GEOLOGY 460 – HYDROGEOLOGY

Laboratory 1

Calculating Discharge Using Direct and Indirect Measurements

Introduction

Surface-water records of our nation's streams have become invaluable to hydrologists, geomorphologists, and engineers during the past several decades.  Rapid urbanization has put increasing pressure on the development of areas once considered unsuitable for development, including river floodplains and terraces.  Scientists are increasingly requested to conduct flood hazard studies and project the future behavior of streams.


The USGS has kept annual records of stream discharges and stages of lakes and reservoirs for most of this century, and this information has been useful in projecting the behavior of streams during flood stage.  This data are collected primarily by gaging stations, which record the hourly water level, known as gage height, of a stream.  Unfortunately, gaging stations are few relative to the number of second and third order streams in the United States.  Therefore, other methods to measure discharge are necessary in scientific studies.  


This laboratory examines methods of calculating discharge using both direct and indirect measurements.  In most instances, one can directly measure flow velocities by wading in the stream and using a current meter.  This procedure is extremely hazardous during large flooding events; therefore, indirect techniques of measuring discharge are necessary.  Both of these methods are discussed below.

Field Procedures

I. Direct Measurement of Baseflow Discharge:

A. Make a sketch of your cross section in your field book or data sheet. Be sure to indicate the aspect from which your diagram is taken (flow direction, etc.). The terms ‘right bank and left bank’ are in reference to your orientation when facing downstream.
B.  Divide the cross sectional area of the stream into segments.  You will need to first measure the channel width of the stream by stretching a tape from water's edge to water's edge.  Next, divide the cross section into 8-10 segments, and make a depth measurement at the midpoint of each section.  
* Record the depth and width of each section in your field book or in the table provided. 
C.  Determine the velocity of the stream via the pygmy current meter.  Measure velocity at the midpoint of each section by placing the current meter at the 40% mark in the water column (0%= channel bottom, 100% water surface).  The velocity is calculated by counting the number of clicks per minute, and dividing by 60. This yields values in ft/s. If time allows, conduct three trials, and use the average for the representative velocity for each section.  Record this data in your field book.
D. Determine the velocity of the stream via the Marsh-McBirney meter.  For the same channel 

cross section, repeat the same procedure of measuring velocity of the stream, except use the Marsh-McBirney current meter.

E. Determine the velocity of the stream by the “float method”.  Toss into the water a piece of wood or a small furry mammal, and measure its travel distance per time. Do this three times, and take the average. Multiply your average velocity value by 0.8, and record your findings.

F. Measure grain size of the channel bottom as directed by your Instructor.

G. Estimate the Mannings Roughness Coefficient using the tables provided.

H. Estimate bankfull depth 

I. Estimate bankfull width

J. Determine slope as indicated by your instructor
Make observations concerning the size and distribution of the sediment supply in the stream channel.  Use this data to estimate Mannings roughness value.

[image: image1.png]



DATA TABLES
Upper Reach or Lower Reach (circle one)

Total Width of Stream:_______

Pygmy meter  (be sure to record your units!)
	Section #
	Section Width
	Section Depth
	Current Meter Reading
	Discharge

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	


Marsh-McBirney meter (be sure to record your units!)
	Section #
	Channel Width
	Channel Depth
	Current Meter Reading
	Discharge

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	


Estimation of velocity using “float method”_______

Channel Slope: ______

Particle Size Analysis

	Size (mm)
	Count

	
	

	<2
	

	2.8
	

	4
	

	5.6
	

	8
	

	11
	

	16
	

	22.6
	

	32
	

	45
	

	64
	

	90
	

	128
	

	180
	

	>180
	


MEASURE THE INTERMEDIATE AXIS OF THE FIVE LARGEST BOULDERS, AND RECORD THEIR VALUES BELOW:
_______,  _______,  _______,  _______,  _______,  
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TABLE 3-4 Recommended Design Values of Manning Roughness Coefficients, n*

Manning n
Range"
L. Unlined open channels®
A Earth, uniform section
1. Clean, recently completed 0016-0018
2. Clean, after weathering 0.018-0.020
3. With short grass, few weeds 0.022-0.027
4. In graveled soil uniform section, clean 0.022-0.025
B. Earth, fairly uniform section
1. No vegetation 0022-0.025
2. Grass, some weeds 0.025-0.030.
3. Dense weeds or aquatic plants in deep channels 0.030-0.035
4. Sides, clean gravel bottom 0.025-0.030.
5. Sides, clean, cobble botiom 0.030-0.040
C. Dragline excavated or dredged
1. No vegetation 0.028-0033
2. Light brush on banks 0.035-0.050
D. Rock
1. Based on design section 0035
2. Based on actual mean section
4. Smooth and uniform 0.035-0.040
b, Jagged and irregular 0.040-0.045
E. Channels not maintained. weeds and brush uncut
1. Dense weeds. high as flow depth . 0.08-0.12
2. Clean bottom, brush on sides 0.05-0.08
3. Clean bottom, brush on sides. highest stage of flow 0.07-0.11
4. Dense brush, high-stage 0.10-0.14
1L Roadside channels and swales with maintained vegetation®*
(values shown are for velocities of 2 and 6 fu/sec):
A. Depth of flow up t0 0.7 ft.
1. Bermuda grass. Kentucky bluegrass, buffalo grass
a. Mowed 02 0.07-0.045
b. Length 4106 in. 0.09-0.05
2. Good stand. any grass
a. Length about 12in. 0.18-0.09.
b, Length about 24 in. 0.30-0.15
3. Fair stand, any gras
a. Length about 12 0.14-0.08,
b, Length about 24 in. 025-0.13

“Estimtes are by Bureau of Public Roads unless otherwise noted and are for straight alignment. A small increase in value of
may be made for channel alignment other than straight.

PRanges of section I are for good to fair construction. For poor-quality construction, use larger values of .

“For important work and where accurate determination of water profiles is necessary, the designer is urged to consult the fol-
lowing references and to select n by comparison of the specific conditions with the channels tested: Flow of Water in Irrigation
and Similar Canals. by F.C. Scobey. U.S. Department of Agriculture, Technical Bulletin 652, February 1939 and Flow of
Water in Drainage Channels, by C.E. Ramser, U.S. Department of Agriculture, Technical Bulletin 129, November 1929.
“Handbook of Channel Design for Soil and Water Conservation, prepared by the Stillwater Outdoor Hydraulic Laboratory in
cooperation with the Oklahoma Agricultural Experiment Station, published by the Soil Conservation Service, U.S. Department
of Agriculture, Publ. SCS-TP-61, March 1947, rev. June 1954.

“Flow of Water in Channels Protected by Vegetative Linings. W.0. Ree and V.J. Palmer, Division of Drainage and Water Con-
ol Research, Soil Conservation Service, U.S. Dept. of Agriculture Tech. Bull. 967, February, 1949.
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LE 3-4 Recommended Design Values of Manning Roughness Coefficients, n* (Continued)

Manning n
Range”
B. Depth of flow 0.7-1.5 ft
1. Bermuda grass. Kentucky blucgrass, buffalo grass
a. Mowedto2in. 0.05-0.035
b. Length4t06in. 0.06-0.04
2. Good stand, any grass
a. Length about 12 in. 0.12-007
b, Length about 24 in. 020-0.10
3. Fair stand, any grass
a. Length about 12 in. 0.10-0.06
b, Length about 24 in. 0.17-0.09
Natural stream channels”
A, Minor streams*® (surface width at flood stage less than 100 )
1. Fairly regular section
a. Some grass and weeds, lttle or no brush 0.030-0035
b. Dense growth of weeds, depth of flow materially greater than weed height 0.035-0.05
c. Some weeds, light brush on banks 0.04-0.05
. Some weeds. heavy brush on banks 005-0.07
€. Some weeds. dense willows on banks 0.06-0.08
£, For trees within channel, with branches submerged at high stage, increase all above values by 0.01-0.10
2. Irregular sections, with pools, slight channel meander; increase value in la-c by 001-0.02
3. Mountain streams, no vegetation in channel, banks usually steep, trees and brush along banks
submerged at high stage
a. Bottom of gravel, cobbles, and few boulders. 0.04-0.05
b. Bottom of cobbles, with large boulders 0.05-0.07
B. Floodplains (adjacent to natural streams)
1. Pasture, no brush
a. Short grass 0.030-0.035
b. High grass 0.035-0.05
2. Cultivated areas
a. Nocrop 0.03-0.04
b, Mature row crops 0.035-0.045
<. Mature field crops 0.04-0.05
3. Heavy weeds, scattered brush 0.05-0.07
4. Light brush and trees"
a. Winter 0.05-0.06
b. Summer 0.06-0.08

ulations of stage or discharge in natural stream channels, it is recommended that the designer consult the local district
of the Surface Water Branch of the U.S. Geological Survey, to obtain data regarding values of 1 applicable to streams of
ific locality. Where this procedure is not followed, the table may be used as a guide. The values of 1 tabulated have

s derived from data reported by C.E. Ramser (see footnote ¢) and for other incomplete data.
tative values of n cited are principally derived from measurements made on fairly short but straight reaches of natural
‘Where slopes caleulated from flood elevations along a considerable length of channel, involving meanders and bends,

be used in velocity calculations by the Manning formula, the value of n must be increased to provide for the additional
energy caused by bends. The increase may be in the range of perhaps 3% to 15%.

presence of foliage on trees and brush under flood stage will materially increase the value of n. Therefore, roughness co-
for vegetation in leaf will be larger than for bare branches. For trees in channels or on banks, and for brush on banks

submergence of branches increases with depth of flow, n will increase with rising stage.
(continued)





“THE PRODUCT”

Measurements of Discharge

Port Republic, Virginia

(Each answer below should be accompanied with documentation of your work, organized and numbered neatly on a separate page (hand written acceptable). With the exception of shear stress, report your units in values of meters, seconds.

1. Sketch of your cross section, with aspect facing downstream, showing individual cells within your cross section that include values of width, depth, and velocity.

We will assume that mass in = mass out, and that the discharge values for the two cross sections are the same due to the short distance between them. Therefore…..

2.  Calculate the discharge using direct measurements of Marsh-McBirney meter for both the upstream and downstream sections (report in cubic meters per second).  Report the percent difference between these two values. 

Where:

percent difference =  {(downstream discharge – upstream discharge)} * 100





          (downstream discharge)

3. Calculate discharge using direct measurements of Pygmy Gurley meter for both the upstream and downstream sections (report in cubic meters per second).  Report the percent difference between these two values. 

4.  Compare the values of velocity for the pygmy meter versus the Marsh-McBirney meter by using the percent differences.  Which meter is associated with the lowest value of difference?  As a whole, are the values similar or different?  What factors may account for the variability of the data?

5. Measure the surface velocity using the “float” method, and multiply the average by 0.8 (which serves as an estimate of average velocity for the water column).  How does this value compare to the average velocity obtained by the flow meters?  (you can do this quickly by using excel and averaging your current meter velocity for each section).

6. Estimate the Manning Roughness coefficient, using field observations and tables provided. 

7. Calculate Mannings roughness coefficient by using the Manning Equation, your average discharge of your four values of Q, and your field measurements of slope and mean channel width and depth (hydraulic radius and area). 

8. Compare your estimated and calculated values of roughness for the reach, and report the percent difference.  If the values are significantly different (say, more than 25%), give a plausible explanation of why this is the case. 
9.  Using the equations from our lectures and your average value of the intermediate axis of the 5 largest boulders from your field data, determine the maximum velocity and maximum depth required to mobilize this load. 

10. Determine the median grain sizes (D50) for upstream and downstream reaches.

11.  Using the equation below (found in your Powerpoint lecture), determine the critical flow depth to mobilize the D50 particle for the upstream and downstream cross sections of the stream.


hc =(ρs – ρw) τ*c  D50 



ρwS 

12. Compare your critical flow depth value (question 11) to your estimated ‘bankfull flow’ (2.00 meters) determined with your clinometer and stadia rod. 

What is the percent difference between these values?  Does bankfull depth seem to coincide with your critical flow depth?

13. Using the shear stress equation (τc = hc ρw g S), determine the critical boundary shear stress for the upstream and downstream cross sections of the stream (report in units of g/cm-s2.)
14.  Consider the flow conditions observed on Friday in the stream, including the water level and its clarity. Based on your observations, do you think overland flow was a major component of the total flow observed on Friday? Why or why not?  If no, of the different components that make up the total flow of the hydrograph (overland, baseflow, interflow), what do you think is the origin of the water we saw on Friday? 

