Introduction to quantifying stream discharge and base flow [footnoteRef:1] [1:  Original exercise written by James Reichard, Georgia Southern University, modified by Calla Schmidt, University of San Francisco.
] 


In this exercise, we will calculate stream discharge from sample field data using the velocity-area method.  We will compare multiple measurements of discharge to determine base flow in a sample river reach.
Goals
· Learn the velocity-area method for determining stream discharge.
· Determine groundwater base flow and tributary inputs along a river.
[bookmark: _GoBack]Data Analysis
1) The table below contains various stream measurements taken in the field.  The datum is the stream's water level, so the depths (di) are actually negative numbers. Using graph paper, make a cross-section showing the topography of the stream bed.  Remember to:
· Use a SHARP pencil to plot your points - be accurate!
· Draw a smooth curve through the points.
· Be sure your cross-section has the following elements:
-title
-properly labeled axes
-use a vertical scale of 1in = 1ft and a horizontal scale of 1in = 10ft
-vertical exaggeration given in the bottom right-hand corner
-show your vertical exaggeration calculations in the bottom left-hand corner.

2) From the distance measurements (bi) in Table 1, determine the section width (wi) for each flow cell. Refer to Fig. 1 for guidance on determining flow cell width.

3) Compute the stream discharge in each flow cell by multiplying stream velocity (vi) times the cross-sectional area (wi x di) for each stream segment (see Fig 1). Sum discharge from each flow cell to find total stream discharge (see background reading for additional guidance).

4) Fig. 2 is a map showing a portion of a stream and the location of four discharge values computed using the same method you employed in questions 2 and 3.
a. From this data determine the discharge of tributary A and tributary B.
b. Determine the groundwater base flow entering the main stream between the two tributaries.

5) Describe a second way in which tributary discharge could be determined.  What advantage does the first method have over the second?

6) Describe how you could use stream discharge data to determine total groundwater baseflow for a small watershed.  Hint: think about the location of discharge measurements, also consider the timing of precipitation events.
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Figure 1. Total stream discharge is computed from field measurements by subdividing the area of flow into small rectangular flow cells. Note that distance (bi) data are used to compute rectangle width (wi).
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Figure 2. Map view showing hypothetical stream discharge measurements at the points indicated












Table 1. Stream data measurements for determination of steam discharge.

	data point
	dist from n0
	section width
	depth
	section area
	ave. velocity
	discharge

	ni
	bi
	wi
	di
	Ai
	vi
	Qi

	 
	(m)
	(m)
	(m)
	m2)
	(m/s)
	(m3/s)

	0
	0
	----
	----
	----
	----
	----

	1
	4.2
	 
	0.00
	 
	0.00
	 

	2
	4.5
	 
	0.10
	 
	0.90
	 

	3
	4.8
	 
	0.13
	 
	1.00
	 

	4
	5.1
	 
	0.13
	 
	1.09
	 

	5
	5.4
	 
	0.14
	 
	1.21
	 

	6
	5.7
	 
	0.18
	 
	1.19
	 

	7
	6
	 
	0.12
	 
	1.24
	 

	8
	6.3
	 
	0.12
	 
	1.46
	 

	9
	6.6
	 
	0.10
	 
	1.73
	 

	10
	6.9
	 
	0.10
	 
	2.67
	 

	11
	7.2
	 
	0.20
	 
	2.51
	 

	12
	7.5
	 
	0.25
	 
	2.55
	 

	13
	7.9
	 
	0.25
	 
	2.43
	 

	14
	8.1
	 
	0.11
	 
	2.41
	 

	15
	8.4
	 
	0.08
	 
	2.45
	 

	16
	8.7
	 
	0.10
	 
	2.52
	 

	17
	9
	 
	0.06
	 
	2.45
	 

	18
	9.3
	 
	0.15
	 
	2.32
	 

	19
	9.6
	 
	0.14
	 
	2.49
	 

	20
	9.9
	 
	0.14
	 
	2.37
	 

	21
	10.2
	 
	0.12
	 
	2.22
	 

	22
	10.5
	 
	0.08
	 
	2.05
	 

	23
	10.8
	 
	0.08
	 
	1.89
	 

	24
	11.1
	 
	0.12
	 
	1.52
	 

	25
	11.4
	 
	0.14
	 
	0.00
	 

	 
	 
	 
	 
	 
	Q total=
	 




TURN IN:
1) Completed Table 1
2) Sample calculation of wi, Ai, Qi
3) Figure 1, cross section of the river channel as described in Question 1. 
4) Answers to questions 4-6. Answers should be given in complete sentences and include calculations where appropriate.
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