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Beck Pond LLC 

 

 Beck Pond LLC, a limited liability company founded in 2008, partners with public and 
private organizations to conduct scientific research that not only increases our understanding of 
the natural environment but also informs and guides on-the-ground conservation and 
management. Among other projects, Beck Pond LLC has conducted scientific studies and 
helped develop conservation projects that assessed the impacts of historical land uses on forest 
plant communities in northern New England; assessed the impacts of invasive plants on 
California grasslands and New England forests; identified, assessed, and proposed solutions to 
water quality problems in the Lake Memphremagog, White River, Mad River, and Missisquoi 
Bay Basins; protected and restored floodplain forests and wetlands along the Connecticut River 
and in the Lake Memphremagog Basin; and identified and protected critical wildlife habitat 
across northern New England and eastern Canada. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cover. Water quality in the Missisquoi River is challenged by a number of issues, including nutrient and 
sediment pollution, despite passing through a picturesque and rural countryside, such as viewed here near Sheldon 
Junction, Vermont on 21 May 2015. 
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Executive Summary 

 

1. Over the past two decades, there has been increasing concern about water quality 
conditions in Lake Champlain and its tributaries, especially Missisquoi Bay, which has 
shown alarming increases in both total phosphorus concentrations and the incidence of 
cyanobacterial (blue-green algal) blooms. Since 2004, the Missisquoi River Basin 
Association and Vermont Department of Environmental Conservation have assessed 
water quality conditions throughout the Missisquoi River Basin, the major tributary 
flowing into Missisquoi Bay. 

2. During 2015-2017, staff and volunteers from the Missisquoi River Basin Association 
measured water quality at 15 sites along two tributaries of the Missisquoi River 
(Hungerford Brook and Black Creek). Using these data, we analyzed spatial patterns in 
water quality conditions along these two tributaries and developed recommendations for 
future monitoring and assessment efforts. 

3. Total phosphorus, total nitrogen, and turbidity levels were all very high at most sites in the 
Hungerford Brook watershed, especially along two tributaries of Hungerford Brook. 
Future monitoring and remediation efforts should focus on further pinpointing and 
assessing possible nutrient and sediment sources and identifying and implementing water 
quality improvement projects along these two tributaries. 

4. Total phosphorus and turbidity levels were also high at many sites along Black Creek and 
its tributaries. More specifically, total phosphorus concentrations and turbidity levels 
increased dramatically between Ryan Road and Chester A. Arthur Road along the main 
stem of Black Creek. Future monitoring and remediation efforts should focus on further 
pinpointing and assessing possible nutrient and sediment sources along this section of 
Black Creek as well as its tributary Fairfield River, which flows into this section. 

5. Collectively, these data greatly increased our understanding of water quality conditions and 
possible sources of water quality problems along these two tributaries of the Missisquoi 
River. Future monitoring efforts should include: 1) continued monitoring of water quality 
conditions along all major reaches and branches of these two tributaries and 2) the 
addition of new sample sites in areas where water quality problems were identified but 
remain poorly understood (e.g. Tributaries #4 and #6 of Hungerford Brook and the 
Fairfield River). Once the sources of any water quality problems are better understood, it 
will be easier to identify and develop the appropriate protection and restoration strategies 
that will most effectively reduce nutrient and sediment exports from these two tributaries 
of the Missisquoi River. 
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1.0 Introduction 

 

 Lake Champlain and its tributaries are highly-valued resources that support a wide array 
of recreational activities, economic benefits, and ecological functions to the residents of and 
visitors to Vermont, New York, and Quebec. Water bodies in the basin are used extensively for 
boating, swimming, fishing, hunting, nature-viewing, and other recreational activities. Lake 
Champlain and the Saranac and Missisquoi Rivers are important links in the Northern Forest 
Canoe Trail, which extends 1,191 km (740 mi) from Old Forge, New York through Vermont, 
Quebec, and New Hampshire to Fort Kent, Maine. Lake Champlain and other water bodies in 
the basin also serve as public water supplies, provide hydroelectric power and disposal of treated 
wastewater, and support agricultural and industrial production. The floodplains and the many 
wetlands around the lake and in the tributary watersheds serve important flood control and 
water filtration functions. In addition, the surface waters and associated habitats support a 
number of rare plant and animal species and significant natural communities, which contribute 
greatly to regional biodiversity. 

 Over the past two decades, there has been increasing interest in protecting and 
improving water quality in Lake Champlain and its tributaries. This interest has been spurred by 
concerns that water quality in Lake Champlain has been deteriorating and is now threatened by 
excessively high nutrient and sediment levels, more frequent and widespread algal blooms, and 
accelerated eutrophication. This concern has been further exacerbated by the increasing 
occurrence of cyanobacterial (blue-green algal) blooms, especially during the past several years. 
Lake Champlain and its tributaries currently face a number of threats, including high nutrient 
and sediment levels, elevated mercury levels, excessive algal growth, eutrophication, and 
invasions of exotic species (State of Vermont 2016a, 2016b). Although water quality conditions 
are generally good in many parts of Lake Champlain, they are often poor in St. Albans and 
Missisquoi Bays, where blue-green algal blooms are triggered by excessive nutrients most years, 
and in the South Lake, where the water is often quite muddy (Lake Champlain Basin Program 
2015). 

 Missisquoi Bay and its tributary watersheds represent the northeastern-most segment of 
the Lake Champlain Basin and straddle the United States/Canada border in the northwestern 
Vermont and the Montérégie region of Quebec. Missisquoi Bay is the subject of a Total 
Maximum Daily Loads (TMDL) due to elevated phosphorus levels, nutrient enrichment, and 
excessive algal growth (Part D, State of Vermont 2016a). The Environmental Protection Agency 
(EPA) initially approved a TMDL for phosphorus enrichment for all of Lake Champlain in 2002 
(State of Vermont 2002) and adopted an updated TMDL in 2016 (Environmental Protection 
Agency 2016). In addition, numerous surface waters in the Missisquoi Bay Basin have been 
identified by the State of Vermont as being stressed, impaired, or priority surface waters outside 
the scope of Clean Water Act Section 303(d) (State of Vermont 2016a, 2016b). Despite these 
efforts, the water quality data collected over the past 25 years indicate that water quality 
conditions in Missisquoi Bay continue to decline (Figure 1). 
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Figure 1. Water quality conditions measured at Station 50 in Missisquoi Bay during 1992-2014. Data were 
collected by the Lake Champlain Long-Term Monitoring Program administered by the Vermont Department of 
Environmental Conservation. 

 

2.0 Study Goals 

 

 In order to assist efforts to identify and assess possible sources of the high nutrient and 
sediment levels measured in the Missisquoi River, we analyzed the water quality data collected by 
the Missisquoi River Basin Association from Hungerford Brook and Black Creek during 2015-
2017. Previous studies had indicated that both Hungerford Brook and Black Creek exhibited 
high phosphorus levels and were likely significant sources of the nutrients and sediment flowing 
into the Missisquoi River (Howe et al. 2011, Stone Environmental 2011, Gerhardt 2015). Water 
quality data have been collected along these two tributaries since 2005 by the Missisquoi River 
Basin Association (MRBA). An earlier study had presented the analyses of total phosphorus 
concentrations measured during the first ten years of their monitoring efforts (Gerhardt 2015). 
The current study was initiated to analyze and report on the three most recent years of water 
quality data to update and inform water quality management along these two tributaries of the 
Missisquoi River. Specifically, the goals of this study were fourfold: 1) to identify spatial patterns 
in water quality conditions in these two tributary watersheds, 2) to pinpoint and assess possible 
nutrient and sediment sources along these two tributaries, 3) to provide recommendations for 
future water quality monitoring efforts, and 4) to provide preliminary recommendations for on-
the-ground assessments of possible nutrient and sediment sources. 
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3.0 Description of Watershed 

 

 Missisquoi Bay (Waterbody ID VT05-01L01) is the northeastern-most segment of Lake 
Champlain and lies in both Vermont and Quebec. Based on extensive water quality sampling, 
Missisquoi Bay has been determined to be impaired by elevated phosphorus levels and 
contributes approximately 24% of the phosphorus entering Lake Champlain from Vermont 
(Environmental Protection Agency 2016). Missisquoi Bay drains an area of approximately 3,105 
km2 (1,199 mi2), of which approximately 58% is located in Vermont and 42% in the province of 
Quebec. Agriculture, primarily dairy farming, and forests represent 91% of the land cover in the 
Vermont portion of the Missisquoi Bay Basin. Agriculture (42%), streambank instability (29%), 
forests (15%), and developed lands (12%) are estimated to contribute the majority of the 
phosphorus entering Missisquoi Bay from the Vermont portion of the watershed. In contrast, 
the eight wastewater treatment facilities in the watershed contribute only 1% of the phosphorus 
entering the bay. The topography of the Missisquoi Bay watershed varies dramatically from the 
generally flat bottomlands of the Champlain Valley to the rugged valleys and mountains of the 
northern Green Mountains. Elevations range from 29 m (95 ft) at the surface of Missisquoi Bay 
in Swanton to 1,177 m (3,862 ft) atop Jay Peak in Jay. 

 In addition to the shorelands and small tributaries that drain directly into the bay, 
Missisquoi Bay is fed by three major tributary rivers: the Missisquoi, Rock, and Pike Rivers. The 
Missisquoi River, the largest of these tributaries, extends approximately 142 km (88 miles) and 
drains an area of approximately 2,232 km2 (862 mi2) in northwestern Vermont and southern 
Quebec. Its watershed includes parts of the Champlain Valley, much of the northern Green 
Mountains along the Quebec-Vermont border, and part of Quebec's Eastern Townships 
(Cantons de l’Est). Previous studies have indicated that two of the Missisquoi River tributaries, 
Hungerford Brook and Black Creek, are important sources of nutrients and sediment flowing 
into the Missisquoi River. 

 Hungerford Brook (Waterbody ID VT06-03) drains a small tributary watershed of the 
Missisquoi River in the towns of Highgate, Sheldon, Swanton, and St. Albans Town in Franklin 
County, Vermont. The watershed encompasses a flat to gently-sloping valley of approximately 
51 km2 (19.6 mi2) ranging in elevation from 37 m (120 ft) at its confluence with the Missisquoi 
River to 354 m (1,160 ft) atop Rocky Ridge in the southeastern corner of the watershed. The 
dominant bedrock types are fine-grained, calcium-rich slate, phyllite, and quartzite. Surficial 
geology is variable and includes alluvium and marine clays in the north, marine and lacustrine 
clays and silts in the central part, and marine sands and gravels in the south. Soils are dominated 
by silt loams and clay loams. The dominant land uses in the watershed are agriculture and 
residential. Hungerford Brook is listed as stressed due to elevated nutrient and sediment levels 
possibly from agricultural sources that are harming its ability to support aquatic life (State of 
Vermont 2016b). Previous studies had found that Hungerford Brook exhibited the highest 
concentrations of total phosphorus and other pollutants among the major tributaries of the 
Missisquoi River and was a significant source of phosphorus loading into Missisquoi Bay (Howe 
et al. 2011, Stone Environmental 2011, Gerhardt 2015). 
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 Black Creek (Waterbody ID VT06-05) drains a large tributary watershed of the 
Missisquoi River in the towns of Sheldon, Swanton, St. Albans Town, Fairfield, Fairfax, 
Fletcher, and Bakersfield in Franklin and Lamoille Counties, Vermont. The watershed 
encompasses a flat to steep area of approximately 311 km2 (120 mi2) ranging in elevation from 
102 m (335 ft) at its confluence with the Missisquoi River to 643 m (2,110 ft) atop Fletcher 
Mountain in the southeastern corner of the watershed. The dominant bedrock types are mostly 
fine-grained, calcium-rich phyllite and schist. Surficial geology is variable but dominated by 
glacial till and bedrock exposures on the ridges and lake sands, glacial lacustrine clays and silts, 
and alluvium in the valleys. Soils are dominated by silt loams and fine sandy loams. Fairfield 
Pond, covering 180 ha (446 acres) is located in the western part of the watershed. The Black 
Creek watershed is dominated by forests in the higher elevations, especially in the southern and 
western parts of the watershed, and agriculture in the northern and central valleys of the 
watershed. Black Creek is listed as stressed due to elevated nutrient, sediment, and Escherichia coli 
(E. coli) levels from agricultural sources that are harming its ability to support aquatic life (State 
of Vermont 2016b), and Wanzer Brook is listed as an impaired surface water needing a TMDL 
for elevated nutrient and sediment levels from agricultural runoff that are harming its ability to 
support aquatic life (State of Vermont 2016a, Part A). Both Fairfield Pond and Fairfield Swamp 
Pond are listed as priority lakes that are being altered by locally abundant Eurasian watermilfoil 
(Myriophyllum spicatum L.) populations, an aquatic invasive species (State of Vermont 2016a, Part 
E). 

 

4.0 Methods 

 

 During 2015-2017, the Missisquoi River Basin Association continued to monitor water 
quality conditions, including total phosphorus, total nitrogen, and turbidity, at numerous sites 
distributed throughout the Missisquoi River basin. 

 Total phosphorus measures the concentration of all forms of phosphorus in the water 
column, including dissolved phosphorus, phosphorus attached to suspended sediments, and 
phosphorus incorporated into organic matter. Phosphorus is typically the limiting nutrient and 
regulates the amount of aquatic life in northern freshwater ecosystems. Consequently, elevated 
phosphorus concentrations can lead to eutrophication, in which excessive algal and plant growth 
lead to oxygen depletion and increased mortality of aquatic life. In Vermont, most phosphorus 
originates from soil erosion, wastewater, manure, and synthetic fertilizers applied to lawns and 
agricultural fields. 

 Total nitrogen measures the concentration of all forms of nitrogen in the water column, 
including nitrogen gas (N2), nitrite (NO2), nitrate (NO3), ammonia (NH3), ammonium (NH4), 
and particulate nitrogen (N). Although typically not the limiting nutrient in northern freshwater 
ecosystems, nitrogen is an essential plant nutrient, and high levels of nitrogen can impact both 
in-lake and in-stream water quality and can exacerbate algal blooms and eutrophication and lead 
to more frequent and more toxic cyanobacterial blooms. In Vermont, most nitrogen in surface 
waters originates from wastewater, stormwater, agricultural runoff, and atmospheric deposition. 
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 Turbidity, which is measured in Nephelometric Turbidity Units (NTU), measures the 
light-scattering properties of all dissolved and suspended materials in the water column. 
Turbidity greatly affects the health of aquatic ecosystems, as more turbid waters allow less light 
to penetrate into the water column and transport more pollutants, nutrients, and sediment. In 
addition, sediment and other suspended materials can settle out of the water column and 
smother aquatic biota and their habitats. Much of the dissolved and suspended material in the 
water column originates from stormwater and surface runoff associated with agriculture, 
forestry, urban and suburban development, and stream channel adjustment processes. However, 
turbidity is also affected by natural biological and chemical processes and chemical pollutants. 

 In this study, we analyzed the water quality data collected by the Missisquoi River Basin 
Association during 2015-2017 at 15 sites distributed throughout the watersheds of Hungerford 
Brook and Black Creek. We downloaded all of the water quality data collected by the Missisquoi 
River Basin Association for these two watersheds from the State of Vermont’s volunteer 
monitoring data portal (https://anrweb.vt.gov/DEC/_DEC/VolunteerMonitoring.aspx). We 
also downloaded the relevant stream flow data for the U.S. Geological Survey (USGS)-
maintained stream gage located along the Missisquoi River near East Berkshire, Vermont (USGS 
station 04293500). Once downloaded, all of the data were screened to identify any errors or 
outlier data points, and the quality assurance (QA) data were analyzed to verify that water 
samples were collected in a repeatable manner without any contamination. We then calculated 
the median, mean, 25% and 75% quartiles, and range for each of the three parameters for each 
sample site. We used the geographic coordinates to map all of the sample sites in a Geographic 
Information System (ArcGIS 10, ESRI, Redlands, California), and we used the USGS 
StreamStats program (https://water.usgs.gov/osw/streamstats/) to delineate the subwatersheds 
drained by each sample site. These maps and the summarized data allowed us to map the sample 
sites and associated subwatersheds according to their nutrient and sediment levels. We then 
developed recommendations for revising the sampling network, including identifying new sites 
that would better pinpoint and assess possible nutrient and sediment sources. We also developed 
preliminary recommendations for on-the-ground surveys to further investigate possible nutrient 
and sediment sources by staff from the appropriate agencies and organizations (e.g. Vermont 
Agency of Agriculture, Food & Markets; Vermont Agency of Natural Resources; Natural 
Resources Conservation Service), 

 All data were imported into Microsoft Excel spreadsheets (Microsoft Home and Office 
2010, Microsoft, Redmond, Washington), and GIS shapefiles mapping the sample sites and 
watershed and subwatershed boundaries were created and maintained in ArcGIS 10. All data and 
analyses were archived by the author, and electronic copies were provided to the Missisquoi 
River Basin Association and Vermont Department of Environmental Conservation. 

 

5.0 Results and Discussion 

5.1 Quality Assurance 

 

 All of the water quality data collected through this sampling program were collected in 
accordance with Quality Assurance Project Plans (QAPP) developed in conjunction with the 

(https:/anrweb.vt.gov/DEC/_DEC/VolunteerMonitoring.aspx).
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Vermont DEC. As part of these plans, MRBA staff and volunteers collected field blanks and 
field duplicates on each sample date. Blank sample containers were rinsed and filled with distilled 
water only and, if done properly, should result in values below the detection limit for each 
parameter. Field duplicates required collecting a second sample at the same time and place as the 
original sample. When done properly, the values for the two pairs of samples should differ on 
average by less than the prescribed Relative Percent Difference (RPD). One to two Quality 
Assurance samples were collected along Hungerford Brook and/or Black Creek on 19 dates 
during 2015-2017. 

 In general, the quality assurance data for the two Missisquoi River tributaries indicated 
that the water quality sampling program was meeting the quality assurance standards for two of 
the three parameters (quality assurance data are presented in Appendix A). Only one of the 19 
field blanks for total phosphorus exceeded the detection limit (5 μg/l), and only one of the 18 
field blanks for total nitrogen exceeded the detection limit (0.1 mg/l). In contrast, three of the 18 
field blanks for turbidity exceeded the detection limit (0.2 NTU); however, in all cases, the 
deviations were relatively minor. Thus, the field blanks indicated that the water samples were 
generally not being contaminated during collection or processing. 

 The mean Relative Percent Differences between duplicate samples were also well below 
the prescribed differences for two of the three parameters [total phosphorus = 15% (prescribed 
RPD <30%) and total nitrogen = 4% (prescribed RPD <20%)]. Except for one site on one date 
(see below), none of the 18 pairs of total nitrogen samples and only three of the 19 pairs of total 
phosphorus samples exceeded the prescribed RPD. In contrast, the mean relative percent 
difference between the duplicate turbidity samples equaled the prescribed difference [turbidity = 
15% (prescribed RPD <15%)], and nine of the 18 pairs of turbidity samples differed by >15% 
(range = 15-39%). The good results for total nitrogen and total phosphorus and the relatively 
poor results for turbidity parallel the results obtained by other water quality monitoring 
programs with which we are familiar (e.g. White, Mad, and Missisquoi Rivers and Lakes 
Memphremagog and Carmi). Thus, the field duplicates indicated that the water samples were 
generally being collected in a repeatable manner. 

 One set of field duplicates, collected on 22 July 2015 from a tributary of Hungerford 
Brook (site code T-SHCR) was problematic. The pairs of duplicate samples for all three 
parameters differed greatly, and two of the three duplicate samples (total phosphorus <5 μg/l 
and total nitrogen <0.1 mg/l) suggested that these duplicates were actually field blanks filled 
with distilled water. However, the duplicate sample for turbidity, which measured 1.35 NTU, 
greatly exceeded the value that should be obtained for a field blank (0.2 NTU) and differed 
markedly from the value obtained for its original, paired sample (19 NTU). Thus, it seems likely 
that two of the field duplicates were actually mislabeled blank samples, but it was not clear what 
the duplicate turbidity sample actually represented. 

 As part of the data-checking process, we also mapped all of the sample sites and 
reviewed the site locations with the staff of the Missisquoi River Basin Association and Franklin 
County Natural Resources Conservation District. 
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5.2 Stream Flow 

 

 Stream flow measures the volume of water passing a given location per unit of time and 
is calculated by multiplying the area of the stream cross-section by water velocity. Stream flow 
affects both water quality and the quality of aquatic and riparian habitats. For example, fast-
moving streams are more turbulent and better aerated than slow-moving streams. High flows 
also dilute dissolved and suspended pollutants but, at the same time, typically carry more surface 
runoff and associated sediment and nutrients. Stream flow is extremely dynamic and changes 
frequently in response to changes in temperature, precipitation, and season. 

 To approximate stream flows at the sample sites examined in this study, we used the 
daily stream flows measured for the Missisquoi River near East Berkshire, Vermont (USGS 
station 04293500). As is typical in northern New England, stream flows generally peaked for 
extended periods of time during the spring (March-April) following snowmelt, were generally 
low during the summer (June-September), and rose again during late autumn (October-
November)(Figure 2). However, extremely high flows also occurred for shorter periods of time 
following heavy rains throughout the year, especially during the summers of 2015 and 2017. 

 

 

Figure 2. Stream flows along the Missisquoi River near East Berkshire, Vermont during 2015-2017. Stream 
flows were measured by the U.S. Geological Survey (USGS station 04293500). The 29 dates on which water 
samples were collected are indicated by orange circles. 

 

 The water quality sampling conducted by the Missisquoi River Basin Association largely 
reflected the limited variation in and relatively low stream flows that typically occur during the 
summer when most of the sampling occurred (Figure 3). In all three years, sampling started in 
May and continued through August (2015) or October (2016 and 2017). The majority of the 
water samples (83%) were collected at low and moderate flows (Table 1). Only five of the 29 
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sample dates occurred during high flows (that is, flows representing the greatest 25% of all flow 
measurements), and none of these occurred in 2016, when only low and moderate flows were 
sampled. Even across this limited range of stream flows, we were able to examine the 
relationships between nutrient and sediment levels and stream flows, which allowed us to better 
identify those areas within the two focal watersheds where phosphorus levels were noticeably 
higher and where protection and restoration projects might be most beneficial in reducing 
nutrient and sediment levels and improving water quality. 

 

 

Figure 3. Flow duration curve for stream flows measured at the USGS gage on the Missisquoi River near East 
Berkshire, Vermont (USGS station 04293500). The 29 dates on which water samples were collected are 
indicated by orange circles. The dashed vertical lines separate low, moderate, and high flows. 

 

Table 1. Numbers of low, moderate, and high flows sampled by the Missisquoi River Basin 
Association in the Missisquoi River watershed during 2015-2017. Flows were measured at the 
USGS gage on the Missisquoi River near East Berkshire, Vermont (USGS station 04293500). 

Low  Moderate High  % Low and 
Year   (<347 cfs) (347-1,220 cfs) (>1,220 cfs) Moderate Flows 

2015    0   3   3   50 
2016    7   4   0  100 
2017    4   6   2   83 

All years  11 (38%) 13 (45%)  5 (17%)  83 
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5.3 Hungerford Brook 

 

 Water quality conditions were collected by the Missisquoi River Basin Association at 
eight sites in the Hungerford Brook watershed during 2015-2017 (Table 2, Figure 4). These eight 
sites included four “old” sites that were sampled prior to 2015 and four “new” sites. The eight 
sites were sampled on 11-28 dates over 1-3 years, although three of the tributary sites were only 
sampled on 11 dates in 2016. 

 

Table 2. Eight sites where water quality was sampled by the Missisquoi River Basin Association 
in the Hungerford Brook watershed during 2015-2017. The four sites with Location IDs starting 
with “500" were also sampled prior to 2015. 

Location         # Dates Years 
ID Site Name     Site Code Sampled Sampled 

500971 Hungerford Brook Below Route 207 T-HHB 23  2016-2017 
500979 Hungerford Brook Woods Hill Road T-HBW 28  2015-2017 
515538 Hungerford Brook Hazard Road  T-HHR 22  2016-2017 
500977 Hungerford Brook Trib 4 Cook Road T-SHCR 28  2015-2017 
515536 Hungerford Brook Trib 4 Heald Road T-THH 11  2016 
515537 Hungerford Brook Trib 4 Green Mtn Dairy T-THM 11  2016 
500978 Hungerford Brook Trib 6 Woods Hill Road T-THBW 15  2016-2017 
515539 Hungerford Brook Trib 6 Viens Road T-THVR 11  2016 
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Figure 4. Locations of eight sites sampled by the Missisquoi River Basin Association in the Hungerford Brook 
watershed during 2015-2017. 

 

 Total phosphorus concentrations were very high throughout the Hungerford Brook 
watershed (Figure 5-6). Along the main stem of Hungerford Brook, total phosphorus 
concentrations increased from Hazard Road downstream to Woods Hill Road and further 
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increased from there downstream to Vermont Route 207 (Figure 7). Likewise, along Tributary 
#4, total phosphorus concentrations increased dramatically from above the Green Mountain 
Dairy downstream to Heald Road and then remained fairly constant from there downstream to 
Cook Road. Finally, along Tributary #6, total phosphorus concentrations decreased consistently 
from the upstream site at Viens Road downstream to Woods Hill Road. These patterns suggest 
that there were significant sources of phosphorus between Woods Hill Road and Hazard Road 
on the main stem and upstream of Viens Road and between Green Mountain Dairy and Heald 
Road on the two tributaries. 

 

 

Figure 5. Total phosphorus concentrations at eight sites along the main stem and tributaries of Hungerford 
Brook during 2015-2017. Values are the median (triangle), 1st and 3rd quartiles (rectangle), and minimum and 
maximum (line). 
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Figure 6. Mean total phosphorus concentrations at eight sites along the main stem and two tributaries of 
Hungerford Brook during 2015-2017. The sample sites and the subwatersheds drained by each sample site are 
color-coded according to the mean total phosphorus concentrations measured at each site. 
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Figure 7. Total phosphorus “profile” along the main stem of Hungerford Brook from Hazard Road 
downstream to Vermont Route 207 and along two tributaries of Hungerford Brook during May-October 2016. 

 

 Like total phosphorus, total nitrogen concentrations were also moderately high 
throughout much of the Hungerford Brook watershed (Figure 8). However, in contrast to total 
phosphorus, total nitrogen concentrations along the main stem were highest at Hazard Road and 
decreased from there downstream to Woods Hill Road and Vermont Route 207 (Figure 9). 
Along Tributary #4, total nitrogen concentrations increased dramatically from above the Green 
Mountain Dairy downstream to Heald Road and then remained fairly constant from there 
downstream to Cook Road. Finally, along Tributary #6, total nitrogen concentrations were 
highest at Viens Road and decreased from there downstream to Woods Hill Road. These 
patterns suggest that there are significant sources of nitrogen both upstream of Viens Road and 
between the Green Mountain Dairy and Heald Road. The total nitrogen concentrations at Viens 
Road were particularly high on the one high-flow event measured in 2016. This positive 
association suggests that there may have been significant amounts of nitrogen-enriched materials 
in the surface runoff on that date. 
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Figure 8. Total nitrogen concentrations at eight sites along the main stem and tributaries of Hungerford Brook 
during 2015-2017. Values are the median (triangle), 1st and 3rd quartiles (rectangle), and minimum and 
maximum (line). 

 

 

Figure 9. Total nitrogen “profile” along the main stem of Hungerford Brook from Hazard Road downstream 
to Vermont Route 207 and along two tributaries of Hungerford Brook during May-October 2016. 
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 In contrast to total phosphorus and total nitrogen, turbidity levels were relatively low in 
many areas of the Hungerford Brook watershed (Figure 10-11). Turbidity levels did increase 
from upstream to downstream along both the main stem and the two tributaries (Figure 12). 
Turbidity levels were generally highest at the downstream site along Tributary #6 and the two 
downstream sites along the main stem. 

 

 

Figure 10. Turbidity levels at eight sites along the main stem and tributaries of Hungerford Brook during 
2015-2017. Values are the median (triangle), 1st and 3rd quartiles (rectangle), and minimum and maximum 
(line). 
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Figure 11. Mean turbidity levels at eight sites along the main stem and tributaries of Hungerford Brook during 
2015-2017. The sample sites and the subwatersheds drained by each sample site are color-coded according to the 
mean turbidity levels measured at each site. 
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Figure 12. Turbidity “profile” along the main stem of Hungerford Brook from Hazard Road downstream to 
Vermont Route 207 and along two tributaries of Hungerford Brook during May-October 2016. 

 

 Based on these data, it seems likely that much of the nutrients and sediment may be 
originating from sources located in the watersheds of the two tributaries of Hungerford Brook. 
These two areas are characterized by the presence of several agricultural production areas and 
many large agricultural fields Figure 13) and was also flagged by earlier studies as an important 
source of phosphorus loading into the Missisquoi River (Stone Environmental 2011, Gerhardt 
2015). 

 

5.3.1 Recommendations 

 

 Overall, Hungerford Brook exhibited high to very high nutrient and sediment levels. 
Retaining the three historic sites and the five “new” sites greatly helped pinpoint and assess 
possible nutrient and sediment sources along this tributary. Based on these updated analyses, we 
make the following recommendations (Figure 14): 

1. Retain all eight sites sampled in the Hungerford Brook watershed during 2015-2017, as 
water quality conditions in this watershed remain problematic and incompletely 
understood. 

2. Add two new sites on the two branches of Tributary #4, ideally upstream of where this 
tributary forks just upstream of Heald Road. Total phosphorus concentrations increased 
dramatically between Green Mountain Dairy (T-THM) and Heald Road (T-THH), but 
possible sources include both the sampled northern branch as well as the southern branch. 
These two sites would allow us to assess the relative contributions of these two branches 
of this tributary. If these two new sites are sampled, the site at Heald Road (T-THH) could 
be dropped. 
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3. Additional sites could also be added to further pinpoint and assess possible nutrient and 
sediment sources, especially along the upstream sections of Hungerford Brook and the 
two tributaries (Tributary #4 and #6). 

4. One final possibility is to measure NO2 - NO3 (nitrate plus nitrite) at those sites in the 
Hungerford Brook watershed that exhibit high total nitrogen concentrations. Such analyses 
would quantify how much of the nitrogen in the surface waters is occurring as nitrate vs. 
ammonia and would be invaluable in identifying possible sources of nitrogen and other 
pollutants. In addition, the Vermont Water Quality Standards (State of Vermont 2014) are 
based on nitrate, rather than total nitrogen, so this measure would indicate whether or not 
these sites are complying with Vermont Water Quality Standards. 

 

 

Figure 13. Numerous agricultural fields and unstable streambanks border much of Hungerford Brook and its 
tributaries, such as this area along Woods Hill Road in Swanton, Vermont on 21 May 2015. 

 

 Based on the additional data collected during 2015-2017, it is now possible to identify 
certain areas in the Hungerford Brook watershed for on-the-ground investigation of possible 
nutrient and sediment sources. In particular, these areas include the upstream sections of both 
Tributaries #4 and #6, both of which exhibited high concentrations of both phosphorus and 
nitrogen. However, all areas of the Hungerford Brook watershed exhibited relatively high levels 
of phosphorus and nitrogen, so that identification, development, and implementation of projects 
and practices that will protect and improve water quality are needed throughout this watershed. 
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Figure 14. Locations of existing and proposed sample sites in the Hungerford Brook watershed. 
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5.4 Black Creek 

 

 Water quality conditions were measured by the Missisquoi River Basin Association at 
seven sites in the Black Creek watershed during 2015-2017 (Table 3, Figure 15). These seven 
sites included three “old” sites that were sampled prior to 2015 and four “new” sites. These 
seven sites were sampled on 5-27 dates over 1-3 years, although three sites were only sampled on 
5-11 dates during a single year (one site in 2015 and two sites in 2016). 

 

Table 3. Seven sites where water quality was sampled by the Missisquoi River Basin Association 
in the Black Creek watershed during 2015-2017. The three sites with Location IDs starting with 
“500" were also sampled prior to 2015. 

Location         # Dates Years 
ID Site Name     Site Code Sampled Sampled 

500961 Black Creek Bouchard Road  T-SBC  27  2015-2017 
515533 Black Creek Pumpkin Village Road T-FBCPV 22  2016-2017 
515534 Black Creek Paradee Road   T-FBCP  9  2016 
515535 Black Creek Chester A. Arthur Road T-FBCCA 22  2016-2017 
500972 Black Creek Ryan Road   T-EFBC 16  2015-2016 
502595 Black Creek Reads Road   T-EFBCR 11  2016 
500976 Wanzer Brook    T-FFWZ  5  2015 
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Figure 15. Locations of seven sites sampled by the Missisquoi River Basin Association in the Black Creek 
watershed during 2015-2017. 

 

 Total phosphorus concentrations were moderately high at most sites in the Black Creek 
watershed (Figure 16-17). Total phosphorus concentrations were lowest at the two upstream-
most sites on the main stem (Reads Road and Ryan Road) but then more than doubled from 
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there downstream to the next site at Chester A. Arthur Road (Figure 18). Total phosphorus 
concentrations were slightly lower and relatively similar from there downstream to Bouchard 
Road near the mouth of Black Creek. Thus, there appeared to be significant sources of 
phosphorus between Chester A. Arthur Road and Ryan Road in the vicinity of the Fairfield 
River and Fairfield village. 

 

 

Figure 16. Total phosphorus concentrations at seven sites along the main stem and one tributary of Black Creek 
during 2015-2017. Values are the median (triangle), 1st and 3rd quartiles (rectangle), and minimum and 
maximum (line). 
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Figure 17. Mean total phosphorus concentrations at seven sites along the main stem and one tributary of Black 
Creek during 2015-2017. The sample sites and the subwatersheds drained by each sample site are color-coded 
according to the mean total phosphorus concentrations measured at each site. 
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Figure 18. Total phosphorus “profile” along the main stem of Black Creek from Reads Road downstream to 
Bouchard Road during May-October 2016. 

 

 In contrast, total nitrogen concentrations were relatively low at most sites throughout the 
Black Creek watershed (Figure 19). In addition, total nitrogen concentrations showed only 
modest increases from the upstream to the downstream sites (Figure 20). 
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Figure 19. Total nitrogen concentrations at seven sites along the main stem and one tributary of Black Creek 
during 2015-2017. Values are the median (triangle), 1st and 3rd quartiles (rectangle), and minimum and 
maximum (line). 

 

 

Figure 20. Total nitrogen “profile” along the main stem of Black Creek from Reads Road downstream to 
Bouchard Road during May-October 2016. 
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 Like total phosphorus, turbidity levels were moderately high at many sites throughout 
the Black Creek watershed (Figure 21-22). Turbidity levels were lowest along Wanzer Brook and 
at the two upstream-most sites on the main stem (Reads Road and Ryan Road) but more than 
doubled from there downstream to the next site at Chester A. Arthur Road (Figure 23). 
Turbidity levels remained fairly constant and even decreased from there downstream to 
Bouchard Road near the mouth of Black Creek. Thus, there appear to be significant sources of 
turbidity between Chester A. Arthur Road and Ryan Road in the vicinity of the Fairfield River 
and Fairfield village. 

 

 

Figure 21. Turbidity levels at seven sites along the main stem and one tributary of Black Creek during 2015-
2017. Values are the median (triangle), 1st and 3rd quartiles (rectangle), and minimum and maximum (line). 
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Figure 22. Mean turbidity levels at seven sites along the main stem and one tributary of Black Creek during 
2015-2017. The sample sites and the subwatersheds drained by each sample site are color-coded according to the 
mean turbidity levels measured at each site. 
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Figure 23. Turbidity “profile” along the main stem of Black Creek from Reads Road downstream to Bouchard 
Road during May-October 2016. 

 

 Based on these data, it seemed likely that a substantial proportion of the nutrients and 
sediment in the Black Creek watershed were originating from one or more sources located in the 
2.2 km (1.3 mi) stretch between Chester A. Arthur and Ryan Roads or along the Fairfield River. 
This area is characterized by the presence of many large agricultural fields in the floodplain along 
the river (Figure 24) and was also flagged by earlier studies as an important source of 
phosphorus loading into the Missisquoi River (Stone Environmental 2011, Gerhardt 2015). 
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Figure 24. Numerous agricultural fields and unstable streambanks border Black Creek, such as these located 
just downstream of Chester A. Arthur Road in Fairfield, Vermont on 21 May 2015. 

 

5.4.1 Recommendations 

 Overall, Black Creek exhibited moderately high nutrient and sediment levels. Retaining 
the seven current sites and adding one or more new sites would help to further pinpoint and 
assess possible nutrient and sediment sources along this tributary of the Missisquoi River (Figure 
25): 

1. Retain all six sites sampled along the main stem of Black Creek during 2015-2017, as water 
quality conditions in this watershed remain problematic and incompletely understood. 

2. The site on Wanzer Brook (T-FFWZ) should be retained, as this tributary is listed as 
impaired and in need of a TMDL due to elevated nutrient and sediment levels from 
agricultural runoff that are harming its ability to support aquatic life (Part A, State of 
Vermont 2016a). 

3. Add at least one new site along the Fairfield River to assist efforts to pinpoint and assess 
possible nutrient and sediment sources, especially since the Fairfield River enters Black 
Creek in the area where phosphorus and turbidity levels increase most dramatically. One 
site was sampled along the Fairfield River in 2013 as part of the Biomonitoring and 
Aquatic Studies Section (BASS) monitoring program (Location ID 506358). 

4. Add another site along Dead Creek to assess if this tributary is exporting large amounts of 
nutrients and sediment into Black Creek. One site was sampled along Dead Creek in 2009 
as part of the BASS monitoring program (Location ID 501711). 
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Figure 25. Locations of existing and recommended sample sites in the Black Creek watershed. 
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 Based on the additional data collected during 2015-2017, it is now possible to identify 
certain areas for on-the-ground investigation of possible nutrient and sediment sources. In 
particular, efforts should be undertaken to examine areas along the main stem of Black Creek 
between Ryan Road and Chester A. Arthur Road and along the Fairfield River, as the water 
quality data indicated that nutrient and sediment levels increase dramatically in this area. 

 

6.0 Conclusions 

 

 In this project, we updated our earlier analyses of the spatial patterns in water quality 
conditions along two tributaries of the Missisquoi River (Hungerford Brook and Black Creek). 
The goals of this effort were fourfold: 1) to assess water quality conditions in these two tributary 
watersheds, 2) to pinpoint and assess possible nutrient and sediment sources along these 
tributaries, 3) to provide recommendations for future monitoring efforts, and 4) to provide 
preliminary recommendations for on-the-ground assessments of possible nutrient and sediment 
sources. In general, nutrient and sediment levels were extremely high throughout the 
Hungerford Brook watershed and were moderately high in much of the Black Creek watershed. 
Thus, these results paralleled those reported by earlier studies that found that phosphorus 
concentrations and loadings were highest in the Hungerford Brook watershed but were also high 
in the Black Creek watershed (Howe et al. 2011, Stone Environmental 2011, Deeds and Deeds 
2013, Sawyer 2015, Gerhardt 2015, Young and Wight 2016). 

 The new sites that the Missisquoi River Basin Association added in both the Hungerford 
Brook and Black Creek watersheds were extremely informative for further pinpointing and 
assessing possible source areas for nutrients and sediment along these two tributaries of the 
Missisquoi River. In the Hungerford Brook watershed, the four new sites revealed that both 
phosphorus and turbidity levels were highest along two tributaries of Hungerford Brook, both 
of which were dominated by agricultural land uses. In the Black Creek watershed, the four new 
sites revealed that both phosphorus and turbidity levels increased dramatically between Ryan 
Road and Chester A. Arthur Road. This relatively short section of the main stem of Black Creek 
includes large areas of agricultural land uses but is also where the Fairfield River with its large 
watershed flows into Black Creek. Based on this new information, future monitoring efforts 
should resample many of these same sites but also add new sites along the tributaries of 
Hungerford Brook and the Fairfield River. 

 Based on these analyses, we also recommend that staff from the appropriate agencies or 
organizations (e.g. Vermont Agency of Agriculture, Food & Markets; Vermont Agency of 
Natural Resources; USDA Natural Resources Conservation Service; Franklin County Natural 
Resources Conservation District) conduct on-the-ground assessments in these areas to further 
investigate possible nutrient and sediment sources and to identify, develop, and implement 
projects to protect and improve water quality. Possible projects and practices might include 
green water infrastructure, better back roads practices, nutrient management plans, increased 
cropping setbacks on saturated or frequently-flooded fields, livestock exclusion fencing, filter 
strips and/or riparian buffer plantings, cover cropping, no-till cropping, gully stabilization, tile 
drainage treatment, wetlands protection and restoration, and river corridor protection projects. 



Fritz Gerhardt, Ph.D.        2017 Missisquoi River Report 
 

32 

 

7.0 Bibliography 

 

Deeds, J. and S.S. Deeds. 2013. Missisquoi River Basin Association Water Quality Monitoring Program 
Summary of Results 2005-2012. Missisquoi River Basin Association, East Berkshire, Vermont. 

Environmental Protection Agency. 2016. Phosphorus TMDLs for Vermont Segments of Lake 
Champlain. Environmental Protection Agency, Boston, Massachusetts. 

Gerhardt, F. 2015. Phosphorus Levels in Six Tributaries of Missisquoi Bay. Beck Pond LLC, Newark, 
Vermont. 

Howe, E., S. Strouse, and W. Howland. 2011. Missisquoi Bay Basin Project: Short-term Monitoring 
Program. Lake Champlain Basin Program, Grand Isle, Vermont. 

Lake Champlain Basin Program. 2015. 2015 State of the Lake and Ecosystem Indicators Report. Lake 
Champlain Basin Program, Grand Isle, Vermont. 

Sawyer, A. 2015. Missisquoi River Basin Association Water Quality Monitoring Program Summary of 
Results 2005-2014. Missisquoi River Basin Association, East Berkshire, Vermont. 

State of Vermont. 2014. Vermont Water Quality Standards Environmental Protection Rule Chapter 29(a). 
Vermont Department of Environmental Conservation, Montpelier, Vermont. 

State of Vermont. 2016a. 303(d) List of Impaired Waters. Vermont Department of Environmental 
Conservation, Montpelier, Vermont. 

State of Vermont. 2016b. Stressed Waters List. Vermont Department of Environmental 
Conservation, Montpelier, Vermont. 

Stone Environmental. 2011. Identification of Critical Source Areas of Phosphorus Within the Vermont 
Sector of the Missisquoi Bay Basin. Lake Champlain Basin Program, Grand Isle, Vermont. 

Young, J. and L. Wight. 2016. Missisquoi River Basin Association Water Quality Monitoring Program 
Summary of Results 2005-2015. Missisquoi River Basin Association, East Berkshire, Vermont. 

 

 

 

 

 

 

 

 

 

 

 



Fritz Gerhardt, Ph.D.        2017 Missisquoi River Report 
 

33 

 

Appendix A. Quality assurance data, including field blanks and field duplicates, collected at 15 
sample sites along two tributaries of the Missisquoi River during 2015-2017. Bold values indicate 
field blanks that exceeded detection limits (0.1 mg/l for total nitrogen, 5 μg/l for total 
phosphorus, or 0.2 NTU for turbidity) or field duplicates that differed by more than the 
prescribed Relative Percent Difference (20% for total nitrogen, 30% for total phosphorus, or 
15% for turbidity). 

 

Field Blanks: 

 
 

Site 

 
 

Date 

Total 
Nitrogen 
(mg/l) 

Total 
Phosphorus 

(μg/l) 

 
Turbidity 

(NTU) 

T-SBC Black Creek Bouchard Rd 6/10/2015 <0.1 <5 <0.2 

T-EFBC Black Creek Ryan Rd 7/22/2015 <0.1 <5 0.2 

T-SHCR Hungerford Trib #4 Cook Rd 7/22/2015 <0.1 <5 <0.2 

T-HBW Hungerford Brook Woods Hill Rd 6/22/2016 <0.1 <5 0.21 

T-THVR Hungerford Trib #6 Viens Rd 6/22/2016 <0.1 <5 <0.2 

T-THM Hungerford Trib #4 Green Mountain 
Dairy 

7/6/2016 <0.1 <5 <0.2 

T-HBW Hungerford Brook Woods Hill Rd 7/6/2016 <0.1 <5 <0.2 

T-HHR Hungerford Brook Hazard Rd 7/20/2016 <0.1 <5 <0.2 

T-EFBCR Black Creek Reads Rd 8/17/2016 <0.1 <5 <0.2 

T-EFBCR Black Creek Reads Rd 8/31/2016 <0.1 <5 <0.2 

T-EFBC Black Creek Ryan Rd 9/14/2016 <0.1 <5 <0.2 

T-SBC Black Creek Bouchard Rd 10/26/2016 <0.1 <5 <0.2 

T-HHB Hungerford Brook Route 207 5/17/2017 <0.1 6.9 <0.2 

T-HHR Hungerford Brook Hazard Rd 5/31/2017 - <5 - 

T-HBW Hungerford Brook Woods Hill Rd 6/14/2017 <0.1 <5 <0.2 

T-SHCR Hungerford Trib #4 Cook Rd 6/28/2017 <0.1 <5 0.21 

T-FBCPV Black Creek Pumpkin Village Rd 7/12/2017 <0.1 <5 <0.2 

T-FBCCA Black Creek Chester A. Arthur Rd 7/26/2017 <0.1 <5 <0.2 

T-SBC Black Creek Bouchard Rd 8/9/2017 0.12 <5 <0.2 
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Field Duplicates: Total Nitrogen 

 
 

Site 

 
 

Date 

1st Total 
Nitrogen 
(mg/l) 

2nd Total 
Nitrogen 
(mg/l) 

Relative 
% 

Difference 

T-SBC Black Creek Bouchard Rd 6/10/2015 1.17 0.97 19 

T-EFBC Black Creek Ryan Rd 7/22/2015 0.5 0.51 2 

T-SHCR Hungerford Trib #4 Cook Rd 7/22/2015 2.02 <0.1 181 

T-HBW Hungerford Brook Woods Hill Rd 6/22/2016 0.81 0.86 6 

T-THVR Hungerford Trib #6 Viens Rd 6/22/2016 1.85 1.87 1 

T-THBW Hungerford Trib #6 Woods Hill Rd 7/6/2016 0.89 0.86 3 

T-THM Hungerford Brook Route 207 7/6/2016 2.2 2.22 1 

T-HHR Hungerford Brook Hazard Rd 7/20/2016 2.87 2.87 0 

T-EFBCR Black Creek Reads Rd 8/17/2016 0.41 0.39 5 

T-EFBCR Black Creek Reads Rd 8/31/2016 0.71 0.71 0 

T-EFBC Black Creek Ryan Rd 9/14/2016 0.49 0.5 2 

T-SBC Black Creek Bouchard Rd 10/26/2016 0.95 0.86 10 

T-HHB Hungerford Brook Route 207 5/17/2017 1.99 1.99 0 

T-HBW Hungerford Brook Woods Hill Rd 6/14/2017 1.54 1.51 2 

T-SHCR Hungerford Trib #4 Cook Rd 6/28/2017 5.56 5.42 3 

T-FBCPV Black Creek Pumpkin Village Rd 7/12/2017 0.96 0.99 3 

T-FBCCA Black Creek Chester A. Arthur Rd 7/26/2017 0.58 0.53 9 

T-SBC Black Creek Bouchard Rd 8/9/2017 0.57 0.58 2 
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Field Duplicates: Total Phosphorus 

 
 

Site 

 
 

Date 

1st Total 
Phosphorus 

(μg/l) 

2nd Total 
Phosphorus 

(μg/l) 

Relative 
% 

Difference 

T-SBC Black Creek Bouchard Rd 6/10/2015 218 262 18 

T-EFBC Black Creek Ryan Rd 7/22/2015 53.5 50.4 6 

T-SHCR Hungerford Trib #4 Cook Rd 7/22/2015 115 <5 183 

T-HBW Hungerford Brook Woods Hill Rd 6/22/2016 133 136 2 

T-THVR Hungerford Trib #6 Viens Rd 6/22/2016 113 111 2 

T-THBW Hungerford Trib #6 Woods Hill 
Rd 

7/6/2016 80.1 80.1 0 

T-THM Hungerford Brook Route 207 7/6/2016 49.2 98.4 67 

T-HHR Hungerford Brook Hazard Rd 7/20/2016 54.5 53.2 2 

T-EFBCR Black Creek Reads Rd 8/17/2016 27.2 25.1 8 

T-EFBCR Black Creek Reads Rd 8/31/2016 65 58.9 10 

T-EFBC Black Creek Ryan Rd 9/14/2016 36.1 38.3 6 

T-SBC Black Creek Bouchard Rd 10/26/2016 56.7 54.2 5 

T-HHB Hungerford Brook Route 207 5/17/2017 35.9 36.5 2 

T-HHR Hungerford Brook Hazard Rd 5/31/2017 24.5 22.8 7 

T-HBW Hungerford Brook Woods Hill 
Rd 

6/14/2017 102 59.2 53 

T-SHCR Hungerford Trib #4 Cook Rd 6/28/2017 105 107 2 

T-FBCPV Black Creek Pumpkin Village Rd 7/12/2017 133 136 2 

T-FBCCA Black Creek Chester A. Arthur 
Rd 

7/26/2017 58.3 119 68 

T-SBC Black Creek Bouchard Rd 8/9/2017 33.2 32.6 2 
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Field Duplicates: Turbidity 

 
 

Site 

 
 

Date 

1st 
Turbidity 

(NTU) 

2nd 
Turbidity 

(NTU) 

Relative 
% 

Difference 

T-SBC Black Creek Bouchard Rd 6/10/2015 47.2 54.8 15 

T-EFBC Black Creek Ryan Rd 7/22/2015 4.6 4.13 11 

T-SHCR Hungerford Trib #4 Cook Rd 7/22/2015 19 1.35 173 

T-HBW Hungerford Brook Woods Hill Rd 6/22/2016 10.5 10.4 1 

T-THVR Hungerford Trib #6 Viens Rd 6/22/2016 9.13 12.3 30 

T-THBW Hungerford Trib #6 Woods Hill Rd 7/6/2016 6.89 7.04 2 

T-THM Hungerford Brook Route 207 7/6/2016 16.1 23.7 38 

T-HHR Hungerford Brook Hazard Rd 7/20/2016 8.63 9.06 5 

T-EFBCR Black Creek Reads Rd 8/17/2016 2.56 2.66 4 

T-EFBCR Black Creek Reads Rd 8/31/2016 12.1 12.2 1 

T-EFBC Black Creek Ryan Rd 9/14/2016 5.92 6.2 5 

T-SBC Black Creek Bouchard Rd 10/26/2016 6.31 7.22 13 

T-HHB Hungerford Brook Route 207 5/17/2017 2.46 3.13 24 

T-HBW Hungerford Brook Woods Hill Rd 6/14/2017 10.6 9.56 10 

T-SHCR Hungerford Trib #4 Cook Rd 6/28/2017 6.48 7.53 15 

T-FBCPV Black Creek Pumpkin Village Rd 7/12/2017 30 34.8 15 

T-FBCCA Black Creek Chester A. Arthur 
Rd 

7/26/2017 16.3 24.2 39 

T-SBC Black Creek Bouchard Rd 8/9/2017 6.15 4.4 33 
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