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Table 99, Tangential screen performance.

Percentage Reduction

Wastewater 30 40 50 100 150
Source Parameter mesh mesh mesh mesh mesh

Sardines SS 26 - - - -
(Atwell,
et at., BOD 9 -- -- -- -~
19727

Set. solids - - - 35 86
Salmon
( . SS - - - 15 36
1972)

COD - - - 13 25

Set. solids 88 - 93 83 -
Shrimp
(Peterson, SS 46 - 43 58 -
1973b) _

COD 21 - 18 23 -

Set. solids 50 - - - -
Salmon
(Peterson, SS 56 - - - -
1973b)

COD 55 - —— - ——

Set. solids 83 - - - -

King Crab
(Peterson, SS 62 - - - _
1973b)

COD 51 - - - —
Salmon Total
(Claggett, solids - 56 — - —_
1973)
Herring Total
(Claggett, solids - 48 - - —_
1973)
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necessary, it may be easier to locate the screen assembly on the
ground and convey dewatered solids to the hopper.

Processing wastewaters from operations in seafoods plants are
highly variable with respect to suspended solids concentrations
and the size of particulates. On-site testing is required for
optimum selection in all cases.

Some thought should be given to installing multiple screens to
treat different streams separately within the process plant.
Some types of screens are superior for specific wastewaters and
there may be some economy in using expensive or sophisticated
screens only on the hard-to-treat portions of the waste flows.

Microscreens to effect solids removal from salmon wastewaters in
Canada have been tried. They were found to be inferior +to
tangential screens for +that application. Microscreens and
microstrainers have not, however, been applied in the United
States.

Screens of most types are relatively insensitive to discontinuous
operation and flow fluctuations, and require little maintenance.
The presence of salt water necessitates the use of stainless
steel elements. 0il and grease accumulation can be reduced by
spraying the elements with a fluorocarbon coating.

Screens of proper design are a reliable and highly efficient
means of seafood waste treatment, providing the equivalent of
“"primary treatment." The cost of additional solids treatment,
approaching 95 percent solids removal by means of progressively
finer screens in series must, in final design, be Dbalanced
against the <cost of treatment by other methods, including
chemical coagulation and sedimentation.

Sedimentation

Sedimentation, or settling of solids, effects solids-liquid
separation by means of gravity. Nomenclature for the basins and
equipment employed for this process includes terms such as grit
chamber, catch basin, and clarifier, depending on the position
and purpose of the particular unit in the treatment train. The
design of each unit, however, is based on common considerations.
These include; the vertical settling velocity of discrete
particles to be removed, and the horizontal flow velocity of the
liquid stream. Detention times required in the settling basins
range from a few minutes for heavy shell fragments to hours for
low-density suspensions. Grit chambers to remove sand and shell
particles are common in the clam and oyster industries, however,
the current absence of settling basins or clarifiers in the fish
industries indicates the desirability of simple on-site settling
rate studies to determine appropriate design parameters for
liquid streams undergoing such treatment. Section V of this
study presents the results of settleable solids tests, which were
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determined using the Imhoff cone method, for each seafood process
monitored.

Removal of settled solids from sedimentation wunits is accom-
plished by drainoff, scraping, and suction-assisted scraping.
Frequent removal is necessary +to avoid putrefaction. Seafood
processors using brines and sea water must consider the corrosive
effect of salts on mechanism operation. Maintenance of
reliability in such cases may require parallel units even in
small installations.

Sedimentation processes can be upset by such "shock loadings" as
fluctuations in flow volume, concentration and, occasionally,
temperature. Aerated equalization tanks may provide needed
capacity for equalizing and mixing wastewater flows. However,
deposition of solids and waste degradation in the equalization
tank may negate its usefulness.

Sedimentation tests run on a combined effluent from a fresh water
perch and smelt plant produced an average of approximately 20
percent BOD and 9 percent suspended solids removal after a 60
minute detention time (M.J. Riddle, 1972). The nature of most
fish and shellfish wastewater require that chemical coagulants be
added to sedimentation processes to induce removal of suspended
colloids.

A partially successful gravity clarification system was developed
using large quantities of a commercial coagulant called F-FLOK.
F-FLOK 1is a derivative of lignosulfonic acid marketed by Georgia
Pacific Corporation. In a test on salmon wastewater, reported by
E. Robbins (1973), the floc formed slowly but, after formation,
sedimentation rates of four feet per hour were achieved. Table
100 shows the results of the test.

Properly designed and operated sedimentation units incorporating
chemical coagulants can remove most particulate matter.
Dissolved material, however, will require further treatment to
achieve necessary removals.

It is important to note that the gravity clarifiers described
above, when operated with normal detention times, may 1lead to
strong odors due +to rapid microbial action. This could also
produce floating sludge.

Major disadvantages of sedimentation basins include 1land area

requirements and structural costs. In addition, the settled
s0lids normally require dewatering prior to ultimate disposal.

Concentration methods

Although screenings from seafood wastewater wusually do not
require dewatering; sludges, floats, and skimmings from sub-
sequent treatment steps must usually be concentrated or dried to
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Table 100, Gravity clarification
using F-FLOK coagulant (Robbins, 1973).

Coagulant Total Protein
Concentration Solids Recovery Recovery
(mg/1) (%) (%)
5020 68 92
4710 60 80
2390 47 69

Table 101 Results of dispersed air flotation on tuna
wastewater (Jacobs Engineering Co., 1972).

Chemical Influent Reduction
Additive Parameter (mg/1) %

(Average of five runs)

Treto lite BOD 4400 47
7-16 mg/1 0&G 273 68
SS 882 30

(Average of eight runs)

Drew 410 BOD 211 47
3-14 mg/l 0&G 54 50
SS 245 30
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economize storage and transport. The optimum degree of
concentration and the equipment used must be determined in 1light
of +transportation costs and sludge characteristics, and must be
tailored to the individual plant's location and production.

Sludges, floats, skimmings, and other slurries vary widely in
dewaterability. Waste activated sludges and floated solids are
particularly difficult to dewater. It 1is probable that most
sludges produced in treating fish processing wastes will require
conditioning before dewatering. Such conditioning may be
accomplished by means of chemicals or heat treatment. Anaerobic
digestion to stabilize sludges before dewatering is not feasible
at plants employing salt waters or brines. Aerobic digestion
will produce a stabilized sludge, but not one which is easy to
dewater. The quantity and type of chemical treatment must be
determined in light of the ultimate fate of the solids fraction.
For example, 1lime may be deposited on the walls of condensers.
Alum has been shown to be toxic +to chickens at 0.12 percent
concentrations, and should be used with care in sludges intended
for feed byproduct recovery.

A large variety of equipment is available for sludge dewatering
and concentration, each unit having particular advantages. These
units include vacuum filters, filter presses, gravity-belt
dewaterers, spray dryers, incinerators, centrifuges, cyclone
classifiers, dual-cell gravity concentrators, multi-roll presses,
spiral gravity concentrators, and screw presses. Such equipment
can concentrate sludges from 0.5 percent solids to a semi-dry
cake of 12 percent solids, with final pressing to a dry cake of

over 30 percent solids. Units are generally sized to treat
sludge flows no smaller than 38 1/min (10 gpm). Because
maintenance requirements range from moderate to high, the

provision of dual units is required for continuity and
reliability.

In the seafood industry only fish meal plants currently use
solids dewatering and concentration equipment. Smaller
installations with flows under about 757 cums/day (200,000 gpd)
probably cannot utilize dewatering equipment economically.

Disposal methods

A high degree of product recovery is practiced by industries in
locations where solubles and meal plants are available. The pet
food, animal food and bait industries also use a considerable
amount of solids from some industries. Where such facilities do
not exist, alternative methods of solids disposal such as
incineration, sanitary landfill and deep sea disposal must be
considered.

Incineration of seafood solids wastes has not been tried in most

fish industries. Incineration by means of multiple-hearth
furnaces has been effective with municipal wastes and sludges,
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~when operated on a continuous basis. Intermittent start-up and
shut-down is 1inefficient and shortens the useful life of the
equipment. A technique for incinerating solid wastes in a molten
salt bath is under development, with one unit in operation. The
by-products are CO2, water vapor, and a char residue skimmed from
the combustion chamber. This device may prove to be viable in
reasonably small units (Lessing, 1973).

Both types of incineration waste beneficial nutrients while
leaving an ash which requires ultimate disposal. Fuel costs are
also high and air pollution control equipment must be installed
to minimize emissions.

Sanitary 1landfill is most suitable for stabilized (digested)
sludges and ash. In some regions, disposal of seafood waste
solids in a public landfill is unlawful. Where allowed and where
land is available, private landfill may be a practical method of
ultimate disposal. Land application of unstablized, putrescible
solids as a nutrient source may be impractical because of the
nuisance conditions which may result. The application of
stabilized sludges as soil conditioners may have 1local
feasibility. ‘

The practicality of 1landfill or surface 1land disposal is
dependent on the absence of a solids reduction facility, and the
presence of a suitable disposal site. The nutritive value of the
solids indicates that such methods are among +the 1least cost-
efficient currently available.

In addition +to placement in or on the land and dispersal in the
atmosphere (after incineration), the third (and only remaining)
ultimate disposal alternative is dispersion in the waters. Deep
sea disposal of fish wastes can be a means of recycling nutrients
to the ocean. This method of disposal does not subject the
marine environment to the potential hazards of toxicity and
pathogens associated with the dumping of human sewage sludges,
municipal refuse and many industrial wastes. The disposal of
seafood wastes in deep water or in areas subject to strong tidal
flushing can be a practical and possibly beneficial method of
ultimate disposal. In some locations, the entire waste flow
could be ground and pumped +to a dispersal site in deep water
without adverse effects. The U.S. Congress recognized the unique
status of seafood wastes when, in 1972, they specifically
exempted fish and shellfish processing wastes from the blanket
moratorium on ocean dumping contained in the so-called "Ocean
Dumping Act."

Grinding and disposing of wastes in shallow, gquiescent bays has
been practiced in the past, but should be discontinued. Disposal
depths of less than 13 m (7 fathoms), particularly in the absence
of vigorous tidal flushing, may be expected to have a detrimental
effect on the marine environment and the local fishery, whereas
discharge into a deep site generally would not.
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The identification of suitable sites for +this practice un-
doubtedly demands good judgment and detailed knowledge of local
conditions. Used in the right manner, however, deep sea disposal
is an efficient and cost-effective technique, second only to
direct solids recovery and by-product manufacture.

Wastewater Treatment

Wastewater treatment technology to reduce practically any
effluent to any degree of purity is available. The cost
effectiveness of a specific technology depends in part on the
contaminants +to be removed, the level of removal required, the
scale of the operation, and most importantly on 1local factors,
including site availability and climate. Because these factors
vary widely among individual plants in +the fish processing
industries, it is difficult to attempt to identify a technology
which may prove superior to all others within an industrial
subcategory.

The following general description is divided into physical-
chemical and biological methods for the removal of contaminants.

Physical-chemical treatment

Physical-chemical treatment is capable of achieving high degrees
of wastewater purification in significantly smaller areas than
biological methods. This space advantage is often accompanied by
the expense of high equipment, chemical, power, and other
operational costs. The selection of unit operations in a
physical-chemical or biological-chemical treatment system cannot
be isolated cost-effectively from the constraints of each plant
site. The most promising treatment technologies for the
industries under consideration are chemical coagulation and air
flotation. There 1is yet 1little practical application for
demineralization technology including reverse osmosis,
electrodialysis, electrolytic treatment, and ion exchange, or for
high levels of organic removal by means of carbon adsorption.

Chemical Oxidation

Chlorine and ozone are the most promising oxidants, although
chlorine dioxide, potassium permanganate, and others are capable
of oxidizing organic matter found in +the process wastewaters.
This technology 1is not in common use because of economic
feasibility restrictions.

Chlorine could be generated electrolytically from salt waters
adjoining most processors of marine species, and utilized to
oxidize the organic material and ammonia present (Metcalf and
Eddy, 1972). Ozone could be generated on-site and pumped into
de-aerated wastewater. De-aeration is required to reduce the
build-up of nitrogen and carbon dioxide in the recycle gas
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stream. The higher the COD, the higher the unit ozone reaction
efficiency. Both oxidation systems offer the advantages of
compact size. The operability of the technology with saline
wastewaters, and the practicability of small units, have not been
evaluated in the seafood processing industry (McNabney and Wynne,
1971).

Air Flotation

Air flotation with appropriate chemical addition is a physical
chemical treatment technology capable of removing heavy con-
centrations of solids, greases, oils, and dissolved organics in
the form of a floating sludge. The buoyancy of released air
bubbles rising through the wastewater lifts materials in sus-
pension to the surface. These materials include substantial
dissolved organics and chemical precipitates, under controlled
conditions. Floated, agglomerated sludges are skimmed from the
surface, collected and dewatered. Adjustment of pH to near the
isoelectric point favors the removal of dissolved protein from
fish processing wastewaters. Because the flotation process
brings partially reduced organic and chemical compounds into
contact with oxygen in the air bubbles, satisfaction of immediate
oxygen demand is a benefit of the process in operation. Present
flotation equipment consists of three types of systems for
wastewater treatment: 1) wvacuum flotation; 2) dispersed air
flotation; and 3) dissolved air flotation.

1. Vacuum flotation: In this system, the waste is first
aerated, either directly in an aeration tank or by permitting air
to enter on the suction side of a pump. Aeration periods are
brief, some as short at 30 seconds, and require only about 185 to
370 cc/1 (0.025 to 0.05 cu ftr/gal) of air (Nemerow, 1971). A
partial wvacuum of about 0.02 atm (9 in. of water) is applied,
which releases some air as minute bubbles. The bubbles and
attached so0lids rise to the surface to form a scum blanket which
is removed by a skimming mechanism. A disadvantage 1is the
expensive air-tight structure needed to maintain the vacuum. Any
leakage from the atmosphere adversely affects performance.

2. Dispersed air flotation: Air bubbles are generated in this
process by the mechanical shear of propellers, through diffusers,
or by homogenization of gas and liquid streams. The results of a
pilot study on +tuna wastewater are shown 1in Table 101 and
indicate that a dispersed air flotation system could be
successful., The unit was a WEMCO HydroCleaner with five +to 10
minute detention time. The average percent reduction of five-day
BOD, grease and o0il, and suspended solids was estimated using two
types of chemical additives. Each run consisted of one hour
steady state operation with flow proportioned samples taken every
five minutes. It should be noted that the average of five runs
with different chemical additions are presented rather than the
optimum.
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3. Dissolved air flotation: The dissolved air can be introduced
by one of the methods: 1) total flow pressurization; 2) partial
flow pressurization; or 3) recycle pressurization. In this
process, the wastewater or a recycled stream is pressurized to
3.0 to 4.4 atm (30 to 50 psi) in the presence of air and then
released into the flotation tank which is at ambient pressure.
In recycle pressurization the recycle stream 1is held in the
pressure unit for about one minute before being mixed with the
unpressurized main stream just before entering the flotation
tank.

The flotation system of choice depends on the characteristics of
the waste and the necessary removal efficiencies. Mayo (1966)
found use of the recycle gave best results for industrial waste
and had 1lower power requirements. Recycling flows can be
adjusted to insure uninterrupted flow to +the flotation cell.
This can be very useful in avoiding system shutdowns. A typical
dissolved air flotation system is shown in Figure 41, and a
typical dissolved air flotation unit is shown in Figure 42.

Air bubbles usually are negatively charged. Suspended particles
or colloids may have a significant electrical charge providing
either attraction or repulsion with the air bubbles. Flotation
aids can be used to prevent air bubble repulsion. In treating
industrial wastes with large quantities of emulsified grease or
oil, it is usually beneficial to use alum, or 1lime, and an
anionic polyelectrolyte +to provide consistently good removal
(Mayo, 1966).

Emulsified grease or o0il normally cannot be removed without
chemical coagulation (Kohler, 1969). The emulsified chemical
coagulant should be provided in sufficient quantity to absorb
completely the o0il present whether free or emulsified. Good
flotation properties are characterized by a tendency for the floc
to float with no tendency to settle downward. Excessive
coagulant additions result 1in a heavy floc which is only par-
tially removed by air flotation. With oily wastewaters such as
those found in the fish processing industry, minimum emulsi-
fication of oils should result if a recycle stream only, rather
than the entire influent, were passed through the pressurization
tank. This would insure that only the stream (having been pre-
viously treated) with the lower o0il content would be subjected to
the turbulence of the pressurization system. The increased
removals achieved, of course, would be at the expense of a larger
flotation unit than that which would be needed without recycle.

The water temperature determines the solubility of the air in the
water under pressurization.  With 1lower water temperature, a
lower quantity of recycle 1is necessary to dissolve the same
quantity of air. The viscosity of the water increases with a
decrease in temperature so that flotation units must be made
larger to compensate for the slower bubble rise velocity at 1low
temperatures. Mayo (1966) recommended that flotation units for
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industrial application be sized on a flow basis for suspended
solids concentrations 1less than 5000 mg/l. Surface loadings
should not exceed 81 l/sq m/min (2 gal./sq ft/min). The air-to-
solids ratio is important, as well. Mayo (1966) recommended 0.02
kg of air per kg of solids to provide a safe margin for design.

Flotation is 1in extensive use among food processors for waste-
water treatment. Mayo (1966) presented data showing high
influent BOD and solids concentrations, each in the range of 2000
mg/l. Reductions reached 95 percent BOD removal and 99.7 percent
solids removals, although most removals were five percent to 20

percent lower. The higher removals were attainable using
appropriate chemical additions and, presumably, skilled
operation. A full scale dissolved air flotation wunit was

recently installed at a tuna plant on Terminal 1Island,
California. Table 102 shows the results of the pilot plant study
that preceeded the full scale unit and Table 103 gives the
percent reductions calculated from the samples collected in 1973.
Operational difficulties are thought to have reduced the
effectiveness of the unit. The pilot plant treated a flow of 0.5
to 1.0 1/sec (7.5 to 15 gpm) with a constant recycle of 0.5 1l/sec
(7.5 gpm). The full scale plant treated a flow of 28 l/sec (450
gpm) with no recycle.

Two more full scale dissolved air flotation units for tuna plants
have been ordered and are due to start in early 1974 according to
Robbins of Envirotech Corporation.

At least two significant pilot plant studies have been performed
on shrimp wastewater, one in Louisiana and the other in Alaska.
Table 104 and Table 105 1list the results of the respective
studies.

The Louisiana shrimp study was conducted by Region VI E.P.A. and
Dominique, Szabo, and Associates, Inc. using a Carborundum
Company dissolved air flotation pilot unit which treated a 3.1
1/sec (50 gpm) flow using 1:1 recycle, and 170 1l/hr (6 cu ft/hr)
air at a pressure of 2.7 atm (40 psig).

The Alaska shrimp study was conducted by the National Marine
Fisheries Service Technology center, using a Carborundum Company
dissolved air flotation pilot unit, which treated a 3.1 1/sec (50
gpm) flow using 10 percent recycle.

Preliminary indicators from the Louisiana shrimp show that alum
at 75 ppm and a polyelectrolyte at 0.5 - 5.0 ppm produce the best
removal efficiencies (see Figure 43).

Various chemical additives and concentrators were tested in
Alaska with inconclusive results. BAll flocculants worked better
than no additives but none were significantly better than alum
alone at around 200 mg/l. Sea water apppeared to reduce the
effectiveness of the polyelectrolyte used during the test.
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Table 102, Efficiency of EIMCO flotator pilot plant on tuna
wastewater (Jacobs Engineering Co., 1972).

Chemical Influent Reduction
Additive Parameter (mg/1) %

: . (Based on one run)
Lime (pH 10.0 - 10.5) BOD-5 3533 65

Polymers:
Cationic, 0.05 mg/1 0&G 558 66
Anionic, 0.10 mg/1 ss 1086 66
Lime, 400 mg/1l BOD-5 22
Ferric chloride, 45 mg/1 0&G 81
SS 77

Table 103 Efficiency of EIMCO flotator full scale plant
on tuna wastewater (Environmental Associates, Inc., 1973).

Chemical Influent Reduction
Additive Parameter (mg/1) %

(Based on two runs)

Sodium Aluminate 120 mg/1l COD 2850 37
Polymer ss 1170 56

(Based on one run)

Alum COD 5100 58
Polymer ss 667 65
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During the summer of 1972 a study was conducted by the National
Marine Fisheries Service to investigate means of reducing waste
discharge problems as a result of fish meal and o0il production.
Bailwater used to unload menhaden was treated using a pilot scale
dissolved air flotation unit. This treatment allowed increased
recirculation of bailwater, decreasing the soluble plant 1load.
The removal efficiencies are 1listed in Table 106. The plant
treated #.1 1/sec (65 gpm) with 50 percent recycle and 50 psig.
The results showed that dissolved air flotation units can extend
bailwater re-use, but that sludge disposal must be resolved.

A full scale dissolved air flotation unit has also been installed
in the sardine industry, however, mechanical problems have
hindered operation thus far. Results are shown in Table 107.

The Canadians have constructed a demonstration wastewater
treatment plant capable of handling the estimated flow of 47
l/sec (750 gpm) from a salmon and ground fish filleting plant.
It was later modified to treat herring bailwater and roe recovery
operations as well. Results of the study by The Fisheries
Research Board of Canada on this operation are shown in Table
108.

The previous air flotation case studies have shown various
removal efficiencies depending on species, chemical additives and
effluent concentrations. One reason for the various removal
efficiencies reported appears to be due to the efficiency being a
function of influent concentration. Figure 44 plots the percent
removal versus COD concentration using the results of the
sardine, menhaden, Gulf shrimp and tuna air flotation studies.
The removals are probably a function of the species being
processed; however, there appears to be a strong tendency for the
efficiency to increase as the concentration increases. The tuna
and shrimp concentrations and removal efficiencies were lower
than the sardine and menhaden concentrations and removal
efficiencies. This relation also holds for +the sardine
wastewater where the efficiency appears to increase about 25
percent as the COD concentration increases by a factor of four,
from 5000 to 20,000 mg/1l. The case studies documented in this
report indicate +that air flotation systems can provide good
removal of pollution loads from seafood processing wastewater,
however, the results are highly dependent on operating procedure.
In most cases, optimum removal efficiencies are yet to be
established, but it is expected that the technology should become
standardized over the next few years as an increasing number of
units are tested. It also appears that +the COD removal
efficiency is a function of concentration, increasing as the
influent concentrations increase.

The air flotation technology can also be operated at lower
efficiencies to serve as "primary" treatment in advance of a
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Table 104 Efficiency of Carborundum pilot plant
on Gulf shrimp wastewater (Mauldin, 1973).

Chemical Influent Reduction
Additive Parameter (mg/1) %

(Average of five runs, one each with
5, 4, 2, 1, and 0.5 mg/l polymer)

Acid (to pH 5) BOD-5 1428 70
Alum 75 mg/1l COD 3400 64
Polymer SS 559 83

(Average of two runs, one each at 75
gpm and 25 gpm with 2 mg/l1 polymer)

Acid (to pH 5) COD 3400 51
Alum 75 mg/1 SS 440 68
Polymer 0&G 852 85

Table 105 Efficiency of Carborundum pilot plant
on Alaska shrimp wastewater '

Chemical Reduction
Additive Parameter 2

(Average of twenty-two runs)

Alum 200 mg/1l COD 73
Polymer SS 77
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Table 106 Efficiency of Carborundum pilot plant
on menhaden bailwater (Baker and Carlson, 1972).

Chemical Influent Reduction
Additive Parameter (mg/1) ]

(Average of five runs)

Alum or COD 94,200 80
Acid pH 5-5.3 ss - 87
Polymer 0&G - near 100

Note: SS and 0&G determined by volume change.

rTable 107 Efficiency of full scale dissolved air
flotation on sardine wastewater (Atwell, 1973).

Chemical Reduction
Additive Parameter 2

(Average of seven runs)

Alum COD 74
Polymer 0&G 92
SS 87
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Table 108

Efficiency of full scale dissolved air

flotation on Canadian seafood wastewater (Claggett, 1972).

Chemical Removal Percentage
Additive Species BOD 01l Ss
Salmon 84 90 92
Alum Herring 72 85 74
Polymer Groundfish 77 -- 86
Stickwater - 95 95
Comments: Sludge represents about three percent of flow.
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physical-chemical or biological polishing step, if that mode
proves advantageous from the standpoint of cost-effectiveness.

Appendices A and B contain selected bibliographies of air

flotation use within the seafood industry and meat and poultry
industry, respectively.

Biological treatment

Biological treatment is not practiced in U.S. seafood industries
except for a small pilot project 1in Maryland at a blue crab
processing plant and full-scale systems at two shrimp plants in
Florida. Sufficient nutrients are available 1in most seafood
wastewaters, however, to 1indicate that such wastewaters are
amenable to aerobic biological treatment.

Primary stage removal of solids and o0il and greases should
precede biological treatment. Without this pretreatment, several
problems can develop: 1) o0il and grease can interfere with
oxygen transfer in an activated sludge system; and 2) solids can
clog trickling filters.

The salt found in nearly all wastewaters discourages the con-
sideration of anaerobic processes. Salt is toxic to anaerobic
bacteria, and although a certain tolerance to higher salt 1levels
can be developed in carefully controlled (constant input)
systems, fluctuating loads continue to be inhibitory or toxic to
these relatively unstable systems. Aerobic biological systems,
although inhibited by "shock 1loadings" of salt, have been
demonstrated at full scale for the treatment of saline wastes of
reasonably constant chloride levels. The effectiveness of any
form of biological oxidation, however, remains to be demonstrated
under the extreme variations common 1in the fish processing
industry.

Activated Sludge

The activated sludge process consists of suspending a concen-
trated microbial mass in the wastewater in +the presence of
oxygen. Carbonaceous matter is oxidized mainly to carbon dioxide
and water. Nitrogenous matter 1is concurrently oxidized to
nitrate. The conventional activated sludge process is capable of
high 1levels of treatment when properly designed and skillfully
operated. Flow equilization by means of an aerated tank can
minimize shock 1loadings and flow variations, which are highly
detrimental to treatment efficiency. The process produces a
sludge which is composed largely of microbial cells, as described
above, Oily materials can have an adverse effect. A recent
study concluded the influent (petroleum-based) oil levels should
be 1limited to 0.10 kgs/day/kg MLSS (0.10 1bs/day/1b MLSS).

267



The nature of the waste stream, the complexity of the system and
the difficulties associated with dewatering waste activated
sludge indicate that for most applications the activated sludge
system of choice would be the extended aeration modification.

A typical extended aeration system which could be used for a
seafood processing operation is shown in Figure 45 and is similar
to conventional activated sludge, except that the mixture of
activated sludge and raw materials is maintained in the aeration
chamber for longer periods of time. The common detention time in
extended aeration 1is one +to three days, in contrast to the
conventional six hours. This prolonged contact between the
sludge and raw waste provides ample time for the organic matter
to be assimilated by the sludge and also for the organisms to
metabolize the organics. This allows for substantial removals of
organic matter. 1In addition, the organisms undergo considerable
endogenous respiration, which oxidizes much of +the cellular
biomass. As a result, 1less sludge is produced and little is
discharged from the system as waste activated sludge.

In extended aeration, as in the conventional activated sludge
process, it is necessary to have a final sedimentation tank.

The solids resulting from extended aeration are finely dispersed
and settle slowly, requiring a 1long period of settling. The
system 1is relatively resistant to shock loadings, provided the
clarifier has sufficient surface area to prevent the loss of
biomass during flow surges. Extended aeration, 1like other
activated sludge systems, requires a continuous flow of waste-
water to nurture the microbial mass. The re-establishment of an
active biomass in the aeration tank requires several days to a
few weeks if the unit is shut down or the processing plant ceases
to operate for significant periods of time.

Riddle (1972) studied the efficiency of biological systems on
smelt and perch wastewater. He found a 90 percent removal of
unfiltered BOD-5 after 10 days aeration, and 90 percent removal
of filtered BOD-5 after two days aeration in a batch reactor (see
Figures 46, 47). Tests 1in a continuous reactor showed that
maximum BOD-5 removal (80 percent soluble and U5 percent
unfiltered) could be achieved with a 7.5 hour detention time,
sludge recycle and a three day sludge age or a five day detention
time with no sludge recycle.

Robbins (1973) reports that an activated sludge plant in Japan
has been especially designed for fish wastes. The wastewater
flow 1is approximately 0.27 mgd and the 5 day BOD concentration
ranges from 1000 to 1900 mg/1l. The results of pilot plant
studies conducted using a 10 hour separation time and the organic
and hydraulic 1loadings 1listed are shown in Table 109. Bulking
occurred when the organic 1loading rate exceeded 0.31 1b/cu
ft/day.
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Table 109 Activated sludge
pilot plant results (Robbins, 1973).

Raw BOD Loading (lb/cu ft/day)
Parameter Waste 0.075 0.14 0.21 0.26
BOD-5 (mg/1) 1000 5 10 13 27
% Removal - 99.5 99.0 98.7 97.3

Table 110 Efficiency of Chromaglas package plant
on blue crab and oyster wastewater

Parameter Influent Percentage Reduction
BOD 400-1200 mg/1 80 - 90%
Suspended Solids - Effluent level = 160 mg/l
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Although treatment units are available in all size ranges, it is
unlikely activated sludge will prove to be the most cost-
effective +treatment where processing is intermittent, or plant
flows are so large that alternative systems of suitable scale are
available. The wide variation in quality of the small package
extended aeration systems now available dictates careful
selection of the equipment, if the process 1is to approach the
removals now achieved by well-operated municipal installations.

Table 110 shows the effectiveness of a package unit on wastewater
from a plant processing Atlantic oysters and blue crab. The flow
from this plant was quite low, averaging only C.09 l/sec (2000

gpd) .

Rotating Biological Contactor

The Rotating Biological cContactor (RBC), or Biodisc unit,
consists of light-weight discs approximately 1.3 cm (0.5 in.)
thick and spaced at 2.5 to 3.8 cm (1 to 1.5 in.) on centers. The
cylindrical discs, which are up to 3.4 m (11 ft) in diameter, are
mounted on a horizontal shaft and placed on a semicircular tank
through which the wastewater flows. Clearance between the discs
and the tank wall is 1.3 to 1.9 cm (0.5 to 0.75 in.). The discs
rotate slowly, in the range of five to 10 rpm, passing the disc
surface through the incoming wastewater. Liquid depth in the
tank is kept below the center shaft of the discs. Reaeration is
limited by the solubility of air in the wastewater and rate of
shaft rotation.

shortly after start-up, organisms begin to grow in attached
colonies on the disc surfaces, and a typical growth layer is
usually established within a week. Oxygen is supplied to the
organisms during the period when the disc is rotating through the
atmosphere above the flowing waste stream. Dense biological
growth on the discs provides a high level of active organisms
resistant to shock loads. Periodic sloughing produces a floc
which settles rapidly; and the shear-forces developed by rotation
prevents disc media clogging and keeps solids in suspension until
they are transferred out of the disc tank and into the final
clarifier. Normally, sludge recycling shows no significant
effect on treatment efficiency because the suspended solids in
the mixed liquor represent a small fraction of the total culture
when compared to the attached growth on the disc.

Removal efficiency can be increased by providing several stages
of discs in series. European experience on multi-stage disc
systems indicates that a four stage disc plant can be loaded at a
30 percent higher rate than a two stage plant for the same degree
of +treatment. Because the BOD removal kinetics approach a first
order reaction, the first stage should not be loaded higher than
12¢ g BOD/day/sq m disc surface. If removal efficiencies greater
than 90 percent are required, three or four stages should be
installed. Mixtures of domestic and food processing wastes in
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high BOD concentrations can be treated efficiently by the RBC-
type system.

Because 95 percent of the solids are attached to the discs, the
RBC unit is less sensitive to shock loads than activated sludge
units, and is not upset by variations in hydraulic 1loading.
During 1low flow periods the RBC unit yields effluents of higher
quality than at design flow. During periods of: - no flow,
effluents can be recycled for a 1limited <time +to maintain
biological activity.

Both the Rotating Biological Contactor and the +trickling filter
systems utilize an attached culture. However, with the rotating
disc the biomass is passed through the wastewater rather than
wastewater over the biomass, resulting in less clogging for the
RBC unit. Continuous wetting of the entire biomass surface also
prevents fly growth, often associated with conventional trickling
filter operations.

The RBC system requires housing to protect the biomass from
exposure during freezing weather and from damage due to heavy
winds and precipitation.

A pilot RBC system has been studied in Canada on salmon canning
wastewater, which had previously been treated by an air flotation
system (Claggett, 1973). The pilot plant was obtained from
Autotrol Corporation and was rated at about 0.44 1l/sec (7 gpm).
The pilot system consists of a wet well, a three stage treatment
system and a secondary clarifier with a rotating sludge scoop.
In general, the unit performed quite well, with reductions of
over 50 percent in COD being obtained two days after start-up.
The discs reached a steady state condition in one week. The unit
operated satisfactorily at loadings up to 20 1lbs COD/1000 sq
ftsday, showing good stability in the face of fluctuating loads.
Under 1light solids 1loading algal growth developed in the
clarifier and the last disc section. Consequently, all effluent
samples were filtered prior to COD analysis. Under moderate flow
conditions the clarifier functioned well, but occasionally the
suspended solids 1level 1rose about 50 mgs/1l, indicating some
problems in this area. This carry-over became very pronounced
under heavy solids loading. About 80 percent removal of applied
COD was obtained for loadings of up to 20 1lbs COD/1000 sq ftsday.
Removal of COD at each stage is highly variable, and does not
appear to be a function of the applied load. In general, up to
one~half of the COD removal was achieved in the first section, up
to 20 percent was removed in the second stage, and up to 15
percent removed in the third stage.

High-Rate Trickling Filtexr (HRTF)
A trickling filter consists on a vented structure of rock,

fiberglas, plastic, or redwood media on which a microbial flora
develops. As wastewater flows downward over the structure, the
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microbial flora assimilates and metabolizes the organic matter,
The biomass continuously sloughs and is readily separated from
the 1liquid stream by sedimentation. The resulting sludge
requires further treatment and disposal as described previously.

The use of artificial media promotes air circulation and reduces
clogging, in contrast to rock media. As a result, artificial
media beds can be over twice as deep as rock media beds, with
correspondingly longer contact times. Longer contact times and
recirculation of the 1liquid flow enhance treatment efficiency.
The recirculation of settled sludge with the 1liquid stream is
also claimed to improve treatment.

The system is simple in operation, the only operational variable
being recycle rate. The treatment efficiency of a well-designed
deep-bed trickling filter tower of 14 ft or more with high
recycle can be superior to that of a carelessly operated
activated sludge system. The system is not particularly
sensitive +to shock 1loadings but 1is severely impaired by
wastewater temperatures below 739C (45°F). Below 2°C (35°F),
treatment efficiency is minimal. The effect of grease and oil in
trickling filter influent has not been evaluated. They would
likely be detrimental.

Ponds and Lagoons

The 1land requirements for ponds and lagoons limit the locations
at which these facilities are practicable. Where conditions
permit, they can provide reasonable treatment alternatives.

Lagoons are ponds 1in which wastewater is treated biologically.
Naturally aerated lagoons are termed oxidation ponds. Such ponds
are 0.9 to 1.2 m (3 to 4 ft) deep, with oxidation taking place
chiefly in the wupper 0.45 m (18 in.). Mechanically aerated
lagoons are mixed ponds over 1.8 m (6 ft) and up to 6.1 m (20 ft)
deep, with oxygen supplied by a floating aerator or compressed
air diffuser system. The design of lagoons requires particular
attention to local insulation, temperatures, wind velocities,
etc. for critical periods. These variables affect the selection
of design parameters. Loading rates vary from 22 to 112 kg
BOD/day/ha (20 1b to 100 1lbs/day/acre), and detention times from
three to 50 days. A typical aerated lagoon system which could be
used for a seafood processing operation is shown in Figure 48.

Although not frequently used in the fish processing industry,
lagoons are 1in common use in other food processing industries.
Serious upsets can occur. The oxidation pond may produce too
much algae, the aerated lagoon may turn septic in zones of
minimal mixing, etc.; and recovery from such upsets may take
weeks. The major disadvantage of lagoons 1is the large land
requirement. In regions where land is available and soil con-
ditions make excavation feasible, the aerobic lagoon should find
application in treating fish wastes. Where the plant discharges
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no salt water, anaerobic and anaerobic-aerobic types of ponds may
also be wutilized. Rerated lagoons are reported to produce an
effluent suspended solids concentration of 260 to 300 mg/1,
mostly algae, while anaerobic ponds produce an effluent with 80
to 160 mg/1 suspended solids (Metcalf and Eddy, 1972, p. 557). A
combined activated sludge lagoon system in Florida is reported to
remove 97 percent of the BOD and 94 percent of the suspended
solids from shrimp processing wastewater.

Land disposal

"Zero-discharge" technology is practicable where 1land is
available upon which the processing wastewaters may be applied
without jeopardizing groundwater quality. The site, surrounded
by a retaining dike, should sustain a cover crop of grass or
other vegetation. Where such sites exist, serious consideration
can be given to land application, particularly spray irrigation,
of treated wastewaters.

Wastes are discharged in spray or flood irrigation systems by: 1)
distribution +through piping and spray nozzles over relatively
flat terrain or terraced hillsides of moderate slope; or 2)
pumping and disposal through ridge-and-furrow irrigation systems,
which allow a certain level of flooding on a given plot of land.
Pretreatment for removal of solids 1is advisable to prevent
plugging of the spray nozzles, or deposition in the furrows of a
ridge-and-furrow system, which may cause odor problems or clog
the soil.

In a flood irrigation system the waste loading in the effluent
would be limited by the waste loading tolerance of the particular
crop being grown on the land. It may also be limited by the soil
conditions or potential for vector or odor problems. Wastewater
distributed in either manner percolates through the soil and the
organic matter in the waste wundergoes biological degradation.
The 1liquid in the waste stream is either stored in the soil or
discharged into the groundwater. A variable percentage of the
waste flow can be 1lost by evapotranspiration, the loss due to
evaporation to the atmosphere through the leaves of plants. The
following factors affect the ability of a particular land area to
absorb wastewater: 1) character of the so0il; 2) stratification of
the so0il profile; 3) depth to groundwater; 4) initial moisture
content; 5) terrain -and groundcover; 6) precipitation; 7)
temperature; and 8) wastewater characteristics.

The greatest concern in +the wuse of irrigation as a disposal
system is the total dissolved solids content and especially the
sodium content of the wastewater. Salt water waste flows would
be incompatible with land application technology at most sites.
Limiting values which may be exceeded for short periods but not
over an entire growing season were estimated, conservatively
(Talsma and Phillip, 1971), to be 450 to 1000 mg/l. Where land
application is feasible it must be recognized that soils vary
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widely in their percolation properties. Experimental irrigation
of a test plot is recommended in untried areas. Cold climate
systems may be subjected to additional constraints, including
storage needs.

The long-term reliability of spray or flood irrigation systems
depends on the sustained ability of the soil to accept the

wastewater. Problems in maintenance include: l) controlling
salinity 1levels in the wastewater; 2) compensating for climatic
limitations; and 3) sustaining pumping without failure. Many

soils are improved by spray irrigation.

Multi-Process_Treatment Design_Consideration

Waste characterization studies reveal +the general ranges and
concentrations of each specific processing subcategory; however,
for design purposes it may often be necessary to know the nature
of the combined waste stream from several commodities being
processed simultaneously. Short term on-site waste and
wastewater investigations are suggested so that any synergistic
and/or antagonistic interactors c¢an be determined. A combined
waste stream could conceivably be more amenable to treatment than
a single source because of possible smoothing of peak hydraulic
and/or organic loading, neutralization of pH or dilution of
saline conditionmns.

Each stream may individually dictate the design considerations.
For instance, the fibrous nature of salmon canning waste will
likely dictate the screening method used or a waste stream with
high flow will likely dictate hydraulic loading of the system.

Another design problem is caused by sequential seasonal pro-
cessing of different commodities. This condition is also
prevalent in +the seafood industry. Optimum waste treatment
design conditions for one effluent will normally not be identical
to those for the next. As an example, the sequential processing
of shrimp and oysters would cause problems. Even though their
effluent concentrations are similar, the wastewater flow volume
is approximately eight times higher in the typical shrimp
processing plant. Problems such as this will necessitate
adaptations +to normal dJdesign procedures or perhaps even demand
the use of more than one treatment train.

During on-site waste management studies consideration should also
be given to segregation of certain unit process streams.
Significant benefits may be realized by using this technique.
For example, treatment of a high concentrated waste flow can be
more efficient and economical. In addition, by-product
development normally centers on the segregation and concentration
of waste producing processes. Uncontaminated cooling water
should remain 1isolated from the main wastewater effluent. This
water could either be reused or discharged directly.
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TREATMENT DESIGN ALTERNATIVES

A summary of the equipment efficiencies and design assumptions
for the technology alternatives is presented in Table 111.

Farm-Raised Catfish

Figures 45, 49, 50, and 51 depict the proposed treatment schemes,
screening, aerated lagoon-oxidation pond, extended aeration, and
aerated lagoon-spray irrigation alternatives for final disposal
of the treated catfish processing waste waters. The designs were
based on the waste water characteristics and volumes for a
typical well-controlled catfish processing plant. Other Dbases
included:

1) 8 hours per shift, 2 shifts per day, 5 days per week
operation;

2) production volume of 13.6 kkg per day (15 tons per day);

3) further growth experienced during the design period (10
years) would be balanced partially by anticipated water use
reduction realized through increased in-plant control;

4) availability of adequate land area; and
5) availability of adequate labor.

The basis for the designs and the estimates of effluent 1levels
from the 1lagoons for catfish were 100 mg/1 BOD5 and 250 mg/1
suspended solids. These numbers were chosen in consideration of
the fact that under the climatic conditions in that part of the
country large concentrations of algae will be a continuing
problem, and also many of the lagoons will contain catfish.

The design for the extended aeration alternate assumed an
effluent quality of 60 mg/1l BOD5 and 60 mg/1l suspended solids.

An obtainable 25 percent reduction of grease and 0il was assumed
through the use of simple grease traps. A 90 percent reduction
was assumed for grease traps coupled with subsequent treatment
systems.

Conventional Blue Crab

Figures 40, 45, and 48 depict the proposed screning, extended
aeration, and aerated lagoon alternative treatment schemes for
conventional blue crab processors. The designs were based on the
waste water characteristics and volumes for typical well-
controlled processing plants. Assumptions included:
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TABLE 111

EQUIPMENT EFFICIENCY AND DESIGN ASSUMPTIONS

Segment and Technology

Effluent Concentration or Percent Reduction

Alternatives of Screened Sample Data
BPCTCA + NSPS BATEA
BOD TSS 0sG (1) BOD TSS 0sG (1)

Catfish

Screen (2) - - 25%

Stabilization Ponds 100 mg/1 150 mg/1  90%

Lagoon System 100 mg/1 250 mg/1  90% 100 mg/1 250 mg/1  90%

Extended Aeration 60 mg/1 60 mg/1 90%

Land Irrigation (7) - - -
Conventional Blue Crab

Screen (2) - - 25%

Lagoon System 125 mg/1 375 mg/1  75% 125 mg/1 375 mg/l  75%

Extended Aeration 100 mg/1 100 mg/1  90%
Mechanized Blue Crab

Screen (2) - - 25%

Lagoon System 80 mg/1 200 mg/1 75% 80 mg/1 200 mg/1  75%

EXtended Aeration 60 mg/1 60 mg/l 90%
Alaskan Crab Meat

Screen (2) - - 25%

Air Flotation (4) 40% 70% (3)

Lagoon System 80 mg/1 200 mg/1 5 mg/l

Extended Aeration 60 mg/1 60 mg/1l 5 mg/1
Alaskan Whole Crab and Crab Section

Screen (2) - - 25%

Air Flotation (4) 40% 70% (3)

Lagoon System 80 mg/1 200 mg/1 5 mg/1

Extended Aeration 60 mg/1 60 mg/1l 5 mg/1
Dungeness & Tanner Crab in the
Contiguous States

Screen (2) - - 25%

Air Flotation (5) 40% 70% (3) 75% 90% (6)

Lagoon System 80 mg/1 200 mg/1 5 mg/l

Extended Aeration 60 mg/1 60 mg/l 5 mg/1
Alaskan Shrimp

Screen - - -

Air Flotation (4) 40% 70% (3)

Lagoon System 80 mg/1 200 mg/1 5 mg/1
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TABLE 111 (cont.)

FQUIPMENT EFFICIENCY AND DESIGN ASSUMPTIONS

Segment and Technology Effluent Concentration or Percent Reduction

Alternatives of Screened Sample Data

BPCICA + NSPS BATEA
BOD TSS 0sG (1) BOD TSS 0sG (1)

Northern Shrimp .”

Screen (2) - - -

Air Flotation (5) 40% 70% (3) 75% 90% (6)

Lagoon System 80 mg/1 200 mg/1 5 mg/l

Extended Aeration 60 mg/l 60 mg/1 5 mg/l
Southern Non-breaded Shrimp

Screen (2) - - -

Air Flotation (5) 40% 70% (3) 75% 90% {6)

Lagoon System 80 mg/1l 200 mg/1 5 mg/l

Extended Aeration 60 mg/1 60 mg/1 5 mg/1
Breaded Shrimp

Screen (2) - - -

Air Flotation (5) 40% 70% (3) 75% 90% (6)

Lagoon System 80 mg/1 200 mg/1 5 mg/l

Extended Aeration 60 mg/1 60 mg/1 5 mg/l
Tuna

Air F}otat.?on (5) 40% 70% (3) 75% 920% (6)

Roug_;hlng Filter 260 mg/1 100 mg/1l 5 mg/l

Activated Sludge 40 mg/1 40 mg/1 5 mg/1

(1) The numbers include removals due to in-plant recovery such as sumps and
grease traps coupled with the end-of-pipe technology.

(2) The design assurptions are based on the summary of sampling data which
were screened prior to analysis. No further reduction was assumed for
plant scale screening.

(3) Eighty-five percent (85%) removal or the level of detection (5 mg/l) of
the 0il and grease test, whichever is higher.

(4) Reductions are based on operation as a non-optimized chemical system.

(5} Reductions are based on operation as a non-optimized chemical system for
1977, and an optimized chemical system for 1983.

(6) Ninety percent (90%) ramoval or the level of detection (5 mg/l) of the oil
and grease test, whichever is higher.

(7) The assumptions for catfish are based on spray irrigation of process
wastewater and partial recycle of live fish holding tank water with
overflow and discharge to fish holding ponds.
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1) 8 hours per shift, 2 shifts per day, 5 days per week
operation;

2) a production volume of 5.5 kkg/day (6 tpd)

3) further growth experienced during the design period (10
years) would be partially balanced by anticipated water use
reductions realized through increased inplant control; and

4) skilled treatment system operators would be available.

With the aerated lagoon system it was assumed that BODS5 would be
about 125 mg/1 and suspended solids 375. With +the extended
aeration process and the difference in the basic biota of the
systems and the prevalence of endogenous respiration,
concentrations of 100 mgs/1 BODS and 100 mg/l suspended solids
were assumed.

The grease and oil removal due to sumps and simple grease traps
was assumed to be 25 percent. A total reduction of 75 percent
was assumed for the aerated lagoon system and 90 percent for the
extended aeration system.

Mechanized_blue crab

Figures 40, 45 and 48 depict the proposed screning, extended
aeration, and aerated lagoon alternative treatment schemes for
mechanized blue crab processors. The designs were based on the
waste water characteristics and volumes for typical well-
controlled processing plants. Assumptions included:

1) 8 hours per shift, 2 shifts per day, 5 days per week
operation;

2) a production volume of 10.9 kkg/day (12 tpd);

3) further growth experienced during the design period (10
years) would be partially balanced by anticipated water use
reductions realized through increased inplant control; and

4) skilled treatment system operators would be available.

Water use reduction was first considered in the design basis. It
was assumed that a 15 percent reduction in water use could be
effected for the 1983 and new source guidelines, which would
result in about a 5 percent overall BOD5 reduction. Then,
considering the aerated 1lagoon alternative for mechanized blue
crab, it was assumed that an aerated lagoon could achieve about
80 mgs/1 BODS and 200 mgs/1 suspended solids. Extended aeration
was assumed to achieve an effluent concentration of 60 mgsl1 BODS5S
and 60 mg/1 suspended solids.
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The grease and o0il removal due to sumps and simple grease traps
was assumed to be 25 percent. A total reduction of 75 percent
was assumed for the aerated lagoon system and 90 percent for the
extended aeration system.

Alaskan Crab Meat Processing

Figures 40, 41, 45, 52, and 53 depict the proposed screening,
dissolved air flotation, extended aeration, aerated lagoon, and
grinding alternative treatment schemes for Alaskan Dungeness,
tanner and king crab processors. Assumptions for the designs
included:

1) 8 hours per shift, 2 shifts per day, 5 days per week
operation;

2) a production volume of 45.4 kkgs/day (50 tpd);

3) further growth experienced during the design period (10
years) would be partially balanced by anticipated water wuse
reductions realized through increased inplant control; and

4) skilled treatment system operators would be available.

Alaskan crab processing plants are larger-scale operations than
those in the "lower 48" states, but the waste waters are still
intermittent, seasonal and of relatively high strength.

The design basis assumed complete retention of the 20-mesh
screenable solids on a screen in a full-scale operation. As
discussed 1in Section V, the plant samples were screened on a 20-
mesh sieve in order to create a base 1level for comparing data
among plants, It was assumed that 90 percent of the remaining
suspended solids would be removed in the flotation unit and that
the BOD5 removal would be 75 percent. This assumes significant
removals on a screen prior to flotation, so overall BOD5 removals
would be considerably higher.

For the 1983 and new source guidelines the in-plant modifications
were assumed to effect a 50 percent water reduction with a
commensurate 15 percent BODS reduction.

The extended aeration alternative design was based on the re-
search and development efforts of the U.S. Army Corps of
Engineers Anchorage, Alaska. Their experience with biological
waste treatment was limited to domestic waste only, as was the
case throughout Alaska. It was assumed that, with proper design,
concentrations of 60 mg/1 BOD5 and 60 mg/1l suspended solids could
be achieved.

The aerated lagoon alternative in Alaska is not going to perform

as well as an extended aeration system. This is due mainly to
two factors: one 1is algae growth, because of the longer
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retention time in the system, the exposure to the 1long days of
sunlight during the summertime; and the poor settleability of the
type of floc that is developed in an aerated lagoon as compared
to an extended aeration system. It was assumed that the aerated
lagoon alternative for Alaska would produce an effluent
concentration of 80 mgs/1 BOD5 and 200 mg/1 suspended solids.

The grease and oil removal was assumed to be 25 percent due to a
sump prior to screening, an overall 85 percent after air
flotation, and removal to the level of detection for the grease
and oil test, 5 mg/l, after the biological systems.

An alternative for the remote, isolated processor includes

grinding and discharge to deepwater where adequate flushing is
available.

Alaskan Wheole Crab _and Crab_Section_ Processing

Figures 40, 41, 45, 52, and 53 depict the proposed screening,
dissolved air flotation, extended aeration, aerated 1lagoon, and
grinding alternative treatment schemes for Alaska Dungeness,
tanner and king crab processors. All of the design assumptions
are the same as in the pervious section for Alaskan Crab Meat
Processing.

Dungeness_and Tanner Crab Processing in_the Contiguous_States

Figures 40, 41, 45, and 48 depict the propcsed screening,
dissolved air flotation, extended aeration, and aerated lagoon
alternative treatment schemes for Dungeness and tanner crab
processors in the contiguous states. Assumptions for the design
included:
1) 8 hours shift, 2 shifts per day, 5 days per week
operation;

2) a production volume of 12.7 kkgsday (14 tpd) ;

3) further growth (if any) experienced during the design
period (10 years) would be partially balanced by anticipated
water use reductions realized through increased in-plant
control; and

4) skilled treatment system operators would be available.

The effluent design assumptions are the same as in previous
sections. For dissolved air flotation the assumed reductions
were 40 percent for BODS and 70 percent for suspended solids for
the 1977 and new source guidelines. It was assumed for the 1983
guidelines that the operation of the flotation unit between 1977
and 1983 would be significantly improved due to increased
operator skill, optimization of chemical +type and dosage, and
development of new chemical coagulants and flocculents. It was
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estimated that by 1983, a 75 percent ROD5 removal in the
flotation wunit, and 90 percent suspended solids removal would be
obtainable. The extended aeration process assumed a design
effluent quality of 60 mg/1 BODS and 60 mg/l suspended solids;
the effluent quality for aerated lagoons was assumed to be 80
mgs/1 BODS5 and 200 mg/1 suspended solids.

The 1983 and new source in-plant modifications were assumed to
effect a 40 percent waste water flow reduction with a
commensurate 15 percent BODS5 reduction.

The grease and o0il removal was assumed to be 25 percent due to
sumps and simple grease traps, on overall 85 percent or the level
of detection of the grease and o0il test, (5 mgs/1l), whichever was
higher after the flotation systems and the level of detection
after the biological systems.

The historical data for Dungeness and tanner crab processing did
not include the o0il and grease parameter. Because of the
similarity of the waste water characteristics for similar
processing techniques of the Alaskan and Pacific WNorthwest
Dungeness and tanner crab operations, the value for the o0il and
grease parameters of the Pacific Northwest process was
extrapolated from the Alaskan process.

Alaskan Shrimp Processing

Figures 40, 41, 45, 48, and 53 depict the proposed screening,
dissolved air flotation, extended aeration, aerated lagoon, and
grinding treatment alternatives for Alaskan shrimp processors.
The designs were based on wastewater characteristics and volumes
for a typical medium-size plant. Assumptions for design
included:

1) 8 hours per shift, 2 shift per day, 5 days per week
operation;

2) a production volume of 31.8 kkg/day (35 tpd):;

3) further growth experienced during the desgin period (10
years) would be partially balanced by anticipated water use
reductions realized through increased inplant

control; and

4) skilled treatment system operators would be available.

The effluent design assumptions are the same as in previons
sections. For disolved air flotation the assumed reductions were
75 percent for BODS5 and 90 percent for suspended solids for the
1983 guidelines. The extended aeration process assumed a design
effluent quality of 60 mgs1 BODS5 and 60 mg/1 suspended solids;
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the effluent quality for aerated lagoons were assumed +to be 80
mgs/1 BOD5 and 200 mg/1 suspended solids.

The 1983 and new source in-plant modifications were assumed to
effect a 40 percent waste water flow reduction with a
commensurate 13 percent BOD5 reduction.

The grease and oil removal due to sumps and simple grease traps
was assumed to be negligible because of the emulsified nature of
the shrimp processing greases and oils. A 90 percent removal was
assumed for the air flotation effluents, and removal to the level
of detection, 5 mg/l, after the biological systems.

Northern Shrimp Processing in_ the Contiquous States

Figures 40, 41, 45, and 48 depict the screening, dissolved air
flotation, extended aeration, and aerated 1lagoon alternative
treatment schemes. The designs were based on waste water
characteristics and volumes for typical medium-size plants. (The
same treatment train is applied to northern shrimp processing,
southern shrimp processing and breaded shrimp processing in the
contigquous states. Only +the sizes of the systems require
changing.) Assumptions included:

1) 8 hours per shift, 2 shifts per day, 5 days per week
operation;

2) a production volume of 18.2 kkgs/day (20 tpd) for northern
shrimp processing;

3) further growth experienced during the design period (10
years) would be partially balanced by anticipated water wuse
reductions realized through increased in-plant control; and

4) skilled treatment system operators would be available.

The design basis assumed complete retention of the 20-mesh
screenable solids on a screen in a full-scale operation. As
discussed in Section V, the plant samples were screened on a
20-mesh sieve in order to create a base level for comparing data
among plants. It was assumed that 90 percent of the remaining
suspended solids would be removed in the flotation unit. At the
same time that the flotation unit will reduce the suspended
solids by 90 percent, it was estimated that the BODS removal will
be 75 percent. This assumes significant removals on a screen
prior to flotation, so overall BODS removals would be
considerably higher.

The 1983 and new source in-plant modifications were assumed to

effect a 20 percent waste water flow reduction with a
commensurate 10 percent BODS5 reduction.

291



The extended aeration process assumed a design effluent quality.
of 60 mg/1 BOD5 and 60 mg/1 suspended solids; the effluent
quality for aerated lagoons was assumed to be 80 mgs/1 BOD5 and
200 mg/1 suspended solids.

An overall grease and oil removal of 90 percent was assumed for
the flotation system and reduction to the level of detection for
the biological systems. The grease and oil removal due to sumps
and simple grease traps was assumed to be negligible because of
the emulsified nature of the shrimp processing greases and oils.

Southern Shrimp Processing in_the Contiquous States

Figures 40, 41, 45 and U8 depict the proposed screening,
dissolved air flotation, extended aeration, and aerated lagoon
treatment schemes, The designs were based on waste water
characteristics and volumes for typical medium-size plants.
Assumptions included:

1) 8 hours per shift; 2 shifts per day; 5 days per week
operation;

2) a production volume of 36.4 kkg/day (40 tpd) for southern
shrimp processings;

3) further growth experienced during the design period (10
years) would be partially balanced by anticipated water wuse
reductions realized through increased in-plant control; and

) skilled treatment system operators would be availlable,
The effluent design assumptions are the same as in the previous
section on northern shrimp processing for the treatment
alternatives.
The 1983 and new source in-plant modifications were assumed to

effect a 20 percent waste water flow reduction with a
commonsurate 10 percent BOD5 reduction.

Figures 4€¢, 41, 45, and 48 depict +the proposed screening,
dissolved air flotation, extended aeration, and aerated lagoon
treatment schemes for breaded shrimp processing. The designs
were based on waste water characteristics and volumes for typical
medium-size plants.

1) 8 hours per shift; 2 shifts per day; 5 days per week
operation;
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2) a production volume of 12.7 kkgsday (14 tpd) for breaded
shrimp processing;

3) further growth experienced during the design period (10
years) would be partially balanced by anticipated water use
reductions realized through increased in-plant control; and

4) skilled treatment system operators would be available.

The effluent design assumptions are the same as in the previous
section on northern shrimp processing for the treatment
alternatives.

The 1983 and new source in-plant modifications were assumed to
effect a 50 percent waste water flow reduction with a
commensurate 2C percent BOD5 reduction.

No data was available for the grease and o0il content of the
breaded shrimp processing waste water effluent. However,
considering the fact that similar species are processed in the
southern shrimp subcategory the same level was assumed for the
breaded shrimp grease and oil summary.

Tuna Processing

Figure 54 depicts the proposed screening, dissolved air
flotation, roughing filter, and activated sludge treatment
schemes for the +tuna processing 1977, 1983, and new source
guidelines. The designs were based on wastewater characteristics
and volumes for a typical medium-to-large size plant. Because
production levels of +this order are currently found in the
industry, the size was designated a "full size"™ plant for
purposes of design and cost estimation. Design assumptions
included:

1) 8 hours per shift, 2 shifts per day, 5 days per week
operation;g;

2) a production volume of 340 kkgs/day (375 tpd);
3) further growth experienced during the design period >(10
yvears) would be partially balanced by anticipated water use
redution realized through increased in-plant control; and
4) skilled treatment system operators would be available.
The 1983 and new source in-plant modifications were assumed to
effect a 30 percent waste water flow reduction with a
commensurate 10 percent BODS reduction.
The effluent design assumptions are the same as in previous

sections. For dissolved air flotation the assumed reductions
were 40 percent for the 1977 and new source guidelines. It was
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assumed for the 1983 guidelines that the operation of the
flotation unit between 1977 and 1983 would be significantly
improved due to increased operator skill, optimization of
chemical type and dosage, and the development of new chemical
coagulants and flocculents. It was estimated that by 1983, a 75
percent BOD5 removal in the flotation wunit, and 90 percent
suspended solids removal would be oktainable.

The roughing filter was assumed to effect a 40 percent BODS
reduction and the clarifier about a 45 percent suspended solids
reduction to reach 260 mg/1 BOD5 and 95 mg/1 suspended solids.
The activated sludge system was assumed to produce an effluent of
about 40 mg/1 BOD5 and 40 mg/1l suspended solids.

The overall grease and o0il removal was assumed to be 85 percent

for the flotation system and 90 percent for the biological
systems or the level of detection, whichever was higher.
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SECTION VIII

COST, ENERGY, AND NON-WATER QUALITY ASPECTS SUMMARY

The waste waters from seafood processing plants are, in general,
considered to be amenable to treatment using standard physical-
chemical and biological systems. Wastewater management in the
form of increasing by-product recovery, in-plant control and
recycling is not practiced uniformly throughout the industry. Of
all the types of seafood processing monitored during this study,
the most exemplary from this viewpoint was the tuna industry.
Even in this case there was a relatively wide range in the amount
of water used per unit of raw material. The concepts of water
conservation and by-product recovery are at early stages in most
parts of the industry. Therefore, in  addition to applying
treatment to the total effluent, there is much room for the
improvement of water and waste management practices. These will
reduce the size of the required treatment systems oxr improve
effluent quality, and in many cases, conserve or yield a product
that will help offset or often exceed the costs of the changes.

Typical in-plant control costs and benefits in terms of BODS
reduction and waste water flow are summarized in Tables 112 and
113 for each subcategory. It can be seen that for some cases a
relatively moderate investment can result in a significant
reduction in water used. The BODS5 reduction represents the
amount of BODS input avoided by reducing the product-water con-
tact time through decreased water use.

Typical treatment costs and benefits in terms of BOD5 remaining
in the effluent per unit of product are listed in Table 113 and
shown in Figures 55 through 65. It is possible, using these
figures, to get an indication of the marginal costs and benefits
associated with each level of treatment. Depending on the value
placed on the quality of the effluent, the marginal cost and
benefit curves can be used to determine the most cost-effective
treatment alternative.

The operation and maintenance costs (0O and M costs) for each
treatment 1level for each subcategory are listed with the capital
costs in Table 113. The O and M costs tend to increase with
level of +treatment but are also dependent on the type of
treatment selected. O and M costs are from 50 percent to 300 to
400 percent higher for the 1983 alternatives than the 1977
alternatives depending on the industry and the alternative.

Energy costs are included in the O and M costs and are not
considered to be a significant factor except in remote areas of
Alaska where biological systems may require heat inputs at
certain times of the year. The cost of electrical energy in
Kodiak, Alaska is about 10 times the cost in the "lower 48" and
in remote areas of Alaska it is 20 times as much.
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Table 112 Estimated practicable in-plant
wastewater flow reductions and associated pollutional loadings

reductions

Wastewater Flow BOD

Reduction, Reduction,

Subcategory % of Total % of Total
Catfish 0 0
Conventional blue crab 0 0
Mechanized blue crab 15 5
Alaskan crab meat 50 15
Alaskan whole crab and sections 50 15
Other Dungeness and tanner crab 40 15
Alaskan shrimp 40 13
Northern shrimp 20 10
Southern canned, frozen and fresh shrimp 20 10
Breaded shrimp 50 20
Tuna 30 10
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TAELE 113 TREATMENT EFFICIENCIES AND COSTS

EFFLUENT COSTS 1971 S
BOD
TREATMENT ALTERNATIVES RG/KKG CAPITAL COSTS DATLY O & M COSTS
Farm-Raised (Processing Rate) (10tpd) (5tpd) (3tpd) (10tpd) (5tpd) (3tpd)
Catfish Present 9.9 0 0 0 0 0 0
S, GT 7.9 13,000 8,000 6,000 5 3 2
S, GT, AL 2.3 71,300 47,100 34,600 24 16 11
S, GT, AL, LI 0.1 98,000 65,100 47,400 26 18 12
S, GT, EA 1.4 72,900 48,100 35,400 27 18 13
Conventional {Processing Rate) (12tpd) (8tpd) (4tpd) (12tpd) (8tpd) (4tpd)
Blue Crab Present 7.5 0 0 0 0 0 0
S, GT 5.2 $5,900 $4,600 $3,000 3 2 2
S, GT, AL 0.15 9,100 7,100 4,700 9 7 5
S, GT, EA 0.12 44,000 34,500 22,700 20 15 10
Mechanized (Processing Rate) (24tpd) (12tpd) (6tpd) (24tpd) (12tpd)  (6tpd)
Blue Crab Present 33 0 0 0 0 0 0
S, GT 22 8,900 5,900 3,800 5 3 2
S, GT, AL 3.0 23,000 15,200 10,000 14 9 6
s, GT, AL, IP 2.5 26,800 17,700 11,700 14 9 6
S, GT, IpP, EA 1.9 181,000 119,500 78,000 36 24 16
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TABLE 113 (cont.) TREATMENT EFFICIENCIES AND COSTS

EFFLUENT CosTs 1971 $
BOD
TREATMENT ALTERNATIVES KG/RKG CAPITAL COSTS DATLY O & M COSTS
Alaska Crab (Processing Rate) (18tpd) (12tpd) (8tpd) (18tpd) (12tpd) (8tpd)
(meat process) Present 19 0 0 0 0 0 0
S, GT 9.6 102,000 80,000 63,000 100 80 63
S, GT, barge solids 9.6 273,000 214,000 168,000 248 194 152
S, GT, reduce solids 9.6 730,000 572,000 449,000 567 445 349
s, GT, IP 8.1 135,000 106,000 83,000 100 80 63
S, GT, IP, DAF, barge 2.0 1,168,000 916,000 718,000 372 292 228
S, Gr, 1P, DAF, AL, barge 1.4 2,648,000 2,076,000 1,628,000 809 634 497
Grind and deep outfall
(1500 ft. of pipe) - 96,000 75,000 59,000 33 25 20
Alaska Crab (Processing Rate) {25tpd) (11tpd) (5tpd) (25tpd) (11tpd) (5tpd)
(whole + sec- Present 12 0 0 0 0 0 0
tions processes) S, GT 6.0 84,000 51,000 32,000 84 51 32
S, GT, barge solids 6.0 225,000 137,000 86,000 204 125 78
S, GT, reduce solids 6.0 408,000 249,000 155,000 324 198 123
S, GT, IP 5.1 124,000 75,000 47,000 84 51 32
S, GT, IP, DAF, barge 1.3 961,000 587,000 366,000 306 187 117
S, GT, IP, DAF, AL, barge 0.74 2,178,000 1,330,000 829,000 665 406 253
Grind and deep outfall
(1500 ft. of pipe) - 117,000 71,000 45,000 40 24 15
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TABLE 113 (cont.)

TREATMENT EFFICIENCIES AND COSTS

EFFLUENT COSTS 1971 $
BOD
TREATMENT ALTERNATIVES KG/KKG CAPITAL COSTS DATLY O & M COSTS
Dungeness & (Processing Rate) (15tpd) (6tpd) (2tpd) (15tpd) (6tpd) (2tpd)
Tanner Crab (in Present 13 0 0 0 0 0 0
the contiguous S, GT 8.1 26,000 15,000 8,000 6 4 2
states) s, Gr, IP, 6.9 68,000 39,000 20,000 6 4 2
S, GT, IP, DAF 1.7 153,000 88,000 45,000 35 20 11
S, Gr, IP, DAF, AL 0.9 210,000 121,000 63,000 45 26 13
Alaskan Shrimp (Processing Rate) (44tpad) (20tpd) (10tpd) (44tpd) (20tpd) (10tpd)
Present 212 0 0 0 0 0 0
S 130 297,000 185,000 122,000 298 186 123
S, barge solids 130 652,000 406,000 268,000 502 313 207
S, reduce solids 130 1,238,000 771,000 509,000 995 620 408
s, IP 113 343,000 214,000 141,000 298 186 123
S, IP, DAF, barge 28 2,182,000 1,360,000 897,000 8 542 357
S, IP, DAF, AL, barge 3.5 3,307,000 2,061,000 1,360,000 870 542 357
Grind and deep outfall
(1500 ft. of pipe) - 220,000 137,000 90,000 94 57 39
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TABLE 113 (cont.) TREATMENT EFFICIENCIES AND COSTS

EFFLUENT COSTS 1971 ¢
BCOD
TREATMENT ALTERNATIVES KG/KKG CAPITAL COSTS DATLY O & M COSTS
Northern Shrimp  (Processing Rate) (70tpd) (35tpd) (20tpd) (70tpd) (35tpd) (20tpd)
(in the contigu~ Present 145 0 0 0 0 0 0
ous states) S 120 93,000 62,000 44,000 11 7 5
S, Ip 108 114,000 76,000 54,000 11 7 5
S, Ip, DAF 27 311,000 206,000 147,000 40 27 19
S, IP, DAF, AL 3.8 382,000 252,000 180,000 61 41 29
S, IP, DAF, EA 2.9 969,000 639,000 457,000 76 50 36
Southern Non- (Processing Rate) (100tpd) (50tpd) (25tpd)  (100tpd) (50tpd) (25tpd)
Breaded Shrimp Present 58 0 0 0 0 0 0
(in the contigu- S 46 107,000 71,000 47,000 12 8 5
ous states) S, IP 41 124,000 82,000 55,000 12 8 5
S, IpP, DAF 10 351,000 232,000 154,000 46 31 20
S, IP, DAF, AL 3.0 433,000 286,000 186,000 71 47 31

S, Ip, DAF, EA 2.3 1,109,000 591,000 422,000 88 50 34
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TABLE 113 (cont.) TREATMENT EFFICIENCIES AND COSTS

EFFLUENT COSTS 1971 s
BOD
TREATMENT ALTERNATIVES KG/KKG CAPITAL COSTS DATLY .O & M COSTS
Breaded Shrimp (Processing Rate) (22tpd) (8tpd) (2tpd) (22tpd) (8tpd) (2tpd)
Present 105 0 0 0 0 0 0
S 84 104,000 56,000 25,000 26 14 6
S, Ip 67 183,000 99,000 44,000 26 14 6
S, IP, DAF 17 407,000 222,000 97,000 104 56 25
S, IP, DAF, AL 4.6 476,000 259,000 113,000 127 69 30
S, IP, DAF, EA 3.5 599,000 326,000 142,000 153 84 36
Tuna (Processing Rate) (450tpd) (150tpd) (40tpd) (450tpd)  (150tpd)  (40tpd)
Present 15 0 0 0 0 0 0
S, DAF 2.25 471,000 244,000 110,000 178 92 42
S, DAF, IP 2.0 537,000 279,000 126,000 178 92 42
S, DAF, IP, HRTF, AS 0.52 1,653,000 855,000 387,000 547 283 128

S
EA
AS

= screen;
Extended aeration;

GT = grease trap; AL = aerated lagoon;

activated sludge

DAF = dissolved air flotation;

IP = in-plant changes;

LI = land irrigation;

HRTF = high rate trickling filter;



Since solids disposal can be a significant problem in some areas,
several of the treatment levels have different solids disposal
alternatives. The costs of each of these is shown in Table 113.
The use of biological treatment systems, such as aerated lagoons
and oxidation ponds can cause problems, if not operated properly.
It is important that trained personnel be associated with these
installations.

Typical Plant

Hypothetical system engineering designs were developed for each
alternative of each treatment level for each seafood processing

subcategory. Each design was based on a two shift production
rate wusing waste parameters determined from +the monitoring
program. The waste water characteristics of each industry

subcategory were reviewed in order to estimate the treatment
efficiency of various technological systems, at each level of
application. Where operating data or published results from
other seafood waste facilities were absent, the probable effluent
reductions were estimated. The assumptions were based on
engineering experience with industrial waste treatment, practical
familiarity with alternative treatment operations and the
variables which affect their performance, and extensive working
knowledge of seafood processing methods and systems. Schematic
drawings of each treatment design are presented and discussed in
Section VII.

The capital costs of each of these dJdesigns were then computed
based on 1971 Seattle construction costs as shown in Table 114.
The costs were then scaled for different geographical areas, such
as Alaska, using the U. S. Army Corps of Engineers Geographical
Index (Table 115). Operation and maintenance costs given for
each design include labor, power, chemical, and fuel prices and
are based on the costs shown in Table 116. Costs for other size
facilities were computed using an exponential scale factor of 0.6
and listed in Table 113.

For reference, the raw material processing rates in tons per day
are listed for each subcategory. These rates are an index of the
scale of production assumed for design and cost estimation
purposes. The costs, however, are suitable chiefly for comparing
the cost-efficiencies of alternatives. Their use for estimating
construction costs of a proposed treatment facility, referenced
to a known raw production scale, is not recommended. The actual
costs of construction are intimately tied to terrain, climate,
transport, labor, land availability, and other site constraints,
which are best evaluated on an individual basis by experienced
professionals in the field. Every precaution has been taken to
gear the design costs to representative conditions within each
subcategory, yet each plant has unique constraints which
distinguish it from the hypothetical, average plant.

To aid in wvisualizing the relative cost-effectiveness of
alternatives, the tabulations of Table 113 are shown in graphical
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Table 114 1971 Seattle construction costs.

Item

1971 Seattle Cost

Earthwork
Piers
300 PSF Loading
1000 PSF Loading
Concrete (linear sliding scale)
Less than 1 cu yd
Over 50 cu yd
Buildings
Process piping
Metal work and equipment
1. steel tanks
2. hoppers and package units
motors, pumps, mechanisms
Outfall lines

Electrical

Land

$

1.75/cu yd

20.00/sq yd
32.00/sq yd

500.00/cu yd
200.00/cu yd
9.00/sq ft
18.00/sq ft

0.25/gal
from manufacturers
20.00/ft
8% of concrete
buildings, process
piping, metal work,

and equipment

Not included in
the estimate
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Table 115 U. S. Army Geographical Index*

Area Index

Washington, D. C.
Seattle, Washington
Kodiak, Alaska

Remote Alaska

Texas

Louisiana

Los Angeles, California
San Francisco, California
Delaware and Maryland
Maine

(4]

L] . .
WOoONMNJOLwOUwoaNUNEO
[o) W+ }

OHHFHFOONNH M
w O

*Relative Prices Around The World. Civil Engineering,
October, 1971, pp. 91, 92.

306



Table 116 Operation and maintenance costs.
Item Cost Location

Power $0.01/kwh 48 states

0.10/kwh Kodiak, Alaska;

Hawaii; Samoa

0.20/kwh Outside Kodiak
Labor 7.00/hr Alaska

5.00/hr 48 states
Treatment 0.10/1000 gal 48 states
chemicals 0.20/1000 gal Alaska
Equipment 5% of equipment capital cost/year
maintenance

307



form in Figures 55 through 65. The marginal cost is indicated by
the slope of the curve. An attempt has been made +to illustrate
the point that improved effluent quality is achieved in discrete
steps as opposed to a smoothly increasing cost as a function of
treatment level desired. The convex line attempts to indicate
that a large incremental investment is usually required in order
to move +to the next "“quantum" 1level of performance. The
treatment system, when operating properly, should achieve the
removal rates indicated at the point where the next level starts.
However, it is possible, when the system is not operated or
maintained correctly, that it will operate off the curve to the
left.

BODS was selected as the parameter of greatest environmental
significance for most wastes and receiving waters. The
percentage removal of solids and grease in most technologies
listed is roughly (but not consistently) parallel to that of
BODS. Other common contaminants such as phosphate, pathogens,
total dissolved solids, and toxins are not present in sufficient
concentrations to be of concern in the seafood industry.

Such parameters may require attention where water recycling
within a processing plant is contemplated. Processors have not
yet found such recycling to be cost-effective for most
operations. Furthermore, federal regqulations (FDA) restrict
movement in this direction.

In general, the total cost curves show that the marginal cost
curves resemble a series of peaks with the height of the peak
generally increasing as the level of treatment increases. This
is in agreement with published data (e. g. Metcalf and Eddy,
1972) . The highest levels of treatment have the highest marginal
costs requiring that a higher wvalue be put on the benefit of
improved water quality in order to have a cost-effective system.

Solids

The costs of solids disposal are frequently regarded as
supplemental costs and estimated separately. 1In the estimates
given in Tables 112 and 113, however, solids volumes were
calculated and their handling costs are included. The reason for
this is that the solids handling costs can be extremely variable.
'For example, the costs of barging solids to a reduction plant
from a remote point in Alaska would be much higher +than <the
typical costs. In some cases the location of a solids reduction
process near the food processing plant can be an alternative for
solids disposal.

The nutritive value of seafood solids, and their importance in
the world food balance, have been discussed in Section VII. it
is estimated that solids disposal at Koiak, Alaska can be ac-
complished at a profit of $ .70 per kkg ($ .75 per ton).
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Air Quality

The maintenance of air quality, in terms of particulates, is
unaffected by waste water treatment facilities except when
incineration is practiced. To reduce solids the alternative for
solids disposal is not consistent with +the conservation of
valuable nutrients and is also not cost-effective on a small
scale with suitable effluent control.

Odor from landfills, from lagoons, and from oxidation ponds can
be a problem when these systems are not operated or maintained
properly. Covers oOr enclosures can be used in some cases to
localize a proktlem installation.

Noise

Principal noise sources at treatment facilities are mechanical
aerators, air compressors, and pumps. By running air compressors
for the diffused air system in activated sludge treatment below
their rated critical speed and by providing inlet and exhaust
silencers, noise effects ‘can be combated effectively. 1In no
proposed installation would noise levels exceed +the gquidelines
established in the Occupational Safety and Health Standards of
1972.
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Figure 55

Catfish treatment efficiencies and costs
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Conventional blue crab treatment efficiencies and costs
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(12 tpd plant)

120 —
S,GT,IP,EA
110 }—
AW PN
et MW
90 b
80 p—
70 |—
m pe—
50 p—
40 }—
30 |-
20 f
r S.GT, AL, IP
S, GT, AL
10 o
S, GT
0 | 1 | | P 1t L
0 30 40 50 60 70 80 90 95 100
PERCENT BODSREMOVAL
L 1 | | .
33 22 3 25 19 /]
BODg REMAINING (KG BOD5/KKG PROCESSED)
Figure 57

Mechanized blue crab treatment efficiencies and costs
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Figure 58

crab meat treatment efficiencies and costs
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CUMULATIVE CAPITAL INVESTMENT ($1,000)
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Alaska crab whole and sections treatment efficiencies and costs
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CUMULATIVE CAPITAL INVESTMENT ($1000)
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Dungeness and tanner crab other than Alaska treatment efficiencies and costs
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Alaska shrimp treatment efficiencies and costs

316

350



CUMULATIVE CAPITAL INVESTMENT ($1000)
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Figure 62

Northern shrimp treatment efficiencies and costs
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CUMULATIVE CAPITAL INVESTMENT ($1000)
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Figure 63

Southern non-breaded shrimp treatment efficiencies and costs
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CUMULATIVE CAPITAL INVESTMENT
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BREADED SHRIMP TREATMENT EFFICIENCIES AND COSTS
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CUMULATIVE CAPITAL INVESTMENT ($1,000)
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Tuna treatment efficiencies and costs
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SECTION IX

BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY
AVAILABLE, GUIDELINES AND LIMITATIONS

For each subcateqgory within the canned and preserved seafood
processing industry, the "best practicable control technology
currently available" (BPCTCA) must be achieved by all plants not
later than July 1, 1977. The 1977 technology is not based on
"the average of the best existing performance by plants of
various sizes, ages and unit processes within each...
subcategory," but, rather, represents the highest 1level of
control that can be practicably applied by July 1, 1977 because
present control and treatment practices are generally inadequate
within +the farm-raised catfish, crab, shrimp, and tuna segments
of the canned and preserved fish and seafood processing industry.

Consideration of the following factors has been included in the
establishment of BPCTCA:
1) the total costs of application of technology in relation
to the effluent reduction benefits to be achieved from
this application,

2) the age of equipment and facilities involved,

3) the processes employed,

4) the engineering aspects of the application of various
types of control techniques,

5) process changes, and

6) non-water quality environmental impact.

Furthermore, the designation of BPCTCA emphasized end-of-pipe
treatment technology, but included "good housekeeping" practices
which are considered normal practice within the seafood
processing 1industry, such as turning off faucets and hoses when
not in use or using spring-loaded hose nozzles, and do not assume
significant equipment changes. The large variation in water
usage for the same process configuration among different plants
indicated that there was ample opportunity for the reduction of
water usage without adversely affecting +the quality of the
product.

An important consideration in the designated process was the
degree of economic and engineering reliability required to
determine the technology to be Y“currently available," In this
industry, the reliability of the recommended technologies was
established based on pilot plants, demonstration projects, and
technology transfer, +the 1latter mainly from the meat packing
industry, municipal waste treatment systems and other segments of
the seafood as well as the food processing industries.

Because there are little or no existing waste water treatment
facilities at the plant level, the 30-day and the daily maximum
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limitations are based on engineering judgment and the
consideration of the operating characteristics of similar
treatment systems as mentioned in the previous paragraph. The
daily maximum limitation for the screening systems is three times
the thirty day limitation; for air flotation systems, 2.5 times
the thirty day limitation; for aerated lagoon systems, two times
the thirty day 1limitation; for extended aeration system; three
times the thirty day 1limitation; and for activated sludge
systems, 3.5 times the thirty day limitation. An exception for
the total suspended solids for screening in the Alaskan shrimp
processing subcategory was made due to the high initial level of
the parameter. The daily maximum limitation of +total suspended
solids for the Alaskan shrimp processing subcategory is 1.5 times
the thirty day limitation.

Application of the effluent limitations to the single product and
the multiproduct processing plant: A primary reason for
establishing effluent limitations guidelines on the basis of
production of raw material, is to provide the means to consider
the single product as well as the multiproduct seafood processor
without setting separate guideline numbers for every possible
combination of species and processing rates.

When a plant is subject to effluent 1limitations covering more
than one subcategory, the plant's effluent limitation shall be
the aggregate of the 1limitations applicable to the total
production covered by each subcategory. For example, if a plant
processes several species concurrently, then the plant's effluent
limitation may be the sum of the products of the volume of each
species processed and the respective effluent limitation. If a
plant processes several species in series, then the effluent
limitation may be based on the subcategory classification of the
individual species while it is beging processed. 1In other words,
the aggregate effluent limitation guideline number may vary as a
function of the product mix at any particular point in time.

Since publication of the proposed effluent limitations in the
Februay 6, 1974 Federal Register (39 F.R. 4708), the Agency has
received substantial economic and financial data. A reevaluation
of the economic impact of the proposed requlations produced
changes in the final effluent 1limitations which are based on
economic consideration discussed in detail in +the "Economic
Analysis of Effluent Limitations Guidelines For Selected Segments
of the Seafood Processing Industry - Catfish, Crab, Shrimp and
Tuna," June, 1974,

The proposed 1977 regqulations for large shrimp processors in the
contiguous states were based on dissolved air flotation as the
best practicable control technology currently available.

After careful reevaluation of available data and consultation
with recognized seafood waste water treatment experts, the Agency
believes that dissolved air flotation can be regarded as best
practicable control technology currently available for shrimp
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processing facilities in the contiguous States. The technology
is TMavailable" and "transferrable" as evidenced by pilot plant
work discussed in Section VII, However, several organizations
question whether the total number of shrimp processing plants
affected can design, secure, construct, and 1line-out this
particular equipment alternative by July 1, 1977. For this
reason, the Agency has combined the respective, proposed
subcateqgories for the 1large and small shrimp processors in the
contiguous States and based the final July 1, 1977 effluent
limitations guidelines on screening systems instead of dissolved
air flotation systems.

Farm-Raised Catfish Processing (Sukcateqory A)

The effluent 1limitations for farm~raised catfish processing
facilities are presented in Table 117. The best practicable
control technology currently available includes efficient in-
plant water and waste water management, partial recycle of live
fish holding tank water, solids or by-product recovery, screening
of the waste water effluent, and simple grease traps as discussed
in Section VII and illustrated in Figure 49.

CONVENTIONAL_BLUE_CRAB_PROCESSING (Subcategory B)

The effluent limitations for conventional blue crab processing
are presented in Table 117. The best practicable control
technology currently available includes efficient in-plant water
and waste water management, simple grease traps, screening of the
waste water effluent, and solids or by-product recovery as
discussed in Section VII and illustrated in Figure 40.

MECHANIZED BLUE_CRAB_PROCESSING (Sukcategory C)

The effluent limitations for mechanized blue crab processing are
presented 1in Table 117. The best practicable control technology
currently available includes efficient in-plant water and waste
water management simple grease traps, screening of the waste
water effluent, and solids or by-product recovery as discussed in
Section VII and illustrated in Figure u40.

The effluent limitations for non-remote Alaskan crab meat
processing are presented in Table 117. The best practicable
control technology currently available consists of efficient in-
plant water and waste water management, by-product recovery or
ultimate disposal of solids, simple grease traps, and screening
of the waste water effluent as illustrated in Figure #0. It is
important, in considering "best practicable" treatment schemes,
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Subcategory

Farm—Raised Catfish
Conventional Blue Crab
Mechanized Blue Crab
Non-Remote Alaskan

Crab Meat

Remote Alaskan Crab Meat
Non-Remote Alaskan Whole
Crab and Crab Sections
Remote Alaskan Whole
Crab and Crab Sections
Dungeness + Tanner Crab
in the Contiguous States
Non-Remote Alaskan

Shrimp

Remote Alaskan Shrimp
Northern Shrimp
Southern Non-Breaded
Breaded Shrimp

Tuna

Table 117

Technology
Basis

S, GT
S, GT
S, GT
S, GT

Comminutors
S, GT

Comminutors
S, GT

S
Comminutors
S

S

S
S, DAF

July 1, 1977 Guidelines

Parameter (kg/kkg or 1bs/1000 1lbs liveweight processed)

BOD TSS o+G
Max 30-day Daily Max 30-day Daily Max 30-day Daily
Average Max Average Max Average Max
- - 9.2 28 3.4 10
- - 0.74 2.2 0.20 0.60
- - 12 36 4.2 13
- - 6.2 19 0.61 1.8
% * * * * *
- - 3.9 12 0.42 1.3
% * * * * *
- - 2.7 8.1 0.61 1.8
- - 210 320 17 51
* * * * * *
- - 54 160 42 126
- - 38 114 12 36
- - 93 280 12 36
9.0 23 3.3 8.3 0.84 2,1

* No pollutants may be discharged which exceed 1.27 cm (0.5 inch) in any

dimension
S=

simple grease traps;

DAF = dissolved air flotation;



to strongly emphasize the wunique physical situation of the
Alaskan processor when recommending effluent levels.

Alaskan crab processing plants are larger-scale operations than
those in the "lower 48" states, but the waste waters are still
intermittent, seasonal, and of relatively high strength. Many
processing plants are 1located along very rugged, mountainous
coasts, frequently with no level land available. Thus, treatment
facilities would have to be located on dock area constructed on
piling over water.

Foundation conditions often involve solid rock--adding to the
expense of dock facilities or excavation for basins or lagoons.
Shipping costs for construction materials, chemicals and fuel are
high. The rigorous climate, particularly the low temperatures
(including the waste water temperatures) inhibits the
applicability of biological treatment, especially when compounded
with the intermittent and highly seasonal flows. High winds and
large +tidal fluctuations contribute to the difficulties of
constructing and operating treatment facilities.

Neither solids reduction‘plants nor suitable sites for landfills
or lagoons are generally available for solids disposal; and the
number of technically qualified personnel is severely limited.

REMOTE_ALASKAN_ CRAB_MEAT PROCESSING (Subcategory E)

The effluent limitations for remote Alaskan crab meat processing
are presented in Table 117. The best practicable control
technology currently available consists of physical treatment of
the pollutants to reduce particle sizes through the use of
comminutors or grinders as discussed in Section VII and
illustrated in Figure 53.

NON-REMOTE ALASKAN WHOLE CRAB AND CRAB SECTION  PROCESSING

(Subcategory F)

The effluent 1limitations for non-remote Alaskan whole crab and
crab section processing are presented in Table 117. The best
practicable control technology currently available consists of
efficient in-plant water and waste water management, by-product
recovery or ultimate disposal of solids, simple grease traps, and
screening of the waste water effluent as illustrated in Figure
uo.

As discussed in previous sections, it is important, in
considering "best practicable" treatment schemes, to strongly
emphasize the unique physical situation of the Alaskan processor
when recommending effluent levels.

REMOTE ALASKAN WHOLE CRAB AND CRAB SECTION PROCESSING
(Subcategory G)
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The recommended effluent 1limitations for remote Alaskan whole
crab and crab section processing are presented in Table 117. The
best practicable control technology currently available consists
of physical treatment of the pollutants to reduce particle sizes
through the use of comminutors or grinders as illustrated in
Fiqure 53.

DUNGENESS__AND _TANNER _CRAB__PROCESS _IN__THE _CONTIGUOUS STATES
(Subcategory H)

The effluent limitations for Dungeness and tanner crab processing
in the contiguous states are presented in Table 117. The best
practicable control technology currently available consists of
efficient in-plant water and waste water management, simple
grease traps, solids or by-product recovery techniques, and
screening of the waste water effluent as discussed in Section VII
. and illustrated in Figure 40,

NON-REMOTE ALASKA SHRIMP PROCESSING (Subcategory H)

The effluent limitations for non-remote Alaskan shrimp processing
are presented in Table 117. The best practicable control
technology currently available consists of efficient in-plant
water and waste water management, by-product recovery or ultimate
disposal of solids, and screening of the waste water effluent as
illustrated in Figure 40 and discussed in Section VII.

As discussed in the previous sections on Alaskan crab processing,
it is 1important, in considering "best practicable" treatment
schemes, to strongly emphasize the unique physical situation of
the Alaskan processor when recommending effluent levels.

REMOTE ALASKAN SHRIMP PROCESSING (Subcategory J)

The effluent limitation for remote Alaskan shrimp processing are
presented in Table 117. The best practicable control technology
currently available consist of physical treatment of the
pollutants to reduce particle sizes through the use of
comminutors or grinders as shown in Figure 53.

NORTHERN SHRIMP PROCESSING IN THE CONTIGUQUS STATES (Subcategory
K)

The effluent limitations for northern shrimp processing
facilities in the contiguous states are presented in Table 117.
The best practicable control technology currently available for
this subcategory consists of efficient in-plant water and waste
water management, and screening systems for removal of solids
from the effluent stream as illustrated in Figure 40.
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SOUTHERN NON-BREADED SHRIMP PROCESSING IN THE CONTIGUOUS STATES
(Subcategory L)

The effluent 1limitations for southern non-breaded processing
facilities in the contiguous states are presented in Table 117.
The best practicable control technology currently available for
this subcategory consists of efficient in-plant water and waste
water management and screening systems for removal of solids from
the effluent stream as shown in Figure 40.

BREADED SHRIMP PROCESSING IN THE CONTIGUOUS STATES (Subcategory
M)

The effluent limitations for breaded shrimp processing facilities
in the contiguous states are presented in Table 117. The best
practicable control +technology currently available for this
subcategory consists of efficient in-plant water and waste water
management, and screening systems for removal of solids from the
effluent stream as shown in Figure 40 and discussed in Section
VII.

The effluent limitations for tuna processing are presented in
Table 117. The best practicable control technology currently
available consists of efficient in-plant water and waste water
management, solids and by-product recovery techniques screening
of the waste water effluent and dissolved air flotation systems
as shown in Figure 54,

Tuna processing 1is a very large scale operation compared to the
other seafood processes studied. Generally, tuna plants
incorporate a high degree of in-plant by-product processing
whereby much of the otherwise undesirable meat, other solids and
oils are recovered. As a result these waste waters tend to be of
medium strength though large in volume.
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SECTION X

BEST AVAILABLE TECHNOLOGY ECONOMICALLY
ACHIEVABLE, GUIDELINES AND LIMITATIONS

For each subcategory within the canned and preserved seafood
processing industry, the "best available technology economically
achievable" (BATEA) must be realized by all plants not later than
1 July 1983. The 1983 technology is, for this industry, not ". .
. the very best control and treatment technology employed by a
specific point source within the industrial category or
subcategory . . .," but represents technology based on pilot
plants, demonstration projects, technology transfer, the 1latter
mainly from the meat packing industry, municipal waste treatment
systems, and other segments of the seafood as well as the food
industry. This was necessary because present waste water control
and treatment practices are generally inadequate within the
farm-raised catfish, crab, shrimp, and tuna segments of +the
canned and preserved seafood processing industry.

Consideration of the following factors has been included in the
establishment of BATEA:

1) equipment and facilities age,

2) processes employed,

3) engineering aspects of various control technique
applications,

4) process changes,

5) costs of achieving the effluent reduction resulting from
the application of BATEA, and

6) non-water quality environmental impact.

Furthermore, much greater emphasis in +the designation of 1983
technology was given to in-plant controls, +than has been
considered as BPCTCA. Those in-process and end-of-pipe controls
recommended for 1983 were subjected to the criterion that they be
demonstrated at the pilot plant, semi-works, or other level to be
technologically and economically justifiable. This is not to say
that a complete economic analysis of each proposed system and its
relationship to one or more subcategories has been undertaken.
Rather, sound engineering Jjudgment has been applied in the
consideration of all alternatives and those with a reasonable
chance of “viability" in application to a significant number of
actual processing plants within a subcategory have been
considered in detail.

The waste water treatment technology and in-process changes which
serve as the basis for the effluent limitations represents only
one of many treatment alternatives open to the processor.
Innovations in by-product recovery, water and waste water
management, and treatment technology during the interim before
July 1, 1983 may eliminate the necessity of employing biological
treatment in order to comply with the 1983 effluent limitations.
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Subcategory

Farm—Raised Catfish
Conventional Blue Crab
Mechanized Blue Crab
Non-Remote Alaskan

Crab Meat

Remote Alaskan Crab Meat
Non—-Remote Alaskan Whole
Crab and Crab Sections
Remote Alaskan Whole
Crab and Crab Sections
Dungeness + Tamner Crab
in the Contiguous States
Non-Remote Alaskan
Shrimp

Remote Alaskan Shrimp
Northern Shrimp
Southern Non—-Breaded
Shrimp

Breaded Shrimp

Tuna

Table 118 July 1, 1983 Guidelines
Technology Parameter (kg/kkg or lbs/1000 lbs liveweight processed)
Basis BOD TSS

Max 30-day Daily Max 30-day Daily Max 30-day Daily

Average Max Average Max Average Max
S, GT, AL 2.3 4.6 5.7 11 0.45 0.90
S, GT, AL 0.15 0.30 0.45 0.90 0.065 0.13
S, GT, AL, IP 2.5 5.0 6.3 13 1.3 2.6
S, DAF, IP 2.0 5.0 0.53 1.3 0.82 0.21
S, GT, IP - - 5.3 16 0.52 1.6
S, DAF, IP 1.3 3.3 0.33 0.83 0.048 0.12
S, GT, IP - - 3.3 9.9 0.36 1.1
S, DAF, IP 1.7 4.3 0.23 0.58 0.07 0.18
S, DAF, IP 28 71 18 46 1.5 3.8
s, IP - - 180 270 5 45
S, DAF, IP 27 68 4.9 12 3.8 9.5
S, DAF, IP 10 25 3.4 8.5 1.1 2.8
S, DAF, IP 17 43 7.4 19 1.0 2.5
S, DAF, AS, IP 0.62 2.2 0.62 2.2 0.077 0.27

S = screen; GT = simple grease trap; Al = aerated lagoon;
DAF = dissolved air flotation; AS

= activated sludge system

IP = in-plant change;



This section of the report sets forth the 1983 guidelines and
limitations as developed from studies and consultations
conducted, data developed and literature available. The material
is presented below by subcategory, as was done in Section IX.

The operating characteristics of the specific treatment system
which provided the basis for the effluent 1limitations were
considered in establishing the daily maximum limitations. The
factors are the same as in the previous chapter.

FARM-RAISED CATFISH PROCESSING (Sukcategory A)

The effluent limitations for farm-raised catfish processing are
presented in Table 118. The best available technology
economically achievable includes efficient in-plant water and
waste water management, partial recycle of live fish holding tank
water, solids or by-product recovery as illustrated in Figure 49,
and aerated lagoon systems as illustrated in Figure 50.

Those catfish processors employing live hauling and holding tanks
should consider the use of iced delivery and storage. A recent
study, soon to be published by Boggess, et al. (1973), indicates
that iced storage causes skinning problems not encounterd with
live—-tank stored fish; however, the water consumption decrease
realized (40 +to 50 percent) may justify the action. It must be
noted that little, if any, BODS reduction would accrue from this
change, since the BODS5 contribution of the holding tanks to the
total plant effluent is only about 5 percent. It should further
be mentioned that a large number of processors now employ iced
storage, so this recommendation will not have a profound effect
on the industry.

Few specific further in-plant water reduction techniques can
reasonably be expected of the catfish industry, because the
average plant processing and clean up water consumption is
already extremely low. Installing squeeze-nozzles and turning
off water flows during work breaks should reduce waste water
flows by at least 1900 1 (500 gal) per shift.

CONVENTIONAL BLUE CRAB PROCESSING (Sukcategory B)

The effluent limitations for conventional blue crab processing
are presented in Table 118. The best available technology
economically achievable is based on solids or by-product recovery
and on aerated lagoon systems as illustrated in Figures 40 and 48
and discussed in Section VII.

The conventional blue crab process uses less water than any other
industry subcategory reviewed in this study. Average plant flows
are well under 3.8 cu m (1000 gal) per shift. Although
inadvertently, the industry is a model of water conservation.
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MECHANIZED BLUE CRAB_PROCESSING (Subcategory C)

The effluent limitations for mechanized blue crab processing are
presented in Table 118. The best available technology
economically achievable is based on solids or by-product
recovery, in-process modifications which promote efficient water
and waste water management, and an aerated lagoon system as
illustrated in Figures 40 and 48 and discussed in Section VII.

The mechanized blue crab process uses water freely--in product
fluming, in shell separation, and in spray-washing of brine from
the meat. Redesign of the meat-shell separation system and
subsequent spray washing network, plus elimination of the few
flumes existant in the industry should effect the 15 percent
water use reduction (with concomitant 5 percent BODS5 reduction)
reflected in the 1983 effluent limitations guidelines 1listed in
Table 118, An ultimate goal should be the elimination of the
brine flotation system entirely; perhaps through replacement by a
pneumatic system such as is used as a final loose peel remover in
some shrimp plants, or another suitable device,

ALASKAN CRAB_MEAT PROCESSING

The effluent limitations for non-remote and remote Alaskan crab
meat processing, subcategories D and E respectively are presented
in Table 118. The best available technology economically
achievable is based on byrproduct recovery or ultimate disposal
of solids, in-process modifications which promote efficient water
and waste water management, and an air flotation system as
illustrated in Figures 40 and 41 and discussed 1in Section VII.
Air flotation offers the possibility of effective treatment
while still being able to cope with the problems of intermittent
and variable waste water flows and rigorous climatic, geographic
and isolation conditions. Secondary treatment processes (Figures
#1 and 52) could not be expected to perform adequately wunder
these limitations.

The Alaskan crab meat industry is a large water user, compared to
the other industries in this study. Elimination of fluming,
additional employment of dry capture techniques, redesign of
process flow patterns and general in-plant emphasis on water
conservation should effect the 50 percent water use reduction
(with resulting 15 percent BODS reduction) reflected in the 1983
effluent limitations guidelines.

ALASKAN WHOLE CRAB AND CRAB SECTION PROCESSING

The effluent limitations for Alaskan whole crab and crab section
processing, subcategories F and G respectively, are presented in
Table 118. The best available technology economically achievable
is based on by-product recovery or ultimate disposal of solids,
in-process modifications which promote efficient water and waste
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water management, and an air flotation system as illustreated 1in
Figures 80 and 41 and discussed in Section VII.

As discussed in the previous section, air flotation offers the
possibility of effective treatment while still being able to cope
with the problems of intermittent and variable waste water flows
and rigorous climate, 'geographic and isolation conditions.
Elimination of fluming, additional employment of dry capture
techniques, redesign of process flow patterns and general
in-plant emphasis on water conservation should effect +the 50
percent water use reduction (with resulting 15 percent BOD5
reduction) reflected in the 1983 effluent limitations guidelines.
listed in Table 118.

DUNGENESS_AND TANNER CRAB_PROCESSING
IN_THE_CONTIGUOUS_STATES (Subcategory H)

The Dungeness and tanner crab industry outside of Alaska 1is
somewhat more conservative in water use practices than their
northern counterpart. Nonetheless, considerably more attention
could be paid to water conservation in the industry, along the
same lines as outlined for +the Alaskan crab industry in the
previous subsections. Employing good water management in-plant,
the industry should be capable of effecting a 4C to 50 percent
reduction in water consumption, and thereby reduce waste water
BODS loadings by at least 15 percent. These reductions, together
with the expected improved treatment efficiencies due to
optimization of dissolved air flotation as a chemical treatment
system as discussed in Section VII , were the bases for the
development of the 1983 effluent limitations guidelines listed
in Table 118.

It should be mentioned that the majority of processors in this
subcategory are 1located 1in or near population centers of suf-
ficient size +to Jjustify construction of municipal treatment
facilities. In such cases the processors will likely elect to
cooperate with the municipalities in a Jjoint treatment scheme.
These industrial wastes are expected to be compatible with
domestic biological treatment systems. '

ALASKAN SHRIMP PROCESSING

As proposed for Subcategories D, E, F, and G - Alaska crab,
above; for non-remote and remote Alaska shrimp, Subcategories I
and J respectively, proposes flotation as the process of choice
(see Figures 40 and 41) . Rationale for this selection parallels
that for Alaskan crab meat and whole crab section processing.

The Alaska shrimp industry, like their counterpart crab industry,

is a heavy water user. In fact, even a moderately well-con-
trolled shrimp plant in Alaska uses about three times the water
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per pound of raw material that a crab plant does. This is at-
tributable 1largely +to the fact that the shrimp process is con-
siderably more mechanized, especially in the peeling phase. From
40 to 70 percent of the total plant flow passes over the Model A
or PCA peelers.

As a consequence, shrimp plants have not the opportunity to cut
water consumption as dramatically and drastically as crab plants.
Nevertheless, reduction of water use by 40 percent (and more, in
plants which employ considerable fluming) are achievable by 1983.
Concomitant BODS5 reductions of at 1lease 13 percent can be
expected. These values, plus the improvements in flotation
systems efficiency mentioned earlier, form +the bases for the
effluent limitations guidelines outlined in Table 118,

NORTHERN SHRIMP PROCESSING IN THE CONTIGUOUS STATES

The effluent limitations for northern shrimp processing in the
contiguous states (Subcategory K) are presented in Table 118.
The best available technology economically achievable is based on
solids or by-product recovery, in-process modifications which
promote efficient water and waste water management, and dissolved
air flotation systems as illustrated in Figures 40 and 41 and
discussed in Section VII.

Even though the northern shrimp processor uses considerably less
water, on the average, than the typical Alaskan processor, water
use reductions of 20 percent are achievable by 1983. Concomitant
BOD5 reduction of at 1least 10 percent can be expected. These
reductions, together with the expected improved treatment
efficiencies due to optimization of dissolved air flotation as a
chemical treatment system, were the bases for the development of
the 1983 effluent limitations guidelines.

SOUTHERN NON-BREADED SHRIMP PROCESSING
IN THE_CONTIGUOUS_STATES

The effluent 1limitations guidelines for southern non-breaded
shrimp processing in the contigquous states (Subcategory L), Table
118, are based on the same technology and follow the same
rational as presented in the previous section for northern shrimp
processing.

BREADED SHRIMP_PROCESSING IN_THE
CONTIGUOUS STATES

The effluent 1limitations gquidelines for breaded shrimp in the
contiquous states (Subcategory M), Table 118, are based on the
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same technology and follow the same rational as presented in the
section for northern shrimp processing.

The breaded shrimp industry is a heavy water user, employing
twice as much water per pound of raw material as northern and
southern non-breaded shrimp processors. A water use reduction of
50 percent (and more, in plants which employ considerable
fluming) 1is achievable by 1983. Concomitant BOD5 reductions of
at least 20 percent can be expected.

TUNA_PROCESSING (Subcategory N)

Tuna was the only high seas species covered. The typical
processing plant is several orders of magnitude larger than those
found in the blue crab or catfish industries. Tuna companies
were found to operate more like the large industrial concerns
they are, rather than in the provincial manner in which some
small processors were managed. Accordingly, their waste streams
flowed more continuously, broadening the scope of available
treatment alternatives.

BATEA (see Figure 54) for the tuna processing industry proposes
roughing trickling filters combined with conventional activated
sludge because +this combination of biological processes can
result in compactness, flexibility, and ability +to handle
variable loads.

On a relative scale the tuna industry is clean. By-product
development in the form of pet fcod, fish meal, solubles and
stick water recovery have been developed to a high degree.

Areas in which improvements could be made (in some plants) in-
clude adoption of dry receiving, rather than fluming of the fish
from the boat to the plant, installation of bilge water handling
systems +to prevent the pumping of bilges into the local waters,
adoption of air cooling of the tuna following the precook, and
development of recirculating (immersion) thaw tank water systems.

Utilization of some or all of these concepts, together with
conservation programs, could lead to water consumption savings of
30 percent, with concomitant BODS5 reductions of 10 percent.

Realization of these goals, together with the progressive im-
provement of treatment system efficiencies, provides the basis
for the effluent 1levels 1listed in Table 118 for the tuna
industry.
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SECTION XI

NEW SOURCE PERFORMANCE STANDARDS

The effluent limitations that must be achieved by new sources are
termed "Performance Standards." The New Source Performance
Standards apply to any source for which construction starts after
the publication of the proposed regulations for the standards.
The standards were determined by adding to the consideration
underlying the identification of the "Best Practicable Control
Technology Currently Available™ a determination of what higher
levels of pollution control are available +through +the use of
improved production processes and/or treatment techniques. Thus,
in addition to considering the best in-plant and end-of-process
control technology, New Source Performance Standards are based on
an analysis of how the 1level of effluent may be reduced by
changing the production process itself. Alternative processes,
operating methods, or other alternatives were considered, A
further determination made was whether a standard permitting no
discharge of pollutants is practicable.

Consideration must also be given to:

l) operating methods;

2) batch as opposed to continuous operations;

3) use of alternative raw materials and mixes of raw

materials;

4) use of dry rather than wet processes (including a
substitution of recoverable solvents for water); and

5) recovery of pollutants as by-products.

With the exception of the Alaskan crab and shrimp subcategories,
the new source performance standards are based on a level of
technology above screening. Aerated 1lagoon systems form the
basis of the effluent limitations for +the catfish and
conventional and mechanized blue crab subcategories. “Non-
optimized" dissolved air flotation systems form the basis of the
effluent limitations of the Dungeness and tanner crab, northern
shrimp, southern non-breaded shrimp, breaded shrimp and tuna
subcategories. Optimization of dissolved air flotation
performance 1is not required until 1983 because the technology is
relatively new for most of the seafood processing industry and
requires careful selection of chemicals and dosages, as well as
skilled operation for optimum pollution abatements. These new
source performance standards which are based on dissolved air
flotation reflect the Agency's best engineering assessment of the
effluent reduction attainable by this technology without chemical
optimization. Because of the unique physical problems
encountered in Alaska, discussed in previous Sections, the new
source performance standards are based on screening systems for
the remote and non-remote Alaskan crab and shrimp subcategories
rather than on a higher level of technology.
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H I ® HE DO

22 B=R4g

Subcategory

Farm-Raised Catfish
Conventional Blue Crab
Mechanized Blue Crab
Non-Remote Alaskan

Crab Meat

Remote Alaskan Crab Meat
Non-Remote Alaskan Whole
Crab and Crab Sections
Ramote Alaskan Whole
Crab and Crab Sections
Dungeness + Tanner Crab
in the Contiguous States
Non-Remote Alaskan
Shrimp

Remote Alaskan Shrimp
Northern Shrinmp

Southern Non-Breaded
Shrimp

Breaded Shrimp

Tuna

S = screen; GT = simple grease trap;

Table 119

Technology
Basis

8838

98

8 :

%

DAF = dissolved air flotation

AL, IP

IP
Ip

Ip

IP
IpP

Ip

New Source Performance Standards

Parameter (kg/kkg or 1lbs/1000 lbs liveweight processed)

BOD oG
Max 30-day Daily Max 30-day Daily Max 30-day Daily
Average Max Average Max Average Max
2.3 4.6 5.7 11 0.45 0.90
0.15 0.3 0.45 0.90 0.065 0.13
2.5 5.0 6.3 13 1.3 2.6
- - 5.3 16 0.52 1.6
- - 5.3 16 0.52 1.6
- - 3.3 9.9 0.36 1.1
- - 3.3 9.9 0.36 1.1
4.1 10 0.69 1.7 0.10 0.25
- - 180 270 15 45
- - 180 270 15 45
62 155 15 38 5.7 14
25 63 10 25 1.6 4.0
40 100 22 55 1.5 3.8
8.1 20 3.0 7.5 0.76 1.9
Al = aerated lagoon; IP = in-plant change;



The new source performance standards are presented in Table 119.

Pretreatment

No constituents of the effluents discharged from plants within
the farm-raised catfish, crab, shrimp and tuna industries have
been found which would (in concentrations found in the effluent)
interfere with, pass through (to the detriment of the
environment) or otherwise be incompatible with a well-designed
and operated publicly owned activated sludge or trickling filter
waste water treatment plant. The effluent, however, should have
passed through the equivalent of "primary treatment" in the plant
to remove settleable solids and a large portion of the greases
and oils. Furthermore, in a few cases, it should have been mixed
with sufficient wastewater flows from other sources to dilute out
the inhibitory effect of any sodium chloride concentrations which
may have been released from the seafood processing plant. The
concentration of pollutants acceptable to the treatment plant is
dependent on the relative sizes of the treatment facility and the
processing plant and must be established by the treatment
facility.
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SECTION XIV

GLOSSARY

Activated Sludge_Process: Removes organic matter from sewage by
saturating it with air and biologically active sludge.

Aeration Tank: A chamber for injecting air or oxygen into water.

Aerobic__Organism: An organism that thrives in the presence of
oxygen.

Algae_ _(Alga) : Simple plants, many microscopic, containing
chlorophyll. Most algae are aquatic and may produce a nuisance
when conditions are suitable for prolific growth.

Ammonia Stripping: Ammonia removal from a 1liquid, wusually by
intimate contacting with an ammonia-free gas such as air.

Anaerobic: Living or active in the absence of free oxygen.

D . A et S i e

Anexuviant: With reference +to crab, meaning without the backs

(after "backing").

Bacteria: The smallest living organisms which comprise, along
with fungi, the decomposer category of the food chain.

Barometric Leg: Use of moving streams of water to draw a vacuum;
aspirator.

Batch_ _Cooker: Product remains stationary in cooker (water is
periodically changed).

Benthic Recgion: The bottom of a body of water. This region
supports the benthos, a type of life that not only lives upon but
contributes to the character of the bottom.

Benthos: Aquatic bottom-dwelling organisms. These include: (1)
Sessile Animals, such as the sponges, barnacles, mussels,
oysters, some of the worms, and many attached algae: (2) creeping
forms, such as insects, snails and certain clams; and (3)
burrowing forms, which include most clams and worms.

Bifurcation: A site where a single structure divides into two
branches.

Biological Oxidation: The process whereby, through the activity
of living organisms in an aerobic environment, organic matter is
converted to more biologically stable matter.

Biological _Stabilization: Reduction in th net energy level of
organic matter as a result of the metabolic activity of
organisms, so that further biodegradation is very slow.
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Biological _Treatment: Organic waste treatment in which bacteria
and/or biochemical action are intensified wunder controlled
conditions.

Blood _Water (Serum): Liquid remaining after coagulation of the
blood.

Blowdown: A discharge of water from a system to prevent a
buildup of dissolved solids in a boiler or clarifier.

BOD__(Biochemical _Oxygen Demand): Amount of oxygen necessary in
the water for bacteria to consume the organic sewage. It is used
as a measure in telling how well a sewage treatment plant is
working.

BOD(5): A measure of the oxygen consumption by aerobic organisms
over a b5-day test period at 20°9C. It is an indirect measure of
the concentration of biologically degradable material present in
organic wastes contained in a waste stream.

Botulinus Organisms: Those that cause acute food poisoning.

Breaded shrimp: Peeled shrimp coated with breading. The product
may be identified as fantail (butterfly) and round, with or
without tail fins and 1last shell segment; and as portions,
sticks, steaks, etc., when prepared from a composite unit of two
or more shrimp pieces, whole shrimp, or a combination of both
without fins or shells.

Breading: A finely ground mixture containing cereal products,
flavorings and other ingredients, that is applied to a product
that has been moistened, usually with batter.

Brine: Concentrated solution which remains liquid down to 59F;
used in freezing fish.

Btu: British thermal unit, the quantity of heat required to
raise one pound of water 19F.

Building _Drain: Lowest horizontal part of a building drainage
system.

Building Drainage_System: Piping provided for carrying waste-
water or other drainage from a building to the street sewer.

Bulking Sludge: Activated sludge that settles poorly because of
low-density floc.

Canned Fishery Product: Fish, shellfish, or other aguatic
animals packed singly or in combination with other items in
hermetically sealed, heat sterilized cans, Jjars, or other
suitable containers. Most, but not all, canned fishery products
can be stored at room temperature for an indefinite period of
time without spoiling.
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Carbon__Adsorption: The separation of small waste particles and
molecular species, including color and odor contaminants, by
attachment to +the surface and open pore structure of carbon
granules or powder. The carbon 1is f"activated," or made more
adsorbent by treatment and processing.

Case: “sStandard" packaging in corrugated fiberboard containers.

Chemical Precipitation: A waste treatment process whereby
substances dissolved in the waste water stream are rendered in-
soluble and form a solid phase that settles out or can be removed
by flotation techniques.

Clarification: Process of removing undissolved materials from a
liquid. Specifically, removal of solids either by settling or
filtration.

Clarifier: A settling basin for separating settleable solids
from waste water.

Cluster_ Sampling: A method that is wuseful for increasing
sampling efficiency and reducing error when the universe can be
partitioned into groups such that the objects in a group are more
heterogenecus within than between.

Coaqulant: A material, which, when added to 1liquid wastes or
water, creates a reaction which forms insoluble floc particles
that adsorb and precipitate colloidal and suspended solids. The
floc particles can be removed by sedimentation. Among the most
common chemical coagulants used in sewage treatment are ferric
chloride, alum and lime.

Coaqulation: The clumping together of solids to make them settle
out of the sewage faster. Coagulation of solids is brought about
with the use of certain chemicals such as 1lime, alum, or
polyelectrolytes.

COD_(Chemical Oxyden Demand): A measure of the oxygen required
to stabilize that portion of organic matter in a sample that can
be oxidized by a strong chemical oxidizing agent.

Coefficient of Variation: A measure used 1in describing the
amount of variation in a population. An estimate of this value
is S/X where "S" equals the standard deviation and X equals the
sample mean.

Coliform: Relating to, resembling, or being the colon bacillus.

Comminutor: A device for the catching and shredding of heavy

solid matter in the primary stage of waste treatment.

concentration: The total mass (usually in micrograms) of the
suspended particles contained in a unit volume (usually one cubic
meter) at a given temperature and pressure; sometimes, the
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concentration may be expressed in terms of +total number of
particles in a unit volume (e.g., parts per million); con-
centration may also be called the "loading" or the "level" of a
substance; concentration may also pertain to the strength of a
solution.

condensate: Liquid residue resulting from the cooling of a
gaseous vapor.

Contamination: A general term signifying the introduction into
water of microorganisms, chemical, organic, or inorganic wastes
or sewage, which renders the water unfit for its intended use.

Cook : May be referred to as the second cook of a two cook
operation.

Crustacea: Mostly aquatic animals with rigid outer coverings,
jointed appendages, and gills. Examples are crayfish, crabs,
barnacles, water fleas, and sow bugs.

Dentrification: The process involving the facultative conversion
by anaerobic bacteria of nitrates into nitrogen and nitrogen
oxides.

Deviation, _Standard _Normal: A measure of dispersion of values
about a mean value; the square root of the average of the squares
of the individual deviations from the mean.

Digestion: Though "aerobic" digestion is used, the term diges-
tion commonly refers to the anaerobic breakdown of organic matter
in water solution or suspension into simpler or more biologically
stable compounds or both. Organic matter may be decomposed to
soluble organic acids or alcohols, and subsequently converted to
such gases as methane and carbon dioxide. Complete destruction
of organic solid materials by bacterial action alone 1is never
accomplished.

Dissolved _Air Flotation: A process involving the compression of
air and liquid, mixing to super-saturation, and releasing the
pressure to generate large numbers of minute air bubbles. As the
bubbles rise +to the surface of the water, they carry with them
small particles that they contact.

Dissolved Oxygen_ (D.O.): Due to the diurnal fluctuations of
dissolved oxygen in streams, the minimum dissolved oxygen value
shall apply at or near the time of the average concentration in
the stream, taking into account the diurnal fluctuations.

Ecology: The science of the interrelations between 1living
organisms and their environment.

Effluent: Something that flows out, such as a liquid discharged

as a waste; for example, the liquid that comes out of a treatment
plant after completion of the treatment process.

370



Electrodialysis: A process by which electricity attracts or
draws the mineral salts from sewage.

Environment: The physical environment of the world consisting of
the atmosphere, +the hydrosphere, and the 1lithosphere. The
biosphere is that part of the environment supporting life and
which is important to man.

Estuary : Commonly an arm of the sea at the lower end of a
river. Estuaries are often enclosed by land except at channel
entrance points.

Eutrophication: The intentional or unintentional enrichment of
water.

Eutrophic_Waters: Waters with a good supply of nutrients. These
waters may support rich organic productions, such as algal
blooms. :

Extrapolate: To project data into an area not known or exper-
ienced, and arrive at knowledge based on inferences of continuity
of the data.

Facultative_ _Aerobe: An organism that although fundamentally an
aerobe can grow in the presence of free oxygen.

Facultative Anaerobe: An organism that although fundamentally an
anaerobe can grow in the absence of free oxygen.

Facultative Decomposition: Decomposition of organic matter by
facultative microorganisms.

Fish Fillets: The sides of fish that are either skinned or have
the skin on, cut lengthwise from the backbone. Most types of
fillets are boneless or virtually boneless; some may be specified
as "boneless fillets.®

Fish _Meal: A ground, dried product made from fish or shellfish
or parts thereof, generally produced by cooking raw fish or
shellfish with steam and pressing the material to obtain the

solids which are then dried.

Fish 0il: An o0il processed from the body (body o0il) or 1liver

(liver o0il) of f£fish. Most fish oils are a by-product of the
production of fish meal.

Fish Solubles: A product extracted from the residual press
liquor (called “stick water") after the solids are removed for
drying (fish meal) and the o0il extracted by centrifuging. This
residue 1is generally condensed to 50 percent solids and marketed
as "condensed fish solubles."
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Filtration: The process of passing a 1liquid through a porous
medium for the removal of suspended material by a physical
straining action.

Floc: Something occurring in indefinite masses or aggregates. A
clump of solids formed in sewage when certain chemicals are
added. T . '

Flocculation: The process by which certain chemicals form clumps
of solids in sewage.

Floc__Skimmings: The flocculent mass formed on a quieted liquid
surface and removed for use, treatment, or disposal.

Grab Sample: A sample taken at a random place in space and time.

Heterotrophic Organism: Organisms that are dependent on organic
matter for food.

Identify: To determine the exact chemical nature of a hazardous
polluting substance.

Impact: (1) An impact is a single collision of one mass in
motion with a second mass which may be either in motion or at
rest. (2) Impact is a word used to express the extent or
severity of an environmental problem; e.g., the number of persons
exposed to a given noise environment.

Incineration: Burning the sludge to remove the water and reduce
the remaining residues to a safe, non-burnable ash. The ash can
then be disposed of safely on land, in some waters, or into caves
or other undergound locations.

Influent: A 1liquid which flows into a containing space or pro-
cess unit.

Ion_Exchange: A reversible chemical reaction between a solid and
a liquid by means of which ions may be interchanged between the
two. It is in common use 1in water softening and water
deionizing.

Kg: Kilogram or 100C grams, metric unit of weight.

Kjeldahl Nitrogen: A measure of the total amount of nitrogen in
the ammonia and organic forms in waste water.

KWH: Kilowatt-hours, a measure of total electrical energy
consumption.

Lagoons: Scientifically constructed ponds in which sunlight,

algae, and oxygen interact to restore water to a quality equal to
effluent from a secondary treatment plant.
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Landings, _Commercial: Quantities of fish, shellfish and other
aquatic plants and animals brought ashore and sold. Landings of
fish may be in terms of round (live) weight or dressed weight.
Landings of crustaceans are generally on a 1live weight basis
except for shrimp which may be on a heads-on or heads-off basis.
Mollusks are generally landed with the shell on but in some cases
only the meats are landed (such as scallops).

Live Tank: Metal or wood tank with circulating seawater for the
purpose of keeping a crab alive until processed.

M: Meter, metric unit of length.

Mm: Millimeter = 0.001 meter.

Mars1: Milligrams per 1liter; approximately equals parts per
million; a term used to indicate concentration of materials in
water.

MGD: Million gallons per day.

Merus: Largest section of crab leg closest to crab body.
Microstrainer/microscreen: A mechanical filter consisting of a

cylindrical surface of metal filter fabric with openings of 20-60
micrometers in size.

Mixed Liguor: The name given the effluent that comes from the
aeration tank after the sewage has been mixed with activated
sludge and air.__Mortality The ratio of the total number of
deaths to the total population, or the ratio of the number of
deaths from a given disease to the total number of people having
the disease.

Municipal _Treatment: A city or community-owned waste treatment
plant for municipal and, possibly, industrial waste treatment.

Nitrate, Nitrite: Chemical compounds that include the NO(3)
(nitrate) and NO(2) (nitrite) ions. They are composed of
nitrogen and oxygen, are nutrients for growth of algae and other
plant life, and contribute to eutrophication.

Nitrification: The process of oxidizing ammonia by bacteria into
nitrites and nitrates.

Oxganic _Content: Synonymous with volatile solids except for
small +traces of some inorganic materials such as calcium
carbonate which will 1lose weight at temperatures used in
determining volatile solids.

Organic__Detritus: The particulate remains of disintegrated
plants and animals.
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Organic _Matter: The waste from homes or industry of plant or
animal origin.

Organoleptic: Involving the employment of the sense organs.

Oxidation Pond: A man-made lake or body of water in which wastes
are consumed by bacteria. It is used most frequently with other
waste treatment processes. An oxidation pond is basically the
same as a sewage lagoon.

Peeler: Removes the greatest portion of the shell from shrimp.
Percolation: The movement of water through the soil profile.

Per Capita_Consumption: cConsumption of edible fishery products
in the United States, divided by the total civilian population.

PH: The pH value indicates the relative intensity of acidity or
alkalinity of water, with the neutral point at 7.0. Values lower
than 7.0 indicate the presence of alkalies.

Plankton_ (Plankter): Organisms of relatively small size mostly
microscopic, that have either relatively small powers of loco-
motion or that drift in that water with waves, currents, and
other water motion.

Pollutant: a substance which taints, fouls, or otherwise renders
impure or unclean.

Pollution: Results when something--animal, vegetable, or
mineral--reaches water, making it more difficult or dangerous to
use for drinking, recreation, agriculture, industry, or wildlife.

Polishing: Final treatment stage before discharge of effluent to
a water course, carried out in a shallow, aerobic lagoon or pongd,
mainly to remove fine suspended solids that settle very slowly.
Some aerobic microbiological activity also occurs.

Ponding: #A waste treatment technique involving the actual holdup
of all waste waters in a confined space with evaporation and
percolation the primary mechanisms operating to dispose of the
water.

Ppm: Parts per million, also referred to as milligrams per liter
(mg/1l) . This is a unit for expressing the concentration of any
substance by weight, usually as grams of substance per million
grams of solution. Since a liter of water weighs one kilogram at
a specific gravity of 1.0, one part per million is equivalent to
one milligram per liter.

Press_ _Liquor: Stick water resulting from the compaction of
recovered fish waste solids.
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Primary Treatment: Removes the material that floats or will
settle in sewage. It is accomplished by using screens to catch
the floating objects and tanks for the heavy matter to settle in.

Process Water: All water that comes into direct contact with the
raw materials, intermediate products, final products, by-
products, or contaminated waters and air.

Processed _Fishery _Products: Fish, shellfish and other aquatic
"plants and animals, and products thereof, preserved by canning,
freezing, cooking, dehydrating, drying, fermenting, pastuerizing,
adding salt or other chemical substances, and other commercial
processes. Also, changing the form of fish, shellfish or other
aquatic plants and animals from their organic state into a form
in which they are not readily identifiable, such as fillets,
steaks, or shrimp logs.

Purse _Seiner: Fishing vessel wutilizing a seine (net) that is
drawn together at the bottom forming a trap or purse.

Receiving Waters: Rivers, lakes, oceans, or other water courses
that receive treated or untreated waste waters.

Recycle: The return of a guantity of effluent from a specific
unit or process to the feed stream of that same unit. This would
also apply to return of treated plant waste water for several
plant uses.

Regression: A trend or shift toward a mean. A regression curve
or line is thus one that best fits a particular set of data
according to some principle.

Retort: Sterilization of a food product at greater than 248°F
with steam under pressure.

Reuse: Water reuse, the subsequent use of water following an
earlier use without restoring it to the original quality.

Reverse_ _Osmosis: The physical separation of substances from a
water stream by reversal of the normal osmotic process, i.e.,
high pressure, forcing water through a semi-permeable membrane to
the pure water side 1leaving behind more concentrated waste
streams.

Rotating Biological Contractor: A waste treatment device in-
volving closely spaced 1light-weight disks which are rotated
through the waste water allowing aerobic microflora to accumulate
on each disk and thereby achieving a reduction in the waste
content,

Round (Live) Weight: The weight of fish, shellfish or other
aquatic plants and animals as taken from the water; the complete
or full weight as caught.
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Sample, Composite: A sample taken at a fixed location by adding
together small samples taken frequently during a given period of
time.

sand _Filter: Removes the organic wastes from sewage. The waste
water is trickled over the bed of sand. BAir and bacteria
decompose the wastes filtering through the sand. The clean water
flows out through drains in the bottom of the bed. The sludge
accumulating at the surface must be removed from the bed
periodically.

Sanitary Sewers: In a separate system, are pipes in a city that
carry only domestic waste water. The storm water runoff is taken
care of by a separate system of pipes.

Secondary_ _Treatment: The second step is most waste treatment
systems in which bacteria consume the organic parts of the
wastes. It 1is accomplished by bringing the sewage and bacteria
together in trickling filters or in the activated sludge process.

Sedimentation Tanks: Help remove solids from sewage. The waste
water 1is pumped to the tanks where the solids settle to the
bottom or float on top as scum. The scum is skimmed off the top,
and solids on the bottom are pumped out to sludge digestion
tanks.

Seine: Any of a number of various nets used to capture €fish.
Separator: Separates the loosened shell from the shrimp meat.
Settleable Matter (solids): Determined in the Imhoff Cone Test

will show the quantitative settling characteristics of the waste
sample.

Settling Tank: Synonymous with "Sedimentation Tank."

sewers: A system of pipes that collect and deliver waste water
to treatment plants or receiving streams.

Shaker Blower: Dries and sucks the shell off with a vacuum,
leaving the shrimp meat.

Shock _load: A quantity of waste water or pollutant that greatly
exceeds the normal discharged into a treatment system, usually
occuring over a limited period of time.

Sludge: The solid matter that settles to the bottom of sedi-
mentation tanks and must be disposed of by digestion or other
methods to complete waste treatment.

Slurry: A solids-water mixture, with sufficient water content to
impart fluid handling characteristics to the mixture.
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Species _(Both _Sinqular _and_ _Plural): A natural population or
group of populations that transmit specific characteristics from
parent to offspring. They are reproductively isolated from other
populations with which they might breed. Populations usually
exhibit a loss of fertility when hybridizing.

Stationary: Process with statistics which are independent of a
time translation.

stick Water: Water which has been in close contact with the fish

and has large amounts of organics entrained in it.

Stoichiometric__Amount: The amount of a substance involved in a
specific chemical reaction, either as a reactant or as a reaction
product. Stratification: A partition of the universe which is
useful when the properties of sub-populations are of interest and
used for increasing the precision of the total population
estimation when stratum means are sufficiently different and the
within stratum variances are appreciably smaller than the total
population variance.

suspended Solids: The wastes that will not sink or settle in
sewage.

Surface Water: The waters of the United States including the
territorial seas.

Synergism: A situation in which the combined action of two or
more agents acting together is greater than the sum of the action
of these agents separately.

Tertiary _Waste Treatment: Waste treatment systems used to treat
secondary treatment effluent and typically using physical-
chemical technologies to effect waste reduction. Synonymous with
"Advanced Waste Treatment".

Total Dissolved _Solids_ (TDS): The solids content of wastewater
that is soluble and is measured as total solids content minus the
suspended solids.

Trickling Filter: A bed of rocks or stones. The sewage 1is
trickled over the bed so the bacteria can break down the organic
wastes. The bacteria collect on the stones through repeated use
of the filter.

Universe: The collection of objects or a region of time or space
of which it is desired to determine the collective properties or
attributes.

Viscus_(pl. Viscera): Any internal organ within a body cavity.

Washer: Shrimp are vigorously agitated to loosen the remaining
shell and wash the shrimp meat.
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Zero Discharge: The discharge of no pollutants in the wastewater
stream of a plant that is discharging into a receiving body of
water.
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APPENDIX C

List of Equipment Manufacturers

Automatic_Analyzers

Hach Chemical Company, P. O. Box 907, Ames, Iowa 50010.

Combustion Equipment Association, Inc., 555 Madison Avenue
New York, N.Y. 10022.

Martek Instruments, Inc., 879 West 16th Street, Newport
Beach, California 92660

Eberbach Corporation, 505 South Maple Road, Ann Arbor,
Michigan 48106

Tritech, Inc., Box 124, Chapel Hill, North Carolina 27514

Preiser Scientific, 900 MacCorkle Avenue, S. W., Charleston,
West Virginia 25322

Wilks Scientific Corporation, South Norwalk, Connecticut 06856
Technicon Instruments Corporation, Tarrytown, New York 10591

Bauer - Bauer Brothers Company, Subsidiary Combustion
Engineering, Inc., P. O. Box 968, Springfield, Ohio 45501

Centrifuges

Beloit-Passavant Corporation, P. O. Box 997, Jonesville,
Wisconsin 53545

Bird Machine Company, South Walpole, Massachusetts 02071
DeLaval Separator Company, Poughkeepsie, New York 12600

Flow Metering Equipment

Envirotech Corporation, Municipal Equipment Division,
10C vValley Drive, Brisbane, California 95005

Laboratory Equipment and Supplies

Hach Chemical Ccompany, P. O. Box 907, Ames, Iowa 50010

Eberbach Corporation, 505 South Maple Road, Ann Arbor,
Michigan 48106

National Scientific Company, 25200 Miles Avenue, Cleveland,
Ohio 4ulue
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Preiser Scientific, 900 MacCorkle Avenue S.W., Charleston,
West Virginia 25322

Precision Scientific Company, 3737 Cortlant Street, Chicago,
Illinois 60647

Horizon Ecology Company, 7435 North Oak Park Avenue, Chicago,
Illinois 60648

Markson Science, Inc., Box NPR, Del Mar, California 92014

Cole-Parmer Instrument Company, 7425 North Oak Park Avenue,
Chicago, Illinois 60648

VWR Scientific, P. O. Box 3200, San Francisco, California
94119

Sampling Equipment

Preiser Scientific, 900 MacCorkle Avenue S.W., Charleston,
West Virginia 25322

Horizon Ecology Company, 7435 North Oak Park Avenue, Chicago,
Illinois 60648

Sigmamotor, Inc., 14 Elizabeth Street, Middleport, New
York 14105

Protech, Inc., Roberts Lane, Malvern, Pennsylvania 19355

Quality Control Equipment, Inc., 2505 McKinley Avenue,
Des Moines, Iowa 50315

Instrumentation Specialties Company, P. O. Box 5347,
Lincoln, Nebraska 68505

N-Con Systems Company, Inc., 410 Boston Post Road, Larchmont,
New York 10538

Screening_ Egquipment

SWECO, Inc., 6033 E. Bandine Boulevard, Los Angeles,
California 90054

Bauer-Bauer Brothers Company, Subsidiary Combustion
Engineering, Inc., P. O. Box 968, Springfield, Ohio
45501

Hydrocyclonics Corporation, 968 North Shore Drive, Lake
Bluff, Illinois 60044

Jeffrey Manufacturing Company, 961 North 4th Street,
Columbus, Ohio 43216
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Dorr-Oliver, Inc., Havemeyer Lane, Stamford, Connecticut
06904

Hendricks Manufacturing Company, Carbondale, Pennsylvania
18407

Peobody Welles, Roscoe, Illinois 61073

Clawson, F. J. and Associates, 6956 Highway 100, Nashville,
Tennessee 37205

Allis~Chalmers Manufacturing Company, 1126 South 70th Street,
Milwaukee, Wisconsin 53214

DeLaval Separator Company, Poughkeepsie, New York 12600
Envirex, Inc., 1901 South Prairie, Waukesha, Wisocnsin 53186

Liak Belt Enviornmental Equipment, FMC Corporation,
Prudential Plaza, Chicago, Illinois 60612

Productive Equipment Corporation, 2924 West Lake Street,
Chicago, Illinois 60612

Simplicity Engineering Company, Durand, Michigan 48429

Waste Water Treatment Systems

Cromaglass Corporation, Williamsport, Pennsylvania 17701
ONPS, 4576 SW 1C3rd Avenue, Beaverton, Oregon 97225
Tempco, Inc., P. O. Box 1087, Bellevue, Washington 98009

Zurn Industries, inc., 1422 East Avenue, Erie, Pennsylvania
16503

General Environmental Equipment, Inc., 5020 Stepp Avenue,
Jacksonville, Florida 32216

Envirotech Corporation, Municipal Equipment Division,
10C Valley Drive, Brisbane, California 95005

Jeffrey Manufacturing Company, 961 North 4th Street,
Columbus, Ohio 43216

Carborundum Corporation, P. O. Box 87, Knoxville, Tennessee
37901

Graver, Division of Ecodyne Corporation, U. S. Highway 22,
Union, New Jersey 07083

Beloit-Passavant Corporation, P. O. Box 997, Janesville,
Wisconsin 53545
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Black-Clawson Company,
Envirex, Inc., 1901 s.

Environmental Systems,
354 Dawson Drive,

Middletown, Ohio 54042
Prairie, Waukesha, Wisocnsin 53186

Division of Litton Industries, Inc.,
Camarillo, California 93010

Infilco Division, Westinghouse Electric Company, 901 South
Campbell Street, tuscon, Arizona 85719

Keene Corporation, Fluid Handling Division, Cookeville,

Tennessee 38501

Komline-Sanderson Engineering Corporation, Peapack, New

Jersey 07977

Permutit Company, Division of Sybron Corporation, E. 49
Midland Avenue, Paramus, New Jersey 07652

388



68¢

Conversion Table

MULTIPLY (ENGLISH UNITS) by TO OBTAIN (METRIC UNITS)
English Unit Abbreviation Conversion Abbreviation Metric Unit

acre ac 0.405 ha hectares

acre - feet ac ft 1233.5 cu m cubic meters

British Thermal Unit BTU 0.252 kg cal kilogram - calories

British Thermal Unit/pound BTU/1b 0.555 kg cal/kg kilogram calories/kilogram

cubic feet/minute cfm 0.028 cu m/min cubic meters/minute

cubic feet/second cfs 1.7 cu m/min cubic meters/minute

cubic feet cu ft 0.028 cu m cubic meters

cubic feet cu ft 28.32 1 liters

cubic inches cu in 16.39 cu cm cubic centimeters

degree Fahrenbheit °F 0.555(°F-32)* °C degree Centigrade

feet ft 0.3048 m meters

gallon gal 3.785 1 liters

gallon/minute gpm 0.0631 1/sec liters/second

horsepower hp 0.7457 kw kilowatts

inches in 2.54 cm centimeters

inches of mercury in Hg 0.03342 atm atmospheres

pounds 1b 0.454 kg kilograms

million gallons/day mgd 3785 cu m/day cubic meters/day

mile mi 1.609 km kilometer

pound/square inch (gauge) psig (0.06805 psig+l)* atm atmospheres (absolute)

square feet sq ft 0.0929 sg m square meters

sguare inches sg in 6.452 sq cm sguare centimeters

tons (short) ton 0.907 kkg metric torns {1000 kilograms)

yard yd 0.9144 m meters

* Actual conversion, not a multiplier
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