

VSA oxygen generator

Ground water supply with UV disinfection

Fluidized Sand Biofilter

Low head oxygenator

CO2 stripper: Flat orifice plate crown nozzles
Rotary drum filter (54 micron)

Dual drain "Cornel style tanks

VSA oxygen generator

Ground water supply with UV disinfection

20




Comparison of RAS system costs

Category Namgis First Nation (NFN) Taste of BC (TOBC)
Cost (k) Metric Comments & Relative Impact (savings= () Cost (k) Metric Comments & Relative Impact (savings= ()
RAS Systems (1) ||5,068 $10.8 /kg 913  $9.1/kg
RAS Engineering 551 $1.17 /kg 131 $1.31 /kg
RAS X (359l.<) Schematic, process, construction M
drawings
Suppori & ) X (140K) Includes research X Minimal value englneenng and alternative
Commissioning concept exploration
Heating & Cooling X (52K) No HVAC system (&
Geotechnical included in Civil works. Total geotechnical, electrical and
Other Structural and Electrical engineering 9 structural engineering for the project. [V
included in RAS engineering Details and scope = ?
Equipment
z&%@i}::s gggi;z;z:af:; I::s;g\;:ss 8m3 - 96m3 tanks purchased used.
Tanks 669 $194 /m3 ! ' ! . 8 w 162 $231 /m3 Fiberglass sides and bottom. Installation
etc, Includes assembly/ Installation.. .
R not included. No mort recovery.
Larger tank size
Fittings & plumbing materials (not
Biofilter equipment 226 $0.48 /kg assembly). Includes Quarantine System. () 62 $0.62 /kg No Quarantine system
Larger system=> better economy of scale
. Blowers, Tank based LHO's, oxygen
fer E 7 3 k X ki | LH
Gas transfer Equipment 378 $0.80 /kg solenoids, lines to tanks, difiusers etc. 85 $0.85 /kg Central LHO
Concrete work and equipment installation. No Quarantine. Concrete only. Equipment
Treatment System 530 $1.13 /kg Includes Quarantine system, growout and 62 $0.62 /kg . . e . y." quip w)|
installation costs in "plumbing".
purge systems.
Drum Filter 208 $10- $13 /usgpm 80 micron screen 44 $11.5 /usgpm 54 micron screen
Recirc Pumps 197 $5-$21 /usgpm Axial flow, 16' TDH 52 $7 /usgpm Axial flow and centrifugal, 13' - 16' TDH
PLC, SCADA system, motor control PLC, Motor control center,
center. DO, PH and Temperature are X L .
Monitoring, Controls and monitored. Water flows, oxygen supply Instrumentation, Alkalinity dosing system,
. 349 $0.74 L N ! ! )| 95 $0.95 Primarily manual controls/ Minimal
Alarm System (MCAS) alkalinity dosing are automatically !
. automation. DO, temperature, PH and
controlled. Includes Quarantine system. .
ORP are monitored.
Better economy of scale
2 oxygen generators (VSA, 500lpm)
Oxygen 152 299 /lpm Includes installation. Better economy of [ 48 388 /Ipm 1 0><.ygen ggneratorANSA,ZSO Ipm). Does
not include installation
scale
Category Namgis First Nation (NFN) Taste of BC (TOBC)
Cost (k) Metric Comments & Relative Impact (savings= () Cost (k) Metric Comments & Relative Impact (savings= ()
RAS Systems (2)
kgos 1200 gm/hr, Single generator, distributed Ikg O3 il?io gNmo/ hc'(;nséﬂebﬁi"i‘f“ﬁ?ﬁias 4
Ozone 182 $152 9 injection (to LHO's), automated control. 0.6 $6 9 . ). . - ?
Ihr N . Ihr installation (Installation budget not
Includes installation. (Future purchase) . R
included in total costs)
. No specific photoperiod regime. Building
Photoperiod Lighting 35 r%?ri;nizaelzrrill_slzerrsc;Zigti)n: programmed to 0 lighting (included in electrical) + Natural [V
light (through building fabric).
Alkalinity Control 5 Automatic NaOH dosing system. Part of Monitoring and Controls system
costs (abowe)
Heat pumps, under tank heating coils, . .
Heating & Cooling 633 $1.35 /kg geothermal well (heat sink), installation. 0 No heating/ cooling system. Temperature
. . changes with seasons.
Equipment + Install (>400k install).
Installation Components
Total Cost= $52,842. 26 mpa average
Concrete Mix $318 /m3 25»35mpa average strength, $237/m3 $163 /m3 strength (10-32mpa), $132/m3 base mix ()
base mix average X .
average (lower unit cost concrete mix)
Total CO.St = $1,131,000. Includes Total cost =$127,719. Includes main
guarantine system, purge treatment treatment system, fabric on steel buildin
Concrete Total $2.41 /kg system, forklift capable concrete floor, $1.28 /kg R 4 L N 9
o . foundation, partial concrete floor. Note:
tank bases, steel building foundation,
. B N . Tank bases are fiberglass.
Higher seismic rating than Nanaimo
Electrical- Component Includes quarantine system, more No Quarantine, simple controls,
) s 185 $0.39 /kg automation/ controls and some redundant 8 $0.08 /kg Electrician = $60/hr, relative component W
Connection o . "
wiring. Electrician = $70/hr quality = ?
Materials, labour, fill/ excavation. The effluent valve is self actuating. All
Plumbing 444 $0.94 /kg Excludes plumbing at tanks, treatment 125 $1.25 /kg other valves are manual
system and oxygen system (about 60Kk).
Management & Planning 151 _Construptlon management & LOA for RAS Included in Misc below. No living out ®
installation only allowance (LOA)
Freight 43 Equipment freight (including sand !) Included in other costs
Insurance, equipment mobilization, facilit; Unclassified RAS supplies, invoice
Misc 132  equip! ! Y 29 adjustments etc.No construction w)|

footprint development & fill

insurance. Minimal mobilization costs
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Comparison of equipment and main building costs

Category Namgis First Nation (NFN) Taste of BC (TOBC)
Cost (k) Metric Comments & Relative Impact (savings= () Cost (k) Metric Comments & Relative Impact (savings= ()
Aquaculture
a . 853  s18/kg 423 $0.42 kg
Equipment
Feeding 186 Central feed system and bulk storage Four demand feeders. Mostly feeding by
hoppers. 13 hand
Fish handling 307 fish pump, grader, pipes, fish Crowder 0 Use dip nets for all fish movement [V
Inventory 2 fish counters (Note: biomass scanners are 0 Use hand counters o
leased)
Hanesting 155 percussion stunners, chutes 30 Estimate. Equipment has not been purchased
Lab, cameras, mort storage, Estimate of purchased and existing water
Lab and Other 177 “contingency" (used primarily for fish 11 quality and lab equipment
handling)
Other Equipment 79 $0.2 /kg $0.00 /kg  Using existing site equipment o
Lifting 24 0
Health & Safety & Security 18 0 Use existing site equipment
Tools & Maintenance 25 0 Exw§t\ng site too‘ls aqd tools purchased
during construction (in costs abowe).
Office 6 0 Equipment in existing residence
Communications and IT 3 0 Equipment in existing residence
\ehicle 3 0 Use owners existing vehicle.
Category Namgis First Nation (NFN) Taste of BC (TOBC)
Cost (k) Metric Comments & Relative Impact (savings= () Cost (k) Metric Comments & Relative Impact (savings= ()
Main Building 1,311  s444/m2  Insulated, 2956 m2 (31,823 5q i 193  $144/m2  Noinsulation, 1346m2 (14,490 sq ft)
$20/sq ft Pre-engineered steel building $12/ sq ft. Fabric on steel building (lower
Design-Build building 635 $215 /m2 with steel cladding. Insulated, Roof venting 167 $124 Im2 cost). No insulation, No roof vents, One ()
and access hatches, several doors. door
$9/sq ft. Higher concrete mix costs, $1/ sq ft. Smaller foundation due to lighter
Foundation 287 $97 Im2 Larger foundation required for heavier 18 $14 /m2 building and lower seismic rating. w
building, higher seismic rating. Foundation not engineered (?)
Floor 160 $109 /2 Forklift capable floor throughout 7 $5 /m2 2400sq ft / 17% concrete + 83% grawel W
Includes building electrical, walls/ interior
Interior structures 174 cladding (7 rooms and mezzanine), One room, no interal structures w
grading station, washrooms, lab.
Over tank lifting beams 54 Lifting -Beams over every tank no overhead lifting capacity
Category Taste of BC (TOBC) Namgis First Nation (NFN)
Cost (K Metric Comments & Relative Impact (savings= x) Cost (k) Metric Comments & Relative Impact (savings= x)
Main Building 193  $144/m2  Noinsulation, 1346m2 (14,490 sq ft) 1,311 $444/m2  Insulated, 2956 m2 (31,823 sq ft)
$12/ sq ft. Fabric on steel building (lower $20/sq ft Pre-engineered steel building
Design-Build building 167 $124 Im2 cost). No insulation, No roof vents, One ~ x 635 $215 /m2 with steel cladding. Insulated, Roof venting
door and access hatches, several doors.
$1/ sq ft. Smaller foundation due to lighter $9/sq ft. Higher concrete mix costs,
Foundation 18 $14 /m2 building and lower seismic rating. X 287 $97 Im2 Larger foundation required for heavier
Foundation not engineered (?) building, higher seismic rating.
Floor 7 $5 /m2 2400sq ft / 17% concrete + 83% gravel X 160 $109 /m2 Forklift capable floor throughout
Includes building electrical, walls/ interior
Interior structures One room, no internal structures X 174 cladding (7 rooms and mezzanine),
grading station, washrooms, lab.
Over tank liting beams no overhead lifting capacity 54 Lifting I-Beams over every tank




Comparison of civil works, pre -construction and miscellaneous site

development costs

Category Namgis First Nation (NFN) Taste of BC (TOBC)
Cost (k) Metric Comments & Relative Impact (savings= () Cost (k) Metric Comments & Relative Impact (savings= ()
Civil Works & Misc]
. 1,542  $33/kg 373 $3.7 Ikg
Site Development
Engineerin 35 $0.07 /k S:;tﬁzzn';aelﬁ Fr:jsu E;lé(le_:;szsi:ﬂent (with Geotechnical assessment (Visual, $200)
9! ing : 9 P ), Inspecti uring part of RAS engineering
construction.
. Construction management, Accounting . .
Management, Planning and 220 $0.47 /kg senices, LOA, Equipment mobilization 150 150 /kg  Construction & Project Management,
General Civil o Administrative senices for all work
for Civil work and all other work.
Site preparation 311 0.66 /kg 152 $1.5 /kg
Clearing & Debris (62k) Clearing offset by tlmbgr sa!es. 150
X truck loads of stumps ! Debris chipped w X
removal .
and stored on site.
(249%) MOSI fil sour.ced on.-sne. Prlmarlly Includes removal and rebuilding 3.6m of
Fill X excavation costs. Fill required to raise w X material/ fill to deal with site drainage
road and building site above flood risk .
. Issues.
elevation.
Archaeological monitoring during clearing, . .
. . o No environmental or archaeological
Environmental 37 Installation of groundwater monitoring 0 L R . [V
wells monitoring work required- private lands)
Effluents
Sludge thickening and Purpose built graty thickening tanks, Two septic tanks. Installation part of Site
111 sludge storage tank, sludge pump, 0 .
storage system. N ; Preparation.
installation.
Engineered Infiltration basin. Excavation No engineered infiltration basin. Used
Infiltration Basins 111 costs recorded as Fill cost. Includes 0 existing pond a ditches as infiltration [V
engineering and plumbing. structures.
Effluent disinfection 37 F:hlorlnatlon/ De-chlorination system No effluent disinfection required
installed due to stakeholder concerns 0
Effluent other 24 Domestic sewage field, tank and plumbing 0 NO_ dpmestlc sewage s.ystem (Use
existing washroom residence)
Supply Water $0.5 /kg $0.1 /kg
Three production wells. Excludes Spring fed (artesian) water source. No
Wells, pumps & hookup 188 geothermal well. Includes well developed 0.4 drilling required. Use submersible pump in ()
prior to start of construction pond.
2 units in parallel each 60mj/cm2 @
o o ) ) ) o
UV treatment 22 $118 /usgpm 135gpm & 90% Trapsmlssnvlty. High d.ose 75 $139 /usgpm 1 unit @ 4.0.mj/cm2, 54usgpm, 90% W
required due proximity to salmon bearing transmissivity. (no backup)
river.
Power
Main supply 64 800amp, Three phase 347/600v senice 20 600amp, Single phase 480/600v senvice
Back up Power 167 generator (300kva, 600v), electrical 0 g: bz(;kstp pIOV\;?& \rll\i)ll”v:/i?/ Ogbzoglazther
P switching, fuel storage Y9 pply R4 W
parameters
Other Structures 206 Office Building, Han/est area, Site lighting, 56 Stt.)ra.xge coqtalner (feed). Office is in
Gates and Fencing existing residence.
Misc Costs 37 Unclassified development costs
Category Namgis First Nation (NFN) Taste of BC (TOBC)
Cost (k) Metric Comments & Relative Impact (savings= () Cost (k) Metric Comments & Relative Impact (savings= ()
Front End o q
Engineering, o)
. - CEAA screening, DFO License, FH No CEAA sc.reenlng or PI’E-C.OI?SII'UCIIOH
Environment & Permitting 43 i 0 surveys required. Other permitting
management plan, Archaeological survey ; X
included in management costs above
F’I’Oje(?[ Management, 378 Business plan, project management, o Included in Management costs above
Planning & Admin market research, funding management
Site Assessment & Suney 59 flood risk, groundwater surey 0 No suneys required
Preliminary Engineering . .
7 Earl
and Design 5 arly concept designs and cost estimates 0 No early concept designs developed
Pre Production
. 295 0 W
Operating
Recruitment 60 Owner is facility manager. Staff are
students from local college
Salaries & Benefits (pre-
X 97
operational)
Other 138 Supplies, Communications, Sm ? Pre-operational expenses not identified

Equipment, Admin, Loan Interest, heating
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Appendix 1¢ W amgis FN &cility

Detailed breakdown of system components and costs, with
opportunities for cost savings
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Oamgis FN RAS Components

RAS Systems Summaries

I B O
1 1 3

Drum Filter

CO2 Stripper 1 1 1

LHO (1/tank) 1 1 5

Biofilter 1 1

Recirculation Pumps 1 2 3

Total Cost $250,381 $932,421 $3,420,499
Production Capacity 50mt/yr 420mt/yr

Unit Cost $18/kg $8/kg

Main ProductionFacility

The main production facility represented about 67% of total RAS system costs. However,
it supported about 89% of the total production. The capital cost for the installed
equipment was about $8/mt of annual production.

Quarantine Facility

The quarantine facility represented about 18% oftie RAS system cost. However, it only
supported about 11% of the total production. The quarantine facility was a completely
separate system (in a separate, biosecure room) whose purpose was to isolate and rear
new smolts for the first four months to ensureno disease was introduced into the main
facility and fish. The quarantine RAS system was a miniature version of the main RAS
systems, albeit with a reduced level of redundancy.

The capital cost for the installed equipment was about $18/mt of annual proddion.

Opportunity for reducing costs:
1 Eliminate the need for a quarantine facility (separate RAS system) through the use of

an onsite hatchery or access to appropriately certified diseas&ee stocks. Small RAS
systems, such as that for the quarantine€ility used here, are expensiveHowever,
the main production system would need to be larger and have one additional tank to
support the same total production.
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Purge Facility
The purge facility (installed equipment) represented about 5% of total RAS sigsn costs.
Opportunity for reducing costs:

1 A larger production facility or additional modular facilities would still only require
one purge facility, with fish pumped to a central location for purge and harvesting.
However, two tanks would be more optinal so that a weekly harvest schedule and up
to 14 days of purge (if required) could be used The current system is designed to
deliver purged fish every two weeks.
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RAS components

Tanks
E
$/tank $104,549 $73,236
S/volume $194/m3?! $267/m3
Fiberglass Sides $413/m2!
Concrete Base $161/m2
T
Tank sides & equipment 49%
Concrete Base 25%
Compact fill 13%
Assembly 9%
Other 4%

I Traditional 8" concrete wall cost about $388/m2, Stay in place formed walls about $334/m?2

Tanks represented about 13% of RAS system cost and 7.5% of tatakts.

Tank costs included fiberglass sides, side boxes, mort recovery system, associated
plumbing, concrete bases, under tank fill and assembly. While thartk base unit aea
cost less than tanks walls anéquipment, changes in tank base area impactuidding
costs (e.g. $161/m basecost+ $312/m?2 building cost = $473/m? effective cost of area
increase). Therefore, increasing tank widths strongly impacts total costs.

Tank equipment madeup almost 50% of the tank costs. Equipment cost includednk

wall (55%), inlet structure (13%), jump screen (13%), bottom drain and mort recovery

(11%) and side box (9%) The assembled fiberglass tank sides cost slightly more thah

they were builtin concrete @6 OEEAEQ OOET ¢ A 11T AOI Aan &l OI EIl
(www.octaform.com). This cost differential would be greater if the projectvere located

near a major centerwith lower concrete costs or if the tanks were larger.

Opportunities for cost savings:
1 Use larger (fewe) and deeper tanks to: (1) reduce capital costs (including tank cost,

building size, required working area/walkways, monitoring and controls, etc.), (2)
reduce operating cost (labour), and (3) Improve fish performance. Use of deeper
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tanks (smaller diameter to depth ratio) will require some research to confirm
hydraulics will be effective to provide minimal water quality variation (ensure there
are no water quality hot spots) and seHlcleaning. Increased use of center drain flows
to support self-cleaning dtributes would probably be required. As tank size
increases, use of tanlcentric water treatment and control systems mg be more cost
efficient (e.g. C@stripping and oxygen addition) due to the large volumes of water
that have to be moved through treamnent

1 Use modular forming or precast concrete for the construction of large tanks
(>500m3).

Biofiltration

Biofilter costs (ecluding concrete)

Equipment 66%
Media (Sand) 21%
Plumbing 13%
Total Cost $259,538
$/kg TAN/Day $4,5761

Approximation since treatment system also include structures for CO2 stripper, drum filter, header
tank and pump sump.

156.7kg TAN /day (1418kg feed/day)

Biofilter costs (Including concrete)

Concrete 52%
Equipment 329%
Media (Sand) 10%
Plumbing 6%
Total Cost $539,760
$/kg TAN/Day $9,516!

Approximation since treatment system also include structures for CO2 stripper, drum filter, header
tank and pump sump.

156.7kg TAN /day (1418kg feed/day)
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The biofilter equipment alone represented about 4% of total RAS systenosts.

Fluidized sand biofilters (nitrification biofilters) were designed and constructed as part

of a multi-function concrete treatment system that included Cgstrippers, pump sump,

header tank and drum filters4 EA | AET AET £E1 OAO @pA® vibA AR TTI A&

Concrete was a major cost component. Sharing concrete walls with other water
treatment components reduced overall costs and footprint of the central treatment area,
but made concrete forms complicated and therefore formwork more expensive.
Unfortunately, the concrete slab and wall costs could not easily be separated out for each
treatment process in the main treatment systems. However, based on the use of
approximate wall and slab volumes, approximately 60% of the treatment system

concrete osts could be assigned to biofiltrationNote: Concrete was not included with
other RAS componergin the cost analysis

Opportunities for cost savings:
1 Reduce complexity of the biofilter design to reduce concrete formwork cost. This
would allow for the use ofmore costefficient concrete construction approaches.
See Opportunities for Concrete Constructian
T ' AA T @gucAl oI OEA OAT A AET £ZEI1I OAOO j OOOO0OAI
and reduce total volume requirements.
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Recirculating pumps

Growout pumps* (3) $40,603 8018 gpm, 16' TDH
Quarantine pumps* (2) $25,275 511 2268 gpm, 15' TDH
Purge pump (1) $31,900 $21 1500 gpm, 15' TDH

*Vertical shaft, wet pit axial flow style

Axial flow style pumps (vertical turbine, shaft drive) provided recirculating water flow.,
and were chosen for their energy efficiency (80%) and historic reliability. These
represented about 4% of RAS system costs. Given their critical life suppornfition and
impact on total power cost , the use of high quality (reliable and efficient) pumps is well
justified.

Three pumps were used for the growout system to provide reasonable redundancy in
case of pump fdure. Note: Only one pump isequired to keep sand filter fluidized.
Two pumps were used for the quarantine system, and one for the purge system.

Pump materials: HDPE pumps were rejected because of limited choice of configuration
and price. Stainless pumps were rejected because of price (3xjutar carbon steel).
Epoxy coated carbon steel was the final choice. Agricultural grade pumps rather than
industrial grade were chosen for their cost, although qualityteliability was not as good.

Note: There were warranty issues with the first pumps reeived andthe system supplier
replaced them Through the process of resolving the issues, the following lessons were
learned:

1 Ensure all pumps are irplace and tested well before delivery of fish. A baelp plan
needs to be in place in case of failure atart up.

1 Ensure transport and installation procedures are clearly communicated and there is a
clear chain of custody and responsibility for this work. Note: These types of pumps
can easily go out of alignment if jarred during transport.

9 Start up and ealy running of the pumps and conditions (e.g. sump water depth)
should be closely monitored and recorded to ensure performance meets
specifications.

1 Clearly understand the warranty terms and reputation of the vendors and products
prior to purchasing.

1 Ensurethe facility design and pump characteristics are exactly harmonized (e.g.
pump sump wall clearances, depth over suction point, dynamic head, etc.)
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Opportunities for pump cost savings:
1 Pump redundancy is essential but very expensive: use of several smalimps will be

more expensive than a few large pumps (risk vs. cost decision). Therefore employing
the minimum number of pumpsto ensure adequate redundancynd risk mitigation
should be the goal. Risk can also be minimized by ensuring quality and reliatyilare
EECE8 40U Oi OAI AAO OET AOOOOEAI 6 COAAA
reputable manufacturers.

1 Maximize energy efficiency by minimizing the time pumps are spend outside their
efficient rpm range by: 1) Use of a bioplan where loadinand therefore recirculation
flow needs are relatively constant. 2) Have some pumps turn off rather than turn
down during extended low load periods.

Suspended solids removal (drum filters)

I I T TN

Growout Drum Filters(3) 556,863 $10/usgpm i’iiigpm S8 T L e

2,796 gpm @25mg/1 TSS, 80 micron
screen

Quarantine Drum Filter $36,800 $13/usgpm

Drum filters (rotary style) alone represented 4% of RAS systeroost. However, this did
not include controls to manage the backwash function, concrete basin or installation.
Three drum filters were used for the growout system and one for the quarantine system.

Note: The drum filters were sized and plumbed to recea/both bottom and side drain
flows from the culture tanks. Screen size (80 micron) was larger than used on other RAS
salmon installations but represented an optimal size based on recent published research
findings.

Opportunities for cost savings
1 If available, use larger, fewer drum filters to reduce costs. However, there should be

at least two in any system to provide appropriate redundancy.
1 Reduce drum filter capacity requirements by directing only bottom drain flows
OEOI OCE OEA AOCGkthesifld dah o). j ATT 860 A£EI O
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Ozone system (dissolved and ultrafine solids removal)

S N B

1200 gm/hr, water cooled, central generator with

Generator 55% distributed dosing, air O3 sensors and alarm, PLC
control.

Automated dosing in LHO 21% Manual dosing is about 20k less
Install i t id ter, data and

Installation- local contractors 11% .ns all equipment, provide water, data and oxygen
lines

ORP Probes 6% Digital, high quality (eg Rosemount)

Installation- supplier 7% Connect water, data and power, Run O3 lines, test

Total Cost $182,000

Note: An ozone system representing about 4% of RAS system costs, has just been
installed. The system utilizes a central bank of generators with tank based monitoring,
control and ozone injection system. ORP probes at each tank inlet provide the basis for
feedback and control of dosing.

Ozone (and oxygen) is dosed into the Low Head Oxygenators (LHOS) just prior to the
tanks. Locating the contact point at the LHOs will pivide the benefit of conserving the
oxygen produced from ozone break down. Tank inlet ORP probes are used to regulate O
delivery (on/off control) to each tank. Product concentration will be manually set. Since
the ORP probes areelatively small cost compmnents but providea very critical function,
they should be of high quality and from a proven manufacturer.

Note: ORP probe measurements are affected by any changes in water chemistry that
affect redox potential. They are also reported to be sensitive grounding issues (eg.
induced voltage chages in the water). Hence accuracy may ke low andtherefore need

to be confirmed if these probes are used to control ozone dosing.

Opportunities for cost savings:
1 Requirements for ozone may be less or negatéfddissolved solids or ultrafine

particles were removed by other means (e.g. fixed bed biofilter system, foam
fractionation {in saltwater}, etc.)

1 Ozone may also be used as a method to reduce metal accumulation in highly
recirculated systems if they accumlate (e.g. systems employing daitrification
biofilters where water use is less than a few percent per day).
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Oxygen generators

Capital (Total $) $151,559
Capital (S/kg total production) $0.48
Operating ($/kg oxygen) $0.024 $0.35

* Three generators (1/2 Ton/day, 250lpm, VSA technology), 2 compressors, 1 product tank.
** Cost pf product delivered to Port McNeil + equipment rental

These represented 3% of RAS system cost. Given their critical, life support function and
impact on total power cost, the us of high quality (reliable and efficient) generators is
well justified. Two generators have been purchased. A third is planned/ budgeted. In
addition, a liquid oxygen (LOX) system has recently been installed to provide additional
supply security. Note: lquid oxygen costs substantially more than generated oxygen at
this location (see above) so itsise as a primary oxygen source was not justified.

Opportunities for cost savings
1 The use of LOX to offset peak demand loads and consequently allow the use of a

smaller generated supply system.
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Monitoring and controls

MCAS Control 52% 48% hardware, 52% design and PLC's, SCADA, HMI software,

Panel programming commissioning

Motor Control 28% 69% hardware, 31% design, 49 Variable Frequency Drives, Panels,
Panel motor controls switches

MCAS 17% 100% hardware, 45 switches Probes, float switches, self actuated
Instruments and sensors, 38 alarms valves, solenoids

Power Use 39% Power monitors, panels, installation,
Monitoring programming

Total $344,294

Features: Totally custom solution, Industrial quality,
Maximum flexibility, Local parts and service. Servicing three
separate RAS systems

Monitoring and Controls represented 7% of RAS system cost. This included:
instrumentation, motor controls, computing hardware, software and programming, and
power use-monitoring equipment.

ThA OUOOAT xAO AAOGECT AA O 1 AAO OEA A T11 x
EECE NOAI EOUS6 ATIiBiT AT OONn OOA 1T &£ OOAT AAOA
serviced (including programming); meeting all facility needs including a moderate

degree d automation, and capacity for easy modification and expansion. A fully

customized solution was therefore developed, and the cost was higher than many of the
available more standardized, ofthe-shelf control solutions.

The system included 49 motor confols, 45 switches and sensors, and 38 alarms. While
the extensive use of industrial quality components (e.dhllen Bradley) resulted in high
initial costs, the system should provide longerm reliability.

A Modbus system for data communication was empley (power and signal carried in
the same cable), but an Ethernebased system (signal only, multiple controls through
one cable) may have been a more cosfficient option.

Opportunities for cost savings:
1 Reduce level of automation to improve reliability reduce management complexity,

and reduce capital cost. This would also force staff to be more alert to ongoing

AEAT CAO O OEA OUOOAIinh AO OEAUh OAOEAO OE

adjustments. With this approach, the monitoring and manual cortls systems would
still need to be very reliable and easy to use.
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1 Match the quality of the components to project needs (also see engineering and
AAGECT AT i1 A1 06Qq8s &1 0 AgAi bl Ah AiBPITU OETA
only for critical or high-duty cycle functions and use lower, appropriate component
grades for functions that are less critical.

1 Reduce or eliminate tke use of VFDor controlling recirculation pumps (see
recirculating pumps, above). Use a series of pumpisat are either on or off. This
would reduce the complexity and cost of controls and may improve energy efficiency
sincethe pumps would only be operating at optimal flow. Use of more pumps would
also improve redundancy/reduce risk. The negative aspect of this would be that total
pump costs would be higher and there would be less flexibility for decreasing energy
use when the system is lightly loaded. Note: In this project, the recirculation pumps
cost les than the control systems. VF®alone were about 50% of pump cost.

1 Use oneof the lower cost, offthe-shelf, modular systems. These are becoming more
sophisticated in terms of customization andlexibility, and costs are dropping as the
number of systems in use increase The sacrifice in flexibility may be more than
offset in the capital cost savings.
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Gas Transfer (CQ stripper and LHO)

Gas transfer equipment represented 7% of RAS system cost. For each tank, oxygen was
added through use of a single fiberglass, Low Head Oxygenator (LHO). Within the main
treatment facilities, CQ stripping (and some oxygen addition) was accomplished using a
flat orifice plate with crown nozzles (to break up water). The water passes through the
crown nozzles and falls as a dispersed stream to the pump sump below. Blowers draw air
under the orifice plate where it contacts the falling water and gas exchange takes place.
The equipment cost did not include the concrete structures that were integral to the GO
strippers. These were part of the whole concrete treatment facility that included the

pump sumps, header tanks and biofilter, and the costs could not be separated out.

Opportunities for cost savings:

1 Employ a centralized the LHO facility (part of the main treatment system) with
individually controlled subsections devoted to each tank. This wad lower
construction cost, although it would then require piping from the LHO to individual
tanks rather than use of a common distribution line and manifold.

1 Use fewer, larger blowers since blower cost efficiency ($fm) was very dependent on
scale(aslong as some equipment redundancy is maintained).

f UseintankdeCAOOET ¢ AT A¥XT O 1T @UCAT AGET1T ET OAAADOG
required recirculation flows and external (to tank) oxygenation systems. This would
reduce both capital and pumping costs althogh some sacrifice in oxygen transfer
efficiency would result.

1 Use main (deep) header tank for primary oxygen injection (raise to 100% saturation)
then top up oxygen at the tanks using a smaller side stream LHO at each tank.
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