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Streamflow, Water Quality, and Constituent Loads and
Yields, Scituate Reservoir Drainage Area, Rhode Island,

Water Year 2016

By Kirk P. Smith

Abstract

As part of a long-term cooperative program to monitor
water quality within the Scituate Reservoir watershed, the
U.S. Geological Survey in cooperation with the Providence
Water Supply Board collected streamflow and water-quality
data at the Scituate Reservoir and tributaries. Streamflow
and concentrations of chloride and sodium estimated from
records of specific conductance were used to calculate loads
of chloride and sodium during water year (WY) 2016 (Octo-
ber 1, 2015, through September 30, 2016) for tributaries to
the Scituate Reservoir, Rhode Island. Streamflow was mea-
sured or estimated by the U.S. Geological Survey following
standard methods at 23 streamgages; 14 of these streamgages
are equipped with instrumentation capable of continuously
monitoring water level, specific conductance, and water
temperature. Water-quality samples were collected by the
Providence Water Supply Board at 34 sampling stations that
also include 14 continuous-record streamgages maintained
by the U.S. Geological Survey during WY 2016 as part of a
long-term sampling program; all stations are in the Scituate
Reservoir drainage areca. Water-quality data collected by the
Providence Water Supply Board are summarized by using
values of central tendency and are used, in combination with
measured (or estimated) streamflows, to calculate loads and
yields (loads per unit area) of selected water-quality constitu-
ents for WY 2016.

The largest tributary to the reservoir, the Ponaganset
River, which was monitored by the U.S. Geological Survey,
contributed a mean streamflow of 18 cubic feet per second to
the reservoir during WY 2016. For the same period, annual
mean streamflows measured (or estimated) for the other
monitoring stations in this study ranged from about 0.27 to
about 12 cubic feet per second. Together, tributaries equipped
with instrumentation capable of continuously monitoring
specific conductance transported about 2,100,000 kilograms
of chloride and 1,300,000 kilograms of sodium to the Scituate
Reservoir during WY 2016; chloride and sodium yields for the
tributaries ranged from 14,000 to 95,000 kilograms per square
mile and from 8,600 to 56,000 kilograms per square mile,
respectively.

At the stations where water-quality samples were
collected by the Providence Water Supply Board, the
medians of the median concentrations were 27.9 milligrams
per liter for chloride, 0.002 milligram per liter as nitrogen
for nitrite, 0.13 milligram per liter as nitrogen for nitrate,
0.07 milligram per liter as phosphate for orthophosphate, and
700 and 10 colony forming units per 100 milliliters for total
coliform bacteria and Escherichia coli (E. coli), respectively.
The medians of the median daily loads of chloride, nitrite
nitrogen, nitrate nitrogen, orthophosphate, and total coliform
and E. coli bacteria were 170 kilograms per day, 8.9 grams
per day, 570 grams per day, 320 grams per day, 41,000 million
colony forming units per day, and 680 million colony forming
units per day. The medians of the median yields of chloride,
nitrite nitrogen, nitrate nitrogen, orthophosphate, total
coliform, and E. coli bacteria were 53 kilograms per day per
square mile, 4.7 grams per day per square mile, 130 grams
per day per square mile, 165 grams per day per square mile,
23,000 million colony forming units per day per square mile,
and 340 million colony forming units per day per square
mile, respectively.

Introduction

The Scituate Reservoir is the primary source of drinking
water for more than 60 percent of the population of Rhode
Island. The Scituate Reservoir drainage area consists of six
subbasins and covers an area of about 94 square miles in
parts of the towns of Cranston, Foster, Glocester, Johnston,
and Scituate, Rhode Island (fig. 1). Information about the
water quality of the reservoir and its tributaries is important
for management of the water supply and for the protection of
human health. The Providence Water Supply Board (PWSB),
the agency responsible for the management and distribution of
the Scituate Reservoir water supply, has been monitoring and
assessing water quality in the reservoir and reservoir drainage
area for more than 60 years.

Since 1993, the U.S. Geological Survey (USGS) has been
cooperating with the PWSB and the Rhode Island Depart-
ment of Environmental Management (RIDEM) to measure
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streamflow in tributaries to the Scituate Reservoir. Streamflow
has been continuously measured at 10 streamgages in the
drainage area (table 1) since 2009 by the USGS. Streamflow
also was continuously measured at four streamgages dur-

ing 2009-14 and periodically measured at nine additional
streamgages on tributaries in the drainage area. At the

13 streamgages without continuous flow data (partial-record
streamgages; table 1), daily mean' streamflow has been
estimated by using methods developed by the USGS (Hirsch,
1982). The USGS also has been continuously measuring
specific conductance at 14 monitoring stations since 2009
(table 1). Equations that relate specific conductance to concen-
trations of chloride and sodium in stream water were devel-
oped as part of previous cooperative studies of the USGS and
PWSB (Nimiroski and Waldron, 2002; Smith, 2015b, 2018a).
These equations used together with measured (or estimated)
streamflows allow for nearly continuous estimation of chloride
and sodium loads to the reservoir.

In 2016, the PWSB regularly, either monthly or quarterly,
collected water-quality samples from 34 tributaries within
the Scituate Reservoir drainage area. Compiled and tabulated
streamflow (measured or estimated by the USGS) and water-
quality data (collected by the PWSB) have been published
in Breault and others (2000), Nimiroski and others (2008),
Breault (2010), Breault and Campbell (2010a—d), Breault and
Smith (2010), Smith and Breault (2011), Smith (2013, 2014,
2015a,b, 2016, 2018a—c).

This report presents data on streamflow, water quality,
and loads and yields of selected constituents for water year
(WY)? 2016 in the Scituate Reservoir drainage area. These
data were collected as part of studies done by the USGS in
cooperation with the PWSB and the RIDEM. A summary
of measured and estimated streamflows is presented for the
10 continuous-record and 13 partial-record streamgages in the
drainage area. Estimated monthly and annual loads and yields
of chloride and sodium are presented for the 14 streamgages at
which specific conductance is continuously monitored by the
USGS. Summary statistics for water-quality data collected by
the PWSB for 34 of the 37 sampling stations (table 1) during
WY 2016 also are presented, and these data were used to cal-
culate loads and yields of selected water-quality constituents.

Streamflow Data Collection and
Estimation

Streamflow was measured or estimated by the USGS at
23 streamgages (table 1). Measured and estimated streamflows
are necessary to estimate water volume and water-quality
constituent loads and yields from tributary basins. Stream

'The arithmetic mean of the individual daily mean discharges for the year
noted or for the designated period.

A water year is the period between October 1 and September 30 and is
designated by the year in which it ends.
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stage was measured every 10 minutes at most continuous-
record streamgages. Streamflow was computed with a stage-
discharge relation (known as a rating), which was developed
on the basis of periodic manual measurements of streamflow.
Daily mean streamflow at a streamgage was calculated by
dividing the total volume of water that passed the streamgage
each day by 86,400 (the number of seconds in a day).
Periodic manual streamflow measurements at partial-record
streamgages were used concurrently with continuous-record
measurements from streamgages in nearby hydrologically
similar drainage areas to estimate a continuous daily record
at the partial-record streamgages. Specifically, continuous-
streamflow records for the 13 partial-record sites in the
Scituate Reservoir drainage area (table 1) were estimated

by using the Maintenance of Variance Extension type |
(MOVE.1) method, as described by Ries and Friesz (2000)
and Smith (2015b); data needed to estimate streamflows at
partial-record sites were retrieved from the USGS National
Water Information System (NWIS; U.S. Geological Survey,
2016). The upper and lower 90-percent confidence limits

for the estimated mean annual streamflows, as described by
Tasker and Driver (1988), are listed in table 2. These data
indicate that there is a 90-percent chance that the estimated
mean annual streamflow is between the upper and lower
90-percent confidence limits.

Continuous-record streamgages were operated and
maintained by the USGS during WY 2016 in cooperation with
RIDEM (USGS streamgage 01115187) and the PWSB (fig. 1;
table 1). Streamflow data for these streamgages were col-
lected at 10- or 15-minute intervals (near-real-time streamflow
data), were updated at 1-hour intervals on the internet, and are
available through the NWIS web interface (U.S. Geological
Survey, 2016). Error associated with measured streamflows
was generally within about 15 percent as noted in the annual
water year summary for each USGS streamgage.

Water-Quality Data Collection and
Analysis

Water-quality data were collected by the USGS and the
PWSB. Concentrations of sodium and chloride were estimated
by the USGS from continuous records of specific conduc-
tance from 14 of the 21 streamgages. Water-quality samples
were collected monthly or quarterly at 34 sampling stations
in the Scituate Reservoir drainage area by the PWSB during
WY 2016 as part of a long-term sampling program (table 1).

Data Collected by the U.S. Geological Survey

The USGS collected and analyzed specific conductance
data at the 14 continuous-record streamgages (fig. 1; table 1).
Measurements of specific conductance were recorded auto-
matically at 10- or 15-minute intervals at each streamgage.
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Table 1.

Providence Water Supply Board water-quality sampling stations, water-quality samples, and available streamflow and

specific conductance monitoring in the Scituate Reservoir drainage area, Rhode Island, from October 1, 2015, to September 30, 2016.

[Alternate station names are listed in parentheses for stations where different historical names were used for the same sampling location by the Providence Water
Supply Board (PWSB). Locations of stations are shown on figure 1. USGS, U.S. Geological Survey; mi?, square mile; QW, water quality; Na, sodium; Cl, chlo-
ride; M, monthly; Q, quarterly; Y, yes; N, no; Continuous, recorded at 10- or 15-minute intervals; --, none]

Frequenc Number of Dail Specific
PWSB USGS Drainage 4 ¥ samples Jany P
) - . of QW estimated Streamflow  conduc-
station station Station name area collected by A
- sample . Na and CI availability tance
number  number (mi?) . Providence oL
collection 1 loads availability
Water
Barden Reservoir subbasin
24 01115190  Dolly Cole Brook 4.90 M 12 Y Continuous  Continuous
25 01115200  Shippee Brook 2.35 Q N Estimated  None
26 01115185  Windsor Brook 4.32 Q N Estimated  None
27 011151845 Unnamed tributary to Ponaganset River 0.10 Q N None None
(unnamed brook B, unnamed brook west
of Windsor Brook)
28 01115265  Barden Reservoir (Hemlock Brook) 8.72 M 12 Y Continuous Continuous
29 01115271  Ponaganset River (Barden Stream) 33.0 M 9 N None None
35 01115187  Ponaganset River 14.0 M 10 Y Continuous Continuous
Direct Runoff subbasin
1 01115180  Brandy Brook 1.57 M 12 N Estimated  None
2 01115181  Unnamed tributary #2 to Scituate Reservoir 0.15 Q 1 N None None
(unnamed brook north of Bullhead
Brook)
3 01115280  Cork Brook 1.79 M 11 Y Continuous  Continuous
4 01115400  Kent Brook (Betty Pond Stream) 0.85 M N Estimated  None
5 01115184  Spruce Brook 1.22 Q Y Estimated  Continuous
6 01115183  Quonapaug Brook 1.96 M 10 Y Continuous  Continuous
7 01115297  Wilbur Hollow Brook 4.32 M 12 Y Estimated  Continuous
8 01115276  Westconnaug Brook (Westconnaug 5.18 M 8 Y Continuous  Continuous
Reservoir)
9 01115275  Bear Tree Brook 0.62 Q 2 Estimated  Continuous
30 01115350  Unnamed tributary #4 to Scituate Reservoir 0.78 Q 1 N None None
(Coventry Brook, Knight Brook)
31 01115177  Toad Pond 0.04 Q N None None
32 01115178  Unnamed tributary #1 to Scituate Reservoir 0.45 Q N Estimated  None
(Pine Swamp Brook)
33 01115182  Unnamed tributary #3 to Scituate Reservoir 0.28 Q 2 N Estimated  None
(Halls Estate Brook)
36 -- Outflow from King Pond 0.77 Q 3 N None None
37 -- Fire Tower Stream 0.15 Q 3 N None None
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Table 1. Providence Water Supply Board water-quality sampling stations, water-quality samples, and available streamflow and
specific conductance monitoring in the Scituate Reservoir drainage area, Rhode Island, from October 1, 2015, to September 30, 2016.
—Continued

[Alternate station names are listed in parentheses for stations where different historical names were used for the same sampling location by the Providence Water
Supply Board (PWSB). Locations of stations are shown on figure 1. USGS, U.S. Geological Survey; mi?, square mile; QW, water quality; Na, sodium; Cl, chlo-
ride; M, monthly; Q, quarterly; Y, yes; N, no; Continuous, recorded at 10- or 15-minute intervals; --, none]

Frequenc Number of Dail Specific
PWSB USGS Drainage 4 ¥ samples Jany P
) - . of QW estimated Streamflow  conduc-
station station Station name area collected by A
- sample . Na and CI availability tance
number  number (mi?) .. Providence oL
collection 1 loads availability
Water
Moswansicut Reservoir subbasin
19 01115170  Moswansicut Reservoir (Moswansicut 3.25 M 10 Y Continuous  Continuous
Stream North, Moswansicut Pond)
20 01115160  Unnamed tributary #1 to Moswansicut 1.18 M 9 N None None
Reservoir (Blanchard Brook)
21 01115165  Unnamed tributary #2 to Moswansicut 0.29 Q 1 N Estimated  None
Reservoir (brook from Kimball
Reservoir)
22 01115167  Moswansicut Reservoir (Moswansicut 0.22 M 7 N None None
Stream South)
34 01115164  Kimball Stream 0.27 Q 1 N None None
Ponaganset Reservoir subbasin
23 011151843 Ponaganset Reservoir 1.92 M 8 N None None
Regulating Reservoir subbasin
13 01115176  Regulating Reservoir 22.1 M 8 N None None
14 01115110  Huntinghouse Brook 6.23 M 10 Y Continuous Continuous
15 01115114  Rush Brook 4.70 M 11 Y Continuous  Continuous
16 01115098  Peeptoad Brook (Harrisdale Brook) 4.96 M 11 Y Continuous  Continuous
17 01115119  Dexter Pond (Paine Pond) 0.22 Q 0 N None None
18 01115120  Unnamed tributary to Regulating Reservoir 0.28 Q 0 N Estimated  Continuous
(unnamed brook A)
Westconnaug Reservoir subbasin
10 01115274  Westconnaug Brook 1.48 M 10 N Estimated  None
11 01115273  Unnamed tributary to Westconnaug 0.72 Q 2 N Estimated  None
Reservoir (unnamed brook south of
Westconnaug Reservoir)
12 011152745 Unnamed tributary to Westconnaug Brook 0.16 Q 3 N None None
(unnamed brook north of Westconnaug
Reservoir)

'Not all samples were analyzed for all water-quality properties or constituents.
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Table 2. Measured or estimated annual mean streamflow for tributary streams in the Scituate Reservoir drainage area, Rhode

Island, from October 1, 2015, through September 30, 2016.

[Alternate station names are listed in parentheses for stations where different historical names were used for the same sampling location by the Providence
Water Supply Board (PWSB). Locations of stations are shown on figure 1. USGS, U.S. Geological Survey; ft¥/s, cubic foot per second; ft*/s/mi?, cubic foot

per second per square mile]

Upper Lower
PWSB USGS Annual mean 90-percent  90-percent Annual mean
station station Station name streamflow  confidence confidence streamflow
number  number (ft/s) interval interval (ft/s/mi?)
(fe/s) (fe/s)
Barden Reservoir subbasin
24 01115190 Dolly Cole Brook 6.0 6.8 52 1.2
25 01115200  Shippee Brook 3.5 12 1.0 1.5
26 01115185  Windsor Brook 5.4 22 1.3 1.2
28 01115265 Barden Reservoir (Hemlock Brook) 12 14 11 1.4
35 01115187  Ponaganset River 18 20 16 1.3
Direct Runoff subbasin
1 01115180 Brandy Brook 1.8 33 1.0 1.2
3 01115280  Cork Brook 2.2 2.5 1.8 1.2
4 01115400 Kent Brook (Betty Pond Stream) 0.99 4.7 0.21 1.2
5 01115184  Spruce Brook 1.6 32 0.85 1.3
6 01115183  Quonapaug Brook 2.7 3.0 2.4 1.4
7 01115297  Wilbur Hollow Brook 5.7 11 3.0 1.3
8 01115276  Westconnaug Brook (Westconnaug Reservoir) 6.8 7.5 6.2 1.3
9 01115275  Bear Tree Brook 1.1 2.0 0.67 1.9
32 01115178  Unnamed tributary #1 to Scituate Reservoir 0.45 0.89 0.22 1.0
(Pine Swamp Brook)
33 01115182  Unnamed tributary #3 to Scituate Reservoir 0.27 0.77 0.10 0.97
(Halls Estate Brook)
Moswansicut Reservoir subbasin
19 01115170  Moswansicut Reservoir (Moswansicut Stream North, 33 3.7 3.0 1.0
Moswansicut Pond)
21 01115165 Unnamed tributary #2 to Moswansicut Reservoir 0.47 1.0 0.21 1.6
(Blanchard Brook)
Regulating Reservoir subbasin
14 01115110  Huntinghouse Brook 7.6 8.7 6.4 1.2
15 01115115  Rush Brook 6.0 7.0 5.0 1.3
16 01115098  Peeptoad Brook (Harrisdale Brook) 6.7 7.6 5.7 1.3
18 01115120  Unnamed tributary to Regulating Reservoir 0.36 1.5 0.09 1.3
(unnamed brook A)
Westconnaug Reservoir subbasin
10 01115274  Westconnaug Brook 1.6 2.8 0.87 1.0
11 01115273  Unnamed tributary to Westconnaug Reservoir 0.93 1.6 0.54 1.3

(unnamed brook south of Westconnaug Reservoir)




Measurements were made by using an instream probe and
standard USGS methods for continuous water-quality monitor-
ing at streams (Wagner and others, 2006). The specific con-
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where
C is the chloride concentration, in milligrams
per liter;

ductance measurement data are available through the NWIS

web interface (U.S. Geological Survey, 2016).

Concentrations of chloride and sodium were estimated

from continuous measurements of specific conductance by
using equations that were developed by the USGS to relate

specific conductance to concentrations of chloride and sodium,
as follows:

C,,=SPC" x b and

C,, = SPC" x b,

(1

@)

b

is the sodium concentration, in milligrams per

liter;

is the specific conductance, in microsiemens
per centimeter;
is the slope from the MOVE.1 analysis
(table 3); and
is the intercept from the MOVE.] analysis

(table 3).

These regression equations were developed by using the
MOVE.1 method (also known as the line of organic correla-
tion; Helsel and Hirsch, 2002) on the basis of concurrent

Table 3. Regression equation coefficients used to estimate concentrations of chloride and sodium from values of specific
conductance for U.S. Geological Survey monitoring stations in the Scituate Reservoir drainage area, Rhode Island, from October 1,
2015, through September 30, 2016.

[Locations of stations are shown on figure 1. U.S. Geological Survey (USGS) parameter codes: specific conductance, 90095; chloride, 00940; sodium, 00930.
PWSB, Providence Water Supply Board]

Samples used in analyses Chloride Sodium
PWSB USGS Standard Standard
station station Sample data range Sample Slope Intercept olar: Erlt:ss?:)r:; Slope Intercept ofar: ?;ss‘::ir:sr
number  number (month/day/year) count P P g P P 9
(percent) (percent)
24 01115190  03/08/2000; 03/29/2005; 26 1.2571  0.06894 3.8 1.2244 0.04913 7.3
01/22/2009 to 07/06/2017
28 01115265 03/28/2001; 03/30/2005; 26 1.2270  0.07901 5.5 1.1326 0.07443 9.0
01/22/2009 to 07/06/2017
35 01115187  03/28/2001; 03/29/2005; 26 12428 0.07282 6.3 11751 0.06094 8.4
01/22/2009 to 07/06/2017
3 01115280  03/08/2000; 03/30/2005; 26 1.2217  0.07704 4.9 1.0722 0.09611 7.8
01/22/2009 to 07/19/2017
5 01115184  03/05/2009 to 07/20/2017 23 1.2558  0.06221 6.5 1.0813 0.08318 6.1
6 01115183  03/08/2000; 03/30/2005; 34 1.1920 0.07872 6.7 1.2291 0.03842 9.2
01/22/2009 to 07/20/2017
7 01115297  03/28/2001; 03/30/2005; 25 1.0552  0.13303 6.3 0.89330  0.16852 8.6
01/22/2009 to 07/20/2017
8 01115276  01/22/2009 to 07/19/2017 23 1.1016  0.13513 4.9 1.0463 0.10969 5.9
9 01115275  03/08/2000; 03/30/2005; 25 1.0600  0.17564 4.2 1.0734 0.09639 5.6
01/22/2009 to 07/20/2017
19 01115170  03/08/2000; 03/29/2005; 29 1.2410  0.06537 4.0 1.1927 0.04976 4.7
01/22/2009 to 07/20/2017
14 01115110  03/28/2001; 03/29/2005; 30 1.2030  0.07202 12 1.0670 0.07766 11
01/22/2009 to 07/19/2017
15 01115114 01/22/2009 to 07/20/2017 31 1.1748  0.09355 4.0 1.0885 0.08810 7.5
16 01115098  03/28/2001; 03/29/2005; 27 1.2748  0.05402 6.9 1.0919 0.08072 9.6
01/22/2009 to 07/20/2017
18 01115120  01/22/2009 to 07/19/2017 18 1.2098  0.07604 4.5 1.0879 0.08393 5.1
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measurements of specific conductance® along with chloride?
and sodium® concentrations measured in water-quality samples
collected by the USGS from tributaries in the Scituate Reser-
voir drainage area (U.S. Geological Survey, 2016).

MOVE.1 was chosen for regression analysis to maintain
variance (Hirsch and Gilroy, 1984). Some missing values of
specific conductance were estimated. In these cases, values of
specific conductance were estimated by proportional distribu-
tion between recorded values.

Data Collected by the Providence Water Supply
Board

Water-quality samples were collected by the PWSB at 34
of the 37 fixed stations on tributaries draining to the Scitu-
ate Reservoir during WY 2016. Sampling visits typically are
conducted monthly at 19 stations and quarterly at another
15 stations (table 1). No quarterly water samples were col-
lected at Toad Pond (PWSB station 31), Dexter Pond (PWSB
station 17), and unnamed tributary to Regulating Reservoir
(PWSB station 18) during WY 2016.

Water-quality samples were not collected during specific
weather conditions; instead, a strictly periodic water-quality
sampling schedule was followed so that water-quality samples
would be representative of various weather conditions.

3Specific conductance is USGS parameter code 90095.
*Chloride is USGS parameter code 00940.
*Sodium is USGS parameter code 00930.

However, sometimes samples could not be collected because
tributaries at the sampling stations were dry or frozen. When
possible, water-quality samples were collected by dipping the
sample bottle into the tributary at the center of flow (Richard
Blodgett, PWSB, written commun., 2005). Samples were
transported on ice to the PWSB water-quality laboratory at
the P.J. Holton Water Purification Plant in Scituate. Water-
quality properties and constituent concentrations were
measured by using unfiltered water samples. These water-
quality properties included pH, alkalinity, color, turbidity, and
concentrations of chloride, nitrite, nitrate, orthophosphate,
and bacteria (Escherichia coli [E. coli] and total coliform);
the data are published in Smith (2018c). Analytical methods
used for the determination of values or concentrations of pH,
color, turbidity, alkalinity, and chloride are documented by
Eaton and others (2017). Concentrations of nitrite and nitrate
were determined by U.S. Environmental Protection Agency
method 353.2 (U.S. Environmental Protection Agency, 1993).
Concentrations of orthophosphate were determined by the
Hach PhosVer Method (Hach Method 8048; Hach Company,
2000). Before August 2016, Standard Method 9222 was used
for the determination of concentrations of bacteria in water
samples, and thereafter, Standard Method 9223 was used for
the determination of concentrations of bacteria (Eaton and
others, 2017).

Water-quality samples were collected by the PWSB
during a wide range of flow conditions. The daily mean
flow-duration curve for Rush Brook near Elmdale Road near
North Scituate (USGS streamgage 01115114) for WY 2016
is shown in figure 2. The curve represents the percentage
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Figure 2. Flow-duration curve and
streamflow on the dates (represented
by points) when water-quality samples
were collected for the U.S. Geological
Survey continuous streamgage on
Rush Brook near EImdale Road North
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shown on figure 1.



of time that each flow duration was equaled or exceeded at
this station; the flows at this station on days when water-
quality samples were collected are represented by the plotted
points superimposed on the curve. Samples were collected

at flow durations ranging from the 1.5 percentile to the

84th percentile; this range indicates that the water-quality
samples collected in WY 2016 represented a wide range of
flow conditions during that water year. About 15 percent of the
flows at this station were equal to or less than 0.01 cubic foot
per second (ft*/s) during WY 2016.

Estimating Daily, Monthly, and Annual
Loads and Yields

Daily, monthly, and annual chloride and sodium loads
(in kilograms) were estimated for all streamgages for which
continuous-streamflow and specific-conductance data were
available for WY 2016. Daily flow-weighted concentra-
tions of chloride and sodium were calculated by multiplying
instantaneous flows by concurrent concentrations of chlo-
ride and sodium (estimated from measurements of specific
conductance) for each day and dividing by the total flow for
that day. At the four continuous monitoring stations, where
instantaneous flow was unavailable (table 1), daily mean
concentrations of chloride and sodium were calculated from
the daily mean value of specific conductance for each day.
The latter method may result in less accurate concentrations
because instantaneous measurements of specific conductance
may change (decrease or increase) with surface water runoff;
however, the variability of instantaneous measurements of
specific conductance at these streamgages was generally small
and daily mean values did not differ substantially from daily
flow-weighted values estimated during prior water years when
instantaneous flow data were available. Daily loads of chloride
and sodium were estimated by multiplying daily concentra-
tions of chloride and sodium (in milligrams per liter) by daily
discharge (in liters per day). Daily data were summed to esti-
mate monthly or annual loads.

Daily loads of water-quality constituents (in samples
collected by the PWSB) were calculated for all sampling
dates during WY 2016 (table 4, in back of report) for which
periodic- or continuous-streamflow data were available
(table 1). These loads were calculated by multiplying
constituent concentrations (in milligrams or colony forming
units per liter) in single samples by the daily discharge (in
liters per day) for the day on which each sample was collected.
The flows, which in some cases were estimates, were assumed
to be representative of the flow at the time of the sample
collection. Loads (in million colony forming units, kilograms,
or grams per day) and yields (in million colony forming units,
kilograms, or grams per day per square mile) were calculated
for bacteria, chloride, nitrite, nitrate, and orthophosphate.
Censored data (concentrations reported as less than method
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detection limits) were replaced with concentrations equal to
one-half the method detection limit.

Streamflow

Monitoring streamflow is a necessary step to measure the
volume of water and estimate constituent loads to the Scitu-
ate Reservoir. The Ponaganset River is the largest monitored
tributary to the Scituate Reservoir. Mean annual streamflow
at the streamgage on the Ponaganset River (PWSB station 35;
USGS streamgage 01115187) for the entire period of its opera-
tion (mean of the annual mean streamflows for the period of
record, WY 1994-2015) before WY 2016 was about 29 ft*/s
(U.S. Geological Survey, 2016). During WY 2016, annual
mean streamflow of 18 ft’/s was lower than the mean of the
annual mean streamflows for the period of record. Daily
mean streamflow was often below the 10th percentile for the
daily mean streamflows for the period of record (fig. 3) for
much of September through December 2015 and for lesser
periods through WY 2016 (fig. 3). Streamflow recovered to
more typical rates of flow during the winter of WY 2016,
with short periods exceeding the 90th percentile for the daily
mean streamflows for the period of record later in WY 2016.
Mean annual streamflow at the Peeptoad Brook streamgage
(PWSB station 16, streamgage 01115098), the other long-
term continuous-record streamgage in the Scituate Reservoir
drainage area, for its period of record (WY 1994-2015) before
WY 2016 was about 10.5 ft*/s (U.S. Geological Survey, 2016).
Annual mean streamflow at the Peeptoad Brook streamgage
during WY 2016 also was lower at 6.7 ft¥/s than the mean
annual streamflow for its period of record.

Water Quality and Constituent Loads
and Yields

Water-quality conditions in the Scituate Reservoir drain-
age area are described by summary statistics for water-quality
properties, constituent concentrations, and estimated constitu-
ent loads and yields. Loads and yields characterize the rates at
which masses of constituents are transferred to the reservoir
by tributaries. In the case of loads, tributaries with high flows
tend to have high loads because the greater volume of water
can carry more of the constituent to the reservoir per unit time
than tributaries with low flows. Yields represent the constitu-
ent load per unit of drainage area and are calculated by divid-
ing the load estimated for a streamgage by the drainage area
for the monitoring station. Yields are useful for comparison
among streamgages that have different drainage areas because
the effects of basin size and therefore total streamflow volume
are attenuated. Yields also are useful for examining potential
differences among basin properties that may contribute to
water quality in the reservoir.
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1 Figure 3. Measured daily mean streamflow
for October 1, 2015, through September 30,
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Summary statistics include means and medians. For
some purposes, median values are more appropriate because
they are less likely to be affected by high or low concentra-
tions (or outliers). Medians are especially important to use
for summarizing a relatively limited number of values. In
contrast, continuously monitored streamflow and loads of
chloride and sodium (estimated from measurements of specific
conductance), which include a large number of values, are
better summarized in terms of means because a large dataset
is more resistant to the effects of outliers than small datasets.
Mean values also are particularly appropriate for character-
izing loads because outlier values, which typically represent
large flows, are important to include in estimates of constituent
masses delivered to receiving waters.

Uncertainties associated with measuring streamflow and
specific conductance and with chloride and sodium sample
collection, preservation, and analysis produce uncertainties
in load and yield estimates. The load and yield estimates
presented in the text and tables are the most likely values for
chloride and sodium inputs from tributaries or their drainage
basins, based on the available data and analysis methods. It
may be best to discuss loads and yields in terms of a range
within which the true values lie; however, the most probable
values of loads and yields are presented for ease of discussion
and presentation. The range within which the true values lie
depends on the uncertainties in individual measurements of
streamflow and concentration, which are difficult to quantify

2016, and the 10th percentile, median, and

| 90th percentile values of daily streamflow for
October 1, 1994, through September 30, 2015,
for the U.S. Geological Survey continuous-
record streamgage on the Ponaganset River
at South Foster (01115187) in the Scituate
Reservoir drainage area, Rhode Island.
Location of station is shown on figure 1.

with available information. The uncertainties associated with
streamflow are commonly assumed to affect load and yield
calculations more than the errors associated with measur-

ing specific conductance and (or) chemical analysis, and the
uncertainties associated with estimated streamflow are greater
than those associated with measured streamflow. The most
probable values of loads and yields presented in the tables and
text are sufficient for planning-level analysis of water quality
in tributaries and their drainage basins.

Chloride and Sodium Loads and Yields
Estimated From Specific-Conductance
Monitoring Data

Chloride and sodium are constituents of special con-
cern in the Scituate Reservoir drainage area; they are major
constituents of road salt used for deicing, and several major
roadways cross the drainage basin. State Routes 12 and 14 cut
across the main body of the reservoir, and State Route 116 par-
allels the eastern limb (fig. 1). Nimiroski and Waldron (2002)
indicated that tributaries in basins with State-maintained roads
had substantially higher concentrations of chloride and sodium
than tributaries in basins with low road density, presumably
because of deicing activities. In addition, sodium is a constitu-
ent of potential concern for human health; some persons on
restricted diets might need to limit intake of sodium.



Estimated monthly mean® chloride concentrations in
tributaries of the Scituate Reservoir drainage area ranged
from 9.3 to 97 milligrams per liter (mg/L), and estimated
monthly mean sodium concentrations ranged from 6.2 to
59 mg/L (table 5). The highest monthly mean concentrations
of chloride and sodium were estimated to be 97 and 59 mg/L,
respectively, at Quonapaug Brook (PWSB station 6) in
October 2015 and 91 and 52 mg/L, respectively, at Rush
Brook (PWSB station 15) in September 2016. The estimated
monthly mean concentrations at all stations were greater
during summer and early fall compared with the estimated
monthly mean concentrations during the winter months. The
highest annual mean’ concentrations of chloride and sodium
were estimated to be 57 and 34 mg/L, respectively, at Bear
Tree Brook (table 6). These high concentrations at Bear Tree
Brook are the result of residual chloride and sodium leaching
from a formerly uncovered salt storage pile to groundwater
(Nimiroski and Waldron, 2002) and relatively small surface-
water flows. Annual mean concentrations of chloride and
sodium estimated to be 54 and 31 mg/L, respectively, at
unnamed tributary to Regulating Reservoir and 53 and
31 mg/L, respectively, at Moswansicut Reservoir also were
relatively high (table 6). Both of these stations are located
in the more developed, northeastern part of the Scituate
Reservoir drainage area (fig. 1).

During WY 2016, the Scituate Reservoir received about
2,100,000 kilograms (kg; about 2,300 short tons) of chloride
and 1,300,000 kg (about 1,400 short tons) of sodium from
tributaries that are equipped with instrumentation capable of
continuously monitoring specific conductance. The highest
chloride and sodium loads in the drainage area during
WY 2016 were estimated to be 380,000 and 230,000 kg,
respectively, at the Ponaganset River station (PWSB
station 35; table 6). Monthly estimated chloride and sodium
loads were highest in February (table 7), except at Wilbur
Hollow Brook (PWSB station 7) and Westconnaug Brook
(PWSB station 8) where the monthly estimated loads were
higher during April and at Peeptoad Brook (PWSB station 16)
where the monthly estimated load was highest during January.
Monthly estimated chloride and sodium loads for Quonapaug
Brook (PWSB station 6) were the same in February and April.
From January through April, the sum of the monthly loads of
chloride and sodium at each station accounted for 69 percent
of the annual load for the monitored area in the Scituate
Reservoir drainage area. The highest annual chloride and
sodium yields were 95,000 and 56,000 kilograms per square
mile, respectively, measured at Bear Tree Brook (PWSB
station 9; table 6). During WY 2016, estimated annual loads
of chloride and sodium at the continuous monitoring stations
were less than the median annual loads for WY 2009-15 at all
stations except for Spruce Brook (PWSB station 5; chloride
only), Quonapaug Brook (PWSB station 6), Westconnaug

®Monthly mean concentrations were calculated by dividing the total
monthly load by the total discharge for the month.

"Annual mean concentrations were calculated by dividing the total annual
load by the total discharge for the year.
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Brook (PWSB station 8), and Bear Tree Brook (PWSB
station 9) in the Direct Runoff subbasin and Peeptoad
Brook (PWSB station 16) in the Regulating Reservoir
subbasin (fig. 4).

Physical and Chemical Properties and Daily
Loads and Yields Estimated From Data Collected
by the Providence Water Supply Board

Physical and Chemical Properties

Physical and chemical properties, including pH, turbidity,
alkalinity, and color, were routinely measured to characterize
water quality in each of the six subbasins in the Scituate
Reservoir drainage area (table 8). Specifically, pH is a measure
of the acidity of the water, color can be an indirect measure of
the amount of organic carbon dissolved in the water column,
turbidity is an indirect measure of suspended particles, and
alkalinity is a measure of the acid-neutralizing capacity
of water.

The median pH in tributaries in the Scituate Reservoir
drainage area ranged from 5.3 to 7.0; the median of the medi-
ans for all stations was 6.3. Median values of color ranged
from 12 to 140 platinum cobalt units; the median for all sta-
tions was 35 platinum cobalt units. Median values of turbid-
ity ranged from 0.27 to 1.8 nephelometric turbidity units; the
median for all stations was 0.62 nephelometric turbidity units.
Median alkalinity values in tributaries were low, ranging from
2.3 to 15 mg/L as calcium carbonate (CaCO,); the median for
all stations was 4.8 mg/L as CaCO, (table 8).

Constituent Concentrations and Daily Loads and
Yields

Fecal indicator bacteria, chloride, and nutrients such as
nitrogen and phosphorus are commonly detected in natural
water; at elevated concentrations, these constituents can cause
or contribute to water-quality impairments. Fecal indicator
bacteria, which are found in the intestines of warm-blooded
animals, may indicate impairment from sewage contamination
or from livestock or wildlife that defecate in or near the stream
margin. Chloride originates in tributary stream water from
precipitation, weathering, or human activities such as waste
disposal, use of septic systems, and road deicing. Sources
of nutrients in tributary stream water include atmospheric
deposition, leaching of naturally occurring organic material,
discharge of groundwater that is enriched with nutrients from
septic-system leachate, and runoff contaminated with fertil-
izer or animal waste. The ultimate intended use of water in
the tributaries is drinking water, which must meet specific
water-quality standards. For this reason, the PWSB and the
USGS closely monitor concentrations of these constituents in
tributaries. Median concentrations, loads, and yields of water-
quality constituents are listed in tables 8 and 9.
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Bacteria at Quonapaug Brook (PWSB station 6) and Huntinghouse

Median concentrations of total coliform bacteria were
above the detection limit (10 colony forming units per
100 milliliters [CFU/100 mL]) at all sites (table 8); median
concentrations of E. coli were equal to or greater than the
detection limit of 10 CFU/100 mL before August 2016 and
1 CFU/100 mL thereafter at 14 of the 34 sites for which
samples were collected. Total coliform bacteria concentra-
tions were greater than E. coli concentrations (as expected
because total coliform is more inclusive); the medians of
median concentrations for all sites in the drainage area
were 700 CFU/100 mL for total coliform bacteria and
10 CFU/100 mL for E. coli (table 8). The median concen-
tration of total coliform bacteria was highest at unnamed
tributary #2 to Moswansicut Reservoir (PWSB station 21)
at 8,400 CFU/100 mL. The highest median concentration of
E. coli (105 CFU/100 mL) was measured in samples collected

Brook (PWSB station 14). Median concentrations of fecal
indicator bacteria were lowest at Kimball Stream (PWSB
station 34). Median concentrations of E. coli were equivalent
to or greater than 10 CFU/100 mL at more than half of the
sampling stations.

Median daily loads and yields of total coliform bacteria
and E. coli varied by about two orders of magnitude; the
highest median daily yield of total coliform bacteria at
480,000 million colony forming units per day per square
mile (MCFU/d/mi?) and the highest median daily yield of
E. coli of 4,500 MCFU/d/mi? were at unnamed tributary #2 to
Moswansicut Reservoir (PWSB station 21; table 9). Although
relatively high for sampling stations in the Scituate Reservoir
subbasin, median daily bacteria yields at Moswansicut
Reservoir are low to moderate for yields of indicator bacteria
in sewage-contaminated stream water or stream water
affected by stormwater runoff in an urban environment



(Breault and others, 2002). The median daily loads of total
coliform bacteria for all subbasins in the Scituate Reservoir
drainage area ranged from 730 to 350,000 million colony
forming units per day (MCFU/d), and yields ranged from
860 to 480,000 MCFU/d/mi?; E. coli loads ranged from less
than 160 to 4,900 MCFU/d, and yields ranged from 89 to
4,500 MCFU/d/mi? (table 9).

Chloride and Sodium

The highest median chloride concentration of 92.5 mg/L
was measured in the Direct Runoff subbasin at unnamed
tributary #2 to Scituate Reservoir (PWSB station 2; table 8).
Median daily chloride loads and yields estimated from
samples collected by the PWSB varied among monitoring
stations in the drainage area (table 9); the median daily
chloride yield for monitored areas within the drainage
area was 53 kilograms per day per square mile (kg/d/mi?).
Ponaganset River (PWSB station 35) had the largest median
daily chloride load at 1,100 kilograms per day. The largest
median daily chloride yield was determined to be 370 kg/d/mi>
at Bear Tree Brook (PWSB station 9). The estimated annual
mean yields of chloride and sodium for the drainage areas
above the 14 USGS continuous-record streamgages, which
represent nearly 66 percent of the Scituate Reservoir drainage
area, were 93 and 56 kg/d/mi?, respectively. These estimated
annual mean yields of chloride and sodium for WY 2016
were about 13 percent lower than the estimated annual mean
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yields of 108 and 64 kg/d/mi?, respectively, for WY 2015
(Smith, 2018a).

Nutrients

Median concentrations of nitrite and nitrate (table 8) were
0.002 and 0.13 mg/L as nitrogen, respectively. The high-
est median concentration of nitrite nitrogen was 0.012 mg/L
measured in a sample collected at Moswansicut Reservoir
(PWSB station 22). The highest median concentration of
nitrate nitrogen was 0.65 mg/L measured in a sample col-
lected at unnamed tributary #2 to Scituate Reservoir (PWSB
station 2). The median concentration of orthophosphate for
the entire study area (table 8) was 0.07 mg/L as phosphate
(PO,). The maximum median concentration of orthophosphate
was 0.23 mg/L as PO, measured in Kimball Stream (PWSB
station 34). Median daily nitrite nitrogen and orthophosphate
loads were largest at Ponaganset River (PWSB station 35)
at 67 and 2,700 grams per day (g/d), respectively (table 9).
Median daily nitrate nitrogen loads were largest at Bear Tree
Brook (PWSB station 9) at 2,200 g/d. The largest median
daily yields for nitrite and nitrate nitrogen were 9.9 and
3,500 grams per day per square mile (g/d/mi?), respectively, at
Bear Tree Brook. The largest median daily yield for ortho-
phosphate was 660 g/d/mi? at Pine Swamp Brook (PWSB sta-
tion 32; table 9). The medians of median daily loads and yields
were 8.9 g/d and 4.7 g/d/mi? for nitrite nitrogen, 570 g/d and
130 g/d/mi? for nitrate nitrogen, and 320 g/d and 165 g/d/mi?
for orthophosphate.
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16 Streamflow, Water Quality, and Constituent Loads and Yields, Scituate Reservoir Drainage Area, Rhode Island, WY 2016

Table 6. Annual mean chloride and sodium concentrations, loads, and yields for sampling stations in the Scituate Reservoir drainage
area, Rhode Island, from October 1, 2015, through September 30, 2016.

[Alternate station names are listed in parentheses for stations where different historical names were used for the same sampling location by the Providence
Water Supply Board (PWSB). Locations of stations are shown on figure 1. Annual mean concentrations were calculated by dividing the annual load by the total
discharge for the year; annual mean yields were calculated by dividing the sum of individual loads by the sum of the drainage area. USGS, U.S. Geological

Survey; Cl, chloride; Na, sodium; mg/L, milligram per liter; kg/yr, kilogram per year; kg/yr/mi?, kilogram per year per square mile]

PWSB USGS Concentration Load Yield
station  station Station name cl Na cl Na cl Na
number number (mg/L) (mg/L) (kg/yr) (kg/yr) (kg/yr/mi?)  (kg/yr/mi?)
Barden Reservoir subbasin
24 01115190 Dolly Cole Brook 33 20 180,000 110,000 36,000 22,000
28 01115265 Barden Reservoir (Hemlock Brook) 25 15 280,000 170,000 32,000 19,000
35 01115187 Ponaganset River 24 14 380,000 230,000 27,000 17,000
Direct Runoff subbasin
3 01115280 Cork Brook 39 23 75,000 44,000 42,000 24,000
5 01115184 Spruce Brook 24 14 36,000 21,000 29,000 17,000
6 01115183 Quonapaug Brook 45 27 110,000 64,000 55,000 33,000
7 01115297 Wilbur Hollow Brook 11 7.3 58,000 37,000 14,000 8,600
8 01115276 Westconnaug Brook (Westconnaug Reservoir) 24 15 150,000 92,000 28,000 18,000
9 01115275 Bear Tree Brook 57 34 59,000 35,000 95,000 56,000
Moswansicut Reservoir subbasin
19 01115170 Moswansicut Reservoir (Moswansicut Stream 53 31 160,000 94,000 49,000 29,000
North, Moswansicut Pond)
Regulating Reservoir subbasin
14 01115110 Huntinghouse Brook 13 8.0 91,000 54,000 15,000 8,700
15 01115114 Rush Brook 41 25 220,000 130,000 47,000 28,000
16 01115098 Peeptoad Brook (Harrisdale Brook) 49 28 300,000 170,000 60,000 34,000
18 01115120 Unnamed tributary to Regulating Reservoir 54 31 17,000 9,800 62,000 35,000
(unnamed brook A)
Scituate Reservoir drainage area
Mean Total Mean
35 21 2,100,000 1,300,000 34,000 20,000




17

Water Quality and Constituent Loads and Yields

000°0L1  000°06C 000°0LT 000°0¥»  000°08T 000°0IE 000001 000°0LI  000°CH 000°CL 000vT  000°1% [e10L
eale abeulelp JI0AIBSaY 81BNIIS
(Vv yooiq pawreuun)
110A19SY Sunen3oy
000°1 008°1 00€‘€ 008°S 00L°1 000°¢ 00¢€ (018 9¢ St - - 03 Arenquy pewreuu()  OZISTI10 81
(jJoo1rg
000°CT 000°6€  000°8C 00067  000°9€  000°S9  000°LL  000°IE  00ST 00SY 001°C 00L°¢  drepstuey) yooig peoydead  860ST110 91
(jfoo1g
000°0C 000°€€  000°T€  000°CS  000°LL  000°8T  000°CL  000°IC  0O0LS 008°6 00€°C 00Iv  ysmy) J1oAIosy Sunemsay  $I1STI10 S1
00t'L 000°C1 0001 000°€C  009°8 000v1  000°€ 001°S 000°T 0081 0Ty ovL s[ooxg asnoysupuny  OTISTIT10 14!
uiseqqns Jlonlasay Bunenbay
(puog
JNJISUBMSOIA “YIION
weans asowmﬁmgmozv
000°S1 000°9C  000°TC  000°SE 0001  000°€T 008V 00T'8 0ovL 00€°1 0LE 0€9 JIOAIOSIY JNOISUBMSOIN  OLTSTITO 61
uIseqqns J10AI13SaY INIISUBMSO|A|
00t°S 001°6 006°S 000°01 008°¢ 0059 088 00S°1 0Z8 00%°1 000°1 00L‘T Jjoorg doi1f redqg  GLTSTIIT0 6
(110AI9S9Y Sneuuoo
000°G1 000'¢C 00091  000°9C 0066 00091  006°C 00L% 00S°C 001% 008°C 00S‘t -)SOM ) Joorg Ineuuodsop  9.LZSTIT0 8
00LY 00€°L 009°S 00S°8 009t 0069 00CY 00L‘9 001°¢ 00T°S 009°1 006°C Joorg MO[[OH INqIIM\  L6TSTITO L
00t'L 000°¢1 000°01  000°81 006°L 000°¢1 00L°8 0001 006°S 008°6 008°C 009t yoorg Snedeuon®) €8ISTII0 9
008‘C 00LY 000t 00L°9 000°€ 001°S 00L°T 000°¢ 001°T 000°C 09 068 yoorg donids  $8ISTIT0 S
0089 000°C1 00011 000°81 001°S 00L8 00€°€ 008°S 009°1 006°C 0¥9 00T Joolg 310D 08TSIII0 €
uiseqqns youny 19a.iq
000°C€ 000CS  000°€S 00098 000'7€  000°SS  000°ST  000°ST  00L‘9 000°11 00€°S 000°6 IoARy 1osuedeuod  L8ISTIT0 99
(oorg

00061 000T€ 0008 000°C9 000°€T  000°8€  000°ST  000°ST  00¥°9 000°T1 001°¢ 00S‘S  S[OOTWOH) TOAIASIY UdpIeq  G9TSTIT0 8¢
00071 000°€C  000°LC  000°¢¥ 00091  000°9C  009°L 000°€l  001% 0089 001°1 006°1

jooig 310D Ao 061STI10 ¥

uIseqqns lloAIasay uapieg

(63) (631) (631) (631) (6) (63) (631) (6) (631) (63) (63) (63) Jaquinu  Jagqunu
eN 19 eN 19 eN (M) eN 19 EeN 19 eN 19 auieu uonels uonejs  uonejs
yaep Aenigay Asenuep 1aquiadaq 1aquianop 13qojaQ sasn aSMd

[wesSory ‘Y ‘wnrpos ‘BN OpHIO[Yd ‘[ {AoAIng [e0130[09D) 'S’ ‘SDHSM "] 9INSY U0 UMOYS dJIe
suorne)s Jo suoneooT (gSmd) pieog Ajddng 1ojep, 9ouapiaoid ayj Aq uoneso] Surjdwues dwes ) 10J PISN 9I10M SOWERU [BILIOISIY JUIIJJIP 2IUYM SUOIJBIS 10] sasayjuated ur pojsi| o1e SSWeU UONE)S 9)BUId)V ]

'910¢ ‘0€ 439
-wadas ybnoayy ‘g10z ‘| 1290310 (Q Wouy ‘pue|s| apoyy ‘eale abeulelp JI0AI8S8Y 81eNHIS BYL Ul suonels Buijdwes 1oy Speo| wnipos pue apliojyd palewnsa Ajyuoly £ ajqel



Streamflow, Water Quality, and Constituent Loads and Yields, Scituate Reservoir Drainage Area, Rhode Island, WY 2016

18

000°01 00091 000'8C  000°8% 0000 000°0€ 000°0S  000°08 000°61T 00000  000°0¥C  000°01¥ e
eaJe abeulelp JI0AI8SaY 81ENHIS
(Vv yooiq pawreuun)
110A10S9Y Sunen3ay
- - - - - - 0L 0cI1 029 001°1 008°C 0067 0} Aremnqun paweuun)  OZISIII0 81
(jfoo1g ofepstireH)
0¢s 096 000°C 009°¢ 008°C 001°S 00€°€ 008°S 000°ST 0009 000°S€ 0009 oorg peododad  860STI10 91
(1oo1g ysny)
144 (44 029 001°1 066 00L1 000 0089 000°€l  000°CT 0009C  000°C 110A1059Y Sunensoy 111110 Sl
€S 16 08¢ 08t 0$9 001°T 00v'T  00¥'C  00S°S 00£°6 000TT  000°0C Jooxg ssnoySununy  OTISTIT0 bl
uiseqqns Jloalasay Bunenbay
(puog
JNOISUBMSOTA “YIION
weans usowmﬁmawozv
(0143 0SS 00¥ 089 029 001°T 006t 00%°8 000°T1 000°61 0000 000%€ TIOAIOSOY JNIISUBMSOIN  OLTISTITO 61
uIseqqns J10A1asay INJISUBMSO|\|
001°1 006°T 00T‘1 000°C 086 00L°T 006°¢ 0059 00L°€ 00T9 0019 000°01 Jooxg oal] Jeag  GLTSIIIO 6
(11oAIOSY
Sneuuod)sop )
00LC 00€‘t 000°€ 006t 00S°C 001t 00S°L 000°C1 0086 00091 000°L1 0008 3001¢] SNBUUOISIN  9LTSTTT0 8
19 36 00¥ 0€9 00T°1 000°C 00S°T 00€°C 000t 00£°9 00€°9 0096 joolg MO[JOH INQIIM  L6TSTITO L
¥6 0S1 0TL 00T°1 009°1 009°C 001°C 00S°¢ 0019 000°01 00001 000°81 yooxg Snedeuond)  €8ISTI10 9
062 0LS 009 001°1 0LL 00t°T 06 009°T 001°C 00S°¢ 00T°€  00€°S yoorg donids  $ISTIT0 S
0°00C 09¢ ovL 00€°T 00t 00L 001°T 006°1 008°€ 0099 00€°6 00091 joolg 310D 08TSITI0 €
uiseqqns youny 1aa.1Q
0091 009°C 00€‘8 0001 001°S 0018 00S°6 00091 000°1¢C 000°%€ 000°€y  000°0L IOATY Josuedeuod  L8ISTIT0 43
(oorg JoO[WaH)
00T°C 008°€ 002°8 000°%1 096 009°1 00S°S 002°6 000°ST  000°ST 000°0€  000°0S JOAIOSYY Uopled  S9TSTTI0 8¢
0SS 016 009°1 00LC 009°1 009°C 001°€ 001°S 00L8 00071 000CC  000°LE yooig 9[0D Aflod  061ST110 144
uiseqqns J10A18say uapieq
(631) (63) (63) (631) (63) (63) (631) (631) (631) (63) (63) (631) Jaquinu  Jagqunu
eN 19 eN 19 EeN 19 eN 19 eN (M) eN 19 auwieu uone)s uonejs  uonels
laquaydag ysnbny Anp aunp Repy Judy sosn aSMd

-wadas ybnoayy ‘g10z ‘| 12qo10Q Woiy ‘pue|s| apoyy ‘eale abeulelp JI0AISaY 81eN19S 8y} Ul suonels Huljdwes 1oy Speo| Wnipos pue apLojys palewnss Ajyluopy

[wesSory ‘Y ‘wnrpos ‘BN OpLIO[Yd ‘[ {AoAIng [e0130[09D) 'S’ ‘SDHSM "] 9INSY UO UMOYS dIe
suore)s Jo suoneooT (gSmd) pieog Ajddng 1ojep\ 9ouapiaoid ayj Aq uoneso] Surjdues dwes Ay 10J PISN 9I0M SOWERU [BILIOISIY JUIIJJIP 2IOUYM SUOTJBIS 10} sasayjuated ur pojsi| o1e SSWeU UONE)S 9)BUId)V ]

panunuol—910z ‘0¢ 18q
‘L3lqeL



19

Water Quality and Constituent Loads and Yields

110 §0°0> 1000 e 0°¢ 0¢ 00¥ Se0 Sl 9°¢ weang oMo, 211 - LE
¥0°0 S0°0> 1000 a4 0v 01 069 vE0 0¢ 99 puog Sury woiy MoInQ - 9¢
(jJooxg 9eisy S[[eH) J10A
L00 LT°0 100°0 0°¢l 6V SI> 08¢ 0 (44 1’9 ~1089Y 21BMIOS 0) ¢# AreinqLy poweuun)  Z8ISII10 €€
(jJoosg dwremg durd) JIoA
00 £v'0 2000 691 6'S 0v> 001°1 L0 8Y 9 ~10S9Y 91eMIOg 0] [# ATeInqLy poweuun)  8LISIT10 43
- - - - - - - - - - puod peol  LLISIIIO I€
(jjoo1g WS1uy] Noo1g AUIA0))) JI0A
€00 900> 2000 g'6¢ ¥ or> 09¢ €0 [43 09 ~10S0Y 9JeMIIdS O} f# AreInqLy powreuuny  OSESIII0 0¢
90°0 950 200°0 08¢ 8¢ Sv> 0€s SL0 €€ ¥'9 Joorg oaif ey SLTSTTI0 6
(110A19S9Y
S00 S0'0> 1000 9°¢l ge 0or> (U123 09°0 14! 9 Sneuuoo)sop ) joorg SNeUuoNsOM  9LTSIII0 8
80°0 S0'0> €000 8Tl I'v I¢ 006°1 ¢80 €L ¥'9 Joo1g MO[JOH INqIA\  L6TSTTT0 L
L00 8C°0 000 Sor ¥'8 SOl 00€°1 99°0 69 9 yooxg Snedeuond)  €8ISIII0 9
S0°0 6C°0 000 861 0v 01> 0¢s Sv'0 (U4 9 yoorg eonids  $8ISTII0 S
¥0°0 §0°0> 2000 9 L'L 01> 00T ¥8°0 0¢ 89 (weang puod Anag) joo1g udy  O0FSIII0 14
010 S1'o 100°0 I'ey 0°¢ 0¢ 00¥°C 1440 8Y €9 Joorg 310y - 08TSIIIO €
(joo1g peayjng
JO U}I0U j00Iq paweuUn) JI0AIISOY
S00 §9°0 200°0 §'C6 134 01> 00¢ 6v°0 Sl 6'S 91emIog 0] g# Areynquy poweuuny  [SISTI10 [4
LO0 1T0 200°0 vyl 1 0¢ 002°1 'l 08 0L yooig Apuerg  08ISIII0 I
uiseqqns yjouny 19a.1Qq
LO0 00> 2000 6'vC (187 01> 006°1 L9°0 6¢ 9 ToAry jesueseuod  LSISII10 33
§0°0 S0'0> <000 9°9¢ v 01> 061 L80 Sv €9 (weang uopied) IoARY JosueSeuod  [LZSTIT0 6C
600 S00 €00°0 (43 Ly 01> 09¢ L0 001 8¢ (qooIg YOO[WoH) MOAIASAY UdpIeq  S9TSTII0 8¢
(3]001g JOSPUIA JO ISOM
joold paweuu() ‘g J00Iq paweuun)
Iro €50 2000 681 6C 01> 00€°9 8¢€°0 0¢ €¢ 1oAY 19sueSeUO 0} ATeInqLy pauwreuun)  Gy8ISI110 LT
1o 900> 2000 SLE 8 0> 0009 10 6¢ €9 Jooig Jospuipy - GISITIO 9¢
60°0 9%'0> 1000 €vl 194 01> 009°1 €50 €€ 9 jooig eaddiys  00ZST110 94
90°0 S0'0> 2000 Sye Sy 0¢ 00€°C 09°0 9¢ ¥9 yooig 210D Afjod  061SII10 14
uiseqqns Jl0A18say uap.ieg
'0d se 7/Bw ‘0ge w
! on_ouﬁ_._._\ v se .A__\,_a_s se .A__\,_aE. u"..__\hwp__“_.u mA%_wmm_. ::ﬁ.._ u: .uu_s f a_ﬁ__m“"\h”__ov >.A_-_“_hn_,h_v: ﬁwm_“ Am”.__”_; laquinu  Jaqunu
-soydoyug  elemN eumN hweyyy - wiopjoo jejop auieu uoneIs uoness - uopess
sjuanjisuo? saipadoid $9sn asmd

[e18p OU “-- ‘et $S9] > ‘oreydsoyd O ‘ueSonIu N 1RUOGIRd WNIO[Ed “O)r)) LA 1od WIS /3w 700 viyoLEYIST ‘0o 7 SN o] 1od 1un Suruoy Kuojod

w0 1/N4D Sun Arpiqin sawoaydau ‘N N 91un 3eqod wnuneld ‘{NDd AdAIng [e0130[030) S N ‘SOHS ‘[ 2INSY U0 UMOYS . SUONEIS JO suonedo ‘gSMd Ui Aq uoneoo| urjdwes swes ay} 10j pasn
QIOM SOUIRU [BILIO)SIY JUIIJJIP AI9YM SUOIIR]S 10 sasayjuared Ul paisi| I saureu uone)s Aeutde (gSmd) pieod Ajddng 1a1ep) 9ouapiaold ) Aq pazATeue pue pajod[[od sajdures woiy aIe eiep Ajjenb-1o1epm |

910z ‘0¢ Jaquaidag ybnoiyy
‘G102 'L 1890100 Wi} ‘pue|s| apoyy ‘eale abeulelp Jloniasay 81enlidg ay) ul suonels pieog Ajddng Je1epp 82uspin0id 18 palda|od eiep Alljenb-ialem Joj sanjea uelpaly ‘g 3jqeL



Streamflow, Water Quality, and Constituent Loads and Yields, Scituate Reservoir Drainage Area, Rhode Island, WY 2016

20

€C0 $9°0 oo ) Sl SOT 00%'8 8’1 orl 0L WNWIXeN
L00 €10 2000 6°LT 81 01 00L 90 33 €9 UBIPI]A
€00 S0'0> 1000 e €T or> 0L LT0 4! (Y N
eale abeulelp JI0AI8SaY 81BN)IIS
(110A1959Y SNBUUOISIA
JO yjIou 00I1q pawreuun) J00Ig
¥0°0 S00 100°0 679 4% 0l o6t 340 8P 8¢ Sneuuos)sepy 0) Arepnquy paweuu  Gi/gSI110 4!
(110AI0SY Fneuu09ISop
JO IN0S J00I1q PAWRUUN) JTOAIISIY
€00 S0°0 000 08¢ 8¢ or 061 0¥°0 09 Y Sneuuooisop o) Arenquy paureuuny  ¢/gSII10 T
010 S0°0 100°0 1'6c €T Sl 061 LTO €C LS joorg SnNeuuodNsON  HLTSITI10 0l
uiseqqns Jlonlasay Bneuuoalsapp
(V j001q paweuun) J10A
-- -- -- - -- -- - -- -- -- 1959y Sunensay 03 Arenquy paweuu)  0ZISII10 81
- - - - - - - - - - (puod dured) puod 292 61151110 LI
S0°0 L0°0 000 €1s Cl 0r> 00L‘€ 680 143 $9 (jooxg afepstuey) jjoorg peoidaad  860SI110 91
L00 S0°0 2000 99 8 0¢€ 001°C 'l 99 99 Joorgysny  IISITIO Sl
L00 900> 7000 6°Cl 08 SOl 00LC ¥9°0 133 v9 yooxg esnoySununy  QISTIT0 4!
¥0°0 S0'0> 2000 sy 08 01> 066 860 6C 99 IloAIesay Sunemnsay  9LISII10 €l
uiseqqns Jloniasay bunenbay
€00 900 100°0 ¢oc L'e 0r> 01c S0 cl 9 T10A1059Y JosueSeuod  ¢8ISTI110 €C
uiseqqns J10A18say 1asuebeuod
€C0 €ro €00°0 8°6C 4! 0r> 0L 60 194 9 weang [requirsyy  $9ISII10 123
(ypnog weans
1o 19°0 cloo 6'6S Sl 0¢C 01L 8’1 81 99 INOISUBMSOA) JIOAIOSOY JNDISUBMSOIN  L9ISTII0 [44
(1moAIasay
[TequITs] WOIJ J00I1q) JIOAIISIY N
0ro wo 100°0 €0S 01 08 00%°8 L8°0 3 99 -ISUBMSOJA] 0} T# ATeInquy poaweut()  S9[GII10 IC
(j]oo1g preyoue[q) JOAIISIY
14N0) 01°0 ¥00°0 €9L 09 01> 059 0s°0 orl 6°S IDISUBMSOJA] 0} [# Areinqin poweuup) — 091SI110 0¢
(puod MOISUBMSOIN ‘YIION WD
S0°0 L00 2000 6°¢S I 01> 0IL [ LT L9 INDISUBMSOA]) JIOAIOSY JNOISUBMSOIN  OLISTIT0 61
uiseqqns J10AI18SaY INJISUBMSO|A|
(‘od se/bw) (N (N 6 (‘09e9 (1wooL/n49) un
ajeyd se 7/6w) se 7/6w) eA_U.__\h o-__“_vu se 7/6w) A._Jw%h\.u"_uv eliajoeq EA_-_“.__..“,‘__V:. ﬁwonu Am“.._”__ ) laqunu  Jlaqunu
-soydoyup alemyN  SwmN hyuyeyyy - wsopjoo jejop auweu uoyels uonels - uohess
sjuanjisuon saipadoid S9sn aSMd

[e18p OU “-- ‘et $S9] > ‘oreydsoyd O ‘ueSonIu N A1RUOGIRd WNIO[Ed “O)r)) Lo 1od WIS /3w 700 viyoLEYIST ‘0o 7 SN 001 1od 1un Suruoy Kuojod
U0 1/N4D Sun Arpiqin srawoaydau ‘NN 91un 3eqod wnuneld ‘{NDd AdAIng [e0130[030) ‘'S N ‘SOHS ‘[ 2INSY U0 UMOYS . SUONEIS JO suonedo ‘gSMd Ui Aq uoneoo| urjdwes swes ay} 10j pasn
QIoM SOUIRU [BILIO)SIY JUIJJIP AI9YM SUOIIR)S 10 sasayjuared Ul pajsi| I saureu uone)s Aeutde (gSmd) pieod Ajddng 191ep) 90uapiaold ) Aq pazATeue pue pajod[[od sajdures woly aIe eiep Ajjenb-1o1ep |

panunuog—g10z ‘0g 1aqwaidas ybnoiyy
‘G10Z ‘| 1890100 WoJ} ‘pue|s| apoyy ‘eale abeulelp JIoAIaSaY 81BNIIS BY) Ul suonels pieog Ajddng 1818\ 80UBPIADIJ 18 PB1I8||09 elep Aljenb-1a1eMm o) SanjeA uelpaly ‘g jqel



21

Water Quality and Constituent Loads and Yields
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