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ABSTRACT

After years of operational problems, permit violations and public health

concerns, the Town of Edgartown, located on the Island of Martha’s Vineyard, is

achieving high levels of denitrification with wide swings in flows and loadings. The

Town’s original wastewater treatment facility consisted of a conventional activated

sludge type design without primary clarifiers, and used effluent groundwater

disposal, and sludge drying beds. During the late 1980s, the facility, constructed in

1972, began to show the impact of increased summer flows and loadings, resulting

in hydraulic overloading, flooded discharge beds, increase in odor generation and

complaints, and violations of various discharge permit limits.

For the town, Earth Tech designed a 0.755-mgd advanced wastewater treatment

facility (WWTF), which included a new operations building, renovations to the

existing operations building, a pretreatment building, primary clarifiers, activated

sludge process with separate anoxic and aerobic basins (the Modified Ludzack-Ettinger

(MLE) process), secondary clarifiers, ultraviolet disinfection, rapid infiltration

basins for effluent disposal into Martha’s Vineyard's sole source aquifer, sludge

processing facilities, and odor control collection and treatment systems. This design

allows the town to meet its Class I groundwater discharge permit and benefit from

the alkalinity payback and D.O. credit unique to a single sludge denitrification

system. The MLE process further allows great flexibility in the wide winter to

summer swings in flows and loadings, without compromising treatment efficiency.

Since the upgraded facility went on-line in April 1996, average daily flows have

ranged from approximately 50,000 gpd during the winter to greater than 300,000

gpd in the summer. BOD concentrations vary from approximately 60 to 700 mg/l;

TSS concentrations varies from approximately 10 to 550 mg/l; and ammonia

concentrations range as high as 22 mg/l.

Before designing the WWTF, Earth Tech evaluated and developed cost

estimates for the use of a single stage nitrification activated sludge process followed

by denitrification filters for nitrogen removal. As a result of this engineering

evaluation, the town and DEP selected the MLE process. Other considerations

included odor control and effluent discharge beds.
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INTRODUCTION AND BACKGROUND

The Town of Edgartown, Massachusetts is located on the island of Martha’s

Vineyard. The original WWTF was constructed in 1972 to protect Edgartown Harbor

from sewage discharges from downtown area homes and businesses. The secondary

treatment facility was designed to operate in any one of three variations of the

activated sludge process (conventional activated sludge process, extended aeration,

or contact stabilization) to maintain a high level of treatment during wide seasonal

swings in flows and loadings. The original facility was designed to treat a summer

average daily flow of 0.25 mgd; a future summer peak flow of 0.45 mgd; and a winter

average flow of 0.05 mgd. The facility consisted of the following unit processes:

� Influent Facilities

� Aeration Tanks (mechanical surface aeration and coarse bubble aeration)

� Secondary Clarifiers (25 foot diameter)

� Effluent Groundwater Discharge via Dosing Chamber and Effluent

� Discharge Beds

� Sludge Processing

� Aerobic Digestion

� Sludge Drying Beds

� Septage Receiving Facilities

� Operations Building

As summer tourism slowly increased in the late 1970s and dramatically

increased in the 1980s, so did the flows and loadings to the Edgartown WWTF.

Operational problems, including flooded discharge beds, permit violations, odor

complaints, and potential health concerns accompanied these increases and eventually

led the Edgartown Wastewater Commission to perform a Wastewater

Treatment Facilities Planning Study in 1989.

FACILITY PLANNING

The goal of the study was to evaluate various options for upgrading the original

WWTF to accommodate increased flows and loadings, meet permit limitations, and

address other operational concerns. Odors from the WWTF and the effluent

discharge beds needed to be controlled, and flooding and solids blending of the

effluent discharge beds also required attention. The result of this study was a

proposed upgrade of the original WWTF to an advanced nitrification/denitrification

activated sludge facility to meet anticipated strict total nitrogen permit limitations.

In 1993, the town hired Earth Tech, Inc. (formerly Whitman & Howard, Inc.)

to supplement the 1989 study. Earth Tech updated the previous study and recommended

 the existing WWTF be upgraded very similarly to the previous study. The

proposed facility upgrade included nitrification by way of a coarse bubble conventional

activated sludge process followed by denitrification by way of filters and

methanol addition as a supplemental carbon source. Several other modifications

were proposed as part of the study including:

� Liquid Train

� Headworks

� Primary Clarifiers

� Aeration Tanks (nitrification via coarse bubble aeration)

� Secondary Clarifiers

� Denitrification Filters (methanol addition for supplemental carbon source)

� U.V. Disinfection

� Upgrade Effluent Discharge Beds

� Solid Train

� Sludge Holding Tanks

� Sludge Dewatering

� Lime Stabilization

� Sludge Landfill

� Miscellaneous

� Odor Control

� Septage Handling

� Scum Processing

Refer to Figure 1 for a site plan of the proposed facility plan WWTF upgrade.

COST ESTIMATES

The facility plan construction cost estimate for the WWTF upgrade project was

$10,600,000. Earth Tech commenced design of the recommended upgrade in the fall

of 1993. It was recommended that a detailed construction cost estimate be performed

at the 30 percent and 100 percent design milestones. The construction cost estimate

at the 30 percent design milestone was $14,715,000. The results of the interim cost

estimate indicated that the WWTF would cost more than estimated in the facility

plan. As a result, the Wastewater Commission was concerned about the affordability

of the project and asked Earth Tech for suggestions to lower the project cost. Due

to these budgetary concerns, it was decided to perform a value process evaluation

of the 30 percent WWTF design.

PROCESS RE-EVALUATION

Earth Tech suggested re-evaluating the proposed treatment process, and per-formed

a thorough value analysis of the entire process design. The result of this

analysis was the recommendation to revise the secondary treatment process from

a conventional activated sludge process for nitrification and denitrification (using

denitrification filters) to the Modified Ludzack-Ettinger (MLE) process. This revised

process was deemed to be cost-effective while still providing the required levels of

treatment. The MLE process has a proven performance record and was a good fit

for the wide seasonal swings in flows and loadings.

The MLE process consists of a “single sludge” activated sludge process with

anoxic and aerobic zones. In the “anoxic” zone of the MLE process, the dissolved

oxygen concentration is maintained at near zero conditions, but a large amount of

chemically available oxygen is provided in the form of nitrates. These nitrates are

recycled from the end of the “aerobic” zone to the head of the anoxic zone which

precedes it. Under these conditions, the biomass oxidizes BOD using oxygen from

nitrates. This oxygen becomes available to the microorganisms as the nitrate is

reduced first to nitrite, then to nitrogen gas, which is subsequently stripped out. Aside

from reducing nitrogen, the energy requirements for the oxidation of BOD are

reduced by about 20 percent. Additionally, approximately half of the alkalinity

consumed during nitrification in the aerobic zone is restored in the anoxic zone.

Following the anoxic zone, flow passes through an aerobic zone. This zone provides

the proper conditions for the growth of the microorganisms required to biologically

oxidize BOD and ammonia to carbon dioxide, nitrate, and water.

Refer to Figure 2 for a process flow schematic and hydraulic profile of the upgraded

WWTF.

DESIGN DATA AND LIMITS
Table 1 summarizes the design data and limits for the upgraded WWTF.

PERFORMANCE DATA
Table 2 summarizes the performance data for the upgraded WWTF.

Table 1 EDGARTOWN WWTF DESIGN DATA, AND LIMITS

Parameter



Influent




Limit

ADF (mgd)



.0141-0.755



0.5

PDF (mgd)



.0700-2.378



-------

BOD (mg/l)



250-600




30

TSS (mg/l)



200-600




30

TKN (mg/l)



---------




-------

Total N (mg/l)



---------




10


Fecal Coliform (#/100 ml)







200

Table 2. EDGARTOWN WWTF PERFORMANCE DATA

Parameter



Influent




Effluent

Summer Average Flow (mgd)




0.28

Winter Average Flow (mgd)




0.11

Minimum Flow (mgd)





0.03

Maximum Flow (mgd)





0.67

BOD (mg/l)



58-707




2.5-9.5

TSS (mg/l)



10-550




0.3-18.0

TKN (mg/l)



17-51




0.1-3.02

Nitrate - N (mg/l)



0.05-0.04



0.25-2.33

Ammonia - N (mg/l)


7.4-21.6




0.1-0.84

Total N (mg/l)



13.5-33.2



0.8-4.57

Fecal Coliform (#/100 ml)


---------




2.0-34.0

MISCELLANEOUS OPERATIONAL DATA

Table 3 summarizes the miscellaneous operational data for the upgraded

ODOR CONTROL SYSTEM

With increasing public complaints, an odor control system became a necessity

for the upgraded WWTF. An odor control system was designed to reduce odors

generated from the headworks, primary clarifiers, sludge holdings tanks, septage

holding tanks and the sludge processing area. The odor control system uses mist

chamber technology to reduce odors by mixing fine droplets of diluted chemical

solution with the odorous air as the mixture passes through two, 12-foot-diameter

fiberglass reaction chambers.

A duplex water softener and air compressor with pressure regulator provide a

continuous pressure regulated flow of soft, clean water into the odor control system

metering panel. Positive displacement chemical metering pumps continuously inject

precise amounts of sodium hydroxide (NaOH) and sodium hypochlorite (NaOCI)

into the liquid header to mix with the soft water. The dilute solution of chemicals

and soft water flows to atomizing nozzles mounted near the odorous air inlet duct

of the reaction chambers. Odorous air which enters the reaction chamber is

immediately sprayed by a fog of very fine diluted chemical droplets. The odorous

air reacts with, and is adsorbed by, the chemical solution droplets during travel

through the reaction chambers. Upon completion of the chemical reaction and travel

through the reaction chambers, most of the fine droplets collect on the floor of the

chambers and drain into a submersible pump station. The clean air passes through

a plume eliminator upstream of the inline fan to “eliminate” the air plume and

disperse the air evenly through the exhaust stack.

Table 3. EDGARTOWN WWTF MISCELLANEOUS OPERATIONAL DATA

Operation Goal

Nitrate of 5 mg/l from Sept. 15 Th to May 15 Th

Average = 1.4 mg/l

Aerator Operation

Winter 3 Hours per Day at Low Speed

Summer 24 Hours per Day at Low Speed

RAS Operation at 150 Percent of Flow

Sludge Processing

Summer Dewater 1 Day Every 2 Days

Winter Dewater 1 Day Every 6 Weeks

Summer Operation Winter Operation

MLSS (mg/l)

1,000 - 5,620 1,180 - 4,950

Average DO = 1.7 Average DO = 4.1

HRT (Hours)

Total = 4 to 71 Total = 25 to 157

Anoxic = 2 to 19 Anoxic = 7 to 42

Aerobic = 2 to 52 Aerobic = 18 to 115

SRT = 20 to 40 days SRT = 10 to 18 days

F/M = 0.10 to 0.14 F/M = 0.03 to 0.04

Yield = 0.51 Yield = 0.45

The design of the system was based on peak daily summer flow conditions. The

odor control system is designed for a chemical oxidation demand of 40-ppm H2S,

with a capacity of 13,000 cfm and a reaction time of 25 seconds. To account for

the wide swings in flows and loadings, which can impact the effectiveness of the

odor control system, the odor control system design included the following:

(1) Each odor generating source has an inline exhaust fan to provide positive collection of

all odorous air. Each exhaust fan discharges into a series of underground ducts that

transport the odorous air to the odor control system. The inline exhaust fans can also

be shutdown to isolate the tank or area when not in use;

(2) an ORP probe is mounted in the reaction chamber drain to sense and maintain the effluent liquid chlorine residual at a preset point by controlling the pace of the NaOCI metering pump;  

(3) a pH sensor is mounted in the reaction chamber drain to sense and maintain the

effluent liquid pH at a preset point by controlling the pace of the NaOH metering

pump; and 

(4) an odor control system that can be adjusted in the field to account

for the various loadings which occur during both winter and summer operation.

Because of the location of the WWTF and the anticipation of odors generated

from the various sources, a strict specification for the design of the odor control

system was developed. Actual testing indicated excellent scrubbing of hydrogen

sulfide. Although the performance testing indicated efficient odor removals, the real

test has occurred during the first 21 months of WWTF operation. During this period,

the WWTF staff has reported that odor complaints have been significantly reduced.

EFFLUENT DISCHARGE BEDS

The existing effluent discharge beds were failing from solids washing out of

the hydraulically overloaded secondary clarifiers of the original WWTF. The

overloading resulted in the ponding of wastewater, the generation of odors, and a

reduction of bed capacity. The wide swings in flows and loadings anticipated

required reconstruction of the existing effluent discharge beds. The reconstruction

of the beds consisted of an extensive soil analysis, stringent construction requirements

and monitoring, and a new flow distribution system.

Soil testing included sieve analyses and percolation testing to determine the

amount and location of existing soils which could be used for the reconstructed beds.

This analysis provided the basis for the stringent construction requirements. As an

example, a thin layer of organic material was discovered which limited the

percolation rate. The construction specifications, therefore, required that this layer

be broken up by scarifying it.

The existing flow distribution system consisted of a single discharge point into

each of the effluent beds. This layout resulted in overloading of solids in one area

of the effluent discharge bed. The new flow distribution system consists of three

discharge locations within each effluent discharge bed, which evenly distributes the

flow throughout the bottom of the beds.

Each of the six effluent discharge beds consists of 26,000 sf of loading area

with a design loading rate between 4 and 5 gpd/sf. Operation and maintenance of

the effluent discharge beds consists of rotating the beds daily throughout the year

(winter and summer operation), which allows the beds to properly dry between

loadings. In addition, each of the beds is rototilled and raked to remove any solids

that have accumulated, thereby maintaining maximum flow percolation.

COSTS AND SCHEDULE

Construction Costs

At the completion of the design, the construction cost of the project was

estimated to be $10,170,000. The town received six bids in October 1994 and

accepted the low bid of approximately $8,625,000.

Operation and Maintenance Costs

Operation and maintenance of the upgraded WWTF is performed by a staff of

six at a yearly cost of approximately $475,000. This cost consists of the following

major components: (1) Staff, $200,000; (2) Electrical, $90,000; and (3) Sludge

Disposal, $40,000.

Schedule

The design specifications included a Contract Duration Allowance of 21 months

for the completion of the Project. This allowance was estimated based on Earth

Tech’s experience at other municipal facilities. After extensive testing of the

equipment and training of the town’s staff, the WWTF was placed into operation

in April 1996, using only 17 months (4 months ahead of schedule) of the 21 months

allowed.

SUMMARY

The WWTF was constructed within budget and within schedule. While each

process requires design considerations with regards to wide swings in flows and

loadings, overall performance of the Edgartown WWTF is excellent, including the

high level of denitrification. The MLE process provides flexibility with the wide

swings of flows and loadings, which has resulted in no permit violations during the

First 21 months of operation.

