A rectangular weir was made from wood boards and mounted on the outlet of the small pond around the Calistoga Old faithful Geyser to measure the discharge on May 6, 2010.
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Weir geometry:
· shape: rectangular
· channel width: 27.7 cm
· length: 1.2 m
· slope of weir during flow measurement: 0.03 radian
Depth of water in the weir (8 mm) was measured against a steel ruler in the weir, as read from closeup photos taken by Jonathan Glen. [image: ]

Discharge through the weir were estimated by two methods: 1. Measurement of flow velocity, and 2. measurement of discharged volume per unit time.

1. Measurement of flow velocity:

The mean velocity of flow in the weir was estimated by two methods: 1) Measurement of surface velocity of the flow using a fast camera, and 2) using the Manning formula.

- Surface velocity measurement with a fast camera (Ben Andrews) 

The sequence of measurements, together with the means and standard deviations, are listed in the attachment. The mean surface velocity is shown as a function of time in the following diagram. Fluctuations occur between 61 and 72 cm/s. 

 [image: ]
The mean of the measured velocity is vo ~ 66 cm/s, from which we estimate upper bound of the average velocity of the water layer by  v ~ (2/3)66 = 44 cm/s - the factor of 2/3 is that to convert surface velocity to mean velocity for a 2-dimensional flow on an inclined plane (i.e., no lateral edges). Accepting this, we estimate the mean discharge through the weir as

Q = A v = (0.277 x 0.008) x 0.44 = 0.98x10-4 m3/s = 0.98 liter/s.

The discharge so estimated does not account for the retarding effect at the lateral edges of the weir, thus should be taken as the upper bound. 

- Estimate of mean velocity from using Manning’s equation:

v =  R2/3 S1/2
where R is the hydraulic radius, or the ratio of the cross-sectional area of the flow (in m2) divided by the wetted perimeter of the weir (in m), S is the slope of the water surface (or the weir), and n is the Manning roughness parameter.
Measurements:
· width of weir: w = 0.277 m
· depth of water in the weir: d = 0.008 m
· slope of weir: S = 0.03 radian (measured from water level marked on the side of weir)
· R = (0.277 x 0.008)/(0.277 + 0.008 + 0.008) = 0.00756
Thus the mean velocity is

v =  0.0068.
For the wooden weir, n may lie somewhere between that for straight unlined earth canals (0.02) and that for smoothed concrete (0.012). Assuming n = 0.02, we get

v = 0.34 m/s
and
				Q =  v A = 0.34 x (0.277 x 0.008) 
                                                                      = 0.00075 m3/s
                                                                      = 0.75 liter/s
	
General comment: (1) The agreement between the above result and that from volume measurement (below) may be fortuitous because n = 0.02 was assumed in the calculation of velocity.  

2. Discharge estimated from measurement of water volume discharged per unit time:
 


Water discharged through the weir in time durations  of about 10 seconds was collected using a large plastic bag; the volume of this water V is measured with a calibrated bucket. Discharge Q is calculated from Q = V/. Following is a listing of the measurements:


 (sec)		V (liter)		Q (liter/sec)	Comments_______________________             
10.78		6.757		0.627		first measurement; may have large error
11.09		8.446		0.762
10.25		7.320		0.714
10.67		6.475		0.607		measured just before geyser eruption
10.58		7.433		0.703		measured during geyser eruption
10.42		7.320		0.703		measured after geyser eruption________

General comments: (1) Measurements covered only one cycle of eruption. The variations in Q may either represent experimental errors or real variations in discharge. (2) Measurements were made by Jennifer Frederick, Shaul Hurwitz and Chi Wang.

Attachment: Data from fast camera (Ben Andrews):

	FILE
	   Time (s)
	d (cm)
	frames
	Del t(s)
	v(cm/s)
	avg(cm/s)
	s.d(cm/s)

	11.MTS
	124010
	24.6
	10
	0.333333
	73.8
	73.1
	0.96

	
	
	24.5
	10
	0.333333
	73.5
	
	

	
	
	24
	10
	0.333333
	72
	
	

	
	
	
	
	
	
	
	

	12.MTS
	124110
	25
	12
	0.4
	62.5
	65.83333
	2.97

	
	
	25
	11
	0.366666
	68.18181
	
	

	
	
	24.5
	11
	0.366666
	66.81818
	
	

	
	
	
	
	
	
	
	

	14.MTS
	124210
	23.5
	12
	0.4
	58.75
	63.40151
	4.17

	
	
	23.7
	11
	0.366666
	64.63636
	
	

	
	
	24.5
	11
	0.366666
	66.81818
	
	

	
	
	
	
	
	
	
	

	15.MTS
	124310
	24
	11
	0.366667
	65.45455
	69.81818
	3.78

	
	
	24
	10
	0.333333
	72
	
	

	
	
	24
	10
	0.333333
	72
	
	

	
	
	
	
	
	
	
	

	16.MTS
	124410
	20
	10
	0.333333
	60
	61.81818
	1.56

	
	
	23
	11
	0.366667
	62.72727
	
	

	
	
	23
	11
	0.366667
	62.72727
	
	

	
	
	
	
	
	
	
	

	
	124415
	25
	11
	0.366667
	68.18182
	61.39860
	8.46

	
	
	22.5
	13
	0.433333
	51.92308
	
	

	
	
	23.5
	11
	0.366667
	64.09091
	
	

	
	
	
	
	
	
	
	

	
	124425
	23
	11
	0.366667
	62.72727
	65.77273
	4.15

	
	
	23.5
	11
	0.366667
	64.09091
	
	

	
	
	23.5
	10
	0.333333
	70.5
	
	

	
	
	
	
	
	
	
	

	
	124440
	23
	10
	0.333333
	69
	66.7
	5.90

	
	
	24
	12
	0.4
	60
	
	

	
	
	23.7
	10
	0.333333
	71.1
	
	

	
	
	
	
	
	
	
	

	
	124500
	23.5
	10
	0.333333
	70.5
	64.91667
	4.91

	
	
	21
	10
	0.333333
	63
	
	

	
	
	24.5
	12
	0.4
	61.25
	
	

	
	
	
	
	
	
	
	

	
	124505
	25.5
	10
	0.333333
	76.5
	71
	4.82

	
	
	22.5
	10
	0.333333
	67.5
	
	

	
	
	23
	10
	0.333333
	69
	
	

	
	
	
	
	
	
	
	

	
	124515
	24
	12
	0.4
	60
	61.25
	2.17

	
	
	25.5
	12
	0.4
	63.75
	
	

	
	
	24
	12
	0.4
	60
	
	

	
	
	
	
	
	
	
	

	
	124530
	25
	10
	0.333333
	75
	71.72727
	3.41

	
	
	24
	10
	0.333333
	72
	
	

	
	
	25
	11
	0.366667
	68.18182
	
	

	
	
	
	
	
	
	
	

	
	124550
	24.5
	10
	0.333333
	73.5
	71.52727
	2.90

	
	
	25
	11
	0.366667
	68.18182
	
	

	
	
	24.3
	10
	0.333333
	72.9
	
	

	
	
	
	
	
	
	
	

	17.MTS
	124610
	21
	10
	0.333333
	63
	67.5
	4.50

	
	
	24
	10
	0.333333
	72
	
	

	
	
	22.5
	10
	0.333333
	67.5
	
	

	
	
	
	
	
	
	
	

	
	    124620
	25
	12
	0.4
	62.5
	61.32576
	2.23

	
	
	23
	11
	0.366667
	62.72727
	
	

	
	
	23.5
	12
	0.4
	58.75
	
	

	
	
	
	
	
	
	
	

	
	    124630
	24
	10
	0.333333
	72
	64.90909
	6.30

	
	
	24
	12
	0.4
	60
	
	

	
	
	23
	11
	0.366667
	62.72727
	
	

	
	
	
	
	
	
	
	

	
	    124640
	24.5
	11
	0.366667
	66.81818
	64.33333
	5.53

	
	
	25
	11
	0.366667
	68.18182
	
	

	
	
	23.2
	12
	0.4
	58
	
	

	
	
	
	
	
	
	
	

	18.MTS
	124710
	21.5
	10
	0.333333
	64.5
	65.90909
	4.08

	
	
	23.5
	10
	0.333333
	70.5
	
	

	
	
	23
	11
	0.366667
	62.72727
	
	

	
	
	
	
	
	
	
	

	19.MTS
	124740
	25.8
	12
	0.4
	64.5
	65.36364
	1.86

	
	
	23.5
	11
	0.366667
	64.09091
	
	

	
	
	22.5
	10
	0.333333
	67.5
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