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1.0
SCOPE AND APPLICATION
This SOP details the field procedures used by the DWM to estimate instantaneous water flow at specific locations in open channels (rivers, streams, ditches, canals, flumes) and gravity flow outfall pipes.   It is applicable for the smallest streams encountered, as well as large rivers, although flow measurement by DWM on large rivers may be done with assistance from or by the United States Geological Survey (USGS).   The majority of the technical components of this SOP are based on current USGS methodologies. 

Resulting flow data can be used by DWM in waterbody segment assessments (Clean Water Act 305b), in developing total maximum daily loads for specific contaminants (TMDLs), and in evaluating site-specific contaminant time-of-travel and loading estimates from point-and non-point-source discharges.   It is also available to other via the DWM Database Management System.   

This SOP does not cover the following:

· Installation of continuous flow monitoring stations using recorded/telemetered water level data collection equipment (stilling wells, pressure transducers, bubbler tubes, ultrasonic sensors, acoustic Doppler current profilers). Development and maintenance of long-term, continuous hydrologic gaging stations in Massachusetts.  This is primarily the responsibility of the United States Geological Survey (USGS).   (As of 4/2002, there are about 85 active USGS flow gaging stations in Massachusetts.).  See the USGS web site for additional information: http://ma.water.usgs.gov
· Flow data collection at permanent in-stream weirs, flumes, spillways or dams (although use of one or more of these flow control structures to gather site-specific project flow data may be appropriate in some cases.   For these situations, a site- or project-specific SOP should be developed).    
· Use of cableways or moving boats along river transects to measure flows.  
· Flow measurement under ice cover.
· Streamflow estimation through the use of hydrologic models, low flow analysis (eg. 7Q10 development, use of flow factors (cfs per square mile), or ArcView watershed tools), or interpolation between two points of known discharge. 
· Guidance on how flow data is analyzed, used and reported by DWM.   This topic is broad, often project-specific and beyond the scope of this SOP.    In general, analysis, use and reporting of flow data by DWM is done using best professional judgement, noting the inherent field measurement error.
2.0
SUMMARY

This SOP provides specific methodologies for the quantitative estimation of water flow using the following procedures: 

· Flow in wadeable rivers/streams using cross-sectional water velocity measurements, including gaging station development (stage-discharge curves, staff gages, use of reference points  (*)

· Flow in very small streams using a small, portable Parshall flume device

· Pipe and channel flow using Manning’s equation

· Pipe flow at outfalls using timed volumetric measurements and discharge equations

· Time-of-travel and streamflow using colored tracer dyes (Dilution Method)

· Maximum stage since previous reading using a crest-stage gage

· Estimation of streamflow using the Float Method 

*  The preferred method for estimating streamflow at DWM is the taking of cross-sectional velocities using a current meter and calculating flow by summation of flow in partial sections, using Q = AV (see section 8.1).

DWM staff should plan for the taking of site-specific flow measurements using a specific method(s) when developing a basin/project Quality Assurance Project Plan (QAPP).    Logistically, an adequate amount of time must be allocated to performing tasks outlined in this SOP for the proper estimation of flows, depending on the method used.   Current meter use and cross-sectional area measurements for most streams and small rivers should be allocated about 30-45 minutes, and 60-90 minutes for cable suspension metering (in addition to other tasks required at a station, such as water sampling and multi-probe use).   Other methods, such as estimating discharge from a horizontal pipe discharge, may take less time. 

3.0
SAFETY CONSIDERATIONS
Regardless of the method used to measure streamflow, DWM staff must work safely at all times when collecting flow measurements.  Follow these steps to ensure that all flow gaging work is conducted in a safe, efficient manner (in addition to normal safety requirements contained in DWM CN 1.1).

a) Wear orange- or red-colored safety vests when working near road-crossings and in the woods during hunting season.

b)
The accessibility of sampling sites, as well as typical/anticipated flow and depth characteristics at river and stream locations, must be investigated prior to work.  If the data collection is considered hazardous in any way, sampling should be postponed or an alternative site found.    Following USGS’s rule of thumb, do not sample if approximate estimates for water depth (ft.) x  velocity (fps) > 10.  (Eg. 2 foot depth @ 5 fps velocities).

c) 
Always sample in teams of two or more for flow gaging activity.

d) Dress based on anticipated field conditions, realizing that its usually a little cooler/colder near the water.   Items to consider include extra clothing, sunshade, sunscreen, orange safety vests, hats, insect repellent, insulated gloves, safety glasses, wool socks and high-traction, waterproof, insulated boots for highest anticipated depths (chest waders or hip waders).

e) Flow gaging equipment must be checked for defects prior to use to prevent accidents (and ensure accuracy).

f) Use wading rods for balance and to feel for depths while traversing streams at cross-sections.

g) Be sure to inspect all protective gear (boots, gloves, eyewear, etc.) for holes and defects.   Do not assume the gear is free from defects or normal wear and tear.

h) Generally avoid contact with water as much as possible, especially for obviously-polluted waters.  Rubber gloves are strongly recommended for work directly in water to protect skin from potential contaminants and keep them warm.   

i) If possible, one person in the flow survey crew should be trained in CPR.

j) Work at a reasonable pace to ensure personal safety (and data quality).   Rapid, frantic or rushed flow monitoring will usually lead to poor results.

k) If boats are used or work is in deep water areas, use personal flotation devices (PFDs) for all workers.
l) Use common sense and always err on the side of safety, ie.  SAFETY FIRST!

4.0
FLOW SURVEY EQUIPMENT CHECKLISTS
All DWM equipment normally required for standard area/velocity type flow measurements are contained in complete Flow Kits at the DWM-Worcester offices.   The type of flow kit used depends on the type of flow measurement technique to be used.  As of 3/2002, there are 8 complete Flow Kits available for use containing the following equipment.   Each kit must be checked for completeness, prior to entering the field.  Where a kit is not completely in a separate case/bag, the crew leader shall ensure that all equipment listed below is taken into the field.   The following equipment checklists are in addition to the survey trip checklist contained in CN 1.1.

	Swoffer Current Meter Kits (2):  one 2100 series; one 3000 series

	Item #
	Item
	Item #
	Item

	1
	Swoffer 2100/3000 meter in Pelican case (including meter, extra parts, spare battery, tools, props)
	7
	Machete, loppers or saw

	2
	Swoffer rod (in white PVC tube)
	8
	Shovels

	3
	Tag line
	9
	Watch 

	4
	Rigid measuring tape
	10
	Sharpie fine point pens, black ballpoint pens

	5
	Discharge fieldsheet forms
	11
	Chest waders/hip waders with good traction

	6
	1’ metal stakes (8-10)
	12
	Binoculars (for distant staff gage readings)


	Pipe Discharge Flow Kit (1)

	Item #
	Item
	Item #
	Item

	1
	Watch
	6
	Machete, loppers or saw

	2
	Stopwatch
	7
	Work gloves

	3
	Volumetric >5 gal. Bucket(s)
	8
	Rigid measuring tapes/rulers (2)

	4
	Sharpie fine point pens, black ballpoint pens
	9
	Knee/hip boots/waders with good traction

	5
	Discharge fieldsheet forms and field notebook
	10
	Disposable latex gloves


	AA Current Meter Kits (2) for bridge/cable suspension

	Item #
	Item
	Item #
	Item

	1
	Price AA meter assembly 
	9
	Bridge Board

	2
	Wading rod
	10
	Sounding reel and weights

	3
	Tag line
	11
	Watch 

	4
	Rigid measuring tape
	12
	Sharpie fine point pens, black ballpoint pens

	5
	Discharge fieldsheet forms
	13
	Oil and cleaning rag(s)

	6
	Headphones and stop watch (or #7)
	14
	AA meter rating table

	7
	Aquacount meter
	15
	Small screwdriver, misc. tools for small repair 

	8
	1’ metal stakes (8-10) for wade -in
	16
	Extra batteries

	
	
	17
	Binoculars (for distant staff gage readings)

	

	Pygmy Current Meter Kits (2)

	Item #
	Item
	Item #
	Item

	1
	Pygmy meter assembly
	10
	Machete, loppers or saw

	2
	Wading rod
	11
	Shovels

	3
	Tag line
	12
	Watch 

	4
	Rigid measuring tape
	13
	Sharpie fine point pens, black ballpoint pens

	5
	Discharge fieldsheet forms
	14
	Chest waders with good traction

	6
	Headphones and stop watch (or #7)
	15
	Pygmy meter rating table

	7
	Aquacount meter
	16
	Small screwdriver, misc. tools for small repair 

	8
	1’ metal stakes (8-10) for wade-in
	17
	Oil and cleaning rag(s)

	9
	Extra batteries
	18
	Binoculars (for distant staff gage readings)


	YSI/Sontek Acoustic Doppler Velocimeter (ADV) Kit (1)   

	Item #
	Item
	Item #
	Item

	1
	ADV meter (in hard case)
	9
	Machete, loppers or saw

	2
	Wading rod
	10
	Shovels

	3
	Tag line
	11
	Watch 

	4
	Rigid measuring tape
	12
	Sharpie fine point pens, black ballpoint pens

	5
	Discharge fieldsheet forms (backup)
	13
	Chest waders with good traction

	6
	Small screwdriver, misc. tools for small repair
	14
	Office items (cables, software, etc.) for computer download

	7
	Binoculars (for distant staff gage readings)
	15
	Extra batteries

	8
	1’ metal stakes (8-10) for wade-in
	16
	


	Dye Tracer Kit (1)

	Item #
	Item
	Item #
	Item

	1
	Conc. liq. Rhodamine WT
	10
	Machete, loppers or saw

	2
	Volumetric pipet
	11
	Sample cooler w/ ice

	3
	Volumetric 5 gal. Bucket
	12
	Flashlight 

	4
	20-30 120 ml. Sample bottles w/ labels
	13
	Sharpie fine point pens, black ballpoint pens

	5
	Discharge fieldsheet forms and field notebook
	14
	Knee/hip boots/waders with good traction

	6
	Watches (2)
	15
	Disposable latex gloves

	7
	Stopwatches (2)
	16
	Fluorometer (lab) 

	8
	Large garbage bags for waste
	
	

	9
	Walkie-talkies (2)
	
	


	Portable Flume Kit (1)

	Item #
	Item
	Item #
	Item

	1
	3-inch, portable modified Parshall flume w/ attached level and gage
	5
	Discharge fieldsheet forms and field notebook

	2
	Shovels
	6
	Knee/hip boots/waders with good traction

	3
	Machete, loppers or saw
	7
	Work gloves

	4
	Sharpie fine point pens, black ballpoint pens
	8
	


5.0
EQUIPMENT DESCRIPTION AND USE

The following descriptions are based on current equipment inventory at DWM-Worcester, as of 3/2002.   Annual updates to this SOP to reflect changes in equipment status are planned.   Refer to Section 8 for specific procedures on use, in addition to the general comments below.

5.1
Velocity meters:

As of 3/2002, DWM is outfitted with the following velocity meters. All meters are stored as complete, ready-to-use kits.   Each kit is inspected annually and periodically during heavy use for defects and accuracy.   See Sections 7 for calibration and maintenance of velocity meters.    Refer to Section 8.1 for notes and tips on use at cross-sections.

For all meters, use the [0.6 x total depth] method for depth < 2.5 feet; and the [avg. (0.2 x total depth), (0.8 x total depth] method for depths > 2.5 feet.

• Swoffer (2):  DWM uses the Model 2100/3000 propeller-type units that can be used at low and high water depths (about 0.3 foot deep up to wadable depths).   For very shallow flows, use the smaller, 1 ¼ inch prop, rather than the normal 2 inch size.   A 2 ¾ is also available for higher flows.   See Appendix F for detailed instructions on the use of both Swoffer flow meters, including special instructions on the use of special props.


Adhere to the following use requirements to maximize sensor accuracy and life-span of the sensor and rotor, and also refer to inspection/testing/calibration (Section 6.1):

-  Never transport or store the sensor wand with the propeller rotor attached

-  Do not suspend the wand or indicator by the cable.

· Keep the wand/rotor assembly off the streambed at all times; water contact only.

-  Maximize battery life by always turning selector on Indicator box to “OFF” after each measurement. 

-  
Always take a fresh, extra battery on surveys. 

-  If the indicator gets wet, open the battery compartment and dry the battery immediately.

-  Check the photo-optics of the sensor and rotor base.   Keep clean (soap and water, if necessary) and do not scratch.

-  Do not expose indicator to full sun in a closed vehicle.

-  Make sure the calibration number in the 2100 Indicator matches the specific rotor being used.
• Pygmy-Gurley (2): Small, vertical-axis, cup-type meters that employs the number of revolutions or clicks counted in approx. 1 minute to compare to a conversion/rating table to estimate point velocities.   Normally used for flow depths less than 1.5 feet.  Make sure to use the appropriate rating table for the specific Pygmy AND method used (Model #622).   Example:  for Model #622, reduce tabular velocity values by 2% if meter used with a rod (vs. a cable).    See Appendix E for Pygmy rating tables for #622.

• Price AA Meter (2):  A vertical-axis-type meter, similar to the Pygmy meter with larger cups.  The number of revolutions or clicks is counted for approx. 1 minute and compared to a conversion/rating table for velocity.  Normally used for flow depths greater than 1.5 feet. Make sure to use the appropriate rating table for the specific AA meter AND method used.   See Appendix D for AA meter rating tables for DWM meters.

• YSI/Sontek ADV Meter (1):   NEW!   Uses acoustic signal frequency shifts between transmitted and captured signals to estimate particle/water velocities (Doppler effect). 
5.2
Wading Rods:
 

Wading rods are used to traverse the stream safely, to measure water depth at verticals and to set the current meter at the appropriate depth.   DWM has a total of 2 top-setting and 2 round wading rods that are included in the flow kits.  As a walking stick, use it to feel for depth in murky water along the traverse and upstream/downstream of the cross-section.   To measure depth at verticals, place it along the cross-section at each vertical measuring point and record individual depths.   To set the meter at specific depths using the top-setting rods, use the following approach:

a) In setting the meter to [0.6 x total depth] depth with the wading rod, measure the total depth to the nearest 0.01 foot on the rod, then set to desired depth using round rod marks and vernier on the handle.

b) In setting meter to the [0.2 x total depth] and [0.8 x total depth] depths, measure the total depth to the nearest 0.01 foot on the rod, then use [total depth x 2] to set rod vernier for the .2D, and use [total depth/2] to set rod vernier for the .8D.

5.3
Sounding Reels and Cables:

A sounding reel with cable is used to lower an attached current meter and sounding weight from a bridge via a bridge board.    DWM has 2 sounding reels with cables attached available for use with the Price AA meters.

5.4
Sounding Weights:

Sounding weights, such as Columbus (C-type) streamlined weights, are used to keep current meters stationary in flowing water when suspended below bridges with a sounding reel/bridge board setup.   The weights are attached below the meter assembly via a connector and hanger.  DWM has the following weights available for use:  15 pounds lead, 15 pounds bronze, and 25 pounds lead.  

5.5
Bridge Boards:

Bridge boards are used to support sounding reels at bridge sites.    These wooden planks can support about 50 pounds, when placed on a bridge rail with the reel weight counterbalancing the sounding weight.   DWM has two bridge boards. 

5.6
Tag Lines/Tapes:

Tag lines or measuring tapes are used to measure the widths from the starting point to each vertical at the measurement cross-section.   DWM has one metal tag line reel, and several metal, locking measuring tapes (in kits). 

5.7
Digital Counters: 

These devices aid in counting the revolutions and recording elapsed time when using the Price AA and Pygmy meters.   DWM has a USGS-type digital counter, and a Rickly “Aquacount” unit (Refer to Appendix G for operation instructions for the Aquacount unit).

5.8
Portable Parshall Flume

DWM has one portable, 3 inch modified Parshall flume (Serial # ______) for use in gaging small, shallow streams.   It is used under free flow conditions (lower gage/upper gage <.6) only.    Flow is estimated via the gage height reading using the  flume rating table (see Appendix H). 

5.9
Volumetric Buckets

Volumetric buckets are used to collect 100% of the flow exiting pipes or other structures where complete collection is possible.  Flow is calculated as total volume collected in an exact number of seconds, and converted to CFS units.    DWM has at lease two 5 gallon, volumetric (marked for incremental volume) buckets available for use. 

5.10
Staff Gages

All metal staff gages and associated hardware are purchased on an as needed basis for installation.   Gages installed are usually 3 feet long with 0.02 foot increments.  

6.0
EQUIPMENT MAINTENANCE (INCLUDING CURRENT METER INSPECTION AND TESTING)

As of 4/2003, the DWM staff responsible for inspection, testing and maintenance of the current meters are:  Jeff Smith, Brian Friedmann and Richard Chase.    Any problems or issues concerning the current meters should be directed to them.

Flow field kits shall be examined periodically during periods of active use for the need for maintenance.    These checks will focus on ensuring safety in use and accuracy of measurement.

6.1 Swoffer Meter:

A more complete description of care, calibration and maintenance of Swoffer meters is provided in Appendix F.
Inspection & Testing:   

- Inspect all parts prior to each use for problems.  Specifically, check rotor often for frayed edges and cracks, and freedom of rotation (use in turbid or productive waters can create unwanted friction, especially due to floating filamentous algae)

- Check for a working battery by checking that the indicated calibration number is correct, and that the spin test “COUNTS” the sensor pulses.

- Periodically check the condition of pins in the connector.  Keep clean and straight.

- Periodically check the thrust-bearing nut.   If a cup has formed in the bottom, it should be replaced.

Perform multiple spin tests by blowing quick and hard straight into the rotor in the COUNT mode, while protecting the prop from the wind.   Press the RESET key at the instant you stop blowing, and allow the rotor to coast to a stop.    Each count should be at least 300.   If the rotor buzzes during testing, replace rotor and refer to Swoffer manual (Appendix F).

Make sure the calibration number in the 2100/3000 Indicator matches the specific rotor being used.

Calibration:

Calibration must be performed periodically for each rotor used, and appropriate adjustments made to the Indicator Calibration Numbers.   Perform calibration of each rotor for use with the Model 2100/3000 as described in detail in Appendix F, and using the following DWM-derived rotor calibration table as a guide.

	Rotor
	Calibration Number (default)

	2 “ (standard)
	186 feet/610 meters 

	2 3/4 “
	TBD

	1 3/8 “
	217 feet/712 meters

	3”
	130 feet/426.5 meters


Maintenance:
Perform the following maintenance tasks when needed:

- Reshape prop rotor edges with fine sandpaper if frayed; use new prop as necessary.

- Use canned air to clean bore of the rotor and polished surface of the rotor shaft

- Clean photo-optics of the sensor and rotor base

6.2 Pygmy Meter: 

A more complete description of care and maintenance of vertical-axis-type meters is provided in USGS TWRI, Book 8, Chapter B2.    See Appendix D for parts diagram. 

Inspection & Testing:   

Before and after each use, examine all parts for damage, wear and faulty alignment.  Check/adjust alignment of rotor axis and balance.   Keep pivot and pivot bearing separate, except during meter use.

Perform spin tests (out of the wind) and record results.   A properly functioning, calibrated, Pygmy meter should spin freely for at least 30 seconds consistently during multiple spin tests, and preferably up to 90 seconds.   To improve spin times, 1) reduce tension on the ‘cat whisker’ in the chamber; 2) oil pivot pin and related parts; and 3) lower pivot pin.  

Maintenance: 

Clean and oil meter parts (pivot bearing and shaft bearing) before each use (and after each use if used in polluted/high suspended solids waters).   Replace damaged cups with new rotor (rather than repairing cups).   Examine pivot after each use and replace if fractured, rough or worn.   Damaged yokes, yoke stems, bearings and tailpieces need to be expertly-reconditioned.    

6.3 Price AA Meter:  

A more complete description of care and maintenance of vertical-axis-type meters is provided in USGS TWRI, Book 8, Chapter B2.  See Appendix D for parts diagram. 

Inspection & Testing:   

Before and after each use, examine all parts for damage, wear and faulty alignment.  Check/adjust alignment of rotor axis and balance.   Keep pivot and pivot bearing separate, except during meter use.

Perform spin tests (out of the wind) and record results.  A properly functioning, calibrated, level AA meter should spin freely for a minimum of about 90 seconds consistently during multiple spin tests, and preferably up to about 4 minutes.   As for the Pygmy, 1) reduce tension on the ‘cat whisker’ in the chamber; 2) oil pivot pin and related parts; and 3) lower pivot pin to improve spin times.

Maintenance:   Clean and oil meter parts (pivot bearing, pentagear teeth and shaft, thrust bearing and shaft bearing) before each use (and after each use if used in polluted/high suspended solids waters).   Replace damaged cups with new rotor (rather than repairing cups).   Examine pivot after each use and replace if fractured, rough or worn.   Damaged yokes, yoke stems, bearings and tailpieces need to be expertly-reconditioned.   
6.4
YSI/Sontek ADV:   

Inspection & Testing:  See 2003 Sontek FlowTracker Handheld ADV Manual.
Maintenance:   See 2003 Sontek FlowTracker Handheld ADV Manual
7.0
REAGENTS

Other than typical equipment lubricants and cleaning solutions, the only “reagent” used in flow measurement by DWM is the  tracer dye Rhodamine WT.

Rhodamine WT is recommended for use by USGS over other dyes due to its relative stability, lack of adsorbtion and low toxicity.   Once applied, this dye degrades naturally in 2-3 days.   See Appendix B for MSDS information for Rhodamine WT.

8.0
PROCEDURES
8.1
Streamflow Measurement by the Area-Velocity Method 

A step-by-step approach to estimating streamflow at defined stream cross-sections using the area-velocity method is provided below.   These steps apply regardless of the specific type of velocity meter employed, and to meter use via wade in, from bridges, and at culverts.    For very small streams difficult to get accurate depth and velocity readings, refer to Section 8.2.

In general, DWM’s practice is to develop stream gaging stations for long-term data collection, and not just for short-term studies.    Although DWM is on a five year cycle and performs monitoring in each basin only once every five years, DWM’s focus in Year 1 and 2 of the cycle is to work with local agencies and volunteer groups to develop and use stage-discharge relationships at specific locations, as justified in DWM’s annual sampling plan/QAPP.    During Years 3-5, local groups may continue to use the gaging station  to collect stage (and discharge) information.   Also, DWM may elect to re-visit one or more gaging stations during the next monitoring cycle for data collection and to improve the stage-discharge relationship.  

	Area-Velocity Method for Flow Measurement



	STEP
	ACTIVITY

	1
	Gaging Station/Flow Measurement Site Selection and Development:

The purpose of setting up a gaging station is to develop a stage-discharge relationship that provides a reasonable estimate of flow for a given water level.   Approx. 5-10 area-velocity measurements at different stages, including low and high stages, are generally needed for a good curve.   Once the curve is established (and periodically checked for verification), only a visual stage reading is required to estimate streamflow.    

Select gaging station reaches and perpendicular cross-sections based on field site inspections with regard to the following criteria, in order to minimize flow measurement error:

a. A straight reach at least 150 feet upstream and 150 feet downstream of the station (300 feet up and down is preferred) and exhibiting relatively uniform cross-sectional shape and longitudinal slope, and where the direction of flow is consistently perpendicular to the cross-section under most/all stages (anticipate seasonal  changes in the hydraulic characteristics of the preferred cross-sections).

b. A stable streambed, free of large boulders, cobble, weeds and obstructions, especially at the chosen cross-section location (minor channel modification at and immediately upstream of the cross-section may be necessary to establish straighter, less turbulent flow)  

c. Gradually varied flow (lack of hydraulic jumps and drops; depth along the length of the channel changes slowly) without any areas of slack water, eddies, backwater or tidal effects

d. The more laminar (non-turbulent; water particles appear to move in smooth lines, and as thin sheets on top of one another) the flow appears, the better 

e. Flow is confined to the channel at all stages (no side channels or by-passes)

f. Streambanks are relatively free of brush, stable, parallel to one another and high enough to contain maximum anticipated flows, and all velocity measurements are feasible at all stages in close either at the main cross-section or in close proximity

g. Anticipated low flow conditions at the site should meet minimum depth and velocity requirements for the velocity meter used.   If not, contingency plans for that site during low flows is needed. 

h. The selected station should be safe to enter, operate at and maintain at all times  

i. For non-wadable bridge sites, the upstream side of the bridge is generally the better choice as long as the other criteria are met, and there is sufficient deck space to work with the depth sounding reel, bridge board, current meter and sounding weight.  See Step 6 for flow measurement at bridge sites.   

j. Allow for the installation of permanent, easy-to-read vertical staff gages  



	2
	Staff Gage Installation and Use:

Consider the following points in the proper purchase, siting, installation and use of vertical staff gages.   The use of staff gages assumes a stable channel bottom cross-section.

a. Purchase/ install staff gages marked to the nearest centimeter or 0.02 foot and read to the smallest increment discernible.  If water level fluctuates during reading, take the average of the high and low.

b. Attach staff gages to permanent structures for long-term stability, such as concrete culvert wing walls, bridge piers, concrete pilings, etc.

c. Make sure placement vertically captures the lowest and highest events by placing the zero mark below the anticipated low flow stage and by installing more than one vertically (stacking), if necessary

d. To recover the installed gage if damaged or vandalized, establish a surveyed elevation for a datum mark on the gage

e. Record stage height readings prior to and after discharge measurements (Step 5).

f. Perform inter-staff precision (repeatability) checks on readings (for quality control purposes).   See Section 9.

g. Compare staff gage readings to measured flows for at least 5-10 different flows, including high/low (stage-discharge curve; see #7)

Note:  Where staff gages cannot be installed, relative stream stage height can also be measured by measuring the vertical distance from the water surface to a fixed point above the stream (eg. a marked bolt on a bridge).   Always measure the distance using a weighted line/tape until the weight or end of tape just touches the surface, and to the same mark.  Record the measured distance (minus weight length as appropriate) as the “gage height” and compare to measured flows (as flows increase, “gage height” decreases). 

Note:    Use binoculars to read distant staff gages.

Note:   Be careful to record staff gage heights using the correct units; some are in feet, some are in meters. 
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	Plan the Flow Survey(s):

a. Gather all necessary equipment listed on the Flow Survey Equipment List (Section 4).   The equipment may need to be scheduled, in addition to the vehicle.

b. Schedule a survey crew of at least 2 (preferably 3) trained staff to participate.  

c. Check precipitation at the station(s) for three days pre-survey, current and anticipated during the survey date, in order to assess anticipated/desired flow conditions.

d. Determine reliable method for marking and finding stations.    Investigate the use of GPS as a viable alternative. 

e. To establish a good stage-discharge curve, take streamflow measurements over a wide range of flow conditions 



	4
	Arrival at the Pre-Selected Gaging Station/ Flow Measurement site:

a. Upon arrival at each gaging station location, organize all equipment at the river’s edge where the pre-selected cross-section is located.

b. Set up equipment for use and mark the cross-section with flagging for future use. 

c. Observe for any new obstructions at and immediately upstream of the cross-section; remove as necessary.

d. Optional:   Wade the cross-section initially with the wading rod to re-inspect channel bottom for anomalies; this is especially useful in turbid conditions.   

e. Optional:  Take digital photographs of cross-section for the record.  

f. Read staff gage and record on fieldsheet.  If a staff gage is not available, mark water level to note any changes in stage from the beginning to the end of the survey.
g. Prepare fieldsheet to record cross-sectional velocity and depth data by filling in all requested information.   (See Appendix A for example of flow measurement fieldsheet.)
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	Flow Measurement (wade-in):

a.    At the preferred cross-section, walk in using the wading rod and string a tag line/measuring tape at a right angle to the flow direction, above the water surface, and where the velocity measurements will be taken, using 1 foot long, pointed stakes on each bank.   (Measured velocities will be taken directly under the tag line, standing 18 inches behind the line.)    Ensure that the line is installed securely, so that the line remains taut for the duration of the survey.   Also, note the starting value on the tape (if not set to “0” intentionally).   Record total width of stream on the fieldsheet (for subsequent cross-check to the sum of partial section widths).   

b. Divide the width of the stream into partial sections for the taking of about 20-30 “verticals” (depth and velocity measurements at selected points along a transect).  In placing the verticals, ensure that no one partial section has greater than 5% of the total streamflow in it.   Use equal or unequal vertical spacing; if discharge is well-distributed laterally, use equal spacing.  If not, increase vertical spacing for shallow, slow-moving areas, and decrease spacing for deeper, faster moving areas.   For most good cross-sections, equal spacing is preferred.

c. Face downstream to identify the Left Edge of Water (LEW) and Right Edge of Water (REW).  (Note:   This is consistent with published USGS methods (USGS, 1984) and practice.) 
d. Facing upstream starting at either edge, take depth and velocity readings at each vertical, using a current velocity meter and wading rod.  Record the tape readings, depths and velocities (or average velocity; see #4) for each vertical.   Make sure to:
1) Stand about 12-18 inches downstream of the tag line. The meter rod should be used directly under the tag line to avoid affecting the flow of water contacting the meter .

2) Wait for velocity to stabilize before recording reading.  If velocities appear to be erratic, observe the area upstream of the metered section for any new obstructions and remove.   Re-take velocity reading.
3) Keep the wading rod still and vertical with the prop parallel to the flow.  If flow vectors within the sections are  not consistently perpendicular to the cross-section, consider selecting another, more appropriate  cross-section.  Alternatively (not preferred), find the velocity vectors normal to the section (USGS, 1984).   Turning  the prop to adjust for non-parallel flow lines within section is not recommended. 
4) For vertical depths less than 2.5 feet, take readings at a depth of [0.6xsection depth] measured from the water surface.   For vertical depths greater than 2.5 feet, take readings at depths of [0.2 and 0.8x section depth] as measured from the water surface and compute an average velocity for the section.  For highly variable velocity distributions within partial sections, take readings at the 0.2, 0.6 and 0.8 depths and take the average of the one- and two-point methods.
5) During use, periodically monitor the movement of the meter cups/propeller for blockages or poor movement due to weed/algae accumulation around the shaft.   It should always spin freely. 

6) Make sure to use the correct rating table when using the Pygmy or AA meters.   Refer to Section 7.

e.    Take a duplicate set of depths and velocities at each vertical (if appropriate).   One station per flow survey, preferably with different equipment (a different meter from a combination kit)and tasks for the crew.  See Section 9.1 (QC samples).   

f.     Prior to leaving the site, make sure all field sheet information has been recorded completely and accurately.   Re-read staff gage for final reading.

g.     Calculations:   Calculate stream discharge as the summation of flow in each partial section.  Each partial section is defined as the cross-sectional area bounded on each side of the vertical depth/velocity measurement by a distance halfway to the preceding vertical and halfway to the following vertical.  For each partial section:

qx = vxdx(l x+1 – l x-1)/2 

where qx = discharge in partial area x
vx = average velocity in partial area x
dx = depth in partial area x
l x+1 = distance from initial point to the following point
l x-1 = distance from initial point to the preceding point
Use a copy of DWM’s standard computer spreadsheet (w/dwm/sop/cn68.1) to calculate all streamflow estimates to ensure consistency and minimize calculation errors.  Record calculated streamflow on the flow measurement fieldsheet (use a separate sheet for each site).
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	Flow Measurement (cable suspension method; e.g. from a bridge):

When wade-in flow measurement is not possible, bridges may be used (see Step 1, site selection criteria).  Given the  hydraulic complexity and potential for increased error at most bridge sites, however, wade-in sites are preferred.  Potential factors influencing the accuracy of depth and velocity measurements at bridges include:  1) increased turbulence and disruption of surficial flow lines/velocity distribution by obstructions, such as piers and abutments;  2) increased variability in depths and velocities within partial sections, due to increased channel bottom roughness, hydraulic drops under bridges and potential for eddie formation  (eg. rip-rap, hidden debris, scour, etc.); 3) difficulty in accurately measuring depths and velocities near bridge abutments (ie., at the water edges); and 4) inherent inaccuracies in measuring total stream width from above.  

Selection of the upstream or downstream side of the bridge is a site-specific decision.   In many cases, the upstream side is preferred, due to obstructions under the bridge that disrupt flow lines.

Additional equipment needed at bridge sites include: sounding reel, bridge board, sounding weight, AquaCounter, and traffic safety equipment (as appropriate).   The Price type AA current meter is typically used when taking velocities from a bridge.  See Section 5 for more detail on its use.

The procedure to calculate partial section flows at bridge sites is generally the same as that used for wade-in sites, with some additional considerations.    

a. Measure total stream width from the bridge deck by stringing a rigid measuring tape on deck and visually aligning one end to a water’s edge.   Secure the tape in place as a guide for the verticals.   Record total width.

b. Set up the bridge board, sounding reel, sounding weight and AA meter at a water edge and proceed to take depth and velocity measurements at verticals as described in Step 5.

c. Starting from the LEW/REW, record width from the start, depth and velocity at 1-3 feet-spaced verticals, depending on the width of the river (and consistent with Step 5b).  In the case of obstructing piers, keep vertical placements and equipment away from piers to protect equipment and minimize error.   Equally space verticals between piers and for data recording/calculation purposes, consider each side of piers to be like water edges (ie. do not include pier cross-sectional area in the flow calculation. 

d. Take depths using the sounding reel.   Using the pull-out handle on the sounding reel, adjust depth indicator to “0”  when cups reach the water surface.   Lower the sounding weight and meter until the weight touches the streambed.   Using the 30 C.75 suspension, record total depth for each partial section as [indicator depth + 0.75 feet].   To take velocity readings, raise meter to an indicator depth of [total depth x 0.6] for vertical depths less than 2.5 feet, or to indicator depths of [total depth x 0.8] and [total depth x 0.2], for vertical depths greater than 2.5 feet, and compute an average velocity for the section.   Correct for depth as appropriate for specific suspension used.

e. Do not use Price AA meter with 30 C 75 at depths less than 2.0 feet.  

f. For vertical depths from 2-2.5 feet, take readings at a depth of [0.6xsection depth] measured from the water surface.   For vertical depths greater than 2.5 feet, take readings at depths of [0.2 and 0.8x section depth] as measured from the water surface and compute an average velocity for the section.  

g. Calculate flow by summation of partial section flows (Step 5).
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	Developing the Stage-Discharge Rating Curve:

Plot calculated flows (cfs) on the x-axis and corresponding staff gage heights (feet) on the y-axis.   Initially, use 5-10 flows, including a low flow and a high flow.   Smooth-fit the points through a y-intercept/staff gage height corresponding to 0 cfs streamflow.   As more data is gathered, continue to refine the curve and use it (by itself) to estimate flows at the site.
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	Example:   See Appendices A and C.


8.2
In-stream Flow in Small Streams Using A Modified Parshall Flume  

For small, narrow and/or very shallow streams where current meters cannot be used and flow is estimated to be less than 1 cfs, use the 3-inch, modified Parshall flume device, as follows:

a. Place unit level on the channel bed using the on-board level.

b. Direct all streamflow through the flume.   This will usually require some minor adjustment to the channel bed (temporary dams or diversions).  Observe installation for leaks to ensure all flow is converging into flume inlet.  Major stream alteration or disturbance is not recommended; seek an alternative method.  

c. Allow the newly-directed streamflow to stabilize for several minutes before taking reading.

d. Record gage height and determine flow using flume rating (Appendix H).

e. Remove flume and restore stream bed as needed.

f. Clean flume as necessary after use.

Example:  The modified Parshall flume device is placed in a narrow swale tributary to a small stream.   After  minor adjustments to ensure all flow is passing through the flume and to level the flume, and allowing a few minutes for equilibration, the flume gage height reads 0.52.   Using the rating table, the estimated flow (to 2 significant figures) in the swale at that recorded date/time is 0.41 cfs.    

8.3  
Pipe Flow at Outfalls 

8.3.1 Pipe Flow at Outfalls Using Timed Volumetric Discharge

This method uses the time required to fill a container to capacity (or to a measured volume) to calculate discharge.   In practice, it is generally limited to small discharges (where all the flow can be captured in one bucket/container and for a time period of at least 15 seconds).   Using a stopwatch to time the filling period, a large container of known volume is placed below a non-jetting discharge, in such a way to capture all the water.  This is repeated three times for an average time (T) and average volume (V).   Convert container volume to cubic feet (1 gallon= 0.1337 cubic foot; 1 liter= 0.0353 cubic foot), V, and calculate discharge in cfs as:  Q = V/T. 

Example:   A 2 inch diameter, sloped pipe with foul water emanating from it is found discharging into a stream.   There is sufficient space under the pipe outfall to place a 5 gallon volumetric (marked in quarts) to collect the discharge.   The times and volumes collected are:  5.0 gallons in 16 seconds, 5.0 gal/14.5 sec. (OK) and 5.0 gal/17.5 sec.    Therefore, Q= (5.0)(.1337)/16 or 0.042 cfs.   

8.3.2 Flow at Sloped or Level Pipe Outfalls (Coordinate method):

For sloped or horizontal open pipes, flow can be estimated using a vertical rod/ruler and rigid tape to take measurements at the end of the pipe, and applying the following equation:  Q (in cfs) = (1,800 A X/ Y 0.5 )(.0022), where A = cross-sectional area (see Appendix I), X = the parallel distance from the end of the pipe to a vertical rod/gage placed to intersect the discharge, and Y = the vertical distance from the top of the water surface exiting the pipe to the intersection point of water surface with the vertical gage.

Example:   A 6 inch diameter, sloped pipe is found discharging into a stream.   The discharge is entering the stream close to the end of the pipe and would fill a volumetric bucket too fast.  Therefore, a vertical gage is placed exactly where the top of the discharge plume hits the stream, so that Y can be measured from the stream surface vertically to the top of the discharge where it exits the pipe.  A rigid tape is used to measure X from the end of the pipe to the vertical rod.   Where X = 1.0 foot, Y = 1.5 feet, and the water depth in the pipe is 0.25 foot (A = 0.10 sq. ft. from Appendix I), Q =[(1,800)(0.10)(1.0)/(1.5) 0.5] (.0022), or 0.32 cfs. 

8.3.3 Pipe Flow for Partial Pipe Horizontal Discharges (California pipe method)

Under the following conditions, pipe discharge can be calculated using the equations below using water level in the pipe and pipe size:

a. Horizontal pipe of at least 6 diameters long, and up to 3 feet in diameter

b. Confined fluid in a pipe flowing partially-full   

c. Fluid discharging freely from the end of the pipe into air

Using water depth at the pipe outlet (H) in feet and pipe diameter (D) in feet, calculate discharge in cfs as: 

Q = 8.69 D 0.60 H 1.88.     

Using the distance from the top of the inside surface of the pipe to the water surface, measured in the plane of the end of the pipe, in feet (A), and the pipe diameter, in feet (D), calculate discharge in cfs as:

Q = 8.69 [1-A/D] 1.88 D 2.48. 

Example:    A 2.0 feet diameter, concrete pipe discharges into a river freely at a vertical wall near a bridge.    Upon close inspection (looking inside/up the pipe), the slope appears very minimal (approaching horizontal).   The water depth emanating from the pipe is measured to be 4.0 inches or 0.33 foot.    Q = 8.69 (2.0) 0.60 (0.33) 1.88 = 1.64 cfs.    Notation is made that pipe slope was estimated to be flat, and that actual flow slightly exceeded estimate. 

8.3.4 Pipe Flow for Full Pipe Horizontal Discharges

If the following conditions apply, pipe discharge can be calculated based on the principles governing the free fall of a jetting (full pipe) horizontal liquid (WSDOE, 1993):

a.
Horizontal pipe

b.
Confined fluid in a pipe flowing full

c.
Fluid fall freely from the end of the pipe

d. Pipe diameter (d), horizontal distance from end of pipe to where water hits the ground (x), and vertical distance from the midpoint of the pipe opening to where the jet hits the ground (y) are known or can be measured (in feet).

If these conditions apply, take measurements with measuring tape (in feet) and calculate velocity, V,  as:   V = 4.01(x)/ y 0.5.   Calculate the area of the pipe opening, A, as:  A = π r2.    Calculate pipe discharge as:  Q = AV (cfs).

Example:    An exposed 4 inch (0.33 foot) diameter, plastic pipe is observed discharging into a stream(freely and forcefully (estimated to be full pipe flow).   The exposed section at the end of the pipe (about 15 feet) appears to be roughly horizontal.   The area around the pipe is accessible for measurements.   A = π (0.165) 2 = 0.0855 sq. ft.; and  V = 4.01 (4.5 feet)/ (1.5 feet) 0.5 = 22.1fps.    Therefore,  Q = (0.0855)(22.1) = 1.89 cfs.

8.4
Streamflow Estimation and Time of Travel/Dispersion by Slug Injection of Tracer Dye (Dilution Method)

When current meter or other methods are not possible and when estimates of water particle time-of-travel and/or streamflow are needed, it may be necessary to use the Dilution Method.   The accuracy of this method is typically greater when employed by those with experience working with dye tracers and fluorometers.   The method is generally used for smaller streams, due to the long channel mixing lengths required for larger streams, and is sample-intensive (usually requires 20-30 fluorometry samples to calculate one streamflow estimate).     

8.4.1 Flow Estimation using the Dilution Method:

Take the following steps to estimate streamflow using a one-time dump of biodegradable Rhodamine WT dye into the stream , followed by laboratory fluorometric water analysis.  Rhodamine red WT dye is preferred to Fluoroscein dye; do not use industrial dyes, such as Rhodamine B, which can harm the aquatic habitat.   Use a detailed fieldsheet to record all necessary information.

a. Select a suitable stream measurement reach that allows for the introduction of dye at an upstream location and for the taking of completely-mixed water samples containing the dye at a downstream location (deep and narrow is good; avoid reaches with lots of pools and shallow whitewater).  Ensure complete lateral mixing at the downstream sampling location by calculating mixing length (USGS, 1985) or using a rule of thumb (DWM) of about 300 feet per estimated fps surface velocity (eg. 600 foot measurement reach for an estimated surface velocity of about 2 fps).

b. Limit dye plume travel duration/mixing time to the downstream station to about 5-15 minutes for most small streams.   Review the sampling logistics and plan accordingly for the taking of samples upstream and downstream (two samplers must be in place when the dye plume begins to reach the downstream site; one to take samples and one to record times).

c. Follow manufacturer instructions for the making of dye stock solution, AND estimate volume of tracer dye needed based on the following equation (USGS, 1985):

Vs = 0.0000379 (QL/v) Cp  

where Vs = volume of 20% Rhodamine WT dye (mls.)


Q = estimated stream discharge (cfs)


L = length of measurement reach (feet)


V = estimated stream velocity (fps), and


Cp= peak dye concentration at the downstream location (ug/l); use 20 ug/l (recommended) 

d. Prepare dilute dye solution by measuring an exact amount (Vs) of dye using a volumetric pipet (liquid) into a bucket of river water containing a known amount of water (4-5 gallons).   Record dye amount added and make-up water. 

e. Take a small sub-sample of the dye solution (100 mls.) for use in making fluorometer calibration standards.   Record the final volume of dilute dye solution to be added to the stream (ie. bucket volume).

f. Take two ‘background concentration’ samples at the initial station just before adding the solution.  This should be done by a sampler not in contact with the concentrated dye or dye solution.   Place samples on ice in a dark cooler for later analysis.  

g. Dump a known concentration and volume of tracer (entire bucket contents) into the center/centroid of the stream at the upstream location.  Record the exact time the dye was dumped using a stopwatch and inform the sampler(s) downstream (or travel to downstream location, if applicable).   Inspect mixing zone for complete lateral and vertical mixing.

h. At the pre-determined downstream sampling location and using two samplers, collect 120 ml. grab samples in pre-labelled bottles (use disposable gloves) before, during and following the passage of the dye plume peak concentration.  Note: the dye plume may not be visually apparent; use conservative, estimated travel times to ensure capturing enough samples before, during and after the peak to make a good time/concentration curve.   Take 3 sequential samples along a perpendicular transect with each sample representing approx. 1/3 of the total flow (a, b and c) to maximize tracer recovery.   Do this 7-12 times at short intervals to bracket the peak.   Sample past the estimated/observed dye plume peak at least as long as it took to arrive, and sample more frequently at the peak).   This will equal approx. 25-30 samples at the downstream location.  Record the exact times each sample is taken.   Place samples on ice in the dark for later lab analysis.  

Sample Number Example 1:  If dye plume travel time is estimated to take 10 minutes to reach the downstream station, sample for about 10 minutes (11 times at ½-1 minute intervals): 7, 8, 9, 9.5, 10, 10.5, 11, 12, 13, 14, and 15 minutes after dye was dumped.   11 times at a, b and c along transect = 33 samples.

Sample Number Example 2:  If estimated travel time is 5 minutes, sample for about 7 minutes (9 times at ½-1 minute intervals): 3, 4, 4.5, 5, 5.5, 6, 7, 8, and 9 minutes after dye dumped.   9 times at a, b and c along transect = 27 samples.

i. Return samples to the fluorometry lab as soon as possible and analyze using a Turner fluorometer calibrated using serially-diluted Rhodamine WT dye solution. (USGS, 1986b).  Subtract background sample concentrations, if any, from all final sample data.  Allow sample temperatures to equilibrate.

j. Develop concentration-time curves using a, b and c samples, with dye (ug/l) on the y-axis and time (minutes) on the x-axis.   Calculate areas under each curve and average as Ac. 

k. Calculate streamflow, Q in cfs, as:

Q = 0.000000589 (SgVsCs/Ac) 

Where  Sg = specific gravity of dye solution (for 20% Rhodamine WT dye solution: use 1.19)


Vs = volume of stock Rhodamine dye added (mls)


Cs = concentration of stock Rhodamine dye solution added (ug/l); not mixing bucket concentration


Ac = average curve area from three sets of transect samples (ug/l-minutes)

l.
For consistency and accuracy in tracer study calculations, use standard DWM spreadsheet program (see DWM QC Analyst).   

Example:
See Richard Chase. 

8.4.2 Time of Travel/Dispersion using the Dilution Method

See USGS, TWRI, Book 3, Chapter A9 for detailed discussion of this method.

8.5
Streamflow Esimation Using the Float Method

In situations where flow measurement equipment is not available or velocities are very low, a rough estimate of streamflow can be made using the float method.   

a. Choose an approx. 100 foot long straight reach following the general criteria outlined in Section 8.1, step 1. Record location of measurement and the flow method used (float method) on the fieldsheet.

b. Select two cross-sections within the reach that allows a minimum 20 second float movement between sites.   Measure each cross-sectional area (using partial section depths and widths, as in 8.1) and the precise distance between them.    Record the distance (D), each cross-sectional area and the average cross-sectional area (A) on the fieldsheet.

c. Using a stopwatch, gently release a semi-buoyant, preferably biodegradable object (eg. orange) at the upstream cross-section and record the time it takes to reach the downstream site.   Repeat at least twice more varying the placement of the float across the cross-section, and average all the times (T). 

d. Calculate average, adjusted (mid-depth) velocity:   V = 0.85 (D/T) 

e. Calculate discharge:   Q = AV
Example:     All the flow equipment is in disrepair, so it is decided to get a rough approximate of flow using the float method at a water quality site meeting the above conditions.    A long straight reach having a uniform cross-section is selected, and the upper cross section is used for A.   To determine A, cross-section width (5.5 feet) is multiplied by average depth (9 inches or 0.75 feet) to give A = 4.1 sq. feet.    A second crew member measures and goes to the downstream point, 85 feet downstream (D= 85).    Three oranges are used (one run after another) with a stopwatch to record the times of travel for each run between cross-sections.   The average time is 28 seconds.   V = 0.85 (85/42) = 1.72 fps.     Q = (4.1)(1.72) = 7.1 cfs.    
8.6
Pipe and Channel Flow Using Manning’s Equation (Slope-Area Method)

Where velocity measurements are not possible, Manning’s Equation can be used to provide a rough approximation of streamflow, if the slope of the hydraulic gradient (S), cross-sectional area (A) and hydraulic radius [R] are known, and a roughness coefficient (n) can be approximated for the specific pipe or channel in question.  Tabular values for “n” are available for most uniform channel surfaces, but these are best estimates and can vary markedly in stream channels with depth and substrate changes.  Because longitudinal hydraulic profiles and center-line-of-stream survey elevations are usually unavailable for most surface water streams, precise estimates of hydraulic slope are not available to use in the equation.    Other requirements for application of this equation, such as proper reach and cross-section selection, also make this method less useful.  

Manning’s Equation:    Q = [1.49 A R 2/3 S ½]/n       

Example:   As part of QAPP development for a nutrient loading study for a small sub-basin, it is decided to estimate stormwater flow(s) from a large, new commercial complex.   The complex’s stormwater system provides on-site detention, followed by treatment in a large grass-lined swale prior to discharging directly to a river via a 5 feet diameter concrete pipe.   System hydraulics do not permit other pipe flow measurement methods, so Manning formula is applied to the concrete  pipe.    Swale hydraulic gradient, S, is known from the engineering as-built survey (0.007), “n” for a concrete pipe is 0.013 (unitless).   During a stormwater survey, depth of flow in the pipe is 1.50 feet.   Using a conversion table (Appendix I), d/D is 1.5/5 = 0.30, and thus A = 4.95 and R = 0.85.    Q = [(1.49)(4.95)(0.85).66 (.007).5 ]/0.013 =  42.7 cfs.     

8.7
Flow Estimation at USGS Gaging Stations

8.71 Near-Real Time Flow Data

To acquire flows at existing, active USGS gaging stations on a “near-real time” basis (e.g. for specific time(s) prior to or following a water quality survey), take the following steps:

a. Visit http://ma.water.usgs.gov. 

b. Click on “water data”; 

c. Click on “surface-water data”; and 

d. Click on “near-real time streamflow data”.   

This link provides near-real time (usually within 3 hours of recording) gage height and discharge data for  for approx. 75 USGS gaging stations in Mass.

8.72 Non-Telemetered and Historical USGS Flow Data

To acquire non-real-time flow data at other USGS gaging stations, visit http://ma.water.usgs.gov, and proceed similar to above to locate desired information.    In many cases, the web site will not provide timely data, and additional, more personal contact with USGS will be necessary.  

For surveys near/at USGS gaging stations, record USGS gage height datum/data (if possible) for later follow-up with USGS.   

Call Roy Socolow (or other staff) at USGS, Ma./RI District, at 508-590-____ to ascertain the discharge/get rating curve for specific times/gage heights for the specific sites of interest.    Provide gage name, gage location, gage #/ID, and dates/times of interest. 

8.8 
Crest-Stage Gage Installation

The objective in installing a crest-stage gage is to measure the maximum stage reached by a site since the previous visit.   This stage can be compared to the corresponding staff gage value to estimate peak streamflow at the site (for stations where a good stage-discharge relationship has been established).   This device can also be used in wetlands to estimate water level fluctuations.

The device consists of a vertical metal/plastic outer pipe encasing an inner plastic pipe that contains cork dust.  The pipes are open ended and securely mounted with the top of the pipes above the maximum possible/anticipated stage.  Rising waters entering the bottom of the pipes push the floating cork dust in the inner pipe up to a maximum level.   The cork adheres to the pipe walls as the water recedes.   The cork line elevation inside the inner tube is recorded, compared to a staff gage or surveyed to generate an absolute or relative maximum stage.    See Appendix J for additional information.

9.0
QUALITY CONTROL AND ERROR MINIMIZATION

9.1 Method Data Quality Objectives

The following estimates of suitable DQOs for DWM projects have been selected based on best professional judgement of likely accuracies and closeness of repeat measurements from application of each method by experienced DWM staff.

	Method Data Quality Objectives (DQOs) for DWM Flow Measurements (Q)

	Method
	Accuracy (+/- % of true value), estimated based on BPJ
	Precision (% RPD) for repeat measurements (same crew and equipment)
	Precision (% RPD) for repeat measurements (same or separate crew using different equipment, or separate crew using same equipment)

	Streamflow using wade-in cross-sectional water velocity measurements and calculation       (Q = AV)
	15 %
	15 %
	20 %

	Streamflow using cross-sectional water velocity measurements and calculation from bridges  (Q = AV)


	20-30 %

(site-specific)
	20-30 %

(site-specific)
	25-35 %

(site-specific)

	Pipe flow at outfalls using timed volumetric measurements (small Q)
	10 %
	15 % 
	20 %

	Pipe flow at outfalls using pipe discharge equations
	15 %
	15 %
	20 %

	Streamflow in very small streams using a small, portable Parshall flume device
	15 %
	15 %
	20 %

	Streamflow using colored tracer dyes (dilution method)
	20 %
	15 %
	20 %

	Streamflow using float method

 
	25 %
	20 % 
	30 %

	Pipe and channel flow using Manning’s equation
	35 %
	NA 
	35 %


9.2
Training

Annual DWM “hands-on” field training in the application of these procedures is planned for approx. 8-10 DWM staff, in order to be capable of deploying 3-4 two person “flow” crews.  Training encompasses all techniques and the use of all types of current meters.   Training is coordinated by selected DWM staff, including DWM’s Quality Control Analyst.  The training is typically held in April/May.  If available and budgeted, USGS staff shall assist or lead the flow training.

9.3
Quality Control Measurements (duplicate readings)

To measure the repeatability of cross-sectional area measurements, water velocity readings, and the use of the flow calculation spreadsheet(s), each flow survey shall include one set of duplicate area and velocity readings taken immediately after the primary set of readings.  The relative percent difference (%RPD) between the two calculated flow (Q) estimates will measure the overall precision of the flow data (including “error” due to natural variability from time x to time y for back-to-back sets of readings, and that due to sampling variability (based on differences in procedure, crew and/or equipment from time x to time y)).    For duplicate readings using the same crew, simply switch responsibilities so that different persons are doing different tasks.  Record all duplicate data on the flow fieldsheet.

The YSI/Sontek ADV FlowTracker has a series of internal QC diagnostics to assist in evaluating data quality in the field and following surveys.   See Sontek ADV Manual.
9.4  
Quality Control Field Audits

The DWM QC Analyst shall perform random quality control field audits to review how field procedures being applied by DWM survey crews compare to those contained in this SOP, and to provide unbiased observation of technique as it relates to measurement accuracy.    A minimum of one audit/survey crew/year is planned.

9.5   
Data Validation

The following steps will be taken in the review and validation of DWM flow data:

· Review of flow fieldsheets for errors and comments regarding potential accuracy problems

· Random checks on flow calculations, and data entry checks for each flow calculation (fieldsheet data=spreadsheet data).

· Reconciliation of duplicate flow measurement precision (as RPD) with method data quality objectives (DQOs) defined in this SOP.

· Analysis of field audit results

· Other applicable data validation steps, as outlined in DWM’s Data Validation SOP (CN 56.0), such checks on the accuracy of data entry into the database management system.

10.0
FLOW CALCULATION 
In general, the equations shown in this SOP shall be used to calculate flow, depending on the method used.  The standard units for flow are cubic feet per second (cfs).   The Swoffer 3000 and Sontek ADV meters are capable of automatic discharge calculation.

For the area-velocity method (Section 8.1), the spreadsheet contained in W/dwm/sop/cn 68.1 shall be used to calculate all “manual” (not automatically calculated by the meter) flows.   This will ensure consistency in approach and minimize the potential for calculation error due to the use of multiple programs or spreadsheets.  An electronic copy of each flow calculation shall be saved to the W (shared) or P/C (personal) hard drives.     For quality control, perform data entry QC review to ensure filedsheet data was input correctly to the spreadsheet.    Also, look for any errors in the calculation due to typographic errors.

In certain cases (e.g., application of human health-based water quality criteria for regulated rivers), the harmonic mean daily flow shall be estimated (as the reciprocal of the arithmetic mean of reciprocals).   The MS Excel program can perform this statistic.  

11.0
DOCUMENTATION AND DATA MANAGEMENT
The computed flow value(s) shall be added to the completed fieldsheet(s).   The flow calculation worksheet shall be stapled to the corresponding  fieldsheet, and filed appropriately (hard copy documentation).    An electronic copy of each flow calculation shall be saved to the W (shared) and/or P/C (personal) hard drives (e-file documentation).

Station-specific, validated flow data shall be kept in the DWM water quality warehouse database as a unique field.

12.0
CORRECTIVE ACTIONS

Annual validation of DWM flow data shall include, if warranted, any recommendations for improvements in procedures or their application.  In addition, training and on-going coordination between the DWM QC Analyst and DWM flow crews shall help to ensure the accuracy of flow measurement.
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APPENDICES

( * available in hard copy only)
Appendix A

DWM Flow Survey Fieldsheet (form and example)

Appendix B

MSDS Sheets for Rhodamine dye

Appendix C

Flow Calculation Spreadsheet  (example) 

Appendix D

Price AA Meter Rating Tables and Maintenance Information

Appendix E

Pygmy Meter Rating Tables

Appendix F

Swoffer 2100/3000 Meter Use, Calibration and Maintenance Information 

Appendix G

“AquaCount” Use Information

Appendix H

Modified Parshall Flume Rating Table

Appendix I


Pipe Hydraulic Tables

Appendix J


Crest Gage Information and Schematic 

Appendix K

Volume and Flow Conversion Tables

Appendix L

USGS Web Site (Example)

Appendix M

Sontek Handheld ADV Flow Meter Technical Documentation Manual & Quickguide

Appendix N

Swoffer 3000 Quickguide


Note:   Appendices are currently available in hard copy only, or as separate CN 68 series files (e.g., CN 68.6 Swoffer 3000 Quickguide).   See Richard Chase, DWM QC Analyst.
