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1.0 INTRODUCTION

The Department of Fisheries & Oceans (DFO) is investigating the feasibility of geoduck
aquaculture development in British Columbia. The purpose of this study is to provide an
analysis of current knowledge regarding the financial aspects of geoduck aquaculture and to
present scenarios for review and consideration. The results of this study will be aggregated
with other work and will be used to assess the long-term prospects for the Canadian cultured
and wild-harvest geoduck sectors and to help develop a strategic approach for the
sustainable development of geoduck production.

2.0 INTERACTIVE FINANCIAL MODEL

Research and development pertaining to geoduck aquaculture has been on-going for more
than two decades in the Pacific Northwest (i.e. Washington, British Columbia and Alaska). A
variety of journal articles, technical reports and bulletins have been reviewed to compile
background information to support the development of an interactive model that can be used
to help assess the financial viability of commercial geoduck aquaculture. In addition, several
individuals with direct experience in the BC and Washington State geoduck sectors have
been contacted to provide additional insight and information. A list of references used in this
study is provided at the end of this report.

From this information, the fundamental assumptions pertaining to geoduck aquaculture were
compiled for use as input data into a financial model that was constructed using a Microsoft
Excel platform. The model is dynamic in that changes to the input variables are
automatically reflected in the outputs, enabling a wide variety of scenarios to be explored by
the user. In the model, the input cells into which the user can insert user-defined variables
are shaded beige with a black border.

21 Model Assumptions & Inputs - Sub-Tidal Production
2.1.1 Production Site & Characteristics

The optimal biophysical parameters for sub-tidal geoduck aquaculture are summarized in
Table 1.

Table 1: Optimal biophysical parameters for sub-tidal geoduck aquaculture.®

Substrate mud/sand/pea gravel (penetration to 1m)
Depth 3-20 m

Temperature 8-18 degrees Celsius

Salinity 26-31 ppt

Clarity (Secchi depth) | 2>10m

Current <1.5 kt (<0.75 cm/s)

Productivity 15-200 (mgC/m?/day)




FEASIBILITY OF SUB-TIDAL AND INTER-TIDAL GEODUCK AQUACULTURE IN BC Final Report

2.1.2 Production System

A 10-hectare sub-tidal Licence of Occupation has been modelled. The grow-out period for
sub-tidal geoduck production varies from 6 years to >10 years (see chart below), depending
of a wide variety of factors. Although geoduck may attain market weight within only 7 or 8
years, the shells may be thin resulting in breakage and a lower market price.

Time to Prod'n Method Location Source
Harvest (yrs)
6-9 Sub-tidal BC Heath (2005)
8 Sub-tidal BC DFO (2010)
8-10 Sub-tidal BC Producers
5-8 Sub-tidal WA Producers

A conservative 10-year production cycle has been assumed, allowing one 1-hectare plot to
be seeded with juvenile geoduck each year. The planted geoduck would be harvested in the
11th year following seeding. After harvesting, the plot would be re-seeded in the same year.
This rotational production system will enable one plot to be harvested and re-seeded every
year after the first crop reaches market size. In the model, the number of years required to
produce market-size geoduck (i.e. Time to Harvest) is linked to the total area under
production. The model divides the total area by the time to harvest to determine the total
area to be seeded and/or harvested in each year.

Seeding

It is assumed that seed would be purchased from an existing hatchery / nursery operation in
British Columbia. There are currently four hatcheries and nursery operations’ in BC that
produce geoduck seed. A shortage of seed in 2011 has driven prices up; however,
producers believe that industry expansion and hatchery experience will reduce seed prices.
Producers generally plant seed with a total shell length greater than 6 mm into commercial
plots. Larger seed are more robust and reportedly have higher survival rates. The model
assumes that 6-10 mm seed are purchased from a hatchery and planted into the production
plots. Seeding is done by contract service providers that supply the work boat, crew, divers,
dive equipment, etc. Such services are available in BC for approximately $1,500 to $3,000
per day. Seeding rates used in the commercial aquaculture sector have been applied. After
seeding, the plots are covered with netting to protect the seed from predation by crabs,
moonsnails, seastars, bottom fish and other organisms. Predator nets are deployed for the
first two years of production. A new net is used for each seeded crop.

' The objective of this review is to determine the feasibility and potential to establish a viable geoduck aquaculture sub-

sector in British Columbia. Commercial development of the sector is dependent upon a consistent supply of seed
(juveniles) from hatchery and nursery operations. Presently, there are at least four seed suppliers in BC, however,
technologies and practices are not yet sufficiently advanced to enable a consistent and reliable supply of seed. Many
factors (e.g. nutrition, broodstock conditioning, larval culture practices, etc.) need to be further enhanced. Consequently,
seed supply is an inherent risk in the development of geoduck aquaculture in BC. Nevertheless, there is a growing
commercial geoduck aquaculture sector in Washington State that depends on hatchery-produced seed.

2.
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Post-Seeding Operations

Throughout the production cycle, the site is monitored and maintained to manage and protect
the crop. During the first two years post-seeding, the netting is cleaned to remove excessive
biofouling and repaired as necessary. Maintenance is done by the same (or similar) contract
service providers as for seeding operations. The frequency of maintenance operations on
seeded plots ranges from once per week to once per month. A commercial dive service can
effectively maintain 200 net panels in 1 to 2 days.

Harvesting

Commencing in the tenth year of operations, one 1-hectare plot will be harvested each year
before re-seeding. Contract service providers are hired to harvest the product. Harvest
costs, on a per kilogram basis, are calculated by dividing the daily charge-out rate for the
service provider by the efficiency of harvest operations (i.e. kilograms per dive day). The
model also contains an interactive option that either allows or precludes the aquaculturist
from harvesting wild geoduck within the boundaries of the site. Selecting this option instructs
the model to factor-in the costs incurred and revenues received by allowing the wild geoduck
within the boundaries of the Licence of Occupation to be harvested by the aquaculturist. This
is in contravention of DFQ's Interim Protocol for Pre-Seed Harvest of Subtidal Geoduck
Aquaculture Sites which mandates that G Licence holders be provided with a 3-month
window to harvest wild geoduck from the site in advance of any aquaculture activity.

An allowance has also been made in the model for harvest monitoring and reporting. The
latter is based on the current rates paid for this service by the G Licence holders®. Since this
fee is based on wild harvest conditions, the model automatically adjusts the fee to account
for the difference in density amongst cultured and wild harvest geoduck beds.

2.1.3 Model Assumptions

The <Input> page of the model allows the user to provide a variety of inputs pertaining to
Site, Production, Harvest, Revenue and Finance matters. The assumed parameters applied
in the model are presented in the shaded cells in the tables below. These data were derived
from the literature and individuals referenced at the end of this document. Considerable
input pertaining to the range and assumed values of the following parameters has been
received from the Underwater Harvesters Association, government personnel and others
involved in the geoduck sector. It is pertinent to note that there is a substantial variation in
perspectives amongst the players and agreement has been difficult to obtain for many of the
factors. Moreover, much of the information is difficult to validate. Users of the model can
change input parameters to better reflect their own situation. It is also important to note that
geoduck culture techniques continue to evolve and, therefore, techniques applied today are
likely to change substantially within the period of time reflected in this study.

The assumptions and model outputs are for illustrative purposes. They project anticipated
costs and returns for sub-tidal geoduck aquaculture. Results will vary as the assumptions
are changed. The model has not been validated using actual production data.

2 Average annual fee x number of G Licences + annual geoduck quota; $13,600 x 55 + 1,559,250 kg = $0.48/kg
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Site:
Total Area (ha):
Production Area (ha):
Site Application Fee ($):
Licence of Occupation ($/halyr):
Aquaculture Licence ($/site/year):

Production:
Seed Rate (seed/m?/yr):
Seed Harvested (% Survival):
Seed Cost - 6-10 mm ($/seed):
Seed Planting Rate (ha / dive day):
Seed Planting Cost ($/seed):
Predator Nets ($/ha):
Net Deployment Time (yrs):
Net Maintenance (dive days/yr):
Labour & Management (hrs/halyr):
Labour & Management ($/hr):
Miscellaneous ($/kg):
Dive Service Cost ($/dive day)

Harvest:

Wild Harvest Geoduck

Avg. Wt. Wild Geoduck (kg):
Density of Wild Geoduck (#/m?):
Wild Harvest Recovery (%)

Wild Harvest Rate (kg / dive day):
Wild Harvest Fees ($/kg):

Wild Harvest Monitoring Fee ($/kg):

Cultured Geoduck

Time to Harvest (yrs):

Area Seeded per Year (ha):

Avg Harvest Weight - Farmed (kg):
Density of Farmed Geoduck (#/m?):
Culture Harvest Rate (kg / dive day):
Culture Harvest Fees ($/kg):

Harvest Monitoring Fee ($/kg):

Low Assumed High Description:
na 10 na = Total area under tenure
na 10 na = Total area under cultivation
na $1,200 na = Per Provincial guidelines
na $233 na = Per Provincial guidelines
na $418 na = Per DFO proposed fee schedule
Low Assumed High Description:
10 25 40 = Recommended seeding rate
10% 25% 60% = Survival, planted seed harvested
$0.20 $0.35 $1.00 | = Costof hatchery / nursery seed
0.25 05 1.0 » Ha of seed planted per dive day
Dive Service Cost + Seeding Rate | = Cost to hire contract seeders
$4,000 | $8,000 | $10,000 |= Costof new nets (10,000m?)
2 2 2+ = Amount of time with nets in place
12 24 36 = Dive days required to maintain nets
-- 120 -- = Routine maintenance time
-- $30.00 -- = Routine maintenance wage
-- $0.20 -- = Miscellaneous expenses
$1,800 | $2,200 $3,000 | = Boat, crew, divers, equipment
Low Assumed High Description:
0.70 1.07 -- = Projected harvest weight (wild)
0.08 0.68 1.41 = Final harvest density (wild) 3
- - 85% - - = % of wild geoduck harvested
800 1,000 2,000 | = Harvest per dive day

Dive Service Cost + Harvest Rate

-- 0.48 --
Low Assumed High
7 9 12

Production Area + Time to Harvest

0.70

0.80

1.00

Seed Rate x Seed Survival

1,000 |

1,500

[ 2,000

Dive Service Cost + Harvest Rate

Wild Fee x (Wild Density + Culture

Density)

= Contract harvest fees
= Harvest observer fees

= Years to reach 800 gram avg. wt.

= No hectares seeded with geoduck
= Projected harvest weight (farmed)
= Final harvest density - farmed

= Harvest per dive day

= Contract harvest fees

= Harvest observer fees

® The low, high and assumed density of wild geoduck reflect the range and average of limited survey data for Areas 12, 13,
14, 16, 17, 18 and 19, all of which are in the Strait of Georgia (Bureau et al 2002, 2003); the mean density is to 0.68
geoduck/ m?. Harvesters have commented that these limited data are not representative of the entire area. Furthermore,
it is likely that geoduck aquaculture would be developed on sites that are conducive to geoduck production (where
densities are higher) as opposed to those that are not.

4.
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Revenues:
Wild Harvest Geoduck Description:
#1 Grade Product (%): -- 100 -- = Harvest percent of #1 Grade
#2 Grade Product (%): -- 0 -- = Harvest percent of #2 Grade
Landed Price #1 Grade ($/kg): -- $26.00 -- ® Price of #1 Grade
Landed Price #2 Grade ($/kg): - - $18.00 - - ® Price of #2 Grade
Cultured Geoduck
#1 Grade Product (%): -- 100 -- = Harvest percent of #1 Grade
#2 Grade Product (%): -- 0 -- = Harvest percent of #2 Grade
Farm-Gate Price #1 Grade ($/kg): - - $26.00 - - = Price of #1 grade
Farm-Gate Price #2 Grade ($/kg): - - $18.00 - - = Price of #2 grade
Financial: Description:
Simple Annual Interest Rate (%): 6.0% | = Interest on bank loan; prime + 3%
Term of Debenture 10 | = Duration of bank loan
Corporate Tax Rate 13.5% | = BC small business taxation rate
Wild Harvest (On-Site): Description:
Access (0 = Not Allowed; 1 = Allowed) [0 ] =1f"0", wild harvestis not allowed

The <Cash Flow> page of the model allows the user to input the amount of owner equity and
debt (bank loan) invested to finance the venture. Debt financing charges are amortized over
the term of the loan and the interest and capital portions of the blended payments are
calculated and linked to the Income Statement and Cash Flow Statement. The total amount
of investment capital required to fund the operation can be determined by entering a
combination of equity and/or debt that reduces the 'Maximum Cash Deficiency' to $0. When
the cash deficiency is equal to $0, there is sufficient funding to finance the venture until
revenues are able to carry the operation.

Funding Description:
Equity $ - | = Amount of owner equity invested
Bank Loan $ = Amount of money to be borrowed
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The <Capital> page allows the user to input the amount of money required to finance capital

expenditures for the project. The default inputs are presented below.

Unit Price Number

Infrastructure

Environmental Assessment $ 5,000

Site Marking Equipment $ 1,600

Site Marking Dive Service $ 2,200

Storage Building (40" x 80) $ 25

Contingency (10%)
Subtotal

Production Equipment

Harvest Cages (Totes) $ 12

Truck (used) $ 30,000

Contingency (10%)
Subtotal

Other Equipment

Office Equipment $ 5,000

Miscellaneous $10,000

Contingency (10%)
Subtotal

TOTAL PRODUCTION CAPITAL

Budget

$ 5,000
$ 1,600
$ 8800
$ 80,000

$ 9540

$ 104,940

6,000
30,000

3,600

PP & AP

39,600

5,000
10,000

16,500

$
$
$ 1500
$
$

~ $161,040

The model is in an accompanying file entitled:

Geoduck Aquaculture Model - Sub-Tidal (Final).xIsx
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2.1.4 Model Output

Due to the length of time required to produce market-size geoduck, the financial projections
are forecast over a 15-year horizon. The 15-year time period appears to be sufficient to
provide an indication of the expected costs and returns associated with geoduck aquaculture.
Nevertheless, it is difficult enough to project financial performance one to two years in
advance; thus, the data and results should be viewed within this context. Moreover, within
15 years, it is likely that the technologies and practices utilized in geoduck aquaculture will
have evolved considerably. Therefore, those reading this report and/or using the
accompanying financial model should be cognizant of these factors.

Conventional breakeven analysis4 is difficult to apply in geoduck aquaculture due to the
extended start-up period during which costs are incurred in the absence of revenues followed
by the commencement of harvesting in year ten and the immediate realization of profits.
Given these extraordinary circumstances, breakeven has been defined as the level of output
(harvest) where total costs equal total revenues at the end of the start-up phase. This is
consistent in principle with breakeven analysis in that costs equal revenues, there is no profit
and there are no losses.

Economies of scale are factors that cause the average cost of producing something to fall as
the volume of its output increases. They tend to be more pronounced in industries with high
capital costs, which result in a higher proportion of fixed costs. Hence, when production
increases, the fixed costs are divided amongst a larger number of units, thereby reducing the
average cost of production. Economies of scale in aquaculture generally result from the
adoption of larger pieces of equipment or more advanced technologies®. For example, in
the geoduck sector, a very large-scale operation may be able to purchase its own vessel and
hire a full-time captain and dive crew to service the geoduck beds at a lower average cost
than is attained by contracting out these services.

There are two types of economies of scale; internal and external. Internal economies of
scale are cost savings that accrue to a firm regardless of the industry, market or environment
in which it operates; the cost per unit depends on size of the individual firm. By increasing
the scale of production, companies may be able to generate and benefit from internal

“ A company has broken even when its total sales or revenues equal its total expenses. At the breakeven point, no profit
has been made, nor have any losses been incurred. The following costs are pertinent to a breakeven analysis. Variable
costs are those that vary in direct proportion to the level of output. These are the costs incurred for direct contributions to
production such as materials, supplies, labour, etc. As production volume increases or decreases, variable costs increase
or decrease in direct proportion. In geoduck culture, these are the costs for seed, seed planting, predator netting,
harvesting, etc. Fixed costs are costs that remain the same regardless of how many units are produced. They remain
constant regardless of the total output volume. Such costs typically include management salaries, insurance, rent, etc. In
geoduck aquaculture, fixed costs would include tenure and licence fees and depreciation. The breakeven point is defined
as the fixed costs, divided by the difference between the per-unit selling price and the variable cost of production; i.e.

Breakeven Point = Fixed Costs + (Unit Selling Price - Variable Costs)

The answer represents the number of units of a product that must be sold to break even. At the breakeven point, all costs
associated with producing the product (both variable and fixed) have been recovered. Every unit sold above the
breakeven point generates a return in the amount of the unit contribution margin; i.e. the amount of money that each unit
contributes to covering fixed costs and increasing profits. Unit contribution margin is calculated as follows:

Unit Contribution Margin = Sales Price - Variable Costs
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economies of scale. Cost reductions via external economies of scale are generally due to
the effect of technology in an industry. External economies of scale benefit a firm because of
the way in which its industry is organized; the cost per unit depends on the size of the
industry, not the firm. The effect of economies of scale is to reduce the average (unit) costs

of production".

2.1.5 Results - Sub-Tidal Culture

Using the default parameters identified above, the financial model allows for two scenarios
with regard to the wild geoduck that exist within the area under Licence of Occupation (i.e.
on-site):

(1) The proponent is not allowed to harvest and sell wild geoduck from within the site
boundaries; and

(2) The proponent is allowed to harvest and sell wild geoduck from within the site
boundaries.

Economies of scale in sub-tidal geoduck aquaculture have been evaluated by adjusting the
total size (hectares) of the proposed venture. Operations of 5-hectares, 10-hectares and 20-
hectares are compared for ventures with and without access to wild geoduck on-site.

No Access to Wild Geoduck

Financial projections indicate that an investment of $2,368,952 is required to establish a 10-
hectare sub-tidal geoduck aquaculture operation. Of this, $161,040 is required to finance
capital equipment (i.e. truck, shore-base facilities, equipment, etc.), including 10%
contingency. An additional $2,207,912 is required for working capital to finance the purchase
of seed and to pay for labour, management and maintenance expenses.

The pro forma financial statements reflect a 100% equity investment ($2,368,952). Due to
the 10-year time period before the first product is ready for harvest, it is infeasible to leverage
the financing for a 10-hectare geoduck operation with debt (entering a nominal value for a
Bank Loan on the spreadsheet demonstrates that the cumulative deficit increases due to the
interest payments over the extended period prior to first harvest). The owner is required to
support the venture for ten years in the absence of revenues.

In the eleventh year of operations, the venture realizes a net profit of $967,555 on total sales
of $1,300,000 from the harvest of the first one-hectare plot of geoduck. Thereafter, the
venture is projected to realize a net profit of approximately $970,000 per year (Table 2). By
the thirteenth year, the venture is projected to attain a positive cumulative cash position
(Table 3); that is, the initial investment made by the owner has been recouped; however, at
this point, there is a return of investment but not yet a return on investment. In fact, after 15
years, the internal rate of return for the venture remains negative at -0.6% (Table 4).
Average profitability ratios have been calculated over three time periods; years 1 through 5,
years 1 through 10 and years 1 through 15. Since no sales are generated until the seeded
geoduck are ready to harvest, the venture is not profitable within the first ten years but shows
modest profits within a 15 year period (Table 4).
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Sensitivity analyses were conducted to evaluate the impacts of various production, harvest
and market factors on the level of investment required to finance a 10-hectare sub-tidal
geoduck venture in British Columbia when the proponent is not granted on-site access to wild
geoduck. Variables were arbitrarily increased and decreased by 20% to observe their overall
financial impact (Table 5). With no on-site access to wild geoduck, dive service fees and the
cost of seed have the largest financial impact on the amount of investment required. The
number of years required to produce a harvestable product has a nominal impact on
investment. Since the vast majority of the working capital for a geoduck farm is invested
prior to the first harvest, changes to the market price of the product do not influence the
amount of investment required to start the venture (Table 5). They will, however, have a
downstream impact on the overall profitability of the operation.

In the absence of access to wild geoduck on-site, it is not possible to calculate a breakeven
point during the 10-year start-up phase since there is no revenue.

Without access to wild geoduck on-site, the projected capitalization is more than $252,000
per hectare for a 5-hectare operation. The required investment decreases to about $229,000
per hectare for a 20-hectare operation. Economies of scale are not shown to affect the gross
margin since no assumptions are made regarding discounted input values with higher levels
of production; such economies could exist, for example, for seed cost or contract dive
services. Other profitability ratios demonstrated marginal gains with increasing scale. In the
absence of access to wild geoduck on-site, projections suggest that a 90-hectare operation
having a total capitalization cost of $20,100,000 and yielding a harvest of 450,000 kilograms
of cultured geoduck per year is required to generate an internal rate of return equal to 0%
after 15 years of operation.

Economies of scale in sub-tidal geoduck aquaculture where the
producer does not have access to wild geoduck on-site

Size of Operation (ha) 5 10 20
Cultured Geoduck (kg/yr) 25,000 50,000 100,000
Capitalization (Total Investment) $1,260,712 $2,368,952 $4,580,592
Capitalization ($/hectare) $252,142  $236,895  $229,030
Gross Margin 41.0% 41.0% 41.0%
Return on Sales 32.5% 36.5% 38.6%
Cash Earnings on Sales 29.9% 32.3% 33.5%
ROI (Cash in - Cash out) 5.1% 5.9% 6.3%
Internal Rate of Return -1.2% -0.6% -0.2%

Access to Wild Geoduck

With access to the wild geoduck within the site boundaries, the proponent is able to harvest
geoduck and use the revenues to offset the working capital requirements necessary to
finance aquaculture operations. In this scenario, wild geoduck would be harvested from a
one-hectare plot each year prior to seeding. The harvest is projected to be 0.58 %eoduck per
square meter (0.68/m? x 85% recovery) at an average weight of 1,070 grams®*2%

9.
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Pro forma projections indicate that although the aquaculturist is allowed to harvest wild
geoduck, the venture still realizes an average operating loss of approximately $88,000 per
year over the first ten years of operation (Table 6). The first profits are not realized until the
eleventh year of operations when the harvest of cultured geoduck commences. Despite the
revenues from the sale of on-site wild geoduck, the cash flow statement (Table 7) illustrates
that a producer would need to invest $939,072 to support the 10-hectare geoduck farm until
cultured geoduck can be harvested. Debt financing remains infeasible. Profitability ratios
improve when the producer has access to wild geoduck, however, positive returns are still
not realized until cultured geoduck are harvested (Table 8). The sale of wild-harvest
geoduck to partially finance the venture improves the internal rate of return for the venture.
After 15 years, the IRR is projected to be 7.84% (Table 8).

Sensitivity analyses were conducted to evaluate the impacts of various production, harvest
and market factors on the level of investment required to finance a 10-hectare sub-tidal
geoduck venture in British Columbia when the proponent is granted on-site access to wild
geoduck. Variables were arbitrarily increased and decreased by 20% to observe their overall
financial impact (Table 9). When producers have on-site access to wild geoduck, market
price and the density of wild geoduck available for harvest have the largest financial impact
on the amount of investment required. At 0.54 harvestable animals per square meter versus
0.68 per square meter, the investment requirement increases by 30%. In contrast, when the
density increases to 0.82 harvestable animals per square meter the required investment
decreases by 30%. This underscores the significance of the working capital investment
necessary to launch a geoduck aquaculture venture that will not realize cash flow from farm-
raised product for ten years or more as well as the benefit associated with selecting a site
with a high production capacity. Changes in market price have a similar influence (Table 9).

In the scenario where the producer is granted access to the wild geoduck within the
boundaries of the tenure, a reasonable measure of the breakeven point could be defined as
the level of output (harvest) that yields a Cumulative Net Profit of $0 at the end of the ten-
year start-up phase. In this case, a key variable as noted in the sensitivity analysis is the
density of wild geoduck on-site. The breakeven point occurs when the average density of
wild geoduck on-site is 1.1 per square meter; 63% higher than the 0.68/m? projected in the
base-case scenario. At this higher density, the required capital investment is only $92,876
and the 15-year IRR equals 31%.

The trends due to economies of scale when the producer is granted access to wild geoduck
on-site are similar to the trends experienced in the absence of access to wild geoduck;
however the magnitude of the effects is considerably different. That is, marginal
improvements in profitability were observed with increased volume and total capitalization
per hectare decreased with scale. As the scale of the operation was increased to 50
hectares, the capitalization and performance ratios were observed to plateau. Beyond 20
hectares in size, the benefits of further increases in scale appear to become increasingly
marginal; that is, there appear to be diminishing returns to increases in scale beyond
approximately 20 hectares.

10.
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Economies of scale in sub-tidal geoduck aquaculture where the
producer is granted access to wild geoduck on-site

Size of Operation (ha) 5 10 20

Cultured Geoduck (kg/yr) 25,000 50,000 100,000
Capitalization (Total Investment) $500,892  $939,072 $1,815,433
Capitalization ($/ha) $100,178 $93,907 $90,772
Gross Margin 50.5% 50.5% 50.5%
Return on Sales 45.5% 46.9% 47.6%
Cash Earnings on Sales 39.5% 40.3% 40.7%
ROI (Cash in - Cash out) 21.3% 23.2% 24.2%
Internal Rate of Return 71% 7.8% 8.2%

Scale effects on total investment required to finance sub-tidal geoduck
aquaculture when the producer is granted access to wild geoduck on-site

Investment ($/hectare)

Size of Operation (hectares)

11.




Final Report

FEASIBILITY OF SUB-TIDAL AND INTER-TIDAL GEODUCK AQUACULTURE IN BC

GZy'8e8$  €€1°868%  G6.°2€88  €£60'896$  G96°2968  (6£L'2v2$) (zoe‘wre$) (1poives) (16L‘eez$) (9zo‘sez$) (ove'sees) (996'cczs) (sge'eeey) (zs2‘eees)  (Sze'egi$) xe] 13y (ss07) yoid
€58°06L$  L08°0€L$  vSL'0ELS 0% 0$ 0$ 0$ 0$ 0$ 0$ 0$ 0$ 0$ 0$ 0$ soxeyl
8/2'696$  0v6'896%  6vS'896$  €60'896$  SSG°296%  (6€1'2p2$) (zoe'vrz$) (1voives) (16L‘eez$) (9zo‘lcez$) (ove'sees) (996'cezs) (gge'ceey)  (zsi'eees)  (Gze'esi$) Xe] aiojog awodu| }aN
82 $ Gl9'C $ 9007 $ €9v'y $ 000S  $ 6€9S $ LOW'9 $ L¥EL $ 16k'8 ¢ 9266 $ OWLLL  $ 990'vL $ G80°'LL $ 250l $ Geslz  $ S}S0Q JoauIpY] [BJ0L
- $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ Jseu03|
9z9c $ v96T $ ¢sse'e ¢ zi8e  $ evey ¢ 886y $ 952G $ 0699 ¢ Ov8L $ Gig'6  $ 680°LL S SL¥EL  $ eev'oL § Lov'oz $ vi9'Ge  $ uoneroaideq
€€z $ €€z $ €€z $ €€z $ €€z $ eez $ eez $ €€z $ €€z $ €€z $ €€z $ eez $ €€z $ €€z $ eev'L  $ aunua ainjndenby
8y $ 8y $ 8y $ 8y $ 8y $ 8Ly $ 8y $ 8y $ 8y $ 8y $ 8y $ 8y $ 8y $ 8y $ 8y $ 90U82I7 aInynoenby
$1S09 108iIpu|
6GG'TL6$  GSG'TL6$  S6S'TL6$  6S6°T.6$  §96'2L68  (00s'Lves) (ooe‘zez$) (ooe'vez$) (00s‘0ez$) (0ob‘zzez$) (oos‘ezes) (ooe‘erzs$) (ooc'9rz$)  (002TLe$)  (00£‘9SL$) uibaep sso1o
Syy'/2€ $ Gyv'ice $ GvbiZ€ $ Gvb'lZ€ $ Gyb'/Z€ $ 00SL¥C $ 006°2€Z $ 00E¥EZ $ 00L°06C_$ 00L'/2Z $ 00S'€ZZ $ 006'6LZ $ 00E'9lz $ 00,22 $ 00E'9SL $ s}s0Q Joauq [EJOL
L9z $ 19T $ LT $ 19T ¢ Loz § - $ - $ - $ - $ - $ - $ - $ - $ - $ - $  Buuojuop isenteH painynd
- $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ Buuojuopy sanieH piIm
eee’eL $ eee'eL $ eee'eL $ eee'eL § eeg'eL § - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ (paunynd) 3509 JsanieH
- $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ (PItAN) 350D IsanieH
0000k $ o000°0L $ 0000 $ 0000L $ 0000L $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ snoaue||aosIy
009°60L  $ 009°G0L $ 009°G0L $ 009'G0L $ 009'G0L $ 009'GOL $ 009'GOL $ 009°G0L $ 009°GOL $ 009°G0L $ 009°GOL $ 009°'G0L $ 009'G0L $ 009'G0L $ 0082 $ @oueUBJUIBIN JON
000'9¢ $ 0009€ $ 000'9€ $ 000°9¢ §$ 000'9€ $ 000'9€ ¢ O0OF'ZE ¢ 008'6Z ¢ 00C'Sc ¢ 009k ¢ 000'8L ¢ OOF'VL $ OO8OL $ 0OCZZ ¢ 009 § juswiabeue g noge
000’8 $ 0008 $ 0008 $ 0008 $ 0008 $ 00O'8 ¢ 0008 $ 00O $ 00O'® $ 0008 $ 0008 $ 000O'8 $ 0008 § O00O'8 $ 0008 BuipeN Jojepaid
oo’y ¢ oor'y $ oOOVY $ oOOVY $ OOVY $ OoOvy ¢ OOV'Y $ O0OFY § OOVY $ OOV'Y $ O0Ov'Y $ OOy $ O0OFY $ OOvY $ oOv'y $ Bunueld pees
00§28 $ 00528 ¢ 00528 ¢ 005'.8 ¢$ 00S'.8 ¢ 00528 ¢ 0028 ¢ 0028 ¢ 00SZ8 ¢ 0028 $ 00§28 $ 00§28 $ 00528 § 00528 $ 00528 § paag
S1S0) 108110
uolonpouad jo 3s0)
000°00€‘L$ 000°00€°L$ 000°00€°L$ 000°00E°L$ 000°00E‘LS 0% 0$ 0$ 0$ 03 0% 0% 0% 0% 0$ anuaAay |ejoL
- $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ soles JsanieH PIIM [ejoL
- $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ 10Npo.Id Bpeld z#
- $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ 10npold Bpeld L#
S3es JSa\eH PIIM
000°00€‘L$ 000°00€‘L$ 000‘00E‘L$ 000'00E'L$ 000°00€‘L$ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ so|es ainynoenby [ejoL
- $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ 10Npo.Id Bpeld z#
000°00€‘L$ 000°00E‘L$ 000‘00E'L$ 000°00€'L$ 000°00EL$ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ 10npold Bpeld L#
s9es w_:«_:um:m/\
BNUBAY
Sl 7l €l 4! L o] 6 8 L 9 S |4 € 4 ) Jea\

%oNpoab pjim 0} SS8008 8)IS-UO OU UM 8InJusA ainynoenbe ¥onposb aiejoay-0 | B Joj JUsWa)els aWwoou| BULIO) 0ld :Z 9|qel

12.




Final Report

FEASIBILITY OF SUB-TIDAL AND INTER-TIDAL GEODUCK AQUACULTURE IN BC

80L'29v'v$ 950'929'€$ 656'78.T$ 608'€¥6'L$ ¥06'L.6 $ O $ 1GlZre $ 20,087 $ ¥S9'GLL § GO0'L¥6 $ 9SL'¥/LL$ L06'86€°L$ 8SY'6L9'L$ OLy'9E8L$ 19'6+0'T$ poliad jo pu3 - (Aouapyaq) ysed
950'929°'c$ 656'¥8LC$ 608'€Y6L$ Y0616 $ O $ LGLlZre $ 20087 $ ¥SO'SLL $ GO0'Lv6 $ 9SL'¥LLL$ L06'86€°L$ 8SY'6LOLS OLY'9E8L$ L9L'6¥0TS - $ pouad o BujuuiBag - (Aouaioyaq) yseo
250°L¥8 $ /60°L¥8 $ 0SLL¥8 $ ¥06°LL6 $ ¥06'LL6 $ LSL'Zhe $- 1GS'8€Z $- LS6'¥EZ $- LSelez $- 1G/°/2z $- LSL'bez $- 16S°022 - 1S6°9Lz - LSE'ele - 192'6¥0°C$ uonisod ysey ul (aseasda() aseasou|
- $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ 256'89¢'C$ Buipung jejor
- $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ |- $ Ueo yueg
- $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ 256'89€'C$ [ 256'896'C$ Aunb3
Buipung
2S0°Lv8 $ L60°L¥8 $ O0SLL¥8 $ ¥06'LL6 $ Y06'LL6 $ LSLTHZ $- LGS'8EZ $- LS6'vEZ $- LGE'LEZ $- LGL'/TZ $- LSL'vez $- 1SG'0CC - LS6'9LT - LGE'ELT $- L6L'BLE $- yseg JeN
- $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ 0o¥0'L9L $ sainypuadx3 |ejiden
250°1¥8 $ /60°L¥8 $ 0SLL¥8 $ ¥06°LL6 $ ¥06°LL6 $ LGLTHZ $- LGS'8EZ $- LS6'¥EZ $- LSE'LEZ $- 1G/' T2 $- LSL'bez $- 1SG°0ZZ - 1G6°9LZ - LGE'ELT $- LGL'8SL $- mold yse9 Buyesado
8v6'8SY $ €06'8SY $ 058'8SY $ 960'82€ $ 960'82€ $ lSL'zhz $ 16S'86Z $ LS6'vEz $ LSe‘lez $ 1G/°/zz $ LSL'hez $ 16S'0zz $ 1S6'9lz $ LSe'ele § 16L'8SL $ sjuewasINgsiq YseD [ejoL
€68°'06L $ L0806l $ vSL'oEL $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ sexeL
159 $ 159 $ 159 $ 159 $ 159 $ 159 $ 159 $ 159 $ 159 $ 159 $ 159 $ 199 $ 199 $ 159 $ 1681 $ sasuadx3 joaulpul
Svv'ize $ Gvv'ize $ Gvv'lize $ Gvv'lize $ Gvv'lze $ 00SLbe $ 006°2€2 $ 00€¥EZ $ 00L°0€Z $ 00L'LZZ $ 00S‘€zz $ 006'6LZ $ 00€'9LZ $ 00L°TLe $ 00E'9SL $ sasuadx3 j0a1d
sjuawasingsiqg ysed
000°00€°L$ 000°00€°L$ 000‘00€°L$ 000‘00€°L$ 000‘00€‘L$ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ sydieoay [eioL
- $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ isaveH plIM
000°00€°L$ 000°00€°L$ 000°00€°L$ 000°00€°L$ 000°00E‘L$ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ ainjnoenby
sydiaoay ysen
Sl 7l €l 4 Ll oL 6 8 A 9 S 14 € 4 L Jea A

3oNpoab pjm O} SS809. B)IS-UO OU Y)M ainjusA ainynoenbe %onpoab alejosy-Q| e o) Juswajels moj4 Yse) ewloy oid € a|qel

13.




FEASIBILITY OF SUB-TIDAL AND INTER-TIDAL GEODUCK AQUACULTURE IN BC Final Report

Table 4: Profitability ratios for a 10-hectare sub-tidal geoduck
aquaculture venture with no on-site access to wild geoduck

Base Case Assumptions Year1-5 Year1-10 Year 1-15
Gross Margin No Sales No Sales 41.0%
Return on Sales No Sales No Sales 36.5%
Cash Earnings on Sales No Sales No Sales 32.3%
ROI (Cash in - Cash out) -10.1% -10.0% 5.9%
Internal Rate of Return Negative Negative -0.6%

Gross Margin = Gross Profit + Sales

Return on Sales = Earnings Before Interest, Tax & Depreciation + Sales
Cash Earnings on Sales = Net Cash Flow + Sales

ROI (Cash in - Cash out) = Net Cash Flow + Equity Invested

Internal Rate of Return = The interest rate at which the net present value of all cash flows
from the project equal zero. The higher a project's internal rate of return, the more desirable
it is to undertake the project.

Table 5: Sensitivity analyses for a 10-hectare sub-tidal geoduck
aquaculture venture with no on-site access to wild geoduck

Production Factors:

Seed Cost @ 6-10 mm ($/seed) $0.28 $0.35 $0.42
Total Investment  $2,193,952 $2,368,952 $2,543,952

Variance 7% - 7%

Time to Harest (yrs) 8 10 12

Total Investment  $2,318,450 $2,368,952 $2,415,054

Variance 2% - 2%

Density of Cultured Geoduck (#/m2) 5.00 6.25 7.50
Total Investment  $2,368,952 $2,368,952 $2,368,952

Variance 0% - 0%

Harvest Factors:

Dive Senice Fees ($/dive day) $1,760 $2,200 $2,640
Total Investment  $2,159,512 $2,368,952 $2,578,392
Variance -9% - 9%

Market Factors:

Average Market Price ($/kg) $20.80 $26.00 $31.20
Total Investment  $2,368,952 $2,368,952 $2,368,952
Variance 0% - 0%
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Table 8: Profitability ratios for a 10-hectare sub-tidal geoduck
aquaculture venture with on-site access to wild geoduck

Base Case Assumptions Year1-5 Year1-10 Year 1-15
Gross Margin -39.0% -47.9% 50.5%
Return on Sales -61.2% -63.5% 46.9%
Cash Earnings on Sales -59.6% -58.4% 40.3%
ROI (Cash in - Cash out) -10.2% -10.0% 23.2%
Internal Rate of Return Negative Negative 7.8%

Gross Margin = Gross Profit + Sales

Return on Sales = Earnings Before Interest, Tax & Depreciation + Sales
Cash Earnings on Sales = Net Cash Flow + Sales

ROI (Cash in - Cash out) = Net Cash Flow + Equity Invested

Internal Rate of Return = The interest rate at which the net present value of all cash flows
from the project equal zero. The higher a project's internal rate of return, the more desirable
it is to undertake the project.

Table 9: Sensitivity analyses for a 10-hectare sub-tidal geoduck
aquaculture venture with on-site access to wild geoduck

Production Factors:

Seed Cost @ 6-10mm ($/seed) $0.28 $0.35 $0.42
Total Investment $764,072 $939,072 $1,114,072

Variance -19% - 19%

Time to Harvest (yrs) 8 10 12

Total Investment $888,570 $939,072 $985,175

Variance 5% - 5%

Density of Wild Geoduck (#m2) 0.54 0.68 0.82
Total Investment  $1,225,048 $939,072 $653,097

Variance 30% - -30%

Harvest Factors:

Dive Senice Fees ($/dive day) $1,760 $2,200 $2,640
Total Investment $702,420 $939,072 $1,175,725
Variance -25% - 25%

Market Factors:

Awverage Market Price ($/kg) $20.80 $26.00 $31.20
Total Investment  $1,260,672 $939,072 $617,473
Variance 34% - -34%
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2.2 Model Assumptions & Inputs - Inter-Tidal Production
2.2.1 Production Site & Characteristics

Inter-tidal geoduck aquaculture is generally most successful on beaches where sand has
accumulated in bars and flats to depths of one meter or more. Sand that is clean and free of
large amounts of gravel, wood or shell debris is preferable. Geoduck reared in muddy or
gravel substrates can become discoloured and of lower value®. Besides substrate, other
factors such as water quality, availability of natural foods, tidal height (relative to the mean
lower low water level - MLLW?) and exposure to storm waves are also key considerations.
From a socio-economic perspective, it is important to consider the needs and interests of
upland property owners, the presence of sensitive habitat (e.g. eelgrass) and the interests of
adjacent users of the aquatic resource base. The inter-tidal habitat in WA State is similar to
that in the Strait of Georgia, however, it is generally believed that there is more habitat
suitable for inter-tidal geoduck culture in Washington than in British Columbia.

2.2.2 Production System

The industry norm for inter-tidal geoduck culture is to plant seed into short sections of PVC or
plastic mesh (e.g. Vexar) tubing set vertically into the beach sand. The tubes are generally
10 to 15 cm in diameter (4"-6") and 23 to 41 cm (9"-16") long. Ten-centimetre (4") tubes are
most common. Shorter tubes are used on more protected beaches while the longer tubes
are planted on beaches that are subject to greater wave action. Once planted, only 5 to 8
centimetres of the tube extends above the sand. Tubes are usually arranged in rows at a
density of about 10 tubes per square meter (~1 per square foot).?>2¢2")

The tubes are planted into the beach at an elevation between -0.75 and +1 meter (-2%2 and
+3 feet) relative to the MLLW level. Most farms utilize the lower portion of this range where
growth and survival are enhanced. Higher failure rates can be experienced in the upper
portion of the range due to the longer periods of time that seed are exposed to high summer
temperatures at low tide!®. After installation, 3mm to 8mm seed are hand-planted into the
tubes at a rate of 2 to 4 seed per tube. Similar to sub-tidal geoduck culture, netting is placed
over the entire tube field to protect the geoduck from predators and wave action, and to
reduce visual impacts®®'®. In most areas, it is necessary to keep the netting in place for two
years, although some producers keep the nets for the first three years of production. Once
removed, the tubes are cleaned and re-used whereas new netting is used for each planting.
While in place, it is necessary to clean the nets to remove excessive biofouling and to ensure
its integrity.

Site specific differences in growth rate are expected. In Washington State, geoduck grow
fastest in southern Puget Sound where 0.8 kg geoduck are routinely harvested in 5 years.
Sites in north Hood Canal appear to require an extra year to reach this size, and sites
planted on the north coast (Discovery Bay) may require more time as suspended food levels

® Mean Lower Low Water (MLLW): A tidal datum used by the United States' National Oceanic and Atmospheric
Administration and referring to the average of the lowest water height recorded at a tide station each day during the
recording period.
18.
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tend to be lower®. Typical growth rates in WA State are presented in the chart below. In
comparison, it is likely that growth to market size in BC will require 1 or 2 additional years.

Time to Prod'n Method Location Source
Harvest (yrs)
5-6 Inter-tidal WA Davis (2004)
5-7 Inter-tidal WA WA-DNR (2011)
5-6 Inter-tidal WA Producers
5-7 Inter-tidal WA Northern Economics Inc. (2004)

A typical survival rate for inter-tidal geoduck culture is 1 to 1% clams per tube (10-15/m?) or
about 33% to 50%, although as many as 19-23 clams per square meter have been reported.
Harvesting of market-size geoduck is done using a "stinger" which injects pressurized water
into the substrate adjacent to each geoduck to fluidize the sand bed, making it easy to
remove the clams by hand. An average harvest rate of 4-6 geoduck per minute is the norm
for experienced harvesters over a four-hour tide®2%2").

Geoduck farming requires a minimal amount of infrastructure due mainly to the relatively low
maintenance requirements following planting. Infrastructure needs include a means for
storing, cutting and transporting tubes, netting and harvest totes to the production site. A
large raft or barge is commonly used. The raft also supports the diesel pump and harvest
stingers (four per pump)®2.

2.2.3 Model Assumptions

The <Input> page of the model allows the user to provide a variety of inputs pertaining to
Site, Production, Harvest, Revenue and Finance matters. The assumed parameters applied
in the model are presented in the shaded cells in the tables below. These data were derived
from the literature and individuals referenced at the end of this document. Users of the
model are able to change the input parameters to better reflect their own situation.

It is important to note that geoduck culture techniques continue to evolve and, therefore,
techniques applied today are likely to change substantially within the period of time reflected
in this study. The input assumptions and model outputs are for illustrative purposes. They
project anticipated costs and returns for inter-tidal geoduck aquaculture. Results will vary as
the assumptions are changed. The model has not been validated using actual production
data.

Site: Low  Assumed High  Description:
Total Area (ha): na 2 na = Total area under tenure
Production Area (ha): na 2 na = Total area under cultivation
Site Application Fee ($): na $1,200 na = Per Provincial guidelines
Licence of Occupation ($/halyr): na $233 na = Per Provincial guidelines
Aquaculture Licence ($/site/year): na $418 na = Per DFO proposed fee schedule
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Production:
Density of Tubes (# tubes/m?):
Tube Planting Costs ($/tube):
Seed Rate (# seed/tube):
Seed Harvested (% Survival):
Seed Cost - 6-10 mm ($/seed):
Tube Seeding ($/tube):
Predator Nets ($/ha):

Tube & Net Deployment Time (yrs):

Site Maintenance (hrs/halyr):
Maintenance Wages ($/hr):
Site Management hrs/ha/hr):
Management Wages ($/hr):
Miscellaneous ($/halyr):

Harvest:

Time to Harvest (yrs):
Area Seeded per Year (ha):
Avg Harvest Weight - Farmed (kg):

Density of Farmed Geoduck (#/m?):

Geoduck Harvest Fees ($/kg):
Harvest Monitoring Fee ($/kg):

Revenues:
#1 Grade Product (%):
#2 Grade Product (%):
Farm-Gate Price #1 Grade ($/kg):
Farm-Gate Price #2 Grade ($/kg):

Financial:
Simple Annual Interest Rate (%):
Term of Debenture
Corporate Tax Rate

= Number of tubes per sq meter

= Cost to install tubes in beach

= Recommended seeding rate

= Survival, planted seed harvested

= Cost of hatchery / nursery seed

= Cost to plant seed & install netting

= Cost of new nets (10,000m?)

= Amount of time with tubes in place

= Hours required to maintain site

= Hours required to maintain site

= Miscellaneous expenses

Low Assumed High Description:
8 10 12
$0.28 $0.45 $0.54
10 25 40
<25% 33% >60%
$0.20 $0.35 $1.00
$0.23
$4,000 | $8,000 | $10,000
1 2 3
312 416 520
- - 15 - - = Wages & benefits
312 416 520
- - 25 - - = Wages & benefits
$2,500
Low Assumed High
6 | 8 | 10

Production Area + Time to Harvest

0.70

0.80

[ 1.00

Seed Rate x Seed Survival

$1.75

$0.05

100

0

$26.00

$18.00

6.0%

10

13.5%

= Years to reach 800 gram avg. wt.

= No hectares seeded with geoduck
= Projected harvest weight (farmed)
= Final harvest density - farmed

= Labour plus operating costs

= Harvest observer fees

= Harvest percent of #1 Grade
= Harvest percent of #2 Grade
= Price of #1 Grade
= Price of #2 Grade

Description:
= |nterest on bank loan; prime + 3%

= Duration of bank loan
= BC small business taxation rate

The <Cash Flow> page of the model allows the user to input the amount of owner equity and
debt (bank loan) invested to finance the venture. Debt financing charges are amortized over
the term of the loan and the interest and capital portions of the blended payments are
calculated and linked to the Income Statement and Cash Flow Statement. The total amount
of investment capital required to fund the operation can be determined by entering a
combination of equity and/or debt that reduces the 'Maximum Cash Deficiency' to $0. When
the cash deficiency is equal to $0, there is sufficient funding to finance the venture until

revenues are able to carry the operation.

Funding
Equity
Bank Loan

9| P

Description:
= Amount of owner equity invested
= Amount of money to be borrowed

20.
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The <Capital> page allows the user to input the amount of money required to finance capital
expenditures for the project. The default inputs are presented below.

Unit Price Number Budget

Infrastructure
Environmental Assessment $ 5,000 1 $ 5,000
Storage Building (40' x 80) $ 25| 3200 $ 80,000
Contingency (10%) $ 8500
Subtotal $ 93,500
Production Equipment
PVC Tubes (40 cm) $ 535| 50,000 $ 267,500
Raft / Barge $ 20,000 1 $ 20,000
Diesel Pump & Stingers (4) $20,000 1 $ 20,000
Harvest Cages (Totes) $ 12 500 $ 6,000
Truck (used) $ 30,000 1 $ 30,000
Contingency (10%) $ 34,350
Subtotal $ 377,850
Other Equipment
Office Equipment $ 5,000 1 $ 5,000
Miscellaneous $10,000 1 $ 10,000
Contingency (10%) $ 1,500
Subtotal $ 16,500
TOTAL PRODUCTION CAPITAL $ 487,850

The model is in an accompanying file entitled:

Geoduck Aquaculture Model - Inter-Tidal (Final).xlsx

2.2.4 Results - Inter-Tidal Culture

Pro forma projections indicate that the inter-tidal geoduck aquaculture venture modelled
using the assumptions identified above realizes an average operating loss of approximately
$124,000 per year over the first eight years of operation (Table 10). The first profits are not
realized until the ninth year of operations when the harvest of cultured geoduck commences.
Therefore, it s estimated that a producer would need to invest $1,055,520 to support the 2-
hectare geoduck farm until cultured geoduck can be harvested (Table 11). As with sub-tidal
geoduck culture, the pro forma financial statements reflect a 100% equity investment since,
in the absence of cash flow for more than eight years, debt financing remains infeasible.

In the ninth year of operations, the venture is projected to realize a net profit of $384,206 on
total sales of $520,000 from the harvest of the first quarter-hectare plot of geoduck.
Thereafter, the venture is projected to realize a net profit of approximately $390,000 per year

21.
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(Table 10). By the eleventh year, the venture is projected to attain a positive cumulative cash
position (Table 10); that is, the initial investment made by the owner has been recouped;
however, at this point, there is a return of investment but not yet a return on investment. It is
not until the end of the 14th year of operations that the internal rate of return for the venture
becomes positive; albeit marginally at 0.24%. After 15 years, the IRR is only 1.7% (Table
12). Average profitability ratios have been calculated over three time periods; years 1
through 5, years 1 through 10 and years 1 through 15. Since no sales are generated until
the seeded geoduck are ready to harvest, the venture is not profitable within the first eight
years but shows modest profits within a 15 year period (Table 12).

In the absence of revenue during the eight-year start-up phase, it is not possible to calculate
a breakeven point.

Sensitivity analyses were conducted to evaluate the impacts of various production, harvest
and market factors on the level of investment required to finance a 2-hectare inter-tidal
geoduck aquaculture venture in British Columbia. Production and market variables were
increased and decreased to observe their overall financial impact (Table 13). The largest
financial impact on the amount of investment required for the venture was due to the duration
of tube deployment. When tubes were deployed for only one year rather than two, the total
investment decreases by 14%, due largely to the reduced capital expenditure for PVC tubes;
25,000 tubes are required for each year that tubes are deployed. In contrast, when tube
deployment was extended to three years, a more likely scenario, total investment increases
by 14%. Seed survival to market size also influences the amount of investment required.
When survival increases to 50%, thus requiring only 2 seed to be planted per tube, the total
investment is projected to decrease by 7%. In contrast, when survival is only 25%, requiring
four seed to be planted per tube, total investment increases by 7%. The cost of seed and the
number of years required to produce a harvestable product (7, 8 or 9) have more modest
impacts on investment. Since the vast majority of the working capital for a geoduck farm is
invested prior to the first harvest, changes to the market price of the product do not influence
the amount of investment required to start the venture (Table 13). They will, however, have a
downstream impact on the overall profitability of the operation.

Economies of scale in the inter-tidal geoduck aquaculture venture have been evaluated by
adjusting the total size (hectares) of the proposed venture. Operations of 1-hectare, 2-
hectares, 5-hectares and 10-hectares are compared. Marginal improvements in profitability
were observed with increased volume and total capitalization per hectare decreased with
scale. As the scale of the operation increases beyond 2 to 5 hectares, the capitalization and
performance ratios begin to plateau. Beyond 5 hectares in size, the benefits of further
increases in scale appear to become increasingly marginal; that is, there appear to be
diminishing returns to increases in scale beyond approximately 5 hectares.

22.
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Economies of scale in inter-tidal geoduck aquaculture

Size of Operation (ha) 1 2 5 10

Cultured Geoduck (kg/yr) 10,000 20,000 50,000 100,000
Capitalization (Total Investment) $627,765 $1,055,520 $2,338,785 $4,477,560
Capitalization ($/hectare) $627,765  $527,760 $467,757 $447,756
Gross Margin 60.7% 60.7% 60.7% 60.7%
Return on Sales 25.0% 34.8% 40.7% 42.7%
Cash Earnings on Sales 35.7% 39.8% 43.1% 44.2%
ROI (Cash in - Cash out) 6.9% 9.1% 11.2% 12.0%
Internal Rate of Return 0.2% 1.7% 2.9% 3.3%

Scale effects on total investment required to finance inter-tidal geoduck aquaculture

N\

N

Investment ($/hectare)

Size of Operation (hectares)
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Table 12: Profitability ratios for a 2-hectare inter-tidal geoduck aquaculture venture

Base Case Assumptions Year 1-5
Gross Margin No Sales
Return on Sales No Sales
Cash Earnings on Sales No Sales
ROI (Cash in - Cash out) -10.1%
Internal Rate of Return Negative

Year 1-10

22.2%
-63.7%
-25.5%

-2.5%
Negative

Year 1-15

60.7%
34.8%
39.8%
9.1%
1.7%

Gross Margin = Gross Profit + Sales

Return on Sales = Earnings Before Interest, Tax & Depreciation + Sales

Cash Earnings on Sales = Net Cash Flow + Sales
ROI (Cash in - Cash out) = Net Cash Flow + Equity Invested

Internal Rate of Return = The interest rate at which the net present value of all cash flows
from the project equal zero. The higher a project's internal rate of return, the more desirable

it is to undertake the project.
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3.0 GEODUCK AQUACULTURE - SWOT-PLUS ANALYSIS

SWOT-Plus is a robust, strategic tool that requires reflection on a broad range of
considerations pertaining to an issue, in this case, development of geoduck aquaculture.
The SWOT acronym refers to the Strengths, Weaknesses, Opportunities, and Threats
involved in a project. Strengths and weaknesses are internal considerations for which means
to impose control and direction can be potentially developed. Opportunities and threats,
however, are factors that are external to a project but which must, nevertheless, be
considered in the planning and development process since they have a real capacity to
influence success or failure.

When conducted thoroughly, a SWOT-Plus Analysis reveals key strengths to build upon and
opportunities to exploit while simultaneously focusing attention on those areas where
improvement is necessary and where external factors may impose additional constraints to
be addressed. In short, the SWOT-Plus approach guides the compilation of necessary
information in a way that enables the development of structured response plans to resolve
underlying critical issues that must be addressed to generate the intended results.

The nature of the data and information gathered determines whether a specific issue is a
Strength, Weakness, Opportunity or Threat. Where information is unknown or uncertain, it
needs to be identified and interpretation of the analysis judged accordingly. Information
gathering and information analysis are separate exercises and, therefore, it is important to
avoid the tendency to interpret the information when populating the tables. The SWOT
tables are used to compile pertinent data and information. At this stage, it is imperative to
assemble factual information and to avoid a preliminary interpretation of the information (this
is a common shortcoming in the application of the conventional SWOT analysis).

Production and economic factors have been compiled with regard to geoduck aquaculture.
Interpretation of this information leads to a comprehensive understanding of the key
functional issues associated with constraints to geoduck aquaculture development, producing
an enhanced understanding of (a) the aspects of the issues that can be effectively managed
and (b) what remains unknown and/or under-developed. The identification of those issues
that are most pertinent is required.

The culmination of the analysis is the identification of "what needs to be addressed." The
functional issues have been distilled down to the root cause and have been assessed and
prioritized. This assessment provides for the development of recommendations on how to
move forward.

3.1 SWOT-Plus Tables

The information gathered from published literature, technical reports and personal
communication has been compiled into conventional SWOT tables for the first phase of the
SWOT-Plus Analysis. This information is presented in the following tables. Information in
the tables has largely been copied and pasted directly from other sources.
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Production Factors

Strengths/
Positives

= Growth in natural populations is relatively fast in the first 7-10 years('9. Geoduck at the best
sites grow to about 0.7 - 0.8 kg in 5-6 years®). Growth rate is also proportional to planting
density®). Growth to market size is 2-4 years faster in inter-tidal sites v. sub-tidal sites('?)

= The geoduck clam occurs throughout coastal British Columbia in beds featuring substrates
consisting of a sand, silt, gravel, and shell mix. Geoduck are normally distributed at depths
ranging from 3-20 m ©.10)

= At least four commercial hatcheries produce geoduck seed(@20)

= |dentified harvestable beds cover approximately 17,600 ha in BC.

Opportunities

= The larger the seed the better the planting success. Seed are normally planted at a size of 5-
7mm shell length(18.21.24)

= Locations with high suspended food availability and/or high current flow will result in higher rates
of growth for cultured geoduck

= BC has a range of sites suited to both inter-tidal and sub-tidal geoduck culture

= Recent geoduck nursery systems under development have begun to utilize tank or raceway
systems where there is greater control over culture conditions.

Threats

= Geoduck are documented to uptake and retain PSP biotoxin at differential rates. Toxin retention
may be prolonged in the visceral mass (gut ball) for weeks to months while siphon and mantle
tissues are not affected®)

= Because PSP levels vary between individual clams, closures for geoduck harvesting are strict
and tend to be last weeks to months longer than closures for other shellfish species®

= Exposure to storm waves is detrimental to inter-tidal production; especially in winter months(®)

= Selection of the proper substrate for planting to produce #1 grade geoduck is critical. Muddy or
other types of substrates produce #2 and lower grade®

= Losses of seed due to heat stress and predation of young clams are the major risk factors during
the first year following planting®

Problems/
Challenges/
Weaknesses

= Hatchery-produced seed (juveniles) is a basic requirement of commercial geoduck culture and is
in high demand, with limited supply currently. Seed is generally grown to 3-6 mm in the hatchery
before transport to a nursery site or planted in a grow-out site('

= Technologies and practices are not yet sufficiently advanced to enable a consistent and reliable
supply of seed. Many factors (e.g. nutrition, broodstock conditioning, larval culture practices,
etc.) need to be further enhanced. Consequently, seed supply is an inherent risk in the
development of geoduck aquaculture in BC.

= Nursery Strategies(28.10)

+ Land-based ponds and raceways with seed in sand substrate; supplemental feeding with
cultured algae (from 6-12 mm SL); good survival; costs can be significant.

* Floating upwelling system (FLUPSY): water-based nursery with sand-filled trays and forced
circulation (paddlewheel), bringing natural phytoplankton and removing wastes; seed grown
from 6-18 mm under considerable control, but with relatively high capital and operating costs.

* Benthic tables at marine sites (sand-filled net bags on raised platforms), using natural
phytoplankton for feed and netting for protection, initially over-winter (from 6-20 mm);
managed by diving; effective, but cumbersome.

+ BOBs (Bags-on the-Bottom) at marine sites; zippered net bags installed on bottom sites and
planted by divers; lower costs, but variable survival.
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= The grow-out period from seed to market-sized product is longer than first estimated (eight
rather than five years) in sub-tidal culture

= Growth rates and size display strong spatial variation'9; for example, average size decreases
from south to north, and from shallow to deep

= Natural mortality from predation is very high during early benthic (bottom) life but decreases
rapidly after one year(1

= Site specific contamination from local pollution sources (fecal coliform bacteria from livestock,
birds, seals, etc.) and should be considered prior to siting a geoduck farm®

= Geoduck that are reared in areas of muddy or gravel substrates will often be discoloured and
lower in market quality®

= Survival rates for geoduck growing to a harvestable size of 700 grams (1% Ib) are variable and
depend on a host of factors relating mainly to early seed survival and site characteristics.

= Overcrowding or sub-optimal growth rates will lengthen the time to harvest; proper planting
density is critical.

= Fouling by green seaweeds and low salinity conditions can significantly affect the survivorship of
seed in the first hours or days after planting.

= Environmental concerns regarding the use of PVC tubes in the inter-tidal zone('¥

= plastic debris invariably escapes commercial geoduck sites and washes up on public and private
beaches

= Plastic debris (tubes, netting, etc.) tend to wash p on public and private beaches, creating local
public opposition to inter-tidal geoduck aquaculture

= |nter-tidal tubes emerging from the beaches spoils the aesthetic characteristics of natural
beaches

Economic Factors

Strengths/ = The average density is BC is reportedly 1.7 animals per m2. In inside waters, the average

Positives density is 0.68 per square meter ¢4

» Plant seed at 20-32 animals per square meter(10)

= |n the wild fishery, an experienced diver could expect to harvest 700-900 kg) in a 6-hour working
day(®18)

= Of a total of 39 licensed geoduck aquaculture sites (Nov 2010), three are on the west coast of
Vancouver Island, assumed to be inactive, and were issued licences prior to 2004. Of the 39
sites, 2 are hatcheries, 26 are intertidal, suspended or mixed zone sites and 11 are sub-tidal
sites

= These geoduck aquaculture tenures range in size from 9 to 89 hectares and cover over 300
hectares in total or about 2% of harvestable geoduck beds. In 2009 BC produced 175,000 Ibs of
geoduck through aquaculture in comparison to 3,527,000 Ibs of wild geoduck

Opportunities | = Increased availability of geoduck may stimulate greater market demand, offsetting possible
declines in price due to increased supplies®. The world supply of geoduck has increased to
about 9 million Ibs(12)

= The 2008 worldwide geoduck market (aquaculture and wild) was valued at approximately US$80
million

= World-wide supply of wild-harvest geoduck is not expected to increase dramatically from
Washington, Alaska and British Columbia('2

= Competition from Argentina, Chile, Mexico or New Zealand is not expected to be significant;
production in these areas is compromised by inferior-quality product, limited market acceptance,
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insufficient infrastructure and restrictive regulations('?

Wild geoduck occur naturally in relatively sparse numbers in intertidal zones in BC, therefore
there are no impacts to the existing sub-tidal commercial fishery areas by allocating intertidal
areas for geoduck aquaculture

Eleven new sites totalling 368 ha, or 5% of harvestable geoduck beds in the Strait of Georgia,
were offered by BC in 2006 in areas agreed to be of low to medium impact to the existing
fishery. This represents approximately 2% of the total coast wide geoduck bed area

The ability to harvest and sell wild geoduck within the boundaries of an aquaculture lease
provides an opportunity to offset the external investment requirement for geoduck aquaculture.
Potential to work with the stable and profitable commercial fishery in BC®); in 2009, the sector
harvest 1600 tonnes having a landed value of $31.8 million and a wholesale value of $42.7
million.

Threats As supply of farmed geoduck increases, prices for fresh geoduck may begin to decline®
Development of geoduck aquaculture in China; however indications are that the quality is inferior
to geoduck produced in the Pacific northwest(®)

Washington companies are producing farmed geoduck on private inter-tidal lands and have the
potential to become the dominant suppliers of farm-raised product in the sector; production is
expected to continue to increase('?)

There is no policy for geoduck aquaculture development in British Columbia.

Problems/ Hatchery-produced seed (juveniles) is a basic requirement of commercial geoduck culture and is

Challenges/ in high demand, with limited supply('0)

Weaknesses Nursery systems required to increase size of juveniles from 3-6 mm to 12-20 mm for planting,

adding considerable cost(10)

Assumed harvest efficiency of 85% is built into the overall 25% survivallrecovery assumption
Production is limited to areas that are classified as Approved or Conditionally Approved for
growing and harvesting shellfish®

The collective interests of the commercial fishery, existing producers and new entrants to
aquaculture, First Nations and other stakeholders must be considered in decisions which relate
to the future of geoduck production in BC

While there have been successes with the FLUPSY nursery system, the cost of operating the
FLUPSY is high relative to the amount of geoduck seed that can be produced in sand-filled
totes.

Sub-tidal culture has demonstrated slower growth rates than inter-tidal culture (7-8 years v. 5-6)
as well as higher production and harvest costs, and greater technical barriers.

The length of time to first harvest requires proponents to finance the operation entirely with
equity; debt financing is infeasible.

DFQ's Pre-Seed Harvest Policy (purge fishery) prohibits geoduck aquaculture producers from
accessing the wild geoduck within their lease, thereby eliminating a potential source of cash flow
necessary to finance the venture during the 7 to 10-year start-up period when producers must
provide working capital in the absence of a revenue stream.
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3.2

Functional Issue Assessment

Final Report

In this phase of the SWOT-Plus Analysis, the information compiled in the SWOT tables is

assessed in terms of “what is the issue”, “how it is manifested” and “why it is happening”.
This information is presented in the following table.

CRITICAL ISSUES

How is it manifested?

Why is it happening? Cause(s)?

Why is it Important?

Implications?
Availability of = Seed supply is limited = Successful seed production = Seed is essential for
hatchery- = Only four producers of remains inconsistent building a successful
produced seed seed in BC = Insufficient demand for seed to geotduck aquaculture
sector

= Seed is relatively
expensive

advance technologies and
practices and enhance
production volumes

Knowledge and

understanding of
culture practices
and technologies

= Variability in growth and
survival

= |nconsistent performance
in commercial production

= Few commercial geoduck
aquaculture operations in
spite of profit potential

= Insufficient practical information | =
from production trials regarding
critical success factors for
commercial production

= Players are reluctant to share "
production data and information

= Absence of a cooperative aqua-
culture development plan

Difficult to establish
consistent performance,
productivity and
profitability

Constraint to sustainable
development of geoduck
aquaculture

Access to capital

= Difficult to finance
geoduck aquaculture;

= Few commercial geoduck
aquaculture operations in
spite of profit potential

= Up to 10 years without cash flow | =
before first harvest

= DFO Pre-Seed Harvest Policy
precludes access to wild
geoduck on leases

= No geoduck aquaculture
development policy in BC

Access to wild geoduck
from within the site
boundaries provides an
opportunity for internal
financing

Without investment, the
full potential of geoduck
aquaculture will not be
realized

3.3 Identification of Underlying Causes
e . - Priority and
Description of Underlying Cause Why is it Important? Importance
. LA
(Common causes for multiple problems) Implications? Low | Med | High
= Few investors can afford to
1. Access to capital to finance geoduck aquaculture self-finance geoduck v
aquaculture
- . . = Essential for establishment
2. Insufficient knowledge regarding critical success factors of long-term productivity v

31.




FEASIBILITY OF SUB-TIDAL AND INTER-TIDAL GEODUCK AQUACULTURE IN BC Final Report

4.0 SUMMARY

1. Geoduck aquaculture presents an opportunity to diversify the economy of coastal and
aboriginal communities in British Columbia. The technology is fairly well advanced and
the industry has gained sufficient experience to warrant and support expansion of the
sector.

2. A principal constraint to geoduck aquaculture (aside from access to production sites
which is not within the scope of this review) is the ability to finance a geoduck aquaculture
venture. Due to the long grow-out time, developers are required to provide the capital
necessary to support the venture until there is sufficient cash flow generated from
harvested product. It appears to be impractical to finance geoduck aquaculture with debt
instruments.

Nevertheless, it is plausible that some producers may be able to secure debt financing
based on their character, collateral and capacity to re-pay the loan. These factors will
vary for each venture. One scenario where debt might be used to leverage shareholder
equity could require the shareholders to provide equity financing for the venture for the
first 5 years, for example, and then secure debt financing for the remainder of the pre-
harvest cash flow requirements. In this example, the lender would undoubtedly require
the un-harvested geoduck (inventory) to be pledged as collateral (perhaps in addition to
other more conventional forms of collateral). A biomass assessment would be required to
quantify the inventory.

The inability to gain access to investment capital is not exclusive to geoduck aquaculture.
A 2010 survey of the Canadian aquaculture sector® concluded that access to capital is in
fact an impediment to sustainable development, particularly for small and medium sized
enterprises and especially those organizations that are farming species other than four
primary ones (salmon, trout, mussels and oysters).

3. Fisheries and Oceans Canada's Interim Protocol for Pre-Seed Harvest of Subtidal
Geoduck Aquaculture Sites allows for harvest of a portion of the existing wild geoducks
located on new subtidal aquaculture sites by the wild fishery, prior to the establishment of
aquaculture operations. Aquaculturists are prohibited from harvesting wild geoduck until
their seeded crop is ready to be harvested. Allowing geoduck aquaculturists to harvest
and sell wild geoduck from within the boundaries of their aquaculture site could generate
internal financing during the critical start-up years of an operation.

4. It appears that sub-tidal geoduck aquaculture in British Columbia is at the pre-commercial
or early commercialization stage of industry development. At this stage, a dedicated
strategic approach to address and overcome the remaining challenges and constraints to
development of the sector is required to usher the industry ahead.

5. Geoduck aquaculture in British Columbia would benefit from the establishment and
implementation of a productivity and performance monitoring program that would identify
critical success factors for sustainable development of the sector.

® Robertson, W.D. and D. Stechey (2010). Access to capital requirements in the Canadian aquaculture sector. Seafood

Value Chain Roundtable, Agriculture and Agri-Food Canada, Ottawa. 67 p.
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