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STREAM DISCHARGE MEASUREMENT REPORT 

Woman Lake Chain of Lakes 

Cass County, Minnesota 

This report summarizes instantaneous discharge measurements collected by Northeast Technical Services, Inc. 

(NTS) on August 19, 2026 at three locations on the Woman Lake chain. The locations were provided by Mr. Jeff 

Davis of Woman Lake Action.  A field report with supporting files and photographs is attached to this report as 

Appendix A.  Due to equipment connectivity issues, one discharge file could not be obtained from the device; 

photographs of that discharge measurement and summary from the device are included in the field report.  The 

instrument file was improperly named Child Lake Dam at the time of collection. 

1. Locations 

• Culvert-CR5 Inflow — Boy River inflow at Cass County Road 5. 

• Blackwater River Inflow — connecting channel from Blackwater Lake into Woman Lake at Cass County 

Road 11. 

• Girl Lake Outflow — discharge from Girl Lake to Boy River near Minnesota State Highway 84. 

(improperly named Child Lake Dam on flow tracker file) 

2. Reported Results 

Results are presented in Table 1. Positive values indicate flow in the expected direction for that site. 

Table 1. Instantaneous discharge measurements, 19 August 2026 

# Location Role Discharge (cfs) 

1 CR5 Inflow Inflow to Woman Lake 1.57 

2 Blackwater River inflow Inflow to Woman Lake −0.01 

3 Girl Lake fish ladder outflow Outflow from Girl Lake 4.57 

Notes: cfs = cubic feet per second. 

3. Technology & Methodology 

Measurements were collected with a SonTek FlowTracker2 Handheld Acoustic Doppler Velocimeter (ADV).  The 

instrument transmits a short acoustic pulse and records the Doppler shift of sound scattered back from particles 

and bubbles in a small sampling volume offset from the probe.  Additional information is available from the 

manufacturer.  Discharge was computed using the mid-section (area-velocity) method described by NTS’ QM-

305 Flow Measurements SOP (Appendix B). 
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Blackwater River Inflow Cross Section   Blackwater River Inflow Upstream 

 

Blackwater River Inflow Discharge Summary 
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Boy River Inflow Cross Section    Boy River Inflow Downstream 
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Girl Lake Outflow Cross Section    Girl Lake Outflow Upstream 
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1.0 Purpose 
This standard operating procedure (SOP) describes procedures that will be used to obtain 
water flow measurements in streams, culverts, pipes, sharp-crested weirs, and bucket 
and stopwatch methods. The overall goal is to obtain a practical flow estimate within 10% 
of the actual flow. There are many different flow measurement techniques and equipment 
that may be used depending on the specific application (e.g., open-channel or closed 
conduit, in-place or portable equipment, continuous or instantaneous measurement). This 
SOP only details common flow measurements performed by Northeast Technical 
Services, Inc. (NTS). Refer to equipment manuals, reference documents, or equipment 
manufacturers for flow measurement details that are not included in this SOP. Deviations 
from this SOP should be documented according to NTS SOP QM-201.  

 
Best professional judgment and an understanding of project requirements are required 
when obtaining any flow measurement as each situation is unique. An exceptional level 
of care should be taken when monitoring flow at stream gaging stations. 
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2.0 Responsibilities 
Any NTS staff collecting flow measurements shall follow this SOP.  

3.0 Health and Safety 
Life preservers should be worn if there is a risk of drowning. Always check site ice 
conditions before working on ice. Follow procedures in the MnDOT Temporary Traffic 
Control Field Manual when performing work near roadways. 

4.0 Equipment 
The most common flow measurement equipment utilized by NTS is described below: 
 

1. Electromagnetic current meter (ECM) – Measures flow velocity using 
electromagnetic induction: 

 Marsh-McBirney Model 2000 
Range:  -0.5 to 20 ft/s 
Accuracy:  ± 2% of measured velocity plus 0.05 ft/s 
Min. Water Depth: 0.1 ft 

 Hach FH950 
Range:  -0.5 to 20 ft/s 
Accuracy:  ± 2% of measured velocity plus 0.05 ft/s (0 to 10 ft/s) 
Min. Water Depth: 0.1 ft 

 
2. Acoustic Doppler Velocimeter (ADV) – Measures flow velocity using Doppler shift: 

 SonTek FlowTracker2 
Range:  -13 to 13 ft/s 
Accuracy:   ± 1% of measured velocity plus 0.008 ft/s 
Min. Water Depth: 0.07 ft 

 
3. USGS top setting wading rod – Measures water depth and positions velocity probe 

at set depth: 
Depth Range: 0.1 to 10 ft 
Graduations: 0.1 ft 

5.0 Stream Flow Procedures 
Stream Gaging Station Midsection Method with Wading Rod 

Stream flow can be measured using a variety of techniques depending on site conditions, 
available equipment, and data quality objectives. Stream gaging stations require a high 
level of measurement accuracy and quality control because they are used to calibrate a 
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stage-discharge rating curve. This procedure describes the midsection method for 
measuring stream flow at a stream gaging station using a wading rod and an 
electromagnetic current meter (ECM) or acoustic Doppler velocimeter (ADV). See the 
simplified stream flow method described later in this SOP if project data quality 
requirements are less stringent. Reference the note at the end of this document if there 
is ice cover. The midsection method calculations are not incorporated in the NTS field 
data collection software. 

Figure 1 illustrates the midsection flow measurement method. Flow, or discharge, is 
calculated as the product of the area and the velocity. The stream cross-section is divided 
into segments, and the depth and mean velocity are measured at the vertical step in each 
segment. The mean velocity is determined by measuring the velocity at one or more 
points in each vertical step. The cross-sectional area for a segment extends laterally from 
half the distance from the preceding vertical step to half the distance to the next vertical 
step, and vertically, from the water surface to the streambed depth. 

The following conditions are ideal when identifying the stream flow measurement location, 
but it is usually not possible to satisfy all conditions: 

1. Cross-section lies within a straight reach, and streamlines are parallel to each 
other. 

2. Velocities are greater than 0.5 ft/s and depths are greater than 0.5 ft. 
3. The streambed is relatively uniform and free of numerous boulders and heavy 

aquatic growth. 
4. Flow is relatively uniform and free of eddies, slack water, and excessive 

turbulence. 
5. The measurement section is relatively close to the gaging-station control. 
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Figure 1. Illustration of the stream flow measurement method. 
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At the designated stream flow location, the following steps are required: 

1. Determine the stream width. 
a. String a measuring tape so it is taught across the cross-section and perpendicular 

to the direction of flow. Avoid leaving footprints in the streambed cross-section. 
b. Document how the tape increments increase (e.g., increasing graduations from 

left-to-right facing upstream) and if the tape begins at zero or another mark. 
c. Document where the edges of the water begin and end by aligning and plumbing 

the wading rod to the measuring tape at the water’s edge. 

2. Determine the spacing of the vertical steps. 
a. The spacing can typically be set at a standard step size for a particular stream 

gaging location unless there are abnormally high or low flow conditions. 
b. The ideal step size is one in which no partial section has more than 5% of the total 

discharge, which usually requires at least 25 steps. 
c. Using equally-sized step spacing is preferred to allow for easier flow calculation, 

but it is not required. Step widths may need to be unequal to avoid obstructions in 
the cross-section. 

3. Measure the depth and mean velocity at each vertical step. 
a. The wading rod should be aligned and plumbed to the measuring tape at each 

step. Document each step position to the nearest 0.1 ft. 
b. Stand in a position that least affects the velocity of water passing by the sensor. 

Stand out of the water if possible or stand 1.5 feet away from the wading rod while 
facing the bank. Do not stand in close proximity to the ADV sampling volume 
(Figure 2). 

 

c. Avoid leaving footprints in the streambed cross-section. 
Figure 2. Positioning while obtaining velocity measurements. 
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d. In soft streambeds, be careful not to allow the wading rod to sink into the 
streambed. This may require supporting the weight of the wading rod. 

e. Avoid positioning steps where obstructions (e.g., boulders, vegetation) may impact 
velocity readings, and document if obstructions are present. 

f. Measure depth using the wading rod. 
i. Depth should be measured using the wading rod graduations and 

estimated to the nearest 0.01 ft. 
ii. In high velocities, there will be a velocity-head build-up of water on the 

wading rod (i.e., mounding effect), and the depth should be based on where 
the surface of the stream intersects the wading rod, not on the top of the 
velocity-head build-up. 

g. Measure velocity using the ECM or ADV. 
i. The ADV should be used if stream velocities are less than 0.5 ft/s. The 

ECM is less accurate at low velocities. 
ii. Position the ECM sensor parallel to the flow direction. Position the ADV 

sensor perpendicular to the flow direction. Reference Figure 3. 

iii. Measure the velocity at 60% below the water surface if the water depth is 
less than 1.5 ft. Reference Figure 4. 

1. To set the sensor at the correct depth, align the foot scale on the 
sliding rod with the tenth scale on the top of the depth gauge rod 
such that it reads the desired water depth. 

iv. Measure the velocity at 20% and 80% below the water surface if the water 
depth is 1.5 ft or greater. Calculate the average of the two measurements 
to estimate mean velocity. 

1. To set the sensor at 20% of the depth, multiply the total depth by 
two and repeat Step 3.g.iii.1. 

Figure 3. ADV orientation (left) and ECM orientation (right) relative to flow direction. 
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2. To set the sensor at 80% of the depth, divide the total depth by two 
and repeat Step. 3.g.iii.1. 

 

v. After the meter is set at the proper depth, allow it to adjust to the current 
prior to starting the velocity observation. It will take longer to stabilize in 
slow moving water. Once the current has stabilized, begin measuring 
velocity. The ADV requires 40-60 seconds to obtain each reading. The 
ECM can give continuous velocity readings but allow a minimum of 30 
seconds before recording the velocity reading to ensure readings have 
stabilized. Readings may not completely stabilize in turbulent water. 

vi. If the sensor reports negative velocities in an eddy, record the negative 
velocity (i.e., do not record negative readings as 0 ft/s). 

Figure 4. Top setting wading rod sensor positioning. 
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4. Calculate the discharge percentage of each partial section prior to leaving the site 
to ensure all steps are less than 5%. If any steps are greater than 5%, repeat Steps 
2 and 3. 

5. Document the site conditions. 
a. Describe the geomorphology of the cross section (e.g., sand, clay, cobble, etc.). 
b. Document any obstructions, aquatic vegetation, or undercut banks in the cross 

section. 
c. Document the flow measurement equipment used (i.e., ECM or ADV). 

Simplified Velocity-Area Method with Wading Rod 

Stream flow can be measured using a variety of techniques depending on site conditions, 
available equipment, and data quality objectives. A simplified method is commonly used 
when projects do not require the rigorous data quality needed at stream gaging stations. 
This procedure describes a simplified velocity-area method for measuring stream flow 
using a wading rod and an electromagnetic current meter (ECM) or acoustic Doppler 
velocimeter (ADV). Most steps in this procedure are the same as those found in the steam 
gaging station procedure described earlier in this SOP but require fewer and less precise 
field measurements. The velocity-area method calculations are incorporated in the NTS 
field data collection software. Reference the note at the end of this document if there is 
ice cover. 

Figure 1 provides an illustration of the velocity-area flow measurement method. Flow, or 
discharge, is calculated as the product of the area and the velocity. The stream cross-
section is divided into segments, and the depth and mean velocity are measured at the 
vertical step in each segment. The mean velocity is determined by measuring the velocity 
at one or more points in each vertical step. The cross-sectional area for a segment 
extends laterally from half the distance from the preceding vertical step (or from the 
water’s edge) to half the distance to the next vertical step (or to the water’s edge), and 
vertically, from the water surface to the streambed depth. 

The following conditions are ideal when identifying the stream flow measurement location, 
but it is usually not possible to satisfy all conditions: 

1. Cross-section lies within a straight reach and streamlines are parallel to each 
other. 

2. Velocities are greater than 0.5 ft/s and depths are greater than 0.5 ft. 
3. The streambed is relatively uniform and free of numerous boulders and heavy 

aquatic growth. 
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4. Flow is relatively uniform and free of eddies, slack water, and excessive 
turbulence. 

5. The measurement section is relatively close to the defined monitoring location. 

At the designated stream flow location, the following steps are required: 

1. Determine the stream width. 
a. Measure the stream width using a tape measure. Avoid leaving footprints in the 

streambed cross-section. 

2. Determine the spacing of the vertical steps. 
a. The minimum number of steps is defined by project objectives. If not defined 

explicitly, a minimum of 4 steps is utilized. 
b. Using equally-sized step spacing, except at the first and last step, is required if the 

flow is calculated using NTS field data collection software. 

3. Measure the depth and mean velocity at each vertical step. 
a. The wading rod should be aligned and plumbed to the measuring tape at each 

step. Document each step position to the nearest 0.1 ft. 
b. Stand in a position that least affects the velocity of water passing by the sensor. 

Stand out of the water if possible or stand 1.5 feet away from the wading rod while 
facing the bank (Figure 2). 

c. Avoid leaving footprints in the streambed cross-section. 
d. In soft streambeds, be careful not to allow the wading rod to sink into the 

streambed. This may require supporting the weight of the wading rod. 
e. Document if obstructions (e.g., boulders, vegetation) are present. 
f. Measure depth using the wading rod. 

i. Depth should be measured using the wading rod graduations and 
estimated to the nearest 0.05 ft. 

ii. In high velocities, there will be a velocity-head build-up of water on the 
wading rod (i.e., mounding effect), and the depth should be based on where 
the surface of the stream intersects the wading rod, not on the top of the 
velocity-head build-up. 

g. Measure velocity using the ECM or ADV. 
i. The ECM is used unless the ADV is required by project objectives. 
ii. Position the ECM sensor parallel to the flow direction. Position the ADV 

sensor perpendicular to the flow direction. Reference Figure 3. 
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iii. Measure the velocity at 60% below the water surface if the water depth is 
less than 1.5 ft. Reference Figure 4. 

1. To set the sensor at the correct depth, align the foot scale on the 
sliding rod with the tenth scale on the top of the depth gauge rod 
such that it reads the desired water depth. 

iv. Measure the velocity at 20% and 80% below the water surface if the water 
depth is 1.5 ft or greater. Calculate the average of the two measurements 
to estimate mean velocity. 

1. To set the sensor at 20% of the depth, multiply the total depth by 
two and repeat Step 3.g.iii.1. 

2. To set the sensor at 80% of the depth, divide the total depth by two 
and repeat Step. 3.g.iii.1. 

v. After the meter is set at the proper depth, allow it to adjust to the current 
prior to starting the velocity observation. It will take longer to stabilize in 
slow moving water. Once the current has stabilized, begin measuring 
velocity. The ADV requires 40-60 seconds to obtain each reading. The 
ECM can give continuous velocity readings but allow a minimum of 10 
seconds before recording the velocity reading to ensure readings have 
stabilized. Readings may not completely stabilize in turbulent water. 

vi. If the sensor reports negative velocities in an eddy, record the negative 
velocity (i.e., do not record negative readings as 0 ft/s). 

4. Document the site conditions. 
a. Document any obstructions, aquatic vegetation, or undercut banks in the cross 

section. 
b. Document the flow measurement equipment used (i.e., ECM or ADV). 

6.0 Bucket and Stopwatch Method Procedure 
The bucket and stopwatch methods are particularly useful for low flow conditions when 
water can be collected in a calibrated container. The bucket and stopwatch method 
calculations are incorporated into the NTS field data collection software. Flow is 
calculated by dividing the volume of water collected by the fill time. 
The following conditions are ideal when determining if the bucket and stopwatch method 
is applicable: 

1. The entire flow to be measured can be collected by gravity free flow into a single 
container. 

2. Flow velocity will not cause water to splash outside of the container. 
At the designated flow location, the following steps are required: 
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1. Use a stopwatch and record the time it takes to fill a calibrated container (bottle, 
bucket, etc.) to a known volume. A minimum of 10 seconds to fill the container is 
recommended. 

2. Repeat Step 1 two more times for a total of three consecutive measurements. 
Average the three fill times to obtain an average fill time. 

3. Document the site conditions. 
a. Document any conditions that may influence accurate flow measurement. 
b. Document the flow measurement equipment used (i.e., type of calibrated 

container). 

7.0 Circular Pipe or Culvert Flow – Velocity-Area Method Procedure 
Pipe or culvert flow can be measured using a variety of techniques depending on site 
conditions, available equipment, and data quality objectives. This procedure describes a 
simplified velocity-area method for measuring circular pipe or culvert flow using a wading 
rod and an electromagnetic current meter (ECM) or acoustic Doppler velocimeter (ADV). 
The circular pipe or culvert velocity-area method calculations are incorporated in the NTS 
field data collection software. Reference the note at the end of this document if there is 
ice cover. 
Figure 5 illustrates the circular pipe or culvert velocity-area flow measurement method. 
Flow is calculated as the product of the cross-sectional area and the average velocity. 
The following conditions are ideal when determining if the simplified velocity-area method 
with a velocity meter is applicable to measure pipe or culvert flow: 

1. The pipe or culvert is circular (i.e., not rectangular or oval-shaped) and clean (i.e., 
there is no sediment or debris buildup). If the pipe or culvert is not circular and 
clear of sediment, use the stream flow method instead. 

2. The water depth is not fluctuating and there is no immediate upstream bends or 
obstructions. 

3. The flow can be measured at a discrete pipe or culvert cross-section (e.g., at the 
inlet or discharge). 
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Figure 5. Circular pipe or culvert flow measurement method. 

At the designated flow location, the following steps are required: 
1. Measure the pipe or culvert internal diameter using a ruler or wading rod. 
2. Measure water depth using the wading rod. 

a. Depth should be measured using the wading rod graduations and estimated to the 
nearest 0.05 ft. 

b. In high velocities, there will be a velocity-head build-up of water on the wading rod 
(i.e., mounding effect), and the depth should be based on where the surface of the 
stream intersects the wading rod, not on the top of the velocity-head build-up. The 
water depth can also be calculated by subtracting the air space from the internal 
diameter (i.e., L = D - H). 

3. Measure velocity using the ECM or ADV. 
a. The ECM is used unless the ADV is required by project objectives. 
b. Position the ECM sensor parallel with the flow direction. Position the ADV sensor 

perpendicular to the flow direction. Reference Figure 3. 
c. Measure the velocity at 60% below the water surface if the water depth is less than 

1.5 ft. Reference Figure 4. 
i. To set the sensor at the correct depth, line up the foot scale on the sliding 

rod with the tenth scale on the top of the depth gauge rod such that it reads 
the desired water depth. 
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d. Measure the velocity at 20% and 80% below the water surface if the water depth 
is 1.5 ft or greater. Calculate the average of the two measurements to estimate 
mean velocity. 

i. To set the sensor at 20% of the depth, multiply the total depth by two and 
repeat Step 3.c.i. 

ii. To set the sensor at 80% of the depth, divide the total depth by two and 
repeat Step. 3.c.i. 

e. After the meter is set at the proper depth, allow it to adjust to the current prior to 
starting the velocity observation. It will take longer to stabilize in slow moving water. 
Once the current has stabilized, begin measuring velocity. The ADV requires 40-
60 seconds to obtain each reading. The ECM can give continuous velocity 
readings but allow a minimum of 10 seconds before recording the velocity reading 
to ensure readings have stabilized. Readings may not completely stabilize in 
turbulent water. 

4. Repeat Step 3 two more times for a total of three consecutive velocity 
measurements. Average the three velocity measurements to obtain an average 
velocity. 

5. Document the site conditions. 
a. Document any conditions that may influence accurate flow measurement (e.g., 

fluctuating water level, damaged culvert, etc.). 
b. Document the flow measurement equipment used (i.e., ECM or ADV). 

8.0 Sharp-Crested Weir Flow Procedure 
Sharp-crested weir flow measurements consist of measuring the head relative to the weir 
crest. Tables or equations for the specific type and size of weir use the measured head 
to calculate flow. This procedure is not specific to any weir type but describes the general 
weir flow principles that apply to sharp-crested weirs. Flow calculations for several sharp-
crested rectangular and V-notch weirs are incorporated in the NTS field data collection 
software. 
Figure 6 illustrates a sharp-crested rectangular weir. 
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The following conditions are required for accurate sharp-crested weir flow measurements: 

1. The weir plate should be plumb, smooth, level, and perpendicular to the flow 
direction. 

2. The weir plate crest and side thicknesses should be less than 0.08 inches. 
3. Maximum downstream water surface level should be at least 0.2 feet below crest 

elevation. Water downstream should not back up into the weir crest. 
4. The overflow sheet of water (i.e., nappe) should only touch the upstream face of 

the weir plate and should not cling to the weir. 
5. The head measurement should be obtained upstream from the weir at a distance 

of at least four times the maximum weir head. The head measurement device 
should be clear of ice. 

6. The weir crest and approach to the weir should be free of debris and obstructions. 

 
Figure 6. Sharp-crested rectangular weir schematic. 

At the designated flow location, the following steps are required: 
1. Measure the head above the weir crest in the upstream pool. This should be done 

by using a staff gage that has been surveyed and set relative to the weir crest. 
a. If possible, avoid measuring the head by placing a ruler in the weir notch because 

the head measurement will be influenced by the approach velocity. 

2. Document the site conditions. 
a. Document any conditions that may contribute to inaccurate flow measurement 

(e.g., head measurement taken in the weir crest, nappe clinging to the weir instead 
of forming an air gap, downstream water backed up into the weir crest, water 
bypassing the weir, damaged or uneven weir plate, obstruction in the weir, ice 
cover, etc.). 
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b. Document the weir size and type. 

9.0 Note Regarding Ice Cover 
Measuring flow under ice cover is not ideal and should be avoided if possible due to 
measurement inaccuracies. The effective water depth is the total depth of the water minus 
the distance from the water surface to the bottom of the ice (Figure 7). The 20%, 60%, 
and 80% depth settings for the velocity sensor should be calculated as shown in Figure 
7. 

 
      Figure 7. Top setting wading rod sensor positioning. 
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2. Open Channel Profiling Handbook, Marsh-McBirney, Inc. 
3. Measurement and Computation of Streamflow: Volume 1, Measurement of Stage 

and Discharge, U.S. Geological Survey. 
4. Water Measurement Manual, U.S. Department of the Interior. 
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