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ECONOMIC FEASIBILITY OF HATCHERY-PRODUCED
PACIFIC OYSTER  CRASSOSTRR'A GI'S! SEED

ON CULTCH IN THE PACIFIC NORTfÃES'J'.

INTRODUCTION

Oysters  all species combined!, in terms of ex-vessel value, currently
rank seventh largest among all seafood species Landed in the United States,
following shrimp, salmon, tuna, crab, lobster, and menhaden.

The supply of domestic hatchery seed for oyster ~>ropagation is not suf-
ficient to meet the potential demand at current market prices, Oyster grow-
ers can not depend entirely on imported seed as a sup~>lement to the natural

seed, mainly because of high cost and uncertainty of seed supply. In the past,
most of the Pacific oyster  c. gi>7as! seed has been imported from Japan at
high cost and, often, with an extremely low survival rate.

The purpose of this study is to investigate the ~conomic feasibility of
producing hatchery seed in the Pacific Northwest, acccmaodating economic, tech-

nical, and bialogical factors that affect the cost of oyster seed production.
In addition, costs are developed for five different Levels of output that are

within current practical commercial capacities. Also, for each Level of pro-

duction, costs are established for five methods of cu3tch preparation. These
cost projections may serve as a guide for the analysis of casts of present or
proposed oyster seed hatchery operations in the Pacific Northwest.

Review of U.S. O ster Su 1

Oyster imports  mostly canned! have increased significantly, while domestic
landings have decreased substantially during the last two and one-half decades,
due primarily to high domestic production cost, pollution of oyster beds, and
foreign competition. National oyster production, in meat~eight pounds produced
per capita, has been .503, .333, .263, and ,200 in 19.'0, 1960, 1970, and 1975,
respectively, while oyst'er imports have been .003, .039, .074, and .058 pounds
per capita, respectively, in those years.



The quantity of domestic landings has decreased by 23,7, 30.4, 31.8, and 32.4

percent in 1960, 1965, 1970, and 1975, respectively, compared to landings aver-

aged over the 5 years 1950-1954. Conversely, for the same periods, the quantity

of oyster impox ts has increased tremendously, by 821, 1,032, 1,874, and 1,532

percent, respectively, Nevextheless, in the same four comparative years the total

supply of oysters for U.S. consumption has decreased from the 1950-54 average by

15.6, 20.3, 13.6, and 17,4 percent.

National oyster supply has not kept up with population growth. Table 1

shows the historical trend of U.S. population, oyster supply, and oyster consump-

tion per capita for the last two and one-half decades. National oyster consump-

tion, in terms of domestic landings plus imports, was .51, .37, ~ 34, and ,31

pounds per capita in 1950, 1960, 1970, and 1975, respectively.

es

This study identifies several realistic levels of oyster seed output, and

determines capital requirements and profitability of each different output level.

Specifically, the ob!ectives are:

1. To estimate the variable and fixed costs;

2. to estimate the profit prospective of the hatchery;

3 ~ to determine the average coats per case of seed on cultch;

4. to compare the investment alternatives; and

5 ~ to investigate shox't-run and long-xun cost functions.

Source of Data

Data on labor input, equipment requirements, and technology were obtained

through interviews with staff of leading commercial oyster seed hatcheries in

the Pacific Northwest. Other sources of information were time and production

studies, analysis of operating and accounting record data, and equipment inven-

tories for the hatchery operation.

Construction cost estimates of the new hatchery building, including wiring

and piping, were obtained through interviews with several contractors in Oregon-

and Washington. The present market values of proposed sizes of used buildings

were obtained from industry.



Table l. U.S. Oyster Supply and Consumption Per Capita

Total Consumption
Imports supply per capita

Pop ula t ion
 res ident! LandingsYear

million

Total supply is not ad!usted for beginning ance' ending stocks, exports,a/ defense purchases, or shipments to U,ST Territories.
Compiled from Statistica1 Abstract of the U.S., and Fishery
Statistics of the U.S ~ , U.S. Department of Commerce, 1950-1975.

SOURCE:

1950...

1951am ~
1952...
1953...

1954.. ~

1955m ~ ~
1956...

1957...

1958...

1959 ' ..

1960...

1962...

1963, ~
1964...

1965.

1966...
1967...
1968...
1969.

1970 ' ~ .
1971 ' ~ .
1972...
1973...

1974...
1975 ' o~

151.9

154.0
156.4

159,0

161.9

165. 1
168.1

171.2

174.1
177. 1

180.0

185.8

188,5
191.1

l93,5
195.6

197.5
199,4

201.4

203. 8

206.2
208.2
209.8

211 4
213 ~ 0

76.4

73.0
82 ' 2

79.7

81 ~ 9

77.5
75.1
71 ' 7

66.4
64. 7

60 ~ 0

56.0

58,4
60.5

54.7
51.2
60.0

61 ~ 9
52.2

53 ' 6

54,6

52,5
48.6

44.9
53.2

0.4

1.0

0.6
0.7

1,1

1.5
1,9
2 ' 7

5.4
6.0

7 ' 0
7.8
8 ' 5

8,0

8 ' 6
12.0

16.1

14 ' 5
16.7

15.0

9 ~ 5
20 ~ 8

19 9
16 ' 0
12.4

76.8
74.0

82.8
80.4

83,0

79.0
77,0
74.4

71.8
70.7

67.0
63.8

66.9
68.5

63 ~ 3
63.2

76.1

76.4
68.9

68,6
64,1
73.3
68. 5

60,9
65. 6

.51

.48

o53
.51

.51

.48

.46
,43

.41
,40

.37

.34

.35

.36

.33

.32

~ 39

.38

.34

.34

~ 31
.35

.33

.29
~ 31



Further information on input-output relations, equipment costs, utility rates,

and wage rates for 1976 were obtained from both industry and government sources.

Following a detailed study of the operatirig experience and cost estimates of

the oyster hatchery, projections for various other output capacities were de-

veloped.

Limitations and Nethr>ds

There are two methods of oyster seed prodrrction in hatcheries: spat  post-

larval oyster! on cultch, and free or cultchlerrs spat. In the cultch method,

dealt with in this study, the spat attach themrrelves on whole pieces of oyster

shell. Costs are not developed for producing r ultchless seed, a system that is

not currently employed on a commercial scale iri the Pacific Northwest.

Production techniques and labor policies differ by hatcheries. Some coramer-

cial hatcheries operate nine months per year, und lay off operators during the

winter months. However, in this study it was «ssumed that a core of regular

employees  one manager, one supervisor, two operators, and one half-time book-

keeper! work on a year-round basis. They produce 15 batches per year: one

batch in February, one and one-half batches ear h in March and April, two batches

in each month from Nay through September, and only one batch during the winter

period  October through January!. During the winter months most labor is devoted

to repairing and maintaining the facilities and equipment. Even though the busi-

ness flow may not be sufficient at all times, specially during the winter months,

to keep these operators working at capacity, i: is necessary to employ them full-

time in order to have these highly skilled operators available when they are

needed. In this study, operator's wages are treated as part of a hatchery's fixed

costs for the year.

Because of the variable production by seasons of the year, the cost analysis

has been developed both month-by-month and on an annual basis in order to provide

an idea of the gain or loss in each month, in addition to the annual average costs.

In any event, either no production or low prodrrction in winter months will cause

a loss of money because the fixed costs are uniform over all the months.



The basic model, referred ta as Plant I io the cost analysis, was constructed

ta provide general information on building and e ~uipment costs, labor inputs,

and other costs incurred in producing oyster seecl. Based on production costs

for Plant I, which has a designed production capacity of 6,000 cases per year,
costs for four other model plants, Plants IX to V, were projected. Among the

prajected models, Plant II has an output capacity of 8,000 cases, Plant III
10,000 cases, Plant IV 12,000 cases, and Plant V 14,000 cases per year. Prac-
tices and technologies were assumed to be the saz~ for the five plants.

To describe the production techniques, physical flaw patterns were developed
from both research and commercial types of oyster hatchery operations.

Total costs were developed by an economic-engineering approach,� and ana-1/

lyzed for both short- and long-run conditions. In this study, "short-run" refers

to the situation in which the plant's building md equipment are assumed to be

invariant with respect ta output, while the long-run situation permits changes in
building and equipment levels with different output rates.

To provide decision-making assistance to thase operating or cantemplating
the operation of a hatchery, 400 cumulative cost figures, as shown in Figure 1,

were developed by capacity of plant, type of building, method of cultch prepara-
tion, type of cost, and season Values for costa and returns vere selected from

those prevailing during the study, and are subject to change with time, Costs of

� The explanation of the economic-engineering approach which is given by1

Madden f 7! is that:

In the economic-engineering or synthetic-firm approach, budgets are developed
for hypothetical firms, using the best available estimates of the technical
coefficients - resource requirements and expected yields - and charging market
prices or opportunity costs for all resources. Hypothetical firms are developed
in much the same way that an architect or engineer, bidding for a construction
contract, designs a proposed factory or bridge, and estimates the performance
and cost of the finished product.

Economic-engineering or synthetic-firm analysis is an appropriate technique
when either of tvo research questions is asked: �! What is the average cost
per unit of output or profit that firms of various sizes could potentially
achieve, using madern or advanced technologies, or �! what are the differences
in average cost per unit of output attributable strictly to differences in size
of firm.
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packaging, advertising, and transportation were not included in the average and
total cost figures.

OYSTER SEED HATCHERY STRUCTURES

Oyster seed production is dependent on 6 main stages of operation:  l! con-

ditioning adult oysters for spawning; �! spawning; �! algal food production;

�! larval rearing; �! larval setting; and �! cultch preparation. Figure 2
relates these stages of an oyster hatchery system,

These six functions, though there may be soee variation in how they are
accomplished, are common to both research and coemercial operations. The fol-

lowing description of hatchery operation stages is based on operating procedures
of the Oregon State University pilot oyster hatchery.  For further information,
see [l, 6]!.

Adult oysters are stored by suspending them in trays attached to rafts in

the bay. The temperature of the water is too low to promote spawning. Mhen

needed for spawning, oysters are brought to the hatchery and placed in trays
through which unfiltered sea water at l9'C is circulated. Prior to spawning,
the oysters feed on natural food in the sea water for 4 or 5 weeks.

Conditioned adult oysters can be induced to spawn by placing them in spawn-
ing trays with running fresh sea water that has been filtered and sterilized by

ultra-violet light ~ If necessary, sperm or eggs are added to the tray to stimu-
late spawning. Mater temp'erature should be controllable to 30 C.

Oysters are placed into individual containers to collect eggs and sperm when
they start spawning An adult female Pacific oyster may release as many as 50
million eggs per spawning. Females are usually allowed to spawn out, but males

are placed in cold water to stop their spawning liefore they spawn out, because

only small volumes of sperm are required to fertilize a large number of eggs.
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Al al Food Production

This stage, illustrated in some detail in Figure 3, may be considered as a

separate operation from the growing of larvae. However, the availability of an
adequate food supply is crucial for larval survival and growth.

The time interval from the initiation of algae production to the availability
of an adequate supply of algae for larval food requires from one to two weeks. Be-

cause of this production lag, a stock of algae is maintained at all times, The

algae are started by inoculating the culture media in 250 mi flasks, and then trans-
ferred to progressively larger containers as the algae bloom.

Fertilized eggs from the spawning stage are placed in 500 f tanks which are

filled with filtered sea water and maintained at a temperature of 27 C and
aerated for 24 hours. If more than 80 percent of the larvae "shell up", the tanks
are drained out through a 40 p screen, This retains the veligers and discards the
abnormal larvae and infertile eggs, The tanks are rinsed thoroughly and filled
with warm filtered sea water until l/3 full, at which time 2.5 million larvae

are added. Each tank is then filled with warm filtered sea water.

Enough algae are added to the tank every day to maintain the proper level of
nutrients. Every week, in addition, 25 g of Sulmet are added to each 500 I tank.

At the end of each week tanks are drained through 80 p screen and rinsed thorough-
ly. Larvae are sampled, counted, and measured with the aid of a dissecting scope
every week.

On the 14th day of rearing, a string of 3 scallop shells is placed in each
tank and inspected every day until at least 50 spat are distributed asking the 3
scallop shells.

When the larvae attain setting size, they are transferred to a setting tank.
Sulmet, algae, and 1 million larvae are added to each tank, filled with warm
filtered sea water. Two cases of clean cultch are added to each tank,
and the temperature is maintained at 30 C,
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Algae are added twice a day until one week after setting. Larvae set on the

cultch within 3 days. From then until the spat are at least 3 mm in diameter, a

sise at which they can be placed in the bay or holding pond, the spat can be fed

100~000 to 150,000 algae cells/mi each day.

Cultch Pre aration

Cultch is the material  usually oyster shell! to which oyster larvae attach

themselves and undergo metamorphosis to nonmotile "spat". This material, which
is cleaned naturally in the ocean environment, must be cleaned by other means for
use in a hatchery.

This stage is essentially a simple process that involves the cleaning of

"dirty" oyster shells by tumbling them in a concrete mixer in which a continu-

ous stream of water washes the shells. This stage, like algal food production,

may be considered as a separate operation from growing the larvae.

Variation in Production Practices

Ev«n though the six main stages are common to both research and commercial

type operations, each commercial oyster hatchery has variations of practices

within stages. Water, for example, may be warmed by radiant heat, a heat exchanger,
or by storing in tanks in a room that has the proper ambient temperature. Circula-

tion of ~ster at certain stages may differ, with some plants employing recircula-

tion while others use a continuous flow of fresh sea water. Emptying larval rear-

ing tanks for cleaning ranges~ by practice, from once every 2 days to once a week,

Agitation of algae cultures may be accomplished by bubbling air from lines im-

mersed in the containers or simply by hand-shaking them a couple of times each

day.

Each hatchery has its own recipe or formula for algae production, Also, the

duration of larval setting varies, by technique, between 2 hours and 3 days. Lar-

val density for setting differs with hatcheries, and ranges from 2 cases to 10

cases of cultch per million larvae.

The relationships amming hatchery operation procedures are presented in

Figures 3 to 6 ~ Techniques at Oregon State University's Marine Science Center
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16 Wash larvae from scree

16 To setting tank

PuC larVae aL 280 u in
go back in rearing tan

20 Add 10 cases of cultchil,000,000 larvae

21 Larvae will set within 2 hours

21 Nursery

6 Ilold until spring, hprtt-Hay

Algae see
on Figure 4!

re a] rae wit l
rients, 1 g,it
air
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are represented by Figures 3 and 5, and methods at a typical commercial oyster

hatchery are shown in Figures 4 and 6. A flow-process chart or diagram is a

graphical description which shows a picture of the over-all production process

being studied. Each step of the process is idi ntified, as to type of activity,

by the following symbols:

S torage Operation Trans lio r tat ion Inspection

Sizes and Volume

Table 2. Space Requirements for Building

Plant
Stage

Conditioning and spawning....

Algal food production........

Larval x'earing...............

50 50 50 50

1,550

1,940

1,620

610

1 5870

3,227

1,620

610

1,990

3,778

1,620

710

1,710

2>677

1,620

610

2, 150

4,425

1,620

710

Larval set ting.. I I 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
a/

Other ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i

6,6675,770 8, 148TOTAL o ~ ~ ~ ~ ~ t ~ t ~ e ~ ~ ~ 7, 377 8,955

a Includes spaces for office, 330; restroom, 30; boiler and sand
filters, 150; and storage, 100 and 200.

The five model plant sizes had total output capacity  in cases of oyster

seed! of: 6,000, 8,000, 10,000, 12 F 000, and 14.,000 per year, or 400, 534, 666, 800,
and 934 cases per each of 15 batches. These a] e designated as Plants I, II, III,

IV, and V, respectively. Table 2 shows the space requirements for building, by

plant and by stages of operation, and reveals i.hat Plant I requires 5,770 square

feet, while Plant V requires 8,955 square feet,. Thus, a 133 percent increase

in output capacity requires only a 55 percent increase in space. The main in-

crease in space xequirements is for larval rear ing and algal food production.

Table 3 shows the estimated production of oyster seed by plant and by month.



Table 3. Estimated Production of Oys ter Seed, by Month

Plant
Month IV

a/
cases�

134 200 234100 166Januaryi ~ ~ ~ ~ t ~ t ~ ~ ~ ~ ~ ~ ~ ~

February...............

Ma rcha e ~ ~ o ~ o ~ ~ ~ ~ e ~ e ~ ~ ~ ~

934400 534 666 800

600 800

800600Aprils ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

800ay....................M

800June ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4

800July.

800Augus't ~ ~ ~ ~ ~ ~ ~ o ~ + ~ ~ ~ ~ ~ ~ ~

September..............

Oc tobe'r ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

800

134 166 200 234100

166 200 234Novembert ~ t ~ t ~ ~ ~ ~ ' ~ ~ ~ ~ ~ ~ 134

166 234134 200100Decemberi ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~

10,000 12,000 14eOOO6,000 8,000TOTAL ~ ~ ~ o ~ ~ ~ ~ ~

a
One case is equivalent to 2 1/2 bushels, and will contain approximately
1,000 to 1,500 pieces of oyster shell, broken and unbroken, with an
average spat count of 20 spat per shell.

Figure 7 shows more precisely what the mcnthly production pattern is. Dur-

ing the winter months production is extremely low, and during summer months it

reaches its peak.

EST!MAT!ON OF COSTS

Initial Investment Cc>sts

Initial investment costs consist mainly c>f land, building, and equipment,

Land

Cost of initial investment in land is highly variable in relation to loca-

tion and site, and was omitted in this study. This is not a major item affect-

ing the cost of production.

1,066

1,066

1>066

1,066

1~066

1,000

1,000

1,334

1,334

1,334

1, 334

1, 334

1,200

1,200

1,600

ls600

1,600

1 ~ 600

1,600

1, 400

1% 400

1,866

1,866

1,866

1,866

1, 866



17

le900

1,500

SOO J F M A M J J A S 0 N D
Month

Ff,gure 7. Production cycle br plant.



2.

Two types of buildings � new and used - were considered in this study. Ini-
tial investment costs for a new building, incl~ding piping and wiring, were esti-
mated, at current prices, to be $25 per square foot, and those of a used building
were estimated to be $10 per square foot. Table 4 shows these figures.

Table 4, Initial Investment Costs for Buildin,~

Plant
III IV VType of building

ollara � � � � � � � ��d

New............, 144,250

Used t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 57 ! 700

166,675

66,670

184,425

73,770

203,700 223,875

81,480 89%550

The number of equipment items, kind, size� and type required for each plant,
are synthesized from input-output relationship. and presented in Table 5 ~ Ini-

tial investment costs for equipment vary with rcethods  options! of cultch prepara-
tion. Five different methods of cultch preparation are analyzed in this study,

and are designated by Option 1, Option 2, Option 3, Option 4, and Option 5,
which are used throughout the report. The des< ription of the options follows'.

Option 1 � Pump salt water with city power.

Option 2 - Pump salt water with own generated power.

Option 3 - Use city water and power.

Option 4 � Use city water with own ge nerated power.

Option 5 - Buy already-cleaned cultch from a local dealer.

Selection of the cultch preparation option will be influenced by conditions

at the site of a specific hatchery.

Initial investment costs for the oyster hatchery building were estimated

on the basis of space requirements needed for equipment and processing. The pro-
jected space requirements for various levels of output capacity are shown in Table
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Uriit
cost

Plant
IVStages and equipment items Capacity II III

doJ lars
> j t1

Trough. 2'xg' �00 oysters! Q
Little pump  to recycle water! ~ . ~ ....,.... 1/10 hp, 50 gsl/hr. 70

t ~

Dish r
Bucket.

21
6

18
5

24
7

12
3

15
45 gal.

Al ae roduction:3 ~

250 mf
1 gal.
5 g,al.

1> 600

spectronic 20
2.5 kw

18 2115

5.2 kw 2 gal/hr.

1.5 hp
40 w

I/3 hp
142 186

2 2
1 1
1 1

230 273 317
2 2 2
1 1 1
1 I 1

Larval rearin

6,500 gal,
3,500 gal.
1,000 gal.

45!r -240 p

1,9CO
1,4CO

250
24
30

160
2CQ

1,5CO
5

190
132

5 gal.
3 kw

I/3 hp

Bucks.t ~ ~ ~ ~ ~ ~ ~ ~ » ~ ~ ~ ~ ~
~ ~ ~ ~

~ > ~
5 ~ Larval se t tin

Tank  concrete!.
Air compressor  I for spare!.
Electric hester
Forklift  propane gas! . ~ ~ ,,

Cultch re ration � .a/

,000 gal. 20 cases ea, 175
2 hp 450
3 kw 190

1/2 ton 4,800

14
2
1
1

14
2
1
1

14
2
1
1

14
2
1
1

14
2
l
1

6.

Shell washer tumbler
Conveyor  waste shell! ..., ~ ~ .
Conveyor  bagging tobe!...,
Bay pump................... ~ .
Generator  diesel!.
Bulldozer  gasoline! .
Truck > ~ ~ ~ ~ ~ ~ ~ ~ ~ > ~ ~ ~ ~ ~ ~ ~ ~

2 hp
2 hp
2 hp

30 hp
100 kw

1 ton
1.5 ton

2>000
1,000
1,500
1,300
4,000
3.0CO
2>000

1 1 1 1
1 1

1 1 1
I 1 1 1

Other:7.

5 hp. 100 gal/mi..,
3 hp

60 pal/min,
3/4 hp 1,000,000

BTU 9 GPH oil
1,000 gal.

1.5 kw

Bay pump  I for spare!.
Inside pump........
Sand filter.
Boiler  diesel!.... ~ ~ ~ >,...> ~

475
400
664

2,000

2 1 2 1
Diesel f uel storage tank... ~
Heat exchanger
Of f i.ce heater ~.... ~ ~ ~, . ~ ~ ~ ..

500
1>800

30

The equipment listed in this heading is for a plant which pumps sa]t
water with own generated power, for cultch preparation,

Table 5. Equipment Requirements, by Sr.ageS of Operation

Flask» ~ ~ ~ > ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ > ~
Carboy.
Carboy» ~ ~ » ~ ~ > ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ > ~ ~ ~ ~ ~ ~ ~ ~ > ~ ~ > ~ ~
Tank  fiberglas!. �,, .....,, ~,, ~,...
Plastic valve  for tank!,«,.......... ~ «.
Light meter  optical density! ~... ~ ~ ~ ~....,
Autoclrlve ~ ~ ~ ~ ~, ~ ~ ~ ~ ~ ~ ~ ~ > ~ ~ ~ ~ ~ > ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
Top loading balance.
Refrigerator
tfater distil1er.
Hand cart. ~ ~ ~ > ~ ~ ~ ~ ~ ~ ~ > ~ >
Refrigeration unit
Fluorescent light  for tank 4 bottle!...,,
Air compressor
PH merer ~ ~ ~ ~ ~ ~ ~ ~ ~
PH meter...,.> ~ ~ ~ ~....» ~ > ~ >...>.» ~ ~ ~ >...

Tank  f iberglas! .
Tank  fiberglas! ., > ~ ~ .. >. » ~ ~ ~ ~ ~ ~ ~ ~ >
Tank  fiberglas! .
Plastic valve  for 3,500 gal. tank! ~
PVC screen  l4 different sizes!....,
DiSSeC t irlg scnpe> ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ > ~ ~ ~ ~ ~ » ~ ~ ~ > ~ ~
Compound scope ~
Cnmpnund SCO p e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ > ~

Electric heater, ~, ~ . ~,
Air compressor � for spare!.... ~ ~ «

1
9

25
1'0

]2
425
6 Q

>5
3'0
5C0
'5

5�

1:2
2C0
325

9
25
15
11-

11 1

1 1 I 1 I 1

3 3
ll 3

15 1 1 1
10 1 2

12
34
20
15

15 1 1

1 1 1 1 1

5 4
ll
4

16

1 1 I
12

1 2

42
25
19

19 1

1 1 I 1
1 1

7 4
11 4
17

1 1
14 1 2

50
30
2222 1 1 1 I 1 2 1

9 4
11 4

17 1 1 1
16 2 2

59
35
26

26 1 1 1 1.
1 2
1

10
6

ll
6

18
1
1
I

lg
2
2
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Table 6 ~ Initial Investment Costs for Equipment, by Option

Cultch preparation
method

Plant

IV

dollars

57,948

61,948

67,755

71,755

66,455

Option

Option

Option

Option

Option

~ ~ ~ ~ ~ o ~ e we ~1 51,622

55,622

62,806

66,806

73,595

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~2 77,595

72%2953 ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ 50,322 56,648

54,322 60,648

40,322 46,648

61, 506

65,506 70,455 76,2954 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ e ~ ~ ~ ~ ~ ~ ~5 56,455 62,29551,506

The respective total initial investment costs for building and equipment

varied from $98,022 to $199,872 for Plant I, and from $151,845 to $301,470 for

Plant V. Initial investment costs for the building alone accounted for up to

51 to 78 percent of the total.

Fixed Costs

Fixed costs are not a function of the leve1 of orrtput, but are incurred

regardless of output level. Costs considered in this study as being fixed in-

clude depreciation, interest on investment, insurance and taxes, repair and

maintenance charges for building and equipment, and administration, supervision,

and full-time labor costs. Travel expenses for the manager and other personnel

are also considered to be fixed. The following procedures and values were used

in estimating fixed costs.

Depreciation was calculated using the straight-line method, assuming no

The estimated initial investment costs for equipment, by option, are pre-

sented in Table 6. The costs for Option 5 are the lowest because, under this

option, no equipment is needed for cultch preparation. Total initial investment

costs for building and equipment are presented in Table 7.
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Table 7. Total Initial Investment Costs for Building and Equipment

Cultch
preparation

method
PlantType of

building IV

dollars

297,470

301,470

New

2l3, 323

Used

112,022

985022

127,318

113,318

139,276

125,276

165,845

151,845

salvage value, on the basis of 10 years for equipment, 30 years for new build-

ing, and 15 years for used building.

Interest on Investment

Interest on investment was calculated at 1 percent of undepreciated balance

on building and equipment, i.e,, 6.6 percent on equipment, 6.2 percent an new

building, and 6.4 percent on used building, according to the following formula:

Average interest ' 2   !$n+I

n

i ~ interest rate, estimated as 12 percent, and

n number of useful years.

where .'

Insurance and Taxes

Insurance and taxes equal to 1.0 and 1.6 percent, respectively, of the
total initial investment costs.

Option 1.. ~ ..

Option 2.....

Opt ion 3 ~ ~ $ ~ ~

Op 't So?l 4 ~ e e ~ ~

Option 5 ~ ~ ~ ~

Op't ion 1 ~ ~ ~ ~ e

Option 2..».

Op't ion 3 ~ ~ ~ ~ $

Option 4 ~ ~ ~ ~ ~

Option 5.....

195,872

1999872

194,572

198,572

184,572

109 $322

113, 322

1085022

224, 623

228,623

22 3 $32 3

227%323

124,618

128,618

123,318

247 $231

251, 231

245,931

249,931

235, 931

136,576

140, 576

135, 276

271,455

275,455

270,155

274,155

260,155

149,235

153,235

147,935

151,935

137,935

296,170

300,170

286, 110

163% 145

167,145

161,845
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Re air and Maintenance Char es

Regardless of whether equipment and buildings are being used, their mainten-
ance and repair are necessary in order to retain their productive ability. Three
main factoxs � age, type of construction, and foundation - affect repair and main-
tenance charges for a building. The allocated proportion of repair and mainten-
ance charges are 1 5 pex'cent each of the total initial investment costs for the
new building and equipment, and 3 percent for the used building.

Su ervision Administration and Pull-Time Labor

Pour and one-half emp1oyees were considered to be sufficient for Plants I
through V as fixed labor: 1 manager, 1 supervisor, 2 operators, and one half-time
bookkeeper. The estimated wages and salaries nre as follows:

TOTAL...,, ~ . $44,695

Wages for the operators were computed at $4 per hour for 40 hours per week,
and 52 weeks per year. One of the operators, assigned only to algae production,
is assumed to work overtime for 4 hours per week during the winter months and
8 hours per week the rest of the year, It is advantageous for management to pay
overtime for the few extra hours of work needed for algae pxoduction rather than
to obtain and train a part-time operator for the additional work. The estimated

wages for two operators included this overtime work with a time and one-half rate.

Hourly wage rates and fringe benefits vary considerably with the state and
individual plant policy, Fringe benefits, in general, include allowance for

Social Security Tax, unemployment insurance, health and accident insurance, work-
men s compensation insurance, and other fringe costs to the employer. In addition
to these, full-time employees normally receive 2 weeks' paid vacation and 8 to 10

paid holidays per year, In this study, 14 and 10 percent. of wages and salaries
were applied for fringe benefits, respectively, to the full-time employees and
part-time workex's. The total estimated wages and salaries, including fringe bene-
fits, are $50,815 '

Manager. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ool at

Supervisori ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ t

Two operators ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~

Half-time bookkeeper.....

$14,210

9,470

17,595

3 420
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Travel K enses

Business travel expense by the manager arid other employees was assumed to
be $1,000 per year

Table 8 shows the

varied from $80,000 to

annual fixed costa, by plant and option. Fixed costs

$83,000 for Plant I, ar d from $95,000 to $98,000 for Plant
buildings, and from $71,000 to $74,000 for Plant I and fromV, associated with nev

$81,000 to $85,000 for Plant V, associated with used buildings.

Variable Costs

Variable costs used in this study include such items as wages of part-time
Labor, costs of utilities, materials, and supplies, and other expenses directly
related to oyster seed production. All costs are analyzed on a monthly basis.
Some items such as electrical demand charges, water and sever charges, oil for
boiler, garbage, and telephone, are semi-fixed on a monthly basis, regardless of
output level.

Utilities Naterials and Su lies

mated, to determine the total KWH usage per month for power and light. Costs of
electricity are derived from light and power usage. For example, a 1-hp abator

Part-Time Labor

In addition to full-time laborers, part-time laborers are required for cultch
preparation. With the designed model and technology, 4 part-time workers are re-

quired to clean 200 cases of oyster shell per day. The labor requirements vary,
month by month, with plants and options chosen Also, 2 additional part-time
workers, working 4 days per week for 5 months  Nay through September!, are neces-
sary for Plants IV and V, to support full-time workers. Mage rates for these vork-
ers, including fringe benefits, are estimated at $3.64 per hour. Table 9 shows
the variable labor costs, by months. Labor costs for cultch preparation are con-
sidered to be proportional with output, and Options 1 through 4 have the same cost
figures in each month, In Option 5, however, there is no variable labor costs for
cultch preparation, because cultch is purchased from local dealers.
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Table 9. Monthly and Annual Variable Labor Costs,
by Plant and Option

Cultch

preparation
Plant method

Costs of each month b season
Winter Late winter Spring Sunaner Annual

 Oct-Jan!  Feb!  Mar-Apr! {May-Sept! total
dollars

I
Options 1-4
Option 5 ~ ~ ~

58 233 349 466 3,494

Options 1-4
Option 5.. ~

78 466 621 4,659311

582Options 1-4

Option 5' ~
97 388 5, 824777

117 466 699 1,930 11,981
998 4i992

Options 1-4
Option 5...

V Options 1-4
Option 5. ~ .

136 815 2,085 13,146
998 4,992

The following rate schedule is applied in estimating monthly charges for
electric power:

No charge for the first 20 kw

$1.25/kw for the remainder.

$5 minimum for less than 130 KWH

2c per KWH for the next 403 KWH

1.7C per KWH for the. next 4,500 KWH

0.7C per KWH for the next 35,000 KWH

.48c per KwH for the next 40,000 KwH.

consumes 746 watts of electricity per hour af operation. Twenty percent of total
KWH usage is added for allowance to the total cost figures,
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Table 10 shows the example of light and power usage for Option 1 of Plant I,

Tables of light and power usage for other plants and options have been eliminated.

Table 11 sho~s the monthly power demand nnd charges, by plant. Demand

charges range from $6.30 to $40 per month for Plant I, and from $10 to $43.80

for Plant VS

month for Plant V.

Fresh Water - The major use of fresh water is for cultch preparation. It

varies directly with the amount of cultch required, Either fresh or salt water

can be used for cultch preparation, depending on the option chosen. In general,
210,000 gallons of water, including a 40 percent allowance for cleaning and

waste, is used to clean 200 cases of oyster sheila Very little water is used

in algal food production. It was assumed that fresh water usage in the restroom

and lunch room, and for algae production, including 40 percent for waste and

other personal use, averages 40 gallons per da~ per person. The following rate

schedule was applied in estimating monthly charges for fresh water:

Water Rates:

$9 minimum for less than 6,00 ! gallons

.095' per gallon for the next 14,000 gallons

.090' per gallon

~ 080C per gallon

for the next 2 I,OOO gallons

for the next 4 t,000 gallons

.065' per gallon for the next 120,000 gallons

.050' per gallon for the next 8 IO,OOO gallons

.030' per gallon for the remainder.

Table 13 shows the fresh water usage and costs, by month, Options 1, 2, and
5 do not use fresh water in preparing cultch, end have a minimum charge of $9 per
month, except for summer months  Nay through S  ptember!, in Plants IV and V,

Options 3 and 4 use fresh water in cleaning cultch, and have a water cost up to
$840 per month during summer, in Plant V,

Sever and Garba e Dis osal � The sewer charge considered here is based on the

Table 12 shows the costs of electricity, including demand charges, by plant.

These costs varied from $142 to $210 per month for Plant I, and $190 to $279 per
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Table 11 monthly Po~~er Demand and Charres, by Plant

Cu] tch rrnntntlon method
Option 1 Option 2 Option 3 Option 4 Option 5Item

kilo+at t!

3025Plant 25I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 52

Plant I Ie ~ ~ ~ t ~ ~ ~ i ~ ~ 52

Plant III ~ ~ ~ ~ ~ ~ ~ ~ r . 52

25 2530

3025 25 25

28 28Plant IV....,, .... ~ 55 33

Plant Va ~ ~ ~ ~ ~ ~ ~ ~ ~ 55 28 2833

dollar-.

6,3 6.36.3

6.36.3 6.312.5

6.3Plant III.......... 40 ' 0 6.3 12.5 6.3

10. 0Plant IV......... ~ . 43.8

Plant V» ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 43 ~ 8

10. 0 16.3 10. 0

10.0 16.3 10,0 10. 0

Table 12 ~ 'tonthly and Annual Costs of Electricity  Includin8 Demand Chsr8es!,
by Plant and Option

Cul tch Costs each month bv season
preparation Hinter Late +inter Sprin8 Sunder Annual

method  Oc t-Jan!  Feb!  '.!ar-Apt!  l!ay-Sept! totalPlant

dol: ats

XIX

IV

~Chas ee

Plant

Plant

I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 40 ' 0

II ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 40 ' 0

Option l..... ~ 208
Options 2,4,5. 174
Option 3..... ~ 180

Option 1 . ~ . 219
Options 2 ' 4,5. 185
Option 3...... 191

Option 1 «< ~ ~ ~ 230
Options 2,4,5. 195
Option 3.... . 202

Option l... ~ .. 263
Options 2,4,5. 228
Option 3...... 234

Option 1...... 274
Options 2,4,5. 238
Option 3 ~ ~ ~ ~ 245

210
173
180

222
184
191

234
195
202

267
227
234

279
238
245

196
157
164

208
168
176

221
179
187

246
203
211

259
214
222

182
142
149

195
153
161

208
lG4
172

225
178
187

238
190
198

28

28

2 ~ 344
1, 892
1, 975

2,492
2,025
2 i 109

2,638
2, 155
2,243

2,936
2,435
2,527

3,083
2 ' 568
2,G61
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Table 13. Manthly and Annual Fresh Water Usage and Costs,
by Plant and Option

Cul.t ch Usa e and costs each month b season
preparation Winter Late winter Spring Summer Annual

method  Oct-Jan!  Feb!  Mar-Apr!  Nay-Sept! total

~Usa e:

52, 800
6,352,800

4,853
1,124,153

54,400
8,454,400

56, 000
10,556,000

5,067
1,405,767

4$160
214, 160

64,450
12,664,450

6,650
1,686,650

6,863
1,966, 163

66,050
149766,050

dollars

Costs:

9
91

9
114

Item and

plant

Options 1,2,5
Options 3,4

Options 1,2,5,
Options 3,4

Options 1,2,5
Options 3,4

Options 1,2,5
Options 3,4

Options 1,2,5
Options 3,4

Options 1,2,5
Options 3,4

Options 1,2,5
Options 3,4

Options 1,2,5
Options 3,4

Options 1,2,5
Options 3$4

Options 1,2,5
Options 3,4

4,080
109,080

4,107
144,807

4,133
178,433

4,187
249,887

9
136

9
157

9
175

4,320
424,320

4,427
5659127

4,533
703,833

49640
844,640

4,747
985,447

9
262

9

333

9
402

9
473

9
543

4,480
634,480

4,640
844,640

<$800
1,054,800

4,960
1,264,960

5,120
1,475,120

9
367

9

473

9
567

9
630

9
693

4 $640
844,640

9
473

9
588

9
672

10
756

10

840

108

3,725

108

4,674

108
5,440

11.2
6,143

112
6,830
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fresh water used by the hatchery, excluding th» fresh water for cultch prepara-
tion. Following is the rate schedule applied . n estimating monthly sewer charges:

Sewer rates:

$6 minimum for less than 6,000 gallons

~ 06C per gallon for the next 14,000 gallons

.04' per gallon for the next 20,000 gallons

.025C per gallon for the remainder.

According to this schedule, sewer charges per month are $6 for each plant,
except for the summer months, in Plants IV and V. During the suer months, the

monthly sewer charges are $6.39 and $6.52 for Plant IV and Plant V, respectively.
Rates for garbage disposal are assigned $20 pet month for each plant.

Nutrients and Naterial � Algal food requirements in Plant I are 700 gallons

per day during summer, and 250 gallons per day during winter, Food requirements,
by months and by plants, are shown in Table 14, A 50 percent allowance is made

for waste and emergency purposes. Food requirements are proportional with out-
put level,

Algae medium costs are estimated at 1C per gallon, Because of a 50 percent
allowance above the normal food requirements, the cost of algae medium at IC. per
gallon allows for the use of the vitamins and natal compounds needed for algae

production, and also for other chemicals used in the hatchery. These costs

varied from $113 to $315 per month for Plant I, and from $262 to $735 per month
for Plant V.

The highest material cost is for cultch preparation A one-bushel sise

meshed bag costs 30', and one bushel of oyster shell costs 30'. In estimating
material costs for uncleaned cultch, a 20 percent allowance is made for waste

shell too small to be used for setting. For example, 12S cases �12.5 bushels!
of uncleaned oyster shell and 250 meshed bags are needed to get 100 cases �50
bushels! of cleaned cultch. Therefore, the material costs for 100 cases of

cleaned cultch are 562.5 x $0.30, or $168.75.

Estimated material costs for cultch preparation are presented in Table lS ~

These costs are proportional with output level, and the values are the same for
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Table 14. Monthly and Annual Algal Food Requir ments,
hy Plant, Options 1 through 5

Food re uiremeats each month hv season

Winter Late winter Spring Summer Annual
 Oct-Jan!  Feb!  Mar-Apr!  Nay-Sept! totalPlant

31,500

41,975

273,830

364,885

~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ 0 1 ~I

52,530 456>635

63,000

73,475

547,660

638>715

IV

V ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ > ~ ~

Table 15. Monthly and Annual Material Costs ter Cultch
Preparation, hy Plant and Option

Costs each month hv seasonCultch

p reparat ion
method

Winter Late winter Spring S umme r Annual
 Oct-Jan!  Feb!  Mar-Apr!  May-Sept! totalPlant

dollars

10,125
27,000

I, 350
3,600

1,01.2
2,700

169
450

Options 1-4> ~ ~ ~ ~
Option 5.... ~ ...

675

1,800

13,500
36,000

901

2,403
1,799
4,797

1, 350
3,600

226

603
Options 1-4...,.
Option 5 ~ ~ ~ ~ ~ ~ ~ ~

2,251
6>003

16,875
45>000

1,688

41 500
280
747

Options 1-4 ~ ~ ~ ..
Option 5e e ~ ~ ~ ~ ~ ~

1, 124

2>997

20,250
'54,000

2,700
7,200

1, 350
3,600

2, 025
5,400

338
900

Options 1-4.....
Op'tion 5 ~ ~ ~ ~ ~ ~ ~ ~

IV

23,625
63,000

2, 362
6, 300

3,149
8,397

395

j. > 053
1
76
4>203

Options 1-4.....
Option 5 ~ ~ ~ ~ ~ ~ ~ ~

11, 250

14,990

18,760

22,500

26,240

19,900

26>520

33,185

39,800

46,420

25,715

34,265

42,880

51,430

59,980
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Optians 1 through 4 for each plant. These cost:s ranged from $169 per month

during the winter manehs to $1,350 per month during the summer months for

Plant I, and fram $395 per month during the wiriter months to $3,150 per month

during the surmrjer months for Plant V. Current market price  as of April 1976! of

already-cleaned cultch  oyster shell in meshed bag! is $4.50 per case. The mater-

ial costs for Option 5 in each plant are in proportion ta output level, In

Table 15 the material casts far Option 5 varied from $450 per month during the

winter months to $3,600 per month during the simmer months for Plant I, and from

$1,053 per month during the winter months to $fl,397 per month during the sumier

mo nth s f or Plant V.

Fuel and Oil - Na!or use of fuel and oil > s for the boiler  diesel! p fork-

The forklife is used for the larval seeeirig stage, and the operating hours

for this machine are about 40 minutes  in and rput! for every 20 cases of oyster

seed. In the cultch preparation stage for Opt:.ons 2 and 4, truck, bulldazer,

and generator are used, and the operating hourri for these machines are 1, 3, and

7 hours, respectively, ta clean 200 cases of oyster shell. No generator is used

for Options 1 and 3. Fuel casts far Optian 5 iire the lowest among the options,

because there is no cultch

oil costs in Table 16 vary

preparation stage iri this option. Estimated fuel and

from $207 to $332 pr.r manth for Plane I, and from

$242 to $403 per month for Plant V,

~Tele hone � Te1ephone usage varies widely Eros plant to plant. The estineted

annual telephone costs, including sales expensi s, were $1,200, $1,320, $1,440,

$1,560, and $1,680 for Plants I, II, III, IV, «nd V, respectively.

Office Su lies - The annual costs af off:Lce supplies were estimated to be

lif t  propane! ~ truck  gasoline!, buIMozer  g«soline!, and generator  diesel! .

Fuel consumption for the boiler, using data provided by the industry, varied fram

450 gallons per month during the summer months to 800 gallons per month during

the winter months. The estimaeed fuel consumpt:ion for forklift, truck, bulldozer,

and generator was 2, 3, 2, and 4 gallons per hriur of operation, respectively. The

approximaee fuel prices per gallon were 40'. for diesel, 60r; for gasoline, and 50C

for prapane gas.
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Table 16. Monthly and Annual Fuel and Oil Costs, by Plant and Option

month b season

Spr ing Summer Annua 1
Nr-Apr!  May-Sept! total

Collars

276

310
260

228

273
207

3,301
3,638
3,140

288

333
267

3,422
3,870
3,206

244

304
215

3,543
4~103
3' ~ 273

300
356
273

260
335
224

312

380
280

3,664
4,336
3, 340

277

366

233

324

403
287

3,784
4 ' 568
3,406

293

397
242

$600, $660, $120, $780, and $840, corresponding to Plants I, II, III, IV, and

V. This includes bookkeeping supplies and other materials to be used in the

office.

The costs of office supplies and telephone must vary, month by month, among

plants, but it is impossible to predict month-by-month variations for these costs.

Therefore, the estimated annual costs for office supplies and telephone were

averaged to estimate monthly costs to be used for each plant.

Variable Re airs and Maintenance

In addition to having fixed costs associated with repairs and maintenance,

some machinery requires maintenance. which varies with length of usage. The vari-

able repairs and maintenance costs for machinery were estimated at 0.5 percent

of the initial investment costs for that machinery per 100 hours of operation.



for raachin-and maintenance

ery, by plant and option,

h month b season

Spring
 Mar-Apr!

Sumraer

 Nay-Sept!
Annual

total

dollars

Others

Other variable costs included interest on operating capital and other rais-

of oyster Theseseed.

costs  Appendix Table I! ~

Table 17 shove the estiraated costs of variable repairs

Table 17. Monthly and Annual Costs of Variable Repairs and
Maintenance for Machinery, by Plant and Option

77

81

76
80
70

81

87
80
85
71

87
93
83
90

73

93
102

90

99
78

97
107

94
104

79

cellaneous expenses directly related to the production

costs vere allocated at 5 percent of the total variable

75
80

73
79

65

80

88
78

85

67

86
95

83
92
69

92

103

88

99
71

97

110
93

106
73

885
927

871
913

807

926
982

908

964

823

968

1%038
945

1,015
839

1,051
1%135
1,024
1, 108

896

1%093
1,191
1,061
1,159

912



36

Total Costs

Total costs and costs per case for Plants I through V are presented in

Appendix Tables I-1 through I-5. These costs, including fixed casts and vari-

able costs, are expressed in terms of monthly as well as an annual basis. Total

costs vary with options, months of the year, and size of plant.

En Options 1 through 4 for the 5 different plants, the proportion of fixed

costs to the total falls between the range of 60 to 76 percent f or a new building,

and 57 to 74 percent for a used building; but, in Option 5 for those plants, the

proportion drops to the range of 52 to 67 percent for a new building, and 48 to

64 percent for a used building.

Labor costs are the major component affecting the cost of production, ranging

from 39 to 50 percent of the total in Options 1 through 4 for most plants asso-

ciated with a new building, and 44 to 56 percent of the total associated with a

used building. But, in Option 5, these proportions varied from 30 to 43 percent

and 33 to 47 percent for those plants associated with a new building and a used

building, xespectively.

Utilities, materials, and supplies are the next ma]ar component affecting the

cost of production, ranging from l9 to 29 percent of the total in Options l through

4 for all plants associated with a new building, and 2l to 32 percent for those

associated with a used building. But, in Option 5, these proportions varied from

31 to 43 percent and 34 to 47 percent for those plants associated with a new build-

ing and a used building, respectively.

Figure 8 shows these relationships Costs of labor as a percentage of the

total decreases as plant size increases, but the reverse is true on utilities,

materials, and supplies. Costs other than labor, utilities, materials, and sup-

plies as a percentage of the total are relatively stable throughout all options

and plants.

Average costs per case are estimated by taking total costs and dividing

by cases produced. As can be seen in Appendix Tables I-1 through I-5, average

costs vary with options, plants, and also with months of the year. During the
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100 100

75

50

25 25

Plant

4J

50

C4

12345 12345 12345 12345 12345
I II III IV V

Pigure 8. Cost categories as a percentage of total costs
per case.
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winter months, October through January, average costs for Plant I are around $80

and $73 per case for each option associated with a new and a used building, re-

spectively. During the summer months, May through September, these costs for

Plant I, associated with a new and a used building, vary between $11 and $14, de-

pending on options. The range of average costs 'between summer and winter months

narrowed by increased output capacities. Figures 9 and 10 show the range of

average costs through t' he year far each option and plant. Annual average costs

for Plant I, associated with a new building and .s used building, ranged from $18

to $20 and $16 to $18, respectively, and those chests for Plant V ranged from $11

to $13 and from $10 to $12. Figures ll through L4 graphically demonstrate these

variations for Plants I and V.

Returns

In this section, the influence of seasonabiLity of production on expected

monthly flow of returns and costs is identified. Price received per case of

seed was assumed to be $23, and to remain constant through the year. Tables 18

and 19 show the figures for production, total receipts, total costs, and net re-

turns, by month, for each plant and option.

"Net returns" refer to the total receipts after deducting all costs incurred

to the production of oyster seed. In general, winter months, October through

January, are the only months which have a negative net returns. The net returns

continue to increase, and reach their peak during the summer months.

Table 20 shows the efficiency between net returns and total costs, based

on over-all annual performance This table gives some idea of how much average

net returns would be created by a dollar of total costs for each option and plant.

For example, in Option l for Plant I, associated with a new building, average net

returns would be 27C per $1 of total costs, Figures 15 and 16 reveal the propor-

tion of total costs and net returns to the total rec~ ipts.

The estimated average net returns per case are presented in Table 21. The

bigger the plant, the more net returns per case. The reader should remember

that this provides only an estimate, and he should be aware of the limitations

of this study because changes may occur over time.
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Figure 9. Range of average costs per case, through the year,
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for Plant V associated with new building.
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0 tionType of
building Plant

dollars

~ 21! .24.27 .22 .16I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

.49 .48~ 53.55II ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ,37

~ 7'r .54.79 .72 .70III ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~New

.84 .83 .64.92 ~ 90Vs ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~I

1 Or~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~V 1.09 .75.981 >01

~ 3!.38 .34 .33 .25I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

.69 .68 .63 .61 .49II ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

III ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .88 .86 .67~ 94.96Used

1.08

1.27

IV ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .99 .771.10 1.01

1.19 .901. 29 1. 11V ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Type o f
building

0 tion
Plant

dollars

4. 80 4.40I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4.92

8.12 7.608,01II ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ t

9.64New II I ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~

10.53IVe ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~

11. 53 11. 42 9. 88V. ~ . ~ .. ~ . » . ~ ..

6.27 5.87 5.68 4.56le ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ 6e 39

9.29 8. 729.40 8 ~ 88 7 ~ 45II ~ ~ e ~ ~ ~ i ~ t ~ ~ ~ o

11. 26 11. 16 10 i 17III ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~Used
9.2410.63

12.03 11.95 11.57 11 ' 44Ivt ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 9.97

12.97 12.88 12.51 12.40 10.86V ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Table 20. Efficiency: Average Net Returns Per
Dollar of Total Costs

Table 21. Average Net Returns Per Case

10.13 10.03

10.99 10.91

11,99 11.90

4. 21 3,09

7.44 6.17

9.50 8.1.1

10.40 8.93
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As stated earlier, Option 5 does not have a cultch preparation stage. There-

fore, in Table 21 the figures between Options 1 through 4 and Option 5 are the

indications of how much money can be saved in each option if cultch is prepared

by plant facilities. More specifically, depending on options chosen, $1.12 to

$1.83 and $1.54 to $2.ll per case are saved in Plant I and Plant V, respectively,

if cultch is prepared by the plant. This result is dependent, of course, upon

the assumed cost conditions for cultch preparation and the assumed price of $4.50

per case of pre-cleaned cultch.

Average costs per case associated with cultch preparation in different options

and plants can be found in Table 21. Since a cost of $4.50 per case is assigned

for cultch in Option 5, $4.50 minus the difference between average net returns

per case for Options 1 through 4 and Option 5 are the average costs per case

associated with cult*h preparation for that particular option and plant. Table 22

shows the average costs per case associated with cultch preparation in different

options and plants, There is no difference ix costs of cultch preparation be-

tween a new building and a used building. The average cultch preparation costs

per case for Plant I ranged from $2,67 to $3.38, and for Plant V from $2.39

to $2.96. These costs decrease as plant capa-ity increases, mainly because

of sliding scale charges of city water and power. Table 23 demonstrates that

costs of cultch preparation contribute a substantial percentage of total costs

per case of oyster seed. For Option 5, purchased cultch accounts for about 23

to 37 percent of the total costs

Monthly and cumulative seed production and total receipts and costs for Plant

I appear in Figures 17 and 18. These figures reveal the distribution of total

receipts, total costs, and total returns, whi:h would be generated through the

year for Plant I. The vertical distance between total receipts and total costs

represents cumulative net returns. Cumulative total costs for Option 5 are the

highest, and those of Option 1 are the lowest. Cumulative total costs of all

other options  Options 2 through 4! fall within this range.

Cumulative total costs and total receipts associated with a new building

and a used building, far Plants I and V, are =ompared in Figure 19.
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Type of
building

0 tion
Plant 2 3

dollars

3.382.67 2.79 3.19I ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4.50

3.07 4 ~ 502 ' 55 2.66 3 ' 23II ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~

III ~ ~ ~ ~ o ~ ~ ~ ~ ~ i ~
Both new

and used 2 ~ 48 2.97 4.502.58 3. 11

2 ~ 43IVe.. ~ ..i.i.ooi 2 ~ 52 2.90 3.03 4.50

2.39 2.48 2.85 4.502.96VN ~ ~ ~ 0 ~ I I ~ ~ ~ ~ 0 ~

Table 23. Costs of Cultch Preparation As a Percentage of
Total Costs Per Case

Type of
building

t ion
Plant

14.8 15,.3 17,2 18 0 22.6I ~ o ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ o

19.9I.7,3. 17,. 7 20.8II ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 26.7

III ~ i ~ i ~ ~ i ~ ~ ~ ~ ~ 19.3 22.219,.9 23.0 30,2
Nev

20 ~ 2 24 020�8 23.3IVse ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 32.0

21.7 25.622 3 24.8Vs ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ 34.3

16. 716,1 18.6 19.5 24 ' 4I ~ ~ ~ ~ ~ f ~ ~ ~ 0 ~ ~ ~ ~

II ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

III ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~

18. 7 19.4 21.7 22 ' 6 28.9

21.1Used 21. 8 24,3 25,1 32 ' 7

IVe ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t 22.1 22.8 26.225.4 34.5

23.8 24.5 27. 2 27.9Vo ~ ~ ~ ~ o ~ ~ ~ i ~ ~ ~ ~ 37,1

Table 22. Average Costs Per Case Associated vith Cultch Preparation
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ECONOMIES OF SIZE

As the size of the plant and the scale of operation become larger ~ considering

expansion from the smallest possible plant, certain economies of scale are usually

realized. That is, after ad]usting all inputs optimally, the unit cost of produc-

tian can be reduced by increasing the size of the plant. Two broad forces - spe-
cialization of labor and technological factors � enable praducers to reduce unit

cost by expanding the scale of operation. These forces give rise to the negatively
sloped portion of the long-run average cost curv. [2], and are practically deman-
strated in the next section.

Analysis of size economies is usually considered in terms of short- and long-
run situations. According to Nadden [7], short-run economies are viewed as re-

sulting from fuller utilization of a fixed plant, and long-run economies as result-

ing from efficiencies obtained by changing plant size, presumably involving a 1onger
time period. The treatment of any resources as "fixed" is usually based on the

length of the planning horizon being examined, the longevity of the resources in-

volved, and the costs of changing these resources. Which resources are treated

as "fixed" in the shart-run has no effect on the eventual shape of the ~lon -run
average cost curve. The long-run average cost curve assumes all resources are

variable, including those designated as fixed in the short-run. A curve that is

drawn tangent to the short-run curves approximate s the long-run economies-of-size

curve for that range of output represented by thi short-run curves. This curve

indicates the average total cost of production that would be experienced by firms
of different sizes under assumed price relationships and technologies.

Short-Run and Lon -Run Cast Functions

This section will cover the cost of product:.on for the designed 5 plants, both
at full capacity and at two lesser capacities, and under the short- and long-run
conditions. Long-run planning cost functions can be derived from Tables 24 and 25,
using 5 observatians. Two additional points were estimated for each option end

plant by reducing output by 10 and 20 percent from the planned capacity, in order
to get the shart-run cost functions. Such a reduction of output does not affect

the fixed costs. Variable costs, depending on the characteristics of the item,
may or may nat change. Variable casts associated with cultch preparation, and



Table 24. Cost Changes Within Plants, uith Respecc to Output
Per Year, Associated with:>c» g»<1ding

Plant
Item IV

C uses

12,000 14,00010>0008,00C

dollars

~ ~ ~ ~ ~
~ ~ ~ ~ ~

111,609 ' 76 123>183 ' 33
18.60 15.40

~ ~ ~ ~ >
~ ~ ~ ~ ~

� � � � - cases
9OX capacity
output per year> ~ ~ ~ ~ ~ ~ ~ I 5,400 7 ' 200 10 ~ 800 12 ~ 600

Option I:
Total costs.... ... 106,709.05
Average costs.. ... 19.76

116>719 ' 35 125,790 ' 20
16.21 13.98

120,498. 48 130,298. 16 145, 185, 29
16. 74 14.48 13. 44

~ ~ ~ ~ ~
~ ~ ~ ~ ~

110,603.78 121>714.76 131,630.94
20 48 16.90 14.63

116,318.96 130,454.3.4
21,54 18.12

~ ~ t ~
> e ~ ~ ~

cases
8OX capacity
output per year» . ~ ~ ~ ~ ~ ~ 6,400 9>600 ll>200

104,935. 31
21.86

135>937 ' 25
14.16

105,616. 33 115,133.35
22.00 17.99

~ 4 ~ 4
~ ~ ~ ~

1! 7 > 709 . 00 126,940. 32 140, 683. 56
18,39 15 87 14.65

~ ~ ~ ~
~ ~ ~ ~

Planned capacity
output per year......,. ~

Option 1:
Total costs...
Average costs.

Option 2:
Total costa...
Average costs.

Option 3:
Total costs...
Average costs.

Option 4:
Total costs...
Average costs.

Option S:
Total costs...
Average costs.

Option 2:
Total costs ~ ~
Average costs

Option 3:
TOtai costs' ~ a
Average costs.

Option 4:
Total costs...
Average costa.

Option 5z
Total costs. ~ .
Average costs.

Option 1;
Total costs....
Average costs..

Option 2:
Total costs....
Average costs..

Option 3:
Total costs ~ ...
Average costs..

Option 4:
Total co. ts ~ s ~ ~
Av rage Cos'ts ~ +

Option 5:
Total costs....
Average costs.,

108,482.64
18.08

109,233.14
18>20

112>748.11
18 79

119,467.44
19 ~ 91

107,424 ' 84
19.89

109,5: ..45
20.28

107,398 ' 74
22.37

108,459.08
22.60

113,170.35
23 ' 58

119 ~ 079 ~ 46
14. 88

119 ' 945.16
14 ~ 99

124,451.22
15 56

134,646.42
16.83

117 ' 539.24
16.32

114, 359 . 9 8
17.87

118,873,27
18.57

126,261.40
19.73

128 ' 741.64
12.87

129,722.96
12.97

133,632.67
13.36

135,030.04
13. 50

148 ~ 891. 89
14. 89

9,000

dollars

126,713.82
14.08

143,649.11
15.96

8,000

dollars

122,838.52
15.35

123,704.57
15,46

128,208.56
16.03

138,4>OG ~ 79
17 ~ 30

144,072.19
12 ~ 01

145>168 ' 38
12.09

149,678. 04
12,47

15 1, 203. 42
12 ~ 60

168, 797 ~ 64
14.07

3.40,004. 89
12.96

141,031.44
13.06

146 ' 633 ' 20
13.58

161,981.43
15.00

136,894 ' 39
14> ~ 26

142>054.01
14.80

IS 5, I GR. 4 5
� ~ IG

154,263,17
11. 01

155,475.48
11.10

160,571,39
11.47

162,227.20
llew Sg

183,571.17
13.12

149,609 ' 32
11.87

150>740 F 77
11 ~ 96

155,427.4G
12.34

155,992,24
12.46

175,7ln.82
13.95

144,956.01
12.94

146,005 ~ IB
l3.04

150,282.64
13 ' 42

151 ' 757.06
13.55

167>854,92
14 ~ 99



61

Table 25. Cost 'b;inges Within Plants, with nesp< cC to Output
Per Year, Associated with Used Buildir8

Plant
III IV VItem

cases

8,000 10,000 12,000 14,0DO6,000

- dollars

99,634.64 108,855.46 117,430.64
16.61 13 ' 60 11.74

Option 2:
Total costs........ 100,385.14
hverage costs... ~ .. 16.73

Option 3.
Total costs........ 102,762,76
Average costs.. ~ .. ~ 17.13

Option 4:
Total costs........ 103,901.11
Average costs...... 17.32

Option 5:
Total costs.... ~ ... 110,620.44
Average costs.. ... 18.44

cases
90X capacity
output per year...... ~ ., 5,400 7,200 9,000 10,800 12,600

dollars

128, 538. 44 137, 010. 77
11.90 10.87

~ ~
~ ~ ~ ~

101.756.78 111,491.76
18. 84 15.48

cases

4,800 6>4�0 9 �00 11,200

104,909. 35 112, 393. 57
16 ~ 39 14, 05

Flairned capacity
output per year,........

Option 1:
Total costs......,,
Average costs......

Option 1:
To'Cal costs ~
Average costs

Option 2:
Tota3. cost.s...
hverage costs.

Option 3:
Total costs...
Average costs ~

Option 4:
Total costs...
Average costs.

Option 5:
Total costs...
hverage costs.

80X capacity
output per year........,

Option I.'
Total costs ~ ~ ~ ~
Averape costs..

Option 2:
Total costs ~ ~ ~ ~
Average costs ~ .

Option 3:
Total costs... ~
Average costs.>

Option
Total costs....
Average costs.,

Option 5:
TOCsl costs....
Averape costs..

97,861.05
18.12

98,576.84
3.8. 25

100>657-45
18.64

107,471 ' 96
19 ' 90

96,D87.31
20.02

96>768.33
20 ' 16

98,551.74
20.53

99,612.08
20. 75

104,323.35
21.73

109,721.16
13.71

112,960>33
14 12

114,228.22
14.28

124,423.42
3.5. 55

106,495,35
14. 79

107i 315. 24
14.90

I30,275.48
15.32

1201231. 14
16. 70

104,135.98
16.27

'07 486 00
16.79

108 65n. 27
16.98

116,038,4>0
3!t. 13

118,413..96
li. 84

122,322.67
12.23

123, 720. 04
12. 37

137,581.89
13.76

114,479.20
12.72

115,402.82
12.82

118,988.16
13 ' 22

120,320.94
13 ' 37

132,339.11
14.70

8>000

dollars

111,527.52
13.94

115,630.32
14. 45

116,898.56
14. 61

327>096,29
15 ' 89

131,579.19
10.97

132,675 ' 38
13.. 05

137,185.04
11.43

138,710.42
11.56

I%6>304.64
13.03

127, 511.89
11.81

l32>692,29
12 ' 29

134,140 ' 20
12.42

149,488.43
13. 84

123,444.25
12.86

124,403.39
12,96

128,190.56
13.35

129,561.01
13.50

lhi2,675.45
14. 86

140,533 F 17
10.03

141, 74! 5. 48
10.12

146,842 ~ 39
10.49

148> 498. 20
10.60

169,842. l'7
12. 14

135, 879. 32
10. 78

141,698. 46
11.25

143,263.24
3.1. 37

163,981.82
12.86

131>226.09
11.72

132,276.18
ll. BI

136,553.64
12.19

13'R,D28.06
12.32

l54,17.5.92
13.76
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labor costs for summer helpers, would vary in direct proportion to the output

reduction. Oil costs for the boiler, charges for electric demand, sewer, garbage,

telephone, and costs for light and power other than cultch preparation would

remain constant with output reductions of 10;~nd 20 percent.

The following long-run average production cost functions have been made with

the simple linear regreSSion methOd, uaing 5 Iibaervations based on Tablea 24 and

Functions associated with

APCN

new building:

~$72 651
V

APCN - ~ + $5.8856
2 V

APCN ~ + $6.2209
3 V

APCN ~ + $6.2855
4 V

APCII ~+ $8 ~ 1179
5 V

�!

�!

�!

Functions associated with used building:

APCU ~ + $5.2260
1 V

APCU ~ + $5 ~ 2837
2 V

APCU3 ~ + $5,6192

APCU ~ + $5.6838
4 V

APCU ~ + $7.5162
5 V

�!

 8!

�0!

where:

APCN F 0 ' APCN ~ average production CoSts per Case
1 5

associated with new building, for
Options 1-5.

25. These functions show the expected averag» costs per case for options and plants

of full output capacity with a given conditio,a and technology.
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APCU ~ ~ ~ APCU average producti<>n costs per case1 5
associated with used building, for
Options 1-5.

V output of oyster seed, by cases,
per year,

The long-run average production cost curve, or function, is a relationship

between costs and output, which shows the miniaem average production costs for

any level of output when all inputs are variable. Figures 20 through 23 show the

relationship of short-run to long-run average production costs. There are "fixed"

factors associated with each of these figures, ho>>ever. In Figures 20 and 21,

the cultch preparation method of Option 1 is appl'.ed to all of the curves, while

in Figures 22 and 23 Option 5 is used. The solid lines are the long-run average

cost curves or the long-run planning cost curves, and the dotted lines are the

short-run average coat curves for the fixed plants, Plants I through V.

These figures show that the long-run average cost curves are downward sloping,

and mean that as the size of plant increases, the avexage costs per case decrease

when plants are operating at near capacity. Thea< downward-sloping parts are asso-

ciated with economies of size As shown in these figures, the short-run average

cost curves  all the dotted lines! are moving toward the long-run planning costs

until they coincide, when the rate of output near. capacity. The production at

which the short-run average cost is the lowest is the most efficient rate of out-

put. For any plant, operating at below capacity increases average costs signifi-

cantly. For example, in Option 1, operating at 8 > percent of capacity increases

average costs by $3.78 and $1.93 per case for Plarits I and V, respectively, asso-
ciated with a new building, and by $3.41 and $1,6!> per case for those plants asso-

ciated with a used building, respectively. No attempt was made to estimate costs

for those operations in excess of the full capacity,

There are definite economies of size with in~ reasing plant capacity. As the

plant capacity increases from 6,000 to 14,000 cases per year, average costs per
case decrease between 35 and 40 percent for all o~>tions. Figures 20 through 23

indicate that. further economies of size might exist for even larger plants. The

slopes of the long-run average production cost cu!mes are negative and, within

the output range examined, do not become parallel to the horizontal axis, because
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each successive plant has a lower average cost per case when it operates at its
planned capacityi

Figures 24 and 25 show the long-run average production cost curves under

different options. Option 1 has the lowest average costs, and Option 2 has the

second lowest, compared with other options, and Option 5 has the highest average
costs ~

SUNDRY AND COHCLUS f.ONS

This study analyzes the economic feasibi.Lity of producing Pacific oyster seed

in the Pacific Northvest. Economic feasibllij y exists when there are positive total
receipts after deducting all costs incurred in the production of oyster seed, Plant

models with 5 different capacities  Plants I through V! vere designed and analyzed.

Two different building cost estimations vere made for each plant, based on an esti-

mate of $25 per square foot for a new building and $10 equivalent per square foot

for a used building. Each plant capacity has 10 different cost figures, 5 for a

new building and 5 for a used building, based on options for cultch preparation.

Total costs, average costs, total receipts, ni t returns, and accumulated net returns

for each option and plant were analyzed, both month by month and on an annual basis.

This was done to indicate how much gain or loss occurs in each month, and the

anticipated annual average costs and benefits. Variable factors affecting the cost

of production were analyzed. Long-run averag» cost functions and the relationships

between production costs and plant sizes were also analyzed.

Space requirements for Plant I to produci 6,000 cases of oyster seed per year

vere 5,770 square feet, while for Plant V, wli:h a 14,000 case annual capacity, they
were 8,955 square feet. Thus, a 133 percent:Lncrease in output capacity required

only about a 55 percent increase in space. TI>e main increase in space requirements

was for larval rearing and algal food product:Lon.

Total initial investment costs for build:Lng and equipment were highest in

Option 2 and lowest in Option 5, among all op".ions for each plant, Total initial

investment costs for each plant associated wij h a new building were almost double

those associated with a used building, but thi difference of average costs among

these two types of building vas about $1 to $:L.50 per case. Of the total initial

investment coats, about 51 to 78 percent vas .'or buildings and 22 to 49 percent

for equipment.
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The proportion of fixed costs to the total for Options 1 through 4 for the 5
plant capacities fell between 60 and 76 percent in case of a new building, and
57 to 73 percent for a used building. But, in Option 5, the proportion fell to
the range of 52 to 67 percent for a new building, and 48 to 64 percent for a used
building,

Labor costs, including supervision, administration, full-time and part-time
labor were the ma]or components affecting the cost of production aneng all plants,
ranging from 39 to 50 percent of the total for Options 1 through 4 for a new build-
ing, and 43 to 55 percent for a used building, But, in Opt'ion 5~ these proportions
varied from 30 to 43 percent and 33 to 46 percent for those plants associated with
a new building and a used building, respectively.

Utilities, materials, and supplies were the r.ext major components affecting
the cost of production, ranging from 19 to 29 percent of the total costs in Options
1 through 4 for a new building and all plant sizec, and 21 to 32 percent for a used
building. But, in Option 5, these proportions varied from 31 to 43 percent and 33
to 46 percent for a new building and a used building, respectively.

Average costs varied with options, sizes of plant, and also with months of the

year. During the winter months, average costs per case for Plant I were about $80
and $72 for each option associated with a new building and a used building, respec-
tively, During the summet' months, these costs for Plant I, for both new and used
buildings, varied between $11 and $14, depending on options. These variations of
average costs between summer and winter months narrowed with increased output capa-
citiess.

Annual average costs per case for Plant I, associated with a new building and
a used building, ranged from $18.08 to $19.91 and $16.61 to $18.44, respectively,
and those costs for Plant V ranged from $11.01 to $13,12 and from $10.03 to $12.14,
res pec tively.

There is no difference in costs of cultch preparation between a new building
and a used building. Average cultch preparation costs per case, for Plant I.
ranged from $2 ~ 67 to $3,38, and for Plant V from $2.39 to $2.96, in Options 1
through 4. These costs decreased with increasing plant size, mainly because of
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sliding scale charges of city water and power. Cultch preparation is an import-

ant item in terms of average costs per case. The proportion of total cost allo-

cated to cultch preparation ranged from 15 to 18 percent for Plant I and 22 to

26 percent for Plant V for Options 1 through 5 within a new building. But, in

Option 5 for these plants, the proportions were about 23 and 34 percent, respec-

tively. These proportions associated with a used building were about 2 percent

higher than those of a new building in each option and plant,

There were definite economies of size with successive increased plant capa-

city. As the p1ant capacity increased from 6,000 to 14,000 cases per year, average

costs per case decreased from 35 to 40 percent for all options. Xn other words,

the size of the plant has a significant effect on the cost of production. This

study also indicated that further economies of size might exist for even larger

plants.

Throughout this study the Option 1 method of cultch preparation is the most

favorable in terms of cost saving, compared with other options, and Option 2 is

the second most favorable; Option 5 is the least favorable.

Because the initial investment costs for a new building were rather high, this

study suggests considering buying or operati~; an existing building, if possible;

thereby the owner can make about $1 to $1 ' 50 more net returns per case than if he

invested in a new building,

Finally, this study concluded that produ< ing Pacific oyster seed in the Pacific

Northwest, within the limits addressed in this study, is economically feasible.
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GLOSSARY OF TERMS AS USED IN OYSTER CULTURE

Algae  sing. alga!: Single-celled microscopic marine plants that are plank-
tonic and reproduce primarily by dividing.

Batch: The quantity produced at one cycle  from adult oyster to seed!.

Bushel: 8 dry U.S. gallons or 1.245 cubic feet.

CoCl ~ 6H 0: Cobaltous chloride, hexahydrate.

Conditioning: Process whereby glycogen in adult oyster is converted to gamete.

Cultch: Material used to collect oyster spat, usually oyster shell.

Cu SO4 ~ 5H20: Cupric sulfate, pentahydrate.

FeCl 6H 0: Ferric chloride, hexahydrate.

FeKDDHA; Sodium ferric ethylenediamine di-[o-hydroxyphenyl-acetate!,

FeEDTA: Sodium ferric ethylenediamine terraacetate.

Fertilization: The union of the egg and sperm.

g: Gram; 1 g ~ 1,000 mg ~ .032 ounces.

H3BO3 Boric ac id

Liter; 1 f ~ 1,000 ddt 2.113 pints.

Larvae  sing. larva!: Immature free-swimning stage of oyster development
following fertilization of egg, but prior to meta-
morphosis to adult body form.

MnCl 4H 0: Manganese chloride, quadrahydrate.

MnSO4 H20: Manganous sulfate, monohydrate.

Mollusk: One of a group of soft, unsegmented animals  clam, snail, octopus! .

Na EDTA: Disodium ethylenediamine tetraacetate.

Na2GLY ~ 6H20 - 5: Glycerophosphoric acid, disodium salt.

NaHCO : Sodium bicarbonate.

NaH2PO4 ~ H20: Sodium phosphate, monobasic.

NaNO>. 'Sodium nitrate.

NaMo0 ~ 2H 0: Sodium molybdate, bihydrate.
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PVG: Polyvinyl chloride,

Rearing: Maintenance of the free-swimming stage of the oyster.

Seed: A young oyster.

Setting: Process of the oyster larvae attai hing to a substrata  cultch!.

Spat: A newly settled or attached young oyster; a postlarval oyster.

Spawning: Eliciting sex products from adult oyster.

Sulmet: Sulfamethazine, antibiotic.

Tris: Amino [hydroxymethyl] propandiol.

Micron; 1 p = F 001 millimeter.

Veliger: A larval mollusk in the stage when it has developed the velum.

Velum: The ciliated locomotor organ of the molluscan larvae,

Zn SO ~ 7H 0: Zinc sulfate, heptahydrate.
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Appendix Table 1 - l. Itnnthly anJ Annus! Tatnl Cnsi ~ and Covin Fer Caen iur plant 1

Cni tch prnp >rat i<»n ortho»'I nptihn 1 >spt inn 2

Cost of cath ss>nth
bv season

!/Lht rr Late vin rr
 Oct-!nh!  Fri !

SI> I' I ha 8unmnr Ynnu a1 it in I e r !at ~ v in ter P print 8>char r Annual j
 'I Sr-Apr!  q >v-Srpt ! et at  Jet-.i un!  yrh!  »u>r-tpr!  p»v-Srpr 'I rut s I

100 400 600 Sno 6,000 I IOO 400 400 I»I 0 6, 00 1 'pradurt ion  Caa»> ~ ! ~ nev hhd >ised» > ~ ~ »» » »
>>>Ilare Jaiiars

2,470l,q!a 2,966 2,9522,941 1,155

9 ' 864 109,23!
9 ' l27 100,365

Total fixed 4 varia
Total fixed 6 varia

8, 821
$>084

9,	4
8>577

9,784
9,04 7

158,483
99,635

a, 067
7, �0

8,878
8,141

9 ' 383
8,645

11.41
10.17
4.12

13,82
'2.

4,38

8,64
7,72
3.69

TOtal Chats/case, hev.......,,
Total chats/case, used,.......

15.53
14.29

18. 20
16,73 I

12.33
Ll,'1

Cultcb pteputnt ian rathad Option ! Option 4

Vinter Late vin ter 8 print Sunncr tnhuaL , 'I/Later I.ate winter Snriua Sueerr Annual
 Oct-Jan!  Feb!  .'Ia r-Apr!  any-Sept! total I  Oct-Jah!  Feb!  sar-Apr! ',.'Iay-Sept! tat »1

Coat of each month
by seasan

duction  tunes!, new and used,. !.00 400 600 $00 6,DOD , 'LGO 400 v>00 800 4,0nD
dai!arsdulia s

2,845Total,. 1 ~ 241 2,231 3,4372,813 3, 392 1,241

9, 735
8,998

Total fixed 4 variable, nev...
Total fixed 4 variable, used,,

8, 062
7, 325

9.033
8,295

9,634
8,897

10,213
9,475

111,610
1D2,763

8,131
7,!94

9.121
a,!84

10 ' 327
9,590 103 ' 901,

11. 37
10. 14
4.69

8.53
7.60
4.24

Total costa/case, nev...,.....
Total costslcase ~ used........

16>06
14.83

12,77
11. 84

"I'ev' and uaed" refer ta thh enate
~ aaoc tered with a nev I > I!Jinx et
825 per square 7 aht, ~ hd ~ used Ih> i 1d
inp at 610 eq> ivuienc per square foot,
respectively.

Variable cost ~ , nsv
Part-tine labor,
Ptilitira, enter

. Variable repairs
Others ~ ~ ~

Costs per cases
Pined ca st s, n ev
Fixed costs, used,,...,....
Variable coats> aev 4 used...,..

Variable costs, nev and useds
Patt-t xe labor...,,...�...,...,,,
Ptilit les, materials, I tuppltca...
Variable repairs...................
Others.

oats per case:
fixed costs, nev.................
Fixed costs, used......................
Variable costa, nev 4 used..

61.06
11.$5
SD 28
72,91

58
1,055

69
59

6$, 21
60.84
Lz-il
e0.6Z
7!.Z5

23!
l>57!

78
94

Ly. Ll
15.26
4.95

22 06
20.21

233
1,796

77
106

2,212

17 05
15 21
5. 53

22. 58
20. 74

349
1>'927

77
118

349
2>254

76
134

466
2,26o

75
140

8. 55
7 6!
3.68

12. 23
ll 31

466
2,691

73
162

!,494
20,729

885
~�56
26,364

13 ~ 69
12. 22
4. !9

18,0 I
16.61

3 ' 494
23,97$

871
~14 1 7
z9,760

SB
'9 72
70
55

69.12
61, 75
11. 55
80. 67
73, 30

58
1 ~ 054

70
59

233
1,55q

$1
94

17. 28
15.44
4.91

22.19
20.


233
1, 812

$0
106

349
1 ' 922

BL
1 la

11.52
10,29
4 l2

15.64
14»41

349
2,2SD

80
1'�

466
2 > 2/>5

BD
141

466
2» 729

78
�4

3>494
20, 613

9»»
~12 5.

26 ~ zair

! ~ 494 I
24,2

91! j
1.432.',

30> Dyt>

112 ~ zt h
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Appendix I il>le I - 2, lion>hi y snd A«n»nl Tvcnl c'cute n« I l'«see Per Cane for plant I 1

i'pc b>nOpt lou I

An>u>a>
t.>t >I

Lure vlntrr Sprtn>C
 Yrh!  «'>I KFI! Spring ur>n>' r

 >t>c-Al r'!  H>v-hept!
A«nnal 7>inter Late vtnter
tnt st  Ort Jai!  rrb!

S«ruxrr
� iv 5>'I t!

reduction  cases! ~ ncv ard ue..l........,. > 134 534 800 I, Q G s, aoo S!d 800 I.o>: S.ooa
dc !lace

I
d >I lire

78 311
I ~ 123 1,900

7O Sl
64 115

3,094 3, 764
Total.. 1>335 2>407 3,083 3,737 I, 308

Total fixed 4 varisbIe, nsv...
Total ffxed 4 vstisble, used.. e,Se!

7,731
9 ' 677
8,825

10 ' 370
9>51$

119 ~ 94 5
109 ' 721

11,039
10>187

9,613
8,761

10,290
9>4!B

119,079
IOB,BSS

B,542
7,690

10,944
10>092

6.$3
6. 03
3.53

54,29
47,94
9,76

6,76
S.96
3.51

64.05
57,70

Total coats/case, nev....,...,
Total casts/csee�> used...... 10.27 10. 36

9.56

Cultch pc epxrat fon etched Option 3 Option 4

tlinter Late wtncer Spring Scc»»er Annual . minter late vintcr Spring S>ester Ann�«at
 Qct-Jan!  Feb!  Slur-Apr!   vy-Sept! total >  Qct-Jan!  feb!  ".ar-Apr!  '«sy-Sent! cncal

Coat of each month
by seasan

134 5� BOO I,OG  8 ~ OOO I 134 534 sca I> 066 3, ooaPreductfon  cases!, nrv And used

daliars collarsVariable costs, new and «eed>
Part-t tnc labor

466 621
2>856 3>454

BS $6
770 2al

lltfficies, macertets ~ 4 s«ppll.ce...,,,

2,741 3,579 4,3691,416 2 ~ 713 3 ~ 534
Vocal fixed 4 variable, new,...,...,
otal fixed 6 variable, used..............

8,600
7 ~ 74e

9,897
9,045

10 ~ 71 8
9>866

11 ~ 4 90
10,638

123>183
112,960

8, 671
7, 819

IO, 832
9,980

11,622
10,770

124,451
114 ' 22S I

9,994
9,142

53.61
47,25
10.57

8. 98
7.91
4 42

9.07
8.00
4,47

6,80
6,00
4.10

10.8 8
9.60
4. 69Total costs/case, nav....

Total costa/case, used...
64.18
57.e2

13. 40
12.33 10.90

10.10
15.56
Ir>.28

13.34
12.47

Cultch preparation rwchod Option 5
Cost of each mont.h

by season !tinter tate vfnter Sprint Summer Annual
 Qct-Jan!  Feb!  ltar Apr!  .zy Sent! total

134 534Pc'oductfon  csses!, nov and reed.,

dollars

1,462
68
77

3 ~ 350
74

171

4,578
71

232

5,785
67

793
Total....,......, 1,607 3,595 4 F 881 6,145

8,618
7,767

Total fixed 4 variable, nev,.....,..
Total fixed 6 variable, used......� 10 ~ 607

9 ' 755
ll ~ 893
11,041

13 F 156
ling 304

tt!Tet "tfev" and uueed" refer to the costs
SSSOCfaled vltb I nev butldtee at
525 per ~ ,«sre root, end a uird bufld-
int at Sla eq«fvelent per eg«are feet>
teepectively,

6 58
5 7B
5 76

Total costs/csee, neu...,.....
Total rusts/case, unel ~... ~ 12

I I >54>

VarinbIe costs, new and ueedc
1'arc-ttme lo'bor....
fltilttic'a, matcrtsia, d s«ppltee
Variable repiirs... , ....,,, ~ ~
Ochera.

Costa per case:
Pixed costs, nev.....,,.....
Ffxed costs, used....,,,....
Variable costs, nev d used..

Caate per caser
fixed costs, nev...,...,,...
Fixed enate� , used...,,,,....
Variable costs, nev d used..

Varteble costa, nev and used:
Pert-r.fma labor...,,......,,...,...
I!C flit isa, CcaterlaJ a, 4 Supplies...
Variable repairs...,,,....,,,...,,.
Others.

Coats per case:
Fixed coet ~ , ncw. ~ ~ ~ ~ ... ~ ~
Fixed coats� , ueeJ...........
Vac'iablt' cost ~ > r>ew 4 used..

53 7$
47.42
9.96

63.77
57.33

78
1,200

70
68

52.33
45.97
11.99
64,32
57>96

1!.50
11,90
4,31

18.01
16.41

311
2,193

BO
129

13.45
11.86
5.08

18.53
16.94

1!.13
Il. 5!
6.73

19.86
IS 26

466
2,!$9

Bl
147

9.01
7.94
3.BS

12.86
11, 79

466
2,B20

So
168

8. 76
7 70
6 10

14.86
13.>tt!

621
2>858

eo
1!S

621
3 ~ 402

78
205

4 ' 306

6. 74
5. 94
4.od

10.78
9.98

4 ~ 659
2S,AA4

9'6
~IS 52

32,601

10.81
9.53
4.07

14,$8
13.60

4 ' 6S9
29,67 6

90$
~1761

36 ~ 9 74

10.7$
9.50
4,62

15 40
14.12

!
le

1,094
71
6!

78
I, 202

71
67

1, 418

54.13
47,77
10,58
64 7!.
58.35

!ll
l>P92

84
I IS

2 >402

13.62
12.03
4 >50

18.12
16.53

311
2, 216

83
131

13. 58
11, 99
S. 13

!.B. 71
17. 12

4fd
2,!94

87
147

9.09
8.03
!.e!

12 96
11,90

621
2,876

SB
179

4 F 659
5,444

9AB
~ISS4

32 ' 639

10. 91
9.63 I
4.0$ /

I4.99 !
13. 71 !

4>659
30,009

964
I 7BI

37,414
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Opt iunOpt lou 1Cultch prrpa> atlas nel hud
Minter l st > vlntcr Spr inp, Src>r>cr An*rrs 1 l Wlntcc Latr vintcr Sprint

 Oct-Jan!  }'ch!  Par-Apt!  >lay-Sept! tn tel ~  Oct Jan!  ieb!  l'sr -Apt�!
Cur> cr An rl

 i!ic-: r pr 'I r i!.ilCast of each month
by scar>on

1G6 666 L,OOO 1,334 10.000 ' 1� GGG l,oao 1,314 !O,ooe-,Product. ion  cases!, ncv and used...
,lol l.irx i!ol!crs

Variable costs, nrv and used:
Part t lure Labor
Vtilitins, natr'rinis, 4 suppl les...
Variable reps f re ..
Others.

388
2,224

84
135

552
" ~ 867

93
177

!88
2 ' 223

88
135

5S2
2,852

96
�6

5,82>.
30,279

!9
3 t >i

!S,SJS

777
3,491

9$
218

5,824
30,203

969
8$0

39>X492

777
3,4GO

96
2!G

97
1 ~ 243

71
70

97
1,217

7>
64

3,6962, 8311,4 81 4>5812,8344,539Total ~, ~ i,, ~
3,719

Total fixed d vnria'ble, nev....,,.......
Total fixed d «erin!ile, used........,...


9 i�
!.li,-1

12,141
11,199

11. 279
10 ' 337

10, 394
9,452

9,016
8,073

10,3 2
9,!SO

12 ~ 031
11>08S

11 ~ 188
10 ~ 245

8>972
8>030

128,742
1.1.7 ~ 431

Costs per ease:
Fixed costs, nrv...,...,...,,
Fixed costs, used...,,.....,,
Variable costs, nev 6 used...

!,56
6.62
!.!2

11.28

5. 62
4.91
3. 40
9. 02
8. 31

7. 49
6. 55
3,70

11.19
10.2$

11. 25
9,83
»,25

15 50
14.08

4$.13
39,4$
8,92

54.05
48,37

9. 07
7. 9»
! 91

5,67
4.96
3,43
9.10
8.39

45. 54
39, 87
8. 77

11. 35
9.94
li. 26

8,99
7,86
3.88

1$,61
14.'0

$4. 3!
48,G4

12,87
11.74Total costs/case, nev..

Total rusts/case, used.

1!i 97
ll ~

Option 4

Anniial l 4!fnter Late sinter Sprin! Si=cr Arcual
total ~  Oct-Jnn!  rrb!  ":. r � ' p r 'l  y 4 r �.= c p t. ! t

10iOi O 166 6!5 L,OOO l, .'l4 1',
uo!inr>

388
2,616

87
154

777
4, 154

92
251

582
3,425

90
205

$,824
35,140

945
~7095

44,00$

97
1,344

72
75

3, 37 />
84

202
4,244

1,342
70
75

2, $86
82

L$3

Otilities, cater ala, 6 supplies..
Variable repairs......,...,....,,,

4, 097
83

247
4,302 $,2745, 1941,584 3,245!., 584

9>127

3 ~ 209Total
12, 812
11,8 f1L> 713

10,771
9,053
8, 111

11,840
10,69S

10,793
9,841

133, G33
12:, 323

17>663
11, 721

10 ~ 678
9,735

able, nev...,
able, used 8>184

5 f,511.324$,418.965. 60
4.89
3.89
9,49
S. 78

7. 47
6,$3
4.24

11.. 71
10.77

ll, 21
9,80
4,82

16. 03
14.62

7.$444. 99
39.32
9.54

cd.
nev 4 used...

costs/casa, ncv..
costs/csee, used,

$4.$3
48 86

Opr.ion 5Cultc'h prcpcrar.ion method

Vlntar Late Vlnter Sprinr Summer Ann»al
 OCt-Jnn!  Feb!  'far-Apr!  >lay-Sept! tera!Cost of each month

by seasan
1 lid 666 1,000 1,'!l4 !O,OOOProduct lon  ca cs!, ncv and used..

doll, ru

Variable caste, nrv and I'eedt
part-tfrue labor......,,,,....,,....
Otilttics> r->tcrfole> 4 auppLfou...
Var lab! e repair e..
Otbare.,

5,$9G
73

283

4,041
75

206

7,132
69

360

1 ~ 670
69
87

$7,574
839

~79 71
61, 3�7, 5614, 322Total.....,..... ~ 1,826 5,952

14 ' 857
13 ~ 915

L48,892
137,582

l3.249
12,306

11,618
10,675

Total fixed 4 variable, nev,,,......,,,...
Total fixed 6 variable, usa>i... ~ i,,....». ~

9, 12'3
8>180

SOTS' "Ncv" snd used«refer tO tire cnr.le
associated vl th a ncv L« l lrl Irix ..t
57'> per an r»rc foot, nnrt > u>c I
inn ~ t 5!0 criufua!cnt pcr ndrarc ruit,
respectively.

Coats per esne:
Fixed contn, nrv.....,...,...
Fixed ro«tc> ucrd....,...,
Varlsbl ~ rusts, cev d used...

8,76
7. G3
6,13

r.47
4,76
$,67

10,9fi
9. $>4
6.49

7. '�
G. 35
5. 95

43.9$
!ll 2n
! 1,00

1'I, 1 di
l0.43Total rusts/case, nnv...

TctsL costs/canc ~ unrrl,.
13. 7$>
12. 3ll

17,45
lf,.OJ

54,'l 3
49.7b

14»89
1!, 76

dppe>rdlx Table 1 - !. Nunthly nnil Annual 'Tot sl Cn:its anil Coats Pcr <'a>c fiir p!nnt ill

m
3$,  r '-
;,Old'r»g

4», $/

]3. r .rl
13!,725

9. 04
7.91 r



Appendix Table 1 - 4. ',Iontfel y arul Ann«>I Terai I'unrn anJ I'>ants I'rr Caar fur yl,n>t 19

option 1Cultth prcparat Iun uetlaod option 2

sinter I.nte «inter Sprinr. Burr>rr Annual I if inter Late «Inter spring Sure>or Anan>al
 Oct-Jan!  I'rI !  Ilar-Apr!  Iiav-Sept! tutnl,  Oct-Jen!  Feb!  ".ar-Apr!  Itey-Sert ! tutnl

Cost of cash e>anth
by ness>u>

Froductioa  casus!, ncv and oned.. 800 l>200 1>600 12>000 I 200 800 1 F 200 1,600 1' ~ CCD
dollars � � � � � � do} lars

arfable costs, ncu and used:
Part.-tfr>e lnbor
'Utilitice, entertain> I supplies, ~
Variab!e repairs ~ ~ ee e ~ ~ ~
Others.

466
2, 573

93
157

d99
3>328

93
206

699
3 ' 351

102
208

	7
1, 388

78
79

117 466
1,363 2,578

80 99
78 157

1,9 30
4,062

92
304

4 ' 326

12>121
11>080

Total> a ~ ~ a ~ ~ ~ ~ ~ 1,662 1,6383e289 6,388 4>�03,300

11, 164
10>123

Total ffxed 4 variable, ncv ~ ~ ee ~ e> ~ ~ ~ ~
Total fixed 4 variable, usode> ace ~ a > e e e. > a

9>502
8,461

11>084
10>043

14,184
13,143

144>072
131 ' 579

12,224
11 ~ 183

14>	0
13>269

9>457
8,416

6 ~ SS
5>69
3a63

4>92
4>26
4>D3

7,86
6,82
4.23

39 ~ 32
34 12
8>19

9>BS
8>53
4>13

12.09
11,05

I

47 51
42.31

13>96
12. 66

10.18
9.32

8. 95
8.29

Dptioo 4

ter Sprins S>caner Annual
 var-Apr!  usy-Sept! total

0 1,2CC 1,603 1',CCD
do>lars

699
3,972

99
239

1>930
4,852

99
34> C

66
42
97

18DOtbers. ~ ... ~ .. ~ . ~ ~ . ... - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
L Total> ~ e ~ ~ ~ ~ ~ ~ e ~ ~

17$ 235 340
7, 129

85 ~2686
56,405

$5
3 785 ' 5 D091 F 787 3> 740 4>937 7, 2251,793

149,678
137,1$5

9 ~ 635
8,594

12.850
11,$09

15,067
14,026

11,627
10,586

39,21
34.00
8.96

6 53
5 67
4 17

7 $4
6.80
4,76

10 70
9 84

12,60
ll 56

4$ 17
42.96

+u1tch prepatation uethod Opr.ion 5

+os t o f each non c h
by n

Vinter
 Dct-Jan!

Late «inter Sp rin 8 Sueoer
 yeb!  Ifar-Apr!  Ifay-Sept!

~ reduction  cases!, sew and used. ~.....�. 200 800 1,200 1,600

Variable cost ~ > new and usedr
Fart-tf>se labor
Utilities, aateriais, 4 supplies...
Variable repairs.. ~.....
Dtbsrs.

4,762
83

242

998
8,472

71
477

1,909
76
99

6,627
7$

335
Tot s l e ~ ~ 2 e 084 5,087 7,040 �,0t8

ocsl fixed 4 variable, new..
otal fixed 4 variable> used

9,684
8>643

12 ~ 687
ll>646

14,640
13,599

17 >61II
16,577

lraa> 798
156, 30S

~ t ~ per ca ea;
Fixed cost ~, new e ~,. ~ ~,, ~ ~ e ~ ~ ~ ~ ~

Variable coats, oew I oned.........

BDTKI "lie«" and «used refer to the costs
~ neocietsd «1th ~ nev bui idina st
525 per square foot ~ snd a veri h«I! d-
iss at SLD c .uivalent per ~;narc foot,
respect ive ly.

38. 00
32. 80
10 42

9 50
8. RD
6 36

4, 75
4. 10
F 76

7.40
6. 56
6.47

Total coeta/case, new.e.......
Total coats/case, unrde ~ . ~ ....

25. >IA
14 Sf>

48.42
43,22

14.07
13.03

11.01
10,3>

Cent ~ per caser
Fiaaul cost 5> new ~ e ~ ~ ~ ~, ~ ~ ~ ~ ~ ~ > ~ ~ ~ ~ ~ ~
Fixed costs> used ~ e e ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ e > ~ ~ ~
Varfable costs, now 4 used.............

Total coute/case, nev.. ~ ,,....
Total costa/case, used,, ~

38.90
33>77
8.31

47.29
42.08

9 74
B. 44
4,11

13.85
12.55

6. 50
5.63
3,60

10.10
9.23

6,35
5.47
5.$7

12. 20
11. �

4,87
4,22
3.99
$.86
8.21

11,981
55,091
1,051

~2406
50,529

7.80
6 76
4. Rl

12,01
10.97

7.77
6. 73
i. 70

12>47
11,43

~,992
4$,011

$96
~369 5

77,59S

9.80
8.50
4.73

14.53
13 23

1,930
4,106

10!
307

6>446

4.90
4.25
4.52
9.42
8 F 77

11,931 I
3S,262 I
1,135

~24!9 '
50,797 I

I
14 5. 168
132>475 >

ll>981
41,295
1 ' 107

~27 19
57,102 [

151,203
138, 710
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Appendix Teb!» 1 - !. !Giuth y snit Annual Total Costa end Coute rc> Case fnr Plant V

Option 1Ce!tch prepslat oe ncthod Option

Annual ! � ster Late vfnter Sf ring Sunxrr Annual
 Oct-Jen!  prb!  Nor-Apr!  !x> vc;c! f,f.>fCoat. of each conch

by season
tinter Let ~ Vinter Sprlnr S>r>ner

 Clrt-Jx>!  !'i'6!  nsr Apr!  >tev Sr, t!

q� !,400 !,866 �,000 e� 1 ~ 400 l..'t66 14, na<>Production  cases! i nev and used.. 2�
do! 1.>rs � � � � � � - �- iio1 lar ~

544
2 ~ 90!

96
177

815
! F 790

98
235

F 085
4 ~ 71.

21 <
346

815
!,824

10'1

544
2,'	-'

102
178

136
l>488

81
85

2,085
4,661

97
342

1�
1,511

19
Bd

4,9834i938! AD 	8Totsl ~ ~ ~ ~ ~ ~ ~ ~ ~ 7 ~ 2583, 7361,7907 F 1851,812

otal fixed 4 variable, nev...,....�,....
'Total fixed 1 variable, used.

13,06!
11 ~ 9 19

1! >642
10,698

154,263
140,533

15 ~ 451
14 ~ 307

13,117
12,033

11,930
10,786

9,984
8,'8409,9�

8,792
15,310
14,166

5 ~ 80
4>99
3 ' 53

8,70
7,47
3,98

4 39
3.76
3.89

34.72
29,8!
7 14

12. 68
11,45

9.33
6 52

42.46
37+ 51

9. 28
1. 61

Option 4

Vintcr Late vfnter Rprfst S tr Annual
 Occ-!so!  Teb!  !'xr-Apr!  '.x~S pt.! total

Anr.usl
tut.al

2� 934 1 ~ 400 1, 3 f u 14, OOO14,000
collars

Btilities ~ oatetials, 4 supplies....... ,' ~ 401
94

202

~ 6 8
79
93

45
93

382
94

267

13,810
12>725

16, 296
15,152

12,466
11,322

160 ' 571
146 ' 842

10,1

8,991

4 38
3 ~ 77
4,35
6 7!
8 12

Option 5Cultch preparotion rnthod

! Banter Lace vint sr sprina Sunoer Annual
<i,r*> ! « ,,i ~1Cost of each sonth

by eaaeon
2� 93 j400 166» 1',000'ProductiOS  cease! ~ nev Ind used,.

� � � � � do! !era

998
9 ~ 809

73
544

7> 645
79

386
8, 110

5> 461
64

v77

5>822

2 F 127
76

110
I

2,313

10,242
9,098

11,4 24Total>i' i' ~ ~ ~ ~ ~

16,040
14,896

13,752
12 ' 608

19 ' 
4
18 ~ 210Total fixed 4 variable, nev.......,......

Total f is ad 4 vsrtab 1 e ~ us Cd i > i ~ ~ ~ ~
!ayrat "arv" and "used" refer to t!ic costs

associated vfth I ucv t->t!dint at
625 pcr square foot, acq a u>.cd huf!d-
int et 610 cq<>fee!cot per square foot,
respectfvefy.

4,25
!. 64
6,12

10 ~ 17

Variable east'� , nev and used.
Pert tbee labnr, ~ ~ > ~ ~ ~ ~ ~ ~ ~ ~ i ~ i ~ ~ ~ ~ ~ ~ . ~
Pcf litic ~ > eater a!s, 4 supplies...,...
Variable repairs� ........,... ~ ~ .i' " ...,
Others i ~ .

ate Pat Csee '
lixed. Costs, nev.........
lixed COSts, used......... ....,.......
Variable east ~ , nev 1 used .............

Total costs/csee, nav.......,,
Terai cast's/csee ~ SSCd ~ ~

Variablc costs, uev snd used.
Part-tine !shor.
lltilitiee, octerfals, 4 supplies..
Variable repairs...,..-. .. ...... ~ ~ ~ .
Others.

~ t s per Case!
Pined cost ~ , sev........

Variable coscs, aev 4 used. �, ~ ...,,.
TOtal Coats/Csee, nev.....,,
Tnt al Costa/cse»' us>'.d ~ .. ~ ~ .

3!.89
29.00
9.AB

4!.11
!B.ta

8,49
1. 26
6 2!

�. 72
1!.49

5.66
4. 85
5, 79

11.45
1'>.< 4

4. 

3. 74
3.85
8 ~ 20
7.59

13,146
3e F 826
1 ~ 0'1 !
2 70!

56,768

6. 96
5+96
4.05

11 0!.
10.03

1!,146
46,122
1, 061

~3016
63,345

6. 94
5 ~ 96
4,53

11.47
10,49

35>02
30, 13
7,65

42,67
37.78

136
1,654

60
94

1,964

�.92
�.0!
8. 3'!

43. 31
38. 42

8,77
7> S5
4>00

12,77
11,55

544
3,446

100
205

4,295

8.75
7.52
4,60

13.35
12.12

5.85
5. 04
3.56
9.41
8.60

8 1.5
4,508

104
271

5 ~ 698

5. 84
5.02
4. 01
9.91
9.09

2,095
5, 541

106
!a1

8 ~ 12!

1!,1',6
40, <vt

2 7!v
57 ~ 15!

155,416
14!i!46

1
7 F 07
6 04
4,08

11. 10
10.12

1!,146
4G,P�
l,i59

~! ~ !
64,! !

lc7,7'1
148, JA

7.00
6.02
4.58 !

11.!B
10. 60 I




