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EXECUTIVE SUMMARY
The Ell Pond Stormwater Mitigation Study, Melrose, Project 2014-03/604, was initiated
October 2014 and is scheduled to conclude in June 2016 after twenty months of activity.
PROJECT GOALS AND BACKGROUND
The goal of The Ell Pond Stormwater Mitigation Study, as stated in 2014 Grant Application, is to
make Ell Pond a swimmable water body like it was up until 1951. Work to achieve our goal seeks
to prioritized future mitigation activities and determine BMP construction cost estimates for fiscal
planning purposes. This Report marks the beginning of that effort by focusing on Area C, at 275
acres one of the largest drainage basin components contributing surface runoff to the Pond. Area C
represents 38% of the Ell Pond drainage basin in Melrose and discharges to the Pond at one inlet.
The primary pollutants of concern for Ell Pond are pathogens and total suspended solids.
Pathogens are of particular interest because regulatory thresholds determine the classification of
freshwater bodies for recreational purposes such as fishable/swimmable. Total suspended solids,
meanwhile, is a parameter monitored for stormwater runoff, and for which there exist BMPspecific removal efficiencies to be incorporated in final design engineering.
PROJECT COMPONENTS
The Ell Pond Stormwater Mitigation Study consists of three components: 1) Delineate
subdrainage areas and develop conceptual BMP designs to address pollution of the Pond from
stormwater runoff, 2) Conduct the field work necessary to prioritize mitigation locations,
establish insitu soil characteristics, and create detailed topographic and utility information, and 3)
Prepare preliminary design plans and construction cost estimates for seven selected sites.
DELINEATION
Beginning with the mapping of the entire Ell Pond drainage area, presented in the 604b Grant
application and reprised in this report, a 200-scale map focusing on Area C was created to serve
as the basis for further subdividing the stormdrain system into subdrainage areas. Review of
existing storm drain mapping resulted in the creation of fifteen minor subdrainage areas. The
seven areas west of Main Street were found to be served by a stormdrain system that flows by
two large parcels of public land. Stormwater flows from eight areas east of Main Street passed
virtually no public park lands, resulting in the need to conceptualize BMP systems strategically
located within the existing public rights-of way for the street network. Identified herein as
“surrogate” systems, BMPs in areas east of Main Street could be surface or subsurface systems
depending on future detailed evaluation.
Working with NRCS soils data and computer modeling of runoff, thirty sites were identified east
of Main Street, and two west of Main Street. Since the goal of our project is to improve water
quality in Ell Pond by removing pathogens from stormwater runoff, the BMP systems of choice
were selected from the Massachusetts Stormwater Handbook as those able to remove pathogens;
ie, surface and/or subsurface filtering systems. The estimated construction cost of surrogate
BMP systems at those 30 sites east of Main Street was $1.512M. [Note: The two sites west of
Main Street were not subject to conceptual cost estimate because, early on, it was decided that
they would be advanced to preliminary design].
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FIELD WORK
Three layers of field work were completed as part of this study: water quality sampling, insitu
soils sampling, and topographic / utility survey. In support of conducting water quality sampling,
a QAPP for water quality sampling was prepared (Task 1) and approved July 20, 2015. Two
rounds of water quality sampling were completed at eleven locations during “first flush” (Task 3)
followed by laboratory analysis of the twenty-two runoff samples and related duplicates. A sideby-side review of the results, in terms of concentration and mass, was used to rank each sample
point (and, by extension, each subdrainage area) in terms of adverse impact to the Pond (Task 4).
Within the two worst subdrainage areas (H1 and J1) five sites were selected for continued study
in addition to the two sites west of Main Street (referred to as Franklin Field and Franklin Street).
For soils sampling, an SOP was approved December 23, 2015 and followed in the taking of
seven borings on April 14, 2016. The results of those seven borings revealed that, with one
exception, insitu soil conditions at the proposed BMP sites were not conducive to subsurface
infiltration. At those six locations, a subsurface drain return system would be required. The sole
exception was at Franklin Street (Dunton Park) where insitu permeability was found to be
sufficient to support a leaching system. A field survey of topography and utility at all seven sites
was finally conducted on April 20, 2016 resulting in 10-scale base plans.
PRELIMINARY DESIGN
The third component of this study, completion of preliminary design plans and construction cost
estimate, is based upon the field data gathered for water quality, insitu soils, and topographic /
utility conditions. Seven designs were created, each with its own plan sheet at a scale of 1” = 10’
to serve as a basis for future detailed design. Presented are small and large BMP systems (rain
gardens and subsurface leaching systems); alternative approaches to capture gutter flow, or
intercept flow in main stem drain piping; and detailed construction cost estimates ranging from
$18,720 to $317,580. Up to 90% of pathogen removal and up to 80% of TSS removal
(Massachusetts Stormwater Handbook) can be expected in Area C once the systems are built.
RECOMMENDATIONS
The City of Melrose has reviewed drafts of this report, and related drawings and calculations,
and recommends that they move forward in a measured manner consistent with their capital
improvement program, community support, and available grant monies from various state
programs. To that end, the City looks forward to 1) installation of a “pilot” rain garden next
summer within Area C to become familiar with the BMP operation and maintenance demands,
and 2) examining where in the Capital Improvement Program installation of subsurface systems
might be part of a larger undertaking. The City is also prepared to 3) initiate public outreach to
build community support for the BMP program and 4) through the Melrose School Department,
involve nearby elementary school students and teachers in the basic elements of stormwater
pollution mitigation.
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and policies of EPA or of the Department, nor does the mention of trade names or commercial
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I. QAPP, MAPPING, AND HISTORICAL REVIEW
TASK 1 AND TASK 2

INTRODUCTION
Ell Pond (MA 71014) is a 23-acre natural body of water bordered by homes and parkland located
in the center of Melrose, MA. Area C (Franklin Street Drain), the subject of this 604b Project, is
one of five major subdrainage areas, all of which are piped underground in the City stormdrain
system, with inlets contributing runoff to Ell Pond (Plate 1, below).
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One of the three largest Ell Pond subddrainage areas, Area C is approximately 275 acres in
Melrose alone, comprised primarily of residential neighborhoods augmented with some
commercial uses on Main Street.
Part of the Mystic River Watershed, the Ell Pond area is managed by the City and includes open
space for recreational activities such as tennis, soccer, Little League baseball, and a skateboard
park. Melrose High School and the new, recently completed Melrose Middle School, abut the
recreation areas, separated by the Lynn Fells Parkway managed by the Massachusetts
Department of Conservation and Recreation (DCR). Up until 1951 Ell Pond was used for local
swimming; an average of 35,000 to 50,000 people attended in years prior, making use of
multiple bathhouses and playgrounds.

From “The Collaborative Plan”, Melrose, MA, Melrose Planning Board, 1930

The City Board of Health banned swimming in Ell Pond in 1951. The Pond is currently listed as
303(d) Category 5 in the most recent “Mystic River Watershed and Coastal Drainage Area
2004-2008 Water Quality Assessment Report”.
The City’s love for Ell Pond and its continued use is illustrated in a 1944 drawing entitled “Ell
Pond Park General Plan for Future Development” by R. Newton Mayall prepared for the
Melrose Planning Board. The drawing, shown below, identifies locations for a Beach, Bathhouse,
Boathouse, Lagoon (“for model boat sailing”), and Lifeboat Station, among other features. The
longterm goal of of the City of Melrose is to, once again, make the Pond fishable and swimmable
for all.
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From “Ell Pond Park General Plan for Future Development” by R. Newton Mayall, 1944

Water Quality
Until recently, Ell Pond was adversely effected by pollution from sanitary sewage, and regularly
subject to flooding in relatively minor storm events. The pollution issue has been studied at
length beginning with a 1989 report entitled “Ell Pond Storm Drain Survey” by Weston &
Sampson Engineers. That report was the direct result of an earlier study by Lycott Environmenal
Research under under the Clean Lakes Program in 1985 entitled “Restoration Study for Ell Pond,
Melrose, MA” A number of illegal cross connections to the sanitary sewer system, and sanitary
sewer exfiltration due to crumbling pipe infrastructure, were identified in the 1989 Report as
requiring remediation. In the course of the project virtually every drain manhole was inspected
and a drawing prepared for each (a total of 72 drain manhole reports that are available to this
day). To ferret out the cross connections, wet weather and dry weather sampling was undertaken
at 33 sampling stations, and dye testing done where broken pipes were suspected. The result was
the fact that this 604b project benefitted from the 72 drain manhole reports by reducing, or
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eliminating, the need to examine existing stormwater manholes to understand how the system
functions.
Within the past four years, mitigation of stormwater pollution caused by illegal sanitary sewer
connections has been completed by the City under an Administration Consent Order with Penalty
(ACOP-NE-10-1N008). Work in 2010 addressed high levels of E. coli suspected as originating
from two homes served by cesspools and relieved by the Tremont Street storm drain system (see
figure below). In October and November 2010 the two homes were connected to the sanitary
sewer system. Elsewhere, the Melrose Street drain, also subject to the ACOP, was mitigated by
the City when, in December 2010, the Sewer Department lined old sewer pipes on Sears Ave.
near storm drain pipes. Subsequent storm sewer sampling (2010 and 2011) by the City document
measurable improvement in E. coli concentrations downstream. More recently, two sampling
rounds by MDEP (7/10/2013 and 10/23/2013) and one by MyRWA (8/28/13) show E-coli levels
consistent with values measured by the City after mitigation. Based on these data, the City has
negotiated a conclusion to the ACOP.

Ell Pond Inlets and Outlet

Flooding
In a 2003 report entitled “Ell Pond Drainage Study and Flood Management Plan” by Beta Group,
Inc. engineers, the outlet from Ell Pond was determined to be undersized and inadequate to pass
common storm events. In fact, it was found that as little as 0.5” of rain can result in flooding the
Lynn Fells Parkway from Ell Pond. And as little as 3” to 4” of rain, roughly a 2 to 5 year 24 hour
storm event, would produce significant flooding around the Pond impacting the High School,
Middle School, the Elmhurst Nursing Home, the Fitch Home, Red Cross, YMCA, the Towers
Apts., and the Melrose City DPW Yard. The “Mothers Day” storm of 2006 underscored the
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problem when flood depths of up to six feet in buildings and yards were experienced. Among the
recommendations was construction of a new 48” pipe culvert to augment the existing Pond
outlet, extending 3,250 feet to an existing downstream location at Lower Spot Pond Brook. The
new pipe was constructed in 2008 using $1.75M in Federal Pre-Disaster Mitigation Program
funds and $1M in local funds. An outlet control gate was also built as part of the project to
maintain or adjust water elevations in the pond. The new system was tested in March 2010 when
a storm event equal in size to the “Mother’s Day” storm of 2006 occurred: virtually no
significant flooding was reported.
Related Projects
High School Athletic Complex
In 2011 a new athletic complex was constructed across the Lynn Fells Parkway from Ell Pond.
The new work incorporated BMPs into the design to meet MDEP Stormwater Management
Policy standards. Included was collection of all runoff from paved areas through deep sump
hooded catch basins and other systems to capture TSS and floatables. Flows are directed to an
enlarged stormwater management basin for additional storage, treatment, and attenuation. The
City also replaced an existing 24” drain serving the Middle School with a new 24” HDPE pipe
from the Fellsway to Ell Pond.
Fellsway Drainage
The entire Fellsway roadway drainage system between Tremont Street and Melrose Street was
cleaned and/or replaced by the DCR six years ago.
New Roosevelt School
Opened in 2002, the new Roosevelt Elementary School, located just upgradient from Ell Pond,
incorporated a new playing field with subsurface piping for storage and infiltration of the “first
flush” to Ell Pond. The large drain pipe from the school that connects to the Tremont Street
Drain was cleaned of debris and silt in 2011, as well as the box culvert portion under the
Fellsway. Partial funding was provided by the Massachusetts School Building Authority.
City Drainage
The City, in 2009, cleaned and lined the 36” CMP Tremont Street drain west (north) of the
Fellsway and replaced the 36” CMP east (south) of the Fellsway with a new 36” RCP pipe and
new headwall on Ell Pond. The City also constructed a new box culvert above the Franklin Street
drain inlet to reduce flooding.
New Middle School
In 2007 the new Melrose Middle School was completed with support from the Massachusetts
School Building Authority in the form of a $22M Grant. Although the original building was old
and need of significant repair, the driving force for building the new school was flooding around
Ell Pond that regularly inundated the basement boiler room and caused many school days
missed.
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WATERSHED DELINEATION
For purposes of this study, Area C was subdivided into fifteen minor subdrainage areas (labeled
A1, A2, A3, B, C, D1, D2, E, F, G, H1, H2, J1, J2, and J3) as shown on Figure 1 based upon the
existing stormwater drainage system. Because all flow is in a piped network, each minor
subdrainage area was delineated such that it terminates in a manhole that is accessible for
discreet water quality sampling.
With more natural sampling points identified (15) than budgeted (10), an effort was made to
focus sampling in areas closest to the the Area C inlet to Ell Pond in the belief that more distant
minor subdrainage area flows would be somewhat diluted by downstream flows. Using a 2000’
radius centered on the outfall, a circle was struck to help guide the winnowing of sample
locations. Figure 1 depicts the arc and resultant removal of minor subdrainage areas A1, A2, J2,
and J3. Minor subdrainage area G was also eliminated from sampling due to its small size, while
area A3 was subdivided into two smaller areas to reflect the existing pipe network. As a result,
the sampling program was finally determined to be comprised of eleven manhole sampling
points referred to as SP-1(A&B) through SP-10.
Within each minor subdrainage area the “first flush” volume of runoff was calculated. First flush
volumes were determined to be equal to the product of 1” of runoff times roadway length times
roadway width plus 10% for driveways and sidewalks. Table 1, in Appendix 1 presents all details
of the calculations organized by minor subdrainage area and respective street name, length,
width, and the 10% adjustment. First flush volumes for all subdrainage areas ranged from 13,757
cubic feet (SP-2) down to 2,294 (SP-1B).
HISTORICAL REVIEW
Once the proposed eleven sampling points had been identified, a review of original storm
drainage system files was undertaken at the City Engineer’s Office in City Hall to further
understand the subject manhole that would need to be accessed for storm sampling. From that
review, Figure 2 was developed showing the precise location each sampling point on City streets,
and an estimated depth to invert. Figure 2 then became the working drawing for City DPW staff
charged with assisting in future wet weather sampling.
QAPP
Given time constraints to ensure that event sampling occurred by Fall 2015, a QAPP and related
stormwater sampling SOP were created and submitted to MassDEP for approval before a
sampling map was generated. The map discussed above completes the deliverables for Task 1 in
support of the QAPP material in Appendix 2.
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LEGEND
Study Area Basin Limit
Basin Limit Outside Study Area
F: Drainage Basin ID
D1: Subdrainage Basin ID
SP 7: Sample Point ID
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II. WATER QUALITY SAMPLING PROGRAM
TASK 3 AND TASK 4

INTRODUCTION
Two rounds of stormwater sampling for the “first flush” were completed during this project.
Samples were taken during storm events on September 30, 2015 and November 11, 2015 at the
eleven locations identified from historical stormwater drawings for Area C and presented in
Figure 1.
Stormwater samples were taken and analyzed pursuant to an approved QAPP (Appendix 2) for
fecal coliform, enterococci, and total suspended solids. These parameters were selected for
analysis because they are generally used to characterized BMP efficiency (TSS removal) and to
determine inland water classifications for fishable/swimmable use. Specifically, “the geometric
mean of all enterococci samples taken within the most recent six months shall not exceed 33
colonies per 100 ml typically based on a minimum of five samples and no single sample shall
exceed 61 colonies per 100 ml” (314 CMR 4.05(3)(b)(4)). (Fecal coliform counts, used to assess
pollution in shellfishing, areas were used here generally as a check against enterococci counts).
Analysis was performed by G&L Laboratories, Quincy, MA. Results of the sample analysis were
tabulated (Table 2, Appendix 3) and the following is a discussion of those results.
PROJECT APPROACH
Preparation for Sampling
On August 27, 2015, in preparation for the rain event sampling program, the eleven sampling
points shown in Figure 2 were physically inspected to ascertain access. With all sample points
inside drain manholes, City DPW workers opened all covers to ensure access and spray-marked
the exterior of each for quick ID in the field. One or two covers were found to be too tight to
open quickly during physical inspection, so DPW staff went back later with more tools to render
the covers more easily lifted.
Depth to invert sampling point in the manhole, as shown on historical drawings discussed above,
was also confirmed during the pre-sample inspection to ensure that our sampling techniques
would be adequate. In some cases depths were greater than expected. In the end, measured
depths ranged from 4 feet to 8.5 feet so a sampling arm was fabricated using an eight ounce
plastic cup tightly secured to a 10’ long pole.
Rainfall
On September 30, 2015, between 7:36 AM and 8:44 AM, the first round of stormwater samples
were taken. The preceding six hour period saw approximately 0.4 inches of rainfall. Samples
were taken in stormdrain manholes (10 locations) and in one catch basin discharge. The sampling
was repeated at the same locations on November 11, 2015 during which time approximately 0.30
inches of rain fell. Prior to both rain events, more than 72 preceding hours had been dry.
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RESULTS
Comparison: September versus November
In general, measured values for fecal coliform and enterococci, presented as colony forming
units (CFU) per 100ml, were greater in the September samples compared to the November
samples. Fecal counts ranged from greater than 80,000 down to 12,000 with an average of
37,909 in September compared to a range of greater than 80,000 down to 1,300 with an average
of 10,955 in November. Similar differences were observed between the two sampling dates for
enterococci (>80,000 to 28,000, 58,818 ave. versus >80,000 to 1,400, 20,618 ave.). TSS samples,
reported in milligrams per liter (mg/l), were also observed to be greater in September compared
to November (78 mg/l to 4 mg/l, 49 mg/l average in September versus 108 mg/l to 4 mg/l, 19
mg/l average in November).
Consistently higher values in September compared to November may be attributed to the
different characteristics of the two storm events. In September, rainfall in the pre-dawn hours had
been moderate (0.20 in/hr) but steady so that, by the time of sampling, nearly a half-inch of rain
had fallen. Moreover, during the 1.1 hour sampling period, the rate of rainfall increased to 0.50”/
hr resulting in heavy stormwater flows at all sampling points. By comparison, the November
event is characterized by light rainfall (0.05in/hr) over 7 hours so invert flows were minimal. The
result, generally greater concentration of all parameters at all locations in September, may reflect
a wider reach of runoff area capture due to the relatively heavy rain event.
Comparison: September versus November by Location
Comparing month-to-month results for each sample point shows values generally within about
an order of magnitude of each other at six locations, with the five remaining locations reporting
within a factor of five per sample events. For example, referring to Table 3 below, fecal counts at
SP-2 were 59,000 in September and 3,700 in November while the enterococci counts were
66,000 and 2,600 respectively. On the other hand, fecal counts at SP-9 were only 2.5 times
greater in September compared to November while the enterococci values were 1.4 times greater
in September compared to November. On average, fecal counts in September were 3.5 times
greater than those measured in November while the enterococci counts were 2.9 times greater.
Meanwhile, month-to-month TSS counts averaged two to three times greater in September with
some different by an order of magnitude at four locations (SP-1B, 2, 3, and 4).
Table 3 - Summary of Test Results
SAMPLE
ID
SP-1A
SP-1B
SP-2
SP-3
SP-4
SP-5
SP-6
SP-6 DUP.
SP-7
SP-8
SP-9
SP-9 DUP.
SP-10

SAMPLE LOCATION

Ashland @ Franklin
Ashland 100' S of Franklin
Day St. 100’ E of Albion
Day St. @ Albion
Franklin @ Sargent
Franklin @ Howie
Main St. @ Whole Foods
Main St. @ Whole Foods
Green St 50’ S of Holbrook Ct
Linden Road @ Bellevue Ave
Linden Road @ Bellevue Ave
Linden Road @ Bellevue Ave
Porter St @ Linden Rd

SAMPLE
POINT

SAMPLE SAMPLE
TIME
TIME Fecal Col.: CFU/100ml
SEPT
NOV
SEPT.
NOV
DMH
736
804
12000
4000
DMH
742
807
44000
7000
DMH
750
814
59000
3700
DMH
745
811
50000
2200
DMH
755
825
56000
3500
CB Outfall
800
820
80000
2000
DMH
815
830
25000
4500
DMH
815
34000
DMH
830
835
28000
1300
DMH
835
842
13000
1300
DMH
835
842
28000
11000
DMH
842
11000
DMH
844
847
22000
80000
AVE.
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Enterococ. CFU/100ml
SEPT.
NOV
28000
1400
35000
32000
66000
2600
44000
4600
52000
4700
80000
5600
68000
30000
79000
77000
3400
80000
3500
80000
59000
47000
37000
80000
58818

20618

AREA
TSS: mg/l
SEPT. NOV
64
20
64
6
54
4
66
4
70
4
78
108
46
12
52
4
14
30
10
42
12
10
24
18
49

A3.1
A3.2
B
C
D1
D2
F
F
E
H2
H1
H1
J1

19
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Calculation of Geometric Mean and Averages (TSS)
Given the location-specific variation between test results in September and November, a
geometric mean was calculated for fecal coliform and enterococci, and a standard average for
TSS (Table 4). Geometric mean values for fecal coliform counts ranged from 41,952 CFU per
100 ml (SP-10) to 4,110 (SP-8); geometric mean values for enterococci counts ranged from
68,702 CFU per 100 ml (SP-9) to 6,260 (SP-1A); and average values for TSS ranged from 93
mg/l (SP-5) to 9 mg/l (SP-7). The “average of averages” was 14,240 CFU per 100 ml, 27,731
CFU per 100 ml, and 34 mg/l for fecal coliform, enterococci, and TSS, respectively.
Table 4 - Geometric Mean / Average of the Two Sampling Rounds
SAMPLE ID

SAMPLE LOCATION

SP-1A
SP-1B
SP-2
SP-3
SP-4
SP-5
SP-6
SP-7
SP-8
SP-9
SP-10

Ashland @ Franklin
Ashland 100' S of Franklin
Day St. 100’ E of Albion
Day St. @ Albion
Franklin @ Sargent
Franklin @ Howie
Main St. @ Whole Foods
Green St 50’ S of Holbrook Ct
Linden Road @ Bellevue Ave
Linden Road @ Bellevue Ave
Porter St @ Linden Rd

SAMPLE POINT

Drain Manhole
Drain Manhole
Drain Manhole
Drain Manhole
Drain Manhole
CB Outfall
Drain Manhole
Drain Manhole
Drain Manhole
Drain Manhole
Drain Manhole
AVERAGE

GEOMETRIC
MEAN
AVERAGE AREA
FECAL
ENTEROCOCCI
TSS
CFU/100ml
CFU/100ml
mg/l
6928
6260
42
A3.1
17549
33466
35
A3.2
14774
13099
29
B
10488
14226
35
C
14000
15633
37
D1
12649
21166
93
D2
10606
45166
29
F
6033
16180
9
E
4110
16733
20
H2
17549
68702
27
H1
41952
54405
21
J1
14240
27731
34

Review of Table 4 also shows that, in terms of pathogen concentrations, values from SP-9 (minor
subdrainage area H1) and SP-10 (minor subdrainage area J1) were highest, followed by SP-1B
(subdrainage area A.3.2). Minor subdrainage areas D1 and D2 (SP-4 and SP-5) were also in the
top half for pathogen concentrations.
For perspective on colony forming unit counts in Melrose, it is helpful to compare the above
values with values found in two 604b studies (Duxbury and Kingston) and a similar study funded
by MassBays (Kingston). All values were the result of end-of-pipe grab samples under two wet
weather events. Table 4.1 below illustrates the results.
Table 4.1 - Comparison of Melrose Counts with other Recent Studies

Duxbury 604b, 2010
Kingston, MassBays, 2011
Kingston 604b, 2013
Melrose 604b, 2015
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AVE. GEOMETRIC MEAN
# of sample sites
Enterococci
Fecal Coliform
colonies/100ml colonies/100ml
10
12948
12490
15
16962
5417
10
24552
23203
11
27731
14240

A T P ENVIRONMENTAL

TSS
mg/l
84
17
24
34
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As shown, the colony count values for Melrose sampling compared well with those observed in
the Duxbury and Kingston studies; about 10% higher than Kingston 604b-2013 for enterococci
(27,731 cfu/100ml v. 24,552 cfu/100ml); about 10% higher than the fecal coliform values for the
Duxbury 604b-2010 (14,240 cfu/100ml v. 12,490 cfu/100ml), and at the low end of all values for
TSS concentration, ie., typical stormwater pollution values from wet weather sampling events.
Calculation of Mass
High concentrations of fecal coliform, enterococci, and TSS are not, by themselves, the
determining factors for which sites are the worst polluters; the volume of “first flush” also plays a
role. At each location, using the geometric mean for pathogens and the average concentration
total suspended solids, a mass calculation was made by multiplying concentration times volume
at all eleven sites. The results ranged from 57,563 x 106 fecal colonies (SP-2) down to 4,660 x
106 fecal colonies (SP-1A); 101,193 x 106 enterococci colonies (SP-9) to 4,211 x 106 enterococci
colonies (SP-1A); and 20,364 grams of TSS (SP-5) down to 1,933 grams (SP-7). Table 5 below
shows all mass calculation results. The seven greatest values for each parameter are highlighted.
Table 5 - Mass Pollutant Loading per Sampled Subdrainage Area
SAMPLE ID

SP-1A
SP-1B
SP-2
SP-3
SP-4
SP-5
SP-6
SP-7
SP-8
SP-9
SP-10

SAMPLE LOCATION

Ashland @ Franklin
Ashland 100' S of Franklin
Day St. 100’ E of Albion
Day St. @ Albion
Franklin @ Sargent
Franklin @ Howie
Main St. @ Whole Foods
Green St 50’ S of Holbrook Ct
Linden Road @ Bellevue Ave
Linden Road @ Bellevue Ave
Porter St @ Linden Rd

FIRST FLUSH
(CF)
2375
2294
13757
3612
7864
7732
5452
7585
9827
5201
3357

NUMBER OF NUMBER OF
FECAL COL. ENTERO. COL.

WEIGHT OF AREA
TSS (mg)

x10-6

x10-6

x10-3

4,660
11,402
57,563
10,728
31,179
27,698
16,377
12,960
11,441
25,850
39,884

4,211
21,742
51,036
14,553
34,817
46,347
69,737
34,756
46,569
101,193
51,724

2,825
2,274
11,298
3,580
8,240
20,364
4,478
1,933
5,566
3,977
1,996

A 3.1
A3.2
B
C
D1
D2
F
E
H2
H1
J1

CONCLUSIONS
Two rounds of samples were taken during the first flush at 11 preselected sample points. Sample
results were tabulated and analyzed. Based upon an analysis utilizing measured concentrations
and calculations of mass, it appears that the seven drainage areas upstream of SP-2 (subdrainage
area B), SP-4 (D1), SP-5 (D2), SP-6 (F), SP-8 (H2), SP-9 (H1) and SP-10 (J1) generate the
highest unit counts of fecal coliform and enterococci, and the highest TSS values, followed by
the four areas upstream of SP-1A (A3.1), SP-1B (A3.2), SP-3 (C), and SP-7 (E). Within the top
seven, areas upstream of SP-9 and SP-10 appear to be most contaminated, followed closely by
areas upstream of SP-2, SP-4, SP-5, and SP-6. The areas upstream of SP-8 appear to be the least
contaminated of the seven areas.
Field observations in the eleven drainage areas revealed no obvious clues that might help explain
why one sample tested higher or lower than others. We would suggest that, absent an order of
magnitude difference, most values are statistically equivalent. The areas sampled are entirely
MELROSE 604b/FINAL: 6-24-16
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urban residential with lot size less than 10,000 square feet; no commercial sites are involved; and
the same pet control ordinances apply.

MELROSE 604b/FINAL: 6-24-16

A T P ENVIRONMENTAL

11

III. CONCEPTUAL BMP DESIGNS
TASK 5

INTRODUCTION
Subdrainage Area C can be divided into two major drainage systems: one to the northwest with
finish piping southerly under Franklin Field, the other to the southeast with finish piping westerly
across Main Street. The northwest system is comprised primarily of minor subdrainage areas A,
B, C, and D. The southeast system is comprised primarily of minor subdrainage areas E, F, G, H,
and J. The two systems join at a point about 1000’ north of the Ell Pond outfall at the southeast
corner of Franklin Field behind a shopping plaza.
BMPs Considered
A variety of BMPs were considered when the conceptual designs were in process including
bioretention areas (rain gardens); constructed stormwater wetlands; sand/organic filters; tree box
filters; dry swales; infiltration basins (both surface and subsurface); infiltration trench; and
subsurface structures. Systems that warranted large, open areas (eg, constructed stormwater
wetlands, surface infiltration systems) were deemed infeasible in the northwest drainage system
because of the City’s need to retain full use of existing public recreational areas (Franklin Field
and Dunton Park): Large, subsurface systems would have to do. For the southeast drainage
system, meanwhile, large public spaces were not available in the dense residential areas so we
were left with the concept of multiple small systems, not all of which need to be subsurface.
Hence, rain gardens, sand/organic filters, dry swales, and tree boxes, together with small
subsurface infiltration systems, remained feasible.
For purposes of developing conceptual plans and related construction cost estimates for the
southeast drainage system, appropriately sized rain gardens were selected to serve as surrogates
for all small BMPs. The BMP ultimately selected to be installed will be determined on a case-bycase basis in consultation with a number of City Departments when subsurface soils borings are
done and detailed field survey is completed to identify any conflicting details. For now, the
construction cost of each small conceptual system is calculated assuming a rain garden
installation and that cost can be applied to any similar BMP system (eg, subsurface leaching
system) since the design capacity of any system must be equal to that of the rain garden. In the
end, sand/organic filters, tree box filters, dry swales, and infiltration trenches may be selected but
they will all be treatment-equal to the rain garden priced for this Report
Removal Efficiencies for BMPs Considered
From the Massachusetts Stormwater Handbook, Volume 2, Chapter 2, Structural BMP
Specifications” the following removal efficiencies were considered:
System!
!
Bioretention Areas!
Sand/Organic Filter!
Tree Box Filter!
Dry Swale!
Infiltration Basin!
Infiltration Trench!

TSS!
90!
80!
70!
70!
80!
80!
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% Removal
Total Nitrogen! Total Phosphorous!
30-50!
30-90!
20-40!
10-50!
10-90!
20-90!
10-90!
20-90!
50-60!
60-70!
40-70!
40-70!
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Metals!
40-90!
50-90!
no data!
no data!
85-90!
85-90!

Pathogens
no data
no data
no data
no data
up to 90
up to 90
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All structural BMPs considered as surrogate systems have the potential to remove pathogens
consistent with the table above. Non-structural BMPs in place in the City include, but are not
limited to, semi-annual street sweeping, annual catch basin cleaning, and pet controls including
ordinances in place calling for dogs on a leash and droppings pickup. Residents are also
encouraged to use cisterns and rain barrels, among other household refinements, to minimize
runoff into the public way.
APPROACH
Two approaches were taken to address the two major drainage systems noted above. One takes
advantage of open space where available, the other takes advantage of existing street drainage
characteristics.
Open Space Approach
Franklin Field, a municipally owned parcel of some 4.7 acres, is in an excellent position to site a
large scale BMP system serving all four minor subdrainage areas to the northwest, irrespective of
their ranking after sampling analysis. Slightly upland, in proximity to minor drainage areas D1
and D2, there exists a small municipal park, Dunton Park (0.3 acres), located at the corner of
Franklin Street and Pratt Street. Between these two sites we envision collecting the first flush of
stormwater runoff from virtually half of Area C and directing it to an appropriately sized BMP
such as a rain garden or subsurface leaching system. Runoff in excess of 1” would be redirected
back to the existing drainage system.
Street Drainage Approach
Unlike the northwest system, the southeast system traverses no significant municipal land areas
apart from roadways and backyard rights-of-way. Rather, the watershed of the southeast system
is best characterized as a residential neighborhood with sidewalks and granite curbing separated
by 2’-4’ wide grass strips, some sections of which could be converted to attractive rain gardens
or, if necessary, surface leaching systems. Conceptually, a drop gutter inlet would be installed
just up gradient from the existing catch basin. The inlet would then be piped to a settling tank
and thence to either a rain garden or leach field. Once the system was filled, gutter flow would
pass over the new drop inlet and enter the existing catch basin to be collected and discharged as
normal.
SCS Soils Mapping
Review of SCS Soils Mapping (Figure 3 below) for Franklin Field shows soil Map Unit Symbol
#603, Urban land, wet substratum. Mapping for Dunton Park shows as MUS #602, Urban land.
These two soil types are characterized by “excavated and filled land (602) over alluvium and/or
marine deposits (603).” Consequently, leaching to insitu soils will most likely not work, either
from a rain garden or a subsurface leaching system, without some form of underdrainage and
return.
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Figure 3
NRCS Soils Mapping
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Soils mapping for the southeast drainage system, where a series of rain gardens and leach fields
are envisioned, shows four soils types: 622C (Paxton Urban land complex); 623C (Woodbridge
Urban land complex); 626B (Merrimac Urban land complex); and 629B (Canton Charlton urban
land). Soils 622C and 623C are characterized by “coarse-loamy lodgment till derived from
gneiss, granite, and/or schist.” Both the Paxton and Woodbridge complexes are documented as
very low for transmitting water with depth to water 30” to 37”. Soils 626B and 629B, however,
are “somewhat excessively drained” to “well drained,” suggesting a useful capacity to percolate
stormwater with depth to water table more than 80 inches. As such, systems located in the area of
the Merrimac and Canton complex may be available to support leaching systems that serve small
catchment areas.
Based upon the above soils analysis, thirty generic BMP systems were located where shown in
Figure 1 for Area C. Systems on Franklin Field and Dunton Park are sized based upon a soil
percolation rate of 20 inches per hour because the soils data clearly suggest insitu materials will
need to be replaced with imported percable soils and underdrainage. Systems located in the
southeast drainage area were tentatively sized with a soil percolation rate of 10 inches per hour
with no underdrainage consistent with soils described in the “Merrimac” soil complex.
The thirty BMP system locations shown in Figure 1 are conceptual, subject to more detailed field
survey, utility survey, soil borings, and soils analysis. For this 604b Report, seven of the
locations were subject to detailed analysis and advanced to Preliminary Engineering drawings.
Conceptual Hydraulic Analysis
To estimate the size of a BMP at Franklin Field and Dunton Park, first flush calculations were
made for minor subdrainage areas that drain from the north and west. Table 6 below summarizes
the findings more fully presented in Appendix 1.
Table 6 - Summary of First Flush Volumes (CF)
in Selected Areas
Area!
FF*!

A1!
A2!
A3!
B!
C!
D1!
D2
8,131! 4,413! 4,669! 13,757!3,612! 7,864! 7,732

* FF volume = road length x road width x 1” runoff plus 10% for drives/walkways

Using TR-55 and a Type III curve applicable to eastern Massachusetts (published by the Natural
Resource Conservation Service (NRCS) and as recommended in the Massachusetts Stormwater
Handbook, Chapter 1, page 5) the first flush volumes for A1, A2, A3, B, and C were modeled to
estimate the size of a leaching system (or rain garden) built upon 20 inch per hour percable sands
with underdrainage. As a reasonable estimate of footprint, it was found that a 5000 square foot
system would produce about 1.7’ of surcharge over the sands. If designed as a rain garden, the
system would be planted and bermed to accommodate the surcharge. If buried as a leach field,
the system would be comprised of shallow structures about 2’ tall set on the sands to
accommodate the surcharge. In both instances, flows in excess of the first flush would be
redirected back to the existing drain piping.
Similarly, a BMP system (both surface and subsurface) was sized for Dunton Park to
accommodate D1 and D2. Analysis showed that a system footprint 2500 square feet in size
would produce about 1.5’ surcharge over the percable sands and related underdrainage. As
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above, flows in excess of the first flush would be redirected to the existing drain network. Figure
4, below, depicts a generic plan and profile of how a system might look for both sites.
Figure 4 - Franklin Field Conceptuals

FRANKLIN FIELD RAIN GARDEN

A

New 4'x10' deflection box
Deflection Wall
Existing 36" RCP
Rain Garden
(not to scale)

Underdrain (typ)

A

New 12" out
to rain garden

Deflection Wall
Overflow to
existing 36" drain

Settling Tank
Bubbling CB
Plantings (typ)

Existing 36" RCP

1' Freeboard
1' Pond w/ plants
Drain Return

ASSUMED 3.5% SLOPE
2' Amended Sand

Settling Tank
w/ 4' sump

SECTION A-A
SCALE: 1" = 4'
1"

LEACHING SYSTEM
IN STREET
FRANKLIN FIELD LEACH SYSTEM

A C

8" HDPE

New 4'x10' deflection box

4' Dia. DMH w/ 4' sump

D

Deflection Wall

4'
Existing 36" RCP

Leach Field
(not to scale)

6-Cultec 280HDs
2 x 3 array
New 12" out
to leach field.

26.5"
Deflection Wall
Overflow 21'
to
existing 36" drain

Existing 12" storm drain

C

A

D
Settling Tank

Existing 12" storm drain

SECTION C-C
Existing 36" RCP

4' Dia. Special DMH
w/ 28" divider wall
Underdrain (typ)

SECTION D-D

SCALE: 1" = 4'
1"

ASSUMED 3.5% SLOPE

1.5' Cover
1.7' High Cultecs
2' Sand over
Underdrain Return

Settling Tank
w/ 4' sump

SECTION A-A
SCALE: 1" = 4'
1"
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D

4' Dia. DMH w/ 4' sump
Existing 12" storm drain
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To estimate the size of a BMPs serving the southeast drainage network (Areas E, F, G, H, and J)
discharging across Main Street, a collection of small sidewalk systems, strategically placed and
charged by gutterline flow, is envisioned. For conceptual design purposes it is assumed that any
system would be about 3’ wide with the length varied as a function of catchment area. An insitu
percolation rate of 10” per hour was used, a rate possibly achievable in certain soils and easily
achievable in constructed soils with underdrainage.
Figure 5, on the following page, depicts a generic plan and profile of how a system might look
for all sites in the applicable drainage areas where insitu soils are found to be permeable.
Figure 5 - East Side Rain Garden Conceptual

EAST SIDE RG
PLAN VIEW

B

Existing Grass
Existing CB

Plantings (typ)

New 4'x4' drop inlet
Existing granite curb

B

New Bubbling CB
Existing sidewalk

Proposed Rain Garden

Existing Grass

SECTION B-B
Existing sidewalk
6" Freeboard
6" Pond w/ plants
2' Amended Sand

New 4'x4' drop inlet
New 4' Dia. Bubbling CB

SCALE: 1" = 4'
1"
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Bubbling CB
Deflection Wall
Overflow to
existing 36" drain

Settling Tank

Existing 36" RCP

1' Freeboard
1' Pond w/ plants
2' Amended Sand

3.5% may
SLOPE
aASSUMED
rain garden
not

In areas where
be feasible, subsurface leaching systems may be installed.
Similar to the rain garden concept for Franklin Field, the system would warrant a new structure
set on the existing drain fitted with a deflection
wall to raise the water level for discharge to a
Settling Tank
new settling tank and leaching system. Ifw/insitu
4' sumpsoils are found to be comprised of percable
material, then the system is designed for insitu soils as shown in Figure 6. If insitu soils are
found to have percolation rates unacceptably
SECTION low,
A-A then a bed of sand is installed with
subdrainage piping back to the original
exiting1"drain
SCALE:
= 4' pipe. In both cases, the deflection wall
elevation and length are designed to pass the 100-year
event without surcharge.
1"
Figure 6 - East Side Subsurface Conceptual

LEACHING SYSTEM
IN STREET
C

8" HDPE
4' Dia. DMH w/ 4' sump

D

Existing 12" storm drain

C

4'

4' Dia. Special DMH
w/ 28" divider wall

6-Cultec 280HDs
2 x 3 array

D
26.5"
21'
Existing 12" storm drain

SECTION C-C

SECTION D-D

SCALE: 1" = 4'
1"

Conceptual Sizing
A simple graph was developed to facilitate conceptual sizing of rain garden/leachfield systems in
the southeast drainage area based upon roadway length for a 22 foot wide road and a 30 foot
wide road. Using TR-55, three points were calculated and plotted for catchment lengths of 200’,
600’, and 800’ assuming a 1-foot surcharge. Reading in Figure 7 below, a road catchment of 600
feet would require two 3’ wide strips 50’ long (one on each side of the road) for a 22’ wide road,
or two 3’ wide strips 70 feet long for a 30’ wide road. For roadway catchment lengths and widths
different from the plotted values, one can extrapolate to arrive at a reasonable estimate of system
size. For example, a catchment length of 450’ on a road 26 feet wide would require two strips
approximately 45 feet long. Using the graph, a total of 30 surrogate systems were developed for
consideration.
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Figure 7 Gutter BMP Sizing
RG Size, Each Side, v Road Catchment (lf)
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IV. SOIL TESTING PROGRAM
TASK 6 AND TASK 7

INTRODUCTION
A single round of soils sampling and analysis was completed on April 14, 2016. The soils
analyses were used to refine the size and location of subsurface BMPs at seven locations in the
subbasins determined, after water quality sampling and analysis, to be of the highest priority
warranting treatment. In support of BMPs on Orient Avenue, Linden Road, Elm Street, Franklin
Street (Dunton Park), and Franklin Field, twelve borings were taken. The boring locations were
based upon the conclusions and recommendations of the subbasin-specific water quality
sampling completed in Fall 2015 and presented above.
Borings were taken pursuant to an approved SOP (Appendix 2) dated December 23, 2015 using
continuous split spoon sampling techniques. The boring results were logged and bagged by a
qualified engineer in the field, and sieve analysis performed by UTS of Massachusetts,
Stoneham, MA. Seven boring logs, sieve analyses, and grain size distribution plots are included
in Appendix 4 of this report.
PROJECT APPROACH
Time of Borings
Consistent with the scope of work outlined in the 604b Grant award, soils analyses were
conducted for refinement of seven subsurface BMPs serving subdrainage areas D1 and D2 (@
Dunton Park); subdrainage areas A, B, and C (Franklin Field); and five rain gardens serving
Orient Avenue, Linden Road and Elm Street.
RESULTS
Of the twelve borings (at seven sites), only three (at two sites) were found to contain insitu
percable soils suitable for simple infiltration with no groundwater observed at depth. The
remaining nine borings (at five sites) exhibited soils with low permeability. Table 7 below
summarizes the boring results.
TABLE 7 - BORING SUMMARY
BORING

Cross St

Apr 14, 2016
B-1, (Orient Ave)
B-2, (Orient Ave)
B-3, (Linden Rd)
B-4, (Linden Rd)
B-5, (Elm St)
B-5A, (Elm St)
B-6, (Frank. Field)
B-7, (Dunton Pk)

Orient Pl
Porter
Porter
LFPkwy
LFPkwy
LFPkwy
Greenleaf Pl
Albion

MELROSE 604b/FINAL: 6-24-16

Observed Soils

sandy clay/silt; sandy silt; damp @6’
sandy silt, wet @7’
silty sand to med. sand; clay @7’, wet
silty sand; thin layer sand; old pave @8’
silty sand, some stone, abort @5.5’
<5.5’,silty fine sand; damp; refusal @7’
loam, silty clay, organic clay/sand, wet
med. to fine sand, to med. sand @ depth
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Depth to
Groundwater

AREA

None Observed
None Observed
None Observed
None Observed
None Observed
None Observed
None Observed
None Observed

J1
J1
H1
H1
H1
H1
A1, A2, A3, B, and C
D1 and D2
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Permeability Determination
At each boring, one to two soil samples were taken, bagged, and labeled for soils testing. Soils
that appeared to represent elevated permeability were selected in the field for analysis. At least
one sample was tested for each of the seven holes. A sieve analysis was performed on all selected
samples, and D10 values determined for each. (The D10 value is the soil diameter at which 10% of
the soils by weight are retained). Permeabilities were then calculated using the Hazen Method:
K = 100(D10)2
where D10 is expressed in centimeters.
Results of soils testing are shown in Table 8 below.
TABLE 8 - PERMEABILITY SUMMARY
LOCATION/AREA
ORIENT AVE @ PLACE / J1
ORIENT AVE @ PLACE / J1
ORIENT AVE-PORTER / J1
ORIENT AVE-PORTER / J1
LINDEN RD-PORTER ST / H1
LINDEN RD-LFPKWY / H1
ELM ST/LF PKWY / H1
ELM ST/LF PKWY / H1
FRANKLIN FIELD / A, B, C
FRANKLIN FIELD / A, B, C
DUNTON PARK / D1, D2
DUNTON PARK / D1, D2

ID

DEPTH

B1-S1
6’
B1-S2
7.5’
B2-S1
4’
B2-S2
6’
B3-S1
5’
B4-S1
6’
B5-S1
3’
B5A-S1 6’
B6-S1
5’
B6-S2
8’
B7-S1
7’
B7-S2
8’

D10

K

PERC RATE

(MM)
0.02
0.024
0.02
0.024
0.03
0.064
0.015
0.003
0.0044
0.027
0.058
0.103

CM/SEC
0.000400
0.000576
0.000400
0.000576
0.000900
0.004096
0.000225
0.000009
0.000019
0.000729
0.003364
0.010609

IN/MIN
0.009
0.014
0.009
0.014
0.021
0.097
0.005
0.000
0.000
0.017
0.079
0.251

USEABLE K USEABLE K
MIN/IN
105.8
73.5
105.8
73.5
47.0
10.3
188.1
4,703.7
2,186.6
58.1
12.6
4.0

CM/SEC
2.00E-04
2.88E-04
2.00E-04
2.88E-04
4.50E-04
2.05E-03
1.13E-04
4.50E-06
9.68E-06
3.65E-04
1.68E-03
5.30E-03

INCHES/HR
0.3
0.4
0.3
0.4
0.6
2.9
0.2
0.0
0.0
0.5
2.4
7.5

Highlighted permeability values for B-1, B-2, B-3, B-5, and B-6 indicate that the D10 value was
determined by extrapolating from results, and not from the sieve analysis itself. As such, the
calculated permeability is only an estimate. The matter is moot, however, since permeability
values for those five borings are clearly very low and will warrant an underdrain system return
for any BMP installation. On the other hand, permeability values for insitu soils at B-7 are good
and will enable design of a BMP system without an underdrain return. [Note: although the
permeability value for B-4 is encouraging, a close examination of the boring log suggests the
calculated value is not representative of the insitu soils. Recovery amounts for sampling were
minimal (eg, 4” and 6”), and the log notes mostly silt and silty sand material with a thin layer of
sand. Consequently, we chose to treat the soils at B-4 as impermeable].
System Design
Consistent with the MassDEP Stormwater Regulations, the sizing of subsurface system at
Franklin Street (B-7) was determined using the Dynamic Field Method (where the Water Quality
Volume is equal to 1” of runoff) and acceptable insitu permeability data. The Dynamic Field
Method limits the engineer to using only one-half of the measured permeability, and no sidewall
area, for estimating recharge rates. This is a conservative approach that still enables systems to
be smaller in size than simply equal to the “first flush” volume.
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The BMP designs include a vessel for settling, either a septic tank or sumped drain manhole
sized to hold about 10% of the “first flush” volume, ahead of each surface or subsurface system.
The settling vessels, like any catch basin, need to be cleaned out periodically through a regular
maintenance program.

MELROSE 604b/FINAL: 6-24-16

A T P ENVIRONMENTAL

22

V. PRELIMINARY DESIGN PLANS
TASK 8

INTRODUCTION
Seven sites were subject to the development of preliminary design plans using topographic and
utility field surveys (April 20, 2016) and subsurface investigations (April 14, 2016), all
completed under Task 6. Drawings depicting existing conditions and proposed construction were
completed and are presented at 10 scale for design review. Discussion below describes the
stormwater BMP selected for each site, and the rational behind incorporating system
components.
PROJECT APPROACH
As noted above, stormwater quality testing results led us to focus on subdrainage areas served by
SP-9 and SP-10 (ie, subdrainage areas J1 and H1), subdrainage areas served by SP-4 and SP-5
(ie, subdrainge areas D1 and D2), and subdrainage areas served by SP-2 (subdrainage area B).
Conceptual designs for these five areas, presented earlier in Figure 1, illustrated two approaches
to BMP initiatives reflecting existing storm sewers, street characteristics, and the presence/
absence of public land suitable to host a BMP. In general, it was found that treating stormwater
runoff in subdrainage areas J1 and H1 could be accomplished using a number of strategically
placed small subsurface systems and/or rain gardens which could also yield the added benefit of
landscape enhancement. Elsewhere, existing storm drainage systems pass by (Franklin Street/
Dunton Park for D1 and D2) or through (Franklin Field for B as well as A and C) large public
parcels, both of which could become the location of a large BMP installation.
SEVEN SITES
The seven sites subject to preliminary design each have their own preliminary drawing
(Appendix 5) and are identified here, moving south to north, as:
Sheet 1 - Site 1 - Orient Ave (subdrainage area J1)
Sheet 2 - Site 2 - Orient Ave at Porter Street (J1)
Sheet 3 - Site 3 - Linden Road at Porter Street (H1)
Sheet 4 - Site 4 - Linden Road at Lynn Fells Pkwy (H1)
Sheet 5 - Site 5 - Elm Street at LFP (H1)
Sheet 6 - Site 6 - Franklin Field (A, B, and C)
Sheet 7 - Site 7 - Franklin Street at Dunton Park (D1 and D2)
Sheet 1 - Site 1 - Orient Avenue
The BMP proposed for Orient Avenue is comprised of rain gardens 36’ long on the east side of
the road, and 45’ along the west side of the road, set in the existing vegetative strip between the
granite curb and sidewalk. It is proposed to locate the gardens up slope from the existing catch
basins, and enable gutter flow to enter the systems at a 6’ long break in the existing granite
curbing where a tree box would be installed. The box would be modified to enable flow down the
length of the garden which would be planted with appropriate vegetative species. Both rain
gardens will utilize amended soils with percolation rates of 6” per hour. Existing soils were
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found to be characterized by unacceptably low permeability so the gardens will be underlain by
perforated piping with return to the existing drain
Sheet 2 - Site 2 - Orient Ave at Porter Street
Rain gardens are also proposed for Site 2. Again upstream of existing catch basins, gutter flow
would be captured by relatively small drop inlets that will convey flows to a “bubbling catch
basin” where it would be allowed to spread across the garden. On the west side, 25’ of garden is
proposed in the existing vegetative strip between curb and sidewalk, while the east side system
would be 30’ long. As the system is filled, gutter flows would pass over the drop inlet and be
collected as usual in the nearby existing catch basin. Existing soil here was found to be
characterized by unacceptably low permeability so an underdrain system is proposed to convey
treated stormwater back to the existing catch basin (west side) or directly into the existing storm
sewer.
Sheet 3 - Site 3 - Linden Road at Porter Street
Linden Road is a narrow street that does not present wide vegetative areas to transform into rain
gardens. It also presents constraints in the form of large trees, a telephone pole, and a private
driveway. As a result, the proposed stormwater BMPs are comprised of five buried, shallow
HDPE structures (three west side, two east side) that create void space to accumulate runoff
while distributing the runoff to the highly permeable material placed below. Since vegetation is
not to be supported, sand that percolates at the rate of 30”/hour is utilized two feet thick. Again,
existing soils were found to be characterized by unacceptably low permeability so a system of
underdrainage is proposed.
Sheet 4 - Site 4 - Linden Road at Lynn Fells Pkwy
Linden Road at Lynn Fells Parkway in an example of intercepting stormwater runoff not at the
gutter line but in the storm drain pipe itself by redirecting flows into a flow splitting tank, where
the first flush advances to a subsurface leach field, while excess flows are allowed to pass over a
weir and return to the existing drain pipe. Some gutter flow is collected, however, with a new
drop inlet adjacent to the existing catch basin. For the reasons noted above, existing soils were
determined to be characterized by unacceptably low permeability so underdrainage is provided
with return to the nearby catch basin. In final design, the length of the weir will be determined to
be sure that it passes the maximum flow rate based upon existing pipe size and slope.
Sheet 5 - Site 5 - Elm Street at Lynn Fells Parkway
At Site 5, gutter flows come from the north and south on both sides of the street, converging at
two existing catch basins. Consequently, four separate subsurface leach systems were needed,
each up slope from the catch basins. On the east side of the street drop inlets are used to collect
stormwater and deliver it to a settling tank. On the west side we show a knockout of a section of
granite curb to direct flows to the settling tank. In both cases, flows in excess of the capacity of
the leach system will back up to the gutter elevation and continue to travel down to the existing
catch basin. With unacceptably low permeability soils, all four systems will include 2’ of 30“/
minute sands with underdrainage connected to the existing stormdrain.
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Sheet 6 - Site 6 - Franklin Field
Compared to sites discussed above, the Franklin Field site is much larger and more complex.
First we have a large drain pipe (size to be determined) crossing the northwest corner of the field
as it makes its way to Ell Pond. Although subdrainage area B is served by the large pipe,
subdrainage areas A and C are as well (and subdrainage areas D1 and D2). So designing a system
in Franklin Field must include runoff from those areas. In the design shown on Sheet 6, we
considered that all flows from A, B, and C would be treated at Franklin Field even though flows
from A and C were ranked in the middle of the pack in terms of contaminant levels, and that
flows from D1 and D2 would be addressed at a site on Franklin Street (Site 7, below).
It is understood that the City desires to retain full recreational use of Franklin Field. As a result,
the proposed system is entirely underground, leaving the field to function as normal. The heart of
the system is comprised of two fifty-foot diameter subsurface leaching areas each fronted by a
5000 gallon settling tank. Ahead of it all is a 2500 gallon flow splitter set on the existing drain
pipe and deflecting the first flush for treatment. Flows in excess of the first flush would overtop
the weir in the flow splitter tank and proceed to Ell Pond as always.
The leach systems themselves would consist of 140 Cultec 280 HD (8’x4’x26.5”H) or equivalent
units with capacity to store excess flows while water leaches through two feet of sand at 30
inches per hour. Since existing soils were found to be relatively impermeable, an underdrainage
system is proposed to return treated water to the existing storm drain. [Note: Cultec is one of a
number of companies that make similar units for stormwater management. Basically, the unit
looks like a pipe made of high density polyethene (HDPE) bisected long ways (ie, along the
spring line), cut into sections (in this case, 8’ long), and reinforced with HDPE ribbing to render
it suitable for H-20 loading]. See link below:
http://catalog.cultec.com/item/stormwater-products/contactor-recharger-stormwater-chambers/
280hd
Sheet 7 - Site 7 - Franklin Street at Dunton Park
Through the boring program, the Dunton Park area was found to overlay permeable sands at six
to ten feet deep (about 4 to 8 feet below road grade). Of the seven locations, boring B-7 was the
only boring where the promise of insitu soils might be realized: There would be no need for an
under drain and return on Franklin Street at Dunton Park, greatly simplifying the BMP system.
Using soil permeability rates calculated from soil samples obtained in B-7, it was determined
that about 2700 square feet of permeable sands would be required to treat the first flush of runoff.
To achieve the desired area, and provide for surcharging over the leaching sands, sixty-three
leach chambers (102”x58”x34”H) are proposed with piped flow distribution. Thirty units are
located in Dunton Park while thirty-three units are located in Franklin Street, westbound. The
units would be fronted by two 2500 gallon settling tanks set in series, and a 2500 gallon flow
splitter to deflect the first flush but enable excess flows to pass over a weir and back to the
existing drain system.
Franklin Street at Albion Street is a busy intersection in terms of utilities with gas, water, sanitary
sewer, storm sewer, and buried electric all present. Yet the proposed system can be made to work
because 1) the existing storm drain configuration leaves an open space under the westbound lane,
2) the proposed facilities would be located below gas and electric to reach the permeable soils,
and 3) water, located under the eastbound lane with no service connections, is not impacted.
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Within Dunton Park, a field of leaching chambers extending from back of sidewalk about fifteen
feet in, over the length of the park, is proposed. The stone monument is not affected, nor are the
larger trees set deeper into the park. Once the system is constructed, soils, loam, vegetation, and
section of walkway will all be replaced to their natural condition.
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VI. CONSTRUCTION COST ESTIMATES
TASK 9

PROJECT APPROACH
Construction cost estimates were prepared for conceptual plans and preliminary design plans.
Details for the estimates are presented in Appendix 6. To calculate the conceptual construction
cost, the number of units proposed for each subdrainage area was tallied and categorized by
length of system. Since no soils were found to be permeable, all systems were determined to
require underdrainage. In addition, all systems were treated as subsurface systems, not rain
gardens, yielding a more conservative estimate of cost area-wide.
For the sites subjected to preliminary design (Site 1 and Site 2 serving subdrainage area J1; Site
3, 4, and 5 serving subdrainage area H1; Site 6 serving subdrainage areas A, B, and C; and Site 7
serving subdrainage area D), a more detailed cost estimate was prepared reflecting the additional
soils and topographic data obtained. For example, the impermeable soils found at Site 6, Franklin
Field, drove the need for a subsurface collection system whereas the permeable soils found at
Site 7, Franklin Street, eliminated the need for a subsurface collection system.
Conceptual Plan Cost Estimate
A total of 30 surrogate subsurface BMP sites, ranging from 20 feet long up to 65 feet long, were
proposed for subdrainage areas E, F, G, H, and J (Figure 1). As seen in Table 9 below, most unit
pairs were 20 feet in length (8) while six were sixty-five feet in length. Subdrainage area E
required the most units (7) while the fewest units were required in subdrainage area G.
The total conceptual cost estimated to construct all units in the five subdrainage areas was
estimated to be $1,512,060. The cost per subdrainage area is also presented, ranging from
$70,380 in subdrainage area G to to $330,060 in subdrainage area E.
TABLE 9 - CONCEPTUAL CONSTRUCTION COST SUMMARY
E

F

SUBDRAINAGE AREA
H1
H2
J1

G

J2

J3

RAIN GARDEN OR
SUBSURFACE PAIRS (LF)

TOTAL UNITS

20’
30’
35’
45’
50’
55’
60’
65’

3
1
0
0
1
1
1
0

1
0
0
0
0
0
2
0

0
0
0
0
0
0
1
0

2
1
0
0
0
0
0
0

0
0
0
0
0
1
0
1

0
1
0
2
0
0
0
0

0
1
1
1
1
0
0
2

2
0
0
0
0
0
0
3

8
4
1
3
2
2
4
6

TOTAL UNITS

7

3

1

3

2

3

6

5

30

COST PER SD AREA

$330,060 $171,520
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Preliminary Design Construction Cost Estimate
Sites 1 through 7 were subject to detailed construction cost estimate based upon the additional
site knowledge obtained as part of this 604b study. Full details of the cost estimates are presented
in Appendix 7 and are summarized below in Table 10.
TABLE 10 - PRELIMINARY DESIGN CONSTRUCTION COST SUMMARY
SITE 1

SITE 2

SITE 3

SITE 4

SITE 5

SITE 6

SITE 7

$18,720

$29,538

$25,116

$40,080

$50,820

$317,580

$197,460

As shown, Site 1 on Orient Avenue, 2-45 foot rain gardens, is estimated to cost about $18,720
which is significantly less than the cost of the other small BMP sites. Such is the advantage
where gutter inlets and rain gardens take the place of drop gutter inlet structures, settling tanks,
subsurface structures, and related piping.
The estimated cost of Site 6-Franklin Field ($317,580) and Site 7-Franklin Street ($197,460),
when compared with the estimated cost of the other five sites, illustrates the advantages of
economy of scale: The two sites are sized to treat the combined first flush volume of subdrainage
areas A, B, C, and D, respectively, whereas the small sites treat only limited reaches of roadway
runoff.
The Total Construction Cost Estimate for Area C stormwater mitigation is $2.03M which is equal
to the sum of the construction cost estimate of the 30 conceptual sites ($1,512,060) plus the
construction cost estimate of the preliminary designs for Franklin Field ($317,580) and Franklin
Street ($197,460).
Estimate of Full Drainage Basin Costs
Approximately two-thirds of the Ell Pond watershed is located in Melrose (725 acres). The
remaining area is located in Wakefield and Stoneham. At 275 acres, Area C represents about 38%
of the total Melrose area. Extrapolating, we get a total construction mitigation cost estimate of
$5.34M in Melrose excluding final design engineering, construction administration, and field
project representation. Similarly, the estimated cost to prepare a 604b analysis for the remaining
watersheds in Melrose is $81,600.
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VII. CONCLUSIONS AND RECOMMENDATIONS
CONCLUSIONS
The Ell Pond Stormwater Mitigation 604b Study, Melrose, was completed pursuant to the Scope
of Work issue by the MassDEP: We present the following conclusions:
1. Watershed delineation of Area C, the subject of this study, was completed and determined to
consist of fifteen minor subdrainage areas (labeled A1, A2, A3, B, C, D1, D2, E, F, G, H1, H2,
J1, J2, and J3) based upon the existing piped storm drain network. Area C and the subdrainage
areas were mapped and are shown in Figure 1.
2. A water quality sampling program was completed during two wet weather events. Grab
samples were taken at eleven sampling points in the storm drain manhole system. Samples were
analyzed for the presence of fecal coliform and enterococci expressed as colony forming units
per 100 ml (CFU/100 ml), as well as total suspended solids.
3. Although sample points serving all eleven subddrainage areas showed high fecal coliform and
enterococci concentrations, seven subdrainage areas were found to present relatively elevated
concentrations for both storm events. Of those seven, subdrainage areas H1 and J1 were found to
be characterized with the highest bacteria values.
4. Area C was subject to conceptual, surrogate, BMP design using soil information from NRCS
and TR-55 modeling resulting in 32 locations for proposed BMP systems. Two BMP systems
were located in the northwest portion of Area C (Franklin Field and Franklin Street) to serve all
of subdrainage areas A, B, C, and D, nearly half the entire Area C drainage basin. The other 30
surrogate systems were located in the remaining subdrainage areas as small rain gardens or
subsurface leaching systems.
5. Surrogate BMP systems selected for the City of Melrose will remove up to 90% of pathogens,
70% to 90% of total suspended solids, up to 90% of total nitrogen, 90% total phosphorous, and
90% of metals according to data published in the Massachusetts Stormwater Handbook.
6. The total construction cost for BMP installation at the thirty sites located in subdrainage areas
E, F, G, H and J is estimated at $1.512M including a 20 percent construction contingency but
excluding final engineering design services, field inspection, and construction administration.
7. Seven sites were advanced to preliminary design from conceptual design: two rain garden
systems in subdrainage area J1; three small subsurface systems in subdrainage area H1; and two
large subsurface areas located on Franklin Field and Franklin Street. Soil borings were
completed at each site pursuant to an approved soils SOP, and soils analyzed for permeability.
Topographic and utility surveys were also completed to enable plan refinement and completion.
8. Insitu soils were found to be of very low permeability at all but one location, Franklin Street.
As a result, underdrainage systems became part of all preliminary designs where imported sands
were required in the BMP. At Franklin Street, subsurface soils were found to be moderately
permeable and, so, enable preliminary design of a system without underdrainage.
9. Construction cost estimates for the five small BMP systems ranged from $18,720 to $50,820
(Total = $164,274). The construction cost estimate for Franklin Field BMP was $317,580; the
construction cost estimate for Franklin Street BMP was $197,460. The total construction cost for
BMPs in all seven areas was $679,314.
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RECOMMENDATIONS
Based upon the activities completed in the course of this 604b project in Melrose, it is
recommended:
1. Review the City Capital Improvement Program to determine which surrogate BMP
installations in subdrainage areas E, F, G, H, and J might be coordinated with planned street
reconstruction or related buried utility upgrades. Coordinate that work with subsurface BMP
systems recommended for installation consistent with this Report.
2. Take advantage of funding under the State’s “Complete Streets” program to incorporate small
BMPs into streetscape improvements. [Note: “Complete Streets” is a program administered by
the MassDOT that “provides safe and accessible options for all travel modes - walking, biking,
transit and vehicles – for people of all ages and abilities.”] See below:
http://www.massdot.state.ma.us/highway/DoingBusinessWithUs/LocalAidPrograms/
CompleteStreets.aspx
3. Consider mitigation funding available under the Coastal Pollutant Remediation (CPR) Grant
Program managed by the Office of Coastal Zone Management (CZM) and the 319H Grant
Program managed by MassDEP.
4. Review City funding priorities to determine where and when a “pilot” rain garden might be
installed next summer. Successful installation of a “pilot” garden to mitigate stormwater
pollution to Ell Pond would help contribute to public support for more ambitious implementation
plans in the future.
5. Initiate public outreach to build community support for the BMP installation program outlined
in this 604b Report. Include contact and coordination with the Melrose Conservation
Commission, the Ell Pond Improvement Council, and the Melrose Planning Board.
6. Work with the School Department to incorporate student participation in the location, design,
construction, and maintenance of nearby rain gardens. [Note: the Winthrop Elementary School,
the Franklin Preschool, and the Melrose Middle School are all located in Area C. The Horace
Mann Elementary School is located within 1000’ of some proposed rain garden systems].
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