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SECTION 1 - EXECUTIVE SUMMARY 
 

1.1 General 
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SECTION 2 ï PROJECT PLANNING 
 

2.1 Location and Plant History 
 
Wastewater treatment for the Town of Middlebury is conducted on two sites within the corporate 

limits of the Town. The Main Pumping Station is located on Lucius Shaw Lane at the site of the 

Townôs original Wastewater Treatment Facility (WWTF). When the current WWTF facility was 

constructed on Industrial Avenue in 2000, the old WWTF site was repurposed into the Main 

Pumping Station. In 2010, the Main Pump Station was expanded to add a 200,000-gallon wet well 

and grit removal equipment.  

 

The current WWTF is an activated sludge treatment plant employing Sequencing Batch Reactors 

(SBR) to provide biological treatment and phosphorus removal. The facility uses Ultraviolet 

Disinfection prior to discharging plant effluent to Otter Creek in accordance with a National 

Pollutant Discharge Elimination System (NPDES) permit. 

 

Figure No. 2-1 presents the location of the Main Pumping Station and the Middlebury WWTF. 

 

2.2 Environmental Resources Present 
 

<<To be inserted at a later date, with BFE and important resource data>> 

 

2.3 Population Projection 
 

Based on regional population data and US Census data, the population growth trend in Vermont 

has been flat and on the decline. Census data shows that growth for Middlebury and Addison 

County have also been flat. A population projection prepared by the Town predicts the population 

in Middlebury, VT will decline from 8,496 people in 2010 to 8,287 people by 2030. Figure No. 2-

2 presents the regional populations trends based on U.S Census data. 

 

Tata & Howard analyzed the historic population of Middlebury from 1790 through 2017. The 2017 

population is approximately 8,598 based on recent U.S. Census data. A linear trendline of the data 

predicts a total growth of five percent over the next 20 years. Based on a visual evaluation of the 

data and trend line, this growth rate is conservative. Figures No. 2-2 and 2-3 present Middleburyôs 

historic population and projected growth rate. 

 

The 2017 Middlebury Town Plan was reviewed and it estimates that the Town will experience 

growth of approximately 30 people per year through 2020. Extrapolating that growth rate 

through 2038 results in a 2038 population of approximately 9,228. The plan also projects college 

enrollment at Middlebury College to remain at current levels. The college represents 2,450 

residents, approximately 28 percent, of the current population. The projections in the Town Plan 

are consistent with the population projection completed by Tata & Howard; therefore, a total 

growth of five percent over the next 20 years will be used in the evaluation of future wastewater 

loading to the WWTF. 
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2.4 Plant Design Loading  
 

To evaluate the condition and performance of the WWTF, the current influent loading to the plant 

and the effluent levels have been compared to the permit limits. Five years of plant data were 

evaluated to compare the actual WWTF flow and loading to the original design and projected 

future flows. 

 

Review of the influent loading at the WWTF included a review of the hydraulic loading and the 

concentration of wastewater constituents. The hydraulic loading to the plant was considered at 

Average Daily Flow (ADF), the Maximum Daily Flow (MDF), and the peak hourly flow in 

accordance with TR-16 WWTF design standards. The ADF was used to evaluate the most common 

loading to the plant and must be considered for equipment sizing, operational practices, and energy 

efficiency. Peak flow is considered primarily for hydraulic purposes. The equipment and tanks 

must be able to process the peak flow without experiencing overflows or unpermitted discharges. 

The concentration of constituents at the peak flow are typically lower than at other hydraulic 

loading scenarios due to dilution by extraneous flows; therefore, the MDF is considered to capture 

the worst case for constituent concentration loading for certain unit processes.  

 

Hydraulic Loading:  

The ADF ranged from 0.99 to 1.04 million gallons per day (MGD) from 2013 through 2017, with 

an average of 1.01 MGD, as shown in Table No. 2-1 and Figure No. 2-5. The range of flow 

variation is less than five percent with no discernible upward or downward trend. The apparent 

consistency of ADF over the five-year period correlates with the relatively flat population growth 

experienced in Town over the same period. In order to be conservative, the 2017 ADF of 1.04 

MGD was used for the WWTF existing conditions analysis.  

 

The 2017 ADF of 1.04 MGD is approximately 65 percent of the design ADF of 1.58 MGD (ref 

Appendix __, Middlebury, Vermont, Wastewater Loading Projections, March 28, 1997). The 

impacts of the lower ADF loading at the WWTF will be evaluated in the existing condition 

assessment later in this report. 

 

Table No. 2-1 

Daily Flows 

 

Year Average Daily 
Flow (MGD) 

Max Daily Flow 
(MGD) 

  

2013 0.99 2.56 

2014 1.03 3.32 

2015 1.01 2.63 

2016 0.99 2.52 

2017 1.04 3.04 

5-Year Avg. 1.01 2.81 
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The MDF over the same five-year period ranged from 2.52 MGD to 3.32 MGD with an average 

of 2.81 MGD as shown in Table No. 2-1 and Figure No. 2-6. Since the MDF in 2017 was higher 

than the five-year average, it was determined that the average value is not conservative enough; 

therefore, the maximum value for the five-year period, 3.32 MGD will be used. This value is 

approximately 72 percent of the design MDF. A review of the historical flow shows slight 

seasonal variations in flow, with April being a month with higher flows.  June and July are also 

higher months. This may be due to increased activity in the industrial sector or the occurrence of 

extraordinarily high monthly rainfall. 

 

Peak hour flows are not reported at the plant; however, instantaneous peak flows are recorded. As 

presented in Table No. 2-2, the instantaneous peaks have ranged from 4.50 MGD to 6.90 MGD; 

however, the instantaneous peak flow has been significantly lower the last three years. The 

instantaneous peak flows are directly related to the Main Pump Station pumping rates, and the 

highest peaks are observed to be due to pump operation, and not storm events or elevated influent 

flow to the pump station. The high instantaneous peak flows reported in 2013 and 2014 occurred 

as a result of flow meter error at the Main Pumping Station. A review of the pump station flow 

charts indicate the peak hour flow is approximately 4.50 MGD. The estimated peak hour flow 

using the Merrimack curve in accordance with TR-16 is approximately 4.00 MGD, which is a 

typical design value for a WWTF with an ADF of 1.04 MGD. Therefore, the observed peak hourly 

flow after flow equalization is 112% of expected value and 73% of the design value. The actual 

peak flow into the pumping station is greater. 

 

Table No. 2-2 

Instantaneous Peak Flows 

 

Year Peak Flow (MGD) 

2013 6.79 

2014 6.87 

2015 4.89 

2016 4.48 

2017 4.48 

5-Year Avg. 5.52 

 

Wastewater Constituent Loading: 

In addition to the hydraulic loading to the plant, the concentration, volume and mass of certain 

constituents must also be understood to evaluate the ability of the WWTF to remove these 

constituents and meet permit limits. 

 

Organic loading is typically evaluated in terms of the daily concentration of biological oxygen 

demand (BOD) for 5 days at 20º C. BOD was evaluated using monthly data for the past five years 

as shown in Tables No. 2-3 and 2-4. BOD was evaluated as both a concentration relative to the 

influent flow and as total mass loading of pounds per day (lbs/d). 

 

The average of the maximum annual influent BOD concentration over the five-year period was 

661 mg/l. This value is 38 percent higher than the design concentration of 480 mg/l and is higher 

than typical influent values of 100 to 400 mg/l expected in municipal wastewater. The influent 
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BOD concentrations show a generally flat trend until 2017 where it shows a slight increase from 

the previous four years.   The average annual daily concentration and mass loading of influent and 

effluent biochemical oxygen demand (BOD) were evaluated for the past five years as shown in 

Tables No. 2-3 and 2-4, and in Figure Nos. 2-7 and 2-8.     

 

Although the influent concentration of BOD is high, the mass loading of BOD is within the plantôs 

design values. The plant was designed for an influent BOD loading of 8,802 lbs; however, the five-

year average is only 5,546 lbs which is approximately 63 percent of the design value. 

 

The relationship of high influent BOD concentration to moderate mass indicates that the WWTF 

receives strong waste; however, due to reduced influent hydraulic loading, the total volume and 

mass of organics is within the WWTF design capacity. The high strength waste can be attributed 

to industry in town, especially food and beverage related customers.  It is important that the future 

projected loading to the WWTF consider the high wastewater strength when determining organic 

capacity long-term. If the hydraulic loading to the plant approaches the design value, and the BOD 

concentration remain constant, the total BOD loading may exceed the design loading.  

 

Table No. 2-3 

Average Annual BOD Concentrations (mg/l) 

 

Year Influent  Effluent  
   

2013 395 6 

2014 501 8 

2015 441 11 

2016 508 6 

2017 533 6 

5-Year Avg. 488 8 

 

Table No. 2-4 

Average Annual BOD Loading (lbs) 

 

Year Influent  Effluent  
   

2013 4,102 58 

2014 4,147 86 

2015 4,032 67 

2016 4,029 67 

2017 4,039 72 

5-Year Avg. 4,052 70 

 

 

The suspended solids loading to the WWTF was similarly reviewed. The average annual daily 

concentration and mass loading of influent and effluent total suspended solids (TSS) were 

evaluated for the past five years as shown in Tables No. 2-5 and 2-6, and in Figure Nos. 2-7 and 

2-8.    The influent TSS concentrations show a generally flat trend until 2016 where it shows a 

slight drop compared to the previous four years.  The effluent concentration data provides a flat 
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trend line over five years.  The TSS loading for 2013 through 2015 are slightly elevated compared 

to typical influent values, however, the loading over the latest two years align well with typical 

values. The average daily design load for TSS is 4510 lbs. at a concentration of 342 mg/l. 

 

Table No. 2-5 

Average Annual TSS Concentrations (mg/l) 

 

Year Influent Effluent 
   

2013 374 6 

2014 370 8 

2015 322 6 

2016 240 8 

2017 215 6 

5-Year Avg. 304 7 

 

Table No. 2-6 

Average Annual TSS Loading (lbs) 

 

Year Influent  Effluent  
   

2013 3,104 50 

2014 2,977 66 

2015 2,634 48 

2016 1,973 66 

2017 1,832 54 

5-Year Avg. 2,504 57 
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Infiltration and Inflow Study  

For many communities, infiltration and inflow (I/I) contributes a large portion of the hydraulic 

loading to the collection system and WWTF. Groundwater infiltration into the collection system 

can use up valuable hydraulic capacity.  Weather related I/I can lead to large spikes in flows, which 

can cause process upsets at the plant. The flow is often highly diluted which can impact the organic 

loading to the plant and potentially impact biological treatment.  A limited infiltration and inflow 

(I/I) analysis was completed using available rain and WWTF data to determine potential impacts 

of I/I at the WWTF. The State of Vermont considers Middlebury Wastewater system a wet weather 

influenced sanitary sewer overflow.  This means that the system experiences wet weather 

overflows without being recognized as having combined storm and sanitary sewers. 
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The analysis was completed utilizing the methodologies of the Guide for Estimating Infiltration 

and Inflow, Environmental Protection Agency (EPA), June 2014 and Guidelines for Performing 

Infiltration/Inflow Analyses and Sewer System Evaluation Surveys, Massachusetts Department of 

Environmental Protection (MADEP), May 2017. Rainfall and plant flow data from the 2015 

through 2017 monthly plant operations reports were reviewed and various periods of high 

infiltration periods of high infiltration (high minimum flows)n (high minimum flows), storm 

events (largest reported rainfall over 2 days or less) and periods of low infiltration (low minimum 

flows and lack of rainfall).  Plant data from 2013 and 2014 was not used because minimum flows 

were recorded as no flow, and therefore, was not suitable for estimating I/I for those years. When 

the pumps turn off  the recorded flow is zero.  It had been the practice of the operators to report 

this zero flow as the minimum. Since 2014, the operators report the lowest recorded flow greater 

than zero, which represents the minimum pumping rate of a single pump. The main pumping 

stationôs two wetwells and pump operations impact the I/I estimate by dampening flows upstream 

of the WWTF influent flow meter.  The influent flow data used is after the stationôs wetwell, and 

the large volume of the two wetwells can act to buffer the I/I to the treatment plant by storing the 

increased flow. 

 

Dry periods for each month were used to estimate the base sanitary flow and infiltration rate.  The 

groundwater infiltration was determined by subtracting the Agri-Mark nighttime industrial 

discharge from the average minimum flow during the dry weather period studied.  The average 

minimum flow was assumed to be the nighttime flow for the period.  The average dry weather 

flow (ADW) is the average flow for a 24-hour period during the same period each month. The 

base sanitary flow was calculated by subtracting the groundwater infiltration from the ADW.  The 

average annual inflow was calculated by subtracting the average dry weather flow from the overall 

annual average flow for the 3-year period.  Table No. 2-7 includes the results of this analysis. 

 

Table No. 2-7 

Annual I/I Data  

 

I/I Characteristic Flow (gpd) 

Average Annual Flow1 (gpd) 1,010,000 

Base Sanitary Flow (gpd) 776,000 

Average Annual Infiltration Rate(gpd) 198,000 

Average Annual Inflow Rate (gpd) 37,000 

Average Annual I/I Rate (gpd) 235,000 

Peak Infiltration Rate (gpd) 325,000 

Peak Infiltration Rate2 (gpd/idm)  810 
 

1. Average annual flow presented in this table is the average for 2015 through 

2017, the years analyzed in the I/I evaluation.   
2. To be completed once collection system information is received. 

 

As can be seen in Table No. 2-7, the average annual I/I contributes approximately 23% of the total 

flow to the plant. The peak infiltration rate is the maximum infiltration rate recorded during the 

springtime high groundwater period which occurred in the April 2017.   
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This peak infiltration rate equates to 810 gpd per inch diameter mile (gpd/idm) for the Middlebury 

collection system. An infiltration rate greater than 4,000 gpd/idm (ref. Guidelines for Performing 

Infiltration/Inflow Analyses and Sewer System Evaluation Surveys, Massachusetts Department of 

Environmental Protection (MADEP), May 2017) is considered excessive for sub-catchment areas 

containing approximately 20,000 linear feet of sewer. Continuous flow of individual sub-

catchments of approximately this size would be required to further asses infiltration within the 

system. New pipe has an allowable infiltration rate of 200 gpd/idm. 
  
The plant flow and rainfall data were reviewed to estimate peak inflow rates and inflow volume to 

the plant that occurred during significant rain events.  The storm events that resulted in the highest 

peak inflow rate to the plant are listed in Table No. 2-8.  The total rainfall is the sum of the rain 

that was recorded prior to the peak flows occurring and consist of one to three days of recorded 

daily rainfall.  The duration of the storms was estimated using the KVTMIDDL19 Weather 

Underground station.  The June 23, 2017 storm is the most severe and corresponds closely with a 

2 year 12 hour storm depth; the intensity of the storm is unknown.  This rainfall event is less severe 

than the 1 year 6 hour storm, which has a rainfall depth of 1.72 inches with a peak intensity of 0.87 

in/hr.  The peak inflow rate was calculated by subtracting the ADW before the storm event from 

the peak flow recorded during the storm.  The total inflow volume was determined from the area 

under the flow charts for the storm event, again subtracting the daily volume of flow for the dry 

weather day before.   

 

The drainage area estimates the area contributing run off to the WWTF and was calculated using 

the inflow volume and depth of rainfall.  The drainage area for storms without plant flow charts 

was estimated using the average daily flow before, during, and after the rain event and the depth 

of rainfall. The average drainage area for these storms is 27 acres.  It assumes 100% impervious 

area and will increase by up to 3 times that area, when actual land uses are considered.  These are 

large drainage areas that could indicate a larger issue with I/I in the collection system. 

 

 

Table No. 2-8 

Inflow Analysis 

 

Date Total 
Rainfall 
(inches) 

Max 24 
hr 

Rainfall 
(inches) 

Storm 
Duration 

(hr) 

Peak 
Flow 
(mgd) 

ADW 
(mgd) 

Peak 
Inflow 
(mgd) 

Inflow 
Volume 

(MG) 

Drainage 
Area 

(acres) 

5/11/2015 1.94 1.41 12 4.85 0.94 3.91 1.31 24.9 

6/9/2015 1.92 1.53 11 4.72 0.91 3.81 1.46 28.1 

6/23/2015 3.04 1.30 39 4.89 1.07 3.82 2.96 35.9 

2/24/2016 2.74 1.92 26 4.48 0.98 3.50 1.69 22.7 

7/1/2017 3.78 1.62 48 4.48 1.15 3.33 2.17 21.1 

6/23/2017 2.62 2.08 13 4.28 1.04 3.24 2.12 29.8 

5YR Design 3.00 3.00 24 6.2 2.2 4.0 2.2 27.0 
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Table No. 2-9 shows the corresponding annual volumes of I/I in the system based on the rates 

presented in Table No. 2-7.  The Town of Middlebury is treating 85.52 million gallons (MG) of 

I/I per year, which relates to approximately $600,000 based on the annual operating budget. The 

annual operating cost to transport the infiltration is the pumping cost at the Main Pump Station, 

only. We estimate this to be $8,000 in 2019 and $12,000 in 2040.  There is no operating cost for 

treatment of infiltration, as it is clear water. Infiltration represents 23% of total daily flow and 

requires pipe and unit process capacity.  

 

The Townôs collection system is approximately 240,000 in length, with a replacement cost of 

$48M (@$200/ft) and a life expectancy of 100 years.  Pipe sizes are determine based on peak 

hourly flow. Assuming a peak factor of 4 for 1.6 MGD (2020 flow), or 6.4 MGD peak flow, and 

1.5 for infiltration, or 0.34 MGD; infiltration consumes 5% of pipe capacity.  The collection system 

capital cost on an annualized basis would be approximately 6% of 20 years/100 years of $48M or 

$576,000 per year, for a 20 year planning period. The infiltration portion of this cost is 5% or 

$28,800 per year. 

 

The value of 0.23 MGD in treatment plant capacity is approximately $1.15M at a value of $5/MGD 

capacity WWTF capital. The WWTF capital cost on an annualized basis would be approximately 

6% of $1.15M or $69,000 per year. 

 

The total present cost of infiltration is $8,000 (pumping) + $28,800 (collection system capital 

replacement) + $69,000 (WWTF capacity) = $105,800/yr. 

 

Table No. 2-9 

Annual I/I Volumes 

 

I/I Characteristic Flow (MG) 

Average Annual Infiltration Volume (MG) 72 

Average Annual Inflow Volume (MG) 13 

Average Annual I/I Volume (MG) 86 

Average Annual Wastewater Volume (MG) 380 

 

 

2.5 Projection of Future Flows 
 

This study evaluates the plantôs needs for a 20-year period through 2038. To best project future 

flows, the flow was evaluated by type of customer including residential, commercial and industrial, 

since each segment of the customer base may not grow at the same rate. Residential customers 

represent the largest component of the total flow to the plant, and projected flows correlate to 

changes in population.  

 

As discussed previously in this report, the population growth is estimated to be zero to five percent 

over a twenty-year span. Based on a growth rate of five percent, the population in 2038 would be 

approximately 9,300 which is approximately 600 more people than presented in the 2017 census 

data. Assuming all 600 people join the sewered population with a water use of 70 gpcd and 100% 

discharge of water use to the sewer, the increase in wastewater flow to the collection system and 
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WWTF would be approximately 42,000 gpd. This value represents 4% of the current ADF. For 

the purpose of projecting the future flows to the WWTF, assuming that the 2038 wastewater flow 

will increase proportionally with the population growth rate (five percent) is likely conservative.  

 

Commercial and industrial users discharge wastewater of varied flow and loading. Industrial users 

typically discharge waste with higher concentrations of organics, solids and other pollutants such 

as metals. Due to the wide variety of industry, projecting future flow and loading is difficult.  

 

Table No. 2-10 summarizes the Design Flows for various classifications of users.  Table 2-11 

summarizes the Actual Flows for these same classification for 2017.  Table 2-12 presents the 2017 

Actual Flows as a percentage of Design Flow for each classification of user. 
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Flow BOD (lbs)
BOD 

(mg/L)*
TSS (lbs) TSS (mg/L)* TP (lbs) TP (mg/L)*

Residential        647,000            1,518               281            1,503               279                 27                   5 

Commercial College        200,000               469               281               465               279                   8                   5 

Commercial Other        100,000               235               281               232               279                   4                   5 

       366,000            3,178            1,041               980               321                 52                 17 

           3,000                  -                    -                    -                    -                     1                 40 

       100,000               250               300                  -                    -                     8                 10 

                 -                    -                    -                    -                    -                    -                    -   

Other 

industry
       155,000               800               619               530               410                 13                 10 

Septage            8,000               334            5,006               800          11,990                 17               255 

Sidestreams                  -                    -                    -                    -                    -                    -                    -   

                 -   

    1,579,000            6,784               515            4,510     1,049,718               130                 15 

    1,579,000            6,784               515            4,510               342               130                 10 

2,715,880   8,819                        389 5,863                        259 169                               7 

Flow BOD (lbs)
BOD 

(mg/L)*
TSS (lbs) TSS (mg/L)* TP (lbs) TP (mg/L)*

       171,421               244               171 475                           332 7                                   5 

Commercial College        115,408               164               171 320                           332 5                                   5 

Commercial Other        147,483               210               171 409                           332 6                                   5 

       377,300            2,343               745               889               283                 86                 27 

         21,864               575            3,153                 27               148                   1                   4 

         12,133               576            5,692                 17  ND  ND  ND 

           2,631                 47            2,142                   4               182                   0                   5 

         13,866                 20               171 38                             332                 86               744 

           5,000               209            5,000               417          10,000                   3                 72 

         72,700               411               678               206               339                 20                 33 

       180,000                  -                    -                    -                    -                    -                    -   

    1,119,806            4,388               470               937               100               196                 21 

    1,042,106            4,179               481            1,881               216               105                 12 

1,254,000   6,811          
              651 

3,237          
              310 

-              
                 -   

Actual Industrial Loads 5/17-4/18

Flow BOD (lbs)
BOD 

(mg/L)*
TSS (lbs) TSS (mg/L)* TP (lbs) TP (mg/L)*

Residential 26% 16% 61% 32% 119% 26% 98%

Commercial College 58% 35% 61% 69% 119% 57% 98%

Commercial Other 147% 89% 61% 176% 119% 145% 98%

103% 74% 72% 91% 88% 165% 160%

729% NA NA NA NA 80% 11%

12% 230% 1899% NA NA NA NA

NA NA NA NA NA NA NA

Other 9% 2% 28% 7% 81% 662% 7395%

Septage 63% 62% 100% 52% 83% 18% 28%

Sidestreams NA NA NA NA NA NA NA

NA NA NA NA NA NA NA

71% 65% 91% 21% 0% 151% 141%

66% 62% 93% 42% 63% 81% 122%

46% 77% 167% 55% 120% 0% 0%

Table 2-10

Table 2-11

Table 2-12

WWTF

Cabot

American Hard Cider

Otter Creek Brewery

Aqua Vita

Total (incl septage and 

sidestreams)

Total

Max Month

American Hard Cider

Otter Creek Brewery

Aqua Vita

Max Month

Source

Cabot

American Hard Cider

Otter Creek Brewery

Aqua Vita

Inflow/Infiltration

Total (incl septage and 

sidestreams)

Design Flow and Loads

Actual Flow and Loads

Actual as Percentage of Design Flow and Loads

Inflow/Infiltration

Total (incl septage and 

sidestreams)

Max Month (excl septage + 

SS)

* - Not metered by inf flow meter

Source

Cabot

Source

Inflow/Infiltration

Other industry

Septage

Sidestreams (BFP)*

Residential

Total
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The Town has not identified any imminent industrial growth; therefore, rather than attempt to 

project industrial growth in Town, the projected non-residential flow and loading to the plant will 

be estimated at the same five percent growth. The difference between the design capacity and 

projected loading will be considered excess capacity reserved for future industrial growth. This 

approach is reasonable considering the Town has control over future industrial flows through the 

sewer connection permit process. 

 

Table No. 2-13 presents a breakdown of the metered water flow by customer type and calculates 

the number of Equivalent Dwelling Units (EDU) for each classification, assuming that the 

average daily flow consumed per residential dwelling equals one EDU. An allowance for 

infiltration has been added to adjust the total flow to the 2017 ADF.  Industrial flow values are 

based on actual metered wastewater flow, where available. The  calculated EDU flow is 96 gpd. 

Based on an overall wastewater budget of $2,674,560, this equates to an annual cost per EDU of 

approximately $296/EDU. This value is below the approximate average annual user costs for 

municipal systems in Vermont of $500/EDU. The EDU is tool used by USDA to evaluate 

funding levels for a project. 

 

Table No. 2-13 

Calculation of Residential Equivalent Design Units (EDU) 

 

 User Category Flow (gpd) Actual 
Connections 

a Residential (Full-time) 171,421 1,784 

c Commercial 111,779 433 

d Industrial 427,794 9 

e Institutional  151,112 3 

f Subtotal (Billable) 862,106  

g Leakage (I/I) 180,000 

h Present Average Daily Flow 1,042,106 

i Number of full-time 

Residential EDUs* 

1,784 

j Flow per EDU = a/i 96 

k Total EDUs = f/j 8972 
 *Residential EDUs = number of full-time residential units, for 

example: 

1 apartment = 1 unit                    1 mobile home = 1 unit                   

1 duplex = 2 units 
 This table adapted from USDA Form EDU 5, CALCULATION OF EQUIVALENT DWELLING 

UNITS (EDUs. 

 

 

 

In summary, the commercial and industrial flow to the plant is expected to remain constant unless 

future industrial customers are connected to the collection system. In order to be conservative, the 

total flow to the plant is projected to increase by five percent by 2038. The constituent loading, 

including BOD, TSS, TKN, and TP are not anticipated to change in concentration; however, with 
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the increased flow, the total pounds will increase. Table No. 2-14 below summarizes a variety of 

design flow parameters for the WWTF. 
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Table No. 2-14 

Summary of Various Design vs. Actual Flows 

 

Flow Parameter Design Actual % of Design 

Average Annual Flow 1,579,00 1,042,106 66% 

Peak Hourly Flow 6,200,000 4,500,000 73% 

Maximum Daily Flow 4,600,000 2,810,000 61% 

Maximum Monthly Flow 2,715,880 1,254,000 46% 

Minimum Monthly Flow 1,249,305 838,000 67% 

Minimum Weekly Flow NR NR NR 

Minimum Daily Flow 726,340 595,000 82% 

Minimum Hourly 378,960 330,000 87% 

Estimated 

From Merrimack Curves 

 

2.6 Wastewater Allocations 
 

The Town allocates wastewater disposal capacity to four industries.  The unused portion of the 

allocated capacity of BOD (4,259 lbs/day) represents 62% of the total influent BOD capacity of 

the WWTF (6,784 lbs/day) and 177% of the reserve BOD capacity (2,397 lbs/day).  Although it 

is unlikely that the allocated capacities will ever be utilized, it is prudent for the Town to 

consider how to mange these allocations.  A review of the allocation policy with consideration of 

sunsetting unused allocated capacities or applying a ñput or payò approach to recover the capital 

cost of holding the capacity available are examples of the types of considerations that may be 

made.  If allocations far in excess of the design reserve capacities are to remain, consideration of 

increasing the design capacity of the WWTF to include this allocated capacity is recommended. 

 

 
 
2.6 Permit Requirements 
 

The discharge of WWTF effluent is governed by a National Pollutant Discharge Elimination 

System (NPDES) permit. The permit sets limits on the levels of pollutants in the plant effluent. 

Table No. 2-15 presents the current permit limits and the current average levels of the regulated 

constituents. As presented in the table, the WWTF consistently meets its permit limits. 

 

Allocation Actual Balance Allocation Actual BalanceAllocation Actual BalanceAllocation Actual Balance

Cabot 450,000 377,300 72,700   4,000     2,343 1,657  1,100     889  211     100        86    14      

American Hard Cider 70,000   21,864   48,136   2,500     575    1,925  130        27    103     -        1      (1)       

Otter Creek Brewery 20,000   12,133   7,867     1,000     576    424     -        17    (17)     -        ND ND

Aqua Vita 8,500     2,631     5,869     300        47      253     25         4      21      -        0      (0)       

Other industry 155,000 13,866   141,134 800        20      ND 530        -   530     13         ND ND

BALANCE 275,706 4,259  848     13      

DESIGN IND TOTAL 624,000 427,794 196,206 4,228     3,561 667     731        937  (206)   -        87    (87)     

DESIGN WWTF TOTAL 459,194 2,397  1,942  3        

FLOW (gallons per day) BOD (pounds per day) TSS (pounds per day) TP (pounds per day)

Table No. 2-14

Summary of Industrial Loads and Allocations
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Table No. 2-15 

Effluent Limits  

  

Constituent Units Permit Limit Average 
 

Max. 
(5-YR) 

     

Average Daily 

Flow 
gpd 2,200,000 1,012,000 1,601,000 

Biochemical Oxygen 

Demand Monthly (BOD5) 
mg/L 30 8.41 21.8 

Total Suspended Solids 

Daily (TSS) Monthly 
mg/L 30 6.86 22.0 

Total Nitrogen mg/L Monitor Only, mg/L 5.821 - 

Total Phosphorous 

Monthly Avg. 
mg/L 0.800 0.331 - 

Total Phosphorous 

Annual Avg. 
lbs. 4,018 1,049 - 

pH Between 6.5 and 8.5 Standard Units 

 

 

NPDES permits are renewed every five years. At the time of renewal, or at the time of a 

modification of the plant, EPA may alter the limits and provisions of the permit; therefore, it is 

important to evaluate potential changes to the permit when evaluating the plant over a 20-year 

period. The Middlebury plant does not have a high potential for permit changes that would 

significantly impact the design of the current plant. The Middlebury permit includes a requirement 

to report Total Nitrogen, but does not have a discharge limit. There is potential long-term that EPA 

could institute a limit, such as 5 mg/L, in the future; however, without a trigger in the receiving 

water, the change is not expected to be imminent. NPDES TP mass loadings are expected to be 

held flat, so that any increase in permitted flow will require correspondingly lower concentrations 

and greater removal of TP. 

 

 

2.7 Community Engagement 
 

<<To be inserted at a later date>> 
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SECTION 3 ï EXISTING FACILITIES 
 
 

3.2 Condition of Existing Facility 
 

3.2.0  Existing Process Evaluation 

 

This section will review the existing conditions of the plant and will provide a process description, 

condition assessment and a review of the design and performance of each process. This 

information will serve as the basis for the recommendations for process improvements discussed 

in subsequent sections. 

 

The process description and conditions assessments are based on a site visit conducted by Tata & 

Howard on May 31, 2018 and various discussions between Tata & Howard and the WWTF staff. 

The design and performance review include review of the design documents, manufacturer 

literature, and industry standard practice documents such as TR-16, 10 State Standards, and EPA 

Fact Sheet and Guidance Documents. 

 

Any observed deficiencies or improvement opportunities will be identified herein, and further 

evaluated in the alternatives analysis later in this report. 

 

3.2.1  Main Pumping Station 

 

Process Description  

Wastewater from the Middlebury collection 

system flows to the WWTF through the 

Main Pumping Station. The Main Pumping 

Station is located on Lucius Shaw Lane at 

the site of the Townôs original WWTF. 

When the current WWTF facility was 

constructed on Industrial Avenue in 2000, 

the old WWTF was repurposed into the 

Main Pumping Station.  

 

The Main Pumping Station includes 

screening and grit removal, flow storage, and 

pumping facilities. 

 

Flow enters the pumping station through a 

Lakeside rotary screen. Influent screening 

removes large debris and particles to prevent damage to the pumps and equipment downstream in 

the treatment process.  A manual bar rack serves as an emergency bypass. 

 

Following influent screening, flow continues to the grit removal facilities. Grit removal was 

added to the Main Pumping Station as part of an expansion constructed in 2010. Grit removal is 

accomplished by means of a PISTA vortex grit chamber and a Smith & Loveless 

Main 

Pumping 

Station 
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Cyclone and Classifier. The grit chamber uses tangential velocity to create a vortex flow pattern 

causing dense grit particles to settle. The heavy particles settle into the hopper while the effluent 

exits from the top of the chamber. The collected grit is pumped to the grit cyclone and classifier 

which separate the water and fine organic matter from the grit resulting in more efficient grit 

disposal.  

 

Next, flow enters a 200,000-gallon flow equalization wet well which 

was constructed as part of the 2010 upgrade. Due to the large size of 

the wet well, some flow attenuation can be provided while also 

providing approximately 134,000 gallons of emergency storage 

above the working level. The liquid levels in the two wet wells are 

the same, except the bottom of the main wet well is lower than the 

equalization wet well. The original wet well has a nominal capacity 

of 18,000-gallons. The original wet well is divided into two chambers 

and provides 9,900 gallons of emergency storage above the working 

level. Under normal, low flow conditions (0.6 MGD), there is one 

foot (28,000 gallons) of wastewater in the bottom of the equalization 

wet well and 6,000 gallons in the original wet well. Under these 

conditions, there is a total hydraulic retention time of 1.37 hours 

 

Three 150-horsepower (hp) Ingersoll Dresser centrifugal pumps installed in the basement of the 

existing pump station building, draw suction from the smaller wet well and discharge wastewater 

to the WWTF via a 2.5 mile long 18-inch force main. The pumps utilize variable frequency drives 

and level sensors with the wet wells to match the pumping rate to the influent flow rate to the pump 

station. The current operation of the system maintains a level of approximately 5.5 feet in the 

original wet well which results in a level of approximately 1.5 feet in the equalization wet well. 
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Condition 

Overall, the equipment and facilities at the Main Pumping station are in working order. The 

headworks room at the pump station is in generally good condition; 

however, some signs of age and corrosion were observed. The rotary 

screen is 18 years old, and while it is not currently exhibiting any 

issues, it may reach the end of its useful life in the next five to ten 

years. Operations staff have indicated occasional operation and 

maintenance issues in the screening building due to the buildup of 

rags.  

 

The grit removal equipment is approximately eight years old and if 

maintained should have ten or more years of useful life remaining. 

The classifier cyclone was recently replaced, but otherwise has 

operated well. 

 

While the new wet well is only ten years old, the original wet well is 

nearly 20 years old. The old wet well was drained and rehabilitated 

as part of the 2010 work, but no structural work was included in the 

construction contract. Since no significant concerns regarding the 

wet wellôs condition were documented at that time, the wet well is 

likely in adequate condition and should be inspected regularly.  

 

The centrifugal pumps and motors are original to the plant; however, the pumps are being rebuilt 

as part of the WWTF maintenance program. One pump was rebuilt in 2017, another pump was 

being rebuilt as of the time of this report in 2018, and the final pump is due to be rebuilt in 2019. 

 

Performance and Design 

 

Table No. 3-1 below includes a summary of the design criteria for each major process component 

of the Main Pumping Station as provided by the manufacturer. 
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Table No. 3-1 

Main Pumping Station Equipment Summary 

 

Rotary Screen  

Unit: 1 x Lakeside- 63 FS-0.250-122 

 

Design Capacity: 8875 gpm (6.16 MGD) 

Screen Opening Size: 0.25 inches (~6mm) 

Redundancy: Manual Bar Rack 

Vortex Grit  Chamber  

Unit: 1 x Smith & Loveless PISTA 7.0 Concrete 

Dimensions: 10ô Diameter, 4.75ô chamber height, 270-degree inlet 

Grit Paddle: 1 hp, 1800 rpm 

Capacity: 6.2 MGD 

Grit Removal:  

Inlet Velocity: 0.5 ï 3.1 ft/s 

Detention Time:  5.2 ï 31 seconds 

Grit Pump   

Unit: 1 x Smith & Loveless PISTA Turbo Pump 4B2H 

Design Point: 250 gpm @ 41.8 ft 

Horsepower: 10 hp 

RPM: 1800 RPM 

Impeller Diameter: 8 1/8ò  

Grit Classifier   

Unit: Smith & Loveless Model 15 

Cyclone: 250 gpm Smith & Loveless Grit Concentrator 

Centrifugal Pumps   

Unit: 3 x Ingersoll-Dresser 6MFC18-FR6A, 2 duty, 1 standby 

Design Point: 3250 gpm @ 114 ft TDH 

Efficiency:  ~ 77% @ Design Point 

Horsepower: 150 hp 

Design flow 2 pumps 

pumping: 

4,800 gpm (2,400 gpm each) 

RPM: 1780 RPM 

Impeller Diameter: 15.04ò  

Old Wet Well  

Dimensions: 10ôx18ô, 7.7ô height (from pump on to high alarm)  

Working Volume: 6,700 gallons 

Storage Volume: 9,900 gallons 

New Wet Well  

Dimensions: 62ôx62ô,6.25ô height (from pump on to high alarm) 

Working Volume: 28,000 gallons 

Storage Volume: 151,000 gallons 

Force Main  

Length, diameter, material 2.5 miles, 18ò PVC 
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The capacity and design criteria for the headworks and pumping equipment were compared to 

standard design practices such as TR-16, 10 State Standards, and ASCE MOP 8. A summary of 

this analysis is provided below. The equipment is appropriately sized for a peak hourly sanitary 

flow of 6.2 MGD and the hydraulic profile for the Main Pumping Station is presented at 12.0 MGD 

on the 2009 upgrade plans.   

 

The influent flow and I/I analyses in Section 2 determined flow to the WWTF based on a review 

of flows from the Main Pump Station to the WWTF, which are measured after the equalization 

wet well. Since the equalization wet well attenuates peak flows, the upstream equipment including 

the influent screen and grit removal equipment likely experience peak flows greater than those at 

the WWTF. To accurately determine the influent flow to the pump station, flow monitoring of the 

collection system is necessary upstream of the pump station. To estimate the impact of storm 

events on the pump station, the wet well levels were reviewed for the May 11, 2015 storm event 

evaluated in Section 2. The storm resulted in a peak hour flow of 4.5 MGD to the WWTF, with 

approximately 150,000 gallons of wastewater stored in the wet wells during the storm event. As 

noted in Section 2, this storm was not a five-year design storm, and larger storm and peak flows 

are possible. The 2038 projected peak hour flow entering the pump station is estimated to be equal 

to the design peak hourly sanitary flow plus the peak inflow rate.  The peak hourly flow equals the 

ADF of 1.6 MGD times a peaking factor of 3.2 (source TR-16, Merrimack Curve), or 5.1 MGD. 

The 5-year peak inflow rate is 4.0 MGD.  The combined peak design influent flow to the pumping 

station is 9.1 MGD. The pumping station has a total peak hourly flow capacity of 8.4 MGD. A 5 

year storm is likely to cause an overflow. 

 

Headworks Design: 

Best design practices recommend installation of mechanically cleaned screens within NFPA 820 

approved enclosures. The screens should be designed for peak flow and should have 100% 

redundancy. The screen installed at the Main Pumping Station is designed for a peak flow of 6.16 

MGD, which is approximately equal to the 6.2 MGD design flow.  

 

Grit removal is not compulsory for WWTFs unless the system includes combined sewers; 

however, use of grit removal is advised. The design and configuration of grit removal equipment 

is largely proprietary to the manufacturer, but there are some general design standards. The grit 

removal equipment should provide sufficient inlet velocities and detention times to provide 95% 

removal of particles passing a 65-mesh sieve size. The size of the unit can be evaluated based on 

the relative dimensions of inlet diameter, chamber diameter and chamber height. As presented in 

Table No. 3-2, the PISTA unit is designed to generally meet or exceed these criteria.  

 

The PISTA system is designed for removal to the 100-mesh sieve size, which exceeds the 65-

mesh standard. The unit diameter is 10 feet rather than the recommended 12 feet, and the 

approach velocity is less than the recommended 2 ft/s at low flow scenarios; however, the PISTA 

unit includes a mechanical paddle to increase velocity and improve performance through the 

unit, which is not accounted for in the design recommendations. Based on our engineering 

judgement, the PISTA unit is adequately sized for the design and projected flows.   



 

Page 25 

 

Table No. 3-2 

Main Pumping Station Headworks Design Standards 

 

Design Standard* Design Criteria Provided in 

Design  

Provided in 

Existing 

System 

Provided 

at 2038 

Projections 

Rotary Screen     

Screen opening:  0.25-1.5ò 0.25ò 0.25ò 0.25ò 

Approach 

Velocity:  

2 ft/s @ peak flow  <1.3 ft/s <1.3 ft/s 1.4 ft/s 

Grit Removal 

System 

    

Removal goal:  95% at 65-mesh  95% at 100-

mesh 

Not 

Measured 

Not 

Measured 

Inlet Channel 

velocity:  

2-3 ft/s for flow 40-

80% of Peak; Min. 

of 0.5 ft/s 

80% 

Peak:4.8 ft/s 

40% Peak: 

3.7 ft/s 

ADF: 2.5 ft/s ADF: 2.6 

ft/s 

Influent Channel 

L:W 

7:1 10:1 10:1 10:1 

Effluent Channel 

W: Influent 

Channel W 

2:1 2:1 2:1 2:1 

Chamber Diameter 12-13 feet 10 feet 

Chamber Height 4-5 feet 4.75 feet 

Detention Time:  20-30 seconds at 

peak 

12 sec @ 

Peak 

17 sec @ 

Peak 

16 sec @ 

Peak 
*Design standards used to evaluate the Headworks design included: TR-16, EPA Screening and Grit Removal Fact 

Sheet, EPA Preliminary Treatment Facilities Design and Operational Considerations, MOP 8, EPA The Swirl 

Concentrator as a Grit Separator Device. 

 

The best indicator for headworks performance is observation of downstream processes. Operations 

staff do not currently record the volume of grit removed; however, the operators have indicated 

that the equipment performs well, and have not reported any issues with grit at the WWTF. 

Additional headworks equipment is provided at the WWTF including a Grit King grit chamber. 

The design and performance of that unit is discussed in detail later in this section. 

 

Pump Station Design: 

TR-16 includes comprehensive design standards for the design of wastewater pump stations. The 

Main Pumping Station design was compared to these standards to identify potential deficiencies. 

With the additional wet well and upgrades constructed in 2010, the pump station has adequate 

pumping, operating, and storage capacities for existing and projected flows. The facilities provide 

adequate redundancy, back-up power and meet NFPA 820 requirements. A summary of typical 

design standards for pump station equipment is provided in Table No. 3-3. 
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Table No. 3-3 

Main Pumping Station Design Standards 

 

Design Parameter*  Design 

Criteria  

Provided in 

Design  

Provided in 

Existing 

System 

Recommended 

at 2038 

Projections 

Pumps 

Capacity:  Peak with 

largest out 

of service 

after flow 

equalization 

(5.5 MGD) 

4.8 MGD 4.8 MGD 5.1 MGD 

Max Starts per 

hours**: 

< 4.5 N/A (VFDs)  N/A (VFDs) N/A (VFDs) 

Runtime per day: N/A @ADF:14 

hrs at full 

speed, 24 hrs 

at 30% speed  

@ADF:6 hrs at 

full speed, 18 

hrs at 30% 

speed 

@ADF:6 hrs at 

full speed, 19 

hrs at 30% 

speed 

Wet Wells 

Operating Range:  < 30 

minutes 

47 minutes  47 minutes < 30 minutes 

Emergency Storage:   151,000 

gallons  

151,000 

gallons, 3.6 

MGD Surge 

151,000 gallons  

3.6 MGD Surge 

Detention Time (Min 

Pumping Rate): 

 2.2 Hours 

Force Main 

Velocity:  >3 ft/s 4.1 ft/s at pump full speed, 

1.2 ft/s at 30% speed 

 

Detention Time 

(ADF): 

<2 = short, 

2-5 = 

medium. 

>5 = long 

2.6 hours  4.0 hours 2.6  hours 

Detention Time (Min 

Hourly Flow (0.4 

MGD): 

 11  hours 13 hours 11 hours 

*Design standards used to evaluate the Pump Station design included: TR-16 

** Based on NEMA guidelines for 150 hp 4-pole pumps and ADF; Min cycle time occurs when Q=1/2q  

 

Based on a review of the WWTF influent flows, it appears that the large wet well is providing peak 

flow attenuation and equalization. It is possible the reduced peak flows at the plant during the last 

three years are a result of this attenuation, which can mitigate the impacts of I/I on the WWTF. 

The additional wet well storage also provides flexibility for future flows. 
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The operators have indicated that the performance of the pump system is adequate, and are pleased 

with the current set points, wet well cycles times and pump cycles times. Occasionally, an out of 

service pump will develop an air lock as air becomes trapped in the volute. Tata & Howard 

completed an evaluation of the wet well fill and drain times as well as the pump run times and 

start/stop times. The fill time for the wet wells is longer than the design standards. This could allow 

wastewater to age and potentially turn septic.  

 

There have been hydrogen sulfide corrosion issues downstream at the WWTF including observed 

corrosion of the headworks building and equipment, corrosion of valve operators at the SBR 

splitter box, and failure of the ductile iron pipe between the headworks and the process tanks, and 

just upstream of the Grit King. Except for a short section near the WWTF, the force main is PVC 

and corrosion resistant. Hydrogen sulfide is generated in oxygen deprived conditions, which can 

be present in pump stations, tanks, and force mains with long detention times. The total detention 

time for the equalization wet well, original wet well and force main at the minimum pumping rate 

of 400 gpm is approximately 10 hours. This detention time may be extended during period where 

the pumps are not operating. Review of recent flow charts at the Main Pumping Station indicate 

that over the last three years the station has been operated continuously with fewer instances of the 

pumps turning off and wet well level rising. This operation should help mitigate hydrogen sulfide 

generation. Alternatives for reducing hydrogen sulfide impacts will be evaluated in the alternative 

evaluation later in the report.  

 

In conclusion, the equipment at the Main Pump Station is adequately sized for current and 

projected flows and is performing well. The Operations staff should continue to monitor the grit 

generation for the PISTA unit and sewage age in the large wet well. 

 

3.3.2  WWTF Headworks  

 

Process Description  

Flow from the main pump station flows to the WWTF where 

it is combined with flow from a few local industrial users and 

sanitary flow from WWTF facilities, such as bathrooms and 

laboratory sinks. 

 

The WWTF flows through the Headworks building which 

includes a vortex grit chamber. The grit chamber at the 

WWTF is a Grit King as manufactured by HIL Technology 

and is designed using the same principles as the PISTA 

chamber; however, the Grit King relies solely on the inlet 

configuration to induce the vortex flow pattern, whereas, the 

PISTA unit has a rotating paddle to facilitate the desired 

conditions. The removed grit is processed through a US Filter 

grit classifier operating in the same fashion as the unit at the 

Main Pumping Station.  
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Condition 

The headworks equipment at the plant is generally in working order however, the condition of the 

equipment range from fair to poor due to age and hydrogen sulfide corrosion.  

 

The grit removal equipment is original to WWTF; therefore, it almost 20 years old and will  reach 

the end of its useful life in zero to five years. The metal vessel structure of the Grit King is severely 

corroded. 

 

The headworks building itself is showing 

considerable signs of corrosion. In several locations, 

metal components such as ductile iron pipe, unistrut 

support members, door frames etc., have surficial 

corrosion and oxidation. At the time of the site visit, 

it did not appear structural failure was imminent; 

however, if not addressed, the corrosion will 

continue to deteriorate the equipment and 

infrastructure in the building. The observed 

corrosion can be attributed to the generation of 

hydrogen sulfide gas at the upstream Main Pumping 

Station and the ventilation system operating at a 

reduced capacity and the odor control system being 

offline. Additionally, the reduced ventilation may compromise the NFPA 820 explosion proof 

environment. 

 

Performance and Design 

Table No. 3-4 below includes a summary of the design criteria for each major process component 

of the Headworks as provided by the manufacturer. 

 

Table No. 3-4 

WWTF Headworks Design Criteria 

 

Vortex Grit Chamber   

Unit: 1 x Grit King by HIL Technology 

Dimensions: 108ò Diameter, ~5ô chamber height 

Capacity: 6.2 MGD 

Grit Removal: 95% at 106 microns (about 150 mesh) 

Grit Classifier   

Unit: US Filter 

Capacity: 44 cu.ft per hour 

 

The capacity and design criteria for the headworks equipment was compared to standard design 

practices such as TR-16, 10 State Standards, and guidance and design documents from regulatory 

agencies. A summary of this analysis is provided in Table No. 3-5.  






































































































