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Abstract

Streambank erosion is a highly damaging and prevalent nonpoint source pollution

that impacts water quality, flow, and ecology. Urban watersheds are particularly
sensitive due to a greater proportion of directly connected impervious land cover
resuling in increased runoff into streams. Climate change has exacerbated the
problem in the Northeast United States, as precipitation quantities, along with the
frequency of high intensity storm events, have risen markedly in recent decades.
Cross Canal Brook ia snall stream east of Rochester, NY, and a tributary to
Irondequoit Creek, where erosion and flooding events have seen a recent rise that has
disturbed the local ecology and damaged human property. This project uses discharge
data measured in the field, labadysis of sediment and nutrients, and hydrological
modeling to diagnose the causes of these phenonféela. observations from this

study confirm that severe erosion is taking place, and nmgpedsults indicatéhat

directly connected imperviousndsas created a high runoff response to precipitation,

worsered in the winter bynflow from Erie Canal dewatering.
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Introduction

Anthropogenic pollution is increasingly threatening the health of our natural
waters and their biota. Streambank erossane of the most damaging types of
nonpoint source pollution in the United States, carryingdaching impacts on flow,
water chemistry, and ecology (EPA ¥9The Clean WateAct, along with
stewardship activities by the Soil Water Conservation Districts and extension
programs by the National Resources Conservation Service (NRCS), are starting to
address sediment erosion andrient pollution from rural agricultural areas
However urban areas have not received the same attefRtotilizerapplication in
urban areas is not regulated, and homeowners often dmovthowto apply it
correctly.

Developed urban areas are an important source of sediments and nutrient
pollution (Booth and Jackson 98 Booth et al. 2004). Sediments and nutrients build
up and wash off from road surfaces (Barret et al. 1995; Wheaton et @, 199
Waschbusch 1999 It is also not tilled intdhe ground making it easy for excess
nutrients to mobilize by runoff. In higher density urban development, lawn areas are
often adjacent to stormwater drainage features, allowing excess nutrients to reach the
streamquickly. The pathways this runoff takeseoften along impervious features,
which are positively correlated with stream degradat®ch(eler 1994; mold and
Gibbons, 1996; Brabec at 2002). Channels have eroded substantially in developed
streamglue toconstant degradation in streamshhiigh urban land cover, or urban

stream syndrome (Mackenzie et al. 2020). This erosion is likely due to the increase



in total runoff that takes place. Such increases primarily come from directly
connected impervious features, and cause an increase in erosive energy along with

increased severity of flood events.

Channel erosion may also be worsened by climate change in the form of a
long termtrend of increasing precipitation in the American Northeast. Precipitation
throughout the Northeast United States has increased substantially, especially during
the winter, in the last century (Hayhoe et al. 200@on et al. 2008; Huntington and
Billmire 2013. In the Great Lakes basin, average annual rainfall increased by 4.5
inches between 1915 and 2008 and whatwasya@ar event in the 1950
4-year event. Winter precipitation in the Northeast is projected to continue to rise

throughout theentury (Hayhoe et al. 2007).

Human activity in urban streams also worsens nitrogen and phosphorus
pollution (Brabec et al. 20Q0Brett et al. 2005). As erosion occurs, sediments are
mobilized, and their transport downstream contributes to phosphorus pollution (Brett
et al. 2005)The mediartotal phosphorusI{P) concentrations from a statewide
Pennsylvania study were nearly an order of magnitude higher in developethareas
undeveloped areas (Clune et al. 2020). Septic tank density has been identified as an
important variableegardingnitrate (NG") andtotal nitrogen TN) concentrations in
small streams (Hatt et al. 2002erose, 208), as traditional septic tanks ordghieve

20-30% removal of total phosphorus and less than 5% remova&l ¢€hen etal.



2015,Lusk et al. 2017)This is dependent on design, girdperly engineered septic

tanks may achieve bettperformance (EPA 2@) Lusk et al. 2017

Despite the expansive research that has been conducted regarding impacts on
streams by urban development, streams are complicated systems. Many individual
watersheds face problems of degradation for which the causes have not been
diagnosed and proper resttion action has not taken place. One site that fits this
description is the stream on which this study focuses, Cross Canal Brook in Western
New York. Some knowledge gaps have been recognized in terms of to what extent
specific urban pollution sourcesmtribute to degradation: particularly construction
activities, fecal matter from pets, and urban green areas like gardens and parks
(Muller et al. 2020). All these pollution sources are present at Cross Canal Brook, and
observing differences between streeeaches may be a pathway to shedding light on

those unknowns.

Background

Cross Canal Brook is a small suburban stream in Western New York where
homeowners have reported damage from flooding events and observed increasingly
severe streambank erosion (FigureThe stream is a major tributaoy Irondequoit
Creek an important tributargf Lake Ontariowhichis known to be impacted by
nutrient and sediment pollutiomhe reaches downstream of the Erie Canal that
appear the most highly erodednsist largely of alluvial soillThe Cross Canal Brook

watersheds dominated byoamysandand sandyoamsoils, with the most



commonlyoccurringsoil being Colonie loamy fine safdSDA 2024). Higher
proportions of sand and silt, and loweoportions of clayare associated with
increased soil erodibilityRoslan et al. 2013)Soil survey maps made before the
watershed was developsdowsignificant gullies, indicating channel erosion was
present historicallySuch erosion may have taken place soon after the last ice sheet
retreated after the last ice age when it is believed that rainfall was higher than it is
today.The upstream reaches of the watershed sihervernon Formation, and the
downstream reaches sit on Guelph Dolosi@igure?2). The surficial geology of

Cross Canal Brook is made up of lacustrine silt and dtaynstreanandglacialtill
upstream(Figure3).

The CrosgCanal Brook watershed is within the town of Perintdaw York
(Figure 4 Figure 5. Perinton was first settled in the 1700s and steadily grew into a
center of agriculture. The construction of the Erie CanalerilB20s served as a
catdyst for further growth s its village of Fairport developed into a bustling port.
Throughout the next century, the town saw further expansion and a decrease in the
proportion of agricultural covewhich was exacerbated when its population more
than doubled between the 1960s and 19(Rixay2020 Mcintyre 2023 Today,
there are just under 50,000 people and 20,
area(U.S. Census Bureau 202The522-hectareCross Canal Brook watershed has

72% lowdensity residetial cover compared to only.78% agricultural land cover

PossibleCauses



There are a few potential explanations for vahrise in erosive energy and
flood eventgould be happeningt Cross Canal BrookJrban developmerttccurred
along the stream in recent decades, and the link between urban development and
erosion is well established, as noted above. Angthenomenon thatould explain
what is taking place is climate change and precipitation trends noted above in the
region. A third potential explanation is outdated stream infrastructure, particularly
inferior culvert design at road crossings that has narrowed the stream in some reaches.
These narrowed streambanks increase the discharge by creating more turbulent flows,
as well as altering the direction and slope of the stream, a phenomenon described as
the Venuri Effect (Alley and Veenhuis, 1983; Brabec et al. 2002; Smith et al. 2013).
An additional source of flow comes from the Erie CaBaiting the winter months,
the New York State Canal Corporation dewaters the Erie Capalform
maintenance outside of the navigation sea®déater from théerie CanaHows into
Cross Canal Brook beginning in November and endingpirl, creating botlexcess
discharge during baseflow and higher flows dgrstorm events.

In terms of pollution, we can expect many of the same sources into Cross
Canal Brook that are typical of urban and suburban watersheds, but it is helpful to
note some features specific to this watershed. Major impervious features include a
shopping centebetween the Knollwood and Perinton Manor gages, a concrete
detention basin, just downstream of that, and an apartment construction project taking

placenearthe Jefferson Road gage (Fig@e These featuresndall other



imperviousness in Cross Canal Brook, are important to note when attributing
differences in erosive energy between reaches.
StreamPower

Stream power is defined as B€2s, where Q is dischargeis the energy
slope of the channel, g is theavitational constant, andis thedensity of water
(Bagnold 1966)

Greater precipitation values are strongly linked with increases in runoff as
well as the discharge term of the stream power equation, and the increasing likelihood
of extreme events produces much higher and more damaging peakflows (Huntington
and Billmire2013 DiMarco and Savitz 2020). Increased stream power is directly and
positively related to streambank erosion, more severe flood events and lateral channel
migration (Bizzi and Lerner 2015). Total and specific stream power are greater in
erosion dominated emnels (Lippe et al. 2018izzi and Lerner 2013ylarcinkowski
et al. 2022).

A reach's slope in developed watersheds is defined by the elevation difference
of its upstream and downstream culverts. Undersized culverts, in addition to
narrowing streambanks and increasing velocity, caniatsease stream power by
causng a backup of water thaicreases thenergy slope value.

Stream power at individual reaches can be calculagegenerating rating
curve betweegulvert elevations and modelddscharge The reaches with the
highest stream power carry the highest erosion(tiaksen et al. 20QBizzi and

Lerner 2015%.



This study aims taleterminewhich factors are associated with greater stream
power and bank erosion differences across the studyMyeabjectives wereto
model peak flow and total runafésponse to storm events to quantifg impact of
climate change, land use, and canplt on stream powgand toassess the extent of
nutrientpollution through field sampling and lab analyJikere is a need to examine
the causesf increases in stream power in Cross Canal Brook as homeowners are
increasingly being affected by erosion and flood evéfitshave a base of
knowledge that gives us a good idea of some of the potential causes of the severity of
erosion occurring, but it is necessary to pinpoint exactly where stream power is
increasing along with sources of increased fIBywanswering the research question,
this study will provide the necessary information to drive the proper restoration action

within the Cross Canal Brook watershed.

Materials and Methods
Stream Survey
A visual survey was conductedWovember2023 alonga stretch of the
stream whererosion is believed to have occurrédalking upstream from the
Harvest Road gage to the Jefferson Road gagebserved instances of bank erosion
and documented themith photographs taken wittt GPS cameria the Timesamp
mobile app(Bian Di, 2023) A transitrodwas usedo addscaleto the photographs

WaterQuality Assessment



Streamflow was measured at all reaches beginning iRahef 2022 until the
Summerof 2024. Width of the stream was quantified using a tape measure, and a
current meter was used to obtain flow and depth measurements at several points
throughout the cross section of the stream, from which discharge can be calculated.
Changes in water level werecorded at each site using a wooden gage (Fiure
order to produce a rating curve that quantifies the relationship between flow and
water level. In July of 2023, an Odyssey Xtreem Water Level Logger was installed to
take water level measurements electronically and improve the completeness of that
data. Water samples were collected in situ with 125 mL plastic bottles, put on ice, and
stored in a refrigerator before analySamples that could not be analyzed within 48
hours were frozerAn ISCO 6712 automatic sampler was also set up to collect a
sample in one bottle atlour intervals over the course of a storm event so that
changes in water quality throughout the event can be monitored. Samples being
prepared for NOx analysis were filtered with a 0.45 micrometer syringe filter, and
raw samples were taken for TN and TRllgeis.Samples to be analyzed for optical
brighteners were collected in browtasticbottles to prevent interference from

outside light before analysis.

Optical brighteners were detected to determine septic inputs at stream reaches
as in Derose (2018)Optical brighteners are used in laundry detergent for whitening,
and can pass through most septic systems, so they are effective as an indicator for
septic field inputs (Cao et al. 2009). Optical brighteners were detected using

fluorometry at a wavelertly of 436nm following exposure of samples to ultraviolet



(UV) light as in Hartel et al. (2007) and Derose (2018). A Turner Designs AquaFluor
Model 8006010 Fluorometer was used in the analysis. This analysis was conducted
in a shrouded container, free of incidental light. In this methodology optical
brightenes are distinguished from Carbon Dissolved Organic Matter (CDOM), by
exposing samples to different amounts of daylight. Optical Brighteners lose their
ability to fluoresce at this wavelength, while CDOM does 8ainples were
triplicatedandexposed to UV lightor five minutes. A decrease in fluorescenée

over 30% resulted in a positive test,exikas®f less than 8% resulted in a negative
result. Samplewith a decrease in fluorescence between 8 and 30 percent were
retested with five additional minutes of UV exposukeiorescence was measured
again, and theercentreduction after 10 minutesf exposurevas divided by the
percentreduction after 5 minute#.this ratio was over 1.5, the test was positiiee
samplewas positive for optical brighteners only if all three replicates tested positive,

and if two of the three tested positive, this resulted in an inconclusive test.

Samples were also analyzed Td®?, TN,andNO*. TN was analyzedsing
EPAmethod 353.ZEPA 1993 Wendt 2000) APHA method 4500 H wasused for
TP analysigProkopy 1992APHA 20139. A Lachat Quikchem 8500 was used for
flow injection in the above methedNO* wasanalyzed byHach method@039using
NitraVer® 5 nitrate reagent powder pillows aad/ilton Roy Spectroni1D

spectrophotometdHach 2019)



Samples for total suspended solids (TSS) analysis were collected in 1L plastic
bottles and weighed before and after filtration and desiccation at 40°C. A Hach 45
micrometer membrane filter was used for filtration to capture sediments with small

grain sizes

Hydrologic Modeling

A hydrological model was set wgingt he Hydr ol ogi ¢ Engi neer |
Hydrological Model System (HEEIMS) to simulatedischargebased on land cover,
soil type, and stream engineeringSACE 2000. Since discharge is related directly
to stream power, and water density and gravity are constantsqB&$66), the
output from this model can be used to predict energy for channel eroddeaHMS
is a lumped parameter model that is widely used to model event and continuous flow
from watersheds. The model has been demonstrated to be more effective at modeling
discharge from complicated watersheds than many other contemporary r(®alels
et al.2020). The model simulates runoff by estimating runoff excess from
precipitation in uniform subbasins, and then adding the resulting hydrographs
together at stream junctions. A variety of channel functions are included in the model
to route the resultingomposite hydrograph downstream to the outlet. The model
accouns for channel bank storages aell ashydrologic features such as resersoi
and instream lakes thaandelay and changte shape of hydrographs. It can thus
produce realistic continuous discharge data which is required for this study. It is also

capable of modeling hydrographs from short time s{g&psninute) which is essential

10



for Cross Canal Brook because this watershed is very small and responsive
(approximately 12 hours from start to peak flow).

The model was calibrated using a simplification of the watershed including the
subbasinsipstreanof Harvest Road Readily available precipitation data was used to
compare precipitation from storm eventsmater level data captured by the Odyssey
Xtreem Water Level Logger at the Harvest Road site.

Directly connectedmperviousness wasappedor each subbasin by
identifying roads, houses, driveways, and other impervious feature2@0®n
Eagleview oblique imagery. Thisagrial photography dat&ith resolution between
25 and 75mmground sampling distance (GSiat has been rectified ing LIDAR
data Features were traced in the Eagleview Explorer

Precipitation gentsto be used for calibration were identified using rainfall
data from personal weather stations on wundergr¢lind Weather Company 24).

A weighted average of precipitation was calculated using five weather stations and
the proportion of the watershed they cover to generate datanmnuteintervals.|

used thenewfifteen-minutedatato create a precipitation gage for each everdHC-

HMS. A user specified unit hydrograph was created using a selected storm event from
July 30, 2024.fDeficit andConstand was selected for the loss methodallow for
continuous simulation over long time scalegtial deficit and maximum deficit were
expressed imnits ofincheswi t h v al u e eespecfivelygand azanstant8ade

of 0. 40 per h ovagsetati20%@ Emulatiororunsvasegensrated for

each event where peak dischargeubic feet per secon€ES), time of peak

11



discharge, and totaixcess precipitatiowaspredicted. These metrics were compared
against observed data from the automatic water level recorder stationed at Harvest
Road.To calculate observed runoff from the water level recorder data, the readings
were transformed intthow in CFS using a rating curve calibrated from measured
flow datain the field Parameters were adjustedsedon model performancand
predictive capability was validatesing a training data set.

After calibration, the model vearunduring the season when Erie Canal
dewatering took placdredicted flows were compared agaiobserved water level
recorder data during the sameriod to determine if canal flow had a substantial
impact on Cross Canal Brook

Results
Stream Survey

A total distance of just und€é00 feet was walked duringe visual survey
between the Jefferson Road and Harvest Road giaginss stretch of the stream,
manynotable exampkeof erosiorwere observed and document8&tteam bank
collapse is consistently present throughout the surveyed stream reach 8Figure
Figure9). Tree roots have been underaldng the banksnd bluff erosion has
occurred, causing collapse of the stream valley wallong with multiplereefalls
(Figure10, Figurell, Figure P, Figurel3). At one sitechannel erosion occurred on
top of acompetent exposed clay layer in the channel bank (Fighr& there is a
stretchwhere the channel unaeits the base of a wetlandthe stream valley (Figure

15).
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Water Quality

Mediannutrientconcentrationsvere1.01 mg/L for TN, 0.9 mg/L for TP,
0.55mg/L for NO*, and 8.4 mg/L fof SSacross 17 sampling sessions between May
2023 and June 202E&irst and third quartile valuesere0.69-1.26mg TNL, 0.020-
0.081mg TP/L, 0.32-0.89 mg/LNO?*, and 3.530.4mg TSS/L.Concentrations were
most elevateor TN and TPduring the springandNO* during the summenyith the
lowest concentrations of TN amdiD* occurring in the fall, and the lowest TP
concentrations in the wintef.SS wasat itshighest in the summéFigure 5). Spatial
variation of TN was minimal, with the highest median concentration of 1.26 mg/L at
Jefferson Road just downstream of Brée Canaland the lowest median
concentration of 0.94 mg/L at Harvest Ro&B.was most elevated at Green Valley
the furthest downstream sit@ndNO* enrichment was highest at Fencewood (Figure
17).

A rating curve was generated at the Harvest Road site to quantify the
relationship betweemeasuredvater leveland observed flow, which was used to
calibrate the automatic water level recorder and generate discharg&hdataurve
yielded an equation of y=0.1122x10.884x+263.92r> = 0.9766) where x
represents thmeasuredvater level in inches and y representsdakeulated
discharge in CF&Figure B).

Valueswere assignetb each site based on their position along the stream,
with 1 being the closest to the headwaters and 9 being closest to the outlet at

Irondequoit CreekPositive tests for optical brighteners were assignealwe\of 2,

13



inconclusive tests were assigned a value of 1, and negative tests were assigned a
value of 0. From these numbers, a mean was calculated for eaatitbite higher
number indicating a greater proportion of samples testing positive for optical
brightenersTable 1. Fencewood had the highest proportion of positive tests and the
highest calculated mean value, followed by Green Vallbg. lowest proportion of
samples testingositive was at Perinton Manavhile the lowest mean value was at
Jefferson Road.
Hydrologic Model

The model underpredicted total runoff by an averadge %%, and
overpredicted peak flow by an averagdd@%. The average absolute value of
percent error was51%% for peak fow and D.4% for total runoff(Table2).
Individual hyetographs of modeled flow were overlayed onto observed flow to
pinpoint where error occurred during individual eveiiigure19). The largest error
in peak flow for any individual event was a 40% underprediction on August 5, 2024,
andthe largest error for total runoff was a 26#tderpredictioron October 14, 2024.

Following model calibration, precipitation data was used to simulate flow
during the dewatérg period from November 20, 2023, to April 26, 2024, not
accountingor canal input. When compared to observed data, the didwadiuring
those months was ovéBtimes higher than what it would have been without added
flow from the cana(Figure 20) Expanded to the entire water year, and assuming no
impact during the navigation season, discharge is 5.7 times highet wwauid have

beenwithout dewateringwhich has been taking place since 2(Higure 21)
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Daily precipitation datdrom January 11970 to Januarg0, 2023 was
accessed from the Greater Rochester International Airport weather .diatioeen
the beginning 011970 andend 0f2012, a oneyear event would occur 43 times, a
five-year event would occur nine times, and aytear event would occur four times
Using these definitions, the daily precipitation threshold Was 7f& @ oneyear
event,2 . 6 1 0 fyearevent,dn@ vE9 0 Hyearreveat. Irtthe period from
January 1, 2013 to Janud9, 2023, those thresholds wdre 83L.0Q 2 d3,. la/mod
respectivelySince 1979, using hourly precipitation data accessed from
OpenWeatherMap.or@verage dailyprecipitationincreases by 0.0007 inches each
year(Figure 2). Simulateddischageincreases b®.006 CFS yearly and has

increased by a factor of 1.5 since 19F@yure ).

Discussion

Median nutrient concentrations féklow the expected range for the most
urban streams and above the expected range of the most forested @retines al.
2005 Dubrovsky and Hamiltor201Q. Enrichmentwas highestor total nutrientsin
the springand sedimenandNO® in the simmer However, the spring data folO*
was more variable than the summer and had gresteimumvalues.For all major
nutrients, theeachwith the highest median concentration was loca@gnstream of
the Erie Canallt is feasible that runoff from the shopping center at the Perinton
Gage, along with canal flow during then-navigation seasqQmmpactedvater

chemistry at downstream reach8satistical testing fosignificancecould not be

15



performeddue to the dependent nature of the stream readfigsthat said,TN and
NO?* displayed marginal variation in concentrations between sites. TP was slightly
more variable, withmedian concentrations below 0.03 mg/L at Jefferson Road and
Countryside, andbove 0.07 mg/L at Greédralley and KnollwoodThere does not
appear to be a clear pattennTP enrichment eithdsy upstream to downstream
location, orby subbasin land use.

Four of the sixsitesdownstream of the Erie Canfad a higher proportion of
samples testing positivfer optical brighteners than any of the upstream didespite
an apparent trend diigher likelihood ofoptical brightener presene¢ downstream
reachesno site had abovenethird of its samples test positiv8iven thelow
likelihood of presence of optical brighteners at any site, anchéirginal differences
in nutrient enrichment by site, nutrient removal by septstesrs does not appear to
be a relevant factor in nutrient pollution at Cross CamabB.

The hydrologicalmodeb sharacterization of events is not perfédie four
calibration events that took place during September and October saw a much more
gradual decrease in flow following a sharp peak, perhaps caused by storage and
release from the MartHarown Detention Basin just downstream of the Perinton
Manor site that was not captured by the md8ejure6, Figure 19)Also, the lack of
field measurements above 26 &dfue to safety and convenienm@ncerns casts some
concern in the predictive ability for large event$eaverage oa highand low
extrapolationwas usedo account for this issue antedict flows above theting

curve from water level recorder datehich ledto peak flowpredictionsbecoming

16



much more reasonabl€he resulting average absolute value percent dipped
under 186 for peak fow, andnearlyunder D% for total runoff The modelstill
carriessome volatilityon the individual event scale, bgiven the balance of
overprediction and underprediction, it ikighly reliable predictor over lnger
period whichis of great importance for the purposes of this project.

Field observations during the winter indicated a substantialifiorease from
the Erie Canatluring both baseflow conditions and eveats) that was ultimately
confirmed bya five-month model simulatianThetotal observedlow during the non
navigation seasoat Harvest Roadas13.5timesgreaterthan themodel predicted
during the same period. Assuming canal impaatluring navigation seaspthae
was5.7 times more flow over thentire yeathan there wouldhe without winter
dewateringBaseflow was particularly impacted, with steadytinuous flows of
over 15 CFS outside of eventgarly half ofestimatedankfull dischargeSince
stream power is a linear function of flpiwfollows that theflow from the Erie Canal
more tharguintuples thdotal stream power at the Harvé&tad site annuallyT his
has inplications for more frguentflooding andpartially explains the severity of
erosion that has been observed within the watershed.

In the last ten years, there wasraall increase in precipitation thresholds for
one andfive-year events in Rochest@hen compared to 1972013 with very little
change in the threslibfor a tenyear eventThere is substantial evidencetoénds
towards greatgprecipitationin the Northeast United StatéSoon et al. 2008,

Huntington and Billmire 2013, Hayhoe et al. 2001)is chang has been underway
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for a century, anghifts in frequency of extreme events in Rocheist@ust the last
decade compared to the prior 43 yaaesemarginal This timescale is important
because homeowner complaints of flooding and erosion have risen in just the last 5
10 yearsWith that said, average precipitation expressed as a rolling 365 day average
each day since 19Has followed a noticeable positive trefithere has also been a
sharp rise in rmdeled flowin that span, and therefore a stream power increase by the
same factorWhile the severity of the most extreme stdnas not changed drastically
in the last decaddigher averages and totals indicate more consistent rainfall, and a
substantial impact in stream power resulting from climate change.
Conclusion

High directly connected imperviousness and climate change are notable
factors enhancing stream power at Cross Canal Biiamkell the full storyjnflow
from the Erie Canahust be considered hee was asteadyobserved baseflow of
over 15 CFSlownstream of the Canduring the winter compared to under 1 CFS
while dewateringvas not occurringwhile upstream sites saw little change during the
same periodThe overall rise of flow and stream power is accelerdiagkerosion
which has been qualitatively observed in large quantities, and allowing floods to rise
in severity.Any spatial variation in nutrierdr TSSconcentrationsor presence of
optical brightenersyas notshownto besubstantial

To investigate deepénto Cross Canal Brook, future research should utilize
multiple automatic water level recorders. There were nine sites for manual discharge

measuremerdnd sampling, but we were only able to generattepth, 15minute

18



flow dataat Harvest Roadf thatwereavailable at every site, the resulting picture
would be clearer regardine impact oflifferences in land usacrosghe waterbed
Stream engineering is also a major potential culprit for the rise in erosiothexeds
a need in the future for a projeantalyzing each culvert through the HYCulvert
Hydraulic Analysis Prograntuture work should also eapdon the analysis dErie

Canaldewaterindoy exploring nutrient and chlorine fluxes fraranal inputs
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Tabl e 1.

Tables

Summary

of

resul ts

of

optical

was determined by assigning a value of 2 to positive tests, 1 to inconchusive

tests, and 0 to negative tests.

Site Negative | n/a* | Positive| Total | Mean | Site %
Order** | Positive

Harvest 8 7 2 17 0.647 | 6 11.76
Fencewood 7 4 5 16 0.875 |7 31.25
Countryside 11 3 3 17 0.529 |8 17.65
Boxwood 12 0 2 14 0.286 |1 14.29
Perinton Manor| 12 3 1 16 0.313 |2 6.25
Nettle Creek 10 3 3 16 0.563 |5 18.75
Jefferson Road | 11 1 1 13 0.231 |4 7.69
Green Valley |7 0 2 9 0.444 |9 22.22
Boat Launch 4 3 1 8 0.625 | 3 12.50

* n/a Test was inconclusive.

** Location of site (# is lowest to highest in order of upstream to downstream)
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Table 2. Summary diydrological model calibration results, comparing the difference

between modeled and observed outputs for both total runoff in inches and peak flow

in CFS.
Runoff Peak Flow

Storm Obs Model % errorlObs Qp Model % error
12-Jul 0.107 [0.12 12.1 331 44.8 35.3
10-Jul 0.21 |0.19 9.5 [39.2 44 12.2
25May (0.09 [0.1 111 27 33.2 23.0
9-Aug 0.24 |0.25 4.2 34.37 32.5 -5.4
5-Aug 0.074 [0.09 21.6 [29.29 17.5 -40.3
30-Jul 0.0684 |0.07 2.3 31.1 33.5 7.7
11-Aug |0.0714 |0.07 -2.0 ]26.69 31.1 16.5
6-Sep 0.345 0.3 -13.0 [33.2 28.4 -14.5
23-Sep |0.057 1|0.06 5.3 14.3 10.3 -28.0
26-Sep  |0.0649 |0.05 -23.0 |7.68 8 4.2
6-Oct 0.097 1|0.09 -7.2 |35.8 35.2 -1.7
14-Oct 0.2089 [0.18 -13.8 [19.5 19.92 2.2

Net average Net average

error -0.99 error +0.94

Absolute Absolute

average 104 average 15.9

Figures
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Figure 1. An example of severe erosion taking place at Cross Canal Brook. The tree

on the left side of the image is in danger of falling in and blocking flow.
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Green Vallay
Countryside Enrcewaed

Harvest

Eoat Launch

Martha Brown Detention Basin

Figure2. Watershed divide overlaid onto a map of bedrock geology. A key for the

labels is in the bottom left corner.
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Figure3. Watershed divide overlaid onto a map of the surficial geology. Adethe

labels is in the bottom right corner.

29



Figure 4. Map of New York Statgith a red marker representing the approximate

location of Cross Canal Brook in the town of Perinton
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Figure 5. Map of the greater Rochester, NY area with the boundaties Gfoss

Canal Brook watershed outlined in black.
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Figure 6. The boundaries of the Cross Canal Brook watershed overlaid on a
street map. Reaches examined in the studjaéded. This map was created in

QGIS.
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Tuesday, November 15;/2022 at 11:25:23 AM
Eastern Standard Time
+43.080808,—77.468846

AP

Figure 7. An example of the gage used to record water level. The distance from the

water surface to the top of the gage will be measured and recorded.
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Nov 4, 202311:06:02 AM
43.08037N 77.46755W

350 AM . Nov.4, 2023:97-11:06-AM
& : 43.08023N7/.46686\

Figure8. Photographs taken of stream bank collapse during the visual survey.
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<"Nov 420231142
43.68008N77:

Figure10. Example of undercutting of tree roots observed during the visual survey.
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Novadt, 2023 11:13:28.2M
L23 BE820NS/7. 46637\

Figurell.Example of bluff erosion and tree collapse observed during the visual

survey.
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Figure B. Location pins of observed instances of tree collapse during the visual

survey, overlaid onto a street map.
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