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eries, water in egg-hatchmg or
fry-rearing tanks may have a con-
dition called “gas supersatura-

water contains more gas at a cer-

tain air (barometric) pressure and

water temperature than would
.........II-. At 1L tlas tarataee caira

normaiy OCCUr iI uie€ water was
allowed to come to equilibrium

with the atmosphere. Fish living
in such waters may develop a

stressful or lethal condition called
1.
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hatcheries, and small fish con-
fined in shallow tanks are espe-
cially susceptibie to gas bubble
trauma. Because the diffusion of
excess oas out of water can be

slow, water often must be treated
before it is used in a hatchery. Gas
supersaturation problems may be

b I masem sy ezt ~aslo

ul[IlLul[ o UIngIUbe, ourt are edbl y
remedied with simnle, inexnen-
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sive equipment such as the
packed-column aerator described
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Nitrog n, ox gen, carbon dioxide,

c d Otner dﬂﬂ()bp heric gases are

Total 1ssolved gas pressure is the

£

sum of the partial pressures of all

*Mississippi State University

John A. Hargreaves and Craig S. Tucker*

gases dis ,S lved in water. The total
amount of gas dissolved in water
is commonly expressed as the dif-

terence between the sum ot the

same gases in the air (descrlbed

by the term “AP,” which is read as
“delta P”). It also can be

expressed as the percent sa
tion of the gases in water. Tot
dissolved gas pressure, barometric
pressure, and P can be expressed

in any of the umts commonly

L
tura-
al

When the partial pressure of a gas
in water is equal to the partial
pressure of that gas in air (APi=O),
then that particular gas in the
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concentration of the gas in the
atmosphere and there is no net
movement of that gas either into
or out of the water. If the partial

pressure of a gas in water is less

than the partial pressure of that
gas in air (AP; is less than 0), then
water is undersaturated with that

than the partlal pressure of that
gas in air (Al’ is greater than 0),

is supersaturated with
that particular gas and it will dif-
fuse out of the water to the atmos-
phere. It is possible for the total
gas pressure in water to exceed
barometric pressure (AP is g"r"ax T
than Q) while a narhr‘ ular gas is

undersaturated

thhqem xaratin

tnen water is
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Total dissolved gas pressure
(TGP) is sometimes reported as a
percentage of local barometric

o

pressure. At saturation, TGP per-

ront = 100 narcant: whan watare
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are undersaturated, TGP percent
is less than 100 percent; and if the
water is supersaturated, TGP per-
cent is greater than 100 percent.

Table 1. Ways of expressing gas supersaturation.

AP TGP Direction of

Condition (mm Hg) (%) gas diffusion
Undersaturated <0 <100 from air into water

Saturated (equilibrium) 0 100 no net diffusion
Supersaturated >0 >100 from water into air

il



Effect of supersaturation
on fish

The effect of adding supersaturat-
ed water to a hatchery trough or
fish tank is similar to opening a
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soft drink pottie. The pressure that

held ¢ases dissolved in water is

now released and theuga's'e‘s‘ will
form bubbles and diffuse into the
atmosphere If fish are exposed to

[ﬂls Watef, l'[le gdb Wlll ul[[ube
across the gills into the fish

Bubbles can form in the gills, fins,
skin and blood. Bubbles in the
blood can block circulation and
cause serious or fatal injury, par-

ticularly to fry or young fish.

Some of the symptoms of gas
supersaturation include “pop-
eye” or hemorrhaging around the
eyes, distended stomachs, coagu-
lated volk in volk-cac frv and

lated yolk in yolk-sac fry, and
more importantly, secondary bac-
terial or fungal infections related
to stress. Catfish fry affected by
gas supersaturation often become

frapped .
tra upside down at the sur

face because bubbles form in the
yolk sac.

identifying gas
supersaturation probiems

Most problems with supersatura-
tion are first identified when there
are unexplained chronic or acute

1 £ frxr 1
losses of fry in the hatchery.

Sometimes the fry will exhibit
some characteristic symptom,
such as floating upside down or
bubbies in the eyes, skin or fins.

rovs, thaca olinical
10wever, mese Giinicai Slgl‘.s can

pear and then disappear rapid-

1}; Often there will be no obvious
symptom at all. Gas supersatura-
tion can be suspected if tiny bub-

Thlao fAsen
bles form on the insides of the
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hatcherv tanks. Running yvour
hand over the inside of a tank will
release a swarm of these small
bubbles and make them easier to

¢

an be me
ter. Most hatcherv managers do
not have this rather specrahzed
and expensive piece of equip-
ment, and it is not an essential

taagl Com m 1 1
tool. Some government fisheries

biologists or university

researchers have access to a satur-
ometer, so if you suspect a prob-

lem, you may be able to find
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1

someone who can visit the hatch-
ery and make the measurement to

‘confirm whether or not a problem

exists. Note, however, that the
severity of a gas supersaturatlon
PIOUICII[ ina hatchery can ch nange
over time, sometimes suddenly,
depending upon the water pump-
ing rate and the condition of the

plumblng in the hatchery bry

Sources of gas
supersaturation

If vou determine that the water in

you qeermine that it varer 11

hatchery rearing tanks is supersat-
urated, it is important to identify
the source of the supersaturated

Wa[er ll’le mUht EITELIIVE
anoroach to solving the problem
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depends on the origin of the gas.
The water source itself may be
supersaturated or the water may

be
pumped to the hatchery.

Supersaturation is usually not a
problem in good quality surface

;vaters, althgugh other problems
with using surface waters in
hatcheries outweigh that smaii
advantage (see SRAC Publication

461). Surface waters with dense

growths of aquatic plants or algae
can become supersaturated with
dissolved oxygen on bright,
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Most catfish h u
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roundwaters because the sup
is consistently of high quality.
Water from deep wells is warmed
by the heat of the earth, making it
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unnecessary to heat the water to

the optimum temperature for egg

and fry incubation. However,
groundwater often is supersatu-
rated with dissolved gases. If that
is the case, and there is no alterna-

7 =
Hve water source for the hatchery,

the water can be “degassed” and
aerated in a packed-column aera-
tor as described below.

Although not a common problem,
especially when wells are proper-
lv constructed, waters can become
supersaturated if air is sucked
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into the water supply when the
well “surges.” Surging occurs
when sands dislodged during

11 o~ AL

well ClI'llllI‘lg parnauy ClOg e

screen or strainer at the bottom of
the well casing. This impedes the
flow of water into the casing,
which results in water be1ng
pumped out of the well faster
than it flows into the casing from
the aquifer. When the water level
inside the casing drops below the
bottom of the intake pipe strainer,
air is sucked into the line and
gases are forced into solution as
Lo smaoong thoniigh tha yrimany

water debeb uuuusu uic l}ull P
This problem is most common in

new wells and usually corrects

itself as the well is used. If surg-

ing persists inform the person
A arall Crvnan £

who drilled the well. Screens of
older wells in areas with hard,

alkaline groundwaters may
become clogged by encrustations
of lime or iron oxide. Lleamng
with muriatic {(dilute hy
ric) acid will correct this problem
and most well-drillers do this rou-
tinely.

Regardless of the water source
and whether or not it starts out
supersaturated, faulty piumbing

£ ¢l £, 1
of the water supply lines to the

hatchery can cause it to become
supersaturated (or more supersat-
urated). This occurs when air is
sucked into the water through

rall “rin_hale” ;
mall, “pin-hole” leaks in the

lumbing fittings and pipes on
the suction side of pumps. As the

entrained air passes through the

pump, it is pressurized and some

£+ dri H
of the gases are driven into solu-

tion. More gas entrainment can
occur on the pressure (outlet) side
of a pump, particularly across a
partially-open, true-union, PVC
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the line, although it is best to
avoid or prevent | the problem in

the ant place W nen COrlb[ruu’l g
the hatcherv pay particular atten-

tion to pro;ger appllication of
adhesives at plumbing joints and
fittings. Clean fittings carefully
with an approved solvent and

generously apply adhesive to

both pipe and fitting before join-
ing with a quarter twist of pipe
against fitting. Apply teflon tape
or pipe compound liberaily to the

+h Ad € rod 1
threads of reducer bushings or

other threaded fittings, particular-

ly at the pump inlet and outlet.



When catfish hatcheries are sup-
plied with water from a well,
diagnosing the source of the
supersaturation is usually not dif-
ficult because most groundwaters
in the Southeast do not contain
dissolved oxygen. If the water
flowing into the hatchery contains
no dissolved oxygen but is never-
theless supersaturated with gas,
the groundwater itself probably is
supersaturated or has become
supersaturated when heated in a
closed boiler. If, however, the
water flowing into the hatchery
contains some dissolved oxygen
(often just 1 or 2 mg/L), that
means that the water has contact-
ed air at some point and the prob-
lem is caused by an air leak in the
plumbing or a surging well. Quite
often, air bubbles entrained in the
water by these two processes
makes a hissing sound as the
water travels along the piping.
This sound is often most notice-
able at elbows or “T” fittings.

Problems caused by an air leak in
the plumbing can be differentiat-
ed from those caused by a surging
well by turning the well off for an
hour or two, and then turning it
on while measuring the dissolved
oxygen concentration of the water
as it flows into the hatchery. If the
problem is caused by an air leak
in the supply line, dissolved oxy-
gen will be detected in the water
almost immediately after the well
is turned on. If the problem is
caused by a surging well, the
water will not contain dissolved
oxygen at first because anaerobic
groundwater is being pumped
into the hatchery. If, after some
period of pumping, the water
level inside the casing falls below
the intake and air is sucked in, the
dissolved oxygen level in the
water will suddenly begin to rise,
indicating a surging well. The
time interval between turning the
well on and the first surging
depends on the well pumping
capacity and the degree to which
the screen is clogged; it can range
from a few minutes to several
hours.

Waters also can become supersat-
urated when heated in a closed
boiler where excess gases can not
escape completely. This occurs
because the solubility of gases

decreases with increasing temper-
ature, so if gases cannot escape
when water is heated, the water
will be supersaturated at the final
temperature. This occurs often in
hatcheries that use cool ground-
waters or surface waters early in
the spring spawning season.
Heating water from 20° C (68° F)
to 26° C (80° F) in a closed boiler
can cause an increase in AP suffi-
cient to cause chronic gas bubble
trauma in channel catfish sac-fry.

Packed column design

Some problems with gas supersat-
uration can be avoided by proper-
ly plumbing the water supply line
to the hatchery and by using good
well drilling and maintenance
practices. Water flowing into
hatchery tanks can be partially
degassed by vigorously aerating
the holding tank with a number of
diffusers or with an agitator,
although these techniques are not
very efficient and not completely
effective. Water can also be
degassed somewhat by breaking
the flow into a fine spray with a
common garden-hose spray noz-
zle and spraying water into the
hatching or rearing tank. How-
ever, one of the simplest and most
effective ways to manage gas
supersaturation problems is to use
packed-column aerators.

Packed columns serve two roles,
depending upon the quality of
incoming water. If the water is
supersaturated with dissolved
gases, then a properly designed
and constructed packed column
will relieve the supersaturated
condition. If the dissolved oxygen
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Figure 1. Pall rings of various sizes can be used as media in packed columns.

concentration of the water is low,
and usually dissolved oxygen is
absent in groundwater, then a
properly designed and construct-
ed packed column will also satu-
rate the water with dissolved oxy-
gen.

A packed column consists of a
vertical vessel filled with packing
medium. The medium should
have a large (about 90 percent)
void or empty space per unit vol-
ume and should pack in a way
that allows the water flow to
break up randomly into a thin
film that trickles down through
the column, following a very cir-
cuitous pathway. Various packing
medjia are sold under the names
ballast rings, Bio-barrels®, Actifil®
pall rings, Tri-pack® spheres, and
Nor-Pac®. A perforated support
plate holds the medium in at the
bottom of the column. Near the
top of the column, a water distrib-
ution plate with many holes is
placed over the packing medium.

The height of the packing is an
important design variable of a
packed column. Packing height is
based on a number of design cri-
teria and will depend upon the
characteristics of the incoming
water. Two cases are presented
below to illustrate how to config-
ure the packed column.

In the first case, assume that the
water contains no dissolved oxy-
gen but is not supersaturated. The
packed column will be used only
as an aerator and Figure 1 can be
used to estimate the height of the
packed column required to pro-
vide the desired dissolved oxygen
concentration at the outlet. To use
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Figure 2. Packed column height required to result in various outlet water dissolved

Fig

oxygen concentrations at a range of water temperatures. Area within dashed lines
indicates the optimum temperatures for channel catfish egg incubation.

the figure for design purposes,
begin by selecting the water tem-
neratuure. Extend a vertical line up
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to the desired dissolved oxygen
concentration. Then, extend
another line horizontally to the
left, at a right angle to the first

line, to select the packing height.

For example, if the temperature of

a catfish hatchery water supply is

between the optimum of 78 and
Q')O L and tho docirad dicenlved

1" ALIWG LLIT UCOLIAUM VIOUJVE Y e
oxygen concentration of the water
flowmg out of the packed column
is 90 percent of saturation
(between 7.0 and 7.3 mg/L), then

a packing height of 3.5 to 4 feet is

a
necessary. As water temperature

1
required to achieve a given dis-
solved oxygen concentration
increases, although the packing
height requlred to achleve 90 per-
cent saturation is not affected by
tomperature and stavs at 3

WiiipClaiuis aia

feet 8 inches.
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In the second case, assume that

the water is supersaturated with
dissolved gases. Use Figure 2 to
estimate the required packing
height for the desired gas pressure
differential (AP) between the out-

QAIlCIcCiiiial \AAl ccit U1

let water and the atmosphere.
Most hatchery waters should have
a AP between 10 a

water 1ncreases, the packmg
height required to produce a

..... e e bl al varntne
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increases. The lower the desired

AP of the outlet water, the greater
the packing height required. The
vertical dashed line on the figure

it A an a mmint AL s fnaninnn Tavr

providaes a point Or rererence oy
jpdj atine the average AP of well

Laillly i avelidgh 2

ater from 27 catfish hatcheries in
the Mississippi Delta. But remem-
ber, the AP of well waters can
change through time and may
suddenlv become a severe m'ob-
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lem. To use the figure for demgn
purposes, begin by selecting the
AP of the i mcormng water. Extend
a vertical line up to the desired
outlet AP. Then, extend another

line horizontally to the left at right
angles to the first line to select the
packmg helght As an example, if
the AP of incoming well water is
about averaoce for catfish hatch-

eries in the Mississippi Delta, and
the desired outlet AP is about 10

Table 2. Guidelines for selecting packed column diameter, size of medium, and air flow rate based on water

flow rates.
Recommended Maximum Column “Squirrelcage”
flow rate flow rate diameter Media size Air flow rate blower size

(gpm) (gpm) (inches) (inches) (cfm) (amps)
15 20 8 1 6 0.2-0.3
35 50 10 1 14 0.2-0.3
70 100 12 1.5 28 0.4

125 150 16 1.5 50 0.5

150 250 18 2 60 0.6

250 450 24 2 100 0.7

450 700 30 3.5 180 2.1




Gas pressure differential of outlet water
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n the Mississippi Delta.

mm Hg, then the required pack-
ing height is 4 to 4.5 feet. Such a
column height will also
least 90 nercent saturati
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water with dissolved oxygen.

In both design cases, an additional
1.5 to 2 feet should be added to
the column height to accommo-
date iniet and outlet plumbing

adjacent to water distribution and
media support plates

jameter of a pa(*kpd

flow rate (Table 2). Flow rates to
packed columns range from 40 to
100 gpm/ft? of column cross-sec-
tional area. Table 2 offers some
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guidelines on the selection of
appropriate column diameters.
Most catfish hatcheries require a
water flow of 100 to 150 gpm, and

so will require columns 12 to 18

inches in diameter. Flow rate
should not exceed the design

ing 7 L
s average gas pressure differential in oroundwaters used in

7 S

maximum, as this will flood the
column and prevent degassing.
Also avoid using columns with

diameters smaller than 6 inches
because of potential problems
with short-circuiting water flow
down column walis.

L Aclam Acton

o o~ am e
often neglected, design parar
ters of packed columns is air flow
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rate. Good air flow is essential fo
effective performance. Air flow
provides oxygen and strips away

undesirable dissolved gases such

as carbon dioxide, hvdrogen sul-

fide and methane. If the top and
bottom of the column are open to
the air, then air flow through the

f SRR o o L S N Y

column should be sufficient to
deoac the water In such a case
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add 2 additional feet to the pack-
ing depth as determined by
Figures 2 and 3. However, if the

bottom of a packed column is

One of the most important, and
ie-

thin layers, across which gas can
transfer efficiently. This process is
enhanced by passing a relatively
volume of air through the
nn in the opposite direction
(counter current) to the water
flow. At least 3 unit volumes
of air should dded to the coi-
umn for each unit v !
water (Table 2). “Squirrel-cage”
blowers or regenerative blowers
can be used for this purpose, but
“squirrel-cage” blowers are a bet-
ice because they are
gned to deliver air against a
very low pressure gradient, typi-
cal of packed columns, whereas

regenerative blowers are designed

2t
be
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air against a 1diry 10w
sure of water (typically

24 to 48 inches). Counter current

..
<
¢

a water

same direction as the water. It also
requires an air ventilation riser

mt bl Al waratae Aiobed
pipe througn tne water distribu-

tion plate near the top of the
column.

Packed coiumn
construction

Once column height, column
diameter, medium size and blow-

er size have been selected, the

IR S R, BRIy lan ~~smobwey
packed column can be construct-

ed. Columns are generally cylin-
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drical in shape; therefore, PV
pipe, concrete culverts, and lined
grain silo rings are suitable mate-

rials for construction. Materials
less than 1/8 inch thick can be
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used for packed columns. Packed
columns can be integrated with
water supply head tanks or built

as “stand-alone” units.
Tt ivantage of integrating the
h .

T W;l—k an aviorior
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CO i
d tank is that water flow to the

hatchery can be regulated by the
head pressure of water in the
tank. However, water must then
| N A 1 anrmn valativale
D€ puiiiped U SULIKT ITiduvel
small additional head to account

for the packed column height.
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ated with head tanks is
p bably not necessary, as the top
and bottom of the column are
open. The major disadvantage of
integrating a packed column with
a head tank is the relatively large
heat loss that may occur across
the packed column, particularly
when operated early in the hatch-
ery season. A large heat loss as
water passes through the packed
column might necessitate reheat-
ing the water in a boiler, which
may defeat the purpose of using
the packed column because heat-
ing the water may itself cause

supersaturatlon

Stand-alone units can be placed
within the hatchery building, but
this configuration may require
that water be pumped a second

time, usually from a collection

sump placed at the base of the
column. If a packed column is
placed within a water collection

1

sump, then the column must be

mounted in such a way that the

packing medium is not flooded.
This can be accomplished by
physically mounting the column
above the water level or, if the

]‘\’)
base of the column rests on the

sump bottom, by placing the
medium retention plate at a
height in the column above the
water level of the sump. When a

ctand_a ™m
stand-alone packed column is

placed within a hatchery the
bu1ld1ng must be ventilated or the
air flow from the column vented
to the outside so that carbon diox-

ide and other harmful gases will

not accumulate.

To construct a nacked column
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first suspend the medium support
plate in the column. If the column
is a stand-alone unit, locate the

e ) POOS £ Sammlany

support pldte at least 3 to 6 inches
above the water level of the col-

lection sump. Vinyl-coated hard-
ware cloth or perforated alu-
minum sheet metal are su1tab1

PR s

materlals [Or SuPPUrI P ate con-
struiction. The sunnort nlate in
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larger diameter columns may be
supported by extending re-enforc-
ing rods (“re bar”) or other rolling

stock through the column and
sealing the holes with silicone

STdiillg UIT 11U

caulk. Or, blocks or a ring for
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holding the support plate can be
attached to the inner diameter of
the column.

Next, cut a square hole, corre-
sponding to the outlet from the
squirrel-cage blower, near the
lower end of the column. The
blower should be mounted well
above the water level of the sump
to minimize the potential for elec-
trical shock and flooding of the
blower motor. The blower can be
mounted on the column just
before installation or right after

the column is installed.

Construct the water distribution
plate and place it about 6 to 9

bl 1‘\ Yal TYY
inches from the top of the column.

This allows space for water to

splash before passing through the
plate. The water distribution plate
does not need to be as rigid as the

medium support plate, although

it should be about 3/16 inch thick.
Suitable materials include perfo-
rated aluminum sheet metal, plex-
iglass, or fiberglass-reinforced

plastic. The support plate should

be drilled with holes, as suggest-
ed in Table 3, with a hole in the
center large enough for a riser
pipe (2- to 4-inch ID depending

col di
upon column diameter) that vents

the air introduced by the blower
at the bottom of the column. If

flow rate is expected to vary pre-
dictably (for example, increasing

v
during the hatchery season), then

multiple and interchangeable
water distribution plates can be
fabricated.

Before placing the water distribu-
tion plate in the column, add the

column or use a stlck or piece of
pipe to stir the medium so it will
pack well. Once the medium is

pac&ea lnIO (He (.OluIIlIl, PldLC l
water distribution plate on the

plate support structure. Sealing
the support plate to the column

wall w1th a bead of caulk helps

from the side, through the wall of

1



Table 3. Guidelines for constructing a water dlstnbutlon plate for a packed column of a given diameter.
Column Air vent Hole Number of holes Number of holes
diameter riser pine diameter diameter at ¢ at
(inches) (inches) (inches) recommended flow rate maximum flow rate

8 2 1/4 35 50
10 2 1/4 50 60
12 2 3/8 40 60
16 3 3/8 70 80
18 3 3/8 80 140
24 4 12 80 140
30 4 5/8 a0 140

the packed column. The top of the

column can be Open or fitted with
a cover that can also hold fh_n

CUVTL Ui Lait aasy 1ivile

water supply plumbing in place.

little regular maintenance. Many
groundwaters contain fairly high
concentrations of dissolved iron,
which can oxidize and settle out
on the medium as a rust-colored
solid. It is highly unhkely that
enough oxidized iron will settle
out to clog the medium. Rust-col-
ored solids passing through the
acked column can be removed
y dlrectmg the water flow
through a settlmg tank, gravel

bed, or sand filter. It is good prac-

A parkpd column requires very

PR . SR, i ~Anlecaas ~ A
tice to ulb})cd the column between
hatchery seasons and, if necessary,

remove the medium an g
any accumulated solids with high-
pressure water. The medium a

crnd A d mlannd 3
can UC removea an d lJ‘ldLUd 111

solution fmurlatlc acid for ¢
1.

a1 L Al Py

rinsed unl-b fresh water before it is

1111oC 1iToa atcl

used again.
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