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EXECUTIVE SUMMARY

As parf of the Infrastructure Revitalization Project conducted by the
United States Agency for International Development [or the Governement of
Grenada, West Indies, a study was conducted of the wastewater treatment
needs for the St. George's and Grand Anse and Southwest Embayment areas.
The author made two trips to Grenada--the first, a fact finding trip on
September 30 to October 10, 1985; and the second on November 19 to
November 22, 1985, to present the preliminary study report to the
Grenadian Hinistry of Health and US AID, and obtain additional

information needed to complete the final report.

The report contains comprehensive findings of wastewater related matters
which are affecting public health, the environment and economic develop-
ment opportunigies. Several wastewater treatment options were evaluated
and the report contains detailed discussions of these options. The
report recognizes St. George's Town is sewered but raw sewage is dis-
charged at the shoreline into St. George's Bay. It was recommended that
this undesirable condition be corrected by an oxidation ditch type sewage
treatment plant built in Queen's Park. As a temporary "stop-gap" measure
a 600-meter ocean outfall pipe was recommended to carry the raw sewage

offshore to a deepwater trough.

The prime tourist development area is the Grand Anse--Southwest Embayment

area. Currently, this area does not have a central sewage collection



system. Sewage is now treated by onsite septic tank--soakaway systems
which are frequently inefficient, resulting in poorly treated sewage
discharging into Grand Anse Bay. It was recommended that a separate
treatment system be built for the present and future development in this
area, located near Prickly Bay. The recommended sewage treatment process
is artificial wetlands, which is an innovative low cost-low maintenance

process.

Many other recommendations are identified in the report. The last
subgection of recommendations includes a priority listing of adminis-
trative and technical needs. Before constructing treatment systems,
initial administrative actions which should be taken are the development
of a comprehensive sewage treatment plan (including selecting and dedi-
cating treatment plant sites, selecting treatment processes, developing a
financing plan, and establishing a schedule), and the establishment of

water quality regulations.

vi
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INTRODUCTION

The St. George's and Grand Anse and Southwest Embayment areas of Grenada
have been identified as areas which will be improved and developed for
increased tourism. However, wastewater treatment systems do not exist or
have been planned which can handle increased sanitary sewage loads. In
fact, present disposal methods are inadequate. Adequately designed
sewage treatment systems are needed to protect public health and the

island's environment, and enhance economic development opportunities.

At the request of and under contract to the United States Agency for
International Development (USAID) as part of its Grenada Infrastructure
Revitalization Program, a study was conducted to evaluate the wastewater
treatment needs of the referenced areas and recommend appropriate mitiga-
tive actions. During the study it was determined that similar studies
had been done for the Pan American Health Organization and the World
Health Organization (PAHO/WHO) in 1975, and for the Organization of
American States in 1984 as part of an overall project to study the ero-
sion of Grand Anse Beach. This current study was conducted to independ-
ently determine the problems associated with wastewater discharges and to
consider the most current alternatives for low cost-low technology waste-
water treatment systems which may be applied in Grenada. The findings
and recommendations of the past studies were reviewed and, in many cases,
are compatible with those of the current study. The past studies and the
current studies strongly agree upon the problems caused by inadequate

sewage disposal and the urgent need to impiement mitigative actions.



-2-

Based upon thg findings of the study, this report contains specific
recommendations on actions needed by the Government of Grenada to solve
problems related to wastewater. Alternative sewage treatment systems
were evaluated. Fairly detailed conceptual designs, with materials and
costs estimates, are included in the report. Perhaps a more important
part of the report is a priority listing of recommendations which could
guide short- and long-range planning. After the government decides upon
wastewater treatment options, a consulting engineer having significant
experience in the selected wastewater treatment options should be con-
tracted to develop detailed engineering designs and specifications and

cost estimates before proceeding with construction.
OBJECTIVES

In accordance with the USAID contract requirements, the study was con-

ducted with the following objectives:

1. Survey existing wastewater treatment systems within the St. George's,
and Grand Anse areas.

2. Determine acceptable water quality and wastewater treatment
standards.

3. Identify existing and potential problems associated with the lack of
adequate wastewater treatment.

4, Develop and evaluate practical alternative low cost-low technology
wastewater treatment systems for a 10-year development scenario for

the St. George's and Grand Anse areas.
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5. Survey wastewater treatment sources to the St. John‘s River and
determine measures needed to correct identified problems. (This
objective was added at the request of the Grenada Ministry of

Health.)
METHODOLOGY

During the period September 30 to October 6, 1985, a field visit to
Grenada was conducted by the author to obtain information necessary to
accomplish the study objectives. Discussions were held with the follow-
ing individuals:

Mr. Brathwaite, Laboratory Technician, Grenada Water Commission

Dr. Tillian Cambers, Private Consultant, Physical Oceanographer

Mr. Jan Coester, Project Coordinetor, United States AID.

Mr. Selby Dabreo, Senior Environmental Health Officer, Grenada Ministry
of Health

Mr. Curtis Edwards, Chief Eavironmental Officer, Grenada Ministry
of Health

Mr. Kyron Edwards, Sewerline Supervisor, St. George's

Dr. Richard Howard, Arnold Arboretum, Howard University

Mr. Edward Hazuroski, Environmental Advisor, Project HOPE

Dr. Dorene Murray, Medical Officer, Grenada Ministry of Health

Dr. J. S. DeVere Pitt, Grenada Science and Technology Counsel

Many of the above individuals either work for or assist the government of
Grenada and are knowledgeable with the existing wastewater treatment sys-
tems and problems. Scme have responsibility for planning and approving

new systems. Some are experts on information pertinent to the study.



—4-

A survey of the study area was conducted to view existing treatment sys-
tems and methods, identify current wastewater treatment problems, and
identify potential sites for alternative treatment facilities. Available
previous reports related to the study objectives were reviewed. Infor-
mation obtained from the discussions, field survey and previous reports

were evaluated to develop recommendations for wastewater treatment.

During the period November 19 to 22, 1985, a return visit to Grenada was
made by the author to present the preliminary report to officials in the
Grenada Ministry of Health and U.S. AID, including:

Mr. Danny Williams, The Honorable Minister of Health

Mrs. Grace Duncan, Parliamentary Secretary, Ministry of Health

Mrs. Rahim, Permanent Secretary, Ministry of Health

Dr. F. Alexis, Chief Medical Office, Ministry of Health

Mr. Curtis Edwards, Chief Environmental Officer, Ministry of Health

Mr. Selby Dabreo, Senior Environmental Health Officer, Ministry of Health
Mr. Edward Mazurowski, Environmental Advisor, Project HOPE

Mr. William Erdahl, Director, U.S. AID, Grenada

Mr. Jan Coester, Project Coordinator, U.S. AID, Grenada

Also, during the November visit, discussions were held with Mr. G. V. Nurse,
Construction Management Services, St. George's, Grenada, concerning cost

estimates for installation of sewage collection system components.



FINDINGS

Several types of sewage treatment processes are currently used in the
study area. The central section of St. George's Town has a collection
system with no treatment facility. In other areas of St. Georges and the
southwest enbayment areas, septic tanks and "soakaways" (absorption
fields) are normally used. Some buildings have only septic tanks. In
all areas thecre is often separation of grey water {(bath, kitchen, and
laundry wastes) which is discharged into drainage ditches without treat-
ment. The only operational conventional treatment plant is one small
package plant for the Grand Anse Foud Fair. A 3-cell stabilization pond
system for the Point Salines Airport with a capacity of 10,000 gallons
per day is under construction, and a package plant is planned for the
remodeled Grenada Beach Hotel. A more detailed description of the treat-
ment systems and problems identified during the field visit are discussed
below. The findings are divided into three areas--St. George's, Grand

Anse and Southwest Embayment, and St. John's River and Tempe.

St. George's

A collection system for the central city was completed in 1940. The col-
lection system consists of 4-inch house laterals discharging into 6 and
7-inch collectors. The collectors discharge into 7-inch trunk lines
along the Carenage and Esplanade. The trunk lines along the Carenage
flow to a wetwell/lift station where the sewage is pumped to a manhole on
the west side of a ridge dividing the city. This flow and flow from the

Esplanade trunk line combine in another manhole and then discharge to
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St. George's Bay at the shoreline near northwest end of Sendall Tunnel.

The sewage had discharged by gravity through a 600 foot pipe to a loca-

tion off Fort George Point until 1955 when the pipe was broken during a

hurricane. An inoperable pumping station is located at the present dis-

charge point which was used only to surcharge the Esplanade trunk line

when it became plugged.

Identified Problems

1.

The collected sewage receives no treatment before it is discharged
to St. George's Bay at the shoreline. This is very undesirable. The
major immediate problem attributed by the discharge of raw sewage at
the present loca:ion is probably one of aesthetics and the appear-
ance of a nonprogressive government. It is very commendable that
the government of Grenada is now actively seeking short- and long-
range solutions to this problem. This is necessary for economic
development and environmental protection. Many private businesses
and companies which may consider establishing in Grenada may want to
avoid an area which is not taking measures to effectively protect
public health and its natural resources. Also, sewage could be
causing long-term impacts on the coral reefs by smothering the reefs
with settleable material, and providing organic matter and nutrients
which cause decreased dissolved oxygen levels. The raw sewage con-
tains infectious bacteriological organisms which can be a public
health hazard to those coming in contact with the water. During the
field investigation, two children were observed to be fishing

directly in the raw sewage discharge. Ingestion of poorly cooked
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fish could cause a severe health problem. Other recent studies
indicate that the raw sewage does not cause unsuitable bacterio-
logical counts along the Grand Anse Beach area, probably due to
currents and/or sufficient dilution. Desirable marine life in the

discharge area probably have migrated away from the area.

One sewege disposal alternative for St. George's being considered by
the Grenada government for correcting the immediate problem of the
shoreline discharge is to lay a new 300 to 600 foot offshore dis-
charge pipe. However, to better disperse the discharge so that it
would not return to shore, the pipe should be extended to the deep
water trough off Fort George's point. From the present outfall
location, this requires an outfall pipe about 600 meters (2400 feet)
long. This needs to be confirmed by ocean current studies now being
conducted around the harbour. The evaluation of the current study
has not yet begun. However the qualified professional opinion of
the oceanographer responsible for this study is that sewage dis-
charged into the trough would flow southwest with normal currents,
away from Grand Anse Beach.

No sewer system layout plan exists. Knowledge of pipe locations
exists only in the memory of experienced, long-time personnel. A
design layout is necessary to repair existing pipe and plan replace-
ment and system expansions.

The main collector lines along the Carenage and Esplanade are under-

sized and probably have a too low slipe. This is evidenced by the
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frequent plugging of lines with sand and other material and the sub-
sequent overflow from manholes during heavy rains into the Harbour.
The plugged lines must be cleaned to remove the sand by a work crew,
gometimes several times per week. Accepted engineering design
principles require that no gravity sewer conveying raw sewage shall
be less than 8 inches (20 cm) in diameter. Also the slope of the
pipes should give a mean velocity of at least 2.0 feet per second
(0.61 m/s) to keep the sand traveling through the pipes.
Inflow/infiltration overloads the collection system. This is evi-
denced by the reported large increase of sewage flow during storm
events. This causes raw sewage to overflow into the Harbour from
inanholes and the 1lift station. It is understood that "inspection
traps" for individual buildings probably contribute significantly to
inflow. It was reported that many are built too low and water
washes through the grill cover of the traps into the sewers. (This
also contributes to sand entering the collection system, discussed
in item 3, above.)

No sewage flow records exist which provide hydraulj: and organic
discharge data for efficient system operation and planning of new
collection and treatment systems. (It was reported that flow at the
lift station used to be metered hy counters but the counters became
inoperable about 20 years ago and were not repaired.) Also, no
firm sewered population numbers or per capita sewage generation
exist with which confident calculations can be made. Previous
reports have estimated the hydraulic flow for the exlisting sewered

area to be 0.3 Mg/d to 0.53 Mg/d.
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The 1ift station contains two Shone pneumatic ejectors which were
installed in 1939. The ejector pumps do not work efficiently due to
leaking seals, etc. This causes sewage to overflow to the harbour
during higher flow rates. It was understood that an evalvation was
underway to determine whether the existing pumps should be recondi-
tioned or replaced. Also, due to electrical power outages, the
ejector pumps frequently do not operate. This also causes the lift
station wet well to overflow. Although there is a standby generator
to operate the compressors for the ejector pumps, it is undersized
and cannot pump the total sewage flow. A new adequately sized
generator is needed.

Sewage from some buildings is discharged directly iuto the bay
instead of into the collection system. Two examples are the
Ministry of Health buildings at the north end of the Carenage and
the St. Georges Hospital, both discharging sewage near the collec-
tion system outfall. The Hinistry of Health sewage does flow to a
septic tank but the septic tank has not been pumped and is probably
full. The hospital discharges its sanitary waste and much of the
hospital wastes such as bandage washings, both which could be very
infectioué. (It was reported that body parts and blood are
incinerated.)

The discharge of grey water (bath, kitchen, and laundry wastes) is
common, probably due to inadequate enforcement of existing regule-
tions and the need to decrease the hydraulic load on poor soakaway
system conditions. This adds organic matter, nutrients and col-
loidal material to the waterways which decreases dissolved oxygen

and the clarity of the water,
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9. Unsewered housing areas have either septic tank-soakaway systems or
only septic tanks which discharge partially treated sewage into the
watercourses. Also, raw sewage enters the harbour from the many
yachts which are anchored in the Lagoon. As stated above, these
sources add organic matter, nutrients, and infections oréanisms to
the water.

10. An adequate septic tank maintenance program does not exist. If sep-
tic tanks are cleaned, it was reported that most of the sludge is
emptied into the collection system. That is, the settleable solids
are removed from the sewage only to be discharged into the waterways
in slug quantities. There is a minor amount of land application of
the septic tank sludge at the city sanitary landfill. Many tanks
are apparently not cleaned which results in raw sewage passing

through a septic tank after it is full and is then either discharged

raw or to a soakaway which backs up after it is plugged with solids.

Grand Anse and Southwest Embayment Areas

Included in this area from St. George's Town southwest are Paddock,
Belmont, Grand Anse Estates, Grand Anse Beach, and Morne Rouge to about
Cinnamon Hill. The principal sewage treatment for houses, businesses,
schools and hotel/motels are septic tanks or soakaway systems. The Grand
Anse Food Fair shopping center is sewered by a small extended aeration
plant. Its effluent discharges to a drainage ditch with empties into
Grand Anse Bay through the "north sea head" near Grenada Beach Hotel.
Another major point source wastewater discharge is from the "south sesa

head" on Grand Anse Beach near Spice Island Hotel. Other point source
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wastewater discharges to the bays are through drainage ditches to the

Lagoon, Martin's Bay, and Grand Anse Bay.

Identified Problems

1.

Septic tank only systems discharge partially treated sewage. The
gseptic tank-soakaway systems also often have discharges of partially
treated sewage, especially during wet periods. These discharges
contain organics, nutrients, and biological organisms which can nega-
tively impact marine life and public health. The discharges can have
an odor during warm weather which present poor aesthetics and poor
impressions upon visitors.

Water quality sampling conducted on three dates in September/October,
1984, for an Organization of American States study, indicated high
bacteriological concentrations along Grand Anse Beach. The concen-
trations at some locations exceeded typical United States water
quality standards for water contact areas (total coliform concentra-
tions less than 1000 per 100 ml and fecal coliform concentrations

less than 200 per 100 ml). Two of these locations were near the

~ north and south sea heads where people were frequently observed in

the water during the field study. If these concentrations occurred
on a beach in the United States, the areas would be "posted" to warn
people not to swim due to a health hazard.

Water occasionally becks up in the main drainage ditch along Grand
Anse Road fronting St. George's Medical School and Spice Island
Hotel. When this occurs it can cause sewage to back up in the
soakaway systems and pond in the yards. This drainage ditch

discharges through the south sea head where it was observed how
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sand washes into the sea head and then settles, forming a dam unless
removed. The sand washes through cracks in the sea head and an open
top portion during high tides. A crew of five men continually shovel
this settled sand out of the drain for 8-hours per day, 5-days per
week. The sand is piled and occasionally hauled off for construction
use,

4. As in St. George's, many buildings have separate grey water drains
which empties into the drainage ditches. The grey water contains
organisms and nutrients, and has an odor which can contribute to
environmental and aesthetic problems as discussed above.

5. One discharge seen entering the drainage ditch was reported to be
waste from the medical school laboratory. The characteristics of
this waste is unknown but could contain undesirable chemical,

physical, and bacteriological constituents.

St. John's River and Tempe Areas

These residential areas are not currently sewered but could be connected
to an expanded central collection and treatment system. Presently, sep-
tic tanks and septic tank-soakaway systems are used for sewage disposal.
Some sewage is discharged directly to the waterways without any treat-
ment. Numerous light industry and commercial establishments are located
in this area, some of which discharge process wastes to the St. John's
River and its tributaries. Also, there are agricultural operations in
the St. John's River watershed which contribute agricultural nonpoint

gource pollution to the river and marine systems.
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Identified Problems

1.

It had rained earlier in the day when the St. John's River area was
surveyed. The St. John's River was very turbid and an extensive
sediment plume was observed in St. George's Bay extending from the
mouth of the river. This incident visibly indicated the effect of
one of Grenada's major industries--agriculture. It was reported that
most of the sediment is probably erosion from steep-sloped agricul-
tural land which is extensively cleared of ground vegetation to
facilitate the production and harvesting of crops such as bananas and
nutmeg. Another land management practice contributing to sediment
loads in the island's waterways is the clearing of vegetation with a
machete to ground level along roadway embankments so that bare soil
is exposed. (This practice was observed in all areas of

St. George's.) As stated by other investigators, sediment from ero-
sion is possibly the chief cause of coral reef destruction due to the

smothering of the reefs by the sediment.

The use of pesticides, fungicides, and fertilizers in agricultural
production contribute organic and inorganic pollutants to the water-
ways, some of which also can exert a toxic impact on marine organ-
isms. Two chemicals reported to be used are Benlate, a fungicide,
and Furadan, a pesticide. The latter, also called Carbofuran con-
tains a highly toxic main ingredient (a 72-hour LC50 of 0.16 mg/L

to green sunfish). Benlate contains benomyl, thiroam, and other
chemicals. It is reported that Benlate can have Captan in its
mixture, which is also highly toxic to fish (48-hour LC50 of

0.33 ug/L to harlequin fish).
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The St. Johns River is also polluted with partially treated and
untreated sewage, grey water, and industrial wastes. These impact
potential uses and cause unmeasured impacts on the marine environment
of St. George's Bay. Two water samples collected in September/
October 1985 contained high concentrations of bacteriological organ-
isms and biochemical oxygen demand. Some of the businesses along the
river discharge untreated organic and inorganic process wastewaters
into the river and/or have land use practices (such as materials
storage along the riverbank) which result in pollutants. However, a
good inventory of the wastes from each business does not exist. The
effect of industrial waste discharges is indicated by the reperted
large fish kill which occurred in the river about two months prior to
the field survey. It was probably caused by the discharge of 3000
gallons of waste caustic solution used for washing bottles at the

Cannings Soft Drink Bottling Company.

General Findings and Identified Problems

Water Quality and Wastewater Treatment Regulations--There are no
regulations for protecting fresh or marine waters for various desired
uses. Also, there are no wastewater treatment regulations which
define either standards for the design or construction of treatment
facilities or limitations for physical, chemical, and bacteriological
constituents in the discharges of treatment facilities. The only
regulations are those adopted in 1939 and 1940, Statutory Rules and
Orders No. 234, 235, and 236, which consist of plumbing codes for

building sewers, water closets, and latrines.
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Financial Support of Sewage Treatment System--The government pres-
ently does not have a financial system to support a centralized
sewage treatment system--for either retirement of a possible future
loan for construction or operation and maintenance costs. A common
method used elsewhere for financially supporting municipal sewage
treatment systems is to charge a percentage of the cost for potable
water usage. However, in Grenada, potable water usage is not com-
monly metered or recordeq. It is understood that only commercial
establishments such as large businesses and hotels have water
meters. Private households do not have meters and are charged for
water on the basis of an annual property assessment.

Sewer Maintenance--It was understood that the Ministry of Health is
considering establishment of a "sewer maintenance team" to inspect
and repair sewer lines on a regular schedule.

Sewage and Water Quality Analyses--No physical, chemical, or bac-
teriological analyses are conducted to measure the current impact of
sewage on water quality and the potential impact on public health.
The Central Water Commission Laboratory has personnel familiar with
laboratory techniques and could be trained to conduct sewage and
water ¢.ality analyses. The laboratory does not currently have the
necessary equipment, but does have space which would be used.

Power Generating Station--A drainage ditch along the road adjacent to
the power generating station was observed to contain black, probably
oil-laden, sediment. This ditch empties into St. George's Bay.

Runoff from the power station property discharges into the ditch.
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Damaged barrels which appeared to have contained oil were discarded
along the ditch. Ground on the power station property appeared to
contain oil. During the survey, the ditch was flowing full due to
runoff from a recent rain. The water was very turbid and the sus-
pended sediment had the appearance of containing absorbed oil. Two
sediment samples were collected from the drainage ditch and analyzed
for polychlorinated biphenols (PCBs), a suspected carcenogenic com-
pound and a common constituent of electrical transformer oils. The
samples did not contain PCBs, as indicated by a concentration of less
than 0.1 micrograms per gram, the minimum detection limit. However,
the samples did contain very high levels of sulphur. The oil-laden
sediment will affect marine life by smothering benthic organisms and
by decreasing dissolved oxygen concentrations due to the chemical
oxygen demand of the sulphur. Also, it is very unsightly and pre-
sents the appearance of an operation which is not environmentally

conscious,

RECOMMENDATIONS

Recommendations for the study are separated into four sections. The
first three are general recommendations and recommendations specific to
St. George's and the Grand Anse and Southwest Embayment area which are
based on the previously discussed findings. Additional information
related to the recommendations are found in the referenced appendixes and
attachments. The last section of recommendations is a priority listing

of the recommendations in the first three sections.
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The alternatives considered in this study were: separate treatment sys-
tems for the St. George's area and the Grand Anse and Southwest Embayment
area; and a single system for the combined areas. Appendix A includes
the assumptions for determining the capacities of the treatment systems.
Appendices B, C, D, and E contains descriptions, conceptual designs, and
cost estimates of the alternative systems which have been considered--a
tropical stabilization lagoon, artificial wetlands, an oxidation ditch
plant, and a contact stabilization package plant, respectively. Appendix
F contains a relative comparison of different construction and operation
factors for the alternate treatment processes. Appendix G contains
information on the alternative collection systems. Appendix H contains
the preliminary cost estimates for construction of the alternative

treatment systems.

The findings of this study indicate that two wastewater treatment systems
is the least-cost option. Details are discussed in the recommendation

sections for St. George's and Grand Anse.

General
1. Adopt and implement a sewage treatment development plan for the St.
George's and the Grand Anse Southwest Embayment (henceforth referred
to as Grand Anse) areas,
2. Discontinue the practice of separating grey water from the sewage
collection system. Enact and enforce government regulations pro-
hibiting this practice. All sanitary sewage should be discharged to

the sewage collection systems. New developments should be required
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to install water conservation devices. Appendix I is a report on
water conservation which includes information on devices and example
water conservation ordinances.

Enact water quality regulations which will protect inland and marine
waters for their desired uses. Appendix J includes regulations for
California and Hawali of the United States and the Virgin Islands,
which could be either applied directly or modified to Grenada.

For areas not to be sewered, require more efficient designs for
onsite disposal systems instead of the current "soakaway" design
which often allows discharge of sewage into drains leading to the
waterways. Appendix K is a reference which includes basic informa-
tion on alternative onsite system designs. More detailed informa-
tion may be obtained from the author.

Implement a program of water quality sampling and sewage treatment
effluent and process control sampling to ensure that water quality
standards and effluent requirements are being met. The water
quality analyses should include coliform and fecal coliform as a
minimum on a weekly schedule. Sewage treatment analyses should
include BOD, suspended solids, settleable solids, and coliform.
Appendix L is a reference for simplified laboratory procedures for
conducting these analyses. The sampling analyses could be conducted
by personnel at the Centrel Water Commission Laboratory working with
the Ministry of Health personnel.

Establish a "sewer maintenance team" which would have at least the
following two responsibilities:

a. Inspect and repair sewer lines, pump stations, and manholes opn &

regular schedule.
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b. For areas which are not to be sewered, operate a septic tank
maintenance program. On a regular schedule (such as once pér
five years) accumulated solids would be removed from the tanks
and emptied into the central collection system in a manner which
would not cause or shock overloading on the treatment plant.

¢. Also, establish a sewer use ordinance which regulates the use
of sewers and can be used by the sewer maintenance team.
Appendix N is a gocd example of a sewer use ordinance which
could be modified for Grenada.

Develop and implement a plan for financing the capital and operation

costs of the proposed sewage treatment gystem. Information to con-

sider is included in Appendix M, a reference which has been
developed for small communities in the United States.

Require that all new construction projects implement best management

practices to control soil erosion into the waterways.

Conduct a detailed survey of the process wastewaters being dis-

charged from businesses along the St. John's River and its tribu-

taries. Require treatment of all wastes which could cause public
health and environmental impacts due to their physical and chemical
characteristics.

Survey current agricultural land management practices which cause

erosion of soil into the watersheds of the St. John's River (and

others). Educate crop producers of best land management techniques
which would reduce erosion thus saving their valuable topsoil and

reducing sediment loads to the waterways. Develop and enforce
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regulatory requirements if necessary. Appendix N is a good refer-
ence for guidelines of best management practices to control

erosion.

Survey current pesticide fungicide and fertilizer practices by crop
producers which add nutrients and toxic chemicals to the waterways.
Educate producers on more cost-effective application practices.
Review the practices of clearing roadway bank vegetation which con-
tribute to soil erosion. Implement alternative procedures which
would reduce the amount of sediment being added to the waterways
from this source.

Survey sources, such as the power generating station and the gocvern-
ment central garage, having handling, storage, and use practices
which result in oil entering drainage ditches. Methods to eliminate
the waste sources should be implemented, which may include reclaim-
ing the o0il, building containment dikes, or burning waste o0il in the

power station.

St. George's

1.

Construct an oxidation ditch treatment facility to serve the exist-
ing sewered area of St. George's Town and have the capacity for
expansion of the sewered areas into Tempe, St. John's River, Paddock
and Belmont. The hydraulic capacity should be about 0.7 Mg/d and
the.Otganic capacity should be about 1920 pounds BOD5 per day.

The treatment plant could be located on the north end of the Queen's
Park with a 530 meter (1750 foot) ocean outfall to St. George's

Bay. Design details are included in Appendix D.
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If future governmental land use decisions do not permit a treatment
plant in Queen's Park, a second alternative would be to locate the
same plant elsewhere but nearby; however, this would require addi-
tional piping and pumping costs. A third alternative would be to
select the combined St. George's/Grand Anse alternative having a
1.25 Mg/d oxidation ditch plant located in the Grand Anse area.
However, this would be $2.9 million EC more in capital costs than
the least cost options and also would require more operating costs
due to the increased numbers and sizes of pumping stations.
Assuming that a treatment facility will not be operational until
1988-89 due to the time required for planning, financing, and
construction, a 600 meter (2000 foot) ocean outfall should be con-
structed as a "stop-gap" for the existing sewerage system. The
15-inch PVC sewer pipe with proper anchoring should be extended from
a sea head near the current discharge point in a southwes: direction
to the edge of the deepwater trough.

Until the new treatment system and outfall for St. George's is
built, "post" the current discharge area with a "Danger" sign which
.warns the public of health hazards from either contacting the water
or eating fish caught near the discharge.

Reduce inflow/infiltration to the collection system to reduce
hydraulic flow and the amount of material such as sand entering the
system. All "inspection traps" at service connections should be
inspected and brought to grade or covered to prevent surface runoff
from entering the sewer system. Appendix O includes a procedure
which could be used to inspect sewer lines and correct obvious

problems contributing to inflow/infiltration.
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Replace the two Shone pneumatic ejectors in the St. George's sewer
system with a new package lift station. It should be sized to
handle current (360 gal/min) and projected (680 gal/min) loads for
an expanded system. (The existing pneumatic ejector pump could be
used if a feasibility study would indicate that cost-effective
repairs could be made providing an acceptable extended service
life.)

Replace the main collector lines and trunk lines along the Carenage
Esplanade with the proper size pipe and install at the correct slope
to handle current and future hydraulic flows. The pipe along the
Carenage should be 6-inch to 12-inch PVC pipe and the trunk line
along the Esplanade should be 15- and 18-inch PVC pipe. Appendix G,
table 2, identifies sizing and length for piping and manholes. How-

ever, this cannot be done until the location of the treatment plants

are selected.

Survey and inspect the current sewer system to obtain engineering
layout and its maintenance needs to more efficiently maintain the
system and plan replacement and system expansions. The estimated
cost for the survey is $23.000‘EC to $27,000 EC ($8,500 to 10,000
Us).

Connect all buildings immediately adjacent to the currently sewered
St. George's area (such as the hospital) to the sewer system as soon
as possible so that this sewage is also treated at the proposed
treatment facility.

Develop a schedule for sewering the areas of St. John's River,
Tempe, and part of Paddock. Pipe sizes and lengths are listed in

Appendix G.
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Construct a sanitary waste dumping station which is connected to the
sewer along the Lagoon to develop a regulation requiring ships/boats
in the Harbour and Lagoon to hold their sanitary sewage and dis-
charge it at the dumping station.

Consider replacing the old sewer lines in the currently sewered St.
George's area with new correctly sized PVC pipe which is correctly
installed to reduce inflow and infiltration. Pipe sizing is listed

in Appendix G.

Grand Anse

1.

Construct an artificial wetlands treatment facility to serve the
Grand Anse area. Its capacity would be about 0.6 Mg/d. Design
details are found in Appendix C. The artificial wetlands would be
the "marsh" type, consisting of a manually operated bar screen, grit
chamber, aeration cells, a marsh, and a pond, requiring an area of
about 22 acres. Adequate area currently exists near the Prickly Bay

which was also identified by the 1975 PAHO/WHO study.

The use of artificial wetlands for sewage treatment is currently
more common in Europe. A few systems are being tested or planned in
the United States. It is believed that this excellent low-cost
process should work even more efficiently in the tropical climate of
Grenada. Therefore, a meadow, which normally follows the pond,
gshonld be build only if needed. However, land should be reserved
for it which is an additional six acres. The effluent from the
treatment system should be discharged through irrigation pipe along
the mangrove at the head of Prickly Bay so that it can receive

additional treatment in this natural wetlands area.



~24-

(Note: Recent technical literature reviewed indicates that a "root
zone" type artificial wetlands is more efficient than the "marsh"

type and would require significantly less land area.)

If future governmental land use decisions do not allow the use of up
to 28 acres required for a marsh type artificial wetlands (less area
for a root zone type) in the Prickly Bay area, a second opticn would
be to locate the artificial wetland in the reclaimed landfill area
near Woburn Bay. However, this would increase capital and operating
costs due to piping and pumping. A third option would be to
construct an oxidation ditch treatment facility in the Prickly Bay
area. This type of treatment facility would require only about
three acres. (Design details are in Appendix D.) However, this
would cost about $2.6 million EC more than the artificial wetlands
system.

Until the new treatment system for the Grand Anse area is opera-
tional, also "post" the areas immediately around the sea head drains
on Grand Anse Beach to protect public health. Zones of noncontact
should be determined by bacteriological sampling.

Inventory laboratory wastes from the St. George's Medical School to
ensure westes which may be hazardous to public health are not dis-
charged without adequate tratment. These works should be routed to
a new treatment system. In the interim, other necessary measures
should be considered.

Repair the south sea head located near Spice Island Hotel so that

sand does not enter and dam the main drainage ditch. The current
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labor force which is used to shovel sand from the drain could be
trained and used more effectively to do the repair work and similer
work in the area.

5. Require that all existing hotels and restaurants hook on to a new
collection system, thus eliminating "soakaway" systems. House
laterals could be run from the existing septic tanks to the collec-
tors. Require the use of water conservation plumbing devices at

all hotels and restaurants (refer to Appendix I).

Recommendetions by Priority

The recommendations identified above are either general, applying to the
whole study area, or specific to an identified area such as

St. George's. The author realizes that all recommendations cannot be
implemented immediately due to funding and stafting. Also, some recom-
mendations are more significant to public health and the environment.
Therefore, this section identifies the previously discussed recommenda-
tions in terms of priority. First administrative recommendations, which
require planning, regulation development, and other staff time, are
identified by priority. Secondly, major and minor cost (capital and
labor) recommendations are listed, each by priority. The priorities are
based upon the author's judgment, considering the desires of the

Government of Grenada, environmental needs, and costs.

1. Administrative

a. Priority 1
(1) Plan sewage treatment systems for St. George's and Grand

Anse, including: selecting and dedicating plant sites;
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gelecting treatment processes; developing finance plan; and
determining schedule.

(2) Establish water quality regulations.

(3) "Post" existing St. George's outfall area and areas of sea
head drains on Grand Anse beach to warn of health hazard.

(4) Establish sewer use ordinance which also requires use of
water conservation plumbing devices on new construction.

Priority 2

(1) Establish new guidelines for onsite disposal systems.

(2) Establish soil erosion control requirements on construction
and agricultural practices,

Priority 3

(1) Eliminate waste oil sources.

(2) Reduce agriculture chemical use through education.

(3) Evaluate need to correct medical school lab wastes.

2. Major Cost

a.

b.

Construct sewage outfall pipe for St. George's, 2000 feet.
Replace lift station on Carenage and obtain correctly sized
diesel generator for emergency power.

Survey existing sewerage system for St. George's; can be done in
phases.

Establish sewer maintenance team to: maintain collection system;
install new laterals; inspect system using sewer use ordinance as

guide; and advise applicants on requirements.
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e. Replace Carenage lift station force main. Relocate along
Carenage throggh Sendall Tunnel instead of to Scott Street.
Replace mainﬂcollector lines along Carenage with PVC pipe at same
time so pipes can be in same trench.

f. Construct Grand Anse artificial wetlands sewage treatment
system.

g. Construct St. George's oxidation ditch sewage treatment system.

h. Extend sewers to areas near St. George's such as Paddock,

St. John's River, and Tempe.

i. Replace all existing sewer pipe in St. George's with PVC pipe.

Lost Cost

a. Priority 1
(1) Repair south sea head drain.

(2) Implement water quality/sewage sampling.

b. Priority 2

(1) Eliminate grey water discharges

(2) Eliminate inflow to existing system
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ASSUMPTIONS

Assumptions for population and hydraulic and organic sewage loads are

based either on statements made by the Ministry of Health, data from pre-

vious studies (references 4, 5, and 6), or engineering practice. The

source is indicated by each.

1.

Population

a.

Resident populations for St. George's Town {471z), Tempe (248),
and St. John's River (1503), and the commuter population of St.
George's (10,000 per day) was obtained from the Ministry of
Health who also said to assume zero growth in these areas.
Commuter populations for Tempe (200) and St. John's River (1000)
areas are estimated based upon the number and type of businesses
in these areas observed by the author of this report.

The resident population projections for the Paddock, Belmont,
Grand Anse Estates, Grand Anse Beach, and Morne Rouge area
(henceforth referred to as Grand Anse) is 1050 houses with 4
persons per house (reference 4). Based upon topography, it was
assumed that 10 percent and 90 percent would be connected to
separate St. George's and Grand Anse treatment systems, respec-
tively.

The hotel room projection for the Grand Anse area is 2300 rooms
(reference 4).

A restaurant projection is assumed by the author to be 2000
geats with 400 and 1600 located in the St. George's and Grand

Anse areas, respectively.
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Sewage hydraulic loads

a.

For residential flows, the Ministry of Health said to assume 60
gallons per day per person (gpdc). After reviewing previous
studies, a flow of 23,040 gpd per 100 houses is used in this
study, or 57.6 gpdc for 4 persons per house (reference 4).

For commuters, a flow of 20 gpdc was used {engineering practice
in the United States).

For hotels, a flow of 13,824 gpd/rooms is used {(reference 4).
For restaurants, a flow of 35 gpd/seat is used (engineering
practice in the United States).

An infiltration flow of 5000 gpd/acre for the currently sewered
St. George's system is used (6.5 acres), deleting 25 percent for

more watertight PVC sewer lines.

Organic loads

a.

For residential, 0.17 pounds BODS per day per person (ppdc) is
used (engineering practices),

For commutors, 0.06 ppdc is used (engineering practice).

For hotels, 0.12 ppd per room is used (engineering practice).
For restaurants, 0.2 ppd per seat is used (engineering

practice).

.
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ST. GEORGE'S ONLY TREATMENT SYSTEM

Hydraulic

St. George's Town:

Tempe:

St. John's River:

Paddock/Belmont:

Infiltration:

Organic

St. George's Town:

Tempe:

St. John's River:

Paddock/Belmont:

Residents -
Commuters -
Restaurants

Residents -
Commuters -

Residents -
Commuters -

Residents

4,712 x 57.6
10,000 x 20
- 400 x 35

248 x 57.6
200 x 20

1,503 x 57.6
1,000 x 20

400 x 57.6

6.5 x 5000 gpd/acre x 0.75

Residents -
Commuters -
Restaurants

Residents -
Commuters -

Residents -
Commuters -

Residents -

Total
Use

4,712 x 0.17
10,000 x 0.06
- 400 x 0.2

248 x 0.17

200 x 0.06

400 x 0.17
Total

Flow (gpd)

271,411
200,000

14,000

485,411

14,285

4,000

18,285

86,573

20,000

485,411

23,040

24,375

657,684
658,000 gpd

BODS(ppd)

801
600
80

1,481

1,920



1. Hydraulic

2. Organic

1. Hydraulic

2. Organic

A-4

GRAND ANSE ONLY TREATMENT SYSTEM

Flow (gpd)

Residents - 950 x 23,040 218,800
Commuters - 2,300 x 13,824 317,952
Restaurants - 1,600 x 35 56,000

592,832

Use 593,000 gpd

BODS(ppd)
Residents - 950 x 4 x 0.17 646
Commuters - 2,300 x 0.12 276
Restaurants - 1,600 x 0.2 320
1,242
COMBINED ST. GEORGE'S AND GRAND ANSE SYSTEM
Flow (gpd)
St. George's 657,684
Grand Anse 572,833
Restaurants - 1,600 x 35 56,000
1,250,516

Use 1,251,000 gpd

BODS(ppd)
St. George's 1,920
Grand Anse 1,242
3,162
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SECTION 1
INTRODUCTION

This report presents the conceptual designs for sewage stabilizatioa pond
treatment systems which could be used to treat the domestic wastewater of
either St. George's, the Grand Anse area, or the combined flow of St.
George's and the Grand Anse area.

The design basis is for a flow-through S-pond system which has been
developed specifically for tropical systems (references 7 and 8).
Tropical systems do not have to be designed for cold weather conditions
and therefore can be smaller for a given organic load compared to a
similar loading in a northern latitude.

Stabilization pond systems are typically less expensive to build and
operate than conventional wastewster treatment plants. Also, they do not
require as much technical training and experience to operate as
conventional systems. They do require a larger amount of land which must
be relatively flat.

The tropical pond design requires 5-day retention volumes on each of the
ponds in the series. The first cell is designed with about 25 percent
greater volume for solids retention.
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SECTION 2
BASIC ASSUMPTIONS

Retention Volume - 5 days, each pond

Hydraulic and Organic Loading

Hydraulic (MGD) Organic (ppd, BODS)

St. George's 0.658 1920

Grand Anse 0.593 1242

Combined St. George's/Grand Anse 1.251 3162
References:

(1) Mara, D. D. "Proposed Design for Oxidation Ponds in Hot
Climates", ASCE J. Env. Engr. Div. 101 (EE2): 296-300, Apr. 1975.

(2) Mara, D. D., et al. “"Design Verification for Tropical Oxidation
Ponds", ASCE J. Env. Engr. Div., EEl: 151--155, Feb. 1979.

(3) "Wastewater Treatment Ponds (Lagoons)", Recommended Standards for

Sewage Works, Great Lakes-Upper Mississippi River Board of State
Sanitary Engineers, 100-1 to 100-10, 1978.
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SECTION 3

CONCEPTUAL DESIGN FOR SYSTEM TO SERVE ST. GEQRGE'S

. n
w v

Required Volume, each pond days x 0.658 MGD
.29 MG, or 12,453 m3

For 1 m depth, required area = 12,453 m?

The proposed Queen's Park area can not contain a S-pond system with
an effective treatment area of 62,225 m2. If reduced treatement
were accepted and a 4-pond system were used and built square shaped,
about 50,000 m2 of effective area and 68,000 m2 total area

(17 acres) would be required. Attachment Bl shows how this system
would be contained in Queen's Pond. Since it uses essentially all
the park area, this option is considered unacceptable.

'
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SECTION 4

CONCEPTUAL DESIGN FGR SYSTEM TO SERVE GRAND ANSE AREA

Required Volume, each pond = 5 days x 0.593 MGD

2.965 MG, or 11,223 m3

non

For 1 meter depth, required area = 11,223 m3
Use length: width = 2:1, or about 150 m x 75 m.

Use 5 ponds in series, Pond 1 depth = 1.25 m, and Ponds 2,3,4, and 5
depths = 1.0 m.

14,062 m3
14,062 = 6.26 days
2245 md/day

Pond 1 volume
retention

non

11,223 m3
5 days

Ponds 2-5 volumes
retention

non

11,223 m2 x 5 = 56,115 m2
76,100 m2, 18.8 acres

Total effective area
Total required area

0 v

Additional areas required for 3:1 slope of dike and a 2.44 m (8 ft.)
top of dike width.

The proposed Grand Anse area at the head of Prickly Bay would contain
this system. A small stream would have to be channeled around the
pond system. The locaton of the system is shown in Attachment B2,
and the configuration of the ponds is shown in Attachment B3.



SECTION 5

CONCEPTUAL DESIGN FOR SYSTEM TO SERVE COMBINED
ST. GEORGE'S/GRAND ANSE AREAS

For better pond management, use two parallel 5-pond systems to which
the flow of 1.251 MGD is split, or 0.625 MGD

non
w v

x 0.6255 MGD =
.1275 MG, or 11.838

Required volume, each pond

For 1 m depth, required area 11,838 m2

Use length to width = 3:1, or about 63 m x 189 m
Total effective area required = 11,907 mZ x 10 = 119,070 m?2

Total required area = 129,700 mZ, 32 acres

A parallel S5-pond system consisting of 10 ponds could not be
contained satisfactorily in the proposed area at the head of Prickly
Bay. A parallel 4-pond system consisting of 8 ponds could be
contained in the area. However, a lesser degree of treatment will be
attained for organics, solids and bacteria. Two additional polishing
ponds could be located immediately to the west across a ridge at the
head of True Blue Bay. This would require pumping of the total

flow. Attachment B4 shows the location of a parallel 4-pond system
with two added ponds when desired. Attachment BS shows the
configuration of the parallel 4-pond system.
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SECTION 6

ADDITIONAL SPECIFICATIONS

For pond construction details concerning embankments and dikes, pond
bottom, influent lines, centrol structures and interconnected piping,
and other miscellaneous items, accepted quidelines such as 10 State
Standards should be used. Attachment B6 is a copy of the pertinent
pages for 10 State Standards.



SECTION 7
COST ESTIMATES1

Estimated construction cost data for tropical sewage stabilization ponds treatment
facilities to serve the Grand Anse area and the combined St. George's/Grand Anse

flows are listed below.

Design Flow, Design Loading Cost?
MGD 16 BODg/day EC ($US)
Grand Anse 0.6 1242 $2,860,000

($1,067,000)

St. George's/Grand Anse 1.25 3162 $4,837,000
($1,805,000)

lgstimates provided by Howard K. Bell Consulting Engineers,
P.0. Box 661, Hopkinsville, KY 42240.

2Total costs must include an additional estimated 45% for contingency
and engineering services.

N\
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CHAPTER 100
WASTEWATER TREATMENT PONDS (LAGOONS)

100. GENERAL

This Chapter deals with generally used variations of treatment ponds to achieve secondary treatment
including controiled-discharge pond systems, flow-through pond systems and aerated pond systems,
Ponds utilized for equalization, percolation, evaporation and sludge storage will not be discussed in this
Chapter.

101. SUPPLEMENT TO ENGINEER'S REPORT

The engineer’s report shall contain pertinent information on location, geology, soil conditions, area for
expansion and any other factors that will affect the feasibility and acceptability of the proposed
project. The following information must be submitted in addition to that required in Chapter 10.

101.1 Supplementary Field Survey Data
101.11 Location of Nearby Facilities

The location and direction of all residences, commercial developments, parks, recreational
areas, and water supplies lincluding a log of each well unless waived by the reviewing
authority) within one mile {1.6 km) of the proposed pond shall be included in the
engineer’s report.

101.12 Land Use Zoning
Land use zoning adjacent to the proposed pond site shali be included,
101.13 Site Description

A description, including maps showing elevations and contours of the site and adjacent area
shall be provided. Due consideration shall be given to additional treatment units and/or
increased waste loadings in determining land requirements. Current U.S. Geological Survey
and Soi! Conservation Service maps may be considered adequate for preliminary evaluation
of the proposed site.

101.14 Location of Field Tile

The location, depth, and discharge point of any field tile in the immediate area of the
proposed site shall be identified.

101.15 Soil Borings

Data from soil borings conducted by an independent soil testing laboratory to determine
subsurface soil characteristics and groundwater characteristics {including elevation and
flow) of the proposed site and their effect on the construction and operation of a pond
shall also be provided. At least one boring shall be a minimum of 2b feet {7.6 m) in depth
or into bedrock, whichever is shallower. If bedrock is encountered, rock type, structure
and corresponding geological formation data should be provided. The boring shall be filled
and sealed. The permeability characteristics of the pond bottom and pond seal materials
shall also be studied. {See Section 104.2)

100-1
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WASTEWATER TREATMENT PONDS (LAGOONS) CHAPTER 100
101.16 Sulfate Content of Water Supply
Sulfate content of the basic water supply shall be determined.
102. LOCATION

102.1 Distance From Habitation

A pond site should be located as far as practicable, with a minimum of 1/4 mile (0.4 km), from
habitation or any area which may be built up within a reasonable future period. Consideration
should be given to site specifics such as topography, prevailing winds, forests, etc.

102.2 Prevailing Winds

If practicable, ponds should be located so that local prevailing winds will be in the direction of
uninhabited areas.

102.3 Surface Runoff

Location of ponds in watersheds receiving significant amounts of stormwater runoff is
discouraged. Adequate provision must be made to divert stormwater runoff around the ponds
and protect pond embankments from erosion.

102.4 Hvdrology

Construction of ponds in close proximity to water supplies and other facilities subject to
contamination should be avoided. A minimum separation of 4 feet (7.2 m) between the bottom
of the pond :nd the maximum groundwater elevation should be maintained.

102.5 Geology

Ponds shall not be located in areas which may be subjected to karstification, {i.e., sink holes or
underground streams generally occurring in areas underlain by limestone or dolomite).

A minimum separation of 10 feet (3.0 m) between the pond bottom and any bedrock formation
is recommended.

103. BASIS OF DESIGN

103.1 Area and Loadings for Controlled-Discharge Stabilization Ponds
Pond design for BOD§ loading may range from 15 to 35 pounds per acre per day {17-45 kg/ha d)
at the mean operating depth in the primary cells and at least 180 days detention time between
the 2 foot (0.6 m) and the maximum operating depth of the entire pond system. The detention
time and organic loading rate shall depend on climatic or stream conditions.

103.2 Area and Loadings for Flow-Through Stabilization Ponds
Pond design for BOD loading may vary from 15 to 35 pounds per acre per day (17-45 kg/ha d)

for the primary pond(s). The major design considerations for BOD loading must be directly
related to the climatic conditions.
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Design variables such as pond depth, multiple units, detention time, and additional treatment
units must be considered with respect to applicable standards for BODg, total suspanded solids
(TSS), fecal coliforms, dissolved oxygen (DO}, and pH.

A detention time of 90 — 120 days should be provided; however, this must be properly related to
other design cornsiderations. It should be noted that the major factor in the design is the duration
of the cold weather period (water temperature less than 5°C.).

103.3 Aerated Pond Systerns

For the development of final design parameters it is recommended that actual experimental data
be developed; however, the aerated pond system design for minimum detention time may be
estimated using the following formula:

- E
2.3K1 x (100 — E)

t = detention time, days
E = percent of BODg to be removed in an aerated pond
Ky = reaction coefficient, aerated lagoon, base 10. For normal domestic sewage, the

K1 value may be assumed to be 0.12/day at 20°C and 0.06/day at 1°C.

The reaction rate coefficient for domestic sewage which includes some industrial wastes, other
wastes and partiall's treated sewage must be determined experimentally for various conditions
which might be encountered in the aerated ponds. Conversion of the reaction rate coefficient at
other temperatures shall be made based on experimental data.

Raw sewage strength should also consider the effect of any return sludge. Also, additional storage
volume should be considered for sludge, and in northern climates, ice cover.

Oxygen requirements generally will depend on the BOD loading, the degree of treatment, and the
concentration of suspended solids to be maintained. Aeration equipment shall be capable of

maintaining a minimum dissolved oxygen level of 2 mg/l in the ponds at all times. Suitable
protection from weather shall be provided for electrical controls.

See Chapter 80 for details on geration.
103.4 Industrial Wastes

Consideration shall be given to the type and effects of industrial wastes on the treatment process.
In some cases it may be necessary to pretreat industrial or other discharges.

Indusirial wastes shall not be discharged to ponds w~ithout assessment of the effects such

substances may have upon the treatment process or discharge requirements in accordance with
state and federal laws.
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103.5 Multiple Units

Ata minimum, a pond system should consist of 3 cells designed to facilitate bot! series and
parallel operations. The maximum size of a pond cell should be 40 acres (16 ha). Two-cell
systems may be utilized in very small installations.

All systems should be designed with piping flexibility to permit isolation of any cell without
affecting the transfer and discharge capabilities of the total system. In addition, the ability to
discharge the influent waste load to a minimum of 2 cells and/or all primary cells in the system
should be: provided.

103.51 Controlled-Discharge Stabilization Ponds

For controlled-discharge systems the area specified as the primary ponds should be equally
divided into two cells with the third or secondary cell volume a minimum of 1/3 the total
volume of the entire system,

In addition, design should permit for adequate elevation difference between primary and
secondary ponds to permit gravity filling of the secondary from the primary. Where this is
not feasibie, pumping facilities shall be provided.

103.52 Flow-Tarousgh Pond Systems

At a minimum, primary cells shall provide adequate detention time to maximize BOD
removal. Secondary cells should then be provided for additional detention time with
depths to eight feet {24 m) to facilitate solids +eduction. Design should also consider
recirculation within the system.

103.53 Aerated Pond Systems

For a total aerated system, a minimum of 3 cells employing a tapered mode of acration is
recommended.

103.6 Pond Shape

The shape of all cells should be such that there are no narrow or elongated portions. Round,
square or rectangular ponds with a length not exceeding three times the width are considered
most desirable. No islands, peninsulas or coves shall be permitted. Dikes should be rounded at
corners to minimize accumulations of floating materials. Common-wall dike construction,
wherever possible, is strongly encouraged.

103.7 Additional Treatment

Consideration should be given in the design stage to the utilization of additional treatment units
as may be necessary to meet applicable discharge standards. See Section 101,13,

104. POND CONSTRUCTION DETAILS

104.1 Embankments and Dikes
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104.11 Material
Dikes shall be constructed of relatively impervious material and compacted to at least 90
percent Standard Proctor Density to form a stable structure. Vegetation and other
unsuitable materials shall be removed from the area where the embankment is to be placed.
104.12 Top Width
The minimum dike width shall be 8 feet (2.4 m) to permit access of maintenance vehicles.
104.13 Maximum Slopes
Inner and outer dike slopes shall not be steeper than 1 vertical to 3 horizontal {1:3).
104.14 Minimum Slopes
Inner slopes should not be flatter than 1 vertical to 4 horizontal (1:4). Flatter siopes can be
specified for larger installations because of wave action but have the disadvantage of added
shallow areas being conducive to emergent vegetation. Outer slopes shall be sufficient to
prevent surface runoff from entering the ponds.

104.15 Freeboard

Minimum freeboard shall be 3 feet (7.0 m). For very small systems, 2 feat (0.6 m) may be
acceptable.

'104.16 Design Depth
The minimum operating depth should be sufficient to prevent growth of aquatic plants and
damage to the dikes, botiom, control structures, aeration equipment and other

appurtenances. In no case should pond depths be iess than 2 feet (0.6 m).

104.161 Controlled-Discharge Stabilization Ponds

The maximum water depth shall be 6 feet {7.8 m) in primary cells. Greater depthsin -

subsequent cells are permissible although supplemental aeration or mixing may be
necessary.

104.162 Flow-Through Stabilization Ponds
Same as 104,161.
104.163 Aerated Pond Systems
The dusign water depth should ba 10 — 15 feet (3 — 4.5 m). This depth limitation

may be altered depending on the aeration equipment, waste strength and climatic
conditions.
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104.17 Erosion Control

A justification and detailed discussion of the method of erosion control which encompasses
all relative factors such as pond location and size, seal material, topography, prevailing
winds, cost breakdown, application procedures, etc., shall be provided,

104.171 Seeding

The dikes shall have a cover layer of at least 4 inches (70 cm), of fertile topsoil to
promote establishment of an adequate vegetative cover wherever riprap is not
utilized. Prior to prefitling (in accordance with 104.24), adequate vegetation shall be
established on dikes from the outside toe to 2 feet (0.6 m) above the pond bottom
on the interior as measured on the slope. Perennial-type, low-growing, spreading
grasses that minimize erosion and can be mowed are most satisfactory for seeding on
dikes. In general, alfalfa and other long-rooted crops should not be used for seeding
since the roots of this type are apt to impair the water holding efficiency of the
dikes.

104.172 Additional Erosion Protection

Riprap or some other acceptable method of erosion control is required as a minimum
around all piping entrances and exits. For aerated cells the design should ensure
erosion protection on the slopes and bottoms in the areas where turbulence will
occur, Additional erosion control may also be necessary on the exterior dike slope to
protect the embankment from erosion due to severe flooding of a watercourse,

104.173 Alternate Erosion Protection

Alternate erosion control on the interior dike slopes may be necessary for ponds
which are subject to severe wave action. In these cases riprap or acceptable equal
shall be placed from one foot (0.3 m) above the high water mark to two feet (0.6 m)
below the low water mark {measured on the vertical),

104.2 Pond Bottom
104.21 Soil

Soil used in constructing the pond bottom {not including seal) and dike cores shall be
relatively incompressible and tight and compacted at or up to 4 percent above the
optimum water content to at least 90 percent Standard Proctor Density.

104.22 Seal

Ponds shall be sealed such that seepage loss through the seal is as low as practicably
possible. Seals consisting of sails, bentonite, or synthetic liners may he considered provided
the permeability, durability, and integrity of the proposed material can be satisfactorily
demonstrated for anticipated conditions. Results of a testing program which substantiates
the adequacy of the proposed seal must be incorporated into and/or accompany the
engineering report. Standard ASTM procedures or acceptable similar methods shall be used
for all tests.
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To achieve an adequate seal in systems using soil, bentonite, or other seal materials, the
coefficient of permeability (K) in centimeters per second specified for the seal shall not
exceed the value derived from the following expression:

K=3.0x109:L

where L equals the thickness of the sea! in centimeters. The K" obtained by the above
expression corresponds to a percolation rate of pond water of less than 500 gallons per day
per acre (4.68 m3/ha-d) at a water depth of six feet (2 m).

For a seal consisting of a synthetic liner, seepage loss through the liner shall not exceed the
quantity equivalent to seepage loss through an adequate soil seal.

104.23 Uniformity

The pond bottom shall be as level as possible at all points. Finished elevations shall not be
more than 3 inches (7.5 cm) from the average elevation of the bottom.

104.24 Prefilling

Prefilling the pond should be considered in order to protect the liner, to prevent weed
growth, to reduce odor, and to maintain moisture content of the seal. However, the dikes
must be completely prepared as described in Sections 104.171 and 104.172 before the
introduction of water.

104.3 Influent Lines
104.31 Material

Generally accepted material for underground sewer construction will be given consid-
eration for the influent line to the pond. Unlined corrugated metal pipe should be avoided,
however, due to corrosion problems. In material selection, consideration must be given to
the quality of the wastes, exceptionally haavy external loadings, abrasion, soft foundations,
and similar problems.

104.32 Manhole

A manhole or vented cleanout wye shall be installed prior to entrance of the influent line
into the primary cell and shall be located as close to ihe dike as topography permits, its
invert shall be at least 6 inches (75 cm) above the maximum operating 'evel of the pond
and provide sufficient hydraulic head without surcharging the manhole.

104.33 Flow Distribution

Flow distribution structures shall be designed to effectively split hydraulic and organic
loads equally to primary cells.

104.34 Placement
Influent lines shall be located along the bottom of the pond so that the top of the pipe is

just below the average elevation of the pond seal; however, the pipe shall have adequate
seal below it,
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104.35 Point of Discharge

All primary cells shall have individual influent lines which terminate at approximately the
center of the cell so as to minimize short-circuiting, Consideration should be given to
multi-influent discharge points for primary cells of 20 acres (8 ha) or larger to enhance the
distribution of waste load in the cell.

All aerated cells shall have influent lines which distribute the load within the mixing zone
of the aeration equipment. Consideration of multiple inlets should be closely evaluated for
any diffused aeration system. ,

104.36 Influent Discharge Apron
The influent line shall discharge horizontally into a shallow, saucer-shaped, depression.

The end of the discharge line shall rest on a suitable concrete apron large enough to prevent
the terminal influent velocity at the end of the aprc ' from causing soil erosion. A
minimum size apron of 2 feet (0.6 m) square shall be provia. 1.

104.4 Control Structures and Interconnecting Piping

104.41 Structure

Where possible, facilities design shall consider the use of muiti-purpose « Introl structures
to facilitate normal operational functions such as drawdown and flow di.*ribution, flow
and depth measurement, sampling, pumps for recirculation, chemical addition. and mixing,
and minimization of the number of construction sites within the dikes.

As a minimum, control structures shall be {a) accessible for maintenance and adjustm nt of
controls; (b) adequately ventilated for safety and to minimize corrosion; {(c) lockeu to
discourage vandalism; (d) contain controls to permit water level and flow rate contro.
complete shutoff, and complete draining; (e} constructed of non-corradible materials
(metal-on-metal contact in controis should be of similar alloys to discourage electro-
chemical reactions); and (f) located to minimize short-circuiting within the cell and avoid
freezing and ice damage.

Recommended devices to regulate water level are valves, slide tubes or dual slide gates.
Regulators should be designed so that they can be preset to stop flows at any pond
elevation.

104.42 Piping

All piping shall be of cast iron or other acceptable material. The piping shalt not be located
within or below the seal. Pipes shou!d be anchored with adequate erosion control.

104.421 Drawdown Structure Piping
a. Submerged Takeoffs

For ponds designed for shallow or variable depth operations, submerged
takeoffs are recommended. Intakes shall be located a minimum of 10 feet (3.0
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C.

m) from the toe of the dike and 2 feet (0.6 m) from the top of the seal, and
shall employ vertical withdrawal.

Multi-level Takeoffs

For ponds that are designed deep enough to permit stratification of pond
content, multiple takeoffs are recommended. There shall be a minimum of 3
withdrawal pipes at different elevations. The bottom pipe shall conform to a
submerged takeoff. The others should utilize horizontal entrance. Adequate
structural support shall be provided.

Surface Takeoffs

For use under constant discharge conditions and/or relatively shallow ponds
under warm weather conditions, surface overflow-type withdrawal is recom-
mended. Design should evaluate floating weir box or slide tube entrance with
baffles for scum control.

Maintenance Drawdown

All ponds shall have a pond drain to allow complete emptying, either by
gravity or pumping, for maintenance. These should be incorporated into the
above-described structures.

Emergency Overflow

To prevent overtopping of dikes, emergency overflow should be provided.

104.422 Hydraulic Capacity

The hydraulic capacity for continuous discharge structures and piping shall allow for
a minimum of 250 percent of the design flow of the system.

The hydraulic capacity for controlied-discharge systems shali permit transfer of water
at a minimum rate of six inches (75 cm) of pond water depth per day at the available

head.

105. MISCELLANEOUS

105.1 Fencing

The pond area shall be enclosed with an adequate fence to prevent entering of livestock and
discourage trespassing. Fencing should not obstruct vehicle traffic on top of the dike. A vehicle
access gate of sufticient width to accommodate mowing equipment shall be provided. All access
gates shall be provided with locks.

105.2 Access

An all-weather access road shall be provided to the pond site to allow year-round maintenance of

the facility.

100-9
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105.3 Warning Signs
Appropriate permanent signs shall be provided along the fence around the pond to designate the
nature of the facility and advise against trespassing. At least one sign shall be provided on each
side of the site and one for every 500 feet (750 m) of its perimeter.

105.4 Flow Measurement

Flow measurement requirements are presented in Section 46.6. Effective weather protection
shall be provided for the recording equipment.

105.5 Groundwater Monitoring
An approved system of wells or lysimeters may be required around the perimeter of the pond site
to facilitate groundwater monitoring. The need for such monitoring will be determined on a
case-by-case basis.

105.6 Laboratory Equipment
For laboratory equipment refer to Chapter 40.

105.7 Pond Level Gauges
Pond level gauges shall be provided.

105.8 Service Building

Consideration in design should be given to a service building for faboratory and maintenance
equipment.
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SECTION 1

INTRODUCTION

This report presents conceptual designs for an artificial wetland wastewater
treatment system for the Grand Anse area. The system are based on wetland
vegetation {such as cattails) providing the environment for sewage treatment,
The contaminant removal mechanisms are complex and a detailed investigation of
the technology is presented in the report, Technology assessment of Artificial
Wetlands for Municipal Wastewater Treatment (Appendix Cl).

The technology is most suitable for small communities with wastewater flows
under two million gallons per day {(MGD) that have access to reasonably priced,
level acreage. The primary advantages of the technology include costs savings
and ease of operation. The systems are typically less expensive to build and
operate than conventional wastewater treatment plants and they do not require
as much technical training and expertise to operate as conventional systems.

In the stand-alone version, the conceptual design will describe &

marsh-pond -meadow system intended to provide all treatment necessary to
protecl the environment for an average daily flow of 0.6 MGD. The design is
based on an existing system in the United States and is expected to perform
even better in the tropical climate of Grenada.

Figures 1 and 2 show a typical artificial wetlands treatment scheme.

(Recent techniral literature reviewed since preparation of this conceptual
design indicates that a "root zone" type system is more efficient than the
marsh type and requires significantly less land area. Data indicates that
capital and operating cost can be about 10 percent of the costs for an
activated sludge plant. For comparison, this study indicates that the capital
costs for the marsh type artificial wetlands would be about 23 percent of the
cost for a contact stabilization (activated sludge) plant. Therefore, a root
zone system in Grenada may be one-half the cost of a marsh system.)

(K9
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SECTION 2
BASIC ASSUMPTIONS
INFLUENT CONCENTRATIONS

Influent assumptions must necessarily vary according to the two operating
scenarios proposed.

Stand-alone system

Ranges of influent parameters are assumed according to Table 1.

Table 1. INFLUENT CONCENTRATIONS FOR THE MARSH/POND/MEADOW SYSTEN.

Parameter Range* Design Value
mg/l mg/1
Suspended Solids 180-300 250
BODg 160-280 200
Nitrogen (Total N) 40-50 45
Organic 15-20 20
Ammonia 25-30 25
Nitrites
Nitrates

*Reference: EPA, 1977. Process Design Manual: Wastewater Treatment
Facilities for Sewered Small Communities, EPA - 625/1-77-009. USEPA
Environmental Research Information Center, Technology Transfer.



EFFLUENT CONCENTRATIONS

Effluent concentrations will be assumed to meet stringent effluent standards
which will protect Prickly Bay. These effluent standards are given in Table 3.

Table 3. EFFLUENT STANDARDS

Parameter Limit

pH 6-9 units

Suspended Solids 30 mg/1

BODg 5 mg/l

NH3 - N (Summer) 1 mg/l

DO 7 mg/l

Fecal Coliform 200 organisms/100 ml
TOPOGRAPHY

The conceptual design assumes level terrain such as flood plain. It is
assumed that diking will be necessary to protect the artificial wetlands site
from periodic flooding, since the wetlands system is most economically
situated near the receiving stream.

POPULATION SERVED

The conceptual design assumes the residential and tourist population of the
Grand Anse sarea.
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SECTION 3

CONCEPTUAL DESIGN FOR THE MARSH/POND/MEADOW (STAND-ALONE) SYSTEM

SCREENS

Bypass bar screen, manually cleaned

Bar width: 1/4" to 5/16"

Bar depth: 2"

Spacing: 1"

Slope from vertical: 30-45°

Approach velocity: 1-2 fps

Allowable head loss: 6"

Perforated drainage plate: 1" diameter holes spaced at 2" centerlines

AERATION CELL

given: Use 2 parallel cells: 0.30 MGD flow to each
BODg influent = 250 mg/l  50% removal
BODg effluent = 125 mg/l
K = 1.0 (@20°C)
Summer wastewater temp.
Winter wastewater temp.
Cell depth = 5'

819F (27.2°C)
779F (25°C)

"on

a. Calculate required cell volume to maintain 50% BODg removal under
summer and winter conditions.

S/8p= 1 (equa.12-22,M&E)
1 + K(V/Q)
given: S = 125 mg/l
Sp= 250 mg/1
Kgummer = 1.0 (1.06)27-2 - 20 _ 1,52
Kyinter = 1.0 (1.06)25 - 20 = 1.34

?

V =
Q = 0.30 mgd
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(1) summer condition: 0.5 = 1 = 1
1+ 1.52 (V/0.25) 1 +5.07v
V =0.197 million gal. = 197,000 gallons
(2) winter condition: 0.5 = 1 = 1
1 + 1.34 (V/0.3) 1 + 4,47
V =0.714 million gal. = 714,000 gallons

or 95,500 ft3
Winter condition controls; therefore, each cell
volume should be 224,000 gal., or 20,000 ft3

Calculate Retention Time
million
t = V/Q = 0.224 gallons = .75 days or about 18 hours
0.35 MGD
Estimate oxygen requirements for biochemical oxidation

Rp = 16.68 Sg Q 1b 09/day {(eq. 5, p. 415,
WPCF MOP 8)

So = influent BODg = 250 mg/1

Q = flow = 0.30 MGD

Rp = 1251 1b 0p/day

Estimate power requirement for oxygen addition

(1) Determine correction factor for surface aerator to adjust
standard performance data to field conditions

N = BCwait - ¢; (1.028)T - 20« (eq. 12-15, M&E)
No 9.17

given: T = 27.2°C (81°F) (summer cond.)
N = 1b 0Op/hp-hr under field cond.
No = 1b 02/hp-hr under standard cond.
8 =1
Cyalt = 8.97 x 1.0 = 8.97 mg/1 (@ elevation of 0 ft.)
CL = 1.5 mg/l min. operating D.O.

« = 0.85
N= 8.97 - 1.50
Ng 9.17 (1.024) 27.2-20 4 46,
= .845 (1.186) (0.85)
= .852
(2) Adjust standard Op transfer requirement to a field

transfer rate: For aerator units having a standard rate of
3.0 1b 0p/hp-hr:

N/Ng = .852
N = .852N, = 3.0 (.852)
2.56 1b Op/hp-hr

&
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(3) Determine horsepower of aerator units needed if they are
rated at 3.0 1b/hp/hr under standard conditions:

2.56 1b 02/hp-hr = 61.4 1b O2/h> day

hp. required = 0, requirement

field transfer rate

1251 1b 0,/day
61.4 1b 0,/hp/day
20.37 hp

Determine power requirement for complete mixing:
rules of thumb: 30 hp/106 gal. (EPA 625/1-77-009 p. 10-48)
.5 hp/1000 ft3 (M & E,p. 519)

hp required = 30 hp/10% gal. x 0.224 million gal.

6.72 hp
hp required = .5 hp/1000 ft3 x 30.0 1000 ft3
= 15 hp
say 20 hp/cell

Determine demension of circular cell

Given: depth (h) 5 ft
volume (v) 30,000 ft3
v/h sidewall slope = 1/3

nun

r? = \')
3.14h
r? = 30,000 ft.3 = 1909.9 ft2

3.14 (5 ft.)
r = 43.7 ft. at 2.5 ft. depth, say 44.¢ f¢.

Diameter = 88 ft. at 2.5 ft. depth

Determine diameter at max. depth

D
D

88 ft. + 2(7.5 ft.)
103 ft.

Determine diameter at bottom

D
D

88 ft. - 2(7.5 ft.)
73 ft.

non

Determine diameter at top, assuming a 3 ft. freeboard

D
D

103 ft. + 2(9 ft.)
121 ft.



MARSH

POND

Given: application rate - 50,000 gal/acre/day

(typical rate is 43,000 gai/acre/day or 23 acre/mgd:
see table 16 in the report, Technology Assessment of
Artificial Wetlands for Municipal Wastewater Treattent)

slope of marsh bottom - 0%

number of cells - 4

vegetation - indigenous such as cattails

liner - none unless groundwater supply could be affected

freeboard - 0.5 ft

sidewater depth - 1.0 ft.

design to vary sidewater depth between 0.5 and 2.0 ft.

Determine area required:

A = Q = 600,000 gal/day
rate 50,000 gal/acre/day
=12 acres

4 cells @ 3.0 acres or 130,680 ft2
Determine dimensions of each cell:
Given: 4 cells with 8' dikes separating each cell
Assume cell width = 100' - 3(8') = 92.5°'
Cell length = 130,680 ftg = 1307'

100 ft.
Say 100' x 1310' Good since gives at least 10 to 1 length to width

ratio

Design based on conventional facultative design

Given: depth = 6 ft.
flow = 600,000 gpd
BODg infl. = 62 mg/l  about 50% removal
BODg effl. = 30 mg/l
Kog = 0.25

(1) Determine value of kt from figure 12-6 in M & E for 50%
removal, d = 1

kt = d
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(2) Determine detention time
(a) Summer condition

Kp7.2 = 0.25 (1.06)27.2 - 20 - ¢, 380

0.380 ¢t =1
t = 2.7 days
(b) Winter condition
Kog = 0.25 (1.06)25-20 - 0,088
0.335t = 1
t = 3.0 days
say 3 days

Detention time should be 13 days.
(3) Calculate surface area required

Volume of Pond = Qt

Q = 600,000 gpd
t = 3 day
v 600,000 (3)

1,800,000 gallons or 240,642 ft3

Area = 240,642 ft3
6 ft = 40,107 ft2 or .92 acres

b. Design based on literature

Given: application rate - 10 acre/MGD (Table 16, Appendix A)
flow - 600,000 gpd

Area required = 0.6 MGD x 10 acre/MGD = 6.0 acres or 261,360 ft2
Use 3.0 acres, or 130,680 ft2
¢. Determine dimensions of pond:

Given: - depth = 6 ft.
V/H sidewall slope = 1/3
assume square pond
freeboard = 2 ft.

x2
x

130,680 ft2
362 width/length

Use 362' x 362' @ 3' Depth

\o\
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Final Dimensions

Water Level Bottom Berm

Width/Length 362 + 18 = 380 362 - 18 = 344 380 + 12 = 392

6!
3
‘:E;;:\\4 362 6'

9
MEADOW
Given: Application rate = 100,000 gal/acre/day
(Iselin loading rate)
Slope = 0%
number of cells = 4
vegetation - indigenous grass grass
liner - none
Freeboard - 0.5 ft.
Sidewater depth - 1.5 ft.
a. Determine area required:
A= Q = 600,000 gal/day
rate 100,000 gal/acre/day
= 6 acres
Use 4 cells @ 1.50 acres or 65,340 ft2
b. Determine dimensions of each cell:
Given: 4 cells with 8 ft. dikes between cells
Assume cell width = 80.0"
4
Cell length = 65,340 ft.2 = 817 ft.
80.0 ft.
Say 80' x 820' Good since gives at least length to width ration of
10 to 1.
CHLORINATION

None initially required. Data indicates that adequate fecal coliform die-off will
occur.
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SECTION 4
ADDITIONAL DESIGN INFORMATION
INTRODUCTION

Recommended design criteria for meeting the previously stated effluent
limitations are also provided. These recommendations are probably more
conservative than needed for most communities because the stringent effluent
limitations have been chosen as the design basis.

VEGETATION

Vegetation varies from a single species such as cattails to a wide variety
including cattails, bulrushes, seeds, and other emergents. Local varities
should always be used as opposed to non-native species. Aquatic plants, such
as grasses, with extensive root development in the water column appear to have
a greater effect on solids removal than those plants which present a uniform
surface in the water column such es cattails (Gearheart, et. al., 1984).

Plant coverage should be at least 75 percent.

Recommendation - - Use a wide variety of native species. Cattails should be
placed in the first portion of the cells since they have a higher loading
tolerance and produce toxins which inhibit other vegetation.

HYDRAULIC LOADINGS

Reported loading rates for polishing systems using secondary effluent vary
tremendously, ranging from 4 acres/MGD (a high rate) to thousands of acres.

(a low rate) Recent projects have used higher loading rates in the range of 4
to 55 acres/MGD with good results. Suspended solids removals are generally
good at the higher rates while high BOD, fecal coliform, and nitrogen removals
require lower loading rates.

FLOW DEPTH

Flow depths typically vary between 0.5 ft. to 2 ft. Consideration should be
given to the root length of floating plants and depth of submergent plants to
afford maximum contact and involvement with plants surface area and associated
microbial and periphtic communities (Gearheart, et. al. 1984). The root zone
of floating plants should reach the bottom to prevent short circuiting of flow
along the bottom of the cell.

Recommendation - -Flow depth should be approximately 1 foot, but the system
desjign should incorporate flexibility to vary the depth from O to 2 feet. The
system can then be operated to maintain adequate detention times and for
gpecial conditions such as high storm flows, mosquitoe control, and
maintenance.

-
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RECIRCULATION

Intermittent recirculation of a portion of the marsh effluent may increase the
overall removal of BOD, ammonia, and other parameters. The objective of
recirculation is basically to maintain an optimum retention time in the system
for peak performance. The calculated design retention time is fixed based on
the design hydraulic loading and flow depth; however, the actual retention
time is an important process control variable. It is affected by the actulal
flow rate, the volume of vegetation, evapotranspiration rates, seepage rates,
operating depth, and the extent of short circuiting. The Listowel, Ontario,
system (Black, et.sl., 1981) obtained best treatment results with retention
times between 7 and 10 days. Lower detention times decreased treatment
efficiency due to insufficient contact, and longer detention times

(~18 days) lead to stagnation and anoxic conditions with concomitant
reductions in treatment efficiency.

Recommendation - -Provide for recirculation of the effluent to the head of the
marsh to maintain an actual retention time between 7 and 10 days whenever
practicable.

LENGTH TO WIDTH RATIO

Length to width ratios vary from 3:1 to 10:1 oc greater (EPA, 1983; Gearheart,
et.al, 1984; and Reed, et.al, 1984). The larger ratios help achieve plug flow
reactor conditions. The majority of suspended solids, BOD, and fecal
coliforms are removed in the front half of the cell. The large length to
width ratio allows for conpartmentalization of the removal processes such as
sedimentation, flocculation, filtration, nitrification/denitrification, etc.
(Gearheart, et.al. 1984). If the vegetation is to be harvested, the width
needs to be small enough to accommodate the method of harvesting.

Recommendation - -Use. a marsh length to width ratio of at least 10:1. For an
area of 12 acres, use multiple cells (4) with a single cell length of 1310 ft.
and a width of 100 ft. Multiple cell design is recommended over a single cell
to provide greater operation and maintenance flexibility. Multiple cells,

both in parallel and series, may also allow the available land to be used more

cost effectively.

SLOPE

Marsh slopes typically vary from 0 to 2%. Flat slopes (<1%) appear to be
generally preferred (Chan, et. al., 1982).

Recommendation - -Use a slope of 0.5% to overcome friction losses and aid in
drainage of the cells if needed.

FLOW DISTRIBUTION

Flows should be evenly distributed across the cell width to minimize
channelling and short circuiting in the upper end of the cell. The two
primary methods for achieving even flow distribution are multi-port and spray
distributjon. Spray distribution requires adequate head, either by gravity or

pump.
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Recommendation - -Select the most cost effective method based on site
conditions.

SOILS AND BALLAST

Substrates used in artificial wetlands for growth and ballast of vegetation
range from native soils to sand and gravel. Sand or gravel provide additional
benefits in that the net surface area available for growth of bacteria and
other microorganisms that feed on the organic matter in the wastewater is
increased. Sand and gravel also filter suspended solids, increasing the
overall effectiveness of the system. Data do not appear to be available to
allow evaluation of the relative effectiveness of systems using native soils
and those using sand and gravel.

Recommendation - -Since use of sand or gravel would substantially increase
system costg, use of native soil is recommended. Addition of gravel should be
considered as an upgrade alternative if needed.

LINERS

Liners have been used in many artificial wetland systems to control seepage
and protect groundwater quality. The type of liners vary from compacted clay
to artificial membranes.

Recommendation - -The need to control seepage is a site specific variable.
Where groundwater protection is important or the native soils are so permeable
that water levels cannot be satisfactorily controlled in the marsh, liners are
essential. However, most applications of the marsh system is expected to be
on the floodplains of creeks and rivers where seepage would tend to recharge
the receiving stream and not adversely impact groundwater supplies unless
wells were located adjacent to the marsh. Also, native soils in the areas
investigated to date have been relatively impermeable containing high
percentages of clay and silt. Artificial liners should not generally be
needed in these gituations.
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HARVESTING

Harvesting vegetation increased the net removal of parameters such as
nitrogen, phosphorus, and metals (Hammer and Kadlec, 1983.) However, the cost
effectiveness of harvesting is generally considered very low unless a viable
market for the vegetation can be developed (EPA, 1985).

Recommendation - -Harvest only if a market can be developed to make the method
economical.

DISINFECTION

In general, the bacterial quality of marsh effluents appear to be comparable
to the quality of disinfected secondary effluent except during winter months
and occasional unexplained spikes. Data are not generally available on
specific pathogenic bacteria or viruses. Disinfection is not considered to be
necessary but data should be collected and disinfection added if required.

ADDITIONAL SPECIFICATIONS

Basin construction: side slopes, 1:3
freeboard, 2 ft. minimum
dike width, 8 ft. minimum

Flood protection: physical damage protection should be provided for the 100
year flood. The system should be fully operational and
accessible during the 25 year flood.

Discharge structure: design to maintain variable marsh water levels(0 to 2 ft.)

The discharge should be dispersed with irrigation pipe along the head of a
mangrove swamp or other natural wetlands areas to pr:vide additional treatment.

LAND AREA REQUIREMENT

To contain a bar screen, aeration cells, marsh, pond and meadow an area of
about 2800 ft. by S00 ft., or 32 acres is needed. However, due to the
tropical climete in Grenada, the meadow is not recommended for the initial
system, but should be added if operating datas indicates its need.
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THE ARNOLD ARBORETUM of HARVARD UNIVERSITY
22 DIVINITY AVENUE + CAMBRIDGE * MASSACHUSETTS o2138 * U.S.A.

October 29, 1985

Mr. Cerald R. Steiner
Water Quality Branch
248-401 Building

Tennessec Valley Authority
chattanooga, TN 37401

Dear Mr. Steilner:

Here is an initial reply to your inquiry regarding plants that could
be transplanted into and grow densely in artificial freshwater systems
and grow in brackish water. The list is based on my own collections of
the vegetation growing in the Grand Etang on Grenada as well as those

in the wet landlands to the north of the Lake. Those listed as not in
Grenada at the present time could be acquired as propagating material and
would be expected to grow. I have not listed any in this category which

might escape or become troublesome.

Floating plants

Ceratopteris thalictroides - not currently in Grenada, a floating fern
Nymphaea alba - water lily

Pistia stratioides - water lettuce

Potamegeton nodosus - water weed, mostly submerged

Shallow water or rooting at edge - as in Grand Etang

Acrostichum aureum - a large fern of mangrove or fresh water
Asplundia insignis - relative of panama hat plant, iree standing
Cladium jamaicensis - saw grass

Cyclanthus bipartitus - not reported from Grenada, panam hat plant, on Martinique

Fuirena umbellata - a sedge

Eleocharis species such as interstincta, maculosa, mutata not in Grand Etang
Ischnosiphon arouma - Carib basket plant, now in Grand Etang

Montrichardia arborescens - now in Grand Etang

Typha domingensis - not in Grenada, the cat-tail

On land extending into water, fresh or brakish
Anona glabra - pond apple

Chrysobalanus lecaco - lcaco or beach plum
Coccoloba uvifera - sca grape

Conocarpus erectus - button mangrove

Dalbergia ecastophyllum - beach bean, penny
Haematoxylon campechianum - logwood
Machaerium lunatum - ear ring (may be briar)
Laguncularia racemosa - white mangrove
Avicennia germinans - black mangrove
Rhizophora mangle - red mangrove

Pterocarpus officinalis - no common name, good river bank plant elsewhere
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I can elaborate on chis list if you wish.

John Criswick, P.0. Box 21, St. George's 1is the nurseryman I mentioned
who should know these plants or be able to obtain them or propagate them.
Elsewhere Iris Bannochie owner of the Andromeda Gardens on Barbados
is an excellent plantswoman.

Hope this is of some help to you.
Sincerely,
. o
(j?34zfmax/ zxz /;4710444ﬂ/

Richard A. Howard
Professor of Dendrology

g’
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Tennessee Valley Authority
Office of Natural Resources and Economic Development
Division of Air and Water Resources
Water Quality Branch

DESIGN INFORMATION FOR 0.6, 0.7, AND 1.25 MGD OXIDATION
DITCH SEWAGE TREATMENT PLANTS FOR THE
ST. GEORGE'S AND GRAND ANSE AREAS
OF GRENADA, WEST INDIES

Chattanooga, Tennessee

December 1985
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INTRODUCTION

Another modification of the activated sludge process for treating
wastewater is the oxidation ditch process. Oxidation ditches were
originally developed for use by small communities. The sewage usually
enters the plant through a bar screen and is continuously circulated
around a closed aeration channel. No primary settling tank is used,
Aeration is provided by rotors revolv.ng on a horizontal shaft which
provides intense surface agitation. A mixture of the treated sewage and
microorganisms flows from the ditch to a final clarifier for solids
separation. The settled sludge is returned to the ditch. Periodically
excess sludge is removed from the process directly to sludge drying

beds.

The advantages of the oxidation ditch process to other activated sludge
processes are lower capital costs, minimal mechanical equipment, low
operation cost, and ease of maintenance. Attachment D1 is a
manufacturers' example literature which further describes the treatment

process and design information.

The oxidation ditch process was considered as an alternative for
individual systgems at St. George's and the Grand Anse area, and for a
combined system located in the Grand Anse area. Estimated cost data for
oxidation ditch with ber screen, chlorination, and sludge drying beds are

listed below.

A
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EQUIPMENT DESIGN

Preliminary design for oxidation ditches and clarifiers provided by
Lakeside Equipment Corporation, 1022 E. Devon Avenue, P.0. Box 8448,

Bartlett, Illinois 60203, USA.

St. George's

Design flow - 0.7 MGD; design loading - 1920 1b. BOD_/day.

5
Oxidation Ditch

Size - 278 feet by 49 feet overall; oval.
Depth - 10 feet liquid, 1 1/7 feet freeboard.
Roters - Two 23-foot Magna, each with 40-hp drive.

Overflow Weir - 17 feet.

Clarifier - Two 32-foot diam., w/10 foot liquid depth.

Sludge Wasting

1. Use sand drying beds--12,000 ft2 total for 1.0 ft2/P.E.;

Provide three 100 foot by 40 foot sand beds with underdrains
returned to influent.

2. As an option, drain excess sludge to tank truck and land
applicate.

Required Land

With sand drying beds, an area about 600 foot by 200 foot, or 2.8

acres is required.
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Grand Anse Area

Design Flow - 0.6 MGD; design loading - 1242 1b, BODS/day.

Oxidation Ditch

Size - 265 feet by 33 feet overall; oval.
Depth - 10 feet liquid, 1-1/2 feet freeboard.
Rotors - Two 15 foot Magna, each with 25 hp drive

Overflow Weir - 15 feet

Clarifier - Two 30 foot diam. w/10 foot liquid depth.

Sludge Wasting

1. Use sand drying beds - 7500 ft2 for 1.0 ftZ/P.E.;
Provide three 85 foot by 30 foot sand beds with underdrains
returned to influent.

2. As an option, drain excess sludge to tank truck and land
applicate

Required Land

With sand drying beds, an area about 600 feet by 300 feet, or 2.8

acres, is required.

i



Combined St. George's/Grand “nse

Design Flow - 1.25 MGD; design loading - 3162 1b. BODS/day.

Oxidation Ditch

Size - 349 feet by 53 feet overall; oval.
Depth - 12 feet liquid, 1-1/2 feet freeboard.
Rotors - Three 25 foot Magna, each with 40 hp drive

Overflow Weir - 22 feet

Clarifier - Two 42 foot diam. w/10 foot liquid depth.

Sludge Wasting

1. Use sand drying beds - 19,000 ft2 for 1.0 ftz/P.E.;
Provide four 105 foot by 45 foot sand beds with underdrains
returned to influent.

2. As an option, drain excess sludge to tank truck and land
applicate

Required Land

With sand drying beds, an area about 700 feet by 200 feet, or 3.2

acres, is required.
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COST ESTIMATESI

Design Loading

Design Flow Cost Range
MGD 1b. BODS/day $EC ($US)
St. George's 0.7 1920 2,814,000-4,690,000
(1,050,000-1,750,000)
Grand Anse 0.6 1242 2,413,000-4,020,000
( 900,000-1,500,000)
St. George's/Grand Anse 1.25 3162 5,025,000-8,040,000

(1,875,000-3,000,000)

1. Estimates provided by Lakeside Equipment Corporation, 1022 E. Devon Avenue,
P.O. Box 8448, Bartlett, Illinois 60103, USA. Estimates do aot include
shipment of prefabricated equipment port to Grenada.

]
S
>
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... WATER PURIFICATION EQUIPMENT S8INCE 1928

LAKESIDE EGUIPMENT CORPORATION % ‘ WL 1022 E. DEVON AVE. @ P.O. BOX 8448 W BARTLETT, IL 60103 8 312/837-5640

November 14, 1985

FEDERAL EXPRESS

Mr. Gerald R, Steiner
Tennessee Valley Authority
Water Quality Branch

248 - 401 Building
Chattanooga, Tennessee 37401

Subject: St. Georges, Granada
Oxidation Ditch Design

Dear Mr. Steinei:

Enclosed please find the additional information we promised you regarding the design
of three (3) Oxidation Ditch alternates for St. Georges and Grand Anse Beach,
Granada.

Rather than describing each alternate in detail, we would recommend that you refer
to the enclosed drawings and design summaries (RAD-393) which will provide you
information regarding ditch layouts, equipment sizing, and equipment pricing, The
equipment prices represent budget figures and include shipping to the job site,
However, no additional ocean freight has been included, so the stated equipment
costs would only include freight to the nearest U.S. port,

We trust that this information will satisfy your current needs as you prepare your
preliminary recommendations. Should you require any further information, please do
not hesitate to call.

Very truly yours,

¢ 74//'%'“' /z/wfzév,(/

Wayne Langeland
WL/cl

enclosures

cc: Roy Smith, J., T. Guthrie & Son



PROJECT:

OXTDATION DITCH SPECIFICATIONS

RAD-393

Gruslipe - Lremednre 2 LS'P @“30'785> DATE: y/as3) &S

ENGINEER: _E:'A/A/gs:.c‘s l//lu..';?/ /4(/1"/10;(4%-{

TOTAL PROJECT LOADING (H48 )

REFERENCE DRAWING(S):

2.7

I. EQUIPMENT SUMMARY:

Number of Oxidation Ditches Required

Number of Rotors Required

Number of Liquid Level Controllers Required
Number of Clarifiers Required

IT. OXIDATION DITCH DETAILS

Design Criteria:

Population Equivalent (each Ditch)

Hydraulic Flow (Design - GPD)
(Design - GPM)

Volumetric Loading (#BOD/1000 ft3)

Organic Loading (#BOD/day)

Oxygen Required (#02/ g4Y) — Sor-

Acration Detention Time (hrs.)

Characteristics:

Length Overall (Ft.)

Width Overall (Ft.)

Water Depth (Ft.)

Sidewall Slope (Degrees)
Median Strip Width (Ft.)
Volume (Cu.ft.)

Bottom Width (Ft.)

Width @ Water Surface

Cross Scctional Arca (Sq. ft.)

NN SN

7o oo

48

1S.0

1920

4512

32.8

z278

49
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240
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PROJECT: égﬂ! J0A. = g‘;ref—af/la: Z Page 2

ITI. ROTOR DETAILS (Each Rotor)

Type Mﬂ&u’/l
Diameter (in.) 4z
Length (Ft.) ' 23
RPM b!
Immersion (in.) Design 0.7
Oxygenation (#0p/Hr./ft.) Design 4.0
Power Required (bhp/ft.) Design [, 22
Mixing (Gal/ft.rotor) Design , 2l e
Drive Required (HP) 4o
Brake Horsepower per drive 28. 3

Iv. LTQUID LEVEL CONTROLLER DETAILS

Length (ft.) I'T
Head over weir at 3 times design flow (in.) , {"'73
V. FINAL CLARIFIER

Diameter (ft.) 3z
Side Liquid Depth (ft.) Lo
Surface Loading - Design '(GPD/ft2) __4¥0
Detention time (hrs.) 4.]

Weir Overflow (GPD/ft) 3w&q

Mechanized gfa— NW(I

VI. EQUIPMENT PRICES
Z- 23:'7— Mne,, JQ Rotor(s), (cach) with 40 HP drive, including motor

motor, motor supnort base, shaft bearings, helical gear reducer, drive

belts, sheaves with guard, but no clectrical controls.

Unit Price: § 24 {cc Approximate shipping weight

Total Price: $__48, 8co (cach unit): 51275 #
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PROJECT: _éﬁ:’augm - Aimciarr 2 Page 3

Spiraflo

Final Tank:

Z- 32 ft. diameter x |OFr__ total liquid depth (non)

Effluent
Welr:

mechanized equipment complete with ALL mechanical equipment
within the concrete tank.

Unit Price: § 28 poew Approximate shipping weight
Total Price: §$_357, %o (Each unit): (I, Seo #
[ - | ft. long adjustable effluent weir with all necessary

mechanical equipment.

Unit Price: § =550 Approximate shipping weight

Total Price: § =55 (Each unit): Zo30 #

These prices include shop painting, service and are freight allowed.

IX. For a complete plant, the following must be added to the above items:

(a) Raw sewage 1lift station (if required)
(b) Yard piping

(c) Electrical equipment :

(d) Ditch excavation and liner

(¢) TFence

(f) Bar screen

(¢) Final clarifier tank structure

(h) Sludge beds or holding tank

(1) Combination storagc-laboratory building
(j) Chlorinator

(k) Sludge Recycle Pumps

(1) Bridge

Z- 23+ [Comer  Barrws

g:3;."¢"C) .

(/AIIT /?Z'Ccf

TorAL e ! ﬂ_etéooo

LAKESIDE EQUIPMENT CORPORATION

MS/jpd577

C
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TOTAL PROJECT LOADING (AM&4 )
REFERENCE DRAWING(S):

I. EQUIPMENT SUMMARY:

IT. OXI

Number of Oxidation Ditches Required
Number of Rotors Required

Number of Liquid Level Controllers Required
Number of Clarifiers Required

DATION DITCH DETAILS

Design Criteria:

Cha

Population Equivalent (each Ditch)
Hydraulic Flow (Design - GPD)
(Design - GPM)
Volumetric Loading (#BOD/1000 ft%)
Organic Loading (#BOD/day/ZZ5)
Oxygen Required (#02/py } — Se=
Aeration Detention Time (hrs.)

racteristics:

Length Overall (Ft.)

Width Overall (Ft.)

Water Depth (Ft.)

Sidewall Slope (Degrees)
Median Strip Width (Ft.)
Volume (Cu.ft.)

Bottom Width (Ft.)

Width @ Water Surface

Cross Sectional Arca (Sq. ft.)
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ITIT. ROTOR DETAILS (Each Rotor)

Type e;
Diameter (in.) 42.
Length (Ft.) ' 5

RPM e
Immersion (in.) Design o
Oxygenation (#0p/Hr./ft.) Design ' 4.7
Power Required (bhp/ft.) Design {234
Mixing (Gal/ft.rotor) Design . 2\ poo
Drive Required (HP) 23
Brake Hors=pcwer per drive ’ 8.5

Iv. LIQUID LEVEL CONTROLLER DETAILS

Length (ft.) s
Head over weir at 3 times design flow (in.) ‘ ]:3/&
V. FINAL CLARIFIER

Diameter (ft.) 30
Side Liquid Depth (ft.) 1o
Surface Loading - Design'(GPD/ftz) 30
Detention time (hrs.) 4,23
Weir Overflow (GPD/ft) 248

Mechanized < Non=Meechanized

VI. EQUIPMENT PRICES

Z‘I‘jﬁ' g[#, /i Rotor(s), (cach) with _Z5 1P drive, including motor
motor, motor support base, shaft bearings, helical gear reducer, drive

belts, sheaves with guard, but no electrical controls.

Unit Price: $§ (7 poo Approximate shipping weight

Total Price: $ R4 pew (cach unit): 425  H
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Spiraflo
Final Tank:

Effluent
We1ilr:

Z- 30 ft. diameter x 10 & total liquid depth _&3fa)
mechanized equipment complete with ALL mechanical equipment

within the concrete tank.

Unit Price: § 2580 Approximate shipping weight

Total Price: § S| (oo (Each unit): 8150 #

[- 5 ft. long adjustable effluent weir with all necessary

mechanical equipment.

Unit Price: $ s4sp Approximate shipping weight

Total Price: § 3S4s0 (Each unit): 1850 #

/qkesc prices include shop painting, service and are freight allowed.

IX. For a complete plant, the following must be added to the above items:

/

(a) Raw sewage lift station (if required)
(b) Yard piping

(c) Electrical equipment

(d) Ditch excavation and liner

(e) Fence

(f) Bar screen

(g) Final clarifier tank structure

(h) Sludge beds or holding tank

(i) Combination storage-laboratory building
(j) Chlorinator

(k) Sludge Recycle Pumps

(1) Bridge

2-15 =5 Eoron Loz es
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RAD-393
OXIDATION DITCH SPECIFICATIONS

C_Combmao St, Georges Grand ﬂme)

PROJECT: ; - P SATE 3 DATE: )J/13]85
Gz A Arers II/ .’zll
ENGINEER: AL & DSEE //Ju. L, Vo TL
Uao
TOTAL PROJECT LOADING &%) L25

REFERENCE DRAWING(S):

I. EQUIPMENT SUMMARY:

Mumber of Oxidation Ditches Required /

Number of Rotors Required 3

Number of Liquid Level Controllers Required i

Number of Clarifiers Required 2

IT. OXIDATION DITCH DETAILS
Design Criteria:
Population Equivalent (each Ditch) —
Hydraulic Flow (Design - GPD) [ 230 ooo
r ’

(Design - GPM) w8

Volumetric Loading (#BOD/1000 ft3) I5.0

Organic Loading (#BOD/day/EZ.) 32

ks
Oxygen Required (#02/ ) 143
Aeration Detention Time (hrs.) 3. 3
Characteristics:

Length Overall (Ft.) 344

Width Overall (Ft.) 53

Water Depth (Ft.) 4

Sidewall Slope (Degreces) Drea ltan T

Median Strip Width (Ft.) J

Volume (Cu.ft.) 2o, Boo

Bottom Width (Ft.) 2¢

Width @ Water Surface 2

Cross Sectional Arca (Sq. ft.) Iy
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III. ROTOR DETAILS (Each Rotor)

Type _tMieda
Diameter (in.) 4z
Length (Ft.) 5
RPM S 5
Immersion (in.) Design 4.4
Oxygenation (#0/Hr./ft.)  Design 4.4
Power Required (bhp/ft.) Design IO PO 1Y
Mixing (Gal/ft.rotor) Design A N
Drive Required (HP) e
Brake Horsepower per drive _ AL R A

. LIQUID LEVEL CONTROLLER DETAILS

Length (ft.) %
Head over weir at 3 times design flow (in.) Z i/ﬁ L

V. FINAL CLARIFIER

Diameter (ft.) . A
Side Liquid Depth (ft.) o
Surface Loading - Design "(GPD/ ft2) R Y-S
Detention time (hrs.) 348
Weir Overflow (GPD/ft) Sy

Mechanized Lf@ Nc@ma:\nfcd

VI. EQUIPMENT PRICES

3-2SF [ aeca Rotor(s), (each) with 4o HP drive, including motor
t
motor, motor support base, shaft bearings, helical gear reducer, drive

belts, sheaves with guard, but no electrical controls.

Unit Price: $§ 25 coc Approximate shipping weight

Total Price: §__T1%5, co0 (cach unit): S5 i

rA
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Spiraflo
Final Tank: 2 - {2 ft. diameter x Jo g-  total liquid depth (nmx]
mechanized equipment complete with ALL mechanical equipment
within the concrete tank.
Unit Price: $§ 3, Seo Approximate shipping weight
Total Price: $ -3 geo (Each unit): \S, 5o #
Effluent

Weir:

| - 22 ft. long adjustable effluent weir with all necessary

mechanical equipment.

Unit Price: $ =800 Approximate shipping weight

Total Price: §$ S8 (Each unit): 2480 #

These prices include shop painting, service and are freight allowed.

IX. For a complete plant, the following must be added to the above items:

O e

FONITNITNSTNN NN NN NN
oate =S SN @]
e e e e e e e e e N e

— P e

3 _ 25 PI_ Za‘fﬁli

Raw sewage 1ift station (if required)
Yard piping

Electrical equipment 4

Ditch excavation and liner

Fence

Bar screen

Final clarifier tank structure

Sludge beds or holding tank
Combination storage-laboratory building
Chlorinator '

Sludge Recycle Pumps

Bridge
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ATTACHMENT D1

EXAMPLE MANUFACTURER'S INFORMATION
FOR OXIDATION DITCH PROCESS
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,» WATER PURIFICATION EQUIPMENT BINCE 1828
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November 8, 1985

Gerald R. Steiner

Tennessee Valley Authority
Water Quality Division

248 - 401 Building
Chattanooga, Tennessee 3TH401

Subject: St. Georges, Granada
Oxidation Ditch Information

Dear Mr. Steiner:

In response to your phone call, we are attaching a booklet containing various
information on the Oxidation Diich process. Also, we are enclosing six (6) copies
of bulletin 143 for use in your visit to Granada week after next.

We will work up calculations on the three size plants which you mentioned, but will
not be able to get this to you before the end of next week. Hopefully, the enclosed
information and this letter will be sufficient for your preliminary discussions
regarding the Oxidation Ditch.

The three (3) alternates you mentioned were for flows of 0.6 mgd, 0] mgd, and 1.25
mgd. The cost of construction will vary and we have no idea what it might be in
Granada. In the United States, we would estimate the overall cost at $1.50 to $2.50
per gallon. In other words, the 0.6 mgd plant might run in the range of $900,000 up
to as much as $1,500.000. The 1.25 mgd plant would probably vary from $1,875,000 up
to as much as $3,000,000. There are a number of factors involved which cause the
cost to vary., Not only construction costs in various areas, but also the preference
of the consulting engineer and what he puts into the plant. Obviously, the needs
of a particular locale also have an affect on the overall cost. However, the above
numbers should give you at least a range,

With regard to the Oxidation Ditch process, we would like to emphasize that this is
the simplest and, with the exception of a lagoon, the least costly approach to
designing a sewage treatment plant. A small plant does not require highly skilled
personnel to operate it. Lakeside has supplied equipment for Oxidation Ditches for
the past 20 years and presently have about 1500 installations in the United States,
Many of these are very small plants and are often operated by the Mayor of the local
town or one of his assistants. We would be very happy to supply you with docu-
mentation in that regard.



St. Georges, Granada -2 = November 8, 1985

At the same time, the Oxidation Ditch process is capable of achieving a very high
quality effluent, 1In Florida, for example, which is a warm weather climate, we have
installations where they are getting effluents with BOD and Suspended Solids of less
than 10 mg/l. Also, these plants get virtually complete nitrification as ammonia
nitrogen of less than 2 mg/l and, in some cases, even denitrification where the
total nitrogen is less than 5 mg/l. We will be happy to send you a few slides to
show the people in Granada if that will be helpful. This will take a couple of
weeks, since we have to have duplicates made.

We trust the above and attached information is satisfactory and will forward the
calculations and recommendations on the alternates which you requested. As stated
above, this probably will not go out until the end of next week. In the meantime,
we hope this if helpful.

Very truly yours,

//Z//U»L( JW/

Melvin Salkeld
MS/cl

cc: Roy Smith, J. T. Guthrie & Son

\()‘5\ ‘
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High capacity texible aer,
plant application

Deep channel construction for special soil, fand
and hydraul:c concerns.

Process Application

Any wastewater that can be treated biologcally can be teated
in an Oxidation Ditch. The large mass of micraorzanisms
normally contained in the Oxidation Ditch make it espectally
suited for treatment of wastes where shock Toads dare o omnmon,
where cold temperatares are anticipated and where shilled
operation is not expected.,

For municipal wastes, the Oxidation Ditch provides unes
celled secondary treatment. BODs and suspended solids e
reduced by 90 1o 98¢, depending on plant desiin, Nitviie o
tion of ammonia and organic nitrogen is virtually camplete,
Close operator control can provide substantial fevels of den-
trification. Phosphorus removal can e achieved by <hemie al
addition to the Oxidation Ditch,

For industrial wastes the Osidation Dinehowath s Tow «ont de
sign-and highly efticient Rotor Aeration system wall provacde
excellent treatment simply and economically, Industiues with
experience using the Oxidation Ditch md lude:

® AMilk processing ® Papcrthoard

o Meat and Poultry packmg e ool Procesang

® Sott drinks and e Pharmac cutic.al
I)r('\\'l‘l’l('s L] l’('“l)( IH'”II( .II

Treatment Category

The Oxidation DHECH is awastewater reatment process whie h
uses naturally acelring hacterna o remove OFIe Werstes,
from sevvage or industrial dise harges s an activated sludsee
process with a noo-canventional continuons <hannel by dia

lic designand highly eticient rotor aetation equipinent. po

vides unparalleled complete mis conditions and higher llow

able concentration of mn roorganisims than conventional
activated sludge systems. The Oxidation Dhite s anads ane ed
madication of the complete miv extended acration e tated
sladpe process

e s B

Design flexibility to fit special site requirements,



Principal Characteristic:

L] IV.I L]
Simpiicity
The Oxidation Ditch process is designed for simple, reliable
operation. A high mixed liquor suspended solids concentra-
tion, usually between 3060 to 8000 mg/l, is carried in the
Ditch. this high solids concentration allows the process to
handle shock toads generally without special operator atten-
tion end without upsetting plant operation. There is no foam
probtem in the Oxidation Ditch after initial solids buildup.
Cold weather operation has less effect on plant efficiency than
other biologtical processes because of the large population of
nncroorganisms contained in the Oxidation Ditch. These fea-
tures and the simplicity of the structure and equipment reduce
the necessity tor highly technical operation supervision.
Design
BOD removal, ninficanon, denitrification and sludge diges-
tion occur simultaneously in the aeration channel. The design
ot separale unit processes for these stages of treatment is elimi-
nated. No primary clarifier, no sludge digester.
Operation Control
The process is stable so that even with organic and hydraulic
<hock loads lose process control is unnecessary. A turn of a
telescoping valve handwheel adjusts return sludge rate. A set-
teablbe sobds test tells when to waste sludge. A dissolved oxy-
pen prebe tells i you have too much oxygen. A turn of an
adiustable wen handwhee! in most plants is all that is needed
to control aeration. No foaming, no odaors.
Maintenance
Al Dt the blades of the Roter Aerator sit above the sewage.
Rotor beannes are greased  weekly, its gear reducer oil
Chaneed three times o year. There s no primary treatment
eauipment or sludge digestion equipment to service or main-
tin Fhere s no constant cle~ning of diffusers or spargers 1o
INGNTAN gderanon emoency,

Principal Characteristic:

Coonomy

Economy i construction and operation s a characteristic of
the Ohadation Ditch that has led to its wide acceptance and
(S

Tawo types of channel construction are available. The shallow
channel Oxadation Ditch, usuallv 4 to 7 1eet in liguid depth,
dses stinpie excavations with a lightly remntorced concrete
liner rather than remforced concrete to cut construction costs,
1he deep channel construction with vertical or sloping walls
to . oo higuid depth saves land and also can be used when
site b drauive s o tloading considerations dictate above grade
contrucion

Capital Costs

Flnmimates primary treatment, sludpe digestion. and mitrifica-
ton equipment, pying and tankage. Normally eliminates
suree haldime hasim requirements, Saves excavation and con-
Crete cosls wath shallow ditches and thin channel liners. Saves
fand and pumping costs with deep channel construction.
Operating Costs

Fincient, texable aeraton. 5.0 bhp/1000 PE including nitridi-
Cation power requirements. Operating al 50% design capac-
i You need only 0% design power tor aeration and mixing.
Staple process operation means savings 1in operator training
and reduced supervision and maintenance.

Under normal conditions, the construction cost of this type
plant s 2010 334 below that expected for other secondary
treatment plants. Signincantly greater savings when compared
to uther processes providing nitrification and denitrification.

Figure 1. Simplicity of design

L

AL hEY
(Al) ke

OO ‘Il
Disolved Sludge Sludge
Oxygen Return Wasting

Figure 2. Simphicity ot Control

Figure 3. Simphcity of Maintenance

Process Components

The principal components ot the Lakeside Oxidation Ditch are
the bar screen, aeration channel, rotor aerator, final clarifier,
return sludge pump and excess sludge handling facility. (See
Figure 1))

There ts no primary clarifier or sludge digester used for this
process. There is no requirement for comminution or grit han-
dling equipment (in the absence of special wastewater charac-
teristics or governmental requirements).

o
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Figure 6. Hydraulic shock loading; a simple
design revision
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Figure 7. Complete mix conditions and
controlled aeration

Process Advantages:
Performance

Effluent BOD/SS

Long detention times and complete mix conditions, readily
controllable oxygenation capacity and high MLSS concentra-
tions with controlled sludge wasting will provide 90-98% re-
movals (depending on design) consistently and rehably. This
means positive compliance with secondary treatment dis-
charge permits and a high quality influent to any tertary treat-
ment facility.

Cold Weather Operation

The ability of the Oxidation Dilch to continue the high degree
of treatment demonstrated in warm weather operation during
the coldest winters is again due to the very low f:m ratio used
in this process. While biological activity 15 slowed substan-
tially in cold temperatures, the large colony of nucroorgan-
isms found in the Oxidation Ditch, including nitrifying organ-
isms, compensate for the reduced actvity of each organism.
These factors contribute once again to the high quality of the
Oxidation Ditch effluent in cold weather operation.
Hydraulic Shock Loadings

f:m ratios govern the rate of BOD removal The Oxidation
Ditch’s low f:m with long detention times (over 10 times the
contact time of a contact aeration zone i a Contact Stabuliza
tion plant) and high microorganism poputation will properly
treat hvdrauhic shock toadings due 1o wet weather infiltration
and inflow when the Oxidation Ditch ts designed with appro-
priate final clarifier and return sludge pumping facilities.

Organic Shock Loading

The large population of microorganisms in the aecration chan-
nei provides one of the lowest food to microorganism ratios
(f:m1 of anv biological wvaste treatment process. Low f:m and
true complete min conditions give the Oxidation Ditch the
ability 1o treat organic shock loadiags, and not yust let theimn
pass through.

Nitrification

High sludge ages with long detention time and high MLVSS,
plus efficient aeration and mining provide complete nitrifica-
ton even i winter operation.

Denitrification

Close operator attention and low dissolved oxygen concentra -
tions in the aeration channel will atlow demitrification to occur
while nurification is carnied out in other parts of the channel,
The reuse o1 ninfying oxygen yields power savings i addiion
to reducing total nitrogen in the effluent.

Complete Mix

The “moving belt” circulation of the Oxidation Ditch aeration
channel produces the “complete mix” conditions found n
this process. This moving belt miang provides the most efh-
cient use of oxygen and aeration volume.

Sinply stated, the "moving belt” of the mised liguor in the
aeratton channel receives a small »mount of raw sewage con-
tinuously over its entire length as the mixed liquor moves past
the influent pipe hundreds of times each day. A conventional
complete muw plant introduces raw sewage only at specific
points along the acration basin. The “moving belt” o the
Oxidation Ditch provides better distnbution and theretone
hetter complete mi c onditions,

For vertical nmuxing in deep tanks, honzontal baifles assure
mixing from top to bottom with an equal distribution of oxy-
gen, food and organisms,



Process Flow Sheet

Raw wastewater passes directly through the bar screen into the
aeration channel. Here the wastewater is mixed with previ-
ously formed naturally occurring microorganisms. The Rotor
Aerator in the aeration channel entrains the necessary oxygen
into the liquid for microbial life and keeps the contents of the
Ditch mixed and moving to insure ready contact of all micro-
organisms with the sewage.

Following treatment in the channel, the mixture of treated
sewage and microorganisms (known as mixed liquor) flows
over o weir out of the Oxidation Ditch channel and into the
final clarifier. In the clarifier the micraorganisms are settled
out of the mixed liquor and pumped back to the Oxidation
Duch. The remaining liquid, now clear, passes over the clari-
fier effluent weir. From there it may be discharged or sent for
further treatment such as disinfection or tertiary filtration.

Excess sludge formed in the process is stable and requires no
further digestion. When sludge is wasted, direct application to
drying beds, lagoons or mechanical dewatering equipment
and landfill are normal handling procedures for this nuisance
free material.

Figure 8. . 7:
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History

in the 1950°s the Research Institute tor Public Health Engi-
neening ol the Netherlands (T.N.O.) undertook a study to de-
velop a simpler and more economical waste treatment process
1or small municipalities and industnies. The research effort re-
wulted i the development of the honizontal Rotor Aerator and
the race track channel hydraulics characternistic of the Oxida-
tion Ditch process. The first tull-sized Oxidation Ditch plant
was mstalied in Holland in 1954,

In 1963 Lakeside Equipment Corporation tthen Lakeside Engi-
neering Corp.) introduced the Oxidation Ditch to North Amer-
1Ca. Beaverton, Oregon became the first ULS. plant to treat
domestic wastevater with the Oxidation Ditch process. Short-
Iv thereatter its use began to spread throughout the continent
from Menico to Alaska.

While it was first developed for small municipal and industrial
plants, engineers began evaluating its use ir the mid-1960"s
for treatment of larger wastewater flows. In 1969, the city of

Greenville, Ohio installed a 3.3 mgd Oxidation Ditch for
treatment of their municipal wastewaters. The john Morrell
Company in Ottumwa, lowa installed an Oxidation Ditch for
treatment of its 129,500 PE meat packing wastewater dis-
charge in that same year.

In the late 1960's the continued push to build larger Oxidation
Ditches by engineers led to the development of the high capa-
citv Magna Rotor and the iirst use of deep channel construc-
ton. Deep Oxidation Ditch aeration channels now require
land area of only one quarter acre per million gallons capacity
and installations are being constructed to treat design flows
exceeding 7 mgd.

Over 500 plants using the Oxidation Ditch process were in-
stalled in the United States and Canada in the first 12 years
following Beaverton, Oregon. The excellent reputation and
broad acceptance of this process for both small and large
treatment facilities guarantee its use in future wastewater treat-
ment projects.

\\[)q .



in the courve of building over 1,000 1eer of Rotor Acrators in
its first 15 vears of Oxidation Ditch development. Lakeside has
continually worked to improve aerator design. The folfowing
section describes the different rotors available irom Lakeside.
their designs. characteristics and some of the features that ro-
flect, in part, Lakeside's desien experience and contmued at-
tention in Rotor development
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Table 1. Cage & Mini-Magna Rotor: oxygen entrainment
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Table 2. Magna Rotor: onvien entrainment istandard
conditions) & power consumption

Figure 9. Rugged dependable Cage Rotor

Advantages of the
Rotor Aerator

Rolor Aeraturs are stable aerators, and among the most adapt-
able mechanical aerators available in the industry. A very
wide range of oxyger transfer is available from a given aerator
length. For example, a 20 foot Magna Rotor can entrain from
22 pounds of Oy per hour at 54 rpm and 5*" immersion to 132
pounds at 15" immersion and 72 rpm, either of which output
with proper aeration channel design will provide complete
mix conditions in the aeration basin.

High oxygen transfer efficiency is also a characteristic of the
Lakeside Rotor Aerator, equal to or exceeding the best con-
ventional mechanical aerators in oxygen entrainment. The
wide range of efficient oxygenation and exceptional mixing
characteristics let the operator match Q) output and power
usage to meet the O - requirements of his waste. This saves
power and is especially valuable when plants go on line at
50% design load or less.

And the Lakeside Rotor Aerator is rehable. Qver 15 years of
rotor development has gone into the design of this rugged,
clog-free, low maintenance device that works equally well in
cold northern winters and hot, humid southern summers.

Cage Rotor Aerators

The Lakeside 27%:" diameter Cage Rotar Aerator is the resull
of over 15 years of development by Lakeside. This aerator,
which rotates in a plane honizontal to the hquid suriace, con-
sists of 12 horizontal blades each with 2" wide teeth designed
for tough winter operation. These blades are supported by cast
end plates with the entire rotor assembly i wrn supported by
field replaceable stub shatts.

The Cage Rotor 1s used in aeration channels o 6" hiquid depth.
Itas avatlable i lengths trom 3 1o 12 1eet and will provide
complete mix conditions when sized 1o provide one oot o
rotor tor every 16,000 gallons aeration channel volume.

The oxygen transter from the “Cage’” 15 a tunction ol the rotor
speed and immeraion. Table 1 shows the oxygen transter ¢ har-
acteristics through the typical operating range o1 the Cage

Mini-Magna Rotor

The 28" diameter “Mini” Magna Rotor s Lakeside’s answer to
the need 1or a small dhameter rotor with oxvgenaton and
poser consumption charactenistics ssmular 1o the traditionat
Cage Rotor, with langer avatlable lengths. The development of
the "Mini’" by Lakeside has provided that capability, a rotor
with all the advantaues ot the “Cage’ in spansup to 160,

The samie rugged blade construction. tield replaceable tub
shatts and support stand options that have provided high relig
bilitv tor the Cage Rotor are tound on the Laheside Aine-
Magna

Magna Rotor Aerator

The 42" diameter Magne 1 Lakeside's tigh ¢apacity Rotar
Aerator used in both shatlow and deep aeration channel con-
figurations. The rotor blades for the Magna have been devel-
oped to withstand impact trom floating debris such as ice flogs
which are expected in severe winter operatien. These blades
are secured to the 14 diameter support torque tube with end
splash shields and field replaceable stub shaits.

\\Q



The Magna Rotor is capable of providing complete mix condi-
tions in the Oxidation Ditch aeration channel when sized to
provide one toot of rotor for every 21,000 gallons of aeration
channel volume.

Like the Cage and Mini-Magna Rotors, the Magna Rotor oxy-
gen output and power draw is a function of both speed and
immersion. Table 2 shows the oxygen transfer characteristics
through the typical operating range of the Magna.

Rotor Drive Assembly

Lokeside Rotor Aerators designed for normal wastewater
aeration applications incorporate a low maintenance, ! igh
reliability shatt mounted helical gear reducer driven by belts
from standard constant speed squirrel cage induction motors.
The motor, reducer and drive belt assembly are enclosed in a
steel housing tor protection from the elements. Construction
emphasizes simphicity of lubrication, maintenance_and repair.

Rotor
Mounting Options

A variety of Rotor mounting options have been developed ior
Owidation Ditch applications. While special designs are al-
ways avatlable trom Lakeside, the iollowing designs should
meet the needs ot almast all apphcations.

Gidewall Mounted Rotor

The sidewall mount has been developed by Lakeside to pro-
vide the ultimate operator convenience in Rotor maintenance.
The sidewall mount supports the Rotor on vertical concrete
sidew alls which protect the Rotor bearings and drive from the
splashing of mixed hquor and provides the operator with an
eastly accessed dean dry well trom which to service the unit.

The sidens all mount s the recommended mount 10r Rotors 1in
Ondation Ditches i northern Chimates where ireezing condi-
tions are commaonplace. The drives and outboard bearings are
protected from ireezing Rotor sprav for ease oi lubrication and
service. (Figure 110

Base Mounted Rotor

The base mounted Rotor Aerator 15 a Lakeside standard design
for low cost construction. The Rotor drive housing doubles as
a Rotor support stand, mounted on a horizontal concrete plat-
torm. The outboard bearing 1s also mounted on a similar plat-
torm. protected from mixed liguor spray by grease loaded end
caps and dual neoprene seals, (Figure 10.)

Modified Sidewall Mount

The madified adewall mount combines the drvwell Rotor
dove senviang teature of the sidewall mount with the fow cost
hornzontal plattorm support for the outboard bearing.
Overhead Bridge Mount

For package-type Oxidation Ditch plants such as Lakeside’s
E.A. Aerotor plant, the bridge mounted Rotor design is avail-
able. This unit provides a combination walkway and Rotor
suppart structure tor mounting Cage, Mini, or Magna Rotors.
Floating Magna Rotor Mounts

\When specral engineering studies show variable volume aera-
bon basns are best suted to plant designs, or where vaniable
depth Lizoon aeranon is required, Lakeside offers the floating
SMagna Rotor This unit features all alummum float construc-
tion wath immeraion adjustments by ballast addition to the
toam filled flotabon pods. Floating Rotors are not recommend-
ed where heavy icing conditions can be expected. (Figure 12.)
Special Rotor Mounts

In the case where conditions require special Rotor mounts,
Lakeside engineers stand ready 1o advise and assist in the
design of these units,

Figure 10. Base Mount Magna Rotor
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Figure 11. Sidewal! Mount Magna Rotor

Figure 12. floating Magna Rotor



Oxidation Ditch
Design Procedure

While the Oxidation Ditch is a simple and inexpensive process to design, construct and operate, there are many
aspects of design that can be improved by careful engineering. For the engineer desiring to evaluate an optimized
Oxidation Ditch process, Lakeside is ready to help. Here are questions which will help Lakeside determine design
alternatives that best suit your application: :

Are there special site limitations or conditions that will make
deep tank or shallow tank construction more desirable? Shal-
low bedrock or relatively low bearing capacity soils may make
shallow Oxidation Ditches desirable. In some arcas available
land, flooding potential or plant hydraulics may make deep
above-grade Oxidation Ditches the proper chcice.

What is the hydraulic load to be treated in the Oxidation Ditch
plant? Since the final clarifier and its design is such a critical
component of the Oxidation Ditch process, knowladge of
peak flows will help to determine proper clarifier and return
sludge pumping design.

For industrial applications, where waste load allocations
govern plant design, is it more desirable to discharge second-
ary effluent to the sewers alone with separate siudge disposal?
Or is it more ecanomical to design the aeration process and
hydraulics so that excess sludge can be maetered into a high
quality clarifier effluent to meet municipal sewer discharge
requirements yet simultaneously elim:nate excess sludge
handling from the process?

(5]

With answers to these questions, Lakeside will be able to
provide improved initial Oxidation Ditch design approaches
for your wastewater treatment project, designs reflecting the
latest in Oxidation Ditch process technology.

The following design procedure is for 90% removal of BOD5 from normal domestic sewage and industrial wastes with
similar treatability characteristics. Under most conditions, this design will also provide for complete nitrification of
organic nitrogen and ammonia. This procedure outlines the basic design considerations that are used in the develop-
ment of Oxidation Ditch designs. The intention is to give the engineer a feeling for important design considerations, not
to provide an exhaustive set of rules with which he can optimize his own Oxidation Ditch design. The Oxidation Ditch
process can also be used for treatment of industrial wastewater that is amenable to biological degradation. The design
procedure for industrial wastes will depend upon the particular wastewater to be treated. Unusual applications should

be referred to Lakeside.

Aeration Channel Design

Volume

The volume of the standard municipal Oxidation Ditch aera-
tion channel is based on the organic loading of 13.5 Ibs,
BODsper dav per 1000 113, Most designs iall within the range
of 9.0 10 15 Ibs. BOD/1000 it3.

Geometry

The aeration channel is sized with a liquid depth trom 47 1o
over 12'. The shape of the channel is normally an elongated
oval like a racetrack, but it can he other shapes so long as a
continuous circuit is maintained. The median strip width i
the aeration basin should be wide enough so the curvature at
the ends is not too sharp. For narrow median strips or center
dividing walls, flow guide baffles are used to improve channel
hydraulics. Generally speaking, for population equivalents
less than 6000, a center island 16’ wide is found to be the
economical choice. For larger plants, center dividing walls
with flow guide baffles become increasingly attractive.

Aeration Velocity

The tength of Rotor used for a given aeration channel should
be the larger of the two lengths computed to satisty the oxy-
genation capacily and the channc' velocity crieria. First cal-
culate the Rotor length required 1o catisiv the velocity criteria,
The channel velocity 1s a function of the propulsion capability
ot the Rotor and the frictional resistance of the wetted perni-
meter o1 the channel. Sutiicient propulsion must be provided
to produce a velocity so that all solids are mamtamned in sus-
pension.

For plant designs with a population equivalent in excess of
600, the channel volume should not exceed 16,000 gallons
per foot of Cage Rotor or Mini-Magna Rotor or 21.000 galf.
of Magna Rotor. For plant designs less than 600 population
this figure shoutd nat exceed 13,000 gallons per toot o1 Rotaor.
These criteria are based on actua! expernience accumulated
from operating plants.
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Rotor Oxygenation

To determine the speed and immersion for the given design re-
quirements refer to tables 1 and 2. These curves represent the
oxygenation capacily of the rotor in tap water at standard test
conditions of 20° C, 760 mm pressure and zero dissolved oxy-
gen. Since oxygen transfer rates are not the same for test con-
ditions and waslewaters, the numbers shown on the graphs
must be adjusted with an appropriate conversion factor.

For the Oxidation Ditch the conversion factor of 2.35 is nor-
mally used 1o calculate the required oxygenation capacity of
the Rotors from the BODs applied daily to the process. This
converston factor is based upon providing 1.5 #02/BODs
while the Rotor is operating in mixed liquor with a dissolved
oxygen concentration of 2.0 mg/l, temperature of 20° C at ele-
vations less than 2000 ft. The alpha and beta factors are
considered to be 0.8 and 1.0, respectively.

To calculate the amount of oxygen required from the Rotor
Aerators, multiply the pounds of influent BODs5 by 2.35 and
divide by 24 hours. For typical domestic wastes and organic
loadings to the aeration channel, the Rotor length calculated
for channel velocity may be used for calculating Rotor length
needed for oxygenation requirements. Divide the oxygen
output required by the length of Rotor needed for mixing to
determine the pounds of oxygen required per foot of rotor per
hour. With a selected design rotor immersion (4°-9”, normal
6" for Cage and Mini-Magna Rotors, 6-10”", normal 8" for
Magna Rators), the table can be entered for the appropriate
rotor speed.

With the length. speed and immersion of the Rotor known, the
brake horsepower per toot of Rotor s selected from Tables 1 and
2 1o calculate horsepower required for each Rotor. [f it is anti-
aipated that the Rotor will operate at immersions greater than
the selected design tmmersion due to variations in waste loads
or tluctuating water levels in the aeration channel, then the
deeper immersion should be used in calculating the required
motor horsepower tor the Rotor assembly.

Aeration Channel Lining

Iths recommended that the aeration channel be furnished with
some tvpe ot hming 1or erosion protection. Several types of
econonucal channel liners are avatlable, the choice depen-
dent upon plant location and site considerations.

While there are other possihilities, 4 cancrete with 6 x 6 wire
mesh reinforcement tor channel bottoms and sloping side-
walls has shown in most cases 1o be superior. For vertical
walls, tormed, reiniorced concrete 1s frequently used.

Final Clarifier

The Oxidation Ditch process 1s designed to withstand wide
flow and organic load fluctuations and to operate with high
mixed hiquor suspended solids concentrations in the aeration
channel. To accomphish thes end, efficient setthng must be
provided. It 1s strongly recommended that peripheral feed
claritiers, such as the highly efficient Sprraflo Clarifier, be used
to insure the most effective plant operation. Rectangular clari-
fiers are not recommended for Oxidation Ditch use.

The final clarifier 1s normally sized with surface overflow rates
of 400 to 600 gallons per day per square toot based upon aver-

age daily flows and minimum liquid depth of 8. When high
peak flows are expected at a plant due to infiltration or inflow,
consideration should be given 1o sizing the final clarifier on
the 2-hour peak flow at 1000 g/sfd for centerfeed clarifiers or
1200 gpd/Ni2 for peripheral feed units. This alternate sizing is
especially desirable when solids sensitive processes such as
filtration receive the clarifier effluent or when nitrification is
required in cold weather applications.

Return Sludge

Severul excellent ways are available for regulation of return
sludge. Operating experience has shown continuous removal
of sludge from the final clarifier is preferred over intermittant
sludge removal. Continuous siudge withdrawal can be con-
trolled by a telescoping valve in the return sludge line. Return
sludge flow from the T-valve is collected in the return sludge
wet well for pumping to the aeration channel by screws or
float switch operated constant speed centrifugal pumps. Other
accepiable rneans of controlled continuous sludge return
include variable speed pumps and, for small plants, air lift
pumps.

Excess Sludge

The need for wasting sludge from the Oxidation Ditch process
depends on plant loading and the quality of final effluent
required. With design requirements for BOD and SS reduc-
tions of 90% and greater, 115 necessary 1o waste excess sludge.

The surplus sludge from the Oxidation Ditch is fully nitrified
and highly stable. It does not have offensive odor and is dis-
charged without further treatment for drying to sludge drying
beds. The excess sludge can also be diverted 10 a sludge
storage tank for accumulation and decant thickening or to
studge lagoons for storage. The final disposal of the sludge is
normally to landfill or 1armiand apphcation

Approximately 0.15 pounds of waste solhds are generated per
pound of BOD, in add:ition to the biologically inert suspended
solids received by the plant. The waste sludge from the Oxida-
tion Ditch has o sludge age in excess of 25 days. The sludge
has been suthciently broken down so that the water binding
properties present in the sludpes of some other processes are
not present

For open sludge dryving beds, an area oi 1.0 sq.f. per capita is
used in most chmates. For northern climates, consideration
should be given to increasing this capacity to 1.5 sq.it. per
capita. A minimum of hwao heds are required so one mav be in
use while the second dnes. The volume of the siudge
produced after th-ckening 15 approximatelyv 4.5 1t per 100 PE
per dav.

The Oxidation Ditch can also he operated as a balanced
system with no control of the mixed hquor suspended solids
concentration  Thie tvpe o1 operation will not continuallv
produce a highly pohished ettluent. Excess sludge tmostly ash)
s continualhy wasted over the ettluent wer of the tnal clarmer
with resulting discharge ar «ome POD and suspended solids,

Additional Information

For a more detailed discussion of Oxidation Ditch design,
operation and performance or for specific project design infor-
mation, consult your Lakeside representative or contact us at
our main office in Bartlett, lihinois.
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A Word About Clarifiers

The heart of any activated sludge process is the final clasifier.
No matter how well designed the aerabon process s, no
matter what care was taken in the plant hydraubcs or concrete
design, the plant will not achieve the tughest effluent quality oif
the design of the tinal clanmer s inadegquate.

The Lakeside Spiratlo penipheral weed clanner sadeally suited
to getting the mont trom the Oxadation Dich process Heee are
reasons why Lakeside recommends Spaatlos on ol Oxadation
Ditch plants:

[+

Peripheral feed hvdraulics have shown i studies to be more
stable than conventonal cemerteed hydraulics when sub-
jected to high peak orwidels varving tlows. This means the
Spuatlo will mamnton ettluent quahitv dunng wet weather ow
periods when other clantiers begm to wash out

o

Raceway tlocculaton of sohds and studee blanket filttation
of activated -ludpe solids accur mthe Sprratio improving ¢ap-
ture of hne suspended solids and givemy the well raun Oxada-
ton Duch enluent sparkimg clanty o the Specatlo, this o
achieved by the use ot the deep battle skirtswhich torces inthu-
ent solids 1o the bottorm of the tank and up through the niltermyg
sludge blanket prior 1o discharge over the clanter effluent
welir

[&]

The co-current sludge removal in the Sparatlo provides a much
greater unnormity of sudge detention and less hance 1o old
sohidds to denitriy, In the Sprratle, solids are introduced along
the clanmer peaphery and moved bydrauhically and scraped
mechanically tosarids the center of the tank wiwere they are
removed

In conventonal danmers counter-current studpe moverient
occurs. atlowmg centenwvell mtluent sobhds to directhy short o
cuit to the return studae draveott Solids reachiog the outside o
the tank must be scraped mechamcalhy owards the center,
against the dow ot the imtluent. Thes resalts in longer solds
detention in the centereed type clantier and a greater posse
bty 1or dentriincation
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Associated
Equipment

Lakeside Adjustable Weirs

Lakeside manufactures handwheel and motor actuated weirs
for control of Oxidation Ditch liquid level and Rotor Aerator
output. Designed for strength and rigidity, the complete line of
weirs models available from Lakeside will handle any Oxida-
tion Ditch flow requirement from 0.02 mgd to 20 mgd.
Lakeside Telescoping Valves

For the best in final clarifier periormance, all sources of turbu-
lence should be minimized. Control of return sludge by the
use of telescoping valves by Lakeside will minimize sludge
bed disruption due to on/off cycles of constant speed return
sludge pumps. Telescoping sludge valves also are very well
suited to controlling sludge tlow to screw pumps, influent
wells and sludge drying beds.

Lakeside Screw Pumps

Variable capacity, constant speed, low shear, clog free and
highly efficient screw pumps are ideally suited to pumping
raw sewage, mixed hquor and return sludge to the Oxidation
Ditch or ninal clanfier. Simple controls and very low power
usage cause this pump to be highly recommended for this
service.

Lakeside Flocculating Clarifiers

For use as a tervary clarifier for residual suspended solid and
phosphorus remaoval, the Spirafloc Clarifier exhibits all of the
same hydraulic and upflow solids filtration advantages of the
Spiratto clantier. Flocculation of solids in the influent raceway
is achieved with the addition of flocculation equipment and
chemical solids recycle pumping.

Lakeside Thickeners

Lakeside Spirathickeners have applications on larger projects
where thicker waste sludge can improve the economics of
sludge handhng,.

Excellent results can be obtained in this application of
peripheral teed hvdraulics in the Spirathickener because the
waste solids are 1orced to the bottom of the periphery of the
tank trom where they travel to the thickened siudge takeoff
only after being kneeded thoroughly for water release by the
picket fence equipped rake arm.

Lakeside Wastewater Samplers

The better and more reliable wastewater sampling programs
required by regulatory agencies can be obtained with the
Trebler Sampler. The Trebier is unique in the industry for its
ability to obtain flow proportioned composite samples from a
complete vertical cross section of wastewater flows. The
Trebler with its simple but rugged construction is designed for
the most accurate of sampling needs.

Lakeside EA Aerator Plants

Where small volumes of wastewalers are to be treated by the
Oxadation Dich nrocess, Lakeside provides the package type
EA Aerotor plant. This compact design provides all of the same
advantages of the conventional Oxidation Ditch plus sig-
nificant tavings in yard piping and comrnon wall construction.

Lakeside Adjustable Weir—for aeration channel
disolved oxygen control

Lakeside Spiravac Clarifiers—for oxidation
ditches over 4. MGD

package plants
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ENGINEERING

THE “"CONTACT STABILIZATION" MODIFICATION
DATA OF THE ACTIVATED SLUDGE PROCESS

\
-

The "Contact Stabilization” variation of the Activated Sludge Process is rapidly gaining in popularity
and is being applied to the full range of doily sewage flows. It has not proven too successful in the
treatment of industrial wastes since certain of its advantages are nullified due to the character of
these wastes,

The gain in popularity has, to o greot extent, been due to a compact “package” design offered by sev-
eral of our competitors. These designs are good and offer an engineer a completely pre-designed unit
requiring no ingenuity or engineering judgment ond certainly, no time spent on a drofting board. [t is
ielt, however, that this package concept is being carried too for with respect to small daily sewage
flows. In many caoses an extended aeration plant would be a far better choice due to the simplicity
of its operation.

It is true that the package design with diffused air aeration has advantages over the surface aeration
design, especially in the low daily flow category. Air diffusion lends itself to small, irregularly shaped
tanks ond therefore, makes good use of the circulor, compartmented design. But it is also true that
the design has its limitations. It is not expandable, thus, in order to increase plant capacity it is
necessary to add an additional packoge or packages, whereas, with the mechanical aeration design,
it is only necessary to add neration und clarification units, as required, and take full advantage of
common wall construction.

The mechonical aeration design has limitations too, generally associated with minimum tank sizes
that will accommodate the surface aerators. With these thoughts in mind, consideration can now be

given to the process itself.

The contact stabilization concept was used many years ogo with varying degrees of success. |t was
an outgrowth of the sludge reaeration principle which hod been employed in conjunction with the con-
ventional activated sludge process. It was not overly successful and was laid aside in favor of the
high rate trickling filter and later, the extended aeration process. Since that time, continued research
and experimental installations haove shown it to be a valuable addition to the repertoire of ceration

processes.

Basically, the process takes advantage of the fact that the BOD in sewage is very rapidly adsorbed
by the biological floc after initial contact. Removals obtained by the physical adsorption are com-
parable to those of the conventianal process. The BOD is removed but not reduced and thus by set-
tling out the floc with the adsorbed BOD, the clarified liquid can readily be discharged without further
treatment other thon chlorination. Physical adsorption of the BOD requires very little time, perhaps
30-60 minutes, Lut little or no stabilization takes place during this period, and therefore, after sep-
aration of the biological floc from the water carrier the concentrated sludge must be subjected to fur-
ther treatment for stabilization or reduction of the BOD. The application of this concept resuits in a
substantial reduction in plant volume over that required by the conventional and the extended aera-

tion processes.

Simply stcted, in the conventional aond extended aeration processes, the adsorption and stabilization
functions proceed simultaneously in the aeration tank and consequently a substantial aeration volume
is required. The contact stabilization process separates these functions ond provides an aerotion
unit for each, resulting in aeration volume saving. High solids concentrations are carried in the sta-
bilizers, thereby keeping the sludge return rates within reasonable limits.

The general practice is to use a short contact aeration period, usually 1 to 1% houre based on the
average flow plus an assumed 100% sludge return rate and a mixed liquor concentration of about 2000
ppm. However, in surface aeration designs, it is advantageous ta make all tanks the same size, which
often results in @ somewhat longer contact time. Stabilizers usually provide an werction period of 4
to 6 hours based on the average flow, and the clarifier should provide a surface settling rate not in

excess of 600 gal./SF/day. . (Cont'd.)
Section: 13.3 Date: 10-6¢
(ELOW) CORPORATION WASTE TREATMENT DIVISION
T ENTUCKY AER-O-FLO o YEOMANS PRODUCTS
FLORENCE, KE? E . €D ]3'31 9
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ENGINEERING
. DATA CONTACT STABILIZATION

The stabilizer volume to contact volume ratio is usually 2:1 or 3:1 and recent experimental work has
indicoted that the 2:1 ratio is most efficient and is best suited to the design. Aerobic sludge digester
volume is usually based on 2 cu. ft. per capita, but can be adjusted somewhat for convenience of the
physical plant arrangement.

Again it should be noted that the loading is the governing factor in this process design just as it is in
the process designs previously discussed. In the contact stabilization design, two loading categories
are considered. First, and most popular, is the extended aeration laading, and second, the conven-
tional activated sludge loading. The advantage of the contact stabilization process will became ap-
parent as the design procedure progresses. This procedure can be quite technical and involved, but it
is the purpose of this section to outline o simplified method that sacrifices none of the accuracy required.

A typical flaw sheet of the contact stabilization process is given in Figure No. 4.
FINAL

CONTACT SEDIMENTATION
AERATION

SCREENING &
GRIT REMOVAL

CHLORINATION

?u

Va ! 7
RAW WASTE , FINAL
v " EFFLUENT
<! le
! 213
|
' =
L- ) SLUDGE
DISPOSAL
————— >
STABILIZATION SLUDGE
DIGESTION
FIG. NO. 4

GENERAL

Far the purpose of this section, extended aeration loading shall be considered as 10 |bs. BOD/day /100
Ibs. MLSS and 12.5 Ibs. BOD/day/1000 cu. ft. aeration capacity, bearing in mind that some flexibility
in loading is permissible in actual designs. Conventional activated sludge loadings shall be considered

as 35 Ibs. BOD/day/100 Ibs. MLSS and 44 Ibs. BOD./day”1000 cu. ft. aeration capacity.

AERATION CAPACITY

The foilowing paragraphs will be related only to the extended aeration loading category and the acti-
vated sludge loading category will be discussed in later paragraphs.

Since it is the object of the contact stabilization process to produce in 8 hours results comparable to
those produced in 24 hours by the extended aeration process, it follaws that the volumetric loading be-
comes three times that of the extended aeration plant. Thus, the total aeration capacily required (ex-
clusive of digestion) becomes:

Lbs. Raw BOD. day
Vol. Loading

Cu. ft. aeration capocity =

(Cont'd.)
13,320
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If the stabilizatian ta contact ratia of 2:1 is maintained, the contact tank capacity is 1/3 of that found
by equation (6) and the stabilization capacity is, the remaining 2/3.

The average concentration of solids under aeration (MLSS,, ) becomes:

MUSS,, = wolLeodingx 1600 )

Solids Loading

ond if a volue is assigned to the contact mixed liquor (for example, 2000 ppm), the stabilizer mixed

liquor (MLSS, .1 ) becomes:

MLSS . — MLSS
av. SO MLSS, . e e e . (8)
Stab. to Cont. Ratio av.

ML Ssstob. =

Since the stabilizer solids concentration has been established by equation (8), and since the sludge
return to the contact tank is taken from the stabilizer, the quantity of return sludge necessary to main-
tain the cortact MLSS can be determined from:

ML SS
%R = cont. X100. o o e e e D
MLSS_, . - MLSS

cont.

These four equations are all that is required to establish the re:juired mixed liquor aeration volume and
its proportioning between contact and stabilization, as well as the mixed liquor concentrations. The
next step is the determination of the required oxygenation capacity and aerator selection.

OXYGENATION CAPACITY

The foregoing is based upon extended aeration loading and therefore the oxygenation capacity must be
on the same basis. Oxygen requirement can be determined from the basic equation:

_ 10
rem. = 05 f_(gj_

or, more simply, the oxygenation capacity in Lbs./hour con be determined from the extended aeration

Lbs. O, Lbs. BOD

equation:
Lbs. 0.C./Hr, = bs. BOD/day x 2.4
24

or still more simply:
Lbs. 0.C./Hr. = Lbs. Row BOD/day x 0.10

The hourly capacity thus determined is then equally divided between three units, one for the contact
ond two for the stabilizer, and the aerator selection is made from the oxygenation capacity tables.

CLARIFIER

Clarifier design has been covered previously, and will not be discussed here other than to stress the

importance of an acceptable surface settling rate.

AEROBIC DIGESTER

To complete the design, provision must be made for aerobic digestion of the surplus sludge. Experience
indicates that the provision of 2 cu. ft. of digester volume per capita population equivalent is suffi-
cient for o well digested sludge. However, the digester volume can be adjusted to equal that of the
contact tonk, thus permitting o compact and convenient design with all tanks the same size, but by so
doing, the volume per capita is reduced to approximately 1.5 cu. ft1. per capita.

{Cont'd.)
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Oxyé;enation capacity requirements are based on the provision of 0.8 lbs. 0.C./lbs. raw BOD/doy.

DESIGN EXAMPLE

Since application of the foregoing can best be demonstrated by an example, assume a design to satisfy
the following basic data:

Daily Sewage Flow - 0.8 MGD
Sewage Strength -~ 250 ppm BOD5

Daily Raw BOD = 0.8 x 8.34 x 250 = 1670 Ibs./day
Volumetric Loading = 37.5 Ibs. BOD/doy/1000 ft.3 aeration capacity

1670

Aeration Capacity = z x 1000 = 44,500 ft.3 (From equation No. 6)

Aeration Period H = 1.5 x @ =10 hours
37.5

Contact Tank Capacity = 4_4’35__29 = 14,850 ft.3

Stabilizer Copacity = 44,500 - 14,850 = 29,700 ft.3

Assuming a liquid depth of 12'-0" the contact tank size becomes — = 1235 1.2 or a tank 35'-0"

14850
12

square, and to provide for 3'-0" fillets another foot should be added to the liquid depth. Thus, the tank
sizes os determined from equation No. 6 are:

Contact — 35'-0" x 35'-0" x 13'-0" L.D.
Stabilizer - 35-0" x 70’-0" x 13'-0" L.D.

From equation No. 7, the average mixed liquor solids concentration becomes:

37. 600
MLSS,, = JTX_O_]_ = 6000 ppm and,

assuming o contact mixed liquor solids concentration of 2000 pgm, the stabilizer mixed liquor solids
concentration becomes:

000 - 2000
MLSS¢yob. = 6——02—-— + 6000 = 8000 ppm (From equation No. 8)

The return sludge rate in terms of % of the average daily flow as determined by equation No. 9 becomes:

2000

%R = 500 = 2000

x 100 = 33%
Oxygen requirements of the system can be determined from the basic equation, thus:

10
Lbs. O, ILs. BOD oy = 0.5+ 77 = 1.5 Ibe. .

ond, correcting this figure for a residual D.0. concentration of 2.0 ppm and alpho equal to 0.8, the re-
quired oxygenation capacity becomes:

0.9x1670x 1.5

No = 078 0.8 x 24 = 1505 Ibs. O.C.rhr. and,

dividing this amount equally between three cerators, each unit must have an O.C. of 50.0 Ibs. hr.

From the copacity tables it can be seen that a 15 hp aerator operating at 42 rpm will be the proper
aerator selection.

13,322-C
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Sludge digestion capacity is based upon the population equivalent and in this case, using 2.0 ft.3/cap.
P.E., the required tank volume becomes:

1670

— = 3
07 X 2.0 = 19,600 ft.

This volume is obviously greater than that provided in the contact tank, and therefore we have the choice
of three options:

a. Make the tonk the same depth as the contact tank and increase its plan dimension to
40'-0" square.

b. Make the tank the some plandimension as the contact tank and increase its depth by 4'-0".

c. Make the tank the same os the contact tank, thus providing 1.5 ft.3/cap. P.E.

"non

The use of option “c” would be suggested.

The required oxygenation capocity would be: ]—6&2:% = 55.0 Ibs. 0.C./hr.

Again from the copacity tables it con be seen that a 20 hp aerator operating at 45 rpm will satisfy the
condition.

CONVENTIONAL ACTIVATED SLUDGE LOADING BASIS

It is, no doubt, opparent that the activated sludge loading basis has been somewhat neglected. This
is true, but the reasons for the apparent neglect should be considered carefully, and this approach
should be used only with full agreement of the reviewing outhority.

Since this method proposes to accomplish in four hours the results anticipated in the previous design
in eight hours, the volumetric loading, obviously, becomes twice that of the extended aeration loading
hbasis. There is strong reason to doubt that approval will be granted on a volumetric loading of
75 Ibs. BOD/day/1000 ft.3 aeration capacity. Also, at the heavier loading, the contact tank and the
stabilizer are reduced in size and the digestion tank size is increased, thereby presenting problems in
the physical arrangement of the plant.

However, this method should not be ignored and should be used where higher daily sewage flows pro-
vide justification. Also, there is a so-called, grey area which in terms of loading could be considered
o compromise between conventional and extended aeration. For example, a volumetric loading of

50-55 Ibs. BOD/day /10003 aeration capacity.

The design approach is essentially the same as that demonstrated in the previous example, and there-
fore, only the points of difference will be indicated here. They are:

(a) Solids loading = 30-35 Ibs. BOD/day/100 Ibs. MLSS

(b) Volumetric loading = 45-75 Ibs. BOD/day/1000 f1.3 geration capacity
(c) O.C./Ibs. raw BOD/day = 1.6 Ibs,

(d) Sludge digester volume = 3-4 ft.3/capita equivalent

{(e) Digester 0.C. = 1.0 Ibs./lbs. raw BOD/day

Aerator selection tables are given on Page 13,314.

13,323-C
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AIR HEADER EXTENSION

REAERATION

CLARIFIER DRAIN

THE CLARIFIER CHAMBER WALL OF THIS SYSTEM IS
REINFORCED TO ALLOW DEWATERING OF THE CLARIFIER
WITHOUT DRAINING THE ENTIRE PLANT. REMAINING
CHAMBERS MAY BE DEWATERED BY FIRST OPENING ALL
SHEAR GATE VALVES BETWEEN CHAMBERS THEN OPENING
PLANT DRAIN GATE VALVE INDICATED ON DIAGRAM.

DRAIN VALVES ARE LABELED AS FOLLOWS:
1) DIGESTER GATE VALVE
* 2) AERATED SLUDGE HOLD!NG GATE VALVE
3) CONTACT SHEAR GATE VALVE
4) REAERATION SHEAR GATE VALVE
5) CHLORINE SHEAR GATE VALVE

INFLUENT

CONTACT

CLARIFIER

n—3 DIGESTER
~

1\

PLANT DRAIN

*6) AERATION SHEAR GATE VALVE
7) CLARIFIER GATE VALVE

* VALVES NOT APPLICABLE IN THIS SYSTEM.

cLow

WASTE TREATMENT DIVISION
CLOW CORPORATIGIN
FLORENCE, RENTUCKY

PIPING LOCATION AND CLARIFIER CHAMBER
DEWATERING SYSTEM
CONTACT STABILIZATION WITH CHLORINE

DWG. NO. AE-557061




TECHNICAL SPECIFICATIONS

Factory Fabricated — Fleld Erected

Contact Stabilization Treatment Plant

SCOPE

The work covered in these specifications consists of furnishing all labor, materials, equipment and tools and per-
forming all work required to manufacture and erect a factory fabricated sewage treatment plant complete; including
all treatment components, piping, equipment, electrical work and appurtenances as shown on the drawings and/or
as specified hersin to provide a satisfactorily operating sewage treatment plant utilizing the "Contact Stablli-
zation Process.”

GENERAL DESCR!PTION

The plant shall be fabricated complete with all treatment components, aquipment and appurtenances that may be
required to accomplish: screening, aeration and mixing, clarification, sludge activation, activated sludge re-
circulation and aeroblc sludge digestion — all In a single steel structure having separate compartments. The
unit shal! be a Clow Model or approved equal.

The composite structure shall consist of two concentric circular steel tanks forming an inner chamber and an
outer annulus. The Inner chamber shall serve as a clarifier or settling basin. The outer annulus shall be di-
vided into compartments or chambers to form a mixing chamber, a sludge activation chamber and an aerobic
digester. The structure shall be fabricated and erected as herein after specified and as shown on the drawlings.

The plant shall be (above) (below) grade as shown on the drawings. All necessary reinforcement to resist ex-
ternal compressive pressures shall be provided by the Manufacturer.

The orinciple items of equipment to be supplied are as follows: A bar screen, complete aeration assemblies and
tacilities, complete clarification equipment and appurtenances, sludge airlifts, air blowers and accessories and
all other items of equipment and accessories required to provide a complete installation as specified hersin,

SHOP DRAWINGS

Complete and detailed design information shall be submitted to the Engineer and shall be approved prior to
fabrication and erection.

OPERATING CONDITIONS

The plant shall be designed for an average daily flow of ——____ gallons with a total BODg loading of
———___ pounds per day. Peak hydraulic flow capacity shall be 3.0 times the design average daily flow,

DESIGN CRITERIA
EHficiency:
BOD5 removal 90% pius, when properly operated at design flow.

Mixing Chamber (Contact Zone):

1.5 hours at design average daily flow with a return sludge rate equal to 100% design average daily flow.

Settling Chamber (Clarifier)

Surface rise rate less than —______ gallons per square foot per day at design average daily flow.
Weir overflow rate less than —____gallons per lineal foot per day at design average daily flow.

Form 380-B
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Sludge Activation Chamber (Reaeration Zone):

~—————hour detention time at design average dally flow.

Aerobic Digestion:

3 cubic feet per 100 gallons of design average daily flow,

Aeration Requirement:

1800 cubic feset of air per pound of BODg per day.

Maximum Sidewater Depth:

15,25 feet with a minimum free board of 1.25 teet.

FOUNDATION

The plant shall be anchored to a reinforced concrete foundation slab as shown on the drawings. The poured
foundation slab and vertical base channel supports shall be provided and installed by the General Contractor.
Structural design of the concrete foundation shall be the responsibility of the Engineer. Base channels for
anchoring the annular walls and partition walls shai! be provided by the sewage treatment plant manufacturer.
The General Contractor shall bolt the base channe! sections together, weld the joints and locate the base chan-
nels within the tolerances given by the Manufacturer. Instaliation of the base channels in the concrete founda-
tion and grouting the web area as per the drawings provided by the sewage treatment plant manufacturer shail be
performed by the General Contractor.

STEEL

The outer and Inner vertical tank walls and all partition walls shall be low carbon steel plate not lass than one-
fourth inch thick. All steel plates or shapes in contact with water shall have one-fourth inch minimum thickness
at the thinnest section.

All interior partitions shall be designed to withstand a two foot liquid level differential between adjacent com-
partments. The clarifier wall shall be reinforced to ailow a two foot liquid level differential between the clari-
fier and any outer chamber.

A 459 steel access stairway designed to support a live load of 500 pounds at any one point shall be provided
to permit access to the top of the plant.

A steel bridge shall be provided. This bridge shall span the full diameter of the clarifier and shall extend to
the outer tank wall on one side meeting the access stairway. The bridge shall be designed to safely support
all normal operating loads plus a 500 pound live load on any two square foot area of the walkway. The walkway
surface shall be checkered steel plate.

A service walkway shall be provided around the top of the clarifier wall to allow access to the air diffusers for
servicing and maintenance. The service walkway shall be designed to support a concentrated load of 500G pounds
at any one point along its longitudinal axis. The service walkway shall be checkered stee! plate.

FABRICATION
All welding shall conform to the most recent stancurds and practices of the American Welding Society.

All joints in the outer and inner tank walls and partitions including the junctions of the partitions and inner and
outer tank walls shall be made watertight by continuous welds on both sides.

Provialons shall be made to assure watertight joints at the junctions of ail tank walls and al} partition walls to
the base channels embedded in the concrete foundation.

Painting shall be as hereinafter specified.

.
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FIELD ERECTION

Fleld erection shall be performed by the (Manufacturer) (General Contractor). Unioading at the jobsite of all
components to be erected by the (Manufacturer) (General Contractor) shall be their responsibility.

EXTERNAL PIPE CONNECTIONS

Influent, effluent, sludge draw-off, plant drain and air piping connections shall be flanged at the outer tank wall,
The dimensions and locations of these connections shall be as shown on the drawings.

BAR SCREEN

A hand cleaned bar screen shall be provided at the plant influent. The bar screen shall be fabricated of one-
half inch diameter steel bars on one inch centers. The bar screen shall be sloped 45° with the horizontal.

AERATION SYSTEM

There shall be provided a combination bridge heam air header to which are connected sufficient individual air
distribution assemblies to permit introduction of the maximum quantity of air required without excessive pressure
loss. The header shall be securely supported on the main tank structure and shall, in turn, support drop pipes
to which are attached ths air diffusion devices. Each drop pips shall include an air control valve near the air
header to provide regulation of the air supply. In addition, a union shall be provided on each drop pipe to per-
mit convenient removal of the diffuser assembly. This union shall be adjacent to the service walkway for ac-
cessability, The air diffusion devices instalied on the air drop pipe assemblies shall be designed to minimize
clogging as well as to insure proper air distribution over the entire length of the aeration tank. The diffusers
shall be of corrosion resistant construction. The ditfuser assemblies shall be easily removable, without the
use of mechanical hoists, for inspection and servicing. The air diffusion efficiency and the number of diffusers
shall be such that an adequate oxygen supply can be maintained in the aeratlon zones to mset the treatment
requirements of the sewage load for which the plant is designed. All aeration piping three inches in diameter
and smaller shall be galvanized steel. The aeration piping shall be sized to suit the conditions of operation
and withstand the stresses, strains and corrosive conditions of use. Total air requirement shall exceed 1800
cubic feet of air per pound of BODg per day, in order to provide sufficient air for airlift operation.

RETURN SLUDGE AIRLIFT

There shall be provided a return sludge airlift to transfer sludge from the clarifier to the sludge activation
chamber. This airlift shall be properly sized for a capacity equal to a minimum of 100 per cent of the average
daily design flow of the plant. A manually operated needle valve shall be furnished for regulation of the air
supply to the return sludge airlift.

WASTE SLUDGE AIRLIFT

There shall be supplied one wasie sludge airlift to transfer wast2 sludge from the clarifier to the aerobic di-
gester as required. The waste siudge airlift shall be attached directly to the return sludge airlift to insure the
maximum concentration of waste sludge. The waste sludge airlift shall have a capacity of not less than 50
GPM and shall be equipped with a manually operated needle valve.

CLARIFIER

There shall be supplied a final clarifier which shall include a center influent well, a sludge collector mech-
anism with two collector flight arms and adjustable scraper btades, a skimmer assembly with scum box, a peri-
pheral effluent trough with adjustable V-notch weir and a drive assembly with torque overload protection.

The collector mechanism shal! consist of two fabricated structural steel &rms, rigidly braced to the torque tube
or center shaft, designed to transmit the full torque of the drive unit. Each collector arm shall be complete
with removable and adjustable collector blade plates. A guide pin shali be provided at the bottom center of the
clarifier to stabilize the rotation of the lower end of the torque tube.

The surface skimmer assembly shall consist &i an adjustable neoprene wiper supported from an outrigger arm at-
tached to the influent well. The arm shall be designed to continually skim the surface scum into the scum box.

Form 381.B -3 -
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An airlift pump shall be provided in the scum box to pump the clarifier skimmings from the scum box to the
aerobic digester. This airlift shall be automatically opcrated by a limit switch tripped by the drive shaft. Acti-
vation of the limit switch shall open a solenoid valve on the air line to the skimmer airlif:. An adjustable cam
shall also be provided to regulate the length of time the solenoid valve remains open. For further control, a
manually operated air control valve shall be provided in the air supply line.

The collector-skimmer assembly shall be driven by a totally enclosed electric motor of not less than

horsepower and 1750 RPM for use with three phase, 60 cycle, . volt service. The drive shall be
a triple reduction motor driven worm gear speed reducer. The drive assembly shall be provided with an overload
protection device which will automatically disconrect elsctric current to the motor and the drive mechanism
when rated torque capacity is exceeded. In additi«n, ai electric alarm system shall be provided which will be
energized wher the applied torque exceeds 75% of “he rated torque capacity. The speed reducer shall be capa-
ble of supporting ali operating loads.

The clarifier bottom shail be formed of concrete and finish grout placed inside the steel tank wall on a 1:12
slope. The General Contractor shall place the concrete and grout the clarifier after erection of the steel tanks
has been completed.

SUPERNATANT RETURN

An adjustable decanting airlift shall be provided to return aerobic digester supernatant liquor to the reaeration
chamber. Discharge of the aerobic digester supernatant directly to the contact chamber shall not be permitted,
to avoid carryover of soluble organics to the clarifier. The airlift shall be capable of transferring not less than
35 GPM. The intake of this airlift shall be vertically adjustabie not iess than 24 inches to allow supernatant
removial from six Inches to thirty inches below the design water level in the digester.

HANDRAIL

There shall be supplied handrails for both sides of the access stairway and main bridge and the outer side of
the service walkway. Handrails shall have double horizontal rails with vertical posts spaced not more than
elght feet on centers and shall be fabricated from one and one-half square tubing.

AiR BLOWERS AND ACCESSORIES

(Two) (Three) (rotary positive displacement) (centrifugal) blowers shall be supplied by the Manufacturer for
installation by the General Contractor {in a separate building) (on a concrete pad adjacent to the plant). Blow-
ers and motors shall be mounted on common base plates. Each blower shall have a capacity of

CFM at psi. blower(s) shall be capable of supplying the air requirements of the treat-
ment plant. The additional blower(s) shall serve as stand-by. Blower model number and accessories shall be
as described in the attached section on “Blower Specifications.”

BLOWER MOTORS

There shal! be provided for each blowera ——_______ horsepower (minimum) three phase, 60 cycle,
volt (horizontal open drip-proof) (TEFC) motor with grease lubricated ball bearings. Motors shall not be loaded
beyond the nameplate rating at any design condition of the installation.

ELECTRICAL CONTROLS

A prewired electrical contro! panel for mounting within a control building shall be provided. The equipment to
be provided within the control panel shall include the necessary magnetic starters and switches to control the
blower motors and all electric motors on the plant. The blower and sludge drive mechanism motors in addition
to tha motors on any optional accessories shall be contro!led by hand-off-auto selector switches in conjunction
with magnetic starters. All electrical equipment on the plant shall be equipped with safety disconnect switches
on the plant bridge.

All electrical equipment and circuitry shall be protected by properly sized circuit breakers. Any duplax or
stand-by equipment shall be wired so that they may be alternated automatically by controls located within the
control panel.

The enclosure shall be NEMA 12 and shali be instalied within a control building by the General Contractor.
Power shall be supplied to the control panel and to the junction box on the plant bridge by the General Contractor.

-4 -
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TESTING

Upon completion of the structure, and before it s painted, the structure shall be examined for leaks by filling
the plant with water up to its maximum working level. Water for this test shall be furnished by the Owner. Any
leaks disclosed in this test shall be repaired by welding missed welds or by chipping or melting out any defec-
tive welds and then rewelding. No repalr work shall be performed unless the water level Is at least two feet
below the point being repaired.

PAINTING

Painting to be completed In the field shatl be performed at such time that the Engineer and General Contractor
may agree neat and dust-free work may be accomplished. All painting, both in the shop and In the field, shall
be conducted in strict accordance with the paint manufacturer's instructions. Final cleaning, brushing and field
painting after field erection has been completed shall be the responsibility of the General Contractor.

SURFACE PREPARATION

All surfaces to be painted shall be prepared in a workman-like manner with the objective of obtaining a clean,
dry surface. All surface preparation guidlines presented by the paint manufacturer shall be followed.

CLEANING, SANDBLASTING AND APPLICATION OF SHOP PRIMER

All ferrous metal to be factcry primed shall have all rust, mill scale, and weld slag removed by SSPC #6 com-
mercial sandblasting. Within four hours following sandbiasting, the metal shall be coated with one coat of a
high solids epoxy primer with a coverage of 1.0 to 1.5 mil dry film thickness.

APPLICATION OF FINAL PAINT

All surfaces to be final painted in the field shall receive spot priming as required with the specified primer. A
final coat, compatible with the primer shai! be applied to ali surfaces which will be submerged or below grade
during normal plant operation. All surfaces which shali be exposed to the atmosphere during normal plant oper-
ation shall receive sufficient coats of paint compatible with the specified primer to provide the paint manufac-
turer's minimum recommended dry film thicknesc. Deficiencies in film thickness shall be corrected by the ap-
plication of additional coats of paint. Additional coats of paint shail not be applied, nor shall the plant be
placed in operation until the paint is thoroughly dry.

SERVICE

The equipment manufacturer shall furnish two copies of an operation and maintenance manual. These manuals
shall describe the step-by-step operation and maintenance of the component parts and equipment provided with
treatment plant. The equipment manufacturer shall furnish the services of a factory representative for two days
to inspect the finished installation and provide detailed instruction to the owner's representative in the actual
operation and maintenance of the equipment.

GUARANTEE

For a period of fifteen months from date of shipment or twelve months from start-up, whichever occurs first, the
equipment manufacturer shall warrant that the equipment and structure covered by these specifications shall be
free from defects in material and workmanship under normal use and service. The Manufacturer shall agree to
repair or replace, F.O.B. point of shipment, such equipment or structure, or any part thereof, previously fur-
nished by them and as actually found by the manufacturer after inspection to be defective provided: (a) said
equipment or structure has been operated and maintained by the Buyer in accordance with the Manufacturer’s
recommendations and specifications and (b) the Buyer notifies the Manufacturer in writing as soon as any such
defect becomes apparent.

EXCLUDED ITEMS

The following items of equipment and work are not included in the equipment manufacturer's area of responsi-
bility and shall be accomplished or provided by the General Contractor.
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All concrete work in the base, grouting the clarifier bottom, and grouting under the lips of all base
channels.

Unloading and Installation of the base channels shipped by the manufacturer.

Vertical base channel supports.

All air piping between the blower discharge port and the external flange on the bridge beamair header.
installation of the blower assemblies.

All electrical work from the control panel to the power source and from the control panel to the
equipment provided by the equipment manufacturer, including installation of the control panal.

Site improvements or access roads.

Temporary electricity for construction.

Water for plant testing including disposing of test water.

All site work including excavation, backfill'.ig and landscaping.

. All piping outside the flange connections on the outer wall of the sewage treatment plant.

All tinal cleaning and spat criming aftar field erectinn. Al fiald painting including the paint.
Field erection — unless otherwise specified herein.
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CIRCULAR — STEEL ~ FIiELD ERECTED

Data

Sheet

CONTACT STABILIZATION

CLARIFIER HYDRAULICS

PLANT PIPING

SURFACE WEIR DECANTING
DESIGN SETTLING OVERFLOW INFLUENT SLUDGE AIR & WASTE
MODEL LOADING MINIMUM RATE RATE AND DRAIN RETURN TRANSFER HEADER SLUDGE
#/BOD/D C.F.M. (GPD/FT.z) (GPD/FT.) EFFLUENT AIRLIFT LINES EXTENSION AIRLIFTS
CS-100 170 234 430 1,800 6" 4" an 8" 6" 3"
CS-125 213 293 530 2,300 6" 4" 4" 8" 6" 3"
CS-150 255 351 500 2,400 6" 4" 4" 8" 6" 3"
CS-175 298 410 470 2,500 8" 4" 6" 10" 6" 3"
CSs-200 340 468 540 2,900 8" 4" 6" 10" 6" 3"
Cs-225 383 527 500 3,000 8" 4" 6" 10" 6" 3"
Cs-250 425 584 550 3,300 8" 4" " 10" 6" 3"
CS8-275 468 644 510 3,300 8" 4" 6" 10" 6" 3"
CS-300 510 702 550 3,600 8" 4" 6" 10" 8" 3"
CS-350 595 819 550 3,900 10" 4" 8" 12" 8" 3"
CS-400 680 937 540 4,100 10" 4" 8" 12" 8" 3"
CS-500 850 1,169 580 4,800 10" 4" 8" 12" 8" 3"
CS-600 1,020 1,403 540 5,100 10" 6" 8" 12" 10" 4"
CSs-750 1,275 1,753 540 5,700 12" 5 10" 14" 10" 4"
* CS-1000 1,700 2,338 590 6,900 12 6" 10" 14" 10" 4"
* Cs-1250 2,125 2,922 560 7,500 12" 6" 10" 14" 12" 4"
* CS-1500 2,550 3,506 580 8,300 14" 6" 12" 16" 12" 4"
Design Criteria:
1) Flow calculated at 100 GPD/cap. with 17# BOD/cap./D.
2) Minimum C.F.M. to piovide 1800 CF/#BOD plus 10% for airlifts.
3) Exact Clarifier rates are less than above.
* Refer to factory if there is to be internal reinforcing.
Form 231303 — Feb., 1974
Supersedes Form 364 CORPORATION
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Data

Sheet
CONTACT STABILIZATION

CIRCULAR — STEEL - FIELD ERECTED

DIMENSIONS

EFFLUENT INVERT

CLARIFIER
DESIGN
MODEL FLOW MAIN TANK NUMBER INSCRIBED INLET WELL | SIDEWATER CLy TANK WITHOUT WITH
(GPD) DIAMETER OF SIDES DIAMETER DIAMETER DEPTH Hy0 DEPTH | CL, CHAMBER |CL, CHAMBER
Cs-100 100,000 32'-8" 8 16'-11" 4 13'-7" 13'-6" 3'-7" 4'-0"
CS-125 125,000 35'-5" 8 16'-11" 4’ 13'-7" 13'-6" 3'-7" 4'-0"
Cs-150 150,000 39'-2" 9 19'-3" 4’ 13'-5" 13'-6" 3'-7" 4'-0"
CS-175 175,000 42'-7" 10 21'-7" 4/ 13'-1" 13'-6" 3'-7" 4'-0"
Cs-200 200,0€0 44'-10" 10 21'-7" 4’ 13'-1" 13'-6" 3'-7" 4'-0"
Cs-225 225,000 48'-0" 11 23'-10" 4/ 12-11" 13'-6" 3'-7" 4'-0"
Cs-250 250,000 49'-11" 11 23'-10" 4! 12'-11" 13'-6" 3'-7" 4'-0"
Cs-275 275,000 52'-11" 12 26'-1" 4 12'-10" 13'-6" 3'-7" 4'-0"
CS-300 300,000 54'-8" 12 26'-1" 4 12-10" 13'-6" 3'-7" 4'-0"
Cs-350 350,000 59'-1" 13 28'-5" 5’ 12-9" 13'-6" 3'-7" 4'-0"
CS-400 400,000 63'-4" 14 30'-8" 5' 12'-8" 13'-6" 3'-7" 4'-0"
CS-500 500,000 70'-1" 15 32'-11" 6’ 12'-7" 13'-6" 3'-7" 4'-0"
CS-600 600,000 77'-5" 17 37'-5" 6’ 12'-5" 13'-6" 3'-7" 4'-0"
CS-750 750,000 86'-7" 19 41'-11" 4 121" 13'-6" 3'-7" 4'-0"
* C5-1000 1,000,000 99'-2" 21 46'-5" 4 11'-10" 13'-0" 4'-1" 4'-6"
* CS-1250 1,250,000 111-5" 24 53'-2" 7 117" 13'-0" 41" 4'-6"
* CS-1500 1,500,000 121'-8" 26 57'-8" 8’ 11'-4" 13'-0" 4'-1" 4'-8"

Design Criteria:

1) Less than 304 BOD/D/1000 t.3 aeration volume (total of_contact and reaeration without CL> chamber).

2) Less than 600 GPD/{t.2 surface settling rate in clarifier.—
3) A digester volume equal to 3 ft.3/100 GPD design flow.
4) A 1.5 hr. detention in contact zone {with 1009, of design flow raw sewage retumn).

5) An 8 hr. detention time in reaeration chamber without CL, chamber/7.4 hr. with 30 min. CL, chamber.

Refer to factory if there is to be internal reinforcing.

Form 231301 ~ Feb., 1974
Supzrsedes Form 362
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Relative Characteristics of Alternative
Treatment Procecses

Tropical Artificial Oxidation Contact
Item Pond Wetlands Ditch Stabilization
Treatment Reliability Good Good Good Fair
Load Variation
Flexibility Good Good Good Fair
Operational Complexity Simple Simple Some Complex
East of O&M Good Good Good Fair
Power Requirements Low Some Moderate Moderate
Sludge Handling Low Low Some Moderate
Land Area Needs Large Large Low Low
Capital Cost Low Low Moderate High

O&M Cost Low Low Moderate High
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New and/or improved sewage collection systems are needed for the
alternative sewage treatment systems (i.e., a separate system for the
St. George's area, a separate system for Grand Anse area, and a combined
St. George's -Grand Angse system). The collection systems can be
constructed in phases depending on the alternatives chosen and the

availability of funds.

Initially, an ocean outfall for St. George's should be installed so that
raw sewage is not discharged at the shore, and the 45 year old Carenage
1ift station should be replaced. The outfall would utilize the existing
collection system and extend from a manhole near the present discharge
point to the edge of a deepwater trough off Fort George Point (about 600
meters, or 2000 feet). This would be a temporary outfall until the
treatment plant is constructed. The Carenage 1lift station would be sized
for the existing flow plus additional capacity for future expansion to
currently unsewered areas adjacent to St. George's Town. The recommended
capacity of the lift station assumes that separate treatment systems, not
a combined system, would be built for St. George's and Grand Anse. The
existing force main would be used but its receiving manhole may need

enlarging.

The next two phases of improvements to the St. George's system are:
first, replace the main collection pipe along the Carenage and relocate
and install a new force main from the lift station along the Carenage
through Sendall Tunnel (place in same trench to reduce installation

costs); and secondly, in conjuncticn with the construction of a treatment
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plant in Queen's Park, replace the main collector/trunk line on the
Esplanade, and install a new 1750 foot ocean outfall from the treatment

plant into St. George's Bay.

Further improvements to a St. George's collection system would be to
expand the system to currently unsewered adjacent areas and eventually
replace the old clay pipe with new PVC pipe. The main collector pipes
previously installed along the Carenage and Esplanade were sized to carry

these added flows.

For a sewage treatment system serving the Grand Anse area, a collection
system must be completely installed. If the St. George's system is
connected with the Grand Anse system so that one treatment facility
treats the combinad flows, interconnecting piping and 1lift stations would
be required and larger main collector/trunk line pipes would be needed to

carry the combined flow.

These slternatives and phases for new and/or improved collection systems
are summarized in table 1. Table 2 identifies the materials and esti-
mated costs of materials and installation for each alternative or phase.
Material costs do not include shipping from a United States port to
Grenada. Installation costs were estimated by a technician experienced
in construction work in Grenada. The installation costs are based upon
many assumptions and include many provisional costs. Therefore, the
installation costs could be high or low and should be used cnly for com-
parative purposes. Good cost estimates would be obtained using detailed

@ngineering drawings and site work.



G-3

Table 1

Description of Collection
System Alternatives/Phases

Alternative Description
A. St. George's system--new Carenage lift station; outfall pipe.

B. St: G;orgeés system--new collector pipe on Carenage; new force
main from Carenage lift station, along Carena
Sendall tunnel. ’ ge and throueh

C. St. George's system--in conjunction with new treatment facility
at Queen's Park, new collector/trunk line pipe along Esplanade

and new outfall pipe.

D. Fxpanded St. George's system--sewer currently unsewered areas of
gst. John's River, Tempe, Belmont, Paddock, Hyde Park, and

St. George's.

E. St. George's gystem--all new pipes to replace existing pipes in
St. George's.

F. Grand Anse system--new system

G. Combined St. George's/Grand Anse system--new pipes on Carenage
and Esplanade; existing St. George's system connected to Grand
Anse with treatment facility in Grand Anse area.

- \7/'52.’ |
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PVC Pipe®
Nominal Size,
in.
4
4 (force)
6
6 (force)
8
8 (force)
10
10 (force)
12
12 (force)
15
18
21
24
Cost, 3US

Table 2

Materials for Various Alternatives and Phases of Collection System,
and Estimated Costs for Materials and Installation
Feet of Pipe for Various
Collection System Alternatives
A B C D E F G
- 1,115 - 36,830 16,555 13,145 13,145
- - - 600 - 400 365
- 285 - 1,475 2,235 4,850 4,850
- 1,770 - 400 - - 675
- 1,250 - 3,010 - 4,100 1,880
- 365 - - - 1,990 690
- - - - - 1,430 1,425
- 525 - - - 2,755 1,120
- - - - - - 1,430
2,000 - 1,119 - - 4,030 1,610
- - 4,700 - - - 6,025
- - - - - - 4,185
- - - - - - 4,055
14,000 11,000 53,000 30,000 12,000 77,000 218,000

=2
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Table 2

(Continued)
Fiberglass Hanholesb with Metal
c
Frames and Covers A B C D E F
Number None 18 17 124 45 84
Cost, $US - 6,000 6,000 40,000 15,000 27,000
. . d
Lift Stations
Capacity of Pumps Required, gpm
A B C D E F
360* None None 4 None 250
- - - 20 - 1,235
- - - 290 - -
Total Cost, $US 25,000 - - 43,000 - 54,000
Materials Cost,
Total, $US 39,000 17,000 59,000 113,000 27,000 158,000

*Sized to pump 680 gal/min with impeller change.

131

43,000

-9

G

260
490
1,370
1,480
2,712

197,000

458,000
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Table 2

{Con%:inued)

A B C D E F G

Installation Cost®
Pipe 1,200,000f 251,000 375,000 2,250,000 796,000 1,580,000 2,280,000
Manholes - 25,000 24,000 174,000 63,000 118,000 183,000
Lift Stations 15,000 - - 123,000 - 82,000 205,000
Total, $EC 1,215,000 276,000 399,000 2,547,000 859,000 1,780,000 2,668,000
Total Cost, $EC 1,320,000 322,000 557,000 2,850,000 931,000 2,203,000 3,895,000
($US) (492,000) (120,000) (208,000) (1,063,000) (348,000) (822,000)(1,454,000)

Note: At currency exchange rate of $1.00 U.S. to $2.68 EC is used.

a. Hunter Plastics
Lincoln, Alabama
Mr. Ken Bell
205/763-7741

b. Brem Interprize
Iota, Louisiana
Mr. Ed Swain
318/779-3694

¢. Hajoca
Chattanocoga, Tennessee
Mr. Steve Rapp
615/756-1157

d. Smith and Loveless
Lenexa, Kansas
Hr. John Mowen
913/888-5201

e. Installation costs based on estimates prepared by Mr. G. V. Nurse, Construction
Management Services, P.0O. Box 230, St. George's Granada, phone: $300/2771.

f. This estimated cost appears to be extremely high.

ocean outfall pipe should be consulted.

A firm experienced in laying

9-9
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Cost estimates for construction of alternative treatment systems includes
the cost of the treatment facility and the cost of the collection
system. The facility costs for the four alternative processes at three

sites are given in Attachment H1.

Attachment H2 identifies the total project costs, including treatment
plant from Attachment Hl and collection system from Appendix G. For a
St. George's system, the collection system increment of the total cost
includes new collector and trunk lines along the Carenage and Esplanade,
a new force main, and a new 1750 foot outfall pipe. Although the plant
is sized to handle added flows for expansion into nearby areas such as
Paddock, St. John's River, and Tempe, the collection system costs for
these areas have not been added. If it is desired to include sewering of
these areas in the initial project, these incremental costs must be added

from Appendix G.

For a Grand Anse system, the total costs in Attachment H2 include
treatment facility costs from Attachment Hl and collection system costs

from Appendix G.

For the combined St. George's/Grand Anse system alternative, the total
costs include the costs of the treatment plant from Attachment Hl, new
collector lines along the Carenage and Esplanade, lift stations, forces
mains to carry the flow from St. George's to the Grand Anse collector
lines and from the Esplanade to the Carenage, and the Grand Anse
collection system. Sewering new areas near St. George's, Tempe, or along
the St. John's River, or replacing existing pipe with new pipe would be

incremental costs which are found in Appendix G.

Y
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ATTACHMENT H1

Estimated Costs for Alternative Treatment Facilities

a
Total Cost, $million EC ($million US)

Alternative System St. George's Grand Anse St. George's/Grand Anse
Tropical Stabiliza- - 4.2 7.0
tion PondP (1.6) (2.6)
Artificial Wetlands® - / 1.4 -
K\(O.S)
—_—
Oxidation Ditchd 4.8 4.0 8.3
(1.8) (1.5) (3.1)
Contact Stabilization® 7.0 5.9 11.8
(2.6) (2.2) (4.4)

a. Total cost includes equipment costs FOB to U.S. port, construction
costs, and engineering costs. A currency exchange rate of $1.00 US
to $2.68 EC is used.

b. Total cost includes 45 percent engineering costs for contingency
(10 percent) and project development and implementation (35 per-
cent). The Grand Anse alternative is the desired 5-pond system;
whereas, the combined St. George's/Grand Anse alternative is only
a 4-pond system. For a 5-pond St. George's/Grand Anse system, the
costs would be increased by about 30 percent.

¢. Principle costs are for construction which are based upon estimates
provided by Mr. G. V. Nurse, Construction Management Services,
St. George's, Grenada. Total cost includes 28 percent for
engineering costs.

d. Average cost range supplied by one principal equipment company.
Total cost includes 28 percent engineering costs for contingency
(10 percent) and project developmznt and implementation (18 percent).

e. Includes equipment price average of four manufacturers. Assumes
equipment is 35 percent of construction cost. Total cost includes
28 percent engineering costs for contingency (10 percent) and project
development and implementation (18 percent).

W
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ATTACHHENT H2

Estimated Total Project Costs for Alternative
Sewage Treatment Systems

Total Cost, $million EC ($million US)

Alternative System St. George's Grand Anse St. George's/Grand Anse

Tropical Stabiliza- - 6.5 10.9
tion Pond (2.4) (4.1)
Artificial Wetlands - //3.6\‘\\ -

((13) !

S~

Oxidation Ditch 5.7 6.2 12.2
(2.1) (2.3) (4.6)
Contact Stabilization 7.8 8.1 15.7
(2.9) (3.0) (5.9)

NOTE: Total cost includes treatment facility and collection system.
Amounts were calculated in EC dollars, converted to US dollars using a
currency exchange rate of $..00 US to $2.68 EC, and then rounded to the
nearest tenth of a million dcllars.

Costs for aiternatives treatment facilities are included in Attachment HI1.
Costs for the collection system are found in Appendix G. For compara-
tive purposes, the following collection system alternatives/phases were
used: St. George's--B+C; Grand Anse--F; and St. George's/Grand Anse--G.
Expansion or improvement to the collection systems included in D and E
can be added to either alternative site.

-
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T.12 § 154-83

tunity to present oral o written statemients, arguments oy dily
Providad, Lowever, that the Deparinmient shadl have the disueziu;, lo,
fix reasonable time limits on the presentation of oral stidemeny. and
when time and schieduling considerations necessitiale, mua "“‘l“i"e
the submission of stutements in w riting, '

(b) The hearing shall be conducted by a hearing oflicey [Who) ‘.

shall cause a record of the hearing 1o be made. which shall ncludy
any public comments or statcments received, and shall rendey g
report to the Commissioner setting forth the appearances g
relevant facts and arguments presented at the hearing. The hear.
ing oflicer is empowered to:
(1) Provide for the taking of written and oral st:xtcmun,;
testimony under oath, and documentary svidence; and
(2) Tlegulate the course of the heaving, fix the time for the
filing of writien statements and data, provide for the scheduling uyg
Jpreservation of oral statements, testimony under oath and documey.
tary evidence, and set the time and place fur continued Liearing,,

(¢) Any materials, including records and documents, in )¢ Pos.
session of the Depaatment of which it desires Lo avail itself, may be
offered by the Departmeni and made part of the record. Sug,
materiuls may be relied vpon by the Commmissioner in making a fuy
decision or other disposition.

(d) Cross-examinuation of witnesses shall be permitied and the
strict procedural rules of evidence may be modified at the diseretion
of the hearing oflicer. The determination of the Licaring oflicer shull
be founded upon the record of the hearing and upon competert
relevart material evidence which is substantial in view of the entire
record.

DIVISION 10. CONFLICTS OF INTEREST

SECTIONS
184-91. Conflicts of interest

§ 184-91. Conflicts of interest

Pursuant to 12 V.I.C. § 196, the Comimissioner or his desipnet
responsible for issuance of TPDIES permits, is prohibited from
receiving, or from having reccived during the previous {wo ycurs, 8
significant portion of his income directly or indirectly from permit
holders or applicants for a permit. For the purposes of this sectiog
(a) “significant portion of his income” shall mean 10 percent of
gross personal income for a calendar year, except that it shall meas

May 1078 264.26 Vol. XVI, No.1’

T
e
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ch. 7 WATER POLLUTION CONTROL T.12 § 186-1
50 pereent of gross personal income for'a calen.d:.:n' year }rlf th;?e-
",'pienL is over GO years of age and is receiving suc p(-) 1gn
lmrsu;mt to retiremment, pension, or similar al‘ra:ngement, ( 1){
!'incomc" includes retirement beneﬁts,‘consH]t.ant fees, .mg stotc]'
Jividends, and (c) income is not received dn:eﬁt]y or n?t 1}'ecd y
(romn permit holders or applicants for a permit wh.ere ]‘ﬁ:l de-
rived from mutual-fund paymepts, or from other leP:rSl e 1n;
vestments over which the recipient does not know the identity o

the primary sources of income.

Subchapter 186. Water Quality Standards for Coastal Waters -
of the Virgin Islands

SLCTIONS )
186-1.  General water quality criteria
1n-2. Class A
1niG-3. Class B
1864, Class C
18G-5. Thermal policy
In6-6.  Mixing zones
186 -7.  Antidegradation
16G-8. Analytical procedures
156-9.  Applicability of standards
1%6G-30. Nutural waters
186-11. Legal! limits
1%6-12. Reissuance of this chapter

§ 186-1. General waler quality criteria .
All surface waters shall meet generalh[' acc.epteq aesthetic
yualifications and shall be capable of supporting dlverSJ_ﬁed aquat-
ic life. These waters shall be free of substances attributable to
municipal, industrial, or other discharges or wastes as fo]]ovirs:

(a) Materials that will settle to form objectionable deposits.

(1) Floating debris, oil, scum, and other matter.

(c) Substances producing objectionable color, odor, taste, or
turhidity. .

(d) Materials, including radionuclides, in concer}tratlons or
combinations which are toxic or which produce undesuabl.e physi-
ological responses in human, fish and other animal life, and
plants, _ ]

(e) Substances and conditions or combinations thereof in con-
centrations which produce undesirable aquatice life.

Source. Sections 186-1 to 186-11: Rules and Regulations
Relative to Water Quality Sta.ndards. for Coastal Wa_.tegs of
the Virgin Islands were revised and issued by Commissioner

March 1980 265 Vol. XVII, No. 1
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Ch,

of Health, dated July 20, 1973, and approved by Governor,
Filed with Licutcnant Governor July 26, 1973; File No. 750.

Authority. 12 V.I.C. § 1686(a).

Irior regulations—1968. Similar regulations of the Com-
missioner of Health, dated Oct. 4, 1968, and approved by the
Governor were filed with Government Secretary Jun., 16, 1469;
File No. 570.

§ 186-2. Class A R

(a) Best usage of waters: Preservation of natural p]xcnommm’
requiring special conditions, such as the Natural Barrier Reef a
Buck Island, St. Croix and the Under Water Trail at Truny Bay
St. John.

(b) Quality criteria: Existing natural conditions shall not Iy
changed.

§ 186-3. Class B

(a) Best usage of waters: For propagation of desirable Specieg
of marine life and for primary contact recreation (swimming,
water skiing, efc.).

(b) Quuality criteria: .

(1) Dissolved oxygen: Not less ihan 5.5 mg/l from othe
than natural conditions. ‘

(2) pH: Normal range of pH must not be extended at
location by more than =- 0.1 pIl unit. At no time shall the 11 be
less than 7.0 or greater than 8.3, '

(8) Temperature: Not {o exceed 90° F. at any time, nor er
result of wuste discharge {o be grealer than 1.5° F. above n'.\urxl;:
Thermal policy section 186-5 shall also apply. 3

(4) Bacteria: Shall not exceed a geometric (loc) mean of H:
fecal coliforms per 100 ml. by MF or MPXN count. 3

(5) Dissolved gas: Total dissolved gas r.essure shall not eg ™
ceed 110 percent of existing atm sspherie prassure. '

(6) Phosphorus: Phosphorus as total P shall notl exceed ¥
ug/lin any coustal waters. 5

(7) Suspended, coiloidal, or settleable solids: None froZ
waste water sources which will cause disposition or be deleteriosd
for the designated uses. 2

(8) Oil and floating substances: No residue attributable
waste water nor visible oil iilm nor globules of grease.

(9) Radioactivity:

~
P

V]

["A( vs '-‘I
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(A) Gross beta: 1000 picocuries per liter, in the absence of
gr 90 and alpha emitiers.
(B) Ruadium-226: 3 picocuries per liter.
(C) Strontium-90: 10 picocuries per liter.

(10) Taste and odor producing subsiances: None in amou'nts
ount will interfere with the use for primary.contact recreation,
l..tnl»le waler supply or will render any undesirable taste or odor
(o edible aquatic life. N

(11) Color and turbidity: A Secchi disc shall be visible at a
minimum depth of one meter.

¢ 1864, ClassC - .
' (1) Best usage of waters: For the propagatlon_of desxra}b]e
ppecies of marine life and secondary contact recreation (boating,
fi-h:ingr, wading, ete.).

() Quality eri _ria:

(1) Diss .ved oxygen: Not less than 5.0 mg/l from other
1o natur . conditions.

(~, pH: Normal range of pH must not be extended at any
o 1ion by more than = 0.1 pI unit. At no time shall the pH be
wss than 6.7 or greater than 8.5.

(3) Bacleria: Shall not exceed a geometric (log) mean of
1.000 fecal coliforms per 100 ml. by MF or MPN count.

(1) Taste and odor producing substances: None in amounfzs
thit will interfere with the use for potable water supply or will
render any undesirable taste or odor to edible aquatic life.

(5) Other provisions for Class B waters shall apply.

§ 156-5. Thermal policy

(1) Fish and other aquatic life shall be protected from therrPal
Mocks by providing for a minimum 75 percen! stream or estuarine
cross-scetion and/or volumetric passageway, including a mini-
mum of one half of the surface as measured from water edge to
waler cdge at any stage of tide.

() In non-passageway the surface water temperature shall
not exceed 93° .

(c) No heat may be added except in designated mixing zones
which would cause teriperatures to exceed 90° F., or which
would cause the month.y mean of the maximum daily tempera-

March 2559 266.1 Vol. XVII, No. 1
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ture at any site, prior to the addition of any heat, {0 he CX Gt
by rwore than 1.5 1, S
(d) No di<chiurce or combination of dizchiarres shall be in;
.ous.l’u fi=h or sheiliizh or tiee culture or 1:1‘-:;1.:~;£tiun of atl l‘vLJ“n.
Indigencus popatution thereodf. ’ S
(e) Rute of temiperature change outside the mixing zone clyy!
not.l)e more than 1° I, per Liour nor to exceed 5 F. in any 24 | I
period except when natural phenomena cuuse these lir .'1- o
excecded. e e
(f) Unless specific conditions, such as spawning ground. g
gratory routes, or other sections of conditions from these n-’vX;”.
tlc?ns are applicable, the mixing zone should be defined by g « lL}u‘u-
wlth_a specified point as the center {not necessarily ilxe ;Jm'l:r]c
but limited to one point for each installation) and a radius l]
to.th:: square root of the volume of discharge (A) exprc;cﬁ(;l‘id
milliens of gallons per day, times 200 feet: m,nd n o cas 'h\“- 3
3% mile. The formula is: ' e

o

VA 200 = radius of mixing zone.
—Amended Sept. 1, 1978, File No. 1053, $8 1.2, 1.3.

‘ Amendments—1975. Seetion 186-5(b) and (£) was amended
by the .]h-p:.nnn-nl of Conservation and Cultaral Afluirs
August 31, 1978, and approved Sept. 1, 1978 by the Governor,
Filed with Licutenant Governor Sept. 1, 1978; Pile No. 1004,
Anwndmcn.t became ctfeetive without prior pulilication by
gubernatorial certification dated Sept. 1, 1978. ’
§ 186-6. Mixing zones
The need, location, size and depth of the mixing zones in sur-
face waters and estuaries shall be estublished according o the
following mixing zone criteria and boundaries.
(a) Mixing zone criteria:
) (1) Mixing zones shall be provided solely for mixing. Mix
Ing must be accomplished as quickly as possible through the use
of devices which insure that the waste is mixed with the allocatid
dilution water in the simmallest practicable area.

(2) For the protection of aquatic life resources, the mixsing
zones must not be used for, or be considered as, a substitute for
waste treatment facilities. )

(3) At the boundary of the mixing zone the water should
comply with all the water quality standards set forth for it

March 1980 266.2 Vol. XVII, Ne. ¥’
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cessification. 1i, after complete mixing with the available dilu-
Gon waetor, ihese requirements are not met, the eflluent must be
Lo qustely pretreated until the standards are met.
(1) No conditions shall be permitied to exist within the
mixing zone, (A) that are rapidly lethal (i.e. exceed the 96-hour
swedien telerance limit) to Jocaily important and desirable indige-
nous aquatic Jife, (B) that prohibit planktonic organisms from
heine caried through the mixing zone. These organisms will be
evposed to its conditions only for ihe period of time required to
hift through the mixing zone and will survive without undue
Lomage or stress while they are passing through.

(5) Maximum vertical dispersion of wasie water discharge
pow shall be provided for in the mixing zone.

(6) Mixing zones shall not intersect spawning or nursery
reas, miaratory routes, water intake nor mouths of rivers.

(7) Suspended solids in waste waters being discharged shall

not settle in measurable amounts in the mixing zones.

(1)) Mixing zone boundaries:

(1) The mixing zone must be located in such manner as to
allow ut all times, passageways for the movement on drift of the
Liota (pelagic or invertebrate organisms). The width of the mix-
iy zone and the volume of flow in it shall depend on and will be
determined by the nature of the water current and/or the estu-
arv. The area, depth, and volume of the flow must be sufficient to
provide a usable and desirable passageway for fish and other
aqualic organisms.

(2) The passageway must contain at least 75 percent of the
cross sectional area and/or volume of flow of the estuary, and
should extend to at least 509 of the width.

(3) A mixing zone shall not overlap with an adjacent mixing

zone.

§ 186-7. Aniidegradation
Waters whose existing quality is better than the established

standards as of the date on which such standards become effective
| be maintained at their existing high quality. These and other
ters of the Virgin Islands will not be lowered in quality unless
| until it has been affirmatively demonstrated to the Territory's
ter pollution control agency and the Environmental Protection
eecy that such change is justifiable as a result of necessary
nomic or social development and will not interfere with or be-
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come injurious to any assigned uses made of, or presently i

In such waters, Any industrial, public o, private project OSOSHMQ
opment which would constitute a new source of pollution oy 'dm"d.
creased source of pollution to high quality waters will be r: N
as I)af't of the inijtial project design, to provide the highest q(l]“nd'
Practicable degree of waste treatment available unde} “ -b'm
tcchnolog.\', and since these are also Federal sL"md'ird-uh“n
waste treatment. requirements will be developed coopcrat}velb\: fs

§ 186-8. Analytical procedures
m'jhilimu};'\'““] Procedures used as methods of analysis to (¢

e the chemical, bacteriolagical bioloei ] i .
r , bi cratedd, bivlogical, and radiologicy]

» .. e - v M N ‘ vl
;%_\ of \\:}t(_l.: sampled sha!l be accordance with the ]:xtg-\tl(f;!
\{Y(fn, of ,St.'n'nd;n'd Methods fo- the Examination of Witer u;;
b aste Water” or othoer methads approved by the Virgin M-m;

cp.ln]tx;cnt of Conservition und Cultwral Afrairs and the '-‘n‘\'j.r ,l
mental Protection Avency — Amon. S¢ ile N "
e u V.—Amended Sept. 1, 1978, File No. 1053,

§ 186-9, Applicability of stundards
The procecdin.g: eriferia will b 1 ]
' L aw e applicable to all Virgin 1.
Couastal Waters at all places and at ol times. o s

§ 186-10. Nufural walers

T. . .. . e aiye M
f]:}(lf.lll..l].\\ aters miay, on occasion, have characteristics outsigs
:) -10 limits preseribed by these eriteria, The eriteria contuingd
sterein do not relate to violation of standards resulting from nat.
ural forces.

§ 186-11. Legal limits .
(a) Class A" (natural phenomena).

(1) Within 0.5 miles of -he boundaries of Buck Island’s Nat. .

ural Barrier Reef, St. Croix.
(2) Trunk Bay, St. Joln.
(b) Class “B” (marine life and primary contact recreution).
. (1) All other coasta] waters not classified Class “A” or Class
(¢) Class “C” (marine life and i
na secondary contact recreation),
(1) St. Thomas: :
(A) St. Thomas Harbor beginnin
) Ir.a g at 3 & ex-
tending to Haulover Cut. ¢ fupert Rock and

Vol. XVII, No. 1
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(B) Crown Bay enclosed by a line from Hassel Island at

Haulover Cut to Regis Point at West Gregerie Channel.
(C) Krum Bay.

(2) St. Croix:
(A) Christiansted Harbor from Fort Louise Augusta to

Golden Rock.
(B) Frederiksted Harbor from La Grange to Fisher Street.
(C) Hess Oil Virgin Islands Harbor.
(D) Martin-Marjetta Alumina Harbor.

§ 186-12. Reissuance of this chapter
Title 12, chapter 7, sections 186-1 through 186-11, Virgin

Islinds Rules and Regulations, as previously issued by the Com-

missioner of lealth, are hereby reissued by the Commissioner

of Conservation and Cultural Affairs.

Source. Section 186-12: Regulations to reissue this chapter
issued Ly the Commissioner of Conservation and Cultural
Affzirs Aug. 31, 1978, and approved Sept. 1, 1978 by the
Governor. Filed with Lieutenant Governor Sept. 1, 1978;
File No. 1053. .

Effective date. The regulation, File No. 1053, contained a
gubernatorial certificate dated Sept. 1, 1978, which provided
such regulation shall take effect without the usual prior

publication.
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HAWAII WATER QUALITY STANDARDS

(Hawaii Code of Rules and Regulations, Title 11 — Department of Health Chapter
54 — Water Quality Standards; Approved January 26, 1968; Amended November 1,

1969; June 14, 1971; February 25, 1974; Scptember 6, 1979, Effective December 7,
1979; November 12, 1982)

§11-54-01 Definitions. As used in this
chapter:

“Ambient conditions™ means the exist-
ing conditions in surrounding waters not
influenced by man.

“Rest degree of treatment or control”
means that treatment or control which is
required by applicable statutes and regula-
tions of the State of Hawaii and the Fed-
cral Water Pollution Control A, as
amended, or which 1s otherwise specitied
by the Director considering technology or
management practices currently available
in relation to the public interest.

“Brackish waters™ means waters with
dissolved inoreanic ions (sahinity) greater
thin 300 ppm {parts per mithon), but less
than 0,000 ppm

“Director” means the director of heaith,
sttte of Hawan, or s duly authorized
apent

“Fresh waters™ means all waters with
dissolved imoreamce wons ol dess than 200
ppm

“Sahine waters™ means water st dise
solved morpame ons greater than 36,000
ppm.

“State waters means all waters, tresh,
brackish, or salt. around and within the
State of Hawan swhich mcludes adl the
whands of the Flowanan Archipelaga to-
pether with thar appurtenant reets and
waters creept the Midway ilands

311-54-02 - Classification of State

Wters

(1) The prosisions ob this Chapter shadd
apphy o alb ate waters ewaudine the
lollowme  eroundwater, and  ditches,

Humes, ponds, and resersorrs required s
patt of g pollution control system or which
are used solels tor arppation water. State

4-27-84

waters covered by this chapter are classi-
fied as either inland waters or marine
waters. '

(b) Inland Waters

(1) All inland waters arc cither fresh
waters, brackish waters, or saline waters.

(2) All inland fresh waters are classified
as follows, based on their physical charac-
teristics, ecological systems, and other nat-
ural criteria:

(A) Streams
intermittent);

(B) Springs and sceps. natural lakes,
and reservoirs;

(C) Elevated wetlands;

(D) Low wetlands;

(3) All inland waters which are brack-
ish waters or saline waters are classiicd as
follows, based on their physical character-
istics, ecological systems, and other natu-
ral criteriit

(A) Coastal wetlands;

(B) Estuaries;

{C) Anchialine pools.

(<) Marine Waters

(A) All marine waters are cither em-
bavments, open coastal, or oceanic witers.,

{2) All marine waters which are embuy-
ments o open coastal waters are also clis-
sitied according to the following bottom
SHDLVpes

1) Sand beaches:
1By Iava rock shorehines and solution
Snohes,

(pereantal  or

t0) Manme pools and protected covers:
CBy o Aruncral basins:

thy Reer ety and reef communities;
(1) Sett bottom communities

$11-34-03 Classitication of Water Uses

£ The rollowinge use cutepories classify
inland and manne waters for purposes of

applying the standards set forth in this
Chapter and for the selection or definition
of appropriate quality parameters and
uscs 1o be protected in these waters.

(b) Inland Waters

(1) CLASS |

(A) Generul—It is the objective of this
class that these waters remain in their
natural state as nearly as possible with an
absolute mimmum ot pollution (rom any
human-caused source. To the extent possis
ble, the wilderness character to such areus
shall be protected. Waste discharge into
these waters s prohibited.

(B) CLASS {.ua—The uses to be pro-
tected 1n this class o1 waters are scientific
and educational purposes, protection of
breeding stock and bascline references
from which human-caused changes can be
measured, compatible recreation, aesthetic
emovment, and other nun-degrading uses
which are compatible with the protection
o1 the ccosystems assoctated with waters
1 this class.

10y CLASS 1.b—The uses 1o be pro-
tected i this class of waters are for do-
mestic water supplics, food processing, the
support and propagation of aguatic life,
compitible recreation, and aesthetic cn-
jusment. Public access to waters in this
<Ly may be restricted to protect water
yuthiy

2) CLASS 2— [t 1y the objective of this
clave ol warers that their use for reerea-
tunal purposes, propagation of fish and
other aguatic life, and agricultural and
industrial water cupply be protected.

The uses 1o be proteeted in this class of
waters are all uses computible with the
protection and propagation of fish. shell-
fish, and wildlife, and with recreation in

Puthshed vy THE BUREAU OF NATIONAL AFFAIRS INC., Washington, D.C. 20037 77
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ORDINANCE OF THE CITY OF TRENTON, GEORGIA

ARTICLE 1
SEWER USE ORDINANCE

An ordinance regulating che use of public and private sewc.o auu

drains, private wastewater disposal, the installation and connection
building sewers, and the discharge of waters and waste into the publi
sewer system and providing penalties for violations thereof in the Ci
of Trenton, State of Georgia.

Be it ordained and enacted by the City of Trenton as follows:
ARTICLE 2

DEFINITIONS

Unless the context specifically indicates otherwise, the meaning of terms
used in this ordinance shall be as follows:

2.

2.

2.

2.

2.

2.

2.

1

2

4

5

6

7

"Biochemical oxygen demand (BOD)" shall mean the quantity of oxygen
utilized in the bilochemical oxidation of organic matter under EPA
approval laboratory procedure in five (5) days at 20° C, expressed
in milligrams per liter.

"Building drain" shall mean that part of the lowest horizontal piping
of a drainage system which receives the discharge from soil, waste, and
other drainage pipes inside the walls of buildings and conveys it to
the building sewer, beginning five (5) feet outside the inner face of
the building wall.

"Pullding sewer' shall wmean the extenston from the bullding drain to
the public sewer or other place of disposal, also called house con-
nection or service connection.

"Combined sewer'" shall mean a sewer receiving both surface runoff and
sewage.

"Customer" shall mean every person who is responsible for contracting
(expressly or implicitly) with the City of Trenton in obtaining, having,
or using sewer connecticns with, or sewer tap to, the sewer system of
the City of Trenton and in obtaining, having, or using water and other
related services furnished by the City of Trenton for the purpose of
disposing of wastewater and sewage through said system. Sald terms
shall include the occupants of each unit of a multiple-family dwelling
unit building as a separate and distinct customer.

"Fasement' shall mean an acquired legal right for the specific use of
land owned by others.

"Floatable 0il" is oil, fat, or grease in a physical state such that it
will separate by gravity from wastewater by treatment in an approved

pretreatment facility. A wastewater shall be considered free of float-
able oil if it is properly pretreated and the wastewater does not Inter-

fere with the collection system.

-1 -
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2.8

2.9

2.10

2.11

2.12

2.13

2.14

2.15

2.16

2.17
2.18

2.19

2.20

2,21

2.22

"Flush toilet" shall mean the common sanitary flush commode in general
use for the disposal of human excrement.

"Garbage" shall mean the animal and vegetable waste resulting from the
handling, preparation, cooking, and serving of foods.

"Health Officer" shall mean the director of the Coundy Board of Health
or other person designated by the director and their duly appointed
assistants.

"Industrial wastes" shall mean the wastewater from industrial processes
as distinct from domestic or sanitary wastes.

"Infiltration/Inflow" shall mean groundwater and surface water which
leaks into the sewers through cracked pipes, joints, manholes, or other
openings.

"Natural outlet" shall mean any outlet, including storm sewers and com-
bined sewer overflows, into a watercourse, pond, ditch, lake, or other
body or surface of groundwater.

"May" 1is permissive (see "shall," Section 2.27).
"Municipality" shall mean the governmental body having jurisdiction over

the maintenance and operations of the sanitary sewer system within the
City.

"Normal wastewater" shall mean wastewater discharged into the sanitary
sewers in which the average concentration of total suspended solids is
not more than 350 milligrams per liter (mg/l), BOD5 is not more than
300 mg/1, total phosphorous 1is not more than 15 mg/l, total Kjeldahl

nitrogen is not more than 20 mg/l, and the total flow is not more than
25,000 gallons per day.

"Person" shall mean any individual, firm, company, association, society,
corporation, or group,

"pH'" shall mean the logarithm of the reciprocal of the hydrogen ion
concentration.

"Pit privy" shall mean shored, vertical pit in the earth completely
covered with a flytight slab on which is securely located a flytight
riser covered with hinged flytight seat and 1lid.

"Properly shredded garbage' shall mean the wastes from the -preparation,
cooking, and dispensing of food that have been shredded to such a degree
that all particles will be ~-r»i | freely under the flow conditions

normally prevaliling in public sewers, with no particle ,reater than
one-half inch in any dimension.

"Public sewer' shall mean a common sewer controlled by a governmental
agency or public utility.

"Sanitary sewer" shall mean a sewer that carries liquid and water-
carried wastes from residences, commercial buildings, industrial plants,
and institutions together with minor quantities of ground,

storm, and
surface waters that are not intentionally admitted.

-2 -
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2,23 "Septic tgnk"” shall mean a subsurface impervious tank designed to tempo-

2.24

2.25

2.26

2.27

2.28

2.29

2.30'

2.31

2,32

2.33

2.34

2,35

rarily retaln sewage or similar waterborne wastes together with:

a, A sewer line constructed with solid pipe, with the joints sealed,
connecting the impervious tank with a plumbing stub out; and

b. A subsurface system of trenches, piping, and other materials con-
structed to drain the clarified discharge from the tank and dis-
tribute it underground to be absorbed or filtered.

"Sewage' 13 the spent water of a community. The equivalent term 1is
"wastewater" (See Section 2.33).

"Sewer" shall mean a pipe or conduit that carrins wastewater.

"Sewage works" (sewerage) shall mean all facilities for collecting, pumping,

treating, and disposing of sewage.
"Shall" is mandatory (See "may," Section 2.15).

"Slug" shall mean any discharge of water or wastewater which in concen-
tration of any given constituent or in quantity of flow exceeds for any
period of duration longer than fifteen (15) minutes more than five (5) .
times the average twenty-four (24) hour concentration of flows during
normal operation and shall adversely affect the collection system and/or
performance of the wastewater facilities.

"Storm drain" (sometimes termed "storm sewer") shall mean a drain or sewer
for conveying water, groundwater, subsurface water, or unpolluted water
from any source and excluding sewage and industrial wastes other than un-
poliuted cooling water,

‘Superintendent' shall mean the utilities commissioner or his authorized

deputy, agent or representative,

"Suspended solids" shall mean total suspended matter that either floats
on the surface of, or is in suspension in, water, wastewater, or other
liquids, and that is removable by laboratory filtration as approved by
EPA and referred to as nonfilterable residue.

"Unpolluted water' is water of quality equal to or better than the effluent
criteria in effect or water that would not cause violation of receiving
water quality standards and would not be bhenefited by discharge to the
sanitary sewers and wastewater treatment facilities provided.

"Wastewater' shall mean the spent water of a community. From the stand-
point of source, it may be a combination of the liquid and water-carried
wastes from residences, commercial building, industrial plants, and in-

stitutions together with any groundwater, surface water, and stormwater

that may be present,

"Wastewater facilities" shall mean the structures, equipment, and processes

required to collect, carry away, and treat domestic and industrial wastes
and dispose of the effluent.

"Watercourse' shall mean a natural or artificial channel for the passage
of water elther continuously or intermittently,



3.1

3.2

3.3

3.4

3.5

3.6

4.1

4.2

4,3

ARTICLE 3
USE OF PUBLIC SEWERS REQUIRED

All premises shall be provided, by the owner thereof, with at least one

(1) toilet. All tollets shall be kept clean and in a sanitary working
condition.

No person shall dispose of human excrement except in a tollet.

It shall be unlawful to discharge to any natural outlet within the Clty
of Trenton, or in any area under the jurisdiction of the City of Trenton,
any wastewater of other polluted waters, including septic tank effluent
or cesspool overflow to any open draln or well-penetrating, water-hearing

formation, except where suitable treatment has been provided in accordance

with subsequent provisions of this ordinance.

Except as hereinafter provided, it shall be unlawful to construct or main-

tain any privy, privy va.lt, septic tank, cesspool, or other factlity in-
tended or used for the d.sposal of wastewater.

The owner(s) of all houses, buildings, or properties used for human occu-
pancy, employment, recreation, or other purposes situated within the City
of Trenton jurisdiction and abutting on any street, alley, or right-of-

way in which there is now located or may In the future be located a public

sanitary sewer of the City of Trenton is hereby required at the owner(s)
expense to Install suitable toilet facilities herein, ard to connect such
facilities directly with the proper public sewer in accordance with the
provisions of this ordinance, within thirty (30) days after date of
official notice to do so, provided that said public sewer is within 100
feet of the property line.

All sinks, dishwashing machines, lavatories, basins, shower baths, bath-
tubs, laundry tubs, washing machines, and similar plumbing {ixtures or
appliances shall be connected to the public sewer; provided, that where
no sewer is avallable, septic tanks or other private suh:zurface disposal
facilities approved by the health officer may be used,.

ARTICLE 4
PRIVATE WASTEWATER DISIOSAL

Where a public sanitary sewer is not available under the provisions of
Article 3, the buiiding sewer shall be connected to a private wastewater
disposal system complying with the provisions of the City of Trenton and
the Georgia Department of Human Resources,

Septic tanks =nali be constructed, repaired, altered, enlarged and main-
talned in accordance with plans and specifications approved by the health
officer. Septic tanks shall be maintained in sanitary working order,

No person shall construct, repair, alter, or enlarge anv septic tank un-
less he shall hold a valid permit for such work issued Ly the health

offfcer. The health officer may withhold the Issuance of such a permit

pending the inspection and approval by the health offic v of the +ite and

location of the proposed work. Before any septic tank or any part thereof

®
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may be covered after it has been constructed, repalred, dltered, or en-
larged, it shall be inspected and approved by the health officer.

The type, capacities, location, and layout of a private wastewater dis-
posal system shall comply with all recommendations of the Department of
Human Resources of the State of Georgia. No permit shall be issued for
any private wastewater disposal system emploving subsurface soll absorp-
tion facilities where the area of the lot 1s less than 20,000 square feet.
No septic tank or cesspool shall be permitted to discharge to any natural
outlet.

No septic tank or other subsurface disposal facility shall be installed
where a public sewer is accessible to the premises involved, nor in any
place where the health offlcer deems the use of same to be a menace to
human health or well being.

At such time as a public sewer becomes available to a property served by
a private wastewater disposal system, a direct connection shall be made
to the public sewer within thirty (30) days after notice. Any septic
tanks, cesspools, and similar private wastewater disposal facilities
shall then be cleaned of sludge and filled with suitable material.

The owner(s) shall operate and maintain the private wastewater disposal
facilitles in a sanitary manner at all times, at no expense to the City
of Trenton.

No subsurface disposal facilities shall be installed in any place where
the health officer deems the use of such facilities to be a menace to
human health or well being.

Every flush toilet shall be connected to a public sewer where available
or to a septic tank. Flush toilets shall be provided at all times with
sufficient running water under pressure to flush the toilet clean after
each use,

No pit privy shall be installed in the following locations:
a. Where a public sewer is accesible to the premises involved; or,

b. In areas where the health officer deems the use of pit privies to
constitute a nuisance or menace to the public health; or,

C. Where a pit privy may pollute any water supply; or,

d. Where the nse of pit privies is not in keeping with the Standard of
sanitation In adjacent areas.

Discharge of septic tanks in sewer system.

a. Restricted. It shall bz unlawful to empty, dump, throw or otherwise
discharge, into any manhole, catch basin or other opening, into the
City of Trenton sewer system, or any system connected with and dis-
charging into the sewer system, the contents of any septic tank,
sludge, sewage, or other similar matter or material, except as pro-
vided in Subsection "b" hereof.
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b. Permits. The Superintendent is hereby authorized to grant permits
to discharge the contents of septic tanks at locations specified by
the Superintendent and under his supervision. Such permits may be
revoked at any time if, in the opinion of the Superintendent, con-
tinued dumping of such matter into the sewers will be injurious to
the sewer system or treatment processes.

c. Charges. A charge shall be made for the privilege of dumping the
contents of septic tanks, as provided in separate rules. A record
shall be kept of such dumpings and statements rendered at the first
of each month, the amount of such statements shall be payable within
ten (10) days after rendition. Failure to pay the amounts due within
such 10 day period shall be cause for revoking the permit.

Any premise that has a septic tank, privy, or any other sewage, industrial
v:aste, or liquid waste disposal system, located thereon that does not func-
tion in a sanitary manner shall be corrected within thirty (30) days from
the receipt of written notification from the health officer and said sys-

tem is not functioning in a sanitary manner, and order that said system
be corrected.

Premises with private water systems shall not be connected with the
public sewerage system.

No statement contained in this article shall be construed to interfere
with any additional requirements that may be imposed by the health officer.

ARTICLE 5
BUILDING SEWERS AND CONNECTIONS

No unauthorized person shall uncover, make any connections with or opening
into, use, alter, or disturb any public sewer or appurtenance thereof with-
out first obtaining a written permit from the City of Trenton.

The owner or his agent shall make application on a special form furnished
by the City of Trenton. The permit application shall be supplemented by
any plans, specifications, or other information considered pertinent In

the Judgement of the Superintendent. A permit and inspection fee as speci-
fied elsewhere shall be paid at the time the application is filed.

Al1l costs and expenses incidental to the installation and connectlon of

the building sewer shall be borne by the owner. The owner shall Indemnify
the City of Trenton from any loss or damage that may directly or indirectly
by occasioned by the installation of the building sewer.

A separate and iadependent buildine sewer shall be provided for every
building: evrens - -0 ,ilding stands at the rear of another on an
interior Lot and no private sewer is available or can be constructed to
the rear building through a2 . adjoining alley, court, yard, or driveway,
the front building may be extended to the rear bujlding and the whole
considered as one bullding sewer, but the City of Trenton does not and
will not assume any obligation or responsibility for damage caused by

or resulting from any such single connection aforementioned.



5,3 01d building sewers may be used in connection with new buildings only when
they are found, on examination and test by the Superintendent, to meet all
requirements of this ordinance,

5.6 The size, slope, alignment, materials of construction of a building sewer,
and the methods to be used in construction shall all conform to the require-
ments of t¢he building and plumbing code or other applicable rules and regula-
tlons of the county. In the absence of code provisions or in amplification
thereof, the materials and procedures set forth in appropriate specifi-
cations of the American Society for Testing and Materials (ASTM) and Water
Pollution Control Federation (WPCF) Manual of Practice No. 9 shall apply.

Additionally, the following materials and methods shall apply to building
sewers within City of Trenton supervision:

a. The building sewer shall be cast iron soil pipe, ASTM Specification
A74, latest revision, or equal; ductile iron pipe, American National
Standards Institute (ANSI) Specification A21,51, latest revision, or
equal; or polyvinyl chloride (PVC) sewer pipe, ASTM Specification
D3034, latest revision. All joints shall be tight and waterproof.

Any part of the building sewer that 1s located within ten (10) feet

of a water service pipe shall be constructed of cast iron soil pipe
or ductile iron pipe with bolted mechaunical joints may be required by
the Superintendent where the sewer is exposed to damage by tree roots.
I1f installed in filled or unstable ground, the building sewer shall

be of cast iron soil pipe, except that plastic pipe may be acceptable
if laid on a suitable concrete bed or cradle as approved by the
Superintendent.

b. The size and slope of the building sewer shall be subject to the
approval of the Superintendent, but in no event shall the diameter
be less than four (4) inches. The slope of such four (4) inch pipe
shall not be less than one-eighth (1/8) inch per foot. Furthermore,
the appropriate requirements of the Occupational Health and Safety
Act (OSHA) shall be followed.

o The depth shall be sufficient to afford protection from frost, and
the building sewer shall be laid at uniform grade and with straight
alignment insofar as possible. Changes in direction shall be made
only with properly curved pipe and fittings. Building sewers shall
not be placed in the same trench with water service lines,

d. An excavation required for the installation of a building sewer shall
be open trench work unless otherwise approved by the Supérintendent.
Pipe laying and backfill shall be performed In accordance with ASTM
Specification C12, latest revision, except that no backfill shall be
placed until the work has been inspected and approved.,

e. All joints and connections shall be made gastipht and watertight.

Push-on joints for cast iron soil pipe shall have neoprene gaskets in
accordance with the requirements of ASTM C-564.

Push-on joints for ductile iron pipe shall also have neoprene gaskets
and be installed according to the manufacturer's recommendations.

Y



PVC pipe joint material shall be of the bell and spigot type, sealed
with a rubber "0"-ring gasket, having a composition and texture which,
is resistant to the common ingredients of sewage, industrial wastes
(including oils), and groundwater, and which will endure permanently
under the conditions likely to be imposed by this use. Installation
of gasket shall be done in accordance with the pipe manufacturer's
instructions using all the necessary materials, lubricants, and
equipment recommended by the manufacturer.

Other jointing materials may be used only when approved by the
Superintendent.

£. The connection of the building sewer into the public sewer shall be
made at the "Y' branch, if such a branch is available at a suitable
location. If the public sewer is twelve (12) inches in diameter or
less, and no properly located "Y" branch is available, the City of
Trenton shali, at the owner's expense, cut a neat hole into the
public sewer, with entry in the downstream direction at an angle of
about forty-five (45) degrees, and install a forty-five (45) degree
elbow with the spigot end cut so as not to extend past the inner sur-
face of the public sewer. The invert of the building sewer at the
point of connection shall be at an elevation of at least one~tenth
(0.1) foot above the invert of the public sewer. A neat smooth joint
shall be made, and the connection made secure and watertight by en-
casement in concrete. Special fittings may be used for the connection
only when approved by the Superintendent.

5.7 Whenever possible, the building sewer shall be brought to the building at
an elevation below the basement floor. No building sewer shall be laid
parallel to or within three (3) feet of any bearing wall which might there-
by be weakened. In all buildings in which any building drain is too low
to permit gravity flow to the public sewer, sanitary sewage carried by
such building drain shall be lifted by an approved means and discharged
to the building sewer.

5.8 No person shall ake connection of roof downspouts, foundation drailns,
areaway drains, or other sources of surface runoff or groundwater to a
building sewer or building drain which in turn is connected directly or
indirectly to a public sanitary sewer unless such connection is approved
for purposes of disposal of polluted surface drainage.

5.9 The applicant for the building sewer permit shall notify the Superintendent
when the building sewer is ready for inspection and connection to the
public sewer. The connection and testing shall be made under the super-
vision of the Superintendent or his representative.

5.10 All excavations for building sewer installation shall be adequately
guarded with barricades and lights so as to protect the public from hazard,
Streets, sidewalks, parkways, and other public property disturbed in the

course of the work shall be restored in a manner satisfactory to the City
of Trenton,

5.11 The City of Trenton will define the availabllity of sewers and any costs
associated with sewer permits or construction.

5.12 The connection of the building scwer into the public sewer shall conform to
the requirements of the building and plumbing code or other applicable rules
and regulations of the City of Trenton or the procedures set forth in

-8 -
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appropriate specifications of the ASTM and the WPCF Manual of Practice
No. 9. All such connections shall be made gastight and watertight and
verified by proper testing. Any deviation from the prescribed procedures
and materials must be approved by the Superintendent before installation.

If any house sewer permits the entrance of infiltration or inflow, the
City of Trenton may:

a. Require the owner to repair the house sewer.

b. Charge the owner a sewer rate that reflects the costs of the additional
expense of sewage treatment from the owner's property.

c. Require the owner to disconnect his sewer from the Trenton sewer
system.

ARTICLE 6
RESTRICTED USE OF THE PUBLIC SEWERS

No person shall discharge or cause to be discharged any unpolluted
waters such as stormwater, groundwater, roof runoff, subsurface drainage,
cooling water, or unpolluted industrial process waters to any sanitary
sewer.

No person shall discharge or cause to be discharged any sanitary waste-
water into a storm sewer system.

No person shall discharge or cause to be discharged any of the following
described water or wastes to any public sewers:

a. Any gasoline, benzene, naptha, fuel oil, or other flammable or ex-
plosive liquid, solid, or gas.

b. Any waters containing toxic or poisonous solids, liquids, or gases in
sufficlent quantity, either singly or by interaction with other
wastes, to injure or interfere with any waste treatment process,
constitute a hazard to humans or animals, create a public nuisance,
or create any hazard in the receiving waters of the wastewater treat-
ment plant.

c. Any waters or wastes having a pH lower than 5.5 or greater than 9.0,
or having any other corrosive property capable of causing damage or
hazard to structures, equipment, and personnel of the wastewater works,

d. Solid or viscous substances in quantities or of such size capable of
causing obstruction to the flow in sewers, or other interference with
the proper operation of the wastewater facilities such as, but not
limited to, ashes, bones, cinders, sand, mud, straw, shavings, metal,
glass, raps, feathers, tar, plastics, wood, unground garbage, whole
hlood, paunch manure, hair and fleshings, entrails and paper dishes,
cups, milk contalners, etc., either whole or ground by garbage grinders.

The following described substances, materials, waters, or waste shall be
limited in discharges to municipal systems to concentrations or quantities



which will not harm either the Sewers, wastewater treatment process or
equipment, will not have an adverse effect on the receiving stream, or
will not otherwise endanger lives, 1limb, public property, or constitute a
nuisance. The limitations or restrictions on materials or cnaracteristics
of waste or wastewater discharged to the sanitary sewer which shall not be
violated without approval of the City of Trenton are as follows:

a. Wastewater having a temperature higher than 150°F (65°C) or wastewater
which will elevate the temperature of the influent to the publicly
owned treatment works (POTW) tc 104°F (40°C) or higher.

b. Wastewater containing more than 25 milligrams per liter of petroleum
oil, nonbiodegradable cutting oils, or product of mineral oil origin.

c. Wastewater containing more than 100 milligrams per liter of oils, fat,
grease, or wax, whether emulsified or not, or containing substances

which may solidify or become viscous at temperatures between 32°0F
(0°C) and 150°F (65°C).

d. Any garbage that has not been properly shredded. Garbage jsrinders )
may be connected to sanitary sewers from homes, hotels, institutions,
restaurants, hospitals, catering establishments, or similar places
where garbage originates from the preparation of fcod In kitchens for
the purpose of consumption on the premises or when served by caterers.

All industrial discharges to the Trenton sewer system must comply with
the Federal Industrial Pretreatment Standards (40 CFT Part 403) and
those Industrial Pretreatment Standards developed by the Georgia En-~
vironmental Protection Division.

f. Any waters or wastes containing taste-or odor-producing substances
exceeding limits which may be established by the City of Trenton.

g. Any radioactive wastes or isotopes of such half-life or concentrations
as may exceed limits established in compliance with applicable state
or federal regulations.

h. Quantities of flow, concentrations, or both which constitute a "slug"
as defined in Section 2.28,.

1. Waters or wastes containing substances which are not amenable to treat-
ment or reduction by the wastewater treatment processes employed, or
are amenable to treatment only to such degree that the wastewater
treatment plant effluent cannot meet the requirements of ather agencles
having jurisdiction over discharge to the recelving waters.

j. Any wvater or wastes which, bv interaction with other water or wastcs
in the public sewer system, release obnoxious gases, for solids which
interfere with the collection system, or create a condltion deleterious
to structures and treatment processes.

k. Materials which exert or cause:

(1) Any unusual concentirations of inert suspended solids (such as, but
not limited to, Fuller's carth, lime slurries, and lime residues)
or of dissolved solids (such as, but nct limited to, sodium
chloride and sodium sulfate),

- 10 -
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(2) Excessive discoloration (such as, but not limited to, dye wastes

and vegetable tamning solutions).

(3) Unusual BOD (above 300 mg/l1), chemical oxygen demand, or chlorine
demand In such quantities as to constitute a significant load on

the sewzge treatment plant.

If any waters or wastes are discharged or are proposed to be discharged to

the public sewers, which waters contain the substances or possess the
characteristics enumerated above and which in the judgement of the

(Municipality), may have a deleterious effect upon the wastewater facilities,

processes, equipment, or recelving waters, or which otherwise create a
hazard to life or constitute a public nuisan.2, the City of Trenton may:

a. Reject the wastes,

b. Require pretreatment to an acceptable condition for discharge to the
public sewers,

c. Require control over the quantities and rates of discharge, and/or

d. Require surcharge payment to cover added cost of handling and treqting

the wastes.

Srease, oil, and sand interceptors shall be provided when, in the opinion
of the City of Trenton, they are necessary for the proper handling of
liquid wastes containing floatable grease in excessive amounts, sand, or
nther barmful ingredients; except that such interceptors shall not be re-
quired for private living quarters or dwellling units. All interceptors

shall be of a type and capacity approved by the Superintendent and shall be
located as to be readily and easily accessible for cleaning and inspection.

In the maintenance of these interceptors, the owner shall be responsible
for the proper removal and disposal by appropriate means of the captured
material and shall maintain records of the dates and means of disposal
which are subject to review by the Superintendent. Any removal and
bauling of the collected materials not performed by owner's personnel
must be performed by currently licensed waste disposal firms.

When vequived by the City of Trenton the owner of any property serviced
by a building sewer carrying iudustrial wastes shall install a suitable
structure together with such necessary meters and other appurtenances in
the building sewer to facilitate observation, sampling, and measurement
of the wastes, Such structure, when required, shall be accessibly and
safely located and shall be constructe! in accordance with approved
plans. The structure shall bhe installed by the owner at his expense and
shall be maintained by him so as to be safe and accessible at all times.
This requirement will be on a case-by-case basis.,

The industrial users may be required to provide information needed to de-
termine compliance with this ordinance. These requirements may include:

a. Wastewater discharge peak rate and volume over a specified time
period;
b. Chemical analyses of wasteuaters;
- 11 -
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c. Information on raw materials, processes, and products affecting
wastewater volume and quality;

d. Quantity and disposition of specific Iiquid, sludge, oil, solvent,
or other materials important to sewer use control;

e. A plot plan of sewers of the user's property showing sewer and
pretreatment facility location;

f. Details of wastewater pretreatment facilities; and

g. Details of systems to prevent and control the losses of materials
through spills to the public sewer.

No statement contained in this article shall be construed as preventing
any special agreement or arrangement between the City of Trenton and any
industrial concern whereby an industrial waste of unusual strength or
character may be accepted by the City of Trenton for treatment,

All measurements, tests, and analyses of the characteristics of waters and
wastes to which reference is made in this ordinance shall be determined in
accordance with the latest edition of "Standard Methods for the Examina-
tion of Water and Wastewater,' published by the American Public Health
Association. Sampling methods, location times, durations, and frequencies
are to be determined on an individual basis, subject to approval by the
City of Trenton.

Pretreatment of Wastes

Persons discharging industrial wastes into the sewerage system may be
required to pretreat such wastes. Plans for all pretreatment facilities
shall be approved by the Superintendent or the Georgia Environmental Pro-
tection Division prior to construction. At the time written plans are
submitted for approval, written maintenance plans shall also be submitted
and approved by the Superintendent. The facilities shall be allowed to
operate only as long as they are maintained in accordan-e with the approved
maintenance plans. Pretreatment requirements shall he determined on a
case-by-case basis and shall include the following facilities as a minimum:

a. Neutralization - 1f plans are submitted for the neutralization of
strong acid or alkaline wastes, the plans shall include the necessary
instrumentation and controls to assure compliance with the above re-
gulations at all times.

b. Equalization - Holding tanks or equalization basins shall be required
ahead of the receiving manhele of the Trenton sewerage system when
deemed necessary by the Superintendent to prevent peak [lows that
exceed the capacity of the system or that result in operational
problems.

c. All pretreatment facilities shall be operated and maintained continuously
in satisfactory and effective operation by the owner at his cxpense.

Waiver of Requirements - There shall be no provision for the granting of
variances for discharge of incompatibie wastes. 1If a user begins to violate
any of the provision of Article 6, it shall be his responsibility to apply



6.13

6.14

to the Superintendent who can issue a temporary permit along with a com-
pliance schedule for planning and construction of necessary tveatment or
pretreatment works. Fach case will he carefully evaluated with respect
to its effect on the wastewater treatment system and the environment
prior to issuance of a temporary permit and compliance schedula.

Any dilution of the wastewater by the user for the purpose of decteasing
the concentrations of toxic materials shall be considered as a violation
of this ordinance.

Discontinuance of Service for Failure to Comply - Failure to comply with
the provisions of Article II shall be cause for the discontinuance of sewer
or water service to the offending person. The procedure shall be as
follows: A written notice, signed by the Superintendent, shall be de-
livered personally to the person then responsible for the of fending use,
outlining the conditions of the wastes which violate the City of Trenton
ordinances. 1In the event that the person in charge will not accept the
notice, it shall be conveyed by registered mail to the responsible person.
The person notified shall have twenty-four (24) hours from the time of re-
ceipt of the notice, either personally delivered or received by registered
mail, to correct the offending conditions. If correction is not made or

a request for extension is not received by the City of Trenton within .
tventy-four hours, it shall be mandatory that water or sewer service shall
be discontinued to the offending person without further notice. If a
request for an extension of time is received by the City of Trenton within
twenty-four (24) hours of the above notice and if circumstances are

such that, in the opinion of the Superintendent, the best interest of the
City of Trenton would be served by extending the time for correction of
the offending condition, then he may grant an extension of time up to a
maximum limit of thirty (30) days.

Responsibillties of the Person Discharging Waste - It shall be the respon-~
sibility of the person discharging industrial waste into the Trenton
sewerage system to:

a. Build a, control structure in the discharge line from his premises,
immediately prior to the entrance of the discharge line into the
Trenton sewerage system, suitable for the sampling and measuring of
wastes. Plans for this structure must be approved by the City of
Trenton. This requirement may be waived if deemed unnecessary by the
City of Trenton.

In the event that no special manhole is required, the control manhole
shall be considered to be the nearest downstream manhole in the
public sewer to the point at which the building sewer is connected.

b. Contact the Superintendent prior to operation changes which will
materially alter the characteristics of the waste from the last

prior sampling.

c. Make timely, perindic payments to the City of Trenton of surcharges
for excessive loadings.

- 13 - | " y \/\“\
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ARTICLE 7
MALICICUS DAMAGE

No person shall maliciously, willfully, or negligently break, damage,
destroy, uncover, deface, or tamper with any structure, appurtenance, or
equipment which is a part of the wastewater facilities. Any person vio-
lating this provision shall be subject to immediate arrest under charge
of disorderly conduct.

ARTICLE 8
POWERS AND AUTHORITY OF INSPECTORS

Duly authorized employees or agents of the City of Trenton bearing
proper credentials and identification shall be permitted to enter all
properties for the purposes of inspection, observation, measurement,
sampling, and testing pertinent to discharge to the public sewerage
system in accordance with the provisions of this ordinance.

While performing the necessary work on private properties referred to
herein, the authorized employees or agents of the City of Trenton shall
observe all safety rules applicable to the premises established by the
company, and the company shall be held harmless for injury or death to

the employees, and the City of Trenton shall indemnify the company against
loss or damage to its property by said employees or agents and against
liability claims and demands for personal injury or property damage
asserted against the company, except as such may be caused by negligence
or failure of the company to maintain safe conditions as required by

this ordinance.

Duly authorized employees or agents of the City of Trenton bearing proper
credentials and identification shall be permitted to enter ali private
properties through which the City of Trenton holds an easement for the
purposes of, but not limited to, inspection, observation, measurement,
sampling, repair, and maintenance of any portion of the wastewater facili-
ties lying within said easement. All entry and subsequent work, 1f any,
on said easement, shall be done in full accordance with the terms of the
duly negotiated easement pertaining to the private property involved.

ARTICLE 9
COMPLIANCE WITH REGULATORY REQUIREMENTS

The provisions of this ordinance shall not be deemed as alleviating com-
pliance with applicable state and federal regulations. Specific user
charge and industrial cost recovery requirements, promulgated pursuant to
Public Law 92-500, shall be considered as a part of this ordinance upon
official adoption. All non-residential users will he required to comply
with pretreatment standards as outlined in Title 40 of the Code of Federal
Regulations, Part 403,

- 14 -
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ARTICLE 10
VIOLATIONS

Violattons of this ordinance shall be a misdemeanor punishable under the
laws of the State of Georgia. Each day of continuing violation shall be
considered a separate offense. Any person violating any of the provisions
of this ordinance shall become liable to the City of Trenton for any ex-
pense, loss, or damage occasioned the City of Trenton by reason of
violation.

In the event of violation of this ordinance, the health officer or
authorized employees may verbally instruct the owner as to the necessary
corrective action. If the owner fails to carry out verbal instructions in
a. timely manner or if a serious violation or hazard to public health
exists, the health officer or City of Trenton may issue to the owner a
written order stating the nature of the violation, the corrective action,
and the time limit for completing the corrective action. The record of
the mailing of said notice or order shall be prima facie evidence thereof
and failure of said owner or owners to receive same shall in no way affect
the validity of any proceedings conducted pursuant to this ordinance.

Failure to comply with any written order duly issued by the health officer
or City of Trenton pursuant to this ordinance will constitute a separate
misdemeanor and upon conviction thereof shall be punishable as provided

by the laws of the state. Provided further, that compliance with this
ordinance is required notwithstanding the fact that a written order might
not have been issued.

The violation of any provisions of this ordinance, as now existing or as
may be hereafter amended, may be enjoined by instituting appropriate pro-
ceedings for injunction in the courts of competent jurisdiction in this
state. Any public nuisance which is injurious to the public health,
safety, or comfort may be abated by instituting appropriate proceedings
for injunction in the court of competent jurisdiction in this state.

Such actions may be maintained notwithstanding the fact that such vio-
lation also constitutes a crime, and notwithstanding that other adequate
remedies at law exist. Such actions may be instituted in the name of the
City of Trenton.

Upon the receipt of a notice of a violation of this ordinance and/or an
order of the City of Trenton requiring an act or thing to be done or to
ceoase, the nwner or owners of any premises then in question may, in
writing, demand a hearing before the City of Trenton to present the evi-
dence chtallenging the validity of the City of Trenton's order. The
owrner may appear in person, by agent, or by attorney. Said demand must
be filed with the Clerk of the City of Trenton and be made within five
(5) davs from the receipt of the order being challenged. Upon receipt
of a demand for a hearing, the City of Trenton will set a date, time, and
ptace for said hearing to be not less than twenty-one (21) days from the
date of filing of said demand.

The hearing as provided herein shall apply to any customer's complaint,

dispute, or challenge of the City of Trenton's rules, regulations, re-
solutions, ordinances, or policies. Upon customer's written complaint
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12.

1

filed with the clerk, the Municipality shall set a hearing as provided
herein or at a time agreed upon by the partles.

Evidence before the City of Trenton of any hearing conducted pursuant to
Section 9.5 herein shall be admitted in accordance with the rules of evi-
dence of the superior courts of the state; provided, however, the City of
Trenton may take official notice of any order, rule, regulation, or any
other document, record, or entry contained in its official record or
minutes for evidentiary purposes.

For the purposes of this ordinance, the decisions of the City of Trenton

will prevail in any instance in which there is a conflict between it and

the health officer on any issue of sanitation, or the lack of it, and its
effect on human health or well being.

ARTICLE II

SERVICE CHARGES
It is hereby determined necessary to fix and collect sewer service charges
from customers. Such charges shall be published separate from this ordi-
nance and the revenue received shall be used for operation, maintenance,
debt retirement, and other authorized expenses.

ARTICLE 12

AUTHORITY TO DISCONNECT SERVICE

The City of Trenton reserves the right to terminate water and wastewater
disposal services and disconnect a customer from the system when:

a, Acids or chemicals damaging to sewer lines or treatment process are
released into the public sewer causing rapid deterioratiorn of these

structures or interferring with proper conveyance and treatment of
wastewater; or

b. A povernmental agency informs the City of Trenton that the effluent

from the wastcwater treatment plant is no longer of a quality permitted
for discharge into a watercourse, and it is found that the customer 1is
discharging wastewater into the public sewer that cannot be sufficiently

treated or requires treatment that is not provided by the Clty ¢t
Trenton as normal domestic treatment; or

c. The customer:

@D) Discharges industrial wvaste or wastewater that is in violation
of the permit issued by the approving authority; or

(2) Discharpges wastewater at an uncontrolled, variable rate in

sufficient quantity to cause an imbalance in the wastewater
treatment process; or

(3) Fails to pay monthly bills for sanitary sewer service when duec; or

(&) Repeats 4 discharge of prohibited wastes into public sewers.

IR



12.2 Notification processes for discontinuance of service aré presented in
Paragraph 6.13 of Article 6.

ARTICLE 13
CONFLICT WITH OTHER ORDINANCES

13.1 All ordinances or parts of ordinances in conflict herewith are hereby
repealed.

13.2 The invalidity of any section, clause, sentence, or provision of this
ordinance shall not affect the validity of any other part of this or-
dinance which can be given effect without such invalid part or parts.

13.3 In the event a wastewater discharge is made to a publicly owned treat-
ment works (POTW) under the jurisdiction of an approved sewer use or-
dinance for another governing authority, the more vestrictive requirement
shall prevail.

ARTICLE 14
ORDINANCE IN FORCE

This ordinance shall be in full force and effect from and after its passage,
approval, recording, the public welfare requiring it.

Passed and adopted by the Trenton City Council, Dade County, Georgia on
the 9th day of  July , 1984,

ATTEST: % _7—-0/) MM

LAWSON, MAYOR CITY OF TREj}ON

G- 0t G }//L%% "/ % (Z%ﬂmv

L. WARREN COUNCILMAN

| NFUGOME COUNCILMAN

KJtte'\

ek ROBERT McCLURE, COUNCLLMAN
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APPENDIX P

SEWERLINE VISUAL INSPECTION PROCEDURE



Sewerline Visual Inspection Procedure

Identification

Identify and number each manhole on a map of the sewer system so that
problems observed during the inspection can be located on the map. Also,
any discrepancies between the map and actual sewerline construction

should be corrected on the map at this time,

Safety

Manhole or sewerline inspection is hazardous work and extreme safety pre-
cautions should be observed at all times. Some of the hazards are toxic

gases, physical injury, infections, chemicals, and drowning.

Manhole

Visual inspection of manholes involves both surface and internal inspec-
tion. Things to look for are surface drainage, holes in cover, leaks
around cover or frame, condition of manhole walls and floor, leaks through

walls or around pipes, and increased flows.

Sewerlines
Walk the collection system to locate sources of inflow. Particular atten-
tion should be given to sunken areas over the sewerline, areas with pond-

ing water, and condition of sewerline at stream crossings.

Flov and Temperature

Flows can be measured or estimated and water temperature measured in each
manhole to locate I/I areas. A sudden unexplained change could indicate
surface or groundwater entering the system. This information can be used

later to determine sections for conducting smoke testing.

-



Smoke Testing

Conduct smoke tests in the areas suspected of having I/I problems. How-
ever, smoke will not pass through pipes that have sags or water traps.
Examples of I/I that can be identified with smoke testing are storm drain
connection; holes in sewerlines; and roof, cellar, yard, and foundation

drains.

Repairs

All sources of I/I identified in the inspection should be repaired.
Material suppliers should be contacted for information concerning the

methods and materials for the repairs.

General
For detailed informacion for correcting L/l problems, the Lorlowiiy

manual should be purchased at a cost of $18.00: Existing Sewer Evalua-

tion and Rehabilitation, WPCF Manual of Practices No. FD-6.




