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1. Project Background 
 
Harvard Town Center is home to historic houses, community churches, town government, public 
schools, small businesses, and recreational fields.  The Center’s vitality continues to be 
threatened by further losses of activity primarily due to limited reuse potential of existing 
municipal and private buildings due to septic constraints.  The proposed Project, which would 
reduce this problem, involves design and construction of a low pressure sewer collection system 
within the Town Center and an upgrade to the existing Harvard school system’s wastewater 
treatment facility (WWTF).  The new system will utilize the surplus capacity of the existing 
WWTF which operates under the groundwater discharge permit #1-723.   
 
For years the Town Center has struggled with wastewater disposal issues.  Several studies, 
relative to the Town Center, have been previously completed.  The most comprehensive was the 
Harvard Town Center Action Plan1 dated March 2005.  The most recent was the Comprehensive 
Source Protection Plan (CSPP)2 prepared by the Mass Rural Water Associates and revised in 
July 2006. 
 
The Harvard Town Center Action Plan (Action Plan) was developed with “the primary goal of 
maintaining the Center’s historic vitality and reinforcing its role as the town’s central community 
gathering place for all of Harvard’s citizens – whether for municipal, civic, church, education, or 
recreational purposes”.  Fundamental to the achievement of this primary goal is “the need to 
increase the Center’s septic capacity to accommodate both current needs and the needs of the 
future”. 
 
The CSPP was developed to aid in the protection of the Town’s Public Water Supply (PWS).  
The CSPP identified nine potential sources of contamination and ranked sanitary waste as a 
“moderate-high” threat to the Town’s PWS.  This Plan also recommended that the Town 
“improve [wastewater treatment facility] efficiency and provide sewer service in the Village and 
source protection areas”, which are defined as the recharge areas that supply water to the PWS 
system.  A portion of the Town Center is located within the source protection areas. 
 
The Action Plan reported that the Town Center’s natural overall septic capacity is limited due to 
prevailing poor-to-moderate soils conditions, small lot sizes, and existing Title 53 compliance 
regulations.  Septic capacity limitations pose substantial risks of negative consequences for the 
Center in the future, including (1) limitations on the possible reuse or expansion of municipal 
buildings and institutions, (2) unsightly “mounded” onsite septic systems to meet Title 5 
wastewater regulations, and (3) limitations on the possibility of attracting new desired businesses 
to the Center (Action Plan).  The status of the existing septic systems within the Town Center is 
summarized in Section 1.A. 

                                                 
1 Harvard Town Center Action Plan / Public Realm Plan & Wastewater Study, Bluestone Planning Group 
and Daylor Consulting Group, Inc., March 2005 
2 Comprehensive Source Protection Plan, Pond Road and Bolton Road Wells, Harvard, Massachusetts, 
PWS ID No. 2125000, Mass Rural Water Association, dated June 2006 and revised July 2006 
3 State Environmental Code, Title 5 (310 CMR 15.000): Standard Requirements for the Siting, 
Construction, Inspection, Upgrade and Expansion of On-site Sewage Treatment and Disposal Systems 
and for the Transport and Disposal of Septage 
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The existing Town-owned WWTF receives flow from the Bromfield School, the Harvard Public 
Library, and the Harvard Elementary School (HES).  Presently wastewater flow is significantly 
less than the permitted 23,000 gallons per day (gpd).  The WWTF was designed and approved by 
the Massachusetts Department of Environmental Protection (DEP) in 2001 for a design 
wastewater flow of 23,000 gpd using the standard DEP allowances4.  However, the WWTF has 
actual flows ranging from 0 gpd to 9,990± gpd and averages 5,000± gpd with an average daily 
peak of 6,500± gpd.5  The following table summarizes data from January 2009 through June 
2009. 
 
    Table 1.  Approximate Average Daily Flows at the Existing WWTF 

Month Approximate Average 
Daily Flow (gpd) 

January 4,100 
February 4,200 
March     5,800 (1) 
April 3,800 
May 4,800 
June 4,400 
July 1,700 

August 2,000 
September 5,300 

October 5,500 
November 3,300 
December 3,900 

(1) – March average flows include a three-day period in March 2007 
 where the meter read flows of approximately 37,900 gpd. 

  
These low and seasonally fluctuating flows cause the WWTF to operate in an inefficient and 
costly manner.  The history of the facility’s performance is described in Section 1.B.  The excess 
capacity of the existing WWTF allows for the prospect of adding new wastewater flows to serve 
the Town Center needs.  The feasibility of this proposed Project, including the implementation of 
a limited sewer collection system in the Town Center and the projected flows associated with the 
new system, has been evaluated and are described in this Report. 
 
To make the proposed Project financially feasible, the Town would like to obtain a funding 
source with the lowest interest rate, and therefore the Town is seeking assistance from the Clean 
Water State Revolving Fund (SRF) Loan program.  Based on the SRF Loan application 
requirements, the Town is submitting this Project Engineering Report (PER) and associated 
Project Evaluation Form (PEF).  In addition, the Town has completed a Commonwealth Capital 
Application for fiscal year 2010.  A copy of this application is included in the Appendix. 
 

                                                 
4 Standard DEP allowances used include 20 gpd per capita for the high school and 8 gpd per capita for the 
elementary school. 
5 Flows are estimates from January 2009 through June 2009, reported by the WWTF operator. 
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1.A. Existing Septic Systems 
 
The Town Center Sewer Action Group (TCSAG), a sub-committee of the Harvard Board of 
Selectmen, has evaluated the septic needs of properties in the Town Center and has developed a 
list of properties to be connected to the proposed sewer system, which will become the Harvard 
Wastewater Management District.  A total of seventy-nine new sewer connections are proposed 
in addition to the existing three connections, as listed in the attached table, Table 1.  The 
proposed District includes eight municipal properties, five commercial properties, four churches, 
forty-six single-family homes, and nineteen multi-family homes for a total of eighty-two 
connections.     
 
The following tables, Tables 2 through 4, summarize the data available relative to the properties 
proposed to be connected to the proposed sewer.  Of the seventy-nine new connections, seventy-
eight of those properties are currently served by an onsite septic system.  The Verizon building at 
4 Littleton Road currently does not have water or a septic system. 
 
Of the seventy-eight new connections currently served by an onsite septic system, thirty-seven 
(equivalent to 47%) have at least one known significant Title 5 compliance issue (i.e., an 
issue preventing an onsite sewage disposal system to be in full compliance with the State 
Title 5 Code).  These known non-compliance issues include variances, easements for 
constructing the septic system, deed restrictions, restrictive covenants, and failed inspections.  
Twenty-four of the remaining properties are served by a system installed prior to the 1978 Title 5 
Code.  Therefore, sixty-one of the seventy-eight new sewer connections currently served by 
an onsite septic system (equivalent to 78%) have at least one known significant non-
compliance issue and/or are served by a system that is older than 31 years. 
 

Table 3.  Summary of Septic System Age 
Septic System Age Number of Systems 
Pre-1978 30 (38.5%) 
1978-1994 14 (17.9%) 
1995-present 24 (30.8%) 
Unknown 10 (12.8%) 
Total 78 

 
 Table 4.  Summary of Septic System Type 

Septic System Type Number of Systems 
Cesspool 7 (9.0%) 
Leach Pit(s) 7 (9.0%) 
Leach Field/Trench 39 (50.0%) 
Alternative6 System 8 (10.3%) 
Unknown 17 (21.8%) 
Total 78 

                                                 
6 An alternative system is an onsite sewage disposal system that is approved by the local Board of Health 
and/or the Massachusetts Department of Environmental Protection for remedial, pilot, provisional, or 
general use pursuant to 310 CMR 15.280 through 15.289 of the Title 5 Code.  Such systems include 
MicroFast, Bioclere, and Presby systems. 
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Address Owner Property Type
Current 
Water

Flows (gpd)

Title 5 
Wastewater
Flows (gpd)

Design
Flow^^
(gpd)

Lot
Size
(ac)

Water
Source

Septic
System
Age**

Septic
System

Type

Septic
Issues Comments Assessors

Lot #

1 14  Mass. Ave. Town of Harvard School 1,302           15,160           1,302     27.50 T 2002 WWTF / L Bromfield School 22A/17
2 24  Mass. Ave. Town of Harvard Municipal 420              1,050             420        6.80 T 2002 WWTF / L New Library 22B/40
3 27  Mass. Ave. Town of Harvard School 2,215           4,640             2,215     6.50 T 2002 WWTF / L Elementary School 22B/42
4 39  Mass. Ave Town of Harvard School 30                273                273        1.90 T 1914 U School Offices, 2,814 sf 22B/43
5 13 Ayer Road Town of Harvard Municipal 314              785                314        4.40 T 1986 L Town Hall - designed for max 18 employees. 17D/59
6 11  Elm Street Town of Harvard Municipal 135              542                135        1.61 T 1976 L Firehouse & Outbldg - designed for max 20 people or 300 gpd. 17C/35
7 15 Elm Street Town of Harvard Municipal 156              390                156        5.66 T U U Hildreth House 17C/36

8 7  Fairbank St. Town of Harvard Municipal 163              409                163        0.17 T 1983 P V Old Library - Permit notes variances required from 310CMR 15.03 (7) for minimum 
square footage.  Use restricted to 80 gpd. 17D/22

9 7  Mass. Ave. Peter Warren  * Commercial 27                170                170        0.11 T 1971 C 17D/59
10 9  Mass. Ave. Peter Warren  * Commercial 20                323                323        0.11 T 1971 C 17D/60
11 5  Pond Road Mahogany Run Realty Trust Commercial 95                388                388        0.45 P U U within IWPA, 3 condo offices 22B/1033

12 1  Still River Rd. Adam Horowitz  * Commercial 1,000           764                1,000     0.10 T 1971 L E Easement for system on Town-owned land.  Easement mandates sewer connection 
when public sewer becomes available. 17D/2

13 4 Littleton Road Verizon ^^^ Commercial - -                 -         0.08 - - - no water in bldg; no septic system 17D/19
14 9  Ayer Road Unitarian Church Church 80                450                80          0.14 T U C V Location unknown, but suspected to be on Town-owned land. 17D/4

15 7  Elm Street Unitarian Church - Fellowship Hall Church 51                300                51          0.14 T U C V 2009 Presby system approval for remedial use with condition that mandates sewer 
connection when available. 17C/33

16 5  Still River Rd. Congregational Church Church 139              480                139        0.38 T 1978 L E Easement for system on Town-owned land.  Easement mandates sewer connection 
when public sewer becomes available. 17D/3

17 17  Still River Rd. St. Theresa's Catholic Church * Church 206              495                206        1.02 T U U

Shared system for Church and Rectory, both on lot.  Investigations indicate possible 
area for leaching at rear of site.  No on-site testing was done, except that significant 
wetlands were flagged between existing bldgs and potential leaching area. Church sits 
on pile of rubble and fill.

17C/2/1

18 8  Ayer Road Steve/Marjorie Darby * Single Family Home 306              550                306        0.43 T 1974 P 2 Pits 17D/11
19 12 Ayer Road Edward Grant * Single Family Home 111              440                111        0.18 T 1960's P 17D/10

20 14  Ayer Road Amy Bernhardt * Single Family Home 117              440               117      0.28 T 1999 L V Variance for reduced depth to groundwater.  Request for 5 bdrm permit was denied.  
M i t i i ll i d 17D/920 14  Ayer Road Amy Bernhardt Single Family Home 117              440               117      0.28 T 1999 L V Massive retaining wall required. 17D/9

21 16  Ayer Road Edward Dillard * Single Family Home 118              440                118        0.18 T U C 2 Cesspools 17D/8
22 18-2 Ayer Road David Craig  * Multi-family 27                330                150        0.31 T U U 17D/7
23 18-1  Ayer Road David Craig  * Multi-family 27                440                200        0.31 T U U 17D/7
24 4  Cross Street Lois Gilmore  * Single Family Home 1                  110                50          1.85 T 1980 U Failed Failed T5 inspection Oct 2006. For sale for 10 years as 1 bdrm home. 17D/32
25 1  Elm Street Jared Wollaston * Single Family Home 108              660                108        0.60 T 1966 L 17C/37

26 3  Elm Street Billy Salter  * Single Family Home 155              440                155        1.68 T 1996 L V
Variances to 310CMR 15.405(1) reduced setback to structure and reduced disposal 
area.  Local BOH waivers for reduced setback to structure, reduced depth to 
groudwater, number of passing percs, and reserve/primary trench layout.

17C/31

27 5  Elm Street Deborah Sauve/Scott Hayward Single Family Home 280              440                280        0.55 T 1998 L 17C/32
28 9  Elm Street Mark L'Ecuyer  * Single Family Home 116              440                116        0.27 T 1970's L 17C/34

29 1  Fairbank St. Michele Page  * Single Family Home 90                330                90          0.15 T 2004 L C & E Grant of T5 Covenant & Easement for shared septic system with 3 Fairbank St and 3 
Littleton Rd 17D/12

30 3-1 Fairbank St. Pat Hatch  * Multi-family 70                440                70          0.16 T 2004 L C & E separate bldg,  Grant of T5 Covenant & Easement for shared septic system with 1 
Fairbank St and 3 Littleton Rd 17D/13

t bld G t f T5 C t & E t f h d ti t ith 131 3-2 Fairbank St. Pat Hatch  * Multi-family 70                110                70          0.16 T 2004 L C & E separate bldg,  Grant of T5 Covenant & Easement for shared septic system with 1 
Fairbank St and 3 Littleton Rd 17D/13

32 5  Fairbank St. John Martin  * Single Family Home 200              660                200        0.52 T 1960's L 17D/21
33 11-1 Fairbank St.  Harvard Conservation Trust Multi-family 86                220                86          0.27 T 1946 L Failed 4-apartment bldg, 2 bdrms/apt 17D/33
34 11-2 Fairbank St.  Harvard Conservation Trust Multi-family 86                220                86          0.27 T 1946 L Failed 4-apartment bldg, 2 bdrms/apt 17D/33
35 11-3 Fairbank St.  Harvard Conservation Trust Multi-family 86                220                86          0.27 T 1946 L Failed 4-apartment bldg, 2 bdrms/apt 17D/33
36 11-4 Fairbank St.  Harvard Conservation Trust Multi-family 86                220                86          0.27 T 1946 L Failed 4-apartment bldg, 2 bdrms/apt 17D/33
37 13  Fairbank St. Ken Harrod  * Single Family Home 67                440                67          0.38 T 1978 L 17D/34

38 14  Fairbank St. Malte Lukas  * Single Family Home 192              440                192        0.82 T 1996 L V Variance under 310 CMR 15.405 for separation to groundwater.  Retaining wall required. 17D/57
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Wastewater
Flows (gpd)

Design
Flow^^
(gpd)

Lot
Size
(ac)

Water
Source

Septic
System
Age**

Septic
System

Type

Septic
Issues Comments Assessors

Lot #

39 16  Fairbank St. James Sloan  * Single Family Home 2                  330                150        0.15 T 1995 L V & RC

1999 Restrictive Covenant for 3 bedrooms max until sewer connection; however, 
previously a 4-bdrm home.  DEP approved variances 310 CMR 15.03(07) slope and 
setbacks, 15.02(13) volume reduction, 15.02(17) construction in fill, and 15.14(2) depth 
to groundwater.

17D/56

40 18  Fairbank St. Malcolm Carley  * Single Family Home 105              330                105        0.43 T 1975 L RC Conditional pass in 1996 with D-boxes repair.  1997 Restrictive Covenant for 3 bdrms 
max; however, previously a 4-bdrm home. 17D/55

41 20  Fairbank St. Blanche Foss  * Single Family Home 20                440                200        0.28 T 1970's U 17D/54
42 22  Fairbank St. Jane Jakuc  * Single Family Home 301              440                301        0.32 T 1967 L 17D/53
43 23  Fairbank St. David Connolly  * Single Family Home 102              440                102        0.87 T 1960 C 17D/49
44 24  Fairbank St. Joe Bongiardina  * Single Family Home 130              440                130        0.75 T 1981 P 17D/52

45 25 F i b k S R b S i * Si l F il H 108 440 108 0 54 T 2004 A V

Micro Fast System approved for remedial use with DEP Condition 10 which mandates 
sewer connection within 60 days of sewer becoming available. Variances required for 17D/5045 25  Fairbank St. Robert Swain  * Single Family Home 108              440                108        0.54 T 2004 A V sewer connection within 60 days of sewer becoming available.  Variances required for 
perc testing, tank/well offset, easement for leach field on abutting 12 Oak Hill Rd, depth 
to groundwater, reduced leaching size.  DEP limits flow to 440 gpd.

17D/50

46 28  Fairbank St. Dan Magrath  * Single Family Home 278              440                278        1.65 T 1965 L 17D/51

47 2  Littleton Road Al and Elaine Jasins Single Family Home 178              550                178        0.68 T 2005 L V & RC Two multifamily buildings (2 & 6 Littleton Rd). Restricted to 11 bedrooms max.  Variance 
requests for groundwater offset, limited percs, and shared system. 17D/20

48 3  Littleton Road Mr. Borg Multi-family 59                220                59          1.70 T 2004 L C & E 2 bdrm condo, Grant of T5 Covenant & Easement for shared system with 1 & 3 Fairbank 
St 17D/15/3B

49 3A Littleton Road Robert Hazel  * Multi-family 59                220                59          1.70 T 2004 L C & E 2 bdrm condo, Grant of T5 Covenant & Easement for shared system with 1 & 3 Fairbank 
St 17D/15/3A

50 3C Littleton Road Lisa Silagyi  * Multi-family 59                220                59          1.70 T 2004 L C & E 2 bdrm condo, Grant of T5 Covenant & Easement for shared system with 1 & 3 Fairbank 
St 17D/15/3C

51 3D Littleton Road Elizabeth Dimon  * Multi-family 59                330                59          1.70 T 2004 L C & E 3 bdrm condo, Grant of T5 Covenant & Easement for shared system with 1 & 3 Fairbank 
St 17D/15/3D

2003 Permit for MicroFAST system that was approved for remedial use with DEP 

52 5  Littleton Road Daniel Sullivan * Multi-family 85                330                85          0.31 T 2003? A V & DR & RC Condition 10 which mandates sewer connection within 60 days of sewer becoming 
available.  2-family.  2005 Variance from 310 CMR 15.212(a) depth to groundwater.  
2007 Deed Restriction limits to 4 bdrms.  2008 Restrictive Convenant limits to 3 bdrms.

17D/16

53 5  Littleton Road Daniel Sullivan * Multi-family 85                110                85          0.31 T 2003? A V & DR & RC

2003 Permit for MicroFAST system that was approved for remedial use with DEP 
Condition 10 which mandates sewer connection within 60 days of sewer becoming 
available.  2-family.  2005 Variance from 310 CMR 15.212(a) depth to groundwater.  
2007 Deed Restriction limits to 4 bdrms.  2008 Restrictive Convenant limits to 3 bdrms.

17D/16

54 6  Littleton Road Al Jasins  * Single Family Home 162              660                162        0.68 T 2005 L V & RC Two multifamily buildings (2 & 6 Littleton Rd), deed restricted to 11 bedrooms.  Variance 
requests for groundwater offset, limited percs, and shared system. 17D/20

55 11  Lovers Lane Stanley Jaksina * Single Family Home 63                220                63          0.14 T 1970 U 17C/40

56 13  Lovers Lane Anne Mullany* Single Family Home 71                220                71          0.22 T 1982 P Permit states lot is "very restricted for sewage disp"  and "designed for two bedrooms 
only". 17C/41

57 15  Lovers Lane Patrick Connolly  * Single Family Home 135              330                135        0.87 T 1960 C 17C/42
58 11  Mass. Ave. Larry Yahia  * Single Family Home 282              440                282        0.60 T 2001 L V Variances for depth to groundwater and setbacks. 17D/61

59 13  Mass. Ave. Anne Tenero * Single Family Home 109              440                109        0.26 T 1998 A V
Bioclere System. Variances for setback to private well and distance from toe of slope to 
lot line.  DEP approved variances with stipulation: within 30 days of sewer becoming 
available, must connect to sewer and abandon Bioclere system.

17D/62

60 15  Mass. Ave. Daniel West  * Single Family Home 135              330                135        0.66 P 1970's U 17D/63
61 21  Mass. Ave. Alfred Wilder  * Single Family Home 370              440                370        2.09 T 1993 L V Variance required for percs. 22B/41
62 1  Oak Hill Rd. Duane Barber  * Single Family Home 57                440                57          0.26 T 1986 P 4 Pits 17D/35
63 3  Oak Hill Rd. Mark Vilian  * Single Family Home 127              440                127        0.36 T 1983 L 17D/36
64 5  Oak Hill Rd. Janet Beaty * Single Family Home 128              330                128        0.26 T 1964 L 17D/37
65 7  Oak Hill Rd. Carlene Phillips  * Single Family Home 424              660                424        0.42 T 1975 U 17D/38
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66 12  Oak Hill Rd. Chris Squire  * Single Family Home 135              330                135        0.58 P 2002 A V & E

MicroFast System approved for remedial use with DEP Condition 10 which mandates 
sewer connection within 60 days of sewer becoming available.  Variances for perc 
testing, tank/well offset, depth to groundwater, easement for leaching area on abutting 
lot, reduced leaching area size.  DEP limits flow to 330gpd.

17D/47

67 12 Old Boston Tpke Schnier, Christopher C & Ames Single Family Home               135 440                        135 1.50 P 1989 L 1989 emergency repair system designed for 4 bdrms. 22B/9/1
68 14 Old Boston Tpke Rothkop, Douglas M & Holly M Single Family Home               135 660                        135 1.23 P U U 2 family house, 6 bdrms total 22B/8
69 5  Old Littleton Rd. James McClellan  * Single Family Home 238              550                238        0.20 T 1978 P 2 Pits 17D/23
70 7  Old Littleton Rd. Robert Hubert * Multi-family 2                  220                100        6.06 T 1961 L separate building, 2 bdrms 17D/24/1/1
71 7 Old Littleton Rd. Robert Hubert * Multi-family 252              440                252        6.06 T 1961 L separate building, 4 bdrms 17D/24/1/1
72 13  Old Littleton Rd. David Butterfield * Single Family Home 66                550                66          0.41 T 1977 U 17D/25
73 9  Pond Road Douglas Wiles  * Single Family Home 107              440                107        0.97 T 1996 L V within IWPA.  Variances for setback to private well and depth to groundwater. 22B/34
74 15  Pond Road William Kilpi  * Single Family Home 1                  330                150        1.00 T 1955 U within IWPA 22A/4
75 19  Pond Road Margaret Grogan  * Single Family Home 128              330                128        1.30 T 1958 U within IWPA 22A/5

76 7 Still River Rd. Eric O'Brien  * Multi-family 113              550                113        2.36 T 2007 A V & RC
3-family house.  Presby System approved for remedial use.  DEP's Condition 5 
mandates sewer connection within 60 days of feasbility to connect.  Variance for depth 
to groundwater.  2004 Restrictive Convenant limits to 10 bdrms.

17C/1/1

77 7-1 Still River Rd. Eric O'Brien  * Multi-family 113              220                113        2.36 T 2007 A V & RC
3-family house.  Presby System approved for remedial use.  DEP's Condition 5 
mandates sewer connection within 60 days of feasbility to connect.  Variance for depth 
to groundwater.  2004 Restrictive Convenant limits to 10 bdrms.

17C/1/1

78 7-2 Still River Rd. Eric O'Brien  * Multi-family 113              220                113        2.36 T 2007 A V & RC
3-family house.  Presby System approved for remedial use.  DEP's Condition 5 
mandates sewer connection within 60 days of feasbility to connect.  Variance for depth 
to groundwater.  2004 Restrictive Convenant limits to 10 bdrms.

17C/1/1

79 14  Still River Rd. Joe Gaffney * Single Family Home 22                440                200        0.29 T 1966 L 17C/38
80 15  Still River Rd.  St. Theresa * Single Family Home 258              330                258        2.79 T U U 17C/2
81 16  Still River Rd. Lawrence Sweeney* Single Family Home 159              330                159        0.13 T 1989 L V Clay barrier for breakout protection on three sides of system.  Refusal at 52". 17C/39

82 21  Still River Rd. Jay Fagan  * Single Family Home 179              440                179        2.00 P 1994 L V Variances to 310 CMR 15.02 (17) and 15.03(7) for 15' gravel limit around trenches in 
lieu of 25' and impervious clay barrier in lieu of down hill grading. 17C/3/1

Subtotals: Existing Connections 3,937           20,850           3,937     
799              2,398             1,042     

1,142           1,645             1,881     
476              1,725             476        

8,242           25,080           9,340     
Proposed New Connections 10,659         30,849           12,739   

14,596         51,699           16,676   

Proposed New Connections, Municipal
Proposed New Connections, Commercial
Proposed New Connections, Church
Proposed New Connections, Residential

^^^ Verizon building and property does not contain a bathroom, water lines, or septic system.

Total Proposed Connections to WWTF

* Owner has been validated by TCSAC.
** Septic System Age:  bold year = pre-1978, underlined year = 1978-1994

^^ Design flows are based on current water use data with the following exceptions:  If no current water use data is available or data is atypical for its use, an estimate of 50 gpd per bedroom is used for residential properties and the Title 5 wastewater flow is used for commercial 
properties. 

^ Compiled by the Town Center Sewer Action Committee (TCSAC), a sub-committee of the Town of Harvard Board of Selectmen and updated in August 2009 by Harvard Selectman Tim Clark.

Legend:  T=Town Water, P=Private Water, U=Unknown, P=Leach Pit(s), C=Cesspool, L=Leach Field/Trench(es), A=Alternative System, WWTF=wastewater treatment facility, V=Variance(s), E=Easement, C=Title 5 Covenant, RC=Restrictive Convenant, DR=Deed Restriction, 
Failed=currently in failure per Title 5 Inspection
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Thirty-nine percent (39%) of the proposed new sewer connections are currently served by 
an onsite septic system installed prior to the 1978 Title 5 Code.  An additional 18% are 
currently served by an onsite septic system installed after 1978 and prior to the 1995 Title V 
Code, and an additional 13% are served by a septic system on an unknown age.  Assuming that 
the systems of unknown age were installed prior to 1978, approximately 51% of the proposed 
new sewer connections are currently served by an onsite system that is older than 31 years. 
 
Eleven of the proposed sewer connections are required to connect to public sewer when 
sewer becomes available, as conditioned by DEP.  Refer to Table 2 and the Appendix for more 
information. 
 
Six of the proposed sewer connection properties have a private onsite drinking water well; five 
of which are residential properties.  One of these properties is served by an onsite septic system 
of unknown age and type.  One is served by an onsite septic system of unknown type installed in 
the 1970’s.  One is a 2-family house of 6 bedrooms served by an onsite septic system installed in 
1989 as an emergency repair.  One is served by an onsite septic system with a leaching trench or 
field installed in 1994 that required two variances.  The fifth residential property is served by an 
onsite alternative septic system installed in 2002 that required a variance and an easement for 
construction and was approved by DEP with the condition mandating sewer connection when 
sewer becomes available.  The sixth property is a commercial property with a building of three 
condominium offices served by an onsite septic system of unknown type and unknown age.  
Refer to Table 2 and Appendix for more information. 
 
Four of the proposed sewer connection properties are located within the interim wellhead 
protection area (IWPA) of the active Town-owned public water supply wells and are located on 
Pond Road, as shown on Figure 1.  Two of these properties are residential properties with onsite 
septic systems that were constructed in the 1950s.  One property is a residential property with an 
onsite septic system that was constructed in 1996 with two variances.  The fourth property is a 
commercial property with a building of three condominium offices served by an onsite septic 
system of unknown type and unknown age. 
 
1.B. Existing Wastewater Treatment Facility  
 
1)  General 

The existing wastewater treatment and disposal facilities serving the Bromfield School, Harvard 
Elementary School, and Public Library are located along the east side of Massachusetts Avenue 
in Harvard, MA.  The treatment system is composed of two main treatment components, primary 
treatment and a secondary treatment.  The primary treatment is accomplished with primary 
sedimentation tanks located at each school and an equalization tank located at the WWTF.  The 
secondary treatment is comprised of Bioclere© trickling filter, for nitrification followed by a 
denitrification anoxic tank and then a re-aeration zone and finally a polishing sand filter.  The 
effluent from the sand filter is discharged to the groundwater via a subsurface soil absorption 
system.  Figure 2 shows the general layout of the existing wastewater system. 
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2) Existing Collection System  
 
Raw wastewater from the Bromfield School flows from the school to a pretreatment tank and 
then to a pumping station located onsite near the School.  Raw wastewater from the Public 
Library is also discharged via a separate pumping system to this Bromfield School pumping 
station.  The primary treatment effluent is then pumped across Bolton Road to a pumping station 
at the HES.    Raw wastewater from the HES is discharged to a pretreatment tank onsite near the 
school, and then discharged by gravity to the HES pumping station where it is combined with the 
effluent from the Bromfield School and Public Library.  Wastewater is then pumped from the 
HES property south along Fairbanks Street and Massachusetts Avenue to an 11,000-gallon 
equalization tank at the WWTF site. 
 
A 4,500-gallon grease trap pre-treats the kitchen flows at the Bromfield School prior to discharge 
to the sewer collection system.  No grease trap is present at the HES, because there is no food 
preparation at this school.  
 
3) Existing Treatment System  
 
Primary treatment effluent is received at an 11,000-gallon flow equalization tank, located at the 
WWTF.  This tank attenuates and stores peak flows allowing a constant rate of influent loading 
to be directed to the treatment facility.  Wastewater is pumped from this equalization tank via a 
distribution box to two equally-sized Bioclere treatment trains, each consists of two 30/32 
Bioclere units (trickling filters).  The Bioclere units nitrify the wastewater and remove solids 
produced in the nitrifying process.  The Bioclere system recycles the solids to the equalization 
tank and a baffled sludge holding tank via backwash return and waste solids return lines.  
Wastewater then flows from the Bioclere system to an 11,000-gallon post-equalization tank, 
which in turn feeds a 7,000-gallon anoxic tank. 
 
The 7,000-gallon, baffled anoxic tank consists of a submerged anoxic reactor and post aeration.  
This treatment unit provides a suitable environment to initiate biological denitrification7.  As a 
pump on the post-equalization tank transfers Bioclere effluent to the anoxic zone, a peristaltic 
pump delivers organic carbon into the influent tee of the anoxic tank.  This acts as the external 
carbon source to initiate the denitrification reaction.  The anoxic tank contains eight 6-feet tall 
PVC media block shells filled with polyethylene media on which the bacteria adhere and reduce 
nitrate in the waste stream.  Two submersible sewage pumps circulate water through the media 
blocks, ensuring contact of the carbon source, nitrate and bacteria.  Operation of the two 
circulation pumps, the chemical feed pump, and the sludge pump are automatic and fully 
adjustable by the system operator.  Solids are pumped to the sludge holding tank.  After 
processing in the anoxic filter, effluent flows through a 1,000-gallon post aeration tank (within 
the 7,000-gallon tank) for oxidation of remaining soluble carbon.  Effluent flows to the 
DynaSand filter for final polishing and then to a dosing/pumping chamber and then to a valve 
chamber equipped with flow meters. 
 

                                                 
7 The volume of anoxic tank provides a hydraulic retention time greater than 4.5 hours, based on the 
design flow of 23,000 gpd and a sewage feed over approximately 18 hours. 
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During recent years of the WWTF operations, the anoxic tank has experienced many operational 
problems.  The majority and most severe issues are caused by the clogging of the plastic media.  
The biological growth on the media does not slough off, as it was designed to, and therefore 
results in the media becoming clogged with heavy organic growth.  When this happens, the 
following occurs: (1) the media tends to float to the surface of the tank and in the past has broken 
the metal straps holding them in place, and (2) the denitrification process in the treatment unit is 
severely reduced.  These two factors result in high nitrogen concentrations in the effluent.  To 
address this issue, the Town has had to pump down the tank, clean the media, replace the media 
holding straps, and then re-install the media.  This work has resulted in limited duration of good 
denitrification of the effluent. 
 
The final effluent is then discharged to the ground via a soil absorption system.  The soil 
absorption system consists of two equally-sized pressure-dosed fields, each 54-feet wide by 100-
feet long, providing a total leaching area of approximately 9,600 square feet.   
 
As stated earlier, the existing WWTF receives flows that area significantly less than the design 
and permitted flows.  This condition has contributed to, the facility operating in an inefficient 
manner.  The following table summarizes the regulatory compliance relative to the groundwater 
discharge permit associated with the WWTF. 

 
Table 5. History of Regulatory Compliance Relative to GW Discharge Permit #1-723* 

Date Action Description 
March 26, 2002 Groundwater Discharge Permit 

Issued 
Permit #1-723 issued for discharge of 23,000 gpd of 
treated effluent to the groundwater. 

July 20, 2004 Administrative Consent Order 
(ACOP-CE-04-1G013) 

 

June 6, 2005 Deficiency Notice  
September 2, 2005 Compliance Inspection DEP approves the Anoxic Filter subject to (1) 

connection of the alarm to an autodialer, (2) 
completion of Conditions from July 2005 including 
submittal of an O&M Manual and supplemental 
sampling, (3) extension of the access ladder within the 
DynaSand filter, and (4) re-grading, loaming, and 
seeding around the subsurface tanks. 

May 11, 2006 Return to Compliance DEP states that “no further action regarding the 
Consent Order [ACOP-CE-04-1G013)] is warranted”. 

Spring 2007 Noncompliance Issue Operational problems that resulted in non-compliance 
with the nitrogen effluent limits 

April 3, 2007 Compliance Inspection DEP required Town to (1) identify and correct the 
cause of the upset in the anoxic filter (loose media), (2) 
investigate possible I/I  at schools, (3) extend the 
access ladder within the DynaSand filter, and (4) 
further evaluate process units to examine the unit’s 
ability to handle additional flows and pollutant 
loadings. 

May 21, 2007 Technical Deficiency Notice 
for Permit Renewal Application 

DEP (1) notes that the leaching area is located within 
an IWPA and (2) requires submittal of a proposed 
schedule and plan for proposed upgrades to the anoxic 
filter for DEP’s approval. 
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September 6, 2007 Anoxic Filter Inspection DEP recommends that “the anoxic filter design be 
modified to correct for the defective fasteners securing 
the submerged media” and that “the wastewater pass 
through the system in the media be modified to 
improve scouring and removal of excessive biomass 
from media surfaces”. 

March 6, 2008 Review of Permit Renewal DEP states that the disposal area does not lie within the 
IWPA of the active public water supply wells.  DEP 
asks for (1) Town’s acceptance of permit conditions, or 
(2) a detailed description of any issues or problems, 
and (3) the Town’s proposed resolution of the 
emergency well IWPA. 

January 29, 2009 Notice of Noncompliance WWTF exceeded permit limits for Biochemical 
Oxygen Demand (BOD) for the last three months of 
2008 (may be due to clogged media in the anoxic unit).  
DEP required (1) submittal of an evaluation on the 
cause(s) of the BOD exceedances and schedule of 
recommended actions to bring the facility into 
compliance and (2) submittal of a proposed plan to 
address reoccurring problems with clogged anoxic 
media. 

June 4, 2009 Change in Wellhead Protection 
for Town Well #3 

DEP assigned a Zone I radius of 100 feet and an IWPA 
of 422 feet for the emergency Town well; the 
wastewater disposal facilities do not lie within this 
IWPA. 

*Refer to the DEP letters included in the Appendix for details. 
 

The additional flow from the potential Town Center demand would help to alleviate reoccurring 
problems at the WWTF by increasing the wastewater temperature and carbon levels, while 
increasing the volume of the incoming wastewater and equalizing daily flow rates.  The 
alternatives for upgrading the existing WWTF and the proposed plan are described Section 2B. 
 
2. Alternatives to the Project 
 
2.A. Collection System 
 
Based on the Town’s concerns and the excess capacity at the treatment facility, we have explored 
various options to provide offsite wastewater solutions for the Town Center.  In order to 
determine the most cost effective alternative for the proposed wastewater collection system, we 
reviewed the following alternatives: 
 

1. No action. 
2. Conventional gravity sewers with municipal pump stations 
3. Low-pressure sewer system 
4. Combination of gravity sewers and low-pressure sewers 
5. Vacuum sewer system 

 
It should be noted that the option of vacuum sewer systems was eliminated from consideration 
due to poor or unreliable performance of vacuum systems in other Massachusetts communities.  
In addition, the relatively small size of the proposed collection system does not lend itself to both 
vacuum and pumping systems. 
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The following paragraphs present a brief description of the various wastewater technologies 
investigated for the purpose of this Report. 
 
Conventional Gravity Sewers 
 
Conventional wastewater collection systems consist of gravity street sewers, building 
connections, manholes, interceptor sewers, pump stations, force mains, and other appurtenances.  
Gravity sewer pipes are typically a minimum of eight inches in diameter, are installed at a 
sufficient slope to provide a minimum velocity of two feet per second (fps), and are typically 
installed six to ten vertical feet (vf) below street level.  The minimum velocity is intended to 
prevent the deposition of solids in the sewer which can lead to unnecessary obstructions causing 
back-ups and odors.  Since the wastewater is conveyed by gravity, operation and maintenance 
(O&M) costs are low compared to other technologies.  When the ground surface is relatively flat 
and sewer lines are long, however, pipe trench depths become excessive and pump stations 
become necessary or more cost effective.  As trench depths become excessive, dewatering costs 
increase and the costs for ledge excavation also increase with the added trench width required for 
increased depth of excavation. 
 
Grinder Pumps and Low Pressure Sewers 
 
Grinder pumps and low pressure sewers are commonly utilized to reduce the capital construction 
cost of installing conventional gravity sewers in areas with high groundwater levels, shallow 
bedrock, and /or hilly terrain.  The components of this system consist of a grinder pump unit at 
each building, pressurized small diameter sewer mains in the street, and service connections that 
connect each grinder pump unit to the pressure main.  Grinder pump units are generally located 
adjacent to each building and connected by gravity to the building’s waste piping.  The grinder 
pump uses cutter blades to macerate or chop the solids into a fine slurry which is pumped 
through the pressure mains.  The pressure mains ultimately discharge to a conventional 
collection system or directly to a treatment facility.  Pressure sewers are typically one and one 
half inches to four inches in diameter.  Velocities of greater than 2 fps must be achieved at 
regular intervals. 
 
Pressure sewers must be equipped with additional features not required in conventional 
collection systems.  Air relief valves should be provided at high points in the low-pressure sewer 
system to release any air trapped in the pressure lines.  Cleanout manholes should be installed at 
low points in the low-pressure sewer system as well as at various intervals along the system to 
provide access to the sewer to remove debris or unclog the lines.  Check valves and gate valves 
are required at each grinder pump unit to prevent backflows and to isolate systems for periodic 
maintenance. 
 
Since the low pressure sewer system is not dependent on gravity to convey the wastewater, the 
small diameter pipes can be installed in shallow trenches with a minimum depth of cover of five 
feet to provide frost protection.  Also, since the system is pressurized, the pipe can be installed to 
follow existing ground surface contours, thereby minimizing excavation costs. 
 
Infiltration of groundwater is also less with the low-pressure system than for a gravity sewer 
system. 
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Vacuum Sewers 
 
Vacuum sewers use differential air pressure to create flow.  Each home is provided with a 
vacuum unit, which is equipped with a valve that seals the line leading to the main so that the 
required vacuum levels can be kept in the main.  When a given amount of wastewater 
accumulates behind the valve, the valve is programmed to open and the wastewater is drawn into 
a central station.  From there, the wastewater is typically pumped into the transmission system 
for transport to the treatment facilities.  
 
Vacuum pumps are necessary to produce the vacuum necessary for liquid transport.  The 
optimum operating range in vacuum sewers is 16-20 inches Hg, but the pumps should have the 
capability of providing up to 25 inches Hg.  Redundancy is necessary with each pump capable of 
providing 100 percent of the required airflow.  
 
Manholes for change of direction or for inspection or connection of branch lines are not 
necessary for a vacuum sewer system.  High flow rates in the system keep it free of blockages or 
sedimentation. 
 
Cost-effectiveness Analysis of Options 
 
The following paragraphs present a summary of the specific options investigated for off-site 
wastewater disposal in order to identify the most cost-effective solution to the Town’s needs and 
concerns.  As previously discussed, the option of vacuum sewer systems was eliminated from 
consideration. 
 
Option 1 – No action 
 
Under this option, “no action” would be taken to address the concerns raised in the Harvard 
Town Center Action Plan.  The same limitations and potential risks to the Town Center, as 
previously presented, would still exist.  Homeowners with failing or non-Title 5 compliant onsite 
wastewater disposal systems would be faced with the cost of updating their systems to be in 
compliance with current Title 5 regulations.  Costs for such upgrades could range from $35,000 
to $45,000.  As presented above in the Section 1.A. of this Report, many of the existing septic 
systems in the Town Center are failing or have failed a Title 5 inspection, or have a septic system 
not in full compliance with Title 5 regulations.  Only the homeowners with failing or non-
compliant systems that plan to sell their house now or in the future would be required to upgrade 
their onsite septic system.  Properties with failing systems would still present the risk of 
groundwater contamination under this option of “no action.” 
 
Option 2 – Conventional gravity sewers with pump stations 
 
Option 2 would provide conventional gravity sewers with neighborhood pump stations for the 
Town Center.  Based on the existing topography of this area, it would be necessary to construct 
small submersible pump stations on Littleton Road, Old Littleton Road, Old Boston Turnpike 
and Pond Road.  A larger pump station would be necessary on Fairbanks Street to convey the 
wastewater flows to the existing wastewater treatment facility.  All of the wastewater from the 
Town Center would ultimately flow to this pump station on Fairbanks Street.   
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Issues with a conventional gravity sewer system under this option include: 
 

• Excavations between 8- and 12-feet for typical gravity sewer installation. 

• Excavations between 12- and 22-feet for length of approximately 900 linear feet (lf) in 
Still River Road in order to eliminate the need for an additional neighborhood pump 
station.  Recent subsurface explorations indicate the presence of ledge at a depth of 
approximately 3- to 7-vertical feet (vf) below the surface in Still River Road.  Trench-
width payment limits would increase from 5-feet to 7-feet as a result of these depths. 

• Cross-country sewer from Massachusetts Avenue to Fairbanks Street adjacent to the 
HES.  Cross-country sewer could be installed within the limits of the existing sewer 
easement on the HES property. 

• Additional gravity sewer in Massachusetts Avenue to convey wastewater flow from Pond 
Road to the cross-country sewer adjacent to the HES. 

• Possibility of inflow/infiltration (I/I) being introduced to the gravity system over time.  
Extraneous flows would reduce the hydraulic capacity of the Town’s treatment system. 

• Operation and maintenance (O&M) costs associated with four new pump stations. 
 
The following table presents estimated collection system project cost for Option 2. 
   
Table 6.  Option 2 – Estimated Collection System Project Cost 
Description Quantity Unit Price (1) Amount 
8-inch PVC gravity sewer, per linear foot (lf) 9,800 lf (2) $60/lf $588,000 
8- x 6-inch wye branches, each 81 each $250 each $20,250 
6-inch PVC building connections, per lf 2,025 lf $40/lf $81,000 
4-inch PVC force main, per lf 2,700 lf $35/lf $94,500 
Forcemain cleanout manholes, each 4 each $4,000 each $16,000 
Rock excavation and disposal, per cubic yard (cy)  6,000 cy $60/cy $360,000 
Sewer manhole base with standard f&c, each 52 each $2,500 each $130,000 
Sewer manhole walls and cones, per vertical foot (vf) 520 v.f. $100/vf $52,000 
2 ½-inch binder course trench pavement, per lf 9,800 lf $15/lf $147,000 
1 ½-inch top course trench pavement, per lf 9,800 lf $14/lf $137,200 
Small submersible pump stations, each 4 $250,000 each  $1,000,000 
Large submersible pump station, each 1  $350,000 each $350,000 
Construction Total   $2,975,950 
Construction Contingency (15%)   $446,393 
APPROXIMATE CONSTRUCTION COST   $3,422,343 
Permitting, Design, and Construction Services (3)   $684,469 
GRAND TOTAL   $4,106,812 

Notes: 
(1) Unit prices were estimated based on the January 2009 bid results from the Chelmsford, MA 
Cambridge Street/Park Road Sewer Project. 
(2) In order to provide gravity sewer to the Town Center, Option 2 will require additional pipe in 
Massachusetts Avenue and in an easement from Massachusetts Avenue to Fairbanks Street (adjacent to 
the HES). 
(3) Permitting, design and construction services estimated at 20% of the construction cost. 
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Option 3 – Low-pressure sewers  
 
Option 3 would provide low-pressure sewers for the Town Center.  The majority of the low-
pressure sewer system (LPSS) for the Town Center would connect directly to the existing pump 
station at the HES which discharges to the existing wastewater treatment facility.  As a result, a 
new pump station would be installed to replace the existing pump station at the HES.  The LPSS 
from Pond Road would discharge to the existing pump station at the Bromfield School.  Again, a 
new pump station would also be installed at the Bromfield School to replace the existing pump 
station.  Both of the new pump stations at the two schools would discharge to the existing force 
mains from the schools.  These force mains ultimately discharge to the existing treatment 
facility. 
 
Issues with an LPSS under this option include: 
 

• Excavations between 5- and 6-feet for typical LPSS installation. 

• All properties in the Town Center would require individual on-lot grinder pump units to 
convey wastewater flows from their property to the LPSS.  To reduce Town costs for the 
project, the purchase of the grinder pump and the installation of on-lot pressure sewers 
from the grinder pump units to the pressure sewer connection at the property line would 
be the responsibility of the individual property owners. 

 
The following table presents estimated collection system project cost for Option 3. 
 
Table 7.  Option 3 – Estimated Collection System Project Cost 
Description Quantity Unit Price (1) Amount 
2-inch low-pressure sewer, per lf 8,000 lf $40/lf $320,000 
Tee branches for low-pressure sewer, each 81 each $300 each $24,300 
1 ½-inch pressure sewer building connections, per lf 2,025 lf $35/lf $70,875 
Terminal/in-line flushing manholes, each 16 each $4,000 each $64,000 
Rock excavation and disposal, per cy 3,300 cy $60/cy $198,000 
2 ½-inch binder course (trench width), per lf 8,000 lf $15/lf $120,000 
1 ½-inch top course (trench width), per lf 8,000 lf $14/lf $112,000 
Small submersible pump stations, each 2 $75,000 each $150,000 
Construction Total   $1,059,175 
Construction Contingency (15%)   $158,876 
APPROXIMATE CONSTRUCTION COST   $1,218,051 
Permitting, Design, and Construction Services (2)   $243,610 
GRAND TOTAL   $1,461,661 

Notes: 
(1) Unit prices were estimated based on the January 2009 bid results from the Chelmsford, MA 
Cambridge Street/Park Road Sewer Project. 
(2) Permitting, design and construction services estimated at 20% of the construction cost. 
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Option 4 – Combination of gravity sewers with pump station and low-pressure sewers 
 
Option 4 would provide a combination of gravity sewers and low-pressure sewers for the Town 
Center.  Instead of neighborhood pump stations, as presented under Option 2, an LPSS would be 
installed for a portion of Still River Road and all of Pond Road, Littleton Road, Old Littleton 
Road, Old Boston Turnpike and Cross Street.  A large pump station would be installed on 
Fairbanks Street that would receive all of the wastewater flow from the Town Center.  This 
pump station would then convey the flow to the existing wastewater treatment facility. 
 
Issues with a combined gravity/pressure sewer system under this option include: 
 

• Excavations between 8- and 12-feet for typical gravity sewer installation and excavations 
between 5- and 6-feet for typical LPSS installation. 

• Cross-country sewer from Massachusetts Avenue to Fairbanks Street adjacent to the 
HES.  Cross-country sewer could be installed within the limits of the existing sewer 
easement on the HES property. 

• Additional gravity sewer in Massachusetts Avenue to convey wastewater flow from Pond 
Road to the cross-country sewer adjacent to the HES. 

• Possibility of inflow/infiltration (I/I) being introduced to the gravity system over time.  
Extraneous flows would reduce the available capacity of the treatment system. 

• Operation and maintenance (O&M) costs associated with the one new pump station. 

• All properties on Pond Road, Littleton Road, Old Littleton Road, Old Boston Turnpike 
and Cross Street and a portion of Still River Road would require individual on-lot grinder 
pump units to convey wastewater flows from their property to the proposed LPSS.  To 
reduce Town costs for the project, the purchase of the grinder pump and the installation 
of on-lot pressure sewers from the grinder pump units to the pressure sewer connection at 
the property line would be the responsibility of the individual property owners. 
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The following table presents estimated collection system project cost for Option 4. 
 
Table 8.  Option 4 – Estimated Collection System Project Cost 
Description Quantity Unit Price (1) Amount 
8-inch PVC gravity sewer, per lf 6,300 lf $60/lf $378,000 
2-inch low-pressure sewer, per lf 3,500 lf $40/lf $140,000 
8- x 6-inch wye branches, each 57 each $250 each $14,250 
Tee branches for low-pressure sewer, each 24 each $300 each $7,200 
6-inch PVC building connections, per lf 1,425 lf $40/lf $57,000 
1 ½-inch pressure sewer building connections, per lf 600 lf $35/lf $21,000 
4-inch PVC force main, per lf 760 lf $35/lf $26,600 
Forcemain cleanout manholes, each 1 each $4,000 each $4,000 
Terminal/in-line flushing manholes, each 10 each $4,000 each $40,000 
Rock excavation and disposal, per cy  4,000 cy $60/cy $240,000 
Sewer manhole base with standard f&c, each 30 each $2,500 each $75,000 
Sewer manhole walls and cones, per vf 300 vf $100/vf $30,000 
2 ½-inch binder course (trench width), per lf 9,800 lf $15/lf $147,000 
1 ½-inch top course (trench width), per lf 9,800 lf $14/lf $137,200 
Large submersible pump station, each 1 $350,000 each $350,000 
TOTAL   $1,667,250 
Construction Contingency (15%)   $250,088 
APPROXIMATE CONSTRUCTION COST   $1,917,338 
Permitting, Design, and Construction Services (2)   $383,468 
GRAND TOTAL   $2,300,806 

Notes: 
(1) Unit prices were estimated based on the January 2009 bid results from the Chelmsford, MA 
Cambridge Street/Park Road Sewer Project. 
(2) Permitting, design and construction services estimated at 20% of the construction cost. 
 
Conclusions and Recommendations 
 
In order to address the existing septic capacity of the Town Center, the Town must take some 
action to provide a viable and cost-effective solution to their current wastewater needs.  
Therefore, various options were explored to determine the most cost-effective solution.  Each 
option investigated has its own advantages and disadvantages.   
 
Advantages of a conventional gravity sewer system include: 
 

• Elimination of the need for individual on-lot wastewater disposal systems and 
components (i.e. – septic systems, cess pools, and grinder pump units). 

• No additional costs to the individual homeowners to operate and maintain the grinder 
pump unit required for an LPSS. 

• No restrictions to the homeowner for use of plumbing system during power outages. 
 
Disadvantages of a conventional gravity sewer system include: 
 

• Deeper excavations to ensure gravity flow. 
• Need for neighborhood pump stations when topography does not allow for gravity flow. 
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• Additional costs associated with the O&M of the pump stations. 
• If ledge is present, higher costs for ledge removal due to the deeper trenches. 
• Conventional gravity sewers are more susceptible to infiltration and inflow. 

 
Advantages of an LPSS include: 
 

• Shallower trenches than conventional gravity systems. 
• If ledge is present, lower costs for ledge removal due to the shallower trenches. 
• Pressure sewer can be installed in accordance with the existing topography. 
• LPSS are not susceptible to I/I. 

 
Disadvantages of an LPSS include: 
 

• Need for individual on-lot grinder pump units. 
• Additional costs to the homeowners for the O&M of the grinder pump units. 
• Restricted use during power outages. 

 
The following table presents the estimated projected total project cost associated with each 
option. 
 
Table 9.  Estimated Total Project Cost Summary of Options Investigated 
Option Approximate Cost (2) 
1 – No Action (1) $2,940,000 
2 – Conventional Gravity Sewers and Pump Stations $4,106,812 
3 – Low-pressure Sewer System (LPSS) $1,461,661 (3) 
4 – Combination of Gravity Sewer and LPSS $2,300,806 (3) 

Notes: 
(1) Assumes the replacement of septic systems for all 84 properties at a replacement cost of $35,000 per 
property. 
(2) Costs presented herein do not include the cost to upgrade the existing treatment facility. 
(3) Costs for Option 3 and Option 4 assume that individual on-lot grinder pump units will be purchased 
and installed by the property owners. 
 
It should be noted that the above estimated costs for all options include an estimated cost for the 
removal and disposal of ledge based on a recently completed subsurface exploration program.  
Knowing the impact that ledge removal can have on the overall cost of a project, soil borings 
were completed in representative areas of the Town Center to assist in the generation of the 
estimated quantity and estimated cost of ledge removal.  Based on the results of the program, 
ledge was encountered on Ayer Road, Fairbanks Street, Still River Road, and Elm Street.     
 
Based on the information presented herein, Option 3 is the most cost-effective solution for the 
wastewater needs of the Town Center.  It should be noted that the estimated cost for Option 3 
does not include the cost of the grinder pump units or the cost of the on-lot pressure sewer 
service connections from the grinder pump units to the pressure sewer connections at the 
property line.  In some cases, in particular for Town-owned properties such as Hildreth House, 
Fellowship Hall, Fire Station, etc., such service connections could require extensive lengths of 
pipe to connect the property to the low-pressure mainline.   
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2.B. Treatment System 
 
The following alternatives were considered: 
 

A. No action. 
B. Remove and replace the entire WWTF with a different treatment system. 
C. Construct a new WWTF for the Town Center demands, while the existing WWTF 

remains as is. 
D. Modify the existing WWTF by (a) relocating the existing pretreatment septic tanks from 

the school properties to the WWTF site, (b) providing increased flow equalization to 
control peak (high and low) flow periods, (c) providing an enhanced nitrification system, 
(d) upgrading the denitrification treatment, and (e) increasing wastewater temperature 
discharged to the denitrification treatment zone within the WWTF. 

 
The Town Center Sewer Action Group (TCSAG) evaluated each of the alternatives based on (1) 
cost, (2) ability to meet the future needs of the Harvard Town Center, (3) ability to result in a 
WWTF that will maintain consistent operational compliance with the current groundwater 
discharge permit, and (4) minimizing operation and maintenance costs for the WWTF.  Based on 
these evaluation parameters the TCSAG elected to pursue alternative D, to modify the 
denitrification process of the existing WWTF.  This alternative satisfies the Town’s desire to 
protect the Town Center area while at the same time minimizing costs so as to keep the proposed 
Project affordable to the residents of the Town and to the members of the proposed Wastewater 
Management District. 
 
3. Proposed Project Plan 
 
3.A. Evaluation of Projected System Flows 
 

1. Analysis of Periods of High Flows 
 
Typically, the facility receives an average daily flow of 6,500± gpd.  However, during 
short periods of time in the spring of 2007 and 2009, the WWTF experienced abnormally 
high influent flow rates. During these two periods of time, the influent flows increased to 
approximately 9,900± gpd.  It is presumed that the excess flow is either infiltration or 
inflow or some combination of both.  Infiltration is due to leaks in sewer pipes such as 
cracks in a pipe or leaky pipe joints.  Inflow is due to direct discharge of non-wastewater, 
either groundwater or stormwater, into the collection system. 
 
In an effort to evaluate the abnormally high flows, the WWTF operator monitored the 
pump run meters at the pump stations located at the Bromfield School and the HES.  
Because the flow metering did not instantaneously increase and then immediately drop 
off near the end of wet weather periods, it has been determined that the extraneous flow 
is the result of inflow into the collection system, rather than infiltration. 
 
Based on the fact that the pump run times increased rapidly (spiked) only at the HES 
pump station, it has been determined that the inflow source is at or near the HES 
pumping station.  The HES building has been examined by Town officials and there is no 
obviously visible illicit connection to the existing collection system at the school.  
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However, since this pumping station is older than 15 years and was in operation prior to 
the construction of the present WWTF, the pumps are in need of repair/replacement, as 
determined by Weston & Sampson CMR.8  The entire pumping station will be replaced 
as part of the proposed Project.  In an effort to eliminate the extreme flows, at the time of 
the installation of the new HES pumping station, all pipes into the existing station will be 
replaced and only pipes with known points of origin will be connected to the new 
pumping station.  It is believed that this procedure will ensure that the extraneous flow 
currently entering the collection system will be eliminated. 
 
2. Projected Future Flows  
 
The projected future flows are based on existing water use and actual system flows and 
have been evaluated by the TCSAG, as shown on Table 1.  Based on discussions with 
DEP representatives in the Central Regional Office, it is anticipated that the wastewater 
flows for the proposed Project, including new sewer connections, should not exceed 
eighty-five percent (85%) of the permitted flow (23,000 gpd), equivalent to 19,550 gpd.  
Allocating 6,500 gpd for the existing connections (i.e., the Bromfield School, the Public 
Library, and the HES), approximately 13,050 gpd will be available for the proposed 
sewer connections in the Town Center. 
 
The projected wastewater flow for the new sewer connections is 12,740± gpd, as 
estimated by the TCSAG and shown on Table 1.  These new flows and the allocated flow 
for existing connections are below the 85% of the permitted 23,000 gpd. 

 
3.B. Collection System 
 
As outlined in Section 2.A. of this Report, the Harvard Town Center could be served by a low 
pressure sewer system that serves not only existing municipal properties, but also the residential 
and commercial properties that have varying needs for off-site wastewater treatment and 
disposal.  It should be noted that the Town Center Sewer Action Group (TCSAG) also conducted 
an evaluation providing sewer service to municipal buildings in the project area.  These would 
include the Town Hall/Ambulance Building, Fire House, Hildreth House, and the Old Library.  
The length of pipe required to serve this limited number of buildings was eliminated from 
consideration due to the high cost per building served and since other properties with similar 
needs would be “fronted” by the Town (public) sewer and not be allowed to connect to the 
system. 
 
Since much of the pipeline needed to serve the proposed “District” area would be installed to 
serve just the four municipal properties, and since much of the treatment plant upgrade would be 
required to serve existing Town properties, it was decided to extend public sewers as shown on 
attached Figure 1.  Specific properties being served by the system were determined by the 
TCSAG based on discussions with property owners and based on information on existing onsite 
systems available from the Board of Health.  The exact extent of the sewer service area was 
refined by the TCSAG to include only those properties that will require sewer service in the near 
or immediate future.   

                                                 
8 Letter Report prepared for Town of Harvard by Weston & Sampson C.M.R., Inc., September 21, 2007 
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3.C. Treatment System 
 

1. Evaluation of Treatment System Performance 
 
A review of the WWTF’s historical treatment records revealed that the denitrification 
process in the WWTF is the main aspect responsible for the facility not meeting its 
required discharge limits.  Therefore, an evaluation of denitrification treatment 
modifications was undertaken.  Based on discussions with the WWTF operator and the 
facility’s inability to consistently meet its discharge limits for nitrate and total nitrogen, it 
was decided to pursue a multifaceted approach to keep the plant operating in compliance.  
A schematic diagram of the existing WWTF is provided in Figure 3.   

 
2. Evaluate Options for Required Treatment Facilities 

 
Based on review of the existing WWTF monthly operational reports and discussions with 
the present operator, Weston & Sampson Services, certain areas of the existing WWTF’s 
operations need to be addressed.  These areas and the proposed modifications are detailed 
below and shown in Figure 4, Proposed Treatment Process Schematic. 

 
a. Operation of Existing Septic Tanks 

 
Relocate the primary treatment from the present locations adjacent to each of the 
schools to a new single 12,000-gallon treatment tank located at the WWTF.  The 
existing tanks at the schools will be abandoned in place.  This will allow for recycling 
of primary activated sludge to the waste stream.  This will also increase the carbon 
component in the wastewater entering the denitrification treatment unit.  As a result, 
the facility’s ability to denitrify the wastewater will improve. 

 
b. Equalization Facilities 

 
Increased flow equalization is necessary to allow the operator the ability to better 
control peak and low flow periods.  Presently and to a slightly lesser degree in the 
future, the majority of the facility’s flow will be generated during normal school and 
business hours.  This schedule is approximately from 7am until 5pm, 5 days per 
week.  Although the addition of “residential” flow will help this situation, the facility 
will still need more flow equalization capabilities.  Based on present flow records and 
the proposed new design flow of 18,400 gpd, it is recommended that the facility flow 
equalization be increased to 1.2 times the design flow.  This means that an additional 
11,000 gallons of equalization capacity should be provided at the WWTF.  Therefore, 
the proposed plan includes the installation of a new 11,000-gallon equalization tank 
in series with the existing 11,000-gallon equalization tank. 
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c. Enhanced Nitrification System 
 

Nitrification of the wastewater is presently accomplished within the Bioclere 
treatment units.  Based on discussions with the facility operator, it was determined 
that, due to two main factors (i.e., high nitrogen loads and cold influent water 
temperatures), the existing nitrification system should be enhanced.  This enhanced 
system will consist of a 6,500-gallon concrete tank filled with 6.5 cubic meters of 
Lotus-ActiveCell HDPE media.  This HDPE media has a very high surface to volume 
ratio (402 m2 per m3) which allows for a high concentration of microorganisms to 
grow on the media.  This tank and media create a moving bed bioreactor system 
(MBBR).  This tank will be installed directly after the pre-equalization tank and just 
prior to the Bioclere treatment units.  Refer to the Appendix for the manufacturer’s 
information on Lotus-ActiveCell media. 
 
The proposed tank volume will provide approximately 6.5 hours of detention time at 
a design flow rate of 23,000 gpd.  This tank will also be equipped with a PVC coarse 
bubble aeration system installed on the bottom of the tank.  The aeration system will 
provide complete mixing of the wastewater and HDPE media.  The tank outlet will be 
equipped with a 6-inch diameter, 24-inch long, stainless steel screen which will retain 
the media in the tank.  The screen will have slot openings of approximately 3/8-inch 
and the screen surface will constantly be scoured by the biomass carriers.  This tank 
will have a side water depth of 9.5 feet and an overall depth of 10 feet.  The 9.5-foot 
side water depth will result in an approximate 7 percent oxygen transfer efficiency 
within the tank.  Based on the depth and volume requirements, the overall tank 
dimensions will be 7’ x 7’ x 10’ deep. 
  
Based on the design parameters for this facility (an influent BOD5

 concentration of 
250 mg/l, an influent TKN concentration of 60 mg/l, an oxygen requirement of 1.1 
pounds per pound of BOD5 to be removed, and 4.6 pounds per pound of ammonia to 
be removed), a total of 80 pounds of oxygen per day will be needed to pre-treat this 
wastewater.  This results in the aeration system requiring a blower having a capacity 
of 50 standard cubic feet per minute (scfm).  This new blower and backup blower will 
be installed in new concrete block room to be added to the existing control building.  
The new concrete block room will be approximately 8 feet by 10 feet in size.         

 
d. Denitrification Systems 

 
Remove the existing media blocks within the existing anoxic tank and replace with a 
Lotus-ActiveCell treatment system utilizing Hydroxyl’s ActiveCell Biofilm Carrier 
media.  This system will consist of installing approximately 5 cubic meters of 
neutrally buoyant fluidized plastic media within the tank, installing a large diameter 
paddle mixer within the tank to provide complete mixing of the media, and installing 
a stainless steel screen at the effluent end of the tank to maintain the new media with 
the treatment tank.  Based on an ultimate design flow of 18,400 gpd, the volume of 
the existing anoxic tank (7,000 gallons) will allow for proper detention time for 
denitrification of the wastewater.  The effluent of the active cell treatment tank will 
be pumped to the existing post-equalization tank and then continue on to the existing 
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treatment and disposal facilities.  Refer to the Appendix for the manufacturer’s 
information on Lotus-ActiveCell media. 

 
e. Wastewater Temperature Control 
 
One of the operational issues at the WWTF that has hindered the facility’s 
denitrification process is the temperature of the incoming wastewater.  Denitrification 
will either cease or be strongly inhibited when the wastewater reaches a temperature 
of 50º Fahrenheit.  The present wastewater generated at the schools includes little hot 
water.  This is due to the majority of flow being from toilet and sinks.  There is very 
little hot water from dishwashing and shower use at the two schools.  This coupled 
with the fact that the flow from each school is first discharged to onsite septic tanks 
where it remains for 24-36 hours and then is pumped long distances (3,300± feet) to 
the WWTF results in the influent wastewater temperature at the WWTF being low.  
This is even more exacerbated in winter when the ground ambient temperatures are at 
40-50º F.  Eliminating the two existing primary treatment tanks and combining the 
primary treatment system into one system located next to the WWTF, will help 
reduce this loss in temperature in the influent. 
 
f. Recycle Lines  
 
In an effort to provide more flexibility to the operator, three new recycle pipelines 
will be installed at the WWTF.  The first two pipelines will allow for the operator to 
discharge activated sludge from Bioclere Units 1B and 2B back to the head of the 
first equalization tank or the head of the new septic tank.  The third new recycle line 
will allow the operator to recycle flow from the effluent end of the second pre-
equalization tank back to either the influent of the first pre-equalization tank or the 
head of the new septic tank.  During low flow conditions (school not in session), the 
operator will be able to recycle flow back to the head of the entire WWTF to allow 
for more detention and pre-treatment time to enhance the nitrification process.      
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The estimated costs for the proposed modifications to the existing WWTF are 
summarized below. 
 
Table 10.  Estimated Costs for Proposed Treatment Modifications 
Description Amount 
Install new 12,000-gal septic tank $55,000 
Install new 11,000-gal equalization tank $80,000 
install new MBBR (6,500-gal tank with Lotus-ActiveCell 
HDPE media) 

$85,000 

construct new concrete block addition to existing building $25,000 
install blowers for MBBR system $40,000 
remove existing media blocks $16,000 
install new media, paddle mixer  
and screen in existing anoxic tank 

$40,000 

install three new recycle lines $16,000 
site work $30,000 
Construction Total $387,000 
Construction Contingency (15%) $58,050 
APPROXIMATE CONSTRUCTION COST $445,050 
Permitting, Design, and Construction Services $89,010 
GRAND TOTAL $534,060 

 
3. Effluent Disposal  

 
Numerous sites were investigated for the disposal of treated effluent from the existing 
WWTF.9  It was determined that there are limited areas of suitable soils within the Town 
Center, and many of the suitable sites are on private property.  The existing disposal area 
located on the east side of Massachusetts Avenue was selected for best overall suitability; 
that is, the ability to handle the estimated 23,000 gpd demand and the economic benefit 
of proximity to the schools. 
 
The projected wastewater flows will not exceed the permitted 23,000 gpd, and therefore, 
the existing disposal site and leaching system are adequate.  No further study of potential 
disposal sites for treated effluent is necessary. 

 
3.D. Environmental Impacts and Mitigation 
 

a. Groundwater and Existing Municipal Water Supply Wells 
 

Most of the Town residents and businesses rely on the groundwater for their drinking water 
supply, and the proposed Project will help protect the groundwater by removing many of the 
failing or failed onsite septic systems and by treating wastewater at the treatment facility 
prior to groundwater discharge.  Two active public water supply wells are located nearby off 

                                                 

9 Wastewater Treatment and Disposal Alternatives for the Bromfield School, Town of Harvard, Stearns & 
Wheler, LLC, January 2000 
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Pond Road (PWS #212500-02G and #2125000-05G), and one emergency public well is 
located off Bolton Road (PWS #2125000-03G), as shown on the attached Figure 5. 

 
DEP confirmed in a letter dated March 6, 2008 that the wastewater treatment disposal area 
does not lie within the interim wellhead protection area (IWPA) of either of the two active 
public water supply wells.  DEP later confirmed in a letter dated June 4, 2009 that the 
emergency well located off Bolton Road was reassigned a minimum Zone I radius of 100 
feet and an IWPA of 422 feet.  And therefore, the wastewater treatment disposal area does 
not lie within the influence of any public drinking water supply.  Copies of these DEP letters 
are included in the Appendix. 

 
b. Other Resource Areas 

 
An estimated priority habitat area of rare species and wildlife is delineated along Pond Road 
nearby the proposed sewer main, as shown on the Natural Heritage and Endangered Species 
Program 2008 maps.  However, since work is proposed within the right-of-way only, the 
proposed Project will not negatively impact any endangered species or wildlife.  
Furthermore, the proposed Project does not affect any outstanding resource waters or areas of 
critical environmental concerns, as defined by the DEP. 

 
3.E. Estimated Capital Construction, O&M, and System Users and Non-Users Costs 
 
The minimum work required for the existing WWTF to return to compliance with the 
Groundwater Discharge Permit, which includes the modifications described above in Section 
3.C. and shown in Figure 4, is estimated to cost approximately $534,000.  The proposed Project, 
which includes these modifications to the WWTF and construction of the limited low pressure 
sewer service system shown in Figure 1, is estimated to cost approximately $2,000,000. 
 
The Town has reviewed and estimated costs of providing public sewer to the following four 
municipal properties: Town Hall/Ambulance Building, Firehouse, Hildreth House, and the Old 
Library.  This alternative was reviewed to alleviate the septic system issues at these properties as 
outlined in Table 2.  Due to the location of these properties in relation to the existing WWTF and 
the significant length of sewer required to service these properties, the estimated cost for 
servicing only these municipal properties is approximately $1,560,000. 
 
It has been determined that due to the small incremental cost difference, approximately 
$440,000, and increased overall benefit to the Town, the Town is seeking financial aid to 
implement the proposed Project.  This proposed Project includes the modifications to the existing 
WWTF and construction of the limited low pressure sewer service system shown in Figure 1. 
 
Capital Cost Allocations 
 
Perhaps the most challenging aspect of any municipal sewer project is determining a fair and 
reasonable cost allocation strategy.  While most communities that construct limited public sewer 
system extensions assess a portion of those costs to “fronted” properties through betterment 
assessments, the range of such costs is substantial.  The current trend is to assess between 50% 
and 100% of the project costs to sewer betterments, with the remainder assessed to the entire 
community through property taxes. 
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Initially, the Town Center Sewer Action Group (TCSAG) considered a 75:25 split of the project 
costs with the larger portion paid by betterments.  After much discussion with Town officials and 
staff, it was decided that a 62:38% cost allocation was more reasonable and workable.  That 
determination was made, in part, after considering the decrease in the Town’s share of the 
operation and maintenance costs, due to non-municipal use of the sewer system going forward. 
The resulting betterment assessment cost was also an important factor.  It has been estimated that 
the Town’s share of the annual operation and maintenance costs will eventually be less that 40 
percent.  Based on cost models prepared by the TCSAG, the municipal and non-municipal 
contributions to the annual cost of operation will be equivalent in year 14 of the system’s 
operation. System operation and maintenance costs will also increase due to added system flows 
as more properties connect to the sewer system.  Energy and chemical costs will increase 
proportionately with increased flow.  Sludge pumping and disposal costs will increase as well, 
with the added wastewater flow and increased solids contributions from the Bromfield School, 
Elementary School and library. 
 
Operation and Maintenance Costs 
 
The current annual operation and maintenance costs for the treatment facility are estimated at 
$85,000 per year.  Those total costs will increase initially with the addition of new equalization 
tasks, new denitrification filter, and increased pre-aeration facilities.  The costs to pump the 
wastewater at the Bromfield School/Library and at the Harvard Elementary School should also 
increase due to the replacement of existing pumping systems.  These latter minor increases will 
be offset somewhat by the savings in septage pumping costs at those facilities. 
 
While the initial operation and maintenance cost for the Sewer District is estimated at 
approximately $98,000, periodic costs to address existing denitrification filter clogging should 
not be required.  
 
Project Financing 
 
As stated previously, the Town will assess a significant portion of the capital cost of the project 
through sewer betterments, with a portion of the costs paid through property taxes. 
 
Another crucial element of the Project’s financing is the need for a low interest loan to pay back 
the cost of the municipal borrowing over time.  The Town should consider the advantages and 
disadvantages of borrowing over a minimum of 20 years and a maximum of 30 years.  While 
municipal bond rates are currently fairly low (as compared with recent years) the TCSAG will 
actively pursue State Revolving Fund (SRF) low interest loans for the project.  As of late, these 
loans have been offered at 2 percent interest, up to 30 years. The SRF loan is much preferred 
over conventional municipal bond market by Town Officials. 
 
The annual principal and interest cost for a $2,000,000 note over 20 years would be 
approximately $120,000.  The borrowing costs would be fairly consistent over the 20 year 
period, whereas the cost paid to the Town in the form of sewer betterments would be based on a 
constant principal payment with interest on the remaining principal.  The Town should establish 
an interest rate to be paid by bettered property owners.  Based on discussions with the TCSAG, 
they prefer to keep all of their options open.  As such, draft legislation for the Harvard 
Wastewater Management District allows the interest rate to be set between 2% (assuming SRF 
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loan financing) and 5%. The following table summarizes the estimated first and tenth year 
betterment payout cost for a $17,000 betterment assessment paid over 20 years at the listed 
interest rate: 
 

Interest Rate First Year  Tenth Year  
2% $1,190 $1,020 
3% $1,360 $1,105 
4% $1,530 $1,190 
5% $1,700 $1,275 

 
Whichever rate the Town selects, it is important that the Town establishes as Enterprise Fund for 
the Management District.  With an Enterprise Fund, most of the concern for sewered properties 
paying their Betterment Assessment “Up Front” is eliminated.  Interest paid on the betterment 
assessment and interest earnings on the betterments that are paid up front could be used to offset 
annual costs to administer the betterment process or to reduce outstanding bonded indebtedness.  
 
For purposes of this Report, and for estimated annual user costs, a $17,000 betterment 
assessment apportioned over 20 years at 4% interest will be used. 
 
Connection Fees 
 
In addition to a betterment assessment, the Town may elect to assess a connection fee to offset a 
portion of the capital cost and to pay for the cost of inspecting the pipeline and grinder pump 
installation on private property.  The Town Center Sewer Action Group (TCSAG) has initially 
set these fees at a cost of $1,000 per connection. 
 
User Charges 
 
The Town is currently responsible for the total operation and maintenance costs for the collection 
and treatment system.  Going forward, as connections are made to the sewer system, additional 
users will share in the costs to operate the sewer system.  Rather than penalize the property 
owners who connect to the sewer system with high annual costs (since many properties that can 
use the system will not be connected and share in the annual cost), the Town will set a rate for 
system use as if all the users had been connected.  In this way, future connections to the system 
will be subsidized by the Town.  Over time, as more connections are made, the Town’s costs will 
be reduced proportionately. 
 
Assuming a total connected flow of 23,000 gpd and assuming that the current average flow of 
5,000 gpd will continue to be paid by the Town for the three municipal properties connected to 
the sewer, the “new” connections will be assessed for $98,000 less $21,300 (i.e., the Town’s 
portion calculated as 5,000/23,000x$98,000) or $76,700.  Based on an estimated 79 possible new 
connections, the annual user charge would be approximately $970 per year.  While somewhat 
high, this does not account for properties that may have more than one dwelling unit or use more 
than the “average” daily flow for a “typical” residential user. 
 
The Town could consider using interest charges on sewer betterment assessments, interest 
earnings on paid sewer betterment assessments, or a portion of the revenue from sewer 
connection fees to reduce the annual user charges somewhat. 
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Estimated Total User Costs 
 
The following table summarizes the costs to be paid by a typical residential property owner 
connected to the Town Center Sewer System. 
 
  Table 11.  Estimated Typical System User Costs 

Item Estimated One-Time Cost Estimated Average Annual Cost 

Sewer Betterment $17,000 $1,200(1) 
Sewer Connection Fee $1,000  
Sewer User Charge  $970(2) 
Property Tax Increase  $15 
Sewer Connection $6,000(3)  
(1) 20 year betterment apportioned at 4% interest 
(2) This cost is only a preliminary estimate and will be refined once the Town appoints the Town 

Center Sewer Policy Committee.  This Committee will be responsible for establishing 
policies associated with the sewer system’s use, operation, and maintenance. 

  (3) Cost for typical connection including the cost to purchase and install a grinder pump. 
 

Estimated Non-User Costs 
 
As stated previously, all taxpayers in Harvard currently pay for the operation and maintenance of 
the Bromfield School/Elementary School Treatment Facility through their property taxes.  Based 
on cost estimates prepared on behalf of the TCSAG, the annual tax impact on a typical 
residential property will be $15.00 per year.  As more users connect to the sewer system, and the 
Town’s share of the operation and maintenance costs are reduced, the annual tax rate impact will 
be also reduced.  The Town has projected that when 80 percent of the sewered properties are 
connected to the sewer system, the impact of the project on property taxes will be zero. 
 
3.F. Institutional, Financial, Legal and Management Arrangements 
 
On May 2, 2009, Harvard Town Meeting approved an Article to petition the state legislature to 
establish the Harvard Wastewater Management District Commission.  That draft legislation has 
been filed with the State as House Bill No. 1130.  The Town Meeting Article and House Bill are 
included in the Appendix. 
 
The Harvard Wastewater Management District Commission will be a three person appointed 
municipal board with the authority to design, build and operate the Town Center Sewer System.  
It is anticipated that the legislation, which mirrors similar legislation for similar small municipal 
utilities, will be formed prior to the start of system construction.  The enabling legislation also 
includes several provisions that would typically require Town Meeting approvals and some that 
would require “special acts” (or session acts) with legislature approvals separately.  Some of 
these include: 
 

• Acceptance of Sections 16A and 16B of Chapter 83 of the Massachusetts General Laws 
• Acceptance of Sections 13B of Chapter 80 of the Massachusetts General Laws 
• Provisions for limiting future development allowed to connect to the sewer system 
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• Additional flexibility in the interest rate allowed to be charged for sewer betterment 
assessments 

• To adopt the provisions of Section 53F1/2 of Chapter 44 of the General laws to establish 
a Sewer Enterprise Fund 

 
3.G. Public Participation Program 
 
A public hearing on the proposed Project was held at the annual Town Meeting on May 2nd, 
2009. At this meeting, the alternatives considered and their environmental impacts were 
discussed.  Articles 24 and 25 were passed.  Article 24 authorized the acceptance of the 
Wastewater Management District Act, and Article 25 appropriates $2,000,000 for the purpose of 
financing the planning and construction of a sewer system to serve the Harvard Wastewater 
Management Service Area.  These Town Articles are included in the Appendix. 
 
3.H. Estimated Project Schedule 
 
The attached implementation schedule, Table 12, reflects the estimated timeline for final design, 
permitting and construction of the proposed project.  It is likely that two construction contracts 
will be required; one for the sewer installation and one for the treatment plant improvements.  
Based on the attached schedule, tie-ins to the new low pressure sewer system should be possible 
by November 1, 2010. 
 



Project Engineering Report
Harvard Town Center Sewer Project

September 18, 2009

Task / Milestone 2009 2010 2011
Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May

1 Preliminary Engineer Report (PER)/
DEP Project Evaluation Form (PEF)

1.1 Submit to PER/PEF to DEP
 for Approval for SRF Funding (9-18-2009)

2 DEP Review of PER/PEF

* DEP Issues Intended Use 
Plan (IUP) for SRF Funding

3 Solicitation of Engineering Design Services

4 Design of Low-pressure Sewer System

5 Bidding Assistance

5.1 Bid Period (minimum 5 weeks)

Table 12.  Proposed Estimated Implementation Schedule

5.2 Bid Opening

5.3 Bid Review/Evaluation - 
Recommendation to Award

* Issue Notice to Proceed to Low Bidder

6 Construction of Project 
(Final Paving in May 2011)

* System Approved for Use - 
November 1, 2010
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SELF CONTAINED
FIELD ERECTED & RETROFIT

WASTEWATER TREATMENT SYSTEMS

TREATS FLOWS FROM 1,000 GPD TO 2 MGD

Aquapoint Inc.
259A Samuel Barnet Blvd. ● New Bedford, MA, 02745
Ph: (508) 998-7577 (Sales ext: 6) ● Fax: (508) 998-7177

Email: sales@aquapoint.com ● www.aquapoint.com

LOTUSTM – ActiveCellTM
An Aquapoint / Hydroxyl MBBR Technology



INTRODUCTION

Aquapoint’s Lotus-ActiveCell technology is a submerged fixed-film moving bed biological reactor 
(MBBR) process that is designed to treat wastewater with varying organic and nutrient 
concentrations. The core technology behind the Lotus treatment process is Hydroxyl’s 
ActiveCell450TM Biofilm Carrier (media). ActiveCell450 Biofilm Carrier was engineered by the 
Canadian Government to provide excellent oxygen transfer and a large protected surface area for 
efficient growth of bacterial communities. The simplicity, resiliency and flexibility of Lotus-ActiveCell’s 
fixed-film process makes it suitable for a variety of applications and treatment standards. Mechanical 
pretreatment equipment and Aquapoint tertiary treatment products can be added to the process train 
to achieve the desired level of treatment whether it be secondary, nitrification, denitrification, 
phosphorus reduction, disinfection or reuse standards.

LOTUSTM - ActiveCellTM

WASTEWATER TREATMENT SYSTEMS
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This 320,000 gpd Lotus-ActiveCell system is designed to treat wastewater for 1,250 
homes and a commercial downtown area. Treated effluent is reused for sub-surface 
irrigation on an 18 hole golf course.



Lotus-ActiveCell is a custom designed treatment process: Influent hydraulic, organic and nutrient characteristics 
must be determined prior to the design phase so that the process can be sized to achieve the sites permitted effluent 
requirements. A design criteria form is included in this package for this purpose.

Broad range of applications: Typical Lotus-ActiveCell installations include residential and commercial clusters, 
subdivisions, hotels, small communities, reactor interceptors, municipal systems and municipal retrofits.

Variety of treatment environments: Lotus-ActiveCell is partitioned into several treatment chambers that can operate
under aerobic or anoxic conditions. This design feature allows for the formation of highly efficient and specialized 
microbiological communities that can perform distinctly different biological treatment processes such as BOD reduction, 
nitrification and denitrification.

Minimal sludge generation: Because the biomass responsible for treatment adheres to the ActiveCell450 biofilm
carrier media, there is a high solids retention time in the reactors. This allows for the development of well established 
and advanced biological communities that work to mineralize solids and reduce sludge generation. Additionally, 
submerged fixed film treatment processes eliminate the need to manage mixed liquor suspended solids (MLSS), food 
to mass ratios (F/M) and return activated sludge (RAS) because the biofilter is self-regulating and self-purging. MBBR 
processes minimize sludge generation, and eliminate complex operational requirements associated with activated 
sludge based treatment processes.
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LOTUS - ActiveCell FEATURES

Treats flows from 1,000 gpd to 2 MGD: Because the Lotus-ActiveCell process is capable of treating a wide range of 
flows, the systems come in a variety of sizes. The process can be employed in modular units or field constructed 
vessels. Reactors are installed in parallel to accommodate large flows, and arranged in series to achieve high levels of 
treatment.

Lotus-ActiveCell is a biological fixed film treatment process in which microorganisms attach themselves to a 
highly permeable media that is submerged in the wastewater. Treatment is accomplished as the biology absorbs the 
organic and inorganic matter in the waste stream. The biological fixed film process is self-purging and requires minimal 
maintenance. 

Simple process constructed of high quality components: The Lotus-ActivCell process consists of free floating 
biofilm carriers that are retained in the treatment basin by a media retention screen and mixed as air is uniformly 
distributed into the water through a coarse bubble aeration grid. The reactor basins can be constructed of stainless 
steel, fiberglass or concrete. All systems utilize stainless steel coarse bubble aeration grids, stainless steel media 
retention screens and UV resistant HDPE ActiveCell450 Biofilm Carriers. 

Lotus-ActiveCell MBBR process basin Biomass growth on an ActiveCell450 Biofilm Carrier



3

LOTUS - ActiveCell FEATURES CONTINUED

Low operating costs: The stability and simplicity of the submerged fixed-
film treatment process along with the durability of the components reduces 
the life cycle operation and maintenance costs compared to those
generally associated with suspended growth treatment processes.

Minimal operation & maintenance requirements: Routine maintenance 
procedures consist of air compressor and pump maintenance. Every
Lotus-ActiveCell treatment system comes with complete technical manuals 
that include troubleshooting information, maintenance checklists and other 
tools designed to make operation and maintenance easy and effective.

Above ground or in ground installations: Topographical site 
characteristics such as high groundwater or bedrock can make in ground 
installations difficult and/or costly. Lotus-ActiveCell can be installed 
completely above grade eliminating the need to combat topographical 
challenges. Above ground installations also enable the plants to be easily 
moved to another location making Lotus-ActiveCell an ideal temporary 
treatment solution. In ground installations typically come with a lower 
capital equipment cost and have aesthetic advantages.

Retrofit capability: The Lotus-ActiveCell process can be used to retrofit 
and upgrade existing treatment plants. Conventional activated sludge 
systems can be upgraded to Integrated Fixed Film Activated Sludge (IFAS) 
systems resulting in increased hydraulic capacity and greater levels of 
treatment by simply adding media to existing treatment basins. Retrofitting 
other processes such as lagoons or oxidation ponds may require the 
addition of basins for the ActiveCell process.

Simple, cost effective project phasing: Hydraulic, organic and nutrient treatment capacity can be increased to some 
degree with the addition of ActiveCell450 Biofilm Carriers to existing basins. This is a cost effective approach to 
phasing that will provide up to a 30% increase in capacity. For applications where additional phases will add greater 
than 30% of the daily flow, additional treatment trains can be added in parallel to increase the plants capabilities. 

Small footprint: ActiveCell450 biofilm carriers have a high surface 
area to volume ratio that allows for a highly efficient treatment 
process. The large surface area and high biomass retention time 
enables the use of treatment basins that are a fraction of the size of 
those required for some suspended growth processes.

Biomass growth on ActiveCell450 Biofilm Carriers

Biological Nutrient Removal (BNR): Systems can be 
designed to substantially remove nitrogen and 
phosphorus from the wastewater. Pages 5 and 6 of this 
document describe the required treatment processes

Optional equipment: A variety of  ancillary equipment 
can be used to compliment a Lotus-ActiveCell system. 
Bar racks or screens, flow meters, chemical dosing 
systems, UV disinfection modules, dissolved air 
floatation (DAF) units and sludge dewatering systems 
can be added to the process flow train. Additionally, pre-
assembled office, laboratory or mechanical equipment 
rooms are available with all systems. 



LOTUS – ActiveCell TREATMENT PROCESS

Primary settled or screened wastewater can flow directly to the Lotus-ActiveCell reactor(s) by gravity or 
can be pumped in from an equalization basin. Once the wastewater enters the plant, it flows by gravity 
through each treatment compartment contacting the submerged, free-moving ActiveCell450 Biofilm Carriers. 
Stainless steel media retention screens are installed to ensure that the media is retained within each basin. 

As flow enters each aerobic treatment compartment, dissolved oxygen is transferred into the wastewater 
by an air compressor and stainless steel coarse bubble aeration grids. The aeration grids are designed to 
provide complete coverage of the bottom of the basin and distribute air downward against the bottom of the 
treatment reactor to prevent settling of solids. The diffused air provides the oxygen needed for aerobic 
treatment and prevents short-circuiting by completely mixing the media and the wastewater.

In the Lotus-ActiveCell aerobic chambers, treatment is accomplished by a population of aerobic 
microorganisms that attach themselves to the media and consume the organic material in the wastewater. 
These microorganisms form a biological film known as biomass. As the microorganisms multiply and the 
biomass thickens, diffused oxygen is consumed before it can penetrate the full depth of the film. 
Consequently the biomass develops aerobic, anoxic and anaerobic layers.

As the microorganisms near the media surface become starved for oxygen and organic carbon that is 
consumed by the surface layer, they lose their ability to cling to the media. The mixing of the wastewater 
washes the biomass off the media and a new biological film begins to form. This process of losing the 
biomass is called “sloughing” and is primarily a function of organic and hydraulic loading on the system. 
Sloughing does not compromise treatment and allows the media beds to be self-purging, self-regulating and 
maintenance free. These characteristics eliminate the need to manage mixed liquor suspended solids 
(MLSS), food to mass ratios (F/M) and return activated sludge (RAS).

Sloughed biomass flows with treated wastewater to secondary solids separation (typically clarification) 
where it settles as secondary sludge. The sludge is periodically pumped back to a primary tank, sludge 
holding basin or digester for eventual removal and treated effluent flows out of the clarifier by gravity to the 
next stage of treatment or disposal.

This physical process is essentially the same for the reduction of BOD5 and nitrification (conversion of 
ammonia nitrogen to nitrate nitrogen). 
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Lotus – ActiveCell Aerobic Schematic:

Secondary Sludge

Influent

Effluent

Secondary Clarification

Stainless Steel coarse 
Bubble Aeration Grids

Blower

Media Retention 
Screen

ActiveCell450 Biofilm Carrier
Typical media fill fraction is 50% by volume



Pre-ANOX Lotus-ActiveCell Aerobic

NITROGEN REDUCTION (NITRIFICATION/DENITRIFICATION)

Removing ammonia from wastewater is a well-established and quantifiable biological process. Nitrogen 
exists in the influent waste stream primarily in the form of organic nitrogen and ammonia nitrogen (Total 
Kejldahl Nitrogen or TKN). The principle part of the organic nitrogen is mineralized to ammonia nitrogen by 
bacterial activity. Therefore, ammonia nitrogen is commonly regarded as the starting point in the nitrogen 
reduction process. 

Nitrification is the conversion of ammonia (NH3) nitrogen to nitrate (NO3) nitrogen. This biological process 
is accomplished aerobically by Autotrophs, Nitrosomonas and Nitrobacter bacteria in the presence of 
dissolved oxygen. Lotus-ActiveCell can reliably achieve effluent ammonia concentrations to less than 1mg/l.

Successful nitrification is accomplished with a healthy microorganism population and an environment 
where pH, alkalinity, temperature, organic loading and oxygen supply are stable. In a Lotus-ActiveCell
system; the pH is buffered by the carbonate system associated with wastewater; the temperature remains 
relatively constant because the biological activity in the plant produces heat; the organic loading is 
consistent because the wastewater is treated in the compartments prior to nitrification processes; and the air 
compressors provide an adequate supply of oxygen.

Denitrification is the conversion of nitrate (NO3) nitrogen to nitrite (NO2) nitrogen and then to nitrogen gas 
which is released into the atmosphere. This is a biological process performed by Facultative Heterotrophic 
bacteria in the presence of a soluble carbon source and anoxic conditions (dissolved oxygen = < 0.3mg/l).

Denitrification occurs by several different means and through process control adjustments. In the Lotus-
ActiveCell submerged media beds, diffused oxygen is consumed by the aerobic outer portion of the 
biomass and anoxic conditions are created within the biological film. This allows for significant nitrogen 
removal via simultaneous nitrification and denitrification. Further denitrification can be achieved by re-
circulating nitrified wastewater from the final aerobic chamber back to the anoxic zone of a primary settling 
tank or by incorporating an attached growth Aquapoint Pre-ANOX Denitrification Reactor in the Lotus-
ActiveCell design. 

In the Pre-ANOX Reactor, a mechanical mixer is used to mix the organic carbon in the influent 
wastewater, the re-circulated nitrified water and the media. This mixing sustains anoxic conditions and 
ensures contact of denitrifying bacteria, nitrified water and carbon needed to denitrify. Efficient denitrification 
in the Pre-ANOX Reactor is contingent on the presence of sufficient quantities of organic carbon. Therefore, 
an external carbon feed system may be implemented depending on the level of nitrogen removal that is 
required and the quantity of organic carbon in the influent waste stream.
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Lotus - ActiveCell Pre-ANOX Denitrification Process Diagram:



PHOSPHORUS REDUCTION

Lotus-ActiveCell treatment systems achieve phosphorus reduction by incorporating chemical 
precipitation in the secondary clarification stage. In this process coagulant, typically aluminum or iron salts, 
are automatically dosed to the clarifier using a chemical feed pump. The metal salts react with phosphates 
in the wastewater to form insoluble precipitates. The coagulant dosing rates are based on the stoichiometric 
metal salt to phosphorous ratio dictated by the concentration of phosphorus in the daily wastewater flow. 
This means that the efficiency of phosphorus removal is simply related to the coagulant dose provided that 
alkalinity is present in sufficient quantities. The precipitates settle out in the clarifier and are pumped to a 
sludge holding tank or to a sludge dewatering unit. Lotus-ActiveCell systems are capable of producing 
effluent total phosphorus concentrations of <1 mg/l without that addition of filtration equipment. Greater 
reduction in total phosphorus can be achieved by incorporating a physical barrier filter such as a sand filter, 
disc filter or a membrane. 

TERTIARY DENITRIFICATION

To achieve total nitrogen (TN) concentrations of < 10 mg/l, Pre and Post-ANOX Denitrification Reactors 
are required. The Pre-ANOX Reactor uses nitrified water re-circulated from the final aerobic chamber as 
discussed above to provide between 70% and 80% reduction in total nitrogen. The Post-ANOX chamber 
serves as a polishing denitrification reactor to remove most of the remaining nitrate present in the waste 
steam. An external chemical feed systems is incorporated to dose carbon to the Post-ANOX Reactor 
because the organic carbon available in raw wastewater no longer exists in sufficient quantities after the 
water has undergone aerobic treatment. This proven denitrification method is a process recognized by the 
EPA.

Lotus - ActiveCell Pre and Post-ANOX Denitrification Process Diagram:
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Pre-ANOX Lotus-ActiveCell Aerobic Post-ANOX
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Stainless steel grids and screens: Lotus-
ActiveCell treatment systems utilize stainless steel 
media retention screens and coarse bubble aeration 
grids. Stainless steel ensures durability, long life 
span and virtually no maintenance.

State of the art controls: Controls are housed in 
NEMA 4X or NEMA 12 enclosures enabling indoor or 
outdoor installation. Each panel is custom designed 
based on the equipment that has been incorporated in 
your Lotus-ActiveCell treatment plant. Programmable 
logic controls (PLCs) are standard on all systems. 
Controls can incorporate remote dialers, dialup 
modems and wireless telemetry components for 
remote monitoring capability.

LOTUS - ActiveCell COMPONENTS

Biologically inert plastic media: ActiveCell450 
Biofilm Carriers are designed to be mechanically 
durable and enhance oxygen transfer throughout 
the MBBR. Systems have been in operation for 
close to 20 years with no noticeable degradation of 
the media

Actual
Diameter
22 mm

Blowers: The Lotus-ActiveCell oxygen transfer 
system utilizes Kaeser rotary lobe blowers. Kaeser 
blowers produce low noise (typically 70 decibels), 
little vibration and have a small footprint. The 
blowers can be installed indoors or outdoors and 
require minimal maintenance. 

Kaeser Blower Models

ActiveCell450 Biofilm Carrier

Cylindrical stainless steel aeration grid

PLC control panel

Stainless steel media retention screen



GENERAL INFORMATION

Existing septic tanks and grit & screening systems may be adapted to form the primary treatment stage of 
the Lotus-ActiveCell treatment process.

Typical routine service procedures required are pump and air compressor maintenance. Tertiary treatment 
equipment added to the process chain will require additional service. In most states a licensed wastewater 
treatment plant operator is required to perform this maintenance.

Lotus-ActiveCell treatment units can be delivered to your site as completely assembled modular treatment 
compartments. Aquapoint’s operations team will provide onsite consultation for every installation. Each 
modular unit has lifting eyes positioned around the top of the structure to ensure secure and balanced lifting. 
Units can be lifted with a crane or excavator depending on the size of the treatment plant. The 
compartments are set into place and anchored to a concrete mounting slab supplied by the contractor. 
Mounting slabs for in ground systems must offset any buoyant forces caused by groundwater. 
Interconnecting piping of the various treatment stages is the responsibility of the general contractor. 

Lotus-ActiveCell is commissioned by filling the system with fresh water and pouring the ActiveCell450 
Biofilm Carriers into the basin so that the air compressors and clarifier pumps can be tested. Once the 
system has been commissioned, it is ready to receive wastewater flow and will take six to twelve weeks to 
establish a healthy biomass for treatment. The biological development period can be greatly reduced with 
the addition of commercially available bacteria.
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ActiveCellTM and ActiveCell450TM are registered trademarks of Hydroxyl Systems Inc.

A 100,000 gpd above ground fiberglass Hydroxyl ActiveCell wastewater treatment 
system utilizing ActiveCell450 Biofilm Carrier. The system is designed to reduce BOD5
from 1500 mg/l to < 200 mg/l for a seafood processing plant before the effluent is 
discharged to the town’s sewer system. 
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COMMONWEALTH CAPITAL APPLICATION FOR FY2010 
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