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A. Scope and Application

This Standard Operating Procedure (SOP) applies to those activities that involve the collection of continuous discharge data at NPDES monitoring sites on streams, stormwater conveyance systems and BMP’s.  It describes equipment and site selection factors, installation, operation and field measurement techniques.   A continuous flow monitoring station is commonly called a stream gage or gaging station.

The NPDES municipal stormwater permit calls for permittees to develop and implement a comprehensive long term water quality monitoring program. The monitoring program has three elements: stormwater water monitoring, BMP effectiveness monitoring, and program effectiveness monitoring.  These elements require the production of continuous records of discharge in the stream channel, stormwater conveyance system, or BMP.  The equipment and methods used must enable the collection of flow-weighted composite storm samples, base flow samples, and the production of a time series data set of flow rate.  From the flow data set flow durations and volumes can be calculated and hydrographs produced. 

Storm runoff and base flow is collected and transported through natural channels, ditches, culverts and engineered pipe and treatment systems. Each monitoring site will have individual characteristics that require a specific configuration of equipment and installation that best enables the collection of accurate flow data.  A successful location for continuous flow monitoring features stable hydraulics and either a convenient place to directly measure discharge or the ability to install a primary flow measuring device such as a flume or weir.  These factors are less important to the selection of a water quality monitoring site representative of a specific land use or activity.  If an important product of the monitoring is a calculation of pollutant loadings, the importance of selecting a location that provides accurate determination of continuous flow should not be discounted.

B. Associated Documents and SOPs

The United States Geologic Survey Water Resources Division is a rich source of guidance for establishing and operating continuous discharge monitoring stations. The Techniques of Water-Resources Investigations chapters cited in the references can be accessed and downloaded at:
URL: http://pubs.er.usgs.gov/usgspubs/index.jsp 

King County Water and Land Resources Division, Science Section stream gaging program guidance documents, unpublished:
· General Gage Maintenance and Data Workup Procedures
· Protocol for Measurement of Streamflow at King County Surface Water Monitoring Sites
· Protocol for Field Visits to King County Surface Water Flow Monitoring Sites
· STREAM GAGE DATA WORKUP QA/QC
1.1.  Units

Hydrographers in the United States are accustomed to using English engineering units.  That custom is continued in this document.  Distance is in decimal feet.  Volume uses cubic feet.  These can be converted to S.I. for the project.
C. Method Summary

Continuous flow monitoring involves using electronic equipment to measure and record water level in a stream or other conveyance.  A programmable data logger operates a water level sensor, or electromagnetic sensor to measure velocity directly.  The data logger is used to convert the signal to recorded flow values, which are recorded at set time intervals.  Flow can be used to trigger an automated sampler after a set volume has passed.
In the case of a level sensor, a relationship between the water surface elevation and the flow rate (stage-discharge relationship) is developed using various generally accepted techniques.  The stage-discharge relationship represents the sum of the various forces that make water move or resist movement, primarily gravity and channel friction. It is expressed as an array or a mathematical function.  Continuous stream flow is calculated by using the stage-discharge relationship to match a specific water level with a corresponding rate of flow.  The automatically calculated flow rate may be adequate for producing flow weighted composite samples, but post processing is usually necessary to produce an accurate flow record and may involve using velocity as an index of flow.  The procedures and tasks involved with a stream gage are designed to accurately measure and record water level and determine the stage-discharge relationship at the site.
In the case of direct measurement of flow via ultrasonic or electromagnetic devices, the sensor may be integrated with a level sensor that is used in conjunction with channel geometry to calculate area; in combination these are called area/velocity (A/V) sensors).  The signal is processed according to the geometry of flume, weir, or stream, in a similar manner as that used for a simple level sensor.  The equation will be specific to the sensor signals and the confinement (flume, weir, or open channel) geometry.
Mechanical propeller-driven flow meters are often used for instantaneous open channel stream flow measurements, but are rarely if ever used for continuous flow logging.
D. Definitions

BMP
Best Management Practice.  An engineered stormwater control or treatment designed to effect an improvement in water dynamics or quality. 
Control 
designates channel characteristics that determine the stage-discharge relation at the gage.  Control geometry may be a consequence of natural constriction of the channel, an artificial structure, or a uniform cross section over a long reach of the channel.  Other factors affecting a control include local and downstream obstructions, slope, vegetation, and shifting bed load.
Control structure 

a structure on a stream or canal that is used to regulate the flow or stage of the stream or to prevent the intrusion of salt water. 

Cubic foot per second 

(ft3/s also CFS) is the rate of discharge representing a volume of 1 cubic foot passing a given point during 1 second and is equivalent to 7.48 gallons per second or 448.8 gallons per minute or 0.02832 cubic meter per second. 

Discharge 

is the volume of water (or more broadly, volume of fluid plus suspended sediment) that passes a given point within a given period of time. 
Flow Meter

An instrument for measuring the amount of fluid that travels past a given location.  May be a combined flume or weir with water level sensor that can be programmed to compute discharge from the sensed water level, or may involve electronic measurement of flow via an ultrasonic signal or electromagnetic interaction.  In any case, the flow measurement device is interfaced with an electronic data logger.
Gage height 

(G.H.) is the water-surface elevation referred to some arbitrary gage datum. Gage height is often used interchangeably with the more general term "stage," although gage height is more appropriate when used with a reading on a gage.  See Stage
Gaging station 

is a particular site on a stream, canal, lake, or reservoir where systematic observations of water level are obtained. 

Instantaneous discharge 

is the discharge at a particular instant of time. 

Mean discharge 

Arithmetic mean (average) discharge during a specified period.  Depends on averaging period.  Stream discharge is usually logged at 15 minute intervals; Small area (e.g. 5 to 10 acre) stormwater discharges may need to be logged at 5 minute intervals.  Daily mean is the arithmetic mean of all readings in a 24-hour period.  Other means may be by month, season, wet year, or any other desired designation.
Stage 

Stream stage (also called stage or gage height) is the height of the water surface, in feet, above an established datum plane where the stage is zero. The zero level is arbitrary, but is often close to the streambed (USGS ref). See Gage height 

Stage-discharge relation 

is the relation between gage height (stage) and the volume of water per unit of time (discharge) flowing in a channel. 

Streamflow 

is the discharge that occurs in a natural channel. Although the term "discharge" can be applied to the flow of a canal, the word "streamflow" uniquely describes the discharge in a surface stream course. The term "streamflow" is more general than "runoff" as streamflow may be applied to discharge whether or not it is affected be diversion or regulation; and runoff may be sheet flow or channelized. 
Velocity meter 

electronic instrument used to determine water velocity, using an ultrasonic Doppler signal, an electromagnetic field, or a propeller . 

Water year 

is the 12-month period, October 1 through September 30. The water year is designated by the calendar year in which it ends and which includes 9 of the 12 months. Thus, the year ending September 30, 1992, is called the "1992 water year." 

E. Safety and Hazardous Materials Management

The following are general health and safety guidelines.  These guidelines will be read and understood by all members of the sampling crew prior to any sampling activities.

· Sampling personnel will wear chemical-resistant gloves whenever coming into contact with potentially hazardous water.
· No eating, drinking, smoking, or tobacco chewing by sampling personnel will be allowed during active sampling operations.
· All sampling operations will be conducted during daylight hours.
· All accidents, “near misses,” and symptoms of possible exposure will be reported to a sampler’s supervisor within 24 hours of occurrence.
· All crewmembers will be aware of the potential hazards associated with any chemicals that may be used during the sampling event.
Several hazards are inherent to streams and river sampling.  Vehicle safety and specific streams/rivers hazards are discussed below.

1.2. Vehicle Safety

As a provider of various public services, King County holds safe operation above all other performance criteria.  All vehicles and equipment will be operated or activities performed in a manner that reflects the highest regard for safety of the public, the employees and the property of our citizens and organization.  In the operation of King County vehicles and equipment, every courtesy and consideration should be given to motorists, cyclists and pedestrians with whom we share the streets and highways.  No act that endangers the public well being or our employees will be tolerated.  Unsafe equipment should be reported to the appropriate vehicle supervisor.  

As an employee driving a King County vehicle you should be familiar with and practice the principles of defensive driving – that is, to make every effort to avoid an accident.  Always be prepared to yield. Your driving safety depends on good driving attitudes consisting of skillful and defensive driving, obedience to traffic laws and courtesy to other drivers.  Driving demands full concentration.  The safe driver, in assuming the responsibility of operating a vehicle, knows the rules of the road, focuses full attention on driving and uses techniques that will help avoid emergency situations.  

All persons operating King County vehicles should at all times drive carefully and prudently, having regard for traffic conditions and all other circumstances.

1.3. Stream and River Hazards

There are many hazards associated with stream gaging.  Some of these hazards include traffic, fast moving or deep water, steep slopes to sampling sites, and hostile dogs or people.   Use extreme caution when exiting vehicles, walking along busy highways or measuring from bridges.  Orange reflective safety vests are required when operating in the road right-of-way.  Fast moving water can cause the monitoring personnel to lose balance and fall into the water.  This can result in injury or drowning.  Many of the sampling sites require personnel to walk over riprap or other extremely rough and slippery terrain.  Again, extreme caution combined with slow movements can minimize potential injury.   Be aware of your surroundings and potential presence of other people, especially under bridges or in culverts.  Each field scientist will use her or his best judgment to determine the safety of sample collection at any particular site and may choose not to engage in sampling operations.
F. Stream Gage Site Selection

The key factor to siting an accurate stream gage is the hydraulic control.  In a natural channel, this is the feature that physically affects the water surface elevation and creates the stage-discharge relationship.  In an engineered conveyance, it is the artificial structure that controls the water level.  A site with consistent hydraulic conditions will give the most accurate flow data over a range of conditions with the least effort.  Other factors such as access and right of entry and potential cost of the installation must be considered.

· Open channel sites use a series of measurements made over the range in stage of the stream plotted against the corresponding stages to define the stage-discharge relation. The stage-discharge relation will be stable if the hydraulic characteristics of the general reach of stream are unchanging and the bed material does not move appreciably. Choose sites with a generally straight course and where the flow is contained in a single channel, free of large woody debris and large in-channel rocks that can create turbulence, back-flow, or dead-zones.  Slope should be gentle; too steep slope will result in critical flow exceedance, and the stage-discharge relationship may be poor.  The channel should not be altered by frequent sediment deposition or erosion.  A pool behind a rock outcrop or other constriction is a good location. Vegetation growth on the stream bank should not impede the water velocity or contribute flow-impeding debris to the stream.  Downstream conditions such as log jams can create a variable hydraulic condition so that the stage-discharge relation will be unstable, changing with time and with the flow conditions.  A channel with a stable hydraulic control may have its stage-discharge relationship defined with as few as six or eight direct measurements of discharge and produce reliable data if the measurements cover a wide representative range of stage heights.  A site with unstable hydraulics may require weekly discharge measurements to produce a data set with barely acceptable reliability.  In either case, a good location for making cross section measurements of discharge in all flows must be available.
· Flow through pipe systems may be measured at access points such as catch basins.  Choose locations with sufficient head loss in the outlet pipe that the flow through the pipe can be calculated by measuring water level at the entrance (inlet control).  Turbulence in the catch basin will degrade the accuracy of the water level measurements.  It is difficult to accurately measure flow at the outlet to a pipe system.  
· Primary control devices such as flumes and weirs may be constructed or installed in open channels or catch basins to provide a stable hydraulic control.  Weirs are small dams with engineered openings or notches designed to accommodate the expected range of flows.  Channels with a high sediment or bedload are not appropriate for weirs because the sediment will be trapped and build up behind the weir making it less accurate.  Flumes are designed constrictions in the channel that produce specific hydraulic conditions that enable flow to be determined from water level.  Flumes pass sediment through better than weirs, and can retain accuracy in variable backwater conditions.  Weirs and flumes take considerably more effort to establish than using existing hydraulic controls, but they can make a poor site for measuring flow into an acceptable site. Care must be taken to choose the appropriate device and size it correctly for the specific conditions at the site. 
G. Apparatus, Equipment, and Consumables

Installed equipment will include a data logger or flow meter and a water level sensor.  Other sensors that measure parameters such as precipitation and air and water temperature may be installed and recorded by the data logger.  

· Each site will require specific tools and supplies depending on the installed equipment and design.  Tools include the following:

· Portable computer, preferable weather resistant for communication with data logger

· Various interface cables for specific instruments

· Multimeter for circuit checking and monitoring battery voltage.

· Flow measuring equipment

· Water quality instruments

· Thermometer

· 25 foot steel tape, engineering units

· screw drivers, including a small one for terminal blocks

· small wrenches, hex and open end

· Five gallon bucket for flushing wells and making volume measurements

· Ladder

· Writing instruments, and field sheets and clip board

· Flash light and head lamp

· Water proof boots and chest waders

· Umbrella

· Shovel and brush removal tools

· Supplies include:

· Desiccant for the enclosure and instrumentation
· Batteries

· Lubricant for locks and enclosure gaskets

· Electrical and duct tape 

· Cork dust for crest stage gage

· Field Sheets and flow forms, writing instruments for waterproof paper 

2. Procedures

2.1. Installation

2.1.1. Datum

For an open channel gauge, establish a reference point (gage datum) from which to determine water surface elevation.  This may be a post driven into the channel until stable, or an existing permanent structure.  A staff plate may be installed to read the water level directly, or a point to measure down to the water surface may be used. It is important to establish this setup correctly so it can be maintained for the life of the gage.  The datum may be given an arbitrary elevation or tied to a known benchmark elevation.  If a staff plate is installed in the channel, then that scale becomes the reference for all other water surface measurements at this location.  It is not necessary to survey the actual elevation of the gage datum unless the study requires that information.  A rod and sighting level should be used to establish reference points on the gage structure, stilling well, and other points independent of the gage.  The points on the gage structure will be used to measure water level. Two measurement points should be established so that field personnel have an alternative if one point is unavailable. Observing stream stage from both measurement points each site visit will verify the stage observation. The independent points can be used to reestablish the datum if the gage structure is damaged.
2.1.2. Instrument Shelter

Install the housing for the recording equipment well above the highest water level expected.  If the flow recorder is going to interface with an automatic sampler, cabling between the two will be necessary.  At a catch basin location, all equipment may be installed below basin cover, depending on particular logistics, but access to the equipment will be difficult and everything gets wet and dirty.  Confined space entry requires special safety considerations, and should be avoided whenever possible.  Above grade instrument shelters are preferable.

2.1.3. Stilling Well

The water level sensor works best if it is installed in a stilling well.  The stilling well is a chamber that is attached to the main flow channel by a small orifice.  The stilling well protects the sensor and dampens the short term surges in water level due to non flow related effects.  The water level measured in the stilling well becomes the primary record of the stream gage.  The stilling well should extend below the lowest expected water level so the sensor is always in water.  The design should allow the well to be cleaned of accumulated sediment.  The sizing and placement of the stilling well will depend on the specific site conditions.  

One of the gage reference points should be the top of the stilling well so that a determination of the water level the sensor is measuring can be made.  

In an open channel or ditch, a 1.25” – 2” diameter drive well point can be driven into the streambed and used as the base of a stilling well.  In a catch basin a 2” – 6” diameter pipe can be bolted to the chamber wall or attached to an existing structure such as a ladder.  Proper placement of the stilling will behind pipe inlets and artificial controls such as weirs and flumes is important for accurate determination of the head value used in the rating formula for the structure.    

2.1.4. Water Level Recorder

Choose a data logger and water level sensor matched to the project requirements and monitoring site characteristics.  The water level instrument should have a system accuracy of +/- 0.01 feet.  Sigma, Marsh McBirney, and Isco brand flowmeters are designed to interface with automatic samplers and be easily programmed.  Other systems such as a Campbell Scientific data loggers and pressure sensors can also be programmed to drive automatic samplers and interface with a variety of telemetry options.  Use a digital shaft encoder with a float and pulley to make the most accurate water level readings if that is a priority.  Pressure sensors are commonly used to record water level.  Properly installed with a quality data logger they can give +/- 0.01’ accuracy or 0.1% of the full scale range.  Submersible pressure sensors measure water level directly and are either sealed or vented.  Vented sensors which automatically adjust for the effect of atmospheric pressure on the water pressure are best where the results will be used immediately to calculate discharge.  Care must be taken to keep the vent tube dry to prevent sensor malfunction.   Sealed or non-vented sensors must be corrected for barometric pressure before the data can be used.  External pressure sensors, commonly called bubblers, measure the pressure required to push a gas (most conveniently ambient air) into the water column.  The advantage of bubblers is that a small vinyl tube is the only element submerged and it may be easier to install than a submersible sensor.  

An installation with wireless or telephone telemetry can improve reliability of the data collection.

2.1.5. Site Documentation

Create a thorough record of the site characteristics.   Include qualitative and quantitative descriptions of the structures, equipment, instruments, channel or conveyance and hydraulic control.  List personnel involved with the project and their contact information.  Obtain State Plane coordinates for the location from GIS or GPS and describe the location with address and driving directions.  Include any information necessary for accessing the site including parking location and any issues with neighbors.  If the project requires altitude include that.  Document the benchmarks and levels of the reference gage and any other points used to measure water level.  Include the anticipated locations and methods for measuring discharge in different flow conditions.  Take photographs of the site.

2.1.6.  Station Log

Create a station log with an all weather notebook or custom form.  The log is left secured at the station, and each site visit is noted with date and time, staff name, stage, and any activities, including remedial/maintenance.

2.2. Field Procedures 

2.2.1. Site Visits 

2.2.1.1 General 

Field staff visits to the NPDES monitoring sites will maintain the stream gage as well as water quality sampling equipment and making in situ measurements.  Stream gage maintenance can be fit in around the other activities.  Briefly, the stream gage site visit includes an observation of stream stage, maintenance of the data logger and water level sensor, measurement of discharge, and maintenance of the hydraulic control.  A visit may include checking the stage to flow relationship, especially after a sever storm.
2.2.1.2 Time

Time series data do not adapt to adjustments in time zone such as Daylight Savings Time (DST).  Field staff should agree on a time convention and always note the time convention used, e.g. Pacific Standard Time (PST), DST, Coordinated Universal Time (UTC).   

2.2.1.3 Field Notes 

A standard form should be used for stream gage field notes. One can be purchased from a supplier of hydrologic equipment or one can be designed in house and printed on waterproof paper.  Field notes should be legible and complete.  Time should be noted to the nearest minute.  Any computations used to derive values should be made on the field notes.  Note the weather, general flow conditions, any adjustments made to the equipment. High water marks and debris accumulations should be noted.  The field notes may be considered legal documents for the purpose of the NPDES Municipal Stormwater permit.  As such, original observations should not be erased.  If a notation is in error, it should be crossed out and the correct observation noted.  

2.2.1.4 Observe Stage Height 

Observe the stage height at the reference gage and in the stilling well before altering any equipment or conditions.  Note the stage height to the nearest 0.01 feet.  If there is uncertainty in the observation, note that with a +/-, e.g., 4.23’ +/- 0.02’.  Where stage height is determined by taping down from a point, note the datum and show the calculation. Other parameters such as air and water temperature should be noted at this point. For each site visit the stage height should be noted even if nothing else is done.  This will increase the accuracy of the continuous water level record.

2.2.1.5 Data Logger
The data logger may be downloaded to a laptop computer or other device if necessary at this point.  This should be done as a safety backup, even if data are normally downloaded via modem.  Connect to the data logger with a field computer and note the live readings on the field sheet. The difference in the recorded elevation from measured gage height (offset) is computed and compared with previous visits. An inordinate change in offset between visits indicates that water elevation sensor installation is not working correctly and a repair should be made. Download the recorded values and view a plot of the data. The plot should be smooth and sensible. If there were any sudden jumps in water level, investigate to see if it was due to the water level sensor changing its relative position.  Make sure the timestamp for the last recorded value corresponds with the expected time.  The field sheet should be designed to prompt the calculations to assess sensor accuracy. This is the time to investigate any anomalies in the data.  

Perform maintenance to the equipment.  Change batteries and desiccant.  Check electrical connections.  Remove dirt and insects from the housing.  If larger repairs are needed, note the details on the field sheet. Restart the data logger if necessary, monitor and note the initial reading and observe and note the stream stage.

2.2.1.6 Measure Flow

Depending on the installation, a direct measurement of discharge may be necessary to verify or establish the stage-discharge rating.   Flow measurements will use the wading cross section method and the USGS mid-section method of calculation.  Most agencies have procedures established based on the specific equipment they own.  Price AA and Pygmy current meters come with standard ratings and require no additional calibration as long as they pass the recommended spin tests.  Other meters require that the manufacturer specified calibration procedures be followed.  Use a top set wading rod to speed the placement of the current meter in the vertical profile.  Make observations of gage height before and after the measurement.  Do not depend on the water level recorder to provide the gage height.  When measuring low flows, make a determination of the gage height or point of zero flow (gzf or pzf) to assist in extending the rating below the lowest flow measurement.  Any measurement should follow the process described below.  

2.2.1.6.1 Wading Cross Section Measurement Steps.

· Prepare the velocity meter.  Assemble the parts and perform the manufacturer specified tests to verify operation.  Note the results on the field notes.  If the flow meter does not pass the operation tests or appears damaged, do not perform the measurement until a repair is made and the meter is operating correctly.
· Choose a cross section that is straight and free flowing upstream and downstream.  Best accuracy is obtained by measuring where the stream can be waded.  There should be no tributaries or diversions to the stream between the point of interest (e.g. gage location) and the cross section.  The cross section should be located in a straight reach with flow direction parallel to the channel.  The channel should have a smooth stream bed and be free of obstructions that create turbulence.  Water depth should be adequate for the velocity meter to work accurately.  Since few streams offer an ideal cross section find the section that best meets the guidelines.  Some modifications to the channel can be made to improve the measuring section.  It is not necessary to use the same cross section location for all flow measurements.  A particular location in the reach may be advantageous for measuring low flow but present problems measuring higher flows.  Use of the same cross section for high flows may assist in estimating flows above the highest flow measurement.   
· When a measurement section has been found, stretch the tape across at right angles to the flow.  Note the overall width and determine the average spacing of the subsections. Record the gage height, time, and edge of water (right or left facing downstream), date, party, type of meter.  Place the wading rod in the first section and record the depth as read on the rod (do not read water pile-up on the rod as part of the depth) and the distance along the tape. It is good practice to minimize the distance from the edge of water to the first and last sections in order to minimize the area of flow not measured.
· Use the scale located near the top of the wading rod to set the velocity meter at the proper measuring depth. If the depth is less than 2.5 feet, set the scale to the depth directly. This will adjust the velocity meter to the proper 0.6 of the depth below the surface. If depths are greater than 2.5 ft., then velocity measurements at 0.2 and 0.8 of the depth below the surface are made and the velocities averaged. To set the meter 0.8 from the surface, set the scale at half the measured depth. To set the meter for 0.2 from the surface, set the scale at twice the measured depth. Velocities are averaged over a period of 20 to 40 seconds per measuring point. Note the angle of flow if it deviates noticeably from the perpendicular and multiply the subsection flow by the cosine of the angle.  Angle multipliers are indexed on the edge of the standard stream gage field sheet.  
· Proceed to measure at the rest of the sub-sections. Vary the width of the individual sections to work around obstacles.  Sections should be closer in deeper, faster flow.  The goal is to have no more than five percent of the total discharge from any individual section.  Note the gage height, time and edge of water at the end of the measurement.  The summation of the sub-interval discharges is the total discharge.  
· Perform a post measurement operation test of the velocity meter and note the results. Note the stream gage height. 
· One out of every ten integrated stream flow measurements should be repeated independently by other field staff.  It is functional to have the flow measurer and data recorder exchange rolls.  Integrated stream flow relative percent difference should not exceed ten percent.

· During periods of rapidly changing stage, accuracy may be improved by completing the measurement quickly.  Reduce the time used to average the velocity measurements and reduce the number of cross sections.  
· A flow calculating database routine, computer program or spreadsheet template is used to calculate and sum the sub-interval values.  It is good to calculate the discharge in the field and compare the results to previous measurements and the rating curve.  In any case, the flow should be worked up and reviewed as soon as possible.
· The measurement quality should be rated as excellent, good, fair, or poor based on the observations that comprise the measurement: determination of depth and measurement of velocity.  A measurement in ideal conditions, a smooth stream bed, adequate depth, and even sub critical flow should be rated excellent.  Measurement of a shallow stream cascading over cobbles will have a large error in determining both depth and velocity and should be judged poor.
2.2.1.6.2 Indirect methods.  

Indirect methods of measuring discharge are available for determining peak discharge in open channels and culverts when it was not possible to measure a high flow.  Careful survey of high water marks will make calculation as accurate as possible.

2.2.1.6.3 Volumetric measurements.  

Volumetric measurements of flow are a good way to determine low flows.  Discharge less than 0.4 cfs can be collected in a bucket from a pipe outfall, V-notch weir, or flume.  To make a measurement, start a stop watch the instant the bucket begins to collect flow and stop the watch when the bucket is removed.  Volume can be determined by weighing the water with a hanging scale or use a calibrated bucket.  Multiply pounds of water by 0.016 to get cubic feet, or gallons by 0.1337 to get cubic feet.  Divide by the seconds the bucket filled to produce flow in cubic feet per second.  Perform the test three times to verify the measurement. 

2.2.1.7 Maintain Hydraulic Control 

Sticks, vegetation and garbage can accumulate on the hydraulic control and affect the stage discharge relationship.  It is standard to clean this debris after any measurement of discharge so the stream stage will not be changing in response to the cleaning during the measurement.  If the impoundment behind the hydraulic control will drain quickly, the control can be cleaned before the measurement as long as the stream stage is stable when the measurement is started.

It is crucial that accurate observations and notes be made documenting the conditions affecting the hydraulic control.

3. Data Reduction, Reporting, Review and Documentation

3.1. Data Storage

Set up a paper file folder for each site.  Paper files include the field notes, station description, charts of continuous stage data, data reduction notes.  

Electronic data files downloaded from data loggers should be named systematically (typically incorporating the download date/time) and stored on a computer or network hard drive that is backed up regularly.  

Electronic data should be stored in a relational database.  The database requires an interface application that at a minimum has the following features:

· Each site is represented uniquely and data for that site associated with it only.  
· The application will create discharge rating tables from entered points, create tabular printouts of the rating for reference, and compute flow by applying the rating to a continuous gage height record.  
· The application allows the user to make adjustments to the gage height record to correct stage height errors and apply rating shifts.  
· The application has a system for tracking and reporting data workup settings and updates.
· The application will provide for input of field observation data and notes as well as discharge measurement summary results to separate tables.
· It will provide a method for data to be flagged with qualifiers.
· The application should report when data are provisional and final (reviewed and accepted).
· The application will create electronic data files to report out corrected gage height data and computed discharge with time stamps and data quality flags.  Both continuous data and daily summaries of mean, maximum and minimum values for the day should be reported.
3.2. Flow Measurement Computation

All cross section flow measurement data should be entered into a computer program that calculates the area, velocity, and discharge for each segment and computes the total width, area, average velocity, and total discharge for the measurement.  The program should allow review of the entered data to check for entry errors.  If the output of the program is an electronic file, name that with the station ID and date of measurement and store with the data logger download files.

3.3. Rating Development 

A stage-discharge rating must be developed before continuous flow data can be computed.  If the gage is installed behind a primary control device such as a flume, weir, or standard pipe or culvert, the rating can be obtained from published handbooks and manuals.  Verification discharge measurement may suggest small adjustments to the standard rating to account for variation from the specified dimensions of the device.  

Open channel ratings are based on a series of direct measurements of discharge.  Typically the field staff that performed the discharge measurements and maintained the gage site develops the rating for the station.   An understanding of the basic concepts of simple ratings as described in USGS publication TWI 3-A1 (Kennedy, 1984) is necessary.  The key to developing a rating is to have a set of discharge measurements that span the range of stage encountered at the gage.  The set of measurements should be representative of the channel in a stable condition, i.e., the hydraulic control has not changed and channel has not scoured or filled significantly between measurements. It may be some weeks or months before an adequate set of discharge measurements is acquired to properly define the rating.  

By convention, the set of measurements are plotted with gage height as the ordinate (Y) axis although it is the independent variable. It is a more intuitive plot with increasing stage going up the vertical axis.  Use of log scale paper will combined with an appropriate offset from the gage height will produce a straight line fit through the points. The line should be at or close to excellent rated measurements and may vary from measurements with lesser quality. Subsequent flow measurements may plot off the curve. The hydrographer must make judgments about whether they accurately represent the normal stage-discharge relationship at that time or are in error.  The quality rating of the discharge measurement will provide some guidance.  Good quality measurements that plot off the curve significantly will require a rating shift to be applied.   Consultation with experienced hydrographers is useful.  

The rating curve may be extended above the highest discharge measurement and below the lowest to encompass the entire range of recorded gage heights.  Consideration of the channel shape must be taken into account.  

The rating curve is entered into the discharge computation program as a series of points that define the straight line segments of the rating curve.  A simple trapezoidal channel with a single hydraulic control can be described with two points on the upper and lower bounds.  More complex channels will require more points to describe the curve.

3.4. Process Discharge

The gage height record must be accurate for computation of continuous discharge.  It is useful to process the data in four to six week increments defined by the site visit schedule.  It is useful to print a paper plot of the recorded gage height for the period.  Use the same gage height range for all plots.  The ideal record will have the same offset from the observed stage for all observations in the period.  The plot will show response to rainfall as expected and have no unexplained jumps in level.  The field notes should provide some explanation about anomalies in the stage record.  It is possible that equipment malfunction or some other problem leads to periods with no gage height record or one with very poor quality.  Generally, gage height data is not filled or estimated.

Once the rating table has been developed, and the necessary gage height record corrections determined, the data may be input into the database program.  Work from the paper plots and note the gage height corrections and any rating shifts.  Also, keep a log describing the rating curve and the corrections applied for each workup period.  This data workup will be reviewed and the plots and log should explain contain enough detail that the reviewer understands what was done and why. 

Periods of missing gage height record can have the daily discharge estimated based on observations, rainfall records and similar gage results.  The estimated must be flagged.  Periods of degraded gage height record quality or should be flagged to warn users.  Periods where the computed discharge exceeds the highest measured flow by a factor of two should be considered flow estimates and flagged accordingly.

It is useful for the hydrographer to perform a review of the work immediately after production.  Graphical representations of the data can expose many problems.  Import daily summary discharge data (daily mean, maximum value for the day, minimum value for the day) into a spreadsheet.  Include nearby daily rainfall totals, and the mean daily discharge from a similar site for the same period.  Plot mean daily discharge and rainfall over time.  The discharge plot should reflect the rainfall as expected.  Plot the minimum daily values over time.  This will expose any odd drop outs in the data.  Plot the mean daily discharge with the comparison gage over time.  Plot discharge on a log scale to compress the range.  The sites should vary together as expected.  Any problem periods should be checked out and reworked.  The spreadsheet should be stored in the directory with other station files.  Use a separate spreadsheet for each water year of data. 

3.5. Data Review

Mistakes can be made while preparing continuous discharge data sets.  Review of the data workup by a peer is key to ensuring data quality.  A final review is usually performed on a complete year of data.  A systematic check list should be followed.  

· The paper file is organized

· Water Year spreadsheet created 

· Mean, min, max checked

· Field observations are entered and accurate

· Discharge record compared to flow measurements

· Comparison gage checked

· Flow measurements reviewed

· Rating reviewed

· Workup reviewed

· Data quality flags assigned appropriately

When the reviewer is satisfied with the workup, the database flags should be turned from provisional to final for the period under review.
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My Monitoring Program (i.e. Water & Sediment Quality)
My SOP No. (i.e. WQD1000) - My Project (i.e. Surface Water Monitoring)
See also the following Standard Operating Procedures:

I. Introduction, Scope, and Applicability
This section presents standard operating procedures to be used to consistently collect representative surface water samples.  

J. Training

K. General Considerations
L. Equipment and Supplies

M. Procedures

Use the following protocols when ….

4. Procedure Topic One  

Use ….

4.1. Procedure Subtopic 

Collect ...

4.1.1. Procedure Subtopic next
4.1.1.1 Item One.

4.1.1.2 Item Two.

4.1.1.3 Item Three.

N. Records and Documentation

O. References

U.S. Environmental Protection Agency, Region 4, Environmental Investigations Standard Operating Procedures and Quality Assurance Manual, May 1996.
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Insert Documentation Forms here.
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