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1. Wastewater Management System Alternatives

The existing conditions for the Griswoldville and Lake Wyola study areas are covered in detail in the Task 1 Report.  

The summarized conditions for the Griswoldville study area are as follows:

· 40 homes to be served

· The design flow will dependent on the total number of bedrooms under the Title V Program, and is expected to be approximately 10,000 gpd

· The permit will be administered by the local Board of Health if total number of bedrooms results in a flow less than 10,000 gpd

· MADEP groundwater discharge permit will be required if the system is too large for Title V

· There is an existing collection system and pump station for the houses in the study area

· BBA Fiberweb, a business in the study area, has an existing treatment facility with an NPDES regulated discharge that may be able to be used for surface discharge 

There are approximately 35 houses that will do not meet the Title V requirements with respect to lot size for an onsite system. 15 of these houses are currently served by the BBA Fiberweb treatment facility.  A gravity collection system and pump station was constructed for the remaining 20 houses, but due to uncertainty of the future of the business, the collection system was never piped to the treatment facility.  

The summarized conditions for the Lake Wyola study area are as follows:

· Approximately 200 homes to be served

· The design flow is 50,000 gpd

· The permit will be administered by MADEP, under the groundwater discharge program

Shutesbury may need a collection system, however the type of collection system will depend on the results of the analysis of centralized vs. decentralized wastewater solutions.  The only dispersal option that is feasible for both sites is groundwater discharge, either under the Title V program if smaller cluster systems with flows less than 10,000 gpd are used or the Groundwater Discharge program for a centralized option.   Due to the need for long, flat sewer runs and the potential for high groundwater in the area, the only feasible collection system alternative is pressure sewers. The focus of the alternatives analysis will be on the treatment system.

Figure 1-1 outlines the generic options for collection, treatment and dispersal for wastewater management systems.  
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Figure 1-1:
Collection, Treatment, and Dispersal Technologies Suitable for Cluster Wastewater Systems
1.1. Treatment Systems Overview

Aerobic processes utilize microbial uptake to remove BOD and TSS as well as to convert ammonia to nitrate.  These processes come in the following three basic configurations:

· Fixed Film Processes

· Suspended Growth (Activated Sludge) Systems

· Integrated Fixed Film and Activated Sludge Systems

Additional nutrient removal will likely be required. The generic options for removal of nitrogen and phosphorus are as follows:

· Active carbon feed for nitrogen removal through denitrification

· Passive carbon feed for nitrogen removal through denitrification

· Active metal (iron or aluminum) salt feed for phosphorus removal by precipitation

· Passive metal addition (reductive iron dissolution) for phosphorus removal by mineralization

1.2. Fixed Film Processes

Fixed Film processes are most applicable to the smaller flows and corresponding high variation in loading that occurs in small, residential developments. These technologies include:

· Single Pass Sand Filters

· Recirculating Media Filters (RMF), where the media is either sand, gravel, foam, peat or textile 

· Rotating Biological Contactors (RBC)

Single pass sand filters represent the simplest type of treatment. However, they are limited when it comes to nutrient removal beyond the basic levels of treatment for BOD and TSS.  

Recirculating media filters utilize media with a high surface to volume ratio as a substrate for a biofilm to grow on.   Wastewater and air are mixed, using fans and/or spray heads, and contacted with the biofilm that grows on the media.  The media effluent is split between recirculating and discharging to the next stage of the treatment process.  Recirculation flows are partially directed to the recirculation tank where denitrification and proper dilution of the influent flow occurs.  

RBCs use an engineered surface is rotated through the wastewater stream. A biofilm grows on the surface and uses the nutrients in the wastewater as an energy source to fuel growth. 

Recirculating media filters have the advantage of not producing large quantities of sludge and not needing energy intensive aeration and mixing.  In addition, secondary clarifiers and return sludge pumps are not necessary, simplifying the process.  Fixed film processes are also more resistant to varying flows and loads than suspended growth systems.  This is due to the stability of the biofilm during periods of varying loading.  These systems are more reliable and require less operator involvement than processes that utilize the suspended growth technology.  Sludge production is also much lower for these systems, when compared to systems that utilize suspended growth technology.  The result is simplicity and lower O&M costs.  

Recirculating media filters are not ideal for larger flows.  Due to the reliance on surface area, the footprint of these systems becomes large as the flow increases.  In general, for flows at or below 50,000 gpd, the recirculating media filters will provide a more reliable process with lower life-cycle costs than any of the other technologies.  Once flows exceed 100,000 gpd, the economies of scale tend to favor other, more compact technologies.  Plants that will operated in the 50,000 – 100,000 gpd flow range should be evaluated on a case by case basis to determine the most efficient and reliable technology option.  

The following subsections outline the most commonly available recirculating media systems.   These technologies represent the most reliable and cost effective treatment options for the design flows associated with the Griswoldville and Lake Wyola study areas.

1.2.1 SeptiTech System

The SeptiTech system is an aerobic treatment system designed to treat septic tank effluent.  It uses an enhanced recirculating biological trickling filter in a treatment process to remove a percentage of biochemical oxygen demand (BOD5) and total suspended solids (TSS) from wastewater by biological degradation and to reduce total nitrogen.  The wastewater flows into the first of two tanks consisting of a two compartment primary anoxic tank where primary settling and denitrification occur.  The second tank contains the trickling filter media, two recirculation pumps and one discharge pump.  

Local distributors for the SeptiTech system include:

Nantucket (Massachusetts)
Island Environmental Systems
P.O Box 2265
Nantucket, MA  02548
Tel: 508-498-2482


Mark Willett
mcwillett@comcast.net
 

New Hampshire & Northern Mass.


SeptiTech Sales
31 Beech Street, Newmarket, NH 03857
Tel: 603-659-0371
Fax: 603-659-0412


Diane Langlois
diane.langlois@comcast.net
Figure 1-2:
SeptiTech System Schematic
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1.2.2 Waterloo Biofilter System

The Waterloo Biofilter system is an absorbent trickling filter in which dissolved organic matter and suspended solids are degraded by microbial action in an oxygenated environment.   This unit is designed to treat septic tank effluent.  The media in the trickling filter is comprised of 2-inch open-cell foam cubes that allows for microbial growth on the interior surfaces as well as the exterior surface of the foam blocks.  The cubes are piled randomly into self-contained baskets that are placed in a suitable enclosure.  The sides and top of the baskets are exposed to air circulation through an open meshwork.  The baskets can be placed in enclosures that are above and below grade.  The wastewater is sprayed over the media through spray heads controlled by a timer and floats in the pump chamber. The wastewater percolates down through the foam cubes and out the bottom of the filter.  Biomat discoloration occurs in the upper 15 inches of the medium where most of the solids and organic matter are degraded, with the lower section of the filter attenuating bacteria and ammonia.

The local distributor information for the Waterloo Biofilter is as follows:

Dave Clark
Clear Water Industries
P.O.Box 825
Ipswich
, MA 01938
Tel. 978-356-0779
Fax: 978-356-5500
E-mail: clearwaterin@aol.com
Website: www.clearwaterindustries.com 
Figure 1-3:
Waterloo System Schematic
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1.2.3 AdvanTex System

The AdvanTex system is a recirculating, packed bed aerobic wastewater treatment system designed to treat septic tank effluent.   The system is comprised of a pre-assembled, UV-protected fiberglass reinforced plastic (FRP) module that contains a textile media and spray heads to distribute the wastewater evenly over the media.  A recirculation tank is used to blend influent wastewater with recirculated flow from the treatment units.  This ensures sufficient biomass to treat the incoming wastewater and it provides an anoxic zone for denitrification of the nitrified recirculation flow.  A Biotube Pump Package installed in the second compartment of the Processing Tank pumps effluent to a pressure distribution manifold located on top of the textile media in the filter module. The effluent is applied at a preset recirculation ratio of between 3:1 to 5:1, controlled by a timer. Timer settings can be recalibrated if flows vary significantly from projected flows.  Effluent from the filter module flows in part or totally to the Processing Tank (where applicable) or to an external pump chamber or distribution box.  During extended periods of low flow, all of the treated effluent is returned to the Processing Tank or external pump chamber.

Local distributor information for the AdvanTex system is as follows:

Atlantic Solutions, Ltd.
2417 East Main Road
Portsmouth, RI 02871
phone: 401-293-0176 


Wastewater Technologies, Inc.
PO Box 868
Milton, VT 05468 
phone: 802-893-6581
fax: 802-893-6605
Web site: www.wastewatertechnologies.com
Figure 1-4:
Advantex System Schematic
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1.2.4 Bioclere System

The Bioclere system, is a fixed film reactor that consists of one or more fiberglass tanks containing a trickling filter section with inert plastic media, a clarifier and sump, a fan for supplying sufficient air to the biofilm and dosing and recirculating pumps. Effluent from the septic tank is sprayed over the plastic media and then enters the clarifier that separates solids from the liquid. The liquid effluent is discharged utilizing pressure distribution. A recycle pump returns settled solids to the recirculation tank.

Figure 1-5:
Bioclere System Schematic
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Local Distributor Information for the Bioclere system is as follows: 

Aquapoint-Northeast


241 Duchaine Blvd


New Bedford, MA 02745


Charles Resevick

Tel:
508 998-7577 x12
Cell:
774 930 3898
Email:
cresevick@aquapoint.com
1.2.5 Recirculating Sand Filter (RSF)

A typical RSF system consists of a septic tank, a recirculation tank and a sand filter.  Effluent from the sand filter is recirculated to the recirculation tank, the septic tank or both. 

In time controlled small doses, the mixed flow from the recirculation tank is applied to a sand filter bed.  The wastewater is evenly distributed over the media bed by a pressure distribution system.  As the wastewater trickles downward through the media, biological treatment on the surface of the media particles reduces BOD5 and TSS, as well as nitrifying the filtrate.  The filtrate is than collected at the bottom of the sand filter, and is split so that a portion is returned by gravity to the recirculation tank and the remaining flow goes to the next stage of the treatment process.  

Figure 1-6:
Omni Recirculating Sand Filter System Schematic
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Omni Environmental Systems, Inc. manufactures components for a RSF that is approved by MADEP. The local distributor information for this systems is as follows: 

OMNI Environmental
P.O. Box 128
465 East Falmouth Hwy.
East Falmouth, MA 02536

Phone:
(508) 548-0343
Fax:
(508) 548-0350

1.3. Suspended Growth Processes

The extended aeration package plant is the most simple suspended growth system.  However, it is also the most unreliable and least adaptable for nutrient removal applications. This process is not considered a viable option for these study areas, as their performance suffers in cold weather and nutrient removal will likely be required.  The generic options for suspended growth technologies on the market for the flows anticipated in this study include the following:

· Packaged Conventional and Modified Activated Sludge Processes 

· Sequencing Batch Reactors (SBR)

· Membrane Bioreactors (MBR)

Suspended growth processes treat wastewater using similar bacteria as the fixed film processes.  The difference is that in this process, bacteria and solids are maintained in suspension within an aeration tank.  These bacteria grow as they absorb nutrients. A secondary clarifier is needed following the aeration tank to settle the biosolids into what is then called activated sludge.  A portion of the activated sludge is returned to the aeration tank where it is blended with influent wastewater to ensure that sufficient active bacteria are available to uptake the available nutrients.  Packaged conventional and modified activated sludge processes all have similar process flows, with different configurations and appurtenances.  SBRs are unique in that they utilize a batch process to combine treatment stages in a single tank.  These units have great treatment potential, however, they are highly reliant on the close supervision of skilled operators.  For this reason, they are not recommended for lower flows where full time specialized operations will not be feasible. 

MBRs utilize the same suspended growth technology, replacing the secondary clarifiers with membranes.  These processes have a range of treatment options, depending on the type of membranes used.  Specialized operations and high life-cycle costs limits the feasibility of MBRs to areas with space constraints and/or a higher required treatment levels.  These systems operate at a high MLSS level and a long sludge age, thereby reducing the amount of sludge production and adding stability to the process during varying flows and loads. The major concern with activated sludge processes is washout of the solids in the clarifier.  MBRs offer an added measure of protection against this type of failure. 

The major drawbacks of suspended growth systems are as follows:

· Higher sludge production and associated disposal issues 

· High energy consumption

· High degree of operator involvement/skill required

· More sensitive to varying loading rates and process upsets

Suspended growth systems tend to be costly on a dollars per gpd basis at lower flows. As flows increase, the construction costs decrease on a dollars per gpd basis. The economies of scale must reach a point where the higher O&M costs are offset by the lower construction costs. Typically, flows must exceed 75,000 – 100,000 gpd (depending on the type of suspended growth system) before they start to become feasible on a total life cycle cost basis.  The reliability of these systems is highly dependent on the operations staff.  With full-time skilled operations, adjustments can be made as potential upsets occur.  Aeration cycle time, recirculation ratios, return activated sludge (RAS) rates and waste activated sludge (WAS) rates all have an effect on the settleability of the mixed liquor.  

Without full time, skilled operations staff, the suspended growth processes are not recommended for use in these study areas.  

1.4.  Integrated Fixed Film and Suspended Growth Processes

Integrated Fixed Film and Suspended Growth processes combine the fixed film and suspended growth technologies in one treatment process.  Examples of these processes include the following:

· FAST 

· AccuWeb

· LOTUS 

These processes tend to require less space and are often more applicable to lower flows than the traditional suspended growth processes.  In addition, by combining both processes, resistance to process upsets is increased over the suspended growth process alone.  The addition of a fixed film media to the aeration tank in these processes increases the treatment capacity and reduces the footprint of the aeration tank.  Despite the incorporation of the fixed film process, this technology has the same dependencies on operator attention and skill.  For this reason, the integrated fixed film and suspended growth processes are not recommended for use in these two study areas. 

1.5. Nutrient Removal

Additional nutrient removal may be required, and will be evaluated as an alternative.  Nutrient removal normally requires the addition of carbon or heavy metals for nitrate and phosphorus respectively.

1.5.1 Active and Passive Carbon Feed

Nitrogen removal is achieved in an anoxic zone where denitrifying bacteria thrive.  The anoxic zone follows the nitrification process, as for practical purposes, only nitrified wastewater can be denitrified. In typical wastewater, there is not a sufficient carbon source following the nitrification process.  

An active carbon feed system utilizes a chemical feed system to dose methanol or some other carbon source to the anoxic zone where denitrification occurs.  These systems require the storage and delivery of chemicals, and proper process control must be installed to prevent over or under dosing. 

A passive carbon feed system utilizes a media that acts as a carbon source in an anoxic tank.  Nitrified wastewater enters the tank and slowly flows around and through the media. The media supplies the necessary carbon to facilitate the denitrification process. 

1.5.2 Active and Passive Chemical Feed Systems

Phosphorus removal is achieved by chemical precipitation during which dissolved multivalent metals (typically iron and aluminum) bond with the dissolved phosphorus to form a solid.  This solid then precipitates out of solution and settles into the sludge. 

An active chemical feed system doses metal salts (typically ferric or ferrous chloride or alum) to initiate the precipitation reaction.  These systems produce excessive sludge and must also be monitored to prevent over or under dosing. 

A passive chemical feed system utilized an iron rich media that releases the iron ion into solution.  By only adding the metal ion and not the metal salts used in active chemical feed systems, the volume of sludge produce by the precipitation reaction is minimal. 

1.6. Preferred Technology

Table 1-1 lists the treatment systems currently approved or pending approval by MADEP and the general treatment category they fall under.  Table 1-2 outlines the applicability of the treatment processes discussed in this section to the range of flows and effluent water quality requirements that may be imposed by the DEP and the local Board of Health.  Based on the discussions above and LAI’s experience with wastewater systems of this size, fixed film processes are the more reliable, less complicated and more economical on a life-cycle basis.  A recirculating media filter system will be used to develop costs for the potential flow alternatives. 

For the scenarios in which enhanced nutrient removal is required, the passive nitrogen and phosphorus systems are preferred, as increased operator oversight, chemical storage and increased sludge production (for phosphorus removal only) are undesirable drawbacks of the active feed systems. 

The flows for the Griswoldville area can remain under 10,000 gpd provided no more than 39 3-bedroom houses are connected.  If this is maintained, a standard Title V system consisting of a septic tank and drainfield may be used.  However, as the drainfield is likely to be in a water supply recharge area, 23 acres of land that will not be further developed need to be dedicated to the system for permitting purposes.  This land area can include existing properties as well as new land where development is prohibited. 

1.7. Preliminary Layouts

Figure 1-7 shows the soils and surficial geology for the Griswoldville area.  Figure 1-8 show the preliminary layout of the wastewater collection system as well as the soils and surficial geology for the Lake Wyola area.  These features will affect the siting and layout of the proposed treatment systems.  

Table 1-1:
MADEP Approved Wastewater Treatment Systems

[image: image7.wmf]Technology

Technology 

Category

Description

Company

Omni Recirculating Sand Filter System

FF

Recirculating Sand 

Filter

OMNI Environmental Systems, 

Inc.

Orenco Intermittent Sand Filter

FF

Sand Filter

Saneco, Inc.

SeptiTech Treatment Systems

FF

Enhanced recirculating 

biological trickling filter

SeptiTech, Inc.

Bioclere

FF

Trickling Filter

Aquapoint

Waterloo Biofilter

FF

Trickling Filter

Waterloo Biofilter System, Inc.

AdvanTex Treatment Systems

FF

Textile media aerobic 

treatment

Orenco Systems, Inc.

Puraflo

FF

Peat Filter

Bord na Mona Environmental 

Products U.S. Inc.

Cromaglass WWT Systems

AS

Sequencing Batch 

Reactor

Cromaglass Corporation

JET Aerobic Wastewater Treatment

AS

Aerobic Treatment Unit

Clearwater Recovery

OAR

AS

Aerobic reactor with Bio-

augmentation

Environmental Operating 

Solutions, Inc.

Norweco

AS

Aerobic treatment

NORWECO, Inc.

MBR*

AS

Membrane Bio-reactor

Bio-Microbics, Inc.

FAST

IFAS

Aerobic Treatment Unit

Bio-Microbics, Inc.

Amphidrome

IFAS

Submerged Attached-

Growth Sequencing 

Bioreactor

F.R. Mahony & Associates, Inc.

Nitrex

Passive Carbon 

Addition

Filter with nitrate-

reactive media

Lombardo Associates, Inc.

RID

Passive Iron 

Addition

Upflow filter

Lombardo Associates, Inc.

*Piloting approval pending


Figure 1-9 shows a plan view with the estimated footprint of a standard Title V system to serve the Griswoldville area.  This layout may change depending on the selected site, however the total footprint should not change significantly.  Figure 1-10 shows a plan view with the estimated footprint of a complete RMF-based treatment system for the Lake Wyola area.  These layouts will be used in Section 2 to develop budgetary costs for a RMF treatment system utilizing subsurface discharge. 

All tankage and drainfields will be below grade, with access covers over the tanks.  The RMF units will be buried up to the bottom edge of the covers, leaving approximately 6-inches of structure above grade.  There will be odor control units to control any odors associated with the tanks and treatment units.  Landscaping for screening purposes can be easily achieved for these systems, since no more there will be no structures higher than a foot above grade.  

Table 1-2:
Treatment Process Applicability to Flows and Effluent Water Quality Requirements
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Figure 1-9:
Title V System Layout and Footprint for Griswoldville
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Figure 1-10:
Layout and Footprint for Lake Wyola Wastewater Treatment System

[image: image10.png]10,000 GALLON
RECIRCULATION TANKS

TREATMENT PLANT FOOTPRINT
10,200 S.F.

FROM STEP
COLLECTION
SYSTEM

30,000 GALLON
FLOW EQUALIZATION TANK

DISTRIBUTION BOX -

RECIRCULATING
MEDIA FILTERS

[T

[0

T (IO

e

u) G

SO L

DISTRIBUTION BOX

25,000 S. F. DRAINFIELD
TOTAL FOOTPRINT 30,100 S.F.






2. Cost Analysis of Preferred Plan

2.1. Griswoldville Study Area RMF - Surface Discharge System Costs

The Griswoldville study area will require some upgrades to the existing collection system, a new RMF treatment facility and a new dispersal area.  A complete development of the estimated costs is presented in the Appendix.  The summarized costs for the Griswoldville RMF – Surface Discharge system are presented in Table 2-1.

Table 2-1:
Griswoldville RMF - Surface Discharge System Capital and O&M Costs
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2.2. Griswoldville Study Area Title V System Costs

The costs for a full treatment system that utilizes the existing surface discharge make the project infeasible for the Griswoldville area.  Since the flows are approximately 9,900 gpd for this area, a standard Title V system is an option.  Budgetary costs were developed for this option.  A complete development of the estimated costs is presented in the Appendix.  The summarized costs for the Griswoldville wastewater management system are presented in Table 2-1.

Table 2-1:
Griswoldville Title V System Capital and O&M Costs
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2.3. Lake Wyola Wastewater Management System Capital and O&M Costs

The Lake Wyola cost estimate is based on a new pressurized septic tank effluent (STEP) collection system, a new RMF treatment facility and a new dispersal area.  There are potentially difficult issues associated with the layout used to develop these costs.  The actual system may be two or more cluster systems to avoid longer pipe runs through jurisdictional areas.  For budgeting purposes, the cost savings of less pipe associated with separate systems will be offset by the higher costs associated with multiple systems.  A complete development of the estimated costs is presented in the Appendix.  The summarized costs for the Lake Wyola study area wastewater management system are presented in Table 2-1.  The budget numbers presented apply to a single system or multiple, smaller systems.

Table 2-1:
Lake Wyola Wastewater Management System Costs
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2.4. User Costs of Preferred Plan

The estimated user costs were developed under the following three scenarios:

1. 100% loan at a rate of 2% and a term of 20 years

2. 100% loan at a rate of 6% and a term of 20 years

3. 100% grant

Table 2-2 shows the results of the user cost analysis for the both study areas.

Table 2-2:
User Costs for Wastewater Management Systems

[image: image14.wmf]Scenario 

Total 

Grant 

as % 

Capital

Loan 

(%)

Int. 

Rate 

(%)

Term 

(yrs)

Capital 

Cost

Grants

Net Capital 

Cost

Annual 

Capital 

Cost

Annual          

O & M

Annual 

Capital 

Cost

Annual          

O & M

Total 

Annual 

Cost / 

User

Total 

Monthly 

Cost / 

User

1

0%

100%

2.00%

20

$512,000

$0

$512,000

$32,000

$13,000

$900

$340

$1,240

$110

2

0%

100%

6.00%

20

$512,000

$0

$512,000

$45,000

$13,000

$1,200

$340

$1,540

$130

3

100%

n/a

6.00%

20

$512,000

$512,000

$0

$0

$13,000

$0

$340

$340

$30

1

0%

100%

2.00%

20

$4,690,000

$0

$4,690,000

$287,000

$71,000

$1,500

$360

$1,860

$160

2

0%

100%

6.00%

20

$4,690,000

$0

$4,690,000

$409,000

$71,000

$2,100

$360

$2,460

$210

3

100%

n//a

6.00%

20

$4,690,000

$4,690,000

$0

$0

$71,000

$0

$360

$360

$30

Griswoldville

Shutesbury

User Costs

Project Costs

Annual Costs


2.5. Summary

The costs analyses presented in this section are based on limited information concerning the sites.  These costs represent a budgetary number for a standard, centralized system with allowances for uncertainties.  In the case of Lake Wyola, the costs presented are expected to be representative of multiple, smaller systems.  These costs represents a conservative estimate of what the anticipated budget and associated user costs would be should FRCOG choose to pursue construction of these systems. A more detailed analysis of each study area will allow for value engineering to be done, potentially lowering costs. 

The O&M costs do not include capital depreciation funding, something not commonly done for smaller systems.  It is strongly recommended that a capital depreciation fund be created, if at all economically feasible.  This fund ensures that at the end of the facilities expected lifetime, there will be enough funds available to procure a replacement system.  Typical values for depreciation funding are between 2% and 3% of the capital costs for a new system.   Adding capital depreciation funding to the Lake Wyola area would add approximately $40 per month to the user charges.  Adding capital depreciation funding to the Griswoldville area would add approximately $22 per month to the user charges.
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