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Executive Summary 
 
The Ipswich River watershed covers some 155 mi2 and all or part of 22 communities in the 
northeastern coastal plain of Massachusetts.  The entire project assessment area, the Upper 
Ipswich River (MA92-06), is classified as Category 5 waters (Waters requiring a TMDL) 
according to the 2010 303(d) list for Massachusetts.  Impairments listed for the HUC 12 sub-
basin are biota, habitat alteration, low dissolved oxygen, low flow, nutrients, organic 
enrichment/low dissolved oxygen and pathogens. 
 
The negative impacts of impervious surfaces and the installation of stormwater conveyance 
systems on infiltration, recharge, stream hydrology and wetlands is a growing concern in the 
watershed.  Under a Mass DEP 604b grant to the Town of North Reading, (Project Number 2009-
11/ARRA 604), the project partners conducted assessments of stormwater conveyances, 
streambank erosion, sediment plumes at outfalls, and water quality in 15 small-scale catchments in 
the upper Ipswich watershed along the 5-mile stretch between the convergence of the Ipswich 
River with Martins Brook and the Middleton Town line in North Reading.  In Phase I of the 
project, assessment information was used to prepare a Technical Memorandum.  In that 
Memorandum, the 15 candidate sites were assessed and five (5) sites were chosen for more 
intensive study in Phase II of the project, including monitoring water quality and flow during 
storm events.   
 
From those five sites, three sites were selected in order to design low impact, Best Management 
Practices (BMPs) that would mitigate Non-Point Source (NPS) pollution caused primarily by 
stormwater runoff.  In addition, three sites were chosen from the original 15 sites for further 
development of habitat restoration and streambank erosion protection plans along outfall channels.  
 
This report contains conceptual designs to implement BMPs in the catchment to infiltrate or 
improve runoff quality and for catchment remediation.  In every case, there were numerous BMP 
options reviewed to infiltrate runoff, or improve water quality.  However, for the purpose of this 
study, the most feasible and useful method was chosen for each catchment based on the 
experience of the Town and the effectiveness of the method.  The proposed BMPs are as follows: 
 

♦ OF-1 Deep sump catch basins with infiltration chambers 
♦ OF-5  Deep sump catch basins with infiltration chambers and a hydrodynamic separator 
♦ OF-8 Channel drains to infiltration dry wells, roadside infiltration and a bioretention area 

 
This report also contains conceptual plans for streambank restoration and erosion control at three 
priority problem outfalls.  These plans include a comparative cost analysis, feasibility estimates, 
and any permitting requirements.  Based on meetings and correspondence with Town of North 
Reading officials, the most appropriate and cost-effective restoration strategies and BMPs are 
proposed for each priority site as follows: 
 

♦ OF-4,5 Sediment forebay, channel revetments, check dam and revegetation 
♦ OF-9  Riprap, channel revetments, check dam and revegetation 
♦ OF11,12 Sediment forebay, channel revetments and strategic riprap placement 

 
Relevant permits and estimated costs are also provided in this report.
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Part I.  Project Approach 
 
The Ipswich River watershed covers some 155 mi2 and all or part of 22 communities in the 
northeastern coastal plain of Massachusetts.  Despite intense focus on the watershed in recent 
years, the river remains a threatened drinking water, recreational and hydrological/ecological 
resource.  In the early part of this decade, the problems in the watershed were highlighted 
through a number of reports. A 2000 USGS report (Zarriello and Ries 2000) assessed causes of 
low flows in the basin.  In 2001, the Ipswich was classified as highly stressed by the 
Massachusetts Water Resources Commission in their Stressed Basins Report.  In 2003, American 
Rivers classified it as the third most endangered river in the nation, in large part due to excessive 
water withdrawals and reduced infiltration and water storage capacity.  There has also been 
extensive research on watershed nutrient dynamics (Williams et al. 2004; Williams et al. 2005). 
 

During the past decade there has 
also been increased emphasis on 
addressing the problems within 
the watershed.  The 2003 Ipswich 
River Watershed Action Plan 
(WAP) provided the impetus for 
many of these changes.  
Recommendations in the WAP 
included calls to maximize 
recharge of precipitation and 
stormwater runoff to preserve and 
enhance base flow, to design 
stormwater remediation projects 

to increase infiltration and recharge and to improve storage in the groundwater reservoir by 
promoting infiltration of stormwater and roof runoff on both small and large-scales.  Also in 
2003, the EPA established the Targeted Watershed Program and in 2004, a partnership between 
the MA Department of Conservation and Recreation, the Ipswich River Watershed Association, 
the USGS and the municipalities of Reading, North Reading, Wilmington and Topsfield received 
funding for nine demonstration projects highlighting practical low impact development and 
water conservation solutions. 
 
The Upper Ipswich Basin is of particular concern (the Town of North Reading is entirely located 
within the upper basin).  In the past three decades, urbanization and suburbanization and the 
subsequent land use changes associated with them, have strongly impacted both the hydrological 
patterns and the ecological integrity of the watershed.  Zarriello and Ries (2000) reported that the 
upper basin has, on average, 35% more residential development and 22% less forests and open 
space than the lower basin.  This urbanization and suburbanization has impacted precipitation 
runoff processes, surface and groundwater hydrology, water quality, soil erosion and ultimately 
the ecological integrity and stability the wetland, riparian and freshwater communities.  In 
particular, the negative impacts of impervious surfaces and the installation of stormwater 
conveyance systems on natural stream, wetland and riparian forest systems is a growing concern 
(Allan 2004; Lyon 2007; Elmore and Kaushal 2008).  All municipalities in the basin, including 
the targeted community of North Reading, will need to develop cost effective means for 
restoring or minimizing impact, and planning future growth.    
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The entire project assessment area, the Upper Ipswich River (MA92-06), is classified as 
Category 5 waters (Waters requiring a TMDL) according to the 2010 303(d) list for 
Massachusetts.  Impairments listed for the HUC 12 sub-basin are biota, habitat alteration, low 
dissolved oxygen, low flow, nutrients, organic enrichment/low dissolved oxygen and pathogens. 
 
The negative impacts of impervious surfaces and the installation of stormwater conveyance 
systems on infiltration, recharge, stream hydrology and wetlands is a growing concern.  
However, the scale at which to assess and interpret stormwater conveyance impacts is critical 
(Schiff and Benoit 2007).  Working at smaller-scales provides greater spatial resolution to model 
small-scale phenomenon and to examine existing impacts and effects of older stormwater 
conveyance systems.   Small-scale assessments can then be used to produce detailed BMP 
placement and restoration project plans (and cost estimates) that can be used to guide future 
projects to address existing problems. 
 
As noted in the Scope of Work, the goal of this project was to conduct assessments of 
stormwater conveyances, streambank erosion, sediment plumes at outfalls, and water quality in 
15 small-scale catchments in the upper Ipswich watershed along the 5-mile stretch between the 
convergence of the Ipswich River with Martins Brook and the Middleton Town line in North Reading.  
In Phase I of the project, this assessment information was used to prepare a Technical 
Memorandum.  In that Memorandum, the 15 candidate sites were assessed and five (5) sites 
were chosen for more intensive study in Phase II of the project.  From those five sites, three 
sites were selected in order to design low impact, Best Management Practices (BMPs) that 
would mitigate Non-Point Source (NPS) pollution caused primarily by stormwater runoff.  In 
addition, three sites were chosen from the original 15 sites (Figure 1) for further development of 
habitat restoration and streambank erosion protection plans along outfall channels. 

 

This Final Report represents a culmination of the work on Phase I and Phase II of this project 
Overall, the key activities and tasks that were conducted include: 
 

1) Preparing a Quality Assurance Project Plan (QAPP) – Phase I 
2) Assessing streambank erosion and sediment plumes – Phase I 
3) Sampling catchment water quality during storm events – Phase I and II 
4) Preparing conceptual plans and cost estimates for three stormwater mitigation sites – 

Phase II  
5) Preparing conceptual plans and cost estimates for three habitat restoration/erosion 

protection plans – Phase II 
6) Providing this Final Report on project activities and recommendations – Phase II 
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Figure 1.  Map of the locations of the original 15 study outfalls/catchments along the 
Ipswich River in North Reading, MA.  The outfalls analyzed and discussed in this 

report are a subset of these original 15 sites. 
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Selection of Five Outfalls/Catchments for Phase II Study 
 
Based on the Technical Memorandum for the project (Lyon and Nicosia 2011 – Appendix A), 
the original 15 candidate sites were assessed based on the individual parameters and 5 sites were 
chosen for further stormwater analysis.  The results presented in the Technical Memorandum 
clearly indicated that at all 15 outfalls, stormwater runoff water quality was impaired to varying 
degrees.  Those results validated that these 15 catchments are all acting as sources of nonpoint 
source pollution.   However, no one outfall or subset of outfalls stood out as more problematic as 
a source(s) of pollution entering the Ipswich River in North Reading.  Sources of impairment 
were indeed diffuse.  Each outfall however, had unique qualities, including differences in 
catchment area, impervious surface, water quality, sediment plumes, direct wetland versus 
Ipswich River impacts and potential for future remediation.   
 
All of the outfalls have existed for 40 years or more so the length of time that the sediment has 
been collecting is difficult to state. Major floods have occurred in the Ipswich River in the past 
decade which could have swept away sediment plumes for those outfalls nearest the river 
channel.  Overall, sand plume area, volume and topography varied greatly, as did the volume of 
runoff at each outfall.   
 
Since all outfalls delivered impaired water to wetlands adjacent to the Ipswich River or the 
Ipswich River directly, an argument can be made that water quality improvements implemented 
in any of the catchments would reduce nonpoint source pollution to the Ipswich. 
 
Given the complexities of the different facets at each site, an overall site ranking was performed 
based on the key criteria analyzed and assessed in this study, namely Sediment Plume Volume, 
Runoff Volume, Erosion Hazard Index, Habitat Degradation, Water Quality and Remediation 
Feasibility.   The results of these rankings are shown in Table 1.  Based on these overall 
rankings, we chose the following five outfalls be used in Phase II of this study: 
 

• OF - 4 
• OF - 5 
• OF - 3 
• OF - 8 
• OF – 1 

 
Though outfalls 1 and 11-12 had equal total rankings (score of 15), we used feasibility as the tie-
breaker.  In addition, as part of Phase II work we also propose a conceptual site restoration plan 
for OF – 9 and road sanding policies (non-structural BMPs) will be discussed with the Town of 
North Reading to address OF – 7.
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Table 1.  A summary of outfall site rankings based on the  

Technical Memorandum report (Lyon and Nicosia 2011 – Appendix A). 
 

Outfall 
Runoff 
Volume 
Rank 

Erosion 
Hazard 
Index 
Rank 

Sediment 
Plume 

Volume 
Rank 

Water 
Quality 
Rank 

Habitat 
Degradation 

Rank 
Feasibility 

Rank Sum 

1 2 3 1 2 2 5 15 
2 2 3 1 2 2 1 11 
3 3 3 1 1 3 5 16 

4-5 4 3 5 3 4 5 24 
6 1 3 1 1 3 1 10 
7 1 3 3 1 1 1 10 
8 2 3 1 3 3 5 17 
9 2 3 1 3 1 1 11 

10 3 3 2 1 2 1 12 
11-12 5 3 2 3 1 1 15 

13 1 3 1 2 3 1 11 
14 1 3 1 2 3 1 11 
15 1 3 1 2 3 1 11 

 
 
In addition, the above rankings were used to identify three priority sites for which to develop 
conceptual plans for streambank restoration and erosion control.  Based on this analysis in 
conjunction with new information provided by the Town of North Reading since the submission of 
the Technical Memorandum in January 2011, the top priority sites for restoration were identified 
as: 
 

• OF 4-5 
• OF 9 
• OF11-12 

 
All three of these sites are areas where the primary impact of runoff is on wetland habitats as 
summarized below. 
 

Level of Potential Wetland Impacts 
 
Outfall      Area of Plume – ft2  Wetland Type(s) 
 

OF 4-5 7108   wooded deciduous swamp 
OF- 11-12 1317   wooded deciduous swamp 
OF-9 1287   wooded deciduous swamp & shrub swamp 
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Part II.  Storm Event Sampling Results 
 
Storm event flow rate and water quality sampling were difficult during the Phase II study period, 
from January to April 2011.  These difficulties were due, primarily, to four key factors: 
 

(1) High water levels in the Ipswich River (Figure 2);  

(2) Extensive snow cover, physically covering outfalls (Figure 3);  

(3) Difficulty of teasing apart precipitation based-flow versus snowmelt induced flow at outfalls 
during late winter rain fall events (Figure 3); and  

(4) Storm events occurring over night causing logistical and safety problems with undergraduate 
student assistants.   

Nonetheless, data were collected for 3 storm events during this period and some data were 
available from rainfall events in August and December, 2010. 

 

 
 

Figure 2.  A summary of the daily mean discharge on the Ipswich River at South Middleton, MA, from 
August 2010 through April 2011.  The hydrograph highlights the relatively high flows on the River 

during the winter and spring study period. 
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Figure 3. A summary of precipitation, snow water equivalent and snow depth modeled for Andover, MA 
(18170_MADIS) from the period of 1 December 2010 to 15 March 2011.  The graph was created by 

accessing: www.nohrsc.noaa.gov/interactive/html/graph.html?station=1817O_MADIS.  There was snow 
cover during most of the sampling period and also mixed precipitation events so both collecting and 

analyzing flow and water quality data for storm events were problematic. 
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A total of seven (7) qualifying rainfall events occurred during the time period after the Technical 
Memorandum was approved in January 2011 and up to the 30 April 2011 period that represents the 
end of the field portion of the project.  A summary of the rainfall event characteristics for the three 
(3) storm event dates were data collection was possible is presented in Table 2 along with rainfall 
event data relevant to Phase I of this study. 
 

Table 2.  Rainfall event characteristics for all sampling dates that were part of this study. 
  
Date      Total Rainfall (in) Total Duration (hr) Max Intensity (in/hr) Avg Intensity (in/hr) 
 

Storm Events where Grab Samples were Taken and Results Reported in Technical Memorandum (Phase I) 
 

8/5/10 0.61 9.25 0.14 0.07 
8/23/10 1.60 19.00 0.21 0.08 
12/12/10 1.93 18.25 0.27 0.10 
 

Storm Events where Grab Samples were Collected during Entire Storm Event (Phase II) 
 

3/7/11 1.36 14.00 0.34 0.10 
4/13/11 1.45 11.50 0.23 0.13 
4/23/11 0.71 11.00 0.17 0.06  
 
 
Rainfall hyeterographs were also constructed for the three Phase II storms.  They are presented in 
Figure 4, which has rainfall data summarized by hourly totals. 
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Figure 4. Hyetographs of the three Phase II rainfall events. 
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During each of the three storm events noted in Table 2 and Figure 3 (3/7/11, 4/13/11, 4/23/11), 
grab samples (1 L volume for TSS and 500 mL for all other parameters) were manually taken at 
15 min intervals during the first 1 hour and subsequently at 60 min intervals until flows 
decreased to marginal rates. At the time of all the grab samplings, water depth in the outfall 
culvert and flow were measured to calculate runoff flow volumes. 
 
Table 3 summarizes some of the key characteristics of the five catchments, corresponding to 
water quality and flow measurements at the five outfalls studied under Phase II of this study.  
The runoff values in Table 3 were used as predictions for runoff values and these were compared 
to the observed runoff values for each of the relevant storms and catchments.  Details on how 
these values were calculated can be found in the Technical Memorandum. 
  
 
 

Table 3.  A summary of outfall catchment characteristics analyzed in Phase II of the study. 
 

Analysis of Outfall Catchment Area, Connected Impervious Surface, and 1" Runoff Volume 

Outfall 
ID 

Catchment 
Area 
(m2) 

Catchment 
Area 
(ft2) 

Connected 
Impervious

(ft2) 

% Catchment 
Connected 
Impervious 

Volume 
Runoff  - 1" 

(ft3) 

Volume 
Runoff 

Acre-feet 

1 85,777 922,961 93,426 10.1 7,782 0.18 
3 111,815 1,203,127 198,471 16.5 16,533 0.38 
4 54,929 591,251 84,432 17.4 7,033 0.16 
5 110,421 1,188,560 161,122 21.5 13,421 0.31 
8 33,250 357,775 114,308 31.9 9,522 0.22 
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Flow and Hydrograph Results 
 
Flow was measured at 15 minute intervals during each storm event.  Hydrographs were plotted 
for each storm event and are shown in Figure 5. 
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Figure 5.  A summary of hydrographs for the select outfall sites during three storm events.  Due to high 
water elevations in the Ipswich River, it was not possible to ascertain flow at some sites on 3/7/11; OF-3 

was totally submerged on that date and OF-4 and OF-5 were partially (>50%) submerged. 
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Comparison of Predicted Versus Observed Flow Volumes 
 
Based on the predictions presented in the Technical Memorandum, we compared those 
predictions with the observed flow during the three major storm events in Phase II of the study.  
In Phase I of the project, all fifteen outfalls (and their catchments) were ranked for design storm 
runoff given a 1” rainfall event.  These calculations were based the Lloyd-Davies Rational 
Method, which is based on catchment area and the area of directly connected impervious area 
(DCIA) in the catchment. 
 
 

Table 4.  A comparison of predicted runoff values (calculated via Lloyd-Davies Rational Method) 
versus observed values at the conclusion of three rainfall events in 2011.  The Diff % columns refer to 
the percentage the observed values were greater (+) or less than (-) the predicted runoff volumes.  All 

runoff volumes are storm totals and are presented in units of ft3. 
 

Runoff for 3/7/11 
1.36” Rain Event 

ft3 

Runoff for 4/13/11 
1.45” Rain Event 

ft3 

Runoff for 4/23/11 
0.71” Rain Event 

ft3 OF 

Lloyd-
Davies 

Predicted 
1” runoff 

ft3 Pred Obs Diff 
% Pred Obs Diff 

% Pred Obs Diff 
% 

1 7782 10584 11345 +7.2 11284 9978 -11.6 5525 4980 -9.9 
3 16533 22485 nd nd 23973 21456 -10.5 11738 11237 -4.3 
4 7033 9565 nd nd 10198 9903 -2.9 4993 4862 -2.6 
5 13421 18253 nd nd 19460 18023 -7.4 9529 8815 -7.5 
8 9522 12950 13567 +4.8 13807 12502 -9.5 6761 6332 -6.3 

 

Note: nd means not determined due to high flows in the Ipswich River resulting in the outfalls being >50% 
submerged (OF-4 and 5) or completely submerged (OF-3). 

 
 
The results in Table 4 indicate that the observed values slightly exceeded the predicted on the 
3/7/11 event.  This is not surprising due to the recent melting of the extensive snow pack and 
saturated soil conditions (Figure 3).  On the subsequent dates, 4/13 and 4/23, the predicted values 
exceeded the observed values in all cases.  This may be due to dryer soil conditions and the lack 
of antecedent rainfall.  Before the rain event on 4/13, there was a 12 day antecedent rain free 
period and before the rain event on 4/23, there was a 6 day antecedent rain free period. 
 
Overall, the Lloyd-Davies Rational Method gave reasonable runoff predictions; the vast majority 
of difference values presented in Table 4 were within 10% of the observed values.  Given the 
reliability of these predictions, no further modeling was conducted. 
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Total Suspended Sediments (TSS) - The TSS results for the three sampled storm events are 
shown in Figure 6.  These results clearly indicate that TSS levels are highest during the early 

portion of the storm event 
and as part of the first flush 
of the storm.  All five 
catchments/outfalls 
exhibited similar patterns 
across the three storm 
events.  These results 
highlight the importance of 
catching sediments as part 
of the first flush of rainfall 
events.  This is especially 
true in late winter and early 
spring when road sand is 
more likely to be part of 
stormwater runoff. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.  A summary of 
TSS results for the three 

storm events in Phase II of 
this study.  The Y-axis 

(TSS) is at the same scale 
on all three of the figures.  
TSS is reported in mg L-1. 
 
 

8:
15

8:
30

8:
45

9:
00

9:
15

10
:1

5

11
:1

5

12
:1

5

13
:1

5

14
:1

5

15
:1

5

16
:1

5 OF-1

OF-3

OF-4

OF-5

OF- 8

0
10
20
30
40
50
60
70
80
90

100

TSS - mg/L

Time of Day
Out

fa
ll S

ite

TSS Data for 3/7/11 Storm Event

10
:0

0
10

:1
5

10
:3

0
10

:4
5

11
:0

0
12

:0
0

13
:0

0
14

:0
0

15
:0

0
15

:0
0

17
:0

0
18

:0
0

19
:0

0
20

:0
0

21
:0

0 OF-1

OF-3

OF-4

OF-5

OF- 8

0.0

20.0

40.0

60.0

80.0

100.0

TSS - mg/L

Time of Day
Outf

all
 S

ite

TSS Data for 4/13/11 Storm Event

12
:0

0
12

:1
5

12
:3

0
12

:4
5

13
:0

0

14
:0

0
15

:0
0

15
:0

0
17

:0
0

18
:0

0

19
:0

0
20

:0
0

21
:0

0 OF-1

OF-3

OF-4

OF-5

OF- 8

0.0

20.0

40.0

60.0

80.0

100.0

TSS - mg/L

Time of Day
Outf

all
 S

ite

TSS Data for 4/23/11 Storm Event



 

Final Report and Recommendations 

 

14

14 

Total Phosphorus [total P] – Total phosphorus was also monitored at the five outfalls during the 
3 storm events analyzed in Phase II of the study.  All total P units are µg L-1.  Figure 7 summarizes 
the total P results 
. 
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Figure 7.  Total P concentrations in stormwater at the five outfalls 
plotted versus time (minutes) of the three Phase II rainfall events. 
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Total P Loadings - In addition to just analyzing total P concentration data over time, the 
loadings were also determined by combining flow and concentration data.  During each storm 
event, flow was determined at 15 minute intervals.  In order to use this relatively full flow data 
set with total P samples collected every hour (after first flush), we interpolated total P 
concentrations between the sample points linearly.   We used the Microsoft Excel add-on called 
XLInterp, developed by Techware Engineering Applications, Inc.  We used the linear method 
that finds two points in the table that bracket the input value, constructs a straight line through 
those points and finds the value along that line (http://www.techwareeng.com/ProdXLI.html).  
 
The XLInterp interpolation, while not truly capturing the temporal detail and variations in total P 
concentrations, it does yield an estimate of the total amount of total P going through the outfall 
during a storm event.   The results of the total P loadings over time are presented in Figure 8 for 
the 4/13/11 and 4/23/11 storm events. 

 

 
Figure 8.  A compilation of total P loadings determined for 15-minute intervals at all  

Phase II outfalls for the rainfall events on 4/13/2011 and 4/23/2011. 
Please note the different y-axis scales for each date. 
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Event Mean Concentration (EMC) - The EMC was calculated by dividing the total mass of the 
phosphorus exiting the outfall by the total volume of runoff exported from the catchment.  The 
EMC for the five study outfalls is given below. 
 

 EMC – Total P µg L-1 
OF-1 23 
OF-3 37 
OF-4 49 
OF-5 50 
OF-8 37 
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Chloride – Chloride concentrations during storm events was also analyzed.  The chloride results 
are shown in Figure 9.  Overall, chloride showed similar temporal peaks across the five outfalls. 
 

 
 

 
 
Figure 9.  A summary of chloride concentration results for the three rainfall events and the five outfall sites. 
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Part III.  Meetings and Communications with Town Officials 
 
Prior to developing either conceptual plans for catchment remediation or conceptual plans for 
streambank restoration and erosion control, meetings and communications with key Town 
officials were held.  A summary of those discussions is provided below. 
 
February 2010 - Construction history of each of the 15 study catchment area was discussed with 
Mike Soraghan, P.E., Town Engineer in North Reading 
 
April 2010 – Email communications with Mike Soraghan regarding final revisions of project 
QAPP. 
 
June 2010 – Training meeting on the use of the laser level by Mike Soraghan, to Jon Lyon, Janet 
Nicosia, and Robert Jackson. GIS training attended by Mike Soraghan at Merrimack College.  
Janet Nicosia and Mike Soraghan met at Town Hall to compile GIS data for the project. 
 
September 2010 – Field meeting to review shoreline restoration work as part of a previous s.319 
grant to Martins Ponds.  Attending were Jane Peirce (DEP), Rush Cohen (DER), MaryJo 
Feuerbach (USEPA), Rich Tomczyk (DEP), Mike Soraghan, Janet Nicosia and Jon Lyon.  The 
discussion included both previous restoration efforts and how these related to ongoing 604b 
work and planning. 
 
October 2010 – Meeting at Town Hall to discuss Town Center infiltration and look at blueprints 
for the new Batchelder School, because the GIS storm system layer was out of date and did not 
include the new school.  Additional discussions at this meeting included maintenance practices, 
dates of construction of outfalls, and future plans for construction along the Ipswich River. 
                                                
November 2010 – Preliminary Technical Memorandum study results for each outfall and 
catchment were reviewed with North Reading DPW Director Dick Carnevale to assess the 
feasibility of BMP installation and plume remediation.  A key result of this meeting was the 
inclusion of a ‘feasibility’ category in the ranking of outfall sites for further study and potential 
remediation. 
 
January 2011 – Draft of Technical Memorandum was circulated for review to Mike Soraghan. 
 
April 2011 – A meeting with Mike Soraghan, Janet Nicosia and Jon Lyon was held at the North 
Reading Town Office to discuss and review preliminary catchment remediation plans as well as 
habitat restoration and erosion control plans.  Many matters were discussed, including design 
plans, feasibility, appropriate materials, costs, labor, match and operation and maintenance. 
 
Throughout the grant period Town officials were accessible via email or phone to discuss 
questions along the way that did not require face-to-face meetings.  In addition, all progress 
reports were submitted and approved by Mike Soraghan and the Town Administrator Greg 
Balukonis, as signatory, prior to submission to DEP. 
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Part IV. Conceptual Plans and Cost Estimates for Catchment Remediation 
 
Based on all the analysis contained in the Technical Memorandum, the top five ranked outfalls 
selected for further study were: 
  
 OF 1    Park Street and Central Street 
 OF 3    Park Street at Duval 
 OF 4 and 5   Park Street at North Reading High School 
 OF 8  Park Street at Bridge 
 
Introduction 
This section includes the rationale for choosing or not choosing the catchment for the installation 
of best management practices (BMP) taking into consideration site characteristics and key 
factors.  Factors affecting the choices of locations can be physical, such as separation to 
groundwater, or the availability of land, or political, such as the imminent reconstruction of the 
area. The locations of the BMPs to be implemented are described and mapped.   
 
Based on the locations chosen, a conceptual design was created to implement BMPs in the 
catchment to infiltrate or improve runoff quality.  In every case, there are numerous BMP 
options that could be used to infiltrate runoff, or improve water quality.  However, for the 
purpose of this study, the most feasible and useful method was chosen for each catchment based 
on the experience of the Town and the effectiveness of the method.    
 
In addition, a total cost for implementation is estimated and presented at the end of each 
conceptual plan.  In most cases the cost categories consist of:  Purchase and Installation; 
Engineering and Testing; Landscaping and Paving; and Police Details.   
 

♦ Purchase and Installation charges include all materials, earthwork, concrete, in order to 
install the particular device.   

♦ Engineering and Testing includes final engineering design adhering to strict stormwater 
standards using modeling, professional surveying for determination of Town controlled right-
of-way, and infiltration test pits used to determine the capacity of the current location to 
infiltrate runoff, determine the rate, and check for the appearance of ledge.   

♦ Landscaping and Paving includes returning the area to finished grade, re-paving excavated 
areas, and possibly re-establishing disturbed vegetated areas.   

♦ Police Details are required when traffic is detoured around work sites in North Reading.  
One police officer detail costs approximately $375-450 per day.  In some of these locations 
on busy streets, two officers will be required. 

 
It is important to note that the costs listed here are total costs, building in a 10% contingency for 
construction cost increases.  Actual costs could be reduced by the North Reading Department of 
Public Works performing some of the road work as in-kind services (at no charge).  Costs in 
these estimations should therefore represent the top end pricing. 
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OF-1 Park Street and Central Street    
 
Rationale 
Central Street is due to be reconstructed within the next few years.  The stormwater conveyance 
in this area is old, and some of the catch basins would need to be replaced during construction.  
There is no significant Town owned land in the area that could be used for centralized 
infiltration, however the roadway itself and its right-of-way are a good candidates for sub-
surface infiltration.   
 
According to Natural Resources Conservation Service (NRCS) soils data, the average 
groundwater depth in this area is 6 feet or more of Canton fine sandy loam, classified as 
Massachusetts hydrologic group B (Figure 10).   
 
Location 
Nine catch basins along Central Street collect runoff and deliver it to OF-1 (Figure 10).  Since a 
curb and gutter storm system already exists in this location, the retrofit will consist of removal of 
existing catch basins and replacing them with deep sump units in the same location, along with 
connection to adjacent stormwater infiltration chambers where feasible after testing. 
 

 
 

Figure 10. Existing stormwater conveyance system on Central Street, overlaid with  
NRCS soils depth to groundwater estimations. 
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Conceptual Design 
The infiltration method chosen for OF-1 is the implementation of deep sump catch basins with 
StormTech or similar infiltration chambers at feasible sites along the storm drain system.   
 
This method is familiar to the Town, as a similar configuration was recently installed along 
North Street under an s.319 grant project in the fall of 2010.  Given the Town’s experience and 
ease of installation of these units, and the economy of scale that would be realized when 
maintenance is scheduled, the Department of Public Works favors this method for OF-1.   
 
Central Street is already configured with conduit, catch basins, and an outfall.  Retrofitting the 
catch basins within the same footprint as the existing ones reduces the possibility of conflict with 
other utilities.  Locations of the chambers, however, may be altered upon further investigation. 
Subsurface recharge systems, like the example chosen here, store runoff to allow for its gradual 
infiltration.  Pollutants are removed by the soil.  The deep sump catch basin and cleanouts 
prevent excessive sediment 
from entering the system and 
clogging the system.  
 
Figure 11 shows a schematic 
of a typical subsurface 
chamber infiltration system 
and deep sump catch basins 
from the Massachusetts 
Nonpoint Source Pollution 
Management Manual, Chapter 
3 Urban Stormwater Runoff.  
Figure12 shows a schematic of 
a typical deep sump catch 
basin. 

 
 
 

Figure 11.  Example of 
subsurface infiltration systems.  

(http://www.mass.gov/dep/water/r
esources/nonpoint.htm) 
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Figure 12.  Example of deep sump catch basin. 
 (http://www.mass.gov/dep/water/resources/nonpoint.htm) 

 
According to the StormTech calculator each SC-740 chamber can store 88.4 cubic feet of water.  
Given the best case scenario of infiltrating all first flush one inch of runoff from this catchment 
area of Central Street this would require 57 chambers requiring over 2,000 square feet of bed 
size.  Cost below is calculated using this best case scenario with maximum infiltration of all 
Central Street first flush achieved.  Actual finalized engineered designs may require alteration 
given site restraints and actual test pit and utility site results. 
 

 
Manufacturer’s drawing of Storm Tech of infiltration chambers. 

StormTech, subsidiary to Infiltrator Systems, Inc, 2002. 
 
 
Technical references are attached in Appendix B, including StormTech Tech Sheet and chamber 
installation specifications. 
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Potential retrofit locations for Central Street are shown on the GIS map below (Figure 13).  The 
infiltration chamber areas total over 2,100 square feet as required to store and infiltrate the first 
one inch of runoff.   
 

 
 

Figure 13. Retrofit sites for deep sump catch basins and infiltration chambers on Central Street. 
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Costs 
Installed cost of Storm Tech Systems installed range from $3.50 to $7.00 per cubic foot of 
storage according to their calculator.  Storage needed for Central Street is approximately 5,000 
cubic feet given first flush 1 inch of runoff.  According to StormTech and the StormTech 
calculator (http://www.stormtech.com/resources/calculator.html) this would result in 
approximately $18-35,000 cost installed. 
 
 

 
 
 
The StormTech calculation does not include engineering design, catch basin replacement, 
associated piping, police details, or paving and landscaping needed to restore disturbed areas.  
The area that would need to be excavated in order install the units is significant.  North Reading 
recently installed similar units onto three catch basins along North Street, including retrofitting 
deep sumps and total project costs including DPW crew labor totaled roughly $65,000.  The cost 
of the chambers themselves was under $150, and only 7 were installed.  The majority of the cost 
is engineering and roadway construction. 
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Estimated Cost of First 1” of Runoff Infiltration on Central Street (OF 1) 
 

♦ Replace 9 catch basins with deep sumps $70,000  

♦ Excavation/Installation of 57 StormTech Units* 35,000 

♦ Engineering, Surveying, Testing 25,000 

♦ Paving and Landscaping 30,000 

♦ Police Details 15,000 
    
 Total $175,000 
 
 *or similar units 
  



 

Final Report and Recommendations 

 

26

26 

OF-3 Park Street at Duval, and OF-4 and OF-5 Park Street at North Reading High School 
 
Rationale 
The catchments for OF-3 and OF-4 consist of impervious surface primarily from the North 
Reading Middle School and North Reading High School (Figure 14).  The Town is currently 
meeting with the Massachusetts School Building Authority with proposals to renovate, rebuild or 
combine both schools.  This major construction will be subject to the Town’s MS4 stormwater 
permit.  There is an excellent oppportunity for infiltration to be incorporated into the design, and 
it will to a certain extent, be required. 
 
The separation to groundwater should afford infiltration opportunities in the Middle School area 
with low impact best management practices such as porous pavement, downspout drywells, 
infiltration basins and swales.  The High School site is hilly and separation is variable.  
Stormwater management during construction at these sites should be a priority as it will reduce 
the supply of runoff to the outfall. 
 

 
 

Figure 14. Existing stormwater conveyance system on Central Street, overlaid with  
NRCS soils depth to groundwater estimations. 
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As noted in the Technical Memorandum, OF-5 has evidence of water quality issues and is not in 
line for upcoming reconfiguration, so is a good candidate for BMP’s.  The sediment plume at 
OF-4 and OF-5 which is combined, is the largest by far at 182 cubic yards of sediment. 
Promoting infiltration within the contruction plans for the two schools, beyond required 
stormwater management, should be a priority for the North Reading stormwater program. 
 
Explanations for the volume of sediment at OF-4 and 5 include: (1) over sanding in the center of 
Town as requested by the Fire and Police; (2) over sanding due to the steepness of Tower Hill 
which gets very icy during the winter; and (3) given that Tower Hill has no stormwater 
conveyance system, the roadway itself acts as the conveyance for runoff.   
 
Infiltration along Tower Hill or Hill Street may be possible.  Tower Hill is steep so is not a 
candidate for vegetated swales along the roadway or porous pavement. If locations can be sited 
for sub surface infiltration the road’s icy conditions could be improved while providing 
improved infiltration.   
 
Infiltration at Peabody Court senior living area (Figure 15) may be difficult due to on-site septic, 
however diversion of downspouts to grassy areas around the buildings can be easily 
accomplished at little cost at many locations within the complex.  Numerous catch basins divert 
runoff to the outfall because the on-site septic has a history of failure.  Should the Town’s plan to 
sewer this area come to fruition, the need for a septic could be eliminated and the infiltration 
capacity of the site could be used infiltrate stormwater. 
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Figure 15. Peabody Court senior living complex has grassy areas where downspouts may be diverted, 
however several catch basins to remove runoff due to concerns about the septic system. 

 
Location 
The best opportunities for BMPs are Tower Hill Road and adjacent to the outfall on Park Street. 
Best management practices selected for OF-5, include a hydrodynamic separator installed near 
the OF-5 outfall to help capture sediment and oils to reduce the sediment exiting the outfall, and 
a series of sub-surface infiltration chambers along Tower Hill Road. Sub surface chambers are 
described above in the OF-1 retrofit (Figure 16).  
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Figure 16. OF-5 Retrofit locations and conceptual plan. 
 



 

Final Report and Recommendations 

 

29

29 

Conceptual Design 
Hydrodynamic separators are structures designed to separate and settle sediments and remove 
other pollutants while allowing the flow through of runoff (Figure 17).  The action of the water, 
swirling through the unit, is used to drop out sediment before the runoff is allowed to continue 
out of the unit.  Placing the unit adjacent to the OF-5 outfall allows for the maximum reduction 
in sediment prior to runoff being delivered to the Ipswich River.  Park Street in this area is high 
traffic and sanded heavily due to its proximity to emergency services in North Reading’s Town 
Center. 
   

 
 

Figure 17. Stormceptor hydrodynamic separator showing flow designed to remove sediment. 
(http://www.georgetowncountycleanwater.com/housekeeping/)  

 
The Rinker Stormceptor hydrodynamic separator, properly sized and maintained, can remove up 
to 75% of sediment from runoff (see Appendix C, State of New Jersey evaluation).  The Town 
will enjoy an economy of scale by using a hydrodynamic separator similar to the Rinker unit 
installed in 2009 on Batchelder Avenue.  Vacuum services are billed at a four hour minimum, 
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and the Town only has one hydrodynamic separator.  The maintenance and cleaning of this 
additional separator would only increase the cost of maintenance by the detail charge for a police 
officer since this is a busy street.  Similarly, when maintenance is required for the infiltration 
chambers, if the Town uses similar units one contractor can bid on the cleaning of all units at 
once.  
 
One inch of runoff volume from connected impervious area at Tower Hill and Hill Street to be 
served by the infiltration units is approximately 3,300 cubic feet. Using the formula below, 38 
chambers would need to be installed to store the first one inch of runoff from this section of 
Tower Hill and Hill Street. 
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Costs 
 
Estimated cost of hydrodynamic separator installed: 
 

♦ Install Rinker* hydrodynamic separator $50,000 

♦ Engineering, Surveying, Testing 10,000 

♦ Paving and Landscaping 20,000 

♦ Police Details 10,000 

 
  Total $90,000 

 
 
Estimated cost of infiltration of first 1” of runoff on Tower Hill Road and Hill Street: 
 

♦ Install 6 new catch basins with deep sumps $45,000  

♦ Excavation/Installation of 38 StormTech Units* 25,000 

♦ Engineering, Surveying, Testing 15,000 

♦ Paving and Landscaping 20,000 

♦ Police Details 10,000 

 
Total $115,000 

  
*or similar units 

 
 
Total Retrofit Conceptual Design Cost for OF-5 $205,000 
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OF – 8 Park Street at Bridge 
 
Rationale 
The OF-8 catchment contains several historic town buildings, including the Damon Tavern, the 
Building on the Common, and the Flint Memorial Library (Figure 18).  Along Bow Street are 
several areas where runoff can be infiltrated using tree box filters.  Tree box filters could 
intercept and infiltrate runoff currently running down the street to the catch basins in front of the 
Library.  Tree box filters could also be retrofitted along Parks Street in along the side of the 
Library.  The Town maintains two parking areas in this catchment at the Building on the 
Common and the Library. 
BMP designs for this catchment take advantage of Town-owned land and install diffuse BMPs at 
several locations.  The entire area shows average groundwater separation estimated at 2 to 2.5 
feet, so each location will have to be tested for suitability.   
 
Location 
Locations chosen are the Town Common parking area, and roadside infiltration along Bow and 
Park Streets.  Impervious area which drains to OF-8 is delineated in black in Figure 18. 
 

 
 

Figure 18.  GIS map of the existing stormwater conveyance system on Pearl Street,  
overlaid with elevation raster. 
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Conceptual Design 
Design ideas for this catchment include channel drains at the Town Common, and roadside 
infiltration using tree box filters along Bow and a bioretention area on Park Street adjacent to the 
Library parking lot.  
  
Under a current grant, the Town is proposing a rain garden and roof drain drywell to infiltrate the 
roof runoff from the Building on the Town Common.  The parking area is sloped and not a good 
candidate for porous pavement.  Channel or trench drains along the three exits of this parking 
area, with dry wells or infiltration trenches, will be able to infiltrate the first one inch of rainfall 
before it exits to the street.  Channel drains are less expensive than porous pavement and can be 
used in sloped areas.  The associated dry well or infiltration trench areas will need to be tested 
for infiltration capacity.  All construction within this Historic District also must be approved by 
the local Historic District Commission.  
   
Trench drain infiltration uses a trench drain; also known as a strip drain, slat drain, or channel 
drain installed across the driveway as close as possible to the street, in order to intercept and 
divert driveway runoff to permeable areas (Figure 19).  The runoff may be directed to infiltration 
trenches, dry wells, or other stormwater infiltration methods (Figure 20.  Trench drains are useful 
to intercept runoff from sloped driveways. The drains are set in concrete in order to keep their 
integrity under the weight of vehicles. Small catch basins with cleanouts are installed between 
the trench and the receiving infiltration method. 
 

    
 

Figure 19.  Trench or channel driveway drain Sources: StormDrain Water Management Systems, 
“Surface water drainage products,” Fernco, Inc., http://www.fernco.com/stormdrain (accessed 7/15/10), 

Bodine Construction Services, Inc., “Yard & surface drainage,” Bodine Construction Services, Inc., 
www.bodineconstruction.com (accessed 7/15/10). 
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Figure 20. Infiltration dry well (above) and infiltration basin or swale (below). 
http://arcfluidideas.blogspot.com/p/sustainable-urban-drainage-suds.html 

 
 
Tree box filters are roadside underground structures that use bioretention to collect and treat 
stormwater (Figure 21).  Planted with trees, these are aesthetically pleasing along the roadway. 
 

 
 

Figure 21. Filterra Tree Box photo and schematic (see Appendix D).   
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This design proposes six tree box filters be placed along Bow Street to reduce and infiltrate 
roadway runoff.  Overflow will connect to the existing storm drain system.  The Library parking 
lot storm drain connects to Park Street through a grassy area.  We propose construction of a 
vegetated bioretention depression served by the parking lot catch basin, with overflow 
continuing on to the existing storm drain system.  Figure 22 provides an example of a parking lot 
bioretention area.  The conceptual design shows the bioretention along Park Street, however, it is 
possible that it can be located at the back of the parking lot instead. 
 

 
 

Figure 22. Example of bioretention cell served by parking lot runoff.  (www.cleanwatermn.org) 
 
 
Both tree box filters and bioretention cells collect, filter, and infiltrate stormwater, with an 
aesthetically pleasing outward appearance and design. Each are equipped with overflow pipes so 
they are not damaged by heavy storms.  Trees and plants must be selected carefully as they will 
encounter periodic inundation and salt. 
 
A summary of all the proposed BMPs for the catchment associated with OF-8 is provided in 
Figure 23. 
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Figure 23.  A summary of proposed BMPs in the catchment associated with OF-8. 
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Costs 
 
Estimated cost Town Center BMPs: 
 

♦ Install three channel drains at Town Common parking lot $20,000 

♦ Install three tree box filters along Bow Street 30,000  

♦ Install bioretention cell at Library parking lot 25,000 

♦ Engineering, Surveying, Testing 25,000 

♦ Paving and Landscaping 20,000 

♦ Police Details   
 10,000 

    
 Total $130,000 
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Catchment Remediation Project Permit Requirements 
 
The three proposed catchment remediation plans would be evaluated with the North 
Reading Conservation Agent and Town Engineer to determine if a Request for Determination of 
Applicability (RDA) is required. An RDA determines whether: (1) the provisions of the 
Massachusetts Wetlands Protection Act (MGL c131 s40) apply to a particular land area to be 
disturbed, determine the boundaries of a wetland resource area, or other circumstances under 
which proposed work would be regulated by the Act; and/or (2) MGL Chapter 91, the Public 
Waterfront Act, and the regulations implementing that Act, 310 CMR 9.00, apply to the area of 
land, water or activity thereon as described in the project plan. 
 
The Wetlands Protection Act prohibits the removal, dredging, filling, or altering of wetlands 
without a permit. A Notice of Intent (NOI) is required to obtain such a permit.  Some of the 
proposed excavation will take place within the wetland buffer zone. However, much of the work 
consists of retrofit of existing structures, improving water quality and reducing runoff quantity. 
Drainage work as described in this proposal would be reviewed by location, method, and 
disturbance to determine applicability.  Each BMP would be individually assessed for 
applicability. 
 
Trench permits are a requirement in Massachusetts after several workers were injured and killed 
by collapsing trenches (Excavation and Trench Safety Regulation 520 CMR 14.00 - see: 
http://www.mass.gov/Eeops/docs/dps/inf/inf_trench_fact_sheet.pdf ). 
 
Infiltration units would have to be registered under the Underground Injection Control (UIC) 
registration program, a new database monitoring method DEP has created in order to know 
where water is being infiltrated for emergency response and contamination source tracking.  The 
sites could be registered online at: http://www.mass.gov/dep/water/drinking/uic.htm. 
 
None of the proposed remediation projects are located in Estimated Habitat of Rare Wildlife (as 
provided by the Natural Heritage and Endangered Species Program – NHESP, most recent 
estimated habitat map:  http://maps.massgis.state.ma.us/PRI_EST_HAB_TEST/viewer.htm). 
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Part V. Conceptual Plans for Streambank Restoration and Erosion Control  
 
From the list of stream bank erosion sites, we have prepared conceptual plans for streambank 
restoration and erosion control at the top three priority problem sites.  These plans include a 
comparative cost analysis, feasibility estimates, and any permitting requirements.  Based on 
meetings and correspondence with Town of North Reading officials, the most appropriate and 
cost-effective restoration strategies and BMPs have been proposed for each priority site.  
 
Cost Estimates 
 
The following cost schedules were used to estimate restoration costs for each conceptual plan. 
 

Item / Material Projected Cost 
 

♦ 6 inch minus riprap $12 per cubic yard  
 

♦ Coir blanket $100 per 100 yd2 (900 ft2) 
 

♦ New England Erosion Control/Restoration Mix  $30 per pound           
for Detention Basins and Moist Sites [covers 1250 ft2/pound] 

 

♦ Wetland loam soil mix $30 per cubic yard  
 

♦ Shrub and fern plugs $10 per plant 
 

♦ Labor for installations $30 per hour  
 

♦ Police Detail (1 officer) $500 per day  
 
It should be noted that the costs listed here are total costs, building in a 10% contingency for 
construction cost increases.  Actual costs could be reduced by the North Reading Department of 
Public Works performing some of the work as in-kind services (at no charge).  Costs in these 
estimations should therefore represent the top end pricing. 

This section of the report also includes recommendations for the use of riprap. The EPA 
recommends the following design recommendations for riprap installation (Smolen et al. 1988): 

• Quality of stone. Use riprap material that is durable so that freeze and thaw cycles do not 
decompose it in a short time; most igneous stones, such as granite, have suitable durability.  

• Riprap depth. Make the riprap layer at least two times as thick as the maximum stone diameter.  

• Filter material. Apply a filter material--usually a synthetic cloth or a layer of gravel--before 
applying the riprap. This prevents the underlying soil from moving through the riprap.  

• Riprap Limits. Place riprap so it extends to the maximum flow depth, or to a point where 
vegetation will be satisfactory to control erosion.  

• Curves. Ensure that riprap extends to five times the bottom width upstream and downstream of 
the beginning and ending of the curve and the entire curved section.  

• Riprap Size. The size of the riprap material depends on the shear stress of the flows the riprap will 
be subject to, but after consultations with the Town of North Reading, 6 inch – minus riprap will 
be used for all sites.  
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Conceptual Restoration Plan for OF-4 and OF-5 – Park Street at North Reading High School 

 

Basic Site Characteristics 
Rip-Rap at Outfall Some 
Outfall Channel Length - ft 291 
Direct Distance to Ipswich River – ft 200 
Sediment Plume Area – ft2 7108 
Length of Channel Susceptible to Erosion – f t 400 
Soil Types  Saco 
Wetland Types Wooded Swamp Deciduous 

 

 
Figure 24. A GIS based map 

of the outfall channel and 
surrounding habitat and 

infrastructure.  The sediment 
plume is shown in brown, 
the extent of tree canopy 

cover is shown in green, the 
Duval parking area is shown 

in dark gray, the outfall 
channel blue, and the 

stormwater conveyance 
system is red.  Wetland types 

are also labeled as is the 
location of a detention basin 

constructed in 2009. 
 
Tree Cover: The area 
outlined in green is the 
extent of the tree canopy at 
the site.  This site is 
dominated by red maple 
(Acer rubrum) with a mostly 
closed canopy.  Red maples 
had a mean dbh of 9.2 in 

(range 4 to 26.1 in dbh).  There were some slippery elm (Ulmus rubra) and white ash (Fraxinus americana) 
scattered at this site as well. 
 
Shrub Cover:  The shrub layer corresponded primarily with the extent of tree canopy cover and ranged from 
50 to 60% west of the outfall and north of the detention basin. Shrub cover east of the outfall channel was 20 
to 40%. 
 
Herbaceous Cover:  The herbaceous cover under the tree canopy ranged from 10-40%.  There was 
a higher herbaceous cover (20-40%) west of the outfall channel than east of the channel (10-
20%).  Herbaceous cover was 50-80% along the margins of the outfall channel. 
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Rationale 
This outfall site is a combined outfall (OF-4 and OF-5).  It has the largest sediment plume of any 
of the study sites and has a high erosion hazard index due to both steep slopes and erosion caused 
by high flows in the outfall channel.  To minimize erosion, trap sand sediments and restore 
degraded habitats at the site, we propose three main restoration BMPs for OF-4 and OF-5: 
 

• Sediment forebay construction 
• Stream channel stabilization via rip-rap revetment 
• Flow control installation along stream channel 
• Revegetation of eroded slopes along the outfall channel 

 
Conceptual Site Design 
Sediment Forebay - A sediment forebay (Figure 25) is a post-construction practice consisting of 
an excavated pit, bermed area, or cast structure combined with a weir, designed to slow incoming 
stormwater runoff and facilitating the gravity separation of suspended solids. (from Structural 
BMP Specifications for the Massachusetts Stormwater Handbook - 
http://www.mass.gov/dep/water/laws/v2c2.pdf).  
 

Figure 25.  Two schematic 
drawing of a sediment 
forebay similar to that 
proposed for combined 

outfalls 4 and 5. 
 
 
 
The proposed check dam 
that will create the 
sediment forebay will 
consist of 6 inch minus 
riprap.  A cement 
headwall does not exist 
at the site so additional 
riprap will be needed to 
stabilize the existing 
slope immediately 
adjacent to Park Street.  
In addition, riprap 
revetments will be 
constructed at the site to 
minimize channel 
erosion at high flows. 
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In discussions in early May 2011 with Mike Soraghan, Town Engineer, he recommended using 6 
inch minus riprap to construct the check dam that will create the sediment forebay.  This size 
stone will not be eroded by the velocity of water exiting the outfalls and this size riprap is large 
enough that it will not be sucked up by sediment vacuum operations by the Town of North 
Reading during any future sand/sediment removal from the forebay. 
 
The check dam will be constructed across the outfall channel to lower the velocity of flow, 
reduce runoff velocity thereby reducing erosion and gullying in the channel and to allow 
sediments (mainly sand) to settle out.  This will be a permanent check dam and be constructed 
from 6 inch minus riprap stone.  The dam will be embedded into each side of the outfall channel 
to ensure that it is adequately anchored to prevent ponded water from scouring the soil at the 
ends, and flowing around the dam.  The check dam will be located approximately 20 feet 
downstream from the outfalls.  The center section of the dam will be lower than the edges; the 
spillway area will also be no higher than 1.5 feet above the channel bottom elevation to avoid 
scouring.  The basic proportions of the proposed check dam are shown below. 
 

 
 
The approximate total length of the check dam to create the sediment forebay is 30 feet (10 
yards).  Assuming the construction of a 1.5 ft high check dam with a base of 4.5 ft, the total 
volume of riprap needed to complete the dam is approximately 4 yd3. 
 
In addition, an operation and maintenance plan that includes regular inspections of structural 
integrity and removal of accumulated sand-sediment will need to be developed. 
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Riprap Revetments - At the base of the outfall channel, a hand-placed riprap revetment is 
proposed due to the steep slopes and erosion at the site (Figure 26).  The installation of the 
revetments will also allow some reduction in the bank sloping.  The proposed revetment would 
extend approximately 2 feet from the base of the outfall channel up the slope.  This corresponds 
to the area covered by high flows at the outfall. A schematic of the proposed revetment is shown 
in Figure 26. 

 

  
 

 
 

Figure 26.  A drawing of the location of the proposed riprap revetments at the outfall site.  The revetment 
will be high enough in elevation (2 feet) so it exceeds the high flow level along the outfall channel.  The 
distance between the Low and High Flow marks is approximately 2 feet.  The area above the revetment 

will be revegetated and protected during re-growth using coir blankets. 

2 feet
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Revegetation – Revegetation of the site will involve: (1) altering and reducing the slope above 
the riprap; (2) replanting the erosion prone areas and protecting new plant growth from erosion 
by the installation of coir blankets; and (3) planting of shrubs and ferns along the steeper slope 
areas along the stream channel above the riprap revetment (see Figure 27). 
 
This type of revegetation and restoration work has already been conducted through the recently 
completed S.H.O.R.E. Program funded under s.319 (PROJECT #02-12/319).  The Town has the 
capacity to create a wetland loam soil mix that can be used for these restorations. 
 

   
 

 
 

Figure 27.  Photographs of channel restorations in the Dumont Oaks Watershed in Maryland using coir 
blankets and plantings.  The upper left photo shows one outfall channel prior to restoration and after using 

coir blankets and plantings the upper right photo shows the post-restoration results.  The photograph on 
the bottom is another completed site showing the use of coir blankets, plantings and check dams along a 

recently restored outfall channel.  We advocate using similar techniques in the proposed restoration work. 
 

 



 

Final Report and Recommendations 

 

45

45 

The overall restoration / erosion control plan for the Outfall 4-5 site is shown in Figure 28.  The 
four components of the proposed restoration (sediment forebay, revetments, flow control dams, 
revegetation) are shown. 
 

 
Figure 28.  A summary of all proposed habitat restoration, erosion control 

and sediment control actions for site OF-4 and OF-5. 



 

Final Report and Recommendations 

 

46

46 

Costs  
 

Materials Quantity Cost 
 

♦ Riprap for sediment forebay  4 yd3 $50 
 
♦ Riprap for revetments 5 yd3 $60 

 
♦ Riprap for check dams along outfall channel 2 yd3 $25 

 
♦ Coir blanket 1,500  ft2 $200 

 
♦ Wetland loam soil mix 15 yd3 $450 

 
♦ New England Erosion Control/Restoration Seed Mix 4 lbs $120 

  
♦ Shrub and fern plugs 100 $1,000 

 
♦ Installation labor 100 hrs $3,000 

 
 Total  $4,905 
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Outfall 9 – Elm Street at the Oxbow 
 

Basic Site Characteristics 
Rip-Rap at Outfall No 
Outfall Channel Length – ft 339 
Direct Distance to Ipswich River – ft 750 
Sediment Plume Area – ft2 1287 
Length of Channel Susceptible to Erosion – f t 120 
Soil Types  Saco Mucky Silt Loam 

Wetland Types Shrub Swamp 
Wooded Swamp Deciduous 

 

 
Figure 29. A GIS based 
map of the outfall and 

surrounding habitat and 
infrastructure.  The 

sediment plume is shown in 
brown, the outfall channel 
in blue, the extent of tree 
canopy cover is shown in 
green, and the stormwater 
conveyance system is red.   

 
Tree Cover: The area 
outlined in green is the 
extent of the tree canopy 
at the site.  There are two 
key forest types found: an 
upland forest and a red 
maple swamp (wooded 
swamp deciduous). The 
upland forest is mostly a 

closed canopy with the dominant species found being red oak (Quercus rubra), white oak 
(Quercus alba), white pine (Pinus strobus) and scattered red maple (Acer rubrum).  However, 
there is an early successional forest found northeast of the sediment plume adjacent to Elm Street.  
There are numerous red oak and white oak saplings (dbh <4 “) in this area.  The deciduous wooded 
swamp is dominated by red maple (Acer rubrum). 
 
Shrub Cover:  The shrub layer corresponded primarily with the extent of tree canopy cover and 
ranged from 10 to 20% in the upland forest and from 20 to 40% in the deciduous wooded swamp.  
Shrub cover was highest immediately along the outfall channel. 
 
Herbaceous Cover:  The herbaceous cover under the tree canopy in both types of forest ranged 
from 10-30%.  There was a higher herbaceous cover (40-100%) along the margins of the outfall 
channel.  
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Rationale 
The site is impacted by an outfall and an existing stone culvert.  Existing site conditions can be 
seen in the photographs in Figure 30.  The site has a very high erosion hazard index score and 
severe undercutting of the existing outfall channel banks. The plan calls for four main restoration 
BMPs: 

• Redirection of stone culvert outfall 
• Check dam construction along outfall channel 
• Stream channel stabilization via riprap near outfall and revetment installation 
• Revegetation of eroded slopes along the outfall channel 
 

          
 

Figure 30.  A schematic drawing and corresponding photographs of the OF-9 site.  The red lines in the 
schematic represent culverts and the blue lines represent outfall stream channels. 
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Conceptual Site Design 
Figure 31 provides a summary of the restoration / erosion control measures targeted for this site.  
The overall plan calls for: 
 

♦ Creating a physical barrier between the existing stone culvert and the more recent stormwater 
conveyance system.  A barrier is currently found at the site, but it is in some disrepair.  

♦ Installing riprap at the outfall discharge point for both the stone culvert and the existing 
stormwater culvert.  There is currently no riprap at the site and this is exacerbating erosion. 

♦ Installing a riprap check dam along the main stormwater outfall channel. 
♦ Installing riprap revetments along highly eroded and steep portions of the outfall channel.  

This is necessary to reduce current erosion and as a foundation for revegetation efforts. 
♦ Reducing the slope and revegetating the most severely eroded channel banks. 
 

 
 
Figure 31.  A summary of the proposed installations at the OF-9 site.  Codes are: RR – riprap; R – 
revetment; CD – check dam; and Veg – revegetation zone.  The barrier refers to building up mixed-sized, 
riprap wall between the existing stone culvert the channel of the outfall flowing from Elm Street.

R

R

R

R

Veg

CD 

barrier 
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Figure 32 provides a schematic for the bank stabilization and restoration work proposed at the site.  
Both the barrier and the revetments will be constructed of 6 inch minus riprap.  Slope modification 
will follow barrier and revetment installation with the goal of both modifying (reducing) the 
existing slope and revegetating the entire new modified slope area.  This could be accomplished 
using existing soil, additional wetland loam soil, re-seeding, coir blankets and shrub and fern 
plantings.  This work would be conducted on both the eroded channel between the stormwater 
outfall and the stone culvert and along the existing stormwater outfall channel (Figure 31). 

 

 

Figure 32.  A schematic of the proposed riprap revetment and barrier installments along the outfall channel 
facing the stone culvert barrier at OF-9.  The entire modified slope area (slope reduction) would be seeded 
and covered with a coir blanket to facilitate revegetation and to reduce erosion.  Revetments (without the 

barrier noted above) would also be installed along the main outfall channel. 

 
The proposed check dam will be constructed across the outfall channel to lower the velocity of 
flow, reduce runoff velocity thereby reducing erosion and gullying in the channel and to allow 
sediments (mainly sand) to settle out.  This will be a permanent check dam and be constructed 
from 6 inch minus riprap stone.  The dam will be embedded into each side of the outfall channel 
to ensure that it is adequately anchored to prevent ponded water from scouring the soil at the 
ends, and flowing around the dam.  The check dam will be located approximately 25 feet 
downstream from the outfall.  The center section of the dam will be lower than the edges; the 
spillway area will also be no higher than 1.5 feet above the channel bottom elevation to avoid 
scouring.  The approximate total length of the check dam to create the sediment forebay is 15 
feet (5 yards).  Assuming the construction of a 1.5 ft high check dam with a base of 4.5 ft, the 
total volume of riprap needed to complete the dam is approximately 6 yd3. 
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Costs 

 Materials Quantity Cost 
 

♦ Riprap for revetments 6 yd3 $75  
 
♦ Riprap for check dam along outfall channel 3 yd3 $40 
 
♦ Stone culvert barrier stone 3 yd3 $40 
 
♦ Coir blankets 900 ft2 $110 
 
♦ Wetland loam soil mix  10 yd3 $300 
 
♦ New England Erosion Control/Restoration Seed Mix  4 lb $120  
 
♦ Shrub and fern plugs 100 plants $1,000 

 
♦ Installation labor 80 hr $2,400 

 
 Total   $4,085
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Outfall 11 and 12 – Elm Street and Bigham 
 

Basic Site Characteristics 
Rip-Rap at Outfall No 
Outfall Channel Length – ft 251 
Direct Distance to Ipswich River – ft 450 
Sediment Plume Area – ft2 1317 
Length of Channel Susceptible to Erosion – f t 80 

Soil Types  Saco Mucky Silt Loam 
Merrimac Urban Land Complex 

Wetland Types Wooded Swamp Deciduous 
 

 
Figure 33. A GIS based map of the 
outfall and surrounding habitat and 

infrastructure.  The sediment plume is 
shown in brown, the outfall channel in 
blue, the extent of tree canopy cover is 

in green, and the stormwater 
conveyance system is red.   

 
Tree Cover: The area outlined in 
green is the extent of the tree 
canopy at the site.  There are two 
key forest types found: an upland 
forest and a red maple swamp 
(wooded swamp deciduous). The 
upland forest is mostly a closed 
canopy with the dominant species 
found being red oak (Quercus 
rubra), white ash (Fraxinus 
americana), and red maple (Acer 
rubrum).  This forest type is found 
in the upland areas east and west of 
the outfall plume.  The deciduous 

wooded swamp also has an area south of the sediment plume with a tree canopy that is dominated 
by red maple (Acer rubrum). 
 
Shrub Cover:  The shrub layer corresponded primarily with the border of the wooded swamp 
where shrub cover was at least 80%.  In the upland forest, shrub cover ranged from 10 to 30%.  
Shrub cover was also >75% immediately along the outfall channel. 
 
Herbaceous Cover:  The herbaceous cover under the tree canopy in both types of forest ranged 
from 10-30%.  There was a higher herbaceous cover (80-100%) along the margins of the outfall 
channel and in non-forest canopy areas of most of the wooded swamp. There is also a relatively 
large expanse of mowed lawn east of the sediment plume. 

Lawn 
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Rationale 
This outfall channel has a relatively large sand plume and existing erosion concerns along the 
first 50 feet of the outfall channel and at the confluence of a third outfall channel.  Existing site 
conditions can be seen in Figure 34.  There is an extensive cover of existing vegetation at the site 
so the plan calls for three main restoration BMPs targeted at slowing water velocity, sediment 
capture and bank stabilization: 
 

• Construction of a sediment forebay for the two primary outfalls (OF-11 and 12) 
• Check dam construction along the outfall channel and at the site of the third outfall entry 
• Stream channel stabilization via a riprap revetment near the third outfall entry 

 

 
Figure 34.  An aerial photo (lower left) showing the sediment plume (brown) and the basic 

layout of the site with individual photos of key components of the site ranging from the 
primary outfalls OF-11 and 12) and the retaining wall (upper left), looking downstream 
at the main outfall channel (upper right) and the third outfall entry and secondary outfall 

channel that meets the primary channel. In the photos, a 1 square yard grid is show for scale. 
Conceptual Site Design 
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The proposed sediment forebay would be constructed to: (1) retain primarily sand running off 
through the stormwater conveyance system; and (2) prevent channel erosion on either side of the 
outfall channel.  Figure 35 shows a schematic of the proposed forebay at the outfall.  The check 
dam would be approximately 50 feet long and tie into the existing retaining wall around outfalls 
11 and 12. 
 

 
 
Figure 35.  A drawing of the proposed sediment forebay and check dam installation at outfall 11 and 12. 

 
This will be a permanent check dam and be constructed from 6 inch minus riprap stone.  The 
check dam will cross the outfall channel approximately 20 feet downstream from the outfall.  
The center section of the dam will be lower than the edges; the spillway area will also be no 
higher than 1.5 feet above the channel bottom elevation to avoid scouring.  The approximate 
total length of the check dam to create the sediment forebay is 50 feet.  Assuming the 
construction of a 1.5 ft high check dam with a base of 4.5 ft, the total volume of riprap needed to 
complete the dam is approximately 6 yd3. 
 
The proximity of Elm Street and the lack of a tree canopy near the cement retaining wall means 
that the forebay could be easily vacuumed out on a regular basis as part of an operation and 
maintenance plan. 
 
 



 

Final Report and Recommendations 

 

55

55 

The conceptual plan for the confluence of the primary and secondary outfall channels is 
presented in Figure 36.  An end of culvert riprap installation is also 
proposed for the third outfall.  This is a relatively simple installation 
and would appear very similar to the photograph on the left.  In 
addition, where the two outfall channels meet, a small riprap 
revetment would also be installed to ensure the water entering the 
primary outfall channel from the secondary channel does not scour 
and erode the existing bank.  Riprap would also be installed at the 
confluence of the two channels due to a decrease in elevation near the 

end of the secondary outfall channel.  The elevation is about 1 foot and is most problematic 
under high flow conditions. 
 

 
 

Figure 36.  A conceptual design plan for the confluence of the primary and 
secondary outfall channels at the site. 

 

 
Non-Structural BMPs - In addition to the structural BMPs noted previously, there is also an 
opportunity to employ non-structural BMPs for this catchment.  Specifically, during the past 8 
months of the study, numerous small plastic bags containing pet waste were found accumulating 
in the vegetation along the outfall channel.  This was predominantly dog feces.  
 
The recommendation is to conduct a public education program using flyers and advertisements 
in local media (newspaper and cable access) to highlight the importance of properly handling pet 
waste to avoid pollution of our surface waters.

Third Outfall 
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Costs 

 Materials Quantity Cost 
 
♦ Riprap for check dam for sediment forebay 6 yd3 $75 
 
♦ Riprap for revetment 2 yd3 $25  
 
♦ Riprap for secondary outfall 2 yd3 $25 

 
♦ Installation labor 75 hr $2,250 

 
 Total  $2,375   
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Permit Requirements for Streambank Restoration and Erosion Control 
 
Any or all of the three proposed restoration plans would be presented to the North Reading 
Conservation Commission for a Request for Determination of Applicability (RDA).  This would 
be necessary to determine as to whether: (1) the provisions of the Massachusetts Wetlands 
Protection Act (MGL c131 s40) apply to a particular land area, determine the boundaries of a 
wetland resource area, or other circumstances under which proposed work would be regulated by 
the Act; and/or (2) MGL Chapter 91, the Public Waterfront Act, and the regulations 
implementing that Act, 310 CMR 9.00, apply to the area of land, water or activity thereon as 
described in the project plan. 
 
The Wetlands Protection Act prohibits the removal, dredging, filling, or altering of wetlands 
without a permit. A Notice of Intent (NOI) is required to obtain such a permit.  However, given 
that the conceptual plans outline improvements of a resource such as the bank stabilization and 
addition of plantings and revetment, it may not require a NOI.  However, if an NOI is required 
this would be submitted to the North Reading Conservation Commission for a formal permit. 
The project partners have worked previously with the Conservation Agent and the Conservation 
Commission in securing permits for wetland and shoreline restoration projects.  
 
None of the proposed projects are located in Estimated Habitat of Rare Wildlife (as provided by 
the Natural Heritage and Endangered Species Program – NHESP, most recent estimated habitat 
map:  http://maps.massgis.state.ma.us/PRI_EST_HAB_TEST/viewer.htm). 
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Part VI. Conclusions 
 
This Final Report represents a culmination of the work on Phase I and Phase II of this project 
Overall, the key activities and tasks that were conducted included: 
 

♦ Preparing a Quality Assurance Project Plan (QAPP) – Phase I 
♦ Assessing streambank erosion and sediment plumes – Phase I 
♦ Sampling catchment water quality during storm events – Phase I and II 
♦ Preparing conceptual plans and cost estimates for three stormwater mitigation sites – Phase II  
♦ Preparing conceptual plans and cost estimates for three habitat restoration/erosion protection plans – 

Phase II 
♦ Providing this Final Report on project activities and recommendations – Phase II 

 
The results of this study clearly indicate that at all of the original 15 outfalls, stormwater runoff 
water quality was impaired and are all acting as sources of nonpoint source pollution.   However, 
no one outfall or subset of outfalls stood out as more problematic as a source(s) of pollution 
entering the Ipswich River in North Reading.  In addition, each outfall had unique qualities, 
including differences in catchment area, impervious surface, runoff volume, sediment plume 
volume, water quality, sediment plumes, direct wetland versus Ipswich River impacts and 
potential for future remediation. All of the outfalls have existed for 40 years or more.  Since all 
outfalls delivered impaired water to wetlands adjacent to the Ipswich River or the Ipswich 
directly, an argument can be made that remediation efforts implemented in any of the catchments 
would reduce nonpoint source pollution to the Ipswich.  We conclude that the goal should be 
infiltration within the catchment as highly engineered retrofits are expensive and will be 
challenging to fund. 
 
The overall site rankings in Phase I were based on the key criteria analyzed and assessed in this 
study, namely Sediment Plume Volume, Runoff Volume, Erosion Hazard Index, Habitat 
Degradation, Water Quality and Remediation Feasibility.   In choosing the five outfalls for Phase 
II study, a critical criteria used in ranking the 15 catchments/outfalls was feasibility of potential 
site remediation.  As the ultimate purpose of this study was to recommend the implementation of 
best management practices emphasizing infiltration to improve water quality in the Ipswich 
River, feasibility of site remediation at each location was a critical consideration.  Feasibility was 
defined by:  (1) the probability, willingness, and opportunity for best management practices to be 
considered within the catchment based on the priorities, planning  and projected work schedules 
of relevant Departments in the Town in North Reading; and (2) physical accessibility to key 
areas in the catchment and/or outfall channels in any remediation work.  
 
The work summarized in this final report ultimately will be used to expand previous stormwater 
remediation and habitat restoration work in the Upper Ipswich Basin.  The proposed catchment 
remediation and habitat restoration/erosion control plans have been vetted with the Town of 
North Reading and are both practical and feasible.  They also emphasize infiltration.  Like all 
municipalities in the Ipswich River watershed, North Reading will need to develop cost effective 
means for restoring or minimizing negative impacts, and planning future growth.  The report 
provides the foundation for the next step in a concerted effort to correct the sins of the past by 
ultimately retrofitting the old style conveyance systems with low impact and effective best 
management practices that are practical, feasible and cost-effective. 
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