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Saltwater Recirculation System and Laboratory at the

Exploratory Fishing and Gear Research Base

Pascagoula, Mississippi'

By

DONALD A. WICKHAM, Fishery Biologist

National Marine Fisheries Service

Exploratory Fishing and Gear Research Base

Pascagoula, Mississippi 39567

ABSTRACT

An approximately 10,000-gal capacity saltwater recirculation system and lab-

oratory were built to conduct controlled behavioral studies of the responses of fish

to harvesting gear. This facility consists of an 18-ft diameter by Ay.t-ft deep pool,

a 4-ft deep by 15-ft long rectangular tank, and several water tables. Design com-

promises resulting from space limitations and construction of the laboratory in an

existing one-story structure are discussed- Techniques using a commercial swim-

ming pool diatomaceous-earth filter for removing iron precipitate from the subsur-

face salt water and particulate matter from the high salinity wedge river water

used to supply the system are described. The system's components and operation

are also briefly described.

A saltwater recirculation system and a lab-

oratory were built at the National Marine Fish-

eries Service (NMFS) Exploratory Fishing

and Gear Research Base, Pascagoula, Miss., in

1969. These facilities were erected to study

controlled behavioral responses of fish to har-

vesting gear. This system and laboratory are

described because the medium size (about

10,000 gal), moderate cost, and the approach

to problems in design and operation may be

of value to others.

Guidelines for the design were taken from

Marvin and Wheeler (1961), Clark and Clark

(1964), and Marvin and Proctor (1964).

The saltwater system and laboratory were

built within a one-story concrete block struc-

^ Contribution No. 213.

ture adjacent to the net-storage shed at the

Base's dock site on the Pascagoula River (Fig-

ure 1). Construction of a saltwater labora-

tory in the 800 ft' of floor space available re-

quired considerable design compromises. Space

limitations prohibited the construction of large

storage tanks used in most recirculation sys-

tems. Maximum utilization of available space

was possible by designing a dual-capacity sys-

tem — combining experimental pool and water

reservoir.

Construction of the recirculation system on

an existing ground level concrete slab pre-

vented placing a sump below the experimental

tanks; therefore, a modified sump was incor-

porated to permit isolation of the pool-reser-

voir during experiments. This sump was



Figure 1. Concrete block structure housing the seawater recirculation system and laboratory at the Explor-

atory Fishing and Gear Research Base's dock site on the Pascagoula River. One of the elevated filter boxes

can be seen at the end of the building. The saltwater well is located beneath the filter box.

designed to function in hydrostatic pressure

balance with the pool, and water flowed from

the pool into the sump whenever a hydrostatic

pressure imbalance was created by pumping

water out of the sump.

A gravity-flow water delivery system was

selected for use in the recirculation system.

A head of hydrostatic pressure with sufficient

water volume is essential to provide a con-

tinuous water flow for an eff"ective gravity flow

system. This condition was met by using ele-

vated filter boxes which provided hydrostatic

pressure and water volume with sufficient fall

to ensure an acceptable gravity flow delivery.

Filtration of the water, immediately preceding

its return to the experimental tanks, was also

considered advantageous.

Before the construction of the recirculation

system, clean water from the Gulf of Mexico,

for use in experimental tanks, was transported

to the laboratory by the research vessel George

M. Bowers. The complexity and cost of this

operation prevented its continued use. Con-

sequently, two alternate water sources, a salt-

water well and a high-salinity wedge in the

Pascagoula River, were used to supply the re-

circulation system.

Consultation with the U.S. Geological Sur-

vey led to the drilling of a well adjacent to the

laboratory, and salt water was reached at a

depth of about 90 ft. A polyvinyl chloride

(PVC) casing and strainer were set in the drill

hole, and a 2-hp stainless-steel impeller pump
was used to raise the water.



Salt water from the well looked clear and

suitable for use following initial flushing; how-
ever, after the water was exposed to air, a

reddish-brown precipitate formed. Further

testing revealed that the well water contained

15 ppm of iron, apparently in the form of sol-

uble ferrous hydroxide, Fe(0H)2, which, upon

contact with the air, oxidized into insoluble

ferric hydroxide, Fe(0H)3.
Iron precipitate was successfully removed

from the subsurface salt water by continuous

aereation as it was recirculated through a com-
mercial swimming-pool diatomaceous-earth fil-

ter. This filter contains seven 18- by 261/2-ir'ch

filter grids of polypropylene and stainless steel

with a total filtering surface of about 46 ft".

The filter material was commercial grade

diatomate. In less than 6 hr of recirculation,

the filter reduced the iron content of 500 gal

of salt water from 15 ppm to below 1 ppm.
Removal of the iron precipitate reduced the

hydrometer determined salinity from 29.7 %o,

its original value, to about 23.0 '<< . The dio-

tomaceous-earth filter grids required cleaning

after they had filtered three or four 500-gal

batches of well water.

A wedge of high-salinity water (30 %c plus)

was found to intrude along the bottom of the

40-ft deep Pascagoula River channel at the loca-

tion of the saltwater laboratory. This source

was also used to fill the recirculation system.

A suction hose lowered into the wedge conveys

this water into the laboratory where it is re-

circulated through the diatomaceous earth filter

before the water enters the system's reservoir.

Figure 2 shows the floor plan of the labora-

tory. The combination experimental pool-

water reservoir, at the center of the laboratory,

is 18 ft in diameter and 41/2 ft deep, and holds

about 7,000 to 8,000 gal (the completely filled

system contains about 10,000 gal). The side

of the pool is of steel-reinforced concrete block

filled with poured concrete, and the bottom of

the pool is of poured concrete. A drain was
constructed in the center of the pool floor for

cleaning purposes. The pool was coated with

"Damtite", a concrete sealer, to ensure a water-

tight structure.
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Figrure 2.—Floor plan of the seawater laboratory at the Exploratory Fishing and Gear
Research Base, Pascagoula, Miss.



A movable catwalk above the pool permits

biologists to observe the behavior of fish in

the pool and engineers to install or service ap-

paratus mounted above the pool (Figure 3).

The center of the acoustic tile ceiling was mod-

ified to provide head room above the catwalk.

The west wall is occupied by a rectangular

experimental tank and equipment table (Fig-

ure 4). The tank is 4 ft wide, 4 ft deep, and

15 ft long. This tank was constructed of 1-inch

plywood reinforced with polyester-resin bonded

fiber glass and supported by external bracing.

The north section of the laboratory is oc-

cupied by two water tables used for aquariums

and small experimental tanks (Figure 5). A
700-gal portable fiber glass tank is often placed

in this area for holding live specimens.

The south wall of the laboratory is occupied

by the recirculation system (Figure 6). Basic

components of the recirculation system, the

combination pool-reservoir (previously de-

scribed), sump, filter boxes, pump and delivery

systems, and various auxiliary components are

illustrated schematically in Figure 7. The
sump, constructed of poured concrete, is 2 by

3 ft and 41/2 ft deep. Twin elevated filter boxes

(one inside and the other outside the labora-

tory) were constructed of 1-inch thick plywood

and are 3 ft wide, 2 ft deep, and 5 ft long.

A continuous duty 2-hp self-priming pump
of 30 lb. working pressure is the heart of the

recirculation system. This pump functions

during the water cleaning with the diatoma-

ceous-earth filter and the recirculating of water

in the filled system. A standby pump is avail-

able for emergency.

Most parts in the recirculation system are

either made of or coated with plastic to min-

imize maintenance and toxic materials.

The 2-inch piping and valves used through-

out the recirculation system are polyvinyl chlor-

ide. Leaching of toxic materials into the re-

circulated water was inhibited by coating the

pool, sump, and twin filter boxes with polyester

resin. Pigmented polyester resin provided

background colors used in the experimental

pool (commercial pool paints should be avoided

because most of them leach chemicals that are

toxic to aquatic animals). The steel diatoma-

ceous-earth filter is sealed inside by a heavy

Figure 3.—Movable catwalk above the experimental pool. The ceiling above

the catwalk has been modified to provide head room. An elevated filter box

i.s located at the far end of the catwalk.



Figure 4.—Experimental tank and equipment table at the west wall of the

laboratory.

Figure 5.—Water tables for aquarium and a 700-gal fiber glass tank at the

north section of the laboratory. The experimental pool and catwalk are in

the foreground.



Figure 6.—A portion of the recirculation system occupying the south wall

of the laboratory. The experimental pool, sump, pump, diatomaceous-

earth filter, and 500-gal fiber glass tank are shown from left to right.
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Figure 7.—Schematic illustration of the recirculation system. The pool-reservoir, sump, pump, filter boxes,

and delivery system form the basic system. Auxiliary components are the diatomaceous-earth filter, 500-

gal storage tank, water tables, experimental tank, and saltwater well.



layer of vinyl. The 500-gal storage tank is con-

structed of spun fiber glass.

An open floor drain, leading from the lab-

oratory into a storm drain, is used for disposing

water from the experimental tanks and water

tables, and for emptying the pool-reservoir.

During experiments the pool and water

tables are enclosed by opaque curtains that run

on ceiling-mounted tracks.

Numerous grounded electrical outlets are

located about the laboratory and along the

raised ceiling above the catwalk. Fluorescent

lights are mounted above the water tables and

the rectangular experimental tank.

A reverse-cycle air-conditioning unit is used

to maintain the laboratory and the recirculated

water at a constant temperature.

Operation of the recirculation system can

best be understood by following the water flow

through its various components.

Water from either the saltwater well or from
the high-salinity wedge is aereated by splash-

ing into the 500-gal storage tank. When the

tank is full, water is then pumiced from the

storage tank through the diatomaceous-earth

filter and splashed back into the storage tank.

Upon completion of the cleaning procedure,

each 500-gal batch of water is pumped up to

a filter box from where it enters the pool- res-

ervoir. Cleaning is repeated until the recircu-

lation system is full. At that time, the storage

tank and diatomaceous-earth filter are isolated

from the basic recirculation system.

Water in the recirculation system flows from
the pool into the sump as the hydrostatic pres-

sure balance between these two components is

disrupted following the pumping of water out

of the sump. Water from the sump is pumped
up to an elevated filter box (only one filter box
is used at a time) where it is aereated by splash-

ing onto the oyster-shell filter material.

Crushed oyster shells were used for recondi-

tioning the salt water. A concise discussion

of water reconditioning and the function of

oyster shells is given by Burrows and Combs
( 1968) . Water percolating through the crushed

shells is collected by perforated pipes, in the

bottom of the filter box, which lead into the

distribution system. The water is then re-

turned to the pool-reservoir, or directed to the

experimental tanks, or to the water tables.

During experiments the pool can be isolated

from the recirculation system by directing

water into the sump and closing the connecting
line between pool and sump.
The delivery rate of the gravity flow system

was limited primarily by the percolation rate

through the filter. A maximum flow rate, esti-

mated at about 20 gal/min, was obtained when
full hydrostatic pressure in the filter boxes was
maintained by continuous overflowing excess

water back into the sump.
The recirculation system described has func-

tioned satisfactorily, within its limitations, and
has proved adequate for maintaining a modest
saltwater experimental facility.
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