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ABSTRAOT

This report discusses the attractiveness of land treatment
of organic waste water through overland flow as an effective and
economical means of dealing with increased waste l.oads and
achieving federally mandated water quality criteria. A pilot
prospect carried out in an enclosed marsh area in Dulac, Louisiana,
and using effluent from a menhaden processing plant indicated
that overland flow is a valuable means for providing secondary and,
in some cases, tertiary treatment of high-load organic waste water.
In the experimental design primary-treated organic waste was
sprayed at low rate on a naturally vegetated slope. The soil-
plant system removed 58 percent. of the total organic carbon, 51
percent of the total nitrogen, and 53 percent of the total phos-
phate phosphorus as the effluent flowed over the 6 percent, 30 m
�00 ft! slope.

Overl,and flow seems well suited to the organic waste water
problems of the Louisiana coastal zone because of:

1! silty clay and clayey soils which are widely distributed
throughout the active and abandoned delta zones,

2! high water table,

3! long vegetative growing season, and

4! the nature of many discharged wastes such as fish
processing and canning wastes, sugarcane processing
wastes, and municipal sewage wastes.

As a result of the extensive dredging activities carried out
in coastal Louisiana, new elevated land areas are being created
by disposal of dredge spoil in confined sites. Many such areas
are located near sources of organic waste water and could provide
effective sites for overland flow treatment facilities.

There are numerous possible beneficial applications of over-
land flow systems in south Louisiana. Aquacultural systems could
utilize the nutrients in organic wastes to raise commercial fin-
fish, shellfish, or crustaceans or to grow aquati.c vegetation
which could be used as feedstock for animal production or for
methane generation via anaerobic fermentation. Overland flow
designs could be coupled wirh agricultural systems to provide
increased nutrients for efficient production of rice, sugarcane,
or roseau cane.

While there exists no specific legislated policy for land
treatment in Louisiana, the existing l.aws in no way prohibit the
implementation of land treatment, provided adequate health pre-
cations are taken. The overland flow process is not only
ecologically sound but is within the best interests of the biology,
sociology, hydrol.ogy, and economy of the Louisiana coastal zone.





lNTRODUCTION

Coastal water pollution is a problem that has many sources
and one for which effective solutions must be found. In response
to a growing population and increasing coastal development,
activities such as haphazard disposal of sewage effluents from
coastal cities and poorly managed dredging of harbors, canals,
and river estuaries have jeopardized environmental quality.
Pish kills, closed beaches, abandoned pipeline canals, and marsh
deterioration reflect the final result of hastily conceived
envirorunental planning. In the near future the gro~ing demands
on the densely populated coastal zone for food production,
adequate waste disposal, and navigable waterways will only be
met by complementary and well managed programs.

Recycling sewage wastes allows carbon, nitrogen, and phos-
phorus to be extracted in a beneficial and usually productive
manner while producing clean water. Aquaculture is an example
of an activity which can be productively linked with waste water
treatment efforts. Through recycling, the nutrients in sewage
effluent can help produce commercially important finfish and
shellfish while providing a treated water resource  Kildow and
Huguenin, 1974!. Similarly, areas containing confined dredge
spoi.l can be used for land treatment of waste waters, creating
land suitable for wildlife habitat or agronomic crop production.

We recognize the need for sufficient coastal resource
planning in south Louisiana to meet present and future manage-
ment requirements. Therefore, our purpose in this report is to
consider the feasibility of using diked dredge spoil disposal
sites for sewage and organic waste recycling, a technique that
can make effective, efficient, and economical use of water and
land resources.

The Water Pollution Problem

The Federal Water Pollution Control Act Amendments of 1972

 PI. 92-500! are one source of increasing interest in using
terrestrial ecosystems to achieve l.egisl.ated water quality
standards in the imminent future. "Best practicable control
technology" required by July 1, 1977 precedes "the national goal
that the discharge of pollutants into the navigable waters be
eliminated by 1985." Section 201 b! requires that waste treat-

K

cause water or other environmental pollution." Technology
development must also "provide for consideration of advanced

municipal waste water fulf ills the above requirements by producing
clean water and keeping wastes out of streams and lakes. In



ddit i' it reclaims "pol 1utants" such as ni trogen, phosphorus,
d arbon for use in fertilization of agronomic crops or naturalcar

vegetation'

~thods of applying sewage wastes onto the land are not' new;
farming has been practiced worldwide for years. In thesewage

t ter half of the nine t cent hcenturyextensive sewage f arms
die~,sed of ~nicipal waste waters outside Berlin and paris. but
poor manr ~nagement coupled with ignorance of proper public health
p rectactices caused the demise of open land disposal as a solution

waste treatment. Growth of urban population and industrialto was

centeenters f os tered techno logical waste treatment pract i ces that
provroyided improved qual i ty control and bet ter publ i c hea 1 th
safety for a greater volume of raw waste wa ters . Due to i n-
creasad understanding of water treatment principles, and because
of space I imi'tat iona and the need to cont rol wa ter-bor ne diseases,
many states maintain legal restrictions against open land disposal
of untreated sewage.

present day sanitation engineering practices for waste
treatment commonly include primary and secondary treatment

to achieve a reduction of the organic load or biochemical oxygen
 BOD! of the waste. In most situations, however, no

attempt ia made to utilize the resource potential of the waste
primary treatment is a physical process in which solids

are allowed to settle and are removed from the water. Secondary
t«atment uses biological processes and is quite efficient in
reducing the organic load; up to 90 percent can be removed by
microbial action resulting in a treated ef fluent with a BOD
varying from 10 to 50 parts per million. The two principal
t ypes of secondary treatment are the trickling f i 1 ter and the
activated sludge process. A trickling f ilter i.s simply a broad
bed of stones from 1 to 3 m � to 10 ft! deep through which the
sewage passes. Bacteria and zoogleal slime which grow on these
stones consume most of the organic matter in the sewage. The
activated sludge process speeds up the work of the microbiota by
bringing air and sludge heavily laden with microorganisms into
close contact with the sewage. In areas where water treatment
plants are not present, lagoons or oxidation ponds are used to
purify water by using sunlight, algae, and microbial action in
the. presence of oxygen. The final step in secondary treatment
is chlorination to kill as much as 99 percent of the pathogenic
bacteria in the waste effluent. Tertiary or advanced treatment
ent.a is the removal of nutrients such as nitrogen and phosphorus
as wel1. as the remaining oxygen demanding compounds and the
Pur~f ication of the water to achieve drinking water quality.
» " may be accomplished by further biological treatment or by
physical-chemical separation techniques such as adsorption,
d ~stillation, and reverse osmosis.

Were advanced treatment is not available or is impractical
secondary efflueat is discharged into receiving waters



such as lakes and streams where the aquatic ecosystem is used to
achieve water purification. Too often, however, discharge of
wastes has caused eutrophication and degradation of the receiving
water. The Federal Water Quality Administration  FWQA! reported
in 1910 that of 233 sub-basins in the U.S., 21.4 had 95 percent
or more of their stream miles "continuously or recurrently in
violation of established physical, chemical, or biological
criteria." The costs resulting from water pollution have been
estimated to be $12.8 billion annually  Stevens, 1972!. This
total includes costs due to losses of productive commercial
fisheries and their nursery areas, degradation of recreationally
and aesthetically valuable areas, befouling of public and indus-
trial water supplies, and the increase in medical care to treat
water-borne diseases,

Using the Land to Clean Wa.ter

Land treatment of waste water and sewage is a natural
recycling process that combines the soil and plant ecosystem
with the applied effluent. It can provide secondary as well as
advanced treatment to a variety of waste waters. Purification
of the waste water is accomplished by the microbiota, the plant
communities, and the chemi.cal and mechanical action of the soil.
Land treatment processes, as opposed to land disposal techniques,
are designed to produce a renovated water resource while producing
the best possible benefi.ts to the environment. The waste load
is adjusted to the long-term treatment capacity of a particular
soil system. Such a practice utilizes the resource potential of
valuable nutrients normally considered to be pollutants.

There are other advantages to land treatment besides recycling
bi.ostimulants through the vegetative growth cycle. Increasing
groundwater use in the coastal zone has in numerous cases lowered
the water table, allowing salt water intrusion to degrade water
supplies. This is presently happening in the metropolitan areas
of Baton Rouge and New Orleans. Groundwater recharge with waste
water can help to overcome this problem by raising the water
table and replenishing potable groundwater reserves. In other
areas land degraded by improper farming techniques and surface
strip mining activities has been restored to fertile and agri-
culturally productive use by proper management and application
of treated waste waters. In additi.on, land treatment techniques
are often more economical than conventional methods for the

maintenance and improvement of our water resources. The National
Water Commission has estimated that meeting the 1972 Federal
Water Pollution Control Act's requirement of "best available
technology" by 1983 will cost $467 bi.llion  about $200 billion
more than the entire Federal budget proposed for Fiscal Year
1974!. This would amount to more than S2,200 for every person
in the United States today. The cost of eliminating the first
99 percent of pollution is balf the cost of cleaning the final



Land treatment not only achieves the legislatedpercenquality goal but is also considerably less expensive thanwater qua
types of advanced treatment, especial ly f or el iminat ing~ther typ y'i>< f inane 1 percent . Al though land treatment is not a panacea

the ll ~ster pollution problems, it is widely adaptable to a
for aj e t y o f env ir onmen ta 1 s i tus t i ons .variety

Three types of land tre~t~ent are commonly used depending
upo n so� soil composition, porosity, and drainage qualities. These

e rapid infiltration, spray irrigation, and overland flow.are rap
infiltration is a high-rate system useful in areas of

highly pe~able soils- Depending on soil permeability. the
rate oate of waste application is sometimes about 60 cm � ft! per

 Application rates given as here in terms of depth denote
volume per unit area: 2 f t per week 2 acre-f t per acre per
weeks ! Soils such as gravel or sandy loams are sub!ected to
alternate periods of flooding and drying, usually in constructed

pur if icat ion takes place through micr obial and chemi.cal
action as the effluent percolates through the soil column.

rate loading systems are advantageous for groundwater
recharge and reuse, requiring only a small area to purify a
large volume of effluent. This technique is used at the Flushing
meadows reclamation faci.lity in Phoenix, Arizona, and the Whittier
garrows reclamatio~ pro]ect in California  Stevens, 1972; Bouwer,
l 974!, The latter has proven so successful that it is being
expanded to accomodate 4. 7 x 10 m /day �25 million gallons per
day l[mgd! ! from the present level of 5. 7 x 104 m3/day �5 mgd! .
Two additional pLants being built ro handle 4.7 x 105 m~/day
 ]25 mgd! each.

~S ra ~frrf ation and overland flow are low rare system-s
used in areas with less permeable soils. The treated effluent,
usually following the chlorination of secondary treatment, is
applied at a rate of from 5 to 10 cm �-4 inches! per week.
Therefore, greater land area is necessary for these systems to
perform properly. At an application rate of 5 cm � inches! per
week, for example, a city of 100,000 people could dispose of its
sewage effluent using 600 ha �500 acres!. Low-rate systems
purify water through infiltration and percolation as do high-
rat« systems, but because of their use on less permeable soils a
much larger fraction of the applied water is lost through evapo-
transpiration and runoff.

the top few feet of the soil as the liquid percolates downward.
Organic matter is decomposed by bacteria, nitrogen and phosphorus
nutrients are removed by surface plants or soil, and heavy
metals are absorbed by organic matter and clay particles. These
processes produce tertiary effluent with more than 99 percent of
t"e g0D 9'9 percent of suspended solids, and up to 40 percent of
ni «ogen and phosphorus removed. This method of water purifi-
cation which takes place in the aerobic zone of the soil has



been termed the "living filter" because of the i~terrelation-
ships of the plant, soil, and microbial systems that purify the
water. Spray irrigation has been practiced at Pennsylvania
State University since 1963. Application of secondary effluent
there has provided a valuable source of fertilizer for increasing
agricultural and silvicultural, production, a useful technique
for replenishing the underground water supply, and a cheap,
effective alternative for restoring the recreational and scenic
qual.ity of Spring Creek in Nittany Valley.

Huskegon County in Michigan is using spray irrigation to
design for the future requirements of its population in 1996 and
also to help revitalize a tired local economy. The system will
accomodate a projected population of 170,000 persons, generating
an average waste water fl.ow of 1.64 x 10> m3/day �3.4 mgd!
including an industrial flow of 9.0 x 10 m3/day �4 mgd!.
Previously Hoaa, Nuskegon, and @hite Lakes all received polluting
levels of sewage effluent. Now effluent receives initial treat-
ment in aerated lagoons and, following chlorination, is spray
discharged onto fine textured sandy soils for advanced treatme~t.
The biggest advantage other than a cleaner environment is the
low operating cost. Treatment costs for the Muskegon system are
$24 per thousand cubic meters  $90 per million gallons!, approxi-
mately half the operating cost of conventional advanced treatment.

Overland flow is used on soils of low permeability and high
water tables. It differs from spray irrigation and rapid infil-
tration in that waste effluent is purified in the top several
inches of the soil surface employing microbial processes to a
much larger extent. "Grass filtration" is another name for
overland flow because of the large fraction of nutrients removed
and the advanced level of treatme~t achieved by cultivating and
periodically harvesting rapidly growing grasses on slightly
inclined �X! slopes. A water tolerant plant such as reed
canary grass  Phalaris arundinaceae! must be grown because of
periodic but slow flooding of about 5 cm � inches! per week.
Host of the water applied by overland flow is lost to runoff
downslope �0K! with the remainder removed through infiltrati.on
�0K! and evapotranspiration �0K!, Distinct advantages of this
design are that groundwater contamination and soil pore clogging,
important constraints in spray irrigation and rapid infiltration,
are not detrimental to prolonged use. Because of its surface
recycling characteristics, this method is well suited for use on
clayey and silty clay soils overlying high water tables, con-
ditions such as those fo~nd in coastal Louisiana.

Overland flow has been successfully used since 1964 for
reclaiming cannery waste water at a Paris, Texas vegetable
processing plant. Prior to initial operation, the heavy clay
soil on the 200 ha �00 acre! tract was molded to form 0.8 to 4-
ha � to l0-acre! watersheds which are 60 to 120 m �00-300 ft!
wide. These areas are sloped � to 12K! toward a collecting



at the foot of each watershed. The grass-covered slopes
rayed vith about 1,5 x 104 m3/day � mgd! of canneryare sprays
which for the area used equals an application rate of

~�t 1 5 cm �.6 inch! per day. Microbial activity in the
and soil systems removes over 90 percent of the totalplant an

itrogen phosphorus, and organic carbon from the effluent as it
fl~s si~ly over the slopes.

The technological development and proliferation of land
operations has been swift. From the pioneering workarea m

in 194g at Seabrook Farms, New Jersey, involving spray irrigation,
~~ 95{! municipalities and 1,300 industrial plants including

than 300 canneries were using some form of land treatment
by 1973 So effective and efficient are the three methods of
lang treatment tha't as of July 1, 1974, the Environmental
Protection Agency required any community that applies for a
waste treatment construction grant  under PL 92-500! to show

it haa considered all alternative methods � ~includin land
treatmeat  Chandler, 1974!.

Louisiana's Coastal Zone

Louisiana's 3 million hectares �.5 million acres! of
estuary and marsh support a high production of commercially

finfish and shellfish. In 1970, for example, Louisiana
coastal waters yielded 435.4 million kg  959 AS million lbs! of
menhaden valued at $18.9 million  dockside!9 79 percent of the
total Culf states landings, That same year, 41.2 mi.llion kg
 90,9 million lbs! of shrimp worth $34.6 million  dockside! were
caught in Louisiana, leading the other Gulf states. This combined
catch valued at $53.5 million is a ma!or facet of the numerous
capacities of Louisiana'a estuarirae and marsh environments.
Nutrients are continuously supplied by the Mississippi River,
snd vast estuarine areas form nursery refuges where larval and
Juvenile organisms engoy ample food and protection. Marsh
environments however, provide other valuable services besides
fisheries production; Louisiana's wetlands supply recreational
opportunitiea, buffering for coastal storms and hurricanes, fur
be~ring animal production, and treatment of municipal and indus-
trial waste effluents. The total cost of all these services has
not been thoroughly investigated, but one estims.te has valued
the services of the marsh at several thousand dollars per acre
p« year  Gosselink et al., 1974!. The coastal marsh performs
n~rous functions interrelated vith man's activities and should
be managed wisely in a coraprehensive plan to insure the continued
resource potential of the ecosystem.

Dredging, canal building, and dredge spoil disposal operations
" e recurr'ent in the Louisiana coastal zone. Population growth
i«oastal ci.ties, increasing boat and barge traffic on the
««rwaya9 and the continuing search for fossil fuels have left



a maze of canals and cuts in the coastal tnarsh. Haintenance

dredging of these waterways is a formidable task encompassing
several kinds of dredging techniques and very specialized equip-
ment. In Louisiana, hopper and pipeline dredges are responsible
for removing about 31 and 15 mi.llion m3 �1 and 20 million yd3!
of spoil per year, respectively. Where open ocean disposal is
not conducted, spoil is disposed of on land or marsh. Because
of the growing awareness of the importance of the marsh, however,
land disposal is common.ly practi.ced using retaining dikes that
prevent the free flow of spoil,

In recognition of the dredging and disposal problem, the
U.S. Array Corps of Engineers Materways Experiment Station in
February 1973 commenced the Dredged Material Research Program to
develop technically satisfactory, environmentally compatible,
and economically feasible alternatives for dredging and disposal.
The program, divided into the four divisions of aquatic disposal,
habitat development, disposal operations, and productive uses,
has been granted a 5-year, $30 million budget to achieve these
ends. The Center for Wetland Resources at Louisiana State

University is also interested in finding methods of managing
confined dredge spoil disposal areas. Waste disposal from
Louisiana's fishery industries and growing population centers
has become a significant problem for meeting present and future
coasta1 zone water quality standards, Land treatment on confined
disposal sites is e partial potential answer to this problem and
could be economically utilized in the Louisiana coastal zone.
Of the three methods of land treatment, overland flow is best
suited for use on confined dredge spoil disposal sites because
of: 1! silty clay and clayey soils which are widely distributed
throughout the active and abandoned delta zones, 2! high water
table, 3! a long vegetative growing season, and 4! the nature of
many discharged wastes such as fish processing and canning
wastes, sugarcane processing wastes, and municipal sewage wastes.





DULAC IOUISIANA � A PILOT PROJECT IN OVFRLAND FLOW

pi lot project using overland f low was conducted in cooper-
ation with an industrial fisheries plant at Dulac, Louisiana,
f rom April through August, 1974. This period coincides with the
growing season for most pl,ants and also with the open fishing
season for menhaden and shrimp in Louisiana. The pro!ect was
designed to evaluate the suitability of the indigenous spoil bank
and marsh systems for waste water' treatment. Particular attention

paid to the activity of the soil microbes in the effluent-
t rested soil and to the depth the ef fluent percolated into the
treated ground. The warms humid subtropical climate causes rapid
pl ant growth and bacterial decomposi.t ion, two integral processes
for bi.ological water purification and nutrient recycling. In
Louisiana marshes a significant f taction of marsh plant production
is exported into surrounding estuaries, Therefore, the overland
f jow prospect was designed to assimilate waste nutrients into
plant tissue with subsequent bacterial decomposition allowing
dispersal through detrital export. In this manner, nutrients are
discharged into receiving waters as a suitable food source for
higher trophic consumption by fish and shrimp, rather than as
biostimulants for irregular algal blooms.

Description of the Area

The Zapata Haynle Corporation owns and operates a fish meal
production plant in Dulac, Louisiana, based on a fishery for Gulf
menhaden, Btevoottia pattonus. The plant is situated along the
eastern bank of the Houma Navigation Canal, about ll km � miles!
north of Terrebonne Say  Figure 1!, The company operates its own
fleet of radio-contact spotter planes which aid a modern fleet of
large, refrigerated menhaden boats. The facility is modern and
well run and has extensive advanced treatment lagoons that can
accomodate organic waste water resulting from the fish meal
production process. The plant operates year round but is most
active during the legal fishing season, from mid-April to mid-
October. The landed menhaden are pumped out of ships with canal
 bail! water and into the plant where they are screened, cooked,
pressed, and dried into a high protein fish meal  Figure 2!. All
process streams that may pick up organic material are evaporated
for production of solubles, with the evaporator condensate
undergoing further treatment prior to discharge. According to
previous operating procedures, two organic waste streams  bail
water and stickwater; see Figure 2!, both proteinaceous in
character, were piped into a 4-ha �0-acre! primary treatment
settling pond prior to discharge into the navigation canal.
After the pond discharge was discontinued, the waste water re-
maining in storage was allo~ed by the company to be used in the
overland flow pro!ect. because the experimental waste remained
in the pond for almost a year, the ammonium nitrogen level in-
creased to about 600 mg/1. This is believed to have resulted



Figure 1, Location of the Zapata Haynie menhaden plant,
the experiaintal area, and the enclosed marsh.



Figure 2. Plow diagram for fish meal production showing
waste streams used for overland f3.aw pilot
pro]ect  dashed lines!.



from deaminization of the waste protein.

The menhaden facility borders an enclosed mar.sh
connected to the navigation canal by a single c~l~~~t
This culvert Permits only limited and indirect wate~
between the marsh and canal. Rainfall dominate~ t} e w t
entering the marsh. Bayou Grand Caillou, containing f zesh
at this point  Gagliano et al., 1970!, does not receive water
from nor contribute water to the enclosed marsh except during
hurricane s'torm periods when higher tides cause bayou wate
flood their levees. Because of the conf ined nature of the marsh,
it was deemed a suitable area for a controlled waste disposal.
study.

The most satisfactory land area for the project was l.ocated
1,000 m �,300 ft! north of the plant along the canal bank
 Figure l!. Although a large diked spoil disposal area lies ]ust
beyond this point, attempts to use this land were thwarted
because of maintenance dredging on the navigation canal, No
attempt was made to remove or plant vegetation except for a pair
of sampl.ing transects from which vegetation was periodically
harvested. The canal bank sloped irregularly toward the receiv-
ing marsh for about 30 m �00 ft! at a 6 percent incline. Soil
composition was predominantly shelty clay and clayey silt material.
A total land area of 20 x 30 m �S x 100 ft! was employed for
the overland flow pro!ect. Routine tests included sampling of
effluent runoff downslope, groundwater at several depths below
the treated area, soil microbial activity, plant nutrient levels,
soil chemistry, and surface waters in the receiving marsh.

The engineering design, environmental constraints, and
experimental results have been presented elsewhere in considerable
detail  Neo, 1974!. The general scheme wil.l be discussed here.
The stored menhaden ~aste was pumped from the pond to the crest
of the canal bank ~here it was spray-discharged at low pressure
at a rate of 5.08 cm � inches! per week  Figure 3!. Waste was
sprayed for 3 hours daily, Monday through Thursday each week, for
the 6 month period. Mechanical breakdown and maintenance repair
decreased the spraying time by about 25 percent of the total
period. The long weekend drying period was necessary to allow
for dissipation of any ponding or puddles that may have formed'

Treatment Results

Total organic carbon, total nitrogen, and total phosphate
phosphorus concentrations in the waste averaged 800, 600, and
mg/liter, respectively. These concentrations were reduced by Sgt
51 and 53and 53 percent, respectively, by the soil-plant system as the
effluent flowed over the 6 percent, 30 m �00 ft! slope.
soil sur face remained considerably impermeable to ef fluent infil
t r.>t /on and percolation. In the saturated soils near the receiv-
f ng cL't r s h ed go, groundwa ter n 1 t rogen j us t exceeded 1 0 mg/ 1 ««

12
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at a depth of 30 cm � ft! af ter 5 months. Runof t from the
treated area increased the nutrient load at the receiy fng marsh
edge, but sampling stations further out In the enc]nsed ~rs
 Figure 1! revealed no changes. Analyses nf water leaving
enc] osed marsh through the culvert varied lit t le in nutrient
composition during the study period. The sppl icat inn of pr Imary
treated ef fluent onto t.be spoil bank wss followed by secondary
treatment of the organic matter by the soil microbinta and
tertiary treatment by both the plant cover and the surrounding

 which further removed available nitrogen and phosphorus
compounds!.

The measurement of soil microbial activity Included tests
for aerobic heterotrophic, proteolytic, and total coliform
microorganisms. The general heterotrophs and proteolytics
sampled in treated and control plots shoved abundant growth on
the effluent sprayed sites  Table l!. The water's total coliform
most probable number  MPN! was diminished by 66 percent after
flowing down the slope  Table 2!. Lower MPN's were found at
stations further out in the marsh, The total coliform MPN at the
drainage culvert was at background level with the navigar ion
canal upstream of the plant ~ Groundwater MPN's caincided with
this level at a soil depth of 30 cm � ft!. Salmonella sp.,
found to be present in the waste, were not found in samples taken
in the marsh  N. Hopkinson, LSU Dept. of Microbiology, personal
communication! . Ordinarily, chlorination is recommended as a
precautionary safeguard against pathogen survival in the open
environment following land treatment, but in this profert
chlorination was not necessary because of bacteriostatic agents
in the receiving marsh,

Table 2. Total coliform MPN's of selected samples taken in the
experimental and surrounding area  July only!.

t ion

l. 7 x 106/100 ml
5,8 x 10>/100 mlSettling Pond  Station l!

Receiving Marsh Edge
Ground Water 81.3 cm Below

Treated Soil Surface
Ground Water 30.5 cm Below

Treated Soil Surface
Mid Marsh  Station 4!
Culvert  Station S!
Navigation Canal 3 km Upstream

From the Plant

170/100 ml

1 2 x 10"/100 ml
2.4 x 103/100 ml

170/100 ml

170/100 ml
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ca�e, ~phrs iree communis, is a dominant plant that
grows a mos c

continuously through the year over the length of the
s~il bank. ginor changes in elevation above mean water levelsuf f ic gent to alter the composition of the indigenous plant

unities yet ~para ites, a brackish to freshwater plant,grows vigorously on canal banks as well as in marshes. The warm,h~<d cliaLate enhances the fragmentation and degradation of thedead plant standing stock As a result of abundant rainfall,Mare climate, and microbial processes, organic ~tter on the soil
surface, complemented by the addition of the menhaden waste, did
not accumulate beyond 4 percent of the soil volume. Compared tocontrols, ~pgrs ites recetvlng waste treatment increased in live
standing crop by 55 percent and in nitrogen and phosphorus con-
tent by 47 and 13 percent, respectively, proving it to be o f
considerable value in the land treatment design.

The overland flow site had an area of 0.06 ha �.15 acre!.
Nutrient removal on a mass basis per area  Table 3! reveals a
substantial volume reclaimed from the waste water, although the
percent removed may not compare favorably wi,th other operations.
Removal rates can be improved by optimizing contact time, slope,
distance, and surface roughness by mechanical methods of slope
preparation and application. The volume r'emoved by vegetative
uptake, although important in "grass filtration," does not
account for the ma]or fraction of nitrogen and phosphorus
removal. It is more plausible that microbial controlled nitri-
ficationn and denitrification play the critical role in nitrogen
loss in flooded soils. Phosphorus removal in alternately flooded
and dried soils is dependent more on physical-chemical transfor-
mat iona than biological ones. Research on fl.ooded soils and
their nutrient transformations support this gener'al theory
 Patrick and Mahapatra, 1968; Patrick and Nikkelsen, 1971;
Fonnamperuma, 1912! .

Complementary Research

Similar pilot pro]ects have been recently conducted to
evaluate the promise of using overland flow as an effective form
of advanced treatment for raw domestic waste water and runoff
from animal feedlots. In one pro]ect at Ada, Oklahoma, domestic
waste water  chemical composition given in Table 4! was commi-
nu>d and spray-discharged at low pressure at rates of 7.4, 8.6,
and 9. 8 cm �. 9, 3. 4 ~ and 3. 8 inches! per week on ll x 36 m �6 x
118 ft! plots wi.th graded slopes between 2 and 4 percent  Thomas
et al., 19j4! . The pro!ect ran for 18 months with the f irst 6
months designated as the shakedown period of operation, the
second 6 months covering the winter season, and the last 6 months
including the summer operation. The best performance was
achieved during the summer period  Table 5! . Percentage
for total suspended solids and biochemical oxygen demand equal.led
or exceeded 95 percent. The concentration of these constituents
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Chemica1 characteristics of raw waste water for 1B-month
Tab ie period  from Thomas et al ., 1974!

Concentration  m
parameter

Maxi mum Minim.m

1014
300
160
123

854

>660

525
420

306
< 504

Total Solids
Total Yolat i le Sol i ds
Total Suspended Solids
Total Yolatile Suspended Sol j ds
Total Dissolved Solids

Biochemical Oxygen Demand
Chemical Oxygen Demand
Total Organic Carbon

150
3 4

89

=73

620
19R

8

!9

Total Nitrogen
KJeldahl Nitrogen
Asssonia Nitrogen
Nitrate plus Nitr i,te Nitr ogen

4.8Total Phosphorus '0. 0 15.C

Table 5. Chemical quality of plot runoff for auslser operation
from May through September, 1972  from aromas et al.,
1974! .

Mean concentration  
9. cm/wk

plot
8. cm/vk

p' ot
7. cm/vit

plotParameter

8 iorhemi cai Oxygen Demand ll
Qiemical Dxygeh Demand 73
Total organic Carbon 23

7

59
18

T< taj N itr ~pen
K.Iel dahl Nitrogen
Ammonia Nitrogen
Nitrate Nitrogen

2,6
1.8
1.0

0.4

T" t al Phosphorus 4,3

Tot al
T<!'t s.l

Tot al

TotQ

Tot al

Solids 814
Volatile Sclids 142
Suspended Solids 8
Volatile Sue p. Solids
Dissolved 'olids 806

23. 6
8

-7. 0

0.8

848
143

6
4

842

2.2

1.7
0.7

0.5

650
149

52
40

525

R4

130
2l

10. 7

8.3
6.9

S>7
140

8 4
809

2.2

1.7

0.6
0.4



in the plots was consistently less than 10 mg/liter.

Feedlot runoff, which causes a significant pollution problem
in. the midwest, was used in field testa using natural slopes of
to 5 percent at a commercial feedlot in northeast Texas. The
experimental area of 3.2 ha  S acres! was divided into two areas
with terraces at a spacing of about 76 m �50 f t!  Thomas, 1974! .
The mass removal data presented in Table 6 record combined
overland flow and farm pond removals in the SG to 90 Percent
range for the 6 month study. Thomas believes that these modest
removals reflect the fact that the treatment system was not given
an opportunity to "age" properly t,hrough prolonged use. Higher
reclamation is expected when a warmup period through the winter
season i,s permissible, as in the preceding study.

Table 6. Mass removal percentage fot the overland flow and
farm pond components of the treatment train  from
Thomas, 1974!.

Overland

flow area Farm PondParameter
Combined

73

59

71

77

78

67

Total Dissolved Solids
Total Suspended Solids
Chemical Oxygen Demand
Biochemical Oxygen Demand
Total Phosphorus
Total Nitrogen

S2

S9

S3

90

90

86

9

30

12

13
12

19

Laboratory studies were initiated by the U.S. Army Engineer
Waterways Experiment Station at Vicksburg, Hississippi, to st'udy
in finer detail the actual biological and chemical transformations
occurring during overland flow  Catlson et al., 1974; Hoeppel et
al., 1974!. A greenhouse model was constructed measuring 1.5 m
� f t! wide and 6. 1 m �0 f t! long. A grass-sod mixture of reed
canary grass  Phalaris arundinacea! and low permeable Susquehanna
clay was laid to a 15 cta � inch! depth with a 2 percent slope.
Using secondary treatment waste ef fluent with several commonly
occurring heavy metals added to it, the mode3. was run 12 weeks
with ef fluent flooding of 1.3 cm �.5 inch! per day �-hr periods!
for 4 days per week. Analyses showed that 100, 95, 91, and 75
percent of the ammonium, nitrate, organic nitrogen, and organic
phosphorus, respectively, were removed from the waste ~ater, The
harvested cover grass removed 31 percent of the nitrogen and 6
percent of the phosphorus. The model removed from t'.he. waste
mater from 98 to 100 percent of the added cadmium, copper,
manganese, and nickel; 91 percent of the added lead; and 72



f the zinc. Nutrient reclamation was found to correlatepercent o t e z nc.
l 1 ith flooded soil nutrient transfo~tio
h lit rature Phosphorus was noted to be a Limiti f

overland flow designs.

Recommendations

Land treatment by overland flow has shown itself tp be of
significant value in reclaiming a variety of organic wastes from
effluents on impermeable soils. Normally, such wastes are pzp
yided with secondary treatment prior to land application, but
where environmental systems are suitable, land treatment could
provide adequate secondary and advanced treatment to organic
wastes, This design could substantially reduce the total cost
for cleaning waste water. Most of the work is done by natural
systems whose efficiencies can surpass any mechanical recycling
sys tern r

Adding waste effluents to wetland areas, including marshes,
has been advocated as a cheap method of obtaining advanced
treatment for sewage wastes, However, marsh systems, already
sub]ected to the increased level of aquatic eutrophication
associated with populated areas, may be altered substantially by
routine waste loads, thus impairing their food production capa-
bilities, Sy employing confined dredge spoil disposal sites,
possibly in coniunction with enclosed wetlands, as waste treat-
ment systems, the need of using pristine marsh for advanced waste
treatment ran be avoided. Pastes from finfish and shellfish
processing plants, usually found in wetland areas, can be re-
cycled on these "new" land areas, enhancing the growth of spoil
bank plant communities as well as providing an adequate habitat
for native wildlife. However, wastes so purified should remain
primarily organic. Complex hydrocarbons, heavy metals, and
detergent compounds such as alkyl benzene sulfonate  AHS! have
been effectively degraded and assimilated by soil systems in
laboratory and field tests, but we have no results or threshold
levels presently to recommend overland flow for any or all
wastes. Further research on the biodegradability of potentially
carcinogenic or harmful compounds by the spoil surface must be
done before incorporating land treatment as a purification medium
of suspect wastes.

20



CONFINED SPOIL DISPOSAL S!TKS

Law-r ate land treatment systems such asas overland flow

ra] ly require a greater land area to cleac ean ~ster than do

high-rate systems. Although well-drained land ban a ove mean Gulf

leve] is not plentiful in the coastal wetland the an s, t ere exists an

increasing acreage of drained land areas withi thin s environment

is used very little. These are dredge spoil di lsposa1
which have a tremendous potential for use as reclamation

and nutrient recycling systems. In this chapter we will discuss
prol.if eration and distribution of conf ined dredge spni l

dispasa] s ites with respect to their proximity t.o indust rial and
urban development. The volume and character of municipal and
industrial organic waste effluents that could be reclaimed by

flow on such areas will be evaluated, and recosmendations

regarding the future management of spoil disposal sites will be
made.

The Dredging Process

Dredging and operational maintenance of canals and harbors
is the general responsibility of the U.S. Army Corps of Engineers.
Each year the three COE district offices in the Gulf states
region oversee the maintenance dredging of about 106 mil.lion m3
�39 million yd3! of soil material of which 46.5 million m3 �0.8
million yd3! �3.7R! is dredged wi.thin the New Orleans District
 Boyd et al,, 1972!. Furthermore, almost a third of this volume
is accounted for by the Gulf Intracoastal Waterway  GDR! which
transverses the New Orleans District. Although substantial, the
aforementioned projects do not encompass the total dredging
effort. The mineral extraction industry has dredged many canals
to gain drilling access and to lay distribution pipelines. The
total surface area of dredged canals comprises 490 km2 �89 square
miles! out of 53,043 km2 �0,480 square miles! of coastal Louisiana
 Gagliano, 1973!. This area will likely increase as oil and gas
fields are further developed and new waterways ar» excavated.

The presence of these canals and the often unplanned manner
in which they are dredged has resulted in numerous negative
impacts and environmental problems in the wetland environment.
Gagliano �973! noted 19 negative impacts while only 3 positive
impacts could be described  Table 7! . Among those that directly
affect the productivity of the marsh environment are: direct
loss of productive habitat through dredging; direct loss and/or
reduction in habitat through spoil disposal; salt water intrusion
causing faunal and floral changes; modificat ion of runoff pattern
often causing freshwater deficient areas; and the introduction
o f agr icultural, urban, and industr ial pollutants.

2l



Table 7. egat veabl 7. N ative aftd positive impacts associated ~itq
dredge.rtg itt LOttisiatta'S Coastal zone  fzo~
et al., 1973!.

Df rect 1088 O pf productive habitat through dredging;

DireCt oas an Ol and/or reduction in habitat quality through spoil
disposal;

Salt water intrusion causing faunal and flora] changes;

increased storm-generated surge;

Ac'celerated erosion result ing from increased length o f ] and-water
interface;

1ncrease in runoff rate resulting in loss of fresh water storage;

Ifodkficatfon of runoff pattern, often creating fresh ~ster deficient
areaaf

Accelerated erosion resulting from increase in tidal prism volume;

Changes in circulation patterns in bays and sounds;

Accelerated erosion resulting from boat-generated wash;

Accelerated erosion along unstable canal banks;

Alterat ion and/or disruption of longshore drift of sand;

gerve aa developetent corridors;

introduce agricultural, urban, and industrial pollutants;

Canals segment natural areas, often resulting in drainage and
development in resulting smaller units;

Destruction of unique natural habitats and environments;

I!eat ructf on of historic and archeological sites;

Reduced aesthetic quality: linear artificial elements usually
Itave less aesthetic value than natural elements;

Pre-empta planning process.

Pos I t Ive Impar ts

I ui reahe f n l and-water inter face',

gItu I I may create new habitats and increase habitat diversity;

In~ rease ari ess .or sports, recreation, and commercial actfvf «es-

22



Dredge Spoil Disposal

~rsh environments are no longer considered as proper sites
for' disposal of unconfined or open dredge spoil material.
Spurred by an inc reas ing awareness of the h iFh ly produc t ive
nature 0 f wetland areas, programs have been in it Lated to consider
alternatives to open marsh disposal. These include ocean disposal
and confined  diked! land disposal. Ocean disposal is considered
practical in areas where spoil generated turbidity and physical
loss of benthic flora and fauna habitat are minimal. In I97.',

New Orleans District disposed of 3I.O million m3 �0.'5
million yd ! of dredge spoil material by this method.

lt i.s generally accepted that the most significant nb!ection
to open marsh disposal is the direct loss oi physical habitat
 Boyd et al., l972!. This loss is accompanied by additional
negative impacts such as alteration of water circulation, disrup-
tion of material cycling  such as organic detritus and nutrients!,
and generation of turbidity flows into ad]scent water bodies,
all of which potentially degrade the area for desirable fauna
and flora,

Of the two alternatives to open mar sh disposal, conf ined
spoil disposal is more suitable for beneficial multiple use
operations, Confined spoil disposal sites vary in size from the
1000-ha �500-acre! Craney Island disposal. area in the Norfolk
Di.strict to some that are smaller than 4 ha  IO acres!. In
3.972, 15.5 million m3 �0.3 million yd3! of dredge spoil material
was deposited in confined sites within the New Orleans District.
This volume is expected to increase in future years, but problems
involving the procurement of land, usually privately owned, and
the construction of suitable dikes are obstacles for protracted
use. Because of the recurrent nature of dredging operations and
the problems in acquiring new land, permanent disposal areas are
favored, and planning for their continued use is practiced.
Areas where long-range use has been planned include Mobile
Harbor �0 to 40 yr!, Norfolk Harbor �5 yr!, Delaware River �5
yr!, and Coos Bay, Oregon �0 yr!  Murphy and Zelgler, 1974!.

The material dredged annually from I.oulsiana's navigation
canals can be considered a "renewable" resource in that it
represents "new" land whose abundance and availability should be
planned and managed using conventional conservation skills. For
example, the Gulf Intracoastal Waterway yields about 15 million
m3 �0 million yd3! of spoil per year. Since 1945 the COE has
kept a record of maintenance dredging activi.ties in the GIWW. A
reconstructed segment of that record for the pe riod from I960 to
l976 is presented in Fig~re 4. It reveals the sites of dredging
activity and the periodic manner in which this activity occurs
along the waterway. Although this record i s a useful tool for
land planning, comprehensive records simila r to this one are not
routinely prepared by the COE for most ofof their dredging operation

23
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aird locatioii o  d; ed@ in-
opex'at. ions throughout the ",tate f or optimal
spoil resource.

p'r oduc t. ive uses 0 f conf ined spoil cl is postal. 'iree 'i
sent],y being investigated by the Corps of Engineers. Thev
include artif icial habitat creation, habitat enhancement, land
improvement, and products research. However, there ts .",'.. l l'k
minimum of beneficial. impacts currently resulting i'rom .'pot 1
disposal operations. Consider as an example the pro ioaedri ci pe;-1 ei

dredging operat.'ions for the Bourns liiavigat ion Canal, whi".re
Du]ac overland flow pilot operation was conducted. Th..
Engineers  COE Draf t Environmental impact Statement, !97.'i>
tjiree benef icial impact:s' .L ! enhanced waterborne t ra»~:port,ir io.i
and economic benefit  chiief ly with t.he Bourns Wav tg:-xt tris
2! mineral resource extraction, and 3l the creation of i.ind
suitable for agricultural use or for construction:ind dov~ i~ pmi.nr.
The potential of using the estimated 1,215 ha  '<,OAt"I
spoil disposal. sites along the. Houma Navigation Canal  F igure
fox waste water treatment and nutrient recycl in';, h:i.; i-.:it bern
considered.

Domestic and Industrial Mastes in South t,ci.t-.,i"ria

Industrial and urbaniKed area~ in south i.oui..:Jan-i «re tor
the most part limited by the distribut.ion and ext'.nt. .if the
natural Levee ridges of various Mississippi 8,iver distribut.a. ie.:.
Although the geomorphology of the eiituarine environment consti-
tutes a constraint on growth, the populat.ion density in t ti is
region is expected to increase from 56 people per km � ha per
square mile! 'in L970 to about 77 per kn- C 200 per squari mi l.<'
in the year 2000  National Estuarine Pollut.ion Study, 'l'>70!.
Adequate land for plants performing conventionati waste water
tr'eatment, including primary, secondary, and advance.d, will
becoKe increasingly scarce as the competition for space acre!i.r-
ates. This could severely hamper Louisiana's progro-s tri;-. hfev-
ing improved water' quality .«tandards relative ti hex upstream
neighbor states.

In the recent past, the discharge of mun ic ipa J., ind!est x tal,
and damest;ic waste effluents has had deleterious < f feet:; upon
the availability and use of valuable estuarine resources. Pcir
example, a commercial fishery involved in interstat'.:-i»tpcient of
f ish f rom Lake Calcasieu c losed %bien inf 0 1 mod by the P ir!d «I'id
Drug Administration of mercury contamination of seafo<ids fron:
these waters  Louisiana Advisory Commission on Coastal and
Marine Resources, 1973! . Further, sewage polliit ion f ron:-
Orleans has caused the suspension of oyster harvest.ing in
3orgne due to public heal.th precautions. As xccreatirin"-i ''an'psi'<
construction pxoliferates in the coastal wetlands�



Fi.gore 5. Distribution of confined dredge sPoi>
dlsopsal sites �215 ha; 3000 acres!
in the vicinity of the Houma Navigation
Can a.1 .



<le" e <>n inh<:-H~ L ..e'.3 areas w '. l,, <.'. ~ul.ra rare < 'lil < i.,'j:;Ul < t k< «u
'orv'' v 1 ' u ]h.! e re'sout ' '.. 'our ';-:crv «rc as,

Dome st ic 4<"<'-'- E.';:

<il,:r n cons lderl.np hot;'. do,''<;. t! c au<i rn<lus<t x 'I.l Vast <' et 5 hu''T<
, oI land tre«tment the fvI EiKix has roc<';i,' e i <<<<. re kntvfc< t

'oo Lh [ n n'.'-jt OT i -a I <iso!]Ad i<a 1 i s '<,otenl i,>. j, t <�' <<cop<.! ' j. igp,'
he al t1;. 1 ho ma.,v< r< ason;,' most '.«e4'a/<,; f <<~ His and;~jmflur ],,3nu
apO] Leaf 1,< n S",S'L<'<1S h<LYe <i a I 1.<cd «re .I Oa<.'<' ,'u;lt4.' u<n<3erSRan<.i <n<p'

pur it ii. at.ion and impro<p<<r s~-.way,e d!,~po;.al on th<...
Coup ied w .th 'i his th<' «<<:AT'lt «nv<4L<.'dp',e o< Path<<@<1k mic7 ohi<3 I <age

d, ' se<ase control t<.chniq»e<;::;urh a<' <ch,'<orln!st ion l<.d
<' erieS of m< Sun<jej St<and 'np<S <aS   <1! tIle pl O<'Ig'r i gp'', 
t, r j,':~.i s vstems peri ormed in ]and treatri«:<.nt, Tkomcstic wal; tv
shou id< undergo px lmary und Usual j<<' second <r > t.realms-nt 4'i t tl
c»J.orination pr,ioz to applicat ion on th< land. Although th<
cart>on, n i troi;en, and phosphorus concentrations ma<y $!e en I. t<,.
high in organic indus'rial va. tes, th» threat o! vir «] «nd
Blicroh.ia i contam1nat inn in the open env.trot&!<en<t ts v<!r <<9 acute
as with domes' 1c sewa}?k'. el+,' uent. i Qr tnernMire, i aBG s v.', t<< m~,'
empi o sing organic indusr.;rial wastes ay e oi rg n, ],ac<at<, d jn t ur<a]
areas where odor and wi»d-borne acres~~is «re le:.s a p~<ihiem

in «rhan areas.

average dai3v disch<arge of domes<. ic vr'4'.'t0 omptvlng intE'
estuarine areaS and tribu<arieS Oi th» lOuiaian'«cnaSt wa; nOO«t
4. 5 ~ 10> I-i  l' 0 rriilli,in pal iona! <iur ing l9ti'!  ,I<.,b> e ti '. Ai.'
ot the reliorted waste discharged had at k<.a."t prin<ary tre;-~t",~:..»t
while a large percentage received some <.o,m oi .'econdary tr< ar-
ment. The AB for receiving waters war<..  he 'Missis<'ipp i R' ve.',
C<alcasieu River, and Bayou 'iarataria, which acc<mu>dat< d,>6
percent, 9 percent, and 4 percent, respective.ly, ot the er t iu< nr.
discharge, or 69 percent of the total discharge.,'! in; e l96'I
vol 8 te 2 i 9 c h 3 r pe 8 a l 0 0 g these wa't et w a y s .' 4%v p 1 n c r 4 <l 8 «.". d < 8 n < I
natural s«hsidence and deterioration oi' the coastal wet ands
have severely reduced the "huf f ~r" bePween human activities a»d
vit:al resource nursery grounds. For example, aal' w<>ter
intrusion from the Cuff and sewage-ccv~taminated water intru<:.ion
from develrping land corridor., have c;a>tributed to .~n increasing
acre<age sut! j ec t to permanent c losure o f oyster h<arvest 1'.3g <
Havigat 4AA c 1n31s bui lt to  Bci Litate c'>H!merce have Ups<et
natural mix ing regimes. This has a Llowed disc.";~se micro srv<an l.-~ms
f rom domest «' discharges to travel t urther dowx> lot<! cb;.
est u<ar les in c ir curat i.on patterns that escaoe <<heat f! oa an~on';<,
th» ba  ter inc idi  marsh grasses or avoid an unfavor<a<4le <'alinit',
concentrat'ion. Although ir<creased organic detri.tal ILL
lower Barai aria Hay co«ln concetvably enhance secondary pro-
duction of, commerrial specie.',, epiderr<ioi<'.gical. problems resuiti ~pj
frora domestic discharges could cause greater negative economic
impacts t.harl positive.
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[ndustrial Wastes

pt t roleum Products Wastes. With the growth of pet roleum
chemical indust r ies in Louisiana, there has also been growth

industrial waste products. Treatment of these wastes is an
absolute necessity, but in practice such has not always been the
;use. For example, carrinogenic derivatives from petroleum and
petroleum products processing have been detected in drinking

in resource nursery areas, and in coastal sediments.
Furthermore, in a 1912 study of the Calcasieu River Basin, the

second largest industrialized area, 14 ma]or industries
were found to be discharging carbonaceous materials, suspended
solids, and oil and grease into the Calcasieu River or one of
its tributaries. Their total daily discharge averaged 37,200 kg
 82,000 lbs! of chemical oxygen demand; 271,000 kg �97,000 lbs!
of t.otal organic carbon; 273,000 kg �01,000 ibs! of suspended
solids; and 22.4 x 10 calories of heat  Environmental Protec-
t.ion Agency, 1972!. The degree of treatment of selected
industrial discharges flowing into estuarine areas within Terre-
bonne Parish during 1974 {Table 9! reflects the threat posed by
these wastes to the renewable resources of the coastal zone.
Although crude petroleum and same of its refined products have
been shown to be effectively biodegraded by hydrocarbonoclastic
microorganisms, many of the other ~sate products such as phenols
and heavy metals are known to be toxic to marine organisms.
Therefore, land treatment of petroleum and petrochemical wastes
is not recommended.

Fisher Products Wastes. The fi.shery resources harvested
from Louisiana's estuarine and nearshore environments are
bountiful, In l969, 4 Louisiana ports ranked among the top 10
ports in the nation in terms of volume and value of fishery
landings  Table 10!, A large portion of these landings vas Gul.f
menhaden  Brevoortia patronus!, which is processed into protein
fish meal. fish solubles, and oils. Of 12 plants in the Culf
area in 1972, 8 were located in coastal Louisiana where landings
amounted to 413 million kg  910 million lba! or 821 of the total
Gulf catch. Another' industr'ial fish, abundant in Louisiana

undulatus! . If this species gai,ns widespread acceptance aa a
food fish, the total weight landed in Louisiana ports should
i~crease noticeably. The processing of shrimp, oyster, crab,
and miscellaneous fishery landings adds to the volume of organic
waste in need of treatment.

Fish and shellfish processing plants in coastal Louisiana
usually lack adequate facilities for purifying their organic
waste effluents {Table 9!. The Water Quality Management Pl.an

Inc. 1975!for Terrebonne Basin  Pollution Control Engineering, Incus
noted that some industrial fish processing plants in this area
lack any kind of waste treatment system. yet it is in this
wetland environment that the population is expected to increase
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~~t~a1 diaCharlee Snd type oE treatment itt
trreboanm Parish, 1974 .1

~Corn i~an ~

Bouthdovn S ugards,
Incorporated
Bouquet Canning Co,,
Incorporated
Bouquet, Inc., Co.
Union Oil of
Cal i fo rni a
rluperior Oil Co.-
Beyou 'Penchant
Superior Oil Co.-
Sun Bise Field
Freeport Sulfur Go,
Buperior Oil Co.-
Beyou Ramblo
Superior 011 Co.-
Cl.ovelly Va'Lley Field
Buperior Oil Co.�
Your Ice Dame Field
Authemen t Packing Go .
Grand Cail lou
Packing Co.
Vol«in Canning Co., Inc.
Gulf Coast Packing
Company, Inc,
Autherment Pecking Co.
Ivy Authement, lce,
Coerpany, Inc.
Chauvin Fish L
Packing Co.
Indian Ridge
Shrimp Compary
.".ea Tang Fisheries
Dov Chemical Co
Southeast Corporation
Zapata Protein ~ Inc.

18
3

6
16

16

16
16
15

9 7

li t.y Hanagement Plan--Terrebonne Baei.n
by pollution Control Engineering, Inc., 197$.

reeLcrent ie as follovs:
o t,reatmerrt cf treatable discharge; l6-18
rtraa~~ treatment of effluent amenable to further treatment,; 13-l5
" c ndiry tr ustment-inadequet.e due to various factors; O-l"
rimary and or secondary treatment, less than best practicable; 7-9

p: «cticabie control technology; 4-6
erc tary or rron-contact discharge; l-3
G discharge i



Table 10. Volume and value of landings at certain U.S. Ports,
1969.

Tllousand

Pounds
Thousand

Gol lars

San Pedro, Cal.
Cameron, La ~
Pascagoula-Noss Point, Niss.
Dulac-Chauvin, La.
Kodiak, Alaska
Reedville, Va.
Morgan City, La.
Beaufort-Norehead City, N.C.
Empire, La.
New Bedford, Ness.

406, 900
323, 900
256,000
185,300
140,300
124,200
122,000
118,100
111,200
107,800

40,500
8,200
6,600

11,200
18,000

1,900
6,400
2,400
5,800

17,400

Source: U.S. Department of Interior, Bureau of Coimaercial
Fisheries of the United States, 1969, p. 9.

Spoil Disposal Sites

Confined spoil disposal sites are not presently utilized
for productive purposes. If there were a sufficient acreage of
diked spoil areas, and if easement of restrictions against
pro crt use for disposal vere attainable, they could be easilyr p y u

31

by almost 70 percent betveen 1970 and 1995. In south Louisiana,
most fishery processing planta are situated near navigation
canals and ma]or vatervays vhere boats and vessels can gain
access to unload their catch and where an ample supply of vater
ia available for processing operations. Figure 6 shows the
location and number of south Louisiana processing plants along
with the size and value of fishery landings at various ports.
These processing plants are similar to each other in that: 1!
fishery wastes have e high organic content and are difficult to
handle by conventional methods, 2! plant operations are often
seasonal vith all or a large part of the waste water created
within a period of a fev months, and 3! plants are often located
in small towns or rural areas where municipal treatment facil-
ities are not adequate to handle extreme seasonal loads. Land
treatment offers a sound solution to the pressing probless of
finding an inexpensive method for purifying Large volumes of
organi.c fishery waste efiluents. Utilizing proper public health
measures, disease problems could be minimized. One important
constraint to land treatment is adequate land for proper vaste
reclamation.
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converted into overland flow treatment sites at comparativelco arat ve y
small expense. Through the courtesy of the New Orleans District
pffice of the Army Corps of Engineers, maintenance dredging
charts of several commercially important waterways were obtained

the acreages of their confined spoil disposal sites were
measur'ed  Table ll!. These areas were selected both on the
basis of their proximity to developed or urban areas and their
having adequate elevation above normal flood tidal levels- The
spoil acreage reflects the wide availability of confined land

could be beneficially employed in multiple use designs. As
uses are evolved, dredging frequency charta for all com-

mercial waterways, such as the one maintained for the CD%
 Figure 4!, wil.l be necessary for optimal resource management ~

Cameron is an excellent example of an area where it would
feasible to employ confined spoil disposal sites as treatment

centers for both municipal and fishery products waste effluents.
In the vicinity of Cameron along the Calcasieu Ship Channel,
there are more than 730 ha �800 acres! of diked dredge spoil
about 600 m �,000 ft! from two principal menhaden processing
plants and also within practical pumping distance from the city
 Figure 7!. A land treatment system using overland flow could
be designed to accomodete the organic waste load of the two fish
plants and possibly the city of Cameron without threatening the
environment or the public health of the surrounding area. The
waste load from the fishery planta is seasonal and coincident
with the vegetative growing season. In addition, the near
subtropical climate in south Louisiana encourages year round

excellent cover plant in the pilot project at Dulac. As interest
in new paper resources grows, attention may be given to the
concept of using diked spoil sites for roseau cane farms in
con!unction with overland flow. This technique� which would
provide both a fertilizer source and a means of advanced treatment
of wastes. will be explored further in the next chapter,

Recommendationa

We believe that land treatment by overland flow is well
suited for selected waste effluents within the specialized
environment of the Louisiana coastal wetlands. As pressure for
clean water increases on municipal and industrial sectors,
demands for estuarine sanctuaries and protection of productive
marshland will be made. This proposal for multiple use manage-
ment of spoil disposal sites accomodates every demand with
substantially more positive impacts than negative, This design
for natural waste recycling as well as water purification is
flexible enough to be considered worthy of further research into
long � term use with organic wastes as well as possible exploratory
research into petrochemical ~aste purification and heavy metals
removal. Finally, it provides an inexpensive means by which
mmny fishery industries can achieve satisfactory treatment of

organic waste load without a large capital outlay.



sites iLL seLected areas.Table ll. Spoil disposal

Calaaaieu Ship Channel  to Csmeran! Nermentzu Raver

~Sail oumbe rAcres Acx es~5il number

Total 5,491. 36

Ikkk*kk*k*kkkkkkkkkk*kkkk****lkk**k*kk*

Hours levigation Canal  Ilouma ta Dulac!
Total 2,876.67

kk*k***lk*k*k**l**k*k*k**kkkkkk*k

Bayou Carlton

76.28
29-86
51. 22
35-52

Total 192.88

l*k k kk kkk***k**1 k*A*k**k*k**k***k

Bayou Petit Anse
Toc.a 1 1,846. 24

LG5.72
33.81

129.34
31.86
54.76

279.62
92.48
17.66

745 i5Total
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1 2 3
4 5 6 7
8 9

10
ll
12
13
14
15
16
17
18
19

1 2 3
4 5 6 7
8 9

L0
11
f 1
13
14

187. 00
202. 12
135. 03
161.56
202.93
115.66
746.07
186.24
490.55
228.24
108.46
120.59
127. 13
300. 91
338,85
654.07

79.20
810.38
296. 37

4L 1. 69
56.57

232.49
164.56

58.06
99. 63

119.19
135. 15
159. 28
27.70
33.18
22,02

195.79
130. 93

1 2

4 5

6 7 9
10
11
12
13
14
15
16
17
18
1.9
20
21
22
23
24
25
26

37. 89
i4. 96
13. 99
27.47
40. 34
61. 28
27,92
24. 51
37.29
23.61
1 j. 20
9. 00

l7-42
24 02
19.14

 30
66.85
30.23
20.63

,518.66
137.75

23-09
105,50

66.82
194. 56
280.24
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POSSIBLE MNEFICIAL APPLICATIONS OF
OVERLAND FLOW SYSTEMS

Organic waste effluents are an excellent source of many
essential elements required by green plants. As such they can
be used in lieu of costly synthetic fertilisers aa a nutrient
supply for plant culture both in aquatic and terrestrial environ-
ments. Sewage wastes have enhanced the growth and production of
a wide variety of agronomic crops, algal feedstocks, «nd si!vi-
culture species. Where culture products are destined for human
consumption, public health considerations and discharge water
quality standards may become decisive factors for large scale
implementation of recycling systems. In this chapter ws will
di,scuss the variable applications of overland flow treatment to
commercial aquaculture and agriculture operations that are weLL
sui.ted to the Louisiana coastal xone.

Aquaculture

Culture techniques for growing finfish or shellfish in
confined areas have gained the interest of many scientists and
entrepreneurs. Such techniques have the potential of provMing
commercial food resources while reducing the overhead required
for routine harvest. Using treated waste effluents in aquaculture
ss a source of fertilizer is an attractive method under consider-
ation for reducing feeding costs as well as purifying the
effluent. Kildow and Huguenin �974! reviewed the problems and
potentials of recycling wastes for aquaculture and found several
operations underway  Table L2!.

There are two different approaches currently being pursued
in the United States for using secondarily treated sewage in
marine aquaculture. At California State University the emphasis
i.s on raising salmon acquired from a hatchery to migrant siss,
at which time they are released to grow to maturity in the wild.
Due to their unique homing instincts, the salmon return to the
point of release for harvesting. In these experljsente, sewage
effluent from an oxidation pond fertilises algal growth which
nourishes sooplankton which are in turn fed. to the young fish.
The second approach, which is being tested at the Moods Hole
Oceanographic Institution, involves the use of s complete aqua-
culture system for the dual purpose of food production snd
tertiary sewage treatment  Rhyther et al., 1972!. The advantages
of the former approach are that potential health problems are
avoided since the fish spend a long period in the sea. In the
latter, severe sanitary standards must be maintained or public
health may be endangered by consumption of contaminated culture

d t . H wever in the former, controlling the harvest of
all thethe cultured stock is problematic, while in the latter a t e

harvestable stock are confined.
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Both of the above systems employ waste effluent that has
received prior secondary treatment by conventional methods,
Aquaculture serves as an alternative to tertiary treatment.
Overland flow treatment, depending upon the climate, vegetative
cover, soil composition, and waste characteristics, may provide
adequate secondary as well as tertiary treatment. One or more
aquaculture systems could be sequentially coupled with an over-
land flow operat ion so that the land treatment step provides a
steady flow of oxidized nutrients into the receiving aquaculture
waters. Combining both designs ia the wetland environment would
not be disruptive since a vast acreage of coastal marsh has
already been severely stressed by canalization and development.

Overland flow-aquaculture combinations for food and fiber
production in coastal Louisiana can ba achieved with existing
technology. Plant protein synthesized from treated waste ef f Lueni
nutrients could ultimately be used either as ~ feedstock for
animal production or as feedstock for methane generation via
anaerobic fermentation. In either process, the cultured plant
would be a rapidly growing and easily harvestable aquatic
sacrophyte, such as water hyacinth  Eichhornta ~crass' es! or
duckweed  Lemna spp.!, that has a favorable C:N ratio for use as
a feedstock and few natural predators. Gulley and Rpps �973!
reported that duckweed is an excellent feedstock for swine
production and that it is well suited for culture using sewage
wastes.

Water hyacinth grows so abundantly in Louisiana fresh water
canals and bayous that boat access is sometimes limited. This
prolific plant could be used as a source of economical methane
gas production for rural industries whose organic ~sate would be
returned to the plant as an energy supply. These two-stage
treatment processes could be constructed in association with
dredge spoil disposal sites with several distinct advantages
over some previously described systems: L! land treatment
operations can usually accomodate a larger volume than container
operations, 2! there is less of a threat to public health due to

3!

ductive environments are returned to production with multiple
use benefits, and 4! rural industries could acquire a cheap
source of energy as well as a solution to their waste treatment
problems,

Finally, a growing industry that could beneficially use
treated sewage ~astes as a nutrient source is tha crawfish pond
culture industry. Crawfish  Procambarua clarkif.! is a large
volume consumer product and is cultured in numerous man-made
ponds in fresh water areas, with a high concentration of activit~
occurring in and around the Atchafalaya 8asin. Table 13 shove
the increase in the area of such ponds since 1949. Culture
nutrient requirements could possibly be satisfied by routing
packing house wastes back to the ponds via land treatment systemj



13, Est fmated total crawf ish pond area in production f or
various years  from a number of sources in Gary, 1974!.

Area

 acres!
Year

Agriculture

Rxperimental irrigation of agronomic crops with industrial
effluent in Louisiana began in l948 when International Paper
Company and Louisiana State University entered into an agreement
to study the overall impact of paper mill effluent discharged
into Sodcau Bayou at the company's Springhill plant  McCormick,
1959!. The experiments established in 1948 and continued
through 1956 showed that flooding or some excessive irrigation
of the soil with paper mill. waste, water did little or no damage
to soil, cattle, or crops in most cases. In 1957 new experiments
vere conducted with effluent irrigation of several crops including
corn, oats, covpeas, vetch, rice, coastal Sermudagrass, and
dallisgrass. The results revealed no deleterious effects and
numerous beneficial effects, especially with regard to increased
crop production  Vercher et al., 1965!.

Domestic sewage effluent from two treatment plants in
Rnston, Louisiana  Lincoln Parish! wss analyzed to determine the
feasibility of applying treated effluent to neighboring farmland
 Wilson and Beckett, 1968!, Concentration levels of nitrogen,
phosphorus' potassium, calcium, and Boo present in the waste
were measured, and the effluent was analyzed to determine total
<otifora counts and the presence of Salmonella and ~Shi ella.
The study concluded that 2.59 m3 of effluent per min �84 gallons
per min! from each treatment plant could be applied to the
ad]acent farmland as a fertilization and irrigation resource.
Lack of proper chlorination was responsible for coliform counts
above the Federal Mater Pollution Control Administration standards
for irrigation water.
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1949
1960
1966
1968
1969
1970
1971

1973

40

2, 000
6, 000

10, OOO
12,000
18,0GO
24,000
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Rice

Overland flow techniques are especially applicable for
wetland soils and wetland planta ~ Although initial research in
Louisiana involved ~sate recycling mostly in upland soils and
crops, the potential for widespread use of overland flow remains
for lowland environments. Hunt  l973! discussed the suitability
of applying treated sewage effluent to rice culture. He noted
the following as potential benefits available through use of
treated ~sate; I! the high cost oi water, about 20% of the cost
of producing a rice crop, would be lowered, 2} ecological prob-
lems arising from lowered groundwater levels could be aeeli,orated,
and 3! fertilizer costs could be reduced. This last point may
become increasingly important as demand for fertilizer increases
while reserves of fossil fuel necessary for synthetic fertilizer
production become depleted. Schreiber �957! reported that the
fertilizer content of 1 acre-foot �230 m3! of treated domestic
sewage e f f luent was 27-45 kg, �0-100 Lbs! of nitrogen; 9-18 kg
�0-40 Lbs! of potassium; and 27-45 kg �0-100 lbs! of phosphate.
Rice production from fields irrigated with pulp miLL effluent
was 5.48 m3/ha �3 bushels per acre! compared to 5.38 m3/ha �2
bushels per acre! with water  Vercher et al,, 1965!, * final
advantage is that in rice growing areas, capital expenditure for
pipe, pumps, etc. would ba much lese than in areas where irri-
gation has not been extensively used  Hunt, 1973!.

Together with rice, sugarcane represented about 45K of the
total cash receipts for farm marketing in Louisiana in 1973
 Table l4!. If the trend since 1970 of increased sugarcane
production continues, sewage effluent may become more signifi-
cant as a fertilizer source. The advantage of using waste
waters for irrigation of this coastal crop is that the potent,ial
health hazards may be avoided. However, the siisilarity between
the cultural practices used for this crop and classical overland
flow systems is not so apparent, and some significant cultural
ad!ustments will probably be required  Hunt ~ 1973!. Overland
flow may also represent a method of treatment of sugarcane
wastes. In the past, these wastes have been responsible for
considerable water quality problems.

Roseau Cane

Roseau cane  Phra~ites cosssumis! has a worldwide distri-
bution. It invades fresh water transition environments and is
found in lagoons and in fresh to brackish water marshes. It is
a hardy species that can readily survive and proliferate on
freshly deposited spoil disposal sites. However, it is usually
succeeded by herbaceous and woody stesssed vegetation on dry
ground above mean water level. Roseau cane is used for a number
of purposes in foreign countriea, particularly Rumania where it
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is effectively managed in the Danube Delta for harvest as a
paper resource among other things  Kusenski ~ L915! . Its ability
to withstand submergence makes it ideal for the intermittent
flooding of overland flow operations as shown by the Dulac
study. Although with overland flow a aisable amount of the
nitrogen load ls believed ta be lost by denitriflcation processes>
roseau cane takes up nitrogen in excess as most plants do ~ ht
Dulac concentrations of nitrogen and phosphorus in the plant
tissue and plant biomass increased in the waste treated area aa
compared to controls  Table 15!.

The best water reclamation in overland fltnt systems is
achieved when areas are terraced or mechanically graded to
produce uniform slopes of between Z and 6 percent ~ The resul-
tant sheet flow of the discharged waste max%missa the contact
area of tbe effluent with the soil-plant system. Freshly f flied
diked spoil disposal sites could be terraced along these guide-
lines. The rapidly growing roseau cane could be raised in
monoculture within these areas and harvested in sequential lots.
Because of the year round growing season, the waste sf fluent
could be applied continuously, if necessary. The benefits from
such an operation are multiple. Ef long-term dredge spoil
disposal sites are sought within the Corp of Engineers Nsw
Orleans district, large acreage sites similar to Craney Island
could be constructed in coastal areas already lost due to
negative impacts of poorly planned development. Organic in-
dustrial and domestic effluents could be pumped to a collection
pond. From there they could ba alLocated to distribution pipe-
Lines discharging onto separate terracas supporting dense
growths of roseau cane. The harvested cane could be used aa a
feedstock for methanol production or as a paper resource. In
essence, the profits accrued from the sale of the crop could pay
for the capital and maintenance costs within a brief period.
Among the immediate benefits would be clean water, "sero dis-
charge," and productive Land.
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'V . S . A ID LLLI' I S I ANA I XL'5 AFFI.CTIhk.: IANTj TRMMFNT

The Federal Rat er Vol Iut ion  'ontrol A< t Amendmencs of 19;2
sIic~ if icallv mention Ia»~I treatment svstems «s heing cliglhle
for t ons iderat.io» as f orms nf advanced t rest men  of wast e wat ers
 '.onyrcssma» Vs»der .Iagt of lich fgan was Inst.rumental I» t tie
i»elusion of recycl i»g and waste reclamat ion ai civic i vs i»to tlii
f inal Ac t . Sect iona 201 and 212 contain per t ineist dot a I 1 s.

Sect iona 'OI  d!,  c!, and  f! read as follows:

  ! ...e Administrator shall encourage waste t rea iiicntf d 'i

management which resul ts in t,he c oust rue  ion of reve»»i
prodiici.ng facfl.it ies providing for--

�! the recyc ling of pot ent isl sewage I olint ants
througli tlie production of agriculture, silvicultiirc, iir
aquaculture products, ot any cumbinat ion therei~t;

�! the confined and contained disposal of
pollutants not recycled;

�! the reclamat ion of wastewater; and

�! the ult imate disposal of sludge in a manner
that wll.l. not result in environmental harards.

 e! The Administrator shal 1 encourage waste t reatment
management which results in integrat ing fat il it les f or
sewage treatment and recycling witli facilities to creat,
dispose of, or utilize other indust,rial and municipal
wastes, including but not limited co solid waste and
waste heat and thermal discharges. Such integrated
facilities shall be designed and operated co produce
revenues in excess of capital and operation and
maintenance costs and such revenues shall be used by
r.he designated regional management agency to aid
financing other environmental improvement programs.

 f! The Administracor shall encourage waste treat-
ment management which combines "open space" end
recreational considerations with such management.

Section 201 contains in Subsection  g! �! provisions chat
require consideration of appropriate alternate waste management
techniques. Further, Sullivan   1973! noted that land treatment,
even though proven superior initially on a cost/benefit basis,
must continue to show its superiority during the life of the
recycling project. This may prove advantageous for overland
flow designs.

Section 212 of the Act specifically authorizes sit.e
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acquisitions of land that will be an integral part of e treat-

ment process. Thus land that is used in the actual treat treatment,

such as diked dredge spoil disposal sites, is an eligible cost
in a grant. However, land that is not so used, such as real
estate upon which a conventional secondary treatment p]ant is
located, will continue to be a non-allowable cost  Sullivan
1973!.

The major requirements for Environmental Protection Agency
grants for sewage treatment projects are..

1! All projects must have a priority certification from
the state and conform to planning requirements.

2! All projects must be analyzed for cost effectiveness,

3! Pretreatment of industrial wastes is necessary.

4! Environment assessment is necessary,

5! Secondary treatment is required, with best practicable
control technology applicable for grants financed with
FV 1976 funds or later.

6! All projects must also meet planning requirements to be
processed through the State Agency.

Table 16, taken from Stevens �972! 1'ists the disposition
of individual states toward implementation of land treatment
facilities. Louisiana's position is difficult to determine.
Coerver �968! noted that the Lousiana Sanitary Code specifically
requires a permit for any proposed method of handling or disposing
of domestic sewage. The Health Department's approval is also
necessary to use sewage effluent for irrigation purposes.
Presently, sewage irrigation is not being practiced in Louisiana,
and the Health Department would oppose irrigation of dairy
pasture or land used to grow vegetables to be eaten raw.

The contemporary laws affecting land treatment systems in
Louisiana are presented below as they were collected in the
Temple University study, Green Land: Clean Streams  Stevens,
1972!:

Louisiana: The Louisiana Stream Control Commission
Acts  Title S6! created the Stream Control Commission of
Louisiana. The Commission is empowered to adopt water
quality standards and approve permits for ~aste water
treatment facilities. The Act clearly prohibits the dis-
charge into state waters of any waste or pollution of any
kind which will destroy fish or aquatic life, wild or
domestic animals or fowls, or injure the public health.
5o specific treatment method or level is prohibited or
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rscoaaaended by the Act. Land treatment ia not dealt with.
Louisiana Law on Pollutin the Missiasi i River  Acts

j970 go 449 ~ House Bill No. 335! apecif ically prohibits
the discharge of untreated wastes into the Niasissippi.

This law provides that all wastes discharged must
have secondary treatment or its equivalent. Also a pro-
cedure is set up for civil action and a daily $10,0GO fine
in the event of continued untreated waste discharge.

The Louisiana Re ulation on Re orts of Industrial
Reports for the Discharge of Industrial Waste and for the
Construction or Alteration of Treatment Works, Adopted by
the Stream Control Commission, State of Louisiana, Under
Authority of Section l435, Chapter 3, Part 1, of Title 56,
Louisiana Revised Statutes of 1950, August 1, l951! pro-
v1des for the submission of reports to the Commission by
all plants which discharge an industrial waste. This is
merely a procedural law and does not aet standards or
guidelines for the treating of industrial wastes. It very
specifically sets out the information to be reported.
calls for the reporting to be done in terms of the existing
quality of waste water and the pro!ected quality of waste
water, if new or additional treatment is being proposed.

Louisiana Rules Relatin to Oil and Gas  Rules Govern-
ing Disposal of Waste Oil, Oil Field Brine, and All Other
Materials Resulting from the Drilling for, Production of,
or Transportation of Oil, Gas, or Sulphur, Adapted by the
Stream Control Commission, State of Louisiana, As Amended
January 27, 1953, Under Authority of Section 1435, Chapter
3, Part 1, of Title 56, Louisiana Revised Statutes of 1950!
deals with the subsurface and ground disposal of oil and
oil-related wastes. Deep well in!ection  below the fresh
water level! i.s permitted for brine wastes. These methods
are of questionable utility and environmental soundness and
should not be in any way construed to be land treatment
methods.

*s stated in the Sanitar Code State of Louisiana
 Chapter X, Sewer'age and Waste Disposal, Revised through
January 23, 1958, State Board of Health! all sewerage or
sewer|Lge plant effluents used for irrigation have to
conform to the Board's requirements.

Only two existing facilities were documented. Ho
history of land treatment facilities has been noted. It is
not clea~ whether there exists any policy for land treat-
ment in the state. It is certain, however, that the laws
reviewed do not in any way prohibit the implementation of
land treatment.

48



We believe we have presented a sound argument for continued
research on the practical implementation of Land treatment by
overland flow on suitable microenvironments within Louisiana's
coastal zone, The overland flow process is not only ecologically
sound, but within the best interests of the biology> sociology,
hydrology, and economy of the wetlands. It is uniquely suited
to both the letter and the spirit of State and Federal law, a»
well as amenable ta proper multiple use planning and management

a region that will have to cope with a continuously growing
number of conflicts.
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