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SECTION A.  Introduction and Overview 
 
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 (MA92-06-2006), is classified as 
Category 5 waters according to the 2006 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. 
 
There are approximately 15 direct outfalls from stormwater conveyance systems into the Ipswich River 
along the 5-mile stretch between its convergence with Martins Brook and the Middleton Town line in 
North Reading.  This report represents a culmination of the work on Phase I of this project and is 
focused on the preliminary assessment of 15 stormwater outfalls/catchments along the Ipswich 
River in North Reading. 
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A1. Overview of Scope of Work 
 
The specific work related to Phase I of the project was first developed in the project Quality Assurance 
Project Plan (QAPP).  Specific language from section A6 of the QAPP, ‘Project/Task Description’ is 
given below. 
 

In Phase I of the project, project personnel will conduct several tasks as outlined below. 
 

• Delineate the catchments areas for each outfall 
• Conduct streambank erosion assessments at each outfall 
• Assess sediment plumes at each outfall 
• Estimate the runoff at each outfall location 
• Collect base flow water samples from outfalls (if possible) 
• Begin developing culvert/stage discharge regressions using continuous flow monitoring 

 
Based on these 15 outfall assessments, a technical memorandum will be produced that outlines the 
purpose, methodology, evaluation criteria, provides a map of sites for review and approval by 
MassDEP and provides a list of streambank erosion sites.  Based on this assessment, five (5) sites 
will be chosen for more intensive water quality and flow monitoring.  The technical 
memorandum will also be submitted to EPA for review and approval as a QAPP modification. 
 
There will be four main selection criteria/categories that will be considered in prioritizing the list 
of 15 catchments: 
 
• Extent of sediment plume volume normalized by catchment area 
• Erosion Hazard Index (EHI) scores 
• Level of water quality impairment 
• Potential for site access for remediation activities 
 
All 15 catchment/outfall sites will be ranked based on the highest ‘scores’ in each of these 
categories (i.e., most extensive plumes, high EHI scores, highest potential for site access, and 
those with the most water quality impairments).  Those sites with the highest composite scores 
will be identified for further study.  Based on this work, a technical memorandum will be prepared 
that outlines the purpose, methodology, evaluation criteria, and provides a map of sites for review 
and approval by MassDEP and EPA for further work.  Once the five highest ranked catchments are 
identified, more intensive work will take place at the five selected sites. 

 
The work represented in this report ultimately will be used to expand previous stormwater 
remediation and habitat restoration work in the Upper Ipswich Basin. All municipalities in the 
basin, including North Reading, need to develop cost effective means for restoring or minimizing 
impact, and planning future growth.   
 
This report is the first step in a concerted effort to correct the sins of the past by ultimately 
retrofitting the old style conveyance systems with low impact best management practices 
(BMPs).  We have completed the preliminary Phase I assessment of stormwater conveyance, 
streambank erosion, sediment plumes at outfalls and water quality in fifteen (15) small-scale 
catchments in the Upper Basin.  This assessment will then be used to inform the design and 
development of implementation plans for BMPs that mitigate nonpoint source (NPS) pollution 
caused mainly by stormwater runoff.   
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A2. Outfall Descriptions and Conveyance System Re-Mapping 
 
Overall Outfall Characteristics 
 
There are approximately 15 direct outfalls from stormwater conveyance systems into the Ipswich 
River along the 5-mile stretch between its convergence with Martins Brook and the Middleton 
Town line in North Reading.  Figure A1 provides a map of the locations of the 15 outfalls and 
provides information on their street locations. 
  

 
Figure A1.  Map of the locations of the 15 study outfalls/catchments along the 
Ipswich River in North Reading, MA.  The accompanying table highlights the 

number and street location of each of the outfalls. 
 

 
 

Outfall Location Outfall Number Outfall Location Outfall Number 

Park & Central 1 Elm @ Oxbow 9 
Park & Oakdale 2 Elm & Turner 10 
Park @ Duval 3 Elm & Bigham 11 and 12 
Park @ NRHS 4 and 5 Elm @ Cemetery 13 

Haverhill & Railroad 6 Elm & McIntyre 14 
Park @ Fire Station 7 Elm & River 15 
Park Street Bridge 8 
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Table A1 below provides a summary of some of the basic characteristics of the 15 outfalls that 
were assessed in this project.  The location of each outfall was re-mapped using a Trimble 
GeoXT GPS unit and this revised information was then corrected in the stormwater outfall 
datalayer from the Town of North Reading. 
 

Table A1.  Summary information on the 15 outfalls analyzed in Phase I of the study. 
 

Outfall 
ID 

North 
Reading 

Outfall ID 

Outfall Conduit 
Type Diameter Northing 

Coordinate 
Easting 

Coordinate

OF-1 IPS5-050 Corrugated PVC 18" 924857.769 233629.499 
OF-2 IPS5-052 Corrugated PVC 18" 924880.950 233921.745 
OF-3 IPS5-054 Reinforced concrete 30" 924780.916 234147.978 
OF-4 IPS5-110 Reinforced concrete 36" 924845.145 234245.945 
OF-5 IPS5-127 Reinforced concrete 36" 924839.295 234251.238 
OF-6 IPS5-061 Corrugated metal 12” 924734.859 234462.607 
OF-7 IPS5-111 Corrugated metal 12” 924899.192 234638.484 
OF-8 IPS5-112 Corrugated PVC 18” 924945.581 235027.746 
OF-9 IPS5-053 Corrugated metal 18" 925306.427 234754.201 

OF-10 IPS5-411 Reinforced concrete 36" 925305.984 235948.447 
OF-11 IPS5-003 Reinforced concrete 36" 925235.536 236269.601 
OF-12 IPS5-121 Corrugated PVC 12" 925220.406 236280.557 
OF -13 IPS5-123  Corrugated PVC 12” 925019.422 236499.409 
OF-14 IPS7-056 Reinforced concrete 24” 924786.784 237226.818 
OF-15 IPS7-054 Reinforced concrete 30" 924934.223 237435.896 

 
 
Conveyance System Re-Mapping 
 
Given that the geographical locations of many of the outfalls on the North Reading stormwater 
outfall GIS datalayer were inaccurate, it was decided that the stormwater conveyance systems 
connected to each of the 15 study outfalls would also be re-mapped.  Thus, during July and 
August of 2010, the locations of all catch basins for each of the 15 catchments were re-
determined using Trimble GeoXT GPS units.   
 
The re-determined and spatially accurate data points were then used to correct the existing catch 
basin and stormwater conveyance GIS datalayers from the Town of North Reading.   
 
Based on this work, the re-determined outfall and catch basin locations were used in all 
subsequent analyses and maps of all conveyance systems used in this report reflect this updated 
conveyance system information.  It should also be noted that these corrected datalayers were also 
provided to the Town of North Reading. 
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SECTION B.  Phase I Results 
 
B1.  Catchment Delineation, Runoff Estimates and  
 Sediment Plume Volume Determinations 
 
Purpose 
 
The overall objective is to use the assessment information collected, including both Phase I and 
Phase II data, to inform the design and development of implementation plans for BMPs that 
mitigate nonpoint source (NPS) pollution caused mainly by stormwater runoff.   This 
information will be used to produce: (1) detailed BMP placement and restoration project plans 
(and cost estimates) for 3 of the outfalls; and (2) detailed streambank erosion restoration plans 
for those same outfalls. 
 
Geographic Information Science (GIS) was used to verify and evaluate existing stormwater 
conveyance structures, delineate catchment areas and connected impervious surfaces draining to 
each outfall, and estimate runoff for a model one inch (1 “) rainfall event.  GIS was also used to 
estimate the volumes of sediment plumes at each outfall and map them for comparison. The 
purpose of this analysis was to characterize and compare both catchment and sediment plume 
characteristics, given the variability in these parameters.  A ranking system was then applied for 
selection of Phase II locations. 
 
Data Sources 
 
The following available GIS data layers were compiled from the identified source. 
 
 Town of North Reading: 
 

• Planimetrics (buildings, roads, driveways, parking) 
• Stormwater (catch basins, conduits, manholes, outfalls) 
• Digital Terrain Model (DTM)  (elevation points, and 2 ft contours) 
• Hydrography (rivers, ponds) 

MassGIS (http://www.mass.gov/mgis/): 
 

• Color Ortho Imagery (Mr. Sid) 
• Shaded Relief (1:5,000) 
• DEP Wetlands (1:12,000) 
• NRCS SSURGO-Certified Soils 

Methodology 
 
Catchment Watershed Delineation 
 
GIS was used to interpolate an elevation raster of North Reading, using elevation data points 
from the Town supplied DTM. A 10 ft cell size was specified.  The basins function within ESRI 
ArcView was used to discern catchment watersheds.  However, stormwater catchments in North 
Reading, as with many other suburban settings built with curb and gutter drainage, do not follow 
natural stream channels and topography.  In addition, street scale cut and fill landscaping in 
suburban developments often serves to direct residential and commercial parcel based runoff to 
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the street catch basins regardless of overall area topography.  These catch basins connected by 
conduits to outfalls, direct runoff efficiently dependent on roadway configuration and 
infrastructure.   
 
In order to delineate the runoff catchment served by a particular outfall, the stormwater 
conveyance was assessed, in the GIS and in the field with GPS to verify GIS layers, adjust as 
necessary, and identify the impervious surface directly connected to each outfall. Since the 
outfall output relies more on the impervious surfaces connected to it, each catchment was 
interpreted delineating the impervious surfaces within the catchment.  The type of impervious 
surface within each catchment was then measured by type in order to estimate “directly 
connected” impervious surfaces.   
 
In two instances the sediment plume represented the output from two catchment areas.  Outfalls 
4 and 5 and outfalls 11 and 12 are located within a few feet of each other. Their watershed areas 
were combined since the origins of their plumes’ sediment cannot be separated by catchment. 
 
Connected Impervious Surface and Runoff Estimation for the Design Storm 
 
The “Lloyd-Davies Rational Method” was used to estimate runoff volume for a design storm of 
one inch (1”). This required using the GIS to determine the area of directly connected impervious 
area (DCIA).  Although Mass Highway used the conventional Rational Method when they sized 
the culverts during recent work on Route 62, the use of the Lloyd-Davies formula with field 
checked DCIA is more accurate, as it is the major source of urban runoff (Lee, 2003). 
 

Lloyd-Davies Rational Method 
 
   Q = iADCIA 
 
 Where:   Q = Runoff Volume 
     i = Rainfall intensity 
    ADCIA  = Directly Connected Impervious Area 
 
Directly connected impervious surface area was estimated using the following parameters: 
 

Residential Buildings 15% connected 
Driveways 65% connected 
Roadways 100% connected 
Commercial/schools Individually assessed 
 

These assumptions were based on a connectivity field study of 186 parcels in Dedham, 
Massachusetts (Nicosia, 2010).  In the Dedham study, parcels in a suburban setting were 
individually evaluated for connectivity.  For our evaluation of the initial 15 outfalls the formulas 
above were applied to impervious area type within each catchment. 
 
Impervious cover by type was calculated in the GIS by clipping the building, driveway, and road 
layers in the GIS for each catchment serving an outfall.  The GIS then summarized the data 
resulting in square feet (ft2) of impervious surface for each feature type. 
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Connected impervious surface for each feature type was then estimated using the previously 
noted parameters, and totaled to calculate the directly connected impervious surface for each 
catchment.  Using the Lloyd-Davies method, the one inch (0.0833 ft) design storm is multiplied 
by the square feet of directly connected impervious surface area to return the design storm runoff 
volume in cubic feet.  It is important to note that runoff is used as a comparison, so rainfall was 
not reduced for surface wetting.  
 
Sediment Plume Volume Estimation 
 
Field investigations were performed at each of the sediment plumes as outlined in the project 
QAPP.  The procedures were based on the stream channel mapping procedures outlined in 
Harrelson et al. (1994).  In addition to using an AMS Sand Sludge Sediment Probe to measure 
sediment depth, sample points were located using a Trimble GeoXT GPS unit and elevations of 
each sample point relative to a reference site were determined using an EAGL Model 400 
Electronic Level.  
 
A series of point elevations along each sediment plume and outfall channel were determined 
using a laser level and a level rod relative to a known elevation, either a road elevation or 
topography elevation points from the North Reading GIS elevation point data layer.  The 
elevation of each point was determined by subtracting the rod reading from the elevation of the 
laser plane.  Each point was located spatially using the GPS unit, which was also used to collect 
data on the sample ID, sediment depth, herbaceous vegetation cover and whether or not a 
sediment sample was collected. 
 
To determine sediment plume depth, an auger was pushed by hand into the sediment plume to 
extract a core. The depth of the sand layer in the core was measured and recorded.  Given that all the 
sediments observed at the study outfalls consisted primarily of sand, the depth and extent of sand from the 
extracted cores was used to estimate sediment plume volume.  A GPS unit was also used to map both 
the extent of the plume and sediment depths at a number of points in an approximately 2 m 
square grid.  These points were then entered into ArcGIS 9.3 where there were used to determine 
sediment plume volume as noted below. 
 
The GPS location, sediment plume depth and sediment plume extent data points collected were 
used in the GIS to estimate each sediment plume’s area and volume. Data points identified as the 
edge of the plume were connected to create a polygon of the plume.  Area of the polygon was 
calculated in the GIS. 
 
ESRI ArcView Spatial Analyst Cut/Fill tool calculates volume based on two raster surfaces.  A 
raster surface was created using Kriging method in the GIS, using sediment depth as the “z” 
factor.  The resulting raster was then clipped by the edge of the plume polygon to remove the 
affect of outlying pixels.  This surface was then multiplied by zero to create a second surface 
with a zero “z” value.  The Cut/Fill tool simply subtracts sediment depth raster from the zero 
raster, pixel by pixel then uses the cubic dimensions to calculate volume.   
 
Volume is reported in this study in cubic feet and cubic yards.  Special attention must be taken 
when using this tool, as was in this case, when the “z” factor is in different units than the map 
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projection. Sediment Depths were sampled in inches, and the projection used for this study, 
NAD 1983 StatePlane Massachusetts Mainland FIPS 2001, was in meters.  
 
Other Outfall Characteristics 
 
Other factors that may influence the condition and volume of the sediment plume were compiled, 
to characterize the outfalls and their catchment areas and included: 
 

• Catchment Slope 
• Land Use 
• Topography of Plume and Distance to River 
• Construction History in the Catchment 

Catchment slope was obtained using GIS to overlay delineated catchment layer created in this 
study on soils data layers downloaded from MassGIS.  Percent reported is the dominant percent 
slope of the catchment area or the span of slope classifications present.  Land use data were 
obtained from North Reading GIS, similarly overlaid with catchment layers.   
 
Topography of each plume was noted during field observations and using GIS data.  The 
topography of the outfall area was variable.  Long flat distances between the outfall and plume 
may allow for more sediment deposition, while a direct outfall into the Ipswich River’s flow may 
hinder the ability to detect a sediment deposition near the outfall.  The topography of the outfall 
plume area and the distance from the outfall pipe to the Ipswich River bank were measured. 
 
Construction history of each catchment area was discussed with Mike Soraghan, P.E., Town 
Engineer in North Reading.   
 
Overall,15 major stormwater outfalls along the Ipswich River were identified between the 
confluence of the Ipswich River with Martins Brook, and the Middleton town line.  The design 
storm runoff volume, sediment plume volume, and characteristics of each outfall were assessed.  
Outfalls sample areas were numbered from west to east. Outfalls 4 and 5, and 11 and 12, were 
combined for the GIS analysis because they are only a few feet from each other and share the 
same sediment plume.
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Evaluation and Results 
 
B1. A.  Catchment Delineations 
 

The catchments for each outfall were delineated and mapped (Figure B1).  In addition to 
mapping the catchments using GIS, the catchment areas, connected impervious surface, and 
predicted runoff volume for a 1” rainfall event, were calculated.  The results of those analyses 
are presented in Table B1.  Catchment areas were variable and ranged from 13,625 m2 (OF-13) 
to some 394,500 m2 (OF-11).   The extent of directly connected impervious surface area (DCIA) 
in each catchment was also variable, ranging from 8.3 to 31.9% across the 15 catchments. 
DCIAs are those impervious areas that are hydraulically connected (water flow is continuous) to 
the conveyance system (i.e. streets with curbs, catch basins, storm drains) and then to the outfall 
without flowing over pervious areas. 
 
 

Table B1.  A summary of outfall catchment characteristics. 
 

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 
2 87,977 946,634 150,921 15.9 12,572 0.29 
3 111,815 1,203,127 198,471 16.5 16,533 0.38 
4 163,466 1,758,894 245,642 14.0 20,462 0.47 
5 outfall/catchment 5  data are included in outfall/catchment 4 above 
6 24,784 266,679 84,171 31.6 7,011 0.16 
7 24,581 264,494 68,756 26.0 5,727 0.13 
8 33,250 357,775 114,308 31.9 9,522 0.22 
9 85,224 917,013 113,517 12.4 9,456 0.22 

10 148,813 1,601,227 190,300 11.9 15,852 0.36 
11 394,500 4,244,822 352,083 8.3 29,329 0.67 
12 102,655 1,104,565 141,300 12.8 11,770 0.27 
13 13,625 146,600 24,030 16.4 2,002 0.05 
14 25,780 277,390 57,005 20.6 4,749 0.11 
15 31,577 339,767 41,049 12.1 3,419 0.08 

 
 
Figure B1 is a compilation of four figures that depict the catchments and stormwater conveyance 
for each of the study sites.  The information in Figure B1 are ready comparable across 
catchments as all are mapped at the same scale and using the same legend coding.  As noted, 
Figure B1 highlights that the size of catchment was highly variable across the 15 study outfalls.
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Figure B1.  Compiled GIS map of the delineated catchments for each of the 15 outfalls in this study. 
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Figure B1.  Compiled GIS map of the delineated catchments for each of the 15 outfalls in this study. 
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Figure B1.  Compiled GIS map of the delineated catchments for each of the 15 outfalls in this study. 
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Figure B1.  Compiled GIS map of the delineated catchments for each of the 15 outfalls in this study.  



 
 

Technical Memorandum 

16 Stormwater Remediation in the Upper Ipswich Watershed - RFA # 10059 

B1. B.  Sediment Plume Volume Determinations 
 
Table B2 summarizes, in descending order, the calculated volume of each sediment plume in the 
study.  There were two instances of combined plumes, from outfalls 4 and 5 and outfalls 11 and 
12.  Given that the relative contribution from each individual outfall could not be discerned in 
these two instances, a single value is provided. 
 

Table B2.  A ranked summary of sediment plume volumes 
for each of the outfalls in the study.  The five 

highest sediment volumes are bolded. 
 

Descending Order by Volume of Sediment Plume 

Outfall Number Sediment Volume 
Cubic Feet 

Sediment Volume 
Cubic Yards 

4 and 5 4,916 182 
7 2,818 104 

10 1,748 65 
11 and 12 1,039 38 

3 911 34 
9 767 28 
2 370 14 
6 269 10 
1 183 7 

15* n/a n/a 
8* n/a n/a 

13* n/a n/a 
14* n/a n/a 

 

            Total 13,022 482 
 

* Sediment plumes were undetected due to the proximity of the 
outfall to the flow of the river (outfalls 8, 14, 15) or lack of any 
discernible plume (outfall 13). 

 
 
 
All sediment plumes were also mapped as to location, extent and depth.  Figure B2 is actually a 
compilation of three figures that depict the extent and depth of each sediment plume in the study.  
The sediment plumes and other information in Figure B2 are readily comparable as all the outfall 
plumes are mapped at the same scale and using the same sediment depth color coding.  The 
extent and depth of sediment plumes was highly variable across the 15 study outfalls. 
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Figure B2.  A summary of sediment plume characteristics for each of the 15 study outfalls.
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Figure B2.  A summary of sediment plume characteristics for each of the 15 study outfalls. 
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Figure B2.  A summary of sediment plume characteristics for each of the 15 study outfalls. 



 
 

Technical Memorandum 

20 Stormwater Remediation in the Upper Ipswich Watershed - RFA # 10059 

B1. C.  Runoff Estimates 
 

Outfalls 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.  The ranking of the runoff 
estimates are shown in Table B3. 
 

Table B3.  Ranking of all study outfalls based on design storm runoff for a 1” rainfall event. 
Sediment plume volume is also provided. 

 

Descending Order by Volume of Runoff for 1" Storm 

Outfall 
Number 

Catchment 
Area  

Square Feet 

Design Storm 
1" Runoff  
Cubic Feet 

Design Storm 1" 
Runoff           

Acre-Feet 

Sediment  
Plume Volume 
Cubic Yards 

11 and 12 5,349,387 41,099 0.94 38 
4 and 5 1,758,894 20,462 0.47 182 

3 1,203,127 16,533 0.38 34 
10 1,601,227 15,852 0.36 65 
2 946,634 12,572 0.29 14 
8 357,775 9,522 0.22 0 
9 917,013 9,456 0.22 28 
1 922,961 7,782 0.18 7 
6 266,679 7,011 0.16 10 
7 264,494 5,727 0.13 104 

14 277,390 4,749 0.11 0 
15 339,767 3,419 0.08 0 
13 146,600 2,002 0.05 0 

 

Total 14,351,948 156,186 3.59 482 
 
There was a weak positive 
correlation between sediment 
plume volume and storm runoff 
volume as noted in Figure B3.  
While there was generally a 
positive correlation between the 
two parameters, there was a high 
degree of variability across the 
study catchments with outfalls 4-5, 
7 and 11-12 being outliers. 
 
 
Figure B3.  A scatter plot of sediment 
plume volume versus predicted storm 
water runoff for all study catchments. 
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Other outfall characteristics were also compiled to help describe the outfalls, including average 
slope of the catchment, dominant land use, plume topography, and direct distance to the Ipswich 
River.  These characteristics are summarized in Table B4.   
 
 

Table B4.  A descending order ranking of the average slope for each of the study catchments 
presented along with other catchment characteristics.  

 
Descending Order by Average Catchment Slope 

 

Outfall 
Number 

Average Slope 
of Catchment 

Dominant     
Land Use 

Description of Outfall 
Plume Topography 

Distance Outfall to 
Ipswich River (ft) 

11 and 12 0-25% Low Density 
Residential  flat to river 450 

4 and 5 3-25% Industrial flat to river 250 

9 3-25% Low Density 
Residential flat to river 750  

15 3-25% Low Density 
Residential short drop to river 0 

10 0-8%, sm 15-
25% 

Low Density 
Residential flat to river 400 

1 3-15% 
Low Density 
Residential, 

SM Industrial
flat to river 300 

2 3-15% Low Density 
Residential flat to river 200 

3 3-15% Industrial often submerged in 
river 0 

13 0-15% Industrial flat to river 50 

14 0-15% Low Density 
Residential  short drop to river 0 

6 3-8% Low Density 
Residential  steep dump to river 0-20 

7 3-8% Low Density 
Residential  flat to river 350 

8 3-8% Low Density 
Residential  steep dump to river 0-10 
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Outfall History 
 
Understanding the history of construction in the catchment is important in assessing the sediment 
plume.  Recent construction in the catchment may have influenced sediment loading if best 
management practices were lacking during construction.  A summary of construction history for 
each catchment/outfall is shown in Table B5.  The top seven outfalls for either runoff or 
sediment volumes are highlighted in yellow in Table B5.  
 
 

Table B5.  A summary of construction history is each study catchment.  
The top seven outfalls for either runoff or sediment volumes are highlighted in yellow. 

 
Outfall 
Number Location Description Construction History in the Catchment 

1 Park and Central no significant activity 
2 Park and Oakdale no significant activity 

3 Park @ Duval removal and replacement of adjacent football field with 
manufactured turf within last year 

4 and 5 Park @ NRHS new outfall pipes in 1970's; Major school construction 
within the last 5 years 

6 Haverhill and Railroad adjacent to dirt road.  Town grading annually. 

7 Park @ Fire Station fire station/Police station construction within the last 5 
years; Flood wall built along outfall 2002. 

8 Park Street Bridge new bridge built over the river and outfall rebuilt within 
the past 10 years 

9 Elm @ Oxbow no significant activity 
10 Elm and Turner no significant activity 

11 and 12 Elm and Bigham New outfall 7 years ago during Route 62 project. 
13 Elm @ Cemetery no significant activity 

14 Elm and McIntyre MassHighway construction along Route 62 within the 
past 7 years. 

15 Elm and River MassHighway construction along Route 62 within the 
past 7 years. 
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B2. Sediment Plume Particle Size Determination  
 
Purpose 
 
This portion of the assessment was complimentary to the sediment plume extent and volume 
determinations previously discussed.  This aspect of the work focused on ascertaining plume 
sediment composition.  The goal was to obtain as accurate data as possible on the spatial extent, 
depth, volume and particle size composition of sediment plumes at each of the 15 outfalls.  These 
assessments help determine the impacts of the conveyance system on the presence of any 
sediment plume and if plumes do exist, data on their composition (as well as extent and depth) 
will be used to inform any proposed remediation efforts.  We also mapped the outfall channels at 
each site (where appropriate). 
 
Methodology 
 
The procedures were based on the stream channel mapping procedures outlined in Harrelson et 
al. (1994) as noted in the project QAPP.  An AMS Sand Sludge Sediment Probe was used to 
measure sediment depth as well as collect sediment plume samples for particle size and organic 
matter content determinations.  All sample points were located using a Trimble GeoXT GPS unit 
and elevations of each sample point relative to a reference site were determined using an EAGL 
Model 400 Electronic Level.  
 
To determine sediment plume depth, an auger was pushed by hand into the sediment and used to 
extract a core. The depth of the sand layer in the core was used to determine the depth of 
deposited sediment for that point.  Given that the majority of sediments observed at the 15 
outfalls consist primarily of sand, the depth and extent of sand was used to estimate sediment 
plume volume (see Section B1 for details on this procedure). 
 
A group of 4-15 sediment plume samples were collected in the field and taken back to the 
laboratory for analysis. Particle size determination followed after the ‘Rapid Method’ of Kettler 
et al. (2001).  This method involves the combined use of a dispersing agent, shaking, sieving and 
drying to ascertain percent sand, silt and clay fractions in sediment samples.  Organic matter was 
determined using a loss on ignition method (550oC for 8 hrs).   
 
Evaluation and Results 
 
The particle size distribution at all outfall locations was very consistent.  The results of the 
particle size determination and organic matter content analyses are shown in Table B6.
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Table B6.  A comparison of the particle size distribution of sediment 
plumes at each of the study outfall sites.  Outfalls 8, 13 and 15 had no 

discernible plume and no samples were taken.  The particle size 
distribution of sand used for winter road maintenance in the Town of 

North Reading is also provided as is the percent organic matter content. 
 

Sediment Plume 
Particle Size Distribution Outfall 

ID Percent 
Sand 

Percent 
Silt 

Percent 
Clay 

# of 
Samples 

%  
Organic 
Matter 

1 96.2 1.8 2.0 9 0.45 

2 96.3 1.5 2.2 10 0.36 
3 96.8 0.8 2.4 10 0.22 

4-5 96.4 1.4 2.2 15 0.30 
6 97.0 1.9 1.1 8 0.29 
7 96.5 2.1 1.4 10 0.46 
8 na na na 0 na 
9 96.3 2.0 1.7 8 0.33 

10 96.8 0.6 2.6 12 0.20 
11-12 97.4 1.7 0.9 12 0.36 

13 na na na 0 na 
14 98.2 0.8 1.0 4 0.41 
15 na na na 0 na 

 

Overall 
Mean 96.8 1.4 1.8  0.34 

  

Town 
Winter 
Road  
Sand 

96.2 1.5 2.3 10 0.35 

 
 
Based on the results in Table B6, there was very little difference in the particle size distribution and 
organic matter content for each of the outfall sediment plumes.  An Analysis of Variance 
(ANOVA) and means separation test was also run to ascertain any significant differences in 
particle size distribution between any of the samples (both outfall sites and Town sand).   No 
significant differences were found in any particle size category or organic matter content indicating 
that the sediment particle and organic matter distribution in each of the plumes were not 
significantly different from each other or the winter road sand applied to the roads in North 
Reading during the winter season.  These results support the contention that the sediment plumes at 
each of the outfalls consists primarily of road sand runoff from winter road maintenance conveyed 
through the stormwater conveyance system to the outfalls.
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B3. Outfall Channel/Streambank Erosion Assessments  
 
Purpose 
 
Due to the unique physical and morphological characteristics of each of the 15 targeted outfall 
channels, a flexible assessment strategy was employed in an effort to capture the unique 
streambank erosion conditions along each of the outfall channels.   The overall purpose of the 
channel  assessment was to characterize conditions along the channels along a scale from 
minimal to potentially severe erosion (USDA 2001).    
 
Methodology 
 
Outfall channels or ‘reaches’ varied in length depending on the distance to the Ipswich River and 
the topography at each site.  Streambank erosion was evaluated by: (1) assessing stream cross 
sections that extended some 50 ft from either side of the main stream channel from directly 
below outfall along the ‘outfall reach’ in 20-50 to foot increments to its confluence with the 
Ipswich River or dissipation of the sediment plume; (2) employing a modified Bank Erosion 
Hazard Index (BEHI) measurements at each stream cross section (after Rosgen 2004); and (3) 
identifying vegetation cover types along either side of the outfall reach. 
 
Following the QAPP, the following measurements were taken along appropriate outfall channels: 
 

• Bank Height - A (ft)  
• Bankfull Height - B (ft)  
• Root Depth - C (ft)  
• Root Density - D (%)  
• Bank Angle - (degree)  
• Surface Protection - (% of vegetated cover on channel bank from bottom of channel to bankfull) 
• See the illustration below for measurement descriptions  
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The following metrics, in turn, were calculated or ascertained to help quantify erosion levels and 
erosion potential at each outfall site. 
 

• Length of eroded channel for each outfall channel 
• Bank Height / Bankfull Height - (A/B)  
• Root Depth / Bank Height - (C/A)  
• Weighted Root Density - (D*C/A) 
• Bank Angle - (degree)  
• Surface Protection - (%)  

 
The length of eroded channel was determined by measuring the length of bank along each outfall 
channel that was eroded to where the bank height exceeded 1 ft.  In many cases, the flat 
topography adjacent to the outfall channels meant that bank angles were < 5% and thus there was 
little erosive force that had occurred or was occurring. Thus, those flat topographical areas were 
considered to be at very low risk of bank erosion.  The proportion of the outfall channel 
characterized as very low risk was also reported.  
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Evaluation and Results 
 
It is difficult to directly compare the different outfall channels because they are all different 
lengths, run through different topography, have different catchment areas and in some cases only 
one bank of the outfall channel is susceptible to erosion.  Based on these complexities, Table B7 
summarizes the length of the discernable outfall channel (many dissipate into wetlands as stream 
gradients decrease) and both the absolute length of susceptible streambank (defined as streambanks 
with > 1ft bank height above the bankfull level) and the relative percent of these susceptible 
streambanks based on the total length of the streambanks along the outfall channels.  The length of 
eroded bank or potentially eroded bank varied along each outfall channel.  The total length of 
eroded banks for each outfall is summarized in Table B7.  
 
 

Table B7.  An overall comparison of outfall channel characteristics for each outfall site. 
Outfalls with greater than 10% of their length susceptible to erosion are highlighted in yellow. 

 
 
 
 
 
 

Outfall Site 

 
[A] 

Length of  
Discernible 

Outfall 
Channel 

(ft) 

 
[A *2] 
Total 

Length of 
Streambank 

Along 
Outfall 

Channel (ft) 

 
Length of 

Susceptible 
Channel on 
Either Side 
of Outfall 
Channel 

 (ft) 

 
 

% of 
Susceptible 
Channel of 

Total 
Channel 

 
Direct 

Distance 
from 

Outfall to 
Ipswich 

River (ft) 

OF-1 343 686 10 1.5 300 
OF-2 197 394 45 11.4 220 

OF-3* 0 0 0 na 0 
OF-4 and 5 291 582 400 68.7 250 

OF-6 12 24 8 33.3 20 
OF-7 900 1800 50 2.8 445 
OF-8 0 0 0 na 10 
OF-9 339 678 120 17.7 750 

OF-10 345 690 60 8.7 430 
OF-11 and 12 251 502 80 15.9 450 

OF-13 36 72 0 0.0 60 
OF-14* 0 0 0 na 10 
OF-15* 0 0 0 na 

 

10 
 

*  Note that outfalls 3, 14 and 15 empty directly into the Ipswich River and there is 
no discernible outfall channel.  In these three instances, no erosion hazard 
calculations were performed. 

 
 
Based on the results in Table B7, outfalls 2, 4and 5, 6, 9 and 11-12 had the highest levels of 
susceptible channel length and thus represent potentially appropriate candidates for streambank 
stabilization, site remediation and/or habitat restoration.
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In addition to identifying ‘gross susceptibility’ along outfall channels, a more detailed analysis was 
also conducted to try and determine the erosion hazard index for each outfall.  Table B8 
summarizes the mean parameter levels used to calculate the erosion hazard index.  It should be 
noted that the values in Table B8 only correspond to the proportion of those streambanks noted in 
Table B7 as susceptible to erosion.   
 
 

Table B8.  This Table is comparing mean erosion measurements for the length of outfall channel 
characterized as susceptible to erosion as noted in Table B7. 

 

 
Outfall Site 

Length of 
Susceptible 

Channel 
(ft) 

Bank 
Height 

A 
(ft) 

Bankfull 
Height 

B 
(ft) 

Root 
Depth 

C 
(ft) 

Root 
Density 

 D 
(%) 

Bank 
Angle 

(degree) 
 

Vegetated 
Cover 
(%) 

OF-1 10 2.8 0.9 1.6 60 15 100 
OF-2 45 2.2 0.8 1.3 60 20 100 
OF-3 0 na 

OF-4 and 5 400 3.1 1.2 2.6 60 45 100 
OF-6 8 2.8 1.1 0.9 60 20 50 
OF-7 50 2.4 0.7 1.2 60 10 90 
OF-8 0 na 
OF-9 120 3.6 1.8 1.5 60 60 75 

OF-10 60 2.3 0.8 1.2 60 15 100 
OF-11 and 12 80 2.9 0.8 1.1 60 10 100 

OF-13 0 na 
OF-14 0 na 
OF-15 0 na 

 
 
The erodability variable values in Table B8 were then converted to numerical indices for bank 
erosion potential based on the relationships determined by Rosgen (2004).  The results of those 
calculations are shown in Table B9. 
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Table B9. A summary of erosion hazard index parameter values for the study outfall channels. 
 

 
Outfall 

Site 

Length of 
Susceptible 

Channel 
(ft) 

Bank 
Height/Bankfull 

Height 
A/B 

Root 
Depth/Bank 

Height 
C/A 

Weighted 
Root 

Density 
D*(C/A) 

Root 
Density 

 D 
(%) 

Bank 
Angle 

(degree) 
 

Surface 
Protection 

(%) 

OF-1 10 3.1 0.6 34 60 15 100 
OF-2 45 2.8 0.6 35 60 20 100 
OF-3 0 na 

OF-4+5 400 2.6 0.8 50 60 45 100 
OF-6 8 2.5 0.3 19 60 20 50 
OF-7 50 3.4 0.5 30 60 10 90 
OF-8 0 na 
OF-9 120 2.0 0.4 25 60 60 75 

OF-10 60 2.9 0.5 31 60 15 100 
OF-11+12 80 3.6 0.4 23 60 10 100 

OF-13 0 na 
OF-14 0 na 
OF-15 0 na 

 
 
The following table from Rosgen (2004) was used to calculate an erosion hazard index values for 
each bank at each outfall based on the results in Table B9 above. 
  

 
 
The results of this index coding are provided in Table B10. 
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Table B10.  A compilation of erosion hazard index values after Rosgen (2004). 
A final erosion hazard ranking for each outfall channel is also provided. 

 

 
Outfall 

Site 
A/B C/A D*(C/A) D 

Bank 
Angle 

(degree) 

Surface 
Protection 

(%) 
Totals 

 Index Values Based on Results in Table B9 
10 1.0-1.9 4.0-5.9 2.0-3.9 1.0-1.9 1.0-1.9 19-25.5 

OF-1 MODERATE 
 

8.0-9.0 1.0-1.9 4.0-5.9 2.0-3.9 1.0-1.9 1.0-1.9 17-24.5 
OF-2 LOW to MODERATE 

 

OF-3 na 
 

8.0-9.0 1.0-1.9 4.0-5.9 2.0-3.9 2.0-3.9 1.0-1.9 18-26.5 
OF-4 + 5 LOW to MODERATE 

 

8.0-9.0 1.0-1.9 6.0-7.9 2.0-3.9 1.0-1.9 4.0-5.9 22-30.5 
OF-6 MODERATE 

 

10 1.0-1.9 4.0-5.9 2.0-3.9 1.0-1.9 1.0-1.9 19-25.5 
OF-7 MODERATE 

 

OF-8 na 
 

6.0-7.9 1.0-1.9 6.0-7.9 2.0-3.9 2.0-3.9 2.0-3.9 19-29.5 
OF-9 MODERATE 

 

10 1.0-1.9 4.0-5.9 2.0-3.9 1.0-1.9 1.0-1.9 19-25.5 
OF-10 MODERATE 

 

10 1.0-1.9 6.0-7.9 2.0-3.9 1.0-1.9 1.0-1.9 21-27.5 OF-
11+12 MODERATE 

 

OF-13 na 
OF-14 na 
OF-15 na 

 
Based on the results in Table B10, there was very little difference in the erosion hazard index 
across sites with index values ranging fro 17 to 30.5.  This means all sites are in the Low to 
Moderate or Moderate range.  Given the great similarity in the erosion hazard index across 
sites, a more appropriate criterion to rank sites is based on the actual length of outfall channel 
susceptible to erosion.  Based on the criteria (see Table B7), the sites most susceptible to 
erosion are (ranked from highest to lowest): 
 

• OF 4-5  400 ft of susceptible streambank 
• OF 9  120 ft of susceptible streambank 
• OF 11-12 80 ft of susceptible streambank 
• OF 10  60 ft of susceptible streambank 
• OF 7  50 ft of susceptible streambank 
• OF 2  45 ft of susceptible streambank  
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B4. Habitat Assessments along Outfall Channels 
 
Purpose 
 
Habitat assessments were conducted along each of the outfall channels to determine the type of 
wetlands impacted by stormwater runoff, impacts on other ecological community types, and the 
extent and nature of the herbaceous, shrub and tree layers present.  Basic habitat mapping included 
using existing GIS layers to produce habitat maps for each outfall location. 
 
Methodology 
 
At each of the study outfalls, two approaches were used to conduct habitat assessments.  First, 
relevant GIS layers were used to map the extent of wetlands, surface waters and soils at each 
outfall.  In addition, the outfall channels (when found) were mapped using a Trimble GeoXT 
GPS unit.  Second, channel cross-sections were used to assess vegetation cover.  Starting at each 
culvert outfall, a tape measure was used to establish a 100 ft transect centered on the outfall 
stream channel and running a minimum of 50 ft in either direction perpendicular to the outfall 
channel.  A sketch of the set-up of the cross-sectional transects is shown below.   
 

The transects 
perpendicular to the outfall 
culvert were spaced at 20 
to 50 ft intervals 
depending on the variation 
along the outfall reach 
from the culvert outfall to 
the Ipswich River.  The 
spatial extent of the 
assessments was inversely 
proportional to the length 
of the outfall channel; 
longer channels required 
more extensive 
assessments.   

   
Herbaceous Cover Assessment - Starting at the outfall channel centerline, 1 m2 quadrats were 
centered every 10 feet and % herbaceous cover was determined for each quadrat.   
 
Shrub Layer Assessment – The presence and percent cover of the shrub layer was determined 
using 4 m2 quadrats spaced at 20 ft intervals on each side of the main outfall channel.  Percent 
cover was determined for the shrub layer. 

 
Tree Layer Assessment – The presence and percent cover of tree layer was determined.  All 
dominant tree species present were noted and the extent of the tree canopy was added as a layer 
to GIS maps of each site. 
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Evaluation and Results 
 
Basic GIS-based habitat maps were constructed for each outfall.  In addition, soil mapping was 
also conducted to ascertain the types of soils found in the study area.  Figure B4 summarize the 
soils found at each outfall channel in the study. The four major soil types were Saco, Windsor, 
Merrimac Urban Land Complex and Udorthents.  The most common soil type was the Saco and 
more information on that soil is provided below. 

 
 

Figure B3. A GIS based map of the major Soil Series found in the study area. The most predominant soil 
type was the Saco mucky silt loam. The 15 outfall locations in the study are shown with circles and 

stormwater conveyance systems are shown in red. 
 
The predominant soil type in all 15 of the targeted outfall areas was the Saco mucky silt loam, 0 
to 2% slopes.  This very deep, nearly level, very poorly drained soil is formed in silty alluvial 
deposits such as those along the Ipswich River. Saco soils are on the lowest lying parts of flood 
plains and are subject to frequent flooding.  
 
Saco soils typically have a very dark gray mucky silt loam surface layer 12 in thick. The 
substratum from 12 to 32 in is mottled gray silt loam, from 32 to 48 in is gray silt loam, and from 
48 to 60 in is gray, loose, stratified sand (http://nesoil.com/muds/saco.htm).  Some basic 
characteristics of the soil are presented below.   
 

Map Unit(s):   005A - Saco mucky silt loam, 0 to 2 percent slopes 
Taxonomic Classification:  Coarse silty, mixed, nonacid, mesic, Fluvaquntic Humaquepts 
Drainage Class:   Very poorly drained 
Parent Material:   Recent alluvium, organic and silty mineral deposits 
Permeability:   Moderately rapid in the organic surface layer, and slow to  

moderately slow in the substratum 
Water Holding Capacity:  High 
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Outfall 1 – Park and Central Streets 
 

Basic Site Characteristics 
Rip-Rap at Outfall Yes 
Outfall Channel Length - ft 343 
Direct Distance to Ipswich River - ft 300 
Sediment Plume Area – ft2 615 
Length of Channel Susceptible to Erosion – f t 10 

Soil Types  Saco Mucky Silt Loam 
Windsor 

Wetland Types Shallow Marsh Meadow 
Wooded Swamp Deciduous 

 
Figure B4. A GIS based map 

of the outfall channel and 
surrounding habitat and 

infrastructure.  The sediment 
plume is in brown, the extent 

of tree canopy cover is in 
green, the outfall channel is 

dark blue and the stormwater 
conveyance system is red.  
Wetland types are labeled. 

 
Tree Cover: The area 
outlined in green is the 
extent of the tree canopy at 
the site.  Along Park Street 
and the northern portion of 
Central Street, white oak 
(Quercus alba), silver 
maple (Acer saccharinum), 
slippery elm (Ulmus rubra) 
and red maple (Acer 
rubrum) is found.  Along 
the southern portions of the 
outfall channel there is 
predominantly red maple in 

the deciduous wooded swamp (red maple swamp) with a mean dbh of 7.6 in (range 4 to 11.5 in). 
 
Shrub Cover:  The shrub layer corresponds primarily with the extent of tree canopy cover and 
ranges from 40 to 100% under the tree canopy layer along Park and Haverhill Streets. The highest 
cover of shrubs is immediately surrounding the outfall.  The predominant species are white 
dogwood (Cornus amonum) and rose (Rosa spp.). 
 
Herbaceous Layer:  The Shallow Marsh Meadow shown in Figure B4 is dominated by a single 
species, reed canary grass (Phalaris arundinacea) with some scattered patches of white dogwood 
and red maple.  Herbaceous cover was essentially 100% along the margins of the outfall channel. 

conveyance system 

extent of 
canopy 
cover 

Park Street 
sediment 
plume

outfall 
channel 
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Outfall 2 – Park and Oakdale Streets 
 

Basic Site Characteristics 
Rip-Rap at Outfall Yes 
Outfall Channel Length - ft 197 
Direct Distance to Ipswich River - ft 220 
Sediment Plume Area – ft2 735 
Length of Channel Susceptible to Erosion – f t 45 
Soil Types  Saco Mucky Silt Loam 

Wetland Types Shallow Marsh Meadow 
Wooded Swamp Deciduous 

 

 
Figure B5. 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 outfall channel is 
dark blue and the stormwater 

conveyance system is red.  Wetland 
types are also labeled. 

 
 
Tree Cover: The area outlined in 
green is the extent of the tree 
canopy at the site.  Along Park 
Street and on the northern portion 
of the site ‘upland forest’ is noted.  
This forest contains some red oak 
(Quercus rubra), slippery elm 
(Ulmus rubra), white ash 
(Fraxinus americana) and red 
maple (Acer rubrum).  The 
remainder of forest cover is in the 
deciduous wooded swamp (red 
maple swamp) with a mean dbh of 
8.7 in (range 4 to 14.2 in dbh). 

 
Shrub Cover:  The shrub layer corresponds primarily with the extent of tree canopy cover and 
ranges from 40 to 60% under the tree canopy layer in both the upland and red maple swamp 
forests. The highest cover of shrubs is immediately surrounding the outfall.  The predominant 
species are white dogwood (Cornus amonum) and rose (Rosa x). 
 
Herbaceous Layer:  The Shallow Marsh Meadow shown in Figure B5 is dominated by reed canary 
grass (Phalaris arundinacea) and forms a 100% cover.  The herbaceous cover under the tree 
canopy ranges from 20-30%.  Herbaceous cover was 70-100% along the margins of the outfall 
channel. 
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Outfall 3 – Park Street at Duval 
 

Basic Site Characteristics 
Rip-Rap at Outfall Yes 
Outfall Channel Length - ft 0 
Direct Distance to Ipswich River - ft 0 
Sediment Plume Area – ft2 1017 
Length of Channel Susceptible to Erosion – f t 0 
Soil Types  Saco Mucky Silt Loam 
Wetland Types Wooded Swamp Deciduous 

 

 
 

Figure B6. 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, and the 
stormwater conveyance system is 

red.  Wetland types are also 
labeled. There is no outfall 

channel at this site. 
 
 
Tree Cover: The area outlined 
in green is the extent of the tree 
canopy at the site it runs from 
the Duval parking lot south to 
the banks of the Ipswich River.  
This forest is dominated by red 
maple (Acer rubrum) with a 

mostly closed canopy.  Red maples in the forest had a mean dbh of 7.9 in (range 4 to 13.7 in dbh).  
Tree canopy cover ranged from 100% north and west of the outfall, to 60 to 80% east of the outfall 
along a 30 to 40 ft swath along the Ipswich River. 
 
Shrub Cover:  The shrub layer corresponds primarily with the extent of tree canopy cover and 
ranges from 50 to 60% under the tree canopy. The highest cover of shrubs is immediately adjacent 
to the Duval parking lot. 
 
Herbaceous Cover:  The herbaceous cover under the tree canopy ranged from 10-30%.  There 
was a higher herbaceous cover (30-50%) along a 15-30 wide swath along the Ipswich River bank 
east of the sediment plume. This corresponded to a more over tree canopy (60 to 80%).  
 
 

Duval Parking Yard 

IPSWICH RIVER sediment plume 
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Outfall 4-5 – Park Street at North Reading High School 
 

Basic Site Characteristics 
Rip-Rap at Outfall No 
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 Mucky Silt Loam 
Udorthents, Loamy 

Wetland Types Wooded Swamp Deciduous 
 

 
Figure B7. 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 forest 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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Outfall 6 – Haverhill Street and Railroad Avenue 
 

Basic Site Characteristics 
Rip-Rap at Outfall No 
Outfall Channel Length – ft 12 
Direct Distance to Ipswich River – ft 20 
Sediment Plume Area – ft2 328 
Length of Channel Susceptible to Erosion – f t 8 
Soil Types  Saco Mucky Silt Loam 
Wetland Types None 

 

 
 

 
 

Figure B8. 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 outfall channel 
blue, and the stormwater 

conveyance system is red.  Wetland 
types are also labeled.  

 
 
Tree Cover: The area outlined in 
green is the extent of the tree 
canopy at the site.  This site is 
not dominated by a single 
species but has an equal mix of 
red maple (Acer rubrum), 
slippery elm (Ulmus rubra), 
white ash (Fraxinus americana) 
and red oak (Quercus rubra) 
scattered along the relatively 
steep between Railroad Avenue 
and the Ipswich River. 

 
Shrub Cover:  The shrub layer corresponded primarily with the extent of tree canopy cover and 
ranged from 50 to 60%.  Shrub cover was 100% over the entire sediment plume. 
  
Herbaceous Cover:  The herbaceous cover under the tree canopy ranged from 10-40%.  There 
was a higher herbaceous cover (30-50%) along the margins of the outfall channel.  
 

sediment plume 

IPSWICH RIVER 
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Outfall 7 – Park Street at the Fire Station 
 

Basic Site Characteristics 
Rip-Rap at Outfall No 
Outfall Channel Length – ft 900 
Direct Distance to Ipswich River – ft 450 
Sediment Plume Area – ft2 863 
Length of Channel Susceptible to Erosion – f t 50 

Soil Types  Saco Mucky Silt Loam 
Udorthents, Loamy 

Wetland Types Wooded Swamp Deciduous 
 

 
Figure B9.  GIS based maps 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 

outfall channel blue, and the 
stormwater conveyance system is red.  

Wetland types are also labeled.  The 

lower figure provides a more detailed look at the 
area along the sediment plume. 

 
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 
some scattered slippery elm (Ulmus rubra) and silver maple (Acer saccharinum).  The canopy is 
mostly closed with red maple dbh ranging from 4 to 25.6 in, with a mean of 9.6 in. 
 
Shrub Cover:  The shrub layer corresponded primarily with the extent of tree canopy cover and 
ranged from 10 to 40% in most of the deciduous wooded swamp area..  Shrub cover was higher 
(50%) west of the outfall channel in the northern area of the deciduous wooded swamp.  
 
Herbaceous Cover:  The herbaceous cover under the tree canopy ranged from 10-30%.  There 
was a higher herbaceous cover (40-100%) along the margins of the outfall channel
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Outfall 8 – Park Street Bridge 
 

Basic Site Characteristics 
Rip-Rap at Outfall Yes 
Outfall Channel Length – ft 0 
Direct Distance to Ipswich River – ft 10 
Sediment Plume Area – ft2 0 
Length of Channel Susceptible to Erosion – f t 0 
Soil Types  Saco Mucky Silt Loam 
Wetland Types None 

 

 
Figure B10. A GIS based map of 
the outfall and surrounding habitat 
and infrastructure.  There was no 
sediment plume at this site. The 

extent of tree canopy cover is shown 
in green, an area of lawn is shown, 

and the stormwater conveyance 
system is red.  The orange box 
highlights the key habitat area. 

 
 
Tree Cover: The area outlined in 
green is the extent of the tree 
canopy at the site.  This 
immediate outfall site has no 
canopy cover, but there is a 
narrow band of forest cover south 

of the outfall dominated by red maple (Acer rubrum) along the base of the relatively steep slope 
along the Ipswich River. 
 
Shrub Cover:  The shrub layer corresponded primarily with the extent of tree canopy cover and 
ranged from 10 to 20%.  Shrub cover was 0% with 20 ft of the outfall. 
 
Herbaceous Cover:  The herbaceous cover at this site is represented by the large area of mowed 
lawn immediately west of the outfall.  On the Ipswich River side of the outfall, there is extensive 
rock rip-rap (rocks > 12” dia) along the slope to the River.  Under the tree canopy to the south of 
the outfall, herbaceous cover ranged from 10-30%.  
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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 B11. 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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 Outfall 10 – Elm Street and Turner Street 
 

Basic Site Characteristics 
Rip-Rap at Outfall No 
Outfall Channel Length – ft 345 
Direct Distance to Ipswich River – ft 430 
Sediment Plume Area – ft2 3373 
Length of Channel Susceptible to Erosion – f t 60 
Soil Types  Saco Mucky Silt Loam 

Wetland Types Shallow Marsh Meadow 
Wooded Swamp Deciduous 

 

 
Figure B12. 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), slippery elm (Ulmus 
rubra) and scattered red maple (Acer 
rubrum).  The deciduous wooded swamp 
is dominated by red maple (Acer rubrum). 
 
Shrub Cover:  The shrub layer was the 
most dense along the margins of the 

outfall plume and adjacent to the upland forest to the northeast of the plume.  Shrub cover ranged from 30 to 
80% in this area.  There were also scatted patches of shrubs in the shallow marsh meadow.  
 
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.  The shallow marsh meadow was dominated by Typha cover. 
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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 B13. 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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Outfall 13 – Elm Street and Cemetery 
 

Basic Site Characteristics 
Rip-Rap at Outfall No 
Outfall Channel Length – ft 36 
Direct Distance to Ipswich River – ft 60 
Sediment Plume Area – ft2 0 
Length of Channel Susceptible to Erosion – f t 0 

Soil Types  S Saco Mucky Silt Loam 
Merrimac Urban Land Complex 

Wetland Types Shrub Swamp 
 

 
 

Figure B14. A GIS based map of the 
outfall and surrounding habitat and 

infrastructure.  The outfall channel is 
shown in blue, the extent of tree canopy 

cover is in green, the extent of shrub cover 
is in purple, and the stormwater 

conveyance system is in red. There was no 
discernible sediment plume at this site.  

 
 
Tree Cover: The area outlined in green 
is the extent of the tree canopy at the 
site. A more upland forest with a closed 
canopy grades into a shrub swamp 
community. Both the upland and 
lowland area under is canopy is 
dominated by red maple (Acer rubrum) 
and slippery elm (Ulmus rubra).  
However, in the more upland areas 
there are also many dead snags of white 
ash (Fraxinus americana). 
 

 
Shrub Cover:  The shrub layer had the highest cover (80-100%) immediately along the Ipswich 
River (noted by the purple line in Figure B14).   
 
Herbaceous Cover:  The herbaceous cover under the tree canopy ranged from 10-30%.  There 
was a higher herbaceous cover (50-70%) along the banks of the Ipswich River.  
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Outfall 14 – Elm Street and McIntyre 
 
 

Basic Site Characteristics 
Rip-Rap at Outfall Yes 
Outfall Channel Length – ft 0 
Direct Distance to Ipswich River – ft 10 
Sediment Plume Area – ft2 0 
Length of Channel Susceptible to Erosion – f t 0 

Soil Types  Saco Mucky Silt Loam 
Merrimac Urban Land Complex 

Wetland Types Shrub Swamp 
 

 
 

Figure B15. A GIS based map of the outfall 
and surrounding habitat and infrastructure.  
The extent of tree canopy cover is in green, 
and the stormwater conveyance system is in 

red. There was no discernible sediment 
plume at this site.  

  
 
 
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 (Acer 
rubrum) shrub swamp.  The upland 
forest is mostly a closed canopy with the 
dominant species found being red oak 
(Quercus rubra), white oak (Quercus 
alba) and scattered dead snags of white 
ash (Fraxinus americana).  The relative 
steep slopes along the Ipswich River east 
and west of the outfall have no tree 
canopy cover.   
 
Shrub Cover:  In the shrub swamp, the 
shrub layer corresponded primarily with 
the extent of tree canopy cover and 

ranged from 40 to 60%.  In the upland forest, shrub cover ranged from 20 to 40%.  Shrub cover 
was also from 40 to 60% along the lower banks of the Ipswich River. 
 
Herbaceous Cover:  The herbaceous cover under the tree canopy in both types of forest ranged 
from 10-30%.  There was a higher herbaceous cover (40-60%) along many portions of the lower 
banks of the Ipswich River, except in those areas of high erosion.
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Outfall 15 – Elm Street and River Road 
 

Basic Site Characteristics 
Rip-Rap at Outfall Yes 
Outfall Channel Length – ft 0 
Direct Distance to Ipswich River – ft 10 
Sediment Plume Area – ft2 0 
Length of Channel Susceptible to Erosion – f t 0 

Soil Types  Saco Mucky Silt Loam 
Merrimac Urban Land Complex 

Wetland Types None 
 

 
 

 
Figure B16. A GIS based map of the outfall and 

surrounding habitat and infrastructure.  The extent 
of tree canopy cover is shown in green and the 
stormwater conveyance system is in red. There 
was no discernible sediment plume at this site.  

.   
 
Tree Cover: The area outlined in green is the 
extent of the tree canopy at the site.  The 
upland forest is mostly a closed canopy with 
the dominant species found being red oak 
(Quercus rubra), white oak (Quercus alba) 
and scattered dead snags of white ash 
(Fraxinus americana).  The relative steep 
slopes along the Ipswich River immediately 
south of the outfall have no tree canopy cover 
and are covered in rip-rap.   
 
Shrub Cover:  The shrub layer corresponded 
primarily with the extent of the upland tree 
canopy cover and ranged from 20 to 40% in 

the upland forest.  Shrub cover was highest immediately along the Ipswich River (40-60%). 
 
Herbaceous Cover:  The herbaceous cover under the tree canopy in the upland forest ranged from 
10-30%.  
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Habitat Summary and Evaluation 
 
Characterizing and ranking habitat across the outfalls involves several facets.  First, the area and 
coverage of the plumes themselves is relevant in that the sandy plumes are themselves degraded 
habitat.  However, the habitat degradation in most cases dissipates at the edge of the plume and 
there is a sharp boundary between the plume and the surrounding vegetation and habitats.  Second, 
some sites are more susceptible to erosion, especially those with high volume of runoff and thus 
the potential for future habitat degradation through erosion depends on runoff volume and 
velocities.  Third, characterizing the type of habitat that id degraded or at risk of future degradation 
is important.  Habitat degradation can be categorized either in terms of wetland degradation or 
stream channel degradation via sediment plume deposition and/or erosion.  In terms of the latter, it 
those outfalls that dump directly into the Ipswich that are the most problematic, but they are also 
the hardest to remediate in many cases.  In the case of the former, there are two initial criteria.  
First is proximity to the main River channel and the second is whether or not the plume is located 
in a delineated wetland. 
 
Given these categories and complexity, the outfall sites were categorized into three main 
categories: (1) outfall sites with impacts primarily on terrestrial wetlands and (2) outfall sites with 
impacts primarily on Ipswich River or lotic impacts. 
 

Outfall Sites with Wetland Impacts  
 
Outfall      Area of Plume – ft2   
 

OF 4-5 7108 
OF- 10 2373 
OF- 11-12 1317 
OF-9 1287 
OF-7 863 
OF-2 735 
OF-1  615 
OF- 13 0 
 

Outfall Sites with Ipswich River Impacts  
 
Outfall        Area of Plume – ft2  
 

OF-3 1017 
OF-6 328 
OF-8 0 
OF-14 0 
OF-15 0 

 
Based on the entire body of habitat results, mapping and analysis, all the outfalls were categorized 
on a 1-5 scale by both normalized sediment plume area and normalized distance to river. In these 
rankings, those with scores of 5 reflected those sites with the highest habitat degradation on either 
wetlands or the Ipswich River and those with scores of 1 reflected those sites having the lowest 
impact on either wetlands or the Ipswich River.  The results of these rankings are shown and 
summarized in Table B11. 
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Table B11.  A summary of habitat degradation rankings for each study outfall site.  Ranks are based on 

normalized values for both sediment plume area and distance to river values. 
 

Outfall Plume Area 
ft2 

Plume 
Rank 

Distance to 
River 

ft 

Distance 
Rank 

Sum 
Rank 

Final 
Rank 

Outfalls with Direct Wetland Impacts 
OF 4-5 7108 5 250 3 8 4 
OF 10 2373 2 430 1 3 2 

OF 11-12 1317 1 450 1 2 1 
OF 9 1287 1 750 1 2 1 
OF 7 863 1 445 1 2 1 
OF 2 735 1 220 3 4 2 
OF 1 615 1 300 2 3 2 
OF 13 0 1 60 5 6 3 

Outfalls with Direct Ipswich River Impacts 
OF 3 1017 1 0 5 6 3 
OF 6 328 1 20 5 6 3 
OF 8 0 1 10 5 6 3 

OF 14 0 1 10 5 6 3 
OF 15 0 1 10 5 6 3 
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 B5. Water Quality Status and Comparison 
 
Purpose 
 
The goal of Phase I sampling was to obtain water quality data that: (1) were accurate and precise; 
(2) could be compared with the water quality criteria established in 314 CMR 4.00: 
Massachusetts Surface Water Quality Standards; although not directly as the outfall water is not 
ambient water; (3) could be used to compare with previous water monitoring data collected in 
the watershed; and (4) could be integrated into the flow and runoff results to calculate loadings.  
 
Phase I water quality monitoring involved limited monitoring across the 15 outfalls.  Monitoring 
priorities were based on both addressing the impairments in the region and the analytical 
capacity of the Merrimack College Environmental Analysis Laboratory and included the 
following key parameters: 
 

• Total Suspended Solids [TSS] (mgL-1) 
• Total Phosphorus [total P] (µg L-1) 
• Chloride (mgL-1) 

 
In addition, several other parameters were analyzed. 

 
• pH 
• Conductivity (µs cm-1) 

 
Methodology 
 
The unusual dryness and lack of consistent and widespread rainfall events meant that water 
quality sampling was limited during the summer and fall of 2010.  Water quality samples were 
collected on August 5, August 23 and December 12, 2010. 
 
Total Suspended Solids:  TSS were measured by filtering 1.0 L of sample water through a pre-
washed and pre-weighed Whatman GFC filter. Following filtering, filters were dried in 
aluminum holders for 24 hours at 104oC.  Following drying, samples were re-weighed using a 
Mettler AE260 Balance.  The organic fraction of the TSS on the filter were determined by the 
loss on ignition method using a Barnstead Thermolyne 47900 Furnace set at 450oC for 8 hours.  
Filters were weighed after ignition and the organic fraction will equal the total weight (after 
drying at 104oC) minus the weight after ignition.   
 
Total Phosphorus:  Samples were collected in acid washed HDPE sample bottles.  Total P 
samples were digested using a persulfate acid digestion (Method 4500-PB.5) and total phosphate 
was measured via the ascorbic acid method (Method 4500-PE).  
 
Chloride:  Samples were collected in HDPE sample bottles.  Chloride was analyzed from raw 
samples using a Dionex ICS-90 Ion Chromatograph (USEPA Method 300.0).  
 
pH:  A YSI 6920-S Multi-Parameter Probe was used to measure pH in the field.  The probe was 
calibrated using 4.01 and 7.00 pH buffers before each sampling day.  
 
Conductivity:  A YSI 6920-S Multi-Parameter Probe was used to measure conductivity in the 
field.  The probe was calibrated using 0, 100 and 280 µs standards before each sampling day.    
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Evaluation and Results  
 
Total Suspended Solids (TSS) Results 
 
Total Suspended Solids (TSS) is defined as the portion of total solids in a surface water sample that 
are retained by filtration.  The TSS results for the 15 outfalls during three rainfall events are 
summarized in Figure B17.  There was a high level of variability across sampling dates and across 
outfall sites, with TSS ranging from 0.2 to 599.7 mg/L. 
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Figure B17.  A summary of TSS levels (mg/L) taken from grab sample 
at the 15 study outfalls during rainfall events. 

 
Given the high degree of variability, the mean TSS for all three rainfall events was calculated and Figure 
B18 provides a summary of the results.  Based on this summary, outfalls 1,2,and 4 showed the highest 
average TSS. 
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Figure B18.  Mean TSS levels across three rainfall event sampling dates. 
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Organic/Inorganic Content of Total Suspended Solids 
 
Figure B19 is a comparison of organic versus inorganic content of TSS during the three sampling 
periods. Given that none of these samples were collected during the winter road sanding period, it 
is not surprising that there was a high organic matter content in many of these samples given that 
samples were collected in summer and fall.  Sand particles were not found in any of the samples. 
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Figure B19.  A summary comparing the organic versus inorganic fraction 

of TSS during 3 rainfall events at the 15 outfall sites. 
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Chloride Results 
 
Chloride is a common constituent of surface waters in New England.  This is frequently 
attributed to the use of road salts during the winter months.   Godfrey et al. (1996) noted that in 
the Boston Region, median Cl levels were 22.4 mg/L in lakes and 24.9 mg/L in streams.   
Godfrey et al. (1996) also concluded that most of the sodium and chloride in Massachusetts 
streams is due to the application of road salt during winter weather events.  The authors used a 
simple mass balance model of road salt and stream runoff and determined that salt in 
precipitation, even given coastal influences in the eastern portion of Massachusetts, can account 
for only some 4% of the observed stream concentrations.  Figure B20 summarizes the chloride 
results for the 15 outfalls in the current study. 

 
 

Figure B20.  A 
summary of chloride 

levels (mg/L) taken from 
grab sample 

at the 15 study outfalls 
during rainfall events. 

 
Based on the range of 
values presented by 
Godfrey et al. (1996), 
the chloride 
concentrations found 
were in the range of 
the median chloride 
concentrations they 
reported.  Water 
samples were 
collected in summer 
and fall and thus do 
not reflect any impacts 

of seasonal road salting.  Given the degree of variability, the mean chloride concentration values 
for all three rainfall events were calculated and Figure B21 provides a summary of the results.   
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Figure B21.  Mean chloride concentrations across 3 sample dates. 
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Total P Results 
 
Phosphorus (P) is one of the most important nutrient measures in freshwater studies.  Phosphorus 
is considered a major cause of eutrophication in freshwater systems because this essential 
nutrient is typically at very low ambient concentrations  in surface waters and thus can control 
primary productivity in algae and aquatic macrophytes.  Measuring and quantifying phosphorus 
can be problematic owing to the many different pools of P, including soluble and insoluble 
fractions and organic and inorganic forms.  The use of total P (sum of all P fractions determined 
using a digested water sample) has been shown to be a better indicator of trophic state and 
available P levels than other less comprehensive P measures, such as soluble reactive P. 
 
The median Total P levels for lakes reported for Brakke et al. (1998) in the southern New 
England region where the 15 study outfalls are located is 0.014 mg/L.  Median total P values for 
other regions in the northeastern U.S. range from 0.005 to 0.022 mg/L.   Figure B22 is 
reproduced from the ENSR (2003) study and shows the frequency distribution of total P values 
for rivers and streams in New England and provides additional context for the total P levels 
observed at the outfalls at part of Phase I of the current study.  The outfalls in North Reading are 
in the Northeastern Coastal Zone Ecoregion. 

 
 

Figure B22.  The frequency distribution of total P levels in summarized based on 
ambient data in rivers and streams in New England.  This Figure is taken from the ENSR 
(2003). 

 
Total P showed a range of values at the different outfalls and at different sample periods.  The 
results of the Total P analysis are shown in Figure B23. 
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Total Phosphorus Results
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Figure B23.  A summary of Total P results (parts per billion – ppb) 
across the 15 study outfalls for three rainfall events. 

 
The total P results show some variability, ranging from 15.2 to 117.4 ppb.  The grab sample taken 
on 8/23 showed generally higher concentrations on several sites.  Given the degree of variability, 
the mean total p concentration values for all three rainfall events were calculated and those results 
are summarized in Figure B24. 
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Figure B24. Mean total P concentrations found for the 15 study outfalls across 3 rainfall events. 
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Conductivity Results 
 
Conductivity is the measure of the resistance of a solution to electrical flow; the lower the 
conductance, the ‘purer’ the water and the lower its dissolved salt content.  Brakke et al. (1988) 
report the median conductance value for the southern New England region was 81.5 µs/cm.  A 
summary of the conductivity results from grab samples taken at each of the study outfalls is shown 
in Figure B25.  Conductivity values were variable with over 50% of the reading exceeding the 
median conductance noted by Brakke et al. (1998).  However, for most outfalls, higher 
conductivity values were found on the 9/30 and 12/12 rainfall events. Phase II water quality 
analysis may contribute to understanding this variation. 
 

 
 
Figure B25.  A comparison of conductivity readings across the 15 study outfalls during four rainfall events. 
 



 
 

Technical Memorandum 

55 Stormwater Remediation in the Upper Ipswich Watershed - RFA # 10059 

pH Results 
 
The Commonwealth of Massachusetts standard for pH in Class B waters (314 CMR 4.00:  
Massachusetts Surface Water Quality Standards) is that pH: 
 

‘shall be in the range of 6.5 through 8.3 standard units and not more than 0.5 units 
outside of the background range. There shall be no change from background 
conditions that would impair any use assigned to this Class.’   

 
A summary of the pH results from grab samples taken at each of the study outfalls is shown in 
Figure B26.  Most of the samples fall within the range noted above, with the exception of several 
samples taken on 8/5 with pH values below 6.0.   Phase II water quality analysis may contribute to 
understanding this variation. 
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Figure B26. A comparison of pH values across the 15 study outfalls during four rainfall events.
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Based on the water quality results collected as part of Phase I of this project, an overall water 
quality ranking was developed based on the three main water quality parameters in this study:  
 

• Total Suspended Solids 
• Chloride 
• Total P 

 
Based on the mean levels of these three parameters summarized in Figures B18, B21 and B24, 
the derived means were normalized on a 1-5 scale, with 5 being the highest (or most impaired) 
water quality values and 1 being the lowest (or least impaired) water quality values.  The results 
of these rankings are summarized in Table B12. 
 
 

Table B12.  A summary of overall water quality rankings for each of the 
15 study outfalls.  Ranks are based on a 1-5 scale with 1 the least 
impaired water quality and 5 the highest impaired water quality. 

 

Outfall TSS 
Rank 

Chloride 
Rank 

Total P 
Rank 

Rank 
Sum 

Overall 
Rank 

1 4 2 1 7.0 2 
2 3 3 1 7.0 2 
3 2 1 1 4.0 1 
4 1 1 1 3.0 1 
5 5 5 5 15.0 5 
6 1 1 2 4.0 1 
7 1 2 1 4.0 1 
8 1 2 5 8.0 3 
9 1 2 5 8.0 3 

10 1 3 1 5.0 1 
11 2 5 3 10.0 3 
12 1 3 5 9.0 3 
13 1 3 3 7.0 2 
14 1 3 3 7.0 2 
15 1 4 2 7.0 2 
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SECTION C.  Feasibility of Potential Site Remediation 
 
 
In choosing the five outfalls for further study, a critical criteria used in ranking the 15 
catchments/outfalls was feasibility of potential site remediation.  As the ultimate purpose of this 
study is to recommend the implementation of best management practices to improve water 
quality in the Ipswich River, feasibility of site remediation at each location is a critical 
consideration.  Feasibility was defined using two key components:  (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.  
 
Study results for each outfall and catchment were reviewed with North Reading DPW Director 
Dick Carnevale in December 2010 to assess the feasibility of BMP installation and plume 
remediation.  Below is a synopsis of discussion of each outfall and its feasibility for BMP 
consideration. 
 
OF-1 Park and Central 
Central Street is due to be rebuilt within the next few years and is a Department of Public Works 
(DPW) priority project.  Consideration of installation of infiltration units on Central Street is 
highly probable.  Mr. Carnevale commented that he was satisfied with the cost and ease of 
installation of the deep sumps and leaching catch basins previously installed on North Street and 
would consider these or other BMPs as part of the reconstruction of Central Street.  
Selected by Town 
 
OF-2 Park and Oakdale 
No work is proposed in the near future on Oakdale Street or that section of Park Street.  Thus, 
the opportunity for implementation of stormwater BMP’s is lacking. 
Not selected by Town 
 
OF-3 Park Street at Duval; OF-4 and 5 Park at North Reading High School 
Outfalls 3, 4, and 5 encompass the North Reading Middle and High Schools, as well as the 
Town’s Senior Housing area.  The Town is currently in a feasibility study for reconstruction of 
both schools.  Further information about these outfalls will be helpful in promoting stormwater 
improvements, design, and underscore the need.  North Reading DPW has expressed interested 
in reviewing the 604b study results to help direct stormwater BMPs at all three outfalls.   
All selected by Town 
 
OF-6 Haverhill & Railroad 
The catchment area of this outfall is very small.  Private construction is taking place on the dirt 
road adjacent to the outfall, which may ultimately reduce sediment loading.  No roadwork is 
planned in this area within the roadway. 
Not selected by Town 
 



 
 

Technical Memorandum 

58 Stormwater Remediation in the Upper Ipswich Watershed - RFA # 10059 

OF-7 Park Street at Fire Station 
This outfall has a substantial plume, but a very small watershed, raising questions. The 
catchment contains the area in front of the Police and Fire Stations.  According to Town 
Engineer Mike Soraghan and Director Dick Carnevale, both stations request added sanding 
during snow storms.  There was also recent construction of a flood wall, and the Police Station 
was fully renovated.  It is possible that some sediment loading to the outfall occurred during 
either of these construction projects as well.  Although the plume is large for this catchment size, 
the sediment plume ends before it reaches the Ipswich, 350 feet away.  
Not selected by Town 
 
OF-8 Park Street Bridge 
This outfall has no detectable plume because it dumps directly into the Ipswich River.  The 
catchment encompasses part of the Town Center, Town Common, Historic District, and Library.  
Due to the amount of Town owned property in the area it affords opportunities for BMP 
installation within the watershed.   
Selected by Town 
 
OF-9 Elm Street at Oxbow: 
No roadwork is planned in the immediate future in this catchment. However, the outfall area 
shows extensive erosion, and so a restoration at the outfall site will be designed.   
Selected for outfall remediation only by Town 

 
OF-10 Elm and Turner 
This catchment is low density residential, established neighborhoods.  No work is planned in this 
area in the near future. Further study is not feasible.   
Not selected by Town 
 
OF-11 and 12 Elm and Bigham 
This catchment is primarily low density residential.  Although the catchment is large, no 
roadwork is planned and there is no Town owned land in the catchment.  Due to the high volume 
and sediment, this could be considered for future study, but no roadwork is planned in the short-
term.  
Not selected by Town 
 
OF-13 Elm Street at Cemetery; OF-14 Elm and McIntyre; OF-15 Elm and River 
These three outfall catchments were very small, and mostly encompassed Elm Street which was 
recently reconstructed.  No plumes were detected and erosion due to these outfalls was minimal.  
Not selected by Town 
 
Based on all the analysis as summarized in Section C, the top five ranked outfalls selected for 
further study are:  
 
 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 
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All of these sites received a 5 on a 1-5 scale for project feasibility, with 5 reflecting those sites 
with the highest probability of being remediated and 1 reflecting the lowest probability for 
remediation work.  Given the discussion summaries noted above, all remaining sites received a 
score of 1 given that there was no short or long-term potential for site work at those outfalls. 
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SECTION D.  Selection of Five Outfalls/Catchments for Phase II Study 
 
The 15 candidate sites were assessed based on the individual parameters and criteria outlined in 
Sections B and C of this memorandum.  In this section, we review the results of each previous 
section to select catchments/outfalls for future work and assessment in Phase II of the project.  
Based on this assessment, five (5) sites have been chosen for more intensive water quality and 
flow monitoring.  It should be noted that this technical memorandum will also be submitted to 
EPA for review and approval as a QAPP modification. 
 
According to the United States Environmental Protection Agency, nonpoint source pollution 
comes from many diffuse sources and is caused by rainfall or runoff moving over and through 
the ground, which may pick up and carry pollutants to our waterways (http://water.epa.gov/). 
 
The results of Phase I of this study clearly indicate that at all 15 outfalls, stormwater runoff water 
quality was impaired.  These results validate 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.   
 
As noted, plume volumes varied greatly, as did the volume of runoff at each outfall. The volume 
of the sediment plumes varied, as did their topography.  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.  
 
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 D1. Based on these overall 
rankings, we propose that the following five outfalls be used in Phase II of the study: 
 

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

 
Though outfalls 1 and 11-12 have equal total rankings (score of 15), we used feasibility as the 
tie-breaker.  In addition, as part of Phase II work we also propose developing a conceptual site 
restoration plan will be developed for OF – 9 and road sanding policies will be discussed with 
the Town of North Reading to address OF – 7.
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Table D1.  A summary of outfall site rankings. 

 

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 
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