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EXECUTIVE SUMMARY
The Town of Concord retained the services of Environmental Partners Group, Inc. (Environmental
Partners) to complete a pilot scale water treatability study and investigate treatment options for the future
design and construction of a new drinking water treatment facility to replace the existing Nagog Pond
Ozone Facility.

Environmental Partners assembled a project team of drinking water professionals

including Dr. John Tobiason, P.E., and Ph.D. to assist with the pilot study program. The pilot study
consisted of a warm water season and a cold water season as presented below in Table E.1.
TABLE E.1 – PILOT STUDY SCHEDULE
Pilot Period

Piloting Duration

Warm Water

August 2, 2013 – August 19, 2013

Cold Water

February 5, 2014 – February 27, 2014

The first task of the pilot study was to determine treatment objectives for meeting existing and future
proposed regulations and drinking water standards. After completing an assessment of the quality of
Concord’s Nagog Pond water supply, it was determined that the new facilities must be capable of meeting
the following treatment requirements under both cold water (< 4°C) and warm water (> 20°C) conditions:
•

The removal of source water iron and manganese to levels consistently below Secondary
Standards;

•

The efficient removal of low-density particulates (algae and floc formed from the coagulation
of low turbidity waters containing natural organic matter [NOM]), in compliance with the
Enhanced Surface Water Treatment Rule (ESWTR);

•

The removal of natural organic matter (color, total organic carbon (TOC), and disinfection
by-product precursor materials) to minimize the production of distribution system
disinfection by-products (DBPs) in compliance with the Disinfectant/Disinfection By-Product
Rule;

•

The removal of objectionable tastes and odors, which can occur seasonally in the source
water due to presence of algae; and

•

Adequate disinfection for compliance with the CT requirements of the ESWTR.
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Based on the treatment objectives outlined above, a scope of work was developed for evaluating filtration
processes for the production of high quality drinking water. The treatment processes selected for piloting
are shown schematically on Figure E-1, and presented below in Table E.2:
TABLE E.2 – PILOT TREATMENT PROCESSES
Treatment Processes
pH Adjustment

Pre-Oxidation

Coagulation/Flocculation

Clarification

Intermediate Oxidation

Filtration

Treatment
The addition of potassium hydroxide for optimizing
the treated water pH for subsequent chemical
treatment.
A comparison of the individual use of potassium
permanganate (KMnO4) and ozone for the oxidation
of iron and manganese.
The use of polyaluminum chloride for coagulation,
the generation of floc, and the removal of natural
organic matter (including disinfection by-product
precursors).
The use of dissolved air flotation (DAF) for the
removal of solids.
The application of ozone for the control of
disinfection by-product precursors, the control of
tastes and odors, and enhancement of filtration
performance.
The use of granular activated carbon (GAC) and sand
media for the removal of particles and
adsorption/biological degradation of natural organic
matter.

Most of the processes identified in Table E.2 were tested as separate entities; however, this pilot study
also evaluated stacked DAF and filtration: the combination of DAF and GAC/sand media filtration into a
single cell. When operated at high loading rates, the stacked DAF/filtration system has the potential to
reduce the full-scale treatment plant footprint size, and therefore construction costs.
In order to compare and evaluate the performance of the pilot treatment systems, water quality goals were
established to meet the treatment objectives previously outlined. A summary of the pilot study water
quality goals is presented in Table E.3.
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TABLE E.3 – PILOT STUDY WATER QUALITY GOALS
Location
Clarified Water
Clarified Water
Filtered Water
Filtered Water

Parameter
Turbidity
UV-254
Turbidity
TOC Removal

Filtered Water
Filtered Water

Iron
Manganese

Goal
< 0.5 NTU
< 0.035 1/cm
< 0.1 NTU
> 45% when raw water TOC > 4 to 8 mg/L
> 35% when raw water TOC > 2 to 4 mg/L
SUVA ≤ 2 L/mg-m
< 0.1 mg/L
< 0.025 mg/L

The Nagog Pond pilot study was conducted in the summer of 2013 and winter of 2014 as indicated in
Table E.1. The performance of the pilot treatment systems was monitored daily, including various
operational parameters and collection of water quality samples for laboratory testing. After a detailed
evaluation of the pilot study water quality results, and operational parameters, the following pilot system
treatment process trains demonstrated the ability to meet the water quality goals indicated in Table E.3:
1. KMnO4 pre-oxidation – dissolved air flotation – intermediate ozone – GAC/BAC filtration
(Process Train 3 on Figure E-1)
2. KMnO4 pre-oxidation – dissolved air flotation – GAC filtration (Process Train 2 on Figure E-1)
A summary of the Nagog Pond pilot study treatment results and process recommendations is presented
below:
Pre-Oxidation
The most consistent and effective treatment method evaluated for the oxidation of dissolved iron and
manganese (production of oxide particles for subsequent removal) was the addition of potassium
permanganate prior to coagulation (pre-oxidation). The oxidant was added at a dose of approximately 1.1
to 1.25 times the theoretical stoichiometric requirement for combined iron and manganese oxidation and
allowed a minimum of 2.5 minutes of reaction time. The pH of the treated water was adjusted to a level
greater than pH 7.0 using liquid potassium hydroxide.

An evaluation of the water quality results

indicated that filtered water iron and manganese levels could be consistently and successfully obtained as
long as the oxidation conditions were optimized (pH and dose). Filtered water manganese results from
the biologically activated carbon (BAC) filter were the lowest and most consistent of all the filtration
processes evaluated.
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Coagulation/Flocculation/Clarification
Coagulation is an integral pretreatment step for successful particle separation via clarification and
filtration.

In addition, the coagulation process removes natural organic matter (NOM) and DBP

precursors to control the formation of DBPs in the distribution system. The results of the pilot study
indicated that the use of a polyaluminum chloride (PACl) coagulant at a dose of approximately 45 mg/L
(as product) in the summer and 25 mg/L (as product) in the winter was effective for meeting the TOC
goals and limiting the amount of DBPs produced during simulated distribution system tests.
The results of clarification optimization tests (bench top jar tests and pilot scale DAF runs) indicated that
the efficient removal of particles and production of low turbidity clarifier effluent required the effective
application of flocculation after coagulant addition.

Two stage tapered flocculation for a period of at

least 13 minutes was found to be effective for DAF pretreatment.
A comparison of treatment processes with and without DAF indicates that DAF clarification consistently
improves filter performance as measured by filter run times, loading rates, and effluent water quality.
The clarifier effluent turbidity goal of < 0.5 NTU was successfully achieved for a DAF loading rate of 12
gpm/sf during both seasons of the pilot study.
Intermediate Ozonation
The application of ozone to the clarified water (intermediate ozone) was evaluated for its potential
impacts on enhanced NOM removals, manganese oxidation, and improved media filtration performance
(longer filter runtimes). When applied ahead of GAC filters, the ozonated water induces the formation of
biologically activated carbon (BAC) filters. BAC media was obtained for the Nagog Pond pilot study
from an active surface water filtration treatment facility located in Weymouth, Massachusetts. The use of
intermediate ozone with BAC filter media resulted in the lowest and most consistent filter effluent
manganese levels. In addition, the use of intermediate ozone resulted in the formation of lower levels of
simulated distribution system DBPs.
Filtration
A comparison of water quality and operational performance between the individual process trains of DAF
and filtration with the combined (stacked) DAF/filtration system indicate that the separate unit processes
outperformed the stacked DAF/filter. In addition, the use of separate unit processes for DAF and
filtration allows for the application of intermediate ozone, which enhances the removal of manganese and
DBP precursors as previously discussed.
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Two types of activated carbon filtration technologies were investigated during the Nagog Pond pilot
study: granular activated carbon (GAC) filtration and biologically activated carbon (BAC) filtration. A
GAC filter can become biologically activated by the oxidation of natural organic matter (NOM) with
ozone and the adsorption of the NOM onto the GAC media. The activated carbon granules provide
surface area and/or a habitat for microorganisms and the adsorbed organics (NOM) act as a source of food
these organisms to proliferate. Once the adsorptive capacity of the GAC is exhausted, the removal of
dissolved organics can still occur due to microbiological activity. A BAC filter maintains all of the
filtration characteristics (particulate removal) of the GAC media; plus, it provides supplemental removal
of dissolved organics even after the adsorptive capacity of the carbon has been reached (spent/exhausted).
At a loading rate of 6 gpm/sf, the pilot scale granular activated carbon (GAC) and biologically activated
carbon (BAC) media filters were typically able to meet all water quality and operational performance
goals in both cold and warm water conditions. The pilot BAC filter had shortened runtimes when
preceded by intermediate ozone due to air binding. The dissolved ozone was not sufficiently degassed
prior to filtration and resulted in the accumulation of gas bubbles within the media leading to increased
head loss and lower runtimes. This condition was a result of the pilot equipment and would not be
expected to occur in a full scale system.
Taste and Odor Control
Although a rigorous evaluation of taste and odor causing compounds (such as geosim and 2methylisoborneol [MIB]) was as not conducted as part of the pilot study, there were no detectable levels
of odor in any of the treated water samples. All of the piloted mechanisms for taste and odor control have
been proven to be effective: pre-oxidation with potassium permanganate, pre- and intermediate oxidation
with ozone, and carbon adsorption (GAC and BAC). Therefore, the combined use of these collective
processes is expected to provide an acceptable level of treatment for the control of seasonal taste and odor
causing compounds.
Additional Regulatory and Treatment Issues
Additional regulatory requirements and treatment concerns that were not specifically piloted as part of
this study, but which are incorporated into the conclusions and recommendations for a new treatment
facility are summarized below:
•

Primary and secondary disinfection for compliance with the Enhanced Surface Water
Treatment Rule (ESWTR), Disinfectant/Disinfection By-Product Rule (D/DBPR), and Total
Coliform Rule (TCR); and,

•

Corrosion control for compliance with the Lead and Copper Rule (LCR).
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The Concord water system is currently in compliance with the requirements of the ESWTR, D/DBPR,
and TCR. Ozone is used successfully at the existing Nagog Pond WTP for primary disinfection. In
addition, the downstream Route 2A Satellite Pumping Station incorporates UV disinfection and chlorine
addition for secondary disinfection. Based on the observed benefits of the use of intermediate ozone
during the pilot study, it is recommended that ozone continue to be used for primary disinfection (to meet
the requirements of the ESWTR) and chlorine continue to be used at the Route 2A Satellite Pumping
Station for secondary disinfection (to meet the requirements of the TCR). The future use and application
of the existing UV disinfection system at the Route 2A Satellite Pumping Station is beyond the scope of
this pilot study, but its integration should be considered and incorporated into the next phase of the
project (the Schematic Design).
The Town is currently in compliance with the LCR based on a corrosion control program which includes:
the use of zinc polyphosphate as a corrosion inhibitor and potassium hydroxide for pH adjustment. It is
recommended that the Town continue with the same corrosion control program and meet the existing
finished water quality parameters. The resulting water quality from the new Nagog Pond WTP may result
in slightly lower finished water alkalinity, compared with the current water quality. However, the
potential impacts of slightly lower finished water alkalinity and any different finished water source
blending within the distribution system are beyond the scope of this pilot study, and should be considered
in the next phase of the project (the Schematic Design).
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Recommended Facilities
Based on the results of the pilot study, and considering the Town’s current successful compliance status
associated with drinking water regulations, a summary of recommended design criteria for the proposed
facilities to treat water from Nagog Pond is presented below:

Hydraulic Capacity:

1.5 MGD

Raw Water Pumping:

3 pumps, each rated at 525 gpm

pH Adjustment:

Potassium Hydroxide: pretreatment, 15 mg/L

Pre-Oxidation:

Potassium permanganate: 2.5 minutes of detention time

In-Line Mixing:

Hydraulic Mixing: 1 to 2 seconds (for pH adjustment
and pre-oxidant)

Coagulation:

High basicity polyaluminum chloride: 45 mg/L

In-Line Mixing:

1 to 10 seconds (for coagulant)

Flocculation:

13 minutes (dual stage, variable speed)

Dissolved Air Flotation:

Loading Rate: 12 gpm/sf; Recycle Flow 8%

Ozone:

Intermediate ozonation for Primary Disinfection,
enhanced NOM removal, and taste & odor control: two
(2) 1.5 MGD trains, 10 minutes of contact time

Biologically Activated Carbon Filters:

GAC Media: 4 feet of Filtrasorb 820 and 1 foot of sand
Loading Rate: 6 gpm/sf
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Estimated Costs of New Facilities
A schematic diagram of the recommended facilities for a new treatment facility at Nagog Pond is
presented in Figure E-2. Conceptual cost estimates were developed for a new 1.5 MGD water treatment
plant, which includes the above referenced recommended facilities, at the site of the existing Ozone
Facility. A summary of the estimated project capital and operation & maintenance (O&M) costs for these
facilities are presented in Table E.4.
TABLE E.4 – NAGOG POND WTP COST ESTIMATES
(1.5 MGD DAF WTP)
Description

Cost

Contractor Overhead/Profit/Bonds/Insurance (20%)
Contingency (25%)
Engineering and Permitting (20%)

$95,000
$68,000
$945,000
$2,797,000
$157,000
$137,000
$196,000
$80,000
$4,475,000
$100,000
$4,575,000
$915,000
$1,144,000
$915,000

TOTAL

$7,549,000

Sitework
Concrete
Treatment Building
Equipment Cost and Installation
Process Mechanical Piping
SCADA/ Instrument and Controls
Electrical
HVAC/Plumbing/Fire Protection
Subtotal (Facility Cost)
Demolition of Existing Facilities
Subtotal

Annual O&M Costs
(Average Daily Demand of 1.0 MGD)
Description
Labor
Chemicals
Heating Fuel
Electricity
Residuals Management
Maintenance (Equip., Supplies, Materials)
Laboratory Testing
Total
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$50,000
$78,000
$30,000
$45,000
$12,000
$20,000
$3,000

$238,000
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