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Section 1

Introduction

1.1 Project Background and Goals
The Town of Brookfield located in western CT in Fairfield County, has a population of 

approximately 16,000 people in 2020, estimated by the CT Data Collaborative. The Town has a 

wastewater collection system including gravity and sewers, fourteen pumping stations and 

discharges the collected wastewater to the Danbury collection system and ultimately to 

Danbury’s treatment plant for disposal. There are approximately 6,100 housing units; however, 

the majority of them are served by onsite subsurface disposal systems (i.e. septic systems). The 

commercial corridor of Town located along Route 7 and Federal Road is served by the collection 

system.  The system is administered by the Brookfield Water Pollution Control Authority 

(BWPCA) which was founded in 1976 and is comprised of five appointed members plus three 

alternates.

Portions of the wastewater collection system are nearly 45 years old, dating back to 1975. The 

sewer system has approximately 2,300 connected accounts, many connections of commercial and 

industrial nature. 

The goal of this report is to document the Town’s wastewater infrastructure, evaluate the 

BWPCA’s current practices, make recommendations for improvements and develop a capital plan 

to implement the recommendations. 

1.2 Summary of Report 
The remainder of this report consists of the following Sections: 

Section 2, Existing Conditions and Needs Assessment – Describes existing collection system; 

describes areas evaluated for sewer extensions in the short-term and presents a proposed Sewer 

Service Area Map. 

Section 3, Collection System Evaluation – Present an Infiltration and Inflow evaluation of the 

collection system, as well as the television (TV) inspection results from TV work completed in 

November 2019.

Section 4, Pumping Stations Evaluation – Presents an overview of BWPCA’s pumping stations, 

comments on their overall condition, evaluated their capacity to convey the projected flow and 

makes recommendations for upgrades.

Section 5, Benchmarking – Presents an analysis of current staffing at Brookfield WPCA as it 

compares to recommended standards and other similar municipalities.

Section 6, Projected Costs and Revenue Distribution – Evaluates BWPCA’s rate structure, financial 

situation, and evaluates the rate impact of proposed improvements.     
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Section 2

Existing Conditions and Needs Assessment

The Town of Brookfield, located in western Connecticut in northern Fairfield County, has a 

population of approximately 16,000 people and about 6,100 housing units, as estimated by the CT 

Data Collaborative. The Town is most densely developed along the Route 202 and Route 7 

corridor, generally surrounded by larger parcel (1 to 2+ acres) residential areas.

2.1 Existing Facilities 
The Town owns and maintains a wastewater collection system including gravity sewers and 

fourteen pumping stations which discharge flow to the City of Danbury’s collection system and 

ultimately to Danbury’s wastewater treatment facility.  Portions of the wastewater collection 

system are 45 years old, dating back to 1975, while much of the system was constructed in the 

1990s. The sewer system has approximately 1,560 residential accounts and over 760 accounts 

that are commercial or industrial in nature. 

2.1.1 Danbury Agreement

The City of Danbury accepts Brookfield’s wastewater discharge under an interlocal agreement. By 

this agreement, Brookfield is limited to an average discharge of 500,000 gallons per day (gpd). 

Under Danbury’s plan to reduce the capacity of its wastewater treatment plant during a state-

mandated upgrade, Brookfield’s discharge limit is slated to decrease to 380,000 gpd in 2022. 

Brookfield currently discharges an average daily flow of approximately 332,000 gpd to the 

Danbury treatment plant. 

2.1.2 Wastewater Collection System

The current sewer service area is primarily along State Routes 7 and 202 through the center of 

town, as shown in Figure 2-1. Some outlying condominium complexes are served, and all schools 

are connected. There are approximately 17 miles of gravity sewer ranging in size from 8 to 15 

inches in diameter. There are also approximately seven miles of pressurized force mains from 14 

pump stations. All flow from the system ultimately ends up at the Caldor Pump Station on Federal 

Road, which then pumps all of Brookfield wastewater flow to Danbury where it is treated at the 

Danbury Wastewater Treatment Plant.
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2.1.3 Current Flows

Based on the flow metered at Caldor Pumping Station, Brookfield is currently discharging an 

average of 332,000 gallons per day (gpd). Figure 2-2 shows average daily flow by fiscal year from 

Fiscal Year 2009-2010 through Fiscal Year 2018-2019.

Figure 2-2: Average Daily Flows at Caldor Pump Station by Fiscal Year
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2.2 Sewer Needs Assessment
This section evaluates needs related to public health and the environment by evaluating 

feasibility and necessity of sewer extensions.  The study area includes the Town of Brookfield, 

however, the area adjacent to Candlewood Lake is the focus of a separate study and is not being 

considered in this needs assessment. The Candlewood Lake Study area, outlined in Figure 2-3, is 

comprised of approximately 1,300 properties and is also the most densely developed residential 

area in Brookfield. 
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2.2.1 Criteria for Needs Areas

Specific criteria were developed to evaluate individual areas within the Town of Brookfield. The 

assessment included the criteria presented below:

 Lot size distribution

 Proximity to public water supply/aquifer protection area

 Prevalence of flood plains and wetlands

 Soil potential for subsurface disposal

 On site disposal system repairs/failures

Lot size is a factor for review since small lot size can restrict the ability to construct an on-site 

system in compliance with state regulations. Density of development is closely related to lot size 

in that a large number of small lots with on-site disposal systems in close proximity can pose a 

threat to groundwater, and surface water, quality. Soil potential mapping from the National 

Resource Conservation Service (NRCS) shows various soils rated for suitability in supporting a 

subsurface disposal system. Areas designated for public water supply or are aquifer protection 

areas are of special concern due to the ultimate use of the water for human consumption.

Lot sizes were used as an identifier for residential areas of Town for review and were based on 

Town zoning. Residential zoning classifications are listed in Table 2-1.

Table 2-1: Brookfield Residential Zoning

Town Zoning 

Classification

Minimum Lot Size 

(square feet)

Approximate Lot Size 

(acres)

R-7 7,000 0.16

R-15 15,000 0.34

R-40 40,000 0.9

R-60 60,000 1.4

R-80, R-100 80,000 + 1.8+

The residential areas located primarily east of State Route 7, and in the northwest corner, are 

generally larger in lot size and are considered fit to be served by on-site subsurface disposal of 

domestic waste due to zoning of 1.4-acre minimum parcels (and the absence of any overarching 

constraints, e.g. poor soils or prone to flooding). Properties zoned at R-60, R-80, and R-100 are 

less likely to need connection to sewer in the planning period. 

Sensitive environmental and public health resources include areas designated for public water 

supply, including aquifer protection areas. Other environmentally sensitive zones include 

wetlands, floodplains, and areas with poor performing on-site disposal systems. Flood areas were 

taken from Federal Emergency Management Agency (FEMA) mapping completed in June 2018, 

which classifies 0.2% Flood Hazard Areas, 1% Flood Hazard Areas, and Regulated Floodways. A 
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regulated floodway is defined by FEMA as the channel of a river or other watercourse and the 

adjacent land areas that must be reserved in order to discharge the base flood without 

cumulatively increasing the water surface elevation more than a designated height. Flood hazards 

areas are defined as an area that will be inundated by the flood event having a 0.2-percent-chance 

or 1-percent chance of being equaled or exceeded in any given year. The 1-percent-chance is also 

known as the 100-year flood, and the 0.2-percent chance is known as the 500-year flood.

CDM Smith met with the Town of Brookfield Sanitarian in order to gain insight on performance of 

on-site systems in town, however no failure records were provided to CDM Smith for use in the 

assessment of on-site system performance. The Town of Brookfield is in the process of 

transitioning to an electronic tracking system for reporting septic system pump-outs, repairs, 

inspections, and new installations, which is available online to the public. From information found 

on the online database, it was determined that the majority of records date to around 2000 and 

systems are therefore only about 20 years old.

The National Resources Conservation Service (NRCS) characterizes soils by slope, percolation, 

depth to groundwater, depth to bedrock, and flooding. These criteria are combined to assess the 

ability to support a typical subsurface disposal system, defined as being for a single family, 4-

bedroom home on a 1-acre lot with a private well, or a ½-acre lot with public water supply. The 

ratings also provide a cost factor estimate for installation, expressed as a multiple of x, with 1x 

being a typical system installed in an area with high soil potential. The following are the NRCS soil 

rating classes:

 High Potential: These soils have the best combination of characteristics or may have 

limitations that can be easily overcome using standard installation practices. The cost 

factor is 1x to 2.0x. 

 Medium Potential: These soils have significant limitations, such as low percolation rate, 

that are generally overcome using commonly applied designs. The cost factor ranges from 

2.0x to 2.5x. 

 Low Potential: These soils have one or more limitations, such as low percolation rate and 

depth to seasonal highwater table, that require extensive design and site preparation to 

overcome. The cost factor ranges from 2.5x to 3.5x.

 Very Low Potential: These soils have to overcome major soil limitations, such as depth to 

bedrock, that require extensive design and site preparation. A permit for a subsurface 

sewage disposal system may not be issued unless the naturally occurring soils meet the 

minimal requirements outlined in the state health code. It is unlikely these soils can be 

improved sufficiently to meet state health code regulations. The cost factor ranges from 

4.25x to 6.0x. 

 Extremely Low: These soils have multiple major limitations, such as potential flooding and 

depth to seasonal highwater table, which are extremely difficult to overcome. A permit for a 

subsurface disposal system may not be issued unless the naturally occurring soils meet the 

minimal requirements outlined in the state health code. It is unlikely these soils can be 

improved sufficiently to meet state health code regulations.  
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 Not Rated: Areas labeled Not Rated have characteristics that show extreme variability from 

one location to another. The work needed to overcome adverse soil properties cannot be 

estimated. Often these areas are urban land complexes or miscellaneous areas. An on site 

investigation is required to determine soil conditions present at the site.

For this needs assessment, soils with low, very low, or extremely low potential were considered 

in outlining the areas of environmental concern.

2.2.2 Needs Assessment Matrix

In order to identify Areas of Environmental Concern in Brookfield, the assessment criteria were 

mapped to show where they overlapped, creating the areas with a higher environmental concern 

with the respect to wastewater management.

Figure 2-4 shows the mapped criteria. This method presented six areas of environmental 

concern, outlined in Figure 2-5.

The needs assessment matrix was cross-referenced with property data for public water versus 

private well water throughout the residential areas of town, since the space required for the 

separation distance between the subsurface disposal system and a well is not a concern if a 

property is connected to a public water supply. Figure 2-6 shows the properties that have public 

water.

An evaluation and ranking of each study area was performed based on the criteria outlined above. 

The assessment included a point scoring system to prioritize the areas identified.  Determination 

wastewater need was assessed by assigning a point value to the individual and summing the 

scores.  The higher the point score the greater the relative need.  The scoring criteria is as follows:

 Lot Size and density considers the distribution and prevalence of small lot sizes.  Larger lot 

sizes are generally more favorable to onsite disposal systems, thus areas zoned for larger 

lots were assigned a lower score.  Conversely, area where zoning allows small lots were 

assigned a higher score.  The point score range for the Lot Size category was from 0 – 4. 

 Wetlands are considered sensitive environmental receptors and can be negatively 

impacted by onsite disposal systems.  Furthermore, the presence of wetlands can be an 

indicator of high groundwater and unfavorable conditions for onsite disposal systems.  

Areas with no wetlands present were assigned a point score of 0, while areas with 

significant areas of wetlands were assigned a point score of 4.  The point score range for the 

Wetlands category was from 0 – 4. 

 Floodplains and areas prone to localized flooding can have significant negative impacts on 

subsurface disposal systems.  The area suitable for onsite disposal systems can be 

significantly reduced on a property in a floodplain.  Areas with a floodplain were assigned 

the highest point score.  The point score range to the Flood Hazard category was from 1- 3.

 Regulatory floodways, as defined by FEMA are considered a sever limitation to onsite 

disposal.  Areas where a regulatory floodplain is present were assigned the highest point 

score.  The point score range to the Flood Hazard category was from 1- 4. 
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 The native soil conditions in a particular area can significantly impact the performance of 

an onsite disposal system.  The prevalence of poor soil conditions was evaluated.  Areas 

with the lowest soil potential were assigned the highest point score. The point score range 

for the Poor Soil Potential for Subsurface Disposal category was from 1 – 3.

 Onsite wastewater disposal in not prohibited in Aquafer Protection Areas, however; it can 

be beneficial to limit onsite disposal to reduce the risk of degrading aquifer water quality.  

Areas with were assigned a higher score based on their proximity to aquifer protection 

areas.  The point score range for the Aquifer Protection Area category was from 0 – 3, with 

0 being assigned to areas outside of designated Aquifer Protection Areas.

 The presence of a public water supply system reduces the separation distance requirement 

that is present for properties with a private well.  Without the separation distance 

constraint there is can be more potential for adequate subsurface disposal.  In addition, the 

potential for adverse impacts on drinking water are reduced.  Areas with a public water 

supply system were assigned a point score of 0.  The point score range for Public Water 

Supply ranged from 0 – 3.              

Based on the extent of the needs assessment criteria in the areas identified, presented in Table 2-

2, each area was given a total score pertaining to need for wastewater management, highest score 

representing the highest need. 
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2.3 Future Sewer Service Area
The sewer service area outlined in Figure 2-1 includes properties currently connected to and 

discharging to sewer, as well as properties with sewer available but are not connected. Most 

properties in this defined area are zoned as commercial or industrial in nature, as well as some in 

the Town Center District, which is intended to foster business development. Properties not 

currently connected to sewer that are in the sewer service area (generally the Route 7 corridor 

through Town), are anticipated to connect to the collection system within the planning period. In 

the sewer service area, the following properties are included:

 Previously Assessed (but not connected): properties that have been assessed for 

connection to sewer but have not connected to date

 Areas for Development: properties anticipated to be developed within the planning period

 Failure Only Connections: defined as having sewer available, but anticipated to connect to 

the sewer system only in the event of an on-site system failure

2.4 Future Flows
The population of Brookfield has remained fairly constant since 2010, showing less than a 700 

person increase over 7 years (per the Connecticut Data Collaborative), shown in Table 2-3.

Table 2-3: Brookfield Population Trend

Year Population

2017 17,133

2016 17,134

2015 17,106

2014 17,030

2013 16,869

2012 16,787

2011 16,627

2010 16,473

With the growth pattern seen in the past 7 years, we can expect future population growth to 

remain at less than a 0.5 percent annual increase. Population growth in Brookfield is not a 

significant indicator of increases to sewer flows. There is some recent variability in the number 

and size of commercial customers. A 2019 departure of a large employer and a few other has 

reduced flows and reduced billings by 7 percent.

Futures flows to the Brookfield collection system can be attributed to connections of properties in 

close proximity to sewers and also properties located in areas of environmental concern. 

Properties in the Route 7/Federal Road corridor not yet connected to sewer (many of which are 

assessed) are likely to have the greatest impact on sewer flow in the next ten years.  Connections 
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of properties in areas of environmental concern will require sewer extensions and are less likely 

to be occur in the short term. 

Potential connections to the sewer system have been evaluated for probability of connection, as 

well as anticipated flow in the case of connection. Flows from needs areas as well as future 

connections within the sewer service area have been considered. 

In order to estimate potential flows for residential connections to the sewer system, two sources 

were referenced. Guides for Wastewater Treatment Works (Technical Report No. 16 – aka TR-16) 

by the New England Interstate Water Pollution Control Commission recommends using 70 

gallons per capita per day (gpcd). This, along with the United States Census 2.78 average persons 

per household (in the portion of Brookfield generally served by sewer), equates to a flow estimate 

of 195 gpd for residential households. For comparison, CDM Smith reviewed water consumption 

data from Aquarion Water Company for Brookfield properties for the period of August 2016 to 

July 2019.  The average of this data yields an estimated 133 gpd for single family residences (1-3 

bedrooms). The value found using Aquarion water consumption data (133 gpd) appeared to be 

most representative of Brookfield and was used in projecting future residential connection flow 

in this plan. 

To estimate potential flows from commercial developments, Metcalf & Eddy Wastewater Engineer 

Treatment and Resource Recovery was refenced. This publication provides an average unit-

flowrate for commercial developments range of 800 to 1500 gal/acre/day. Comparing this 

guideline to water consumption data for commercial Aquarion accounts, CDM Smith determined 

that Brookfield commercial water usage is on the lower end of the range, and 800 gal/acre/day 

was used to estimated flows for future commercial/industrial connections.

2.4.1 Future Sewer Service Area Connections

Figure 2-7 identifies properties within the Sewer Service Area that have the potential to connect 

in the short term along with the Areas of Environmental Concern which are less likely to connect 

in the near future.  The existing Sewer Service Area (shown in Figure 2-1) is primarily zoned for 

Commercial (C-1 or C-2), Industrial (I-1 or CP), or Town Center District (TCD) use, and has been 

identified as favorable for connection to sewer. 

For potential flow contributions, flow has been estimated based on property use. For any existing 

residential properties, 133 gpd was used. A flow estimate of 800 gallons per acre per day was 

used for commercial and industrial properties. For properties where a developer has submitted 

more specific information, the flow estimate provided to the BWPCA was used in place of 800 

gallons per acre per day.
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MassDEP I/I Guidance 

MassDEP has developed guidance (MassDEP 2017) for municipalities to use to evaluate sanitary 

collection system data for excessive I/I. Overall, MassDEP defines excessive I/I sources to be (see 

Page 2 of MassDEP 2017): 

 I/I sources directly or indirectly contributing substantial volumes to wet weather SSO 

events, as set forth in a MassDEP enforcement action, or otherwise as necessary to prevent 

SSO events for a five year storm event, or a twenty five year storm event to areas with 

sensitive uses, such as public water supplies, bathing areas, shell fishing areas, or 

endangered species habitats.

 Infiltration sources which can cost-effectively be removed from the sewer system.

 All public and private inflow sources, unless existing conditions render such removal 

technically infeasible or cost-prohibitive.

The MassDEP guidance recommends additional study, such as CCTV inspection, for peak 

infiltration rates greater than 4,000 gallons per day per inch-diameter-mile (gpd/idm) during a 

high groundwater period. The guidance does not have a numeric target for excessive inflow, but 

recommends ranking the inflow by subsystem for a one-year, six-hour design storm and 

performing an SSES on the subsystems comprising 80 percent of the total inflow volume.

EPA Guidance

EPA has issued guidance (EPA 1985) to determine whether I/I is non-excessive based on an 

analysis of 270 cities nationwide. 

 Excessive infiltration = dry weather flow greater than 120 gallons per capita per day (gpcd)

 Excessive inflow = wet weather flow greater than 275 gpcd. 

The EPA guidance is population based, and references the average daily flow during dry- and wet-

weather periods. Since these metrics are population based, they are only applicable to 

sewersheds that are predominantly residential.

3.3 Brookfield I/I Assessment
CDM Smith estimated the inflow and infiltration observed at the four gravity meters and available 

pump station flow records. The evaluation was conducted for three periods: 

 Fall 2017 (inflow response): October 23 through November 2, 2017

 Spring 2018 (high groundwater): April 1 through June 1, 2018

 Calendar year 2018 (gravity meters only, subject to data availability). 

The analysis completed for each period was based on the data available and the underlying 

characteristics of the sewershed. In all cases the data were evaluated in aggregate, without 

subtracting upstream flows. This was done for several reasons. First, the total I/I flow was 

relatively low and the estimated sanitary flow is uncertain due the limited water consumption 
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data available within the Brookfield sewer service area. Second, the gravity meters have not been 

calibrated, so the relative flow measured between the meters may not be consistent. To avoid 

compounding errors while estimating the I/I rate, upstream meters were not subtracted. 

Furthermore, given the uncertainties in the meter calibration and maintenance, the I/I analysis 

and flow partitioning are approximate and limited by the resolution of the metering currently 

available. While the overall study conclusions are not likely to change given more precise 

metering data, the relative fraction of I/I and sanitary flow may be slightly different than are 

presented below. 

Pump station records are difficult to subdivide into sanitary, inflow, and infiltration because the 

pump cycling can mask the impact and timing of I/I in the sewer system. For this reason, a full 

component analysis identifying the portion attributable to sanitary, inflow, and infiltration was 

limited to the gravity sewer system. The pump stations with available data during the study 

period were North, 777 Federal Road, Railroad, Del Mar, Route 133, and Sand Cut. 

Meter and pump station characteristics are listed in Table 3-1. 

Table 3-1: Characteristics of Meters and Pump Stations with Available Data During the Study Period

Type Meter Upstream
Sewershed 
Area (acres)

Miles 
of 

Gravity 
Sewer

Inch-
Diameter-

Miles

Percent 
Residential 
(Approx.)

Notes

10-inch 
Federal

None
528 5.2 43 17

12-inch 
Federal

10-inch Federal
1,876 19 166 30

8-inch Caldor

None

145 1.2 13 81

Data not valid 
5/23/18 through 
10/27/18 G

ra
v

it
y

 M
e

te
r

15-inch Caldor
8-inch Caldor, 10-inch 
Federal, 12-inch Federal 1,947 19.4 170 27

Data not valid 
past 9/1/18

777 Federal 
Road

North, Brooks Quarry*
93 2.4 21.8 3

Railroad
High Meadow*, High 
School* 316 2.0 22 63

Del Mar  None 6.6 0.32 2.5 0

Route 133

Del Mar, Commerce*, 
North, Brooks Quarry*, 
777 Federal, High 
School*, Railroad, 
Silvermine*, High 
Meadow* 1,196 12.4 116 33

P
u

m
p

 S
ta

ti
o

n

Sand Cut None 36 1.5 12 25

* Data not available in Mission Control SCADA during study period
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3.3.1 Sanitary Flow

CDM Smith worked with Aquarian Water Company to obtain water consumption data by account 

for all properties served by Aquarion within the Brookfield town limits between August 2016 and 

July 2019. Table 3-2 presents the number of properties in the database by property type. 

Properties with an unknown property type listed do not have a corresponding entry in the 

Brookfield assessor’s database. 

Table 3-2: Properties in Aquarion Database by Land Use Code in the Brookfield Assessor’s Database 

Property Type Count

Residential 707

Commercial 56

Industrial 11

Unknown1 187

Tax Except 
(church, charity, 
Town-owned)

6

Total 967

Notes: 1. No matching address in Brookfield assessor’s database 

Most of the properties served by Aquarion are residential and are located outside of the 

Brookfield sewer system service area. Other properties in town are served by private community 

water supply systems and private wells and are not included in this dataset. This includes the 

commercial and industrial properties in the Brookfield sewer system not included in the 

Aquarion water use dataset. 

Parcel water use was estimated based on the entire 3-year record for each parcel and land use 

code. For properties in the Town sewer service area that were in the Aquarion water use 

database, the water consumption rate was used directly in the calculation of wastewater flow. 

Water use for properties within the Town sewer service area that are not served by Aquarion 

were estimated based on the average water consumption rate for the corresponding land use 

code. If water consumption data were not available for a given land use code, the average water 

consumption rate for the “master” code (e.g., all commercial properties have a land use code in 

the 300-series) was used. Very few properties fall into this category. Average water use by land 

use code and “master” land use code is presented in Table 3-3. 

Table 3-3: Average Water Consumption Rate by Land Use Code in the Brookfield Assessor’s Database 
based on Aquarion Water Company Data from August 2016 through July 2019

Land Use Code Average 
Water 

Consumption 
(gpd)

100 138

101 133

101C 94

102 119

103 398
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105A 1,834

All Residential 153

304 362

306 1,571

311 230

312 702

315 901

316 140

320 70

322 294

323 1,469

326 236

328 2,644

329 32

331 452

332 147

337 1,388

338 208

340 218

341 7,926

342 693

344 2,277

348 1,516

355 49

359 8,678

377 897

390 930

All Commercial 1,190

400 437

401 47

406 2,763

407 317

440 152

All Industrial 655

960 419

962 29

All Tax Exempt 172

Sanitary flow was evaluated within the four gravity meter sewershed areas. While typically the 

water use data would be applied directly with a factor to account for consumptive use, the 

Brookfield sewer system service area is unique in that (1) most of the sewer system is 
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commercial or industrial use and (2) most of the properties served by the sewer system are not 

served by Aquarion, making it difficult to directly translate the water use data to a wastewater 

flow rate via a consumptive use factor. Therefore, the water use data were used as a starting point 

for developing the sanitary flow rate for each sewershed; the sanitary flow rate was adjusted to 

best match the flow metering data. Assumed sanitary flow rates for each sewershed are 

presented in Table 3-4. Note that the sewershed areas are overlapping and have not been 

separated for this assessment. 

Table 3-4: Estimated Sanitary Flow Rate by Sewershed for Gravity Flow Meters

Sewershed Area (ac) Upstream Sewersheds Sanitary Flow (gpd)

8-inch Caldor 145 None 16,600

10-inch Federal 528 None 30,200

12-inch Federal 1,876 10-inch 163,000

15-inch Caldor 1,947 8-inch, 10-inch, 12-inch 188,000

3.3.2 Inflow and Infiltration

Fall 2017 (Inflow Response Assessment)

The inflow response was evaluated by assessing the system response to a large precipitation 

event in October 2017. An intensity-duration-frequency curve depicting this event is presented in 

Figure 3-2. 

Figure 3-2: Intensity-Duration-Frequency Curve for the October 2017 Precipitation Event at the Danbury 
Municipal Airport

This figure shows the precipitation total at durations between one hour and 4 days based on 

hourly precipitation data from the Danbury Municipal Airport. The precipitation total at each 

frequency is compared against precipitation frequency estimates in NOAA Atlas 14 for Brookfield, 

CT. The measured precipitation depth and associated approximate average recurrence interval 

(ARI) is shown in Table 3-5. 
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Table 3-5: Precipitation Depth and Approximate Average Recurrence Interval (ARI) for the October 29, 
2017 Storm at Danbury Municipal Airport

Duration Precipitation (inches) Approximate ARI

1-hour 0.79 6-month

2-hour 1.22 1-year

3-hour 1.42 1-year

6-hour 2.43 3-year

12-hour 3.45 4-year

24-hour 4.41 5-year

2-day 4.70 4-year

3-day 4.70 3-year

4-day 4.71 2-year

7-day 5.58 2-year

This data indicates that this event was approximately a 5-year, 24-hour precipitation event. 

CDM Smith evaluated data from the four gravity meters to assess whether there is evidence of 

significant or excessive inflow during this event in the Brookfield collection system. Qualitatively, 

there was very little discernable impact metered flows during this event, suggesting that direct 

inflow sources are not significant. Statistics describing average and peak I/I for this event are 

shown in Table 3-6. 

Table 3-6: Maximum Daily Flow Components for a 5-year, 24-hour Storm in October 2017

Maximum Daily Flow Component (gpd) Percentage (Maximum Daily)Meter

Sanitary Inflow Infiltration Total I/I Total 
Flow

Sanitary Inflow Infiltration Total 
I/I

8-inch  16,600  24,600  16,500  41,100  57,700 29% 43% 29% 71%

15-inch  198,000  90,400  82,600  173,000  371,000 53% 24% 22% 47%

10-inch  54,400  40,700  11,000  51,700  106,000 51% 38% 10% 49%

12-inch  163,000  72,000  41,000  113,000  276,000 59% 26% 15% 41%

Most of the contributing area to the four gravity sewersheds is non-residential and is therefore 

not able to be compared against the EPA criteria. The sewershed for the 8-inch Caldor meter is 81 

percent residential. The maximum wet weather flow rate (inclusive of sanitary flow, per EPA 

guidelines) was 57,700 gpd, or 218 gpcd. This is below the EPA threshold of 275 gpcd for 

excessive I/I. 

Spring 2018 (Infiltration Response Assessment)

Groundwater response was assessed using available data between April 1 and June 1, 2018. Over 

this period there were 6.82 inches of rain at the Danbury Airport, and groundwater was 
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seasonally high (see Figure 3-3). Table 3-7 presents a flow component analysis during this 

period. 

Figure 3-3: Depth to Groundwater at a USGS Water Table Well Located at the Brookfield/New Milford 
Line on Route 202 Showing High Seasonal Groundwater Levels

Table 3-7: Average Flow Component Analysis for Spring 2018 (April 1 through June 1)

Average Daily Flow Component (gpd) Percentage (Maximum Daily)Meter

Sanitary Inflow Infiltration Total I/I Total 
Flow

Sanitary Inflow Infiltration Total 
I/I

8-inch  16,600  7,400  15,200  22,600  39,200 42% 19% 39% 58%

15-inch  198,000  36,700  56,700  93,400  291,000 68% 13% 19% 32%

10-inch  54,400  3,250  37,900  41,200  95,600 57% 3% 40% 43%

12-inch  163,000  30,300  46,200  76,500  240,000 68% 13% 19% 32%

The groundwater infiltration at each meter was compared against the MassDEP groundwater 

infiltration criteria to evaluate whether these subareas merit further investigation. For this 

evaluation, the maximum daily groundwater infiltration throughout the spring analysis period 

was used. This result is presented in Figure 3-4. 
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Figure 3-4: Maximum Daily Groundwater Infiltration Rate Normalized by Inch-Diameter-Mile in Spring 
2018 for the Four Brookfield Gravity Meters

In addition, the dry weather flow rate for the 8-inch Caldor meter was 115 gpcd, below the EPA 

criterion of 125 gpcd. Based on this information, the groundwater infiltration in the Brookfield 

collection system is below both the MassDEP and EPA targets at each of the four gravity meters. 

Calendar Year 2018 (Flow Component Analysis)

The inflow and infiltration were evaluated for the four gravity meters for calendar year 2018 to 

understand the general proportion of I/I in the system relative to sanitary flow. Average flow 

components by meter are presented in Table 3-8. 

Table 3-8: Average Flow Component Analysis for Calendar Year 2018

Average Daily Flow Component (gpd) Percentage (Maximum Daily)Meter

Sanitary Inflow Infiltration Total I/I Total 
Flow

Sanitary Inflow Infiltration Total 
I/I

8-inch1  16,600  7,210  13,500  20,700  37,300 45% 19% 36% 55%

15-inch2  198,000  29,200  71,000  100,000  298,000 66% 10% 24% 34%

10-inch  54,400  7,570  21,500  29,100  83,500 65% 9% 26% 35%

12-inch  163,000  21,700  67,000  88,700  252,000 65% 9% 27% 35%

Notes:

1. Data not valid between 5/23 and 10/17.

2. Data not valid after 9/1/2018.

To put these data into context, CDM Smith compared the average flow component analysis for 

calendar year 2018 to statistics reported by the Massachusetts Water Resources Authority 

(MWRA) for its 43 member communities in the Fiscal Year 2019 Annual Infiltration and Inflow 

Reduction Report (MWRA, 2019). The MWRA is the regional water and sewer authority for 

communities in metropolitan Boston. As part of its routine NPDES permit compliance reporting, 

MWRA performs a wastewater component analysis annually for wastewater in each member 

community, separating the flow into sanitary, inflow, and infiltration. In 2018, the average 
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percentage I/I (as a percentage of the total flow) was 54 percent, with a minimum of 41 percent 

and a maximum of 70 percent. A box-and-whisker plot showing the overall range of I/I expressed 

as a percentage of overall average daily flow across the MWRA member communities is shown in 

Figure 3-5. Compared with these figures, the estimated proportion of I/I in the Brookfield system 

is average to significantly below average, supporting the findings in this report that the overall I/I 

contribution in the Brookfield collection system is relatively low. 

Figure 3-5: Percentage of Average Daily Flow that is Inflow or Infiltration Across the 43 MWRA Member 
Communities in Calendar Year 2018

3.3.3 Discussion and Conclusions

CDM Smith evaluated available data from gravity meters and pump stations in the Town of 

Brookfield’s collection system to understand the extent of I/I in the Town’s collection system. The 

results of this assessment found that the fraction of I/I in the collection system is relatively low, 

and is below MassDEP and EPA guidance for evaluating excessive I/I. While the I/I appears 

relatively low at the four gravity meters and in the pump station records, there remains the 

possibility that isolated areas of the collection system experience higher I/I rates that may be 

considered excessive. Since the I/I assessment described in this study was conducted at gravity 

meters and pump stations located at the downstream end of the collection system, isolated areas 

of relatively higher I/I in upstream areas of the collection system could be obscured by the impact 

of pump stations or additional linear pipe distance that causes the I/I to be low at the gravity 

meter or pump station location. Brookfield could conduct additional CCTV inspection or install 

additional gravity meters in upstream locations within the collection system to monitor for 

excessive I/I in other parts of the system. 

In addition, this analysis found that the gravity meter and pump station data are unreliable. 

Brookfield should ensure that all flow meters are properly calibrated and maintained so that the 

data can reliably be used in future I/I studies and to fully characterize flows from its collection 

system.  
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3.4 Closed Circuit Television (CCTV) Inspections
To evaluate the condition of the sewers, CCTV inspections were performed along portions of 

Federal Road and Candlewood Lake Road. The pipes were installed in the 1970s, are constructed 

of polyvinyl chloride (PVC), and range in diameter from 8 to 12 inches. These areas were 

identified for inspection due to their age and criticality. 

CDM Smith’s subcontractor performed the CCTV inspections between November 12th and 21st, 

2019.  CDM Smith then reviewed the video footage to assess the condition of the pipe and to 

determine if rehabilitation is needed.

3.4.1 PACP Coding

The inspection videos were coded according to National Association of Sewer Service Companies 

(NASSCO) Pipeline Assessment Certification Program (PACP).  PACP is an internationally 

accepted method for recording pipeline defects and observations in a standardized manner.  In 

PACP, defects and observations are divided into four families of codes: 

 Operational and Maintenance – such as grease, roots, infiltration

 Structural – such as cracks, surface damage, collapsed pipe 

 Construction Features – such as taps, sealing material, access points

 Miscellaneous Features – such as material change, joint change, water mark

Standardizing the coding system creates more consistent data gathering and utilization. It also 

provides the ability to compare sewers within one area to another geographic location.

Another feature is the PACP Grading, which represents the highest grade defect (structural and 

O&M) observed in the pipe. In general, the higher the Grade, the worse the condition of the pipe. 

The PACP coded logs for the pipe segments inspected can be found in Appendix A.

3.4.1.1 PACP Results

The summary of PACP Structural and O&M Quick Rating results for the inspected pipe segments 

is shown in Table 3-9 and Figure 3-6 below.

Table 3-9 Summary PACP of Results

Highest Rating in Pipe Segment Rating Description Number of Segments Percent of Total

0 20 49%

1
Minor or No Defects

0 0%

2 17 41%

3
Moderate Defects

2 5%

4 0 0%

5
Significant Defects

2 5%
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Ninety five percent of the pipes inspected had an O&M or Structural rating of 0 to 3, which means 

they did not have significant defects. Only five percent had a rating of 4 or 5, which means the 

pipe has at least one significant defect. Pipes with significant defects are recommended for 

repairs in the near future. CDM Smith reviewed each pipe segment and made corresponding 

recommendations, discussed below.

3.4.2 Recommendations 

CDM Smith determined recommendations based on PACP scoring as well as review of the 

inspection data. A higher PACP Rating would generally correspond to a higher priority 

maintenance or rehabilitation recommendation. Table 3-10 at the end of this section shows the 

complete list of pipe segments with their corresponding recommendations. The most common 

defects seen in the pipes inspected was grease (O&M) and sags in the pipes (Structural).

The majority of the inspected pipe sections are in good condition and are recommended for 

regular cleaning due to grease present as well as sags, which could allow for debris to settle. Pipe 

segment 2770-2771 on Federal Road requires debris removal due to an object impeding flow 

towards the downstream end of the pipe segment. The pipe just upstream of Caldor Pump Station 

on Candlewood Lake Road, segment 2797-2799, requires cleaning at the downstream end due to 

deposits and grease at the connection to the Pump Station, shown in Figure 3-7a. Segment 2784-

2802, also on Federal Road, near the intersection with Gray’s Bridge Road, is recommended for a 

point repair. The defect is an object protruding through the wall of the pipe, as seen in Figure 3-

7b. 

 

Figure 3-7 (a) Grease at downstream end of 2797-2799. (b) Intruding Object through Pipe Wall of 2784-
2802 at 234 LF from upstream manhole.

The defect shown in Figure 3-7b is the only significant structural defect observed in the 41 pipes 

inspected in November 2019. It is recommended for a point repair. The remainder of the pipes 

have less significant defects and are not in urgent need of maintenance. CDM Smith recommends 

Brookfield WPCA inspect pipes with existing sags regularly to monitor any changes. If sags 

increase in severity, the BWPCA should consider rehabilitation or replacement.

In addition to PACP defects, during inspections two manholes were found that are not included in 

Brookfield’s GIS mapping. One is located between manholes 2739 and 2750, and the other one 

located between manholes 2749 and 2746, shown on Figure 3-6.

(a) (b)
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Table 3-10: Pipe Recommendation Summary

Table 3-10: Pipe Recommendations Summary

Pipe ID

Footage 
Inspected 

(LF)

Pipe 
Diameter 
(inches)

Pipe 
Material

O&M 
Grade

Structural 
Grade Recommendations

2797-2799 92.7 8 PVC 5 0 Cleaning (grease at d/s end)

2796-2797 247.5 8 PVC 0 2 Regular Monitoring

2794-2796 258.7 8 PVC 0 2 Regular Monitoring

2791-2794 256.7 8 PVC 0 0 no current recommendation

2764-2762 86.6 8 PVC 0 2 Regular Monitoring

2763-2764 219.1 8 PVC 0 2 Regular Monitoring

2762-2766 176.3 8 PVC 2 2 Regular Monitoring

2766-2767 185.1 8 PVC 0 0 No Current Recommendation

2767-2768 240.8 8 PVC 0 0 No Current Recommendation

2770-2771 79.1 8 PVC 2 0 Cleaning (grease)

2769-2770 98.5 8 PVC 2 0 Cleaning (grease)

2719-2727 338.5 12 PVC 0 2 Regular Monitoring

2771-2772 128.3 8 PVC 2 0 No Current Recommendation

2772-2804 269 8 PVC 2 0 No Current Recommendation

2718-2720 274.9 12 PVC 0 3 No Current Recommendation

2727-2726 42.2 12 PVC 0 0 No Current Recommendation

2726-2724 146.8 12 PVC 2 2 No Current Recommendation

2724-2723 179 12 PVC 0 2 No Current Recommendation

2723-2722 171.5 10 PVC 0 0 No Current Recommendation

2722-2721 183.4 10 PVC 0 3 Regular Monitoring

2869-2730 262.4 8 PVC 0 0 No Current Recommendation

2721-2869 118.3 8 PVC 0 2 Regular Monitoring

2730-2739 328.4 8 PVC 0 0 No Current Recommendation

2750-2749 268.1 10 PVC 0 0 No Current Recommendation

2739-2750 372.1 10

PVC

0 0

Unmapped manhole identified 

during inspection

2746-2744 354.4 8 PVC 0 0 No Current Recommendation

2749-2746 325.1 10

PVC

0 0

Unmapped manhole identified 

during inspection

2744-2742 244.8 8 PVC 2 0 Cleaning (deposits & grease)

2742-2741 324.7 8 PVC 0 0 No Current Recommendation

2741-2761 392.2 8 PVC 0 0 No Current Recommendation

2784-2802 241.9 10 PVC 0 5 Point Repair
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Pipe ID

Footage 
Inspected 

(LF)

Pipe 
Diameter 
(inches)

Pipe 
Material

O&M 
Grade

Structural 
Grade Recommendations

2783-2784 373.8 10 PVC 0 0 No Current Recommendation

2782-2783 309.4 10 PVC 0 0 No Current Recommendation

2781-2782 220 10 PVC 0 0 No Current Recommendation

2720-2719 5.9 12 PVC 0 0 No Current Recommendation

2725-2726

Operator did not consider it safe for the equipment to attempt inspection due to extreme drop 

and slope.

2760-2759 168.5 10 PVC 0 2 Regular Monitoring

2761-2760 165 8 PVC 0 2 Regular Monitoring

2802-2803 59.3 12 PVC 0 0 No Current Recommendation

2801-2802 78.1 12 PVC 2 0 No Current Recommendation

2759-2781 219.3 10 PVC 0 0 No Current Recommendation

2803-2804 138 12 PVC 0 0 No Current Recommendation
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Section 5

Benchmarking

The intent of this section is to review the current staffing levels of the Brookfield Water Pollution 

Control Authority (BWPCA).  CDM Smith reviewed the staff levels of the BWPCA and comparison 

against available industry metrics and similar municipalities.   

5.1 Current Organizational Structure
The Brookfield Water Pollution Control Authority currently operates with six (6) total staff. CDM 

Smith has performed a review of the current staffing levels for sewer related activities.  Our 

review is based on the current staffing with comparisons against available industry metrics.   

The BWPCA staff reside in the Water Pollution Control Authority Office on Commerce Road.  Staff 

serve under the direction of the BWPCA Director who reports to the WPCA Commission. The 

Commissioners are volunteers. They are appointed by the Board of Selectman for 4-year terms.

Figure 5-1 presents the organizational chart of the Wastewater Department.  Collection systems 

currently has 6 staff including:

 Office Staff (3 - 2 full time, 1 part time)

 Maintenance Staff (3 full time)

Figure 5-1: Brookfield WPCA Organizational Chart
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The office staff consists of a director, executive assistant and customer service account manager.  

The staff reports to the director who is responsible for interfacing with other Town departments, 

budgeting and personnel matters. The executive assistant is the information point person 

administrating payables, reviewing and filing all changes to customer sewer installations, 

monitoring the budget and supporting the public, commissioners, director and maintenance crew.  

The customer service account manager administrates all the customer accounts, billing, receipts 

of all payments and manages delinquencies.  

The maintenance staff are primarily responsible for operation and maintenance (O&M) of the 

wastewater collection system.  The majority of collection system O&M activities are performed 

in-house using existing staff.  Activities include inspection of the 14-pump stations on a regular 

schedule, seven days a week, each day of the year. The O&M function also includes upkeep of the 

buildings and grounds at each of the facilities operated by the WPCA, and inspection and 

administration of the Fats Oils and Grease (FOG) program.  Simple pump station repairs are done 

in-house. Heavier tasks including rebuilding in-line grinders, generators, motors and pumps is 

contracted out. The field staff are also responsible for engaging other maintenance specialty 

services, like grounds keeping, electrical and telemonitoring. 

5.2 Benchmarking
CDM Smith has performed a desktop benchmarking evaluation to compare Brookfield’s staffing 

levels to other industry benchmarks and similar municipalities.  While not all situations are 

identical, comparison against these metrics can yield support to staffing levels within the 

department.  Metrics have been obtained from 3 primary sources for comparison to Brookfield:

 EPA Guide for Evaluating Capacity, Management, Operation and Maintenance (CMOM) 

Programs at Sanitary Sewer Collection Systems – Staff Complements for Wastewater 

Collection System Maintenance

 2018 AWWA Utility Benchmarking Report

 California State University Sacramento Manual – Collection Systems Methods for Evaluating 

and Improving Performance

EPA CMOM Guidance

The EPA CMOM Guidance estimates staffing requirements based on service population size.  The 

guidance document includes populations ranging from 5,000 to over 500,000.  Data was 

proportioned using Brookfield’s estimated service to 2000 accounts which corresponds to a 

population served of about 5,000 people.  However, due to the amount of commercial accounts it 

is recommended to use an “equivalent” population size of 6,000. Staff categories in the guidance 

document do not directly correlate to descriptions used by Brookfield currently, however they 

can be effectively compared.

Table 5-1 is calibrated based on population for a collection system only with no Wastewater 

Treatment Facility.  An estimate for staffing (based on full time employees, FTE) is presented 

along with an estimate for numbers of hours needed per week per job description. 
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Table 5-1: EPA Collection System Personnel

Sewer Service Area Population

5,000

Occupational Title FTE Man-Hours/Week

Foreman (collection) 1 15

Maintenance Man II (collection) 1 15

Maintenance Man I (collection) 1 15

Laborer (collection) 1 15

Maintenance Mechanic II (pump stations) 0.9 37

Maintenance Mechanic I (pump stations) 0.35 14

Maintenance Mechanic Helper (pump stations) 0.35 14

Totals ~6 125

Although Brookfield’s number of staff is below the suggested number, Brookfield’s level of effort 

in on par with EPA’s recommendation and is at 128 hours including weekend checks of 4 hours 

each Saturday, Sunday and Holidays. 

Based on the EPA guidance, the number of Brookfield O&M employees is appropriate for the size 

of the collection system and number of pump stations. The current situation allows for two 

employees on duty at all times allowing for vacation and sick leave. Although EPA’s guidance, as 

presented in Table 5-1 suggest four staff for sewer maintenance and an equivalent of 1.6 staff for 

pump station operations, it is normal and appropriate for staff in smaller communities to “cross 

train” as is the case in Brookfield.

AWWA Benchmarking

The AWWA benchmarking report issued in 2018 presents staff estimates based on full time 

employees (FTE) per million gallons of flow.  An evaluation was performed using Brookfield’s 

average daily wastewater flow of 0.35 MGD.  The AWWA document presents staff requirements in 

several ranges including Top 25%, Median, and Top 75%.  Staffing is reported in FTE.  Based on 

this analysis the Town’s staffing requirements are shown in Table 5-2.

 Table 5-2: AWWA Wastewater per Employee

2018 AWWA Wastewater Benchmark RPT

 MGD of Wastewater per Employee

Brookfield                   0.35 MG

Top 25% 0.3 employees/MG 1.17 MG

Median 0.29 employees/MG 1.21 MG

Top 75% 0.18 employees/MG 1.94 MG

Based on the AWWA benchmark median presented in the above table (Table 5-2), Brookfield 

should have 1 maintenance employee. But it is judged the AWWA report is designed to give 

norms for large systems and breaks down for systems below about 5 MGD.
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California State University Sacramento (CSUS)

The CSUS document presents metrics of collection system maintenance staffing (Collection 

Systems Methods for Evaluating and Improving Performance) based on a sampling of several 

agencies (A, B, C, D in Table 5-3).  Criteria used to describe the agencies include miles of sewer 

and population.  Brookfield’s system was fit into the data set for comparison.  By comparison, the 

Town’s criteria (number of sewer miles and population served) shows the need for operation and 

maintenance staff consistent with or less than current levels.

Table 5-3: CSUS Training and Certification

Methods for Evaluating and Improving Collection System Performance

Agency Sewer (Miles) Population # of O&M Staff

Brookfield 17 7,000 3.2 (current)

A 44.5 10,444 2

B 114 40,000 6

C 400 75,560 12

D 348 88,250 20

Brookfield’s system was also fit into the data provided on Pump Station inspection crews, 

number, and size for comparison. A summary is shown in Table 5-4 for Brookfield along with 4 

agencies (A, B, C, D in table) for comparison.

Agency A has 44.5 miles of sewer and 9 pump stations, that were inspected three times per week.  

Agency B has 114 miles of sewer and 11 pump stations that are inspected weekly.  Agency C has 400 

miles of sewer and 8 pump stations, that are inspected daily with monitoring, but no scheduled 

weekend inspections.  Agency D has 348 miles of sewer and 27 pump stations that are inspected 

either weekly or biweekly. The system most like Brookfield’s collection system is Agency B, having 11 

pump stations. Agency B inspects pump stations on a weekly basis.

 Table 5-4 CSUS Pump Station Inspection Crews

Methods for Evaluating and Improving Collection System Performance

Agency
Sewer 

(Miles)

Number of 

Pump Stations
Frequency of Inspections

Brookfield 17 14 daily (current operations)

A 44.5 9 3 times per week

B 114 11 weekly

C 400 8 daily

D 348 27 weekly, biweekly

5.3 Summary of Benchmarking
Comparison of the three-benchmarking metrics performed for Brookfield indicates a current field 

staffing levels of effort are high.  Due to the size of the collection system of Brookfield and the 

existing staff being able to multi-task it is difficult to rigorously benchmark.  The BWPCA’s current 

maintenance staff of 3 full time employees but at 3.2 FTE with weekend pump station checks is 
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above range of the three benchmarks.  Also, based on the size and age of the collection system and 

Brookfield being extremely proactive with maintenance, the frequency of pump stations visits 

appears excessive. The practice of 7-day per week station checks was established in an era before 

the on-line SCADA telemetry system was installed.  With pump station visits and a thorough 

SCADA monitoring service with each pump station reporting issues by cell-phone alerts, daily on-

site pump station checks are well above industry norms.  

CDM Smith recommends pump station visits to the larger sized pump stations on Monday, 

Wednesday, and Fridays and pump station visits to the smaller sized pump stations on Tuesdays 

and Thursdays.  Routine weekend visits are not warranted, and weekend visits should be limited 

to an emergency or an alarm condition that needs immediate attention.  

Brookfield has been extremely proactive with daily pump station visits. Our inspection of each of 

the 14 pump stations revealed they are well maintained and some of the cleanest pump stations 

we have seen in the industry.  According to EPA guidelines and benchmarking of other local 

municipalities, CDM Smith finds daily pump station visits, including weekends and holidays, to 

each pump station is not necessary, especially since each station is tied to a high-end telemetry 

system.  Most municipalities are performing weekly inspections when a telemetry system is in 

place.  

When or if weekend and holiday station checks are eliminated, it is recommended that an O&M 

staff member be on-call over the weekend and on holidays if an alarm were to go off or an 

emergency happens.  With multiple inspectors, it is suggested to create an on-call schedule. Most 

towns have outside vendors on stand-by for emergency situations. Some towns will use their own 

staff to engage a two-man team for safety during emergencies.    
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