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Abstract: Flow rating curves have been established for three small Lake Erie streams: Sawmill Cr
Pipe Creek, Mills Creek to allow the Firelands Coasitalitaries Watershed Volunteer Stream
Monitoring Program to calculate relative nutrient and sediment loadings from its monthly
chemical/sediment concentration data. This expands the FEBW data base and use of volunteer
generated data for watershed edation and identification of target areas for restoration and

evaluation. Protocols for low and high flow stream measurements, discharge calculations, rating «
and load calculations are discussed.



Purpose/Objectives:

This projectdevelopdlow rating curves for threereeks Sawmill Creek (SMQHUC #:
041000110101)Pipe Creek (P@HUC #: 041001101023nd Mills Creek (MC)(HUC #
041000110108in the Lake Erie watershexhd developrating curvemeasurement protocols
appropriate for volunteerrstam monitoring programslhese curves provide a necessary
component for determining nutrient and sediment loading in the three targeted watersheds.
Additionally, the protocols for developing rating curves for volunteer stream monitoring
programs have lem demonstrated.

Importance:

Firelands Coastal Tributaries Watershed Volunteer Stream Monitoring Program (§FSTMV
collects monthly chemical/sediment concentrations in these watsrshiedvever, the use of the
data is limited because flow is notiuded intheanalysis Flow data is often difficult to collect
through volunteers because of site access, time constraints, and safety cdfoemer,
volunteers can easily and safely read water levels on ayagdf Rating curvedor each staff
gagewith the water level readingsermit volunteers to collect flow datehich expandshe
FCTW-VSMG6s data base and -generatedaldia for wateyshet educatisre v o |
and identification of target areas for restoration and evaluatiorh ttétaddition of flow data to

the monitoring program, relative nutrient and sediment loading can be calculated for site
comparisons within the watershed, seasonal trends and watershed scale comparisons.
Determination of nutrient and sediment loads suispible OEPA goal to develop and implement
Total Maximum Daily LoadsTMDL) for tributaries into Lake Eriand is very useful for active
watershed groups to plan and implement improvement projects in the absence of an approved
TMDL.

Collaborators and Volunteers:

The collaboration of many community groups and agencies with BGSU Firelands has made this
project possibleBGSU FirelandsRI: Cornell) collaboratedvith Old Woman Creek National
Estuarine Research Reserve (OWC NERR), FCTW coordi(BteannHohman)and volunteer
stream monitorsErie County Metroparks and Perkins TowndBrgineering Eric Dodrill).
BGSU-Firelands (Cornell) conduetithe project (monthly fieldworklow measurements, flow
rating curves, data analg, reports, presentations partners and community groupis).

addition, BGSU Firelands lab technician, Bruce Mollison, assisted Cornell with fieldwork flow
data collection and instrument calibratioQWC NERR loasdequipment (e.g. flow meter), lab
spacefor analysis of watesamples from th& SM program, data review, and support to the
FCTW- VSM. FCTW assigidwith site selection and installation of water lestlff gages and
provided technical assistance for the projeEtie Metroparks staff (Richard Shilta)stalledthe
staff gageand transect posts in Sawmill Creek. Perkins Township Engineer, Eric Dodrill
facilitated the installation of staffages and transect posts in Pipe Creek andsVlileek. The
FCTW-VSM continues to monitor the streams and provide water qualdta for analysisAlso,
BGSU Firelandgeneral chemistry studertellecedand analyze water quality and flow data

in April as a service learning project requiremefithe course (Cornell, professorlhe OEPA
NWDO Div. of SurfaceWater (Katie McKbben) was the Agency Advisor and provided



technical expertise in chemical monitoring and TMDL assessment. USGS Ohio Water Science
Center (Richard Barts) provided technical expertise and resources in flow measurement and
rating curves.

Background

What is a Flow Rating Curve?

A flow rating curve correlates the level of the water to the discharge (volumetric flow rate,

ft/ sec) of the stream. T h e wradépd)is measuwed dntheé al s o
staff gaggFigurel). To determinghe discharge of a stream, the velocity (ft/sec) and cross
sectional area @ of the stream must be measured. Multiplying the velocity times the cross
sectional area yields the discharg&/¢tc). Figure illustratesastream with aimple
rectangulacrosssectionandconstant velocity. The cros®ctional area idetermined by

multiplying thewidth by the depth. Streambeds, however, areiswallyrectangular and the

velocity varies throughout the stream, fastest near the surface and sldveebattdm and banks

due to frictional dra@s illustrated irFigure 2.

How to Determine theDischargeof a Streamusing the Mid-Section Method

To determine thdischarge o&n irregularly shaped stream bed, sheamcrosssectional area

can be subdided into many small rectangular satoss sections and the average (mean)

velocity measured in each saloss section (Figure).3 The velocity is measured at 0.6 of the

depth below the surface which approximates the mean velocity for that smatbssisectional
area(Rantz,1982,p. 134). The discharge for each subsection is determined by multiplying the
crosssectional area by the mean velocity (velocity at 0.6 below the surface). The total discharge
is determined by summing the subsection disas(fgantz,1982, pB0-82).

As shown in Figure 3, the horizontal distance to each observation vertical is measured from a
fixed point on the bank of the stream. The area of eacleraigls section is computed by use of
equatios 1 or 3. The dischargedr each sulzross section is calculated using equations 2 or 5.
The total discharge of the stream is determined using equation 6.

Equations for crossectional area@\; and A, and discharges {@nd g):

1é. A= dl* [W2-Wo]/2

2 é. g = Vl*dl* [W2-W0]/2

3€. An=d W nsaT Wpal/2

4€. Oh=Va*dp* [W neaT Wnq)/2

5é¢ Q=q++tgt €., +

Where:
n = observation verticals
A1 = cross sectional area of subsection 1
A, = cross sectional area of subsen n
. = discharge (volumetric flow rate) through subsection 1



On = discharge (volumetric flow rate) through subsection n

Q = total stream discharge

vi = mean velocity at vertical 1

Vn = mean velocity at vedal n

w, = distance from the initial point to the observation vertical 2
Wp = distance from the initial point to the observation vertical 0
Wwn.1 = distance from the initial point to the observation vertieal n
wn+1 = distance from thenitial point to the observation vertical n+1
dp = depth of water at vertical 1

d, = depth of water at vertical n

Discharge through the end subsections are calculated using the

Ao
Jo

b* [W1-Wol/2
Vo*d o* [W 1-W0]/ 2

For the sreams in this study, thedgevelocity waszero; thus the discharge through the edge
subsections is zero.

High Flow Discharge Calculations

During high flow and flooding conditions,-stream depth and velocity measurements are
difficult and dangerous tobtain. To determine discharge for high flow conditions, the surface
velocity, &, is measured from the bank using the r a n gstcko method aid thetaff gage
reading is recorded The crossectional area, Ais extrapolated from a linear cdaton
between the cross semtial area and staff gage heigletermined from irstream measurements
(Figured). The discharge is then determined frequation 6

6. Q=A*vs*0.9

The 0.9 factor accounts for the effect of frictional drégager Action Volunteers, 2006

Rating Curve

To create a rating curve, the discharge must be determined for many stream stages (water levels).
The rating curve is developed by plotting thecharggy-axis, ordinate axis) versus thmff

gage heighfx-axis, abscissa axis) on logarittisicalefRantz,1982, p287). Regression

analysis (Excel, power trend line function) yields the best fit trend line relatirtsitiearge to

the staff gageeading (stage height)This approximabn is suitablewithin the precision of
volunteergeneratedlatayet robust enough for sciefitt analysis.The approximation assumes

that the gage height for effective zero flow is zgantz,1982,p. 289-291) The rating curve

for the Sawmill Greek staff gages illustrated in Figure 5.



Load Calculations

A badis the mass flow rate of a substance in a stream and is often expressed in units of Ib/sec.
Volunteer stream monitors sample water for nutrient concentrations which are typically
expressed in units of mg/L or ppm. The stream discharge (volumetric flow rate) multiplied by
the nutrient concentration generates the laadkxpressed in equation 7.

7 é . Load (Ibhr) = C*Q *6.2427 x 10 (Ib *L)/(mg*ft %) * 3600 sec/hr
Where

concentrationnig/L)
dischargd(ft®/seq

C
Q

Note: 1mg/L = 6.2427 x 1C Ib/ft> (unit conversion factor)

Methodology

Flow rating curvesveredeveloped for &wvmill Creek (SMC), Pipe Creek (PC), and Milreek
(MC). The methodologyncludes: site selection and stgHgeinstallation, flow measurement
techniquesanddataanalysis to determingtreamdischargeflow rating curve, and nutrient
loads.

Site Selection

Stream sites for thdgcement othelevel gages (1 per stream)rad for stream flowrate
measurementserelocated atolunteer stream monitorirgampling locatios that are the
furthest downstreamwithout the influence of Lake Eri&ite selection criteria also includle
safety and public access.

The Sawmill Creekite is located on the upstream side of the Boos Rd bridge. The site
accesseflom McBride Arboretum trails on the east side of the stre&igure 6 shows Sawmill
Creek at low flow, high flow and flooded conditions. The staff gage was still visifided
conditions.

The Pipe Creek site is located downstream of ther@lolis Rd. bridgandis accessed from the
nature trail behind the Perkins Township Engineering building on the sidglof the stream.
Figure 7 shows Pipe Creek at low, highafland bank full conditions and with summer algae
growth.

The Mills Creek sitgFigure 8)is located on the downstream side of the StrubbiRdge and is
accessed from the first driveway on the west side of the bwithgermission of th@roperty
owners Figure 8 illustrates low and moderate flow conditions.



Staff Gages
The staffgages were positioned so that volunteers could see them from theananroximate

to the location of stream flow measuremenhe SawmillCre&k gagewasbolted to thecorcrete
drainage culvert upstream of the Boos Rd bridge on the eas{figake § by Erie Metroparks
(Richard Shiltz) on Nov. 9 2011t is visible from the bridge where volunte¢age water
samples. At the Pipe Creek site, tlgageis affixed to a medl post witha base platéhat is
bolted directlyontothe stream bedroakear the south bar{kigure 3. Itis visible from the
nature trail on the north side of the stream. ThedVlileekgageis bolted to the Strub Rd
bridge abutment and is visibleofn the west bank downstream of the briffiggure §. The
Pipe Qeek and Mils Creekgageinstallaions were completebly thePerkins Township
Engineering Department (Eric Dodrill, chief engindsy)February 202 Binocularsare used to
accurately see éhscale on thgages from the banks of the streari$ie Firelands Coastal
Tributaries Watershed Volunteer Stream Morstaegan reading the stagages in April 2012
during their monthly monitoring time.

Stream Flow MeasurementTechnigues

At the streamthree types of measurements are requetktermine thetreamdischarge

1. horizontal distance across the stream
2. water depth
3. meanvelocity.

The location oftie crosssectional profilavhere thestreammeasurements are taken should be
locatedin astraight section of the streanherethe total flow is confineéh one channel.

Ideally, the streambed and bardisould bestable and as uniform as possibfigh minimal
obstructiongboulders, heavy aquatic growtttc.)in the flow. The locatioshouldbe within

the proximity of the staffjageand safely and readily accessilds seen in Figures®
(Rantz,1982, -6). The crosssectional profile is perpendicular to the flow of the stream.

Metal stakes (4 ft fence posts) were installed on eank Bbove the highest water line to mark

the position of the crossectional profileand insure that the profile is in the same position for all
measurementsA measuring tap€0.1 ft divisions) was stretched across the stream perpendicular
to the flow awl attachedd the stakes using bungesrds. Thehorizontal positior{w,) of each
subcross sectiomasmeasureen the measuring tapssing one of the stakes as the initial point
(Figures 68).

The depth(d,) of each sukcrosssectionwasmeasured usg a topsettingwading rodwhich is
composed of two connected rods: the main rod and the settirag itbwn in Figure.9The
velocitywas measured usingvarshMcBirney MMI Model 2000 FlowMate Portable Water
Flow meter The flowmeter wasattachedd the bottom of theetting rod. The rodiasplaced
in the streanwith its base plate reistg on the streambedThedepth of watewas read on the
graduated main rodWhen the setting rod walsenadjusted to read the depth of watke flow
meterwasautomaticallypositionedat 0.60 depth(Rantz,1982, @©7). The flowmeterwas



oriented parallel to the flow facing upstream. The velogdgread from the flowneter
according to the manufacturer directiorfdarshrMcBirney Inc. 1990.

The numbeand spacing@f measurements across the stréadetermined so thdhe discharge
in any subsection does natceedl0% of the totaldischarggRantz,1982, pl40) The number
of subsections recommends®5-30. Howeverjf the streantrosssection andlow are
uniform, fewer are sufficienRantz,1982, p40). The spacing of the measuremeistsloser
together in areas where the bottom of the streansyeat uniform or the streais deeper and
the veleity faster. The width of the three small s&rasin this studyis between 20 and 34 feet;
the spacing interval is approximately one foot.

Measurements were taken across the stream, starting at one bank and moving across the stream
to the opposite bank. Horizontal position, depth, and velocitybad€pth were measured for
each sukcross sectionThe topsetting wading rod withhie flow meter attachedasheld at the
measuring tape. The rodasheld in a vertical position with the meter facing upstream parallel
to the flow. Thehorizontalpositionwasread from the tape. The depth of the watasread

from the main rod and the setting rod adjusted accordingly so that the flonwast®6 times

the depth below the surface. The velogigsmeasured after the meter reached stabilitiye

flow meter was zeroed on the day of each measurement following manufacturer instrdations.
achieve an accurate velocity reading, the person holding the rod in the stoeanabout.5

feet downstream of the rod so thiaeir feet dd not interfere with tk natural flow of the stream
passing over the flometer. (Rantz,1982, pl46). A second person recadthe data and
assiseédin seting the tape, handling equipment and prowysafety backugFigures 68).

A sampledatasheets illustrated in Fgure 10 Thedata recordedhcludes; Strearmame,site

location, date, time, name(s) of data collectors, weather at time of readings, weather within the
past 24 hours, staff gage reading, other descriptions, the lateral (horizontal) distance, depth and
velocity andfrom which side othe stream the measurements are sta@te convention to

record the side of the stream is to face downstream and use le{Ragtiz, 1982, p.141

However, in thigroject the data collector faced upstream in the saiaptation as the flow

meter anddentified the initial bank akeft or right. Also physical attributes (same side as staff
gage/telephone poles, etc.) and cardinal compass points (east/west, nortivemitbgd to

describe the banks and location offge site.

Safety of the data collectors is paramotieldwork was always done in pair§he instream

data collector wore chestaders and boots and only entered the streams at safe flow conditions.
Moving carefully across the stream using the wgdod or pole for support to prevent slipping
was helpful. The data collectors had a cell phone to call for hegeded. Towels, extra set of
dry clothesandsocks, bug spray, sun screen, and drinking water were also taken along for field
work. A canera was used to document sites and record interesting/unusual conditions.

High flow Conditions (unsafe for entering the stream)

During high flow conditions when wading in the stream was unsafe, the velocity of the stream
was estimated by measuring thed it took for a floatingbject (stick or foam bubbleg) travel

a known distance down the streafrhe knowndistance was measured along the bank and
marked. One person #win astick beyond the starting line and the second person stood at the




finish line and timed the travel. The pergbrowing the stickried to get the stick in the main

flow region. If the stick got hung up in its travel, another attempt was made using another stick.
This was repeated many time$ (8) and the time averagedn dne case in Sawmilreek,

foam bubbles were very stable and used to time the flow at the surface. Oranges are typically
recommendedhowever when oranges were throfsom the bank obridge, they beamme

submerged anthenpoppedup unpredictablysomewlere else. Also, the costvailability and

Apol | ut i odetbemdessfdesicable. 1Bticks from the surrounding banks were handy, free
and natural to the environmerih this study, the depth did not oviep the staff gages. Thus,
thewaterdepthwas estimated from the staff gagehe widthin high flow and flooded
conditionswasestimatedo bethe total width of the streaat bank fullconditions

If the staff gageveretotally submerged ia high flow condition, the data collector could note
thewaterlevel onabridge abutment or other permanédture in the stream. Thearing a

safe low flow condition measure that deptigain and compare it to tkeaff gage. At Sawmill
Creek,the distance frorthe railing of the bridge to the surtaof the watewas measured during
a high flow eentusing a long measuring tape and measagain during a low flow event and
compared tahe staff gage reading duritige low flow event.

Flow measurement and equipment testing began at the endoble®anhd stream measurements
began in November 2011 in Sawmill Creek due to temperatures above freezing and some heavy
rains. Stream measurements in Pipe Creek and Mills Creek began in March 2012. A minimum
of 5 in-stream discharge measurements were fadeach stream at different water levels.

High flow measurements (flow too fast to safely enter stream) were also made in each creek

us i n gpticho methodi

Water Quality Parameters Measured:

Several water quality parametevere measured istreamet the same time thalhe flow data

was collected. A YSI Professional Plus Instrument with a Quatro cads used to measure

dissolved oxygen, temperature, pH, conductivity and nitrate. The sensors were calibrated in lab

prior to each streamtestfollown g t he man uf a$lincompordies, 2000Att r uct i o
the stream, the sensors were placed in the stream to reach temperature equilibrium, then the

sensor readings were recorded.

Materials and Equipment:

The supplies and equipment used in gtigly is summarized below.

Fence posts (2 per stream)

Tape Measure: 165 ft, 0.1 ft

Bungee ords (2)

MMI Model 2000 FlowMate Portable Water Flowmeter by MaifgltBirney
Top-setting wading rod

4 ft x 1 inch dowel rod (extra stream wading support if needed

Clip board

= =4 -8 -8 _-9_9_-°



Data record sheets

Pencil/pens

Chest waders

Water proof boots

5 gal bucket to carry supplies to site

Garden clippers to clear prickers away from posts

Gloves

Bug spray

Cell phone

Watch

**YSI multifunctional meter (DO, T, pH, conductivity, néte)
**Calibration standards (nitrate, conductivity ) for YSI electrodes

=4 =4 =4 -4_5_9_9_95_2°_2°_-2._-2-

** for water quality parameter measurements but not needed for flow measurements

Discussion

Flow measurements were takarSawmill Creekat 14 stages, Pipe Creelt 14 stagesand Mills
Creek atl5 stages fronNovember 2011 through June 20Bppendix AC). The stage heights
ranged from 0.64t. to 4.8ft. (flooded) in Sawmill Creek with bank full at about 4.5 ft. For Pipe
Creek, the stage heights ranged from 0t0® 1.4ft. (flooded) and its bank full stage height is
about 1.14 ft. In Mills Creek, the stage heights ranged fromftL.884.77ft. (near-flood) with

a bank full stage height of 4.484.771t.

Crosssectional area, determined fromstteam measurements correlated with staff gage
heightfor each strearfFigures 4, 11,and12). These correlations aresed tgpredictthe cross
sectional area under high flow conditions widknectin-stream measuremerdannotbe

performed safelyDuring flooding wherthe stream overtops the banks, the area predicted by the
correlation may not be very accurat&he crosssectional area has a strong linear correlation
with the staff gage height (R 0.97) for Sawmill Creek and Mills Creek. The correlation is
slightly lower for Pipe Creek (R= .90) probably due to the presence of thick algaesduring

four June measurements.

The dischargéor each stream stage, calculated usingthesngddc t i on met hod and A
method, is shown in Tablealong with the width, avage depth and average velocity at the
stream site.The bank to bank width &awmill Creekis about 19 ft PipeCreekis about 25 ft
wide and Mills Creeks about 33 ftwide. In Mills Creek the water was deepébout 1 ft) and
the flow tended todsmoother than in Sawmiireek (depth about 0.6 fand Pipe Creek
(depth about 0.3 ft.)

Rating curve weredeveloped for each stream by plottihg discharge (yaxis) versus thetaff
gage heighfx-axis)on logarithmic scales and applying regreasanalysis (Excel, power trend
line function) to determine the bdsttrend line(Figures 13, 14 and 1p The correlation
equationdor stream crossectional area and the rating curvessanamarizedn Table 2. The



correlation coefficients for SawthCreek and Mills Creek rating curves ageeaterthan 0.96

while Pipe Creekds cor f=08& tThemveragestantiardideviatom t |
for each rating curve was determined by comparing the discharges measured direthigseith
predicted using the rating curv€Bable 3) The average standard deviations for the rating curves
are: 25% for Sawmill Creek rating curve, 32% for Pipe Creek rating curve, and 15% for the

Mills Creek rating curve. The presence of algats may have caed greater variability in the

Pipe Creek maullts.

Nutrientand sedimernibads are calculated usingta collectedby the Firelands Coastal
Tributaries Volunteer Stream Monitadsiringmonthly collections from April to November,

2012. Ammonia, nitratesoluble reactive phosphorus (SRP), and sediment concentrations as
well as the staff gage height®remeasuredavithin a two day window, except for ti&awmill
CreekApril collectionwhichwas monitored the first week of AprilStaff gage heights for Pipe
Creek were not available JulyOctober, 2012.The concentrations and loads for the water
quality parameters are illustrated in Figures196

Ammonia loads and concentrations are illustrated in Figure 16 for all three str@am®nia

loads were lowst for Sawmill Creek(< 0.10 Ib/hr). Pipe Creek was highest in Agiiine (<0.25

Ib/hr) while Mills Creek had a spike of 0.49 Ib/hr in Novemb&he importance of measuring
discharge is evident in Figure 1&n6/18/12 the ammonia concentrationipeCreek was

0.24 mg/Lwith a load of 0.25 Ib/hr. IMills Creekon 11/18/12, the concentration was lower

(0.21 mg/L) but its load (0.49 Ib/hr) was nearly twice that of Pipe Creek due to a larger discharge
rate. Pipe Creek hatigher ammonia concentratiamMay andbut had higheloads in April,

May and June. Sawmill Creek had the lowest ammonia concentrations and loads.

Nitrate loads and concentrations were consistently highest in Mills Creek as seen in Figure 17.
The load decreased from 7.24 Ib/hr iprito 1.0 Ib/hr in July then increased to its highest level
12.8 Ib/hrin November. All three streams had the highest loads in November. Though the
concentration in Mills Creek was lower than Pipe and Sawmill Crée&ajtrateloadin Mills
Creekwashighest due to its larger discharge ra8awmill Creek had negligible nitrate loads in
July September, and Octobdduring 2012, he concentrationat all the creekdid not exceed

the drinking water standard of 10 mg/L.

Nitrates were also measuradng a YSI nitrate electrode@hen flow measurements were

conductedn MarchthroughJune 2012 The probe was placed directly in the stream in the

vicinity of the flow measurementsThesenitrate concentrations and loads are illustrated in

Figure B for Pipe and Mills Creeks. The concentration exceeded the drinking water standard in
Mills Creek during most of the sampling times (April dune 19) and in Pipéreek in May and

June. The nitrate load in Mills Creek was as high as 30 Ib/hr and exceededdlin Pipe

Creek for most sampling time#&lthough the nitrate concentrations and loads were higher than
those based on the VSM data, both sets of data show that the nitrate loads and concentrations are
highest in Mills Creek.

Soluble reactive phospius loads and concentrations walgohighest in Mills Creek as shown
in Figure 18. The SRP load ranged from 0.08 to 0.67 Ib/hr and the concentrations ranged from
0.048 to 0.611 mg/LThe highest load occurred during the June samplimgPipe Creekthe



maximum SRRoadwasO0.2 Ib/hrin May andthe maximuntoncentration was 0.55 mg/[T.he
SRP loadsind concentrations were low@stSawmill Creelmaximum:0.048 Ib/hr 0.44
mg/L).

Total suspended solid loads and concentrations are shown in Figlitee20tal suspended

solids were very low for all of the streamhsring most of the sampling datése to norstorm
conditions The concentrations were less than 10 mg/L and loads were lower than 0.009 Ib/hr.
One sampling date corresponded with a stori@awmill Creek watershed. The concentration

of TSS jumped to 84 mg/L and the load spiked at 0.091 Ib/hr.

Conclusions

The addition of flow rating curves with staff gages mounted in small streams adds a strong tool
for volunteer stream monitoring grougasextend the usefulness of their data bases. TFhe in
stream flow measurements needed to create the rating curves can bg @deneall group of

trained volunteers or stdifom supporting agencies. Ontlee rating curves are creatdie
volunteers simply read the staff gages during their roetmonitoring. The rating curves can

then be used testimatdoads for any concentration parameter being measured.
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Figure 1: Simple Rectangular Stream Flow Profile with Constant Velocity
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Figure 2: Typical Stream Flow Profile
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Figure 3. Stream Profile with Stdvoss Sections (Mibection Method)

1, 2, 3 é observation verticals

dn depth of water at observation vertical n
W, horizontal distance from initial point to observation vertical n
X 0.6 of depthbelow surface

dashed lines boundaries of subsection
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Figure 4: Crossectional Area vs. Staff Gage for Sawmill Creek

100.00

80.00

60.00

Ac = 21.137 SE&8.7769
R2=0.9766

40.00

20.00

o

0.00

e~

1.00' - '2.00' - '3.00'
Staff Gage, SG, ft

4.00

6.00

14




Figure 5: Sawmill Creek Rating Curve
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Figure 6: Sawmill Creek at BooRd Site
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Pipe Creek at Columbus Rd Site

Figure 7
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Figure 8: Mill Creek at Strub Road Site
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Figure 9: Top-Setting Wading Rod with Flow Meter
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