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Abstract:  Flow rating curves have been established for three small Lake Erie streams: Sawmill Creek, 
Pipe Creek, Mills Creek to allow the Firelands Coastal Tributaries Watershed Volunteer Stream 
Monitoring Program to calculate relative nutrient and sediment loadings from its monthly 
chemical/sediment concentration data.  This expands the FCTW-VSM data base and use of volunteer-
generated data for watershed education and identification of target areas for restoration and 
evaluation.  Protocols for low and high flow stream measurements, discharge calculations, rating curves, 
and load calculations are discussed.   
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Purpose/Objectives: 

 

This project develops flow rating curves for three creeks: Sawmill Creek (SMC)(HUC #: 

041000110101), Pipe Creek (PC)(HUC #: 04100110102) and Mills Creek (MC)(HUC #: 

041000110103) in the Lake Erie watershed and develops rating curve measurement protocols 

appropriate for volunteer stream monitoring programs.  These 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 been demonstrated. 

      

Importance: 

 

Firelands Coastal Tributaries Watershed Volunteer Stream Monitoring Program (FCTW-VSM) 

collects monthly chemical/sediment concentrations in these watersheds.  However, the use of the 

data is limited because flow is not included in the analysis.  Flow data is often difficult to collect 

through volunteers because of site access, time constraints, and safety concerns.  However, 

volunteers can easily and safely read water levels on a staff gage.  Rating curves for each staff 

gage with the water level readings permit volunteers to collect flow data which expands the 

FCTW-VSMôs data base and its ability to use volunteer-generated data for watershed education 

and identification of target areas for restoration and evaluation.  With the addition 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 supports the OEPA goal to develop and implement 

Total Maximum Daily Loads (TMDL) for tributaries into Lake Erie and 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 possible.  BGSU Firelands (PI: Cornell) collaborated with Old Woman Creek National 

Estuarine Research Reserve (OWC NERR), FCTW coordinator (Breann Hohman) and volunteer 

stream monitors, Erie County Metroparks and Perkins Township Engineering (Eric Dodrill).  

BGSU-Firelands (Cornell) conducted the project (monthly fieldwork, flow measurements, flow 

rating curves, data analysis, reports, presentations to partners and community groups). In 

addition, BGSU Firelands lab technician, Bruce Mollison, assisted Cornell with fieldwork flow 

data collection and instrument calibration.   OWC NERR loaned equipment (e.g. flow meter), lab 

space for analysis of water samples from the VSM program, data review, and support to the 

FCTW- VSM.  FCTW assisted with site selection and installation of water level staff gages and 

provided technical assistance for the project.  Erie Metroparks staff (Richard Shiltz) installed the 

staff gage and transect posts in Sawmill Creek.  Perkins Township Engineer, Eric Dodrill 

facilitated the installation of staff gages and transect posts in Pipe Creek and Mills Creek.   The 

FCTW-VSM continues to monitor the streams and provide water quality data for analysis.  Also, 

BGSU Firelands general chemistry students collected and analyzed water quality and flow data 

in April as a service learning project requirement of the course (Cornell, professor).   The OEPA 

NWDO Div. of Surface Water (Katie McKibben) was the Agency Advisor and provided 
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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
3
/sec) of the stream.  The water level (also referred to as a ñstageò or depth) is measured on the 

staff gage (Figure 1).  To determine the discharge of a stream, the velocity (ft/sec) and cross-

sectional area (ft
2
) of the stream must be measured.  Multiplying the velocity times the cross 

sectional area yields the discharge (ft
3
/sec).  Figure 1 illustrates a stream with a simple 

rectangular cross-section and constant velocity.  The cross-sectional area is determined by 

multiplying the width by the depth.   Streambeds, however, are not usually rectangular and the 

velocity varies throughout the stream, fastest near the surface and slower at the bottom and banks 

due to frictional drag as illustrated in Figure 2.   

 

How to Determine the Discharge of a Stream using the Mid-Section Method 

 

To determine the discharge of an irregularly shaped stream bed, the stream cross-sectional area 

can be subdivided into many small rectangular sub-cross sections and the average (mean) 

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

depth below the surface which approximates the mean velocity for that small sub-cross sectional 

area (Rantz,1982,  p. 134).  The discharge for each subsection is determined by multiplying the 

cross-sectional area by the mean velocity (velocity at 0.6 below the surface).  The total discharge 

is determined by summing the subsection discharges (Rantz,1982,  p. 80-82).   

 

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 each sub-cross section is computed by use of 

equations 1 or 3.  The discharge for each sub-cross section is calculated using equations 2 or 5.  

The total discharge of the stream is determined using equation 6. 

   

Equations for cross-sectional areas (A1 and An) and discharges (q1 and qn): 

 

1é. A1 = d1* [w 2-w0]/2  

   2é. q1  =  v1*d1* [w2-w0]/2  

    3é. An = dn* [w n+1 ï w n-1]/2      

4é. qn = vn * dn* [w n+1 ï w n-1]/2    

5é Q  =  q1 + q2 + q3 + é. + qn     

 

Where: 

  n      =  observation verticals 

  A1    =  cross sectional area of subsection 1 

  An    =  cross sectional area of subsection n  

  q1     =  discharge (volumetric flow rate) through subsection 1        
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  qn     =  discharge (volumetric flow rate) through subsection n 

  Q     =  total stream discharge 

  v1     =  mean velocity at vertical 1 

  vn     =  mean velocity at vertical n 

  w2    =  distance from the initial point to the observation vertical 2 

  w0    =  distance from the initial point to the observation vertical 0 

  wn-1  =  distance from the initial point to the observation vertical n-1 

  wn+1 =  distance from the initial point to the observation vertical n+1   

  d1     =  depth of water at vertical 1 

  dn     =  depth of water at vertical n 

 

Discharge through the end subsections are calculated using the  

  

A0  =  d0* [w 1-w0]/2 

    q0   =  v0*d0* [w 1-w0]/2 

 

For the streams in this study, the edge velocity was zero; thus the discharge through the edge 

subsections is zero. 

 

 

High Flow Discharge Calculations 

 

During high flow and flooding conditions, in-stream depth and velocity measurements are 

difficult and dangerous to obtain.  To determine discharge for high flow conditions, the surface 

velocity, vs , is measured from the bank using the ñorangeò or ñstickò method and the staff gage 

reading is recorded.   The cross-sectional area, Ac, is extrapolated from a linear correlation 

between the cross sectional area and staff gage height determined from in-stream measurements 

(Figure 4).  The discharge is then determined from equation 6: 

 

   6é. Q = Ac * vs * 0.9   

 

The 0.9 factor accounts for the effect of frictional drag. (Water 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 the discharge (y-axis, ordinate axis) versus the staff 

gage height (x-axis, abscissa axis) on logarithmic scales (Rantz,1982,  p. 287).  Regression 

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

the staff gage reading (stage height).   This approximation is suitable within the precision of 

volunteer generated data yet robust enough for scientifi c analysis.  The approximation assumes 

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

for the Sawmill Creek staff gage is illustrated in Figure 5. 
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Load Calculations 
 

ñLoadò is the mass flow rate of a substance in a stream and is often expressed in units of lb/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 load, as expressed in equation 7.  

 

 

  7é. Load (lb/hr) =  C * Q * 6.2427 x 10
-5

 (lb *L)/(mg*ft
3
) * 3600 sec/hr  

   

Where  

C  =   concentration (mg/L) 

   Q  =   discharge (ft
3
/sec) 

 

 

  Note:  1 mg/L =  6.2427 x 10
-5

 lb/ft
3 
  (unit conversion factor) 

 

 

 

Methodology 
 

Flow rating curves were developed for Sawmill Creek (SMC), Pipe Creek (PC), and Mills Creek 

(MC).  The methodology includes: site selection and staff gage installation, flow measurement 

techniques, and data analysis to determine stream discharge, flow rating curves, and nutrient 

loads.  

 

 

Site Selection 

Stream sites for the placement of the level gages (1 per stream) and for stream flow rate 

measurements were located at volunteer stream monitoring sampling locations that are the 

furthest downstream without the influence of Lake Erie. Site selection criteria also included 

safety and public access.    

 

The Sawmill Creek site is located on the upstream side of the Boos Rd bridge.  The site is 

accessed from McBride Arboretum trails on the east side of the stream.  Figure 6 shows Sawmill 

Creek at low flow, high flow and flooded conditions.  The staff gage was still visible at flooded 

conditions.   

 

The Pipe Creek site is located downstream of the Columbus Rd. bridge and is accessed from the 

nature trail behind the Perkins Township Engineering building on the north side of the stream.  

Figure 7 shows Pipe Creek at low, high flow, and bank full conditions and with summer algae 

growth.   

 

The Mills Creek site (Figure 8) is located on the downstream side of the Strub Rd. bridge and is 

accessed from the first driveway on the west side of the bridge with permission of the property 

owners. Figure 8 illustrates low and moderate flow conditions. 
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Staff Gages 

The staff gages were positioned so that volunteers could see them from the bank and proximate 

to the location of stream flow measurement.  The Sawmill Creek gage was bolted to the concrete 

drainage culvert upstream of the Boos Rd bridge on the east bank (Figure 6) by Erie Metroparks 

(Richard Shiltz) on Nov. 9 2011.  It is visible from the bridge where volunteers take water 

samples.   At the Pipe Creek site, the gage is affixed to a metal post with a base plate that is 

bolted directly onto the stream bedrock near the south bank (Figure 7).  It is visible from the 

nature trail on the north side of the stream.  The Mills Creek gage is bolted to the Strub Rd 

bridge abutment and is visible from the west bank downstream of the bridge (Figure 8).  The 

Pipe Creek and Mills Creek gage installations were completed by the Perkins Township 

Engineering Department (Eric Dodrill, chief engineer) by February 2012.  Binoculars are used to 

accurately see the scale on the gages from the banks of the streams. The Firelands Coastal 

Tributaries Watershed Volunteer Stream Monitors began reading the staff gages in April 2012 

during their monthly monitoring time. 

 

 

Stream Flow Measurement Techniques 

 

At the stream, three types of measurements are required to determine the stream discharge: 

 

1. horizontal distance across the stream:  

2. water depth  

3. mean velocity.    

 

The location of the cross-sectional profile where the stream measurements are taken should be 

located in a straight section of the stream where the total flow is confined in one channel.  

Ideally, the streambed and banks should be stable and as uniform as possible with minimal 

obstructions (boulders, heavy aquatic growth, etc.) in the flow.  The location should be within 

the proximity of the staff gage and safely and readily accessible, as seen in Figures 6-8.  

(Rantz,1982,  p. 5-6).  The cross-sectional profile is perpendicular to the flow of the stream. 

 

Metal stakes (4 ft fence posts) were installed on each bank above the highest water line to mark 

the position of the cross-sectional profile and insure that the profile is in the same position for all 

measurements.  A measuring tape (0.1 ft divisions) was stretched across the stream perpendicular 

to the flow and attached to the stakes using bungee cords.  The horizontal position (wn) of each 

sub-cross section was measured on the measuring tape using one of the stakes as the initial point 

(Figures 6-8).   

 

The depth (dn) of each sub-cross section was measured using a top-setting wading rod which is 

composed of two connected rods: the main rod and the setting rod as shown in Figure 9.  The 

velocity was measured using a Marsh-McBirney MMI Model 2000 Flow-Mate Portable Water 

Flow meter.  The flow meter was attached to the bottom of the setting rod.  The rod was placed 

in the stream with its base plate resting on the streambed.  The depth of water was read on the 

graduated main rod.  When the setting rod was then adjusted to read the depth of water, the flow 

meter was automatically positioned at 0.60 depth. (Rantz,1982,  p. 97).   The flow meter was 
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oriented parallel to the flow facing upstream.  The velocity was read from the flow meter 

according to the manufacturer directions.  (Marsh-McBirney Inc. 1990). 

 

The number and spacing of measurements across the stream is determined so that the discharge 

in any subsection does not exceed 10% of the total discharge (Rantz,1982,  p. 140).  The number 

of subsections recommended is 25-30.  However, if  the stream cross-section and flow are 

uniform, fewer are sufficient (Rantz,1982,  p. 40).  The spacing of the measurements is closer 

together in areas where the bottom of the streambed is not uniform or the stream is deeper and 

the velocity faster.  The width of the three small streams in this study is 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 velocity at 0.6 depth were measured for 

each sub-cross section.  The top-setting wading rod with the flow meter attached was held at the 

measuring tape.  The rod was held in a vertical position with the meter facing upstream parallel 

to the flow.  The horizontal position was read from the tape.  The depth of the water was read 

from the main rod and the setting rod adjusted accordingly so that the flow meter was 0.6 times 

the depth below the surface.  The velocity was measured after the meter reached stability.  The 

flow meter was zeroed on the day of each measurement following manufacturer instructions.  To 

achieve an accurate velocity reading, the person holding the rod in the stream stood about 1.5 

feet downstream of the rod so that their feet did not interfere with the natural flow of the stream 

passing over the flow meter.  (Rantz,1982,  p. 146).  A second person recorded the data and 

assisted in setting the tape, handling equipment and providing safety backup (Figures 6-8).   

 

A sample data sheet is illustrated in Figure 10. The data recorded includes:  Stream name, 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 and from which side of the stream the measurements are started.  One convention to 

record the side of the stream is to face downstream and use left/right (Rantz,1982,  p.141).  

However, in this project the data collector faced upstream in the same orientation as the flow 

meter and identified the initial bank as left or right.  Also physical attributes (same side as staff 

gage/telephone poles, etc.) and cardinal compass points (east/west, north/south) were used to 

describe the banks and location of profile site. 

 

Safety of the data collectors is paramount; fieldwork was always done in pairs.  The in-stream 

data collector wore chest waders and boots and only entered the streams at safe flow conditions.  

Moving carefully across the stream using the wading rod or pole for support to prevent slipping 

was helpful.  The data collectors had a cell phone to call for help if needed.   Towels, extra set of 

dry clothes and socks, bug spray, sun screen, and drinking water were also taken along for field 

work.  A camera 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 the time it took for a floating object (stick or foam bubbles) to travel 

a known distance down the stream.  The known distance was measured along the bank and 

marked.  One person threw in a stick beyond the starting line and the second person stood at the 
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finish line and timed the travel.  The person throwing the stick tried 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 times (4ð8) and the time averaged.  In one case in Sawmill Creek, 

foam bubbles were very stable and used to time the flow at the surface.  Oranges are typically 

recommended; however when oranges were thrown from the bank or bridge, they became 

submerged and then popped up unpredictably somewhere else.  Also, the cost, availability and 

ñpollutionò effect made them less desirable.  Sticks from the surrounding banks were handy, free 

and natural to the environment.  In this study, the depth did not over-top the staff gages.  Thus, 

the water depth was estimated from the staff gage.  The width in high flow and flooded 

conditions was estimated to be the total width of the stream at bank full conditions.   

 

If the staff gage were totally submerged in a high flow condition, the data collector could note 

the water level on a bridge abutment or other permanent feature in the stream.  Then during a 

safe, low flow condition, measure that depth again and compare it to the staff gage.  At Sawmill 

Creek, the distance from the railing of the bridge to the surface of the water was measured during 

a high flow event using a long measuring tape and measured again during a low flow event and 

compared to the staff gage reading during the low flow event.    

 

Flow measurement and equipment testing began at the end of October and 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 made for each stream at different water levels.  

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

using the ñstickò method. 

 

Water Quality Parameters Measured: 

Several water quality parameters were measured in-stream at the same time that the flow data 

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

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

prior to each stream test following the manufacturerôs instruction (YSI Incorporated, 2009).  At 

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 this study is summarized below. 

 
¶ Fence posts (2 per stream) 

¶ Tape Measure:  165 ft, 0.1 ft 

¶ Bungee cords (2) 

¶ MMI Model 2000 Flow-Mate Portable Water Flowmeter by Marsh-McBirney 

¶ Top-setting wading rod 

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

¶ Clip board 
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¶ 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, nitrate)  

¶ **Calibration standards (nitrate, conductivity ) for YSI electrodes 

   

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

 

 

Discussion 

 
Flow measurements were taken in Sawmill Creek at 14 stages, Pipe Creek at 14 stages, and Mills 

Creek at 15 stages from November 2011 through June 2012 (Appendix A-C).  The stage heights 

ranged from 0.64 ft. to 4.8 ft. (flooded) in Sawmill Creek with bank full at about 4.5 ft.  For Pipe 

Creek, the stage heights ranged from 0.02 ft. to 1.4 ft. (flooded) and its bank full stage height is 

about 1.14 ft.  In Mills Creek, the stage heights ranged from 1.38 ft. to 4.77 ft. (near -flood) with 

a bank full stage height of 4.48 ï 4.77 ft.   

 

Cross-sectional area, determined from in-stream measurements, is correlated with staff gage 

height for each stream (Figures 4, 11, and 12).  These correlations are used to predict the cross-

sectional area under high flow conditions when direct in-stream measurements cannot be 

performed safely. During flooding when the stream overtops the banks, the area predicted by the 

correlation may not be very accurate.   The cross-sectional area has a strong linear correlation 

with the staff gage height (R
2
 > 0.97) for Sawmill Creek and Mills Creek.  The correlation is 

slightly lower for Pipe Creek (R
2
 = .90) probably due to the presence of thick algae mats during 

four June measurements. 

 

The discharge for each stream stage, calculated using the mid-section method and ñstickò 

method, is shown in Table 1 along with the width, average depth and average velocity at the 

stream site.  The bank to bank width of Sawmill Creek is about 19 ft., Pipe Creek is about 25 ft. 

wide and Mills Creek is about 33 ft. wide.  In Mills Creek, the water was deeper (about 1 ft.) and 

the flow tended to be smoother than in Sawmill Creek (depth about 0.6 ft.) and Pipe Creek 

(depth about 0.3 ft.).  

 

Rating curves were developed for each stream by plotting the discharge (y-axis) versus the staff 

gage height (x-axis) on logarithmic scales and applying regression analysis (Excel, power trend 

line function) to determine the best-fit trend line (Figures 13, 14 and 15).   The correlation 

equations for stream cross-sectional area and the rating curves are summarized in Table 2.  The 
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correlation coefficients for Sawmill Creek and Mills Creek rating curves are greater  than 0.96 

while Pipe Creekôs correlation coefficient is lower at R
2
 = 0.88.  The average standard deviation 

for each rating curve was determined by comparing the discharges measured directly with those 

predicted using the rating curves (Table 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 algae mats may have caused greater variability in the 

Pipe Creek results. 

 

Nutrient and sediment loads are calculated using data collected by the Firelands Coastal 

Tributaries Volunteer Stream Monitors during monthly collections from April to November, 

2012.    Ammonia, nitrate, soluble reactive phosphorus (SRP), and sediment concentrations as 

well as the staff gage heights were measured within a two day window, except for the Sawmill 

Creek April collection which was monitored the first week of April.   Staff gage heights for Pipe 

Creek were not available July ï October, 2012.  The concentrations and loads for the water 

quality parameters are illustrated in Figures 16-19. 

  

Ammonia loads and concentrations are illustrated in Figure 16 for all three streams.  Ammonia 

loads were lowest for Sawmill Creek (< 0.10 lb/hr).  Pipe Creek was highest in April-June (<0.25 

lb/hr) while Mills Creek had a spike of 0.49 lb/hr in November.  The importance of measuring 

discharge is evident in Figure 16.  On 6/18/12, the ammonia concentration in Pipe Creek was 

0.24 mg/L with a load of 0.25 lb/hr.  In Mills Creek on 11/18/12, the concentration was lower 

(0.21 mg/L) but its load (0.49 lb/hr) was nearly twice that of Pipe Creek due to a larger discharge 

rate.  Pipe Creek had higher ammonia concentration in May and but had higher loads 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 lb/hr in April to 1.0 lb/hr in July then increased to its highest level 

12.8 lb/hr in November.  All three streams had the highest loads in November.  Though the 

concentration in Mills Creek was lower than Pipe and Sawmill Creeks, the nitrate load in Mills 

Creek was highest due to its larger discharge rate.  Sawmill Creek had negligible nitrate loads in 

July September, and October.  During 2012, the concentrations at all the creeks did not exceed 

the drinking water standard of 10 mg/L. 

 

Nitrates were also measured using a YSI nitrate electrode when flow measurements were   

conducted in March through June 2012.  The probe was placed directly in the stream in the 

vicinity of the flow measurements.   These nitrate concentrations and loads are illustrated in 

Figure 18 for Pipe and Mills Creeks.  The concentration exceeded the drinking water standard in 

Mills Creek during most of the sampling times (April 4 ï June 19) and in Pipe Creek in May and 

June.  The nitrate load in Mills Creek was as high as 30 lb/hr and exceeded the load in Pipe 

Creek for most sampling times.  Although 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 phosphorus loads and concentrations were also highest in Mills Creek as shown 

in Figure 18.  The SRP load ranged from 0.08 to 0.67 lb/hr and the concentrations ranged from 

0.048 to 0.611 mg/L. The highest load occurred during the June sampling.   In Pipe Creek, the 
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maximum SRP load was 0.2 lb/hr in May and the maximum concentration was 0.55 mg/L.  The 

SRP loads and concentrations were lowest in Sawmill Creek (maximum: 0.048 lb/hr, 0.44 

mg/L). 

 

Total suspended solid loads and concentrations are shown in Figure 20. The total suspended 

solids were very low for all of the streams during most of the sampling dates due to non-storm 

conditions.  The concentrations were less than 10 mg/L and loads were lower than 0.009 lb/hr.  

One sampling date corresponded with a storm in Sawmill Creek watershed.  The concentration 

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

 

 

Conclusions 
 

The addition of flow rating curves with staff gages mounted in small streams adds a strong tool 

for volunteer stream monitoring groups to extend the usefulness of their data bases.  The in-

stream flow measurements needed to create the rating curves can be done by a small group of 

trained volunteers or staff from supporting agencies.  Once the rating curves are created, the 

volunteers simply read the staff gages during their routine monitoring.  The rating curves can 

then be used to estimate loads for any concentration parameter being measured.   
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Figure 1:  Simple Rectangular Stream Flow Profile with Constant Velocity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  Typical Stream Flow Profile 
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Figure 3: Stream Profile with Sub-cross Sections (Mid-Section Method) 
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Figure 6:  Sawmill Creek at Boos Rd Site 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Staff Gage 



 17 

 

Figure 7:  Pipe Creek at Columbus Rd Site 
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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 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


