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Water Quality — Blackstone River
Rhode Island Department of Environmental Management Final Report 2: Field Investigations

EXECUTIVE SUMMARY

This study (‘BTMDL study’) was performed as part of the development of Total Daily Maximum Loads
(TMDL). Waterbodies included in the BTMDL study consisted of the Rhode Island portion of the
Blackstone River (impaired for biodiversity, pathogens, copper, lead), Mill River (lead), Peters Rivers
(pathogens, copper, lead), Valley Falls Pond (biodiversity impacts, pathogens, phosphorus, low
dissolved oxygen, excess algal growth, lead), and Scott Pond (excess algal growth, chlorophyll a, low
dissolved oxygen, phosphorus). In addition, nutrient data were collected in the Blackstone River to
better understand nutrient contributions from Massachusetts, and the loading from the Blackstone River
to Narragansett Bay.

Field investigations were conducted in the impaired waterbodies consisting primarily of dry and wet
weather water sampling, outfall reconnaissance surveys, and biodiversity assessment. In addition,
studies of the sediment, bathymetry, phytoplankton, and wetlands were conducted in the two ponds.

Pathogens

Pathogens are contributed from Massachusetts for the Blackstone River, Mill River, and Peters River
during dry and wet weather. Additional loading to these rivers occurs in Rhode Island in the urban areas
of Woonsocket (defined in the report as ‘Reach 1’: MA/RI State line to Manville) and Central Falls and
Pawtucket (Reach 3: Lonsdale to mouth of the Blackstone River). The Branch River as well as several
of the outfalls and small brooks contained high fecal coliform concentrations, particularly during wet
weather. There are no major pathogen sources in the mid-section of the Blackstone River (Reach 2:
Manville to Lonsdale) between the two urban centers. The Woonsocket Wastewater Treatment Facility
as well as Abbott Run Brook were not a source.

Compared to the 1991 Blackstone River Initiative (BRI) study, the pattern of fecal coliform
concentrations was very similar during both wet and dry weather. This suggests that there were neither
significant reductions in the discharge of fecal coliform nor new sources in this time frame.

Dissolved Copper

During dry weather there were three minor acute dissolved copper exceedances in any of the rivers, two
of which occurred at the MA/RI State line. The largest number of dry weather chronic exceedances also
occurred at the MA/RI State line (W-01), where 60% of the surveys had concentrations that exceeded the
standards. The exceedances of dissolved copper at the lower Blackstone River stations were a direct
result of the high concentrations at the State line that carried through to the mouth of the river. Copper
concentrations in the Branch River, Mill River, Peters River, and Abbott Run Brook met chronic criteria.
These four tributaries contributed copper on average at less than 4.7%, 1.7%, 0.4%, and 4.6%
respectively, at their points of confluence with the Blackstone River. Most of the sampled outfalls also
met regulatory standards.

During wet weather, the acute criteria were exceeded approximately half of the time at the State line;
chronic criteria were exceeded during each storm. Most of the copper load measured in Manville
(downstream end of Reach 1) was attributable to loading from Massachusetts. However, copper
concentrations in the Branch River also exceeded the acute and chronic criteria. The Peters River only
exceeded the regulatory standards slightly during the second sampled storm. The Mill River exceeded
the acute criteria once. Load analysis for Reach 1 did not suggest additional significant sources of
copper in addition to the sources that were monitored. There were no significant sources within Reaches
2 and 3. Some of the sampled outfalls in all three reaches exceeded the regulatory criteria for copper.
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The dry weather profile for the 1991 BRI was similar to that observed in the BTMDL study. In general,
concentrations during the BTMDL study were lower and the ranges between maximum and minimum
were smaller than the BRI study. There appears to be a measurable reduction in copper from
Massachusetts over the 14 years. This change can also be seen in the downstream stations.

Dissolved Lead

During dry weather there were no acute dissolved lead exceedances in any of the rivers. Chronic criteria
in the Blackstone River were exceeded only during one sampling event at all Blackstone River stations,
suggesting that the source during that event was in Massachusetts. The Branch River exceeded the
chronic criteria during three of out of four dry weather events, in part due to its low hardness. The
chronic criteria were exceeded twice in the Mill River out of six sampling events, although one sample
was likely affected by elevated lead concentrations in the Blackstone River. Lead concentrations in the
Peters River and Abbott Run Brook met chronic criteria. These four tributaries contributed lead on
average at 45% (Branch River), 11% (Mill River), 1% (Peters River), and 16% (Abbott Run Brook) at
their respective points of confluence with the Blackstone River. All but one of the sampled outfalls met
regulatory standards.

During wet weather there were no acute dissolved lead exceedances in any of the rivers. The chronic
criteria were exceeded only once at a Woonsocket station in the Blackstone River, and once for the
Branch River. The Mill and Peters Rivers did not exceed the criteria. Load analysis for Reach 1 did not
suggest additional significant sources of lead in addition to the sources that were monitored. There were
no significant sources within Reaches 2 and 3. Some of the sampled outfalls exceeded the regulatory
criteria for lead during wet weather.

The dry weather concentrations reported in the BTMDL are considerably lower than those reported in
the BRI in 1991. This may be a direct result of the improved technology being used in the laboratory
now as compared with 14 years ago. The available lead data do not support listing the Blackstone River,
Mill River, and Peters River on the 303(d) list.

Nutrients

During dry weather, the total phosphorus concentrations along the Blackstone River did not vary
significantly, with the highest concentration at the State line (0.38 mg/l) and the lowest concentration at
the mouth of the river at Slater Mill (0.27 mg/l). On an annual basis, the majority of the nutrient load at
the Manville station (downstream end of Reach 1) was contributed by Massachusetts sources,
specifically 71% of nitrates, 68% of ammonia, and 58% of total phosphorus; within Rhode Island, the
most significant nutrient sources are the Woonsocket WWTF and the Branch River. The Mill River and
Peters River contributed less than 2% each to the nutrient loads in the Blackstone River.

During wet weather, much of the nutrient load at the Manville station (downstream end of Reach 1) was
contributed by Massachusetts sources, specifically 74% of nitrate, 84% of ammonia, and 84% of total
phosphorus. The remaining load was largely contributed by the major tributaries (Branch, Mill and
Peters River) and the Woonsocket WWTF. In Reaches 2 and 3, there were no major changes in nutrient
loads on balance.

The BTMDL dry weather concentrations for ammonia and nitrate concentrations were in general similar
to the 1991 BRI concentrations. The most obvious differences were observed at the State line where the
mean ammonia concentration was approximately 4 times higher during the BTMDL than for the BRI.
This is not unexpected since two of the three surveys completed for the BRI were taken when the Upper
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Blackstone Water Pollution Abatement District provided nitrification. The BTMDL study captured data
that included the period between October and May when nitrification at the UBWPAD was not
occurring. Nevertheless, despite the 14 years difference between surveys, the pattern of nitrate and
ammonia concentrations was very similar. This suggests that there were neither significant reductions in
the discharge of nitrate and ammonia nor new source additions within this time frame.

Biodiversity

Based on 2004 and 2005 results and historic data, the Blackstone River benthic community at the
Millville (MA) and Manville (RI) stations were slightly to moderately impaired. This finding reflects a
very slight overall decrease in impairment over the last two decades. Comparing the Biotic Index over
the last 10 years, the level of impairment at the Manville station is slightly higher than at the Millville
station. This finding suggests that organic loading is added in the Woonsocket reach of the river
between the MAJ/RI State line and Manville, as was observed during the water quality surveys.
However, local conditions at the Manville station could also be a reason for the slightly impaired
conditions.

The main stressor appears to be organic loading and not metal toxicity. This conclusion is supported by
the data collected in 2004 and 2005 at Station M-02 where the taxa that are known to be sensitive to
organic enrichment were not as common at Manville station as compared to the Wood River reference
station.

Valley Falls Pond

Valley Falls Pond is eutrophic. It is influenced by the Blackstone River, but at the same time it functions
as a semi-separate system. The pond is flushed primarily as a result of fluctuations in the water elevation
in the river. It accumulates fine-grained sediments and organic matter derived from the Blackstone River
as well as high level of algae and phytoplankton growth associated with its eutrophic status, and detritus
from the surrounding wetlands. The consequence of this deposition is the accumulation of nitrogen and
phosphorus and the accumulation of 0.5 to 2.0 m (1.5 to 7 feet) of unconsolidated material. It is likely
that the high rate of organic matter deposition results in a high rate of sediment oxygen demand that is
causing the periodic oxygen depletion within the pond. However, it also appears that the water within
the pond is sufficiently shallow to have adequate ventilation to prevent anoxia.

Pathogen concentrations were generally low but can increase as a result of flooding of the pond by the
Blackstone River. Dissolved copper concentrations were generally similar in Valley Falls Pond and the
Blackstone River station. However, the dissolved lead concentration was always higher than in the river,
although only one sample violated the chronic criterion for lead. The available metals data do not
support listing the pond on the 303(d) list.

It is clear that management options for removing Valley Falls Pond from the 303(d) list for impairments
related to phosphorus enrichment must include both improvements of the Blackstone River waters which
dominate the loading to the pond and an acknowledgement that the pond is operating not as a "classic"
freshwater pond or lake, but as an open water basin within a significant wetland system. The
observations of the healthy status of the Valley Falls Marsh and the relatively modest oxygen depletions
and the status of fish habitats in the pond under its currently high rates of organic matter inputs, supports
the contention that wetland ponds are less sensitive to nutrient enrichment than “classic” ponds and
lakes.
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Scott Pond

Scott Pond is an eutrophic freshwater pond at the terminus of a remnant of the Blackstone Canal and its
local watershed. The pond operates as a depositional basin, which is enriched in phosphorus and which
shows classic symptoms of eutrophication: high total phosphorus levels, high chlorophyll a levels, low
transparency and high phytoplankton biovolumes. In addition, the bottom waters of both the northern
and southern basins of Scott Pond become seasonally anoxic. Management will be required for the
restoration of this impaired aquatic resource.

The hydrologic balance of Scott Pond is dominated by inflow from the Blackstone Canal (85%), with the
watershed and direct atmospheric deposition accounting for 11% and 4%, respectively. Freshwater
outflow appears to be through the subsurface most likely to the Moshassuck River and possibly Valley
Falls Pond. The Blackstone Canal is a source of nutrients to Scott Pond. The watershed to Scott Pond is
likely an important, though secondary, source of phosphorus to pond waters. Scott Pond likely has a
significant amount of phosphorus release from the bottom sediments due to the periodic anoxia of the
bottom waters.

At present, management of eutrophic conditions within Scott Pond merely addresses turbidity and has
short-term effects. Periodic summer time water treatment with copper sulfate is the current management
method. However, the current treatment results in high dissolved copper concentrations in pond waters,
well above the regulatory limits. Further, this treatment does not address the fundamental problem of
excess phosphorus, and therefore reductions in phosphorus loadings are needed. It is recommended to
develop a phosphorus management plan for Scott Pond. The management plan should address the
phosphorus loading of the pond by the Blackstone Canal which is estimated to be over 90% on an annual
basis. The remainder of the phosphorus loading is contributed by the watershed of Scott Pond (surface
water runoff, groundwater). Appropriate load reduction measures should be developed. The plan should
further consider release of phosphorus from the pond sediments and discuss effective in-pond
management approaches (e.g., treatment with alum).

Both the oxygenated surface waters and anoxic bottom waters of Scott Pond met the standards for
dissolved lead. The standards for dissolved copper were greatly exceeded in the surface waters of Scott
Pond due to treatment of the water with copper sulfate. The bottom water met the standard for dissolved
copper. Scott Pond also generally met the standard for pathogens during dry weather. During wet
weather, the pond received high pathogen loads from the Blackstone Canal. Only the northern basin of
Scott Pond exceeded the regulatory standard during wet weather, but the inflowing canal water likely
also affects the southern basin of Scott Pond during large rainstorms.
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RIDEM
RBP

RS

TKN
TOT
TSI

TSS
UBWPAD
USGS
VFP
VSS

W-

WL-
WW-

List of Abbreviations

acres

Artificial substrate

Blackstone Army Corps study (Wright et al, 2004)
Biotic Index

Station prefix for BRI stations (1991)

Blackstone River Initiative

Blackstone River Total Maximum Daily Load study (this study)
Dry weather sampling event

cubic feet per second

Event mean concentration

Ephemeroptera, plecoptera, and trichoptera

Fecal coliform

square kilometer

Macroinvertebrate sampling station
Massachusetts/Rhode Island State line

Narragansett Bay Commission

Point source station

Reconnaissance sampling event for outfalls

Pond sampling station

Sampling event for Valley Falls Pond and Scott Pond
Rhode Island Department of Environmental Management
Rapid Bioassessment Protocol

River segment

Total Kjeldahl Nitrogen

Time of travel

Trophic State Index

Total suspended solids

Upper Blackstone Water Pollution Abatement District
United States Geological Survey

Valley Falls Pond

Volatile suspended solids

Water quality sampling station

Water level monitoring station

Wet weather sampling event (i.e., Storm event)
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1.0 INTRODUCTION

1.1  Project Overview

The primary goal of the Blackstone River water quality project for the development of Total Daily
Maximum Loads (the project is referred to herein as ‘BTMDL’) was designed to obtain information
needed to address identified water quality impairments within the Rhode Island portion of the watershed
of the Blackstone River, Mill River, Peters River, Valley Falls Pond and Scott Pond. A secondary goal
was to collect nutrient data as input for assessments of nitrogen loads from both the Massachusetts and
Rhode Island portions of the Blackstone River into the Seekonk/Providence Rivers and Upper
Narragansett Bay while also evaluating current phosphorus loads and concentrations in the Blackstone
River itself.

Name Areal/Length (*) Class Cause of Impairment (**)

Blackstone River 25.3 km (15.7 mi) BBll{elt} biodiversity impacts, pathogens, copper, lead
Mill River 0.13 km (0.082 mi) B Lead

Peters River 0.75 km (0.469 mi) B pathogens, copper, lead

biodiversity impacts, pathogens, phosphorus, low

2
Valley Falls Pond 0.17 km* (42.7 ac) B1(E) dissolved oxygen, excess algal growth, lead

excess algal growth, chlorophyll a, low dissolved oxygen,

2
Scott Pond 0.18 km*“ (45.6 ac) B phosphorus

(*) Lengths pertain to the RI portion of the river.
(**) For lead and copper, the impairment pertains to the dissolved phase.

TMDLs are required under Section 303(d) of the Clean Water Act and EPA's Water Quality Planning
and Management Regulations (40 CFR Part 130). The purpose of TMDLs is to reduce the pollutant
loading to waterbodies from point and nonpoint sources in order to achieve water quality goals set for
the waterbody.

1.2  Project Tasks

The BTMDL project has been conducted in two phases up to this point. Phase 1 consisted of a synthesis
of the existing data and information; findings were presented in a report (Berger, 2004). The goal of
Phase 2 (this report) was to investigate data gaps identified during Phase 1. Specifically, Phase 2
consisted of the following tasks:

Task 1: Development of Work Plan and QAPP: The QAPP was submitted and approved by the
U.S. Environmental Protection Agency prior to commencement of sampling.

Task 2:  Inventory of Major Discharges of Stormwater Runoff: Reconnaissance investigations
of point sources entering the project waterbodies. See Section 5 below.

Task 3:  Dry Weather Water Quality Monitoring: Characterization of the water quality at
significant boundaries and locations in the Blackstone River and its major tributaries.
See Section 3 below.
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Task 4.

Task 5:
Task 6:
Task 7:

Task 8:
Task 9:

Task 10:
Task 11:

Task 12:

Task 13:
Task 14:

Wet Weather Water Quality Monitoring: Assessment of the effect of stormwater
discharges on the water quality of the Blackstone River and its major tributaries. See
Section 4 below.

In-situ Monitoring: This task was optional and ultimately not requested by RIDEM.
Impoundments: This task was also optional and ultimately not requested by RIDEM.

Biodiversity: Investigation in the Blackstone River, expanding existing records. See
Section 6 below.

Time of Travel: For flows along the entire Blackstone River. See Section 2.2 below.

Valley Falls Pond: Development of an understanding of the general hydraulic and
nutrient dynamics as a step toward the goal of a management plan for the pond. See
Section 7 below.

Scott Pond: Same goal as for Valley Falls Pond. See Section 8 below.

Fish Tissue Analysis: This task will be performed by RIDEM and is therefore not
addressed in this report.

Determination of Loads: Load determinations and analysis of the water quality data to
define management strategies to reduce pollutant loadings and obtain program goals.
Also, determination of nutrient contributions from Massachusetts and from the mouth
of the Blackstone River. Dry weather load analyses were incorporated in Section 3; wet
weather load analyses were incorporated in Section 4.

Preparation of Final Report
Meetings
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2.0 BLACKSTONE RIVER WATERSHED

2.1 Overview

The Blackstone River is an important natural, recreational, and cultural resource to both Rhode Island
and Massachusetts. In 1986, the Blackstone River Valley National Heritage Corridor was established by
Congress to preserve and interpret the significant historic and cultural lands, waterways, and structures
within the watershed. Following is a brief summary of the key aspects of the watershed. A detailed
description of the watershed was provided Final Report 1 (Existing Data; Berger, 2004).

The Blackstone River has a total drainage area of 1,180 km? (454 square miles) with a total length of 77
km (48 miles) (Figure 2-1). The drainage area is located in south-central Massachusetts. The river flows
from Worcester, MA, to the Main Street Dam in Pawtucket, RI, where it enters the Seekonk River. The
Seekonk River is a tidal estuary that extends for approximately 11 km (7 miles) to the south before
combining with the Providence River at India Point. The Blackstone River is the second largest source
of freshwater to Narragansett Bay.

Approximately 75% of the Blackstone River watershed is located within Massachusetts with the
remainder located in Rhode Island. The Massachusetts portion of the watershed encompasses Worcester
County and small sections of Middlesex, Norfolk, and Bristol Counties. It encompasses a total of thirty
cities and towns including Worcester and Attleboro. In Rhode Island, the watershed encompasses a
portion of the following cities and towns: Burrillville, Glocester, North Smithfield, Smithfield,
Woonsocket, Cumberland, Lincoln, Central Falls, and Pawtucket.

Primary tributaries to the Blackstone River in Rhode Island are the Branch River, Mill River, Peters
River, and Abbot Run Brook. The Mill River has a drainage area of approximately 88 km* (35 mi?),
located primarily in Massachusetts. The drainage area is characterized by open land and low-density
residential development, with limited areas of high-density urban development. The headwater of the
Mill River is North Pond, located in Hopkinton, MA. The Peters River has a smaller drainage area than
the Mill River. Its headwaters are located in Bellingham, Massachusetts. The river flows for
approximately 5.6 km (3.5 miles) to the State line and continues for an additional 1.5 km (1 mile) where
it combines with the Blackstone River. The drainage area is characterized by medium to medium high
residential development with high-density urban development in the City of Woonsocket.

The Rhode Island section of the Blackstone River can be separated into three river reaches based on
contaminant loading identified during the Blackstone River Initiative (BRI; Wright et al., 2001). Water
quality sampling stations (BLK ) of the watershed-wide BRI are presented in Figure 2-2. Water
quality sampling of the BTMDL study was focused on the Rhode Island portion of the Blackstone River.
The BTMDL stations (W-_ ) reoccupied many of the BRI stations in Rhode Island to allow for
comparisons (Figure 2-3). A more detailed description of the BTMDL stations is presented in Section 3
below. The three river reaches are as follows:

Reach 1: Woonsocket Area (MA/RI State line [Stations W-01, near Station BLK13] to Manville
Dam [Stations W-02; BLK18]). Reach 1 brackets the largest urban area (Woonsocket) along the
Blackstone River, as well as three of the four largest tributaries (Branch, Mill, and Peters Rivers)
and the only municipal wastewater treatment facility. This reach was one of the reaches
highlighted in the BRI (Stations BLK13 to BLK18) as a significant contributor of contaminants.
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Reach 2: Lincoln/Cumberland (Manville Dam [Stations W-02; BLKI8] to Lonsdale Ave
[Stations W-04; BLK20]): Reach 2 covers the area between Reaches 1 and 3. The areca
surrounding Reach 2 is more rural than the areas surrounding Reaches 1 and 3. As a result, the
pollutant loads contributed in this reach are smaller, as also reflected in the data of the BRI.

Reach 3: Central Falls/Pawtucket Area (from Lonsdale [Stations W-04,; BLK20] to the end of
Blackstone River at Slater Mill [Stations W-05; BLK21]): Reach 3 brackets the second largest
urban area along the Blackstone River in Rhode Island, as well as the fourth largest tributary
(Abbott Run Brook) and the only CSOs along the river. Aside from Reach 1, this reach was also
identified in the BRI as a reach of concern. Stormwater discharges downstream of the Valley
Falls Dam are currently in the process of being mitigated by the Narragansett Bay Commission as
part of the CSO abatement program.

The monthly mean flows in the Blackstone River (USGS gage in Woonsocket) range from a low of
approximately 300 cfs in August to a high of 1,500 cfs in March. The flows during the study period of
2004 to 2006 reached a peak of over 13,000 in October July (Figure 2-4).

Average annual rainfall in Woonsocket is approximately 50 inches per year, ranging from 27 to 65
inches (Table A-1 in Appendix A).

2.2 Time of Travel

Time of travel (TOT) represents the length of time for water to flow a certain distance along the river. It
is in part a function of the total water volume in the river at any given time and the variability in flow
velocity along the various stretches of the river. The TOT is particularly relevant for the assessment of
wet weather events in Rhode Island, as stormwater discharges entering the Blackstone River in the City
of Worcester typically reach the Rhode Island border only approximately a day later.

2.2.1 Methodology

Time of travel for the Blackstone River was first assessed by the USEPA in 1964 and 1970 (USEPA,
1970). Additional TOT information was obtained by the Department for Civil and Environmental
Engineering at URI (Wright, unpublished data) in the 1980s. Equations describing time of travel on the
Blackstone River have been used in recent modeling efforts (Wright et al., 2001; Wright et al., 2004).
All of this work was done under dry weather, steady-state conditions.

The goal of the evaluation in this BTMDL study was to analyze available information to provide an
understanding of the TOT for wet weather conditions. Estimates were obtained for Blackstone River
water between Worcester (MA), the MA/RI State line, and Slater Mill at the river’s mouth in Pawtucket
(RI). Specifically, TOT estimates were determined for six Blackstone River segments (RS), listed
below. The RS end points correspond to water quality stations (BLK ) used by the Blackstone River
Initiative (Wright et al., 2001), and/or stations used for the present BTMDL study (W-_ ) (Figures 2-2
and 2-3).

Blackstone River Segments in Rhode Island

RS-1 MAJ/RI State line (W-01; near BLK13) to the mouth of the Blackstone River at Slater
Mill in Pawtucket (BLK21; W-05). This river segment corresponds to the combined
Reaches 1, 2, and 3. Length of RS-1: 31.2 km (19.4 miles).
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RS-2 MA/RI State line (W-01; near BLK13) to Manville Dam (W-02; BLK18). This river
segment corresponds to Reach 1. Length of RS-2: 15.1 km (9.4 miles).

Blackstone River Segments in Massachusetts

RS-3  City of Worcester (near BLKO1) to MA/RI State line (W-01; near BLK13). Length of
RS-3: 42.5 km (26.4 miles).

RS-4  Upper Blackstone Water Pollution Abatement District (UBWPAD) discharge point
(between BLK 1 and BLK?2) to MA/RI State line (W-01; near BLK13). Length of RS-4:
40.2 km (25.0 miles).

RS-5 Fisherville Pond (near BLK06) to MA/RI State line (W-01; near BLK13). Length of
RS-5: 29.9 km (18.6 miles).

RS-6 Rice City Pond (near BLK08) to MA/RI State line (W-01; near BLK13). Length of RS-
6: 15.8 km (9.8 miles).

Continuous flow data for the Blackstone River were obtained from four USGS gages for the period
between 2002 and 2004. These gages are located in Millbury (West Main Street bridge), Northbridge
(Sutton Street bridge), Woonsocket (at Peters River confluence), and Roosevelt Avenue in Pawtucket
(Figure 2-2). The distance between the MA/RI State line (Station W-01) and the Woonsocket gaging
station was estimated as 10 km (6.2 miles).

Two examples of the storm signals used in the evaluation are presented in Figure 2-5. For the storm of
October 26, 2002 the Millbury, Northbridge and Woonsocket gages were active. For the storm of July
24, 2004 the Millbury, Woonsocket, and Roosevelt Ave gages were active. Beside the peak flows at
these gages, this figure also identifies the localized runoff from the City of Woonsocket.

2.2.2 Results

The peak flows at Millbury (M-Qpea) and Woonsocket (W-Qyeax) were plotted against the estimated time
of travel (Figures 2-6 and 2-7). The following equations resulted from the regressions:

? t (Millbury to Northbridge) = 71.767(M-Qpeai) **** 9 Storms R = 0.660
2 t (Millbury to Woonsocket) = 46.395(M-Qpear) *'*® 17 Storms R* = 0.698
2 t (Millbury to Woonsocket) = 37.591(W-Qpea) *** 17 Storms R* = 0.760
? t (Woonsocket to Pawtucket) = 48.767(W-Qpear) ***"' 5 Storms R* = 0.933

Peak flows ranged from 216 to 3,453 cfs between Millbury and Northbridge, and between 145 and 6,934
cfs between Millbury and Woonsocket (Figure 2-8). The TOT for the peak flow ranged from 4.5 to 10.5
hours between Millbury and Northbridge, 16.5 to 24 hours between Millbury and Woonsocket, and 3.3
to 7.3 hours between Woonsocket and Roosevelt Avenue in Pawtucket.

Predictions for the storms used to generate the regression equations were plotted against the observations
(Figure 2-9a). The regression equations were used to estimate the time of travel for storms WW-01,
WW-03, and WW-04, sampled in this study (Section 4). These results are presented in Figure 2-10 and
superimposed on the earlier predictions (Figure 2-9b). The observed and predicted results were close.
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Using these results, the TOTs for the observed range of peak flows at the Millbury and Woonsocket
gages and the associated average velocities for those reaches were determined (Figure 2-11). The
velocities presented in Figure 2-11 were then used to estimate the TOTs for the other river segments.
TOTs for the Rhode Island river segments RS-1 and RS-2 are presented in Figure 2-12. These TOTs
used velocities for the M-W relationship between the MA/RI State line (Station W-01) and the
Woonsocket gage, and velocities for the W-R relationship between the Woonsocket gage and Slater Mill
(Station W-05); both sets of velocities were based on W-Qpea. TOTs for the Massachusetts river
segments RS-3 to RS-6 are presented in Figure 2-13. These TOTs used velocities for the M-W
relationship based on M-Qpear.

Two events on the opposite end of the flow range provide examples of the peak flow TOTs for the
Blackstone River:

On August 5, 2002 the peak flows at the Millbury and Woonsocket USGS gages were the lowest
observed for this review: 387 cfs and 145 cfs, respectively. Rainfall amounts recorded by the
National Weather Service stations on that day were 0.53 inches in Worcester and trace amounts in
Providence. Based on procedures used for Figures 212 and 2-13, the TOT for the peak flow
from Worcester (Station BLKO1) to Slater’s Mill (Stations W-05; BRI-21) was estimated at 38
hours.

On April 13, 2004 the peak flows at the Millbury and Woonsocket USGS gages were the highest
observed for this assessment: 3,453 cfs and 6,934 cfs, respectively. The high flow was caused by
2.18 inches of rainfall recorded in Worcester and 0.40 inches recorded in Providence. The TOT
for the peak flow from Worcester to Slater Mill for that event was estimated at 23 hours.
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Figure 2-2: Blackstone River Initiative (1991) Sampling Locations (full circles with numbers;
Wright et al., 2001) and USGS Gaging Stations used for the Time of Travel Assessment
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Figure 2-5: Storm Flows for October 26, 2002 and July 24, 2004 at several USGS gaging stations
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Time of Travel USGS Millbury to Woonsocket
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Figure 2-7: Time of Travel Relationships using Woonsocket USGS Peak Flow
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Figure 2-8: Hydrograph Characteristics (2002-2004) used to develop Regression Equations

Millbury to Northbridge Millbury to Woonsocket Woonsocket to Roosevelt
storm Date | ek [ Pt N i pate | M Qeeak | WQpeak [ 2t b i pate | W Qpear | 2t
USGS (hrs) USGS USGS (hrs) USGS (hrs)
8/5/02 387 9.25 8/5/02 387 145 24.00 4/13/04 6,934 3.25
9/16/02 609 9.25 8/29/02 424 269 21.00 7/24/04 916 6.25
10/11-12/02 309 10.50 9/2/02 216 227 23.00 8/21/04 725 7.25
10/16/02 450 10.50 9/16/02 609 237 23.00 9/9/04 559 6.50
10/26/02 771 5.50 | 10/11-12/02 309 277 23.50 9/18/04 1,833 5.50
5/26/03 1,807 4.50 10/16/02 450 498 22.25
6/7/03 940 7.25 10/26/02 771 814 18.00
9/19/03 326 8.25 5/26/03 1,807 3,689 16.75
9/23/03 2,062 6.25 6/7/03 940 2,060 20.50
6/22/03 1,744 4,570 16.50
9/19/03 326 511 20.00
9/23/03 2,062 846 18.50
4/13/04 3,453 6,934 17.00
7124104 2,156 916 17.75
8/21/04 958 958 20.25
9/9/04 836 836 20.75
9/18/04 1,892 1,892 19.00
The Louis Berger Group, Inc. Page 2-12 February 2008



Rhode Island Department of Environmental Management

Water Quality— Blackstone River
Final Report 2: Field Investigations

Observed vs Predicted for Time of Travel Relationships
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Figure 2-9: Prediction of Time of Travel using the Regression Equations
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Figure 2-10: Prediction of Time of Travel for WW-01, WW-03 and WW-04 from Regression Equations

Flow Observed Time Difference
U.SGS USGS Time Difference Time Difference Time Difference
Millbury | Woonsocket
Storm Qpeak Qpeak Millbury to Woonsocket to Millbury to
Woonsocket Roosevelt Northbridge
(cfs) (cfs) (hours) (hours) (hours)
Observed Observed Observed Observed Observed
WW-1 2,450 2,098 16.75 4.75 4.50
WW-3 2,196 2,096 19.00 4.50 4.25
WW-4 820 2,864 18.00 4.25 5.00
Prediction of the Time Difference from Millbury to Woonsocket based on
Flow .
Millbury Qpeax
Storm l\;ﬁtﬁfy 2t (Millbury to Woonsocket USGS Gages) = 46.395(Millbury Qpeak)-0.1253
Qpeak ?t (Millbury to Northbridge USGS Gages) = 71.767(Millbury Qpeak)-0.3442
Observed Predicted Predicted
WW-1 2,450 17.45 4.89
WW-3 2,196 17.69 5.08
WWwW-4 820 20.02 7.13
Prediction of the Time Difference from Millbury to Woonsocket based on
Flow
Woonsocket Qpeak
Storm USGS ?t (Millbury to Woonsocket USGS Gages) = 37.591(Woonsocket Qpeak)-0.0949
Woonsocket
Qpeak ?t (Woonsocket to Roosevelt USGS Gages) = 48.767(Woonsocket Qpeak)-0.3011
Observed Predicted Predicted
WW-1 2,098 18.19 4.87
WW-3 2,096 18.19 4.88
WW-4 2,864 17.66 4.44
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Figure 2-11: Evaluation of Time of Travel and Water Velocity for Observed Flow Range

M-Qoewc | M-N Vel\'/lo_f\:ty M-W VT\'A?\‘;\;W W-Qoeac | M-W Vil/fs\;ty W-R Ve\;\;’_‘;ty
cfs hours fps hours fps cfs hours fps hours fps
100 14.7 0.55 26.1 1.56 200 22.7 1.79 9.9 1.82
200 11.6 0.70 23.9 1.70 400 21.3 1.91 8.0 2.25
300 10.1 0.80 22.7 1.79 600 20.5 1.98 7.1 2.54
400 9.1 0.88 21.9 1.86 800 19.9 2.04 6.5 2.77
500 8.5 0.95 21.3 1.91 1,000 19.5 2.08 6.1 2.96
600 7.9 1.02 20.8 1.95 1,200 19.2 2.12 5.8 3.13
700 7.5 1.07 20.4 1.99 1,400 18.9 2.15 5.5 3.28
800 7.2 1.12 20.1 2.02 1,600 18.7 2.18 5.3 341
900 6.9 1.17 19.8 2.05 1,800 18.5 2.20 5.1 3.53

1,000 6.7 1.21 195 2.08 2,000 18.3 2.22 4.9 3.65
1,100 6.4 1.25 19.3 2.11 2,200 18.1 2.24 4.8 3.76
1,200 6.3 1.29 19.1 2.13 2,400 18.0 2.26 4.7 3.85
1,300 6.1 1.33 18.9 2.15 2,600 17.8 2.28 4.6 3.95
1,400 5.9 1.36 18.7 2.17 2,800 17.7 2.30 4.5 4.04
1,500 5.8 1.39 18.6 2.19 3,000 17.6 2.31 4.4 4.12
1,600 5.7 1.42 18.4 2.21 3,200 17.5 2.33 4.3 4.20
1,700 5.5 1.45 18.3 2.22 3,400 17.4 2.34 4.2 4.28
1,800 5.4 1.48 18.1 2.24 3,600 17.3 2.35 4.1 4.36
1,900 5.3 1.51 18.0 2.26 3,800 17.2 2.36 4.1 4.43
2,000 5.2 1.54 17.9 2.27 4,000 17.1 2.37 4.0 4.50
2,100 5.2 1.56 17.8 2.28 4,200 17.0 2.39 4.0 4.56
2,200 5.1 1.59 17.7 2.30 4,400 17.0 2.40 3.9 4.63
2,300 5.0 1.61 17.6 2.31 4,600 16.9 2.41 3.8 4.69
2,400 4.9 1.64 175 2.32 4,800 16.8 2.42 3.8 4.75
2,500 4.9 1.66 174 2.33 5,000 16.8 2.43 3.8 4381
2,600 4.8 1.68 17.3 2.35 5,200 16.7 2.43 3.7 4.87
2,700 4.7 1.71 17.2 2.36 5,400 16.6 2.44 3.7 4.92
2,800 4.7 1.73 17.2 2.37 5,600 16.6 2.45 3.6 4.97
2,900 4.6 1.75 17.1 2.38 5,800 16.5 2.46 3.6 5.03
3,000 4.6 1.77 17.0 2.39 6,000 16.5 2.47 3.6 5.08
3,100 4.5 1.79 16.9 2.40 6,200 16.4 2.48 35 5.13
3,200 4.5 1.81 16.9 2.41 6,400 16.4 2.48 35 5.18
3,300 4.4 1.83 16.8 2.42 6,600 16.3 2.49 35 5.23
3,400 4.4 1.85 16.7 2.43 6,800 16.3 2.50 34 5.27
3,500 4.3 1.87 16.7 2.44 7,000 16.2 2.50 34 5.32

Gaging Stations: M = Millbury; N = Northbridge; W = Woonsocket; R = Roosevelt Ave
Distance between Millbury and Northbridge USGS gages estimated as 8.9 km (5.5 miles)
Distance between Millbury and Woonsocket USGS gages estimated as 44.6 km (27.7 miles)
Distance between Woonsocket and Roosevelt USGS gages estimated as 19.8 km (12.3 miles)

fps = feet per second
cfs = cubic feet per second
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Figure 2-12: Estimation of Woonsocket Peak Flow Time of Travel for Segments RS-1 and RS-2

W-Q Velocity Velocity Segment Segment

peak M-W W-R RS-1 RS-2
cfs fps fps hours hours
200 1.79 1.82 15.7 7.7
400 1.91 2.25 13.4 6.9
600 1.98 2.54 12.2 6.4
800 2.04 2.77 115 6.2
1,000 2.08 2.96 10.9 6.0
1,200 2.12 3.13 10.5 5.8
1,400 2.15 3.28 10.1 5.7
1,600 2.18 3.41 9.9 5.6
1,800 2.20 3.53 9.6 5.5
2,000 2.22 3.65 9.4 5.4
2,200 2.24 3.76 9.2 5.3
2,400 2.26 3.85 9.0 5.2
2,600 2.28 3.95 8.9 5.2
2,800 2.30 4.04 8.8 5.1
3,000 2.31 4.12 8.6 5.1
3,200 2.33 4.20 8.5 5.0
3,400 2.34 4.28 8.4 5.0
3,600 2.35 4.36 8.3 4.9
3,800 2.36 4.43 8.2 4.9
4,000 2.37 4.50 8.1 4.9
4,200 2.39 4.56 8.1 4.8
4,400 2.40 4.63 8.0 4.8
4,600 2.41 4.69 7.9 4.8
4,800 2.42 4.75 7.8 4.8
5,000 2.43 4.81 7.8 4.7
5,200 2.43 4.87 7.7 4.7
5,400 2.44 4.92 7.7 4.7
5,600 2.45 4.97 7.6 4.7
5,800 2.46 5.03 7.5 4.6
6,000 2.47 5.08 7.5 4.6
6,200 2.48 5.13 7.4 4.6
6,400 2.48 5.18 7.4 4.6
6,600 2.49 5.23 7.4 4.5
6,800 2.50 5.27 7.3 4.5
7,000 2.50 5.32 7.3 4.5

RS-1: MA/RI state line (represented by W-01) to Slater's Mill (W-05)

RS-2: MA/RI state line (represented by W-01) to Manville Dam (W-02)

Distance between Station W-01 to Woonsocket USGS gage: Approx. 10 km (6.2 miles)
Lengths: RS-1 = 31.2 km (19.4 miles); RS-2 = 15.1 km (9.4 miles)
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Figure 2-13: Estimation of Millbury Peak Flow Time of Travel for Segments RS-3 to RS-6

M-Q Velocity Segment Segment Segment Segment
peak M-W RS-3 RS-4 RS-5 RS-6
cfs fps hours hours hours hours
100 1.56 24.8 23.5 17.5 9.2
200 1.70 22.8 21.6 16.0 8.5
300 1.79 21.6 20.5 15.2 8.0
400 1.86 20.9 19.8 14.7 7.7
500 1.91 20.3 19.2 14.3 7.5
600 1.95 19.8 18.8 14.0 7.4
700 1.99 19.5 18.4 13.7 7.2
800 2.02 19.1 18.1 135 7.1
900 2.05 18.9 17.9 13.3 7.0
1,000 2.08 18.6 17.6 13.1 6.9
1,100 2.11 18.4 17.4 13.0 6.8
1,200 2.13 18.2 17.2 12.8 6.8
1,300 2.15 18.0 17.1 12.7 6.7
1,400 2.17 17.8 16.9 12.6 6.6
1,500 2.19 17.7 16.7 12.5 6.6
1,600 2.21 175 16.6 12.4 6.5
1,700 2.22 17.4 16.5 12.3 6.5
1,800 2.24 17.3 16.4 12.2 6.4
1,900 2.26 17.2 16.3 12.1 6.4
2,000 2.27 17.1 16.2 12.0 6.3
2,100 2.28 17.0 16.1 11.9 6.3
2,200 2.30 16.9 16.0 11.9 6.3
2,300 2.31 16.8 15.9 11.8 6.2
2,400 2.32 16.7 15.8 11.7 6.2
2,500 2.33 16.6 15.7 11.7 6.2
2,600 2.35 16.5 15.6 11.6 6.1
2,700 2.36 16.4 15.6 11.6 6.1
2,800 2.37 16.4 15.5 115 6.1
2,900 2.38 16.3 154 115 6.0
3,000 2.39 16.2 154 11.4 6.0
3,100 2.40 16.1 15.3 11.4 6.0
3,200 2.41 16.1 15.2 11.3 6.0
3,300 2.42 16.0 15.2 11.3 5.9
3,400 2.43 16.0 15.1 11.2 5.9
3,500 2.44 15.9 15.1 11.2 5.9

M-Qpeak = Millbury USGS Peak Flow

M-W = Millbury to Woonsocket

RS = River Segments;

RS-3: Worcester (near BLK01) to MA/RI State Line (represented by W-01)

RS-4: UBWPAD discharge to MA/RI State Line (represented by W-01)
RS-5: Fisherville Pond (near BLK06) to MA/RI State Line (represented by W-01)
RS-6: Rice City Pond (near BLK08) to MA/RI State Line (represented by W-01)

Lengths: RS-3 = 42.5 km (26.4 miles); RS-4 = 40.2 km (25.0 miles);

RS-5 =29.9 km (18.6 miles); RS-6 = 15.8 km (9.8 miles).
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3.0 BLACKSTONE RIVER WATER QUALITY - DRY WEATHER

A dry weather water quality survey was conducted along the Blackstone River and its larger tributaries
over a one-year period. Dry weather was defined as total rainfall in the Blackstone River watershed of
less than 0.1 inches per day for 3 days prior to sampling.

3.1 Methodology
3.1.1 Stations

Dry weather samples were collected from March 2005 to February 2006 at a total of 23 stations (Figures
2-3 and 3-1). Station locations are also included on aerial photographs of the project area in Figures 5-1
to 5-13 in Section 5.

The BTMDL water quality stations were grouped into primary, secondary and tertiary stations based on
sampling frequency:

Primary Stations: Biweekly sample collection from May to October and once a month from
November to April. This frequency covered the entire year with more frequent sampling at the
more critical water quality period from late spring to fall.

Secondary Stations: Sample collection three times over the summer (once in July, August and
September). In addition, these stations were sampled in December, March, and June. Samples
were collected in conjunction with the samples at the primary stations. Three secondary stations
each were located along the Mill River (W-11 to W-13) and Peters River (W-14 to W-16). An
additional station was located along the Blackstone River (W-17).

Tertiary Stations: Sampling was conducted three times over the summer (once in July, August
and September) along with the sampling for the primary and secondary stations. Stations were
located along the Blackstone River (W-21, W-22, W-25), near the mouths of the Branch River
(W-23) and Abbott Run Brook (W-26), and in the outflow from the Woonsocket WWTF (W-24).
In addition, three small tributaries were sampled: Cherry Brook (W-31), unnamed brook at Front
Street (W-32), Sylvestre Pond Outflow (W-33), and Blackstone Canal overflow in Lonsdale (W-
34). The unnamed brook near Ann&Hope in Cumberland (W-35) was added later to the survey,
based on water quality concerns during the outfall reconnaissance survey.

The field program was slightly modified from the originally proposed program based on field conditions
and findings during the course of the program (Figure 3-2). Generally, the sampling frequency varied in
order to assist in the data analysis. Specifically, the Blackstone River watershed in Rhode Island was
divided into three reaches to bracket specific segments of the river.

Reach 1 (Woonsocket): Reach 1 covered the urban area of the City of Woonsocket and is
bracketed by Stations W-01 and W-02. Station W-01 represented the water quality of the
Blackstone River at the MA/RI State line. Station W-02 was located just above the Manville
Dam downstream from the City of Woonsocket. It was also located downstream of the
Woonsocket WWTF. Larger tributaries entering the Blackstone River within Reach 1 consisted
of the Branch River, Mill River, and Peters River.
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Reach 2 (Lincoln/Cumberland): Reach 2 covered the more rural Towns of Lincoln and
Cumberland) and was bracketed by Stations W-02 and W-04. Station W-04 was located at the
Lonsdale Avenue bridge. An additional station (W-03) was located at the Ashton Dam in the
middle of Reach 2. There are no CSOs entering this reach. Discharges from the Town of Lincoln
entering the long section of the Blackstone Canal from the Ashton Dam to the Lonsdale
Bleachery overflow into the Blackstone River near the Lonsdale Bleachery within Reach 2.
There are only a few small tributaries entering the Blackstone River within Reach 2.

Reach 3: (Central Falls/Pawtucket): Reach 3 covered the urban area of the Cities of Central
Falls and Pawtucket. The reach was bracketed by Stations W-04 and W-05. Station W-05 was
located at Slater Mill dam, near the mouth of the Blackstone River. Reach 1 contained most of
the CSOs that enter the Blackstone River from the two cities. Abbott Run Brook was the only
larger tributary entering the Blackstone River within Reach 3. There has been considerable work
done recently in the evaluation of the CSOs in these two cities. The abatement of the CSOs is
scheduled to be completed by approximately year 2019. Since the current contaminant sources to
this reach will change substantially, no outfalls within the city limits were sampled. Instead, the
tertiary stations within this reach focused on Abbott Run Brook and Valley Falls Pond area
contributions to the Blackstone River.

3.1.2 Parameters

Samples were analyzed by laboratories for the following parameters: pathogens (fecal coliform,
enterococci), metals (dissolved copper and lead), hardness, total and volatile suspended solids, nutrients
(total phosphorus, total Kjeldahl nitrogen, nitrate, and ammonia). Chlorophyll a was also analyzed at the
primary stations. In-situ measurements in the field were conducted for dissolved oxygen, temperature,
specific conductance, turbidity, pH, and chloride.

The laboratory reports of analytical data are included on the enclosed CD. Laboratory analyses for
nutrients and pathogens were performed by Mitkem. Dissolved copper and lead analyses were carried
out by three laboratories at various stages of the project for reasons of quality control. Initially, the
primary laboratory was Mitkem that used the ICP method 200.7. At the beginning of the study, samples
were analyzed simultaneously by Microinorganics for data verification purposes; Microinorganics used
the (considerably more costly) method EPA 1637, designed for the detection of metals at very low
concentrations. After dry weather event DW-06, it was decided to replace the ICP method 200.7
(Mitkem) by ICP-MS method 200.8 (performed by the Severn Trent Laboratory [STL]) as it became
apparent that the data obtained with ICP method 200.7 were somewhat erratic at the low concentrations
found in the Blackstone River. Figure 3-3 compares the reporting limits and method detection limits for
metals by all three laboratories. A comparison of duplicate dry weather metals analyses by the three
laboratories are presented in Tables B-1 and B-2 in Appendix B. Following are the key observations
from this comparison:

- Dissolved copper: Dissolved copper concentrations analyzed by the EPA 1637 method
(Microinorganics) were consistently lower by a factor of approximately two as compared to the ICP
200.7 method (Mitkem). Dissolved copper concentrations measured by the ICP-MS 200.8 method
(STL) were also lower than the data obtained with the ICP 200.7 method, and more closely
resembled the data from the EPA 1637 method. The precision for each analysis was generally high
for both the lab and field duplicates.
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- Dissolved lead: During Events DW-02 and DW-03, dissolved lead concentrations analyzed by
the EPA 1637 method were lower by a factor of approximately two to five as compared to
concentrations obtained with the ICP 200.7 method. During subsequent events, lead concentrations
were largely below the MDL of 0.23 ug/l. Dissolved copper concentrations measured by the ICP-
MS 200.8 method were generally close to the concentrations measured with the EPA 1637 method.

Given the uncertainty in the reliability of the dissolved copper and lead data by the ICP 200.7 method,
data were not reported in the data tables in Section 3. Only data obtained with the ICP-MS 200.8 and
EPA 1637 methods are provided. The removed dissolved copper and lead concentrations obtained by
Mitkem are only provided in the QA/QC section of the report (Table B-5 in Appendix B).

In summary, the following dry weather concentration data are provided in the data tables in Section 3, as
agreed with RIDEM in September 2007:

Nutrients (nitrate, phosphorus, ammonia, total Kjeldahl nitrogen): Data are reported to the RL.
Values below the RL but above the MDL are reported as <(RL). For mathematical calculations
of means and loads, we utilized 50% of the RL for values below the respective RL.

Dissolved Copper and Lead: Data are reported to the RL. Values below the RL but above the
MDL are reported as <(RL). In the case of duplicate analyses by these two labs (STL,
Microinorganics), the mean concentration by the two analyses was reported. For calculations of
means and loads, concentrations below the RL were excluded.

Bacteria: Values above and below the detection limits are flagged in italics and with >’ and ‘<’,
respectively. For mathematical calculations, fecal coliform and enterococci concentrations that
exceeded the upper or lower detection limits were assumed at the detection limit, plus or minus
one significant number (out of two reported numbers). For example, we assumed a value of
17,000 MPN/100 ml for concentrations of >16,000 MPN/100 ml. Similarly, we assumed a value
of 1.9 MPN/100 ml for concentrations of <2 MPN/100 ml.

Hardness: Values are reported to the RL.

Pigments, Solids, Chloride: These analyses were run by UMASS (pigments) and URI (solids,
chloride) and are reported to the MDL. RL’s were not available. Values below the MDL were
flagged in italics, which was only required for some of the pheopigment data.

3.1.3 Evaluation of Data for Compliance

As instructed by RIDEM, compliance of the pathogen and metals data with the standard was conducted
with the understanding that load calculations will be developed for the TMDL.

Dissolved Copper and Lead

The determination of compliance for metals used average hardness values in a manner that reflected their
distribution during both dry weather conditions (see Section 3.2.6) and wet weather conditions (see
Section 4.3.4).

Dry Weather: For dry weather, acute and chronic criteria calculations used the average
hardness of all stations by survey for each waterbody. Accordingly, for the Blackstone River, the
average of the mainstem stations (W-01 to W-05, W-21, W-22, W-17, and W-25) was calculated
for each survey date. For the Mill River, Stations W-11 to W-13 were averaged for each survey
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date that samples were taken. Similarly, for the Peters River, data from Stations W-14 to W-16
were averaged. For the Branch River, Abbott Run and Cherry Brook, the hardness for each
sample was used, since there was only one station along each waterbody. For the evaluation of
the metals data for exceedances of regulatory standards, the value of each sample was compared
against the calculated acute and chronic criteria.

Wet Weather: For wet weather, the hardness for calculating acute and chronic criteria differed.
For the calculation of the acute criteria, the average hardness of all stations on a waterbody for
each run was used. For the Blackstone River, Stations W-01 to W-05, W-21, W-22, W-17, and
W-25 along the mainstem were used (i.e., same stations as for dry weather data evaluation).
Similarly, for the Mill River and Peters River, the average of the three respective stations for each
run was used. As with the dry weather hardness, the individual hardness values for each sample
for the Branch River, Abbott Run and Cherry Brook was used. For the evaluation of the metals
data for exceedances, the value of each sample was compared against the calculated acute
criteria.

The wet weather chronic criteria were calculated by station using the average hardness for each
wet weather event. For the evaluation of the metals data for exceedances, the metals value for
each storm for each sample location was averaged and compared against the calculated chronic
criteria.

Small Tributaries and Outfalls: For the evaluation of the data from outfalls, we used the
hardness for a station along the receiving waterbody closest to the discharge point of the outfall,
utilizing the hardness appropriate to either the chronic or acute criteria.

Exceedances of Metals Criteria: A waterbody does not comply with the standards when there
is more than one exceedance of the criteria in three years. However, in some instances, a single
exceedance of the criteria may be viewed as non-compliance with the standards if there is strong
evidence that the criteria could be exceeded again within a three-year period. (See documents for
draft Woonasquatucket River metals and pathogen TMDL [RIDEM, 2006] for further explanation
of the approach.)

Pathogens

Compliance with pathogen standards was evaluated on a station-by-station basis. For the calculation of
geometric means and percentile values, we used all available data for each individual station, unlike the
approach commonly used for assessing baseline water quality data reported in the state’s 305b report and
serving as the basis for 303(d) listings, TMDL assessments do not typically average the data from
several stations within a reach. Both dry and weather statistics were run to identify exceedances and to
assist in evaluating possible pollution sources.

To establish necessary reductions to meet TMDL water quality targets, the RIDEM TMDL Program has
adopted an approach that calculates a single mean value for each station by combining all data in the
form of a “weighted average” based on the percentage of wet and dry weather days that occur annually
in the watershed. RIDEM believes that this approach works well in establishing the representative year-
round mean condition of a waterbody, particularly because the data used to characterize the average
condition are typically not collected on a random basis. Data for nearly all areas of the state are biased
toward dry weather conditions; however, it is recognized that this may not necessarily be the case for the
Blackstone River, given the comprehensive sampling program completed. The weighting approach
corrects the representative mean to reflect the overwhelming influence of weather conditions. (See
documents for draft Woonasquatucket River metals and pathogen TMDL [RIDEM, 2006] for further
explanation of the approach.)
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3.1.4 Rainfall

Dry weather surveys required at least three dry days prior to the sampling date of no more the 0.1 inches
of rainfall in any one day. Figure 3-4 is a summary of the rainfall prior to each survey. Daily and
monthly rainfall data for Worcester and Woonsocket are presented in Appendix A. The three stations
presented consist of the National Weather Service stations at the Worcester (MA) airport, Providence
(RI) airport, and the weather underground station in either Cumberland (RI) or Bellingham (MA), both
central to the Blackstone River watershed. All stations are within the Blackstone River watershed with
the exception of the Providence station which is located to the south of the watershed.

DW-03, 06, 08, 11, 12, 14, 15, and 16: These 8 of the 18 dry weather sampling events met the
antecedent dry weather period requirements without qualification.

DW-02, 10, 13, and 18: Minor rainfall (0.12 to 0.25 inches) occurred in Worcester for these 4 of
the 18 events either on the day before or the day of sampling. There was no observed impact on
the downstream flows in Rhode Island.

DW-09: There was 0.21 inches of rain recorded in Providence 48 hours in advance of DW-09.
No rainfall was recorded at the other stations within the Blackstone watershed. There was no
observed impact on the downstream flows.

Five surveys violated the pre-sampling antecedent dry days set for this study. Each survey is discussed
below.

DW-01 (March): Rainfall was recorded in Worcester (0.24 inches) three days prior to sampling
and in Cumberland (0.30 inches) within 48 hours of sampling. No rainfall was recorded at the
Providence station.

DW-04 (May #2): Rainfall was recorded in Worcester (0.13 inches) and in Cumberland (0.27
inches) the day before sampling. No rainfall was recorded at the Providence station.

DW-05 (June): Rainfall was recorded in Worcester (0.69 inches) approximately 24 hours in
advance of the sampling. No rainfall was recorded at either the Cumberland or Providence
station.

DW-07 (July #2): Rainfall was recorded in Worcester (0.28 inches) and in Cumberland (0.58
inches) approximately 48 hours in advance of the sampling. No rainfall was recorded at the
Providence station.

DW-17 (January): Rainfall was recorded in Cumberland (0.17 inches) and in Providence (0.08
inches) approximately 48 hours in advance of the sampling. No rainfall was recorded at the
Worcester station.

In each case, the flows from the USGS gages on the Blackstone River at Woonsocket and Roosevelt and
on the Peters River provided insight into the impact of these rainfall totals on the receiving river flows
(Figure 3-5). For Events DW-01, DW-04, and DW-17, average daily flows along the Blackstone River
continued to decrease; along the Peters River, flows were essentially constant in the days leading up to
sampling. There was no obvious impact on the receiving rivers from these rainfalls.

February 2008 Page 3-5 The Louis Berger Group, Inc.



Water Quality — Blackstone River
Final Report 2: Field Investigations Rhode Island Department of Environmental Management

DW-05 and DW-07 required further investigation. Average daily flows from the Millbury (just below
Worcester), Woonsocket and Roosevelt USGS gages were plotted for the week leading up to and for
several days after sampling (Figure 3-6).

DW-05 (June): At the Millbury gaging station, flows essentially doubled between the day before
(June 8) and the day of sampling (103 to 198 cfs). This reflected the rainfall recorded in
Worcester on June 8. The peak at Millbury arrived in Woonsocket on June 10, one day after the
sampling. The flow at Woonsocket remained constant (467 to 469 cfs) between June 8 and 9,
mostly due to the late arrival of the flow from Worcester on June 9. Flows at Roosevelt
continued to decrease between June 8 and 9 (533 to 519 cfs) and rose the day after sampling to
552 cfs. The impact of the storm would have been strongest on June 10. Results from DW-05
were used in the data analysis.

DW-07 (July): At the Millbury gaging station, flows increased by 12 cfs between July 18 and 19
(84 to 96 cfs). The peak from Millbury reached Woonsocket on June 20. The increase was 23 cfs
(230 cfs on June 19 to 253 cfs on June 20). By the next day, flow had returned to prestorm
conditions (i.e., 235 cfs). The average daily flow on June 19 was 230 cfs. Flows at Roosevelt
continued to decrease between June 19 and 21 (304 to 286 cfs). Any impact from the storm
would have occurred on June 20 and would have passed through the system by the sampling on
June 21. Results from DW-07 were used in the subsequent analysis.

3.1.5 Flow at the Time of Sampling

Aside from the continuous USGS stations at Millbury or Northbridge, Quinsigamond, Woonsocket and
the Branch River, the following temporary USGS stations were available:

Mill River at Harris Street, Woonsocket

Peters River at Route 114 bridge, Woonsocket
Blackstone River at Roosevelt Avenue, Pawtucket
Abbott Run Brook, Valley Falls

USGS stations provided direct flow estimates at several locations (W-11, W-14, W-17, W-23, W-26).
Other flows were developed for each station by one of several methods listed in Figure 3-7. The flow
estimates at each station for each survey are presented in Figure 3-8.

Flows were modeled for Blackstone River stations for which nearby gaging information did not exist
(W-02, W-03, W-04, W-05, W-22, W-23, W-25). The procedures used in the BRI and BAC studies were
applied (Wright et al., 2001; Wright et al., 2004) using the USGS gage information along with the
Woonsocket WWTF flows to develop incremental inflows in cfs/square mile. The additional temporary
stations listed above were used to support and validate this procedure.

Incremental inflow was calculated for both the Mill and Peters Rivers from the USGS flow estimates and
applied to downstream stations (W-12, W-13, W-15, W-16). Toward the end of the study, the USGS
discontinued the Mill River gaging station. Flows for the remaining dry weather surveys were estimated
from a regression equation developed for available data between the Mill and Peters Rivers.

Several of the small tributaries were directly measured at the time of sampling. The Woonsocket
WWTF flow information was obtained from the facility for the time of sampling.

The Louis Berger Group, Inc. Page 3-6 February 2008



Water Quality— Blackstone River
Rhode Island Department of Environmental Management Final Report 2: Field Investigations

3.2 Results
3.2.1 Pathogens
Pathogen Concentrations

The dry weather concentrations of fecal coliform and enterococci are presented in Figures 3-9 and 3-10.
Respective mass loadings are presented in Figures 3-11 and 3-12. The geometric mean fecal coliform
concentrations for the entire study area are provided in Figure 3-13. The following observations are
made from these data:

Blackstone River: Two stations along the Blackstone River exceeded the 200 MPN/100 ml
geometric mean criteria for fecal coliform: W-01 at 211 MPN/100 ml (17 observations) and W-17
at 454 MPN/100 ml (6 observations).

Mill River: For the Mill River, concentrations were the lowest at the State line (W-11) and
highest at the middle station (W-12). Stations W-12 and W-13 exceeded the 200 MPN/100 ml
geometric mean criteria (8 observations at 436 and 215 MPN/100 ml, respectively).

Peters River: For the Peters River, concentrations were highest in the mid and lower sections (W-
15 and W-16), although the geometric mean remained below 200 MPN/100 ml criteria.

Branch River: The Branch River (W-23) exceeded the 200 MPN/100 ml geometric mean criteria
with a geometric mean of 269 MPN/100 ml (4 observations).

Small Tributaries: Three of the small tributaries (W-35, W-31 and W-34) had values exceeding
the 200 MPN/100 ml geometric mean criteria: 7,559 MPN/100 ml (W-35), 1,260 MPN/100 ml
(W-31), and 427 MPN/100 ml (W-34) for only 4, 3, and 2 observations, respectively.

All stations were ranked according to their geometric means (Figures 3-14 and 3-15). Major
observations are listed below:

The brook near Ann&Hope (Station W-35) had the highest concentrations of fecal coliform and
enterococci. The concentrations (7,559 and 966 MPN/100 ml) were approximately five times
higher than the concentrations at the next highest station. This difference was significant. There
were only four sampling events (DW-15 to DW-18) since this station was added toward the end
of the study. The brook flows underground. Samples were collected at its point of discharge. As
the brook emerges from the ground it flows through an old, well-constructed granite channel. On
low-flow days there is a septic odor in the channel (see also discussion in Section 5).

Cherry Brook (W-31) had the second highest pathogen concentrations. During mid to late
summer, flow rates in the brook were very low. Low flow rates may have added to the high
pathogen concentrations. The brook appears to drain an impounded area that fills in with
macrophytes in the hot, highly productive months.

There is evidence both in the rankings and in the bar charts shown in Figure 3-16 that pathogen
profiles along the RI portion of the Mill and Peters Rivers fit the following generalized pattern.
The aerial photograph of the Rhode Island section of these two rivers shows the respective
portions of the rivers that are below ground (Figure 5-6 in Section 5).
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- Mill River Stations W-11 and W-12 had geometric mean fecal coliform concentrations of 38
and 436 MPN/100 ml and enterococci concentrations of 7 and 157 col/100 ml. Either there
were no pathogen sources upstream in Massachusetts, or pathogens entering Mill River in
Massachusetts largely decayed in Harris Pond just upstream of Station W-11. Increases in the
pathogen concentrations at Station W-12 suggest the presence of a significant dry weather
source between W-11 and W-12. Potential sources are discussed in Section 5.2.3.2. The
concentrations at W-13 are lower than at W-12 for fecal coliform and enterococci (215
MPN/100 ml and 72 c0l/100 ml) and do not indicate a significant source between W-12 and W-
13.

- In the Peters River, geometric means for Stations W-14, W-15, and W-16 for fecal coliform and
enterococci were 121, 176, 180 MPN/100 ml and 42, 51 and 15 col/100 ml, respectively. The
concentrations at the MA/RI State line are important with respect to the rest of the river and
should be considered if pathogen concentrations are to be reduced on the Peters River. The
increase of fecal coliform and enterococci concentrations between W-14 and W-15 is consistent
and indicates a small source(s). Potential sources are discussed in Section 5.2.3.3. There is no
obvious source of pathogens between W-15 and W-16.

Pathogen Loads

Fecal coliform and enterococci loads were very variable between individual stations for
individual events (Figures 3-11 and 3-12). However, averaging all primary stations for the 18
sampling events shows comparatively uniform loads. In Reach 1, mean fecal coliform and
enterococci loads at Station W-02 were approximately 10% higher at Station W-02 than at the
State line (Station W-01), despite bacteria die-off. In Reach 2, between Stations W-02 and W-
04, bacteria loads decreased by 20% due to die-off and lack of bacteria sources. In Reach 3,
between Stations W-04 and W-05, mean fecal coliform and enterococci loads increased by 57%
and 73%, respectively.

The increase in bacteria in Reach 1 is in part a result of contributions from Mill River. High
fecal coliform concentrations in Mill River resulted in comparatively high loads. The Mill River
loads possibly contributed to the high ranking for fecal coliform at Station W-17 (Hamlet Street)
(Figure 3-14).

The second highest mean fecal coliform load was at Station W-05 (Slater Mill) indicating that
bacteria are also added in Reach 3, i.e., the Central Falls/Pawtucket section of the Blackstone
River.

Comparison between 1991 BRI and 2005 BTMDL Studies

There are nine stations used in the historic comparison between the 1991 BRI study (Wright et al., 2001)
and this 2005 BTMDL study. The location of seven of these stations was the same (W-23, 11, 14, 17,
02, 04, 05); two stations were in close proximity (W-01 and W-03). The geometric means with
maximums and minimums are presented on Figure 3-17. The BRI study included only 3 observations
and covered only 3 surveys from the early to late summer. The higher variability of the concentrations
of this study reflects the year long sampling program. Nevertheless, the pattern of fecal coliform
concentrations was similar to the pattern in the 1991 study, despite the 14-year time difference. This
suggests that there were neither significant reductions in the discharge of fecal coliform nor major new
sources during this period.
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3.2.2 Nutrients

Dry weather nutrient concentrations (total phosphorus, ammonia, and nitrate, and TKN) for each station
are presented in Figures 3-18 to 3-21. Respective mass loadings are presented in Figures 3-22 to 3-25.
For these mass loading estimates, all concentrations below the reporting limit were taken as one-half of
the reporting limit. The number of samples per station ranged from 18 at the primary stations to 3 at
some of the tertiary stations. In order to obtain a watershed-wide understanding including relative
contributions from tributaries and main sampled outfalls, mean concentrations and loads were calculated
for Events DW-07, 09, and 11 for which all stations in the watershed were sampled. The mean
concentrations for total phosphorus, ammonia, and nitrate are presented in Figures 3-26 to 3-28. The
following observations are made from these data:

Total Phosphorus Concentrations

There were no obvious sources on either the Mill River or Peters River. Average concentrations
ranged from 0.15 to 0.19 mg/l.

The highest concentration occurred at the Woonsocket WWTF (1.21 mg/l was the average of
only two measurements). This was followed by the Branch River (0.97 mg/l — mean of four
measurements).

The concentrations for the primary stations along the Blackstone River did not vary significantly
with the highest concentration at the State line (0.38 mg/l at W-01) and the lowest concentration
at the end of the river (0.27 mg/l at W-05).

Small tributary stations W-31 to W-34 were not obvious phosphorus sources. However, at W-35
(brook near Ann&Hope), the mean total phosphorus concentration of 0.47 mg/l was higher than
at all stations except for the Branch River and the Woonsocket WWTF.

Ammonia Concentrations

The mean concentration at the State line was 0.48 mg/l (W-01) for all 18 sampling events. The
mean concentrations at Station W-17 was 0.40 mg/I (six sampling events). The comparable mean
concentrations for W-01 for the same six sampling events was 0.59 mg/l, suggesting that
ammonia in the Blackstone River decreased as it flowed through the City of Woonsocket.

The mean ammonia concentration in the effluent from the Woonsocket WWTF (W-24) was 5.35
mg/l (two sampling events). The mean ammonia concentration at W-02 was 0.49 mg/l. This
concentration was similar to the concentration at the State line (W-01) and, in part, a result of any
additions from the WWTF.

Downstream of the WWTF, the ammonia concentrations decreased as expected between Stations
W-02 and W-04 due to instream nitrification.

The mean ammonia concentrations in the Peters River (0.26 to 0.33 mg/l) were slightly higher
than in the Mill River (0.16 to 0.23 mg/l). These concentrations were higher than the background
concentration represented by the lowest concentrations in the watershed at Station W-25 (all three
values were below the reporting limit and to calculate averages these values and others were set
as one-half of the reporting limit, i.e., at 0.10 mg/1).
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The small tributary stations W-33 and W-35 had relatively high ammonia concentrations (0.92
and 0.51 mg/l, respectively.

Nitrate Concentrations

The highest nitrate concentration in the watershed was at W-35 (4.9 mg/l), which was even higher
than the concentration from the WWTF (3.6 mg/l; Station W-24).

The average concentration at W-32 (Front Street drain) was 2.7 mg/l, third highest in the
watershed.

For the primary stations along the Blackstone River, nitrate concentrations decreased from a high
at the State line of 1.8 mg/l to 1.1 mg/l at Slater Mill (W-05).

The nitrate concentrations in Peters River (0.71 to 0.87 mg/l) were slightly higher than in the Mill
River (0.46 to 0.53 mg/l). Both rivers had higher concentrations than the lowest (background)
concentrations measured in the watershed, i.e., in the Branch River with a mean of 0.29 mg/l, but
concentrations were lower than at all stations along the Blackstone River.

All stations were ranked according to their concentrations and their mass loadings (Figures 3-29 to 3-
31). Major observations are listed below:

Total Phosphorus Loads

With the exception of the Branch River, nine out of the top 10 total phosphorus mass loading
positions were taken up by the Blackstone River stations.

Total phosphorus observations at the Branch River station were not consistent. The two surveys
in the summer were very high at 1.9 mg/l; in contrast, the two surveys in the fall were below or
near the reporting limit of 0.05 mg/l. The higher values for the summer surveys were not
supported by a mass balance between W-01, W-23, and W-21 or W-22. The mass balance for the
September fall survey was reasonable.

The Mill River and Peters River provided only about 1-2% of the total phosphorus to the
Blackstone River. This load was not significant.

All small tributary stations monitored during the survey contributed less than 0.5% of the total
phosphorus in the Blackstone River.

Ammonia Loads

With the exception of the Woonsocket WWTF, nine out of the top 10 ammonia mass loading
positions were taken up by the Blackstone River stations.

The Mill River and Peters River provided only about 1-2% of the ammonia to the Backstone
River. This load was not significant.
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The Branch River contributed on average 14% of the ammonia at its confluence with the
Blackstone River. Specifically, the mean load at Station W-23 was 36 Ibs/day; the mean load at
Station W-01 was 252 lbs/day. The contribution from the Branch River was consistent and
significant.

The Abbott Run Brook contributed about 14% of ammonia at its confluence with the Blackstone
River. Specifically, the mean load at Station W-26 was 31 lbs/day; the mean load at Station W-
04 was 216 lbs/day. However, concentrations were not consistent. Two of the three observations
from Abbott Run were below the reporting limit and should not be considered significant.

Although small tributary stations W-33 and W-35 had high concentrations, their ammonia load to
the Blackstone River was not significant (less than 1%).

Nitrate Loads

The top nine mass loading positions for nitrate were taken up by the Blackstone River stations.

The Mill River and Peters River provided only about 1-3% of the nitrate to the Blackstone River.
This load was not significant.

The Branch River and Abbott Run Brook contributed nitrate at about 2% (30 vs. 1,400 lbs/day at
W-23 and W-01) and 8% (105 vs. 1,261 lbs/day at W-26 and W-04) on average at their
confluence with the Blackstone River. These contributions were not significant.

Although small tributary stations W-35 and W-32 have high concentrations, their nitrate load to
the Blackstone River was not significant (less than 1%).

Comparison between 1991 BRI and 2005 BTMDL Studies

Nine stations were used in the historic comparison between the 1991 BRI study and this study conducted
in 2005. The location of seven of these stations was the same (W-23, 11, 14, 17, 02, 04, 05); two
stations were in close proximity (W-01 and W-03). The concentrations with maximums and minimums
are presented in Figures 3-32 and 3-33. Only nitrate and ammonia were common for the two studies.

The BRI study included three surveys with four samples analyzed for each survey. Therefore, the BRI
average is based on 12 observations. The BRI surveys covered the early to late summer. For many of
the stations there was a higher variability in the BTMDL (2005) study which reflects the year-long
sampling program. The most obvious impact was at W-01 where the average ammonia concentration at
the State line was approximately 4 times higher than for the BRI. This is not unexpected since two of
the three surveys completed for the BRI were taken when the UBWPAD provided nitrification. The
BTMDL study captured data that included the period between October and May when nitrification at the
UBWPAD was not occurring.

Nevertheless, despite the 14 years difference between surveys, the pattern of nitrate and ammonia
concentrations was very similar. This suggests that there were neither significant reductions in the
discharge of nitrate and ammonia nor new source additions within this time frame.
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3.2.3 Pigments

Pigment concentrations are presented in Figure 3-34 (chlorophyll @) and Figure 3-35 (pheophytin a).
Chlorophyll a is the active compound in active phytoplankton cells. Pheophytin a is the first breakdown
product of chlorophyll a. It is formed when phytoplankton senesence, die or are eaten. The sum of
chlorophyll a and pheophytin a is typically used to assess the level of euthrophication. Otherwise, if
sampling occurs after the peak of the phytoplankton bloom and part of the chlorophyll has degraded to
pheophytin a, then sampling for chlorophyll a only would underestimate the phytoplankton
concentration and thereby potentially the trophic level in the waterbody.

As expected, pigment (chlorophyll a + pheophytin @) concentrations were highest in the summer and
lowest during the winter months. The average concentrations of the total pigments at individual stations
ranged from 15 to 23 ug/l, reflecting mesotrophic conditions.

While it is the sum of chlorophyll a and pheophytin «a that give the best indication of the level of
eutrophication, the ratio of chlorophyll a to the combined pigment level can be used to gauge the status
of a bloom. For example, ratios approaching 1.0 (generally >0.7) generally indicate an “active”
phytoplankton bloom, where most of the cells contain non-degraded chlorophyll a. In contrast, ratios of
<0.5 typically indicate blooms that are senescent, or that are declining due to grazing by phytoplankton.
In general, the ratio between chlorophyll a and total pigment (chlorophyll a + pheophytin a) reflected
healthy growth conditions for phytoplankton populations (Figure 3-36). It appears the phytoplankton
blooms captured by the sampling program were most active in the summer and winter, with September-
November pigments indicating either a period of poor phytoplankton “quality”, due to resuspension or
input of degraded material, or pure chance related to “missing” the peak of blooms (Figure 3-36). This
latter alternative seems unlikely as the “fall” samplings had 19 of 30 samples with a ratio of <0.5, while
there was only 1 of 80 samples with a ratio <0.5 during other times of the year.

3.2.4 Solids
Concentrations and Loads

Dry weather total suspended solids (TSS) and volatile suspended solids (VSS) for each station are
presented in Figures 3-37 and 3-38. Mass loadings are presented in Figures 3-39 and 3-40. The number
of samples per station ranged from 18 at the primary stations to 3 at some of the tertiary stations. The
mean solids concentrations are presented in Figures 3-41 and 3-42. Mass loadings for TSS and VSS are
ranked in Figures 3-43 and 3-44. The following observations are made:

The top 9 mass loading positions for solids were from the Blackstone River stations.

The Mill River and Peters River provided only about 1-2% of the TSS to the Blackstone River.
This load was not significant.

The Branch River contributed approximately 4% (174 vs. 4,461 lbs/day at Stations W-23 and W-
01) on average at its confluence with the Blackstone River. This contribution was not significant.

Abbott Run Brook contributed approximately 10% (627 vs. 6,228 lbs/day at Stations W-26 and
W-04) on average at its confluence with the Blackstone River. This contribution was significant.

Although small tributary stations W-31 and W-33 had high concentrations, their contribution of
TSS mass to the Blackstone was not significant (less than 1%).
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Comparison between 1991 BRI and 2005 BTMDL Studies

The TSS concentrations of the BTMDL and BRI studies were compared for overlapping stations. The
concentrations with maximums and minimums are presented on Figure 3-45.  Despite the 14 years
difference between surveys, the pattern of TSS is very similar. This suggests that there were neither
significant reductions in the discharge of TSS nor significant new sources in this period.

3.25 Dissolved Copper and Lead

In evaluating the trace metal data for dry weather conditions, acute and chronic criteria must be
determined for average hardness for all stations on a waterbody by survey date. This includes:

o All Blackstone River stations including the primary stations (W-01 to W-05), secondary stations
(W-17), and tertiary stations (W-21, 22, 25).

o Mill River stations (W-11 to W-13).
o Peters River stations (W-14, to W-16).

o Individual stations
- Branch River (W-23)
Abbott Run Brook (W-26)
Cherry Brook (W-31)
Front Street Drain (W-32)
Sylvestre Pond Outflow (W-33)
Blackstone Canal overflow in Lonsdale (W-34)
Brook near Ann&Hope in Cumberland (W-35)

Dissolved Copper Concentrations

The dissolved copper data for both the STL and Microinorganics laboratories are presented in Figure 3-
46. Figure 3-47 is a summary of the average hardness by waterbody and the calculated acute and
chronic criteria for dissolved copper. These criteria were compared to individual station concentrations.
Examples are given for two surveys (July 21 [DW-07] and October 22, 2005 [DW14]) for acute copper
criteria (Figures 3-48 and 3-49) and chronic copper criteria (Figures 3-50 and 3-51).

Exceedances of the criteria at each station for all dry weather events are flagged in Figure 3-46 are
summarized in Figure 3-52. The following was observed:

o There were three slight exceedances of the acute copper criteria within the watershed. Two
exceedances occurred at the MA/RI border (Events DW-11 and DW-14); one exceedance
occurred during Event DW-13 at Station W-03.

o All observed exceedances of the chronic copper criteria occurred on the mainstem of the
Blackstone River.

- The largest number of exceedances occurred at the State line (W-01). Approximately 60%
of the events had values that exceeded the standard.
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- Exceedances also occurred at the other primary stations along the Blackstone River: W-02
(3 exceedances), W-03 (3 exceedances), W-04 (3 exceedances), and W-05 (1 exceedance).
The October 22 survey had exceedances of the chronic criteria at all five primary stations
(Figure 3-51).

- There were no other exceedances of the chronic criteria during any of the surveys at any of
the other stations, including the Mill River, Branch River, and the small tributaries.

Dissolved Lead Concentrations

The dissolved lead data for both the STL and Microinorganics laboratories are presented in Figure 3-53.
Figure 3-54 is a summary of the average hardness by waterbody and the calculated acute and chronic
criteria for lead. These criteria were compared to individual station concentrations. Examples are given
for two surveys (July 21 [DW-07] and October 22, 2005 [DW-14]) for acute lead criteria (Figures 3-55
and 3-56) and chronic lead criteria (Figures 3-57 and 3-58).

Exceedances of the lead criteria at each station for all dry weather events are flagged in Figure 3-53 and
summarized in Figure 3-57. The following was observed:

e There were no exceedances of the acute lead criteria within the watershed.

e There were a total of 13 exceedances of the chronic criteria in the watershed.

- There was one exceedance at each station along the Blackstone River that occurred
during the October 22, 2005 event (DW-14). The chronic criterion for dissolved copper
was violated during the same event.

- The Branch River’s exceedances (3 of the 4 surveys) were a result of the lowest
hardness values (17 to 23 mg/l) in the river. The low hardness resulted in very low
chronic lead criteria.

- The three stations along the Mill River violated the chronic criteria once during the
study at Stations W-11 and W-12, and twice at Station W-13. However, one of the
samples at Station W-13 was likely affected by entrained water from the Blackstone
River which contained elevated concentrations at the time.

- The only other exceedance in the watershed occurred at Cherry Brook (W-31) during the
July 21, 2005 event (DW-07).

Dissolved Copper Loads

Mass loadings for both metals were developed for each station (Figures 3-60 and 3-61). All
concentrations that were below the reporting limit were not included for mass loading estimates. The
number of available samples per station ranged from 15 to 1. Both metals were ranked by concentration
and mass loading (Figure 3-62 and 3-63). The following observations are made from these tables:

e There was little variation in the copper load for the primary stations: W-01 (4.47 Ibs/day); W-02
(4.29 Ibs/day); W-03 (4.54 Ibs/day); W-04 (4.12 Ibs/day); W-05 (4.87 Ibs/day). The largest
change was a gain of about 20% between W-04 and W-05.

e The Branch River contributed on average 4.7% to the copper load in the Blackstone River
(0.21/4.47 lbs/day at W-23/W-01) at its confluence. The contribution from the Branch River was
not significant.
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The Mill River and Peters River contributed only approximately 1.7 to 0.4%, respectively, to the
copper load in the Blackstone River. This load was not significant. Loads between the State line
stations (W-11 and W-14) and the confluence with the Blackstone River (W-13 and W-16) did
not change. There was no obvious increase or decrease in the copper load in either the Mill River
or Peters River within the Rhode Island section of the rivers.

The Abbott Run Brook contributed 4.6% to the copper load in the Blackstone River (0.19/4.12
Ibs/day at W-26/W-04) at its confluence. The contribution from Abbott Run Brook is considered
small.

Dissolved Lead Loads

There was little variation in the lead load for the primary stations: W-01 (0.16 lbs/day); W-02
(0.25 Ibs/day); W-03 (0.16 Ibs/day); W-04 (0.17 Ibs/day); W-05 (0.23 lbs/day). There was a net
increase in the lead load between Stations W-01 and W-02, and between W-04 and W-05 (0.17 to
0.23 Ibs/day), suggesting contributions of lead within Reaches 1 and 3.

The Branch River contributed on average 45% to the lead load in the Blackstone River (0.07/0.16
Ibs/day at W-23/W-01) at its confluence. The contributions from the Branch River were
consistent (concentrations observed 0.67, 0.62, 0.29, 0.40 pg/l) and significant. However, lead
loads in the Branch River did not result in significantly higher concentrations at the downstream
Blackstone River station (W-21 at Singleton Street), suggesting that the high load may in part be
a result of variability of lead concentrations in the Branch River.

The Mill River contributed on average 0.02 lbs/day to the Blackstone River (0.25 lbs/day at W-
02), while the Peters River contributed on average 0.002 Ibs/day to the Blackstone. Their impact
on the Blackstone River load was considered small. Nevertheless, the concentrations in the Mill
River and Peters River were among the highest reported anywhere in the watershed. (Caution
should be taken in interpreting the apparent loss between W-15 and W-16. Samples at W-16
were restricted to three surveys and those happened to have the lowest concentrations of the six
surveys sampled.)

Small tributary stations W-31 (Cherry Brook) and W-34 (Blackstone Canal) had high lead
concentrations, but their mass loads to the Blackstone River were not significant.

Comparison between 1991 BRI and 2005 BTMDL Studies

Nine stations were used in the historic comparison between the 1991 BRI study and this BTMDL study
conducted in 2005. The location of seven of these stations was the same (W-23, 11, 14, 17, 02, 04, 05)
and 2 stations were in close proximity (W-01 and W-03). The concentrations with maximums and
minimums are presented on Figures 3-64 and 3-65. The BRI study included 3 surveys with 4 samples
analyzed for each survey. Therefore, the BRI average, as reported, was based on 12 measurements. The
BRI surveys covered the early to late summer. The following observations are made:

Copper: The profile of the copper concentrations for the BRI study was similar to that observed
in the BTMDL study. In general, concentrations during the BTMDL study were lower and the
ranges between maximum and minimum values were smaller than during the BRI study. There
appears to be a measurable reduction in the copper concentration upstream of Station W-01 over
the 14 years period. This change can also be seen in the downstream stations.
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Lead: For lead, the concentrations reported in the BTMDL study are considerably lower than
those reported in the BRI study. This may be a direct result of the change in technology being
used presently in the laboratory as compared to 14 years ago.

3.2.6 Other Parameters

Other parameters consisted of dissolved oxygen, temperature, specific conductance, hardness, turbidity,
chloride, and pH. Data are presented in Figures 3-66 to 3-72. All stations were ranked according to
their measured values (Figure 3-73 and 3-74), with the exception of pH. Following are observations for
dissolved oxygen and hardness.

Dissolved Oxygen

Dissolved oxygen was a field measurement completed at the time of sampling. All measurements were
taken during the day under dry weather conditions.

All values taken at all stations were above 5.0 mg/l, with the exception of Station W-14. Concentrations
at Station W-14 were 4.7, 4.9 and 4.8 mg/1 during the August, September and October 2005 dry weather
surveys.

Stations W-14 and W-26 had the lowest study averages of all primary and secondary stations (7.7 and
7.5 mg/l, respectively).

- At Station W-14, in the summer and early fall, low flow rates and velocities at this site
contributed to the low dissolved oxygen values (low reaeration, high sedimentation and potential
benthic demand). It is not obvious that any immediate contaminant source was the cause.

- At Station W-26, flow comes from a relatively large water supply reservoir. The measurements
were made immediately downstream of the dam. The oxygen concentrations recorded would
have benefited from the dam reaeration and the turbulence directly below the dam. It would have
been interesting to have sampled the reservoir directly; however, the reservoir was secured and
could not be accessed.

Some of the lowest oxygen values of the study were also seen at small tributary stations W-31, 33, and
34.

Station W-31 (Cherry Brook) drains a wetland area that was heavily overgrown in the late
summer and early fall.

Station W-33 is the outlet of Sylvestre Pond. The pond outlet flows underground before
emerging downstream of the Woonsocket WWTF administrative building. The combination of
the pond (low velocity, low reaeration) and the underground flow (low reaeration) would have
contributed to the lower oxygen concentrations.

Station W-34 is along the Blackstone Canal. The low flow and velocity of the canal would have
contributed to low oxygen concentrations.
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Hardness

The hardness varied between the Blackstone River and the tributaries, although was fairly consistent
within each waterbody for individual dry weather sampling events. In the Blackstone River (Stations
W-01 to W-05, W-21, W-22, W-17, and W-25), the mean hardness was 53 mg/l, ranging from 37 to 72
mg/l for individual dry weather surveys. In the Branch River (Station W-23), the mean hardness was 21
mg/l, ranging from 17 to 26 mg/l. In the Mill River (Stations W-11 to 13), the mean hardness was 37
mg/l, ranging from 27 to 48 mg/1 for each survey. In the Peters River (Stations W-14 to 16), the mean
hardness was 58 mg/l, ranging from 45 to 76 mg/l for each survey. The mean hardness in Cherry Brook
and Abbot Brook Run was 71 and 45 mg/l, respectively. The differences in hardness between the
Blackstone River and the tributaries were considered in the approach used for the determination of acute
and chronic criteria for metals (see Section 3.1.3).

3.3 Dry Weather Loading by Reach

Dry weather loads for each of the three reaches were determined using an approach similar to the
approach used for wet weather load analyses (Section 4.4). Three sets of tables were prepared from the
available data:

Weighted mean annual loads for each primary station and % change in loads between
reaches (Figure 3-75): These loads were determined by first adding the loads for each month
over the 12-month sampling period for each parameter. For months with 2 or 3 sampling events,
the mean load for that month was used in the calculation. The relative changes in loads between
the three reaches were calculated.

Changes in loads for each primary station for each sampling event: Loads relative to
primary stations were computed for each parameter and reach for each of the 18 dry weather
sampling events (Figure 3-76).

Mass loading for each reach for dry weather events with complete station coverage (i.c.,
DW-7, 9, 11; Figures 377 to 3-80): This calculation accounted for loads entering the river
between primary stations along the Blackstone River. All three events occurred during the
summer. In addition, mass loads were compared for the Mill and Peters Rivers for a total of §
events, including Events DW-7, 9, and 11.

Several constraints need to be considered in the analysis of these dry weather data:

Flows in the river for individual sampling events over the 12-month period are variable, ranging
from approximately 80 to 2,200 cfs (Woonsocket gage). Consequently, the time of travel of the
river water was variable by up to a factor of two for these flow rates. The three complete events
(DW-7, 9, 11) were all sampled during the summer when flows at the Woonsocket USGS station
were low, ranging between approximately 100 and 200 cfs. On the other hand, the weighted
mean annual loads are biased by high flow events.

Variable flow rates affect processes such as decay rates of bacteria, settling of solids, adsorption
of metals, and photosynthetic processes. This is particularly relevant as there are numerous
impoundments along the course of the river.

Waters are more biologically active during warmer months, resulting in higher rates of
biological activity and greater uptake of inorganic nitrogen species by phytoplankton and
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bacteria. For that reason, we also computed the total nitrogen loads for the dry weather events
by adding the nitrate and Total Kjeldahl Nitrogen (TKN) loads. TKN is the sum of organic
nitrogen and ammonia nitrogen.

The dry weather loads are based on a single sample at each station (unlike the wet weather load
analysis which averages between 7 and 11 samples per station for each storm event; see Section
4.4). This increases the variability in the dry weather data, especially for parameters that are
affected by “patchiness” in the environment such as bacteria and nutrients. As a result,
individual data points need to be interpreted cautiously and placed into the context of other
observations and measurements.

For the entire Blackstone River watershed within Rhode Island, the loads for all measured constituents
increased on an annual basis between Stations W-01 (MA/RI State line) and W-05 (Slater Mill) (Figure
3-75). Loads at Station W-05 were between 121% and 171% higher for the chloride, hardness, nutrients
and metals compared to Station W-01 at the MA/RI state line. For TSS and VSS, the loads at W-05
were 178% and 238%, respectively, compared to W-01; for fecal coliform the load at W-05 was 300%
by comparison. Following is a discussion of changes in loads for each reach within Rhode Island.

3.3.1 Blackstone River Reach 1 (Woonsocket)

Generally, annual loads between Stations W-01 and W-02 increased for all constituents (Figure 3-75).
With the exception of fecal coliform, more than 50% of the loads for individual constituents were
contributed by Massachusetts.

For chloride and hardness, the additions per sampling event were comparatively consistent (Figure 3-76).
On average, the mass balance accounted for most of the additions in Reach 1 with the primary sources
being the Woonsocket WWTF and Branch River (Figure 3-77).

On an annual basis, 69% of the total nitrogen in Reach 1 was contributed by Massachusetts (Figure 3-
75). The highest increases by event occurred in the spring and summer although there was no consistent
pattern (Figure 3-76). During the three complete events in the summer, the main contributing Rhode
Island sources were the Woonsocket WWTF and the Branch River (12.6% and 3.2%, respectively;
Figure 3-77).

For total phosphorus at Station W-02, 58% of the annual load was from Massachusetts. As for total
nitrogen, the change in load varied considerably between individual sampling events. The loading
during the complete events (DW-7, 9, 11) indicated that Rhode Island’s contributions were primarily
from the Branch River and the WWTF. The mass balance further suggests that there was a net loss of
total phosphorus within this reach, potentially due to uptake by phytoplankton. This assumption is
supported by the mass loading of solids. On average 30% of the solids loads measured at Station W-02
remained unaccounted for, potentially reflecting phytoplankton that formed in Reach 1.

Only 41% of the annual dry weather fecal coliform load measured at Station W-02 was contributed by
Massachusetts (without considering bacterial decay). For individual events, the change in fecal coliform
loads between Stations W-01 and W-02 ranged widely. Within Rhode Island, the largest fecal coliform
sources to the Blackstone River were the Branch River and Mill River, as shown by the data from the 3
complete events.
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Massachusetts contributed 83% of the dissolved copper load to Reach 1 on an annual basis. For
individual sampling events, the range was 66% to 112%. The largest load during the three complete
events was contributed by Woonsocket WWTF, followed by the Branch River.

For dissolved lead, 67% of the annual load was contributed by Massachusetts. For individual sampling
events, the contributions were more variable than for copper, ranging from 49% to 210%. The largest
load during the three summer events was contributed by the Branch River (specifically during Event
DW-07), followed by the Mill River.

3.3.2 Blackstone River Reach 2 (Lincoln/Cumberland)

On an annual basis, the weighted mean loads indicate that there were only comparatively minor
additions or losses of the measured constituents within Reach 2. Average loads at Station W-04 ranged
from 82% to 116% for the various compounds compared to loads at Station W-02 (Figure 3-75).
Ammonia and TKN loads decreased (82% and 95%, respectively) while nitrate loads increased (108%),
possibly reflecting nitrification within the reach as there was almost no net increase in total nitrogen
within this reach (101%). The loads of TSS and VSS also decreased (82% and 88%, respectively),
possibly due to settling within the impoundments and absence of additions from new sources within this
reach..

For individual dry weather sampling events, the variability of changes in loads between Stations W-02
and W-04 was also comparatively small for chloride, hardness, total nitrogen, and dissolved copper. The
variability was greater for fecal coliform, solids, dissolved lead, total phosphorus, and the various
nitrogen species.

The variability within this reach was in part a function of the effect of the impoundments within this
reach, and the absence of major tributaries or anthropogenic sources. As measured during the three
complete summer events, the loads contributed by the Blackstone Canal were insignificant for all
compounds (Figure 3-78).

3.3.3 Blackstone River Reach 3 (Central Falls/Pawtucket)

On an annual basis, the weighted mean loads indicate that there were no major additions of most
measured constituents within Reach 3 (99% to 115%), with the exception of TSS and VSS which
increased considerably (141% and 167%, respectively) (Figure 3-75).

As in Reach 2, the changes in loads for individual events between Stations W-04 and W-05 were
comparatively narrow for chloride, hardness, total nitrogen, and dissolved copper. The variability for the
other compounds was higher. For fecal coliform the variability was particularly high, ranging from a
reduction of 13% (December 22, 2005) to an increase of 880% (August 25, 2005). This large variability
was likely a function of factors such as inputs from sources like the Brook near Ann&Hope (Station W-
35), potential dry weather flows from CSOs and/or other dry weather point sources, decay of bacteria,
patchiness, and the fact that there was only a single sample at each station per event.

The main contributing source to the Blackstone River within Reach 3 was Abbott Run Brook, which
contributed between 10% and 18% of the loads for most constituents (Figure 3-79). For dissolved
copper and lead the additions in loads were 3% and 26%, respectively, although data from only 1 and 2
sampling events, respectively, were available, as opposed to 3 sampling events for the other constituents.
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3.3.4 Mill River and Peters River

A total of 8 sampling events were available for load comparisons within the reaches of these tributaries
to the Blackstone River. Means were computed for Events DW-7, 9, and 11 for direct comparisons for
Reaches 1 to 3 along the Blackstone River, as well as means for all available events (Figure 3-80).

Loads for chloride and hardness varied little for both the Mill and Peters River during the different
events.

Fecal coliform loads in Mill River increased sharply between Station W-11 and W-12, reflecting the low
coliform concentrations in the water flowing out of Harris Pond (W-11) and the point where the Mill
River goes underground (W-12). The source for bacteria in this comparatively short stretch along the
Mill River is not known and should be investigated further. There were no further increases in fecal
coliform load in the tunnel section of the river (i.e., between W-12 and W-13). In the Peters River, fecal
coliform loads doubled on average between Stations W-14 and W-15 and increased by another 50%
between Stations W-15 and W-16.

On average, total nitrogen and phosphorus loads as well as loads of solids and dissolved copper
increased slightly in the Mill and Peters Rivers in Rhode Island. Loads of dissolved lead generally
increased in the Mill River, but decreased in the Peters River between Stations W-14 and W-16. This
decrease may have been a result of the fact that only two samples were collected at Station W-16; the
change in load between just Stations W-14 to Station W-15 was 95% based on five sampling events
which indicates that there were no additions of lead to the Peters River between the MA/RI state line and
its entry into the tunneled section.
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Figure 3-1: Water Quality Station Locations

®|[Blackstone River

Tributary

WWTF/outfall/other

Location

Type

Coordinates

®||Primary

Secondary

Tertiary

Z

atitude

— -

z

—

ongitude

|_Description

<||Station No. (1)

)
2

Millville, MA

42°01' 22.49"

71°34'19.86"

[Located in Millville, MA, off the railroad bridge,
upstream of the state line. This is the last
crossing on the Blackstone River before the river

divides between the gorge and Tupperware
impoundment and enters RI. This station
represented the beginning of the first reach and
the water quality of the Blackstone River as it
leaves Massachusetts. During the 1991/92 BRI in
low flow summer conditions, there was no flow
going through the gorge. Samples were collected
at BLK13, which was in the Tupperware
impoundment. This is no longer the case. In the
1990s, there was an agreement to maintain flow
through the gorge at all times. In the more recent
2001/02 BAC study (Wright et al., 2004), samples
were taken at the gorge.

Branch River

41°59' 59.94"

71° 33' 09.85"

Off the RTE 146A Bridge, approximately 800 m
(1/2 mile) upstream from the confluence with the
Blackstone River. This station was monitored as
BLK-14 in the BRI and is the last crossing of the
Branch River before the confluence.

Ww-21

Singleton Street

42°00' 35.75"

71°31' 45.67"

Off the Singleton Street bridge.

W-22

Below Thundermist Dam

42°00' 00.44"

71° 30' 48.50"

Just below the River Island Park, approximately
600 m (2/5 mile) downstream of the Thundermist
dam off the Bernon St Bridge.

Mill River (MA/RI border)

42°00' 54.87"

71° 30' 25.55"

Located at the MA/RI border, approximately 100
m (300 feet) downstream of the Harris Pond dam.
This station was monitored as BLK-15 in the BRI.

Mill River (pre-culvert entry)

42°00' 34.18"

71°30' 24.70"

Located before entry into a covered culvert,
approximately 400 feet to the north of Social
Street.

Mill River (confluence w/
Blackstone River)

42°00' 24.56"

71°30'17.20"

Located at the confluence of Mill River with the
Blackstone River, approximately 300 feet to the
south of Clinton Street. This station can be
sampled only at low stage height of the

Blackstone River.

Peters River (MA/RI border)

42°00' 56.13"

71°29' 35.10"

Located at the Diamond Hill Road bridge,
approximately 500 feet to the south of the MA/RI
border. This station was monitored as BLK-16 in
the BRI.

Peters River (pre-culvert
entry)

42°00' 34.72"

71°30'02.11"

Located before entry into a covered culvert,
approximately 40 feet to the north of EIm Street.

Peters River (confluence w/
BR)

42°00' 24.66"

71°30' 10.03"

Located at the confluence of Peters River and
Blackstone River, approximately 300 feet to the
southwest of Cumberland Street. This station can
be sampled only at low stage height of the
Blackstone River.

Hamlet Avenue

42°00'10.73"

71° 29' 53.28"

Off Hamlet Ave bridge, located downstream of the
confluence of the Mill and Peters Rivers and
upstream of the Woonsocket WWTF outfall. This
station was monitored in the BRI as BLK17.
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Figure 3-1 (cont.): Water Quality Station Locations

@

Blackstone River

Tributary

Location

Type

Coordinates

Primary

Secondary

®| Tertiary

~
2

Latitude

~

z

ongitude

a4 Description

<||Station No.

Ny
~

o|(WWTF/outfall/other

Woonsocket WWTF

41°59' 56.32"

71° 29" 44.11" |[Daily composites were provided by the
\Woonsocket WWTF personnal. Composites
included 24 hourly samples whose volume was
weighted by flow. This station was monitored as
BLK24 in the BRI.

W-02

Manville Dam

41°58' 18.54"

71°28' 14.11" [[Approximately 2 m (5 feet) upstream of Manville
Dam, off the shoreline on the eastern
(Cumberland) side of the Blackstone River. This
station was monitored as BLK-18 in the BRI.

W-03

George Washington Hwy
Bridge

41°56'17.11"

71° 26' 01.57" |[Located in Ashton off the bike path bridge below
the RTE 116 George Washington Highway bridge.

W-04

Lonsdale Ave

41°54' 40.59"

71° 24' 10.22" [[Off the RTE 122 bridge, upstream of Valley Falls
Pond. This station was monitored in the BRI as
BLK20.

Broad Street

41°53' 57.30"

71° 23' 24.74" [[Off the RTE 114 Broad Street bridge just below
the marina of the Blackstone River Tourism
Council.

Abbott Run Brook

41°54' 02.40"

71° 23' 08.33" [[At the south side of the Mill Street bridge,
approximately 200 feet upstream of the
confluence with the Blackstone River.

W-05

Slaters Mill Dam

41°52' 36.86"

71° 22' 55.71" [[Located approximately 15 m (50 feet) upstream of
the Slaters Mill Dam off the eastern shore. This
station represented the mouth of the Blackstone
River, just before it enters the Seekonk River.
This station was monitored in the BRI as BLK21.
This station is located downstream of the CSOs of
Central Falls and Pawtucket.

W-31

Cherry Brook

41°59' 57.03"

71° 31' 23.00" [[At the Olo St. bridge, approx.130 m (400 feet)
upstream of the confluence with the Blackstone
River.

W-32

Front Street Drain

41°59'53.73"

71°31' 02.97" [[At the outflow from the pipe to the Blackstone
River. The drain always had considerable dry
\weather flow, suggesting that is is a channelized

small brook.

W-33

Sylvestre Pond Outflow

42°00' 02.66"

(30 feet) upstream of the confluence with the
Blackstone River.

W-34

Blackstone Canal at
Lonsdale

41°54' 41.85"

71° 24' 28.10" [[At the overflow weir just to othe north of the

71°29'49.81" ‘At the Woonsocket WWTF, approximately 10 m
|Lonsdale Bleachery.

W-35

Brook near Ann&Hope

41°54' 39.65"

71° 23'47.73" ||At the eastern end of the Ann&Hope parking lot,
along Ann and Hope Way in the Town of
Cumberland. The outfall point is located in a
small woodedn area between the Providence-
\Worcester rail line and the Blackstone River
streambed.

(1) River and major tributary stations (W-1 to W-26) are listed from upstream to downstream.
Small tributaries and outfalls (W-31 to W-35) are listed at end of table.
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Figure 3-2: Dry Weather Sampling Program - Blackstone TMDL Study

Secondary
Event Date Primary Station Station Tertiary Station
No. W-01to W-05 | W-11to W-17 | W-21to W-26 | W-31to W-34 W-35
°© ° ° © °
Q () () () ()
8 = 8 = 8 T 8 = 8 T
S | 3 S | 3 S | 3 S | 3 S | 3
o < [N < o < o < o <
DW- 01 March 16 5 5 7 7
DW- 02 April 20 5 5
DW- 03 May 11 5 5
DW- 04 May 23 5 5
DW- 05 June 9 5 5 7 6%
DW- 06 June 27 5 5
DW- 07 July 21 5 5 7 6% 6 6 4 4
Dw- 08 August 3 5 5
DW- 09 August 11 5 5 7 7 6 6 4 4
DW- 10 August 25 5 5
DW- 11| September 14 5 5 7 7 6 6 4° 3°
DW- 12 | September 26 5 5
DW- 13 October 7 5 5 0 6P
DW- 14 October 22 5 5 0 6"
DW- 15| November 29 5 5 0 1
DW- 16 | December 22 5 5 7 6% 0 1
Dw- 17 January 27 5 5 0 1
DW- 18 February 17 5 5 0 1
Totals 90 90 42 51 18 18 12 11 0 4
2 Stage greater than 0.4 m (1.4 feet) at Woonsocket. W-16 not sampled. Proposed Total: 162
® prestorm sampling for Storms WW-03 (Oct. 7, 2005) and WW-04 (Oct. 22, 2005). Actual Total: 174
¢ Station W-34 was not sampled. The Blackstone Canal was drawn down.
Figure 3-3: Analytical Limits for Dissolved Copper and Lead
Method
Parameter Laboratory Method Rep.orF'“g Detgctllon
Limit Limit
(ug/l) (ug/l)
Dissolved copper Mitkem ICP (Method 200.7) 15 3.2
STL ICP-MS (Method 200.8) 1 0.4
Microinorganics EPA 1637 1 0.4
Dissolved lead Mitkem ICP (Method 200.7) 5 0.23
STL ICP-MS (Method 200.8) 0.1 0.04
Microinorganics EPA 1637 0.2 0.092
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Figure 3-4: Daily Precipitation leading to the Dry Weather Sampling Event (DW-_)

DW-01 Precipitation (inch) DW-02 Precipitation (inch) DW-03 Precipitation (inch)
March #1 Worc. | Cumb.| Prov. April #1 Worc. | Cumb.| Prov. May #1 Worc. | Cumb.| Prov.
13-Mar-05 0.24 | 0.65 T 17-Apr-05 -- - - 8-May-05 T 0.01 | 0.01
14-Mar-05 - 0.30 -- 18-Apr-05 -- - - 9-May-05 - 0.01 T
15-Mar-05 - 0.01 -- 19-Apr-05 - - - 10-May-05 -- 0.01 -
16-Mar-05 - - - 20-Apr-05 | 0.15 - T 11-May-05 -- 0.01 -

DW-04 Precipitation (inch) DW-05 Precipitation (inch) DW-06 Precipitation (inch)

May #2 Worc. | Cumb.| Prov. June #1 | Worc. | Cumb.| Prov. June #2 Worc. | Cumb.| Prov.
20-May-05 -- -- -- 6-Jun-05 -- -- -- 24-Jun-05 -- -- --
21-May-05 T - - 7-Jun-05 - - T 25-Jun-05 - -- -
22-May-05 0.13 | 0.27 T 8-Jun-05 0.69 - - 26-Jun-05 T - -
23-May-05 0.24 | 0.13 | 0.15 9-Jun-05 -- -- -- 27-Jun-05 0.00 -- T

DW-07 Precipitation (inch) DW-08 Precipitation (inch) DW-09 Precipitation (inch)

July #1 Worc. | Cumb.| Prov. July #2 Worc. | Cumb.| Prov. Aug #1 Worc. | Cumb.| Prov.
18-Jul-05 - 0.33 | 0.09 31-Jul-05 0.03 - - 8-Aug-05 0.00 | 0.01 T
19-Jul-05 0.28 | 0.58 | 0.09 1-Aug-05 0.03 - T 9-Aug-05 0.02 | 0.01 | 0.21
20-Jul-05 - - - 2-Aug-05 0.04 - T 10-Aug-05 -- - T
21-Jul-05 - - - 3-Aug-05 -- - - 11-Aug-05 - - -

DW-10 Precipitation (inch) DW-11 Precipitation (inch) DW-12 Precipitation (inch)

Aug #2 Worc. | Cumb.| Prov. Sept #2 Worc. | Cumb.| Prov. Sept #2 Worc. | Cumb.| Prov.
22-Aug-05 - -- -- 11-Sep-05 -- -- -- 22-Sep-05 -- -- --
23-Aug-05 - - - 12-Sep-05 - - - 23-Sep-05 - - -
24-Aug-05 0.12 - T 13-Sep-05 | 0.00 | 0.03 - 24-Sep-05 - - -
25-Aug-05 -- -- -- 14-Sep-05 -- -- -- 25-Sep-05 -- -- --

DW-13 Precipitation (inch) DW-14 Precipitation (inch) DW-15 Precipitation (inch)

Oct #1 Worc. | Cumb.| Prov. Oct #2 Worc. | Cumb.| Prov. Nov #1 Worc. | Cumb.| Prov.
4-Oct-05 - 0.01 -- 18-Oct-05 | 0.06 | 0.01 | 0.01 26-Nov-05 T - T
5-Oct-05 - - - 19-Oct-05 - - - 27-Nov-05 T - T
6-Oct-05 - - T 20-Oct-05 - - - 28-Nov-05 T - 0.01
7-Oct-05 0.25 - 0.17 21-Oct-05 -- - -- 29-Nov-05 0.05 - 0.01

DW-16 Precipitation (inch) DW-17 Precipitation (inch) DW-18 Precipitation (inch)

Dec #1 Worc. | Cumb.| Prov. Jan #1 Worc. | Cumb.| Prov. Feb #1 Worc. | Cumb.| Prov.
19-Dec-05 T - - 24-Jan-06 T - - 14-Feb-06 - - T
20-Dec-05 - - - 25-Jan-06 | 0.07 | 0.17 | 0.08 15-Feb-06 - - -
21-Dec-05 - - - 26-Jan-06 T - T 16-Feb-06 -- - -
22-Dec-05 - - - 27-Jan-06 -- -- -- 17-Feb-06 0.12 | 0.04 | 0.02
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Figure 3-5: River Flows for Dry Weather Events in selected Months

Flows at USGS Gaging Stations
Woonsocket Peters River Roosevelt Ave
Date (01112500) (01112382) (01113895)
cfs
March 200
13 1,060 28 1,080
14 1,020 26 1,040
15 978 25 994
16 975 26 982
May 2005
20 687 15 741
21 659 14 717
22 630 14 689
23 608 14 663
June 2005
6 569 13 634
7 510 12 582
8 467 12 533
9 469 19 519
July 2005
18 255 5.3 315
19 230 51 304
20 253 4.9 298
21 235 3.9 286
January 2006
24 1,990
25 1,870
No data available.
26 1,780
27 1,580

Note: All flows were approved for publication; processing and review was completed
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June 2005 Dry Weather Sampling Event
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Figure 3-6: River Flows prior to June and July Dry Weather Sampling Events

Figure 3-7: Procedure followed to determine River Dry Weather Flows

WQ Station

Procedure used

W-01, W-02, W-03, W-04,
W-05, W-12, W13, W-15,
W-16, W-21, W-22

USGS gage flows were used to develop incremental inflow rates.

W-11

When USGS flows were reported, these were used. For the months that did not
have published flows, a relationship between Mill and Peters Rivers was determined
and the Peters River flow was used to estimate the W-11.

W-14, W-17, W-23, W-26

USGS flows were used for all surveys.

W-24 Flows were received from WWTF personnel.
W-25 USGS flows at Roosevelt minus Abbott Run estimated flows at W-25.
W-31, W-32 Direct measurement or from incremental inflow rates determined from USGS gages.

W-33, W-34, W-35

Direct measurement.
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Figure 3-8: Flows during Dry Weather Sampling Events

Flows at each Water Quality Station (cfs) Statistics
5

_ ANk s|8|8|8|s|8|s|s|8|8|8|8|s|8|8]8|8|8] 2| _| | _

2 HEE SIS g s 2z |s|3|3 18|88 |2|&8|8|8| | Elcg|st

S| 5 |2|2|E |Location glela|a|g|s|laldlala|s|g|R| S |2|8|s5|5]ecx|ca|Ea|Ed|cx

z E 3 E § Event No. (DW-_)|| 1 2 3 4 5 6 7 8 9 | 10| 11| 12 | 13 14 15 16 | 17 | 18 || £ 3 ¢35 |53 é@ é
W-01 ® Millville (MA/RI border) 625| 582| 784| 428| 332| 148| 167 93 93 92 61| 109| 106 1,600 859 632 972]|1,019f 107.0 483.3] 61.4| 1,600 18
W-23 [ Branch River 191] 143| 246| 104 83 43 44 17 13 15 10 13 13 403| 319| 179| 306 322 22.1 136.9 9.8 403] 18
W-21 Singleton Street 849| 751|1,069] 549| 417 194 216| 111 107 108 71| 123| 121 2,057 1,216 841|1,319|1,383| 131.6 639.0 71.4| 2,057| 18
W-22 [ Below Thundermist Dam 859| 759|1,081| 555| 418| 195 218| 111 108| 108 71| 124| 122 2,074 1,228 851 1,332| 1,396( 132.4 645.1| 71.5] 2,074 18
W-11 [ Mill River (MA/RI border) 74.01 54.0] 75.0f 31.0] 30.0] 11.0f 11.0 6.4 5.3 51 38| 42| 11.0 87.0| 76.2| 53.8] 87.1| 91.1 6.7 39.8 3.8 91| 18
W-12 | 4 [ Mill River (pre-culvert entry) 75.2] 54.9] 76.2| 31.5| 30.5| 11.2| 11.2 6.5 54 5.2 39| 43| 112 88.4| 77.4| 54.7| 88.4] 92.6 6.8 40.5 3.9 93] 18
W-13 g [ Mill River (confluence w/ BR) 75.9] 55.4| 76.9] 31.8| 30.8] 11.3] 11.3 6.6] 54| 52| 39 43 11.3 89.3] 78.2| 55.2| 89.3] 93.5 6.9 40.9 3.9 93| 18
W-14 * ° Peters River (MA/RI border) 25.9] 22.0| 28.4| 14.0| 18.6] 4.2 3.9 1.1 0.8 0.8 2.5 2.4 38 48.5| 38.5| 26.6| 44.3] 46.5 2.4 18.5 0.8 49| 18
W-15 ° Peters River (pre-culvert entry) 26.6] 22.6] 29.2| 14.4| 19.1] 43| 4.0 1.1 0.8 09 2.6 2.5 3.9 49.9] 39.6| 27.4| 45.6] 47.8 2.5 19.0 0.8 50| 18
W-16 ° Peters River (confluence w/ BR) 26.9] 22.9| 29.6| 14.6| 19.4] 4.4 40 12| 09 09| 27 25 39 50.5| 40.1| 27.7] 46.2| 48.4 25 19.3 0.9 51| 18
W-17 [ Hamlet Avenue 975| 848|1,204| 608| 469 211] 235 120 115 115 76| 131| 138 2,236|1,370f 938|1,580| 1,658| 142.1 723.7| 76.4] 2,236 18
W-24 L ® |Woonsocket WWTF 11.3] 12.8] 13.9| 13.9| 12.2| 12.2| 11.4| 10.3] 10.3| 10.3] 9.8 9.8 17.6 17.6] 15.5| 14.7| 17.4| 16.1 10.5 13.2 9.8 18| 18
W-02 ~ [ Manville Dam 1,027] 893|1,264| 641| 484| 226| 253| 132] 129| 129 88| 144| 151 2,315|1,429 988|1,643|1,723[f 156.3 758.8| 87.7] 2,315 18
W-03 g [d George Washington Hwy Bridge 1,063 921]|1,306] 659 487| 228 258| 134] 131| 130 88| 146| 153| 2,372|1,470|1,021|1,688| 1,768|f 159.0 779.0 88.0|] 2,372 18
W-04 i [ Lonsdale Ave 1,074 930f 1,320| 665| 488| 229| 260| 134] 132| 131 88| 146| 154 2,391|1,483|1,031|1,702]1,782[ 159.8 785.5| 88.0] 2,391 18
W-25 % [ Broad Street 1,075 931]1,322| 666 488| 230 260| 134] 132| 131 88| 146| 154| 2,394|1,485| 1,033|1,704| 1,784| 160.0 786.5| 88.1| 2,394 18
W-26 g ° Abbott Run Brook 76.01 70.0] 85.0[ 46.0|] 47.0| 38.0] 27.0f 40.0] 36.0| 46.0f 31.0f 30.0] 28.0 41.0| 90.7| 71.5| 100.0| 103.4 31.3 55.9] 27.0f 103] 18
W-05 [ Slaters Mill Dam 1,155| 1,004| 1,411| 714| 535/ 268| 288| 175 168| 177| 119| 176| 182 2,440|1,580(1,108| 1,808| 1,892 191.6 844.4| 119.1| 2,440 18
W-31 ® |Cherry Brook 0.62 0.24 0.03 0.29 0.29] 0.03] 0.62 3
Ww-32 | @ |Front Street Drain 0.97 0.37 0.04 0.46 0.46] 0.04| 0.97 3
W-33 @ |Sylvestre Pond Outflow 0.70 0.27 0.03 0.33 0.33[ 0.03] 0.70 3
W-34 N ® |Blackstone Canal at Lonsdale 0.14 0.08 0.01 0.08 0.08] 0.01] 0.14 3
W-35 ® ® |Brook near Ann&Hope 0.75[ 0.22| 0.34] 0.33 0.41 0.22] 0.75 4
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Figure 3-9: Dry Weather Concentrations - Fecal Coliform

Concentration (MPN/100 ml) Statistics
- 2
gl |5 a g | .

. HEE sls|8(8| g |8|s|a|8|8|8|8|al8|8|8|8|8]| =]t

2 ARNE s|la|@8|&8| 2 |s|2|=2|2|3|s|s8|=2|s8| 3] 8 s | 8 = S| e | €

= = |3|&8|C . (<113 2121212 £|$|22|68]|Q| % e 2 4 @ g | 2 2 .~

2 s |52 £ |Location S[R3 & ° P - I = A N I S I N I N & S £ L E % <

% & % =ls Event No. (DW-_ )| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 3 K s s 8
W-01 [ Millville (MA/RI border) 500| 22| 70| 280 130f 170] 130| 40 130 140 40f 170| 500| 170| 1,700 1,300 700] 1,700 211) 1,420 22| 1,700 18
W-23 [ Branch River 70 300 500 500 269] 500 70 500 4
W-21 [ Singleton Street 130 130 70 106] 130 70 130 3
W-22 [ Below Thundermist Dam 170 230 40 116| 218 40 230 3
W-11 ° Mill River (MA/RI border) 4 23 170 20 230 80| <20 40 38| 188 4 230 8
W-12 | [J Mill River (pre-culvert entry) 300 500 2,400 1,700 300 500 130 110 436| 1,910/ 110 2,400 8
W-13 § [J Mill River (confluence w/ BR) 80 3,000 800 300 230 40 40 215| 1,680 40| 3,000 7
W-14 (% ° Peters River (MA/RI border) 13 500 900 270 40 130 70 80 121] 620 13 900 8
W-15 [ Peters River (pre-culvert entry) 50 >1,600 300 230 70 410| 270 20 176| 797 20| >1,600 8
W-16 [ Peters River (confluence w/ BR) 90 230 170 300 180 279 90 300 4
W-17 o Hamlet Avenue 500 130 300 700 800 800 454 800| 130 800 6
W-24 | | | ® |Woonsocket WWTF <20 20 19 20 <20 20 2
W-02 o ° Manville Dam 50|/ 50 110| 140 110f 110] 130| 170 80 80 20| 230 80| 130] 1,300 500 230| 3,000 150 740 20| 3,000 18
W-03 % [ George Washington Hwy Bridge 140 50| 30| 80 30 240] 130 <20 <20 40| <20 60 80 701 1,700 500 210| 2,400 97 860 <20| 2,400 18
W-04 i - [ Lonsdale Ave 23] 23| 23| 50 50| 220 230| 110| <20 20| 260 130 20 70 800| 2,400 800| 1,300 107 950 <20| 2,400 18
W-25 S| ® Broad Street 220 <20 20 44 180 <20 220 3
W-26 § [J Abbott Run Brook <20 <20 <20 19 19] <20 <20 2
W-05 o Slaters Mill Dam 110| 80| 90| 280 240| 170 700| 270 80| 130| 40 70 40/ 20| 700 300 300 800 153] 700 20 800 18
W-31 ® (Cherry Brook 5,000 800 500 1,260] 4,160 500| 5,000 3
W-32 |« ® |Front Street Drain <20 170 500 117] 434] <20 500 3
W-33 ® |Sylvestre Pond Outflow 270 90 <20 771 252 <20 270 3
W-34 ~ ® [Blackstone Canal at Lonsdale 1,300 140 427| 1,184] 140] 1,300 2
W-35 ) ® |Brook near Ann&Hope 16,000 2,400/>16,000| 5,000 7,559|16,700| 2,400p16,000 4
W-02 || |(=W-02) [Duplicate 26| 30| 26 500
W-05 @[(=W-05) |Duplicate 300
W-01 (=W-01) [Duplicate 500
W-41 | (=W-11) |Duplicate 110 80 400 <20
W-42 (=W-14) |Duplicate 500 300 300 500] 120
W-43 N|»|(=W-04) [Duplicate 230] 130 40| 300 <20| 300 80 80] 1,300] 1,300 80| 1,700

(1) Event DW-14 (10/22/05), sample W-11: The original sample was accidentally not analyzed by lab. Thus, the duplicate sample W-41 was used (<20 MPN/100 ml) as data input for W-11.
300 Value exceeding the standard of 200 MPN/100 ml.

Detection Limits: <20 to >16,000 MPN/100 ml, except Event DW-05 where the upper limit was >1,600 MPN/100 ml.

Water Quality Criteria (Class B and B1): Not to exceed a geometric mean of 200 MPN/100 ml and not more than 20% of the samples shall exceed a value of 500 MPN/100 ml.
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Figure 3-10: Dry Weather Concentrations - Enterococci

Concentration (col/100 ml) Statistics
o £
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. Ak 815|818 s|8|8|a|8|8|8|8|a|8|8|8]58] 8| 2
= = L - T T o o » - > [3) - ©
R HHEHHEEHEHHIE R AR A R
o -5 X |5 = Location © o — (] 2 N~ - B — [Te] <t © d N <] N ~ ~ e T © g § c
& 4 ol Event No. (DW-_)[ 1 2 3 4 5 6 7 8 9 1011 12|13 ] 14| 15| 16 17 18 o &H o s s o
W-01 ° Millville (MA/RI border) 27 6] 23 3 2 8 8| <10 <10 20 10| 10 10| <10| 84| 97 51 41 14.0 28 2 97 18
W-23 ® Branch River <10 <10 1
W-21 [ Singleton Street <10 <10 1
W-22 [ Below Thundermist Dam <10 <10 1
W-11 [ Mill River (MA/RI border) 3 <1 13 <10 41 <10 7.3 15 <1 41 6
W-12 - [ Mill River (pre-culvert entry) 160 30 330 280 160 210 156.9 105 30 330 6
W-13 § ° Mill River (confluence w/ BR) 16 96 220 110 52 72.0 77 16 220 5
W-14 | ° Peters River (MA/RI border) 8 120 360 75 20 <10 41.5 135 8 360 6
W-15 ° Peters River (pre-culvert entry) 11 150 180 110 52 10 50.7 72 10 180 6
W-16 [ Peters River (confluence w/ BR) 17 20 10 15.0 5 10 20 3
W-17 [ Hamlet Avenue 34 5 11 <10 10 30 13.3 12 5 34 6
W-24 | ® |Woonsocket WWTF
W-02 o~ [ Manville Dam 2 4 5 7 6 8 9] <10| <10| <10| <10] 10| 10f 41] 74| 41 <10 10| 10.2 19 2 74 17
W-03 g [ George Washington Hwy Bridge 2 2 <1 1 5 7] <10| <10| <10| <10| <10| 10 10| 150f 30 10 10| 7.4 36 <1 150 16
W-04 im [J Lonsdale Ave 2 2 2 2 2| 34 7| <10| <10f <10{ 10| 10| <10| 10| 73| 31 <10 10 8.0 18 2 73 17
W-25 S| e Broad Street <10 <10 1
W-26 g |e| |AbbottRun Brook <10 <10 1
W-05 ° Slaters Mill Dam 5 3] 12 12 8| 22 11] <10] <10| <10| <10] 10| <10] 10| 63| 63 20 <10| 12.1 18 3 63 17
W-31 ® |Cherry Brook 200 200.0 1
W-32 |+ ® |Front Street Drain 20 20.0 1
W-33 ® |Sylvestre Pond Outflow 20 20.0 1
W-34 o~ ® |Blackstone Canal at Lonsdale <10 <10 1
W-35 ® ® |Brook near Ann&Hope 310 30| 3,600| >25,000) 965.9[ 12,449 30(>25,000 4
W-02 ||| [(=W-02) [Duplicate <1 9 5 16
W-05 ®|(=W-05) [Duplicate 2
W-01 (=W-01) |Duplicate 30
W-41 | 4 (=W-11) [Duplicate 15 <10 52 <10
W-42 (=W-14) [Duplicate 240 96 20
W-43 N|®|(=W-04) |Duplicate 6] <10] <10f <10] <10] 20] <10f 20] 460] 31 31 10

120 Value exceeding the standard of 54 col/100 ml.
Detection Limits: <1 to >1,600 col/100 ml for Events DW-01 to DW-07; <10 to >1,600 col/100 ml for Events DW-09 to DW-18. For Station W-35, the upper limit was >25,000 col/100 ml.

Water Quality Criteria (Class B and B1): The proposed criteria is 54 col/100 ml (geometric mean).
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Figure 3-11: Dry Weather Loads — Fecal Coliform

Loads (MPN x 109/ day) Statistics
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z TR |z |5|3[3]|Z|s|3[2|2|58[S|= ]3| F| ¢ [88|_[5%
.% '(Cus é g E Location S 3 b & & & N o = & S & ~ N Q N N S g‘g E %@ §
b g |lmolEls Event No. (DW-_ )| 1 2 3 4 5 6 7 8 9 10 | 12 | 12| 13 | 14 15 16 17 18 [§alS|1&=(8
W-01 [ Millville (MA/RI border) 7,642] 313| 1,342| 2,932] 1,055] 616f 532 91| 295| 314 60| 452| 1,296| 6,656( 35,715| 20,085| 16,640| 42,390 211) 3 | 1,566 18
W-23 [ Branch River 75 94 120 163 94| 3
W-21 [ Singleton Street 687 342 122 306] 3
W-22 [ Below Thundermist Dam 905 608 70 338| 3
W-11 [ Mill River (MA/RI border) 7 17 46 8 21 22 40 53 14| 3
W-12 b [ Mill River (pre-culvert entry) 552 373 656 224 28 137 281 147 161| 3
W-13 § [ Mill River (confluence w/ BR) 149 828 106 29 63 87 54 136| 3
w-14 & ° Peters River (MA/RI border) 8 228 85 5 2 12 83 52 10| 3
W-15 [ Peters River (pre-culvert entry) 32 795 29 5 4 39| 329 13 8.5| 3
W-16 [ Peters River (confluence w/ BR) 59 5 11 29 73| 2
W-17 ® Hamlet Avenue 11,926 1,490 1,724 1,971 1,495 18,367 1,719 3
W-24 [ ] | ® |Woonsocket WWTF 5 5 5 3
W-02 | |& [ J Manville Dam 1,257]1,092| 3,403| 2,195| 1,301 607 803| 551 252| 252 43| 811 296| 7,362| 45,461| 12,089 9,248|126,445 206 3 | 1,677| 18
W-03 % [ George Washington Hwy Bridge 3,639|1,126] 959| 1,290] 357| 1,342| 821 62 61) 128 41| 214| 300| 4,063| 61,137| 12,489 8,671|103,797 127 3 | 1,115| 18
W-04 im ® Lonsdale Ave 604| 523| 743| 814| 597| 1,235| 1,463| 362 61 64| 560 465 75| 4,094] 29,025] 60,562| 33,309| 56,682 369 3 | 1,274| 18
W-25 s|® Broad Street 1,401 61 43 155| 3
W-26 é [J Abbott Run Brook 13 17 14 14 3
W-05 ® Slaters Mill Dam 3,108 1,965 3,107| 4,890| 3,144| 1,114] 4,928(1,154] 329| 564| 117| 302 178| 1,194| 27,051| 8,130( 13,272| 37,033 574 3 | 2,006| 18
W-31 ® |Cherry Brook 75.5 4.6 0.3 48| 3
W-32 | ® |Front Street Drain 0.5 1.6 0.5 0.7] 3
W-33 ® |Sylvestre Pond Outflow 4.7 0.6 0.0 03| 3
W-34 ~ @ |Blackstone Canal at Lonsdale 4.5 0.3 1.1 2
W-35 ™ ® |Brook near Ann&Hope 293.59| 12.96] 142.60] 40.03
Sampling events used for statistical analyses.
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Figure 3-12: Dry Weather Loads - Enterococci

Loads (col x 1079 / day) Statistics
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& R Event No. (DW-_ )| 1 2 3 4 5 6 7 8 9 |10 12| 12 | 13| 14| 15| 16| 17| 18 |5@alSI&=|8
W-01 [ Millville (MA/RI border) 413| 85| 441 31| 16| 29| 31 22 22| 45/ 15 27 26| 388 1,765| 1,499| 1,212| 1,022 22| 3 104| 18
W-23 (d Branch River 3.1 3| 1
W-21 [ ] Singleton Street 26 26| 1
W-22 [ Below Thundermist Dam 26 26| 1
W-11 ° Mill River (MA/RI border) 5.4 0.7 35 13 3.8 13 3] 3
W-12 = ° Mill River (pre-culvert entry) 294 22 90 37 15 281 37| 3
W-13 § ° Mill River (confluence w/ BR) 30 26 29 10 70 20 3
w-14 |® ° Peters River (MA/RI border) 5 55 34 1.5 1.2 6.4 4| 3
W-15 ° Peters River (pre-culvert entry) 7 70 17 2.3 3.3 6.7 5.1 3
W-16 [ Peters River (confluence w/ BR) 11 0.4 0.6 0.5| 2
W-17 [J Hamlet Avenue 811 57 63 28 19 689 32 3
W-24 | | | ® |Woonsocket WWTF
W-02 & [ Manville Dam 50/ 87| 161] 114 71| 44| 53] 32 31| 31 21 35 37] 2,322( 2,588 991] 398| 421 33| 3 115 18
W-03 § [ George Washington Hwy Bridge 52| 45 16| 12| 28] 47| 32| 32| 32| 21 35 37| 5805394 749| 413| 432 32| 3 80| 17
W-04 im [ Lonsdale Ave 53| 46| 65| 33| 24| 191 47| 33| 32| 32| 22 36 37| 585( 2,648 782 412 436 32| 3 92| 18
W-25 5| ® Broad Street 32 32 1
W-26 gl |e| [Abbott Run Brook 8.7 9| 1
W-05 [ Slaters Mill Dam 141| 74| 414] 210 105 144] 77] 42| 41| 43| 29 43 44| 597| 2,435 1,707] 885| 458 45| 3 159| 18
W-31 ® [Cherry Brook 1.16 1.2 1
W-32 | ® |Front Street Drain 0.18 02| 1
W-33 ® |Sylvestre Pond Outflow 0.13 0.1] 1
W-34 o ® |Blackstone Canal at Lonsdale 0.02 0.0 1
W-35 © ® |Brook near Ann&Hope 57 0.2 30[ 208
Sampling events used for statistical analyses.
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Figure 3-13: Dry Weather - Mean Fecal Coliform Concentrations (upstream to downstream)
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Figure 3-14: Dry Weather Concentrations and Loads - Rankings for Fecal Coliform

Concentration Mass Loading (Events DW-7, 9, 11)
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W-35 ® |Brook near Ann&Hope 7,559 W-17 | ® Hamlet Avenue 1,719
W-31 ® [Cherry Brook 1,260 W-05 | e Slaters Mill Dam 574
W-17 | @ Hamlet Avenue 454 W-04 | ® Lonsdale Ave 369
W-12 [ Mill River (pre-culvert entry) 436 Ww-22 | e Below Thundermist Dam 338
W-34 ® |Blackstone Canal at Lonsdale 427 Ww-21|e Singleton Street 306
W-23 [ Branch River 269 W-01 | e Millville (MA/RI border) 211
W-13 Mill River (confluence w/ BR) 215 W-02 | ® Manville Dam 206
W-01 | e Millville (MA/RI border) 211 W-12 [ Mill River (pre-culvert entry) 161
W-16 [ Peters River (confluence w/ BR) 180 W-25 | e Broad Street 155
W-15 Peters River (pre-culvert entry) 176 W-13 [ Mill River (confluence w/ BR) 136
W-05 Slaters Mill Dam 153 W-03 | ® George Washington Hwy Bridge 127
W-02 Manville Dam 150 W-23 [ Branch River 94
W-14 [ Peters River (MA/RI border) 121 W-26 [ Abbott Run Brook 14
W-32 ® |Front Street Drain 117 W-11 [ Mill River (MA/RI border) 14
W-22 | ® Below Thundermist Dam 116 W-14 [ Peters River (MA/RI border) 10
W-04 | ® Lonsdale Ave 107 W-15 [ Peters River (pre-culvert entry) 8.5
W-21 | ® Singleton Street 106 W-16 [ Peters River (confluence w/ BR) 7.3
W-03 | ® George Washington Hwy Bridge 97 W-24 ® |Woonsocket WWTF 5.1
W-33 ® |Sylvestre Pond Outflow 77 W-31 ® [Cherry Brook 4.8
W-25 | e Broad Street 44 W-34 ® |Blackstone Canal at Lonsdale 11
W-11 [ Mill River (MA/RI border) 38 W-32 ® |Front Street Drain 0.7
W-24 ® [Woonsocket WWTF 20 W-33 ® |Sylvestre Pond Outflow 0.3
W-26 (] Abbott Run Brook 19 W-35 @ |Brook near Ann&Hope n/a
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Figure 3-15: Dry Weather Concentrations and Loads - Rankings for Enterococci

Concentration Mass Loading (Events DW-7, 9, 11)
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W-35 ® |Brook near Ann&Hope 966 W-05| e Slaters Mill Dam 44.9
W-31 ® [Cherry Brook 200 W-12 [ Mill River (pre-culvert entry) 36.9
W-12 [ Mill River (pre-culvert entry) 157 w-02 | e Manville Dam 32.8
W-13 [ Mill River (confluence w/ BR) 72.0 w-17 1 e Hamlet Avenue 32.1
W-15 [ Peters River (pre-culvert entry) 50.7 w-25|e Broad Street 31.9
W-14 [ Peters River (MA/RI border) 41.5 W-04 | ® Lonsdale Ave 31.8
W-32 ® [Front Street Drain 20.0 W-03|e® George Washington Hwy Bridge 31.6
W-33 ® |Sylvestre Pond Outflow 20.0 wW-221e Below Thundermist Dam 26.2
W-16 [ Peters River (confluence w/ BR) 15.0 w-211e Singleton Street 26.0
W-01|e Millville (MA/RI border) 14.0 w-01|e Millville (MA/RI border) 21.8
W-17 | @ Hamlet Avenue 13.3 W-13 [ Mill River (confluence w/ BR) 20.1
W-05 | ® Slaters Mill Dam 12.1 W-26 [ Abbott Run Brook 8.7
W-02 | e Manville Dam 10.2 W-15 [J Peters River (pre-culvert entry) 5.1
W-23 [ Branch River <10 W-14 [J Peters River (MA/RI border) 4.0
W-21|e Singleton Street <10 W-23 [ Branch River 3.1
W-22 | e Below Thundermist Dam <10 W-11 [ Mill River (MA/RI border) 2.6
W-25 | e Broad Street <10 W-31 ® |Cherry Brook 1.2
W-34 ® |Blackstone Canal at Lonsdale <10 W-16 [ Peters River (confluence w/ BR) 0.52
W-26 [ Abbott Run Brook <10 W-32 ® [Front Street Drain 0.18
W-04 | ® Lonsdale Ave 8.0 W-33 ® [Sylvestre Pond Outflow 0.13
W-03 | ® George Washington Hwy Bridge 7.4 W-34 ® |Blackstone Canal at Lonsdale 0.02
W-11 o Mill River (MA/RI border) 7.3 W-35 ® |Brook near Ann&Hope n/a
W-24 ® |\WWoonsocket WWTF n/a W-24 ® |\Woonsocket WWTF n/a
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Figure 3-16: Comparison between States for Fecal Coliform & Enterococci in the Mill River and Peters River
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Figure 3-18: Dry Weather Concentrations - Total Phosphorus

Concentration (mg/l P) Statistics
o| |2
= L =
: HRE s|s|s|8ls|s|a|e|8|8]elelala|s]s]|s]s
= = — 7 v T o =2} v
2 | % |3|2|5 |Location glelalgle|s|g]|d|lalals|gl2|d|a|d|a|[s)s|28|E|E|cE
I R - =l EventNo.OW-_ )| 2 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 |10 | 11|12 | 13| 14| 15| 6| 17|18 2| &85 | 8| 3
W-01 ° Millville (MA/RI border) 0.19] 0.17| 0.22 0.33] 0.32| 0.34| 0.39 0.43] 0.52| 0.27| 0.60{ 0.61| 0.46] 0.13| 0.20] 0.70| 0.42| 0.59|| 0.38 0.17| 0.13| 0.70 18
W-23 ° Branch River 1.9 1.9 <0.05 0.06 0.97 1.07| <0.05[ 1.90 4
W-21 [ Singleton Street 0.21 0.36 0.28 0.28 0.08] 0.21f 0.36 3
W-22 [ Below Thundermist Dam 0.22 0.66 0.36 0.41 0.22] 0.22 0.66 3
W-11 ° Mill River (MA/RI border) 0.14 0.10 0.18 0.20 0.07 <0.05| 0.09 0.42 0.15 0.12| <0.05[ 0.42 8
W-12 | ° Mill River (pre-culvert entry) 0.16 0.14 0.11 0.11 <0.05 0.10| 0.11 0.55 0.16 0.16] <0.05[ 0.55 8
W-13 § [ Mill River (confluence w/ BR) 0.14 0.07 0.32 <0.05 <0.05( 0.11 0.47 0.17 0.17| <0.05| 0.47 7
w-14 [ [} Peters River (MA/RI border) 0.26 0.14 0.09 0.19 0.06 <0.05( 0.14 0.59 0.19 0.18] <0.05[ 0.59 8
W-15 [ Peters River (pre-culvert entry) 0.09 0.11 0.14 0.33 0.08 <0.05| 0.19 0.57 0.19 0.18] <0.05[ 0.57 8
W-16 [ Peters River (confluence w/ BR) 0.29 0.20 <0.05 0.08 0.15 0.12] <0.05[ 0.29 4
W-17 [ Hamlet Avenue 0.27 0.25 0.24 0.22 0.32 0.61 0.32 0.15] 0.22[ 0.61 6
W-24 | | | ® (Woonsocket WWTF 0.22 2.2 1.21 1.40f 0.22| 2.20 2
W-02 o~ ° Manville Dam 0.32| 0.12| 0.22 0.21| 0.42| 0.37| 0.26 0.62| 0.34| 0.16| 0.46( 0.47[<0.05| 0.13| 0.32] 0.61| 0.42| 0.69|| 0.34 0.18] <0.05[ 0.69 18
W-03 g [ George Washington Hwy Bridge 0.20| 0.15| 0.22 0.20| 0.50| 0.26] 0.27 0.60| 0.58| 0.07| 0.25[ 0.31}<0.05| 0.13| 0.23] 0.60| 0.46] 0.64| 0.32 0.20| <0.05| 0.64 18
W-04 im [ Lonsdale Ave 0.19] 0.13| 0.20 0.15| 0.44| 0.22| 0.20| 0.59| 0.26| 0.23| 0.20{ 0.25| 0.38| 0.12| 0.18] 0.66| 0.41]| 0.45| 0.29 0.16] 0.12[ 0.66 18
W-25 sl e Broad Street 0.09 0.11 <0.05 0.07 0.04] <0.05| 0.11 3
W-26 § ° Abbott Run Brook 0.18 0.24 <0.05 0.15 0.11| <0.05| 0.24 3
W-05 [ Slaters Mill Dam 0.18| 0.14| 0.14 0.23| 0.32| 0.20] 0.19| 0.23| 0.47| 0.26/<0.05| 0.21| 0.33| 0.17| 0.20] 0.63| 0.45| 0.44| 0.27 0.15| <0.05[ 0.63 18
W-31 ® (Cherry Brook 0.09 0.20 0.13 0.14 0.05] 0.09( 0.20 3
W-32 [ ® [Front Street Drain 0.10 0.04 0.11 0.08 0.04] 0.04] 0.11 3
W-33 ® |Sylvestre Pond Outflow 0.10 0.05 <0.05 0.06 0.04| <0.05| 0.10 3
W-34 N ® |Blackstone Canal at Lonsdale 0.14 0.18 0.16 0.03| 0.14| 0.18 2
W-35 ™ ® |Brook near Ann&Hope 0.11] 0.83| 0.45] 0.50f 0.47 0.29] 0.11f 0.83 4
W-02 [<|&] |(=W-02) [Duplicate 0.14]| 0.23| 0.26 0.41
W-05 ®|(=W-05) [Duplicate 0.24
W-01 (=W-01) |Duplicate 0.29
W-41 |4 (=W-11) |Duplicate 0.14 0.03 <0.05 0.09 0.64
W-42 (=W-14) [Duplicate 0.07 0.25 0.09 0.22| 0.13
W-43 N ®|(=W-04) [Duplicate 0.10] 0.36] 0.20{ 0.18] 0.23] 0.33] 0.37f 0.12| 0.16] 0.85] 0.53| 0.49

(1) Event DW-14 (10/22/05): All samples (in italics) had analyte detected in the associated Method Blank (0.03633 mg/l). Data were included in statistics, however.

Water Quality Criteria (Class B and B1): Criteria related to impact to the waterbody.
Reporting Limit: 0.033 mg/l (exceptions: DW-1 and DW-8 (0.066 mg/l); DW-11 and DW-13 (0.05 mg/l), and DW-16 to DW-18 (0.17 mg/l).
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Figure 3-19: Dry Weather Concentrations - Ammonia

Concentration (mg/l N) Statistics
5| |£ ~
2 L )
. ARE 518|188 |e|8|s|s|8|8|8|8|s|8|8|8]8]|S
S | § |¥|2|E |Location glelalgdld|nlg|s|algls|g|l2|d[&|8|[n|5]|s |28 £ | £ |5
% & f—.‘; = % EventNo.DW-_)[ 2 | 2| 3] 4| 5| 6 7 8 9 [0l 1212 131415 16] 27 18] £ %8 s § 8
W-01 [ ] Millville (MA/RI border) 0.82]0.56| 0.51| <0.2| 0.66| 0.71| 0.48] <0.20| 0.42]| 0.24| 0.35|<0.20| <0.20| 0.41] 0.86]| 0.80| 0.23]| 1.10|| 0.48 0.3 <0.20|] 1.10] 18
W-23 Branch River 0.23 0.32 0.58 0.52 0.41 0.2 0.2| 0.58 4
W-21 ® Singleton Street <0.20 <0.20 0.30 0.17 0.1 <0.20| 0.30 3
W-22 o Below Thundermist Dam 0.23 <0.20 0.47 0.27 0.2] <0.20| 0.47 3
W-11 [ ] Mill River (MA/RI border) <0.20 0.39 <0.20 0.20 0.22 <0.20/<0.20 0.28 0.19 0.1 <0.20] 0.39 8
W-12 ; [ ] Mill River (pre-culvert entry) <0.20 0.35 0.24 <0.20 0.22 <0.20| 0.31 0.42 0.23 0.1 <0.20] 0.42 8
W-13 § [ ] Mill River (confluence w/ BR) <0.20 <0.20 <0.20 <0.20 <0.20|<0.20 0.44 0.16 0.1 <0.20| 0.44 6
W-14 & [ Peters River (MA/RI border) 0.25 0.43 0.40 0.40 0.26 0.34[<0.20 0.31 0.31 0.1 <0.20[ 0.43 8
W-15 [ Peters River (pre-culvert entry) 0.32 0.60 0.26 <0.20 <0.20 0.36{<0.20 0.25 0.26 0.2] <0.20| 0.60 8
W-16 [J Peters River (confluence w/ BR)  [<0.20 0.28 0.34 0.37 0.33 0.0 0.3] 0.37 3
W-17 ® Hamlet Avenue 0.66 0.52 0.21 <0.20 0.38 0.53 0.40 0.2 <0.20| 0.66 6
W-24 L ® |Woonsocket WWTF 2.30 8.4 5.35 4.3 2.3| 8.40 2
W-02 o ° Manville Dam 0.70]0.53] 0.35] 0.38] 0.56| 0.87| 0.55] <0.20| 0.47| 0.30f 0.53| 0.28| 0.21]| 0.40| 0.84| 0.61| 0.36| 0.79| 0.49 0.2] <0.20| 0.87| 18
W-03 g ° George Washington Hwy Bridge [<0.20]0.85| 0.27| 0.35[ 0.61] 0.39| 0.43| <0.20| 0.37] 0.35[ 0.31]| 0.36] <0.20[ 0.28] 0.36| 0.63| 0.46] 0.75| 0.39 0.2] <0.20] 0.85| 18
W-04 im [ ] Lonsdale Ave 0.41]0.78] 0.33| 0.32] 0.40| 0.41] 0.20] 0.22| 0.36] 0.47| 0.24| 0.25] <0.20| 0.42| 0.41] 0.61|<0.20] 0.81)] 0.38 0.2 <0.20|] 0.81] 18
W-25 S| e Broad Street <0.20 <0.20 <0.20 0.10 0.0 <0.20| <0.20 3
W-26 5 ° Abbott Run Brook <0.20 0.32 <0.20 0.17 0.1 <0.20| 0.32 3
W-05 [ J Slaters Mill Dam 0.49]0.50] 0.21] 0.22] 0.34| 0.43] 0.22] <0.20f 0.21] 0.79] 0.21]<0.20] <0.20| 0.58] 0.40] 0.63|<0.20] 0.70|| 0.35 0.2 <0.20|] 0.79| 18
W-31 ® |Cherry Brook 0.23 <0.20 <0.20 0.14] 0.08] <0.20] 0.23 3
W-32 |« ® |Front Street Drain 0.25 <0.20 <0.20 0.15] 0.09 <0.20] 0.25 3
W-33 ® |Sylvestre Pond Outflow 1.90 0.38 0.47 0.92] 0.85 0.38] 1.90 3
W-34 o ® |Blackstone Canal at Lonsdale <0.20 0.22 0.16] 0.08 <0.20] 0.22 2
W-35 ™ ® |Brook near Ann&Hope 0.33] 0.20{<0.20| 1.40|| 0.51] 0.60 <0.20| 1.40 4
W-02 [+ | (=W-02) |Duplicate 0.21| 0.42] 0.45 0.51
W-05 ®](=W-05) |Duplicate 0.42
W-01 (=W-01) |Duplicate 0.91
W-41 |4 (=W-11) [Duplicate <0.20 0.28 0.22 0.25 0.22
W-42 (=W-14) |Duplicate <0.20 0.23 0.36 0.50( 0.28
W-43 N ®](=W-04) |Duplicate <0.20] <0.20/<0.20 <0.20|<0.20] 0.63| 0.36] 0.53| 0.60{<0.20] 0.65|
Q) Event DW-11 (9/14/05); samples W-33, W-41, W-42: Samples (in italics) had analyte detected in o . o
the associated Method Blank. Data were included in statistics. however. pH Acute Criteria (mg/ N) Chronic Criteria (mg/l N)
10°C 15°C 20°C
Reporting Limit: 0.20 mg/l 6.5 48.8 8.9 6.5 4.7
7.0 36.1 7.9 5.7 4.2
7.5 19.9 5.8 4.2 3.1
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Figure 3-20: Dry Weather Concentrations - Nitrate

Concentration (mg/l N) Statistics
@
g E a < g S 0
S HNE sls|8|8|a|8|8|s|8|8|8|8|s|8|8|8]8]|8
S | & |¥]|2]|E [Location glelaldldln|lalslalals[g|li|a[ 8|5 s |28|E|E]E
% & % = % Event No. (DW-_)|| 1 2 3 4 5 6 7 8 9 | 10| 12 | 12| 13| 14| 15 | 16 | 17 | 18 < % 8 § é 3
W-01 [ Millville (MA/RI border) 0.90| 0.92| 0.82| 1.3| ed 3.2 1.8 21 18] 25 51| 3.8/ 25| 0.64f 0.77| 0.26] 0.76] 1.1 1.78 1.30] 0.26] 5.10 17
W-23 [ ] Branch River 0.23 0.29 0.32 0.33 0.29 0.04] 0.23| 0.33 4
W-21 [ ] Singleton Street 1.4 1.1 2.9 1.80 0.96] 1.10f 2.90 3
W-22 o Below Thundermist Dam 1.3 0.9 2.8 1.65 1.02| 0.85[ 2.80 3
W-11 [ Mill River (MA/RI border) 0.65 ed 0.27 0.20 0.13 0.49] 0.36 1.6 0.53 0.50{ 0.13] 1.60 7
W-12 - [ ] Mill River (pre-culvert entry) 0.67 ed 0.44 0.46 0.89 0.29( 0.40 <0.13 0.46 0.26| <0.13| 0.89 7
W-13 § [J Mill River (confluence w/ BR) 0.69 0.45 0.47 0.86 0.27| 0.42 <0.13 0.46 0.26] <0.13| 0.86 7
w-14 (& ® Peters River (MA/RI border) 0.86 ed 0.70 0.83 1.1 0.65( 0.54 0.28 0.71 0.26] 0.28| 1.10 7
W-15 [ Peters River (pre-culvert entry) 0.85 ed 0.76 0.70 1.1 0.64| 0.55 1.5 0.87 0.33] 0.55] 1.50 7
W-16 [ J Peters River (confluence w/ BR) 0.75 0.72 11 0.64 0.80 0.20f 0.64] 1.10 4
W-17 ® Hamlet Avenue 0.81 ed 1.3 0.88 2.7 0.72 1.28 0.82| 0.72 2.70 5
W-24 || ® |[Woonsocket WWTF 4.1 3.1 3.60 0.71] 3.10f 4.10 2
W-02 o ® Manville Dam 0.84| 1.1 0.68] 1.1| ed 24| 13| 15| 1.2 2.0 28] 29| 2.0[ 0.62 0.54( 0.38] 0.59] 1.1 1.36 0.79| 0.38] 2.90 17
W-03 § [ George Washington Hwy Bridge 0.81] 1.2 0.71] 1.2| ed 22 11] 15/ 1.1 15 22| 29 1.7] 0.66[ 0.59( 0.32] 0.58| 1.2 1.26 0.68] 0.32] 2.90 17
W-04 i - [ ] Lonsdale Ave 0.83] 1.1] 0.74] 1.1 ed 22 11 15[ 13| 1.9 28] 29| 1.7/ 0.68| 0.64( 0.30] 0.59] 1.3 1.33 0.76] 0.30] 2.90 17
W-25 -é ® Broad Street 1.0 0.16 1.4 0.85 0.63| 0.16f 1.40 3
W-26 o ® Abbott Run Brook 0.45 1.0 0.33 0.59 0.36] 0.33| 1.00 3
W-05 [J Slaters Mill Dam 0.82] 1.0 0.77] 1.1 ed 20 11 12| 10| 1.6 1.6] 2.2 1.6] 0.62| 0.72| 0.34| 0.60] 1.0 1.13 0.51] 0.34] 2.20 17
W-31 ® |Cherry Brook 0.43 1.6 1.3 1.11 0.61] 0.43] 1.60 3
W-32 | ® |Front Street Drain 2.6 2.9 2.6 2.70 0.17 2.60] 2.90 3
W-33 ® |Sylvestre Pond Outflow 0.44 0.43 0.18 0.35 0.15| 0.18| 0.44 3
W-34 N ® |Blackstone Canal at Lonsdale 0.61 0.52 0.57 0.06f 0.52] 0.61 2
W-35 ™ ® [Brook near Ann&Hope 39| 46| 43| 6.8 4.90 1.30] 3.90] 6.80 4
W-02 || (=W-02) |Duplicate 1.0l 0.71] 1.1 2.3
W-05 ®|(=W-05) |Duplicate 0.87
W-01 (=W-01) |Duplicate 0.89
W-41 | 4 (=W-11) |Duplicate 0.28 0.18 <0.05 0.37 1.1
W-42 (=W-14) |Duplicate 0.67 0.79 <0.50 0.66] 0.51
W-43 N|®|(=W-04) [Duplicate 1.1 1.5] 1.20] 1.9 1.8] 29| 1.7] 0.64] 0.56] 0.79] 0.70] 1.3
(1) Event DW-5 (6/9/05); all samples: Analyte detected in associated Method Blank. Values above quantitation range. Values edited (ed).
(2) Event DW-7 (7/21/05); W-01, W-24, W-32: Values (in italics) were above the quantification range. Data were included in statistics, however.
(3) Events DW-10 (8/25/05) & DW-18 (2/17/06); all samples: Data of the initial run were higher but had calibration problems. Samples were rerun two days later, slightly beyond holding time, and used for reporting instead.
(4) Events DW-15 (11/29/05): All samples (in italics) had analyte detected in the associated Method Blank (MB; 0.031 mg/l). The MB value was not subtracted from the data for this event; the data were included in statistics.
Water Quality Criteria (Class B and B1): Criteria related to impact to the waterbody.

Reporting Limit: 0.025 mg/l (exceptions: DW-1,2,3,7: 0.05 mg/l; DW-4,6,13: 0.25 mg/l; DW-8: 0.1 mg/l; DW-9,10,16: 0.13 mg/l; DW-11,12: 0.5 mg/l).

February 2008

Page 3-39

The Louis Berger Group, Inc.



Rhode Island Department of Environmental Management

Water Quality — Blackstone River
Final Report 2: Field Investigations

Figure 3-21: Dry Weather Concentrations - Total Kjeldahl Nitrogen

Concentration (mg/l N) Statistics
5| |£ -
= e )

. HE 818|138 g|8|s|s|S|2|8|8|s|8|8|83|8]8

S | § |§|2]|E |ocaton gleglaldlels|la|d|lalals|&|2|8]|d|8|8|5]s|2g]|E § g

& EEE EventNo.OW-_ )| 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | o | 10| 11| 12| 13| 14| 15|16 | 17| 8| £ | 58| | £ | §
W-01 [ Millville (MA/RI border) 1.2 1.0] 0.65| 0.85] 0.73] 1.1 0.33] 1.2| 0.58] 0.94] 0.67| 0.72| 0.62| 0.92| 0.76] 1.0 1.5 1.3 0.89 0.29] 0.33] 1.50 18
W-23 [ Branch River 0.42 0.32 0.40 0.46 0.40 0.06] 0.32] 0.46 4
W-21 ® Singleton Street 0.78 0.68 0.80 0.75 0.06] 0.68| 0.80 3
W-22 [ Below Thundermist Dam 0.73 0.72 0.80 0.75 0.04] 0.72] 0.80 3
W-11 ® Mill River (MA/RI border) 0.58 0.51 0.52 0.36 0.50 0.46] 0.51 0.56 0.50 0.07] 0.36] 0.58 8
W-12 b [ Mill River (pre-culvert entry) 0.75 0.46 0.49 0.30 0.66 0.48]| 0.51 0.31 0.50 0.15] 0.30] 0.75 8
W-13 § [ Mill River (confluence w/ BR) 0.48 0.53 0.40 0.59 0.84| 0.56 0.61 0.57 0.14| 0.40| 0.84 7
w-14 | ° Peters River (MA/RI border) 0.57 0.63 0.66 0.56 0.85 0.44( 0.42 0.46 0.57 0.14| 0.42| 0.85 8
W-15 [ Peters River (pre-culvert entry) 0.42 0.69 0.50 0.30 0.51 0.44| 0.47 0.29 0.45 0.13] 0.29] 0.69 8
W-16 [ Peters River (confluence w/ BR) 0.56 0.28 0.42 0.34 0.40 0.12] 0.28] 0.56 4
W-17 ® Hamlet Avenue 1.5 0.59 0.70 0.60 0.90 1.0 0.88 0.34] 0.59] 1.50 6
W-24 || ® |Woonsocket WWTF 3.5 9.8 6.65 4.45] 3.50| 9.80 2
W-02 o~ [ Manville Dam 1.5 1.3 1.0 0.43] 1.0/ 0.96] 1.4] 1.5 0.74] 0.95] 0.91] 0.78] 0.86] 0.62| 0.72[ 0.90| 0.95| 1.0 0.97 0.29] 0.43] 1.50 18
W-03 g [ George Washington Hwy Bridge 1.0] 0.98| 0.58| 0.32| 0.79| 0.87] 0.99] 1.5 0.90| 0.87] 0.68| 0.84| 1.00| 0.76 0.90( 0.74| 0.78] 1.2 0.87 0.25| 0.32] 1.50 18
W-04 i - [ Lonsdale Ave 0.97 1.7] 0.76] 0.44| 0.84| 0.85| 0.81] 2.2| 0.70] 0.82] 0.67| 0.80| 0.64| 0.64| 0.70] 0.90| 0.77] 1.0} 0.90 0.41] 0.44] 2.20 18
W-25 sl o Broad Street 0.82 0.36 1.00 0.73 0.33] 0.36] 1.00 3
W-26 § [ Abbott Run Brook 0.35 0.66 0.34 0.45 0.18| 0.34 0.66 3
W-05 ® Slaters Mill Dam 0.93] 1.0f 0.29| 0.16] 0.70] 0.95| 0.76] 1.3 1.1f 0.86| 0.73| 0.60| 0.60| 0.62] 0.80] 1.2| 0.77 1.0 0.80 0.29] 0.16] 1.30 18
W-31 ® |Cherry Brook 0.76 0.36 0.40 0.51 0.22|] 0.36] 0.76 3
W-32 | ® |Front Street Drain 0.30 0.20 0.23 0.24 0.05|] 0.20] 0.30 3
W-33 ® |Sylvestre Pond Outflow 0.86 0.68 0.63 0.72 0.12| 0.63| 0.86 3
W-34 o~ ® |Blackstone Canal at Lonsdale 11 0.88 0.99 0.16/ 0.88] 1.10 2
W-35 ™ ® |Brook near Ann&Hope 0.51 0.54| 0.87| 0.68| 0.65 0.16] 0.51] 0.87 4
W-02 | &8 [(=W-02) [Duplicate 0.91{ 0.88] 0.50 0.90
W-05 ®|(=W-05) |Duplicate 1.1
W-01 (=W-01) |Duplicate 14
W-41 | 4 (=W-11) |Duplicate 0.98 0.62 0.53 0.54 1.3
W-42 (=W-14) |Duplicate 1.0 0.65 0.63 0.42] 0.52
W-43 N |®|(=W-04) [Duplicate 1.4 1.6/ 0.87] 0.79] 0.77] 0.80f 0.68 0.68] 0.68] 1.2] 0.82] 1.0

(1) Event DW-9 (8/11/05); samples W-34, W-41, W-42, W-43: Samples (in italics) were in a batch that contained 0.246 mg/l of TKN in the method blank. The MB was not subtracted from affected samples of this event.

Water

uali

Criteria (Class B and B1):

Reporting Limit: 0.1 mg/l

Criteria related to impact to the waterbody.
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Figure 3-22: Dry Weather Loads - Total Phosphorus

Load (lbs/day P) Statistics
| |E

e 3

_ HEE s 18 |8 |8|g|8|s|s|l8|8|8|8|s|s|8|8|s|s]|

2 5|2|3 s | 2| 8| &8| S |s|3|5|2|3|&8|8|% |z |3]| ]| s]| 8 s
S| s 2| 21E |Lcan Slel 2|3 l2lalzl2121%é|e|dlg|lalalc]ssl|ce
5 o 3 | £ |Location ] ' . T 5
n x m|l=[= Event No. (DW-_) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 =0 O
W-01 ° Millville (MA/RI border) 638.6| 531.8| 927.4| 759.9| 571.1| 270.7| 350.6] 214.2| 259.1 132.9( 198.2( 357.1| 262.1| 1,119] 924.0 2,378 2,195 3,235 269.3] 3
W-23 [ Branch River 445.7 130.8 2.6 4.3 193.1] 3
W-21 [ Singleton Street 243.9 208.0 107.6 186.5| 3
W-22 [ Below Thundermist Dam 257.6 383.5 138.5 259.8 3
W-11 ° Mill River (MA/RI border) 55.7 15.3 10.7 5.7 1.4 1.5 42.1 121.6 59 3
W-12 = [ ] Mill River (pre-culvert entry) 64.7 23.0 6.6 852 0.5 6.0 52.3 161.9 34| 3
W-13 § ] Mill River (confluence w/ BR) 57.2 4.3 9.3 0.5 15 52.3 138.3 47| 3
W-14 & [ ] Peters River (MA/RI border) 36.2 14.0 1.9 0.8 0.8 0.5 36.5 84.4 12| 3
W-15 ] Peters River (pre-culvert entry) 12.9 115 3.0 1.6 1.1 0.5 50.9 84.0 19| 3
W-16 [ ] Peters River (confluence w/ BR) 42.0 1.0 0.4 1.7 07| 3
W-17 [J Hamlet Avenue 1,416 630.1 303.3 127.8 131.5 3079.6 187.6] 3
W-24 ® |Woonsocket WWTF 13.5 121.4 675 3
wo2| [& [e Manville Dam 1,769 576.3| 1497 723.9| 1093| 449.1| 353.3| 441.6| 235.4| 110.6| 217.0| 364.4 20.3| 1,619 2,461] 3,243 3,713 6,395 268.6] 3
W-03 _g o George Washington Hwy Bridge 1,143| 743.1| 1546| 709.3| 1310| 319.6] 375.1| 432.2| 4085 48.4| 1184 2428/ 20.6 1,659 1,819 3,295 4,176 6,087 300.6( 3
W-04 = ° Lonsdale Ave 1,098 650.4| 1420 536.7| 1155| 271.5| 279.7| 426.6] 183.9| 162.1| 94.7| 196.5| 314.4| 1543] 1,436] 3,662| 3,754 4,314 186.1] 3
w25 | || % [ Broad Street 126.2 78.0 11.9 720 3
W-26 § o Abbott Run Brook 26.2 46.6 4.18 256| 3
W-05 o Slaters Mill Dam 1,118| 756.2] 1063| 883.3] 921.9 288.2| 294.2| 216.1| 424.6] 248.0 16.0] 199.2| 323.3| 2,232| 1,700] 3,754| 4,378| 4,479 2449] 3
W-31 ® |Cherry Brook 0.30 0.22 0.02 0.18( 3
W-32 |~ ® |Front Street Drain 0.53 0.08 0.02 0.21] 3
W-33 ® |Sylvestre Pond Outflow 0.37 0.08 0.00 0.15( 3
W-34 o ® |Blackstone Canal at Lonsdale 0.11 0.03 0.07( 2
W-35 ® ® |Brook near Ann&Hope 0.44 0.98 0.82 0.89 0.78] 4

Sampling events used for statistical analyses.
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Figure 3-23: Dry Weather Loads - Ammonia

Load (lbs/day N) Statistics
< |2

I 3

: AR gl 8|8 |8 |g|8|s|g|l8|8|8|8|s]| 8|8 ]|8]|8] 8 E

s HARE s | 2| @ |8 |c|s5|2|S|2|2|&8|s|2|3|3|8|5] 8 o
< - |Bl8|E = < 2 = E 2 2l el28] 9 = Q 2 Y < | =
2 g |[3|2|E [Location =] & pa & ) N d ) pa & S & N g & N N S §2 <
% & % = § Event No. (DW-__) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 =0 8
W-01 o Millville (MA/RI border) 2,756 1,752 2,150 230 1,178| 565.3| 431.5| 49.8| 209.2| 118.1] 115.6( 585 57.0| 3,530| 3,973 2,718| 1,202 6,032 2521 3
W-23 ° Branch River 54.0 22.0 30.6 37.2 355| 3
W-21 [ Singleton Street 232.3 115.6 115.2 1544 3
W-22 o Below Thundermist Dam 269.3 57.8 180.5 169.2 3
W-11 [J Mill River (MA/RI border) 39.8 62.9 5.9 5.7 4.5 5.9 46.8 81.0 54| 3
W-12 o [] Mill River (pre-culvert entry) 40.5 57.4 145 2.9 4.6 6.0 147.4 123.6 73] 3
W-13 § ° Mill River (confluence w/ BR) 40.8 6.1 2.9 2.1 6.0 47.6 129.5 37| 3
w-14 |% [ Peters River (MA/RI border) 34.8 43.0 8.4 1.7 3.5 7.0 26.1 44.4 45 3
W-15 [ Peters River (pre-culvert entry) 143.1 62.6 5.6 0.5 1.4 7.6 26.8 36.9 25 3
W-16 [ ] Peters River (confluence w/ BR) 14.5 1.4 4.9 7.8 31 3
W-17 ° Hamlet Avenue 3462 1311 265.4 61.9 156.2 2676 1612 3
W-24 ® |Woonsocket WWTF 141.2 444.2 292.7| 3
woz| [N [e Manville Dam 3,870 2,545 2,381 1,310| 1,457 1,056 747.4| 71.2| 325.4| 207.4| 250.1| 217.1] 170.6] 4,981| 6,459| 3,243 3,183| 7,322 4410 3
W-03 g ° George Washington Hwy Bridge 572 4,211| 1,898 1,241] 1,598| 479.4] 597.3] 72.0] 260.6] 245.5| 146.8| 282.0| 82.4| 3,574 2,847| 3,460 4,176] 7,133 3349| 3
W-04 = o Lonsdale Ave 2,369 3,902 2,343| 1,145 1,050 506.0] 279.7 159.1] 254.7| 331.2| 113.6| 196.5| 82.7| 5,402 3,271] 3,385 916| 7,766 216.0 3
W-25 _g o Broad Street 140.2 70.9 47.5 86.2| 3
W-26 § ° Abbott Run Brook 14.6 62.1 16.7 311 3
W-05 [ Slaters Mill Dam 3045] 2701] 1594| 844.9] 979.5| 619.5| 340.6] 93.9] 189.7| 753.6] 134.6| 94.8] 98.0] 7,614] 3,399 3,754 973] 7,126 221.6] 3
W-31 ® |Cherry Brook 0.74 0.11 0.02 0.29] 3
W-32 [~ ® |Front Street Drain 1.35 0.22 0.02 053 3
W-33 @ |Sylvestre Pond Outflow 7.16 0.61 0.08 261 3
W-34 ~ ® |Blackstone Canal at Lonsdale 0.08 0.09 0.09] 3
W-35 ™ ® |Brook near Ann&Hope 1.33 0.24 0.18 2.49 0.87] 4

Sampling events used for statistical analyses.
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Figure 3-24: Dry Weather Loads — Nitrate

Load (Ibs/day N) Statistics
- |8

I 3

. HlE g8 | 8|8 s|8|s|a|8|8|8|8|c|58|8|8|s|8]| ¢

2 HISE s | 5| & |&3|2|s|z2|=2|3|2|s|s|¢]| s 5 g | 5| 8 o
c c |B|s8|T = < = = |13 2 i) z < < 9 @ 8 Q z Q 2 L - =
2 S |$|2 |k [Location 3 & o & s | & S & pa & S & S a Q N N S 3 ; S
=8 (g2 EventNo. OW—)| 1 2 3 4 | 5] 6 7 8 | 9 | 10 | 11| 12| 138 | 14 15 16 17 18 23 | §
W-01 ° Millville (MA/RI border) 3,025 2,878 3,456 2,993| ed| 2,548| 1,618 1,046/ 897| 1,231| 1,685| 2,224| 1,424] 5,510 3,557 883| 3,973 6,032 1,400 3
W-23 ° Branch River 54.0 20.0 16.9 23.6 30.3] 3
W-21 o Singleton Street 1626 635.6 1114 1,125 3
W-22 ° Below Thundermist Dam 1522 493.9 1077 1,031 3
W-11 (] Mill River (MA/RI border) 258.8 ed 16.0 5.7 2.7 29.0| 168.5 463.1 81 3
W-12 = o Mill River (pre-culvert entry) 271.1 ed 26.5 13.4 18.7 17.5] 190.2 19.1 19.5| 3
W-13 § (] Mill River (confluence w/ BR) 281.8 27.4 13.7 18.0 16.3] 199.7 19.1 19.7| 3
W-14 & o Peters River (MA/RI border) 119.8 ed 14.7 3.6 14.8 13.3] 140.9 40.1 11.0 3
W-15 ° Peters River (pre-culvert entry) 121.6 ed 16.4 3.4 15.4 13.4| 1474 221.1 117 3
W-16 (] Peters River (confluence w/ BR) 108.5 &5 16.0 13.4 9.7] 3
W-17 o Hamlet Avenue 4248 ed 1643 544.9 1110 3635 1,099 3
W-24 || ® |Woonsocket WWTF 251.7 163.9 207.8| 3
W-02 ~ o Manville Dam 4,643| 5,282 4,626 3,792| ed| 2,913| 1,767 1,068/ 831| 1,383| 1,321| 2,248| 1,625| 7,721 4,152 2,020 5,216 10,195 1,306 3
W-03 % ° George Washington Hwy Bridge 4,630] 5,945 4,990 4,256 ed| 2,705/ 1,528| 1,081 775] 1,052| 1,042 2,272 1,400| 8,424 4,666 1,758 5,266| 11,412 1,115 3
W-04 i [ Lonsdale Ave 4,795| 5,503 5,254 3,936| ed| 2,715| 1,538| 1,085 920 1,339| 1,326| 2,279| 1,407| 8,746 5,106 1,665 5,402| 12,464 1,261 3
W-25 % o Broad Street 1402 113.5 664.8 726.9| 3
W-26 é ° Abbott Run Brook 65.5 194.0 55.1 104.9| 3
W-05 [ Slaters Mill Dam 5,095| 5,402 5,845 4,224| ed| 2,882 1,703 1,127 903| 1,526 1,025| 2,087| 1,568 8,139 6,118 2,026] 5,837 10,179 1,211 3
W-31 ® |Cherry Brook 1.39 1.7 0.2 1.11] 3
W-32 [ ® |Front Street Drain 14.0 6.2 0.6 6.93 3
W-33 ® |Sylvestre Pond Outflow 1.66 0.69 0.03 0.79] 3
W-34 o ® |Blackstone Canal at Lonsdale 0.46 0.22 034 2
W-35 ) ® |Brook near Ann&Hope 15.7 5.4 7.9 12.1 10.3] 4

Sampling events used for statistical analyses.
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Figure 3-25;: Dry Weather Loads - Total Kjeldahl Nitrogen

Load (lbs/day N) Statistics
|8

HEE 3

_ HRE 518 |8 |8 |g|8|s|a|8|8|8|8|a|s|8]|8]8|s|

S HNE % szl |Sls|3|S|2|2|sls|2| | 3]|¢s s | 38 o
c c |8|8|T = < = = 3 2 ) 3 < < @ ? 8 Q z Q 2 L - =
% 9 2|35 [Location 3 & b & & N S b = & S S S N & N N S g ; s
i M HE § Event No. DW-_ )| 1 2 3 4 5 6 7 8 9 10 | 11 12 13 14 15 16 17 18 e} 8
W-01 L] Millville (MA/RI border) 4,033] 3,128 2,740 1,957| 1,303| 875.9| 296.7| 597.8| 288.9| 462.7| 221.3| 421.4| 353.2| 7,920 3,511| 3,397 7,841] 7,128 269.0] 3
W-23 [ Branch River 98.5 22.0 211 329 4721 3
W-21 L] Singleton Street 906.0 392.9 307.3 535.4| 3
W-22 [ Below Thundermist Dam 854.6 418.3 307.7 526.9] 3
W-11 [ ] Mill River (MA/RI border) 230.9 82.3 314 10.3 10.2 27.2| 2387 162.1 17.3] 3
W-12 ol (] Mill River (pre-culvert entry) 303.4 75.5 29.5 8.7 13.8 28.9| 2426 91.2 174 3
W-13 § [ Mill River (confluence w/ BR) 196.0 32.2 11.6 12.4 50.6] 266.3 179.5 18.7] 3
w-14 |% [ Peters River (MA/RI border) 79.4 63.0 13.8 2.4 11.4 9.0 109.6 65.8 92| 3
W-15 [ Peters River (pre-culvert entry) 60.1 72.0 10.8 15 7.1 9.2 1259 42.7 6.4 3
W-16 [ ] Peters River (confluence w/ BR) 81.0 1.4 6.1 7.1 37| 3
W-17 [ Hamlet Avenue 7,867 1487 884.6 371.5 369.9 5049 542.0] 3
W-24 | ® |Woonsocket WWTF 214.9 52.9 1339 3
W-02 N L] Manville Dam 8,292| 6,243 6,802| 1,482 2,602| 1,165/ 1,903| 1,068| 512.4| 656.8| 429.4| 604.7| 698.6] 7,721 5,537 4,785| 8,399 9,268 948.1] 3
W-03 g ° George Washington Hwy Bridge 5,716 4,855| 4,076 1,135 2,069 1,070 1,375| 1,081| 633.8| 610.4] 321.9 658.0| 823.7 9,700| 7,117| 4,064 7,082 11,412 77701 3
W-04 i L] Lonsdale Ave 5,604 8,505 5,396 1,574 2,205 1,049| 1,133 1,591| 495.2| 577.9] 317.2| 628.8| 529.6| 8,232] 5,585| 4,994 7,050 9,588 648.3|] 3
w-25 2|e Broad Street 1,150 255.4 474.9 626.7 3
W-26 § [ ] Abbott Run Brook 50.9 128.1 56.8 786| 3
W-05 [ Slaters Mill Dam 5,778 5402 2201] 614.4] 2017| 1369| 1177) 1,221| 993.6{ 820.3] 467.8| 569.1| 587.8] 8,139| 6,798| 7,151] 7,491 10,179 879.4] 3
W-31 ® |Cherry Brook 2.5 0.4 0.1 0.97| 3
W-32 |~ ® |Front Street Drain 1.6 0.4 0.0 0.70[f 3
W-33 ® |Sylvestre Pond Outflow 3.2 11 0.1 148| 3
W-34 o~ ® [Blackstone Canal at Lonsdale 0.8 0.4 0.60[ 2
W-35 ® ® |Brook near Ann&Hope 2.1 0.6 1.6 1.2 1.4 4

Sampling events used for statistical analyses.
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Figure 3-26: Dry Weather - Mean Total Phosphorus Concentrations (upstream to downstream)
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Figure 3-27: Dry Weather - Mean Ammonia Concentrations (upstream to downstream)
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Figure 3-28: Dry Weather - Mean Nitrate Concentrations (upstream to downstream)
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Figure 3-29: Dry Weather Concentrations and Mass Loads - Rankings for Total Phosphorus

Concentration Mass Loading (Events DW-7, 9, 11)
5 E 3 E
= L =2 L
o T o T
M HE g NHNE 5
.g % g E Location S .g % g E Location Ibs/Eda
g 3|22 g |32l y
h [m|[E]S mg/l P h |m[E]S P
W-24 ® |Woonsocket WWTF 1.21 W-03 | @ George Washington Hwy Bridge 301
W-23 [ Branch River 0.97 W-0l|e Millville (MA/RI border) 269
W-35 ® |Brook near Ann&Hope 0.47 wW-02 | e Manville Dam 269
W-22 | @ Below Thundermist Dam 0.41 wW-22 | @ Below Thundermist Dam 260
W-01| e Millville (MA/RI border) 0.38 W-05 | @ Slaters Mill Dam 245
wW-02 | e Manville Dam 0.34 W-23 [ Branch River 193
W-17 | @ Hamlet Avenue 0.32 W-17 | @ Hamlet Avenue 188
W-03 | e George Washington Hwy Bridge 0.32 W-21| e Singleton Street 186
W-04 | ® Lonsdale Ave 0.29 W-04 | ® Lonsdale Ave 186
W-21|e Singleton Street 0.28 W-25| e Broad Street 72
W-05| e Slaters Mill Dam 0.27 W-24 ® |Woonsocket WWTF 67
W-15 ° Peters River (pre-culvert entry) 0.19 W-26 ° Abbott Run Brook 26
W-14 [ Peters River (MA/RI border) 0.19 W-11 [ Mill River (MA/RI border) 5.9
W-13 [ Mill River (confluence w/ BR) 0.17 W-13 [ Mill River (confluence w/ BR) 4.7
W-12 [ Mill River (pre-culvert entry) 0.16 W-12 [ Mill River (pre-culvert entry) 3.4
W-34 ® |Blackstone Canal at Lonsdale 0.16 W-15 [ Peters River (pre-culvert entry) 1.9
W-11 [ Mill River (MA/RI border) 0.15 W-14 o Peters River (MA/RI border) 1.2
W-16 [ Peters River (confluence w/ BR) 0.15 W-35 ® |Brook near Ann&Hope 0.8
W-26 [ Abbott Run Brook 0.15 W-16 [ Peters River (confluence w/ BR) 0.7
W-31 ® |Cherry Brook 0.14 W-32 ® |Front Street Drain 0.2
W-32 @ |Front Street Drain 0.08 W-31 ® |Cherry Brook 0.2
W-25| e Broad Street 0.07 W-33 ® |Sylvestre Pond Outflow 0.2
W-33 ® |Sylvestre Pond Outflow 0.06 W-34 ® |Blackstone Canal at Lonsdale 0.1
February 2008 Page 3-47 The Louis Berger Group, Inc.




Water Quality — Blackstone River
Final Report 2: Field Investigations

Rhode Island Department of Environmental Management

Figure 3-30: Dry Weather Concentrations and Mass Loads - Rankings for Ammonia

Concentration Mass Loading (Events DW-7, 9, 11)
|2 S| |2
HEE HIEE
1E] B . CE] B .
2 18|22 .. 3 I EI-- g
E z g E Location = .g E g L\»'—' Location =
= cla mg/l = glalz lbs/day
n _|mfE § N h |m|E|S N
W-24 ® |Woonsocket WWTF 5.35 Ww-02 | ® Manville Dam 441
W-33 ® |Sylvestre Pond Outflow 0.92 W-03 | ® George Washington Hwy Bridge 335
W-35 ® |Brook near Ann&Hope 0.51 W-24 ® |Woonsocket WWTF 293
W-02 | ® Manville Dam 0.49 W-01| e Millville (MA/RI border) 252
W-01 | e Millville (MA/RI border) 0.48 W-05| @ Slaters Mill Dam 222
W-23 ® Branch River 0.41 W-04 | ® Lonsdale Ave 216
W-17 | @ Hamlet Avenue 0.40 W-22 [ e Below Thundermist Dam 169
W-03 | @ George Washington Hwy Bridge | 0.39 W-17 [ ® Hamlet Avenue 161
W-04 | ® Lonsdale Ave 0.38 W-21 (e Singleton Street 96
W-05 | @ Slaters Mill Dam 0.35 W-25| @ Broad Street 86
W-16 [ Peters River (confluence w/ BR) | 0.33 W-23 o Branch River 36
W-14 ° Peters River (MA/RI border) 0.31 W-26 o Abbott Run Brook 31
wW-22 | @ Below Thundermist Dam 0.27 W-12 (] Mill River (pre-culvert entry) 7.3
W-15 [ Peters River (pre-culvert entry) 0.26 W-11 [ Mill River (MA/RI border) 5.4
W-12 [ Mill River (pre-culvert entry) 0.23 W-14 (] Peters River (MA/RI border) 4.5
W-11 [ Mill River (MA/RI border) 0.19 W-13 [ Mill River (confluence w/ BR) 3.7
W-26 o Abbott Run Brook 0.17 W-16 ([ Peters River (confluence w/ BR) 3.1
W-21| e Singleton Street 0.17 W-33 ® |Sylvestre Pond Outflow 2.6
W-34 ® |Blackstone Canal at Lonsdale 0.16 W-15 [ Peters River (pre-culvert entry) 25
W-13 [ Mill River (confluence w/ BR) 0.16 W-35 ® |Brook near Ann&Hope 0.9
W-32 ® |Front Street Drain 0.15 W-32 ® |Front Street Drain 0.5
W-31 ® |Cherry Brook 0.14 W-31 ® |Cherry Brook 0.3
W-25 | e Broad Street 0.10 W-34 ® |Blackstone Canal at Lonsdale 0.1
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Figure 3-31: Dry Weather Concentrations and Mass Loads - Rankings for Nitrate

Concentration Mass Loading (Events DW-7, 9, 11)
5 E 3 E
= L = L
o T o T
$ 5|23 g S 15|25 g
.5 z % E Location = E E g E Location =
EEIEE mg/! FREIEIE Ibs/day
n |m|[E[2S N h |m[E|2 N
W-35 ® |Brook near Ann&Hope 4.90 W-01|e Millville (MA/RI border) 1,400
W-24 ® |Woonsocket WWTF 3.60 W-02 | @ Manville Dam 1,306
W-32 ® |Front Street Drain 2.70 W-04 | ® Lonsdale Ave 1,261
W-21|e Singleton Street 1.80 W-05| @ Slaters Mill Dam 1,211
W-01|e Millville (MA/RI border) 1.78 W-21| e Singleton Street 1,125
W-22 | @ Below Thundermist Dam 1.65 W-03 | ® George Washington Hwy Bridge 1,115
W-02 | ® Manville Dam 1.36 W-17 | @ Hamlet Avenue 1,099
W-04 | ® Lonsdale Ave 1.33 W-22 | e Below Thundermist Dam 1,031
W-17 | ® Hamlet Avenue 1.28 W-25| e Broad Street 727
W-03 | ® George Washington Hwy Bridge | 1.26 W-24 ® |Woonsocket WWTF 208
W-05 | ® Slaters Mill Dam 1.13 W-26 [ Abbott Run Brook 105
W-31 ® |Cherry Brook 1.11 W-23 [J Branch River 30
W-15 [J Peters River (pre-culvert entry) 0.87 W-13 [J Mill River (confluence w/ BR) 20
W-25 | e Broad Street 0.85 W-12 [J Mill River (pre-culvert entry) 20
W-16 [J Peters River (confluence w/ BR) [ 0.80 W-15 [J Peters River (pre-culvert entry) 12
W-14 [J Peters River (MA/RI border) 0.71 W-14 [J Peters River (MA/RI border) 11
W-26 [J Abbott Run Brook 0.59 W-35 ® |Brook near Ann&Hope 10
W-34 @ |Blackstone Canal at Lonsdale 0.57 W-16 [ Peters River (confluence w/ BR) 10
W-11 ® Mill River (MA/RI border) 0.53 W-11 [ Mill River (MA/RI border) 8.1
W-13 [J Mill River (confluence w/ BR) 0.46 W-32 ® |Front Street Drain 6.9
W-12 [J Mill River (pre-culvert entry) 0.46 W-31 ® |Cherry Brook 1.1
W-33 ® |Sylvestre Pond Outflow 0.35 W-33 ® |Sylvestre Pond Outflow 0.8
W-23 [ Branch River 0.29 W-34 ® |Blackstone Canal at Lonsdale 0.3
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Figure 3-32: Dry Weather Ammonia Concentrations - Comparison between BTMDL (2005) and

BRI (1991)
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Figure 3-33: Dry Weather Nitrate Concentrations - Comparison between BTMDL (2005) and
BRI (1991)
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Water Quality — Blackstone River
Rhode Island Department of Environmental Management Final Report 2: Field Investigations

Figure 3-34: Dry Weather Concentrations - Chlorophyll a

Concentration (ug/l) Statistics
@

. e A AR A AN -SR-S AR A R LA R

S| 8 |E]2|E |ocaton dlglalaldl&lald |gld|lslgl/al|d|&|s] s |28]E| £ |t

21 & |alE|2 EventNo.OW- )| 1 | 2 | 3| 4| 5| 6 | 7 | 8 9 |10 |11|12|13|14]15]16] 17 18] & | 8| £ g |3
W-01 ° Millville (MA/RI border) 7.41110.89| 5.07| 6.40( 3.02| 66.66(68.85| 16.26| 23.30|16.73| 0.43| 0.53| 7.20| 0.47] 1.00| 1.50| 30.79( 1.58| 14.89 21.05| 0.43| 68.85| 18
W-23 ° Branch River
W-21 [ Singleton Street
W-22 [ Below Thundermist Dam
W-11 [ Mill River (MA/RI border)
W-12 - [ Mill River (pre-culvert entry)
W-13 § [ Mill River (confluence w/ BR)
W-14 | ° Peters River (MA/RI border)
W-15 [ Peters River (pre-culvert entry)
W-16 [ Peters River (confluence w/ BR)
W-17 [ Hamlet Avenue
w-24 | | | ® |Woonsocket WWTF

W-02 X [ Manville Dam 5.5| 10.1| 4.5| 3.9] 4.3| 44.1] 37.4| 108.9| 135.2| 24.6/ 0.4] 0.7 5.3 0.5 0.8] 8.2] 1.6/ 1.0 22.0 38.8 0.36 135.2| 18
W-03 § [ George Washington Hwy Bridge 6.4 7.4| 47| 49| 7.6 37.8] 20.6] 111.7( 61.1f 10.1] 0.3| 0.2] 58 0.5 0.9 2.1] 1.5 1.3 15.8 28.6/ 0.20| 111.7| 18
W-04 im [ Lonsdale Ave 85 87| 52 6.5 9.3] 40.9| 46.0] 137.0f 40.6 9.0/ 0.5 0.4| 3.4 05] 15[ 1.5 15 1.2 17.9 33.3] 0.40| 137.0] 18
W-25 S| e Broad Street

W-26 gl |e]| |Abbott Run Brook

W-05 [ Slaters Mill Dam 8.8 9.0/ 48] 7.4| 105 1.8] 45.3] 106.9 43.2f 10.9] 0.7 1.1] 4.3] 0.4] 0.8 1.4] 25 1.9 14.5 26.6] 0.36) 106.9] 18
W-31 ® |Cherry Brook

W-32 |+ ® |Front Street Drain

W-33 ® |Sylvestre Pond Outflow

W-34 R ® |Blackstone Canal at Lonsdale

W-35 ) ® |Brook near Ann&Hope

W-02 | & [(=W-02) [Duplicate 10.3| 5.2| 3.4| 4.8 414

W-05 ®|(=W-05) |Duplicate 7.7 10.5

W-01 (=W-01) [Duplicate 8.5

W-41 |4 (=W-11) [Duplicate

W-42 (=W-14) |Duplicate

W-43 Nfo|(=W-04) |Duplicate 45.2| 1145| 40.7] 8.1] 0.6] 1.0] 75| 0.6 1.1] 10 15| 1.8
Water Quality Criteria (Class B and B1): None.
Reporting Limit: n/a; Method Detection Limit: 0.05 mg/I
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Rhode Island Department of Environmental Management

Water Quality — Blackstone River

Final Report 2: Field Investigations

Figure 3-35: Dry Weather Concentrations - Pheophytin a

Concentration (ug/l) Statistics
- |2
e

. o E 0 0 "‘OI’ 3 " 8 7o) 0 8 3 8 8 0 8 8 3 ] 8

) el.|3 sl sl sl &l c|2|%|2|2lslalcls|3lslc]| 2 o< c

c HEE 1 g|=|2|5(3[3|2|2|3|8|a|8|c|2]|s|3]|¢ g2l 5| 2

S 15 [E]2]E |uocaton dlglald|d|alald|ald|s|gll|a||a|8|5] 5|22 E|5]E

% & % El= Event No. (DW-_ )| 1 2 3 4 5 6 7 8 9 10 | 12 | 12 | 13 [ 14 | 15 | 16 | 17 | 18 2 gg s |28
W-01 ° Millville (MA/RI border) <0.05| <0.05| 1.50| 2.87| 0.96]<0.05|<0.05| 28.53| 0.14| 5.29| 2.61| 2.30] 3.48| 1.21| 0.88| 0.29| 11.47| 0.63| 4.44 7.52|<0.05|28.53| 14
W-23 [ Branch River
W-21 ® Singleton Street
W-22 [J Below Thundermist Dam
W-11 ° Mill River (MA/RI border)
W-12 i ® Mill River (pre-culvert entry)
W-13 | 8 ° Mill River (confluence w/ BR)
W-14 % ° Peters River (MA/RI border)
W-15 [ Peters River (pre-culvert entry)
W-16 ° Peters River (confluence w/ BR)
W-17 [ Hamlet Avenue
W-24 | ® |Woonsocket WWTF
W-02 ~ ° Manville Dam <0.05| <0.05| 1.50| 0.76] 1.50|<0.05|<0.05| 2.40|<0.05| 3.99| 4.63| 1.75] 1.51| 0.98| 1.04|<0.05| 0.17| 0.78f 1.75[ 1.33|<0.05| 4.63| 12
W-03 g ° George Washington Hwy Bridge <0.05| 0.92| 1.68| 1.72| 0.74| 6.73| 3.00|<0.05| 8.35| 3.14| 4.09] 2.76] 3.94| 1.77| 0.47| 0.28| 0.13| 0.57 2.52| 2.36|<0.05| 8.35 16
W-04 im [ Lonsdale Ave <0.05| 0.47| 0.50| 2.50| 0.88]<0.05|<0.05|<0.05| 5.84| 4.30| 3.83] 2.28] 1.43| 1.14| 0.95| 0.30] 0.29] 0.33| 1.79 1.75|<0.05| 5.84| 14
W-25 S| e Broad Street
W-26 § L4 Abbott Run Brook
W-05 [J Slaters Mill Dam <0.05| 0.49| 1.61] 2.01| 0.37| 0.39|<0.05| 0.41| 0.24 4.46] 6.10] 2.87| 2.02| 1.09| 0.67| 0.31|<0.05| 0.69( 1.58| 1.72| 0.24| 6.10 15
W-31 ® |Cherry Brook
W-32 [ @ |Front Street Drain
W-33 ® |Sylvestre Pond Outflow
W-34 N ® |Blackstone Canal at Lonsdale
W-35 o ® |Brook near Ann&Hope
W-02 | |& |(=W-02) |Duplicate <0.05| 0.94] 1.37] 1.09]<0.05
W-05 @|(=W-05) [Duplicate <0.05 1.27
W-01 (=wW-01) [Duplicate
wW-41 |4 (EW-11) |Duplicate
W-42 (FW-14) |Duplicate
W-43 @] (=W-04) |Duplicate <0.05| 2.88] 3.42| 2.30] 3.50| 2.72] 2.73| 1.40| 0.63] 0.23] 0.15] 0.12
Water Quality Criteria (Class B and B1): None.
Reporting Limit: n/a; Method Detection Limit: 0.05 mg/l
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Rhode Island Department of Environmental Management

Water Quality — Blackstone River
Final Report 2: Field Investigations

Figure 3-36: Dry Weather Concentrations - Ratio Chlorophyll a/ (Chlorophyll a + Pheophytin a)

Ratio Chlorophyll a/ (Chlorophyll a + Pheophytin a) Statistics
s| |£
= L

; HE sls|8|8|g|8|s|al8|8|8|8|s|8|8]8|8]|¢

2 | & [E]2]E |ocation glelalgld|s|d|s|alg|d|g|l|d||d|n|5]s |28 E|E|CE

% &g'&; EventNo.(DW-_)123456789101112131415161718%%83§8
W-01 ° Millville (MA/RI border) 1.00[ 1.00| 0.77| 0.69| 0.76] 1.00| 1.00| 0.36| 0.99| 0.76| 0.14| 0.19| 0.67| 0.28| 0.53| 0.84| 0.73| 0.71f 0.69| 0.28| 0.14 1.00| 18
W-23 o Branch River
W-21 ° Singleton Street
W-22 ° Below Thundermist Dam
W-11 ® Mill River (MA/RI border)
W-12 - ° Mill River (pre-culvert entry)
W-13 § ° Mill River (confluence w/ BR)
Ww-14 |® ° Peters River (MA/RI border)
W-15 ° Peters River (pre-culvert entry)
W-16 [ Peters River (confluence w/ BR)
W-17 ° Hamlet Avenue
w-24 | | | ® |Woonsocket WWTF
W-02 o~ ® Manville Dam 1.00] 1.00| 0.75| 0.84] 0.74| 1.00] 1.00| 0.98| 1.00| 0.86| 0.07] 0.29| 0.78| 0.33] 0.42| 1.00| 0.90| 0.56| 0.75] 0.29| 0.07] 1.00| 18
W-03 g [ ] George Washington Hwy Bridge 1.00] 0.89| 0.74| 0.74] 0.91| 0.85] 0.87| 1.00| 0.88] 0.76| 0.06] 0.07| 0.59| 0.23] 0.66| 0.88| 0.92| 0.69| 0.71] 0.29| 0.06] 1.00| 18
W-04 i«, ° Lonsdale Ave 1.00[ 0.95| 0.91| 0.72f 0.91] 1.00] 1.00| 1.00| 0.87| 0.68| 0.12| 0.15| 0.70| 0.28]| 0.60| 0.83| 0.84| 0.79| 0.74| 0.29] 0.12( 1.00| 18
W-25 sl e Broad Street
W-26 g |e]| |Abbott Run Brook
W-05 ° Slaters Mill Dam 1.00| 0.95| 0.75[ 0.79] 0.97| 0.82]| 1.00[ 1.00| 0.99| 0.71] 0.11| 0.28| 0.68| 0.25[ 0.55| 0.82| 0.99| 0.74f 0.74| 0.28] 0.11| 1.00| 18
W-31 ® |Cherry Brook
W-32 [« ® |Front Street Drain
W-33 ® [Sylvestre Pond Outflow
W-34 o~ ® |Blackstone Canal at Lonsdale
W-35 ® ® |Brook near Ann&Hope
W-02 | <& |(=W-02) [Duplicate 1.00| 0.85| 0.71| 0.82| 1.00
W-05 ®|(=W-05) |Duplicate 1.00 0.89
W-01 (=W-01) [Duplicate 1.00
W-41 | 4 (=W-11) |Duplicate
W-42 (=W-14) |Duplicate
W-43 | ®|(=W-04) |Duplicate 1.00] 0.98| 0.92| 0.78] 0.14| 0.27]| 0.73] 0.28] 0.63| 0.82| 0.91| 0.94
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Rhode Island Department of Environmental Management

Water Quality — Blackstone River
Final Report 2: Field Investigations

Figure 3-37: Dry Weather Concentrations - Total Suspended Solids

Concentration (mg/l) Statistics
5| |£
= L
5 HNE A S A A A - A - LA RS A R A
: 15| 8.
2 EREE £ |Location I I M= o I i I I =T O T O P I O O3 N i T O = E % g
% & f—.Z =l Event No. (DW-_)|| 1 2 3 4 5 6 7 8 9 10 11 (12| 13| 14| 15| 16 | 17 | 18 %’ % a s = 8
W-01 ° Millville (MA/RI border) 3.3 3.1| 59| 55| 7.8 3.9]11.1] 55| 4.4 83| 35 50 3.6/ 83| 3.8 3.1 2.7 3.4 5.1 24 271 111 18
W-23 ° Branch River 1.4 1.3 2.0 1.2 1.5 0.4 1.2 2.0 4
W-21 [ Singleton Street 9.9 6.6 4.2 6.9 2.9 4.2 9.9 3
W-22 [ Below Thundermist Dam 7.6 7.8 4.4 6.6 1.9 4.4 7.8 3
W-11 ° Mill River (MA/RI border) 2.0 3.1 2.3 3.6 3.3 16| 25 1.9 2.5 0.7 1.6 3.6 8
W-12 - o Mill River (pre-culvert entry) 2.0 3.2 5.1 3.2 8.7 22| 2.6 2.3 3.7 2.3 2.0 8.7 8
W-13 § ° Mill River (confluence w/ BR) 2.4 2.9 3.9 2.6 2.1 51 1.9 3.0 11 1.9 5.1 7
W-14 | (] Peters River (MA/RI border) 2.4 5.2 3.2 5.2 5.0 22| 1.9 1.4 3.3 1.6 1.4 5.2 8
W-15 [ Peters River (pre-culvert entry) 6.4 4.1 4.5 2.4 7.3 0.8 2.0 15 3.6 2.3 0.8 7.3 8
W-16 o Peters River (confluence w/ BR) 2.2 6.4 6.2 3.3 1.4 3.9 2.3 14 6.4 5
W-17 [ Hamlet Avenue 4.3 3.8 8.7 4.7 5.4 2.2 3.8 8.7 4
W-24 | | | ® |Woonsocket WWTF 3.8 8.1 2.6 4.8 2.9 2.6 8.1 3
W-02 o ° Manville Dam 1.7 2.0 46| 58| 7.1 43| 7.9/14.3| 13.4| 65| 49| 56| 24| 6.2 3.5 83| 3.0 3.6 5.8 3.5 1.7 143 18
W-03 % ° George Washington Hwy Bridge 2.6/ 2.1] 3.0 4.6] 57| 4.1] 7.8/12.8] 56| 3.6/ 3.4 99| 3.9 7.1] 2.2| 2.3| 2.8| 3.0 4.8 2.9 2.1] 12.8 18
W-04 im ° Lonsdale Ave 14| 19| 25| 44| 54| 42| 88(149| 6.8 50/ 35| 45| 28] 7.0] 3.1| 29| 29| 2.6 4.7 3.2 1.4 14.9 18
W-25 sl e Broad Street 9.2 1.1 8.1 6.1 4.4 1.1 9.2 3
W-26 § ° Abbott Run Brook 2.2 6.7 15 3.5 2.8 1.5 6.7 3
W-05 ° Slaters Mill Dam 3.1] 2.3| 45| 43| 6.0 45| 6.6/11.5| 6.0 43| 6.5 4.7 2.7 6.1] 6.8 2.1 4.3| 4.1 5.0 2.2 21] 115 18
w-31 ® |Cherry Brook 6.10 12.07 18.57 12.2 6.2 6.1 18.6 3
W-32 | ® |Front Street Drain 9.80 0.43 1.03 3.8 5.2 0.4 9.8 3
W-33 ® |Sylvestre Pond Outflow 6.60 6.57 13.03 8.7 3.7 6.6 13.0 3
W-34 o ® |Blackstone Canal at Lonsdale 1.00 7.00 4.0 4.2 1.0 7.0 2
W-35 ) ® |Brook near Ann&Hope 1.7] 1.4] 1.4/11.8 4.1 5.1 1.4 11.8 4
W-02 [ |(=W-02) [Duplicate 2.6] 21| 47| 7.1] 4.8
W-05 ®|(=W-05) |Duplicate 2.2 6.2
W-01 (FW-01) |Duplicate 2.0
W-41 |4 (=W-11) [Duplicate 2.4 34 4.1 3.4 1.9
W-42 (=W-14) [Duplicate 3.3 3.7 4.1 19| 2.2
W-43 N [®|(=W-04) [Duplicate 6.9/148| 7.6/ 33| 4.1 58] 23] 6.8 3.0/ 25| 2.9 34
Water Quality Criteria (Class B and B1): None.
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Rhode Island Department of Environmental Management

Water Quality — Blackstone River
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Figure 3-38: Dry Weather Concentrations - Volatile Suspended Solids

Concentration (mg/l) Statistics
5| |£
= 2

S E AHHHEHERHEHHE M

< R

2 | & |3|Z|E |ocation slelaldld|s|ldlalalald|lglels|d|la|[x|5)s |28 E|E]|E

% & % =ls Event No. (DW-_ )| 1 2 3 4 5 6 7 8 9 |10 1112|213 ]| 14| 15| 16| 17 | 18 g % 8 é § 8
W-01 ° Millville (MA/RI border) 1.1] 1.4| 3.1 2.6] 3.4] 2.4 52| 3.3] 25 35 15| 1.6/ 1.6 2.7 1.8/ 1.0 1.1 1.7 2.3 1.1 1.0 5.2 18
W-23 (J Branch River 0.7 0.7 1.4 0.5 0.8 0.4 0.5 1.4 4
W-21 ° Singleton Street 4.6 3.6 2.1 3.4 1.3 2.1 4.6 3
W-22 [ Below Thundermist Dam 3.5 4.3 2.2 3.3 1.1 2.2 4.3 3
W-11 ° Mill River (MA/RI border) 0.8 0.6 1.3 2.0 2.3 1.3] 1.3 0.6 1.3 0.6 0.6 2.3 8
W-12 b (] Mill River (pre-culvert entry) 0.9 2.1 3.4 1.8 3.4 1.2 15 0.9 1.9 1.0 0.9 3.4 8
W-13 § [ Mill River (confluence w/ BR) 0.8 1.2 2.3 1.4 14| 2.7 0.6 15 0.8 0.6 2.7 7
W-14 % ° Peters River (MA/RI border) 0.8 2.8 12 1.6 3.0 1.6/ 1.0 0.4 1.6 0.9 0.4 3.0 8
W-15 (] Peters River (pre-culvert entry) 2.5 2.3 1.7 1.3 14 1.4 11 0.2 15 0.7 0.2 2.5 8
W-16 (] Peters River (confluence w/ BR) 0.8 2.7 2.8 1.2 0.3 1.6 1.1 0.3 2.8 5
W-17 [ Hamlet Avenue 1.7 2.3 4.4 2.2 1.1 0.7 2.1 1.3 0.7 4.4 6
W-24 [ | ® |Woonsocket WWTF 1.3 3.0 2.2 1.2 1.3 3.0 2
W-02 ~ ° Manville Dam 0.7] 1.5 25| 2.8 3.3 29| 3.7| 82| 6.4 32| 23] 1.7 11| 24| 15 2.7 14| 15 2.8 1.9 0.7 8.2 18
W-03 g ° George Washington Hwy Bridge 1.0] 1.3| 2.1f 2.6] 3.2 2.7 3.6] 81| 3.2 19| 14| 59| 1.8 24| 1.3] 0.9 1.5 1.4 2.6 1.8 0.9 8.1 18
W-04 im ° Lonsdale Ave 0.7] 1.0 18] 2.6/ 2.8 2.4| 3.8/ 85 3.7 2.1] 1.3] 1.3 16| 2.5] 1.6/ 09| 14| 1.4 2.3 1.8 0.7 8.5 18
W-25 K Broad Street 3.5 0.4 5.0 2.9 2.3 0.4 5.0 3
W-26 g ° Abbott Run Brook 11 3.7 0.9 1.9 1.6 0.9 3.7 3
W-05 ° Slaters Mill Dam 1.0] 1.2| 2.7 2.6] 35| 25/ 28| 7.0] 3.2 2.4 3.0] 1.5 1.3 2.6] 6.8 0.5 1.7[ 2.0 2.7 1.7 0.5 7.0 18
W-31 ® |Cherry Brook 25 3.8 5.4 3.9 14 25 5.4 3
W-32 | @ |Front Street Drain 3.8 0.2 0.7 1.6 2.0 0.2 3.8 3
W-33 ® |Sylvestre Pond Outflow 25 3.6 5.4 3.8 1.5 25 5.4 3
W-34 o ® [Blackstone Canal at Lonsdale 0.1 3.2 1.7 2.2 0.1 3.2 2
W-35 ™ ® (Brook near Ann&Hope 0.8] 0.3] 1.2 3.4 1.4 1.4 0.3 3.4 4
W-02 |~ [&] |(=W-02) [Duplicate 1.3] 1.7] 2.8 3.2] 3.0
W-05 ®|(=W-05) |Duplicate 0.3 35
W-01 (=W-01) |Duplicate 0.5
W-41 | 4 (W-11) [Duplicate 0.9 2.2 3.5 1.7 0.1
W-42 (=W-14) [Duplicate 11 2.2 2.4 14] 11
W-43 N ®](=W-04) |Duplicate 2.6] 85 40| 1.7] 23] 15| 17] 2.6 1.3 10] 1.7 15
Water Quality Criteria (Class B and B1): None.
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Figure 3-39: Dry Weather Loads - Total Suspended Solids

Load (Ibs/day) Statistics
9]

9] = e

= 2 —

. A g |l s | 8| 8| g |8|lsg|s|8|8|8|8|s]|8|8]|8]c]|s E

2 52|32 s | s |zl |s|2|%|2|s|s|slS| 5|z |s8] 5] 3 g
5 | 5 2| 2|E|Locan El sl il 3|2l d|ls &<l d]ss]e
= g ol 3 & |Location — [ — ] o o 1N o) — [N - N ~ N [ ] o — 8 ;’ §
% & % = § Event No. (DW-__) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 =0 8
W-01 ° Millville (MA/RI border) 10,977 | 9,573 | 24,727 | 12,586 | 13,978 | 3,078 | 10,009 | 2,740 | 2,208 | 4,101 | 1,167 | 2,907 | 2,032 | 71,455 | 17,555 | 10,532 | 13,904 | 18,643 || 4,461 3
W-23 o Branch River 328 90 105 86 174 3
W-21 [ Singleton Street 11,538 3,794 1,613 5,648 3
W-22 ° Below Thundermist Dam 8,857 4,512 1,692 5,021 3
W-11 o Mill River (MA/RI border) 783 506 134 104 67 93 1,186 550 101 3
W-12 = [ Mill River (pre-culvert entry) 809 531 307 94 182 131 1,220 686 194 3
W-13 § [ Mill River (confluence w/ BR) 966 178 112 55 124 2,409 549 115 3
w-14 | ° Peters River (MA/RI border) 339 517 67 22 67 45 496 200 52 3
W-15 [ ] Peters River (pre-culvert entry) 911 428 96 12 102 16 545 226 70 3
W-16 [ ] Peters River (confluence w/ BR) 323 138 30 47 29 72 3
W-17 L] Hamlet Avenue 22,548 9,661 5,363 1,915 3,639 3
w-24 ] ® [Woonsocket WWTF 231 428 3 330 3
W-02 ~ ° Manville Dam 9,398 | 9,700 | 31,291 | 19,875 | 18,384 | 5,178 | 10,781 | 10,162 | 9,255 | 4,494 | 2,311 | 4,315 | 1,922 | 77,623 | 26,652 | 44,287 | 26,523 | 33,671 || 7,449 3
W-03 § [ George Washington Hwy Bridge 14,862 | 10,403 | 21,015 | 16,193 | 14,929 | 4,998 | 10,788 | 9,196 | 3,967 | 2,502 | 1,594 | 7,755 | 3,212 | 90,613 | 17,398 | 12,797 | 25,722 | 28,845 || 5,449 3
w-04 | |E e Lonsdale Ave 8,088 | 9,405 | 17,751 | 15,862 | 14,264 | 5,224 | 12,257 | 10,798 | 4,787 | 3,524 | 1,641 | 3,510 | 2,316 | 89,905 | 24,732 | 16,092 | 26,542 | 24,602 || 6,228 3
W-25 % ° Broad Street 12,856 780 3,846 5,828 3
W-26 § [ Abbott Run Brook 825) 1,300 256 627 3
W-05 [ Slaters Mill Dam 19,261 | 12,532 | 34,153 | 16,382 | 17,381 | 6,531 | 10,218 | 10,802 | 5,450 | 4,130 | 4,143 | 4,489 | 2,644 | 80,066 | 58,065 | 12,711 | 41,831 | 41,390 || 6,603 3
W-31 ® [Cherry Brook 19.7 13.0 3.0 11.9 3
W-32 |+ ® |Front Street Drain 52.7 0.9 0.2 18.0 3
W-33 | | | ® |Sylvestre Pond Outflow 24.9 10.6 21.0 18.8 3
W-34 ® |Blackstone Canal at Lonsdale 0.7 3.0 1.9 2
W-35 ™ ® |Brook near Ann&Hope 6.9 1.7 2.6 20.9 8.0 4

Sampling events used for statistics.
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Figure 3-40: Dry Weather Loads - Volatile Suspended Solids

Load (Ibs/day) Statistics
A E

gl |z g

| HNE sls |8 |8 |g|8|s|s|8|8|8|8|s|s|8|8|s]|8]

2 R E 8 s | 8l 8| % | s | 3 > 21 2] g s8] 3 2 ¢ N s
ANEIEE . = - N - - - - - I O I O 2 -0 O - < - A (P
= Q o | 2|5 |Location = I = N o N N ™ = N = N r~ N 4 N N S 82 |5
g g |2[2]2 gz |3
& r |mlEl= Event No. DW-_ ) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 =0 |0
W-01 ° Millville (MA/RI border) 3,808 | 4,255 | 13,206 | 5,909 | 6,126 | 1,911 | 4,675 | 1,659 | 1,229 | 1,706 484 917 930 | 23,245| 8,159 | 3,363 | 5922 | 9,322 || 2,129 | 3
W-23 [ Branch River 164 50 76 36 97 3
W-21 Ld Singleton Street 5,342 2,099 806 2,749 | 3
W-22 o Below Thundermist Dam 4,058 2,479 833 2,457 | 3
W-11 ° Mill River (MA/RI border) 332 102 79 58 48 75 608 173 61 3
Ww-12 |- ° Mill River (pre-culvert entry) 350 339 205 53 72 70 713 265 110 3
W-13 § o Mill River (confluence w/ BR) 340 71 68 29 84 | 1,284 167 56 3
w-14 [* [ Peters River (MA/RI border) 116 283 24 7 42 32 252 57 24 3
W-15 [ Peters River (pre-culvert entry) 358 240 37 6 20 29 294 29 21 3
W-16 [ Peters River (confluence w/ BR) 111 58 13 17 7 30 3
W-17 ° Hamlet Avenue 8,707 5,712 5,602 1,383 466 3,701 3,493 3
W-241 | ® |Woonsocket WWTF 82 159 120 3
W-02 2 ] Manville Dam 4,052 | 7,107 | 17,006 | 9,648 | 8,497 | 3,479 | 5,073 | 5841 | 4,454 | 2,235 | 1,085 | 1,287 920 | 29,465 11,788 | 14,355 | 12,670 | 14,208 || 3,537 | 3
W-03 § L4 George Washington Hwy Bridge 5522 | 6,539 | 14,753 | 9,221 | 8,293 | 3,270 | 4,999 | 5,811 | 2,277 | 1,309 678 4,622 | 1,455 | 31,052 | 10,280 | 4,938 | 13,919 | 13,628 || 2,652 | 3
W-04 i ° Lonsdale Ave 4,235 | 5,003 | 12,540 9,422 | 7,438 | 3,003 | 5,313 | 6,170 | 2,589 | 1,456 615 1,045 | 1,296 | 31,718 | 12,765 | 5,177 | 12,809 | 13,739 | 2,839 | 3
W-25 % [ Broad Street 4,862 284 2,358 2,501 | 3
W-26 gl |e| |abbottRun Brook 165 718 145 343 | 3
W-05 [d Slaters Mill Dam 6,418 | 6,482 | 20,747 ] 10,111 ] 10,179 | 3,649 | 4,334 | 6,566 | 2,860 | 2,257 | 1,900 | 1,422 | 1,240 | 33,686 | 58,065 | 2,777 | 16,859 | 20,257 || 3,031 | 3
W-31 ® [Cherry Brook 8.1 4.1 0.9 4.3 3
W-32 |- ® |Front Street Drain 20.6 0.5 0.2 7.1 3
W-33 ® |Sylvestre Pond Outflow 9.4 5.8 0.9 5.4 3
W-34 N ® |Blackstone Canal at Lonsdale 0.1 1.4 0.7 2
W-35 69 ® |Brook near Ann&Hope 3.1 0.4 2.3 6.1 2.9 4

Sampling events used for statistics.
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Figure 3-41: Dry Weather - Mean Total Suspended Solids Concentrations (upstream to

downstream)
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Figure 3-42: Dry Weather - Mean Volatile Suspended Solids Concentrations (upstream to
downstream)
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Figure 3-43: Dry Weather Concentrations and Mass Loads - Rankings for Total Suspended

Solids
Concentration Mass Loading (Events DW-7, 9, 11)
5| |2 5| |2
2 L 2 L
o i @ e
BHEE : AHEE :
_5 % g E Location é -5 g g E Location é
g 15|22 g 5122
%) m |~ mg/| %) m |~ Ibs/day
W-31 ® [Cherry Brook 12.24 w-02 | ® Manville Dam 7,449
W-33 ® |Sylvestre Pond Outflow 8.73 W-05 | ® Slaters Mill Dam 6,603
W-211|e® Singleton Street 6.90 W-04 | ® Lonsdale Ave 6,228
w-22| e Below Thundermist Dam 6.58 W-25| e Broad Street 5,828
W-25| e Broad Street 6.10 Ww-21|e Singleton Street 5,648
W-02 | e Manville Dam 5.83 W-03 | ® George Washington Hwy Bridge 5,449
W-17 | @ Hamlet Avenue 5.37 W-22 | e Below Thundermist Dam 5,021
W-01|e Millville (MA/RI border) 5.12 W-01|e Millville (MA/RI border) 4,461
W-05| e Slaters Mill Dam 5.03 W-17 | @ Hamlet Avenue 3,639
W-24 ® |Woonsocket WWTF 4.81 W-26 [ Abbott Run Brook 627
W-03 | e George Washington Hwy Bridge 4.80 W-24 ® [Woonsocket WWTF 330
W-04 | ® Lonsdale Ave 4.70 W-12 [ Mill River (pre-culvert entry) 194
W-35 ® [Brook near Ann&Hope 4.08 W-23 o Branch River 174
W-34 ® |Blackstone Canal at Lonsdale 4.00 W-13 [ Mill River (confluence w/ BR) 115
W-16 [ Peters River (confluence w/ BR) 3.89 W-11 [ Mill River (MA/RI border) 101
W-32 ® |Front Street Drain 3.76 W-16 [ Peters River (confluence w/ BR) 72
W-12 o Mill River (pre-culvert entry) 3.66 W-15 o Peters River (pre-culvert entry) 70
W-15 [ Peters River (pre-culvert entry) 3.62 W-14 [ Peters River (MA/RI border) 52
W-26 [J Abbott Run Brook 3.50 W-33 ® [Sylvestre Pond Outflow 19
W-14 [J Peters River (MA/RI border) 3.31 W-32 ® [Front Street Drain 18
W-13 [ Mill River (confluence w/ BR) 2.97 W-31 ® [Cherry Brook 12
W-11 [ Mill River (MA/RI border) 2.53 W-35 ® |Brook near Ann&Hope
W-23 [ Branch River 1.48 W-34 ® |Blackstone Canal at Lonsdale

February 2008 Page 3-59 The Louis Berger Group, Inc.



Water Quality — Blackstone River
Final Report 2: Field Investigations Rhode Island Department of Environmental Management

Figure 3-44: Dry Weather Concentrations and Mass Loads - Rankings for Volatile Suspended

Solids
Concentration Mass Loading (Events DW-7, 9, 11)
5| |2 5| |2
= L = L
el |8 o s
5 o b= 5 ) b=
AEEE g AHEE g
‘% f‘% E %L Location % ‘% é g %L Location g
h |m|E mg/| h |m|E Ibs/day
w-25|e Broad Street 2.90 w-02 | ® Manville Dam 3,537
W-31 ® |Cherry Brook 3.89 W-17 [ e Hamlet Avenue 3,493
W-33 ® [Sylvestre Pond Outflow 3.83 W-05 | ® Slaters Mill Dam 3,031
W-21\|e Singleton Street 3.44 W-04 | ® Lonsdale Ave 2,839
W-22 | ® Below Thundermist Dam 3.30 W-21| e Singleton Street 2,749
W-02 | ® Manville Dam 2.77 W-03 | e George Washington Hwy Bridge 2,652
W-05|e Slaters Mill Dam 2.69 W-25 | @ Broad Street 2,501
W-03 | e George Washington Hwy Bridge 2.57 w-221 e Below Thundermist Dam 2,457
W-04 | ® Lonsdale Ave 231 W-01|e Millville (MA/RI border) 2,129
W-01 | e Millville (MA/RI border) 2.30 W-26 [ Abbott Run Brook 343
W-24 ® [Woonsocket WWTF 2.17 W-24 ® |Woonsocket WWTF 120
W-17 | @ Hamlet Avenue 2.08 W-12 [ Mill River (pre-culvert entry) 110
W-26 [ Abbott Run Brook 1.90 W-23 [ Branch River 97
W-12 [ Mill River (pre-culvert entry) 1.90 W-11 [ Mill River (MA/RI border) 61
W-34 ® |Blackstone Canal at Lonsdale 1.67 W-13 [ Mill River (confluence w/ BR) 56
W-32 ® |Front Street Drain 1.59 W-16 [ Peters River (confluence w/ BR) 30
W-16 [ Peters River (confluence w/ BR) 1.55 W-14 [ Peters River (MA/RI border) 24
W-14 [ Peters River (MA/RI border) 1.55 W-15 [ Peters River (pre-culvert entry) 21
W-15 [ Peters River (pre-culvert entry) 1.48 W-32 ® |Front Street Drain 7
W-13 [ Mill River (confluence w/ BR) 1.48 W-33 ® |Sylvestre Pond Outflow 5
W-35 ® |Brook near Ann&Hope 1.43 W-31 ® [Cherry Brook 4
W-11 [ Mill River (MA/RI border) 1.29 W-35 ® |Brook near Ann&Hope 3
W-23 [ Branch River 0.84 W-34 ® |Blackstone Canal at Lonsdale 1
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Figure 3-45: Dry Weather Total Suspended Solids Concentrations - Comparison between BTMDL
(2005) and BRI (1991)
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Figure 3-46: Dry Weather Concentrations - Dissolved Copper

Conc. (ug/l) - Microinorganics Concentration (ug/l) - STL and Microinorganics (2) Statistics (Microinorg. & STL)
@
) HRE S8 |8 8 8|28 |8 88|88 s|8]8||8|¢8 2
Slelfgl s 332|288 |5|3|2(|8|5|8|e|8e|c|E]|.
S| § |2]2]|E |eocation dlslalgld|alald]ala|3 || [8|a[d[N8 |85} EE]|E|E|E
% & f—.g = g Event No. (DW-_)|| 1 2 3 4 5 6 7 8 9 10 11 12 13 | 14 | 15 16 17 18 § % 3 s = 8
W-01 ® Millville (MA/RI border) 3.3] 3.8 3.0 71 76| 75 59| 100 75| 81 54 4.0 4.0 35 5.0 5.7 2.1 3.0] 10.0 15
W-23 [ Branch River 2.0 1.3 1.1 1.6 1.5 0.4 1.1 2.0 4
W-21 ] Singleton Street 4.7 5.4 6.6 5.6 1.0 4.7 6.6 3
W-22 [ Below Thundermist Dam 5.1 5.5 6.3 5.6 0.6 5.1 6.3 3
W-11 ° Mill River (MA/RI border) 2.1 1.2 1.3 1.5 2.6 2.6 1.9 0.6 1.2 2.6 6
W-12 2 [ J Mill River (pre-culvert entry) 2.3 <1.0 1.6 1.9] 29 2.6 2.3 0.5| <1.0 29 6
W-13 § [ Mill River (confluence w/ BR) 2.5 1.2 1.6 3.8] 29 2.3 2.4 0.9 1.2 3.8 6
Ww-14 |® ° Peters River (MA/RI border) 1.6 <1.0 1.9 21| 18 2.0 1.9 0.2 <1.0 2.1 6
W-15 [ Peters River (pre-culvert entry) 1.9 1.8 25 29| 20 1.2 2.1 0.6 1.2 29 6
W-16 [d Peters River (confluence w/ BR) 1.5 2.0 2.1 1.9 0.3 1.5 2.1 3
W-17 ® Hamlet Avenue 4.1 5.1 6.6 3.3 4.8 1.4 3.3 6.6 4
W-24 || ® (Woonsocket WWTF 7.1 7.9 7.5 0.5 7.1 7.9 2
W-02 o [ Manville Dam 23| 24 23 42| 5.6| 55| 6.4 71| 5.6| 6.0 46| 3.1 3.0] 2.8/ 4.0 4.3 1.6 2.3 7.1 15
W-03 'g ® George Washington Hwy Bridge 26| 24| 24 49| 6.3] 55| 4.8 6.2| 55 89| 48| 3.7 3.1 29| 4.7 4.6 1.8 2.4 8.9 15
W-04 i - [ Lonsdale Ave 27| 25 21 41| 5.8 54| 5.0 59| 59| 5.0 48| 4.0 32| 3.1 4.9 4.3 1.3 2.1 5.9 15
W-25 <l e Broad Street 3.3 5.4 5.2 4.6 1.2 3.3 5.4 3
W-26 § Ld Abbott Run Brook 1.3 <1.0 <1.0 1.3 <1.0 1.3 3
W-05 ® Slaters Mill Dam 24| 22| 23 4.7 5.0 4.5 4.4 5.1 44| 45| 49| 3.2 32| 3.1 4.5 3.9 1.0 2.2 5.1 15
W-31 ® (Cherry Brook 2.8 1.6 2.8 2.4 0.7 1.6 2.8 3
W-32 |- ® [Front Street Drain 1.9 <1.0 1.5 1.7 0.3] <1.0 1.9 3
W-33 ® |Sylvestre Pond Outflow 2.7 1.5 1.6 1.9 0.7 1.5 2.7 3
W-34 N ® |Blackstone Canal at Lonsdale 3.8 3.6 3.7 0.1 3.6 3.8 2
W-35 © ® |Brook near Ann&Hope 2.7 2.1 19| 3.7 2.6 0.8 1.9 3.7 4
W-02 | |& |(=W-02) [Duplicate 21 23| 23
W-05 ®|(=W-05) |Duplicate
W-01 (=W-01) |Duplicate
W-41 |4 (=W-11) |Duplicate 2.0 1.4 1.3 2.3 2.7
W-42 (=W-14) |Duplicate 2.2 1.2 2.4 1.6 2.4
W-43 N (@ |(=W-04) |Duplicate 44| 5.8| 53| 4.6 57 52| 58| 48| 35 3.1 5.2
Mean Hardness (mg/l) Blackstone River 47| 47 41| 48 51 60 53 70 61 63 72 69 63| 37 37| 46| 41| 44
Branch River 0 0 0 0 0 0 18 of 22 0 26 0 17 0 0 0 0 0
Mill River 35 37 35 42 48 401 27 35
Peters River 45 49 56 74 76 64| 48 53
Abbott Run Brook 0 0 0 0 0 0 34 of 72 0 30 0 0 0 0 0 0 0
(1) Events DW-01 to DW-06: All values analyzed by Mitkem were edited during quality control. Shown data were analyzed by Microinorganics. Dissolved Copper for Hardness (mg/l as CaCO ;)
(2) Events DW-07 to DW-18: Shown data averages of data largely analyzed by STL with some data from Microinorganics. Criteria 25 35 45 55 65
(3) Values below the RL were not included in calculations of means and standard deviations. Acute Criteria 3.6 5.0 6.3 7.7 9.0
7.8 Exceeds Acute Criteria Chronic Criteria 2.7 3.7 4.5 5.4] 6.2
5.5 Exceeds Chronic Criteria Reporting Limit: 1.0 ug/l (STL and Microinorganics)
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Figure 3-47: Dry Weather Dissolved Copper Acute and Chronic Criteria by Waterbody

Event No (DW-)] 1 2 3 4 | 5 6 7 8 9110|1112 13| 14|15 16| 17| 18
Waterbody/Station Mean Hardness (mg/)
Blackstone River 47 | 471411 48| 51|60]53]70|61]63]|72]169|63]|37|37]|46| 41| 44
Branch River 18 22 26 17
Mill River 35 37 35 42 48 40 | 27 35
Peters River 45 49 56 74 76 64 | 48 53
Abbott Run Brook 34 72 30
W-31 Cherry Brook 43 85 84
W-32 Front Street Drain 71 72 73
W-33 Sylvestre Pond Outflow 42 51 44
W-34 Blackstone Canal 51 64
W-35 Brook near Ann&Hope 79| 82| 84| 69
Acute Copper Criteria (ug/l)
Blackstone River 6.6|165]159|67]|71183]|74]196]84]187]99|94]|87]5.2|53]65]5.8]6.3
Branch River 2.7 3.2 3.8 2.5
Mill River 5.0 5.3 5.0 6.0 6.7 561 3.9 5.0
Peters River 6.3 6.8 7.7 10.1 10.3 8.8 6.7 7.4
Abbott Run Brook 4.9 9.9 4.5
W-31 Cherry Brook 6.1 11.5 11.4
W-32 Front Street Drain 9.7 9.9 10.0
W-33 Sylvestre Pond Outflow 5.9 7.1 6.2
W-34 Blackstone Canal 7.1 8.8
W-35 Brook near Ann&Hope 10.8|11.1|11.4] 9.5
Chronic Copper Criteria (ug/l)
Blackstone River 47147]|42]148|50]|58]52]66|58|6.1|168|65|6.1(3.8]|38|46|4.2|45
Branch River 2.1 2.5 2.8 2.0
Mill River 3.7 3.8 3.7 4.3 4.8 41129 3.7
Peters River 4.5 4.8 5.4 6.9 7.1 6.1]14.38 5.2
Abbott Run Brook 3.6 6.8 3.2
W-31 Cherry Brook 4.4 7.8 7.7
W-32 Front Street Drain 6.7 6.8 6.8
W-33 Sylvestre Pond Outflow 4.3 5.0 4.4
W-34 Blackstone Canal 5.0 6.1
W-35 Brook near Ann&Hope 7376|7765
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Figure 3-48: Dry Weather - Acute Criteria Dissolved Copper for July 21, 2005 (Event DW-07)
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Figure 3-49: Dry Weather - Acute Criteria Dissolved Copper for October 22, 2005 (Event DW-14)
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Figure 3-50: Dry Weather - Chronic Criteria Dissolved Copper for July 21, 2005 (Event DW-07)
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Figure 3-51: Dry Weather - Chronic Criteria Dissolved Copper for Oct. 22, 2005 (Event DW-14)
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Figure 3-52: Dissolved Copper Acute and Chronic Exceedances in Dry Weather

Copper Copper )
Station Acute Chronic Available Events
Exceedances | Exceedances (S_TL N )
Microinorganics)
W-01 Millville (MA/RI border) 2 9 15
W-23 Branch River 4
W-21 Singleton Street 3
W-22 Below Thundermist Dam 3
W-11 Mill River (MA/RI border) 6
W-12 Mill River (pre-culvert entry) 6
W-13 Mill River (confluence w/ BR) 6
W-14 Peters River (MA/RI border) 6
W-15 Peters River (pre-culvert entry) 6
W-16 Peters River (confluence w/ BR) 3
W-17 Hamlet Avenue 4
W-24 Woonsocket WWTF 2
W-02 Manville Dam 15
W-03 George Washington Hwy Bridge 1 3 15
W-04 Lonsdale Ave 15
W-25 Broad Street 3
W-26 Abbott Run Brook 3
W-05 Slaters Mill Dam 1 15
W-31 Cherry Brook 3
W-32 Front Street Drain 3
W-33 Sylvestre Pond Outflow 3
W-34 Blackstone Canal at Lonsdale 2
W-35 Brook near Ann&Hope 4
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Figure 3-53: Dry Weather Concentrations - Dissolved Lead

Conc. (ug/l) - Microinorganics Concentration (ug/l) - STL and Microinorganics (2) Statistics (Microinorg. & STL)
<
) HRE S18(88 e |8 e |s|2|2|8|8|a|8]8]8|8|¢ 2
: HHE S1E1S1815(3]3 (233|885 |8|2|&|&8|&]e|88|¢5]¢
s | % [3]|2]|E |rocation dlejaléd|d|N]laldala|ls|g| 8[| |85 )s|2E|E | |5
% & f—.g = % Event No. (DW-_ )| 1 2 3 4 5 6 7 8 9 10| 12 | 12| 13| 14 [ 15 | 16 | 17| 18 g 78 s s 3
W-01 [ Millville (MA/RI border) 0.41] 0.40| 0.46 0.24] 0.18| 0.28| 0.32 0.37] 0.29] 0.78] 1.30] 0.62] 0.52] 0.35] 0.34f 0.46 0.28] 0.18] 1.30 15
W-23 [ Branch River 0.67 0.62 0.29 0.40 0.50 0.18] 0.29| 0.67 4
W-21 [ Singleton Street 0.29 0.11 0.27 0.22 0.10] 0.11| 0.29 3
W-22 [ ] Below Thundermist Dam 0.47 0.10 0.25 0.27 0.19] 0.10| 0.47 3
W-11 [ Mill River (MA/RI border) 0.66 0.32 0.17 0.10{ 0.43 0.96 0.44 0.32] 0.10| 0.96 6
W-12 b [J Mill River (pre-culvert entry) 0.66 0.11 0.24 0.50f 0.43 0.95 0.48 0.30] 0.11] 0.95 7
W-13 § [d Mill River (confluence w/ BR) 0.80 0.31 0.29 0.25] 0.71 0.86 0.54 0.28] 0.25| 0.86 6
Ww-14 [ [ Peters River (MA/RI border) 0.39 <0.10 0.43 0.23| 0.25 0.78 0.42 0.22] <0.10| 0.78 6
W-15 [ Peters River (pre-culvert entry) 0.44 0.12 0.19 0.32 0.32 0.31 0.28 0.11] 0.12f 0.44 6
W-16 [ Peters River (confluence w/ BR) 0.10 0.18 0.18 0.15 0.05] 0.10| 0.18 3
W-17 [ ] Hamlet Avenue 0.27 <0.10 0.22 0.48 0.32 0.14] <0.10| 0.48 4
W-24 | ® |Woonsocket WWTF <0.10 0.10 0.10 <0.10{ 0.10 2
W-02 o~ [ Manville Dam 0.32] 0.35| 0.42 0.24]<0.10| <0.10| 0.24| 0.38] 0.21] 0.26] 1.3] 0.57| 0.46| 0.40] 0.36| 0.42 0.28] <0.10| 1.30 15
W-03 g [ George Washington Hwy Bridge 0.29] 0.32| 0.39 0.18|<0.10| <0.10| 0.18 0.13] 0.24] 0.15] 1.5] 0.72| 0.48| 0.39] 0.36( 0.38 0.36] <0.10| 1.50 15
W-04 i - [ Lonsdale Ave 0.35] 0.36] 0.36 0.20}<0.10| <0.10| 0.17 0.14] 0.27] 0.13] 1.4] 0.59] 0.48] 0.37] 0.39 0.35 0.33] <0.10| 1.40 15
W-25 S| e Broad Street 0.29 <0.10 0.17 0.23 0.09( <0.10f 0.29 3
W-26 § [ Abbott Run Brook 0.23 0.10 0.16 0.16 0.06/ 0.10f 0.23 3
W-05 [ Slaters Mill Dam 0.33] 0.29] 0.38 0.25|<0.10| <0.10| 0.21] 0.12] 0.23] 0.16] 1.4] 0.60] 0.46] 0.40] 0.45| 0.38 0.33] <0.10f 1.40 15
W-31 ® [Cherry Brook 1.8 0.55 0.36 0.89 0.76] 0.36| 1.77 3
W-32 | ® |Front Street Drain 0.26 <0.10 <0.10 0.15 0.15| <0.10f 0.26 3
W-33 ® |Sylvestre Pond Outflow 0.41 0.28 0.36 0.35 0.06] 0.28| 0.41 3
W-34 o~ @ |Blackstone Canal at Lonsdale 0.74 0.83 0.79 0.06] 0.74| 0.83 2
W-35 ™ ® [Brook near Ann&Hope 0.14| <0.10}<0.10f 0.19| 0.17 0.04] <0.10| 0.19 4
W-02 |- | (=W-02) |Duplicate 0.28] 0.33] 0.41
W-05 @|(=W-05) |Duplicate
W-01 (=W-01) |Duplicate
W-41 |4 (=W-11) |Duplicate 0.65 0.21 0.18 0.40 1.1
W-42 (=W-14) |Duplicate 0.63 0.14 1.90 0.11] 0.40
W-43 | ®|(=W-04) [Duplicate 0.23]<0.10] <0.10| 0.19 0.13] 0.23| 0.14] 1.4] 0.68| 0.46 0.49
Mean Hardness (mg/l) Blackstone River 47) 47 41] 48 51| 60 53] 70 61| 63 72| 69 63 37 37 46| 41 44
Branch River 18 22 26 17
Mill River 35 37 35 42 48 40 27 35
Peters River 45 49 56 74 76 64 48 53
Abbott Run Brook 34 72 30
(1) Events DW-01 to DW-06: All values analyzed by Mitkem were edited during quality control. Shown data were analyzed by Microinorganics. for Hardness (mg/l as CaCO3)
(2) Events DW-07 to DW-18: Shown data averages of data largely analyzed by STL with some data from Microinorganics. Dissolved Lead Criteria 25 35 45 55 65
(3) Values below the RL were not included in calculations of means and standard deviations. Acute Criteria 13.9 20.3 26.8 33.5 40.3
7.8 Exceeds Acute Criteria Chronic Criteria 0.54 0.79 1.04 1.31 1.57

5.5 Exceeds Chronic Criteria

Sample likely affected by entrained water from the Blackstone River.

Reporting Limit: 0.1 ug/I (STL and Microinorganics)
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Figure 3-54: Dry Weather Dissolved Lead Acute and Chronic Criteria by Waterbody

Event No (DW-_) l| 2| 3| 4| 5| 6| 7| 8| 9|10|11|12|13|l4|15|16|17|18
Water Body/Station Mean Hardness (mg/l)
Blackstone River 47 | 47 | 41 | 48 | 51 | 60 | 53 | 70 | 61 | 63 | 72 | 69 | 63 | 37 | 37 | 46 | 41 | 44
Branch River 18 22 26 17
Mill River 35 37 35 42 48 40 | 27 35
Peters River 45 49 56 74 76 64 | 48 53
Abbott Run Brook 34 72 30
W-31 Cherry Brook 43 85 84
W-32 Front Street Drain 71 72 73
W-33 Sylvestre Pond Outflow 42 51 44
W-34 Blackstone Canal 51 64
W-35 Brook near Ann&Hope 79 | 82 | 84 | 69
Acute Lead Criteria (ug/l)
Blackstone River 28 | 28 | 24 | 29 | 31 | 37 | 32 | 43| 37 | 39| 45| 43 | 39 | 21| 22 | 27 | 24 | 26
Branch River 10 8 10 5
Mill River 20 22 20 25 29 23 | 15 20
Peters River 27 29 34 46 48 40 | 29 32
Abbott Run Brook 20 45 17
W-31 Cherry Brook 25 54 53
W-32 Front Street Drain 44 45 46
W-33 Sylvestre Pond Outflow 25 31 26
W-34 Blackstone Canal 31 40
W-35 Brook near Ann&Hope 50 | 52 | 53 | 43
Chronic Lead Criteria (ug/l)
Blackstone River 1.0911.09/095]|1.12(1.20|1.44]1.26]1.69|1.45|1.52|1.77|1.67|1.53]|0.83]|0.84]1.07|0.95| 1.03
Branch River 0.37 0.30 0.40 0.20
Mill River 0.80 0.84 0.79 0.98 1.12 0.91]0.58 0.80
Peters River 1.04 1.14 1.32 1.80 1.86 1.54|1.12 1.25
Abbott Run Brook 0.76 1.76 0.66
W-31 Cherry Brook 0.99 211 2.08
W-32 Front Street Drain 1.73 1.76 1.78
W-33 Sylvestre Pond Outflow 0.97 1.20 1.02
W-34 Blackstone Canal 1.20 1.54
W-35 Brook near Ann&Hope 1.95]2.03| 2.08| 1.68
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Figure 3-55: Dry Weather - Acute Criteria Dissolved Lead for July 21, 2005 (Event DW-07)
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Figure 3-56: Dry Weather Acute Criteria Dissolved Lead for October 22, 2005 (Event DW-14)
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Figure 3-57: Dry Weather - Chronic Criteria Dissolved Lead for July 21, 2005 (Event DW-07)
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Figure 3-58: Dry Weather - Chronic Criteria Dissolved Lead for October 22, 2005 (Event DW-14)
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Figure 3-59: Dissolved Lead Acute and Chronic Exceedances in Dry Weather

Station Lead Acute IC_:iE:gnic Available Events
Exceedances Exceedances (STL + _
Microinorganics)
W-01 Millville (MA/RI border) 1 15
W-23 Branch River 3 4
W-21 Singleton Street 3
W-22 Below Thundermist Dam 3
W-11 Mill River (MA/RI border) 1 6
W-12 Mill River (pre-culvert entry) 1 6
W-13 Mill River (confluence w/ BR) 2 6
W-14 Peters River (MA/RI border) 6
W-15 Peters River (pre-culvert entry) 6
W-16 Peters River (confluence w/ BR) 3
W-17 Hamlet Avenue 4
W-24 Woonsocket WWTF 2
W-02 Manville Dam 1 15
W-03 George Washington Hwy Bridge 1 15
W-04 Lonsdale Ave 1 15
W-25 Broad Street
W-26 Abbott Run Brook 3
W-05 Slaters Mill Dam 1 15
W-31 Cherry Brook 1 3
W-32 Front Street Drain 3
W-33 Sylvestre Pond Outflow 3
W-34 Blackstone Canal at Lonsdale 2
W-35 Brook near Ann&Hope 4
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Figure 3-60: Dry Weather Loads - Dissolved Copper

Mass (Ibs/day) - Microinorganics Mass (Ibs/day) - STL and Microinorganics Statistics
| |2

I 3

| HE sl |2 |8 |s(8s a2 |28 |8 |88 |8 |8|8]| B

S &lz|2 szl |&|2|s| |2l S |S|sle|Z2|slz|8|s5]|8]| &
S| [2|21E |Lcan 3 I R - - A ARG I B v A I = I - I < e S
E 2 S a2 E Location - I - N o | « N %) - N - N N N 1N N N - s ; 5
& & nlEls Event No. DW-_ )| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 =2 |8
W-01 [ Millville (MA/RI border) 10.32] 16.02| 6.91 6.38 [3.79| 3.74 | 290| 3.30 | 4.39| 4.61 | 46.49 | 18.48 | 13.59 | 18.30 | 27.42 || 4.47 | 3
W-23 ° Branch River 0.469 0.090 0.058 0.114 0.206 | 3
W-21 (] Singleton Street 5.46 3.12 2.54 3.70 | 3
W-22 [ Below Thundermist Dam 5.97 3.20 2.42 3.86 3
W-11 ° Mill River (MA/RI border) 0.124 0.034 0.027 0.089 | 1.217 0.753 0.062 | 3
W-12 ol ° Mill River (pre-culvert entry) 0.139 === 0.034 0.114 | 1.379 0.765 0.086 | 3
W-13 § ° Mill River (confluence w/ BR) 0.152 0.035 0.034 0.229| 1.379 0.677 0.073 | 3
w-14 | ° Peters River (MA/RI border) 0.034 0.026 0.043 | 0.470 0.286 0.030 | 3
W-15 [ Peters River (pre-culvert entry) 0.041 0.009 0.035 0.061 | 0.536 0.177 0.028 | 3
W-16 ° Peters River (confluence w/ BR) 0.007 0.029 0.044 0.018 | 3
W-17 ° Hamlet Avenue 5.18 3.16 2.71 16.66 368 | 3
W-24 - ® |Woonsocket WWTF 0.44 0.42 0.43 3
W-02 ~ ° Manville Dam 11.05] 16.33| 7.93 571 [3.99| 3.81 |4.42| 3.35 |4.34| 487 | 57.29 | 23.84| 15.95 | 24.76 | 37.07 || 429 | 3
W-03 g ° George Washington Hwy Bridge 12.881 16.87| 8.51 6.81 [4.54| 3.87 | 3.37| 294 |4.31| 7.33 | 61.26 | 29.26 | 17.03 | 26.33 | 44.70 || 454 | 3
W-04 i [ Lonsdale Ave 13,51 17.75| 7.51 573 [4.19| 3.82 | 3.52| 2.79 | 464 414 | 61.74| 3191 | 17.76 | 28.38 | 46.98 | 412 | 3
W-25 g ° Broad Street 4.62 3.83 2.47 364 | 3
W-26 8| [e] [Abbott Run Brook 0.189 0189 | 3
W-05 [ Slaters Mill Dam 12.96] 16.70 | 8.83 7.28 [4.70| 4.06 | 420 3.27 |4.17]| 441 | 64.33| 27.19| 19.07 | 30.16 | 4581 | 487 | 3
W-31 ® |Cherry Brook 0.0090 0.0017 0.0005 0.0037 | 3
W-32 |~ ® |Front Street Drain 0.0102 - 0.0003 0.0053 | 2
W-33 ® |Sylvestre Pond Outflow 0.0102 0.0024 0.0003 0.0043| 3
W-34 N\ ® (Blackstone Canal at Lonsdale 0.0029 0.0015 0.0022| 2
W-35 \m ® |Brook near Ann&Hope 0.0109( 0.0025| 0.0035| 0.0066)| 0.0059 | 4

---  Loads not calculated as concentrations were below the reporting limit.
Sampling events used for statistical analyses.
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Figure 3-61: Dry Weather Loads - Dissolved Lead

Mass (Ibs/day) - Microinorganics Mass (Ibs/day) - STL and Microinorganics Statistics
= |E

HEE )

| z| |3 518|138 |s|8|s|s|28|8|8|8|s|8|8|8|8|8]| ¢

S HNE s|ls|l&@2|lz|2 s s|2l2|2|s|s|S|z|3a|g|s| % =
I . Sl 2|3 |22l 3 18 ls|e]l8|dlg|lelels]stle
= g S _g £ |Location = S b N = N N fae) b N = N ~ N & N ~ = 8 2 5
& ¢ |m|E § Event No. (DW-_)|| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 =0 8
W-01 [] Millville (MA/RI border) 1.28 | 1.69 | 1.06 0.216 | 0.090 | 0.139 | 0.158| 0.122 | 0.170| 0.444 | 11.19( 2.86 | 1.77 | 1.73 | 1.86 0.159 3
W-23 o Branch River 0.157 0.043 0.015 0.029 0.072 3
W-21 (] Singleton Street 0.337 0.064 0.104 0.168 3
W-22 [ Below Thundermist Dam 0.550 0.058 0.096 0.235 3
W-11 ° Mill River (MA/RI border) 0.039 0.009 0.003 0.006 | 0.20 0.28 0.017 3
W-12 = ] Mill River (pre-culvert entry) 0.040 0.003 0.003 0.030| 0.20 0.28 0.015 3
W-13 § o Mill River (confluence w/ BR) 0.049 0.009 0.007 0.015| 0.34 0.25 0.022 3
W-14 |® ° Peters River (MA/RI border) 0.008 0.006 0.005| 0.07 0.11 0.007 3
W-15 ] Peters River (pre-culvert entry) 0.009 0.001 0.003 0.007 | 0.09 0.05 0.004 3
W-16 [ Peters River (confluence w/ BR) 0.000 0.003 0.004 0.002 3
W-17 (] Hamlet Avenue 0.341 0.090 2.42 0.216 3
W-24 ® |Woonsocket WWTF -—- 0.005 0.005 3
w-oz| & [e Manville Dam 154 | 2.38 | 1.45 0.326 | --- --- 10.166] 0.179 | 0.163| 0.211 [ 16.19| 4.38 | 2.45 | 3.54 | 3.34 0.253 3
W-03 g [] George Washington Hwy Bridge 144 ] 225 | 1.38 0.250 | --- --- | 0.126| 0.062 | 0.188| 0.124 [ 19.14| 569 | 2.64 | 3.54 | 3.42 0.156 3
W-04 2 o Lonsdale Ave 1.75 | 2.56 | 1.29 0.280 | --- --- |0.120| 0.066 | 0.212| 0.108 [ 18.01| 4.71 | 2.66 | 3.39 | 3.74 0.173 3
w25 | | | % (] Broad Street 0.406 0.081 0.243 3
W-26 é ° Abbott Run Brook 0.033 0.019 0.027 0.027 3
W-05 [ Slaters Mill Dam 1.78 | 2.20 | 1.46 0.387 | -- --- ]0.200) 0.077 | 0.218 0.157 ({18.38| 5.10 | 2.74 | 3.89 | 4.58 0.232 3
Ww-31 ® |Cherry Brook 0.0057 0.0006 0.0001 0.0021 | 3
W-32 | = ® |Front Street Drain 0.0014 -—- -—- 0.0014 | 3
W-33 ® |Sylvestre Pond Outflow 0.0015 0.0005 0.0001 0.0007 3
W-34 o ® |Blackstone Canal at Lonsdale 0.0006 0.0004 0.0005 [ 2
W-35 ™ ® |Brook near Ann&Hope 0.0006f --- |0.0001| 0.0003| 0.0003 | 4

- Loads not calculated as concentrations were below the reporting limit.
Sampling events used for statistical analyses.
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Figure 3-62: Dry Weather Concentrations and Mass Loads - Rankings for Dissolved Copper

Concentration Mass Loading (Events DW-7, 9, 11)
RE mE
2 L 2 L
Tl s I
N HNE c BHEE c
s |2|ElE| : s |g|ElE| :
:@' 3|2 = [Location = :@ f_% -f—_’ g Location =
h |o|E[S ug/| h |m|E Ibs/day
W-24 ® Woonsocket WWTF 7.5 W-05| e Slaters Mill Dam 4.87
W-01|e Millville (MA/RI border) 5.7 W-03| ® George Washington Hwy Bridge | 4.54
W-22| e Below Thundermist Dam 5.6 W-01|e Millville (MA/RI border) 4.47
W-21|e Singleton Street 5.6 Ww-02| e Manville Dam 4.29
W-17 1 e Hamlet Avenue 4.8 W-04| @ Lonsdale Ave 4.12
W-25| e Broad Street 4.6 w-22| e Below Thundermist Dam 3.86
W-03| e George Washington Hwy Bridge 4.6 W-21| e Singleton Street 3.70
w-02| e Manville Dam 4.3 Ww-17| e Hamlet Avenue 3.68
W-04| @ Lonsdale Ave 4.3 W-25| e Broad Street 3.64
W-05| e Slaters Mill Dam 3.9 W-24 ® [\Woonsocket WWTF 0.43
W-34 ® (Blackstone Canal at Lonsdale 3.7 W-23 ® Branch River 0.21
W-35 ® |Brook near Ann&Hope 2.6 W-26 [ Abbott Run Brook 0.14
W-31 ® (Cherry Brook 2.4 W-12 o Mill River (pre-culvert entry) 0.086
W-13 o Mill River (confluence w/ BR) 2.4 W-13 [ Mill River (confluence w/ BR) 0.073
W-12 o Mill River (pre-culvert entry) 2.3 W-11 [ Mill River (MA/RI border) 0.062
W-15 o Peters River (pre-culvert entry) 2.1 W-14 [ Peters River (MA/RI border) 0.030
W-33 ® (Sylvestre Pond Outflow 1.9 W-15 o Peters River (pre-culvert entry) 0.028
W-11 o Mill River (MA/RI border) 1.9 W-16 ® Peters River (confluence w/ BR) | 0.018
W-16 o Peters River (confluence w/ BR) 1.9 W-35 ® [Brook near Ann&Hope 0.006
W-14 [ Peters River (MA/RI border) 1.9 W-33 ® |Sylvestre Pond Outflow 0.0043
W-32 ® (Front Street Drain 1.7 W-32 ® |Front Street Drain 0.0040
W-23 [ Branch River 15 W-31 ® [Cherry Brook 0.0037
W-26 o Abbott Run Brook 1.3 W-34 ® |Blackstone Canal at Lonsdale 0.0022
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Figure 3-63: Dry Weather Concentrations and Mass Loads - Rankings for Dissolved Lead

Concentration Mass Loading (Events DW-7, 9, 11)
of |2 5| |2
2l 1L 2 L
Tl s o <
g |53 . AHBE -
S |EEE| g S |2|E|E| g
§ E 2 § Location = § E 2 g Location =
0 |o|= ug/l n |m|+= Ibs/day
W-31 ®|Cherry Brook 0.89 W-02| @ Manville Dam 0.253
W-34 ® |Blackstone Canal at Lonsdale 0.79 W-25| @ Broad Street 0.243
W-13 ®| |Mill River (confluence w/ BR) 0.54 W-22| @ Below Thundermist Dam 0.235
W-23 ®| [Branch River 0.50 W-05| @ Slaters Mill Dam 0.232
W-12 ®| |Mill River (pre-culvert entry) 0.48 W-17| @ Hamlet Avenue 0.216
W-01|e Millville (MA/RI border) 0.46 W-04| @ Lonsdale Ave 0.173
W-11 ®| |Mill River (MA/RI border) 0.44 W-21| @ Singleton Street 0.168
W-14 ®| [Peters River (MA/RI border) 0.42 W-01| @ Millville (MA/RI border) 0.159
W-02 |e Manville Dam 0.38 W-03| @ George Washington Hwy Bridge 0.156
W-03 |e George Washington Hwy Bridge 0.36 W-23 [ Branch River 0.072
W-05 | e Slaters Mill Dam 0.36 W-26 [ Abbott Run Brook 0.027
W-04 |e Lonsdale Ave 0.35 W-13 [ Mill River (confluence w/ BR) 0.022
W-33 @ |Sylvestre Pond Outflow 0.35 W-11 ° Mill River (MA/RI border) 0.017
W-17 | e Hamlet Avenue 0.32 W-12 [ Mill River (pre-culvert entry) 0.015
W-15 ®| [Peters River (pre-culvert entry) 0.28 W-14 [ Peters River (MA/RI border) 0.0070
Ww-22 |e Below Thundermist Dam 0.27 W-24 ® |Woonsocket WWTF 0.0053
W-21|e Singleton Street 0.22 W-15 (] Peters River (pre-culvert entry) 0.0042
W-25 | e Broad Street 0.17 W-31 ® |Cherry Brook 0.0021
W-35 ®|Brook near Ann&Hope 0.17 W-16 [ Peters River (confluence w/ BR) 0.0021
W-26 ®| [Abbott Run Brook 0.16 W-32 ® |Front Street Drain 0.0014
W-16 ®| |Peters River (confluence w/ BR) 0.15 W-33 ® |Sylvestre Pond Outflow 0.0007
W-32 @ [Front Street Drain 0.15 W-34 ® |Blackstone Canal at Lonsdale 0.0005
W-24 ® |\Woonsocket WWTF 0.10 W-35 ® |Brook near Ann&Hope 0.0004
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Figure 3-64: Dry Weather Dissolved Copper Concentrations - Comparison between BTMDL
(2005) and BRI (1991)
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Figure 3-65: Dry Weather Dissolved Lead Concentrations - Comparison between BTMDL (2005)
and BRI (1991)
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Figure 3-66: Dry Weather Concentrations - Dissolved Oxygen

Concentration (mg/l) Statistics
5| |<
= L

) HlE LA A RS R A A R SR A R A AR 2 -

: 58| 5 E

S | & [¥]|Z]|E |Location glolalgle|s|al|s|alg|s|g||[8[&|d|8|[5) s |28 E|E]|E

& e |al= § EventNo.OW-_)| 2 | 2 | 3| 4 | 5| 6 | 7| 8| 9 |01t 12| 3|15 7|e]| & | S8 &3
W-01 ° Millville (MA/RI border) 12.3] 9.6| 9.7| 8.8 8.1 9.0 9.3|]10.2 7.4 85| 7.1]10.0| 8.0]10.1| 12.6| 14.7]| 13.4| 12.9|| 10.1 2.2 7.1 147 18
W-23 (] Branch River 8.0 8.4 7.8] 9.5 8.8 8.5 0.7 7.8 9.5 5
W-21 [ Singleton Street 9.9 8.7 8.8 9.1 0.7 8.7 9.9 3
W-22 (] Below Thundermist Dam 8.5 8.0 9.1 8.5 0.6 8.0 9.1 3
W-11 ° Mill River (MA/RI border) 13.2 8.5 7.4 7.4 8.2 9.3| 8.8]10.7 15.0 9.8 2.7 7.4 15.0 9
W-12 - [ Mill River (pre-culvert entry) 13.2 9.0 7.5 8.7 8.3| 9.3 8.7|10.7 15.1 10.1 25 75| 15.1 9
W-13 % ° Mill River (confluence w/ BR) 12.8 7.8 8.0 8.3] 9.5 9.0/ 10.8 15.2 10.2 2.6 7.8] 15.2 8
W-14 & ° Peters River (MA/RI border) 12.8 7.2 5.5 4.7 49| 6.8 4.8/ 8.8 135 7.7 3.4 47| 135 9
W-15 ° Peters River (pre-culvert entry) 125 9.3 8.2 8.2 8.4] 9.6/ 9.3]11.8 15.3 10.3 2.4 8.2] 15.3 9
W-16 ° Peters River (confluence w/ BR) 12.6 7.7 8.2 8.9 9.3 2.2 7.7 12.6 4
W-17 [ Hamlet Avenue 13.2 9.3 9.1 9.6 10.1 15.4 11.1 2.6 9.1] 154 6
W-24 | || ® |Woonsocket WWTF 8.2 8.2 8.2 8.2 1
W-02 ~ [ Manville Dam 13.3| 8.8 9.8 9.1 8.1|10.2| 9.4| 13.0|{ 11.0( 8.4 8.4] 9.8| 9.2| 11.0| 13.3| 16.3| 13.3| 13.5[ 10.9 2.3 8.1 16.3 18
W-03 g ® George Washington Hwy Bridge 12.6] 8.4 8.9| 9.8 9.0/ 8.0| 9.2| 8.7 8.2 79| 81| 9.6] 9.2 11.3| 13.5| 16.9] 13.7| 13.7|| 10.4 2.6 7.9 16.9 18
W-04 im [ Lonsdale Ave 13.6| 9.7|{10.0f10.1| 9.3| 7.3]10.0f 9.8 7.5 7.7] 9.1] 9.5|10.1| 11.7| 13.4| 16.8]| 13.5| 13.6|| 10.7 25 7.3| 16.8 18
W-25 s e Broad Street 9.8 8.1 10.2 9.4 1.1 8.1 10.2 3
W-26 § (] Abbott Run Brook 7.0 7.4 8.1 7.5 0.6 7.0 8.1 3
W-05 [ Slaters Mill Dam 13.3] 8.7{10.1| 9.8 9.4 7.6] 84| 9.2 8.7 84| 7.7| 9.8] 9.1 11.5|13.6| 17.1]| 13.8| 13.7|[ 10.5 2.7 76 17.1 18
W-31 ® |Cherry Brook 7.4 6.7 7.2 7.1 0.4 6.7 7.4 3
W-32 |+ ® |Front Street Drain 9.0 9.2 9.8 9.3 0.4 9.0 9.8 3
W-33 ® |Sylvestre Pond Outflow 8.5 6.6 7.4 7.5 1.0 6.6 8.5 3
W-34 o~ ® |Blackstone Canal at Lonsdale 6.8 5.8 6.3 0.7 5.8 6.8 2
W-35 ™ ® |Brook near Ann&Hope 9.7| 12.3] 10.5| 11.0f 10.9 1.1 9.7] 12.3 4
W-02 [<&] |(=W-02) |Duplicate
W-05 ®|[(=W-05) |Duplicate
W-01 (=W-01) |Duplicate
W-41 | (=W-11) |Duplicate
W-42 (W-14) |Duplicate
W-43 | ®|(=W-04) |Duplicate
Water Quality Criteria (Class B and B1):
Instantaneous minimum concentration of at least 5 mg/l, and 7-day man of at least 6 mg/I.
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Figure 3-67: Dry Weather - Temperature

Temperature (°C) Statistics
5| |<
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. HRE ARSI AR A R A A A R R R A R

E 28| 5| ¢

2 | S |Z]3]|E |Location glelalgle|s|als|alg|s|g||[8[&|d |85 s |28 E|E]| S

& e |zl=|2 EventNo.OW-_ )| 1 | 2 | 3| 4 | 5 | 6 | 7 | 8| 9 |10 1| 12|13|14]|15]|w6]27|18] £ | 28| S| &/ 3§
W-01 ° Millville (MA/RI border) 4.0] 16.0{ 16.0| 14.0| 23.0| 26.0| 26.5| 18.0| 26.0| 21.0] 22.0| 18.5| 20.5| 11.3| 6.8/ 1.0 1.6| 5.5/ 15.4 8.5 1.0l 26.5 18
W-23 ° Branch River 28.0 27.0 23.0[ 20.0{ 21.2 23.8 3.5| 20.0] 28.0 5
W-21 [ Singleton Street 27.5 27.0 23.0 25.8 25| 23.0] 27.5 3
W-22 ® Below Thundermist Dam 27.0 27.0 22.0 25.3 29| 220 27.0 3
W-11 ° Mill River (MA/RI border) 3.0 27.0 29.5 29.5 26.5( 20.5| 20.8] 12.4 1.2 18.9 11.0 1.2 29.5 9
W-12 - ° Mill River (pre-culvert entry) 3.0 27.0 28.0 28.0 26.0{ 19.8] 21.9] 12.2 14 18.6 10.6 14| 28.0 9
W-13 § ° Mill River (confluence w/ BR) 3.0 29.0 28.5 22.0{ 20.2| 21.6] 12.3 1.2 17.2 10.7 1.2 29.0 8
W-14 & ° Peters River (MA/RI border) 3.0 24.0 24.5 24.0 21.0{ 20.0{ 18.3] 9.0 0.5 16.0 9.4 0.5] 245 9
W-15 ° Peters River (pre-culvert entry) 4.0 24.0 25.5 27.0 23.0| 18.5[ 20.6] 9.2 0.8 17.0 9.8 0.8] 27.0 9
W-16 ° Peters River (confluence w/ BR) 4.5 25.0 23.0 19.9 18.1 9.3 45| 25.0 4
W-17 ° Hamlet Avenue 4.0 22.0 27.0 27.5 24.0 1.0 17.6 11.9 1.0] 275 6
W-24 | || ® |Woonsocket WWTF 22.0 22.0 22.0] 22.0 1
W-02 ~ ° Manville Dam 7.0] 18.0[ 15.5| 14.5| 21.0] 26.0| 27.0| 20.0| 28.5( 23.0( 24.0] 20.0| 21.0] 11.7| 5.9 1.0 2.2 4,7 16.8 8.6 1.0] 285 17
W-03 g [ George Washington Hwy Bridge 5.0] 16.2| 16.0| 14.0] 22.0] 25.0| 27.0| 20.5| 27.0( 23.5| 24.0{ 20.0| 20.5| 11.8| 6.1| 1.0 2.1| 4.9| 15.9 8.8 1.0] 27.0 18
W-04 im [ Lonsdale Ave 5.0| 18.0f 16.0| 15.0| 25.5| 25.0| 28.0| 20.0| 26.5| 23.0] 25.0| 20.0{ 20.6| 11.8| 6.1 1.1] 2.1| 5.1 16.3 9.0 1.1] 28.0 18
W-25 S| e Broad Street 29.0 21.0 26.0 25.3 4.0 21.0] 29.0 3
W-26 § (] Abbott Run Brook 27.5 20.0 23.5 23.7 3.8 20.0] 275 3
W-05 [ Slaters Mill Dam 5.0] 17.0[ 16.0f 14.5| 25.0| 25.0| 27.5| 19.5| 20.0( 23.0f 25.0f 19.8]| 20.9] 12.0|] 6.8 1.3| 2.3| 5.2 15.9 8.5 1.3] 275 18
W-31 ® |Cherry Brook 23.5 22.0 19.0 215 2.3] 19.0] 235 3
W-32 |+ @ |Front Street Drain 16.0 16.5 16.0 16.2 0.3] 16.0] 16.5 3
W-33 @ |Sylvestre Pond Outflow 26.5 25.5 23.0 25.0 1.8 23.0] 26.5 3
W-34 N ® |Blackstone Canal at Lonsdale 28.0 19.5 23.8 6.0 19.5] 28.0 2
W-35 ™ ® |Brook near Ann&Hope 13.4] 84| 7.7 9.8 9.8 2.5 7.7 13.4 4
W-02 [<&] |(=W-02) |Duplicate
W-05 ®|[(=W-05) |Duplicate
W-01 (W-01) |Duplicate
W-41 |4 (=W-11) |Duplicate
W-42 (W-14) |Duplicate
W-43 N|®|(=W-04) |Duplicate
Water Quality Criteria (Class B and B1):
No criteria for receiving water, only for anthropogenic discharges.
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Rhode Island Department of Environmental Management

Water Quality — Blackstone River
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Figure 3-68: Dry Weather - Specific Conductance

Concentration (uS/cm) Statistics
@

; ANE 181215 (8|8 (8|2|2|2|2]s|8|5|28]2

: S1E12|215|313(2|3|3|8|3|8|8|2(8/5]¢ 58| 5|

2 | & |5|2|E |ocation glelalldlsla|s|algl3lg|c|d|a|d|a|5)s |28 E| E]|cE

% & f—.; El= EventNo.OW-_) 1 [ 2 | 3| 4| 5| 6 7 8| 9101212131415 16| 27| 18] & %8 s g 8
W-01 ° Millville (MA/RI border) 380| 380| 198| 340| 460| 450 450| 400( 370| 450| 475| 445| 460| 220| 175| 220 220| 260f 353 107 175| 475 18
W-23 ® Branch River 165 200 150] 195| 202 182 23 150 202 5
W-21 ° Singleton Street 480 200 400 360 144 200| 480 3
W-22 ° Below Thundermist Dam 460 450 400 437 32| 400 460 3
W-11 ® Mill River (MA/RI border) 200 320 345 395 260] 280| 270| 180 185 271 74 180 395 9
W-12 | [ Mill River (pre-culvert entry) 210 330 335 395 280| 290| 280| 190 190 278 71 190 395 9
W-13 § ® Mill River (confluence w/ BR) 210 340 410 260] 310| 282| 190 190 274 78 190| 410 8
Ww-14 | ® Peters River (MA/RI border) 240 360 415 650 350| 420| 410| 240 200 365 136 200 650 9
W-15 [ Peters River (pre-culvert entry) 240 375 445 600 425| 280| 410| 240 200 357 129] 200( 600 9
W-16 [ Peters River (confluence w/ BR) 285 550 420 415 418 108] 285 550 4
W-17 [ ] Hamlet Avenue 310 300 416 550 430 185 365 127 185 550 6
W-24 L ® |Woonsocket WWTF 1,000 420 710 410| 420 1,000 2
W-02 o~ [ ] Manville Dam 370| 315( 255| 300| 400| 490] 475| 450| 600| 485| 430] 445| 440| 200| 140| 190( 208| 230 357 131 140 600 18
W-03 g [ George Washington Hwy Bridge 340| 325| 260| 310| 390| 470| 465 400| 550| 440| 430| 435 420| 195| 140| 195| 215| 222 345 118 140| 550 18
W-04 im [ Lonsdale Ave 345| 335| 260| 295 370| 420 460| 450( 390| 440| 440| 432| 420| 200| 140| 200 225| 220 336 105| 140 460 18
W-25 <l o Broad Street 450 420 440 437 15 420( 450 3
W-26 § [ Abbott Run Brook 225 215 140 193 46| 140 225 3
W-05 [ Slaters Mill Dam 260| 320| 255| 310| 365| 445| 440( 400[ 490| 420| 420| 390 420| 200| 150| 200| 225| 212 329 105 150| 490 18
W-31 ® (Cherry Brook 320 500 390 403 91 320 500 3
W-32 | ® |Front Street Drain 390 400 305 365 52| 305/ 400 3
W-33 ® [Sylvestre Pond Outflow 310 395 220 308 88[ 220| 395 3
W-34 N ® |Blackstone Canal at Lonsdale 420 450 435 21| 420 450 2
W-35 ™ ® [Brook near Ann&Hope 350| 270| 275| 350] 311 45 270] 350 4
W-02 | & [(=W-02) |Duplicate
W-05 ®|(=W-05) |Duplicate
W-01 (=W-01) [Duplicate
W-41 | 4 (=W-11) |Duplicate
W-42 (=W-14) [Duplicate
W-43 N ®|(=W-04) [Duplicate
Water Quality Criteria (Class B and B1): None.
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Figure 3-69: Dry Weather - Hardness

Water Quality Criteria (Class B and B1): None.

Reporting Limit: 4 mg/I

5 Concentration (mg/l) - Mitkem Concentration (mg/l) - STL Statistics
gl |8
AR S1elE|2|51313|2|3|2|8|8|8|8]2|8|5|¢8 se|l 5|z
= g (8|3 % Location glolaldlg|alalslala|3|g|2|d[d|a|n|5]§|ES| £ |55
I o | &= o} S 9 = 3 2
) x ol = Event No. (DW-_)f| 1 2 3 4 5 6 7 8 9 10| 11| 12 ] 13| 14| 15| 16 | 17 | 18 = &h o s s O
W-01 O Millville (MA/RI border) 54| 52| 46| 52| 59| 63| 62| 68| 67] 66| 79| 71| 66] 41| 41| 52| 45| 48 57 11.0 41 79 18
W-23 [ Branch River 18 22 26 17 21 4.1 17 26 4
W-21 [ ) Singleton Street 49 56 60 55 5.6 49 60 3
W-22 [J Below Thundermist Dam 52 56 67 58 7.8 52 67 3
W-11 ) Mill River (MA/RI border) 34 33 32 37 40 371 26 35 34 4.2 26 40 8
W-12 . [ Mill River (pre-culvert entry) 36 41 37 47 55 44 28 36 41 8.2 28 55 8
W-13 § ® Mill River (confluence w/ BR) 36 36 43 49 38| 26 35 38 7.1 26 49 7
W-14 | ° Peters River (MA/RI border) 46 48 53 74 72 63| 48 53 57 11.1 46 74 8
W-15 [ ] Peters River (pre-culvert entry) 47 49 58 73 77 64| 48 53 59 11.6 47 77 8
W-16 ® Peters River (confluence w/ BR) 42 74 78 65 65 16.1 42 78 4
W-17 ® Hamlet Avenue 44 48 52 56 66 42 51 8.8 42 66 6
W-24 | | | ® |Woonsocket WWTF 160 150 155 7.1] 150 160 2
W-02 oY ® Manville Dam 45| 43| 40| 44| 50| 59| 56| 67| 69| 66| 74| 71| 67| 37| 35| 45| 38| 43 53 13.3 35 74 18
W-03 z [ George Washington Hwy Bridge 45| 44| 42| 48| 48| 57| 53| 70| 70| 61| 76| 68| 61| 37| 35| 45| 40 44|| 52 12.6 35 76 18
W-04 ﬁ ol ® Lonsdale Ave 46| 46| 38| 47| 50| 60| 46| 72| 70| 62| 78| 70| 62| 35| 37| 46| 40| 43 53 135 35 78 18
W-25 S| e Broad Street 57 33 74 55 20.6 33 74 3
W-26 é [ Abbott Run Brook 34 72 30 45 23.2 30 72 3
W-05 ® Slaters Mill Dam 46| 48| 41| 49| 50| 61| 54| 71| 68| 61| 77| 64| 61| 34| 37| 46| 43| 44 53 12.2 34 77 18
W-31 ® |Cherry Brook 43 85 84 71 24.0 43 85 3
W-32 |~ ® |Front Street Drain 71 72 73 72 1.0 71 73 3
W-33 ® |Sylvestre Pond Outflow 42 51 44 46 4.7 42 51 3
W-34 [ ® |Blackstone Canal at Lonsdale 51 64 58 9.2 51 64 2
W-35 ™ ® |Brook near Ann&Hope 79| 82 84| 69 79 6.7 69 84 4
W-02 || & |(=W-02) |Duplicate 43 37| 45 59
W-05 ®|(=W-05) |Duplicate 47
W-01 (=W-01) |Duplicate 53
W-41 |4 (=W-11) [Duplicate 33 36 39 26 35
W-42 (=W-14) [Duplicate 58 72 71 64| 50
W-43 | ®|(=W-04) |Duplicate 56] 71 69| 62| 75] 70| 58] 32| 36| 46[ 41| 43
Mean Hardness (mg/l) Blackstone River 47| 47| 41| 48| 51 60| 53] 70| 61] 63| 72| 69| 63| 37| 37| 46| 41| 44 53
Branch River 18 22 26 17 21
Mill River 35 37 35 42 48 40| 27 35 37
Peters River 45 49 56 74 76 64| 48 53 58
Abbott Run Brook 34 72 30 45
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Rhode Island Department of Environmental Management

Water Quality — Blackstone River
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Figure 3-70: Dry Weather - Turbidity

Turbidity (NTU) Statistics
5| |<
= 2

. HNE ARSI A AR A R A A A R A A R

E 28| 5| ¢

2 | g |Z]3]|E |Location glglalgle|s|al|s|alg|s|g|[8[&|d|8|[5) s |28 E|E]|E

7 e zl|El2 EventNo.OW-_ )| 1 | 2 | 3| 4 | 5 | 6 | 7 | 8 | 9 |10 1| 12|13|14|15]|w6]27|18] £ | 28| 5| & | 3§
W-01 ° Millville (MA/RI border) 22| 24| 18] 32| 1.8/ 35 3.2 32| 2.4] 38| 05| 36/ 1.7] 0.6|] 2.5| 2.8/ 1.4| 1.6 2.3 1.0 0.5 3.8 18
W-23 ® Branch River 1.0 0.9 0.4 1.2 0.9 0.3 0.4 1.2 4
W-21 [ Singleton Street 4.5 3.9 0.3 2.9 2.3 0.3 4.5 3
W-22 ® Below Thundermist Dam 3.3 3.8 0.4 25 1.9 0.4 3.8 3
W-11 ° Mill River (MA/RI border) 1.5 1.2 1.7 1.8 1.5 0.9] 0.7 1.4 1.3 0.4 0.7 1.8 8
W-12 - [ Mill River (pre-culvert entry) 1.5 1.2 2.0 1.7 0.5 0.7] 11 1.8 13 0.5 0.5 2.0 8
W-13 § ° Mill River (confluence w/ BR) 1.8 2.3 2.4 0.6 1.4 0.6 1.7 1.5 0.7 0.6 2.4 7
Ww-14 |® ® Peters River (MA/RI border) 1.4 1.9 3.1 2.8 0.4 1.5] 05 1.4 1.6 1.0 0.4 3.1 8
W-15 ° Peters River (pre-culvert entry) 1.3 2.9 3.3 1.1 0.4 12| 10 1.1 15 1.0 0.4 3.3 8
W-16 ° Peters River (confluence w/ BR) 15 25 0.3 0.9 1.3 0.9 0.3 2.5 4
W-17 [ ] Hamlet Avenue 2.8 1.7 3.1 4.3 0.5 2.1 2.4 1.3 0.5 4.3 6
W-24 C ® |Woonsocket WWTF 2.5 0.8 1.7 1.2 0.8 2.5 2
W-02 o~ ® Manville Dam 22| 22| 20| 20| 2.0] 44 40| 70| 6.8] 44| 03] 2.6/ 1.1] 1.2 2.0] 52 1.9 0.9 2.9 2.0 0.3 7.0 18
W-03 g [J George Washington Hwy Bridge 21| 2.2 1.8] 2.2 2.2 3.1 4.2 6.7 39| 23| 0.2 23] 1.7] 21| 1.7 2.0] 14| 1.2 2.4 1.4 0.2 6.7 18
W-04 i - ® Lonsdale Ave 23| 19| 19] 19| 2.2 35 3.3] 69| 3.6/ 2.0 0.3] 24| 1.1] 3.6/ 1.8] 3.4 14| 1.2 2.5 1.5 0.3 6.9 18
W-25 s|® Broad Street 4.3 1.3 1.4 2.3 1.7 1.3 4.3 3
W-26 § ® Abbott Run Brook 1.3 35 0.6 1.8 1.5 0.6 35 3
W-05 [J Slaters Mill Dam 3.0 2.2 19| 21| 25| 3.7 3.6/ 57| 3.8] 23] 03] 23] 1.6 3.9] 3.6/ 2.6/ 1.5 1.0 2.6 1.3 0.3 5.7 18
W-31 ® |Cherry Brook 2.8 2.7 0.6 2.0 1.2 0.6 2.8 3
W-32 | ® |Front Street Drain 0.5 0.3 0.2 0.3 0.2 0.2 0.5 3
W-33 @ |Sylvestre Pond Outflow 9.5 3.2 0.5 4.4 4.6 0.5 9.5 3
W-34 ~ ® |Blackstone Canal at Lonsdale 6.3 6.0 6.1 0.2 6.0 6.3 2
W-35 ™ ® |Brook near Ann&Hope 0.6] 0.9] 0.6 7.5 2.4 3.4 0.6 7.5 4
W-02 |=a| [(=w-02) |Duplicate 22| 18] 2.0| 35 35
W-05 ®[(=W-05) |Duplicate 2.4
W-01 (W-01) |Duplicate 2.6 2.2
W-41 |4 (=W-11) [Duplicate 2.0 1.8 0.7 1.7 15
W-42 (=W-14) [Duplicate 35 2.9 1.0 19| 1.1
W-43 A ®|(=W-04) |Duplicate 3.9 7.1 4.0] 1.4] 03] 2.6 1.5 4.0] 2.1} 2.7{ 1.1] 1.1

Water Quality Criteria (Class B and B1): Not to exceed 10 mg/l over background.
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Figure 3-71: Dry Weather Concentrations - Chloride

Concentration (mg/l) Statistics
@

) HNE AL A RS R A AR SR A R A AR A -

: B85 E

2 | ¢ |Z]3]|5 |Location glelalgle|s|al|s|alg|s|g|f|[8[&|d|x|[5) s |28 E|E]|E

& e z|El2 EventNo.OW-_ )| 1 | 2 | 3| 4 | 5 | 6 | 7 | 8| 9 |01 |12|13|14]|15]|w6]27|18] £ | 28| S| &/ 3§
W-01 ° Millville (MA/RI border) 187] 97| 83| 87| 81| 93| 96| 78| 64| 125| 100| 103| 88| 44| 26| 47| 41| 16 81 39 16| 187 18
W-23 (] Branch River 39 22 37 32 32 8 22 39 4
W-21 [ Singleton Street 88 57 92 79 19 57 92 3
W-22 ® Below Thundermist Dam 84 55 97 79 21 55 97 3
W-11 ° Mill River (MA/RI border) 102 69 72 43 65 54| 42 43 61 21 42| 102 8
W-12 = [ Mill River (pre-culvert entry) 107 64 69 42 59 51] 41 41 59 22 41] 107 8
W-13 % ° Mill River (confluence w/ BR) 106 75 44 70 50| 41 42 61 24 41 106 7
W-14 & ° Peters River (MA/RI border) 119 77 86 70 104 76| 57 41 79 25 41] 119 8
W-15 ° Peters River (pre-culvert entry) 123 79 88 69 112 79] 58 44 81 26 44| 123 8
W-16 ° Peters River (confluence w/ BR) 119 68 110 78 94 24 68| 119 4
W-17 ® Hamlet Avenue 163 73 86 55 97 39 85 43 39| 163 6
W-24 | || ® |Woonsocket WWTF 143 156 150 9] 143] 156 2
W-02 ~ ® Manville Dam 142] 82| 72| 75| 69| 95| 87| 62| 60 115 97| 94| 80| 41| 13| 42| 39| 15 71 33 13| 142 18
W-03 g ® George Washington Hwy Bridge 153| 87| 68| 76| 67| 90| 95| 77| 62| 116/ 96| 92| 74| 40| 13| 41| 37| 14 72 35 13| 153 18
W-04 i - [ Lonsdale Ave 148| 89| 73| 78| 74| 96| 86| 78| 63| 110 94| 88| 73| 40| 11| 42| 38| 13 72 34 11| 148 18
W-25 s e Broad Street 89 25 96 70 39 25 96 3
W-26 § ° Abbott Run Brook 48 61 37 49 12 37 61 3
W-05 [ Slaters Mill Dam 175| 89| 68| 77| 72| 97| 86| 75| 62| 156/ 95| 81| 76| 41| 13| 44| 42| 12 76 41 12| 175 18
W-31 ® |Cherry Brook 77 69 112 86 23 69| 112 3
W-32 |~ ® |Front Street Drain 90 53 88 77 21 53 90 3
W-33 ® |Sylvestre Pond Outflow 62 44 59 55 9 44 62 3
W-34 o~ ® |Blackstone Canal at Lonsdale 85 64 74 15 64 85 2
W-35 ™ ® |Brook near Ann&Hope 18| 36| 38| 14 26 12 14 38 4
W-02 | & [(=W-02) [Duplicate 84 68| 76| 72| 96
W-05 ®|[(=W-05) |Duplicate 189
W-01 (=W-01) |Duplicate 171 73
W-41 |4 (=W-11) |Duplicate 74 42 64 43 41
W-42 (W-14) |Duplicate 88 69 107 73] 59
W-43 | @|(=W-04) |Duplicate 90| 66| 63] 140 99| 92| 66| 44] 13| 41] 41] 12
Water Quality Criteria (Class B and B1): Chronic criteria: 230 mg/l; Acute criteria: 860 mg/|
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Figure 3-72: Dry Weather - pH

pH Statistics
5| |<
= 2

) HNE AL A RS R A R SR A R A AR A -

E 28| 5| ¢

2 | g |Z]3]|E|Location glelalgle|s|als|a|lg|s|g||[8[&|d|8|[5) s |28 E|E]|E

& e |zl=|2 EventNo.OW-_ )| 1 | 2 | 3| 4 | 5 | 6 | 7 | 8 | 9 |10 1| 12|13|14|15]|w6]27|18] £ | 28| S| & | 3§
W-01 ° Millville (MA/RI border) 6.5| 6.2| 58| 6.7| 6.4 69| 7.3] 8.0| 68| 6.7| 6.7 6.4 6.6] 6.3] 6.3] 59| 6.6/ 6.3 6.6 0.5 5.8 8.0 18
W-23 ® Branch River 7.7 8.1 7.4 7.1 7.6 0.4 7.1 8.1 4
W-21 [J Singleton Street 7.8 7.7 7.3 7.6 0.2 7.3 7.8 3
W-22 [ Below Thundermist Dam 7.7 8.0 7.3 7.7 0.4 7.3 8.0 3
W-11 ° Mill River (MA/RI border) 6.7 6.8 7.6 7.8 7.4 7.0l 6.5 6.2 7.0 0.5 6.2 7.8 8
W-12 = [ Mill River (pre-culvert entry) 6.7 6.7 7.2 7.6 7.2 6.9 6.5 6.2 6.9 0.5 6.2 7.6 8
W-13 § ° Mill River (confluence w/ BR) 6.7 7.4 7.6 7.2 6.9] 6.5 6.4 6.9 0.5 6.4 7.6 7
Ww-14 |® [ ] Peters River (MA/RI border) 6.5 6.6 7.0 6.8 6.8 6.7] 6.3 6.1 6.6 0.3 6.1 7.0 8
W-15 ° Peters River (pre-culvert entry) 6.6 6.7 7.0 6.9 6.8 6.9] 6.4 6.4 6.7 0.2 6.4 7.0 8
W-16 ° Peters River (confluence w/ BR) 6.6 7.2 7.0 6.9 6.9 0.3 6.6 7.2 4
W-17 [ ] Hamlet Avenue 6.7 6.8 7.5 7.8 7.4 6.4 7.1 0.6 6.4 7.8 6
W-24 | || ® |Woonsocket WWTF 7.3 7.2 7.2 0.1 7.2 7.3 2
W-02 ~ ° Manville Dam 6.6] 6.5 6.3] 6.8 6.5 7.0 7.3] 83| 85| 6.9 7.0 6.6 6.7 6.5 6.4 58| 6.6 6.3 6.8 0.7 5.8 8.5 18
W-03 g [ George Washington Hwy Bridge 6.6|] 6.6|] 6.5 69| 6.6 7.1| 6.8 8.7] 83| 6.9] 69| 6.7 6.8 6.4] 6.4] 57| 6.6] 6.3 6.8 0.7 5.7 8.7 18
W-04 i - ® Lonsdale Ave 6.4] 6.7 6.4 7.0l 6.6/ 7.0 7.3] 85| 7.7] 6.9] 6.9] 6.7 6.8] 6.4 6.4] 6.1 6.6] 6.4 6.8 0.6 6.1 8.5 18
W-25 <|® Broad Street 7.9 7.5 7.6 7.7 0.2 7.5 7.9 3
W-26 § ® Abbott Run Brook 7.8 7.3 7.6 7.6 0.2 7.3 7.8 3
W-05 [J Slaters Mill Dam 6.7 6.7 6.6] 7.0 6.7 7.1 7.6] 83| 7.6/ 7.0 7.2| 6.7] 6.8] 6.4 6.4 6.2 6.6/ 6.4 6.9 0.5 6.2 8.3 18
W-31 ® |Cherry Brook 7.5 7.1 7.2 7.3 0.2 7.1 7.5 3
W-32 | ® |Front Street Drain 7.4 7.4 7.2 7.3 0.1 7.2 7.4 3
W-33 @ |Sylvestre Pond Outflow 7.5 7.2 7.2 7.3 0.2 7.2 7.5 3
W-34 ~ @ |Blackstone Canal at Lonsdale 7.0 7.1 7.1 0.1 7.0 7.1 2
W-35 ™ ® |Brook near Ann&Hope 6.6] 6.4 6.6| 6.3 6.5 0.1 6.3 6.6 4
W-02 [<&] |(=W-02) |Duplicate 6.6|] 6.4 6.8 6.5 7.1
W-05 ®|[(=W-05) |Duplicate 6.4
W-01 (FW-01) |Duplicate 6.7 6.7
W-41 |4 (=W-11) [Duplicate 7.5 7.4 7.6 6.6 6.6
W-42 (=W-14) [Duplicate 7.0 6.7 6.9 6.7 6.4
W-43 | ®|(=W-04) |Duplicate 7.6] 8.4 6.9] 6.9] 6.9 6.7 6.9] 6.6/ 6.7] 6.5 6.8] 6.5

Water Quality Criteria (Class B and B1): pH of 6.5 to 9.0 or as naturally occurs.
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Rhode Island Department of Environmental Management

Figure 3-73: Dry Weather - Rankings for DO, Temperature, Specific Conductance, and Hardness
Dissolved Oxygen Concentration Temperature
@ @
s| | c gl |5 c
z| |3 g £l |3 g
z ol>|3 z o|l2|a
S Al S I
% § 2 E Location '% é 3 % Location
n |m|lF]|S mg/l n_ [m|F °C
W-17 | @ Hamlet Avenue 11.1 W-21|e@ Singleton Street 25.8
W-35 ® [Brook near Ann&Hope 10.9 W-22 | @ Below Thundermist Dam 25.3
W-02 | ® Manville Dam 10.9 W-25 | @ Broad Street 25.3
W-04 | ® Lonsdale Ave 10.7 W-33 ® |Sylvestre Pond Outflow 25.0
W-05 | ® Slaters Mill Dam 10.5 W-23 [ Branch River 23.8
W-03 | ® George Washington Hwy Bridge 10.4 W-34 ® |Blackstone Canal at Lonsdale 23.8
W-15 [ Peters River (pre-culvert entry) 10.3 W-26 [ Abbott Run Brook 23.7
W-13 o Mill River (confluence w/ BR) 10.2 W-24 ® |Woonsocket WWTF 22.0
wW-01|e Millville (MA/RI border) 101 W-31 ® |Cherry Brook 215
W-12 [ Mill River (pre-culvert entry) 10.1 W-11 (4 Mill River (MA/RI border) 18.9
W-11 [ Mill River (MA/RI border) 9.8 W-12 [ Mill River (pre-culvert entry) 18.6
W-25 | @ Broad Street 9.4 W-16 [ Peters River (confluence w/ BR) 18.1
W-16 o Peters River (confluence w/ BR) 9.3 W-17 | @ Hamlet Avenue 17.6
W-32 ® |Front Street Drain 9.3 W-13 [ Mill River (confluence w/ BR) 17.2
W-21 | e Singleton Street 9.1 W-15 [ Peters River (pre-culvert entry) 17.0
W-22 | @ Below Thundermist Dam 8.5 w-02 | e Manville Dam 16.8
W-23 (J Branch River 8.5 W-04 | ® Lonsdale Ave 16.3
W-24 ® [Woonsocket WWTF 8.2 W-32 ® |Front Street Drain 16.2
W-14 L Peters River (MA/RI border) 7.7 W-14 [ Peters River (MA/RI border) 16.0
W-26 [ Abbott Run Brook 7.5 W-03 | ® George Washington Hwy Bridge 15.9
W-33 ® |Sylvestre Pond Outflow 7.5 W-05 | e Slaters Mill Dam 15.9
W-31 ® [Cherry Brook 7.1 W-01|e Millville (MA/RI border) 154
W-34 ® |Blackstone Canal at Lonsdale 6.3 W-35 ® [Brook near Ann&Hope 9.8
Specific Conductance Hardness
@ @
s| | gl |3
= g =
= [} =
z ol z o|l2|a c
5 |2|E|E . s |2|ElE . &
= o 5 g Location = o E % Location =
n |m|E uS/icm h |m|F mg/|
W-24 ® [Woonsocket WWTF 710 W-24 ® [Woonsocket WWTF 155
W-22 | e Below Thundermist Dam 437 W-35 ® |Brook near Ann&Hope 79
W-251e Broad Street 437 W-32 ® [Front Street Drain 72
W-34 ® |Blackstone Canal at Lonsdale 435 W-31 ® |Cherry Brook 71
W-16 o Peters River (confluence w/ BR) 418 W-16 [ Peters River (confluence w/ BR) 65
W-31 ® [Cherry Brook 403 W-15 [ Peters River (pre-culvert entry) 59
W-17 | @ Hamlet Avenue 365 w-221e Below Thundermist Dam 58
W-14 o Peters River (MA/RI border) 365 W-34 ® |Blackstone Canal at Lonsdale 58
W-32 @ [Front Street Drain 365 w-0l|e Millville (MA/RI border) 57
w-21|e Singleton Street 360 W-14 [ Peters River (MA/RI border) 57
W-15 o Peters River (pre-culvert entry) 357 w-21|e Singleton Street 55
W-02 | ® Manville Dam 357 W-25 | @ Broad Street 55
W-0l1 (e Millville (MA/RI border) 353 wW-05| e Slaters Mill Dam 53
W-03 | ® George Washington Hwy Bridge 345 wW-02 | @ Manville Dam 53
W-04 | ® Lonsdale Ave 336 W-04 | ® Lonsdale Ave 53
W-05 | e Slaters Mill Dam 329 W-03 | ® George Washington Hwy Bridge 52
W-35 ® |Brook near Ann&Hope 311 Ww-17 | e Hamlet Avenue 51
W-33 ® |Sylvestre Pond Outflow 308 W-33 ® |Sylvestre Pond Outflow 46
W-12 [ Mill River (pre-culvert entry) 278 W-26 [ Abbott Run Brook 45
W-13 o Mill River (confluence w/ BR) 274 W-12 o Mill River (pre-culvert entry) 41
W-11 o Mill River (MA/RI border) 271 W-13 [ Mill River (confluence w/ BR) 38
W-26 o Abbott Run Brook 193 W-11 [ Mill River (MA/RI border) 34
W-23 ° Branch River 182 W-23 [ Branch River 21
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Figure 3-74: Dry Weather - Rankings for Turbidity and Chloride

Turbidity Chloride Concentration
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= @|2|=[Location = = @|2|=[Location =
n  |m|[F|= NTU n |m|E]|=2 mg/l
W-34 ® |Blackstone Canal at Lonsdale 6.15 W-24 ® (Woonsocket WWTF 149.5
W-33 ® | Sylvestre Pond Outflow 4.42 W-16 [ Peters River (confluence w/ BR) 93.8
W-02 |® Manville Dam 2.90 W-31 ® |Cherry Brook 86.0
W-21|e Singleton Street 2.87 W-17 | @ Hamlet Avenue 85.3
W-05 |® Slaters Mill Dam 2.64 W-15 [ Peters River (pre-culvert entry) 81.5
W-22 | @ Below Thundermist Dam 2.49 W-01|e Millville (MA/RI border) 80.9
W-04 | ® Lonsdale Ave 2.49 W-21|e Singleton Street 79.2
W-17 | @ Hamlet Avenue 242 W-22 | @ Below Thundermist Dam 78.8
W-03 |® George Washington Hwy Bridge 2.39 W-14 [ Peters River (MA/RI border) 78.8
W-35 ® |Brook near Ann&Hope 2.38 W-32 ® |Front Street Drain 77.2
W-25 | e Broad Street 2.34 W-05 |[@ Slaters Mill Dam 75.6
W-01|e Millville (MA/RI border) 2.33 W-34 ® [Blackstone Canal at Lonsdale 74.2
W-31 ® [Cherry Brook 2.03 W-03 | @ George Washington Hwy Bridge 72.1
W-26 ®| |Abbott Run Brook 1.79 W-04 |e® Lonsdale Ave 71.9
W-24 ® [Woonsocket WWTF 1.65 W-02 (e Manville Dam 71.1
W-14 o Peters River (MA/RI border) 1.63 W-25 |e Broad Street 70.0
W-13 L Mill River (confluence w/ BR) 1.55 W-11 [ Mill River (MA/RI border) 61.2
W-15 (] Peters River (pre-culvert entry) 1.53 W-13 [J Mill River (confluence w/ BR) 61.0
W-11 L Mill River (MA/RI border) 1.33 W-12 [ Mill River (pre-culvert entry) 59.2
W-12 (d Mill River (pre-culvert entry) 1.32 W-33 ® | Sylvestre Pond Outflow 54.7
W-16 [ Peters River (confluence w/ BR) 1.30 W-26 ®| [Abbott Run Brook 48.6
W-23 L4 Branch River 0.88 W-23 o Branch River 32.3
W-32 ® |Front Street Drain 0.33 W-35 ® |Brook near Ann&Hope 26.4
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Figure 3-75: Weighted Mean Annual Load and Percent Change in Loads between Reaches

Mean Loads (weighted over the 1-year sampling period)
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8 o} = | = .
n @ |m|E[=]|Location Ibs*1000 / day |10°9 / day Ibs/day
W-01 ° Millville (MA/RI border) 191 147 2,837 2,852 | 1,911 | 3,140 | 5,992 | 1,057 | 13,348 | 5,617 13.7 1.69
T —
W-02 (] Manville Dam 252 203 6,851 3,996 | 2,790 | 4,660 | 8,656 | 1,814 | 20,786 | 9,094 16.5 2.54
W-03 N (] George Washington Hwy Bridge 263 212 8,113 4,172 | 2,320 | 4,360 | 8,533 | 1,742 | 17,183 | 8,303 18.6 2.77
W-04 ol @ Lonsdale Ave 264 213 7,651 | 4,315 | 2,296 | 4,443 | 8,757 | 1,518 | 16,944 [ 7,999 | 19.1 2.70
W-05 (4 Slaters Mill Dam 304 235 8,518 4,323 | 2,306 | 4,414 | 8,737 | 1,645 | 23,808 | 13,379 | 19.1 2.89
Percent Comparison of Loads between Reaches (bracketed by primary stations [W-__]
Reach 1 W-01 (%load compared to W-02) 76% 72% 41% 71% 68% 67% 69% 58% 64% 62% 83% 67%
Reach 2 W-03 (%load compared to W-02) 104%| 104% 118% | 104% 83% 94% 99%| 96% 83% 91%| 112%| 109%
W-04 (%load compared to W-03) 100%| 101% 94% | 103% 99% | 102%| 103%| 87% 99% 96% | 103% 97%
W-04 (%load compared to W-02) 105%]| 105% 112%| 108% 82% 95%| 101%| 84% 82% 88%| 116%| 106%
Reach 3 W-05 (%load compared to W-04) 115%| 110% 111%| 100%]| 100% 99%| 100%| 108%]| 141%]| 167%| 100%| 107%
All Reaches W-05 (%load compared to W-01) 159%| 160% 300%| 152%| 121%| 141%| 146%| 156%| 178%| 238%| 140%| 171%

(*) Geometric mean used for concentrations.
(**) Sum of Total Kjeldahl Nitrogen and nitrate.
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Figure 3-76: Percent Change in Loads between Reaches for each Dry Weather Event
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d |Reach Station = & = & o N N & | & S 8 N N & & N S 1855
pw-_ || 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 =518
2 |Reach 1 W-01 (% of W-02 80% 78% 72% 78% 80% 64% 73% 88% 76% 77% 72% 83% 77% 74%| 118% 71% 62% 64%]| 77%] 18
5 |Reach 2 W-03 (% of W-02)| 111% | 110% 98% | 105% 97% 96%] 113%| 124%| 104%| 102% 99% 99% 94% | 100%| 104%]| 100% 97% 96% | 103%| 18
g W-04 (% of W-03) 98% | 103% [ 108% | 103%| 110%] 107% 91% | 102%| 102% 95% 98% 96% | 100% 99% 83% ] 104%| 105% 93%]|_100%]| 18
W-04 (% of W-02 109%| 114%| 106%| 108%| 107%| 103%] 103%| 127%| 107% 98% 97% 95% 94% 99% 86%| 103%| 101% 89%l|[ 103%] 18
Reach 3 W-05 (% of W-04)] 127%| 107%| 100%| 107%] 108%| 118%] 110%| 124%| 126%| 192%| 137%| 111%| 122%]| 105%| 124%| 112%| 116%| 101%| 119%)| 18
All Reaches |W-05 (% of W-01 173%| 158%)| 148%| 149%| 145%| 188%] 154%| 180%]| 176%| 242%| 185%| 128%| 148%| 141% 91%| 163%| 189%| 142%| 161%| 18
¢ |Reach 1 W-01 (% of W-02 73% 79% 71% 79% 81% 70% 73% 71% 70% 71% 75% 75% 69% 7% 70% 74% 70% 66%]| 73%]| 18
2 |Reach 2 W-03 (% of W-02)| 103% | 106%| 108%| 112% 97% 98% 97%| 106%| 103% 94%| 103% 97% 92% | 102%| 103%| 103%| 108%| 105%| 102%] 18
_(% W-04 (% of W-03)| 103% | 106% 91% 99% | 104%| 106% 87% ] 103%| 101%]| 102%| 103% | 103%| 102% 95% ] 107%| 103%]| 101% 99%] 101%] 18
T
W-04 (% of W-02)] 107%| 111% 99%| 111%]| 101%| 103% 85%| 109%| 104% 96%| 106%| 100% 94% 98%| 110%| 107%] 109%| 103%]| 103%]| 18
Reach 3 W-05 (% of W-04)] 108%| 113%| 115%| 112%] 110%| 119%] 130%| 128%| 124%| 133%| 134%| 110%| 116% 99%| 107%| 107%| 114%] 109%| 116%) 18
All Reaches |W-05 (% of W-01 157%| 159%| 161%| 157%| 137%| 175%] 150%| 197%]| 184%| 179%| 189%| 146%| 159%| 126%]| 166%)| 155%| 178%| 170%| 164%| 18
€ |Reach 1 W-01 (% of W-02)] 608% 29% 39%)| 134% 81%| 101% 66% 16%| 117%] 125%| 140% 56%| 438% 90% 79%| 166%| 180% 34%]|| 139%] 18
£ |Reach 2 W-03 (% of W-02)| 290% | 103% 28% 59% 27%| 221%| 102% 11% 24% 51% 95% 26%| 101% 55%]| 134%| 103% 94% 82%| 89%]| 18
g W-04 (% of W-03) 17% 46% 77% 63%]| 167% 92%] 178%| 581%]| 101% 50% | 1370% | 217% 25% | 101% 47%| 485%| 384% 55%] 225%] 18
§ W-04 (% of W-02 48% 48% 22% 37% 46%)| 203%| 182% 66% 24% 25%| 1305% 57% 25% 56% 64%| 501%| 360% 45%| 173%]| 18
¢ [Reach 3 W-05 (% of W-04)] 514%| 376%| 418%| 601%| 527% 90%] 337%| 319%| 537%] 880% 21% 65%| 237% 29% 93% 13% 40% 65%|[ 287%] 18
w
All Reaches |W-05 (% of W-01 41%| 628%)| 232%| 167%] 298%| 181%] 927%| 1272%| 112%| 180%| 194% 67% 14% 18% 76% 40% 80% 87%|| 256%| 18
% Reach 1 W-01 (% of W-02 65% 54% 75% 79% 87% 92% 98%| 108% 89%| 128% 99% 88% 71% 86% 44% 76% 59%]| 82%]| 17
= |Reach 2 W-03 (% of W-02)] 100% | 113% ]| 108%| 112% 93% 86%| 101% 93% 76% 79%]| 101% 86% | 109%| 112% 87%| 101%| 112%| 98%]| 17
z W-04 (% of W-03)) 104% 93% | 105% 92% 100% | 101%] 100% | 119%]| 127%]| 127%]| 100%| 100% | 104%]| 109% 95% ] 103% | 109%/(l 105% | 17
W-04 (% of W-02)] 103%| 104%]| 114%| 104% 93% 87%| 102%| 111% 97%| 100%| 101% 87%)| 113%| 123% 82%| 104%| 122%]| 103%]| 17
Reach 3 W-05 (% of W-04)] 106% 98%| 111%| 107% 106%] 111%| 104% 98%| 114% 7% 92%| 111% 93%| 120%| 122%| 108% 82%|[ 104%| 17
All Reaches |W-05 (% of W-01 168%| 188%| 169%| 141% 113%] 105%] 108%| 101%| 124% 61% 94%]| 110%| 148%| 172%] 229%| 147%| 169%| 138%| 17
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Figure 3-76 (cont.): Percent Change in Loads between Reaches for each Dry Weather Event

2 B8l 8|8 |8 | s |8 |sg|sgs|3 |38 |8 |8 |s|8]|8|8]|8]8
[ o L > > =} & < < o o a a (=] T > I & o
e © o © © - S S o =] =] ) ) = ° o o) ] [)
8 = < = = 3 2 2 2z < < @ @ 8 Q = 2 = o 3
I ; ; | 7 <
@ |Reach Station 3 8 = 8 & & g b a & S 8 N 8 Q 8 & S |§85]|5
pw-_ | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 =518
< [Reach 1 w-01 (% of W-02)  71%| 69%| 90| 18%| 81%| 54%| s8%| 70%| 6406 5796 46%| 27%| 33%| 7106] 6206] 84%| 38%| 8206 60%| 18
c
> [Reach 2 W-03 (% of W-02) 15%| 165%| 80%| 95%| 110%| 45%| 80%| 1010%| 80%| 118%| 59%| 130%| 48%| 72%| 44%| 107%| 131%| 97%| s88%| 18
IS W-04 (% of W-03)|| 414% 93% | 123% 92% 66% | 106% 47% ] 221% 98% | 135% 77% 70% | 100%| 151%] 115% 98% 22% | 109%|f 119%] 18
< W-04 (% of W-02)  61%| 153%| 98%| 8796 720%6| 48%| 37%| 223%| 780%6| 16006 45%| 91%| 49%| 108%| 5106 104%| 29%| 106%| 89%| 18
Reach 3 W-05 (% of W-04 129% 69% 68% 74% 93%| 122%) 122% 59% 74%| 227%| 118% 48%| 118%| 141%| 104%| 111%| 106% 92%]|| 104%]| 18
All Reaches |W-05 (% of W-01 110%| 154% 74%| 367% 83%| 110% 79%| 189% 91%| 638%| 116%| 162%| 172%| 216% 86%| 138% 81%| 118%l|| 166%)]| 18
= g|Reach1 W-01 (% of W-02)  49%| 50%| 40| 13200] 5006| 75%| 16%| s6%| s606] 7006 5206 70%| 51%| 103%| 6306] 719%| 93%| 77%| e5%| 18
< S[Reach 2 W-03 (%of W-02)  69%| 78%| 60%| 77%| 80%| 9206 72%| 1010 | 124%[ 93%| 75%| 109%| 118%| 126%| 129%| 85%| 84%| 123%| 94%][ 18
% ‘é W-04 (% of W-03), 98% | 175% ]| 132%] 139%| 107% 98% 82% | 147% 78% 95% 99% 96% 64% 85% 78% | 123%]| 100% 84% | 104%] 18
B W-04 (% of W-02)  68%| 136%| 79%| 106%| 85%| 90%| 60%| 149%| 9706| 88%| 74%| 104%| 76%| 1079%| 1010%| 104%| 84%| 103%| 95%| 18
o
[l Reach 3 W-05 (% of W-04 103% 64% 41% 39% 91%] 130%] 104% 77%| 201%| 142%| 147% 91%| 111% 99%| 122%| 143%| 106%| 106%| 106%| 18
All Reaches |W-05 (% of W-01 143%| 173% 80% 31%)] 155%| 156%] 397%| 204%| 344%| 177%| 211%| 135%| 166%| 103%]| 194%| 210% 96%| 143%|| 173%] 18
+ |Reach 1 W-01 (% of W-02 55% 52% 54% 94% 84% 52% 7% 88% 83%]| 109% 93% 77% 87% 73% 63% 87% 68%) 76%]| 17
% Reach 2 W-03 (% of W-02) 80% 94% 79% | 102% 93% 79%| 101%| 105% 82% 78% | 103% 96% | 117%| 122% 86% 91%| 117% 95%| 17
g’ W-04 (% of W-03)| 101%| 130%]| 117%| 102% 100% 92% | 124%| 100%| 115%]| 120% 99% 87% 94% 91%| 114%| 101% 97% | 105%]| 17
% W-04 (% of W-02 80%| 122% 93%| 104% 92% 73%| 125%| 105% 94% 94%| 102% 83%]| 110%| 110% 98% 91%| 113% 99%| 17
< |Reach 3 W-05 (% of W-04)| 105%|  77%|  76%|  88% 113%]  108%| 88%| 134%| 12206] 919%| 9106 11206] 06%| 121%| 138%| 107%|  92%| 103%| 17
(o]
F |All Reaches |W-05 (% of w-01)] 154%| 180%| 130%| 98% 124%) 150%| 143%| 160%| 139%|  78%| 100%| 12106 121%| 183%| 214%| 113%| 155%| 139%| 17
9 |Reach 1 w-01 (% of W-02)  36%| 920 62| 10506 5206 60%| 99%| a9%| 11000] 12006] 91%| 98%| 12900 69| 3806 73| s9%| 5196 1420] 18
é Reach 2 W-03 (% of W-02), 65% | 129%| 103% 98%| 120% 71%] 106% 98% | 174% 44% 55% 67%| 101%| 102% 74%| 102%| 112% 95% 95%| 18
% W-04 (% of W-03), 96% 88% 92% 76% 88% 85% 75% 99% 45% ] 335% 80% 81% 1527% 93% 79%]| 111% 90% 71%| 178%]| 18
g W-04 (% of W-02 62%| 113% 95% 74%| 106% 60% 79% 97% 78%| 147% 44% 54%| 1548% 95% 58%] 113%| 101% 67%]| 166%]| 18
= |Reach 3 W-05 (% of W-04)| 102%| 116%| 75%| 165%| 80%| 106%| 105%| 51| 23106] 1530%6] 17%| 101%| 103%| 145%| 118%| 103%| 117%| 104%| 111%| 18
o
F |All Reaches |W-05 (% of w-01)] 175%| 14206| 115%| 116%| 161%| 106%| 84%| 101%| 164%| 187%|  8%| 56%| 123%| 109%| 184%| 158%| 199%| 138%| 134%| 18

(*) Sum of total Kjeldahl nitrogen and nitrate

February 2008 Page 3-88 The Louis Berger Group, Inc.



Water Quality — Blackstone River
Rhode Island Department of Environmental Management Final Report 2: Field Investigations

Figure 3-76 (cont.): Percent Change in Loads between Reaches for each Dry Weather Event
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d |Reach Station = & = & ) N N & a & S & N N & g N S 1855
pw-_|| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 |58
3 ©|Reach 1 W-01 (% of W-02)| 117%| 99%| 79%| 63%| 76%| 59%| 93%| 27%| 24%| 91%| 50%| 67%| 106%| 9296] 66%| 24%| 5206] 55%| 69%| 18
S S|Rreach 2 W-03 (% of W-02)| 158%| 107%| 67%| 81%| 81%| 97%| 100%| 90%| 43%| 56%| 69%| 180%| 167%| 117%| 65%| 29%| o97w| s86%| 94%]| 18
‘;&"’ W-04 (%ofWw-03)| 54%| 90%| 84%| 98%| 96%| 105%| 114%| 117%| 1219%| 141%| 103%| 45%| 72%| 99w| 142%| 126%| 103%| 85%| 100%[ 18
3 W-04 (% of W-02)|  86%| 97%| 579%| 80%| 78%| 101%| 114%| 106%| 52%| 78%| 71%| 81%| 120%| 116%| 93%| 36%| 100%|  73%| 86%| 18
G  |Reach3 W-05 (% of W-04)| 238%| 133%| 19206| 103%| 12206 1250%| 83%| 100%| 114%| 117%| 25206| 128%| 114%| 89%| 235%| 79%| 158%| 168%| 142%| 18
(o]
" |allReaches [w-05 @6 ofw-01)| 175%| 1319| 138%| 130%| 124%| 21206] 10206] 394%| 24796] 1019 355%| 154%| 130%| 11206 331%| 1219%| 30106] 22206 193%| 18
o »|Reach 1 w-01 (%of W-02)|  94%| 60%| 78%| 61%| 7206 55| 9206 28%| 28%| 76%| 45%| 71%| 101%| 79%| 69%| 23%| 47%| e6%| 64%| 18
" .=
- ©o|Reach2 W-03 (% of W-02)| 136%| 92%| 87%| 96%| 98%| 94%| 99%| 99m| 519%| 59%| 63%| 359%| 158%| 105%| 87%| 34%| 110%| 96%| 107%| 18
0? W-04 (%ofW-03)| 77%| 77%| 85%| 10206| 90%| 9206| 106%| 106%| 114%| 1119%| 91| 23%| 89%| 102%| 124%| 105%| 92%| 101%| 94%[ 18
8 W-04 (% of W-02)| 105%|  700%| 74%| 98| s8%| s6%| 105%| 106%| 58%| 65%| 57%| 81%| 141%| 108%| 108%| 36%| 101%| 97%| s88%| 18
o
> |Reach3 W-05 (% of W-04)| 1520| 130%| 165%| 107%| 137%| 1220%6] 8206 106%| 110%| 155%| 309%| 136%| 96%| 106%| 455%| 54%| 132%| 147%| 150%| 18
All Reaches  |W-05 (% of W-01)| 169%| 1520| 157%| 171%| 166%| 191%| 93%| 396%| 233%| 1329%| 39296 155%| 133%| 145%| 71206]  83%| 285%| 217%|| 221%| 18
T [Reach 1 W-01 (% of W-02) 93%| 98%| 87% 112%| 950 98| 66%| 99%| 101%| 9506 81%| 78%| 85| 74%| 74%|| s9w| 15
§ Reach 2 W-03 (% of W-02) 117%| 103%| 107% 119%| 114%| 102%| 76%| 88%| 99%| 150%| 107%| 123%| 107%| 106%| 121%| 109%] 15
&) W-04 (% of W-03) 105%| 105%| 88% 84%| 92%| 99%| 105%| 95%| 108%| 56%| 101%| 109%| 104%| 108%| 105%| 98%| 15
]
o W-04 (% of W-02) 122%| 109%|  95% 100%| 105%| 1009%| 80%| 83%| 107%| 85%6| 108%6| 134%| 111%| 115%| 127%| 105%| 15
S [Reach 3 W-05 (% of W-04) 96%|  94%| 118% 127%| 1120 106%| 119%| 117%| 90%| 107%| 104%| 85%| 107%| 106%| 98%| 106%| 15
(%]
O |All Reaches  |W-05 (% of W-01) 126%| 104%| 128% 114%| 124%| 109%| 145%| 99%| 95%| 96%| 138%| 147%| 140%| 165%| 167%|| 126%| 15
S5 |Reach 1 W-01 (% of W-02) 83%| 71%| 73% 66% 95%|  68%| 104%| 21000 69%| 6506 7206| 49%| s6%| 83%| 13
9 |Reach 2 W-03 (% of W-02) 93%|  94%| 96% 77% 76%|  34%| 115%| 58%| 118%| 130%| 108%| 100%| 103%| 93%| 13
3 W-04 (% of W-03) 122% | 114%[ 93% 112% 95% | 108%| 113%| 87%| 94%| 83%| 1019%| 96%[ 109%| 102%] 13
>
E W-04 (% of W-02) 114%| 107%|  89% 86% 72%| 37| 130%| 519%| 1119%| 107%| 109%| 96%| 11206 94%| 13
2 |Reach 3 W-05 (% of W-04) 102%|  86%| 113% 138% 167%| 116%| 103%| 146%| 102%| 108%| 103%| 115%| 123%| 117%| 13
All Reaches  |W-05 (% of W-01) 139%| 131%| 138% 179% 127%|  63%| 120%|  35%| 164%| 178%| 155%| 225%| 246%|| 147%| 13
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Figure 3-77: Dry Weather Mass Balance during Events DW-07, DW-09, and DW-11 for Reach 1 (%loads relative to Station W-02)
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Chloride Hardnes Fecal Coliform Nitrate
W-01| ® Millville (MA/RI border) 73.4% | 76.4% | 71.9% || 73.9% 73.3% | 69.9% | 74.7% || 72.6% 66.2% | 116.9% | 140.0% || 107.7% 91.6% | 107.9% | 127.5% || 109.0%
W-23 [ Branch River 7.8% 3.6% 4.2% 5.2% 5.5% 3.2% 3.9% 4.2% 9.3% | 37.3% | 279.2% || 108.6% 3.1% 2.4% 1.3% 2.2%
W-31 ® |Cherry Brook 0.2% 0.2% 0.0% 0.2% 0.2% 0.2% 0.0% 0.1% 9.4% 1.8% 0.7% 4.0% 0.1% 0.2% 0.0% 0.1%
W-32 ® |Front Street Drain 0.4% 0.3% 0.0% 0.2% 0.5% 0.3% 0.0% 0.3% 0.1% 0.6% 1.1% 0.6% 0.8% 0.8% 0.0% 0.5%
W-13 [ Mill River (confluence w/ BR) 3.9% 3.1% 3.2% 3.4% 2.9% 2.6% 2.9% 2.8% 103.1% | 42.3% | 66.7% [ 70.7% 1.5% 1.6% 1.4% 1.5%
W-15 [ Peters River (pre-culvert entry) 1.6% 0.8% 3.4% 1.9% 1.6% 0.7% 3.1% 1.8% 3.6% 1.9% | 10.4% || 5.3% 0.9% 0.4% 1.2% 0.8%
W-24 ® |Woonsocket WWTF 7.5% -- 17.9% || 12.7% 12.9% - 22.7% |[ 17.8% 0.7% -- 11.2% || 5.9% 14.2% -- 12.4% || 13.3%
W-33 ® |Sylvestre Pond Outflow 0.2% 0.2% 0.0% 0.1% 0.2% 0.2% 0.0% 0.1% 0.6% 0.2% 0.0% 0.3% 0.1% 0.1% 0.0% 0.1%
W-02| ® Manville Dam
Mass Accounted for at Stn. W-02 94.8% | 84.4% | 100.7%] 93.3% 97.1% | 77.0% | 107.5%| 93.9% 192.8% | 201.0% | 509.4% |[ 301.1% | | 112.3% | 113.4% | 143.8% || 123.2%
Ammonia Total Kjeldahl Nitrogen Total Nitrogen Total Phosphorus
W-01| ® Millville (MA/RI border) 57.7% | 64.3% | 46.2% || 56.1% 15.6% | 56.4% | 51.5% | 41.2% 52.2% | 88.3% | 108.9% || 83.1% 99.2% | 110.0% | 91.3% || 100.2%
W-23 [ Branch River 7.2% 6.8% | 12.2% || 8.7% 5.2% 4.3% 4.9% 4.8% 4.2% 3.1% 2.2% 3.2% 126.1% | 55.6% | 1.2% |[ 61.0%
w-31 ® |Cherry Brook 0.1% 0.0% 0.0% 0.0% 0.1% 0.1% 0.0% 0.1% 0.1% 0.2% 0.0% 0.1% 0.1% 0.1% 0.0% 0.1%
W-32 ® |Front Street Drain 0.2% 0.1% 0.0% 0.1% 0.1% 0.1% 0.0% 0.1% 0.4% 0.5% 0.0% 0.3% 0.1% 0.0% 0.0% 0.1%
W-13 [ Mill River (confluence w/ BR) 0.8% 0.9% 0.8% 0.8% 1.7% 2.3% 2.9% 2.3% 1.6% 1.9% 1.7% 1.7% 1.2% 3.9% 0.2% 1.8%
W-15 [ Peters River (pre-culvert entry) 0.7% 0.1% 0.6% 0.5% 0.6% 0.3% 1.7% 0.8% 0.7% 0.4% 1.3% 0.8% 0.9% 0.7% 0.5% 0.7%
W-24 ® |Woonsocket WWTF 18.9% -- 177.6%| 98.3% 11.3% -- 12.3% || 11.8% 12.7% -- 12.4% |[ 12.6% 3.8% -- 56.0% [ 29.9%
W-33 ® |Sylvestre Pond Outflow 1.0% 0.2% 0.0% 0.4% 0.2% 0.2% 0.0% 0.1% 0.1% 0.1% 0.0% 0.1% 0.1% 0.0% 0.0% 0.0%
W-02| ® Manville Dam
Mass Accounted for at Stn. W-02 86.6% | 72.4% | 237.6%|| 132.2% 34.7% | 63.6% | 73.4% |[ 57.2% 72.1% | 94.4% | 126.5%| 97.7% 231.6% | 170.4% | 149.3% || 183.8%
Total Suspended Solids Volatile Suspended Solids Dissolved Copper Dissolved Lead
W-01| ® Millville (MA/RI border) 92.8% | 23.9% | 50.5% || 55.7% 92.1% | 27.6% | 44.6% || 54.8% 111.8% | 98.1% | 98.6% |l 102.9% 66.2% -- 68.2% || 67.2%
W-23 [ Branch River 3.0% 1.0% 4.6% 2.9% 3.2% 1.1% 7.0% 3.8% 8.2% 2.4% 1.7% 4.1% 48.2% - 8.5% || 28.4%
W-31 ® |Cherry Brook 0.2% 0.1% 0.1% 0.2% 0.2% 0.1% 0.1% 0.1% 0.2% 0.0% 0.0% 0.1% 1.8% -- 0.0% 0.9%
W-32 ® |Front Street Drain 0.5% 0.0% 0.0% 0.2% 0.4% 0.0% 0.0% 0.1% 0.2% - 0.0% 0.1% 0.4% - - 0.4%
W-13 [ Mill River (confluence w/ BR) 1.7% 1.2% 2.4% 1.7% 1.4% 1.5% 2.6% 1.9% 2.7% 0.9% 1.0% 1.5% 14.9% -- 4.0% 9.4%
W-15 [J Peters River (pre-culvert entry) 0.9% 0.1% 4.4% 1.8% 0.7% 0.1% 1.8% 0.9% 0.7% 0.2% 1.0% 0.7% 2.9% -- 1.5% 2.2%
W-24 ® |Woonsocket WWTF 2.1% -- 18.5% || 10.3% 1.6% -- 14.6% || 8.1% 7.6% - 12.5% [ 10.1% - -- 2.9% 2.9%
W-33 ® |Sylvestre Pond Outflow 0.2% 0.1% 0.9% 0.4% 0.2% 0.1% 0.1% 0.1% 0.2% 0.1% 0.0% 0.1% 0.5% -- 0.0% 0.3%
W-02| ® Manville Dam
Mass Accounted for at Stn. W-02 101.5% | 26.4% | 81.4% || 69.8% 99.9% | 30.6% | 70.9% || 67.1% 131.6% | 101.7% | 114.9% [ 116.1% | | 134.8% -- 85.2% |[ 110.0%
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Figure 3-78: Dry Weather Mass Balance during Events DW-07, DW-09, and DW-11 for Reach 2 (%loads relative to Station W-02)
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Chloride Hardness Fecal Coliform Nitrate
W-02 | @ Manville Dam
W-03| @ George Washington Hwy Bridge 112.6% | 104.2% | 98.9% |f 105.2% 96.7% | 103.1% | 103.0%( 100.9% | [ 102.2% | 24.1% 95.2% 73.9% 86.5% | 93.2% | 78.8% || 86.2%
W-34 ® |Blackstone Canal at Lonsdale 0.05% | 0.07% - 0.06% 0.05% | 0.06% - 0.05% 0.55% | 0.11% - 0.33% 0.03% | 0.03% -- 0.03%
W-04 | @ Lonsdale Ave 102.6% ] 106.6% | 96.8% || 102.0% 84.5% | 103.7% | 105.8% || 98.0% 182.1% | 24.3% | 1304.5% | 503.6% 87.1% | 110.7% | 100.3% || 99.4%
Ammonia Total Kjeldahl Nitrogen Total Nitrogen Total Phosphorus
W-02 | @ Manville Dam
W-03| @ George Washington Hwy Bridge 79.9% | 80.1% | 58.7% || 72.9% 72.3% | 123.7% | 75.0% || 90.3% 79.1% | 104.9% | 77.9% 87.3% 106.1% | 173.5% | 54.5% |[ 111.4%
W-34 ® |Blackstone Canal at Lonsdale 0.01% | 0.03% - 0.02% 0.04% | 0.07% - 0.06% 0.04% | 0.04% - 0.03% 0.03% | 0.01% -- 0.02%
W-04 | @ Lonsdale Ave 37.4% | 78.3% | 45.4% || 53.7% 59.5% | 96.7% | 73.9% [ 76.7% 72.8% | 105.3% 93.9% 90.7% 79.1% | 78.1% | 43.6% || 67.0%
Total Suspended Solids Volatile Suspended Solids Dissolved Copper Dissolved Lead
W-02 | @ Manville Dam
W-03 | @ George Washington Hwy Bridge 100.1% | 42.9% | 68.9% ([ 70.6% 98.5% [ 51.1% | 62.5% || 70.7% 119.3% | 101.7% | 87.6% || 102.9% 76.7% - 34.3% || 55.5%
W-34 ® |Blackstone Canal at Lonsdale 0.01% | 0.03% - 0.02% 0.00% | 0.03% - 0.02% 0.05% | 0.04% -- 0.03% 0.17% -- -- 0.17%
W-04 | ® Lonsdale Ave 113.7% | 51.7% | 71.0% || 78.8% 104.7% | 58.1% | 56.7% || 73.2% 100.4% | 100.3% 83.4% 94.7% 85.7% -- 37.0% || 61.4%
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Figure 3-79: Dry Weather Mass Balance during Events DW-07, DW-09, and DW-11 for Reach 3 (%loads relative to Station W-04)
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Chloride Hardness Fecal Coliform Nitrate
W-04 | @ Lonsdale Ave
W-26 ° Abbott Run Brook 5.8% | 26.5% | 13.9% ([ 15.4% 7.7% | 28.2% | 13.5% ([ 16.5% 0.9% | 27.4% | 2.6% | 10.3% 43% | 21.1% | 4.2% 9.8%
W-05| @ Slaters Mill Dam 110.3% | 126.0% | 137.0% |[ 124.4% 130.0% | 124.0% | 133.5% || 129.1% 336.9% | 537.3% | 20.8% | 298.3% | | 110.7% | 98.2% | 77.3% || 95.4%
Ammonia Total Kjeldahl Nitrogen Total Nitrogen Total Phosphorus
W-04| @ Lonsdale Ave
W-26 ° Abbott Run Brook 52% | 24.4% | 14.7% | 14.8% 45% | 25.9% | 17.9% ([ 16.1% 4.4% | 22.8% | 6.8% [ 11.3% 9.4% | 25.3% | 4.4% | 13.0%
W-05| @ Slaters Mill Dam 121.8% | 74.5% | 118.4% ([ 104.9% 103.9% | 200.6% | 147.5% || 150.7% 107.8% | 134.1% | 90.9% |[ 110.9% | | 105.2% | 230.8% | 16.9% |f 117.6%
Total Suspended Solids Volatile Suspended Solids Dissolved Copper Dissolved Lead
W-04| @ Lonsdale Ave
W-26 ° Abbott Run Brook 2.7% | 27.2% | 15.6% || 15.1% 3.1% | 27.7% | 23.5% ([ 18.1% 3.3% - -- 3.3% 11.9% 40.3% || 26.1%
W-05| @ Slaters Mill Dam 83.4% | 113.8% | 252.5% || 149.9% 81.6% | 110.4% | 308.8% || 166.9% 126.9% | 106.4% | 117.0% | 116.8% | | 138.4% 116.0% [ 127.2%
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Figure 3-80: Dry Weather Mass Balance during Events for the Mill and Peters Rivers

(%change in load relative to previous station)
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Chloride
W-11 [ Mill River (MA/RI border)
W-12 [ ) Mill River (pre-culvert entry) 107% 93% 97% 100% 92% 96% 99% 98% 97% 3 98% 8
W-13 [ Mill River (confluence w/ BR) 100% 110% 106% 119% 98% 100% 103% 112% 3 105% 7
Change from W-11 to W-13 107% 107% | 106% | 110% | 94% | 99% | 101% || 108% | 3 | 103% | 7
W-14 [ J Peters River (MA/RI border)
W-15 [ Peters River (pre-culvert entry) 106% | 106% | 105% | 102% | 111% | 106% | 104% | 110% || 106% | 3 106% | 8
W-15 [ Peters River (confluence w/ BR) 98% 100% | 100% | 100% 100% | 2 || 100% | 4
Change from W-14 to W-16 104% 102% 110% 107% 106% 2 106% 4
Hardness
W-11 ° Mill River (MA/RI border)
W-12 [ Mill River (pre-culvert entry) 108% | 126% | 118% | 129% | 140% | 121% | 109% | 105% || 129% | 3 119% | 8
W-13 [ Mill River (confluence w/ BR) 101% 98% 93% 90% 87% 94% 98% 94% 3 94% 7
Change from W-11 to W-13 109% 115% | 119% | 126% | 105% | 103% | 103% | 120% 3 111% 7
W-14 [ Peters River (MA/RI border)
W-15 o Peters River (pre-culvert entry) 105% | 105% | 112% | 102% [ 110% | 104% | 103% | 103% | 108% [ 3 | 106% | 8
W-15 [ Peters River (confluence w/ BR) 91% 103% | 103% | 103% 103% [ 2 || 100% [ 4
Change from W-14 to W-16 95% 105% 113% 107% 109% 2 105% 4
Fecal Coliform
W-11 [ Mill River (MA/RI border)
W-12 [ 4 Mill River (pre-culvert entry) 7620% | 2209% | 1435% | 8628% | 132% 635% 695% 279% [ 3399% | 3 || 2704% | 8
W-13 o Mill River (confluence w/ BR) 21% 126% | 48% 101% 46% 31% 37% 92% 3 59% 7
Change from W-11 to W-13 2052% 1810% | 4106% | 134% 295% 216% 103% |[[ 2016% | 3 || 1245% | 7
W-14 [ J Peters River (MA/RI border)
W-15 ° Peters River (pre-culvert entry) 395% | 349% 34% 88% 180% | 324% | 396% 26% 101% 3 224% 8
W-15 [ Peters River (confluence w/ BR) 182% 101% | 247% | 74% 174% | 2 || 151% | 4
Change from W-14 to W-16 721% 89% 443% 240% 266% 2 373% 4
Nitrate
W-11 [ Mill River (MA/RI border)
W-12 [ Mill River (pre-culvert entry) 105% 166% | 234% | 703% 60% 113% 4% 368% 3 198% 7
W-13 [ Mill River (confluence w/ BR) 104% 103% | 102% 97% 93% 105% | 100% || 101% 3 101% 7
Change from W-11 to W-13 109% 171% | 239% | 679% 56% 119% 4% 363% 3 197% 7
W-14 ° Peters River (MA/RI border)
W-15 (4 Peters River (pre-culvert entry) 102% 111% 95% 104% | 101% [ 105% | 552% | 103% | 3 167% | 7
W-15 [ Peters River (confluence w/ BR) 89% 103% | 104% | 100% 103% | 2 99% 4
Change from W-14 to W-16 91% 98% 108% | 101% 103% 2 99% 4
Ammonia
W-11 [ Mill River (MA/RI border)
W-12 [ Mill River (pre-culvert entry) 102% 91% 244% 51% 103% | 102% | 315% [ 153% || 133% [ 3 145% | 8
W-13 o Mill River (confluence w/ BR) 101% 42% 100% | 45% 100% 32% 105% 62% 3 75% 7
Change from W-11 to W-13 103% 103% 51% 47% 102% | 102% | 160% 67% 3 95% 7
W-14 [ Peters River (MA/RI border)
W-15 [ ) Peters River (pre-culvert entry) 411% 146% 67% 28% 40% 109% 103% 83% 45% 3 123% 8
W-15 [ Peters River (confluence w/ BR) 10% 280% | 353% | 103% 317% | 2 || 186% | 4
Change from W-14 to W-16 42% 79% 141% 112% 110% 2 93% 4
Kjeldahl Nitrogen
W-11 o Mill River (MA/RI border)
W-12 ° Mill River (pre-culvert entry) 131% 92% 94% 85% 135% | 106% | 102% 56% 105% 3 100% 8
W-13 [J Mill River (confluence w/ BR) 65% 109% 133% 89% 175% 110% 197% 111% 3 125% 7
Change from W-11 to W-13 85% 103% 113% 121% 186% 112% 111% 112% 3 119% 7
W-14 [ Peters River (MA/RI border)
W-15 o Peters River (pre-culvert entry) 76% 114% 78% 60% 62% 103% | 115% 65% 67% 3 84% 8
W-15 [ Peters River (confluence w/ BR) 135% 93% 86% 7% 89% 2 98% 4
Change from W-14 to W-16 102% 56% 53% 79% 55% 2 73% 4
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Figure 3-80 (cont.):

(%change in load relative to previous station)

Dry Weather Mass Balance during Events for the Mill and Peters Rivers
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Total Nitrogen
W-11 [ Mill River (MA/RI border)
W-12 (4 Mill River (pre-culvert entry) 117% 118% 138% | 253% 83% 106% 18% 170% 3 119% 7
W-13 [ Mill River (confluence w/ BR) 83% 106% | 114% 94% 144% | 108% | 180% | 105% 3 118% 7
Change from W-11 to W-13 98% 126% 158% | 236% | 119% 114% 32% 173% 3 126% 7
W-14 [J Peters River (MA/RI border)
W-15 [ ) Peters River (pre-culvert entry) 91% 95% 81% 86% 102% 109% 249% 87% 3 116% 7
W-15 o Peters River (confluence w/ BR) 104% 100% 98% 91% 99% 2 98% 4
Change from W-14 to W-16 95% 81% 84% 92% 83% 2 88% 4
Total Phosphorus
W-11 [ Mill River (MA/RI border)
W-12 [ Mill River (pre-culvert entry) 116% | 150% 62% 56% 37% 407% | 124% | 133% 52% 3 136% | 8
W-13 [ Mill River (confluence w/ BR) 88% 64% 291% 100% 25% 100% 85% 152% 3 108% 7
Change from W-11 to W-13 103% 40% 163% 37% 102% 124% 114% 80% 3 97% 7
W-14 [ Peters River (MA/RI border)
W-15 o Peters River (pre-culvert entry) 36% 82% 160% | 195% | 139% | 103% | 139% | 100% [l 165% | 3 || 119% | 8
W-15 [ Peters River (confluence w/ BR) 326% 61% 32% | 320% 47% 2 || 185% | 4
Change from W-14 to W-16 116% 118% 45% 328% 82% 2 152% 4
Total Suspended Solids
W-11 [ Mill River (MA/RI border)
W-12 [ Mill River (pre-culvert entry) 103% | 105% | 229% 91% 272% | 141% | 103% | 125% || 197% 3 146% 8
W-13 [ Mill River (confluence w/ BR) 119% 58% 120% 30% 95% 197% 80% 69% 3 100% 7
Change from W-11 to W-13 123% 133% | 108% 82% 134% | 203% | 100% || 108% | 3 126% | 7
W-14 [ Peters River (MA/RI border)
W-15 ° Peters River (pre-culvert entry) 269% 83% 143% 52% 152% 36% 110% | 113% || 116% 3 120% 8
W-15 o Peters River (confluence w/ BR) 35% 257% | 46% 178% 152% | 2 || 129% | 4
Change from W-14 to W-16 95% 133% 71% 64% 102% 2 91% 4
Volatile Suspended Solids
W-11 [ Mill River (MA/RI border)
W-12 [ Mill River (pre-culvert entry) 106% | 332% 260% 92% 151% 94% 117% 153% || 168% 3 163% 8
W-13 [ Mill River (confluence w/ BR) 97% 35% 127% 40% 120% | 180% 63% 67% 3 95% 7
Change from W-11 to W-13 103% 90% 117% 60% 113% | 211% 96% 89% 3 113% 7
W-14 ] Peters River (MA/RI border)
W-15 [ Peters River (pre-culvert entry) 308% 85% 150% 87% 48% 90% 117% 52% 95% 3 117% | 8
W-15 [ Peters River (confluence w/ BR) 31% 218% | 87% 24% 153% | 2 90% 4
Change from W-14 to W-16 96% 191% 42% 22% 116% 2 87% 4
Dissolved Copper
W-11 ° Mill River (MA/RI border)
W-12 ) Mill River (pre-culvert entry) 112% 126% | 129% | 113% | 102% | 119% 2 116% 5
W-13 [ Mill River (confluence w/ BR) 110% 100% | 200% 100% 88% 105% 2 120% 5
Change from W-11 to W-13 122% 126% | 258% 113% 90% 124% 2 142% 5
W-14 [ Peters River (MA/RI border)
W-15 ) Peters River (pre-culvert entry) 122% 137% | 142% | 114% 62% 129% 2 115% 5
W-15 [ Peters River (confluence w/ BR) 83% 83% 2% 83% 2 80% 3
Change from W-14 to W-16 114% | 103% 114% 1 108% 2
Disssolved Lead
W-11 [ Mill River (MA/RI border)
W-12 [ Mill River (pre-culvert entry) 102% 35% 78% 509% 102% 101% 72% 3 154% 6
W-13 [ Mill River (confluence w/ BR) 122% | 282% | 262% 50% 165% 91% 222% 3 162% 6
Change from W-11 to W-13 125% 99% 205% | 255% 168% 91% 143% 3 157% 6
W-14 [J Peters River (MA/RI border)
W-15 [ Peters River (pre-culvert entry) 116% 46% 143% | 131% 41% 81% 2 95% 5
W-15 [ Peters River (confluence w/ BR) 83% 98% 56% 91% 2 79% 3
Change from W-14 to W-16 45% 80% 45% 1 63% 2
(*) Dry weather events DW-7, 9 and 11 are highlighted and a mean computed for comparison with the Blackstone River data (Figures 3-77 to 3-79).
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4.0 BLACKSTONE RIVER WATER QUALITY - WET WEATHER

A total of four storms were surveyed to assess the water quality in the Blackstone River during wet
weather conditions. A storm was defined by at least 0.5 inches of rainfall, and three days of less than
0.1 inches of rainfall per day prior to a storm. Rainfall information was available through either the
NWS stations at the Worcester and Providence Airports or through the network of real-time rainfall
stations at Weather Underground. In the following discussion two rainfall stations were used to
represent the rainfall record, Bellingham, MA and North Smithfield, RI.

During Storm WW-01 (July 8, 2005), Storm WW-03 (October 7-8, 2005), and Storm WW-04 (October
23, 2005) samples were collected along the Blackstone River within Rhode Island. Storm WW-02
(September 15, 2005) was focused on the Mill River and Peters River (during low-flow conditions in the
Blackstone River). The goal of the WW-02 survey was to determine the water quality along the entire
length of each tributary, including the section within the closed culvert underneath parts of the City of
Woonsocket.

A comparison has been made between the BRI and this BTMDL study. The specific conditions of each
storm are given in Figure 4-1.

4.1 Descriptions of Storms
4.1.1 Storm WW-01

Storm WW-01, on July 8, 2005, produced 0.96 inches of rainfall over a roughly 8-hour period. Rainfall
had occurred on July 6, totaling 2.48 inches ending at approximately 17:00h. Rainfall for WW-01
started at approximately 17:00h on July 8. Although the necessary 3-day antecedent dry period did not
occur, the decision to sample this storm was made in conjunction with RIDEM. Station W-16 was not
sampled during this storm, as it was not accessible.

Hyetographs from North Smithfield and Bellingham are given in Figure 4-2. Based on the Intensity-
Duration-Frequency curves available for Providence (NOAA, 1977), the storm was less than a 1 in 2
year event.

The storm was well distributed throughout the entire watershed although some higher rainfall occurred
in some areas (Figures 4-3 and 4-4). The storm moved to the northeast. The time of each Doppler radar
image is indicated by the red arrow on the embedded hyetograph for the storm.

Hydrographs of the flows of the Peters River and the Blackstone River (Woonsocket and Roosevelt
Avenue stations) are shown in Figures 4-5 to 4-7. Shown on these graphs are also the sampling times for
the nearby primary or secondary water quality sampling station (W-14, W-01, W-05, respectively) and
the rainfall record of a nearby rainfall gage.

4.1.2 Storm WW-02

Storm WW-02, on September 15, 2005, involved only the Mill River and Peter River watersheds. The
storm produced 1.76 inches of rainfall over a roughly 3-hour period. The antecedent dry period criteria
were met. The low flow in the Blackstone River allowed access to Station W-16. The prestorm samples
were collected as part of the dry weather sampling event DW-11 that occurred on September 14, 2005,
approximately 24 hours prior to the start of WW-02.
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The storm was very intense and of short duration (Figure 4-8). The two rainfall gaging stations were
located near the top and directly west of the bottom of the watersheds. Rainfall patterns from the two
stations were similar in size and timing, indicating that the rainfall was distributed across the watershed.
Based on the Intensity-Duration-Frequency curves available for Providence (NOAA, 1977), the storm
was approximately a 1-2 year event.

There were two peaks in the hydrograph from the Peters River USGS station (Figure 49). The first
occurred approximately 2.5 hours after the start of the storm which is an indication of the local runoff.
The second peak occurred approximately 10 hours after the start of the storm; it is an indication of the
time of concentration in the watershed, rather than of multiple storm cells. The hyetographs only
support a single storm cell. A total of seven samples were collected, distributed through the first flush
of the event along the rising limb of the hydrograph and through the peak of the flow.

4.1.3 Storm WW-03

Storm WW-03, on October 7-8, 2005, produced 2.72 inches of rainfall over a roughly 29-hour period.
The antecedent dry period criteria were met. Low flows in the Blackstone River allowed for sampling of
Station W-16. The prestorm samples were collected on October 7, 2005 as part of dry weather event
DW-13, approximately 12 hours prior to the start of WW-03.

The storm started gradually and had a peak toward the end of the storm, as shown on the two
hyetographs (Figure 4-10). Based on the Intensity-Duration-Frequency curves available for Providence
(NOAA, 1977), the storm was less than a 1 in 2 year event.

As shown on the Doppler images for WW-03 (Figures 4-11 to 4-13), the storm was a large system
extending from Canada to North Carolina. Rainfall started around midnight on October 7, 2005. Over
the next 24 hours it rained continuously between 0.02 and 0.07 inches/hr (between 0.6 and 0.7 inches of
rainfall). During this time period, the primary stations were sampled 4 times.

Imbedded in the storm front were individual convective cells that had the potential for heavy rainfall
(yellow areas in Figure 4-12, marked by red circles). At 08:19h on October 8, 2005, these thunderstorms
were located in two groups: (1) eastern Pennsylvania and western New Jersey and (2) northeast North
Carolina and Southern Virginia. The storm proceeded up the coast, gradually moving east. The first of
the two thunderstorm groups moved west of Rhode Island in eastern New York state and western
Connecticut. The second reached central Connecticut around midnight on October 8, 2005 (Figure 4
12). The eastern edge of the thunderstorm cell moved up through western Rhode Island and reached the
Woonsocket area at around 02:00h on October 9, 26 hours after the start of the storm. The heavier
rainfall lasted for approximately 2 to 3 hours. Approximately 2 inches of rain fell after midnight adding
to the 0.6 to 0.7 inches for the preceding 24 hour period.

Flow in the Peters River and Blackstone River (Woonsocket and Roosevelt gaging stations) are shown in
Figures 4-14 to 4-16. Shown on these graphs are also the sampling times for the respective nearest
primary or secondary water quality sampling stations and the rainfall record of the nearest rainfall gage.

4.1.4 Storm WW-04

Storm WW-04, on October 23, 2005, produced 0.61 inches of rainfall over a 14-hour period. The
antecedent dry period criteria were met. High water levels in the Blackstone River prevented sampling
at Station W-16. The prestorm sample was taken on October 22, as part of dry weather event DW-14.
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The storm lasted less than 20 hours (Figure 4-17). Based on the Intensity-Duration-Frequency curves
available for Providence (NOAA, 1977), the storm was less than a 1 in 2 year event.

Storm WW-04 was a large yet not well organized system, moving to the northeast (Figure 4-18).
Nevertheless, rainfall was continuous with no significant breaks. The storm covered the entire
watershed.

Flow in the Peters River and Blackstone River (Woonsocket and Roosevelt Avenue gaging stations) are
shown in Figures 4-19 to 4-21. Shown on these graphs are also the sampling times for a nearby primary
or secondary water quality sampling stations and the rainfall record of a nearby rainfall gage.

4.2 Methodology

4.2.1 Stations

Original Sample Design

Samples were to be collected at the same stations as during the dry weather survey (Figure 3-1 in Section
3). The goal was to monitor the river until the wet weather contribution from Worcester had arrived and
essentially passed the MA/RI State line and Slater Mill. Constant monitoring of depth at the station, and
flows/depths at the USGS gages at Northbridge and Woonsocket was to be conducted to understand the
storm pattern. A prestorm sample was to be collected for all four storms. Frequency intervals were to be
determined during the storm with the goal to collect representative samples throughout the storm.

Stations W-01 and W-02: The storm was to be sampled over a minimum of 36 hours and a
maximum of 72 hours with a total of 16 samples to be taken with between 10 and 16 samples to
be analyzed based on the hydrograph.

Stations W-03, W-04 and W-05: The storm was to be sampled over a minimum of a 48 hour
period and a maximum of 96 hours, starting at the same time as W-01 with a total of 24 samples
to be taken with between 12 and 18 samples to be analyzed based on the hydrograph.

Mill/Peters River stations: For stations along the Mill River (W-11, W-12, W-13) and the Peters
River (W-14, W-15, W-16), all 5 collected samples were to be analyzed. These samples were to

consist of the following: prestorm, first flush, and three other samples as the stormwater volume
“tail off”.

Tertiary Stations: For these stations, the Worcester contribution was actually not desirable.
Instead, desirable was only the RI/Woonsocket/Valley Falls Pond contribution. Specifically, we
were only interested in the period surrounding the storm and for several hours after its
completion. For Storm WW-01, two samples were to be collected at the river stations at or near
the peak flow from local runoff. The end of pipe sampling was to include one sample during first
flush and the second at or near the peak flow from local runoff.

Actual Sampling
A total of 349 samples had been proposed to be collected; 348 were actually collected (Figure 4-22).

Samples were not taken at W-16 during WW-01 and WW-04 because the high Blackstone River water
levels prohibited access.
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The proposed and actual times of sampling are compared in Figure 4-23. All sampling frequencies from
prestorm to the final run were within the proposed range.

The sampling runs corresponding with first flush, local peak and arrival of the flow peak from the
Blackstone headwaters (Worcester Peak) are given in Figure 424. The requirements in the original
sampling plan were met.

4.2.2 Parameters

Samples from Storms WW-01, WW-03 and WW-04 were analyzed for the same parameters as the
samples collected during the dry weather events: pathogens (fecal coliform, enterococci), metals
(dissolved copper and lead), hardness, total and volatile suspended solids, nutrients (total phosphorus,
total Kjeldahl nitrogen, nitrate, and ammonia. In-situ parameters measured in the field consisted of
dissolved oxygen, temperature, specific conductance, turbidity, pH, and chloride.

During Storm WW-02, a total of up to 7 samples were collected during the storm at each of the
following stations: W-11 to W-13 (Mill River) and W-14 to W-16 (Peters River). Samples were
analyzed for pathogens (fecal coliform, enterococci), metals (dissolved lead and copper), and hardness.
In-situ field measurements consisted of temperature, specific conductance, turbidity, and pH.

Selected samples from Runs 2 and 4 of Storm WW-04 were reanalyzed for metals, because the original
data obtained from the laboratory STL were very high. Reanalyses were performed by Microinorganics
for dissolved lead on the unfiltered original sample and the sample filtered by STL (Samples W-21, W-
22, W-23, W-31). Subsequently, reanalyses were performed by Microinorganics also for total lead on
the unfiltered original sample after acidification to obtain the total recoverable (Samples W-01, W-02,
W-21, W-22, W-23, W-31). Results are included in Table B-3 in Appendix B.

The wet weather concentrations in the data tables of this section are provided in the same manner as for
the dry weather data (see Section 3.1.2). Dissolved copper and lead concentrations obtained by Mitkem
for Storm 1 were removed from the data tables in Section 4, but provided in Tables B-6 and B-7 in
Appendix B.

4.2.3 Flow
Flows along the Blackstone River were developed in the following manner (Figure 4-25):

Flows were available from four USGS gages in RI at their 15 or 20 minute intervals including the
Blackstone River at Woonsocket and Roosevelt Ave, Peters River, and Branch River.

Flows were directly measured at the time of sampling for a few select stations.

Stage-Discharge relationships for W-01, W-02 and W-05 were developed from the dry weather
estimates of flow, and stage readings taken at the time of he sampling were used to estimate
flows.

Average flows from the Woonsocket WWTF (Station W-24) were available from WWTF
personnel and RIDEM.
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e For the Mill River, when USGS flows were not reported for several months at the end of the
study, a relationship between the Mill River and Peters River was developed. Specifically, the
Peters River flow for those months was used to estimate flows at Mill River station W-11.

o All other stations had flows estimated by mass balance using the groundwater incremental
inflows estimated from stations with known flows.

The flows for all storms at each station are presented in Figures 4-26 to 4-29. A summary of the
prestorm, local peak, and runoff peak flows are presented in Figure 4-30.

The two USGS gages along the mainstem of the Blackstone River provided valuable flow information
for the generation of the river’s hydrographs. The daily average flows for the two stations that were
reported by USGS are given in Figures 4-31 to 4-33. All data have been reported as acceptable for
publication except the October 2005 data at the Woonsocket gage, which was still listed as provisional at
the time of the data analysis for this report.

The daily average flows at the USGS Woonsocket gage were higher than those reported at the Roosevelt
Avenue gage, specifically for flows between approximately 1,000 and 6,000 cfs (Figures 4-31 to 4-33).
This would be expected if there was significant time of travel between stations or if the peak of the
hydrograph occurred at the end of a day and was recorded at the upper station on the day before it was
recorded at the lower station (i.e., the offset would be a result of a time lag in travel of increased flows
between stations). In general, however, average flows should be slightly higher on average (for the
several days involving a storm signal) at the downstream station due to the contributions of tributaries,
stormwater pipes, non-point source surface water runoff, and groundwater inflows between gages. This
is not the case for all three storms. The greatest difference occurred during Storm WW-03. This was a
problem for the evaluation of the mass loadings, particularly in Reach 2 for which the flows from the
two gages were used to estimate flows at Stations W-03 and W-04. In our analysis, flows were used as
published by the USGS. If indeed the recorded USGS flows were lower than the actual flows at the
Roosevelt Avenue station, then the mass loads for Reaches 2 and 3 as determined in this study would be
higher by possibly up 20% on specific days.

4.2.4  Evaluation of Data for Compliance

The evaluation of the wet weather event data for compliance with the regulatory requirements was
discussed in Section 3.1.3 together with the evaluation of the dry weather data.

4.25 Data Analysis

Event Mean Concentrations (EMC), or geometric means for pathogens, were calculated for each station
for each storm for all runs with the exception of the prestorm run.

The primary stations (W-01 to W-05), all located along the Blackstone River, allowed for the best
evaluation for the entire storm, since these stations were sampled during all runs. Less frequently
sampled Blackstone River stations (W-21, W-22, W-17, W-25) provided information at points in-
between the primary stations. However, on average only 2 to 3 samples were collected, typically at first
flush and at local flow peaks. Therefore, the EMCs for these stations may be higher than the complete
storm EMC.
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The stations along the Mill River and Peters River (W-11 to W-16) provided a comparable estimate of
the storm’s EMC from first flush through and just after the peak load. The sampling program did not
extend to the end of the respective storm.

Two to three samples were collected at tributaries and outfalls. The goal was to monitor the first flush
and local peak. Generally, there is a rapid response in the flow at these stations from rainfall changes.
Therefore, the sampling scheme provided a reasonable estimate of the storm’s EMC. The loading from
the Branch River and Abbott Run Brook, on the other hand, may be underestimated, since the response
of these comparatively large watersheds may be considerably longer than the monitoring period used in
the study.

The samples collected at Station W-24 (Woonsocket WWTF) consisted of 24-hour flow-weighted
composites. The samples represented the daily performance of the facility and provided a reasonable
estimate of the WWTF’s contribution for the 2 to 3 day period of the hydrograph.

4.3 Results
4.3.1 Pathogens
Fecal Coliform

Fecal coliform concentrations for all four storms are provided in Figures 4-34 and 4-35. Fecal coliform
geometric means are summarized in Figure 4-36 for each station for each storm for all runs, with the
exception of the prestorm run. Profiles for the study area are provided in Figures 4-37 to 4-40 for
Storms WW-01 to WW-04, respectively. The 90" percentile values are also presented. The following
observations are made from these figures (profiles are broken into watershed sections for ease of
discussion; the section numbers are shown in circles along the x-axis):

e Station W-01 (Section 1): All samples at the MA/RI State line exceeded fecal coliform
concentrations of 500 MPN/100 ml.

o W-23 (Section 2): Fecal coliform concentrations in the Branch River were high for two out of the
three storms.

o For the Mill River (Section 3), the concentrations were the lowest at the State line (Station W-11)
and highest at the middle station (W-12). Stations W-12 and W-13 significantly exceeded the
200 MPN/100 ml standard for three of the storms (Storms WW-01 to WW-03). W-11 was either
at or below 200 MPN/100 ml. All three stations were below 200 MPN/100 ml during Storm
WW-04. This was to be expected since the baseline flow during WW-04 was high and
consequently the dilution ratio was high.

o For the Peters River (Section 4), all samples for all storms exceeded 500 MPN/100 ml. Some of
the highest fecal coliform concentrations in the river were recorded at the State line.

o W-02 to W-04 (Section 5): No significant or consistent increases or decreases in the fecal
coliform concentrations occurred between these stations.

o W-26 (Section 6): Fecal coliform concentrations in the Abbott Run Brook were very low. There
was no upstream source indicated.
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W-05 (Section 7): There was a significant and consistent increase between Stations W-04 and
W-05.

For Storm WW-01, the three highest average values were in three out of four small tributary
stations: W-31, W-32 and W-33. This was repeated during Storm WW-03 for all three stations
and for Station W-32 during Storm WW-04. This is significant.

Enterococci

Enterococci concentrations were determined for all primary stations for Storms WW-01, 03, and 04 and
for the Mill and Peters Rivers during WW-02. Enterococci concentrations for all four storms are
provided in Figure 4-41 and 4-42. Geometric means are summarized in Figure 4-36 for each station for
each storm for all runs, with the exception of the prestorm run. Profiles for the four storms are provided
in Figures 4-43 to 4-46. The 90™ percentile values are also presented. The following observations may
be made from these data:

All primary stations along the Blackstone River had similar concentrations. This was true for all
storms. No consistent increase or decrease occurred between stations.

In the Mill and Peters Rivers, the pattern for enterococci and fecal coliform were similar.
Examples are as follows:

- Mill River: The lowest concentrations occurred at the State line. There were significant
increases between Stations W-11 and W-12. A slight decrease was observed at Station W-13.

- Peters River: High concentrations occurred at the State line. No significant increase or
decrease was observed between Stations W-14, W-15, and W-16.

Comparison between 1991 BRI and 2005 BTMDL Studies

There were nine stations used in the historic comparison between the 1991 BRI study and the 2005
BTMDL study. The location of seven of these stations was the same (W-23, 11, 14, 17, 02, 04, 05) and
two stations were in close proximity (W-01 and 03). The geometric means with maximums and
minimums are presented on Figure 4-47. The BRI data represent an average of three storms. BTMDL
data are reported for Storms WW-01, WW-03 and WW-04 in this order for each station. Care must be
taken in evaluating trends, since loadings are dependent on the characteristics of the storm. The
comparison suggests the following:

All three storms in the BTMDL had higher average and maximum concentrations at the State line
(Station W-01) than in the BRI.

Average concentrations along the Branch River had a relatively high variability during the

BTMDL. The range observed during the BRI essentially covers the range of concentrations
observed in the BTMDL.

The high average concentration reported at Station W-14 during the BRI was not observed in the
BTMDL.

Concentrations were similar in the BRI and BTMDL studies in the lower Blackstone River
(Stations W-02 to W-05).

February 2008 Page 4-7 The Louis Berger Group, Inc.



Water Quality — Blackstone River
Final Report 2: Field Investigations Rhode Island Department of Environmental Management

The most obvious and consistent change was an increase which occurred in the last reach
between Stations W-04 and W-05.

4.3.2 Nutrients

Nutrient concentrations for all storms are presented in Figures 4-48 to 4-55. Nutrient EMCs were
calculated for each station for each storm for all runs with the exception of the prestorm run (Figure 4-
56). Profiles of nutrient EMCs for the entire study area for Storms WW-01, WW-03, and WW-04 are
provided in Figures 457 to 460. These profiles include EMCs of the small tributary stations. The
following observations were made:

Nitrate

The Branch River, Mill River, Peters River, and Abbott Run Brook, as well as Station W-31 and
W-33 had low nitrate concentrations relative to the Blackstone River, suggesting that there were
no apparent sources in these watersheds.

The nitrate concentrations in the mainstem Blackstone River did not vary much between Stations
W-01 and W-05.

Occasionally there were high concentrations both at secondary stations in the Blackstone River.
As indicated above, these concentrations reflect more the first flush and peak flow conditions
rather than overall average storm average condition.

The data suggest that there is a potential source of nitrate in both watersheds draining to Stations
W-32 (Front Street drain) and W-34 (Blackstone Canal).

Ammonia

The majority of the samples taken during Storm WW-03 had concentrations below the reporting
limit (i.e., of <0.20 mg/l). In determining the EMCs for ammonia all samples at this level were
taken as one half of the reporting level. However, the low concentrations in many of the samples
prevented any meanin gful interpretation of the data.

The Mill and Peters Rivers had low ammonia concentrations relative to the Blackstone River.
There was no apparent source of ammonia in these watersheds.

There appears to be a gradual decrease in ammonia concentrations in the Blackstone River below
Station W-02. This may be an indication of nitrification.

Occasionally there were high EMCs in the secondary stations of the Blackstone River. As
indicated above, these EMCs reflect more the first flush and peak flow conditions rather than
overall average storm average condition.

The single high concentration reported for Abbott Run Brook (0.83 mg/l) was the highest
reported concentration for all stations. This concentration was unusual and would need additional
data to explain it since there was no resulting jump in the concentration at the downstream
Blackstone River station W-05.
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Total Phosphorus

Concentrations in the Blackstone River were significantly higher during Storm WW-03
(approximately 0.40 mg/l) than during any other storm (typically in the 0.20 to 0.25 mg/l range).

During the three storms (WW-01, 03, 04), concentrations at the State line were typically equal to
or slightly greater than those on the lower Blackstone River.

Concentrations in the Branch River, Mill River, Peters River, and Abbott Run Brook (typically in
the 0.05 to 0.10 mg/l range) were low relative to the Blackstone River, suggesting that there were
no apparent sources in these watersheds.

Comparison between 1991 BRI and 2005 BTMDL Studies

There are nine stations used in the historic comparison between the 1991 BRI study and this study
conducted in 2005. The location of seven of these stations was the same (W-23, 11, 14, 17, 02, 04, 05)
and two stations were in close proximity (W-01 and 03). The means with maximums and minimums are
presented on Figure 4-61 to 462 for ammonia and nitrate, respectively. The BRI data consisted of an
average of three storms. BTMDL data are reported for WW-01, WW-03 and WW-04 in this order for
each station. Care must be taken in evaluating trends, since loadings are dependent on the characteristics
of the storm. The comparison suggests the following:

Ammonia: The major difference between the two studies is an obvious improvement along the
mainstem of the Blackstone River. Concentrations at Stations W-02, W-04, and W-05 were
higher in the BRI study than in the BTMDL study. The difference likely lies in the reduction of
the ammonia load in the drainage area between W-17 and W-02 which would include the
Woonsocket WWTF. The improvement would be higher dissolved oxygen concentrations along
the mainstem, since oxygen demand, associated with nitrification, would have been significant
during the BRI, but minor during the BTMDL.

Nitrate: Similar to ammonia, the major difference between the studies are the nitrate EMCs
below Station W-02. Nitrate EMCs are significantly higher for the BRI. The overall nitrate
concentrations at the State line on average did not change.

4.3.3 Suspended Solids

Concentrations

Total suspended solids (TSS) and volatile suspended solids (VSS) concentrations for all storms are

presented in Figures 4-63 to 466. EMCs were calculated for each station for each storm for all runs

with the exception of the prestorm run (Figure 467). Profiles for TSS and VSS for the study area are

provided in Figures 4-68 to 4-69, respectively. The following observations are made from these data:
The average EMCs in the Blackstone River were comparatively constant.

Highest concentrations were measured at the State line (Station W-01).

EMC:s of the Branch River, Mill River, Peters River, and Abbott Run Brook were generally lower
than the EMCs in the Blackstone River.
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Comparison between 1991 BRI and 2005 BTMDL Studies

Comparison of the mean, minimum and maximum of individual BTMDL storms are presented in Figures
4-70 to 471. For TSS, data are also available from the BRI study. The following observations are
made:

TSS concentrations in the Blackstone River were considerably higher during the BTMDL study
than during the BRI study.

TSS concentrations in the Mill and Peters Rivers were lower during the BTMDL study than
during the BRI study.

The TSS concentrations in the Branch River were comparatively low during the BTMDL study,
but were higher than during the BRI study.

- The patterns of the EMCs for TSS and VSS are similar for the BTMDL data.

4.3.4 Chloride and Hardness

Chloride and hardness data for all storms are presented in Figures 4-72 to 4-75. EMCs were calculated
for each station for each storm for all runs with the exception of the prestorm run (Figure 4-76). Profiles
for the study area are provided in Figure 477 and 478 for chloride and hardness, respectively. The
EMCs for WW-01, WW-03 and WW-04 are given on each figure along with the outfall stations. The
following observations are made from these data:

Chloride

The mean chloride concentrations along the mainstem of the Blackstone River ranged from 48 to
51 mg/l for all storms.

Stations W-23 (Branch River) and W-26 (Abbott Run Brook) had the lowest average chloride
concentrations, 26 and 31 mg/l, respectively.

The highest average chloride concentration (68 mg/l) was measured at Station W-34 (Blackstone
Canal).

Hardness

The mean hardness for each waterbody during each storm is summarized at the bottom of Figures 4-
74 and 4-75. The following observations were made:

The mean hardness along the mainstem of the Blackstone River ranged from 32 mg/l during
Storm WW-04 (which had the highest flow) to 49 mg/l (WW-01) and 50 mg/l (WW-3). The
hardness in the river throughout the storms generally decreased slightly between individual
sample runs, justifying the approach used for the determination of separate acute metals criteria
by sample runs.

Station W-23 (Branch River) had the lowest range of hardness from 13 to 22 mg/l. This is
significant, as it affected the regulatory criteria for copper and lead (see below).
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The mean hardness in the Mill River ranged from 27 to 39 mg/l for individual storms with the
lowest hardness during the high-flow Storm WW-04. The hardness in the Peters River was more
variable ranging from 25 mg/l (Storm WW-02) to 51 mg/l (Storm WW-03).

4.3.5 Dissolved Copper and Lead

In evaluating the trace metal data, the following must be considered for wet weather conditions (see also
Section 3.1.3):

Chronic criteria are determined by the average hardness calculated for each station for all samples
taken during a storm event. A comparison between the criteria and the average metal values for
each storm at individual stations is made to determine compliance with the regulatory standards.
Computed chronic criteria that apply to the sampled storms are presented in Figure 4-79.

Acute criteria for copper and lead are based on the average hardness of all stations on a
waterbody by run for individual waterbodies (Figures 4-80 to 4-83). For the Blackstone River
this consists of the average hardness for all stations along the main stem (W-01, 02, 03, 04, 05,
17, 21, 22, and 25). For the Mill River and Peters River this consists of all the average hardness
for W-11 to W-13, and W-14 to W-16, respectively. Individual average hardness values were
used for the Branch River (W-23) and Abbott Run Brook (W-26). Individual average hardness
values were also used for all small tributaries (W-31, 32, 33, and 34).

It is noted that the dissolved lead and copper data from Storm WW-01 were analyzed by the ICP Method
200.7 with a reporting limit for dissolved lead of 5 ug/l and a method detection limit (MDL) of 0.23 ug/l;
for dissolved copper, the limits were 15 ug/l and 3.2 ug/l, respectively. Samples from subsequent storms
(WW-02, 03, 04) were analyzed by ICP-MS Method 200.8 with a more sensitive reporting limit for
dissolved copper of 1 ug/l and a MDL of 0.4 ug/l; for dissolved lead, the limits were 0.1 ug/l and 0.04
ug/l, respectively. The high RL for Storm WW-01 did not allow for quantification of most samples. As
a result, the dissolved copper and lead data from Storm WW-01 were edited. These data are attached as
in Tables B-6 and B-7 in Appendix B, but were not used for analyses in this report. QA/QC
comparisons for dissolved copper and lead between the STL and Microinorganics laboratories are
presented in Tables B-3 and B-4 in Appendix B.

4.3.5.1 Dissolved Copper

Copper concentrations for all storms are presented in Figures 4-84 to 4-85. EMCs were calculated for
each station for Storms WW-02 to WW-04 for all runs with the exception of the prestorm run (Figure 4-
86). EMCs for key stations for Storms WW-03 and WW-04 are presented along with maximum and
minimum observations (Figure 487). EMCs are also presented for all stations of Storms WW-02 to
WW-04 for comparison (Figure 4-88).

Figures 4-89 to 4-91 presents the mean copper concentrations for three storms (along with the respective
chronic criteria from Figure 4-79). Figures 4-92 to 4-94 presents the copper concentrations from three
runs by storm (along with the respective computed acute criteria from Figures 4-80 to 4-81). The three
runs selected vary between storms and are based on the designation of first flush, local peak and
secondary peak (from Worcester). These designations are presented in Figure 4-24.

Concentrations from individual samples were compared to acute and chronic criteria to determine
exceedances of the standards. These results are summarized by station in Figure 4-95.

February 2008 Page 4-11 The Louis Berger Group, Inc.



Water Quality — Blackstone River
Final Report 2: Field Investigations Rhode Island Department of Environmental Management

The following observations are made:
Dissolved Copper Concentrations

Blackstone River: The copper EMCs at the Blackstone River stations ranged between 4 and 8
ug/l (Figures 4-86 to 4-88). Highest concentrations were generally measured at the State line (W-
01) and at stations in the City of Woonsocket (Reach 1). The concentrations in the Blackstone
River decreased slightly further downstream.

Branch River: On average, the copper EMCs in the Branch River were approximately two thirds
of the EMCs in the Blackstone River.

Mill and Peters Rivers: The copper EMCs in these two rivers were approximately one half of the
EMCs in the Blackstone River. Generally, the EMC in the Mill River increased between the
State line (Station W-11) and the confluence with the Blackstone River (Station W-13),
suggesting that copper was added within the City of Woonsocket. For the Peters River, the EMC
remained comparatively constant between the MA/RI State line (Station W-14) and stations
downstream (W-15, 16).

Abbot Run Brook: The EMC in Abbott Run Brook was low (less than 1 ug/l).
Small tributaries: The EMCs of the small tributaries ranged between 2 and 5 ug/l.
Chronic Criteria

Blackstone River: The mean copper concentrations exceeded the chronic criteria at most stations
(Figures 4-90, 4-91, and 4-95).

Branch River: The chronic criteria were exceeded during each storm. During Storm WW-03, the
mean concentrations were comparatively low, although the low hardness resulted in an
exceedance. During Storm WW-04, the mean concentration was as high as along the Blackstone
River.

Mill and Peters River: The mean copper concentrations were generally below the chronic
criteria. Exceptions were copper concentrations in the Peters River during Storm WW-02 at all
three stations; hardness values in the Peters River were comparatively low during this storm.

Abbott Run Brook: Copper concentrations were consistently low and did not exceed the chronic
criteria.

Small tributaries: The chronic criteria were regularly exceeded at Stations W-31 (Cherry Brook)
and W-32 (Front Street Drain) (Figures 4-84 and 4-85).

Acute Criteria
Blackstone River: Acute copper criteria were exceeded partially during Storms WW-03 and

WW-04 (Figures 4-84 and 4-85, 492 to 4-95). Many of the dissolved copper concentrations at
the State line exceeded the acute criteria.
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e Branch River: Acute copper criteria were exceeded in about half of the samples, in part due to the
low hardness in the river.

o Mill and Peters Rivers: Most of the samples did not exceed the acute criteria, with some
exceptions in the Peters River and one exception in the Mille River.

e Abbot Run Brook: No exceedances.
e Small Tributaries: The acute criteria were exceeded once at Stations W-31 and W-32.
4.3.5.2 Dissolved Lead

Lead concentrations for all storms are presented in Figures 4-96 and 4-97. EMCs were calculated for
each station for Storms WW-02 to WW-04 for all runs with the exception of the prestorm run (Figure 4-
98). EMCs for key stations for Storms WW-03 and WW-04 are presented along with maximum and
minimum observations (Figure 4-99). EMCs have also been presented for all four storms for all stations
for comparison (Figure 4-100).

Figures 4-101 to 4-103 presents the mean lead concentrations for each storm (along with the respective
chronic criteria from Figure 4-79). Figures 4-104 to 4-106 presents the copper concentrations from three
runs by storm (along with the respective computed acute criteria from Figures 4-82 and 4-83). The
three runs selected vary between storms and are based on the designation of first flush, local peak and
secondary peak (from Worcester). These designations are presented in Figure 4-24.

Lead concentrations from individual samples were compared to acute and chronic criteria to determine
exceedances of the standards. These results are summarized by station in Figure 4-95.

The following observations are made:
Dissolved Lead Concentrations

o Blackstone River: The lead EMCs at the Blackstone River stations were below 1 ug/l (Figures 4-
98 to 4-100). EMC:s at the State line were slightly higher than concentrations further downstream
for both Storm WW-03.

e Branch River. The lead EMCs in the Branch River were very low during Storm WW-03, but
comparatively high during Storm WW-04. The reason for the high concentration during Storm
WW-04 is not known. High concentrations occurred during two separate runs. The elevated
concentrations are not considered laboratory errors, as the samples were analyzed twice by
different laboratories.

o Mill and Peters Rivers: Most of the lead EMCs were below 0.5 ug/I.

o Abbot Run Brook: EMCs were very low (<0.2 mg/l).

o Small tributaries: The EMCs were less than 1.2 ug/l. The chronic criteria were exceeded during
at Stations W-32 (front Street Drain) and W-33 (Sylvestre Pond outflow).
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Chronic Criteria
o Blackstone River: The mean dissolved lead concentrations did not exceed the chronic criteria.
e Branch River: The chronic criteria were exceeded during Storm WW-04, but not during WW-03.
¢ Mill and Peters River: No chronic exceedance.
o Abbott Run Brook: No chronic exceedance.
o Small tributaries: No chronic exceedance.
Acute Criteria
o No exceedances of the acute criteria at any station.
4.3.6 Other Parameters

Other parameters consisted of dissolved oxygen, temperature, specific conductance, and pH. Data are
presented in Figures 4-107 to 4-114. There are no specific comments except for dissolved oxygen.

Almost all dissolved oxygen concentrations were above the regulatory minimum concentrations of 5
mg/l.  The only exception was Station W-14 along the Peters River during Storm WW-03.
Concentrations were low during the first half of the storm. However, the dry weather concentration was
also low suggesting that conditions other than the stormwater-related runoff caused the reduced
dissolved oxygen concentrations.

4.4 Wet Weather Loading by Reach

The storm data were used to assess the wet weather loading of primarily pathogens, nutrients, lead, and
copper within the Rhode Island portion of the Blackstone River watershed. For the loading analysis, in-
stream geometric mean concentrations were used for pathogens, whereas EMCs were used for metals
and nutrients. The data are discussed by significant reach.

44.1  Blackstone River Reach 1 (Woonsocket)

EMC values were used along with time-weighted flows to develop mass loads at a particular station for
each storm. The primary stations were sampled for each run and represent a reasonable estimate of the
entire storm’s load. Reach 1 is bounded in the north (upstream) by Station W-01 and the south
(downstream) by Station W-02.

Inputs within this reach that were monitored consisted of the Mill River and Peters River (represented by
Stations W-13 and W-15, respectively), the Woonsocket WWTF (W-24), the Branch River (W-23), and
three small tributary stations (W-31, W-32, W-33). None of these stations were impacted by the
contribution from Worcester.

The wet weather loads calculated for the Mill and Peters Rivers (W-13, W-15) provide a comparable
estimate of the storm’s load from first flush through and just after the peak load. The sampling program
did not extend to the end of the river’s hydrograph.
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Loads calculated for the Branch River (W-23), Cherry Brook (W-31), Front Street Drain (W-32) and
Sylvestre Pond (W-33) are based on two to three samples. The goal of the sampling program for these
stations was to monitor the first flush and local peak. Since there is a rapid flow response in the small
tributaries (W-31 to W-33), this sampling scheme provided a reasonable estimate of the storm’s
contribution to the Blackstone River. For the Branch River, the loading may be underestimated, since
the response of its watershed may be considerably longer than the monitoring period. Samples from the
Woonsocket WWTF (W-24) were 24-hour flow-weighted composites, representing the daily
performance of the facility. Thus, the calculated loads provide a reasonable estimate of the WWTEF’s
contribution for the 2-3 day period of the hydrograph.

Mass balances for each constituent within Reach 1 are presented in Figures 4-115 to 4-121. The loading
was related directly to the load at W-02. For instance, the percent of the chloride load contributed from
each monitored source during Storm WW-01 relative to the total at W-02 is reported as: W-01 at 85.9%;
W-23 at 4.7%; W-31 at 0.1%; W-32 at 0%; W-13 at 4.0%; W-15 at 2.0% W-24 at 2.4%; W-33 at 0.1%
(Figure 4115). When these contributions are totaled approximately 99.4% of the chloride load was
identified. The mean loads for Storms WW-01, 03, 04 are presented in the last column of each table.
The means are summarized in Figure 4-122.

The following conditions and observations are related to each constituent:
Chloride

On average, approximately 94% of the chlorides were identified with the monitored inputs. Since
chloride is a conservative constituent, it indicates that only 6% of runoff/dry weather flow was not
monitored.

Approximately 76% of the load at Station W-02 was contributed by Massachusetts (W-01).

Contributions from the Branch River, Mill River, Peters River, and the WWTF were consistent across
the three storms and were on average 4.8%, 6.0%, 3.4% and 3.2%, respectively.

Mass contributions from the small tributary stations were small (0.1-0.2%).
Fecal Coliform

To evaluate fecal coliform is problematic. There was more fecal coliform mass at the beginning of
Reach 1 (Station W-01) than at the end (W-02). When taking into consideration all measured inputs into
this reach, there was on average approximately 1.7 times more fecal coliform entering the reach than
leaving. Pathogens are not conservative and their numbers will decline over time and distance. It is
possible that this is occurring within this reach. Another possibility is the potential residual disinfection
caused by the WWTF effluent. The BRI (1991) found that the chlorine residual in the UBWPAD
discharge did continue to kill off pathogens in the receiving water.

Contributions from the Branch, Mill, and Peters Rivers were consistent across the three storms,
averaging 14.2%, 10.7%, and 12.7%, respectively.

All three small tributary stations had significant concentrations. The Front Street Drain (W-32)
especially had wet weather concentrations that were the highest observed in Reach 1 (46,475, 7,714, and
2,133 MPN/100ml). The impact of these stations on the Blackstone River was collectively around 5%
relative to Station W-02.
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Additional pathogens are contributed to the Blackstone River by the numerous outfalls in the
Woonsocket area. High wet weather fecal coliform concentrations were measured in Outfalls OF-242,
247,258, 263, and 435 (Figure 5-17). However, only some of the largest outfalls were tested during this
study. The total loading from the outfalls in Woonsocket is not known. In addition, a small brook
monitored in Massachusetts (OF-601; Fox Brook) contained elevated fecal coliform concentrations
during both dry and wet weather conditions.

Nitrate

Like chloride, nitrate is dissolved and thus conservative in the time period of a typical storm signal.
Therefore, a balance has significance. On average, 91% of the nitrate load observed at the end of the
Reach 1 (W-02) was identified with the monitored inputs. This is similar to the chloride load.

Approximately 74% of the load at W-02 was contributed by Massachusetts (W-01).

Contributions from the Branch, Mill, and Peters River, and the WWTF were consistent across the three
storms, averaging 4.2%, 3.1%, 1.5% and 7.6%, respectively.

Mass contributions from the small tributary stations were small (0.1-0.4%)
Ammonia

Ammonia is not conservative. It may readily be converted into nitrite/nitrate. However, based on
experiences during the monitoring and modeling in the BRI, the river segment where nitrification was
important was below the WWTF, essentially in Reach 2. It was not a major factor in the area from the
State line to the WWTF (i.e., within Reach 1).

The majority of the samples taken during Storm WW-03 had concentrations below the reporting limit of
20 mg/l. In determining the EMCs for ammonia all samples at this level were taken as one half of the
reporting limit. As shown in Figure 4-118, most of the station EMCs for this storm were less than 0.15
mg/l, preventing a meaningful interpretation of the data.

During Storms WW-01 and WW-04, ammonia concentrations were not as low as during Storm WW-03.
If all three storms are included in the mass balance approximately 84% of the ammonia was accounted
for. If only WW-01 and WW-04 were used, approximately 97% was accounted for.

For Storms WW-01 and WW-04, approximately 78% of the load at W-02 was contributed by
Massachusetts (W-01). Contributions from the Branch, Mill, and Peters River were 10.0%, 3.2%, and
2.4%, respectively. The ammonia load from the WWTF (3.3%) was similar to the loads of the Mill and
Peters Rivers.

Mass contributions from the small tributary stations were small (0.1-0.2%).
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Total Phosphorus

All of the total phosphorus observed at Station W-02 was accounted for in the mass balance. On
average, 103% was monitored with individual storm balances of 95%, 106% and 108%. According to
this analysis, there was no additional significant source of total phosphorus in Reach 1.

Approximately 84% of the total phosphorus at W-02 came from Massachusetts (W-01). Contributions
from the Branch, Mill, and Peters Rivers, and the WWTF were on average 5.9%, 2.3%, 1.2% and 8.9%,
respectively.

Mass contributions from the small tributary stations were small (0.1-0.2%).
Dissolved Copper

Like chloride and nitrate, dissolved copper is expected to be conservative for the length of Reach 1 and
the time period of a typical storm signal. Therefore, a balance has significance. For dissolved copper,
on average, approximately 110% of the load observed at the end of the reach was identified with the
monitored inputs. There did not appear to be other significant sources of copper.

Most of the load at W-02 (91% of the 110% identified at W-02) was attributable to Massachusetts (W-
01).

Contributions from the Branch River were not consistent. For Storm WW-03, the EMC was 2.6 ug/l; the
mass contribution was 2.6%. The copper EMC and load of Storm WW-04 were much higher (5.45 pg/l
and 21%, respectively. This contribution is of concern and further investigation is necessary to confirm
this observation.

The Mill River, Peters River, and the WWTF loads were consistent across Storms WW-03 and WW-04
averaging 2.9%, 1.6%, and 1.9%, respectively.

Mass contributions from the small tributary stations were small (0.1-0.2%)

The outfall reconnaissance survey identified elevated copper concentrations in Outfalls OF-235, 242,
243,247, 258, and 263 during wet weather (Figure 5-17).

Dissolved Lead

The analysis for dissolved lead only includes Storm WW-03. Most of the data from WW-01 and WW-
04 were eliminated due to analytical problems.

Like copper, dissolved lead is conservative for the length of Reach 1 within a typical storm signal.
Therefore, a balance has significance. For dissolved lead, on average 97% of the load observed at the
end of the reach was identified with the monitored inputs. There do not appear to be other significant
sources of lead in Reach 1.

Approximately 85% of the load at W-02 was contributed by Massachusetts (W-01).

Contributions from the Branch, Mill, and Peters Rivers, and the WWTF were 3.9%, 6.0%, 1.3% and
0.4%, respectively. The loading from Mill River (W-13) should be investigated further.
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Mass contributions from the small tributary stations were small (0.6%).

The outfall reconnaissance survey identified elevated lead concentrations in Outfalls OF-205, 235, 242,
243,247, 258, and 263 during wet weather (Figure 5-17).

4.4.2 Blackstone River Reach 2 (Lincoln/Cumberland)

EMC values were used along with time-weighted flows to develop a mass at a particular station for each
storm. The primary stations were sampled for each run and represent a reasonable estimate of the entire
storm’s load. Reach 2 is the area of the Blackstone River bounded by two primary stations: in the north
(upstream) by W-02 and in the south (downstream) by W-04. Primary station W-03 was located midway
in the reach. The only other monitored source within Reach 2 was W-34, the outlet for the Blackstone
Canal. Since the flow is so low at W-34 (discharge point from the Blackstone Canal), and the watershed
area of the canal is comparatively small, it is expected that the mass contribution from this source is
insignificant.

Mass balances for each constituent in Reach 2 are presented in Figures 4123 to 4-131. The loads are
related directly to the load at the upstream end of the reach (W-02).

A problem with the mass balance in the reach was the prediction of flows for Stations W-02, W-03 and
W-04. These stations use the flows reported by the USGS for their gages at Woonsocket and Roosevelt
Avenue. These flows do not balance (see discussion in Section 4.2.3). Flows at the Roosevelt Avenue
gage were lower than those reported for the Woonsocket gage. This was especially true for Storms
WW-03 and WW-04. Care must be taken in interpreting the data as some increases/reductions in mass
may be due to the flow imbalances rather than changes in concentrations.

Chloride and Hardness

Chloride and hardness concentrations were consistent within the reach for each storm. There did not
appear to be any significant additions of either constituent along the reach.

Since both are considered conservative and both did not have any real change in concentrations within
the reach, the mass balance is a reflection of the flow imbalance. Both parameters are similar: for
chloride and hardness, respectively, the results were 99% and 104% (WW-01), 90% and 89% (WW-03),
and 77% and 84% (WW-04).

Fecal Coliform

There was no consistency across the storms for this reach. Fecal coliform increased during Storm WW-
01, decreased in WW-03, and decreased then increased in WW-04. The comparatively small number of
outfalls entering Reach 2 suggests that the variability in the coliform loads could have been a reflection
of varying rates of pathogen decay during different storms within this comparatively long reach.

The outfall reconnaissance survey identified elevated fecal coliform concentrations in Outfalls OF-334,
333 (Sneech Brook), 326/327, 325 (Scott Brook), 324, 304, 448, and 422 during wet weather (Figure 5-
17).

The Louis Berger Group, Inc. Page 4-18 February 2008



Water Quality— Blackstone River
Rhode Island Department of Environmental Management Final Report 2: Field Investigations

Total Suspended Solids

Solids concentrations did not vary within the reach, even though runoff from roadways occurs
throughout this river segment. It could be that any increase in solids due to runoff was offset with solids
settling and there was no net change in the water column. In addition, part of the urban runoff drains
into the vegetated flood plain of the river, which allows solids to partially settle out.

Nitrate

There was no consistency in the nitrate loads across the storms for this reach. Nitrate rose slightly
during Storm WW-01, decreased slightly in WW-03, and remained constant in WW-04.

Ammonia

During all three storms, ammonia loads decreased in Reach 2. This trend was observed during all three
storms, suggesting that this is a real change. This is not unexpected since earlier dissolved oxygen
models for the Blackstone River showed ammonia nitrification being important directly below the
Woonsocket WWTF. However, if this decline is associated with nitrification, there was no measurable
increase in nitrate during Storms WW-03 and WW-04 within this reach.

Total Phosphorus

Total phosphorus did not vary within the reach (Figures 4-85 and 4-130).
Dissolved Copper

Dissolved copper did not vary within the reach.

The outfall reconnaissance survey identified elevated copper concentrations in Outfalls OF-324 and OF-
448 during wet weather (Figure 5-17).

Dissolved Lead

For the storm with available dissolved lead data (WW-03), lead concentrations and loads (Figures 4-97
and 4-131) decreased at a greater rate than could be attributed to the flow imbalance between Stations
W-02 and W-04. This raises the questions why dissolved lead would decrease while dissolved copper
would not. Lead is typically found in rivers with a higher percentage in the particulate fraction. Reach 2
is longer than both Reach 1 and Reach 3. Reach 2 has a series of impoundments between Stations W-02
and W-04. Settling may occur. If particulate lead is lost to the water column in the impoundments, it is
possible that a repartitioning of the lead to adjust for this loss could occur reducing the dissolved lead
concentration. This would be a viable possibility if the total suspended solids concentrations, in fact,
decreased within the reach. Such a decrease was not observed, however, as discussed above.

As for copper, the outfall reconnaissance survey identified elevated lead concentrations in Outfalls OF-
324 and OF-448 during wet weather (Figure 5-17).
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4.4.3 Blackstone River Reach 3 (Central Falls/Pawtucket)

As for Reaches 1 and 2, EMC values were used along with time-weighted flows to develop a mass at a
particular station that would be a result of each storm. The primary stations were sampled for each run
and represent a reasonable estimate of the entire storm’s load. Reach 3 is an area of the lower
Blackstone River bounded by primary stations W-04 in the north (upstream) and W-05 in the south
(downstream). The only other monitored source was Abbott Run Brook (Station W-26).

Mass balances for each constituent in Reach 3 are presented in Figures 4-132 to 4-140. The loading was
related directly to the bad at the beginning of the reach (W-04). Mean loads were calculated for all
storms and are presented in the last column of each table. These means are summarized in Figure 4-141.

The flow problem of Reach 2 is not an issue in Reach 3. Flows from the Roosevelt Avenue gage were
used in the flow estimations.

For many of the constituents (chloride, hardness, TSS, nitrate, total phosphorus), the concentrations and
the mass loads did not change between Stations W-04 and W-05. For these constituents, there was no
indication of an obvious source within the reach.

For dissolved copper there was no consistent increase or decrease in the concentrations and loads for
Storms WW-03 and WW-04. On average, the copper load remained unchanged (99%).

Dissolved kad loads and concentrations decreased again between Stations W-04 and W-05, although
data from only one Storm (WW-03) are available.

For ammonia, the majority of the samples taken during Storm WW-03 and WW-04 were below the
reporting limit of 0.20 mg/l. In determining the EMCs for ammonia all samples at this level were taken
as half of the reporting limit As can be seen in Figure 4137, most of the station averages for these
storms were less than 0.20 mg/l, preventing a meaningful interpretation of the data. For Storm WW-01,
the concentrations and mass loads did not change between Stations W-04 and W-05.

The results for the wet weather fecal coliform summarized in Figure 4-134 for Reach 3 supports the dry
weather conclusion of a consistent source(s) of fecal coliform within this reach. For the three storms,
fecal coliform counts on average almost doubled in the reach. The likely coliform sources are the CSOs
within this reach.

The outfall reconnaissance survey identified elevated fecal coliform concentrations in Outfalls OF-302,
318, 317, 316, 311, 501. Copper and lead were elevated in Outfalls OF-302, 318, 317, 316, and 311
(Figure 5-17). In addition, lead was elevated in OF-501 (Figure 5-17). The three most significant
outfalls for further monitoring are OF-302, 317, and 501.

4.4.4 Mill River and Peters River

EMC values were used along with time-weighted flows to develop a mass at a particular station for each
storm. The primary stations were sampled for each run and represent a reasonable estimate of the entire
storm’s load. The secondary stations along the Mill and Peters Rivers provide a comparable estimate of
the storm’s load from first flush through the peak load. The sampling program did not extend to the end
of a storm.
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Mass balances for each constituent are presented in Figures 4142 to 4150. The percent increase or
decrease that occurred between stations is reported for each storm. The last column is the mean increase

or decrease observed for all storms. This means was compiled for each constituent in a summary table
(Figure 4-151).

Chloride/Hardness

In almost all cases, chloride and hardness concentrations did not increase significantly. There was one
exception. This exception was during Storm WW-03 where an increase was observed in the EMCs
between W-15 and W-16 for chloride and hardness (26 to 56 mg/l, and 36 to 56 mg/l, respectively).
However, care must be taken in interpreting this as a positive change. The lowest values reported for W-
15 occurred in Run 7, which was not sampled at W-16 and would not have occurred in the average. If a
similar value (W-15/Run 7) were used in the average for W-16, the result would be similar to the
average at W-15.

Fecal Coliform

In Mill River, Run 1 during Storm WW-02 had high fecal coliform concentrations. This run was taken
during the first flush of the storm. The prestorm sample was taken the day before as a dry weather
sample (Event DW-11).

The results in the Mill River during wet weather sampling support the dry weather conclusions. The
main source of fecal coliform clearly occurred between Stations W-11 and W-12. Increases in the fecal
coliform concentrations ranged from a low of 144% (38 to 92 MPN/100ml) to a high of 6,525% (76 to
4,956 MPN/100ml). Based on the outfall reconnaissance survey, the likely sources for this increase are
Outfalls OF-703 and/or OF-704 (Figures 5-6 and 5-17).

On average the change in concentrations between Mill River stations W-12 and W-13 was small,
suggesting no significant additions in loading.

The results in the Peters River during wet weather sampling were not as spatially specific. Wet weather
concentrations at the State line were important with respect to the rest of the river and should be
considered if pathogen concentrations are to be reduced in the Peters River. In two of the four storms,
the concentrations at the MA/RI State line were the highest on the river. Elevated wet weather fecal
coliform concentrations were only measured at Outfall OF-805 (Figures 5-6 and 5-17).

Care should be taken in evaluating the mass balance of the Peters River between Stations W-15 and W-
16 during Storm WW-03. For the last sampling run (Run 7), the fecal coliform concentration at W-15
was the highest during the storm (>16,000 MPN/100ml). Station W-16 could not be accessed because of
the high river stage in the Blackstone River. This is reflected by the mean concentration at Station W-
16; the mean would most likely be higher if Run 7 was available. Also, it is difficult to draw a
conclusion for the river segment between Stations W-15 and W-16 with only two data points. In
comparison, dry weather data did not indicate a source between Stations W-15 and W-16.

Total Suspended Solids

There is a consistent rise in the total suspended solids load between Mill River stations W-11 and W-12
(231%). This is expected, since W-11 is at the outlet of an impoundment.
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The velocity at Mill River station W-12 is very high just before the river goes underground. At the
confluence with the Blackstone River (W-13), the channel is wider and the water depth greater,
depending on the stage in the Blackstone River. As a result, the velocity in the Mill River is
comparatively low. The consistent observation of the decline in solids between W-12 and W-13 is
expected with the reduction in velocity (-44%).

Along the tunnel at the confluence of the Peters River with the Blackstone River, debris covers the entire
channel. Water flow either has to go through or over the debris pile. There are obvious sand bars in and
after the debris piles. Some of the solids likely settle out of the water column. This would not occur if
the channel was cleaned out.

Nitrate

EMC:s for nitrate are oftentimes separated by several hundreds of a mg/l. There is no obvious pattern in
the data, suggesting no obvious source of nitrate in the river segments.

The missing Storm WW-03 Run 7 at Peters River station W-16 likely resulted in a somewhat higher
EMC at this station, as compared to Station W-15.

Ammonia

All samples along the Mill and Peters Rivers taken during WW-03 were below the reporting limit of 20
mg/l. Any change suggested in the analysis during this storm would simply reflect the flow changes
between stations.

There was a minor decrease in loading along the Mill River between stations W-11 and W-13 during
both Storms WW-01 and WW-04 (Figure 4-147).

EMC:s for the Peters River were also below the reporting limit during WW-04.
Total Phosphorus

EMC:s for total phosphorus are low and oftentimes separated by one or two hundreds of a mg/l. It is
difficult to see any significant pattern in most of the data. The only exception to this may be with respect
to the small increase observed during all three storms between Mill River stations W-11 and W-12.
However, at this time it is difficult to suggest a potential source along this river segment. Between
Stations W-11 (MA/RI State line) and the confluence with the Blackstone River, there is essentially no
net change.

Dissolved Copper

In two out of the three storms there was a steady rise in the dissolved copper concentrations along the
Mill River. This is considered significant. Between Stations W-11 (MA/RI State line) and the
confluence with the Blackstone River, the average increase is 32%. None of the discharges from the
outfalls that were monitored during the reconnaissance survey had elevated concentrations of copper
(Figure 5-17). It is not known if discharges enter the tunneled section of the river.

There is no obvious pattern in the Peters River. EMCs are very similar and indicate no significant source
in these river segments. None of the discharges from the outfalls that were monitored during the
reconnaissance survey had elevated concentrations of copper.
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Dissolved Lead

In two out of the three storms there was also a steady rise in dissolved lead concentrations along the Mill
River. This is considered significant. Between Stations W-11 (MA/RI State line) and the confluence
with the Blackstone River, the average increase was 182%. Storms WW-02 and WW-03 suggest that
the increase primarily occurred between Stations W-11 and W-12. Elevated lead concentrations were
measured in Outfall OF-704 (Figure 5-17), which enters Mill River within that river section.

Dissolved lead increased also in the Peters River within the tunneled section by on average 66%. As for
the Mill River section, it is not known if discharges enter the tunneled section of the river. Slightly
elevated lead concentrations were measured in Outfall OF-815 (Figure 5-17), which, however, is located
upstream of the tunneled section. The river section between Stations W-14 and W-15 had a small
decrease in dissolved lead load (average of -9%).
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Figure 4-1: Average Rainfall Characteristics

Blackstone River Initiative (BRI) Blackstone TMDL (BTMDL)
(1991) (2005)
Storm Storm Storm Storm
Characteristic Storm 1 Storm 2 Storm 3 WW-01 WW-02 WW-03 WW-04
TR (inch) 0.56 0.88 0.81 0.96 1.76 2.72 0.61
D (hrs) 6.0 16.0 8.5 8.0 3.0 29.0 14.0
ADP (days) 11.0 8.0 8.0 2.0 14.0 9.0 5.0
PI (in/hr) 0.20 0.23 0.52 0.26 (NS) 1.13 (Bell) 0.71 (NS) 0.20 (NS)
Al (in/hr) 0.09 0.06 0.10 0.12 0.59 0.09 0.04

TR = Total Rainfall Based on Thiessen Method
D = Rainfall Duration

Pl = Peak Intensity (Station ID)

Bell = Bellingham Rainfall Gaging Station

Rainfall Hyetograph
0.35

ADP = Antecedent Dry Period
Al = Average Intensity
NS = North Smithfield Rainfall Gaging Station
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Figure 4-2: Hyetographs for Storm WwW-01
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Rainfall Hyetograph WwWO01

Blackstone River TMDL (N. Smithfield)
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Figure 4-3: Doppler Radar and N. Smithfield Hyetograph, WwW-01 (July 8, 2005 at 12:41h).
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Figure 4-4: Doppler Radar and N. Smithfield Hyetograph, WwW-01 (July 8, 2005 at 17:06h).

The Louis Berger Group, Inc. Page 4-26 February 2008



Water Quality— Blackstone River

Rhode Island Department of Environmental Management Final Report 2: Field Investigations
50 0.35
AM [ Bellingham Rainfall
40 Peters Flow 1 0.28
-/J \ 0 W-14 Sampled _
<
@ 30 1 021 £
L =
T 20 0.14 ‘S
h_o__/ H‘& o
10 0.07
0 Ju al |”I|.. , d , | 000
0 12 24 36 48 60 72
Hours From July 8, 2005
Figure 4-5: Comparison of Bellingham Rainfall and Peters River Flow for Ww-01
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Figure 4-6: Comparison of N. Smithfield Rainfall and Woonsocket Flow for WW-01
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Figure 4-7: Comparison of N. Smithfield Rainfall and Roosevelt Flow for WW-01
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Rainfall Hyetograph Bellingham - Storm WW-02
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Figure 4-8: Hyetographs for Storm WW-02
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Figure 4-9: Comparison of Bellingham Rainfall and Peters River Flow for WwW-02
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Figure 4-11: Doppler Radar and N. Smithfield Hyetograph, WwW-03 (Oct. 7, 2005 at 20:23h).
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Figure 4-12: Doppler Radar and N. Smithfield Hyetograph, WW-03 (Oct. 8, 2005 at 08:19h).
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Figure 4-13: Doppler Radar and N. Smithfield Hyetograph, WwW-03 (Oct. 9, 2005 at 00:10h).
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Figure 4-14: Comparison of Bellingham Rainfall and Peters River Flow for WW-03
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Figure 4-15: Comparison of N. Smithfield Rainfall and Woonsocket Flow for WW-03
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Figure 4-16: Comparison of N. Smithfield Rainfall and Roosevelt Flow for WW-03
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Figure 4-17: Hyetograph for Storm WWwW-04
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Figure 4-18: Doppler Radar and N. Smithfield Hyetograph, WW-04 (Oct. 22, 2005 at 19:15h)
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Figure 4-19: Comparison of Bellingham Rainfall and Peters River Flow for WW-04
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Figure 4-20: Comparison of N. Smithfield Rainfall and Woonsocket Flow for WwW-04

Figure 4-21: Comparison of N. Smithfield Rainfall and Roosevelt Flow for WW-04
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Figure 4-22: Wet Weather Sampling Program - Blackstone TMDL

WW-01 WW-02 WW-03 WW-04
Station Proposed Actual Proposed | Actual (2) | Proposed | Actual (2) | Proposed | Actual (2)
W-01 10 11 10 10 10
W-02 10 11 10 10 10
W-03 12 11 12 10 12
W-04 12 11 12 10 12
W-05
W-11
W-12
W-13
W-14
W-15
W-16°
W-21
W-22
W-23
W-24
W-25
W-26
W-31
W-32
W-33
W-34
Total 1
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(1) Samples were only taken at W-16 when the stage at USGS Gage Woonsocket
was <1.4 feet Proposed: 349 samples

(2) The number of samples include the pre-storm samples that were Actual: 348 samples
taken the day before as a dry weather monitoring event.
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Figure 4-23: Time Covered by Sampling Program

. . Actual Time Between Runs

Stations Proposed Duration of Sampling - - -
(Time between 1st and last Run) Prestorm to Final| First Run After Start of Rainfall
Run to Final Run

WW-01 (July 8-12, 2005)
W-01 and 02 36-72 hours 95.0 hours 87.8 hours
W-03, 04 and 05 48-96 hours 97.8 hours 87.5 hours
WW-03 (October 7-11, 2005)
W-01 and 02 36-72 hours 94.3 hours 69.8 hours
W-03, 04 and 05 48-96 hours 98.0 hours 68.5 hours
WW-04 (October 22-24, 2005)
W-01 and 02 36-72 hours 49.0 hours 40.3 hours
W-03, 04 and 05 48-96 hours 52.3 hours 40.3 hours

The Louis Berger Group, Inc. Page 4-36 February 2008



Water Quality— Blackstone River
Rhode Island Department of Environmental Management Final Report 2: Field Investigations

Figure 4-24: Relationship between First Flush, Local Peak and Worcester Peaks for individual
Storm Samples

Stations Sample Runs in relation to Flows (*)

Storm WW-01

Primary Stations 1-P|2-FF|3-LP|4-LP 5 6-WP| 7 8 9 10 11 12
Mill/Peters 1-P|2-FF 3 4 7

Tertiary 2 3

Storm WW-02

Mill/Peters | P J1-FF] 2 | 3] 4 ] 5 | 6 | 7 | | | |
Storm WW-03

Primary 1-P|2-FF|3-FF 5-LP 6 7 8-WP|9-WP| 10 11
Mill/Peters 1-P|2-FF 3 5 7

Tertiary 2 5 7

Storm WW-04

Primary 1-P|2-FF|3-LP|4-LP 5 6 7-WP 8 9

Mill/Peters 1-P|2-FF 4 6 7

Tertiary 2 4

P = Prestorm sample; FF = First Flush; LP = Local Peak; WP = Worcester Peak

(*) The relationships were determined after the storm, based on detailed flow information from USGS gages throughout
the watershed, hyetographs, and sampling results.

Figure 4-25: Procedure followed for the Determination of Wet Weather Flows

WQ Station Procedure used

W-01 Either stage-discharge relationships established during dry weather or USGS
flows/drainage areas were used to develop incremental inflow rates.

W-02, W-05 Stage-discharge relationships established during dry weather.

W-03, W-04, W-12,, W-13

W-15. W-16. W-21. W-22 USGS gage flows/drainage area were used to develop incremental inflow rates.

When USGS flows were reported, these were used. For the months that did not
W-11 have published flows, a relationship between Mill and Peters Rivers was determined
and the Peters River flow was used to estimate the W-11 flow.

W-01, W-02, W-03, W-04,
W-05, W-12, W13, W-15,
W-16, W-21, W-22

W-14, W-17, W-23, W-26 USGS flows were used for all surveys.

USGS gage flows were used to develop incremental inflow rates.

W-24 Flows were received from WWTF personnel and RIDEM.

W-25 USGS flows at Roosevelt minus Abbott Run estimated flows at W-25.

W-31, W-32 Direct measurement or from incremental inflow rates determined from USGS gages.
W-33, W-34 Direct measurement.
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Figure 4-26: Storm WW-01 - Flow

Flow (cfs) Statistics
= E 8-Jul 9-Jul 10-Jul 11-Jul 12-Jul
I 5 = | < < s s
x = ‘—| S S S S S
HRE § il 3 S l..]¢3
z |g|2l3 N ENEE R el o8] C |w&] - | o8| - s | g | E
c ol S| QlIXY|ed] g I Nd |l X 1= b 1= 0o 1= T = 3
2 [3] 3|5 |rosation sleclagl sl o|saloil S lucl s lsals) 5 [E€)E] £ (¢
£ [g12)2 5 sz | £E| 8| 3
0 ol = RunNo.| 1 2 3 4 5 6 7 8 9 10 11 12 = (=) > > O
W-01| e Millville, MA 340] 447| 553] 573| 712| 1,562| 1,650 1,374 1,218 905 668 909 465| 340| 1,650 11
W-23 Branch River 78| 121 100 31 78| 121 2
W-211| @ Singleton Street 550 687 618 97| 550| 687 2
W-22 | ® Below Thundermist Dam 554 691 622 97| 554| 691 2
W-11 ® Mill River (MA/RI border) 32.2| 70.6| 81.7| 88.7 65.7 67.8 219| 32.2| 887 5
W-12 L Mill River (pre-culvert entry) 32.7] 71.7| 83.0] 90.2 66.8 68.9 222 327 90.2] 5
W-13 ® Mill River (confluence w/ BR) 33.0] 72.4| 83.8] 91.0 67.4 69.5 22.4] 33.0| 91.0f 5
W-14 ® Peters River (MA/RI border) 14.0] 33.0| 39.5| 42.5 30.6 31.9 11.1] 14.0] 425 5
W-15 ® Peters River (pre-culvert entry) 14.4] 33.9] 40.6] 43.7 31.4 32.8 11.4| 144 437} 5
W-16 ® Peters River (confluence w/ BR) 14.6] 34.4| 41.1] 44.3 31.9 33.2 11.6| 14.6| 443 5
W-17 | ® Hamlet Avenue 527 845 686 225| 527| 845 2
W-24 ® |\Woonsocket WWTF 11.4
W-02 | ® Manville Dam 554] 554| 882 919| 992| 1,721| 2,013| 1,648] 1,429| 1,138| 1,065| 846 1,147 463| 554| 2,013| 12
W-03 | ® George Washington Hwy Bridge 601] 603| 886] 879 935 1,579 1,826| 1,600] 1,401 1,067 996( 774 1,095 408| 601| 1,826] 12
W-04 | ® Lonsdale Ave 616] 618| 887] 866 917| 1,533 1,766 1,585] 1,391| 1,044 975 751 1,079 391| 616| 1,766| 12
W-25| @ Broad Street 619] 622| 888 709 154 619 888] 3
W-26 L Abbott Run Brook 30.9] 38.5| 45.1 38.2 7.1] 30.9( 45.1] 3
W-05 | @ Slaters Mill Dam 650] 660] 933] 922| 965] 1,497 1,787| 1,614] 1,420] 1,068 999 775 1,108 380] 650| 1,787] 12
W-31 ® |Cherry Brook 1.4] 19 1.63 0.33| 1.40| 1.86] 2
W-32 ® |Front Street Drain 18] 24 2.10 0.42| 1.80| 2.39] 2
W-33 ® |Sylvestre Pond Outflow 1.3] 3.1 2.20 1.23| 1.33] 3.07| 2
W-34 ® |Blackstone Canal at Lonsdale 0.10] 0.18] 0.24 0.17 0.07| 0.10( 0.24] 3
W-35 ® |Brook near Ann&Hope
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Figure 4-27: Storm WW-02 — Flow

Flow (cfs) Statistics
_ 9 14-Sep 15-Sep
. ) = o ©
2 |5|z2|2 T lesles|es|es]| 2 |c5|es ss| e | E
5 12121 | oo 3 (2255|828 (88| 8 |82(2g| . |28 2 | 2| =
% %.—9 = ocation o0 = = I I — — | J94 8 %-% § é g
) = Run No. (1)||DW-11 1 2 3 4 5 6 7 s el s s O
W-01| e Millville, MA
W-23 ® Branch River
w-211|e Singleton Street
W-22 1@ Below Thundermist Dam
W-11 o Mill River (MA/RI border) 3.8] 54.2| 918 81.7| 72.6] 736/ 81.7| 90.8 68.8] 28.8 3.8 918] 8
W-12 o Mill River (pre-culvert entry) 39| 55.1] 93.2 83.0] 73.7] 748 83.0] 92.2 69.9] 29.3 39 932 8
W-13 (] Mill River (confluence w/ BR) 39| 55.6] 94.1| 83.8] 74.5| 755 83.8] 93.1 70.5] 29.6 39 9411 8
W-14 L] Peters River (MA/RI border) 25| 249| 435 38.5| 34.00] 345 385| 43.0 324 134 25| 435] 8
W-15 L] Peters River (pre-culvert entry) 26| 25.6] 44.7( 39.6] 34.9] 354 39.6|] 44.2 33.3] 13.8 26| 447 8
W-16 L] Peters River (confluence w/ BR) 27] 25.9] 453 40.1| 35.4] 359 40.1| 448 33.8] 14.0 27| 453] 8
W-17 | ® Hamlet Avenue
W-24 ® [\Woonsocket WWTF
W-02|® Manville Dam
W-03 | ® George Washington Hwy Bridge
W-04 | ® Lonsdale Ave
W-251@ Broad Street
W-26 ® Abbott Run Brook
W-05| ® Slaters Mill Dam
W-31 ® |Cherry Brook
W-32 ® |Front Street Drain
W-33 ® |Sylvestre Pond Outflow
W-34 ® |Blackstone Canal at Lonsdale
W-35 ® |Brook near Ann&Hope

(1) DW-11 = The prestorm value was the dry weather sample that was taken on September 14, 2005 (Event DW-11). That makes 8 runs for this storm.
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Figure 4-28: Storm WW-03 — Flow

Flow (cfs) Statistics
A 7-Oct 8-Oct 9-Oct 10-Oct
HE s| B 5 P
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2 5| 2|5 |Location Sl sl s lealgalalaal g |8a]8d) 5 |BE| £ | £ ¢

BEIHE RunNo| 1 | 2| 3| 5 | 6| 7] s 9 0 | 1| £ |38 = = |8
w-01 | @ Millville, MA 111) 113 127| 186 202| 977| 1,214 1,596] 1,217 885 663 574 111] 1,596| 10
W-23 ® Branch River 13] 16 28 215 68 98 13| 215 4
w-21 | @ Singleton Street 129 216 1,215 520 603 129| 1,215 3
w-22 | @ Below Thundermist Dam 130 217 1,222 523 607 130 1,222 3
W-11 ® Mill River (MA/RI border) 10.8] 18.3] 19.9| 24.7 169.9 48.7 68.0 10.8| 169.9] 5
W-12 ® Mill River (pre-culvert entry) 10.9] 18.5] 20.2| 25.1 172.6 495 69.0 10.9| 172.6] 5
W-13 ® Mill River (confluence w/ BR) 11.1] 18.7| 20.4| 25.4 174.3 50.0 69.7 11.1) 1743] 5
W-14 ® Peters River (MA/RI border) 3.4 7.1 8.2| 10.3 82.2 22.2 33.6 3.4 822 5
W-15 ® Peters River (pre-culvert entry) 3.5 7.3] 8.4 10.6 84.5 22.9 34.5 3.5 845] 5
W-16 (] Peters River (confluence w/ BR) 35 7.4 85| 10.7 85.6 23.2 35.0 35| 856| 5
W-17 | @ Hamlet Avenue 163 252 1,493 636 743 163| 1,493] 3
W-24 ® |\Woonsocket WWTF 17.7
W-02 | ® Manville Dam 153] 189| 189| 225 335/1,502| 1,794 1,940 1,575| 1,065 897 751 153| 1,940| 10
W-03 | ® George Washington Hwy Bridge 152] 192| 192| 215 267|1,456] 1,679 1,837 1,592| 